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I.

On

the Composition

1847.

and Explosion of Gun-Cotton.

By Thomas Ransome,

Esq.'*^

the announcement by
s INCE
preparing gun-cotton, many experiments have

Prof. Otto of the process for
been tried

both with reference to improvement

in

its

manufacture and

explosive force, but the only explanation of its
composition has been derived from the quantity of nitric acid
The following experiments were
taken up by the cotton.
made to ascertain the quantities of carbon and hydrogen it
actually contains.
The gun-cotton that I have analysed was prepared with
carded cotton, and nitric acid of specific gravity 1*5 14 mixed
with half its bulk of sulphuric acid, in the proportion of an
also to

its

ounce and a half of nitric acid to each 100 grs. cotton. Thus
prepared it was quite white, and the fibre appeared unaltered
it left not the smallest residue upon ignition, and was quite insoluble in aether.

The carbon and hydrogen were estimated, as is usual in
substances containing nitrogen, the cotton being mixed with
oxide of copper, and the last few inches of the combustionIt decomposed quite trantube filled with metallic copper.
quilly, not giving out more gas at once than could conveniently pass through the potash apparatus.
In the first analysis 2*35 grs. gave 2*255 grs. of carbonic
In the second 2*075 grs. gave
acid and '665 gr. of water.
2*01 grs. of carbonic acid and '59 gr. of water.
Calculated to 100 parts
II.

I.

Carbon
Hydrogen
•

Read

2G*1G

26*4-1

3*14

3*19

to the Literary and Philosophical Society of Mancliestcr, Dec.

1840, and communicated by

tlie Aiitlior.

Phil. Mafr. S. 3. Vol. 30. No. 198. Jan. 1847.

B

1,

—
Mr. T. Ransome on

2

the Composition

The mean of three experiments to ascertain the increase in
weight in converting cotton-wool into gun-cotton was G^'l
upon each 100 parts of cotton if this increase was anhydrous
nitric acid, the gun-cotton would contain 10-20 per cent, of
:

nitrogen.

Composition in 100 parts, taking the mean of the analyses
of carbon and hydrogen,

Carbon

Hydrogen
Oxygen
Nitrogen

26*28
3"16
60-36
10-20
100-00

These numbers nearly represent the formula C,2H802oN2,
which would contain in 100 parts —

Carbon
Hydrogen
Oxygen
Nitrogen

26-82
2-94-

59'70
10'54

100-00

The
mate

cotton used was also analysed, being burnt with chroof lead instead of oxide of copper.

1*435 gr. gave 2-325 grs. of carbonic acid and -91 gr. of
water.

In 100 parts-

Carbon

44-20

Hydrogen
Oxygen

7'04
48*76

100-00
Theoretical composition of C,2 H,q Ojq

Carbon
Hydrogen

Oxygen

—

44'4,4

6*17
49*39

100 00
appears that gun-cotton is formed
from ordinary cotton by ti)e abstraction of two atoms of hydrogen and the addition of two atoms of nitric acid. If this
is the case, 100 parts of cotton ought to increase to 165*4; by
experiment they increase to 164*1. The abstraction of two
atoms of hydrogen will make the nitrogen -18 per cent, more,
which brings it nearer to the theoretical composition.
If this formula be correct, the cotton in exploding without
the presence of oxygen would be converted entirely into carbonic oxide, water and nitrogen, thus:

From

these formulae,

it

—

;

and Explosion of Gim-Cotton.
Gun-cotton.

Products of combustion*.

12CO = C,2

CjoHgO^oN^

8

H0=

2N =
Cl2

To

Hg O20 Ng

=

Oi2

Hg Og
No

C12

Hg O20 Ng

was produced, and if
the following experiment

ascertain whether carbonic oxide

the cotton would explode without air,
was tried, the object being to explode the cotton either in
vacuo, or in some indifferent gas which could afterwards
easily be removed.
I selected carbonic acid as being easily
obtained and readily removed by a caustic alkali, and also because the air was more completely excluded than in the partial
vacuum of an air-pump.
The gas was generated in a Woolfe's bottle, and dried by
passing through a tube filled with chloride of calcium ; it was
then conducted into a rather wide tube in which the cotton
was placed (about the tenth of a grain for each explosion) ; to
this a small bent tube was attached, the end of which was
under the water of the pneumatic trough. The carbonic acid
was allowed to escape until a small quantity collected in a
test-tube was entirely absorbed by caustic soda; the cotton
was then exploded by placing a spirit-lamp under the part of
the tube containing it, at the same time the gas given out at the
small tube was collected in an inverted jar this was repeated
several times until a sufficient quantity of gas was obtained
the carbonic acid was then absorbed by caustic soda.
The residual gas was inflammable, and when mixed with
oxygen and exploded by an electric shock was partially absorbed by caustic potash.
Red vapours were not formed when the gas was mixed with
oxygen, showing that nitric oxide had not been formed.
After the explosion not the slightest residue was left in the
tube.
This experiment proves that gun-cotton will explode without the jiresence of oxygen, and also under the same circumstances that carbonic oxide is formed, but no nitric oxide.
:

Manchester, Nov. 28, 1846.

Since the above paper was

I'ead, I

* Messrs. Porrett

have estimated the nitro-

and Tcsclieniacher have proved, in a paper read to the
Chemical Society, that cyanogen is a product of the explosion of guncotton. As tliis is the case, the gases actually |)roduced will not be exactly
as described in the above diagram.
It is possible that the gases would be
produced in the projjortion indicated above, if the gun-cotton exploded at
a tciii|)eratnie lower than that requisite to cause the combination of the
nitrogen with the carbon. Ed.

—

B2

4

Sir J.

W. Lubbock

on the

Mdcor of September,

1846.

gen from the ratio between the volumes of carbonic acid and
In one
nitrogen formed by combustion witli oxide of copper.
experiment the volume of carbonic acid was 2*43 cubic inches,
to nitrogen '46 cubic in. or as 6 to 1 ; therefore taking the
carbon as the mean of the two former analyses, or 26-28, the
I also endeavoured
nitrogen would amount to 1 0-33 per cent.
to ascertain the

amount of nitrogen by measuring the volume

of gas given out by a known weight of gun-cotton, and subtracting the carbonic acid as calculated from the previous
but the quantity of nitrogen obtained
estimation of carbon
was always too small, owing to the air in the tube taking part
in the combustion, the largest amount obtained being 8'20
per cent.
;

Manchester, Dec. 14, 1846.

II.

By
To

On

the

Meteor of September 25, 1846.

Sir J. VV.

the Editors

Lubbock,

Bart., F.R.S."^

of the Philosophical Magazine and Journal.

Gentlemen,

A S

I happened accidentally to witness the extraordinary
phnenomenon which occurred on the 25th of September
lastf, and as it does not seem to have formed the subject of
any other communication to your Journal, I address the fol-

^^

lowing remarks, well-aware how imperfect unfortunately they

must appear.
I happened

to be walking just outside the house at a quarter
before 10 p.m., when suddenly the whole scene was illuminated
with a light, as it seemed to me, equal to that of the sun at

noonday

:

certainly all objects

became much more

clearly

saw them in the brightest moonlight. But
contrast mi^rht lead to an exaggeration in this estimate.
As
the light proceeded from behind me, I immediately turned
round, and I saw in Ursa Minor, and, as nearly as I can
guess, occupying the place I have assigned to it in the inclosed
sketch, a most brilliant meteor.
I scarcely saw it before it
faded, and in a few seconds it had entirely disappeared.
As
it disappeared the stars became again visible, and as I took
particular note of its position I cannot be far out in my estimate.
But the occurrence came so suddenly, never having
before heard of any such apparition, and feeling confident that
it would be observed by persons more competent than myself,
that I neglected at the instant to observe by my watch the number of seconds it remained visible.
Instrumental observation
under any circumstances would have been impossible. I do not
visible than I ever

• Communicated by the Author.

t

Sec the Morning Post of the 26th.

Sir J.

W.

Lubbock on

the

Meteor of September, \S\6.

5

it reallj/ occupied so large a portion of the
have assigned to it; I think it probable that the

apprehend

tliat

heavens as

I

*„

Polar star.

Ursa Major.

extreme rapidity of its motion left the impression upon the
retina, bui this can only be a matter of conjecture.
It is much
to be wished that any observation could be recorded of its
position as seen from any other place, by whicli its parallax,
if even roughly, could be obtained.
This body acquires still greater interest from its resemblance in external character to the bolide of the 21st March
1846, whose orbit has been calculated by M. Petit tj who
assigns to it a period (round the earth) of •1145685 day, or
about two hours.
Another bolide was seen in France on the 9th of October
of this year J, of which the external characters also resemble
those of the meteor seen in London on the 25th of September
1846.
I

am. Gentlemen,
Your most obedient Servant,

High Elms, near Farnborough, Kent,

November

J.

W.

LuBCOCK.

25, 1846,

P.S. Long since what precedes was written, the number
of the Coviptcs lieitdus of the 23rd November last has been

t Sec Comjdes

Itendui,

October 12, 184G.

Ibid,

October 20, 1846.

,

Mr. G. Boole

6

07i

a Method/or DiffercJitial Equations.

and in it are accounts of two other meteors observed
Dijon on the 17th of October and on the 9th of November.
M. Meline describes the latter in words which would
almost exactly represent the phajnomenon which I have attempted, so imperfectly however, to place on record.
" Je sortais des serres du jardin, quand j'ai ete frappe tout a
coup d'une lumiere aussi intense que celle du jour; j'apergus

received,
at

distinctement toutes les parties

du

jardin, les arbustes

comma

avec une teinte jaune
D'abord je crus a un incendie; mais, en jetant les
serin.
yeux au ciel, j'ai vu un globe de feu se mouvant plus lentement qu'une fusee, de I'ouest a Test, horizontalement, a 60 ou
70 degres de hauteur. Le meteore a laisse, sur toute la longueur de la route qu'il a suivie, une immense trainee d'un blanc
couleur de cendre."

Je

les arbres, les plantes, etc.

III.

Remarks on

vis tout

the Rev. B. Bronwin's

ential Equations.

Method for

By George Boole,

Differ-

Esq.

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,
very briefly to notice an error into which the
1 DESIREBronwin
has fallen, in a paper on the Integration

Rev. B.
and Transformation of certain Differential Equations, published in the last Number of the Philosophical Magazine.
In doing this I shall adopt a notation which I have before
employed in a similar description of analysis, and which has
Changing for conthe advantages of brevity and simplicity.
venience p into m and y into u, we may observe that Mr.
Bronwin's transformations depend in all cases on the properties of two compound factors, which we shall designate by 7r„,
and f, and which, upon whatever subject they may operate,
combine in subjection to the relation
7r,„

p

= p7r,„_i,

(1.)

the equation to be solved being

T^«
Thus,

in

Mr. Bronwin's

=

first

(2.)

equation,

7r„=ar(D2 + F) + 2niD,

D

p= W+

lc^',

in the second,
rt„,

standing for

= \y + kx'D—mk, p = T> + kx;

.

.

.

....

-—
(3.)

(-t.)

in the third,

,r,„=,r(D3

and so on

+ /^) + 3 7«D,

for the rest.

p

= D^ + k^;

.

.

.

(5.)

)

Mr. G. Boole on a Method for

Now

(1.)

so that the symbol

7r,„ is

equivalent in operation to the comwriting then 7r,„_,=^7r„j_2p~', we

T,„?<

finally,

Hence

and we have

p7r,„_if)~';

have

and

7

Tr,„pv

whatever v may be;

pound symbol

Differential Equations,

= pT:,n-iV,
let p v = n, then v = p~^ii,
7r„ji = pn„,.ip-^u;

gives

= p2 7r„j_2p-^;

7r„ji=p"''7rQp-'"'ii.

the equation 7r,„?i=0 gives

p"'TrQp-'"u=0;
.-.

M = p"'7r-ip-'«0

(6.)

unquestionably true, whatever may be the
interpretation of the symbols 7r„j and p, provided that they
satisfy the combination law (1,).
Now taking Mr. Bronwin's first equation, viz.

This equation

is

u + 2 m D = 0,
=x (D^ + k-) + 2mD, p = D^ + F,

X ( D^ -f
and making

7r,„

we have
whence

*

(6.)

But
therefore

/.

?/

-)

7rQ=x(D^ + k^),

gives

{,r(D2 + F)}-i = (D2 + F)-i^->,
u= (DHO'""'-^'"' (D2 + F)-'«0.

Without entering

into any special examination of the above
and merely resting on the analogy of many similar
cases, I should at once assert that, when ?« is greater than 0,
we ought to retain two of the constants which arise from the
performance of the inverse operation {D--i-k'^)~"'0, and that
result,

it is

not necessary that we should retain more than two.
is unquestionably

Thus

one form of solution

11= (D- W- Z:-)"' -

'

a;~

'

{c

cos k

x + c'

sin

kx

;

and there are, I believe, niany equivalent forms. The nature
of Mr. Bronwin's error consists in his virtually rejecting the
factors A'~' and cos k x + c' sin k x, and his result is accordingly
nugatory whenever m > 0.
Similar remarks apply to the
otiier ecjuations in his paper, of which however 1 have only
examined a small number in detail.
Perhaps, in connexion with this subject, it may not be quite
irrelevant to mention, that about two years since 1 obtained
the solution of the purely symbolical equation

Mr. C.

8

J.

in which, beside the

Hargreave on

the Integration

law of combination,

the further condition was imposed,
9r,„7r„

=

7r„ 7r„,

— a {m — n) p.

which will appear in the Cambridge and DubThis
lin Mathematical Journal for January 184-7, involves the solution of a class of differential equations of which that of Laplace's functions is only a very particular case. Such methods,
limited in their individual application, and apparently indefinite in their number, seem however to be chiefly valuable as
exercises in symbolical algebra.
Linear differential equations, and linear equations in finite differences, may, as I have
elsewhere shown, be reduced to the general form
solution,

?i

+ <p,(7r)p?< + (p2 (w) ^^M... = U,

=

7i
pJ'{7r-\- l)u and
=f(}n)p"' ; and additional experience confirms my belief, that the methods which are founded on the employment
of this form are sufficient for every case.
Mr. Bronwin's
equations, when thus treated, are at once seen to be integrable.
It is but justice to add, that Mr. Bronwin's method displays
considerable ingenuity.
I remain, Gentlemen,
Your obedient Servant,

which

in

tt

and

p satisfy the relationsy(7r) p

J'{ir)p'"

George Boole.

Lincoln, Dec. 4, 1846.

IV.

Observations on the Rev. B. Bronwin's Paper on the Integration and Transformation of certain Differential Equa-

By Chari.es James Hargreave,

tions.

To

the Editors

F.R.S.

of the Philosophical Magazine and Journal.

Gentlemen,

TAKE

the liberty of drawing your attention to an error
which appears to exist in the paper contained in your
December Number on the Integration and Transformation of

I

certain Differential Equations.
I confine my observations in the first place to the first of
the equations discussed by the author
but it will be seen
that the same or similar remarks are applicable to the other
;

equations.

The

solution of the equation

(g+^^O + ^^^o

CO

and T7-ansformation of certain Differential Equations.
is

y = (D^

given as being

9

-\-k'^)P n,

(D2 + ^')« = 0,

where

=

a result wliich is evidently identical with j/ 0, which is indeed a solution of (I.), but not the solution of which the author
is in

quest.

The

error consists in inferring the equation

from

The deduced equation ought to have been
D^xti+{2p-i)Du + k^xu={D'^ + k-)-^0 = ai>\nkx + bcoskxt
which

will lead to the result

more conveniently
3/

written

= (D2 + Fy'-'|i(DHF)-/'.o}-.

.

.

.

(2.)

In solving differential equations by successive operations of
this nature, a difficulty frequently occurs with reference to the
introduction of constants.
Thus every operation denoted by
(D^ F)-' introduces two constants and in many cases all
the constants thus introduced except two, which are arbitrary,

+

;

must be determined in terms of these two arbitrary constants
by reference to the original diflferential equation.
This difficulty does not occur in the above equation (2.),
which may be written in the simpler form,
j/= (D2 + F)/'-i
If

p = l,

1/= - {asin

If

p = 2,

ij

=—2

^

i

<[

(asin/t.r

+ bcoskx)\.

kx + bcoika).
2k

(asiii/t-jr

+ ^'cos^-o:') + —^ (6sin/f.r — «cosA\r),

&c.
&c.
be found, in like manner, that the solution of the
second of the equations given by Mr. Bronwin, viz.
It will

rf^V

is

y= (D +

,

/f

.r)''

dy
{D-'(D-f /a-)-(/'+')0},

+

,

Mr. Nicholson on
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the

subject to the difficulty above adverted to as to the determination of the constants introduced by the operations.
Similarly, the solution of the third example,

is

j/

which

will

« and

where

A

1^^ (D3

+

F) -p.oT

be found to be

— 1.

solution of the fourth equation, viz.

be found

will

'

being the imaginary cube roots of

/3

The

= (D^ ^y-

a.

and

to

/3

be

are the roots of

/^

+ 2w^ + 2?«^ = 0.

may be

applied without difficulty to
the other equations discussed by the author of the paper in
question.
similar correction

I

am, Gentlemen,

69 Chancery Lane, Dec.

3,

Your obedient Servant,
Charles James HaiigkEAVE.

1846.

v. On the Compounds of Phosphoric Acid with Aniline.

By Edward Chambers Nicholson,

Esq.'^

f\P the inorganic acids there is none so remarkable for the
^^ number and variety of the compoimds forms with bases
it

as phosphoric acid.

The

the salts of this acid ^Tere

Graham,
•

in his

peculiar and complex reactions of
first satisfactorily

explained by Prof.

well-known paper published in ISSSf.

The

Communicated by the Chemical Society; having been read May

18,

1846.
Trans, of Royal Socioty of London, part 2. 1S33. Researches on
the ,\rseniates, Phosphates and Klodifications of Phosphoric Acid, by Tlios.
Graiiam, Esq., M.A., F.R.S.E., Professor of Cliemistry in the Andersonian
University of Giaagow.
t

I'liil.
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modifications of phosphoric acid by its amount of water of
hydration, giving rise to pyrophosphoric and metaphosphoric
acid, beautifully explained all that was enigmatical in the observed reactions.
Prof. Graham's excellent experiments have added a great
deal to our knowledge of phosphoric acid ; the study, however, of this acid and its salts is by no means exhausted.
I
consequently hope that any contribution to the subject will
be accepted.
The following experiments, which were instituted in the
laboratory of the Royal College of Chemistry, relate to the
combination of phosphoric acid with a large and interesting
group of bodies, viz. the organic alkaloids. It is curious that
this class of salts has not been hitherto examined ; indeed the
composition of scarcely any phosphate of an organic base has
been satisfactorily ascertained.
It was a very interesting question, whether these bases,
which with monobasic acids comport themselves exactly the
same as mineral oxides, were capable of combining with polybasic acids in the same remarkable proportions.
In the
absence of experiments, the only points which were known from
whence we might, by way of analogy, have inferred any similarity in these compounds with the inorganic phosphates, are
the salts of ammonia with phosphoric acid ; ammonia being as
it were the type of all the organic bases.
phosphate of
ammonia indeed is known, containing two equivalents of the

A

but it still remained to be decided whether
;
any true organic alkaloid unites in the proportions of two or
more equivalents with one equivalent of phosphoric acid.

volatile alkali

The only analysis of a phosphate with an organic alkali is
published by Regnault*. This chemist determined the carbon
and hydrogen in phosphate of strychnine. Regnault considered the salt which he analysed as a compound of 1 equiv.
of phosphoric acid, 1 equiv. of strychnine and water,

HO,C43H,3N,04,PO,.
However, Rcgnault's formula of strychnine has been corrected
by Professor Liebigtj who showed that this base contains
one equivalent of carbon more,

it is

i.

e.

therefore evident that the composition of Regnault's phosis to be expressed by the formula

phate

* Liebig's ^«nfl/e»,

vol..

xxvi. p. 37.

f Ibid. vol. xxvi. p. 58.

—
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may be seen
from the following comparison of the per-centages corresponding to this formula with his analytical results, which I have
calculated with the new atomic weights of carbon
as Professor Liebig * already remarks, and, as

:

44 eqs. Carbon
26 ... Hydrogen
2 ... Nitrogen

Oxygen

3300-00
325-00
354-00
700-00
892-28

59-23
5-83
6-55
12-66
15-73

100*00

7

...

1

...

Phosphoric acid

1

...

Phosphate of strjxhnine 5571-28

.

.

.

59-85
5-85

It is evident from these numbers that the phosphate of
strychnine analysed by Regnault is a common phosphate,
corresponding to the phosphate of soda with 1 equiv. of fixed

base.

Besides this. Dr. A. T. Thomson f relates an analysis of
phosphate of morphine by Dr. Gilbert, from which however
no conclusion relative to the composition of this salt can be
deduced, the analysis being incomplete.
It being a matter of indifference whether the base which I
took for experiment was a natural alkaloid or one prepared
the laboratory, I selected aniline, deeming it
especially suited to my purpose, as this base generally forms
with acids readily crystallizable compounds.
artificially in

I.

Compounds of Tribasic Phosphoric Acid with
AxiLINE.
Phosphate with 2 equivs. of Aniline and

1.

1 equiv.

of Water.

On

adding aniline in excess to a strong solution of tribasic
phosphoric acid, the w hole instantly solidified to a white crystalline mass, which was drained, pressed, dissolved in a large
quantity of boiling dilute alcohol, and filtered through a \^ arm
funnel ; on coohng, the whole became a mass of crystals ; after
pressing these between folds of bibulous paper, I finally dried
them on a warm porous tile.
When dry, this salt appears as beautiful flesh-coloured
nacreous plates, which might be readily taken for thionurate
of ammonia, quite inodorous, slightly acid to test paper. They
are very soluble in aether and water, sparingly soluble in cold
alcohol, but very soluble in hot, so that upon cooling the whole
* Handworlerhuch der Chemie,

Organic Bases,' vol. i. p. 70.
the Preparation, Characters, and
Composiiioii of the Nitrate, Phosphate, Tartrates and Hydriodatc of Mor\-

Pliarni. Jouvnal, vol.

phia,'

ii.

article

p. 500,

'

'On

by Anthony Todd Thomson, M.D., F.L.S.

—

—

—
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ivith Aniline.

becomes

solid.
This salt cannot be dried at 100° C.
(212° F.), because at this temperature it gives off aniline,
assuming a red colour. It melts at a gentle heat, and upon
raising the temperature gives off its aniline and leaves metaphosphoric acid.

liquid

Analysis.

When

burnt with oxide of copper
I. 0*419 grm. of the substance gave 0*774 grm. of carbonic
acid and 0*227 gnn. of water.
II. 0*646 grm. of the substance gave 1*183 grm. of carbonic
acid and 0*356 grm. of water.
III. 1 grm. neutralized with ammonia and precipitated with
nitrate of silver, gave 1*461 grm. of tribasic phosphate of silver.
These numbers correspond with the following per-cents.
:

....

Carbon
Hydrogen

.

.

Phosphoric acid

IT.

I.

50*38

49*94

.

6*01

6*19

.

...

...

These determinations lead

III.

24*86

to the following formula,

2(H0, CiaH^N) HO, PO5,
as

is

seen by the following

....
....
....

24 eqs. Carbon
17 ••• Hydrogen
2 ... Nitrogen
3

...

1

...

1

...

:

1800*00
212*50
354*10
300*00
Oxygen
892*28
Phosphoric acid
Phosphate of anihne 3558*88
.

.

.

.

Therefore the salt corresponds to the

50*57
5*97
9*97
8*42
25*07

100*00

common phosphate

of

soda^

2NaO, HO, PO5,
and also to an ammonia salt of the same constitution.
It is anhydrous, like this ammonia salt
but, unlike

;
these
before remarked, an acid reaction, like all
the other salts of aniline, this base being incapable of destroying the properties of an acid.

salts, possesses, as

2.

Phosphate with

1

equiv.

of Aniline and 2 equivs. of Water,

This compound is obtained by adding tribasic phosphoric
acid to the salt mentioned before until it ceases to produce a
precipitate with chloride of barium, and concentrating in the
water-bath. In the coiu*se of a few hours the salt crystallizes
in beautiful silky needles; these are to be

and dried on a warm

When

dry the

washed with

aether

tile.

salt is quite white,

but by exposure to the

—

—
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becomes rose-red ; it is very soluble in fether, alcohol, and
water ; in the latter Avith decomposition, the common phosphate being produced.
air

Analysis.

When

burnt with oxide of copper
I. 0'45G grm. of the substance gave 0'633 grm. of carbonic
acid and 0'223 grm. of water.
II. 0"403 grm. neutralized with ammonia and precipitated
with nitrate of silvci', gave 0"880 grm. of tribasic phosphate
of

silver.

These numbers correspond to the following per-cents.
II.

I.

Carbon
Hydrogen

37-86
5*44

....

'

37'12

Phosphoric acid

These determinations lead

to the

formula

HO, CjoH^N, 2HO,
as

is

seen by the following

12 eqs. Carbon
10 ... Hydrogen
1
...
Nitrogen
3 ... Oxygen
1
...
Phosphoric acid
.

.

:

PO5,

:

.

.

.

.

900-00
125-00
177-05
300-00
892-28

....
....

37-59

100-00
Phosphate of aniline 2394-33
This salt corresponds to the biphosphate of soda,
1

...

NaO, 2HO, PO5.
ammonia compound

Mitscherlich has analysed an

same

of the

constitution.

I did not succeed in forming a phosphate in which the
three equivalents of water in the hydrate ai'e replaced by three
equivalents of aniline.
On adding aniline in excess to an alcoholic solution of the common phosphate, the base did not
combine, and the common phosphate remained. I also tried
to produce it by decomposing the j)hosphate with three equivalents of soda by oxalate of aniline ; aniline however was instantly set free in the form of oily globules, and the common
phosphate was produced with oxalate of soda.
I have not been more successful in endeavouring to prepare
phosphates, into which aiiiline enters beside fixed bases.
I
have tried to obtain a salt corresponding to phosphorus salt,

NaO, NH4O, HO, PO5,
by dissolving

aniline in a solution of

one equivalent of fixed base.

The

phosphate of soda with
however, which

crystals,

—

—

Compounds of Phosphoric Acid with Aniline.

5;

1

were formed did not contain soda, and were similar in appeaiance to the salt first-described. Similar results were obtained
by neutralizing the acid phosphate of aniline with carbonate
of soda.
The salt produced did likewise not contain soda,
the common phosphate appearing to be produced.
II.

Pyrophosphate of Aniline.

There ai'e two pyrophosphates of aniline, acid and neutral,
which are always formed together when aniline is added in
excess to pyrophosphoric acid. The precipitate produced by
addition of aniline to pyrophosphoric acid is gelatinous, and
becomes quite hard when exposed to the air.
Several combustions showed me that the compound obtained in this way consists of a mixture of the neutral and the
acid pyrophosphate.
I have not yet been able to obtain the
neutral salt in a state of purity, but I found that by keeping
the pyrophosphoric acid in great excess, the acid salt may be
procured. The best way of forming it is to add aniline to
rather concentrated pyrophosphoric acid (obtained by decomposing pyrophosphate of lead by hydrosulphuric acid), when
the acid salt is precipitated along with the neutral compound
the mixture is then to be heated until the whole is dissolved,
an excess of acid added, and the solution evaporated in the
water-bath ; upon cooling, the whole solidifies to a mass of
beautiful white needles, which are to be pressed in bibulous
paper, washed with aether, and finally dried in vacuo. This
salt appears as white silky needles, very similar to the common basic sulphate of quinine ; they are very acid, soluble
in water, and almost insoluble in alcohol and asther ; the crystals and their aqueous solution, hke all other aniline salts,
become red when exposed to the air.
Analysis.

When

burnt with oxide of copper
I. 0-223 grm. of the substance gave 0'333 grm. of carbonic
acid and 0*117 grm. of water.
II. 0'2C9 grm. of the substance gave 0*389 grm. of carbonic
acid and 0-132 grm. of water.
III. 0'350 grm. of substance, neutralized by ammonia and
precipitated by nitrate of silver, gave 0*578 grm. of pyrophosphate of silver.
These numbers correspond to the following pcr-cents.
:

I.

Carbon
Hydrogen

.

II.

.

.

39*00

39*43

.

.

5*G8

5*45

...

...

Phosphoric acid

III.

38*85

—

—
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which lead

to the formula

HO, CiaH^N, HO,
as

is

seen

by the following

...

1

...

1

...

This

PO5,

:

12 eqs. Carbon
9 ... Hydrogen
1
...
Nitrogen
2

the

900-00
112-50

39-44
4-93

177-01

7'75
8-77

200-00
892-28

Oxygen

Phosphoric acid .^
Pyrophosphate of aniline 2281-79
.

salt

.

39-11

39-22
5'56

38-85

100-00

corresponds to the acid pyrophosphate of soda,

NaO, HO, PO5,
analysed by Professor Graham.
An analogous salt of ammonia is not known, pyrophosphate
of ammonia existing only in solution, which, accoi'ding to
Graham's experiments, yields on evaporation crystals of the
common phosphate of ammonia, with 2 equivalents of the
volatile alkali and 1 equivalent of water.
III.

Metapiiosphate of Aniline.

by adding a great excess of aniline to a
very strong solution of metaphosphoric acid (glacial acid perfectly pure), or by adding metaphosphoric acid to a solution
of aniline in alcohol or aether; in both cases the salt precipitates as a gelatinous white mass
this is to be placed on a
filter and well-washed with aether, until the excess of aniline
is removed and no smell of this body perceived, pressed and
dried over sulphuric acid in vacuo.
When dry the salt appears as an amorphous white mass,
which changes rose-red in the air, becoming glutinous. It is
acid to litmus paper, soluble in water, and almost insoluble
I obtained this salt

;

in alcohol

and

aether.

metaphosphate of silver, which property belongs also to metaphosphate of soda ; upon boiling,
it changes red, and partly reduces the silver salt.
When an
aqueous solution is boiled for a long time it is transformed
into common phosphate of aniline.
Its solution dissolves

Analysis.

When

burnt with oxide of copper
I. 0-Gfi4 grm. of the substance gave 0*976 grra. of carbonic
acid and 0-2fi4 grm. of water.
II. 0-994 grm. of the substance, precipitated by acetate of

—7

—

—

Compounds of Phosphoric Acid with Aniline.
leadj

and the precipitate treated with sulphuric

1

acid,

gave

2*617 grms. of sulphate of lead.
III. I also determined the acid by precipitating with acetate of lead in great excess and boiling for a long time ; the
metaphosphate of lead is completely changed into the tribasic
salt.
This is a very advantageous method of determining
metaphosphoric acid. 0-5785 grm. of the substance gave
1*3485 grm. of tribasic phosphate of lead.
These numbers correspond to the following per cents. :
I.

Carbon
Hydrogen

II.

HI.

41*24

40*98

41*3.3

....

4*55

Phosphoric acid

These analyses lead to the formula

HO, Ci.H^N,
as

is

seen by the following

12 eqs. Carbon
8

...

Hydrogen

900*00
100*00

1

...

Nitrogen

1

...

Oxygen

1

...

Phosphoric acid

1

...

Metaphosphate of

This

salt is

PO5,

:

.

.

177*01
100*00
892*28

.

aniline

41*48

2169*29

analogous to Prof. Graham's metaphosphate of

sod^^

NaO, PO5,

which, according to the experiments of this chemist, likewise
becomes viscid on evaporation, and never presents the slightest
trace of crystallization.

The corresponding metaphosphate of ammonia is only
known in solution. On evaporation this salt assimilates 1
equivalent of water, passing into the common phosphate with
1 equivalent of ammonia and 2 equivalents of water.
The experiments which I have described prove that there
exist the following series of

Phosphates
*

.

.

Pyrophosphate

.

Metaphosphate

.

phosphates of aniline

:

.i';?}P'%\^^i^}^'Z?''
LllOj ^^12 H7 N, 2H0, PO5.
HO, CiaH^N, HO, PO5.
HO, C,2H7N, PO5.
.

.

This series embraces compounds corresponding to all the
combinations of soda with phosphoric acid, except the phosphate with 3 equivalents of soda, and the pyrophosphate with
2 equivalents of fixed base.
Phil. Mag. S. 3. Vol. 30. No. 198. Jan. 1847.
C
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The aniline salt, corresponding to the latter, however exists,
but could as yet not be obtained in a state of purity.
All the compounds of aniline with phosphoric acid are
anhydrous, like the other salts of this base which have been
examined by Professor Hofmann. In this respect they differ
from the corresponding soda salts, which nearly all contain a
larger or smaller amount of water of crystallization. The two
ammonia salts of phosphoric acid which we know, are however likewise anhydrous.
From the results of the preceding investigation we may
conclude that the organic bases comport themselves also with
I intend, however, to
polybasic acids like mineral oxides.
analyse the phosphates of some other organic alkaloids, particularly of those which occur in nature, and are frequently
employed

On

VI.

in medicine.

the remarkable Barometric Depression
R. Birt.
December 1821. Bj/

of the 25tk

W.

To

the Editors

of the Philosophical Magazine atid Journal.

Gentlemen,

ON

the 26th of November last the barometric depression,
noticed at the close of my letter on the Great Symmetrical Barometric Wave, returned, making the sixteenth instance
'^I'lie valueof the depression at this station
in eighteen years.
was 29*268 (unreduced): the observation was taken at 10
minutes past 8 in the morning. The value is about a tenth
higher than the depression at Dublin on the 26th of Novem-

ber 1843.
rise

In that year the barometer commenced a decided
it also did at this station in the pre-

on the 27th, which

sent year.

My

friend E. W. Brayley, Jan., Esq., has suggested that
depression is somewhat allied to the great depression
which occurred on the 25th of December 1821, and which has
been made the subject of an investigation by Prof. Brandes of
The reader will
Breslau, and since by Prof. Dove of Berlin.
fmd Prof. Brandes' paper in the Annals of Philosophy, N. S.
vol. iv. p. 263, and Prof. Dove's in the American Journal of
A paper on the same
Science and Art, vol. xliv. p. 319.
subject by Luke Howard is inserted in the Philosophical
Transactions, vol. cxii. p. 113.
There can be no (juestion that the depression of the latter end
the following interesting question
of Noveniber is periodical
Is the dejjression of the 25th of
consequently suggests itself.
December also periodical? To answer this question I selected
in Howard's CUniate of London from
till the readings given
tliis

:

Mr.

W.
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1830 inclusive, on the 23rd, 24th, 25th, 26th and
27th of December. Tliese readings, which consist of the
maxima and minima, I have made the subject of a very careful discussion, the result of which forms the subject of this
communication.
1806

to

Table L
Date.

20
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This table gives the principal features of the depression of
It will immediately be seen from a comparison of the
numbers of 1810 and 1821, that the depressions are essentially
ISIO.

distinct.

Table IV.
Day.

— Mean Barometric Maxima and Minima.

Mr.

W. R.

Table VI.
Maxima

07i

a remarkable Barometiic Depression.

— Showing the highest and lowest

occurred.
Day.

Birt

21

readings of the
for the respective days and years in which they

22
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points approximately fixed in our annual barometric curve,
the depression on or about the 28th of November, and the
It also appears
elevation on or about the 25th of December.
that we have two kinds of atmospheric movements that affect

those of an erratic character as to their
the barometer
})eriod— the great symmetrical wave being an instance and
those of a more constant character, as the depression and

—

;

elevation just noticed.
now pass on to the evidence which the Greenwich observations afford as to the elevation of the 25th of December.

We

Table

Day.

VIL— Barometric

Readings, Royal Observatory,
Greenwich.

Mr.

W.

The
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I'eadings of the 25th are
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accordance with the reTiie trough between the two maxima
still

in

sults already arrived at.
occurred at 10 p.m. of the 25tl), so that the readings of the
2.5th were those of the posterior slope of the first elevation.

Table IX.

— Barometric Readings,
Greenwich.

Dav.

Royal Observatory,
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XL— Barometric Readings,
Day.

St. Helier's, Jersey.
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Upon the whole, I apprehend we may fairly conclude, from
the observations of thirty-one years, that on or about the 25th
of December the barometer passes a maximum, and that this
maximum is above 29-500. This conclusion is strengthened
by the fact, that only two exceptions have been observed a
:

low barometer on the 25th will consequently demand close
attention, and observations under such circumstances cannot
fail

of possessing great interest.

Should any of your readers be aware that between 1830
and 1840 depressions occurred on the 25th of December, a
notice of them would be valuable.
I have the honour to be, Gentlemen,

Your very obedient
2 Sidney

Servant,

W.

Cambridge Road, Bethnal Green.
London, Dec. 5, 1846.

Place,

R. BiRT

VII. Relics of the Mecha^iical Productions o/'Abraham Sharp,
By the Rev. N. S. Heineken.
the assistant o/Tlamsteed.
Sidmouth, November 23, 1846.
Gentlemen
my papers I have chanced to find one which I
had Intended some years since to forward for insertion in
the Philosophical Magazine, if upon perusal you deemed it
likely to interest any of your readers again accidentally thrown
in my way, I transmit it to you, hoping that, notwithstanding
the interval which has passed, the statements therein made
may still be found to be correct.
I am. Gentlemen,

AMONG

:

Respectfully yours,

N.
It

may perhaps be

interesting to

S.

Heineken.

some of the readers of the

Philosophical Magazine, to be informed that several of the
mechanical productions of Abraham Sharp, the once celebrated assistant of Flamsteed, are still in existence and in
good preservation. My attention was directed to this subject
in consequence of observing his name mentioned in the review
Feeling
of the Rev. W. Whewell's Flamsteed and Newton.
interested in everything which related to one so eminent in
his day, I endeavoured, while on a visit at Bradford (Yorkshire), to obtain whatever information I could respecting the
papers and " reliques" of the once " indefatigable calculator,"
and sought to procure some memento of him who is described
by his biographer as having " had a clear head for contriving
and a skilful hand for executing" any of the mechanical or
The result of my
philosophical apparatus which he required.
in(]uiries I subjoin.

The lathe, mentioned

in tlie

Encyclopcvdia I3ritannica{arUc\e
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* Sharp
') for turning, rose-work, eccentric, swash-work, geometrical solids, &c., was sohl some few years since at Bradford
to Godfrey Wright, Esq., in the neighbourhood of Doncaster.
It had for many years been used by its former possessor

W.

I saw it was in excellent working
and many are tlie elaborate and beautiful specimens which I have seen of its efficiency, even at a period of
upwards of a century since it was first constructed. Another
(

Goodchild), and when

condition

;

smaller lathe, of a somewhat similar description, for turning
and ovals combined with rose-work, wliich exhibits some
ingenious contrivances of the same " master mind," was purchased by a person whose name is " Murgy," residing at HeaThe double sector mentioned in his bioton near Bradford.
graphy and sculptured on his monument, is, I understand, in
the possession of J. Bottomley, Esq. of Bradford, or his reThe large
lative Miss Bamforth, of Manor Row, Bradford.
(18-inch) elaborate ring dial, and also the set of calculatingovals,

rods in a walking-stick, were purchased by Mr. Muff, musicseller, Leeds. A beautifully divided plate for calculating, I was
Skelton, Esq. of Bradinformed, was in the possession of
ford.
A larce equatorial (with the hour circle about thirty
inches diameter) in complete preservation, was purchased at
the sale at Bradford, and is now at the observatory of the
York Philosophical Institution. A very ingenious and complete perambulator, measuring from part of an inch to 100
miles, together with some geometrical solids, turned in the
first-mentioned lathe, now belong to my friend J. WaterOf this peramhouse, Esq., of Well Head near Halifax.
bulator I may observe, that it has only one toothed wheel in
the whole oi the machinery: all the intermediate measures
are given from the inch to the last index, which moves once in
100 miles; and yet the disc of the dial is not more than about
six inches in diameter and not a quarter of an inch in thickness.
Of this perambulator I have made a model, which (with
the consent of my friend) I will submit to you should you
desire it.
A mural quadrant of 5^- feet radius, diagonally di-

—

vided, &c., I have in my own possession, and shall feel pleasure in showing it to any who may feel an interest about it.
spirit thermometer, the scale of which I am certain was the
work of Abraham Sharp, from the punches nsed for the
figures, was fixed in the wainscot of the hall at Horton (his

A

residence).
If the tube is the original one, this might be vafor I
luable for reference in a meteorological point of view
remember having seen many meteorological journals, which
;

had been kept by Abraham Sharp, and which were among
the papers left at Horton
these I believe are now in the
:

o/"
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of—

Giles, Esq., the representative of the family.
possession
Two planispheres were also among these papers, drawn by pen
and ink but so exquisitely, that until I examined them with
engraa magnifying lens, I could not but believe them to be
vice which was made to turn on its axis, and which
vings.
had the contrivance of a second pair of chaps near the screw,
;

A

horn into moulds for hiUtons, was used
by the before-named Mr. Goodchild as his working vice, and
and
family
I dare say is still retained by some part of the
may
as I have mentioned the contrivance for horn-pressing, I
still in exstate, that even one set of these idetitical buttons is
They are ornamented with every variety of roseistence
work patterns, and were probably intended by the philosopher
They are now, together with some
for his holiday suit
as
lenses, regarded by their owner, Mr. Fearnley of Shipley,
precious relics, though I believe within a few years they have
The steel punches for figudecorated modern broadcloth.
rine his instruments were constantly used by Mr. Goodchild
sinfor the same purpose; as were also several chisels, which,
gularly enough, were made of remarkably soft iron, case-har-

for pressing, I imagine,

;

!

!

!

!

dened at the cutting part. I remember also to have seen a
This, I suppose,
«'
shutter micrometer " of brass at the Hall.
It is
Giles, Esq.
not having been sold, is retained by
much to be regretted that the ingenious and laborious productions of such men should be thus scattered abroad, and in
too many instances allowed to decay or be wantonly destroyed.
Two lamentable examples of this are, 1 learn from a paper in
the Magazine of Science, exhibited even at the Royal Society,

—

reflectors of Newton and Hadley are in a slate of
In the case of Abraham Sharp, it was
complete dilapidation.
by chance only that I was fortunate enough to save the large
mural quadrant from the hands of an ignorant brazier, who
was anxious to purchase it for the puri)ose of— mending ketI was given to understand with respect to his MSS.,
tles
that many years since, when they had been neglected by the
owner of the house and left in a closet, the cook was in the

where the

!

!

habit of supplying herself from the ample store for the purpose
of lighting fires and singeing fowls! what remained have since,
Giles, Esq., but they
I believe, been carefully preserved by
are now the mere membra disjecta— the Sibyl's scattered leaves.

—

I

am. Gentlemen,
Respectfully yours,

N.

S.

Heineken.

P.S. One of the philosopher's walking-canes, having its
crutch-head formed into an opera-glass, I also saw at the Hall,
and I hope is still preserved.
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some Formulcc which seive to i7idicate the limits
VIII.
of the application of Indeterminate Methods to the solution
of certain Problems. By James Cockle, Esq., M.A., of
Barrister-at-Law, of the MidTrinity College, Cambridge
dle Temple. Second afid concluding Part*.

On

,-

[The

first

LET

181-183 of the preceding

part will be found at pp.

x^, x^,

.

a;"

voliiraet.]

Xn denote the roots of

,

+ a/x« -

'

^-

A'" - 2 +

.

-I-

x'"'>

= 0,

the general equation of the n\\\ degree, and, by a similar notation, let j/„ yo,
yn he the roots, and if, y\ . y") tlie coeffi.

cients of the equation in y,

when

y = f + l^x + r'*^ +
(0)

it is

required to point out

that

we may have

how

+ ^^" ^"'>

.

determine

to

.

,

.

,

so

andy"' = 0.

y' = 0, y" = 0,

y = 0,

f'''^ 0',

By means ofy = 0,

eliminate ^ "' from the three succeeding
equations, and, conformably with the notation adopted in one
of my previous communications to this work|, represent the

by
2Y'„=0, 3Y'„=0, and4Y'„=0.
Next, bv processes which I have already referred to
present periodical §, let 2Y'„ = be put under the form

respective results

where

/^i

=

x',

in the

^ + ''"i 0" + + ^^^^ l^\
•

and, in general.

We have

twenty-two quantities

^^2

+ ^=0,

h^ + //g^ = o,

and

(0)

at

our disposal,

V+V=

.(A.),
.

,

.

h^^

,

0,

+ hl^ =

.

— make

(B.),
;

with the aid of the last nine of these equations (previously put
under the form

h,_i± V_l7;^ = 0),
nine of the ?'s be eliminated from the first two; after the
9 or 13 of the quantities ^',
elimination there will remain 22

let

—

0",

.

^xxii still

Now

it

undetermined.

that, whatever be the number of the
above expression for y is equivalent to
y=S">' + S'x + 3"x^ + + St"-'^ x"- \

is

known

\\

(|uantities ^, the

.

•

Communicated by

t

Phil.

§

Il.id.

11

Mag.

Sir

George Cayley, Bart.

S. 3. vol. xxix.

J

ibid. vol. xxviii. p. 191.

vol. xxvii. pp. 126, 292, 29.3.

Sixth Report of the

Britisli

Association, p. 301 ci seq.

On

the Solution
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of certain Pi'oblems.

where
so that the number of disposable and independent quantities
(S) contained in the expression for 7/ can in no case exceed
11 ; neither, after the elimination of the nine ^'s, can it e:^ceed
13, as is seen on referring to the last of the above equations.
The elimination of those quantities does not, however, diminish the number of disposable quantities (H) except when m
is greater than 13.
If then

h,=KlS'-\- Kl< S" + ^i'" S'" + is:,iv s^y + B^

h^=Ki' S'<+Ki" S'" + K^^ Siv + 5^

where By,
S",

.

tities

gYn

.

»'""'',

.

,

,

we

B^ are

functions of the n

—

5 quantities

S\

by what precedes, that nine of the quan^ may be so determined as to enable us to decompose

=

see,

into

+ h^^=o, (A.) and hs^ + /i4^ = 0, (B.)
where /i,, .,.,7^4 have the forms last above given, and the
n — 5 quantities S^, S^*, , H^"~^^ are undetermined, and perh,^

.

.

.

our disposal; at least when n is not greater than 13,
and when 7i exceeds 13, we have eight of them undetermined
and disposable. But it will be seen below that, for our present purpose, this last case does not require consideration.
E% have as yet no other conditions than (A.) and
E', S",
fectly at

.

(B.) to satisfy.

Depress (A.) and (B.) to linear equations, and eliminate
from gY',, by their means. Then, on referring to my
paper at pages 190-191 of the last volume but one of this
work*, it will be seen that, without determining a', S", it will
be possible to reduce the resulting equation to the form

B'", S'^,

h,'^ + h,^ = 0;
(C.)
and also that B, and Bg will not give the illusory results
which (under a diderent notation) I have beforef pointed out,

or,

provided the number of disposable quantities H^,
, S^"~^
be more than three in number; this gives the condition
.

,

.

—

7J
5 >3, or ?i> 8
(y.')t
the aid of (C.) reduced to a linear form, eliminate 3'
or S" from ^Y'n
0, and solve the resulting ccjuation.

With

=

• Phil.
I

Mag.

S. 3. vol. xxviii.

This corresponds to the equation

vol. xxviii.

f
(y.)

Ibid. pp. 190,1 91. ;]9f).
of p. 191 of Phil. Mag. S. 3.

;

Mr. Wilson
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o??

the

In effect we solve (A.), (B-)' (C-) and (D.), by n^eans of
the remaining S's (excepting S ° ) are determined in effecting tlie reduction otgY',, to the form of (C.)
and S "' will be obtained from
0, after substituting in it the
values of the other H's.
The above investigations give the formula
S', a", S'", S'^

;

y=

«(1, 1,1, I)(or, «(r'))

= 9;

.

.

(317".)

.

and shows that the general equations of the ninth mid higher
degrees may he transformed into others of the same degrees,
from "which the second, third, fourth andffth terms disappear;

m

the corresponding foi'mula for
cussion*) is

m{\,

1,

1, I)

=

(see the first part of this dis-

11 (or 10).

.

.

(317.)

.

2 Church Yard Court, Temple,

November
Postscript,

28, 1846.

Dec. 14,

184-6.

— On looking over the proof-slip,

have not had occasion to use
But the
the foregoing notation for the roofs of equations.
above may be considered to suggest the following permanent
the
notation
viz. that cc,. should represent a root, and a
^.X a
coefficient of the (;'+l)th term of an equation in
quantity composed of symmetric functions of, and homogeneous
and of the ?th degree with respect to, cl\, jt^j, j.'„ that ^ should
denote the disposable quantities which enter (explicitly) into
the equation for j/ and H, tiie disposable quantities implicitly
contained in that equation. When /• is given as a number, we
may, however, as above, express the coefficients by accents if
I observe that, in this paper, I

''^

;

X

.

;

;

For facility
r be small, or by Roman numerals if it be large.
of reference 1 have termed ' last' volume what was in fact the
current one at the time of writing this paper.
IX. On

the Solvent Action of

Drainage-Water on

By John Wilson,

IN

the

Soils.

Esq.f

autumn of 1S44, being a resident

in

East Lothian,

--

Avhere the system of ikoroufjh draining is very extensively
carried out, it occurred to me that the drainage-water during

percolation of the soil must necessarily dissolve out and
carry away a great portion of the soluble constituents of it,
which, by the practice as at present followed, arc carried off
the land and entirely lost to the farmer.
I therefore took
advantage of the first fall of rain sufficient to set the drains
its

* Phil. M.ng. S.

.3.

vol. xxix. pp.

t Communicated by
1846.

181-183.

the Chemical Society; having been read

May

4,
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dry weather of the autumn, and collected
the drainage-water, which I subjected to a partial
analysis, the particulars of which were described in a paper
read by Dr. W. Gregory at a meeting of the Royal Society,
Edinburgh, in the early part of last year. The results I then
obtained, though very incomplete, were quite sufficient to
show me that they had a very important bearing on agriculafter the

some of

ture,

and

to

induce

me

to

go on with their further investiga-

tion.

About the usual quantity of rain had

fallen during the time
the first sample, and
April 29th, when I obtained the second, and during the whole
of that period the land had laid ploughed as a winter fallow.
Immediately after the second sample was taken the field
was prepared for seed and sown with guano and barley. In
a few days after (May 16th) I was enabled to collect a third
sample (of course from the same drains), and having submitted them to analysis, the following are the results
Second Sample. 18 lbs. of drainage-water on evaporation
gave 15-2 grs. of solid residue, or about -844 gr. to the pound.

between November, vhen

I collected

:

—

Organic matter and water in combination
Silica

Silicate of alumina
Chloride of magnesium
Chloride of sodium
Chloride of calcium
Sulphate of alumina
Peroxide of iron
Phosphate of lime

3'4
0*9
0*4
1-12
1-8

3-0
0"85
2*1

0'3

13-87

—

TIdrd Sample. 18 lbs. of drainage- water on evaporation
gave 27-5 grs. of solid residue, or about 1-525 gr. to the pound.

Organic matter, &c.

...

Silica
Silicate of alumina
Peroxide of iron
Phosphate of magnesia
.

.

.

.

,

.

.

.

.

.

.

.

....

Magnesia

2-25
1-8

l'G9

?

Chloi-ide of

7-8
0-7
0-2

sodium

Chloride of calcium
Carbonate of lime
Phosphate of lime
Phosphate of alumina

....
....
.

.

.

2-G15
2*107
2*7
3*1

0-45

25-412
I

should here observe that the

first

sample, collected in

;
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November, after the drains had been dry for many weeks
previous, contained 2-25 grs. of soUd residue to the pound
whereas that collected in the following April (No. 2), after
the land had been continually drenched by the winter's rains,
only gave '844 gr. to the pound.
On adding a quantity of easily soluble manure (guano) to
the soil, the tirst waters (No. 3) that passed through not only
brought with them an increased quantity (1-525 gr. to the
pound), but they contained many of the very ingredients that
constituted the value of the manure itself.
At the time the paper referred to was read at the Royal
Society, Edinburgh, it was suggested that possibly the turbid
portion first discharged from the drains after heavy rains
might contain matter also very valuable to the soil ; but on
comparing the subjoined analysis with that of the drained soil,
it appears to be composed of the same ingredients, with a
decrease in the proportion of silica and an increase in the lime,

both of which

may

be readily accounted

for.

Analysis of Soil deposited from Turbid Drain-Water.
Silica
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consequently remain longer in the

soil for
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the purposes of

vegetation.

Mr. Smith of Deanston, a man

to

whom

practical agricul-

deeply indebted, has suggested the application of all
manures whatsoever in a largely diluted Hquid state, and which
I am informed has been most successfully applied on the
western coast of Scotland.
Now both of these plans will most assuredly tend to lessen
the loss at present sustained the one by diminishing the
solubility of the manures employed, and the other by rendei'ing the drain age- water again available.
But should the farmer object to take advantage of either
plan, it would appear expedient to avoid using as much as
possible the very soluble manures, and instead of giving his
land the usual good dose of manure that is expected to suffice
for two or three seasons, to divide the quantity, and to apply
it in as small a proportion and as frequently as the nature of
In such case his crops will
his crops will permit him to do.
get more and his ditches less than by the present practice.
ture

is

;

X. Report of Proceedings
tive to the

New

in the

Cambridge Observatory rela^
Professor Challis*.

By

Planet.

St. Catharine's Hall

Lodge, Dec. 12, 1846.

^"^HE

Syndicate appointed to visit the Observatory, concei-- ving tiie subject at the present time to possess peculiar interest, bej; leave to submit to the senate the following statement of Prof Challis, describing the course of observations,
founded on the theoretical calculations of Mr. Adams of St.
John's College, and made at the Observatory, with a view to
the discovery of the new planet.

H. Philpott, Vice-Chancellor.
John Graham.
B. Chapman.

G. Peacock.

W. Whewell.

James Cartmell.
Chas. W. Goodwin.
W. C. Mathison.

Joshua King.

G. G. Stokes.

At a meeting of the Observatory Syndicate, held at the
Observatory on December 4, for the despatch of ordinary
business, a strong desire having been expressed by the ViceChancellor and the members of the Syndicate generally, to
receive from me a special report of observatory proceedings
relating to the newly-discovered planet, drawn up in such a
manner, and in such detail, as would enable them to lay complete information on the subject before the members of the
*

Phil Mag,

Communicated

S.3. Vol. 30.

i)y

Professor Challis.

No. 198. Jan.

184-7.

D
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once to comply with
senate, I considered it to be my
A new body of the solar system has been disthis request.
covered, by means depending on the furthest advances hitherto
made in theoretical and practical astronomy, and confirming
duty at

in a
tion.

most remarkable manner the theory of universal gravitaIt is therefore on every account desirable that the

members of the senate should be made fully accjuainted with
the part which has been taken by the Cambridge Observatory
relatively to this important extension of astronomical science.
The observations 1 shall have to speak of, and the reasons
for undertaking them, are so closely connected with theoretical calculations performed by a member of this university
to account for anomalies in the motion of the planet Uranus,
that the history of the former necessarily involves that of the
latter.
I hope that for this reason, and because of the peculiar

nature of the circumstances,

I

may be allowed

to

make a

communication less formal and restricted in its character than
a mere report of observatory proceedings.
The tables with which the observations of the planet Uranus
have been uniformly compared were published by A. Bouvard
They are founded on a continued series of obserin 1821.
vations extending ironi 1781, the year of its discovery, to
Previous to 1781, it had been accidentally observed
1821.
seventeen times as a fixed star, the earliest observation of this

Bouvard met with a
kind being one by Flamsteed in 1690.
On an attempt to found them
difficulty in forming his tables.
upon the ancient as well as the modern observations, it appeared that the theoretical did not agree with the observed
He thought this might be attributed to
course of the planet.
the imperfection of the ancient observations, and consequently
rejected all previous to 1781 in the formation of the tables
These tables represent well enough the
finally published.
but very
observations in the forty years from 1781 to 1821
soon after the latter year new errors began to show themselves, which have gone on increasing to the present time. It
was now evident that the ancient observations had been rejected on insufficient grounds, and that from some unknown
Were the tables calculated
cause the theorj' was in fault.
inaccurately? The difference between observation and theory
(amounting in 1841 to 9G" of geocentric longitude) was too
great, and Bouvard's calculations were made with too much
care to allow of this ex|)lanation.
The elfiect of small terms
neglected in the calculation of the perturbations caused by
Jupiter and Saturn, could not be supposed to bear any considerable proportion to the observed amount of error.
This
state of the theory suggested to several astronomers the idea
;
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of disturbances caused by an undiscovered planet more distant
than Uranus.
But there is no evidence of this hypothesis
having been put to tlie test of calculation previous to 1843.
The usual problem of perturbations is to find the disturbing
action of one body on another by knowing the positions of
both.
Here an inverse problem, hitherto untried, was to be
solved
viz. from known disturbances of a planet in known
positions, to find the place of the disturbing body at a given
time.
Mr. Adams, Fellow of St. John's College, showed me
a memorandum made in 1841, recording his intention of attempting to solve this problem as soon as he had taken his
degree of B.A. Accordingly, after graduating in January
1843, he obtained an approximate solution by supposing the
disturbing body to move in a circle at twice the distance of
Uranus from the sun. The result so far satisfied the observed anomalies in the motion of Uranus as to induce him to
enter upon an exact solution.
For this purpose he required
reduced observations made in the years 1818-26, and requested my intervention to obtain them from Greenwich. The
Astronomer Royal, on my application, immediately supplied
(Feb. 15, 1814) all the heliocentric errors of Uranus in longitude and latitude, from 1754 to 1830, completely reduced.
Mr. Adams was now furnished with ample data from observation, and his next care was to ascertain whether Bouvard's
;

theoretical calculations were correct enough for his purpose.
tested the accuracy of the principal terms of the pertur-

He

bations caused by Jupiter and Saturn, and concluded that the
small terms which Bouvard had not taken into account would
not sensibly affect the final results, the chief of them being
either of long period, or of a period nearly equal to that of
Uranus. Besides which he introduced into the theory several
corrections which had been derived from observation and calculation by different astronomers since 1821.
The calculations

were completed

Mr. Adams placed

in

in

1845.

my hands

In September of that year,
a paper containing numerical

values of the mean longitude at a given epoch, longitude of
perihelion, eccentricity of orbit, mass, and geocentric longitude,
Sept. 30, of the supposed disturbing planet, which he calls by
anticipation "the new planet," evidently showing the conviction in his own mind of the reality of its existence.
Towards
the end of the next month, a communication of results slightly
dilferent was made to the Astronomer Royal, with the addition
of what was far more important, viz. a list of the residual
errors of the mean longitude of Uranus, for a period extending from 1690 to 1840, after taking account of the disturbing
effect of the supposed nianet.
This comj)arisoii of observation
1) 2
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with the theory implied the determination oi all the unknown
quantities of the problem, both the corrections of the elements
The
of Uranus, and the elements of the disturbing body.
smallness of the residual errors proved that the new theory
was adequate to the explanation of the observed anomalies in
the motion of Uranus ; and that as the error of longitude was
corrected for a period of at least 130 years, the error of radius
As the calculations rested on an
vector was also corrected.
assumption made according to Bode's law, that the mean distance of the disturbing planet was double that of Uranus,
without the above-mentioned numerical verification, no proof
was given that the problem was solved, or that the elements
of the supposed planet were not mere speculative results. The
earliest evidence of the complete solution of an inverse problem of perturbations is to be dated from October 184-5.
Although the comparison of the theory with observation
proved synthetically that the assumed mean distance was not
very far from the truth, it was yet desirable to try the effect
Mr. Adams accordof an alteration of the mean distance.
ingly went through the same calculations as before, assuming
a mean distance something less than the double of that of
Uranus, and obtained results which indicated a better accordance of the theory with observation and led him to the conclusion, which has since been confirmed by observation, that
This
the mean distance should be still further diminished.
second solution, taken in conjunction wilh the first, may be
considered to relieve the question of every kind of assumption.
The new elements of the disturbing body, and the results of
comparing the observed with the theoretical mean longitudes
of Uranus, were communicated to the Astronomer Royal at the
beginning of September 1846. These were accompanied by
numerical values of errors of the radius vector, the Astronomer
Royal having inquired alter the reception of the first solution,
whether the error of radius vector, known to exist from obIt would be wrong
servation, was explained by this theory.
to infer that Mr. Adams was not prepai'ed to answer this
question till he had gone through the second solution. Errors
of radius vector were as readily deducible from the first solution as from the other.
The preceding details are intended to point out the circumstances which led astronomers to suspect the existence of an
additional body of the solar system, and the theoretical reasons
No one could
there were for undertaking to search for it.
have anticipated that the place of the unknown body was indicated with any degree of exactness by a theory of this kind.
It might reasonably be supposed, without at all mistrusting
;
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the evidence which the theory gave of the existence of the
planet, that its position was determined but roughly, and that
This
a search for it must necessarily be long and laborious.
was the view I took, and consequently 1 had no thought of
commencing the search in 1845, the planet being considerably
past opposition at the time Mr. Adams completed his calculations.
The succeeding interval to midsummer of 1846
was a period of great astronomical activity, the planet Astraea,
Biela's double comet, and several other comets successively
demanding attention. During this time I had little commuAttennication with Mr. Adams respecting the new planet.
tion was again called to the subject by the publication of M.
Le Verrier's first researches in the Comptes Rendus for June I,
1846.
At a meeting of the Greenwich Board of Visitors held

on June 29, at which I was present, Mr. Airy announced that
M. Le Verrierhad obtained very nearly the same longitude of
On July 9
the supposed planet as that given by Mr. Adams.
I received a letter from Mr. Airy, in which he suggested employing the Northumberland telescope in a systematic search
lor the planet, offering at the same time to send an assistant
from Greenwich in case I declined undertaking the observations.
This letter was followed by another dated July 13,
containing suggestions respecting the mode of conducting the
observations, and an estimation of the amount of work they
might be expected to require. In my answer, dated July 18,
I signified the determination I had come to of undertakinc;
Various reasons led me to this conclusion. I
the search.
had already, as Mr. Adams can testify, entertained the idea
of making these observations; the most convenient time for
commencing them was now approaching ; and the confirmation of Mr. Adams's theoretical position, by the calculations
of M. Le Verriei", appeared to add very greatly to the probability of success.
1 had no answer to make to Mr. Airy's
offer of sending an assistant, as I understood the acceptance
of it to imply the relinquishing on my part of the undertaking.
The plan of
I have now to speak of the observations.
operations was formed mainly on the suggestions contained
in Mr. Airy's note of July 13.
It was recommended to sweep
over three times at least, a zodiacal belt 30° long and 10°
broad, having the theoretical place of the planet at its centre;
to complete one sweep before commencing the next
and to
map the positions of the stars. The three sweeps, it was calculated, would take 300 hours of observing.
'Ihis extent of
work, which will serve to show the idea entertained of the
difliculty ol' the undertaking before the planet was discovered,
did not appear to me greater than the case required.
It will
;
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be seen that the plan did not contemphite the use of hour xxi.
of the Berlin star-maps, the publication of which was equally
unknown at that time to Mr. Airy and myself. It may be
proper here to explain, that the construction of a good starmap requires a great amount of time and labour both in observing and calculating, and that precisely this sort of labour
must be gone through to conduct a search of the kind [ had
undertaken. The stars must first be mapped before the search
can properly be said to begin. With a map ready made, the
detection of a

moving body,

as

it

hafipened

in this instance,

might be effected on a comparison of the heavens with the
map by mere inspection. Not having the advantage of such
I noted down very approxia map, I proceeded as follows.
mately the positions of all the stars to the 11th magnitude,
that could be conveniently taken as they passed through the
view of the telescope, the breadth of the field with a
magnifying power of 166 being 9', and the telescope being in
When the stars came thickly, some were
a fixed position.
necessarily allowed to pass without recording their places.
Wishing to include all stars to the lltli magnitude, I proposed in going over the same region a second time, to avail
myself of an arrangement peculiar to the Northumberland
equatoreal, the merit of inventing which is due to Mr. Airy.
The hour-circle, telescope and polar frame, are moveable by
clock-work, which may be regulated to sidereal time nearly.
While this motion is going on, the telescope and polar frame
are moveable relativelij to the honv circle, by a tangent- screw
apparatus, and a handle extending to the observer's seat. This
contrivance enables the observer to measure at his leisure differences of right ascension however small, and therefore meets

field of

coming in groups. The observations made
method might include all the stars it was thought desirable to take, and therefore might include «//the stars taken in
The discovery of the planet would result from
tlie first sweep.
finding that any star in the first sweep was not in its position in
the case of stars

by

this

the second sweep. If two sweeps failed in detecting the planet
among the stars of the first sweep, it might be among the stars
of the second, which would be decided by taking a third sweep
It will appear that this plan
of the same kind as the second.
carried out, would not only detect the planet if it were in the

region explored, but would also, in case of failure, enable the
observer to pronounce that it was not in that region.
The
second mode of observing required the aid of my two assistants, Mr. Morgan and Mr. Breen, in reading off" and recording the obh.ervations.
1 commenced observing July 29, employing on that day
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the first method, with telescope fixed.
The next day I observed according to the second nietliod, with telescope moving.
On Aug. 4, the telescope was fixed as to right ascension, but
was moved in declination in a zone of about 70' breadth, the
intention of the observations of that day being to record points
of reference for the zones of 9' breadth.
On Aug. 12, the
fourth day of observing, I went over the same zone, telescope
fixed, as on July 30 with telescope moving.
Soon after,
Aug. 12, I compared to a certain extent, the observations of
that day with the observations of July 30, taken with telescope
moving ; and finding, as far as I carried the comparison, that
the positions of July 30 included all those of Aug. 12, I felt
convinced of the adequacy of the method of search I had
adopted.
The observations were continued with diligence to
Sept. 29, chiefly with telescope fixed, and were made early in
right ascension for the purpose of exploring as large a space
as possible before I should be compelled to desist by the approach of daylight.
On Oct. 1, 1 heard that the planet was
discovered by Dr. Galle at JBerlin, on Sept. 23.
1 had then
recorded 3150 positions of stars, and was making preparations
for mapping them.
The following results were obtained by
a discussion of the observations after the announcement of the
discovery.
On continuing the comparison of the observations of July

30 and Aug. 12, I found that No. 49, a star of the 8th magnitude in the series of Aug. 12, was voanting in the series of
July 30.
According to the principle of the search, this v/as
the planet.
It had wandered into the zone in the interval
between July 30 and Aug. 12.
I had not continued the former comparison beyond No. 39, probably from the accidental
circumstance that a line was there drawn in the memorandum

book

of the interruption of the observations
After ascertaining the place of the planet on
Aug. 12, I readily inferred that it was also among the reference stars taken on Aug. 4. Thus, after four days of observing two positions of the planet were obtained.
This is entirely to be attributed to my having on those days directed
the telescope towartis the planet's theoretical place, according
to instructions given in a })aper Mr. Adams had the kindness
in consecjuence

by a cloud.

to

draw up

lor

fact, that, after

me.

Aug.

I

would also beg to call attention to the
was discoverable by a closet-

12, the planet

comparison of the observations; a method of observing, depending on novel and ingenious mechanism, having been
adopted, by which I could say of each star, to No. 48, ' This
is not a plancl,' and of No. 49,
This is a planet.' I lost the
oppoitunily of announcing the discovery by deferring the dis'
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cussion of the observations, being much occupied with reductions of comet observations, and little suspecting that the indications of theory were accurate enough to give a chance of
On Sept. 29, I saw for the first
discovery in so short a time.
time the communication presented by M. Le Verrier to the
I Avas much struck with the
Paris Academy on Aug. 31.
manner in which the author limits the field of observation,
and with his recommending the endeavour to detect the planet
by its disc. Mr. Adams had already told me, that, according
to his estimation, the planet would not be less bright than a
On the same evening I swept a
star of the ninth magnitude.
considerable breadth in declination, between the limits of
right ascension marked out by M. Le Verrier, and I paid particular attention to the physical appearance of the brighter
stars.
Out of 300 stars, whose positions I recorded that
night, I fixed on one which appeared to have a disc, and which
proved to be the planet. This was the third time it was observed before the announcement of the discovery reached me.
This last observation may be regarded as a discovery of the
planet, due to the good definition of the noble instrument
which we owe to the munificence of our Chancellor.
From the reduced places of the planet on Aug. 4 and Aug.
12, and from observations since its discovery extending to
Oct. 13, Mr. Adams calculated, at my request, values of its
heliocentric longitude at a given epoch, its actual distance
from the sun, longitude of the node, and inclination of the
orbit, which were published as early as Oct. 17.
I am now
diligently observing the planet with the meridian instruments;
and when daylight prevents its being seen on the meridian, I
propose carrying on the observations as long as possible with
the Northumberland equatoreal, for the purpose of obtaining
data for a further approximation to the elements of the orbit.
report of proceedings relating to the planet here terminates.
I beg permission to add a few remarks, which the
facts I have stated seem to call for.
It will appear by the
above account that my success might have been complete if I
had trusted more implicitly to the indications of the theory.
It must however be remembered that I was in quite a novel
position
the history of astronomy does not afford a parallel
instance of observations undertaken entirely in reliance upon
deductions from theoretical calculations, and those too of a
kind before untried. As the case stands, a very prominent
part has been taken in the University of Cambridge, with reference to this extension of the boundaries of astronomical
science.
may certainly assert to be facts, for which there
is documentary evidence, that the problem of determining
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from perturbations the unknown place of the disturbing body
was first solved here; that the planet was here first sought
for; that places of it were here first recorded; and that approximate elements of its orbit were here first deduced from
observation.
And that all this may be said is entirely due to
the talents and labours of one individual among us, who has
at once done honour to the University and maintained the
scientific reputation of the country.
It is to be regretted that
Mr. Adams was more intent upon bringing his calculations to
perfection, than on establishing his claims to priority by early
publication.
Some may be of opinion, that in placing before
the first astronomer of the kingdom results which showed that
he had completed the solution of the problem, and by which
he was, in a manner, pledged to the production of his calculations, there was as much publication as was justifiable on the
part of a mathematician whose name was not yet before the
world, the theory being one by which it was possible the practical astronomer might be misled.
Now that success has
attended a different course, this will probably not be the general opinion.
I should consider myself to be hardly doing
justice to Mr. Adams, if I did not take this opportunity of
stating, from tlie means I have had of judging, that it was
impossible for any one to have comprehended more fully and
clearly all the parts of this intricate problem
that he carefully considered all that was necessary for its exact solution
and that he had a firm conviction, from the results of his calculations, that a planet was to be found.
;

;
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By James
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Maximum Density

of Water.

Joule, Esq. and Dr. Lyon Playfair*.

researches on specific gravity the selection of a proINper standard
of comparison
a matter of great importance.
all

is

For obvious reasons water has been universally selected
this standard

as

but a diversity of opinion has been entertained as to the temperature at which the gravity of water
should be called unity. Hence, whilst our continental neighbours have adopted the freezing temperature, our own countrymen have generally chosen the temperature of 60° Fahr.
Water at 60° cannot be a desirable standard, on account of
its high rate of expansion at that temperature
and for the
same and other reasons the temperature of 32° is not at all
more convenient. We conceive that it would be much more
philosophical, and lead to many practical advantages, if water
;

;

• Communicated by the Chemical Society: having been read April 20.
.
o
J
1846.
.-
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maximum

density were taken as the unit*.
In that
would often be greatly facilitated ; and if
the temperature of the water sliould happen to be a degree
under or over the maximum point in any experiment, the extreme slowness of the expansion would avert the possibility
of a grave eri'or.
Intending to give still greater accuracy to our future experiments, we deem the present a favoui'able opportunity for
propose therefixing upon a good unit of comparison.
fore to occupy the present series with a brief discussion as to
the point of temperature at which water arrives at its state of
greatest density.
Although a variety of methods have been employed in the
investigation of this subject, they may be classified under two
general heads.
The first of these embraces all the methods
involving the necessity of an accurate acquaintance with the
The inrate of the expansion of some solid body by heat.
quiry, when made in this way, is one of great difficulty, and
has occupied the attention of many of our most accurate ex])erimenters.
The Florentine Academicians, Croune, Deluc,
Dalton, and others, compared the indications of a thermometer
filled with water with one filled with mercury ; Lefevre
Gineau and Hallstrom weighed a solid body in water at different temperatures ; and Blagden and Gilpin measured the
variation of volume by the variation of the weight of water
contained in the same vessel at different temperatures.
The other general method does not require a previous acquaintance with the expansion of a solid by heat it consists
virtually in weighing water in water
the heavier water descending, while the lighter ascends to replace it.
This principle was introduced by Dr. Hope, who applied it in the
following elegant manner
He filled with water at different
temperatures tall glass jars having thermometers at top,
middle and bottom. In this way he observed that when
water was cooled down to 40° at the surface, it sank to the
bottom ; and when cooled below 40° at the bottom, it rose
again to the surface. Tralles, Count Rmuford, Ekstrand and
Despretz have repeated Hope's experiment with a similar
apparatus.
Believing that the second general method is susceptible of
a far greater degree of accuracy than the first, we at once determined to employ it in our own experiments. The particular
at its

case, calculations

We

—

:

:

—

* Since this paper w.ns communicated to the Society we have seen the
Annuairc du Biirrati des Longiliides for 18)5, in which, under the high authority ofArago, \v;>ter at its point of maximum density is assumed as tlie
iiiiit

for
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Hope did not however appear to us to premethod in a form calculated to give results of great
accuracy;- and hence we have found it necessary to devise a

apparatus of Dr.
sent the

new instrument combining

all the theoretical advantages with
exact observation.
Our instrument is i-epresented in the
accompanying sketch, a a are two upright vessels of tinned iron, each 4i feet
high and 6 inches in diameter they are
connected at the bottom by means of a
brass pipe b, furnished with an accurately
wrought stop-cock. This pipe is altogether
6 inches long, and enters 1 inch within
each vessel. When the stop-cock is opened
a clear passage of 1 inch diameter throughout forms a communication between the
vessels.
A rectangular trough of tinned
iron, c, 6 inches long, 1 inch broad, and
1 inch deep, forms a communication beIn the
tween the tops of the vessels.
middle of this trough there is a slide, by
means of which the motion of a current

the requisite

facilities for

:

along the trough can be stopped

when

requisite.

The vessels were supported in two places by means of the
wooden brackets dd, and in order to prevent the greater than
desired effect of the atmosphere in raising or depressing their
temperature, they were completely covered with haybands.
During the experiments the instrument was placed upon a
tripod stool resting upon a suppoi't quite independent of the
floor of the laboratory, in order to keep it entirely free from
vibration.

Now if the t\\ o vessels be filled with water and made to
communicate with one another by opening the stop-cock and
removing the slide, it is evident that a current will tend to
How

througli the trough coiuiecting the tops of the vessels,
the density of the water in one of the vessels be in the least
degree greater tluui that of the water in the other vessel.
Although the changes in density are very minute near the
maximum point, the extreme mobility of fluids led us to
expect that we might in this way arrive at an exact and in-

if

controvertible result.

The thermometers employed by us were

of extreme accu-

racy, having been calibrated throughout their whole length,
ami their delicacy was such as to indicate a change of tempe-

rature considerably less than

ii'juth

of a degree Fahreidieit.
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freezing-points of the thermometers were carefully determined -within a few hours of the experiments. Each vessel
was furnished with a stirrer, consisting of a disc of tinned
iron 4 inches in diameter attached to the end of a slender rod
of iron, by means of which the water was thoroughly stirred
before each determination of temperature.
In order to measure the motion of the water in the trough
connecting the tops of the vessels, a hollow glass ball of

about three-eighths of an inch diameter was placed in it. The
weight of this glass ball was carefully adjusted so as only
just to float
a matter of great importance, as the slightest
buoyancy is accompanied by a certain degree of capillary attraction, and makes the ball liable to adhere to the sides of
:

the trough.

The toater employed in the experiments was distilled by
ourselves in clean vessels of tinned iron ; and the additional
precaution was taken to prevent, as far as possible, the solution of air.
Our method of experimenting was as follows
Having
filled the vessel with distilled water at a temperature of about
37°, we increased the temperature of one of the vessels to
41°*5 by the addition of a small quantity of hot distilled water.
then placed two delicate tliermometers upon a proper
stand, so that their bulbs dipped in the water to the depth of
6 inches. Having then closed the stop-cock and adjusted the
slide, we stirred the water in each vessel thoroughly, and
noted the temperatures indicated by the thermometers. The
stop-cock was then opened and the slide carefully removed
from the trough. After Malting three minutes the glass ball
was put into the trough, and its motion watched for two or
three minutes with the help of a graduated rule placed at the
top of the trough.
In conclusion, the stop-cock was again
turned, the slide readjusted, the water stirred, and the temperatures again noted.
The mean of the temperatures thus
observed before and after each trial of the velocity of the current was taken as the temperature of the observation.
The following table contains the results of a series of observations taken in the above manner.
The temperature of
the laboratory being about 38°, the water in the warmer
vessel cooled down more rapidly than the water in the other
vessel increased in temperature ; and therefore after two or
three hours had elapsed, the water in the cooler vessel was
found to have acquired greater buoyancy than that in the
warmer vessel, although at the commencement of the experiments the current indicated a greater degree of buoyancy in
the warmer water.
:
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Temperature of
the water in
the warmer
vessel.

1.
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Density oftVater.

The point of maximum density

indicated by the above
be situated at about 39°" 134.
We now pi-oceeded to apply a severer test to our method.
In the next series of experiments we arranged matters so that
the temperature of the water in one vessel was only a degree
and a half higher than that of the other vessel. The expansion of water increasing as the square of the temperature from
that of the maximum density, it was obvious that the current
in the trough would be much more feeble than in the former
experiments. We therefore allowed the vessels to be in perfect repose for six minutes before we introduced the glass
ball, and we afterwards watched its motion for four or five
minutes.
series will

Series 4.
;

Temperature of
the water in
the warmer
vessel.

;
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with our determination. But other results, such as those of
Hallstrom 39°-38, Blagden and Gilpin 39°, Hope 39°-5,
Deluc 41°, Lef'ebvre Gineau 40°, Dalton 38°, Rumford 38°-8,
Muncke 3S°-S04, Stampfer 38°'75, &c., show by their discordance with one another, and their disagreement with our
result, the little dependence which can in general be placed
on the results of former methods.
We believe that our new method may be applied with great
advantage to a variety of interesting problems. One of the
most important of these applications is the determination
of the dilatation of glass bulbs by heat, which, though formerly presenting great j^ractical difficulties, can now be accomplished in the most simple and decisive manner. The
bulb has only to be filled with pure water and reduced successively to two temperatures, one as much above as the
other is below the point of maximum density the rise of the
liquid in the stem of course indicates the contraction of the
glass in passing from the higher to the lower temperature.
The expansion of the glass bulbs being thus accurately ascertained, they may be advantageously applied in determining
the dilatations of solutions and other liquids.

—

XII. On a peculinr Organ found in the Rays (Raia, Cuv.).
ByM. LE Dr. Ch. Robin*.

nPHERE

exists upon each side of the tail of the Rays an
organ which is not mentioned in any of the works which I
have hitherto been able to consult. This apparatus however deserves, on more than one account, to attract the attention of
])hysiologists, and probably of physicists also.
The two organs united form nearly the third of the entire bulk
of the tail of the Rays. The bidk of each, at its largest part, is in
one of these fishes of an average size, nearly that of the index-finger.
Their origin is towards the union of the first and second quarter
of the caudal a])pcndage of the Rays, and they terminate in a point
at the extremity of the latter.
Their anterior extremity is soft

*

and more or

less slender, according to different individuals
it
swells gradually as far as the middle of the tail of these fishes
:

the volume remains the same as far as the origin of the posterior
quarter, whence it diminishes finally to the end.
This organ is
at fiist almost cylindrical, though a little flattened on the sides
(to about the extent of the anterior (piarter) ; in the whole of
that part it is enveloped by several thin aiul concentric muscular
layers.

layers

time
*

;

its

These muscles soon terminate in as many a])oneurotic
the organ then becomes sul)Cutaneous, and at the same
form changes, becoming round externally and flattened

Krom

the Annals and Miigazinc of Natural History for January 1847.
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within. In a word, this organ, separated from the tissues to which
adheres, presents the form of an elongated fusiform body,
swollen in the centre, more or less blunt at the extremity, and
always flattened upon its internal surface.

it

In a Ray one metre* long, the
centimetres in length

11

;

tail was 49, and the organ 36
millimetres in the transversal du*ection,

and 13 from above downwards.
The tissue of this organ has the semitransparency of gelatine,
but more consistence, and its colom* is a clear translucid gray.
It is furnished with a general fibrous envelope, which adheres to
the adjoining tissues by aponeurotic membranous layers ranged
at regular distances.
I have already said that its anterior poi-tion was completely
surrounded by some concentric nmscular layers, and then that
it became subcutaneous in its three posterior quarters, for the

greatest part of

its surface.

I add,

by way of more

detail, that its

not subcutaneous, and is separated from
the vertebral column by the two long muscular and tendinous
bundles intended to move the caudal vertebrae.
Its upper margin is traversed by a large subcutaneous vein, a branch of the
lateral vessel ; its external surface is traversed by the lateral vessel
itself, which is accompanied by the lateral nerve.
This nerve is
situated betweeen the organ and the skin, throughout the whole
length of the subcutaneous portion.
i\iter these details on the relations of this apparatus with the
adjacent organs,
relations, moreover, common to all the species
of Rays,
I proceed to make known the texture of the tissue
pecuhar to this organ and the distribution of its vessels and its
nerves.
For this pm-pose I shall adopt a comparative course,
that is to say, at each step I shall refer to the relations of this
organ with those which most resemble it in other fishes.
On examining attentively the apparatus in question, we observe that its substance does not constitute an uniform gelatinous
mass, but that it is divided into a large number of polygonal
flattened discs by the partitions of cellular tissue.
These discs
have consequently two surfaces larger than the rest, one turned
forwards, the other backwards. ^A'ith respect to the faces of the
circumference, they are in number three, four or five, which gives
the discs a triangular, tetragonal or pentagonal form ; their smallest diameter measures the thickness of the disc, which is 1 millimetre in nearly all the species. The diameter of the large surfaces, which measures the height of the disc, is 2 mill., one more
in the Raia rubus and R. batis, and 3 to 4 mill, in the Raia cla-

internal sm'face alone

—

is

—

vata.

From

this difference
*

The metre

is

it

follows, in the greatest diameter of the

equivalent to 39-37 English inches.

1
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discs according to the species, that in a transverse section of
the organ, from eleven to fifteen discs are counted in a R. clavata,
and twenty to twenty-five in the R. rubus and the R. batis. The
volume of the discs increases with age and the size of the individuals, but their number does not appear to increase.
These gelatinous discs are piled up one upon another, in the
direction of the length of the apparatus, by the adherence of
their broad faces, with the interposition nevertheless of a thin

These longitudinal rows of discs are arranged
by side, reunited by a cellular partition thicker than that
which separates each disc from that which follows or precedes it.
The kinds of longitudinal columns represented by the piled-up
discs are not rectilinear and do not all follow the length of one
of the faces of the apparatus ; but they are more or less contorted,
and are interrupted at intervals. The interruptions proceed from
the discs becoming at intervals irregular, more narrow, and the
cellular partition.

side

series of discs terminates ordinarily in a very small, triangular

one. It follows from these anatomical arrangements, that on the
surface of the organ we may perceive one of the small faces of

each of the superficial discs, and study very regularly the elongated, quadrilateral or lozenge-shaped polygonal, sometimes hexagonal form which it assumes in consequence of the reciprocal
pressure which it undergoes from the adjoining discs. We may
moreover very easily perceive that when the discs of a series
begin to lose their form and are interrupted, there exist at the
side other irregular discs which commence a new series. It is to
be remarked also that the discs are ranged more regularly on the

Rata rubus and R. batis
two species wc also observe
on the internal surface of the organ, that one of the partitions
which separates the series of discs on the internal surface, follows
it is
its whole length and is of greater thickness than the rest
formed by glistening aponem-otic fibres, and it forms a sort of
longitudinal pile into which the vessels and the nerves penetrate.
internal surface of the apparatus in the

than in the Raia clavata

;

in the first

:

With res))ect to the
400 diameters, it

gelatinous substance of the discs,

mag-

seen to be hollowed out by cavities,
and the walls of the latter are hollowed by cavities gradually
lessening in size.
The substance too which circumscribes these

nified

is

which wc shall recur hereafter) is hyaline, homogeneous
and transparent; it is studded with extremely fine molecular
granules.
From one spot to another are very regular granular
spheres of 0"''"-0050, surrounded by a very pale circular mass of
areola; (to

granules similar to tlie preceding.
It is impossible to recognise
veritable cellules with walls and nuclei, and it is easy to see that
the preceding areola; are not cellules ; we shall soon sjjcak of
their uses.
On the margins of the discs, the homogeneous gelaPhil. Mag, S. 3. Vol. 30. No. 198. Ja7U 1847.
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tinous substance presents regularly undulated

strise

which

it

would be impossible to take for fibres.
At the point at which we are arrived,

it is impossible not to
recognise a great analogy between the semitrausparent gelatinous
substance which essentially constitutes the discs of the peculiar
organ of the Hays, and that of the prisms of the apparatus of the
Torpedo, the rhomboidal meshes of the Si/urus eledricus, and

those interrupted oues between the transversal and vertical fibrous
laminae of the Gymnotus.
Although there may be differences in form between the discs
of the organ of the tail of the Rays and those which constitute
the prisms of the electrical apparatus of the Torpedo, these differences are certainly less considerable than those of the poi'tions
of gelatinous substance circiimscribed by the partitions and
areolae of the ajiparatus in the Silurus and Gymnotus, which

however produce similar effects to those of the Torpedo.
The mode of arrangement of these discs is as regidar in the
Ray as in the Torpedo, and approximate much nearer to the
latter than to that of the same parts in the apparatus of the
Silurus and Gymnotus.

The nerves of this apparatus originate in the portion of the
marrow which is prolonged into the caudal vertebrae. I

spinal

have an object in view in remarking that this portion of the
marrow must be composed of sensitive and motive nervous
fibres, for it corresponds to the portion called cauda equina in the
higher animals.
The nervous roots which originate from this organ do not take
their rise together at the same level, but there springs alternately
an anterior and a posterior root. It is always from the anterior
one (beibre its anastomosis with the postei'ior) that the greatest
number of nerves which exist in the apparatus proceed ; lastly,
some issue from the ganglion and the lowest branch of the two
which proceed from it. These nerves are of the number of four
to seven for each nervous pair. They are, as is seen, very numerous, and their diameter is from i to |- millimetre. These nerves
are finally distributed in the thickness of the partitions which
separate the lateral muscles from the tail, when they penetrate
into the organ, after being more or less subdivided. In the Raia
ruhus and R. batis the greatest number penetrate into the longitudinal pile of the internal surface ; in the Raia clavata they penetrate into some one of the partitions of that surface. In these
three sjiccies several branches wind round the superior and inferior margins of the apparatus to penetrate into one of the partitions of its subcutaneous ])ortion.
lu the first two species these
superficial branches freely anastomose before penetrating.
spinal

it results

from these facts that a considerable number of nerves
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extend into the partitions of each series of discs infinitely subdividing. From these subdivisions part the filaments which penetrate between the partition which separates each disc from that
This filament expands opposite to
with which it is in contact.
the anterior face of each disc, but never does a single one peneThe nerves spread out on
trate into the substance of the disc.
the mternal surface of the partition between it and the disc. No
single thread ever ramifies against the posterior face of the disc ;
we shall soon see that this surface receives only vessels.
The elementary fibres of the nervous filaments have a double
character ; that is, they are true elementary nervous tubes traversed by a semifluid substance which escapes in di'ops of variable
[These observaforms from their extremities when torn across.
tions however Avould require to be verified upon animals fresh
captm'ed.

]

against the prism are
from 0'°-01 to 0-013, that is to say, half the diameter of the elementary tubes measm-ed on the nerves at the point of their peThe elementary nervous tubes do
netration into the apparatus.
not terminate in a net-work, but actually in very large mesheSj
to effect which they fork out several times into two or three
branches and anastomose by inosculation.
These facts rest on the clearest evidence, being easily proved
even with a magnifying power of 100 diameters. The semifluid
nei-vous substance contained in these elementary tubes may be
made to flow out, and be seea to penetrate into each of their subThese anastomotic terminations of
divisions and anastomoses.
the elementary nervous tubes have already been proved to exist
.•"
by Savi, in his " Anatomical Investigation of the Torpedo (1844)
the
separate
which
partitions
this
in
the
fact
He has also proved

The elementary tubes which spread out

discs of gelatinous substance of the electric apparatus of this
fish.

The last facts which I have just established exhibit a still
greater analogy between the organ in question and the apparatus
It is true that these nerves proceed from
of the electric fishes.
the termination of the spinal marrow, that is to say, from the
Cauda equina, but the same fact takes place in the Gymnofus, the
most potent in its discharges of the electrical fishes, whose electrical organs however, according to Hunter, do not receive a mass
of nerves proportionably so considcraljle as those of the Torpedo.
In the Kay, as in the Gymnotus, the mass of the nerves sent to
the tlectric aj)paratu3 by each nervous pair, is at least as considerable as those which they transmit to the skin and the muscles.
The lateral nerve does not in the Ray, any more than in the
Gymnotun, send any filament to the organ in question.
The nerves of the electrical apparatus of the Silums, examined

1:2

.
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St. Hilaire, M. Valenciennes, Ruclolphi and Peters,
proceed from the lateral nerve, a branch of the eighth pair.
Thus there is nothing constant in the Origin of the nerves of
the electrical apparatus, as they proceed sometimes from the
eighth and ninth pair {Torpedo), sometimes from the eighth pair
alone {Silurus), sometimes from the pairs which arise from the
spinal marrow {Gi/mnotus and Rata).
Their situation has also
no constancy, as they are sometimes situated towards the head
{Torpedo), around the body {Silurus), and on each side of the

by Geoffroy

tail

{Gi/mnotus and Raia).

The vessels of this organ are numerous and curiously arranged.
Between the articulation of each vertebra there passes a vessel,
alternately an artery and a vein, proceeding fi-om the principal
artery

and vein of the

These two vessels never pass together
and they never traverse the inferior spithe nerves, to issue from the spinal canal.
tail.

to reach their foramina,

nal apophyses, like

Beyond the

vertebrae, the ^^essels follow the course of the nerves,

and penetrate with them into the apparatus. Several branches
ramily on its surface, surround it with their anastomoses, and
from the plexus which they form, some branches are detached,
destined either for the skin or the adjoining muscles.
Those vessels which penetrate the thickness of the organ are
there subdivided infinitely in the partitions of connective tissue
which separate the discs from one another.
From the plexus formed by the arterial and venous ramifications capillaries are given off, which are directed towards the posterior face of the disc which is in front of them, and penetrate
into its substance.
A capillary vessel never penetrates into the
anterior surface of a prism ; but we have stated that the nerves
ramify opposite to or against that sui'face. The capillaries which
penetrate the discs are very elegantly arranged in flexuous loops,

and are sometimes agglomerated in the form of tufts. These
loops and tufts are lodged and buried in the cavities by which
the disc is hollowed out ; these excavations exist only on the posterior face of the discs, whilst the anterior face against which
the nerves are arranged is smooth.
The capillaries which are
buried in the discs are from y\j to -^j of a millimetre in diameter.

To sum up the matter, there exists in the Rays a pretty voluminous organ, situated in the tail of that fish, as in that of the
Gym7iotus.
[From a letter which I have received from Prof. J
Miiller, Riippell would appear to have described an organ analogous to the former in the tail of the fishes of the genus Moi'mynis.'] This organ of the Rays receives fine but very numerous
nerves.
It is formed of a gelatinous semitransparent and firm
matter, as in all the electrical organs known. This substance is.

—
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these fishes, divided into polygonal discs, regularly piled
as
together, against which nerves ramify that terminate by successive bifurcations and anastomoses supplied from their elementary
in all

fibres.

How

can we help seeing in this an

It is true that its position is not the

electrical apparatus ?

same as in the Torpedo, but

Gymnotus and the Silurus the organ is also situated in the
or around the body. These conclusions are further confirmed
I have proved that this apparatus is
the following facts

in the
tail

by
wanting

:

Torpedo and the genera Mustelus,
and Carcharias.
apparatus in the tail of the Rays explains

in the tail of the

Scyllium, Squatina, Zygana, Acanthias

The presence of this
the immoderate proportional length of this organ, its flattened
form beneath, and the absence of the inferior lobe on the caudal
The anal fin is also wantfin, which scarcely exists in the Rays.
ing in the Rays, it is also wanting in the Torpedos ; but all these
fishes have a complete caudal fin, whereas it is wanting in the
Rays, as I have just observed.
I am indebted to the kindness of M. Bibrou for being enabled
to ascertain that the other fishes allied to the

Rays

{Cephalojjtei'a,

Myliobates and Pastinacus) whose tail is terminated by a thin
and extended whip or prolongation, do not possess this apparatus.
The whip is formed of a portion of the tail, which the electrical
apparatus would occupy if it existed.
As we have just seen, this organ cannot be regarded as a
gland, for it has not the structure of one ; it does not possess an
excretory duct, it does not communicate in any part with the inside, and no gland receives so many nerves of animal life*.
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The Physical Atlas ; a series of Maps illustrating the Geographical
Distribution of Natural Phcenomena.
By H. Berghaus, LL.D.,
F.R.G.S. SiC and A. K. Johnston, F.R.G.S. S(C.

A LTHOUGH

the idea embodied in the publication before us is
not here met with for the first time, yet it will jjrobably have
all the attraction of novelty for the general public, since we believe
that the work on which it is founded is not very extensively known
in this country.
To those who know the Physlsche Atlas of Dr.
Berghaus, it will be a great gratification to find that the design has
been appreciated by the able editor of the National Atlas, and that
he has succeeded in obtaining the assistance, not only of Dr. Berghaus, but of some of the most distinguished followers of the sciences,

-^

•

Nevertheless tlie proof of its being an electrical organ must depend
its power of giving electric shocks.
Such a property, in our common
Rays, if it existed, could hardly iiave escaped the notice of fishermen, in
the
constant liabit of handling large Kays, Skates and 'J'hornbacks iiinuudiately

upon

after tlieir capture.

Kd.
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the results of which it comprehends, in the endeavour to produce a
British Physical Atlas the execution of which shall be worthy of
the grand generalizations on which it is based.
The advantages which attend this mode of conveying information it
it has all the simplicity of a tais scarcely necessary to enlarge upon
;

bular arrangement, without that bare abstract quality which leaves to
the mind no connecting links, no means of association, and demands
a distinct elFort of memory for every fact while with the majority of
persons the pictorial form of a map makes a peculiar kind of impression, which can be reproduced at pleasure in the consciousness, and
becomes a gi-ound on which the several facts may be retraced. The
good effect that must result from the more accurate knowledge thus
attainable by the "uninitiated " of the vast extent of the complex
details which are necessary to the evolution of the simplest generalizations, will be at once admitted on looking abroad upon the crude
speculations which are so hastily grasped in the daily increasing
A man who
desire for knowledge of the deeper mysteries of nature.
has carefully and patiently studied these maps and pondered over
the multitude of "experimental truths "on which the simplest of
them depends, will probably pause ere he accepts cosmical theories
which find their materials in popular " abstracts." Not that we
undervalue the speculative faculty but it is evident that the department of observation and experiment is that to which those inquirers
should restrict themselves, whose opportunities or inclinations prevent their acquiring a comprehensive knowledge of the subjects by
;

;

which they are

attracted.

To

such persons this Atlas will be exceedingly valuable, as indicating the precise state of our information in regard to the facts, and
thus pointing out to them where their labours may be most usefully
directed.
To the general student it will convey clearly and agreeably a mass of that knowledge which is daily becoming more necesTo the rising generation, in whose education these
sary to him.
subjects cannot well be neglected, where any pretension is made to
keep pace with the intellectual progress of the times, these maps will
throw new and powerful interest into the study of geography, leading not merely to the knowledge of relative position and political or
other artificial divisions, but to an appreciation of the natural relations, regarded either in a scientific or ceconomic point of view, of the
various regions to each other, and a comprehension of the grand
unity of this our terrestrial world, where each part is, as it were,

complementary to

all the rest.
In the execution of this design the various subjects are arranged
under the two general heads of the phacnomena of Inorganic and
Organic nature the former comprehending three subdivisions,
1.
Meteorology and Magnetism; 2. Hydrology, and 3. Geology; the
latter nominally two, viz. Pliytology and Zoology ; but apparently
under the latter head we must include Ethnology, since among
the maps already published we find an Ethnographic map of the
British Islands.
Five parts of the work are now before us, which, according to the
;

—
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prospectus, form half of the contemplated series.
Each part contains three maps
and as these are not published in any regular arrangement, they are sufficiently varied to give a good idea of the
intentions of the editors.
The following is a summary view of the
published maps.
Part I.
1. A Physical Chart of the Atlantic Ocean; 2. a map of
the Mountain Systems of Europe; 3. map and elevations illustrating the Distribution of Plants.
In the first will be found, in addition to the usual peculiarities of charts, such as distances, currents,
;

—

&c., the temperature at different points, the situation and form of
Fucus banks and the appearances of volcanic action, with the existing statistics of icebergs and doubtful islands, and the tracks commonly followed by navigators. The various phaenomena are briefly
described in the accompanying letter-press, as much as possible of
the information being tabulated.
The most striking feature of the

second map is the application of the system of contour lines, without which indeed all plane representations of elevated tracts are but
very vague.
In the third map are embodied Schouw's phyto-geographic labours, together with statistical information of Humboldt
and other travellers.
Part II.
1. The distribution of part of the Mammalia;
2. a
H^'etographic map of tlie world; 3. the River systems of Europe
and Asia. The first includes a view of the range of four raammiferous families, viz. the Quadrumana, Marsupialia, Edentata and Pachydermata the types of these families being represented pictorially
for the benefit of those unacquainted with scientific classification.
The Hyetographic or Rain map is an attempt to indicate, by various
degrees of shading, the relative amount of rain falling in different

—
;

districts
it is accompanied by a quantity of statistical tables of
great value.
This map has a peculiarly novel appearance and the
contrasts obtained by means of the shading are very striking
the
great deserts and the rainless districts of South America, so graphi;

;

;

by Mr. Uarwin in his journal, standing out strangely
in their whiteness from the dark regions near the equator.
The
River systems are arranged so as to display the great basins of the

cally descril)ed

two continents and course of the rivers, thus forming a kind of sup])lement to the view of the mountain chains.
The description includes hydrographic tables, &c.
Part III.
1. Glaciers and glacial phrcnomena;
2. distribution
of Carnivora
3. Physical Chart of the Pacific.
The first map has

—

;

been compiled from the researclies of Forbes, Raymond, Charpentier,
Weiss, &c. This is accompanied by a descriptive treatise by Prof.
J. D. Forbes, giving a detailed account of the Euroi)e<xn glaciers,
founded on his own extensive researches. Those of South America,
described ))y Captain King and Mr. Darwin, are also noticed, and
the glaciers of Sir James Ross's great south polar continent.
In
addition to the general distribution of the Carnivora, the second
sheet contains a map of tlic regions of the northern wliale and seal
fisheries, and tho.sc inhabited by fur-bearing animals.
The Chart of
the Pacific resembles that of the Atlantic, containing of course
jtcculiar points of interest.

many
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of Volcanic action

The

;

2.

Rain map of

of these is enriched
bj' a collection of small but very important special maps of the most
celebrated volcanic districts.
On the general chart are given the
3.

;

distribution of Reptiles.

first

most important earthquakes of which we
have records, and a view of the various volcanic regions. Among
the small majis are Lower Italy and the Greek islands, according to
lines of direction of the

Von Buch

the Sandvv'ich Islands, &c., by Fitzroy ; Iceland after
The accompanying table gives the various
&c.
statistics of height, date of eruption, &c. of all the volcanoes of
which these particulars have been obtained. In the Hyetographic
map the points receiving equal annual amounts of rain are united by
a system of curved lines called Isohyetoses, analogous to the isothermal lines of Humboldt also isotherombroses or curves indicating
the distribution of summer rains
the annual number of rainy or
snow'y days, depth of fall, &c., and the direction of the rain winds.
In this map Europe is divided into three regions
the province of
of autumn
winter rains, comprehending part of the southern portion
rains, including the remainder of the southern and western portions ;
the summer rains belong to the whole interior of the continent.
The limits of these regions ai'e of course only approximative. In the
distribution of reptiles there are separate sections for the Testudines,
Sauria and Batrachia the Ophidians have two, one for the innocuous
;

Krug von Nidda,

;

;

:

—

;

;

and another for the venomous.
Part V.
1. Distribution of Birds
2. mountain chains of North
America 3. Ethnographic map of Great Britain and Ireland. The
distribution of Birds includes a general map of the world divided into
sixteen provinces, and a map for Europe regaixled as a single province.
The second map contains, besides the mountain chains of the
North American continent, a map of the Island of Trinidad and
Humboldt's plan of the volcano of Jorulla. The Ethnographic map
is the result of an endeavour to lay down, as far as the present condition of our knowledge will admit, the distribution of the various
races by which our islands have been peopled.
This is an attempt
of acknowledged difficulty, since in a country which has attained a
high degree of civilization, the intermixture of the elements which
species,

—

;

;

must have taken place necessarily leads to great uncertainty. The
general conclusions to which the author of the map (the late Dr.
Gustav Kombst) had arrived are as follows there are five sub:

and eight of the Teutonic and the
following is a probable average calculation of the ethnographic blood
of the population of Great Britain and Ireland.
varieties of the Celtic variety,

I.

Pure Blood.

1.

Teutonic in England, Scotland, east and north-

2.

Celtic

cast of Ireland
in

;

10,000,000

Cornwall, Wales, Scottish Highlands

and Ireland

6,000,000
16,000,000

Royal
II.
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Mixed Blood.

Teutonic (that is with prevalent Teutonic character) in England, Scotland, east and northeast of Ireland
Celtic (with prevalent Celtic character) in

2.

wall,

6,000,000

Corn-

Wales, Highlands of Scotland and Ireland

4,000,000

10,000,000
Total Teutonic, pure and mixed
Total Celtic, pure and mixed

6,000,000
10,000,000
1

26,000,000

Total population

The

Physical Atlas contains all the elements of success, high interest in the subject matter, as we have shown, and this brought
forward in a manner well-worthy of it. The size of the maps is
imperial foHo, each of the maps occupying a sheet the engraving and
The
colouring are beyond all praise for their beauty and clearness.
enterprize which has produced this work at such a moderate price
calls for extensive patronage, and the care of its execution fully deserves it.
feel bound, both in justice to the editors and our
;

We

readers, to give

our warmest recommendations.

it

By R. Patterson,
Introduction to Zoology for the Use of Schools.
Vice-Pres. of the Nat. Hist. Soc. of Belfast 12mo. London 1846.
.

We

cordially

recommend

to the notice of our readers this valuable

work by Mr. Patterson, who is well known to have long and
energetically endeavoured to introduce the study of natural history
His great attaininto the ordinary course of general education.
ments as a naturalist well qualify him for the task which he has un-

little

dertaken and we feel sure that the publication of this volume will
greatly tend to promote his highly desirable object.
In the present publication, which is profusely illustrated by wood
engravings, he treats of the Invertebrate animals, but proposes to
continue the subject in a future volume on the Vertebrata.
have
here in small space a very com])lete introduction to the study of the
interesting tribes upon which it treats detailed in simple and popular
language, so as to be intelligible to persons who have not made nabut at the same time there is nothing in it of
tural history a study
what is vulgarly called " jiopular science," every part being of a truly
It is well fitted to be placed in the hands of
scientific cliaracter.
;

We

;

the young, and highly deserving of perusal by the accomplished
naturalist.

We

wish him eveiy success in his laudable endeavour.
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Automatic Registration of Magnetometers,
and other Meteorological Instruments, by Photogratiio
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By

Charles Brooke, M.B., F.R.C.S.E.
Communicated by
G. B. Airy, Esq., F.R.S., Astronomer Royal.
Tlie author enters into fuller details than he had done in his
former communication to the Society, which was read on the 18th
of June, respecting the construction of the instrument, the preparation of the highly sensitive photographic paper employed in the
process, and the minute adjustments necessary for ensuring accuracy
phj'."

in registering the results.

In a supplement to the above paper, the author describes the
methods he has contrived for obtaining a similar automatic registration of the heights of the barometer and thermometer, by suitable
additions to the same apparatus which registers the magnetic variations.

M.A., F.R.S.,
—W.OnR. Grove,Phenomena
of Voltaic

delivered the Bakerian Lecture
Ignition, and on the Decompo-

Esq.,

"

certain

sition of

Water

into

its

constituent Gases by heat."

Tlie author refers to an eudiometer, an account of

which was

published by him in the Philosophical Magazine' for 1840, formed
of a glass tube, into the closed extremity of which a loop of platinum wire was sealed. The gases to be analysed were mixed in this
tube with a given volume of oxygen and hydrogen, and detonated
or slowly combined by tlie voltaic ignition of the platinum wire.
He was thence led to try a further set of experiments on the analysis,
by this instrument, of such gases and vapours as are decomposable
by heat; the process being capable of much greater exactness than
the received one of passing them through ignited tubes.
The results of the analyses of several gases by this means are given in the
paper.
When carbonic acid and hydrogen are mixed in equal
volumes and exposed to the ignited wire, the hydrogen abstracts
oxygen from the carbonic acid, and leaves carbonic oxide. Conversely, when carbonic oxide is exposed over water to the ignited
wire, it abstracts oxygen from the aqueous vapour, and forms carbonic acid.
It thus apjieared, that provided there were bodies present capable
of absorbing by affinity the elements of water, ignited platinum
would either compose or decompose water. The author was thence
led to hope that he might by ignited platinum decompose water into
its constituents, without absorption by other bodies, and thus produce converse effects to those already known. In this he ultimately
succeeded by various methods, in some of which the ignition was
produced by electrical means in others by ordinary calorific processes, such as the oxyiiydrogen blowpipe, &c.
A platinum wire is ignited at the closed extremity of a species of
tube retort, full of pure water, and having a narrowed neck close
above the wire as soon as the wire becomes incandescent, it forms
around itself an atmosphere of vapour which it immediately decoraposes a natural valve being formed by the conflict of ascending
gas and descending water, the bubbles of mixed gas are cut off by
an intermittent action, and thus, as their recombination is prevented,
a volume of gas collects in the bend of the tube and is ultimately
'

;

;

;
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If, again, a button of platinum be fully ignited
expelled at its orificeby the oxyhydrogen blowpipe, and plunged into watei- previously
heated to nearly its boiling-point, bubbles of mixed gas ascend and
maj- be collected by an inverted tube.
The electrical spark is shown
to be capable of decomposing aqueous vapour, and various other
modes of producing the same results are given.
Some theoretical views are then advanced as to the spheroidal
state which appears to the author to be intermediate between that
of ebullition and decomposition as to the probable non-existence
of water or steam in the interior of the earth, and as to the antagonism between physical repulsion and chemical affinity.
In a supplementary paper, the author considers how far catalysis
affects the phenomenon, and regards the decomposition thus produced as presenting a parallel effect produced by the force of heat,
to that known to be produced by electricity
he considers it explanatory of the decomposition of water by the electrical spark as in
the experiments of Pearson and WoUaston.
Some further experiments ai'e given, in which iridium and osmium and silica are substituted for platinum ; and also some experiments on the liquids
bromine and chloride of iodine, both of which yield pure oxygen
when exposed to the ignited wire in Mr. Grove's apparatus. These
;

;

experiments cannot however be long continued in consequence
of these liquids ultimately attacking both the glass and the platinum.
In conclusion, the author calls attention to the general evolution of
permanent gas from all liquids, except the metals, when exposed to
intense heat.
Dec. 17. " Researches on Physical Geology." Part I. The Figure
and Primitive Formation of the Earth. By Henry Hennessy, Esq.
Communicated by Major North Ludlow Beamish, K.H., F.R.S.
The author's investigations of the figure of the earth proceed on
the hypothesis of its having originally been a heterogeneous fluid
mass, possessing only such general properties as those which have
been established for fluids ; and independently of the supposition,
with which the theory has generally been complicated, that the volume of the entire mass, and the law of the density of the fluid, have
suffered no change in consequence of the solidification of a part of
that fluid.
Assuming the figure of the mass to be an ellipsoid of
revolution, the author obtains general analytical expressions for its
ellipticity, and for the variation of gravity at its surface.
He gives
a general sketch of the consequences that may result from the improved hypothesis of the primitive figure of the earth, to physical
geology, tliat is, to the changes occurring upon the external crust of
the earth during the process of its solidification, resulting both from
calorific and cIk mical changes taking place among its different parts,
and giving rise to a process of circulation throughout the fluid portions of tiie mass.
The present memoir is only the first of a series which the author
announces it is his intention to communicate to the Society on the
last

—

•amc

subject.

—

—

— —
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13, 1846.

Elements of Astrcsa.

Mr. Cooper's Observatory at Markrec, has
deduced the following elements, omitting any consideration of disMr. Graham,

turbing forces
1846. Jan.

of

:

Old
1.

318 55 215
353 55 49-2 Mean Equinox,
1846-0.
141 24 43-8/

Mean Anoni
77— o

"1

Q,

5 19 22-1
10 45 57-7
0-4107004
2-9339560
858"'9265

I

d>

Log. «

Log.

7j"

n"
Sid. Rev.

The

Dec.
Feb.

1845.
1846.

Greenwich M. T.

R.A.

17-460393

63 22 21-62
62 37 24-46
77 59 41-13

8053359

March 27-310391

The
second

1509 days.

places from which these elements are deduced, are,

Markree

;

+12

40 18-29
15 40 31-99

+19
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8-40

the
a mean of ten continental observations
a mean of four meridian observations by Mr. Cooper, at
the third, a single observation at Pulkawa.

first
is

Dec.

place

is

Elliptical Elements of

;

De

Vico's Fourth Comet {Feb. 20, 1846),
by Mr. Hind.

The following orbit is based upon the Altona and Hamburg
Observations of March 12, and Hamburg, March 31 and April 18.
There appears no doubt that the elements are really elliptical
:

Perihelion Passage, 1846,

March 5-57777, Greenwich Mean Time.
O

Longitude of Perihelion
Longitude of Ascending Node
Inclination

Angle of Eccentricity
Log. semi-axis major

/

II

34 4579
35 35-90/
57 1261
37 42-99
1-8062261

90
77
84
72

"l

Mean Equinox,
1846-0.

Sidereal Revolution 55-4 years.

Motion

Note on

the First

direct.

Comet of Brorsen, by Mr. Hind.

" The comet discovered by Mr. Brorsen at Kiel, on the 26th of
February last, has been found to have an elliptical orbit with a peIndependent calculations by Dr. Briinnow,
riod of b\ years only.
M. Goujon, and myself, have led to nearly the same results as
This circumstance induced
regards the short time of revolution.
me to examine the path of the comet through our system more miAssuming the last set of elements calculated by Dr.
nutely.
Briinnow, and published in No. 557 of the Astronomische Nach-
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soon found that a very close approach to the planet
Jupiter must have occurred about the 20th of May
1842 the comet
at this time would be hardly further distant from
Jupiter than
richten, I

:

the
distance of his fourth satellite.
The action of the planet
would be more than ten times greater than that of the Sun
;
and it
18 very possible that a complete change might be
produced in the
elements of the comet's orbit. This encounter took
place rather
to the south of the plane of the ecliptic, in about 283^°
heliocentric
longitude."

mean

Peters's Comet (26th June 1846).
the 26th of June, Dr. C. H. F. Peters, of the
Observatory
of Capodunonte, found a very small comet in
the constellation
Scorpms, near 595 Mayer, and about one degree to the
south of
the nebula H. vi. 19, or 535 of Smyth's Cycle.
The new object
\yas quite as pale as the nebula, and somewhat
rounder.
The motion was perceptible at the end of an hour,
when Dr. Peters commenced his observations with the equatorial of Reichenbach.
These
were continued on following nights till stopped by
moonlight. The
following are the results corrected for refraction

On

:

1816.

Naples Sid. Time.
h
n»
s

June 26
27
28
29
30
July

1

H

12
13
14
15
16
17

24

4-0

19

30

Q

226
227
227
228
228
229
234
234
235

2 180
48
53
24
57
19
18

45-6
10-3
25-7
24-8

341
291

6 56-8
39 10-5
19 26-3

2.35

235
236
236
237
237
238

17 31 47-6

8
19
21
It

17
16
17
16
17
18
16
17
17
17
17
17

R.A.

17 43 22-4
17 41 14-2
17 51 58-3

these

nX^\'

I,

51 31 -4

49

539
202

19

38

18

48 483
19 15-9
5 535
33 398

2 16-3
29 457
59 188
'2,Q

471

55
26
52
47

98

was seen on the 23rd July, but

Upon

Dec.
I

5-3

224
280

it

was too

No. of Obs
'

— 21

38'

4^M

20 57 199
20 14 19-8
19 33 43
18 50 360
18 10 37-4
12 31 311
12 2 187
11 34 457
11
8 197
10 40 103
10 16 14
9 50 335
9 27 235
9 3 531
-8 19 12-3
faint to

3
7
4
6
5
5

2
4
4
4

3
5
4

4
4

3

be observed

observations Dr. Peters has calculated the following
account all small corrections {Parall. Aberr.

^'^^'"^ '"^°

Perihelion Passage 1846,

Perih

a
«

Log. y

May

30,

12'>

56" 3'0,

Berlin

M.T.

237 20 28''2\ Mean Equinox,
258 45 120/
July 1.
34
417
0-2046:{5

Motion

direct.

These elements differ considerably from a first rough sketch. Dr.
Peters believes them to be near the truth
still they give from day
to day considerable anomalies, when compared with the
observations.
;
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Vico's Fifth Comet (July 29, 1846).

comet was also detected bj' Mr. Hind, at the South Villa
Observatory, on the night of July 29, 1846, about 11 o'clock, two
hours after its first discovery by De Vice.
" The following positions are the results of instrumental comparisons at South \'illa Observatory with known stars, not far distant
from the comet but owing to the extreme faintness of this object,
the observations of August 4-15 inclusive, are very uncertain
Tliis

;

:

B.A.

Greenwich M.T.
s
h

OIK
53 47

m

'

30
31

Aug. 4
13
14
15
21

"

48
48
47
43
32
30
28

12 6 6
10 17 35
9 56 19
11 11 21
9 21 21
9 50 23
12 56 27

July 29

Dee.
o

12
11

II

37 2
60 42 33
60 48 10
61
8 14
61 15 8
61 11
5

6
19

4
35 67
55 22
19 39 27

9 46 27

I

+60

5 34

61

+60

5 10

2

8

July 29 and 30 we obtained some micrometrical measures
with two small stars. On the 29th, at 13^ 25" 25* Greenwich mean
time, the comet followed a star of 8'9 magnitude, 2"" r2*-33, and
was south of it 16' 17 '''8. This star is found in Argelander's Zones
and the apparent place for July 29, as given in Professor Schumacher's Comet Circular, was
Dec. +60° 53' 47"0,
R.A. 3^ 13" IP 86

On

;

whence the comet's place was
R.A. 3"

"

15"" 24=- 19

Dec.

+60°

37' 29"-2.

July 30, at 11^ 23"^ 13* mean time, the comet followed a
9th magnitude star 1"" 25*-07, and was south of it 45"-04 but we
have not yet identified this star in any of our catalogues. On this
night, with great attention, and an exact knowledge of the position,
the comet was just perceptible in the comet-searcher."

On

;

Elements

o/De

Vico's Fifth Comet, by Mr. A.
Observatory

Graham of Markree

The

observations employed were, one at Mr. Bishop's observathat of Paris, on August 18; and another made by
Mr. Cooper on August 31

toiy,

July 29

;

:

Perihelion Passage, 1846,

May

27'82285, Greenwich

Mean Time.

82 39 19-7 \ Mean Equinox,
1846 0.
291 /
57 36 24-2

fl-

a

161 18

i

01382020

Log. q

Motion Retrograde.

The
were

errors of the elements at the time of the middle observation
1"'4, and in latitude +4"'l.
The

in geocentric longitude

corrections

for

—

and parallax were deduced from M.
The constants for August 30th, referred to

aberration

Goujon's elements.
apparent equinox, are,

— —

—
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x= [9-98351]

.

r

.

sin

?/= [9-50659 J

.

r

.

sin

z

.

r

.

sin

= [9-99340]

+ v)
+ v)
+ v).

(358 55 9
(144 52 34
(86 5 25

Mr. Cooper's observation on August 31
position
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gave the follo-wIng

:

R.A
2° 54' 2-0"

Greenwich M.T.

August 31-46583

De

Dec.

+55°

37' 7-3"

Vico's Sixth Comet {September 23, 1846).

This faint telescopic comet was discovered by Father De Vico, in
M. lliimker has reobserved the stars
the constellation Ursa Major.
of comparison, and computed the following places from the original
observations

:

Rome M.T.

m

h

1846.

Sept. 23,

M. Wichmann

R.A.

8

o

m

h

The

8 39 19

16.

7 45 11

o

14
14

II

234
185

li

m

Hamburg M.T.
7 5 18-2

16 20 50-1

o

II

made

+44
+43

at Altona

R.A.

6

6 42 197

Oct. 21.

Dec.

I

187 33 51
188 36 239

following observations were

21.
22.

I

+64
+64

R.A.

8

Oct. 15.

AltonaM.T.

1846.

o

II

rediscovered this comet at Kdnigsberg.
Konigsberg M.T.

1846.

Dec.

I

128 2144-5
128 48 295

8 6 36-5
10 25 34-9

o

I

193

11

I

and Hamburg
Dec.
o

II

II

30 23-3
29 6-2

I

II

:

No. of
Obs.

+38 20 46

40

193 12 46-1
194 17 34 3

38 19 47-3
36 57 52-6

2
12

The elements, as computed by M. Powalky at Altona, and by M.
Niebour at Hamburg, prove the identity of the comet of Wichmann
with De Vico's Sixth Comet.
Elements of the Sixth Comet of

De Vico

(September 23, 1846),

by Mr. Hind.
Tlie following orbit depends on the observations at Rome, September 23 Konigsberg, October 15 and Altona and Hamburg,
October 21. All the small corrections taken into account.
;

Time of Perihelion

;

Passage, 1846, Oct. 29-74708, Greenwich

Longitude of Pcriiielion
Longitude of Ascending

98

Node

Inclination

Log. distance

in

Perihelion

Motion

The

.^^

4 41

Mean Time.

49-9 \ True Equinox,
3-7/ 1846, Nov. 0.

49 41 17"1
9-9193956
direct.

co-ordinate constants for the uj)parent equinox at the beginning of November, are,

—

—
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= r. [9-9991563]

x

y=r. [9-4735634]
x=:r.

[9-9807954]
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.

sin {v

+

.

sin [v

+108

.

sin [v

+

186 56 50)
29 45)
95 51 36)

Hind's Comet {October 18, 1846).

"A

few minutes before 4 o'clock on the morning of October 19,
a very faint telescopic comet was discovered here, with the large refractor.

It

was

just bright

enough

to bear a slight illumination

sufficient to render visible the thick wires of the

micrometer.

By

observations extending over ratlier more than one hour, or until daybreak put a stop to them, the comet was found to have a direct motion in right ascension, of about four minutes in time daily, and a
southerly motion in declination of about eleven minutes.
Every
night for three weeks afterwards was cloudy when the comet was
above our horizon, and the observations of October 18 are, therefore, all we have been able to procure.
Mr. Petersen, M. Riimker,
and Mr. Brorsen, though immediately apprised of the discovery by
Prof. Schumacher, have had no better success, owing to the overcast
sky.
The comet was compared instrumentally with jS Leonis, for an
approximate position, and subsequently, by means of a wire micrometer, with a star of the 9th magnitude.
" The instrumental comparisons gave,
Greenwich M. T.

h

By

R.A.

h

s

16 15 11
17 6 17

Oct. 18.

"

m

m

Dec.
s

59 491
11 59 57-5
11

o

+14
+14

/

h

59 32
59 8

four micrometrical measures with the small star, the comet's

right ascension was 38^-08 less than that of the star, and its declination 4' 26"- 1 greater than that of the star, at l^" 54'" 16^ Greenwich mean time.
are not yet in possession of the accurate po-

We

sition of this star.

"This morning (Nov.

11) the sky was clear in the east for the
time since the date of the comet's discovery.
careful search
was made for it, without success."

A

first

Observations of Double Stars, made at Poonah,

The

SyCapt.W. S.Jacob.

by Dollond, 5 feet focal length, and mounted on
an universal equatorial stand, which mounting is not, however, so well
adapted to high as to low latitudes. The telescope is a pretty good
one, but shows rather large discs
hence Capt. Jacob has found no
advantage in employing a higher power than 152. With this power
he can generally measure angles of position when the stars are l"-5
telescope

is

;

The distances are not to be much relied upon, as " little can
be done in that department without clockwork." More than half
the stars are taken from Smyth's Cycle, the remainder are such as
are too far south to be seen in England.
Many of these, though
discovered by Capt. Jacob, will probably be found in the forthcoming
catalogue of Sir J. F. W. Herschel. In attempting to determine the
apart.

—
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orbits of double stars, Capt. Jacob has only been satisfied with that
of 12 Cassiopeiae, which is circular, inclined to the eye at an angle

of 33°;

years; nearest approach, 1888-0; greatest
position of node, 54°1. This

oOTG

period,

and least distances, 12"-6 and 6"-9
seems a fair first approximation.

XV.
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BUKATITE

THIS mineral

A

;

Miscellaiieous Articles.

NEW MINERAL.

a hydrocarbonate of zinc, copper and lime, in deit crystallizes in bluish radiating needles
finite proportions
Its composition, according to the anaspecific gravity is 3-20.
is

;

;

its

lysis of

M.

Delesse,

is

Carbonic acid

21 '45

Oxide of zinc

32-02
8-G2
29'46

Lime
Oxide of copper

8-45

Water

The

relations

between the elements lead to the formula 2 (Zn,
and admitting the ideas of M. Scheerer on poly-

Cu, Ca,) C + aq,
merous isomorphism, we obtain the very simple formula CO- (RO)^.
Buratite has been found in the copper mines of Lotefskoi in the
Altai mountains, at Chessy near Lyons, at Temperino in Tuscany.
and in several other localities. Comptes Rendus, Octobre 26.

ON BISULPHUUET, TERSULPHURET, AND SULPHOCYANURET OF
METHYLE. BY M. AUGUSTS CAHOURS.
The first-named compound is obtained with equal facility bypassing a current of chloromethylic gas into an alcoholic solution of bisulphuret of potassium, or by distilling a mixture of the concentrated
solutions of bisulphuret of potassium and sulphomethylate of lime. In
both cases a slightly yellow limpid liquid is obtained, which begins
to boil at 230° to about 234° F.,its boiling-point reaching from 320°
to

338° F.

the alkaline sulphurct employed be very pure, the greater part of
By separating this
the liquid distils between 230° and 248" F.
product, drying it over chloride of calcium and submitting it to one
or two rectifications, a definite liquid is obtained which boils between
241° and 245° F. this is the bisulphuret of methyle. When pure it
is a colourless liquid, perfectly limpid, refracting light powerfully,
and possessing an intolerable and persistent odour of onions. Its
It is scarcely soluble in water, but
density is 1-040 at 64"-4 F.
alcohol and aether comnevertheless imparts to it its peculiar smell
bine with it in all i)roportions. On the approach of an ignited body
it inflames and burns with a blue flame, yielding a strong smell of
If

:

:

sulphurous acid.
Chlorine acts powerfully on this comi)ound
r/iil. Mag. S. 3. Vol. 30. No. \98. Jan. 18^7.

:

there

is

at

¥

first

—
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formed an amber- coloured substance, which crystallizes in rhombic
much lustre. These crystals are soon destroyed,
and are replaced by a yellowish liquid, which eventually becomes of
by continuing the action there are obtained
a ruby-red colour
chloride of sulphur S CI", and perchloride of sulphuret of methyle
C* CIS s.
Bromine also acts upon this body, forming products derived from

.tables possessing

;

substitution.

Very

no sensible action in the cold on bisulwhen it is moderately dilute. In

dilute nitric acid has

phuret of methyle

;

but

it is

different

this case the action is extremely vivid

sulphuric acid

;

is

produced,

which forms with potash a salt that crystallizes in long asbestiform needles, and with barytes a salt which
It
crystallizes in colourless tables and possessing much splendour.
also forms with strontia, lime, and the oxide of lead salts which are
Sulphuric acid when concentrated comsoluble and crystallizable.
bines with it in the cold, and decomposes it when heated.
and

also a peculiar acid,

When heated in a

retort with a concentrated solution of potash, it
without appearing to undergo any alteration when submitted
to analysis it appeared to be composed of

distils

;

150-0, or in 100 25-53

C*

H6

37-5

S2

400-0

....

6-38
68-09

10000

587-5

density of the vapour of this substance, taking the mean of
two experiments, was found to be 3-298 and the author observes
that, supposing the molecule of this compound to give two volumes
of vapour, the density would be 3*259.
When bisulphuret of potassium is reTersulphuret of Methyle.
placed by the persulphuret in forming the above compound, a conbut
siderable quantity of bisulphuret of methyle is also obtained
towards the end, and at the temperature of about 396° F., an ambercoloured product distils, which contains more sulphur, and which

The

;

—

;

and nitric acid in the same manner.
boiling-point of this substance, and the slight alteration
which it undergoes by heat, prevented the author from ascertaining
Analysis showed that it was a tersulthe density of its vapour.
acts with chlorine

The high

phuret of methyle.

C^

150-0, or in 100 19-05

S3

37-5
600-0

W

..
..

787-5

4-76
76-19

100-00

—

Sulphocyanuret of Methyle.
On distilling a mixture of equal parts
of a concentrated solution of sulphocyanuret of potassium and sulphomethylate of lime, there passes over with the vapour of water a
heavy yellowish liquid, which after being dried over chloride of calcium, possesses a fixed boiling-point nine-tenths of the product
;

"*i^.f.:
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the temperature at which the last portion comes over may amount to 280° F.
The preparation of this product is difficult on account of the

come over at about 270° F.

;

^

It must be
of the liquid, which sometimes comes over.
heated slowly, and the retort should be ten times larger than required
to contain the liquid.
Sulphocyanuretof methyle, after it has been purified by digestion
over chloride of calcium and rectification, has the following properit has an alliaceous
it is a colourless and very hrapid liquid
ties
it boils steadily at
its vapour is unpleasant and it stupefies
odoiir
at about 61° F. Water dissolves
about 270" F. Its density is
a very small portion, but it nevertheless acquires its odour it combines with alcohol and aether in all proportions.
In diflFused light chlorine acts very slowly upon it, producing fine
and at the same time there is
crj-stals of chloride of cyanogen
formed a large quantity of a heavy yellow oil, which solidifies when

bumping

;

:

;

;

MIS

;

;

in contact with

ammonia.

Potash scarcely acts upon

it

in the cold.

A solution when heated

decomposes it, and there are formed ammonia and bisulphuret of
methyle the residue contains cyanuret of potassium and carbonate
;

of potash.

Solution of ammonia alters it readily, giving rise to a brown substance analogous to ulmine, and a small quantity of a crystallized
Heated in an alcoholic solution, the sulphocyanuret
white matter.
of methyle is decomposed there are produced bisulphuret of methyle
and sulphocyanuret of potassium, easily recognised by the persalts
;

Moderately concentrated nitric acid dissolves
of iron.
heated, but it separates entirely on cooling.
By analysis it appears to consist of
C8

3000, orin 100 32'87

H«
N2

37-5
177-0

..

S"-

400-0

..

914-5

The mean

of

..

it

when

4-11

19-18
43-84

10000

two experiments gave 2-559 as the density of

its

molecule to yield four volumes of
Ann. de Ch. et de Ph., Novapour, calculation would give 2-537.
vembre 1846.
vapour

;

whereas, supposing

its

ON SULPHOCYANURET AND BISULPHURET OF ETHYLE.
BY M. AUGUSTS CAHOURS.
Sulphocyanuret of Ethyle.— 'Qy d^istiWing a mixture of sulphovinate
and persulphuret of potassium, both solutions being concentrated, a yellowish liquid is obtained, which after washing with water,
digesting on chloride of calcium, and cautious rectification, becomes
a colourless and very limpid liquid, the odour of which resembles
Its density is 1020 at about
that of sulphocyanuretof methyle.
61° F.
It is insoluble in water, but alcohol and aether dissolve it in

of lime

F2

—

—
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all proportions. It acts similarly to sulphoc3'anuret of methyle upon
jeagents.
Chlorine and bromine act energetically on the sulphur compounds

and of ethyle. With bromine perfectly well-crystallized
combinations are obtained.
By analysis this substance appears to be composed of
C'^
4500, or in 100 parts 41-38
H'o ....
5-74
62-5
16-09
177-0
N"400-0
36-79
S«
....

of methyle

1089-5
100-00
experiment the density of the vapour of this substance was
found to be 3-018, while calculation would lead to 3-032, supposing
the molecule represented four volumes of vapour.
Bisulphuret and Tersulphuret of Ethyle.
The former was obtained
in considerable quantity by distilling a mixture of sulphovinate of
lime and persulphuret of potassium
but towards the end of the
rectification of the rough product there came over a 3'ellowish and
slightly volatile liquid, which gave by analysis results which tended
to show that it was to be considered as a tersulphuret of ethyle.
M. Cahours analysed the bisulphuret of ethyle, and his results
agreed precisely with those previously obtained by M. P. Morin,
C* H'° S*. The density of its vapour was found by experiment to
be 4-270, and by calculation 4-2-40, on the supposition that the molecule of this compound furnishes two volumes of vapour.
Chlorine vividly acts ujion the two compounds above described
moderately concentrated nitric acid does the same, a portion of the
sulphur being converted into sulphuric acid
there is also produced
an acid susceptible of forming soluble and crystallizable salts with
potash, barytes, and oxide of lead.
Ann. de Ch. et de Phys., Novembre 1846.

By

—

;

:

ANALYSIS OF THE WHITE DIOPSIDE.

M. Hermann found this substance from Achmatowsk to
Silica

Lime
Magnesia
Protoxide of iron
Protoxide of manganese

.

.

consist of

53-97
25-60
17-86
2-00
0-57

100-00
This analysis corresponds to the formula Si* M-* O''
Mg") O"]. Journ. de Pharm. et de Ch., Novembre 1846.

:

[Si* (Ca^

ANALYSES OF THE NATIVE PHOSPHATES OF COPPER.

BY M. HERMANN.
The phosphates

of copper do not occur

where than in the mines of Nischnotsaglisk

more extensively anyin the Uralian

Moun-

—
;

:
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M. Hermann has submitted to analysis some tine specimens
of this mineral from them.
The method of analysis which he adopted was the following
he
reduced the mineral to fine powder, calcined it to determine the
water, and fused the residue with four times its weight of soda at a
red heat it was then treated with boiling water, and the remaining
The phosoxide of copper was weighed after heating to redness.
tains

,

:

—

;

phoric acid was afterwards ascertained by deficiency, after having
ascertained the absence of the oxides of iron and manganese in the
oxide of copper, as well as of alumina and manganic acid in the alkaline solution.

The Ubethenite of Tagilsk yielded 65 '89 oxide of copper, 28' 61
phosphoric acid, 5"50 water. These results differ a little from those
66'94 oxide of copper, 29'44 phosphoric
obtained by M. Kiihn,
63-9 oxide of
acid, 4-01 water; and also from those of Berthier,
copper, 28' 7 phosphoric acid, and 7 '4 water.
Dihydrite (prismatic phosphate of copper) yielded 68" 2 oxide of
Arfwedson obcojjper, 25 3 phosphoric acid, 6' 28-6" 69 water.
tained nearly the same results with a phosphate from Rheinbreitenbach.
The phosphorocalcite is the most widely diffused of the phosphates
of copper.
M. Hermann analysed three specimens of it

—

—

Taeilsk
°

Taailsk
°^

Oxide of copper
Phosphoric acid

68-75
23-75
7-50

Water

100-00

....
....
....

'

67-73
23-47
8-80

10000

Virneberg, near
Rheinbreitenbach.

....

67-25
24-55
8-20

100-00

Except that the water is in rather larger quantity, this phosphate
has the same composition as the dihydrite.
The analyses of Klaproth, Kiihn and Lunn differ much from those
of M. Hermann
it would appear that Lunn analysed a different
;

mineral.

Under the name of ehlite another phosphate of copper has been
described; it is found atEhl, near Rheinbreitenbach.
M.Hermann
found a specimen from Tagilsk to consist of oxide of copper 66-86,
phosphoric acid 23-14, water 10-00; he describes, under the name
of tagilithe, an earthy phosphate of copper found at Tagilsk, on hydrate of iron, in the form of mammillated or spongy deposits.
Its
specific gravity is about 3-50.
It dissolves in acids without giving
out any gas.

The

trombolite is another phosphate of copper found at Tagilsk
has already been described by M. Plattner; it is remarkable for
its conchoidal fracture
it was found to consist of 39-2 oxide of
copper, 41-0 phosphoric acid, 16-8 water.
M. Hermann has discovered the phenakite in granite to the west of Lake Ilmen, at some
versts from Miask, accompanied with topaze and bluish stilbite.
Ibid. Nov. 1846.

it

;

—

—
70

Intelligence

and Miscellaneous

ON CHIOLITE — A NEW MINERAL.

Articles.

BY M. HERMANN.

There is found in the granite of the district of Miask in Russia a
white mineral, which has much resemblance to cryolite, but the composition

is

different.

This new mineral occurs in compact and granular masses, and
sometimes spathose or leafy. The lamellar portions are somewhat
translucent, and give an appearance to the mineral of its being
impregnated with moisture or with fatty matter. The cleavage faces
form an angle of 66°.
its lustre is between vitreous
Its hardness is that of fluor spar
It fuses below the melting-point
and greasy. Its density is 2-72.
of glass, without yielding a trace of water. Heated in an o])en
It fuses readily with
tube, it evinces the action of hydrofluoric acid.
borax and a phosjjhate, giving colourless glasses. When mixed with
sulphuric acid, the powdered mineral disengages much hydrofluoric
Cai'bonate of ammonia precipitates pure alumina from the soacid.
lution
the liquor separated from the precipitate contains pure sulphate of soda, unmixed with potash or lithia.
M. Hermann found it to consist of
;

;

Sodium
Aluminium

23-78
18'69
57"33

Fluorine

100-00

same quantity of fluoride of sodium, only
half the quantity of fluoride of aluminium contained in chiolite.
Crj'olite contains, for the

Ibid.

PURIFICATION OF MERCURY.

BY M. MILLON.

Mercury may be perfectly purified by agitating it for a considerWith two pounds of the metal,
able time with weak nitric acid.
about an ounce and a half of the acid diluted with twice its volume
The mercury freed from the nitrate thus
of water may be employed.
formed is to be boiled with pure nitric acid sufficient to dissolve
about nine- tenths of the metal the resulting nitrate of mercury is
to be reduced to red oxide by heat, and this is to be calcined in a
;

porcelain retort to reduce it.
By the action of the first portion of nitric acid the more oxidable
metals are acted upon the second portion of acid leaves the metals
less oxidable than mercury in the undissolved portion.
As the mercury reduced by this process dissolves a notable quantity of oxide, this last is to be separated by agitation with sulphuric
it is afterwards to be washed with a very large quantity of
acid
water, and dried in the receiver of the air-pump over sulphuric acid.
;

;

Mercury thus

purified

was employed by M. Regnault

in his third

determination of its density.
M. Millon states that when a saline solution, such as chloride of

:
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calcium, hydrochlorate of ammonia, nitrate of potash, &c. is added
to mercury in a bottle, the mercury is always divided into rounded
globules, which remain separated from each other for a long time
but what is very striking is, that the size of the globules, which
varies enormously, is always connected with the nature of the aqueous
solution.
Some solutions immediately cause extreme division in the
mercury ; others, on the contrary, produce only very large globules,
to whatever extent the agitation may have been carried
and the
same effect is always produced with the same solution. It is to this
influence of saline solutions that is due the difficulty often witnessed
;

;

when

in collecting mercury

—Ann. de Ch.

it

has been reduced in the moist way.

Novembre 1846.

Phys.,

et de

METEOROLOGICAL OBSERVATIONS FOR NOV.
Chisivick.

and

— November

drizzly.

6,7.

clouds: fine.
15. Cloudy.

11.

Foggy.

1.

2, 3.

Foggy: hazy,
Cold and dry.

Very

Foggy.

8.

fine.
9.

Overcast.

12.

4.

1846.
10.

Foggy
Dusky

14.

Foggy.

Overcast.

Hazy and

5.

cold.

Hazy.
Densely overcast
13.

17.
16. Overcast cloudy and fine.
slight rain
very fine. 20. Cloudy:
at night. 18. Cloudy very fine.
19. Cloudy and damp
boisterous.
21. Very fine rain.
23. Slight rain overcast.
22. Fine clear.
24. Hazy and damp
rain
overcast.
25. llain.
26. Clear and fine foggy.
:

:

Dense

frost

:

28.

fog.

:

:

:

:

27.

:

:

:

:

Clear and

fine.

Frosty

29.

clear

:

and

fine.

30.

Sharp

overcast.

month

JVIean temperature of the

44°'53

Mean
Mean

temperature of Nov. 1845
temperature of Nov. for the
Average amount of rain in Nov

44 '26
42 "91

,

last

twenty years

...

2*56 inches.

—

—

Boston.
Nov. 1. Foggy. 2. Fine. 3, 4. Cloudy. 5. Fine. 6 9. Cloudy.
12— 14." Cloudy. 15. Cloudy rain i-.ji. 16. Cloudy. 17.
10,11. Fine.
Cloudy: rain P.M. 18. Cloudy. 19. Fine. 20. Stormy. 21. Cloudy rain p.m.
22. Fine rain p.m.
23. Cloudy rain p.m.
24. Fine.
25. Cloudy.
26. Fine.
27. Cloudy: rain a.m. and p.m.
28. Cloudy snow p.i.i.
29. Fine: snow on
the ground.
30. Fine melted snow in the gauge.
:

:

:

:

:

:

Sandwick Manse, Orkney.
rain.
5. Bright
cloudy.

— Nov.
6.

:

Showers: cloudy. 2,3. Cloudy.

1.

Hazy

:

rain.

7.

4. Bright:
Bright showers.
8. Bright
10. Hoar-frost: cloudy: fine.
:

clear: fine.
9. Clear: very clear and fine.
11
clear aurora,
15. Cloudy: fine.
16. Bright clear aurora.
17. Rain
south.
18. Clear showers.
19. Clear: aurora.
21.
20. Rain showers.
Sbo»ers.
22. Rain clear.
23. Damp cloudy.
24. Showers.
25. Showers:
27. Ilail-showers. 28. Snow hail-showers. 29. Snowcloudy.
26. Showers.

—

:

:

:

:

:

:

:

:

:

drift

:

clear.

30.

Cloudy

shower

:

:

thaw.

—

Nov. 1. Slight showers p.m.
Applegarlh Manse, Dumfiics-sldre.
2. Showers
rain p.m. 5. Showers. 6. Fair,
3. Rain p.m. 4. Moist a.m.
9. Fair, but cloudy.
but moist. 7. Fair, but dull and cloudy. 8. Fair and fine.
12
10. Hoarfrost; clear and fine.
U. Fair and fine hoar-frost a.m.
15.
17. Wet.
18. Showers. 19. Heavy
Fair, but dull.
16. Clear piercingly cold.
rain.
20. Heavy rain; river in flood.
21. Heavy rain: thunder p.m. 22. Rain.
26. Dull and drizzly.
23. Heavy rain.
24. Rain a.m.
25. Rain and fog.
27. Fair.
28. Frost; shower of snow.
29. Hard frost: clear.
30. Frost:

morning and evening.

:

—

:

:

thick

and foggy.

Mean
Mean
Mean
Mean

temperature of the month
temperature of Nov. 1845
temperature of Nov. for 23 years
rain in Nov. for 18 years

44°'4

42

40

'7

'2

3"63 inches.

•ajiqs
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The Astronomer Royal on Sir David Brewster's
Neiso Analysis of Solar Light.

the Editors

of the Philosophical Magazine

a7id Jotirnal.

Gentlemen,
Royal Observatory, Greenwich, Jan.

15, 1847.

N

the Notes to the second edition of the History of the
* Inductive Sciences, Dr. Whewell has (with my consent)
referred to experiments, made by me and described by me at

f

a meeting of the Cambridge Philosophical Society, tending to
invalidate the conclusions drawn by Sir David Brewster in a
paper headed " On a New Analysis of Solar Light, indicating
three Primary Colours, forming Coincident Spectra of equal
length," which is printed in the twelfth volume of the Edinburgh Transactions. I think it therefore incumbent on me
to give to the public the best account that I am now able to
give of these experiments.
The reason of the partial imperfection of the account is the following.
1 never drew up in
writing any orderly statement either of the experiments or of
the reasoning connected with them.
I had the pencil notes,
written each at the instant of making an experiment ; and from
these notes, or rather from the strong recollection of every
experiment detailed in the notes, I made my oral statement
(as far as the mere experimental facts were concerned) to the
Cambridge Philosophical Society. These notes I have mislaid^ and in consequence I am unable to give details on the
names and combinations of the different absorbing substances
which I employed.
But upon the method, upon the results,
and upon the reasonings, my recollection is as perfect as it
was on the days on which the experiments were made. Having j)remised this, I shall give my statement in the same order
in which I gave it (in the year 1833, I believe) to the Cambridge Philosophical Society.
/-•////. Mag. S. 3. Vol. 30. No. 199. Feb. 18 17.

G

74

The Astronomer Royal on

Sir

David Brewster's

First, then, I remark that, supposing Sir David BreYi^ster's
alleged experimental facts to be placed beyond doubt, the inference as to the three colours is exceedinglydoubtful. It appears
certain that combinations of other colours might be made to
produce the apparent colours of the spectrum and there
seems therefore to be no sufficient reason for selecting those
;

adopted by Sir David Brewster. It is quite pi'oper that the
reader's attention should be called to this; for in consequence
of Sir David Brewster having given the details of his theory
in considerable extent before he gives the experiments, the
reader may be led to suppose that the experiments do actually
exhibit three such spectra as are implied in the title of the
Those, however, who will enter into the minutiae of
paper.
the paper, will see that the experiments exhibit no such thing.
The simple facts which the experiments are supposed to exhibit are, that by the use of different absorbing media, certain
portions of the spectra undergo certain changes of colour.
And the only question which I am disposed to entertain is
this: Is it established that the colour of any portion of the
spectrum is changed by the use of any absorbing medium?
My second remark applies to what 1 conceive to be one
possible cause of error in Sir David Brewster's experiment.
It does not appear from his paper that the spectrum in its
modified state was compared immediately with an unmodified
Now I state unhesitatingly as my own belief, that
spectrum.
the eye has no memory for colours and I have no confidence
in any evidence upon the change of colour, unless the colour
which is not altered and the colour in which change is suspected are placed side by side.
Thirdly, I remark that it does not appear that care was
taken to exclude light coming to the eye from other sources.
Indeed, in an experiment of Sir William Herschel's, to which
Sir David Brewster refers, it is certain that there was a mixture of other light. When the spectrum was thrown upon clean
brass, "the colour of the brass made the red rays appear like
orange, and the orange colour was likewise different from what
But on referring to Sir William Herschel's
it ought to be."
paper, it will be seen that the spectrum was formed by a prism
placed in the upper part of an open window; and it is'not
difficult to predict what must be the effect of the light coming
from all other parts of the window.
I now proceed to describe the form in which my own experiments were made.
The windows of my lecture-room were darkened by closing
all the shutters, the joints of which were almost absolutely
Tlirough a hole in one shutter, a beam
impervious to light.
;

New

Anali/sis

15

of Solar Light.

of sun-light was thrown in a convenient direction by means of
In front, of this hole, but at a distance
an external reflector.
sufficient to leave room for the insertion of any of my absorbing substances, was placed a metallic plate with a narrow slit
about two inches long and adjustable in width. The sun-light
passing through this slit was received upon a very good prism
placed with its axis parallel to the slit, at the distance of about
a foot; a large lens was placed in front of the prism, and by
means of this the rays diverging from the slit and falling on
the prism were made to converge, so as to form upon a paper
screen a very good spectrum, sufficiently pure to exhibit seCare was taken to
veral of the stronger Fraunhofer's lines.
prevent any other light from falling directly on the screen.
In order to exhibit the effect of any absorbing medium, it
was only necessary to place it behind the slit, in such a manner as to receive and transmit the light which was to pass
through a portion of the slit. The corresponding portion of
the spectrum underwent the modification produced by the
absorption
but the modified portion of the spectrum was in
no degree dislocated from the unmodified part (Fraunhofer's
lines running without dislocation through both), and the modified portion was separated from the unmodified portion only
by the small interruption which is usually occasioned by the
It is impossible to conceive
edges of any refracting substance.
circumstances more favourable than these for the comparison
of the modified and unmodified spectra.
Of the absorptive media which I used, I am unable (as I
have already stated) to give a complete catalogue. I had
however several specimens of sraalt-biue glass, all the varieties
of coloured glass which I had been able at different times to
procure from a glazier, and all the strikingly coloured fluids
which I could obtain from a chemist, as well as port wine,
porter, &c.
The fluids were used in flat perfume-bottles: it
would have been better to use them in slightly prismatic vessels, which would admit of the use of difllerent thicknesses of
the fluids.
Of the results of these experiments I can give little more
that no change was produced
than the single negative one,
After the most patient examiin the (]ualities of the colours.
nation, 1 could not even suspect a change except in two or
three instances, when 1 imagined that the blue colour was
extended both ways, so as to trench upon the green on one
but even these
side and upon the violet on the other side
suspicions were removed when I closed with greater care the
oj)enings by which a little stray liglit entered between the
shutter-hole and the slit in the plate of metal.
:

—

:
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The evidence which I am able to offer upon this subject Is
necessarily, from the nature of the subject, only negative ; and
the conclusion to which it leads will be destroyed by the
it.
But such a
must be established beyond doubt and I have no hesitation in saying that no form of experiment anterior to my
own has been such as to place its conclusions beyond doubt.
I insist upon the two points
of juxtaposition of the modified
and unmodified spectra, and of exclusion of other light as

establishment of any one fact in opposition to

fact

:

—

—

indispensably necessary for accuracy.

The experimenter must also be on his guard against the
apparent effects of mere intensification or dilution of light in
modifying its quality. Every one knows, for instance, that
when the setting sun is beginning to assume a slightly yellow
colour, its light received on a white plaster wall appears of a
full blush red, although there is not the smallest reason to
think that the quality of the light
I

is

really altered.

am. Gentlemen,

Your obedient

Servant,

G. B. Airy.
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Magnetism upon the Dimensions of
By J. P. Joule, Eisq.^

Iron and Steel Bars.

A BOUT

the close of the year 1811, Mr. F. D. Arstall, an
ingenious machinist of this town, suggested to me a new
form of electro-magnetic engine.
He was of opinion that a
bar of iron experienced an increase of bulk by receiving the
magnetic condition and that, by reversing its polarity rapidly
by means of alternating currents of electricity, an available
and useful motive power might be realized. At Mr. Arstall's
request I undertook some experiments in order to decide how
far his opinions were well-founded.
The results of my inquiries were brought before the public
on the occasion of a conversazione held at the Royal Victoria
Gallery of Manchester on the 16th of February IS^ii, and are
printed in the eighth volume of Sturgeon's Annals of Electricity, p. 219.
As many of my readers may not have access
to that work. I will, with the permission of the Editors of the
Philosophical Magazine, quote a small portion of the paper,
which is necessary to complete the history of this interesting
branch of investigation.
" A length of thirty feet of copper wire, one-twentieth of an
inch thick, and covered with cotton thread, was formed into a
;

*

Communicated by the Author.
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twenty-two inches long and one-tiiird of an inch in interior
diameter.
This coil was secured in a perpendicular position;
and the rod of iron, of which 1 wished to ascertain the increment, was suspended in its axis so as to receive the magnetic
influence whenever a current of electricity was passed through
the coil.
Lastly, the upper extremity of the rod was fixed,
and the lower extremity was attached to a system of levers
which multiplied its motion three thousand times.
" A bar of rectangular iron wire, two feet long, one quarter
of an inch broad, and one-eighth of an inch thick, caused the
index of the multiplying apparatus to spring from its position
and vibrate about a point one-tenth of an inch in advance, when
the coil was made to complete the circuit of a battery capable
of magnetizing the iron to saturation, or nearly so.
After a
short interval of time, the index ceased to vibrate, and began
to advance very gradually in consequence of the expansion of
the bar from the heat which was radiated from the coil.
On
breaking the circuit, the index immediately began to vibrate
about a point, exactly one-tenth of an inch lower than that to
which it had attained.
" By multiplying the advance of the index by the power of
the levers, we have jy^oo^'^ of an inch, the increment of the
bar, which may be otherwise stated as
ygoVou^'^ of its whole
coil

length.

" Similar results were obtained by the use of an iron wire,
two feet long and one-twelfth of an inch in diameter.
Five
pairs of the nitric acid battery produced an increment of the
thirty-thousandth part of an inch
and when only one pair
of the battery was employed, 1 had an increment very slightly
less, viz
the thirty-three thousandth part of an inch.
" This increment does not appear to depend upon the thick;

,

ness of the bar; for an electro-magnet made of iron, three feet
long and one inch square, was found to expand under the magnetic influence to nearly the same extent, compared with its
length, as the wires did in the previous experiments.
" I made some experiments in order to ascertain the lalo of
the increment.
Their results proved it to be verij nearly proportional to the intensity of the magnetism and the length of the
bar.

" Trial was made whether any effect could be produced by
using a copper wire, two feet long and about one-tenth of an
inch in diameter
but I need scarcely observe that the attempt
was unattended with the slightest success.
"
very good way of observing the above phaenomena is
to examine one end oi an eleclro-magnet with a powerful microscope while the oilier end is fixed.
The increment is then
;

A
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observed to take place with extreme suddenness, as if it had
been occasioned by a blow at the other extremity. The expansion, though very minute, is indeed so very rapid that it
may be felt by the touch and if the electro-magnet be placed
perpendicularly on a hard elastic body, such as glass, the ear
can readily detect the fact that it makes a slight jump every
time that contact is made with the battery.
" When one end of the electro-magnet is applied to the ear,
a distinct musical sound is heard every time that contact is
made widi, or broken from, the battery another proof of the
suddenness with which the particles of iron are disturbed."
In another part of the lecture I stated my reasons for supposing that whilst the bar of iron was increased in length by
the magnetic influence, it experienced a contraction at right
angles to the magnetic axis, so as to prevent any change taking
I intended as soon as possible
place in the bulk of the bar.
to bring this conjecture to the test of experiment, and I prepared some apparatus for the purpose but owing to other
occupations I was obliged to relinquish the experiments until
In the meantime the inquiry
the beginning of last summer.
has been taken up by De la Rive, Matteucci, Wertheim,
Wartmann, Marrian, Beatson and others, whose ingenious
experiments have invested the subject with additional interest.
The researches of Beatson have taken a similar direction to
mine; and he appears also to have employed a somewhat
I
similar apparatus to that which I shall presently describe.
have confirmed several of the results at which this gentleman
has arrived, and have added new facts, which I hope will
throw further light upon this rather obscure department of
;

;

:

physics.

In order to ascertain how far my opinion as to the invariabar of iron under magnetic influence was
Ten copper
well-founded, I devised the following apparatus.
wires, each 110 yards long and one-twentieth of an inch in
diameter, were bound together by tape so as to form a good,
and at the same time very flexible conductor. The bundle of
wires thus formed was coiled upon a glass tube 40 inches long
and \h inch in diameter. One end of the tube was hermetically sealed, and the other end was furnished with a glass
stopper, which was itself perforated so as to admit of the inIn making the experisertion of a graduated capillary tube.
ments, a bar of annealed iron, one yard long and half an inch
square, was placed in the tube, which was then filled up with
The stopper was then adjusted, and the capillary tube
water.
inserted so as to force the water to a convenient height within it.
The bulk of the iron bar was about 4,500,000 tin)es the

bility of the bulk of a
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capacity of each division of the graduated tube ; consequently
a very minute expansion of the former would have produced
a perceptible motion of the water in the capillary tube but, on
connecting the coil with a Daniell's battery of five or six cells
(a voltaic apparatus quite adequate to saturate the iron), no
perceptible effect whatever was produced either in making or
breaking contact with the battery, whether the water was stationary in the stem, or gradually rising or falling from a change
Now had the usual increase of length been
of temperature.
unaccompanied by a corresponding diminution of the diameter
of the bar, the water would have been forced through twenty
divisions of the capillary tube every time that contact was made
with the battery.
Having thus ascertained that the bulk of the bar was invariable, I proceeded to repeat my first experiments with a
more delicate apparatus, in order, by a more careful investigation of the laws of the increment of length, to ascend to
the probable cause of the phaenomenon.
coiled glass tube, similar to that already described, was
fixed vertically in a wooden frame.
Its length was such that
when a bar one yard long was introduced so as to rest on
the sealed end, each extremity of the bar was a full inch
within the corresponding extremity of the coil.
The apparatus for observing the increment of length consisted of two
levers of the first order, and a powerful microscope situated
at tlie extremity of the second lever.
These levers were
furnished with brass knife edges resting upon glass.
The
connexion between the free extremity of the bar of iron and
the first lever, and that between the two levers^ were established by means of exceedingly fine platinum wires.
The first lever multiplied the motion of the extremity of
the bar 7 '8 times, the second multiplied the motion of the
first 8 times, and the microscope was furnished with a micrometer divided into parts each corresponding to ,jzrV(ytl^ of an
inch.
Consequently each division of the micrometer passed
over by the index indicated an increment of the length of the
bar amounting to jjTjVsij^'' of an inch.
The quantities of electricity passing through the coil were
measured by an accurate galvanometer of tangents, consisting
of a circle of thick copper wire one foot in diameter, and a
needle half an inch long furnished with a suitable index.
The quantities of magnetic polarity communicated to the
iron bar were measured by a finely suspended magnet 18
inches long, placed at the distance of one foot from the centre
of the coil.
This magnetic bar was furnished with scales
precisely in the manner of an ordinary balance, and the weight
:

A

80

Mr.

J. P.

Joule on the Effects of Magnetism

required to bring it to a horizontal position indicated the intensity of the magnetism of the iron bar under examination.
After a few preliminary trials, a great advantage was found
The effect of the
to result from filling the tube with water.
water was, as Dela Rive had already remarked, to prevent the
sound. It also checked the oscillations of the index, and had
the important effect of preventing any considerable irregularities in the temperature of the bar.
The first experiment which I shall record was made with
a bar consisting of two pieces of very well-annealed rectangular iron wire, each one yard long, a quarter of an inch broad,
The pieces were
and about one-eighth of an inch thick.
fastened together so as to form a bar of nearly a quarter of
an inch square. The coil was placed in connexion with a
single constant cell, the resistance being further increased by
The instant that the
the addition of a few feet of fine wire.
circuit was closed, the index passed over one division of the
The needle of the galvanometer was then obmicrometer.
served to stand at 7° '2.0', while the magnetic balance required
0*52 of a grain to bring it to an equilibrium.
It had been
found by proper experiments that a current of 7° 20' passing
through the coil was itself capable of exerting a force of
0'03 of a grain upon the balance ; consequently the magnetic
On
intensity of the bar was represented by O'-iQ of a grain.
breaking the circuit, the index was observed to retire 0'3 of a
division, leaving a permanent elongation of 0'7, and a permanent polarity of 0'42 of a grain. More powerful currents
were now passed through the coil, and the observations repeated as before, with the results tabulated below.

Experiment
Deflection of

galvanometer.

1.

1
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Everything being left in the same position, the electricity
was now transmitted in the + or contrary direction, so as
first to remove the polarity acquired by the — current, and
then to induce the opposite polarity.
The total elongation
of 10'9, acquired in the last experiment, is carried forvi'ard
in the 4th column of the following second table of results.

Experiment
Deflection of

galvanometer.

1

(continued).

Mr.

82

J.

P. Joule on the Effects of Magnetism.

The next experiment was with a bar of well-annealed iron,
one yard long and about half an inch square. Its weight was
45i^ oz. I have introduced an additional column into the table,
in order to reduce the action on the magnetic balance to the
section of the former bars, the weight of each of which was
8 oz.

Experiment
Deflection
of galvano-

meter.

3.

upon the Dimensions of Iron and
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Experiment 3 (continued).
Deflection
of galvano-

meter.
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For similar causes the interior of the bar will in general
receive the neutralization and reversion of its polarity before
the exterior, and hence we see in the tables that there is a
considerable elongation of the bar after the reversion of the
current; even when the effect upon the balance has become
imperceptible, owing to the opposite effects of the interior and
exterior magnetic particles.
The bars employed in the preceding experiments were annealed as perfectly as possible. The next series was made
with a bar of exactly the same dimensions and quality as the
bars employed in Experiments 1 and 2, excepting that it was

not annealed.

Experiment

Deflection of

galvanometer.

4.

upo7i the

Dimensions of Iron and Steel Bars.

85

In the foregoing series the discrepancies before adverted to
do not make their appearance to any considerable extent,
except in the case of the reversion of the magnetic polarity.

Taken altogether the series is strikingly confirmatory of the
law of elongation already announced.
The next series of observations was obtained with a piece
of soft steel wire one yard long and a quarter of an inch in
diameter.
Its weight being exactly 8 oz., no reduction of
magnetic intensity had to be made for unity of section.
Experiment
Deflection of

galvanometer.

5.

86

Mr.

J. P.

Joule on some Ejects of Magnetism.

Experiment
Deflection of

galvanometer.

7.

On

the Existence of the Negative

Rays of the Sun.
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In the above table it will be observed that the hard steel
bar was slightly increased in length every time that contact
witli the battery was broken, although a considerable diminution of the magnetism of the bar took place at the same
time.
I am disposed to attribute this effect to the state of
tension in the hardened steel, for I find that soft iron wire
presents a similar anomaly when stretched tightly.
On inspecting the tables, it will be remarked that the elongation is, for the same intensity of magnetism, greater in proportion to the softness of the metal.
It is greatest of all in
the well-annealed iron bars, and least in the hardened steel.
This circumstance appears to me to favour the hypothesis that
the phsenomena are produced by the attractions taking place
between the magnetic particles of the bar, an hypothesis in
perfect accordance with the law of elongation which I have

pointed out.
[To be continued.]

XVIII. Remarks on

the Existence a?id Mechanism of the NeProtecting Rays of the Sun.
By John William
Draper, M.D., Professor of Chemistry in the University of

gative

07-

Nexv York*.

IN a letter published

in the Philosophical Magazine, Nov.
1812, I had occasion to make some incidental remarks
respecting a class of rays existing in the sun-light, which have
the quality of exerting a negative or antagonizing action upon
those engaged in producing Daguerreotype results.
Foucault and Fizeau having made a
In October last,
communication to the French Academy of Sciences to a similar
effect, and M. Edmond Becquerel, in criticising their results,
having referred to me as the original author of the fact, I may
on this occasion be excused for offering a few observations
on this, which perhaps is destined to become one of the most
important phaenoniena in relation to the chemical action of
the sun-light.
That the opposite ends of the solar spectrum possess opposite qualities is an idea which, far from originating with me,
has been floating among chemists for many years.
The first
distinct statement with which I am acquainted in relation to
it occurs in a work published by Mr. B. Wilson, the second
edition of which dates as early as 1776.
It is entitled
Series of Experiments on Phosphori."
Ho shows that it is
the more refrangible rays which excite the phosphorescence
of sulpliuret of lime, but the less nfrangibtc ones extinguish it

-

MM.

"A

Vihcn shi?iing.
*
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In 1801 Ritter found that chloride of silver which had been
blackened in the violet rays, had its colour partially restored
when placed in the red. He states also that phosphorus,
which is oxidized with the production of fumes in the invisible
red, is instantly extinguished in the violet.
The well-known experiments of Wollaston with guaiacum
served to show the opposite relations of the red and violet
rays.
It is remarkable, that he subsequently abandoned this
interpretation of the phaenomenon, on discovering that green
guaiacum changed its colour by the application of a hot silver
spoon.

In 1839 Sir J. Herschel encountered the same action in the
case of some of the preparations of silver.
His first idea was
that of a positive and negative polarity of the spectrum ; but

was subsequently modified for the reasons set forth in his
memoir*.
From the time when I examined the Daguerreotype spectrum in Virginia in 1842, I have never doubted the actual existence of these negative or protecting rays
and on this octhis

;

casion,

when

that existence

is

re-asserted by Lerebours, Fizeau

and Foucault, I will make known certain new facts, premising
that I do not think the views taken by M. Becquerel are correct.
They are founded on what seems to me to be a misapprehension of the pheenomenon of the Daguerreotype.
A Daguerreotype plate can exhibit three different varieties
of surface
1st, a black aspect on those regions where it has
:

—

been unaffected by light; 2nd, various shades of white; 3rd,
a coloured blackness, the tint of which may be of a deep
watch-spring, or sometimes of an olive shade. Persons familiar
with the process will understand completely what I mean.
The first of these conditions is represented in the deep shadows of such a photograph, the places where the light never
acted
the second is exhibited in the various intensities of
whiteness, which constitute the figures of the picture, the
whiteness varying in intensity according to the intensity of the
light; the third is the solarized or overdone condition, which
arises from too long an exposure to the rays.
Like the first
this may be spoken of as a blackness, but in reality it is a dark
green, or blue, or tawny tint.
It is this solarized condition of
surface which M. Becquerel confounds with the first, the
blackness arising from the unchanged state and it is precisely on this point that the whole argument turns.
For the
sake of having distinctive words to mark out these three conditions, I will call the first the unaffected state, the second the
white state, and the third the solarized state.
;

;
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were as follows. That
if a solar spectrum was received on a Daguerreotype plate on
which a weak daylight was simultaneously acting, the red,
orange, yellow, green, and part of the blue rays, arrested the
action of the daylight on that portion of the plate on which
they fell, and maintained it in the unaffected state whilst the
residue of the blue, the indigo and violet, carried their part of
the plate to a completely solarized condition.
This therefore
seemed to justify the assertion, that the less refrangible rays
protect Daguerre's preparation from the action of a diffused
observations I

in Virginia

;

daylight.

the plate was exposed to the dayhad it been then mercurialized
it would have whitened uniformly all over, on being made to
receive the spectrum the less refrangible rays actually carried
it back to the unaffected condition, reversing what had been
It

was also found that

if

light for a few seconds, so that

already done. Whilst the more refrangible rays were forcing
it on to the solarized state, these were returning it into the
condition of shadow
they therefore not onXy protect, but seem
even to exert a negative or antagonistic action.
The following observation appears to me to be in contrast
with the beautiful explanation which Sir J. Herschel gives of
the phaenomena of one of these specimens, and moreover to
have a very significant meaning. I found that it was perfectly
immaterial whether the exposure to the spectrum was for thirty
seconds or one hour the result was the same. The final
action had been produced, the less refrangible rays had carried their region to the unaffected state, while the more refrangible had solarized theirs.
Now if the phaenomenon was
due, as M. Becquerel supposes, to an unequal action of the
same kind in the different rays, it is obvious that the final result ought to depend on the time of exposure
the red ray,
aided by the daylight, should carry its portion through the
various shades of white, and solarize it at last.
But this in
the longest exposure never takes place that part of the plate
remains as though a ray of light had never fallen upon it.
Such are the facts I observed, and they seem to have been
reproduced by
Foucault and Fizeau but there are also
others of a much more singular nature.
In these Virginia
specimens the same j^i'otcctijig action reappears beyond the
:

—

;

;

MM.

;

violet.

The

only impressions in which

I

have ever seen

this

pro-

beyond the violet, are those made in Virginia in
1 81-2
they were made in the month of July.
Struck with this
peculiarity, on my return to New York the following August I
made many attempts to obtain similar specimens, but in no inFhil. Mag, S. 3. Vol. 30. No. 199. Feb. 1847.

tecting action
;

H
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stance could the extra-violet protecting action he traced, though
the analogous action of the red, orange, yellow, green and blue,
was perfectly given. Supposing, therefore, that the difference
must be due either to impurities in the iodine or to differences
in the method of conducting the experiment, I tried it again
To mi/ surprise I soon found
and again in every possible way.
that the negative ejfcct tvas gradually disappearing
and on
Sept. 29 it could no longer be traced, except at the highest
part corresponding to the yellow and green rays.
In December it had become still more imperfect, but on the 19th of
the following March the red and orange rays had recovered
their original protective power.
It seemed, therefore, that in
the early part of the year a protective action had made its
appearance in the red ray, and about July extended over all
the less refrangible regions, and as the year went on it had
retreated upwards.
Are there then periodic changes in the nature of the sun's
light? The absorptive action of the earth's atmosphere is out
of the question if that were the cause, the character of these
spectrum impressions should vary with the hour of the day.
Or is it not more probable that these singular phenomena
rather depend on incidental changes in the experiment, such
as external temperature, variations of moisture, the colour of
;

:

the sky, &c.

?

Under proper circumstances

there is no difficulty in exhirefrangible rays exert in arresting the action of the daylight: under such circumstances
a Daguerreotype impression of the sun's spectrum yields all
three of the varieties of surface before alluded to.
The plate
in the less refrangible and extreme violet region is unaffected ;
a narrow space of white separates these unaffected portions
from the indigo and violet spaces, which are in a highly solarized state.
But a totally different result is obtained when the daylight
is not allowed to fall on the plate, either before or during its
exposure to the spectrum.
Under these circumstances the
rays which would otherwise protect now act on the plate and
slowly whiten it.
A Daguerreotype spectrum formed in darkness and without previous exposure to the light, exhibits a
white stain over all the less refrangible regions, and bears a
marked contrast to one formed under the simultaneous action
For brevity I will call the former the
of a weak daylight.
spectrum of darkness, and the latter the spectrum of daylight.
The following are some additional observations.
In the spectrum of darkness there is in the white stain a
biting the

power which the

less

;
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point of maximum action.
This corresponds with the maxiof protection in the spectrum of daylight.
The white stain of the spectrum of darkness is apparently
narrower than the protected space in the spectrum of daylight.
Rays of luminous or of non-luminous heat projected on the
darkness or daylight spectra during their formation appear to
exert no kind of special influence on the result.
The white fringe which borders the solarized portion is not
due to anything analogous to conduction. These chemical
changes, unlike thermal changes, cannot be conducted.
By interposing between the prism and the Daguerreotype
plate a convex lens of short focus, so as to intercept in succession each of the coloured rays, I threw all over the plate,
while the spectrum was in the act of being impressed upon it,
red, orange, yellow, &c. lights in succession; the object being
to ascertain how far the impressed spectrum would change
when these monochromatic rays were used along with daylight. Sir J. Herschel having previously showed in similar
experiments that new phsenomena arise during the conjoint
action of rays*.
The following are some of the observations

mum

made;

their date

Sept. 24, 1812.
projected increases the length of the solarized portion, and also of its white extremities.
The yellow ray shortens the solarized portion.
The green ray exerts a greater action of the same kind.
The indigo ray gives a most remarkable result. It totally
inverts the action of the less refrangible rays
and they solarize the plate, acting precisely in the same way that the more
refrangible rays commonly do, causing it to exhibit a watchspring lustre.
I further found that when different rays are brought to act
upon each other, the result does not alone depend upon their
I

The

red ray

is

when

;

intrinsic differences, but also

on their relative

intensities.

Thus

the green and lower half of the blue rays, when of a certain
intensity, protect the plate from the action of the daylight
but if of a less intensity, they aid the daylight.
The red and orange rays, when of a certain intensity, increase the action of daylight on the plate
but if of a less intensity, they restrain it.
These facts seem to be connected with the circumstance
;

is often to be traced on Daguerreotype plates a
remarkable difference between the central and lateral parts of
a spectrum.
Thus if a line be drawn through the centre of
sue!) a spectrum and a parallel to it on one ol" the edges, the
action at any point on the central line is the reverse of that at

that there

•
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the corresponding point on the edge.
similar remark, as
respects impressions on paper, has been previously made by
Sir J. Herschel.
Such are the chief facts I have observed in relation to the
Daguerreotype spectrum. It would seem at first sight that
their diversity is so great that we can have but little hope of
I'educing them to a common system of results originating in
the same cause.
I have however been long led to believe that
the explanation is to be met with in the great and fertile principle of interference.

From

this point

of view

I

regard the

action of rays of every kind as being essentially positive, and
that action mainly consists in impressing a vibratory move-

ment on the atoms of the decomposing substance. It is to
a fact of no common significance, that in those Vir-

my mind

ginia specimens the places of maximum protection in the less
and more refrangible regions fall where the lengtiis of the

luminous waves have the extraordinary relation of 2

when we

:

I.

Then,

also see that, before a perfect neutralization of action

between two rays ensues, those rays must be adjusted in intensity to each other, does it not show that interference of
some kind is going on ? Again, the yellow ray is in numberless instances the ray which most completely antagonizes those
at the red and violet extremes of the spectrum
to use the
language of Sir J. Herschel, " this ray may be considered as
marking a sort of chemical centre, a point of ecjuilibrium, or
rather a change of action in the spectrum."
I cannot avoid
seeing that these pheenomena are connected with the remarkable fact, that the waves of red, yellow and violet light, are of
lengths which correspond to 2, 1^, 1.
If then a powerful yellow ray can hold in check a feeble
violet one, and prevent it from decomposing iodide of silver,
merely because their relation of length is in the proportion of
li to 1, it should follow on the i-ame principles, that a red
ray acting conjointly with a violet should give rise to an increased effect, because the lengths have now become 2:1.
And that this in reality is the case I found by direct experiment for on projecting the red upon the violet, so that the
colours should half overlap each other, I found that at the
point of concourse the plate instantly solarized, and assumed
a splendid green metallic colour.
I have now explained the acceptation in which I receive the
term negative ray as a synonym (in this instance of iodide of
silver) for the yellow ray, and alluded to the mechanism which
seems to be the cause of protecting action generally.
Perhaps on a review of his own experiments M. Becquerel may
:

;

find reason to believe that there are in reality antagonizing
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actions not limited

to the Daguerreotype, but occuriang in all kinds of cases.

They have been met with by every one who has examined the
spectrum with sensitive papers, and, in a totally different
series of phaenomena, M. Becquerel has himself furnished a
most conclusive illustration. He shows that when sulphuret
of lime and other phosphorescent bodies in a shining state are
exposed to the spectrum, the more refrangible rays increase
the glow, but the less extinguish it at once. What is to be
made

of a fact like that ?
proper to observe, that some of the phaenomena recorded in this communication which seem to be in opposition
to the principle set forth are not so in reality.
All reasonings
founded on the decomposition of light by the prism, and the
action of the prismatic spectrum on changeable surfaces, are
liable to error.
In a memoir which I shall soon publish " On
the Production of Light by Heat," this point will be particularly dwelt on
for the present it is sufficient to say, that the
only method free from these difficulties is to employ the interference spectrum formed by a ruled surface or a grate; a
method which was proposed eight years ago by Sir J. Herschel with a view of getting rid of the disturbing agencies
arising from the ideal coloration of glass, and which I first
carried into effect in 1844' with so much success, that the i-esulting Daguerreotype impressions contained Fraunhofer's
lines, even with microscopic minuteness.
With this spectrum
we avoid a far more serious difficulty than that of the ideal
coloration of glass, a difficulty arising from the magnitude of
the refracting faces of the prism.
It is this which makes a
prismatic spectrum blacken paper, made sensitive with the
bromide of silver, from the red to the violet end whereas the
interference spectrum shows that the true action is confined to
the more refrangible side, and stops short of the centre of the
yellow space.
It is

;

;

New York,
Dec. 24, 1846.

University,

XIX.

1^ate to a former paper on the Theory ofthe Aheiiration
of Light. By the Rev. Professor Poweli„

C INCE

the publication of my paper in a late Number of
Journal*, I have been favoured with several communications from the distinguished individuals on whose opinions
I have there commented ; and their friendly criticisms seem
to call for a brief supplementary remark.
this

• Phil. Mag., Dec. 1846.

—

—
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In the view which I gave in that paper of the explanation
of the aberration, my object was to put the principle proposed
by Prof. Challis in such a form as I conceived might divest it
of certain difficulties which had appeared to some to attach
to

it.

had in fact attempted to combine Prof. Challis's principle
with what seemed necessary for explaining the direction of
vision.
But that principle is in itself quite independent of this
last consideration; and the whole may thus be more distinctly
expressed by keeping them separate as follows:
Supposing the same construction as in my former paper,
I

fig. 2,

^

then

The observer being at
the bottom of /, let the ray
from the star have arrived at
the top of/, which point may
represent the place of the telescope-wire, or any other
terrestrial object to which the

r

(1.)

star is referred, and
which rays emanate in

/

/

from
all di-

Of these, that one
which proceeds in the direction d will pursue that direction along with the ray from
the star, and will in every
and
respect coincide with it

rections.

;

they will arrive together at
the bottom of d at the same
time as that at which the observer's eye arrives there.
Both objects will consequendy be referred to the smne direction, though the wire
has really moved into a new position, viz, to the top of /g.
This is all that is essential to the idea of aberration accordIt is the angular difference «
ing to Prof. Challis's view.
between these two directions which is defined to be aberration.
(2.) What the direction is, to which the eye actually refers
By some it may
the star and the wire, is a distinct question.
be regarded as altogether needless and so I admit it is as
yet
far as the above abstract idea of aberration is concerned
and
it seems to me at least desirable to take it into account
it may, I conceive, be best put as follows
"While the rays come down d the telescope has moved
along e parallel to itself, into the position Z^, independently of
;

:

;

:

the lay which had started from the wire

down d

:

yet at every

—
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course that ray has one point coinciding with a
Thus by composipoint in the axis of the tube in motion.
tion of the two motions, this ray, though by a different^ woc?z«
whether this
opera7idi, comes down the axis of the telescope
will, in theory, be the direction in which the eye sees both
the star and wire, will depend on the consideration of a similar question to that stated in p. 433.
But there can be no doubt that in point of fact the axis of
the telescope is the direction to which the eye (by whatever
means) is led to refer the two objects seen together by rays
pursuing a different route, relatively to space.
Prof. Challis has favoured me with the following additional
instant of

its

:

illustration.

"Suppose two

ships to be sailing due north at the same
be due east of the other a boat is despatched
from the eastern ship to the western, and goes in a rectilinear
course from the one to the other.
If the crew of the western
ship, seeing the other ship due east, and knowing that the
boat came from her, concluded that the course of the boat had
been exactly from east towards west, they would plainly be
mistaken.
It is precisely this error that the astronomer comrate,

and one

to

:

mits."

Among some valuable remarks on the entire subject which
have received from Mr. Stokes, I learn that the very cursory
statement I made as to the difference between the theoretical
investigations of that gentleman and Prof. Challis, does not
convey a perfectly accurate idea of the point at issue I am
therefore anxious to represent it more correctl}' as follows
Mr. Stokes at first contended that it was necessary to suppose the expression {u d x + Sic.) to be an exact differential,
while Prof. Challis rejected that restriction.
Subsequently
however Prof. Challis agreed in Mr. Stokes's view: but he
showed that, on that supposition, the expression for the change
in the direction of the normal is such as to allow us to suppose the motion of the jfither at the surface of the earth relatively to the earth to be of any amount.
But Mr. Stokes
differs in opinion as to \.\\e fact
conceiving it most probable
that the aether within the earth and close to its surface is at
I

;

:

;

rest relatively to

it.

In my paper however I professedly avoided entering on
this part of the question
and the remark just made in no
way affects the other parts of my observations.
;
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Class of Differential Equations.

a Class of Differential Equations.

By George Boole,
To

Esq.

the Editors of the Philosophical Magazine and Journal.

Gentlemen,

THE remarks,

following may be deemed a proper supplement to
offered in common by Mr. Hargreave and
the
myself, in the January Number of the Philosophical Magazine
on the subject of the Rev. B. Bronwin's differential equations.
In the greater number of those equations, the independent
All linear equavariable x only entered in the first degree.
tions which possess this character, whether in differentials or
in finite differences, admit of a complete symbolical solution,
from which the particular solutions assigned in the papers
referred to, may be regarded as deductions.
Every equation, indeed, to which this characteristic belongs,

may be

expressed in the form
a?<p(D)?^

+ 4/(D)i^=X;

D standing for -j-, X being a

function

(1.)

o^l

x,

and

cp

and

4'

de-

noting arbitrary functions or combinations of the symbol to
which they ai'e affixed.
The complete solution of (1.) is

«={<p(D)}-^^^''^a:-S-^<^'X,

.

.

.

(2.)

the form o^xij^) being given by the equation

The analogy which exists between the above solution and
that of the linear differential equation of the first order, it is
It belongs to a class of subjects
scarcely necessary to notice.
which have been considered in a paper on the Theory of
Developments, published in the Cambridge Mathematical
Journal, vol. iv. p. 214.
As a particular illustration of (2.), let us suppose that the
given equation is of the form

X <p(D)?< + m <p'(D)?i= X.
"We have

-^ dt = m\og<p{t\

>^^')=f- <P(0
.-.

?/= {^(D)}'»-''^-'{(p(D)}

-'»

X,
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from which the solution of most of the equations considered
by Mr. Bronwin will obviously follow. There are however
various other cases in which the general solution is
interpretable.

I remain,

Gentlemen,

Your obedient
Lincoln, Jan.

1847.

1,

Servant,

George Boole.
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Observations and Experiments respecting the Origin
of the Voltaic Current. By Professor Gianalessanduo

Majocchi*.

A FTER the

discussion which took place in the last sittings,
in that of yesterday, respecting the origin

and principally

of voltaic electricity,

among some of our distinguished phyand particularly between the illustrious president of
the section Prof Orioli and Prof. Botto, I have been
induced
to extract the following paper from an essay of
mine on the
same subject.
At the Turin Congress in 184.0, the question of the two
theories, the chemical and that o'i contact, was agitated,
with a
view to explain the origin of voltaic electricity. There is
no
doubt that where a chemical action takes place, there is also a
development of electricity; but the fluid which becomes free
requires certain conditions to form a current.
In like manner
it is certain that, on placing two heterogeneous
bodies in contact, there is a development of electricity
and in this precisely
consist the fundamental facts which led Volta to the
discovery
of his pile; and on the same principle is founded the
ingenious apparatus of insulating plates, armed with leaves of
heterogeneous metals, which our colleague Prof. Marianini
exhibited at the Congress of Turin, and which, variously
arranged, he yesterday showed to this assemblyf.
The chesicists,

;

mico-electricians maintain that the fundamental facts of Volta
dejiend on the chemical action upon the metal, produced
by
the moisture of the hand, of the air, &c. ; but the careful

experiments instituted by Marianini, Pfaff; Belli, Peltier, and
some other physicists, appear, in the development of electri* Translated froai the Annali di Fisica, Chimica e
Mateniatiche, and

communicated by the Author.

The chief portion of this paper was read by the author at the Congress
of Milan, Sept. 27, 1844. See Annali, t. xvi.
p. 120; and Atli dclla^csla
Kiumone dcgti Scicnziali Italiani, p. 118-119.
'*^ '" ^''^"•^'ooed in his work Mcmnrk
di Fisica sperimentalc, Modena,
n,t
1838, and in another work printed at Modena under the same title
in 184l!
in which is contained the Mcmorie sui coihenti
armati die si caricano da si

col

mutuo conlatlo

d"

un annalura

coll' ultra.

;
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city by Volta's two dissimilar metals, to exclude any cause
foreign to that which arises from the contact of the two bodies.
Moreover, the period of thirty-three years, for which Prof.
Zamboni's dry pile has now existed, confirms such a mode of

electrical disturbance*.

How then does electricity by contact take place ? Contact
not a force ; it is the simple indication of the mode in which
metals arrange themselves in the case of the voltaic experiment and no fluid whatever, the electric for instance, can be
At the Turin Congress in
put in motion without an agent.
ISiO I expressed my opinion, that in the so-called contact,
although the action cannot be considered chemical, there is a
force of attraction which is the principle of the action itself, I
mean that force recognised and admitted by all, investigated
by many at the close of the last century and the beginning of
the present, that force, namely, which is called adhesion or
I shall not repeat here what I
attraction of simple surfaces.
but will rather observe, that such
said on that occasionf
facts have confirmed me in my opinion concerning the phoenomenon of electricity in the fundamental experiments of
is

;

;

Volta.

My

purpose here is to examine the conditions necessary in
the pile to the generation of the current, which is quite distinct from the simple electrical disturbance in the fundamental
experiments of Volta. In a circuit, in order to give birth to the
electric current, it is necessary that there should be two forces
one to emit the electric fluid in a given direction, the other to
carry it on from the place where it is lodged these two forces
the one, adhesion, by which the direction
in Volta's pile are,
of the current is determined; the other, the chemical action
which takes place in electrolization, or in other terms, in the
decomposition of the intermediate liquid by which the electriIt matters little whether this decomposition
city is evolved.
is perceptible or imperceptible; since the polarization of two
platinum electrodes intended to complete the circuit with
the intermediate electrolyte, proves that, if there is no perceptible separation in the components of the liquid, there is an
imperceptible one; for the polarity of the electrodes themselves cannot happen without the decomposition of the liquid
The above-named conditions
in which they are immersed.
are verified in any voltaic arrangement, both in the original
piles of Volta, and in those of Wollaston, Novellucci, MicheIn the fundamental experiments
lotti, Daniell, Grove, Sec.
:

—

* See Annali, t. viii. p. 14.
\ See the Annali, t. i. p. 45

ing of Italian Savans, p. 14.

;

and the Proceedings of the Second Meet-
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of Volta there is no chemical decomposition, there being no
and thence an electrical disturbintermediate electrolyte
ance only is shown, an electricity of tension, which to be
formed into a current requires the circuit to be completed
with a liquid.
For if this liquid does not exert any chemical action in any of the metals placed in contact, then no
Gold and platicurrent is manifested on the galvanometer.
num show an electrical disturljance on the condenser, but no
current when they are immersed in nitric acid, and united with
one another metallically by means of the wire of the galvanometer.
But if some drops of hydrochloric acid are added
to the nitric acid, the gold only is attacked, and immediately
an electric current is manifested on the galvanometer. In
the chemical action of the acid upon gold or on the zinc
of the common voltaic pair, electricity is evolved
or this
fluid, by virtue of that force, is separated and set free from the
ponderable molecules which undergo a decomposition to form
a new compound, and the adhesion between the two bodies in
contact, which would produce a simple electrical disturbance,
gives the discharge and determines the course in which the
current of the fluid is directed precisely according to the chemical action. In the circuit of the battery between every pair,
where the electricity is simply disturbed and would show only
a tension, an electrolyte is placed, which is decomposed by the
afiinity which one of the metals of the pair exerts upon it
by
this decomposition the electricity of the ponderable matter is
developed and becomes free, and is emitted from the electronegative metal into that of the electro-positive. This discharge
proceeds from one pair to another, and the electric fluid set
free by the chemical action is put into a continuous current
along the circuit.
From the firot experiments of Volta, and
from those which have been since instituted in various ways, it
is known that the chemical action alone occasions a development of electricity, and a second force is necessary to put this
fluid in motion.
Moreover we know that, if this chemical
action is impeded without taking away the conductibility from
tlie circuit, the current is weakened, and is sometimes in the
end entirely destroyed, not being perceptible by the most delicate galvanometers.
In a voltaic circuit, where two platinum
electrodes are interposed, immersed at a distance from each
other in acidulated water, the hydrogen gas is deposited upon
one of these, polarizes it, and generates a contrary current,
which weakens or annuls the primary current, because, whilst
the chemical action evolving the electric fluid still exists in the
pairs of the pile, there is o|)posed to the impelling force, by
which the current is determined, another contrary one, arising
;

;

:
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with the polarization of the platinum electrode, which weakens
or entirely annuls the effect of the first.
For if the liquid is
placed together with the two platinum electrodes, by which the
voltaic circuit is completed, under the receiver of the air-pump
where a vacuum is effected, the hydrogen gas is forced to diffuse itself by its expansibility in the same receiver, whereby
the negative electrode is not polarized, and the electric current continues its course, until the gas can in such manner separate itself from the surface of the platinum, and diffuse itself
in the vacuum of the air-pump.
With a view to ascertain whether this mode of explaining
the phaenomenon of the current in the battery has any probability and contains the cause of the same, it occurred to me
to form an entirely metallic circuit, without any intermediate
electrolyte, to examine if the simple chemical action was able
of itself to generate a current. I shall first observe, that an
homogeneous metallic wire, forming a continuous circuit and
returning into itself, and perfectly identical throughout its whole
extension, if heated in any part, gives rise to no electrical
current
because the propagation of the caloric, proceeding
uniformly from the two sides of the portion heated, gives rise
to two electrical currents in an opposite direction, which become perfectly equal, and thence counteract one another, and
obstruct the continuous circulation of the fluid itself.
And if
any obstacle, as a knot or a defect of homogeneity in the wire,
renders the propagation of the caloric more difiicult in one
direction than in another, then one of the electrical currents
which arise prevails over the other, and one results of intensity equal to the difference of the two unequal elements,
which shows itself precisely on the galvanometer. In the
same way, if the homogeneous metallic wire, forming the
closed and re-entering circuit, is afterwards touched by a cold
body in a point near the heated part, an electrical current is
generated, which is indicated by the galvanometer.
It seems
then that the cooling produced on one side of the heated part
weakens the cause from which the electric current springs, and
thence gives room to the other to circulate in the wire and
make its effects perceptible on the galvanometer. This case
is very different from that in which the thermo-electric circuit
the one positively electric and the
is composed of two metals
since then there are two forces
other negatively electric
from which the electric current springs in a given direction.
Following this principle, applied to the development of
If the cheelectricity by chemical action, 1 reasoned thus
mical action were able of itself to generate a current without
the aid of another force, it is clear that, on forming a wholly
;

;

;

:

—
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metallic circuit in one part of which a chemical action is by
any matter produced, there ought to arise, in the same cir-

cumstances of the wire above described, an electric current.
Before entering on experiments on this point, I foresaw that
no current would be caused in that entirely metallic circuit,
notwithstanding that from one side of the place where the
chemical action would be exerted, an obstacle should be interposed by any heterogeneity in the conductor forming the circuit.

—A

First experiment.
strip of copper of the length of 1*30
metre, and 2 centimetres wide, is united by its extremities
afterwards
to the terminals of a long wire-galvanometer
with those of another with a short wire, and successively
with my universal galvanometer disposed as a duplicator. By
means of nitric, sulphuric, or hydrochloric acid, solutions of
potass, soda or of ammonia, a chemical action was successively exerted in one part of this metallic band
but no indication of current appeared in the needle of these instruments.
Tlie experiment was made in a like manner with a similar
strip of iron, zinc, and any other metal, and no current appeared svhich caused the needle to deviate on either of the
galvanometers.
In this experiment therefore the circuit was
quite homogeneous, proving that the thermo-electric current
originated from the different conditions of the wire.
Second experiment. The metallic strip is compressed by
means of a clamp in one place, then it bends again upon itself
in many folds, being held by a clamp
then it is subjected in
that place again to tempering, and then it is also hammered in a cold state in each of these cases, operating in
the same manner, a chemical action was exerted with one of
the above-named materials in a portion of the strip without
obtaining any indication of current on the needleof one of the
galvanometers.
The strip was divided into two parts, which
were joined, bending back upon one another, and held fast
together by the clamp
exciting afterwards a chemical action with one of the acids or the alkalies above-mentioned,
there resulted no current perceptible by the galvanometer.
;

;

—

;

:

:

Third c.iperiment. —The preceding copper strip is connected
by means of the clamp with a similar one of zinc. These two
strips thus united, by one of their extremities placed beneath,
formed a continuous and wholly metallic circuit with the wire
of the galvanometer.
On causing a chemical action upon one
of the strips, no current was manifested.
The effect was null
upon producing a chemical action on one of the metallic lists
with an acid and on the other with an alkali, and also upon
alternating this double action.
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This third experiment shows that, although there may be
disengagement of electricity in the chemical action of liquids
upon metals, no current is manifested
because the other
;

force necessary to the production of this exists indeed in the
contact of the copper with the zinc; but it acts in two places
whereas on the one hand the contact
in a contrary direction
;

of the copper with the zinc tends to discharge the electricity
in one direction, whilst on the other hand the contact of the
same metals emits it in an opposite direction and in this manner there are two contrary forces of adhesion, which, as far as
regards disturbance of the electric ecjuilibrium, destroy one
Neither of them can therefore avail in setting in
another.
motion the electricity which is developed in the chemical action,
by which this fluid is equally distributed throughout the metallic circuit, and in the liquid which is contained in the cup
and exerts the chemical action on the metal.
Those who adopt the purely chemical theory, following
De la Rive, in order to explain how the current originates in
the battery of Volta at so weak a tension, admit, speaking according to the system of the dualists, that the two electricities
separated by the chemical action tend to unite by their re;

ciprocal attraction
and it is therefore that in this point,
where thei'e is a separation of the two electricities, they in fact
unite again in part.
The tension therefore does not become
very great, because it is only the portions of the \.v^o electri;

cities

remaining separate that form themselves into a cur-

The

neutralization or the equilibrium of the electricity
evolved by chemical action, according to the followers of the
pure chemical theory, does not occur at all by virtue of the
action itself; whilst, according to us, this disturbance would
be produced by a second force, which would be adhesion.
Now those who adopt purely the theory of contact, it appears,
see in the chemical action itself only a means of augmenting the
points of contact of the liquid with the metal, by which the electricity finds various ways of disposing itself in a current.
But
how will they explain so many tacts where the chemical action
is manifest by the development of electricity ?
Moreover the
simple combination of the metalloids chlorine, bromine,
iodine, &c. with the metals is not accompanied by a development of the electric fluid and it therefore seems that there is
only a development of this fluid, when by affinity one of
the elements of the voltaic pair tends to combine with one of
the components the electrolyte or conductor of the second
rent.

;

class.

The

gas battery devised by Grove is easily explained in
manner of considering the generation of

the above-described
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the electric current in the voltaic apparatus.
For adhesion,
we know, is not only manifested between solids, as the metals,'
but also between a solid and a liquid or aeriform fluid.
And
many facts of chemical reactions meet with easy explanation
from such a force, by which affinity appears to be excited
and
thence the electrical current to arise, which determines
a decomposition and a new combination. However long
a time, in
fact, a mixture of hydrogen and oxygen
is left to Itself, these
gases do not combine even when placed in presence
of bodies
which have a great affinity for water, and which, it
would
seem, ought to produce their union, as for instance
sulphuric
acid, potass, lime and the like.
know that if a piece of
platina be immersed in the mixture their
combination follows
on the metallic surface, and extends in certain cases
to the
whole aeriform mass, so as to cause the explosion of
the mixture.
Grove himself recognises an analogy in the pheenomenon of his gas battery and that of the ordinary combination
ot the two gases, oxygen and hydrogen,
by means of the
presence of platina. The decomposition of

We

ammoniacal .^as
by means of incandescent copper is one of the few
instances
which the decomposition of a gaseous body
is excited
by a solid body. The attraction of gold for chlorine
excites
the decomposition of nitric acid united
with hydrochloric

m

when gold-leaf is placed in aqua regia for aqua recria
only contains free chlorine after being heated,
or after havin^
been lett to itselt for a long lime.
Numerous other facts ol"
this nature have been collected by
Mitscherlich* and related
the Reports of the Royal Academy of
Berlin, of December
1841, and other similar ones by Reiset and Millon
communicated to the Royal Academy of Paris in
acid

;

m

June 184-3. All
these facts are called by them phcenomena
of contact, and Mitscherlich calls the bodies by which they
are produced contactsubstances.
Berzelius has introduced a new name into
science,

catalytic force,

denote the cause of adhesion
but with
the new name he has not thrown any
light upon the nature
of this force.
see in all these facts the adhesion of a solid
or a fluid bring into activity the
affinity by which, when
bodies are conveniently disposed in a
complete circuit, electricity is evolved, which then
forms a continuous current in
to

;

We

mode explained.
From all that we have

tlie

said it would follow that, with a
sing e iorce, mechanical, chemical
or physical, there is only
an electrical disturbance, or the
phainomena of statical electricity
thus the mechanical action of friction
:
produces in
the ordinary machine a simple
disturbance of electricity ; the
* See Taylor's Scientific Memoirs,
Part Xlll.
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chemical action of an acid solution on a metal gives signs of
on the condenser; the physical force of
magnetism produces by induction an instantaneous disturbance in the natural electrical fluid of a metallic wire, without
setting it in a continuous current. But when two forces are in
action, one of which is capable of disturbing the natural electricity of the ponderable matter, and the other of evolving it
from the integrant molecules of the same, that fluid may be
Notwithset into a continuous current in a complete circuit.
standing the appearance of truth in this mode of explaining
the phfenomenon of the continuous electric current, there are
some facts which merit a deeper investigation, aided by experiment, before assigning it as the just cause of this phaenovoltaic pair composed of two different metals, for
menon.
example, gives an electric current in a given direction when
it is immersed in one liquid, and the direction may be inverted
when another different liquid is substituted for the first. The
examination of facts of this kind will probably furnish materials for a second note.
electrical disturbance

A

XXII. On the Equation of Cojitinuity in Fluid Motion, By
Alfred William Hobson, B.A. St. John's College, Cambridge*.
this equation given by the various authors
of treatises on hydrodynamics is the same in all; in fact
nearly evei'y writer since Poisson has contented himself with
a mere translation of his words in art. 648 of his Traile de
Mecanique. As however 1 do not remember to have seen
anywhere a statement of the reasons for the assumption from
which the equation is obtained, the following investigation may
be interesting to some, especially as the equation itself is found
by a much shorter process than the usual one, and unencumbered with several steps which are perhaps not quite satisfactory to those reading the common method for the first time.
The fluid is supposed to be divided into small portions or
' elements,' each of which is acted upon by accelerating forces
X, Y, Z parallel to the coordinate axes. The first thing to be
remarked is that X, Y, Z must be the same yb?- the whole exic7it of the element on which they are su]iposed to act, i. e.
we must take the element so small that there is no variation
or Z in passing from any one of its parts to
in either X,
Now since these forces are considered as functions
another.
of (.r, y, z) varying for any, the sliglitest variation in either .r,
y or ;;, it is plain that if we consider the forces mathematically

''"'HE proof of
--

Y

*
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continuous, /. e. as changing their value continuously for amj
change of .r, y or z, then in order for X, Y, Z to be the same
for every part of an element, that element must
be also considered a mathematical point, having no distinction of
parts at
all.

In nature, however, the forces are physicallij and not mathematically continuous, and the elements on wliich they act may
have an infinite range of magnitude. The reasoning by which
such forces are submitted to calculation is however precisely
the same as if they were mathematically continuous.

The element of fluid, then, may be of any finite magnitude
below a certain limit, and will consist of a number of ultimate
particles, on each of which the forces acting
are the same.
For the whole extent of this element X, Y, Z are the same,
and it may be taken of any size consistent with this condition.
The next thing to be attended to is, that the element must
not be acted upon by any ne-w forces during the instant {dt).
During this interval, therefore, every particle in the element
IS acted upon solely by the forces
X, Y, Z, which vary or
may vary with the time, but vary similarly for each of these
particles.
In other words, there is no disturbing force introduced during [d t) into the system of ultimate particles, which
together make up the element we are considering
therefore
there can be no disturbance of the relative jjositions of these
particles.
Therefore the numher of particles composing the
element remains the same during the interval {dt)\ and this
;

condition expressed analytically gives us the equation of continuity.

Let |5 be the density of the element at the commencement
of the time {dt) this is supposed to be the same for the whole
of the element
the volume of the element at the beginning
of {dt) and
at the end.
have then (p' being
;

;

V

V

We

also the

density at the end of the time {dt))

We

have now merely to express this condition in another
form. The notation is the same as Poisson's. N
{x'
x){ij —y)
(z'—z): where for {.v'—x) we may write 8.r, for {y' iy), iij,

=

and

for {^

— z),

8 ^.

—

—

We have to state in terms

of the velocities
(m, V, w) parallel to the coordinate axes,
that the variation of
{^^-a.'){y'
ij){z'
x)p is nothing during the instant (r//). Now
calling the whole differential coeflicient of {i'
x){y'—y){^'—z)
with regard to the time D^V, and similarly for that of
p,

—

—

—

D, Y={x'-a){y'-y)

(w' -'w)

+

{a;'

-x) (z'-z) {d-v)

+ {2/-yW-z){u-u)
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Oil the
.

dw^

Jdvo^
"Xdx

„
•^

dy

''

div

\

(dv^

dz

J

\dx

,

dv
dy

=^-^^Hr>Ty-^T:\
rdu ^y

+ 6a;.bj/.6s.|_— .^ + — .g- + —
.

.

-,

du

dv

82;

dw
— .g^ + ^.g^
— + dv
h z

'6x

.

8a?

8i/~l

dii)

+ ^*8iJ*
D.p=/^ + u.
we have

dx

= 0,

Dt(pY)

dz

dy

'

or p.DjV + V.D</5=0;

or

/du

dv

dw\

— + — + —- p. 8a?. 8?/.
8^.
-^
Xdx^dy^d^J +^

y
J
p.ox.hj.SzA
5,

"^

-^

,

5,

s,

^

)

/du 8w
(

-r-

Vrf?/

.

+

J?< 8s

-7-.^
8a?^rf.^8x

TT^

+ &c.

\
I

/

H-S.,..8,.^^-£+„.g + „.|+».£)=0.

Now
and

since there

8^, the

is

no necessary connexion between

middle term

the quantities

^,

in this equation, viz. that

&c., cannot affect the other two

:

8.r, ly
containing

according

therefore to a well-known principle, the two parts must separately
zero.
Therefore, finally, dividing out by the common factor 8a\

=

iy.^z,

we

get the usual equation of continuity,

(du

dv dxo\
dp
dp
dp
dp
Tx + d^ + Tz)+dt-^"-dx + ''-i + '"-dz=''''

dp

djpu)

djpv)

djpw)

dt^ dx + dy + dz

_

It is obvious that this equation only requires that the nnmber of particles in the element should remain unaltered during
[dt)
but the mode in which it is obtained implies, not only an
;

number of particles at the beginning and end of
but an identity of the pat-tides themselves.
This observation has also been made by Poisson, whose words are (art.
651), "c'est pour abreger que I'on a considere le volume de
identity in the
{dt),

cette partie

du

fluide

conime infiniment

petit; et si

Ton

divise

0}i
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volume total en parties de grandeur finie, mais insensible,
dont chacune renferme neanmoins un nombre extremement
grand de molecules I'equation [of continuity] exprime reellement que chaciine de ces parties renferme toujours les memes molecules, et que par consequent sa masse est invariable."
In all cases where new forces are being continually introduced, as in the flowing of rivers or of water through pipes of
variable form, it is impossible to calculate the motion, and at
the same time the equation of continuity is no longer applicable.
But, on the other hand, there are cases in which this
equation holds, where nevertheless the other three equations
of motion do not hold, and in fact where there may actually
occur a split or division in the fluid. As an instance may be
mentioned the flowing of a stream of water over the edge of a
perpendicular precipice, where gravity suddenly comes mto
action.
In this case the number of particles may remain the
same in an element which may be conceived to consist of particles that have fallen over as well as of those that remain. But
the equation of motion would require the new force of gravity
to be taken into account.

le

XXIII. On

tlie

Integration of some Equations in Partial Dif-

By

ferentials.

the Rev.

Brice Bronwin*.

the present paper I shall extend the mode of integrating
certain differential equations, which I gave in this Journal
in December last, to the integration of similar equations in

IN

partial differentials.

a

first

example,

Let

D stand for

-p, D' for

-r—

;

and as

let

where p, as throughout the paper,

then

is

a positive integer.

Make

4^ + F.)+2;;^=0.

This is the first example in the paper above referred
where by making s=(L)^ + ^^)'' u, it is reduced to
d'^u

or, restoring the

,

c

suppressed factor, to

•
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Therefore

(A + AiO?

We

+A^_ia?''-').

must now put aD'

into functions of j/.

v^

—

for k,

1

and change A, Aj, &c.

Then

A = e-^-'-^^'f{7/)=f{>/-2ax),

,2.u^-.

&c.,

and
^-(0-

+ k-) u =

^"'D'

T>-!'

[f{y-2ax) + .r/, {ij-2ax)

-\-xP-'fp., (j/-2ad?)} =£«'-°' {cp{y-2ax)

+ xP-^ ^p_, (^-2a.r) +^I/(^)
where

And

\J/

(3/),

\|/,

(3/),

+ a:<^^{y-2ax)
+xP-'

+a.-vl/i( j/)

....

4//,_, (i/)},

&c. are thearbitraries of the integrations.

must observe, that the functions denoted by <p,
changed when necessarj',
<Pp 4'j 4'u &c. are supposed to be
although the same symbols are still retained to represent
here

I

them.
Operating upon the
(D-^

last result

with

+ F)P-^r-i =(D + aD')^-'(D-«D')''-'^-'

=s-"'^

we have
-VxP-^ ?2p-2(j/-2a.r)
-f a:-''+»^,(j/)

+a;-''vj'(3/)}

= e— i>'D''->{.r-/'^(^)

+A'^-2<p2^_2 {y)

+ x-P^y + 2ax))

= x--P+' [<^{y-ax)-\-^y-{-ax)] +x--P+''{(^^{y -ax)
+ -^y{y-\-ax)}

+x-P{fp^^{y-ax)+-^p.,{y + nx)].

Substituting this value in the given equation, we find (p,, f^^
&c., and \|/„ vt'^f &c. to be the successive differential coefficients off and \I/ ; and ultimately
z=a?--^'+'{<p(j/

{y + ax) }
to the

As

Or

if

— a^') + 4'(i/ + o.r)} +ax--P"'-{f\y — ax)—^'

+ o2

1^

^-2p+3
{

f "(y

- a*') + ^"{y ^ax))-^ &c.,

term containing x~p inclusive.
a second example,

^ be put for D',

let

}

.
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= {\y- + 2kY) + 2ky u,
to,

reduces to

+ 2k'')u = x-' (D2 + 2kD + 2k'^)-i>{),
suppressed factor and dividing by

it.

+ ^^=a, 1--/^ = ^,
D^ + 2ytD + 2k'^= (D + ak) (D + ^k)

If

l

we have
But

(D + uk)-p (D + g^)--PO=s-*^^ D-/'£2-'* ^~i
Now,

putting D' for

k,

and/ (?/)

for

D-z-e^''*

A, &c., we have

x-'(D + ak)-P(D + §k)-P0 = .v-U~'""^D-P{f{tj + 2x\^'^)

+ .r/,(y + 2^v/31)

.

.

.

.+A'^'-'/p_,(2/

+ 2.tV~f)}

= a?-'e-«*"'-{(p(?/ + 2j??V"^) + ^^j(y-1.2AVZri)
+ *?'-'<Pp_,(i/ + 2Tv/^) + .I,(3/)+.rvJ,,(y)
+ af-'4'p_i(?/)} = £-«^*{a?-'<p(?/ + 2a7\/^) + ^,
+ a7''-2(Pp_,(?/ + 2a7^/~l)+a?-'iJ/(?/)
(j/ + 2^^^) ...
.

.

.

.

.

where

vj/,

\{/„

&c. are introduced as the arbitraries of the inte-

gration.

From

the last result

we

easily see that

+ «-'4/(_y) + &c.} = e-'"AD^-ie2^^-^^D''-'{«>-i^(j/) + &c.
+ a;-

'

vI/(2/

- 2j: \/^ + &c. = e-«''-DP }

)

£-'^1

^~' {«-?'
(p

(3/)

+ 2.r v/3i) + ^-P4,(y) + a^P+. 4,^(3/) .... +xP--^,p_,{j^)
«'''{ a-^P+',p(^ + 2a? A/^)+.r-''^p+2,p,(y + 2^V3i)
...
+ ^-''<p,._, {y + 2x\/^) +x-'P+'^7/)+x-^''+^4,i{7/)
+ x-P^^,,_i{i/)}=x-^P+'{<p{i/-§x)+^i/-ax)}+x-^P+^

(_y

=r

{<Pi{t/-Sx)-{-^i{i/-ux)}+.

.

.

.

&c.

In these reductions the values of a and S have sometimes
been put for these quantities, and k has been retained aa more
convenient than 1)'.
As in the last examplo, by substitution in the proposed, we

.

The Rev.

110

B. Bronwin on the Integration of some

z=x--P+^{f{iJ-^x) + '\){ij-otx)]-\-x-^P+-

{af'(i/

-Sx)

+ i\I/'(.?/-aa;)} +a;-2'^+3{a,<p"(?/ — €a') +^4'" {y-^'^)} +
term containing x~p inclusive. The constant coeffi&c. are easily determined, and could
not be conveniently put down.

to the

cients a, a I, &c., b, ij,

Make

If

IS

k=hT>', and

this

becomes

='D''- hi, by a paper of mine in the Mathematician for

November

last, this

reduces to

x'^p +{k-2px)tc=0,
or rather

+{k-2px)u=D-P0 = A + AiX
x~^
ax

+

Ap-ix"-'.

Integrating
/»

ft

k

r^ x-^Pn=t dxx-^P-^ e~l- (A + Ai^;
Restoring the value of
we have

k,

+Ap-ixP-').

and changing A,

A„

&c. into

/(«/)» /i(i/)j &c.,

u=x'PeJ'"Jdxx-'"-'J^f (y-^) +xf,{y- ^)

=<P(.y)+^<Pi(3/) ....

+'•*'•'''

'P2p(i/)+«''' 4/

.

.

.

(2/+^).

We

must sometimes change the order of the terms, as in
this example
for if in substituting in the given equation we
begin at the wrong end of the series, we shall have <^,J (^dy,
;

fffdy"^, &c. instead of

<p,

<p',

f", i?cc.

Thus
z

= \yp-Ui=xP^'(^{y)-^xP

<p,(2/)

.

.

.

+

<P;,+

i(?/)

+^'""4'(i/ + ^)

1
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Substituting this value in the given equation,

;r=^P+' |^(j/)

+ vf,(V + ^)]>+

.r''

vi^e

J 1

find

|«<p'(3/)+^rI.'(i/

+ ^)]> +

&,c., the series in (p, <^\ &c. stopping at .r°, that in vf/, i)', &c. at
x^l the values of the constants a, a^, &c., b, b^, Sec. are not
put down, for the same reason as in the last example.

If in this last

example we make ^

= PD' + Qj P

and

Q

being functions of y, the equation to be integrated will be

which by z = D''~^u reduces to
^'

^ + P ^+(Q-2p^-)«=/(.y) +.^/i(^)

.

•

.

.+^-^->/p-.(j/),

We must not proceed in this

is only of the first order.
case as heretofore, but must expand

which

—,

by the powers ofpreceding examples.

if

we wish

to integrate as in the

Thus

PD'

/(i/)=/(y)+*-'(PD' + Q)/(i/)+f"(PD'+Q)(PD'+Q)
/(j/)

+ &c.,

the powers, after the expansion, being changed into successive
operations.
In this case we might not obtain a solution in
finite terms.
Sometimes it may be desirable to proceed with D' in the

same manner

as with

D.

Let

xI>^z + xDD'is

or

But, as in the papers referred

+ Dz = 0.

to,

xD^z = D^xx-2l>z, xDB'z = DD'x::-jy^.
Therefore
or
or

D^xz+BD'xz-Dj:-B'z=0;
(D + D')(D.r.r-^) = 0;

Dx^-Z:=(D4-D')-'0 = e-^"'

D-'r'i''0

= e-''^7(i/) =/(?/-.r)

;
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that

in Partial Differentials.

x'-f=f{y-x).
dx

is

'fix

z=J*'^f{y-x) + ^{y)

and therefore

Sometimes we may succeed by
Let

partially adopting

these

processes.

d^z

dH

^.

,

d^z

,

dz

xWz + [xy +

1 )DD'^ +yV)f^z + D'^= 0.
j/D'~=D'j/r-r,

or

Now
thei'efore

xy DD'r = ^DD'j/ z - xViz, yD'^z = D'

V- 2D'^.

Therefore by substitution
a:D2^

Or

+ xJ)I>'yz + DD'z + D'^yz - xBz -D'z=0.
(a:D + D')(Dz + D'j/^-s) = 0,

which may be put under the forms

(xD + D')(D+3/D')^ = 0;
{D + x-''D'){T>+yB')z = 0.

or

Make

{T>+y'D')z=u;

(D + A-'D')z^ = 0, and

then

ti

= x-°'f{y).

Therefore

{T>+yD')z = x-^'f{y) = ,-'^^'f{y)=f{y-lx);
which gives
It

z

=

b-''!''°'

f dx

e^'J^'

f {y-lx).

must be remembered that

_

£±.r^D'

1 -r_:r(

jyD')

+ 1- {yT>f±

= ± A-^ D' + 1- ?/D'j/D' +
1

&c.

&c.,

the powers being converted into successive operations.
Sometimes an equation may be reduced an order lower, or
to a more simple form of the same order, by these transfor-

mations, as in the following example.
_

Let

Make

— 2A-p =

dz
dy
;? = (D + Aa'2D')m, and the above
^^~
d^z
,
o
j~^ + hx^-j-^
dx^
dx^dy

A,l3

/i,<3

^

^

/,j3

„

0.

will

reduce to

/

],t^\

—
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if

^=

5^5

\

13

the last equation becomes

Then

z=(D + hx^D') u = s-T^D' DsT-'d' (/^ ax + ^

[y])

.

Examples might be given of reduction to a more simple
form of the same order.

The

omission of the factors

x-uw+k'^yp, x~'{w+'2m+2k^)-p,

&c.

before the cipher of the second member of the
equations
treated of in my paper in the Number of this Journal
for
December last was an oversight, which I did not discover till
I received the January Number, notwithstanding
the present

paper was composed immediately

after

it.

Gunthwaite Hall, Near Barnsley, Yorkshire
Jan. 12, 1847.

XXIV. Mr. John Southern's

Experhne7its on the Density,
Latent Heat and Elasticity qfSteam'^-.

To Richard

Dear

Taylor, Esq.

Sir,

TN

the various statements which have been published
and
re-published from time to lime respecting the nature
and
properties of steam, the experimental investigations of
Mr. John
Southern have not become so generally known as they
deserve
to be, and if you can find space in your Magazine
for reprintnig his papers they would convey useful information
to your
-*-

readers.

Mr. Southern was an able mathematician
f, who was retamed by Mr. Watt in the manufactory of steam-engines
at
Soho, for the purpose of assisting him in investigating the
best
proportions of the various parts of those machines, and
calculating the requisite dimensions which (according
to the
ascertained strength of the materials employed) would
give

^^7faMmportant recent investigations of this subject will be found
Volume of Taylor's Scientific Memoirs, just completed, amon"
which may be mentioned lloltzmann on the Heat and
Elasticity

•

*,

in the 4th

of Case's
and on the principles of the Theory of Steam- Engines •
the Expansive Force of Steam ; and on the Force
requisite
for the production of Vapours
and liegnault on the Elastic Forces of
;

and

Va|)oiirs,

Ma-nus on

Afpieous Vapour.
Ed.
'"^h. .Southern

contributed
„,!,
I hilosophical Magazine.
Vol.

two papers to the early volumes of the
97, and xvii. 120.

xi. p.

114

Southern's Experiments on the Density

of' Steam,

security against breaking, without any unnecessary weight. An
experimental inquiry into the properties of steam was necessarily a part of such a course, and Mr. Southern stated the
results he had obtained in a letter to Mr. Watt, which was

printed by Dr. Brewster in liis new edition of the articles
written by Dr. Robison for the Encydopccdia Britannica.

The

article Steam-engine in that edition was revised by Mr.
Watt, in 1814, and he added some notes and an appendix,
which contains Mr. Southern's letter.
I am, dear Sir,
Yours very sincerely,
67 Guildford Street, Russell Square,
London, Jan. 16, 1847.
JoHN FarEY.

Letter from Mr, Southern to Mr. Watt*.

The experiments,

of which the particular circumstances are
hereafter related, were made in 1803, with the view of ascertaining, chiefly, the density of steam raised from water under
different pressures above that of the atmosphere, an apparatus

having then been made for a different purpose, which seemed
pretty well adapted to this object, as it did equally so to that
of ascertaining the latent heat of steam.
It may be premised, that the thermometers employed in all
the experiments which will be now related, were made and
graduated with the greatest care, the tubes having been accurately measured as to the proportional capacity of their different parts, the boiling-point of each ascertained, according
to the rules prescribed by a committee of the Royal Society, in
1777, (viz. the bulbs and tubes being in steam when the barometer stood at 29*8 inches, this degree of temperature being
called 212°,) and in all cases the bulb and the tube, as high as
the mercury ascended in it, were kept in the steam or the
water whose temperature was to be noted. This latter circumstance was effected in the case of steam, by sliding the
tube of the thermometer through a stuffing-box, or collar,
made tight, till the mercury in it could just be seen above it.
The tube had known marks on it, from which measurements
were taken to the mercury, and thence the temperature

known.

The

quantity of steam was measured by filling a cylinder
(inclosed in the steam), whose diameter was about 3' 16
inches, and driving it out by the motion of a piston, which had
The
18 inches stroke regulated by the rotation of a crank.
solid contents of the piston-rod, wliich was 0*86 inch dia-

with

it

meter, diminished the contents of the cylinder, leaving the
quantity discharged each stroke by the motion of the piston,
* In all the experiments, of which an account is given
Southern was assisted by Mr. William Creighton.

in this letter,

Mr.

I
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very nearly 130*7 cubic inches; but as the piston did not rise
high enough to touch the top that closed the cylinder, and
there was also unavoidably a space between the valve and the
cylinder, these spaces together were computed to equal 1"7
Of course, had the elasticity of the steam been
cubic inch.
just equal to that of the atmosphere, no addition to the 130'7
cubic inches would need to be made; but as in the three successive experiments it was about i, 4, and f greater, these proportions of the spaces would escape when the valve was open that
allowed the discharge of the steam to be made into the atmosphere, and must therefore be added respectively to the contents discharged by the motion of the piston.
These additional quantities are 1*7 x ^=-'51 1*7 x | = 2"83
and 1-7 xf 5-1; which, added to 130-7, gives 131-27 in the
133-53 in the second, and 135*8 in the third,
first experiment
for the quantity of steam discharged at each stroke of the piston; and therefore the number of strokes which would discharge one cubic foot in each of the three experiments, would
;

;

=

;

be 13-164, 12*941, and 12*724. respectively.
The steam was conducted from the cylinder, after passing
the valve, by means of an iron pipe attached to a small copper
one, having its end bent down, and immersed a short depth
into a cistern of water.
The cistern was made of fir- wood,
and painted inside and outside with white paint; was about 30
inches square, and 26 inches deep and the quantity of water
in it was ascertained by weighing it, as was also the accession
to it by the condensed steam.
The elasticity of the steam was ascertained by measuring
an actual column of mercury which it supported; and the
number of strokes was ascertained by a machine called a
;

counter.
The following table contains the principal facts of these ex-

periments

:

;
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If the whole number of strokes in each experiment be divided by the number, found as above, that were required to
discharge one cubic foot of steam, the whole number of cubic

of steam discharged in each experiment will be given
188-09 ; and
391-53;
5l54.4-13-164.
24.34-T-12-941
1599-i-12-724
125-66; the quantity of steam formed and
discharged in the first, second and third experiments respectively, in cubic feet.
If the weight of water gained by the condensation of steam
in each experiment be multiplied by 27-65, the number of
cubic inches of water in a pound weight, and divided by the
number of cubic feet of steam which were condensed, the
quotient will give the portion of water, in cubic inches, required by each cubic foot of steam for its formation; and hence
also the comparative density.
feet

=

=

viz.

=

Thus 20-25 X27-65-7-39] -53 = 1*430"]

inches of water

=

20-00 X 27-65-M88-09 2-940 ^
19-45 x27-65-=-125-66 = 4-279j

to

form each cubic
foot of steam;

r 40-001
and these numbers are proportional to< 82-24 >-the relative

L119-70J
densities, while the elasticities

were

80 > respectively.

as-<

L120J
These

results

density of steam

appear to suppoi't the conclusion that the
is

nearly, if not accurately, iwoportional to

may be

elasticity; at least this

affirmed of

it

its

within the limits

of these experiments.
From the above experiments may be calculated the latent
for if the weight
heat of steam developed in the three cases
of the water which received the augment of heat, be multiplied
by the number of degrees of temperature communicated to it,
and if this product be divided by the accession of weight to
the water (which only could have communicated the accession of temperature), it is evident that the quotient will give
the temperature which the steam lost; and if to this be added
the temperature which it retained (viz. that of the water in
the cistern at the conclusion of the experiment), a number will
be obtained showing the isohole heat, or the sum of the latent
and sensible heat of the steam. Hence, by subtracting the
sensible heat of the steam from this sum, the latent heat will
;

be found.

That

——
'-

is,

,

^

col. 7

latent

and

sensible heat

;

or,

—

|-

col.

8

=

the

sum

of the
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if

W = weight
10

=

t

=

.r

=

\

\

7

T=

of cold water,
its temperature
accession of water by the condensed steam,
the temperature of warm water, and
the sum of the latent and sensible heat of

the

steam condensed,

W + w.^-WT +
w

X.

Either of these equations will be found to give
in the three
experiments 1157°, 1244°, and 1256°, from which
subtract
the numbers, col. xi. 229^,
270^, and 295=, and there re'"'""

\'

928°, 974°, and 961°, the latent heat.
hree other experiments were instituted with
the intention
ot ascertaining the latent heat of
steam under the three same
degrees of elasticity, viz, equal to the
support of 40, 80 and
120 inches of mercury. The steam was raised or generated
ni the same boiler used in the
previous experiments, and from
the end of a cast-iron pipe of
inch diameter which united
with It, a small copper pipe was taken
(its diameter about
% inch) and bent down so that its end could convenientlv be
immersed an inch or two under the surface of the
water. The
end of this pipe was closed by a thin disc of
copper, in which
a cncular hole was made ,-i|i-th of an inch
diameter, through
which the steam from the boiler was blown
into the cold
water.
The water which received the heat was contained in
a tinned n-on vessel that weighed 3-77
lbs., and its capacity for
lieat may therefore be called
equivalent to i lb, of water.
In
each of the experiments, the water employed
to receive the
steam weighed 28 lbs., to which, in the
following table, recording the principal facts, is added this i
lb., in lieu of the
•

1

U

vessel.

Number

Duration' Weight

of experi- of the exment.
periment.j
1

of cold
water.
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was found when the contained water was at 80°, 1° was lost
in five minutes; when at 60°, 1° was lost in ten and a half
minutes; it would therefore probably lose 1° in eight minutes
during the time of an experiment, the mean temperature being
about 65°; and as the excess of temperature at the beginning
and end of an experiment above that of the air was nearly the
same in all three, the loss would be nearly proportional to the
duration of each.
Hence, to the acquired heat should be
added, in the first experiment, 1|°; in the second, ^°; and
in the third, |°; being severally proportional to the said duration.
These being respectively added to the temperatures
in column V. and VI., give in the former 81f°, 82° and 8U°;
and, in the latter, 33f^, 34-° and SSf"; and if either of these
sets of numbers be used in the calculation, according as one
or the other of the equations is adopted to develope the results, they will be found to be 1171°, 1212°, and 1 245° for
the sums of the latent and sensible heat; and consequently
the latent heat in each experiment will be 942°, 942° and
950°.
It may be remarked, that no allowance was made in calculating from the former experiments, for the heat which would

be taken by the cistern, but which in the first of them, lasting
two hours, would probably be very sensible, and may account
for the principal part of the deficiency of latent heat brought
out by the calculation from that experinjent, in comparison
with that from the two succeeding ones.

The

opinion which I entertain from these experiments as
is, that it is a constant quantity, and
perhaps this opinion obtains support from the modern discoveries of definite proportions. But it is necessary, however,
to explain the limitation with which I here use this term,
*' co7ista7it quantity."
It is well known that if common air be
expanded, cold is produced*; and it must therefore happen,
that if a given quantity of it at a given temperature could be
gradually expanded, and as it was so expanded, gradually
supplied with heat, so as to keep the temperature unaltered,
this supply of heat would become latent
the thermometer
would not show it. It is probable, both from analogy and
experiment, tliat this effect takes place in the expansion of
steam. It is not ofthisjiart of its heat, though latent, and in
the experiments above related undistinguishable, that I would
to the latent heat of steam

;

* An opportunity occurred to me some years back, which enabled me
to determine, with tolerable precision, the degree of cold produced by the
expansion of common air from the bulk of two to three, which I found to
be 19° or 20°.
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be understood to speak when I state my opinion to be as just
mentioned but it is of that which, when water alters its state
to that of an elastic fluid, becomes essential to it in every degree of elasticity, besides that which belongs to its expanded
state. This latter may be called the latent heat of expa?2sw7i*,
while the other may perhaps properly be called constitutional.
Allow me here to illustrate hypothetically this matter If
this essential or constitutional part of latent heat be added to
water having the necessary portion of sensible heat, and perfectly confined in a close vessel, I conceive the water would
be in the state of an elastic fluid would in fact be steam, as
dense as water (possibly compressible, and capable of greater
density), and would then require no latent heat of expansion
;

:

;

;

the containing vessel be now conceived to expand, for
instance into double the space, I then imagine it would re-

but

if

quire some addition of heat during this expansion to maintain
It must be observed, however,
its proportional elasticity.
that while this expansion was calling for more latent heat, the
sensible heat necessary for the diminishing elasticity would be
lessening but it does not follow that these quantities should
necessarily balance each other f.
When this fluid, steam, is raised in low temperatures, and
of course under a low degree of elasticity, it obtains from its
source, at the same instant, not only the constitutional part
of its latent heat, but also that of expansion, and thus the two
kinds are confounded and, in experiments where they are
developed by total condensation, are only to be detected together in sum and it viay be that this sum, together with the
sensible heat, in different states of elasticity, may make a constant quantity
but if the latent heat of expansion from a
denser to a rarer state be greater than the diminution of the
sensible heat necessary only for the latter, the sum of the sensible and total latent heat will be more in steam raised in low
temperatures than in high ones, which the result of your ex;

;

;

;

periments made in low temperatures seems to countenance.
In all that I have said above, when speaking of steam, I
have always intended that fluid in the state in which it is raised
from water, viz. saturated therewith; but undoubtedly this
fluid, after it is so raised under any temperature, and being
clear from any additional accession of water, may be heated
above that temperature, and cooled down to it again with
• I have no view Iiere to any substances not iiaving the natural power
of expansion, as water, ice, &c.— J. S.
\ 1 have, for very niaay years, entertained a similar hypothesis ; but I
know of no experinient whereby the trutli of it can be demonstrated con-

clubiveiy."— W.

Tliin note

by

Mr.

Wall.

—
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corresponding to those of temperature,
be, without limitation of temperature,
This, however, is a view of the subject
as far as is known.
which has been totally excluded.

changes of

like as

elasticity

common

air

may

Besides the experiments first related, in which the temperature of steam raised under high pressures was observed,
others had been made some years before (in 1797 and 1798) for
and as they were made with the greatest
that purpose only
circumspection, both the manner of making them and their
results may be here described, as may also the results of other
experiments, made with equal care, to ascertain the temperalure of steam raised under lo-w pressures.
The instrument used in the former was a Papin's digester,
;

similar to what you had used in your original experiments,
to that described in the Encyclojxcdia Britannica, art.
Steam, No. 22, the leading differences being in adapting a

and

metallic tube to it to contain the thermometer, or rather as
of it as contained mercury, in the manner mentioned in
the beginning of this letter, and instead of a valve, by the load

much

to measure the elasticity of the contained steam, a
nicely-bored cylinder was applied, with a piston fitting it, so
as to have very little friction, and to the rod of this was applied a lever, constructed to work on edges like those of a
scale-beam, by which the resistance against the elastic force
of the steam could be accurately determined and at your
suggestion, to be assured that no inaccuracy had crept into
the calculation, by which this resistance through the medium
of the lever was ascertained, an actual column of mercury of
30 inches high was substituted, and the correspondence was
found to be within yi^j of an inch.
The observations at each of the points of pressure noted
were continued some minutes, the temperature at each being
alternately raised and lowered, so as to make the pressure of
the steam on the under side of the piston alternately too much
and too little for the weight with which it was loaded ; and
thence a mean temperature was adopted, the extremes of which
were, as well as I now recollect, not more than half a degree
on each side of it. The load on the piston, including its own
weight, &c., was calculated to be successively just equal to 1,
2, 4, and 8 atmospheres of 29-8 inches of mercury each, and
the temperature of the steam was varied as above till that of

on which

;

each point was determined

:

the results were thus
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The following formula will be found to give the elasticity
belonging to a given temperature, and vice versa, with a sufficient degree of accuracy for most purposes, within the range
of the experiments, at least, from which they have been formed.
Let t
temperature, e
elasticity, in inches of mercury

=
T = ^ + 52,

and

Then

=
E = e-—
T^'^

,

?«

= 94.250,000000.

=^

ill

5-14
-/£??«

But

as the calculation

rithms, let
is

prefixed

L
:

is

= T*

most

easily

performed by logawhich it

signify the logarithm of the quantity to

then
5-14

LT-10'97427 = LE

LE+ 10-97427 =
5-14

LT.

The following table shows the observed elasticities, those
derived from calculation by the formula, and the differences
of the two, which appear to me to be as small as can be expected, taking a general view.
Tempera-

:

Southern's Formula fen- the Elasticity of Steam.

The

table will stand as follows, supposing the

had been graduated
the barometer
Tempe-

for

212^ to

123

thermometer
correspond with 30 inches of

ExhalatioJi of Bicarbonate of

IS^

Ammonia by

the Lungs.

occupied by water), after adding
by the increase of temperature,
it was yet to be augmented by the elasticity which steam alone
of the same temperature would possess, to give the elasticity
of the mixture.
Let i = bulk of air introduced into the ball, measured be-

empty space

in the ball (not

for the increase of

fore

A = its

its

its

elasticity

introduction.

(expressed in inches of mercury, or the
height of the common barometer).
B=bulk occupied by it jointly with the steam in the
ball, when their common temperature, governed
by that of the water in the pan, is t.
r= ratio of elasticity which the air had before introduc-

1

elasticity

:

tion to

E=
Then

what

it

would have by augmenting

its

tem-

perature to t; or, which is nearly the same, the
ratio of expansion of air by the augment of temperature to /, when under the same pressure.
pillar of mercury (in inches) which steam of the
temperature t would support:

2bK

E+- ^

=pillar of mercury

supported by the
temperature t.

(in inches)

elasticity

which would be

of the mixture at the

=

Example. Suppose Z» | cubic inch; A = 30 inches; ^=102°
10 to 11, ratio of elasticity of air at the temperature at which
it was introduced to what it would possess at 102, consequently
2=1-1; B 6 inches, and E (by the table) 1*95. Then
4.'70 for elasticity of the mixture, or
1*95 + 2 X 30 X ri-^6
column of mercury it would support.

=

=

XXV. On

the Exhalation

Lungs.

of Bicarbonate of Ammonia by the
M.E.C.S., S^c.

By Lewis Thompson,

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,

HAVING

lately had occasion to ascertain the amount of
moisture given off by the lungs of several healthy individuals during a fixed period, I was induced to examine the
The result has proved
nature of the fluid thus condensed.
that bicarbonate of ammonia is constantly exhaled from the
lungs to the extent of rather more than three grains every
twenty-four hours for each individual; and although this
quantity may appear trifling, yet the amount arising from a
large population like that of London is well worthy of notice,

Royal
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and must exceed 150 tons of solid bicarbonate of ammonia
per annum and if, as is extremely probable, other animals
also exhale this substance, the atmosphere must not only
always contain enough of this agent for the purposes of vegetation, but, by a reciprocal action, the mutual increase of vegetables and animals would only tend to render the air better
adapted for the due development of both. The existence of
ammonia in the breath may easily be demonstrated, by respiring air which has passed through diluted sulphuric acid,
and then expiring it through a tube surrounded by water at
32° F., to the further end of which a vessel is attached to receive the fluid which condenses.
On acidulating this fluid
with one or two drops of pure muriatic acid and evaporating
to dryness on a water-bath, a residue will be obtained, which,
when dissolved in five or six drops of water and introduced
into a small test-tube^ will give off" ammonia on the addition
of two or three drops of a strong solution of potash, as evidenced by its action on turmeric paper and muriatic acid, or
by its peculiar smell. The respiratory process should be continued for an hour or two.
It would be interesting to know whether any difference is
observable in the amount of ammonia exhaled from the lungs
of individuals suffering from disease of the kidney, diabetes, &c.
I am. Gentlemen,
Your most obedient Servant,
:

Byker Bar, Newcastle- on-Tyne,

Lewis THOMPSON.

Jan. 13, 1847.
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[Continued from
Jan. 7,
184'7.

"/^UELQUES
^'^

soil sur les
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Recherches sur I'Arc Voltaique;

et sur

I'influence qu'exerce le Magnetisnie, soit sur cet Arc,

Corps qui transmettent

les

Courants Electriques Dis-

By M. Auguste De la Rive, Foreign Member of the
Royal Society, Professor in the Academy of Geneva, Corresponding
Member of tlie Academy of Sciences of Paris, &c.
In tlie first section of this memoir tiie author gives a detailed de-

continus."

tiif; piieiiomona exhibitcci by tiie luminous voltaic arc
produced eitlicr in a vacuum or in atmospheric air, or in hydrogen
gas, Ijy employing electrodes of different kinds of conducting substances, in the form cither of points or of plates.
lie examines minutely the transfer of particles which takes place from one pole to
the other under these various circumstances, and the differences
wliidi occur when the currents arc reversed.
He observed that

scription of

when a
ticles

positive metallic point is presented to a negative ])late, parof the former are transported by the voltaic arc, and deposited

Royal
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forming a ring of a regular form, having as its centre
This happens in atmothe projection of the point on the plate.
spheric air whether highly rarified or of the ordinary density, but
This deposit consists always of oxidized parnot in hydrogen gas.
In
ticles of the positive metal which forms the pointed electrode.
the case of platinum, the circular spot is of a blue colour, and preThis effect
sents the appearance of the coloured rings of Nobili.
the author is disposed to ascribe to the action of the oxygen brought

on the

latter,

the voltaic current into that particular condition which Schoenbein first described under the name of Ozone. While this deposit
is taking place, a vivid blue light is emitted.
In the second section the author investigates the action exerted by
a powerful electro-niagnet on tlie voltaic arc. He describes the remarkable modifications which the length, the form, and even the
nature of the arc undergoes when the electro-magnet is brought extremely near to it, and the magnetization of the electrodes themselves, when they are susceptible of that affection by their approximation to the electro-magnet. He notices the singular phenomenon
of a peculiar sound emitted by the luminous arc, when subjected to
a sound which varies both in its nature and
this magnetic influence
its intensity according to the nature, the form and the temperature
of the electrodes, consisting sometimes of a shrill whistle, and at
other times of a series of slight detonations.
The third section is devoted to the investigation of a remarkable
phenomenon presented by all the conducting bodies while transmitting discontinuous electric currents, under the influence of a powernamely, the emission of a sound resembling that
ful electro-magnet
This sound
of the revolving toothed-wheel in Savart's experiments.
is distinctly heard, and is peculiarly loud with prismatic bars of lead,
bismuth, tin, <S:c., about three-quarters of an inch square and a foot
and a half long, whether placed in the direction of a line joining the
poles of an electro-magnet, or in a direction at right angles to such
line: it was weakened only by increasing the distance between the
The intensity of the sound appeared to depend
poles and the bar.
much less on the nature of the substance which was subjected to
All conductthis action, than on its form, its volume, and its mass.
ing bodies, whatever may be their nature, or state of aggregation,
They are produced by charare capable of yielding these sounds.
Mercury contained in a cylindrical
coal of all kinds and shape.
glass tube, of similar dimensions with the metallic bars, emits a
sound of great intensity and a still louder sound arises from a wire
coiled as a helix around a cylinder of wood, and also by tubes formed
Similar phenomena are also observable by the
of different metals.
action of a helical coil substituted for the electro-magnet.
On the whole, the author arrives at the conclusion that the phenomena noticed in this paper are altogether molecular, and that they
first, that the passage of the elecestablish the following principles
tric current modifies, even in solid bodies, the arrangement of the
particles ; and secondly, that the action of magnetism, in like manner, produces an analogous modification in the molecular constitu-

by

;

;

;

:

;
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This has already been demonstrated by Faraday
in the case of transparent bodies, in its effects on polarized light
and is now extended by M. De la Rive to opaque conducting bodies,
by employing, instead of polarized light, a discontinuous electric
tion of all bodies.

current.

" On the Ganglia and Nerves of the Virgin Uterus."
By Robert
Lee, M.D., F.R.S., &c.
The author states that his recent dissections have enabled him to
verify the descriptions he gave of the ganglia and nerves of the
uterus in his papers already published in the Philosophical Transactions, and also to detect the existence of ganglia situated in the
muscular coat of the uterus, and of plexuses of nerves accompanying
all the blood-vessels and absorbents ramifying in its walls, between
the peritoneum and lining membrane.
By examining the hearts of
a fcetus, of a child of six years of age, of an adult in the sound state,
a human heart greatly hypertrophied, and the heart of an ox, he
found that there exists a striking analogy between the ganglia and
nerves of the uterus and those of the heart.
He ascertained by
microscopic observation that the muscular and vascular structures
of the auricles and ventricles are endowed with numerous ganglia
and plexuses of nerves, which, as far as he knows, have not yet been
described, and which enlarge simultaneously with the natural growth
of the heart, and also continue to enlarge during its morbid conditions of hypertrophy.
The author also finds that the size of the
ganglia and nerves of the left auricle and ventricle, in the normal
state, is more than double that of the corresponding parts on the
right side.
description is then given of two elaborate drawings
which accompany the paper.
" On a new and practical form of Voltaic Battery of the highest
powers, in wiiich Potassium forms the positive element." By John
Goodman, Esq. Communicated by S. Hunter Christie, Esq., A.M.,
Sec. R.S.
The author succeeded in constructing a voltaic arrangement of
some power by fixing a piece of potassium to the end of a copper
wire, placed in a tube containing naphtha, and bringing it in contact with a small quantity of mercury, held by a layer of bladder
closing the lower end of the tube, which was itself immersed in
acidulated water immediately over a piece of platinum, and then
completing the circuit by establishing a metallic contact between
the copper wire and the platinum.
This battery acted with energy
on the galvanometer, and effected the decomposition of water.
series of twelve pairs of similar plates exhibited a sensible attraction
of a slip of gold leaf.
Thus it appears that the substance which
possesses the higiicst chemical affinity manifests also the greatest
power of electrical tension.
Jan. ^1. " On I'liotographic Self- registering Meteorological and
Magnetical Instruments."
By Francis Ronalds, Esq., F.R.S., &c.
Tlie apparatus employed l»y tlie autiiorat llie Kew Observatory,
and wliicii he terms tiie Photo- IJcctrograph, is described by him
ill the following words
" A rectangular box, about sixteen inches

A

A

:

—
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long and three square, constitutes the part usually called the body of
a kind of lucernal microscope. A voltaic electrometer (properly
insulated, and in communication with an atmospheric conductor) is
suspended within the microscope, through an aperture in the upper
side, and near to the object end.
That end itself is closed by a plane
of glass, when daylight is used, and by condensing lenses, when a
common Argand lamp is employed. In either case an abundance
of light is thrown into the microscope. Between the electrometer
and the ether, or eye-end of the microscope, fine aehromatic lenses
are placed, which have the double effect of condensing the light
upon a little screen, situated at that eye-end, and of projecting a
Through
strong image of the electrometer, in deep oscuro, upon it.
the screen a very narrow slit, of proper curvature, is cut (the chord
of the arc being in a horizontal position), and it is fitted into the
back of a case, about two-and-a-half feet long, which case is fixed
to the eye-end of the microscope, at right angles with its axis, and
vertically.
Within the case is suspended a frame, provided with a
rabbet, into which two plates of pure thin glass can be dropped, and
brought into close contact by means of six little bolts and nuts.
This frame can be removed at pleasure from a line, by which it is
suspended, and the line, after passing through a small aperture
(stopped with grease) cut through the upper end of the long case,
is attached to a pulley (about four inches in diameter), fixed, with
Lastly,
capacity of adjustment, on the hour arbor of a good clock.
counterpoises, rollers, springs, and a straight ruler are employed for

ensuring accurate rectilineal sliding of the frame, when the clock is
set in motion.
"
piece of properly prepared photographic paper is now placed
between the two plates of glass in the moveable frame the frame
is removed (in a box made purposely for excluding light), and is
suspended in the long case this is closed, so as to prevent the possithe clock is started, and
bility of extraneous light entering with it
the time of starting is noted.
" All that part of the paper which is made to pass over the slit in
the screen, by the motion of the clock, becomes now therefore successively exposed to a strong light, and is consequently brought into
a state which fits it to receive a dark colour on being again washed
with the usual solution, excepting those small portions upon which
dark images of the lower parts of the pendulums of the electrometer
These small portions of course reare projected through the slit.
and from the long curved lines
tain the light colour of the paper
or bands, whose distances form each other, at any given part of the
photograph, i. e. at any given time indicate the electric tension of
the atmosphere at that time.
" By certain additions to the instrument above described, the kind
as well as the tension of electrical charge is capable of being registered
and by the employment also of a horizontal thermometer,
&c., it is adapted to the purposes of a Thermograph, as well as
Photo-baromctrograph and Magnctograph."

A

;

;

;

;

;

;
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February 1846.—'The Mathematical Theory of the two great SoBy S. Earnshaw, M.A.
litary Waves of the first Order.
The nomenclature of this paper is adopted from a Report on
Waves by Mr. J. S. Russell, printed in the Proceedings of the
British Association.
From the extreme comprehensiveness of the
equations of fluid motion, the author infers a necessity of appealing
to experiments for the suggestion of data which may be used in modifying the generality of those equations so as to suit actual cases of
fluid motion.
With this view he has made use of the experiments recorded in Mr. Russell's report, and thence selected the two
following properties
1st. The velocity of transmission of a wave in
a uniform canal is constant. 2nd. The horizontal velocity is the same
for all particles situated in a vertical plane, cutting the axis of the
canal at right angles.
By reference to Mr. Russell's report, it will

known

:

—

be seen that these two properties, selected on account of their simplicity and ready experimental examination, are distinguishing characteristics of what he has denominated the two great solitary waves
of the first order.
By the aid of them the equations of motion take
such modified forms as to admit of exact integration
so that
without employing any analytical approximations the author is enabled to obtain theoretical expressions for all the circumstances of
the two solitary waves,
llie results are tested by a comparison of
the velocities of transmission of various waves given by theory and
by experiment. The greatest difference of these in the case of the
positive wave is not found to exceed -jVth part of the whole velocity
but in the case of the negative wave it is found to be much greater,
and to amount in one instance to as much as |^th of the whole velocity.
The reason of this discrepancy is conjectured and the agreement in the case of the positive wave is considered to be exact.
It is found in the course of the investigation that one of the necessary conditions of fluid motion is not satisfied
and it is shown
that it cannot be satisfied as long as the two principles, adopted from
Mr. Russell's report, are supposed to coexist. They are proved in
fact to be incompatible with each other.
But as the second principle was found by Mr. Russell to be so nearly exact that he could
not detect any deviation from it in his experiments, it is shown by
theor)"^ that from this circumstance there will be a rapid degradation
of the summit of the wave, and a consequent loss of the velocity of
its transmission, both which results of theory were observed to be
The memoir concludes with pointing out the
true experimentally.
agreement of theory with some minor plia;nomena noticed by Russell.
May 25, 1846.-^Cases of Morbid Rhythmical Movements, with
observations.
By G. E. Paget, M.D., Fellow of Caius College and
of the Royal College of Physicians, London.
Seven cases were related. The movements were vibratory, rotatory, bowing, 6lc.
In some of the cases they were incessant in
others paroxysmal
and in others again they were of both kinds,
;

;

;

;

;
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the predominant movement being replaced at intervals by distinct
paroxj^sms.
On a comparison of these cases with the few others on record,
and with the experiments of Flourens and Majendie, it was inferred
as ])robable, that one class of tlie movements, viz. the rotatory, depended on disorder in the cerebellum or its transverse commissure,
With regard to the other movements, it appeared that
the pons.
there were no sufficient grounds for even a probable conjecture as
to the particular part of the encephalon, the excitement or disorder,
of which might act as an immediate cause of the movements.
The remote causes were such as under other circumstances are
known to excite the common convulsive diseases, such as chorea and
epilepsy.
Tliese remote causes were in most cases eccentric.

ROYAL ASTRONOMICAL SOCIETY.
[Continued from

vol. xxix. p. 232.]
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Nov. 13, 1846. An Explanation of the observed Irregularities
in the Motion of Uranus, on the Hyjjothesis of Disturbance caused
by a more distant Planet with a Determination of the Mass. Orbit,
and Position of the disturbing body. By J. C. Adams, Esq., M.A.,
F.R.A.S., Fellow of St. John's College, Cambridge*.
The author introduces the subject by remarking, that when Bouvard constructed his Tables of Uranus (those now commonly in use),
he found it impossible to reconcile the ancient observations, made
before the discovery of Uranus as a planet, with the modern observations, and that therefore in the formation of his tables he relied
solely upon the latter
but that in a very few years the still more
modern observations exhibited a departure from the tables nearly as
great as the ancient ones, and therefore there seemed now to be no
;

;

The author
then states that his attention was first directed to this subject by
reading the report on the recent progress of astronomy made to the
British Association at their meeting in Oxford
and that in July
1841 he formed a design of investigating the yet unaccounted-for
motions of Uranus, in order to discover whether they could be explained by an exterior disturbing planet.
In 1843 he made a first
attempt, supposing the orbit of the disturbing planet to be a circle,
and its mean distance twice that of Uranus. This investigation was
founded exclusively on the modern observations, using, as far as 1821,
the errors given in the equations of condition in Bouvard's tables,
and for subsequent years the errors given in the Astronomische
Nachrichten, and the Cambridge and Greenwich Observations. The
result showed a good general agreement of the observed disturbance
with the disturbance which would be produced by the action of such
a planet. In February 1844, the author received from the Astrosufficient reason for rejecting the ancient observations.

;

• This paper was presented to the Society on the evening of Nov. 13,
1846. It has since been published entire as an extract from the Appendix
to the Nautical Ahnanac for 1851.
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nomer Royal the results of the general reduction of the Greenwich
Planetary Observations.
In the meantime the Gottingen Academy had proposed for the
subject of a prize the theory of Uranus, and though the author had
no hope of being able to complete an essay in time to compete for
the prize, he was stimulated by the publication of this proposal again
He now took into account the posto enter on the investigation.
sible eccentricity of the disturbing planet to the first order, retaining
For the modern observathe same assumption for mean distance.
tions, the tabular errors used, as far as 1830, were exclusively those
after
of the Greenwich Observations, except one by Bessel in 1823
1830 the Cambridge and Greenwich determinations and those in
Those for the obserthe Astronomische Nachrichten were used.
vations anterior to the discovery of the planet were taken from
;

Bouvard.
Results for the elements of the disturbing planet were obtained,
which were communicated in September 1845 to Prof. Challis, and
in October 1 845 (slightly altered) to the Astronomer Royal. Afterwards the investigation was repeated, supposing tlie mean distance
diminished by about -^^ part. The results were communicated to
the Astronomer Royal in September 1 846. They seemed to show that
the mean distance ought to be still further diminished.
The author, after adverting to the dates of M. Le Verrier's papers,
and showing that his own calculations were earlier in date, says, " I
mention these dates merely to show that my results were arrived at
independently and previously to the publication of M. Le Verrier,
and not with the intention of interfering with his just claims to the
honours of the discovery for there is no doubt that his researches
were first published to the world, and led to the actual discovery of
the planet by Dr. Galle, so that the facts stated above cannot detract, in the slightest degree, from the credit due to A'l. Le Verrier.
;

—

The investigations proceeded as follows
First, to diminish the
number of equations, the results were collected in groups of three
years each
and these were so arranged as to present results nearly
independent of the error of radius vector. Thus twenty-one equations
were obtained and these, without extension for the two or three
:

;

;

(which might subsequently have been included, but which
would have disturbed the similarity of the calculations) were also
used in the subsequent calculations for a different assumed mean dilast years

stance.

Then

all

the principal inequalities in the recognised theory

Uranus were verified, and corrections for an error pointed out by
Bessel, and for the altered mass of Jupiter, were applied, as well as
for some terms of the second order of masses pointed out by Hansen.
Other inequalities of higher orders were neglected as their effects
may be represented, either by a very slow alteration of the epoch
and mean motion, or by a very slow alteration of the perihelion and
eccentricity
both which may, without sensible error, be assumed
as constant, during the comparatively short period through which
Uranus has been observed. I'hc author then gives a table of the
differences between tlie theoretical longitudes (thus corrected), and
of

;

;

the observed longitudes

:

the

maximum

values arc as follows

:

—
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In 1712

+9§7

In 1804

1750

—47-6

1840

+24-2
-66-6

Tliese are then converted into corresponding errors of mean longitude, wliich the author finds more convenient.
Then, formulae are investigated for the effects of small corrections
of the elements of the orbit of Uranus, and for the perturbations of
longitude produced by a disturbing planet, expressed in the
notation of Pontecoulant.
These are expanded as far as the second

mean

order of eccentricities (involving only the first power of the eccentricity of the unknown planet), and the whole is reduced to numbers,
with no symbols remaining, except for functions of the corrections
of the elements of Uranus, and functions of the epoch, longitude of
perihelion, eccentricity and mass, of the disturbing planet.
All the
numerical quantities are computed on the supposition that the mean
distance is double that of Uranus.
Any one of these expressions,
adapted to a certain time, being made equal to the error in the tabular place of Uranus for the same time, furnishes an equation of
condition.
These equations of condition are treated by the method of least
squares and the successive steps of elimination are given.
The
author considers that the modern observations are scarcely sufficient
to give the eccentricity and longitude of perihelion of the disturbing
planet but when the ancient observations (always omitting that of
1690 as uncertain) are combined, there are ample means for determining these elements. The equations, after the elimination had
proceeded to a certain degree, were solved by successive substitu;

;

The

tion.

results thus obtained

were

Hypothesis

Assumed mean

distance

=2

I.

X

that of Uranus.

Mean

325°

longitude, October 6, 1846
Longitude of perihelion
Eccentricity of the orbit

Mass

57
0-16103
0'0001656

(that of the sun being 1)

which were communicated

The author then

to the

7'

315

Astronomer Royal in October 1845.
made a second investigation, on

states that he

the supj)osition that the

mean

= mean distance of Uranus x

distance of the disturbing planet

The

0'515

process, with very

little

same as that for the former assumption of mean diThe formulae, the equations, &c., are given in the same manbefore.
The elements obtained thus are as follows

difference, is the

stance.

ner as

:

Hypothesis

Assumed mean distance

=

II,

1'942

X

that of Uranus.

Mean

323° 2'
299 11

longitude, October 6, 1846
Longitude of perihelion
Eccentricity of the orbit
Mass (that of the sun being 1)

The
tigated

0-12 0615

000 015003

corrections to the elements of the orbit of

on both hypotheses.

Then on

Uranus are inves-

substituting the effects of the
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corrections and the effects of the perturbations, the residual errors are
obtained, of which the following are the maximum values
:

— —
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M.T. Pulkowa.

1846

Nov. 4
13

for

M.

free

Dec.

—3
—4

193 55 28-4
198 12 42-8

17 58 49
18 4 11

These positions are

Society.

R.A.

from parallax.

The

14 227
47 41-6

resulting corrections

D'Arrest's ephemeris are,
R.A.

1846

Nov. 4
13

Dec.

-17-5
—1 8-1

+6
+0

39-3

37-1"

Mr. Lassell forwarded a more complete account of his physical
observations on Le Verrier's planet, with his Newtonian reflector,
2-feet aperture, mounted equatoreally
Oct. 3. He received an impression of a ring, not much open, and
Speculum
nearly at right angles to the parallel of daily motion.
and plane metallic reflector.
Oct. 10. The same impression of a ring in the same direction.
minute star just steadily visible, with full aperture of 24 inches,
powers 316 to 567, distance 2| to 3 diameters, a little to the right,
and apparently helow the ring continued. Speculum B and Merz's
:

A

A

prism.

Nov. 10. The planet very like Saturn, as seen with a small telescope and low power, but much fainter.
Same speculum and prism
as before.

Nov. 11. The planet

still

retains its appearance.

A

of light considerably distant, in the direction of the ring
it.

Speculum

A

and plane

faint point

and below

reflector.

On these nights several persons saw the supposed ring, and all in
the same direction, as shown by independent diagrams.
Nov. 30. A minute star above, and a little to the left of the continuation of the ring, distance 2 diameters.
Speculum B and Merz's
prism.

Dec.
star as

3. The same relative appearance exactly of planet and small
on October 10th. The direction of the ring estimated at

about 70° with the parallel of daily motion. The small star about
Telescope as before.
3 diameters distant and 50° N. following.
Dec. 4. No minute star visible, though carefully looked for. Telescope as before.
Mr. Lassell says that the points of light seen on Oct. 10, Nov. 30,
and Dec. 3, were, so far as he could judge, the same in appearance
and brightness. There were no other stars in the immediate neighbourhood.
Hence he conceives the probability is in favour of the
star being a satellite.
With respect to the ring, Mr. Lassell says that " he has never
looked at the planet, under tolerable circumstances, without receiving
the same impression of its existence " and that so far as he can
judge, the direction of the supposed ring makes a constant angle
with the meridian, and not with the horizon but this is not very
;

;

certain.

In speaking of the quality of his telescope, Mr. Lassell says that
he finds Merz's prism gives him more light than a plane reflector,
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and with no loss of distinctness and that he has succeeded in bringing the foci of his exterior and inner surface to agree within a hunThe telescope shows seven stars in and two near
dredth of an inch.
the trapezium of Orion, and so far approaches to resolving the nebula, that it shows " stars, the centres of nebulous clouds, scattered
;

over the nebula."
In confirmation of Mr. Lassell's idea that there is a ring about the
new planet, Mr. Hind stated that the South Villa telescope shows it
oblong, and that the major axis makes an angle of about 30° with
the meridian.
Reduction of Tycho Brahe's Observations of the Comet of 1590,
with Elements deduced therefrom. By Mr. Hind.
" The comet of 1590 was first perceived by Tycho Brahe on the
evening of March 5, while he was employed in observing the planet
Venus. It was situated near the Northern Fish, between Aries and
Andromeda. The diameter of the head was three minutes, and a
faint tail was visible, extending from 7° to 10°, and directed towards
the zenith at about 1^ 30"" p.m.
all

"

M.

Pingre, in his Comctographie, tome

i.

p. 554, has given a series

made by Tycho, and extracted from a
The
the Depot de la Marine in Paris.

of observations on this comet

manuscript preserved at

observations are detailed at considerable length in this manuscript;
but the table in M. Pingre's work is an abstract made by Tycho
For
himself, and I have used it as the basis of my calculations.
deducing the places of the comet, we have the apparent times of
observation at Uraniburg, the distances from known stars, and the

same times as these distances also in most
and frequently its azimuth from the south

declinations for the

:

cases, the comet's altitude,

towards the west.

I

have calculated the positions from the observed

for parallax and refraction,
making use of the altitudes in the preliminary computations only.
On two occasions the comet was observed on the meridian sub polo

declinations

and distances, duly corrected

;

in these cases

I

have performed the reductions in the usual manner,

applying refraction and parallax."
Mr. Hind then presents tabular results of his reductions at the
following stages
An ephemeris of the sun.
A catalogue of the stars of comparison.
An approximate ephemeris of the comet, for computing the effects
:

of aberration and parallax.
The observed distances of the comet from the stars corrected for
refraction, aberration and parallax, with the Uraniburg mean time,
and the resulting right ascension and declination of comet.
" The following longitudes and latitudes are computed from a mean
of each day's observations of right ascension and declination, omitting, however, the third result for March G, and the first for March 7.

They

arc referred to the apparent equinox of the date

:
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almost unnecessary to say that the reductions have been
the best existing data, and according to the most approved
methods.
On Luminous Rings round Shadows. By the Rev. Baden Powell,
Saviliun Professor of Geometry, Oxford.
Tlie remarkable optical phcenomena attending total solar eclipses,
especially the formation of a luminous ring round the discs, are now
on the whole so well established, that speculations have been hazarded as to their cause
and though these speculations as yet
scarcely amount to more than very general illustrations, yet as experimental facts have been elicited which seem to bear a resemblance
to the phenomena in question, they deserve notice, even in the present uncertain state of the inquiry.
The author disclaims any idea of bringing forward such facts as
a complete explanation
but he is induced to offer them because one
experiment devised by him long since was thought by the late Mr.
Baily worthy of being laid before the Society, though communicated
to him without any such intention. (Ast. Soc. Notices, March 10,
1843.)
The following is the author's historical summary of the observations of the luminous ring
The pheenomenon appears to have been observed as early as the
time of Plutarch, as appears by a passage from him cited in the
Comptes Reiulus, 1842, i. 847. In more modern times, probably the
earliest recorded instance is in the eclipse of 1567 [this is clearly
wrong in date or name] observed by Kepler. The ring was observed
at Naples in 1605 (Phil. Trans, vol. xl. 177)
and from the year
1 706 we have the full and well-known records of the most eminent
astronomers down to the present day, which establish the phaenomenon as a regular part of the appearance of a total eclipse. The
author refers to instances in the Mem. Ast. Soc, vol. i. p. 144, and
vol. x. p. 9-16, 37, &c., and to the Notices of this Society, vol. v.
as also to the Comptes Rendvs for 1842, parts 1 and 2. He
p. 207
remarks that remarkable discrepancies are found in the accounts of
the same, as well as of different eclipses, and he mentions instances.
Some of these discrepancies admit of easy explanation. In the transit of Venus in 1769 light was seen surrounding the part of the planet off the sun, both at immersion and emersion but this has been
ascribed to her atmosphere. (Ast. Soc. Mem. vol. x. p. 27.)
The
aiwgnhxr profiiherances observed in the eclipses of 1733 and 1842 do
not seem to belong to the ring and it seems to the author hardly conceivable that they can be purely optical phenomena, as suggested
by M. Valz and M. Arago.
Tlie author next gives an account of the attempts of different
astronomers to assign « cause for the luminous ring.
Kepler considered it to be due either to combustion round the sun, or to refraction of his rays b)- the moon's atmosjihere.
Others have more generally attributed it to some j;eculiar effect of the solar atmosphere
and some, especially Olbers, expressly attribute it to the zodiacal
light. De risle, and more lately Arago and Valz, regard it altogether
It

is

made on

:

;

:

;

;

;

;

;
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phsenomenon of diffraction. Several instances are then given
of luminous rings surrounding terrestrial objects seen in shadow, as
observed by different philosophers.
Experimental imitations of the luminous ring, by artificially eclipsing the sun, were long ago made by De I'lsle and La Hiri {Mem.
as a

Acad. Paris, 1715,

by Mr. Baily

p.

166), and such an intimation

is

also

spoken of

(Ast. Soc. Notices, vol. v. p. 212).

Among the experiments described by Newton in the third book
of his Optics, one, which is emphatically mentioned as unfinished,
seems to bear closely on the present subject. The sun's light being
admitted through a hole one quarter of an inch in diameter, and
partly intercepted by a knife-edge fixed along one side of a hole
three quarters of an inch square in a screen, and faUing on a paper
beyond, Newton saw " two streams of faint licjht shoot out both
of light into the shadow like the tails of comets."
Again, placing his eye to receive the light, he saw " a line of light
upon the edge (of the knife) all along it.". ..." It was contiguous to
the edge and nan-ower than the innermost fringe," and " between the
edge and the first fringe." Newton thus clearly distinguishes between this peculiar phsenomenon and the ordinary effects of diffrac-

ways from the beam

tion.

The author then proceeds to detail his experiments made for the
purpose of producing the luminous ring, remarking that the essential
conditions in all diffraction experiments are, that the origin of the
light be as nearly a point as may be, and that the area of the rays
diverging from it extend beyond the edge of the opake diffracting
body.

He finds that with apertures up to a quarter of an inch or more,
and whether the area of the rays reach beyond the edge of the
opake body, or lie even considerably within it, a small circular disc,
seen at a distance, either with or without a telescope, is edged by a
bright luminous ring, which cannot be seen with the eye-lens, and is
therefore not an optical image like the diffraction fringes, but is seen
in the telescope distinctly when in focus for the opake disc. With
a straight edge the same phosnomenon is observed a.^; a line of light
running along it. If the origin be a lens of short focus the ring is

while the diffraction fringes are
origin being a hole, the ring
is visible under different variations of the area of the rays, but ceases
to be visible when the area is less than about a quarter of the disc.
Changes in the distance of the eye from the disc produce very little,

seen as before, but less perfectly
seen perfectly with the eye-lens.

;

The

any, change in the breadth of the ring.
The ring was examined by a telescope with cross-wires in its
The intersection of the wires was fixed on the edge of the
focus.
disc before the liglit was admitted, and on its admission the ring
extended sensibly beyond on its being then fixed on the edge of
the ring, the edge of the disc fell within it on shutting out the light.
The experiment was repeated in various ways to determine the inif

;

fluence of reflexion from the edge, &c.
When the area is a hole, the disc being -within the area of the
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shadow

of the disc be examined by an eye-lens of two
inches' focus, there ajipear at all points of the circumference streaks
of yelloM'ish light radiating into the shadow, and crossing at the
centre they form there a round bright spot
but the streaks are
rays, if the

;

supposed to be chiefly due to irregularities in the edge. An analogous phaenomenon is seen when a straight edge is used.
A modification of the same phaenomenon is observed in the case described by
the author to the British Association, at the meeting in 1846.
The experiments above were all made by means of the sun's light.
There are well-known difficulties in performing any diflfraction experiments by candle-light but the author succeeded in exhibiting
the ring by means of the light of a flame placed in the focus of a
short lens limited by a circular aperture.
When the shadow is
thrown on a white screen at about one foot distance from the disc,
the middle of the shadow appears faintly illuminated
but no streaks,
as in the case of solar light, could be detected, nor is the faint illumination perceptible to the eye viewing the disc directly. The
author in conclusion makes mention of the theory of M. Babinet,
which attempts to explain the phenomenon on the undulatory hypothesis on this principle, that " at points extei'ior to the area of the
;

;

rays there is no light, owing to the natural destruction of the secondary waves.
If, tlien, of the two rays proceeding to any such point
to destroy each other we intercept one by an obstacle, the other remains, and gives rise to a point of light at that point
that is, just
be)'ond the obstacle, a series of luminous points thus created by the
removal of interfering rays will give rise to the luminous borders
on the edge." (Nouv. Bulletin des Sciences, Nov. 1832. Quetelet,
Appendix to Translation of Herschel on Light.)
I'he author, in conclusion, remarks that, imperfect as the whole
investigation confessedly is, it is by thus making the facts known
that we may most reasonably hope to elicit some better elucidation of them.
;
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ON Newton's telescope at the royal society.
To the Editors of the Philosophical Magazine and Journal.
Royal Society, Somerset House,

Gentlemen,

,

MY

Jan. 22, 1847.

attention has been directed to a communication by Mr.
Hcineken, in the last Number of the Philosophical Magazine,
wherein he states, in allusion to tiie destruction of mechanical and
other instruments, " Two lamentable examples of this are, I learn
from a jiaper in the Magazine of Science, exhibited even at tiie
lloyal Society, where the reflectors of Newton and Hadley are in
a state of complete dilapidation."

To

this

reflectors

statement I beg to give an unqualified contradiction. The
arc in excellent preservation; and Sir Isaac Newton's

L

2

——
no

l7itelligetice a7td

telescope, which

is
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preserved under a glass case with the greatest

care, is (considering its great age) in almost perfect condition.
is

much

to be regretted that individuals do

unfounded statements, make inquiries as to
could easily have been done in this instance.
I am. Gentlemen,

It

not, before repeating
their accuracy,

which

Your obedient Servant,
Charles Richard Welp,
Assistant Secretary.

THE CENTRAL SUN.
Professor

Miidler

of

Dorpat,

has

published a pamphlet,

in

which he announces his belief that the centre of the great nebula
in which our system lies, or of the congeries of stars v.hich form the
Milky Way, is in the Pleiades; and that the star Alcyone is more likely
than any other to merit the title of the Central Sun. This question
one which can soon be settled
is not like that of an asserted planet
If within the next half-century opinion on the
in the affirmative.
subject should have arrived at something like either positive recep-

—

tion or positive rejection, it is perhaps as much as can now be exMeanwhile the pamphlet is before us {Die Central Sonne,
pected.
Leipzig, 1847), and its leading points are, shortly, as follows:
The observations of astronomers have made it highly probable,
and Professor Miidler considers it as an established fact, that Newton's law of gravitation reigns throughout the sidereal space and

governs the movements of all stars which he thinks chiefly proved
by the nature of the orbits of binary systems.
Setting out from this fundamental principle, he shows that, whatever may be the form of a system of fixed stars, the proper movements of the indi\ddual bodies must be accelerated as the distance
from the central point increases, and that all the times of revolution
of these different bodies around their common centre are nearly
equal, as long as the mass in the centre of attraction has not too
;

considerable a predominance over all the other masses.
By a very extensive and laborious set of observations and comparisons, the Professor found that the group of the Pleiades forms

the only point in the heavens to which the preceding conclusion is
applicable
that really the velocity of the true proper movements of
the fixed stars increases insensiblxj from this group in all directions
and that, moreover, most of them are moving in the same sense.
He therefore assigns the Pleiades as the central group of that
stellar system which is terminated by the Milky Way (to which our
own and all the isolated suns belong), and tlie star Alcyone as that
body which, most probably, is the proper central sun of this system.
From the proper movement and parallax of Gl Cygni (taking the
latter
0"'34S3), he attempts to deduce the distance of Alcyone
from our sun, and obtains the following ajiproximate results
0"'006097, or the distance from the sun
The parallax of Alcyone
34 millions of radii of the earth's orbit.
;

;

=

:

=
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The sun accomplishes one entire revolution around this star in
18,200,000 years, and moves in its orbit at the rate of 36-8 English
miles per second.
The sum of all the masses contained within a globe described
around Alcyone with the radius vector of the solar system amounts
to 117,400,000 times the mass of the sun.
The ascendhig node of the sun's orbit is situated in long. 236° 58'
of the ecliptic of 1840; and the sun will pass through this point

about the year 154,500 of our chronology.
inclination of the sun's orbit to the ecliptic of 1840 is 84° 0'.
Regarding the constitution of this immense system, Professor
Madler has come to the following conclusions
The centre is marked by a group consisting of a great number of
Around this stretches a
stars and considerable individual masses.
narrow zone, comparatively devoid of stai's. Then follows a broad
and rich ring-shaped layer, then another intermediate zone comparatively poor, and so on, a succession of a still unknown number of
These rings
rings, the two utmost of which form the Milky Way.
are connected in several places with each other by intermediate parts,
like bridges
and the rings themselves are not everywhere of the
same density, but show now and then something approaching to the

The

:

;

formation of groups.

In general, however, they consist only of

isolated, single or double stars.

In the course of his investigations, the learned Professor points
out the importance of studying more closely the proper movements
of the fixed stars
and recommends chiefly those in the neighbourhood of the Pleiades to the attention of astronomers. Athenaum,
;

Jan. 9, 1847.

ON THE FERMENTATION OF TARTARIC ACID AND ITS PRODUCTS.
BUTYUO-ACETIC ACID. BY M. NICKLES.
In preparing tartaric acid from crude tartar, it often happens,
during the heat of summer, that the tartrate of lime still containing
some fermentable matters, suddenly begins to ferment, and is converted, in a short time, into an acid which has long been taken for
acetic acid.

On the occurrence of this fermentation, M. Noellner saturated the
product with oxide of lead, and obtained fine octahedral crystals, on
attentively examining which, he considered them as the salt of a
peculiar acid different from acetic acid, and to which he gave the
name of pseudo -acetic acid. An experiment performed with crude
tartar, without the addition of lime, yielded merely acetic acid.
M. Bcrzclius, in his Annual Report for 1843, p. 132, considers this
acid as a mixture of acetic and l)ntyric acids. M. Noellner, however,
had obtained a salt of lead crystallizing in octahedrons, a salt of soda
salt, none of which
and butyric acids.
To clear up tlic point, .M. Nicklcs saturated eight pounds of crude
the
tartar with lime
the filtered liquor was boiled with gypsum

and a mammillated magnesian

also octahedral,

form.s occur in the corresponding salts of acetic

;

;

-

;
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produced by the second reaction was added to that
obtained by the first, with all the organic substances, and exposed to
a fine summer sun at a temperature of 95° to 104° F. and 113° F.
The disengagement of gas took place very slowly, and it required
six weeks to produce a small quantity of a substance possessing all
the properties about to be described.
It appears from the experiments of M. Nickl^s, that changes effected in tartaric acid by fermentation, may take place in three modes
if this acid be free or combined with potash, it is converted into acetic
and carbonic acids if the potash be replaced with lime, the tartaric
acid yields carbonic acid, acetic acid and butyric acid (pseudo-acetic
acid); and lastly, under circumstances which as yet are undetermined,
the tartaric acid is converted into carbonic acid, acetic acid, and a
new acid which M. Nickles calls hutyro-acetic acid, it containing the
elements both of butyric and acetic acids, and these acids occur
among the products of its decomposition.
On determining the silver of a salt which M. Noellner had sent
to
Nickles, the latter obtained the same result as the former
when, however, the acid was set free by the decomposition of the
salt of lead with sulphuric acid, then saturated with carbonate of
ammonia and precipitated by nitrate of silver at a boiling heat, M.
Nickles obtained, at first, fine crystals of acetates, and then from the
residual solution, magnificent dendritical crystals of butyrate of
silver.
The separation of the two acids may also be effected by
chloride of calcium this salt dissolves the acetic acid only, whereas
the butyric acid collects it in an oily form on the surface ; M. Nickles
states several new facts as to the mode in which a mixture of acetic
and butyric acid acts. Thus butyric acid does not precipitate acetate
of lead if mixed with a small quantity of acetic acid. The influence of
the latter extends yet further; if a mixture of butyric and acetic
acids be saturated with oxide of lead, and excess of ammonia be
added, small rose-coloured acicular surbasic crystals of butyrate of
lead are formed, which owing to a small quantity of interposed acetate are soluble in water.
This surbasic salt absorbs carbonic acid
rapidly from the air.
mixture of acetate and butyrate of barytes
is capable of dissolving a large quantity of chloride of lead, but
without forming any definite compound.
Butyro-acetic acid possesses properties which prevent its being
considered as a mere mixture of butyric and acetic acids.
It was
obtained by the decomposition of a salt of lead which had been exposed to the air more than two years its odour resembles that of a
mixture of the two acids, but less pungent it is soluble in water, alcohol and ffither.
It is obtained pure bj' decomposing its salt of soda
by phosphoric acid it then rises to the surface of the liquid in the
state of an oily stratum
its boiling-point is nearly 284° F.
When
heated with sulphuric acid, it is slightly altered with the evolution of
sulphurous acid gas.
The crude acid yields a liquid which produces with barytes a
prismatic compound
it is very soluble in water, especially when
hot, and but slightly soluble in absolute alcohol it is perfectly per-

tartrate of lime

;

M

.

;

A

;

;

;

;

;

;

—

;
;
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yields the odour of rancid butter.
Exposed to a cun-ent of dry air at 212°, this salt loses 3-25 per cent, of
water at 392° it fuses, and again loses 2*80 per cent. Thus dried,
still

;

the salt consists of [C^ (H^ Ba) O'^] By dry distillation it yields a nonacid oily body
the last mother-^¥aters yield acetate of barytes.
Butyro-acetic acid readily yields an rether with alcohol and sulphuric
acid.
It has the smell of fruit.
With respect to this acid, it will
be obser\-ed that it is isomeric with metacetonic acid, obtained during
the last year by M. Gottlieb from potash and sugar.
M. Nickles
has not had sufficient opportunity to ascertain the identity of these
.

;

two

acids.

Journ. de Chim. Med.,

Novembre 1846.

ON THE IGNITION OF BRASS WIRE IN THE VAPOUR OF ALCOHOL.
BY M. REINSCH.
It has hitherto been supposed that the property of igniting in the
wick of a spirit-lamp was peculiar to a coil of platina or palladium wire.

The author has lately

discovered that all other metals possess this proat a red heat, even whether they oxidize or
not.
If a coil of piano-wire be placed in the wick of a spirit-lamp
(absolute alcohol), and it be allowed to burn till the spiral is sufficiently red-hot and then extinguished, the spiral remains red-hot for
a few seconds and then ceases to be so. If the lamp be thus lighted for
three or four times, the iron wire remains red-hot exactly like a platina wire, and the peculiar odour of aldehyd and acetic acid is at the
same time developed. If the experiment does not succeed, the flame
of the alcohol must be covered with a glass tube, and not extinguished till this precaution has been taken. M. Reinsch states that
he could not succeed at first with brass, silver and copper wire
brass wire should be thin, and the spirals made as close to each other
as possible, but they must not touch
the flame of the alcohol also
should not be continued longer than is necessary to ignite the brass
wire, and after this it ought to be suddenly extinguished to prevent
the wire from melting, and to prevent the spirals from toucliing each
other.
Copper and brass wire continue as vividly red-hot as platina
wire, though they are gradually acted upon by the acetic acid and
afterwards volatilized. The silver wire does not remain so long ignited. The wires of the metals mentioned absorbing heat too rapidly,
remain but incomj)letely red-hot, but a thicker iron wire remains red,
being not so good a conductor of heat.
Silver wire becomes but imperfectly ignited, because being ignited, it becomes so soft that the
spirals soon touch each otlier.
The same occurs with a gold wire.
Tlie author iilso succeeded in producing ignition with charcoal
for this ))uri)ose a fragment of charcoal is placed in the wick
the
alcohol is removed from the lam]), except sufficient to moisten the
wick, which is to be lighted and the flame is to be cautiously extinguished these exi)eriinents, the author observes, explain a fact
which has hitherto been an enigma the ignition of platina and
the inflammation of hydrogen gas by s))ongy ])latina.
Thus in the
first experiment, the vapour of alcohol being imperfectly consumed
perty,

which do not melt

;

;

;

—

—
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fire of the brass wire still hot, there is produced exactly the
heat necessary to continue it incandescent.
If the spirals of a brass
wire approach each other without touching, the vapour of the alcohol
oxidizes, and can act on a large surface
the heat is so much increased by it, that the spirals remain red-hot if the spirals be further
removed from each other, ignition ceases, the heat produced by the
imperfect combustion not being sufficient to heat the spirals, which
before almost touched.
As to what relates to spongy platina, the globules are surrounded
with an atmosphere of hydrogen, oxidation takes place at the same
time, heat is consequently developed by the large surface of the
spongy platina, and a reiterated contact of the gases so increases
Platina would not possess this
the heat, that the gas is inflamed.
specific quality if it were not so refractory as not to fuse by the heat
of inflamed hydrogen.
M. Reinsch has also found that this property belongs to metals
which fuse readily and are not capable of being made into wire.
He made the following experiment some asbestos was moistened
with a solution of these metals, and after having made it red-hot, and
it had become brittle by the ignition, it was moistened with a little
the
alcohol, after which it was cautiously rolled round the wick
metallized asbestos was kept for some time red-hot in the flame of
the alcohol, a glass tube being held over it
asbestos M'hich had
been prepared with chloride of platina remained vividly red-hot.
Iron answers best for this experiment asbestos moistened with a
solution of sulphate of iron and then immersed in solution of ammonia, and washed in water and dried quickly, remains red like
an iron wire. Asbestos moistened with a solution of gold and
heated to redness, remains red-hot in the vapour of alcohol like a
platina wire.
The same occurs when asbestos is moistened with a
solution of silver.
It has been above stated that gold and silver
wires possess the property of ignition but imperfectly which shows
that they are subject to soften readily.
A wire ):)repared with
chloride of tin and oxalate of ammonia, remains only a few seconds
red, even under the glass tube, the tin being too suddenly converted
into oxide.
The case is nearly the same with lead, but it remains
red rather longer. Cobalt and nickel possess the property of igniting
like iron.
Manganese and chromium remain red for a very short
time.
Arsenic is suddenly volatilized, the wire however remains
red for a few seconds
the same occurs with mercury.
Bismuth
possesses this property of ignition in a rather less degree than iron.
Cadmium resembles tin. Zinc is the only metal which does not at
;

;

:

;

:

:

;

;

all ignite.

The author is of opinion that platinized asbestos maj' become an
important substance for the condensation of several gases, as also
for the preparation of vinegar.
Journ. dePharm. et de C/i.,Nov. 1846.

ON THE DISTILLATION OF MERCURY.

When

BY M. M.

E.

MILLON.

mercury is distilled, it is observable that the volatilization
takes place more slowly at the period in which the last portions of

—
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If the mercury distilled at the comthe metal pass into the receiver.
mencement of the operation be kept separate from that obtained at
the end of it, it is easily proved that these two portions are of unequal volatilit)'.
Fifty kilogrammes of mercury were distilled, and the first and last
kilogramme distilled were kept separate both of them were refour small
distilled and then submitted to the following experiment
;

:

and similar retorts were selected, each of which when half-filled was
Each of the retorts
capable of holding 100 grammes of mercury.
charged with 100 grammes of the metal was immersed into an alloyand the heat was raised till the mercury in all of
bath in fusion
them boiled. The mercury distilled condensed in the neck, and was
The four retorts did not yield equal quancollected and weighed.
tities
but on putting aside those which differed the most, it was
easy to select two, which, subjected to the above proof, furnished
Thus in three parallel operanearly an equal quantity of mercury.
tions with these two retorts distinguished by the letters A and B
In the same time, in the same bath.
Mercury distilled 48-5 grammes.
Retort A. First operation.
;

;

Retort
Retort
Retort
Retort
Retort

B.

A. Second operation.
....

B.

....
....

47-5
69'0
63-0
66-0

....
A. Third operation.
640
....
....
B.
It is to be remarked that in these three operations the retort A.
always yielded a little more than the retort B. This circumstance
was attended to in the experiments which follow.
The following are the diflferences obtained by submitting to comparative trial in the alloy-bath, mercury taken from the first and last
kilogramme obtained from the distillation of 50 kilogrammes of the
metal.

The retort A., which yielded the most, received the mercury colthe retort B. that obtained at
lected at the close of the distillation
;

the

commencement.

Mercury distilled during the same time in the same bath.
A. First operation. Containing 100 grms. of metal 19'0 grms.
49-0 ..
....
....
....
B.
15'7 ..
....
....
A. Second operation.
^^'^ •
B.
•.••.-.
Care must be taken, in these comparative distillations, to moderate the temperature of the alloy-bath as soon as the mercury begins

Retort
Retort
Retort
Retort

to spot the

dome

of the retort.

Mercury thus affected in a marked manner in its mode of distillation would appear to possess some difference in its degree of purity
but the author attemj)tcd in vain to discover any difference by reagents the mercury of the first and last kilogramme was similarly
affected in all the examinations to which it was submitted.
It then occurred to the author to try whether the addition of any
;

foreign metal, in (juantlty so small as to escape analysis, could affect
tlic volatility of the mercury.
The results were of considerable in-

—
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terest; the thousandth or even ten- thousandth of a foieign metal is
sufficient to cause verjf characteristic differences in the

results of

parallel experiments.

A ten-thousandth of lead added to mercury stops its distillation
almost entirel}'.
In the following comparative experiments, the
mercury which distilled with the greatest difficulty was put into the
retort A.,

which yielded most quickly.

to

—

Retort A., containing 100 grammes of mercury,
which l-10,000dth of lead had been added, yielded in a given time

First operation.

distillation in the bath 5 grammes of mercury.
Retort B., containing the same quantity of mercury without any
lead, heated for the same time in the same bath, gave by distillation
67 grammes of mercury.
Retort A., containing 100 grammes of mercury,
Second operation.
to which 1-lOOOdth of lead had been added, yielded in a given time
by distillation in tlie bath 2 grammes of mercury.
Retort B., containing the same quantity of mercury without any
lead, heated for the same time in the same bath, gave by distillation
55 grammes of mercury.
Zinc was substituted for lead, and when in the proportion of
l-10,000dth, the mercury distilled was to that obtained without the
zinc as 6'5 grms. to 72.
Some metals have no sensible influence on the distillation of mercury among these are gold, iridium, silver, copper, tin, nickel, cadmium and arsenic. The action of platina is precisely the reverse of
it accelerates distillation, but less than lead
that of lead and zinc
and zinc retard it in order that platina may produce this effect, it
must be digested in the mercury for a day or two at the temperature
of 122° to 176° ¥.—Ann. de Ch. et de Phys., Novembre 1846.

by

—

:

:

;

EASY METHOD OF PREPARING IODIDE OF POTASSIUM.
M. Pypers subjects to a moderate heat a mixture of 100 parts
iodine, 75 of carbonate of potash,

The mass

30

of iron filings

of

and 120 of water.

and then heated to redness the resulting
and the solution obtained
One hundred parts of iodine
filtered and evaporated to dryness.
yield 135 of very white, but slightly alkaline iodide of potassium.
Journ. de Chim. M^d., Decembre 1846.
is

to be dried,

reddish powder

is

;

to be treated with water,

FORMATION OF GLYCERINE.

BY M. ROCHLEDER.

be dissolved in absolute alcohol and a current of dry hydrochloric acid gas be directed into the heated solution, the oil undergoes decomposition. When the liquor is agitated with water, after
the hydrochloric gas has acted for a sufficient time, an emulsion is
obtained, which gradually separates into two portions, one of which is
oily and floats, the other is watery and extremely acid the latter is to
be poured off and evaporated by a water-bath. At first hydrochloric
acid is disengaged, and there remains a syrupy and yellowish mass
If castor-oil

;

—
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to be treated with sether, wliich dissolves one portion

leaves another which

—

—
1

47

and

is insoluble
this last is glycerine, and the
solution contains the aethers of the fatty acids of the castor-oil.
Journ. de Pharm. et de Ch., Decembre 1846.
:

ON THE COMPOSITION OF BOHEMIAN GLASS.
to M. Peligot, the composition of the white Bohemian

According

little in the different manufactories of that
has analysed various specimens which were perfectly
pure and colourless, and they all yielded very nearly the same results.
Their composition was found to be as follows

glass varies but very

He

country.

:

—

Silica

76

Potash

15

Lime
Alumina

8
1

100

The composition
Bohemia

is

of the verre-agate, or verre de pdte de riz of
it is a simple silicate of potash, the semi-

remarkable

;

opacity of which is derived from imperfect vitrification, which has
It contains,
left grains of quartz, not fused, interposed in the mass.
according to M. Peligot's analysis,
Silica.

r

Potash

Lime
Alumina and a trace of iron ....

80-9
17-6
0-7
0*8

100-0
This glass does not attract moisture from the air; when long
It differs from the soluble
boiled in water it is not acted upon.
glass of Fuchs in containing about 10 per cent, more silica.
A specimen of Venetian artificial avanturine yielded
67-7
8-9
3'5
2-3

Silica

Lime
Peroxide of iron

Oxide of tin
Oxide of lead

1*1

Metallic copper

3'9

Potash

55

Soda

7-1

1000
M,
of—

Peligot found that a specimen of verre

d,

places souflees consisted

67-7
21-0

Silica

Potash

99
r4

Lime
Alumina

100-0
Journ. de Pharm.

et

de Ch.,

Novembre 1846.

;
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— STYPHNIC ACID.

In experimenting on Indian yellow, M. Erdmann discovered a new
acid, to which he gave the name of oxypicric acid.
This substance has also been obtained by MM. Boettgerand Will,
without their being aware of the results of M. Erdmann's experiments.
It was procured by these chemists by treating several gumresins with nitric acid, as for example ammoniacum, assafcetida, &c.
they also procured it from the watery extract of Brazil wood, Sanders and yellow wood, and they have called it styphnic acid, from
arvipios, astringent

They prepare

by heating one part of assafcetida with from four to
r20. At first they heat it to about 158°
to 1 63° F.
as soon as the violent action which then takes i)lace is
moderated, it is to be boiled till all solid matter disappears. When
the solution, on the addition of water, deposits a powder which is
granular to the touch, the oxidation is finished if the water separates a flocculent precipitate, the ebullition with the nitric acid must
it

six parts of nitric acid of
;

;

be continued

then to be evaporated to the consistence of a syrup,
and after having boiled it, carbonate of
potash is to be added as long as effervescence ensues, taking care to
add no excess, in order that the resinous portions which the liquor
may still contain be not dissolved. After neutralization the liquor
is to be filtered and evaporated, and set to crystallize.
There then
separates a salt of potash which is very slightly soluble, having the
form of a brown crust, or of fine needles aggregated in mammillated
forms.
This salt is to be dissolved and re-crystallized in water, and
the oxypicric acid is to be precipitated by nitric acid.
This acid is precipitated in the state of a white powder, or in scales
having the form of fern leaves it is to be washed with cold water
and then dissolved in boiling absolute alcohol from this it separates
in prismatic crystals of considerable size.
The properties of this acid are that its taste is neither sour nor
bitter, but slightly astringent
its solution, either in alcohol or water,
colours the epidermis permanently.
It is yellow, reddens litmus strongly, and readily decomposes the
alkaline carbonates.
It requires 88 parts of water at about 144° F.
for solution
alcohol and aether dissolve it readily. When cautiously
heated on platina foil it fuses, and on cooling becomes a radiated
mass at a higher temperature it yields vapours which readily inflame. When suddenly heated it detonates slightly.
Nitric and hydrochloric acids even when concentrated do not act
upon it at a boiling heat. It dissolves readily in concentrated nitric
acid, and water jjrecipitates it from solution in the form of a white

much water

:

is

it is

to be added,

;

;

;

:

:

powder.

Aqua

regia decomposes it entirely with the production of oxalic
Concentrated sulphuric acid when heated also decomposes it.
If a piece of very dry potassium be sprinkled with this acid, and it
be slightly pressed with a pestle, the acid inflames sodium does not
produce the same eft'ect.
A concentrated aqueous solution of oxypicric acid, especially when
acid.

:

—
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heated, readily dissolves zinc and iron.
Sulphuretted hydrogen has
no action upon it but an alcoholic solution of hydrosulphate of ammonia gives it a deep brown red colour. Assafcetida yields about 3
;

per cent, of this acid.
MM. Boettger and Will found, as M. Erdmann had done, that its
composition is Ce H^ N^ 0\ or C^ (H^ X^) 0°-.
This acid is bibasic.
It is capable of forming several salts with two different bases.
All
the oxypicrates, in common with the picrutes, possess the property
of exploding with considerable force when heated gently.
Journ.
de Pharm. et de Ch., Novembre 1846.

REDUCTION OF THE PERSALTS OF IRON BY ZINC.
Metallic zinc reduces the persalts of iron to the state of protosalts,
and precipitates at the same time some metallic iron, often in the
state of brilliant scales.
According to M. Poumarede, it is equal to
one-third of that which remains in solution, the reaction taking ])lace
according to the following equation (Fe/3=|Fe)
:

6SFe"-l3

O*

or

S6Fe3

0M + Zn6=3SFe'^0+ + 3SZn^O+ + Fe2.

By

superoxidizing the mixture of protosalts which results from a
first reduction, a fresh quantity of iron may be precipitated
and by
successive operations, the whole of the iron of a solution may be pre;

cipitated.
If weak solutions be operated upon, there is usually
disengaged a
certain quantity of hydrogen, which, according to the author, is derived from a secondary decomposition, operated on water by the iron

set free

;

in fact, the zinc

is

always covered with a very slight coating

of oxide of iron.

According to M. Poumarede, the solutions of nickel, manganese,
and even of alumina, yield similar results. Jottrn. de Pharm. et de
Ch., Novembre 1846.

AWARD OF MEDALS.

LINNiEAN SOCIETY.

A

Special General Meeting of this Society was held on PViday the
8th of January, to consider the subject of the following Statement

and Resolution of Council
Kudge, Esq., F.L.S.

relative to the

Bequest of the

late

Edward

The Council, after much patient and anxious deliberation, had
unanimously come to the following resolution
" Resolved,
That in the opinion of this Council, on a full con-

—

_

:

—

sideration of the terms of the bequest of the late Edward Rudge, Esq.,
of the interest of a sum of £200, for the purpose of establishing
a
Medal to be awarded by the President and Council of the (Linnajan)
Society, at their discretion, to the Fellow of the said Society
who
shall write the best communication in each volume
which after his
(the testator's) decease shall be published by the said
Society, in
either of the four departments of Natural History,' it is
inexpedient
'

1
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to accede to the liberal intentions of the testator under the conditions

expressed in his will."
This Resolution, which received the entire concurrence of the
President and of every Member of the Council, was chiefly founded
on the following considerations
Tlie great object of the Linnaean Society, as of all other bodies
similarly constituted, is the production and publication of such essays
as tend to the advancement of that branch of science which it cultivates. The principal question therefore in reference to Mr. Rudge's
bequest, is the manner in which its acceptance would operate on the
Society's publications, and the Council has arrived at the conclusion
that its tendency would be prejudicial rather than favourable
inasmuch as while the Medal would offer no inducement to some of those
Members who have hitherto been in the habit of communicating
papers which have had a place in the Transactions,' they might,
on the contrary, be unwilling to submit their future communications
and it does not appear probable that the Medal
to this new ordeal
would prove a stimulus to the production of more valuable Essays
from any other class of the Society. On the other hand, it is probable that dissatisfaction would arise in the minds of sonie of those
Members, who after contributing papers to more than one volume of
the Transactions,' should fail in obtaining the award of a Medal.
A second objection to the acceptance of the bequest arises fi"om
the absence of any discretionary power of withholding the Medal,
which is necessarily to be awarded to the best paper in every volume,
and consequently to papers of very unequal value, thereby lowering
the character of the ^ledal, and consequently affecting the scientific
reputation of the Society itself.
Differences of opinion, and consequent dissatisfaction, would also
be not unlikely occasionally to arise in deciding upon the comparative merits of papers in botany and zoology, the two branches of
natural history, of which, for many years past, the Transactions of
the Society have exclusively consisted.
Another point may still be noticed as decidedly unfavourable to the
acceptance of the bequest, namely, the not improbable award of the
Medal by the Council, in some cases to one of its own body, in strict
conformity with the conditions of the will conditions which neither
the Council itself, nor (as it appears from the tenor and provisions
of the will) any other party has the power to modify.
These objections have appeared to the Council so important as not
to admit of any other course but that of respectfully declining to
accept a bequest, the operation of which would in all probabilitj'' be
injurious to the best interests of the Society, by lowering the character of its publications, and endangering the continuance of that
harmony which has hitherto prevailed in all essential points. I'he
Council is at the same time deeply sensible of the kind and liberal
:

—

;

'

;

'

;

Mr. Rudge, and entertains a sincere regret timt the
express terms of his will should have rendered the acceptance of his
bequest liable to such grave objections.
The meeting was numerously attended, and the President (the
intentions of
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Bishop of Norwich) having read from the chair the above Statement
on the part of the Council, some of the Fellows who had been Members of the Councils of the Royal and Geological Societies stated
their opinion of the inconvenience and injurious tendency of the
aw^arding of medals in those Societies, and their inutility for the
promotion of science after which the Resolution proposed by the
Council was unanimously approved and adopted.
;

METEOROLOGICAL OBSERVATIONS FOR DEC.
Cliiswick.

— December

Foggy.

1, 2.

Cloudy

3.

:

frosty

4.

1846.

Sharp frost fine.
cloudy.
7. Fine
:

cloudy.
6. Clear
Cloudy clear and fine overcast.
drizzly slight rain.
11.
10. Rain.
fine.
8. Cloudy
9. Slightly overcast
Frosty:
cloudy: clear and frosty.
12.
Frosty: snowing: clear and frosty.
14. Severe frost: clear and frosty
13. Frosty: cloudy: severe frost at night.
16. Sharp
15. Severe frost densely overcast clear and frosty.
throughout.
18. Sharp
frost: clear and cold: frosty. 17. Densely overcast: fine slight snow.
20. Rain cloudy.
21. Rain: clear
19. Rain foggy.
frost clear overcast.
and frosty at night. 22. Slight frost and fog fine clear. 23. Rain. 24. Foggy.
27. Frosty cloudy clear and frosty.
25. Frosty clear.
26. Clear and frosty.
30. Densely overcast frost
28. Frosty and foggy.
29. Slight frost overcast.
at night.
31. Sharp frost: foggy.
5.

:

:

:

:

:

;

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

Mean
Mean

temperature of the month
temperature of Dec. 1845
Average temperature of Dec. for the
Average amount of rain in Dec

— Dec.

31°'26

40*41
40 -04

twenty years

last

I

'58 inch.

Fine: snow on the ground. 2. Cloudy: snow on the ground.
snow on the ground. 4. Cloudy snow on the ground. 5. Fine snow
3. Fine
on the ground rain p.ji. 6. Fine. 7. Rain. 8. Fine: rain r.M. 9. Cloudy: rain
P.M. 10. Fine. 1 1, 12. Snow: snow on the ground. 13
16. Cloudy: snowon the
ground. 17. Cloudy snow early a. jr.
18*, 19. Cloudy snowon the ground.
snow on the ground. 21. Cloudy: snow on the ground. 22. Fine:
20. Fine
snow on the
snow nearly all gone melted snow.
24. Snow
23. Cloudy.
27 30. Cloudy snow on the
ground.
snow on the ground.
25, 2C. Fine
ground. 31. Cloudy snow on the ground melted snow.
Bostoii.

1.

:

:

:

:

—

:

:

:

:

:

—

:

:

:

:

—

Saiidwick Manse, Orkney.
Dec. 1 Showers clear. 2. Bright sleet-showers.
showers.
sleetsleet-showers.
5. Showers
3. Hail-showers
4. Bright
cloudy.
showers.
clear.
8. Drizzle
G. Sleet-showers
cloudy.
7. Rain
snow-drift.
9. Drizzle: shower: clear aurora.
12, 13.
10, 11. Snow-showers:
Snow-drift snoiv-showcrs.
15. Snow- showers snow-drift.
14. Snow-showers.
18. Thaw qm'ck thaw.
16. Snow-showers.
17. Snow-showers snow clear.
showers.
22.
19. Frost showers.
21. Rain
20. Bright clear hoar-frost.
Hail-showers: frosty.
aurora.
24. Hail-showers:
23. Hail-showers clear
27. Bright rain.
cloudy.
25. Clear cloudy.
28,
26. Bright cloudy.
Bright drizzle. 29. Drizzle clear. 30. Fine clear halo. 31. Drizzle.
:

.

:

:

:

:

:

:

:

:

:

:

;

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

—

—

2 4. Hard frost.
Applegarlh Manse, Dumfries- shire.
Dec. 1. Thaw.
5.
8. Frost, but dull.
9. Frost, slight.
C. Frost
clear.
7. Frost.
frost:
slight
10. Thaw: slight snow.
snow.
11
14. Keen frost.
15. Keen
16. Keen frost: sleet.
18. Frost a.m. rain p.m.
17. Keen frost slight snow.
19 21. Wet.
22. Frost, keen. 23. Frost, keen slight snow. 24. Frost, keen
more »now. 25, 26. Frost, keen. 27. Thick fog frost. 28. Thaw fog: rain.

Wet.

:

—

:

:

—

:

:

:

:

29.

Thaw thick fog. .30,31. 'niaw:fog.
Mean temperature of the month
Mean temperature of Dec. 1845
Mean temperature of Dec. for twenty-three
Mean rain in Dec. for eighteen years
:

33°'5

39
38

years

'5

"3

Sinches.

• Not so cold a day in December since 28th December 1829, which was 16°*5.
so cold a month of December for twenty years at least December 1829 was
cold— average 33°' 1,

Not

very

:
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XXVIII. Reply to the Astronomer Royal o« the New Analysis
of Sola)- Light. By Sir David Brewster, K.H,, D.C.L.,
F.R.S. and V.P.R.S. Edin.*

THE

remarks of Mr. Airy in the last Number of this
Journal, on my Analysis of the Solar Spectrum, have, I
doubt not, given as much surprise to its scientific readers as
they have given to me, and this independently of the correctness or incorrectness of the results to which they refer. When a
philosopher examines, and pronounces an opinion upon the researches of others, especially upon those which competentjudges
have recognised as sound, he is bound to repeat the identical experiments which hechalienges, with similar apparatus and similar
materials to state the differences which he observes, to inquire
into the causes by which such discrepancies have arisen, to
establish his own views by new and effective experiments, and
to publish his researches in vindication of his charges against
a fellow-labourer in science.
Mr. Airy, however, has not
done this; but, as we shall presently see, has followed a course
which is as unusual in the history of science as it may be injurious to its progress.
The question (the only one as Mr. Airy says) to which
" Is it established
these observations bear reference is this
that the colour of any porlioji of the spectrum is changed by the
use of any absorbing medium ?"
To this question I and others
have given the answer, that absorbing media do change the
colour of different portions of the spectrum,
I give the same
answer still and rather than believe that I have been blind
for the \si^\. fifty years, I will hazard the supjjosition that the
Astronomer Royal cannot distinguish colours, and is a genuine
specimen of an idiopt, the name which his friend Dr. WhevvcU
;

:

;

*
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has invented to designate the unfortunate members of the
colour-blind community.
But before I proceed to give a notice of the analysis of the
spectrum by absorption, I must refer to the mode of making
the experiments.
Mr. Airy says that ^Hhe eye has no memory
for colours" and that it is therefore necessary to compare imIt may
mediately the modijied with the iinmodificd spectrum.
be true that the eye has no memory of any kind, and therefore not for colours ; but I know that I have a memory for
colours, and that the colours are so much committed to my
memory by fifty years' schooling, that without any immediate
comparison I can tell whether or not the green space has
become yelloiser, and whether or not, by certain combinations
of absorbing media, I see before me a portion of 'iSihite light
standing close to a portion oi' red light in the spectrum, like
an almond and a cherry stuck together.
But, apart from this consideration, I beg to remind Mr.
Airy that I was the first person to use the methods which he
considers his of placing the modijied beside the unmodijied spectrum, by employing the same slit for both; and that I showed
it to \\\mjifteen years ago, when he did me the honour of paying
me a visit in Roxburghshire. In my paper On the Lines of the
Spectrum, read to the Royal Society in 18.33*, I write thus,
when speaking of the coincidence of the Nitrous gas lines with
those of Fraunhofer
:

" In order to afford ocular demonstration of this fact, I formed the solar
and the gaseous spectrum luith light passing throttgh the same aperture, so
that the lines in the one stood opposite those on the other, like the divisions on the vernier and the limb of a circle, and their coincidence or noncoincidence became a matter of simple observation.
I then superimposed
the two spectra when they were both formed by solar light, and thus exhibited at once the tvvo series oflines, with all their coincidences and all
their apparent deviations from it.
Professor Airy, to whom I showed tiiis
experiment, remarked that he saw the one set of lines through the other,
which is an accurate description of a phicnonienoM perhaps one of the
most splendid in physical optics, whether we consider it as appealing to the
eye or to the judgement."

On the 15th of April 1822, I laid before the Royal Society
of Edinbm'gh a paper, in which I describe specific experiments, proving that the colour of parts of the spectrum is
changed by absorbing media, and that a distinct yellow band
can be insulated on the most refrangible side of the line Df.
About the same time Sir John Herschel addressed a letter to
me On the Absorption of Light by Coloured Media, &c.,:{:
• Edinburgh Transactions, vol.
I-

X

Ibid. vol. ix. p.
Ibid. pp.

433-444.

445— 460.

xii. p.

525.

—
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containing experiments from which he drew the same conclusion that I did, as appears from that letter, and from the
following passages in his Treatise on Light.
Viewing the

spectrum through a piece of smalt blue glass 0*042 of an
inch thick, he makes the following observation
:

" This HED

innermost of the two red bancls)**is fiee from tJie slightest
shade o/" orange its most refracted limit came very nearly up to the dark
line D in the spectrum.
A small sharp black line separated this ued from
the YELLOW, ivhich ivas a jwettt/ ivell-defined band of great brilliancy
OF
COLOUR,
AND PURITY
of a breadth exceeding that of the first red, and
bounded on the green side by an obscure but not quite black interval," Art.
(tlie

:

—

496.

Upon
precisely

what

I

reasons as follows
"

and well-described observation, which is
have witnessed a hundred times, Sir John

this distinct

:

The two

reds noticed in Art. 497 have absolutely the same colour, and
cannot be distinguished. On the other hand, the transition from 2^ure red
to j>ure yelloiv, in the case there described, is quite sudden, and the co7itrast
of colours most stri'.ing. * * * * What then, we may ask, has become of

the
side

ORANGE; and how is it, that its 2)lace is partly siipplied by red 07i one
and yellow on the other ? These phienomena certainly lead us very

strongly to believe that the analysis of white light by the prism is not the only
analysis of which it admits. * * * * This idea has been advocated by Dr.

Brewster in a paper published in the Edinburgh Transactions, vol. ix., and
the same consequence appears to follow from other experiments* published
in the same volume of that collection."
Art. 506.

—

Having had occasion

course of the ten years subsequent to 1822 to view the spectrum through, literally, hundreds of solid, fluid, and gaseous bodies in different combinations, I was led to the generalisations which I have described
in a paper On a New Analysis of Solar Light, read to the
Royal Society of Edinburgh on the 21st of March ISSlf.
I endeavoured to prove by specific experiments that the solar
spectrum was compound, and capable of analysis by absorbing
media, and I succeeded in insulating a portion of w/iile lig/it,
which the prism could not decompose.
But as these points
are not now at issue between the Astronomer Royal and me,
I shall make no finther allusion to them.
Nearly three years after the reading of this paper, on the
6th of Jarniary ISSl', the President and Council of the Royal
Society made the following announcement
in the

:

"

The

President announced that the Council had resolved to award the
Keith Biennial Prize, for the second period, to Sir David Brewster, for his
paper On a New Analysis of Solar Light.",

Being then resident in the country, I had no knowletlge
whatever of llie intention of the Royal Society to do mo tliis
• Hdinburgli 'IVansactions,
'

t

Ibid. vol. xii. p. liJ3.

M2

§

5, p.

449.
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No doubts were expressed to me about the accuracy
and being
experiments, and no explanations asked
accidentally in Edinburgh on the 6th of January, the reading
of the announcement at the meeting of the Royal Society that
evening was the principal intimation I received of the adjudication of the prize. Prof. Forbes, the Secretary to the Physical
Class, was then ihe representative of physical science in the
Council. I knew that he had made many experiments on the
action of absorbent media on the solar spectrum, and I have
no doubt that he observed the great fundamental fact described
by Sir John Herschel and myself, which, if a truth, settles the
question between Mr. Airy and me.
It would appear that in the year 1833 Mr. Airy made experiHe could not see any change of
ments on the spectrum.
colour in the spectrum produced by absorbent media, and he
mentioned this result orally, and from recollection, at a
He did not
meeting of the Cambridge Philosophical Society.
consider his experiments worthy of being preserved, for he did
not even copy them from his pencilled notes: he did not think
them deserving of publication ; and yet Dr. Whevvell, the
Historian of science, takes them \x^ J our years, afterwards, and
setting aside Sir John Herschel's experiments, which he may
not have known, and mine which he did know, and holding
cheap the decision of the Royal Society, of which he probably
was also ignorant, he adduces the experiments of Mr. Airy,
without mentioning his name, as hostile to mine, by stating

lionour.

of

my

;

my facts were "denied by other experimenters."
This gratuitous challenge of the accuracy of my experiments,
on anonymous authority, was animadverted upon in one of the
reviews of Dr. Whewell's work and upon publishing a second
edition of it, he naturally applies to his anonymous experimenter, who turns out to be Mr. Airy. Without making a
single new experiment, without even having recourse to his
pencil notes, which he seems to have lost, the Astronomer Royal
authorizes the Master of Trinity to refer again to his experiments as invalidating my analysis of solar light. Dr. Whewell
has of course done this; but he has done it in a note so exceptionable in its argument, and to me so unintelligible in its
interrogatories, that I am most unwilling to criticise it.
He
asks me, for example, if it is meant, that is, if I mean, that
Newton's experiments prove nothing i Who ever said that
they proved nothing? Nevvton's/'?75OTCf//c analysis of the spectrum is, in my opinion, one of the greatest of his discoveries.
"Or," he adds, " is Newton's conclusion allowed to be true of
light which has not been analysed by absorption ?"
To this
I reply, that Newton's conclusions respecting the apparent
that

;

on the
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division of the

spectrum into seven colours, and their difference
of refrangibility, is not in the slightest degree affected by the
results of my analysis. "And where," he continues, "are
we to find such light since the atmosphere absorbs ?" I awain
answer, that Newton's prismatic analysis must, of course, be
the analysis of light after it has experienced all the actions
which it has undergone in passing through the atmospheres of
the sun and the earth but if I misapprehend the object of the
(]uestion, it may be otherwise answered by stating that lio-ht
which has not suffered absorption, and which does not want a
single definite ray, may be found in the white artificial flames
with which we are all familiar.
I have distinctly stated in my
original memoir, what Dr. Whewell seems not to have read,
that Newton's analysis of light by the prism is perfect, so far
as it goes; but Newton committed a mistake, if mistake is the
proper term, when he asserted that to the same refrangibility
always belongs the same colour.
Having authorized Dr. Whewell to refer again to his experiments on absorption, the Astronomer Royal has thought it
;

necessary, in order to justify the reference, to publish hhrecollections of these experiments. This isthefirst time in the annals of
science that the recollections of experiments have been given
to the world.
philosopher in his decline, when his failino-

A

and

hand are no longer fit for the delicate
operations of experimental inquiry, may be excused for callin"'
up the recollections of his manhood in support or in refutation of some exciting speculation
but no apology can be made
for those who, with the means and the leisure for repeating
.sight

his trembling

;

their experiments, bring forward their recollections to discreor to overturn the researches of others who have laboured

dit

patiently

and successfully

in the

same

field

of scientific re-

search.

In the present case these recollections have a still more
peculiar character: they are admitted by their author to be
" 07U1J negative" " Of the results of these experiments," says
the Astronomer Royal, " / can give little more than the single
negative one,
that no change was produced in the qualities of

—

These recollections have still another peculiarity.
Relating as they do to colours, they are the recollections of a
person who confesses that he has no memory for colours, and
so imperfect are they that he forgets the names of the miscellaneous contents of a chemist's shop through which he viewed
the spectrum, and he remembers only the "port and porter"
of his own cellar.
Mr. Airy cannot even tell us what he acthe colours."

tually

saw when he absorbed the sun's rays by smalt-blue glass,
He does not describe the spectrum thus

port and porter.
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produced; but merely tells us that the qualities of the colours
were unchanged. Sir John Herschel, as we have seen, made
the experiment with the same glass carefully, and describes
the results of it minutely
and I have done the same and
both of us have found that the qualities of the colotirs voere
decidedly changed.
But Mr. Air}' may perhaps have made
the experiment more skilfully than we did and he takes credit
for comparing the modified with the unmodified spectrum, and
precautions which others
with excluding all extraneous light,
have taken far more carefull}' and effectually than he did. With
all these precautions, however, he neglected the most important.
He received his s})ectrum upon a paper screc?i and while he
was viewing it, his retina was influenced by all the various
colours which shone in his modified and unmodified spectrum.
In the experiments of Sir John Herschel, I believe, but certainly in my own, not a ray of light entered the room but what
passed through the narrow slit; the retina xvas our screen,
and the absorbing medium was held close to the eye and immediately behind the prism, the only method of obtaining the
purest spectrum from a given prism.
1 have now before me
I can compare any
a modified and an unmodified spectrum.
portion of the one with any portion of the other, or I can
examine it alone and so completely are the colours changed
with the combination of absorbents which I employ, that I
should regard the person as colour-blind who does not see the
change.
In the striped spectrum which I have described in
my paper, the phaenomena are still more beautiful and in;

;

;

—

1

;

structive.

But

it is not merely by absorbent substances that the quaof the spectral colours may be changed. I have obtained,
during a series of unpublished experiments, similar effects from
the interference of pencils transmitted through perfectly colourless media, and prismatically analysed.
What, then, is the result of all this discussion? Sir John
Herschel and I have minutely described certain experiments,
in which we have proved to our own satisfaction and that of
many others, that absorbing media change the colours of portions of the spectrum.
Mr. Air}-, by inferior methods as I
think, but by superior methods as he diinks, recollects having,
fourteen years ago, found that these colours were not changed
The Master of Trinity records the last of these results as undoubted scientific truth, and strives to transmit it to the latest

lities

!

posterity.
St. Leonard's College, St.

February

5,

1847.

Andrews,

[
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XXIX.

Additional Observatiofis on Hail, and on the Organic
jBy Augustus WalBodies contained in Hailstones, S)X.
ler, M.D*
[With a

Plate.]

a preceding Number of this Journal (August 184'6) I
have stated the results of a microscopic observation of
hailstones previous to their fusion, and likewise of the water
resulting from them.
It was then found that this water contained particles of different shapes, which from their nucleated
structure, globular form, and general appearance, were evidently of an organized nature.
Since making these observations I have had an opportunity of repeating them, which
occurred on the 1st of August, when London and the country
in general were visited by that tremendous storm which has
been the occasion of so much damage.
Aug.l.
In my neighbourhood (Kensington) there occurred
several falls of rain, which continued, with a few intervals,
from about 4 p.m. to late in the evening the fall of water was
accompanied with frequent peals of thunder and flashes of
lightning. With the drops of water particles of hail wei'e occasionally found, which rarely reached the size of a bean. No
damage was done to the hot-houses in this locality. One of
these hailstones, perfectly white, when examined under the
microscope in the ordinary way, presented the usual appearance of being composed of minute particles of ice, some spherical, others of a more irregular shape, and numerous bubbles
of air escaped as it melted.
The organized substances contained in the drop of water which resulted were numerous.
Most of them were of an irregular shape with angular outlines.
Others were globular ; and some of these were completely
black, with a nucleus in the centre.
With higher magnifying
powers v/ere seen green globules about joVo'-^ ^^ ^" ^^^^ ^^
diameter, which were either collected in clusters or adherent
together in single lines, like the beads of a rosary, as represented in fig.
of my former paper on hail.
In order to preserve the drop of water for a leisure examination free from dust in the atmosphere, I placed it in a little
apparatus nearly air-tight, which will be described hereafter.
Aiig. 2.
The drop of water thus secured and left under
the microscope was found unaltered in size, but the orgaSome
nized matter had entirely altered its appearance.
of the organized particles had given off filaments in various
directions, as represented in Plate I.t» presenting the ap-

IN

—

:

1

—

•

Communicated by

tiic

Author.

t The magnifying powers under which the objects are represented in
this plate are as follows
h'ig. 1. magnified 300 diameters, fig. 2, 200 diamctcri), and fig. 3, 300 diameters.
:

—
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pearance of hollow tubes, jointed at intervals, with a few
branches or subdivisions generally arising at the joints. The
particles which gave rise to this vegetation appeared to
me to belong to those which I have before described as the
Among these one or two infuirregular angular particles.
soria were likewise seen, moving about with great rapidity.
When at rest their form was oval (A), but when in motion
their anterior extremity frequently became elongated, as at B.
Their organization was extremely simple; no filaments nor
appendages of any kind were to be detected about them.
Their interior had a granulated appearance. All these characters indicate that they belong to the genus Uvella of the
Monadinae, and probably of the species Uvella glaucoma
(Ehrenberg).
C represents one perfectly circular, which
was in a state of constant motion, revolving round its centre.
Atig. 3.
The vegetable filaments bad greatly augmented in
number. Small elongated cells, as represented, could be seen
at various places, as if forming the first elements of the tubulous
branches spread out around them. The infusoria had likewise greatly increased in number.
Aug, 4. The same appearances were presented as the day
Scarcely any alteration could be detected in the Vebefore.
getable and animal bodies: the last were as active in their
movements as before. I purposed to continue these observations every day, in order to ascertain their future changes;
but unfortunately by some accident one of the slips of glass
belonging to the apparatus was broken, and in consequence
the water quickly dried up, so that when next examined the
infusoria were found to be dead.
The further addition of
water was ineffectual to restore the vegetable particles to life.
For the purpose of repeating these observations, and likewise
for many others of a microscopic nature, the little apparatus
which 1 have made use of will be found very serviceable. It
consists of a small square piece of sheet caoutchouc, more or
less thick according as it may be required, with an aperture
On each side
cut in the centre about the size of a shilling.
of it are placed two slips of glass of the same size, which, by
a moderate degree of pressure, may generally be made to
adhere to it so strongly as to render the little air-chamber,
where the india-rubber has been cut away, perfectly secure
When the glass
from all access of dust and nearly air-tight.
does not easily adhere to the caoutchouc, this last may be
Inrendered sufficiently glutinous by heating it moderately.
stead of glass the plates may be of thin mica, which adheres
still better
and from being so much more thin, will allow of
the employment of the highest magnifying powers without the
I have sometimes
possibility of the access of foreign matter.

—

—

;
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used a metallic framework with a screw, by means of which
the whole is rendered perfectly air-tight, and the glasses may be
pressed nearly into immediate contact, but in most cases this is
superfluous.
As an instance of its efficiency in preventing all
evaporation, I may state that I have preserved vaccine lymph
in a fluid state in this manner during more than two months,
with merely the assistance of a degree of pressure on the
glasses, in the first instance secured by a few turns of wire.
This is decidedly the most effectual mode of preserving this
substance fit for use at any moment.
A few of the same kind
of apparatus in the pocket-book will be found most useful
companions to the microscopic observer, when the slips of
glass in ordinary use are inapplicable.
Although the existence of organized particles in the upper
regions of the atmosphere appears at first very improbable,
we shall find that several facts exist which much decrease this
apparent improbability, and even some that appear to corroborate this statement. M. Boussingault has found that organic
matter may invariably be detected in the atmosphere. It is true
that his experiments have been confined to the loweralmospheric strata, and it would be very desirable to ascertain whether
they hold good for those which are several thousand feet above
the sea.
The same may be detected in rain-water and what
is still more to the point, I find that M. Girardin {Academic
des Sciences, April 1834) has detected in the water resulting
from the fusion of hailstones, "a strongly azotized organic
matter, and also lime and sulphuric acid without any trace of
ammonia being present." The frequent vegetations in snow
show at what a low temperature the vital principle may be
sustained.
The red and green appearance assumed by it has
been found to be produced by the Hcematococcus nivalis and
the Protococcns viridis, as these plants have been termed, and
which are probably the same species at different periods of
growth, which have been found to penetrate many inches
below the surface of the snow. These vegetations are found
under the microscope to consist of minute globules, some
green and transparent, about the size of 0""""()I toO'""'-05;
others red, generally larger than the former, and frequently
arranged in single rows, like the beads of a necklace, adherent
together.
The globules are found of all intermediate tints
between the green and the red, and likewise others of larger
dimensions of a red colour, about 0"""'05 to the 0'"'"'055,
which have a more compound structure, as within them are
seen several granules or smaller globules, which was not the
case in the two former.
M. Martens states, that in some of
these globules microscopic infusoria may be detected (see
;
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Ksemtz's Meteorology). I am not aware that the origin of this
vegetation in snow has ever been satisfactorily accounted for;
but when we consider how widely this vegetation is diffused,
and the depth to which it penetrates, it does not appear unlikely that it may have fallen with the snow, in the same manner as the organic bodies in hail are brought from the upper
Further observations must deterI'egions of the atmosphere.
mine how far these surmises are correct, and whether these
bodies are not the same in both cases.
Again, in the hands of Ehrenberg the microscope has been
the means of detecting, in dust fallen on ships in the Atlantic,
Mr.
the remains of above sixty different species of infusoria,
Darwin, in his interesting paper in the Transactions of the
Geological Society, mentions that dust has been collected in
this manner at a point midway between Senegal and Cayenne.
The distance to which volcanic ashes may be conveyed by the
higher atmospheric currents, in a direction contrary to that
of the lower prevailing winds, is well known. These facts
being duly weighed, the frequent and even habitual existence
of minute cryptogamic s})orules and infusorian ovules in the
higher regions of the atmosphere, where hail is formed, will
not appear more incredible than the continued suspension
which globules,
of globules of water composing clouds
as measured by diffraction, are found of far greater size than
the former.
The relation between the presence of these particles and other phaenomena of meteorology remains to be
determined, and how far they may be regarded as accompanying and detector agents of other atmospheric conditions
following or preceding them
and whether the infusoria and
the cryptogamia are the same at all seasons of the year;
whether the locality in which they are collected has any influence; and lastly, whether they are the same in hail and water
falling at about the same time.
In meteorology water likewise presents itself in what is
termed the vesicular, as in clouds and fogs, in the condition
of rain, snow and frost.
In a paper which was read before
the Royal Society, and which will appear in the Philosophical
Transactions, 1847, will be found some experiments of mine
upon water in the first-mentioned condition ; with regard to
the others I shall confine myself to the following remarks.
The transformation of fogs into rain is frequently taking
place around us.
Fogs, which at first are what is termed dry
fogs, scarcely possessing the power of moistening surrounding
objects, alter a time are found to deposit numerous small globules of water, which as long as they remain attached to minute filaments retain their spherical form, but when in con;

;
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This

may

be regarded as simihir to the formation of rain in clouds,
except that it is on a much smaller scale, as the thickness of
the stratum of the iog is much less than the strata of clouds,

measured by M. Peytier.
may examine the minute particles of rain or fogs, as I
have already shown, by passing the air which contains them
through essence ot" turpentine, lowered a few degrees below
the common temperature.
They are then left behind in the
liquid
but at the same time they are mixed with others which
arose from the condensation of the water contained in the air
as

We

;

in

an

elastic condition.

Difficulties exist with regard to the

measurement of the globules while floating about. This is an
objection to the employment of this method of fixing the globules.
I have therefore endeavoured to use another means
of observing these particles, and for this purpose have examined them as they exist on the filaments which compose the
spider's web.

m

siiti, it will be found
In order to examine these globules
convenient to make use of two square frames of sheet cork of
equal size, about two or three inches square.
These are to
be placed on each side of the web, then pressed together and
bound. The whole of the web interposed may then be removed with the globules in statu quo, which may then be submitted to the microscope and measured.
The globules may
sometimes be as small as yjotj'-^^ ^^ ^" inch, which is less than
the globules of the clouds in some instances as measured by
Kaemtz.
But generally these globules are much larger.
They will be found placed at regular intervals, and while
undisturbed show little tendency to coalesce; but when taken
into a warm room they appear to lose with the increase
of temperature, their cohesion to the line, and easily run
off, coalesce with each other and rapidly evaporate; while so
doing, instead of a globular form they become elongated ellipsoids, with the long diameter in the direction of the spider's
line running through tiiem.
In the same fog I have found
these globules always of the same dimensions.
When the
webs are examined over the extent of one or two miles at least,
but in different logs, their sizes are very different.
It is necessary to warn the observer respecting an error that might
be easil)' made in examining the web of the common spider,
because in its natural state it is found covered with minute
globules or beads, which contribute probably to secure the
prey of the animal.
These beads are arranged with great
symmetry. Thus at nearly equal distances will be ibund
globules, as in fig. 2, and between them others smaller dis-

1
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Hail,

We may distinguish them readily,

inasmuch as the globules of water soon disappear, whereas these
beads are permanent, and unaffected by the vacuum of the
Mr. Blackwall has described them fully in the
air-pump.
Transactions of the Linnaean Society.
Numerous particles of an organic nature may be detected
But this investigation is liable to many errors
in rain.
which do not exist with regard to hail because a solid body
of ice will remain completely free from all foreign particles in
the lower strata, and only contains those which were fixed
;

within

it

at the

moment of

its

solidification; while in rain

we

from various sources,
which the drop of water meets on its passage from the point
at which it is formed to the moment of reaching the ground,
such as dust raised by the wind, pollen of flowers, and in the
find a mixture of foreign bodies derived

neighbouriiood of towns, particles of soot continually floating
It therefore requires great care to avoid
in the atmosphere.
coming to erroneous conclusions respecting the nature of the
body under examination, and also to detect the existence of
organic particles in the midst of others which mask its preFor these reasons I avoid entering any further upon
sence.
this subject at present, although deposits of rain-water have
presented under the microscope several particles of an organic
nature.

The most

snow in
grouped
modified by se-

prevailing forms which the particles of

flakes assume, are minuteacicular crystals irregularly

together, small regular rhombic prisms, often
condary planes, and double six-sided pyramids,

like the cry-

of sulphate of potash. The more regular particles are generally found deposited on others more irregular, arranged in
wreaths and various other shapes. A globular nucleus with
small pyramids upon it is a frequent form in flakes of snow.
Separate particles of snow affect much more regular forms. In
these the hexagonal form, or some tendency to assume it, is
generally remarked; and examples of all the forms given in
Scoresby's voyage, and of others still more complex, may be
The
detected by the microscope in snow of this climate.
spongy deposit formed on the outside of vessels containing a
freezing mixture is found under the microscope to present
crystalline forms, which resemble the common forms found in
snow much more than those of any other deposit, such as
frost, or the arborescent deposit often found on the windows
stals

in winter.

In these experiments the hygrometric conditions of the
atmosphere, the degree of refrigeration, and even the rapidity
with which heat was abstracted, appeared to exert great influ-

1
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ence in modifying the crystalline forms that were obtained.
In the same fall of snow a great uniformity is found in the
forms of the separate crystals and of those which compose the
flakes
sometimes there is only one prevailing shape, at others
several very different distinct forms exist, falling at the same
time.
At the commencement of the fall the forms are generally more regular.
In different falls of snow the forms of
crystallization are scarcely ever alike or liable to be confounded ; and even after a temporary cessation these are found
to alter.
In every respect we find the closest analogy between
the formation of these crystals and those obtained from solutions in which the temperature, degree of condensation, and
repose of the liquid, are found to have such influence. Some
observations made on separate occasions will better elucidate
these remarks.
Jan. 7, 1846.
There was a fall of snow, the flakes of which
consisted of minute crystals of an octahedric form, placed on
Besides
acicular ramifications of an irregular description.
these, small globules of ice studded with minute pyramidal
The snow
crystals were perceived under the microscope.
examined at intervals was found to contain spherical globules
without projecting crystals, which towards the end of the fall
of snow gradually increased in size, and might be termed sleet,
as they were visible to the naked eye: subsequently the sleet
gave place to rain, consisting of minute drops. It is impossible
to account for the formation of the mace-like particles of snow,
without admitting, as in my experiments, two distinct periods
or stages in their development.
In the first stage the globular
particle is deposited, and in the second the projecting pyramids are formed from moisture, condensed from either a gasiform or a liquid state.
Dec. 11, 1846.
A heavy fall of snow commencing early in
the morning, which, after a temporary cessation at about 1
A.M., continued until 2 p.m.
Many of the crystals were very
i"egular, thin plates, which presented a hexagonal arrangement;
some closely resembled fig. 15 of Scoresby's figures, as given
in Koemtz's Manual, without the projecting radii.
Some were
composed of a very thin hexagonal star, around which nearly
circular apertures were disposed at regular intervals, and at
the exterior of these six radii.
The flakes were composed of
irregularly-grouped particles
some of a lance-shape, size
others regular six-sided prisms, like those
:i:gj5th of an inch
of iiost, about ^j'yth of an inch; and lastly, others nearly
;

—

—

;

;

globular.

—

Dec. 12.
At about 10 a.m. there was a slight appearance
of snow during nearly an hour.
It consisted of separate par-
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from their size, form and colour, nearly resembled the eggs of the common blow-fly.
At about 2 p.m. the
snow fell more thickly, under the form of small conglomerations or balls, varying from the size of lialf a pea to three or
four times larger.
Pressed between the fingers, some of these
only a few offered any
pellets of snow were easily crushed
tides, which,

;

To

the naked eye they appeared to
consist of spongy crystalline particles: under the microscope
they were found to be composed of small regular crystals
nearly cubical, mixed with others more irregular of complex
outlines
the regular forms were exactly similar to the crystals

degree of resistance.

:

of frost and the cube-like particles found in the snow on the
day preceding. One of these balls submitted to the microscope on a slip of glass, began slowly to liquefy, from the conAs this was
tact of the glass and of the surrounding air.
taking place the liquid was diffused by capillarity over the entire mass, without any trace of moisture appearing externally
until the entire ball was in a state of semi-fusion, and of a dull
and semi-transparent white like a small hailstone: at the same
time the ball contracted in size and assumed a biconvex or
While these changes were taking place the
lenticular shape.
crystals became fused at the angles and edges, most of them
becoming globular and ovular: in this condition several of the
balls were exposed to the open air, then several degrees below the freezing-point. When examined the next morning
they were found perfectly hard, of a regular lenticular shape,
of a dull white colour, in every respect like certain hailstones
which I had collected during the summer. Under the microscope elliptic and circular particles were seen, like those
composing hailstones. Previous to and during their fusion,
bubbles of air were seen exactly as in the hailstones, though
Some of these were enclosed, as reprein less abundance.
This observation
sented at p. 105, vol. xxviii. Phil. Mag.
shows in a direct manner, with a much greater degree of
precision than I could have anticipated, the process of formation of hail as it takes place in general. In the first place,
an agglomeration of crystalline particles, probably in consequence of certain vorticose currents, takes place in a globular
shape. The ball of snow, thus formed by the capillary attraction which it possesses from its porous structure, absorbs any
The effect of this moisture
moisture that may exist around it.
is twofold; first, as modilying the angular outlines of the component particles and secondly, as binding them together into
a consistent mass, which any further abstraction of caloric
If the
will reduce to the state of a hard and solid hailstone.
addition of moisture is considerable, the liquefaction of the
;

%
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until all traces of separate crystalline par-

have disappeared and the air has been disengaged, the
whole becomes transparent, and still capable, by its low temperature, of easily solidifying and forming a transparent mass
ticles

In either case the deposition of successive layers of
of ice.
transparent ice, or of confused solid grains, may be accounted
for by a continuance of the same actions.
In order to exemplify this, it is not requisite to confine ourany kind of
selves merely to snow already in a globular state
snow slightly pressed into a globular shape becomes hardened
and modified by diffusion of water through it, inconsequence
According as this is more or
of slight melting of its particles.
less continued, we obtain all the dull white tints of various
If the mass thus obtained be now exposed to the
hailstones.
air below the freezing-point, the process is still iurther completed by its entire solidification.
It still remained to be seen whether the conglomerations of
snow contained, like hail, any organic particles. I was desirous to determine this point, because I considered them as
being much less liable to contain foreign matter, such as dust
&c. of the lower strata of air, than the common flakes of snow:
at the same time we must admit the possibility of the introduction of foreign particles, even after the entire formation of
the ball, much more than in a solid body of ice like a hail:

stone.

In order to obtain a ball as free from impurity as possible,
one of the hardest was selected, and after the exterior parts
had been carefully brushed off, it was inclosed in the little
apparatus before described.
Several conglomerations were
operated upon in this manner.
In these the foreign particles
were numerous; they all appeared irregular and of an amorphous inorganic nature, except some green globules closely
agglomerated together, some in large quantities, others only
consisting of groups of three or four
their size was about
n^-jj^jjjth of an inch, and they were very similar to some found
in hail, the vegetation of which was not examined (see p. 105,
vol. xxviii. Phil. Mag.).
The drops of water resulting, with
their contents, were examined every day.
The first two
days they were kept in a room which averaged a few degrees above congelation no alteration of the particles was detected.
The third day they were exposed to the rays of the
sun: on the fourth day the green globules had emitted slight
filaments.
Every succeeding day these filaments increased,
and near them were transparent granules scattered about
which increased very slowly, as represented at fig. 3. These
vegetations were preserved lor more than a month by occasion:

;
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adding a drop of distilled water, so as to prevent their
complete desiccation. At the end of this time the group of
vegetation had but slightly increased, but around were several
other groups of vegetations of the same nature which were not
Their
perceived at the commencement of the examination.
examination, which hitherto had been made nearly every day,
was then abandoned as presenting no further object.
As it is possible to distinguish snow of different formations,
its minute examination made simultaneously by different observers over a considerable extent of country, would enable us
in all probability to determine several interesting points conBy their aid we might
nected with the formation of snow.
ally

ascertain to what distance in certain cases the same crystalline
form is preserved, and in what manner this is effected whether
by a simultaneous formation, or by a gradual propagation from
one point to another also at what rate of speed this is effected.
The frequent transformation of the vapoui's of water from
the gasiform to the nebular state, commencing from a small
cloud at the horizon and rapidly extending to the whole visible
sky, bears a close analogy to the action of crystallization of
In both cases a molecular acbodies in solution in a liquid.
tion commencing from a circumscribed point is gradually
propagated to the entire mass, when at a proper degree of
saturation in the liquid solution the crystals formed are all
alike.
In the meteorological phajnomenon, as it is a liquid
but the
that falls, the crystalline action cannot be observed
;

;

;

frequent production of hail renders it not unlikely that the
clouds may sometimes be composed of solid particles.
From their connection with the preceding remarks I will
mention the following experiments
Exp, 1. A saturated solution of sulphate of soda covered
with a thin coating of oil was allowed to cool, and remained
On a glass rod being brought in
at rest for several hours.
contact with the surface, the well-known plia?nomenon of the
The speed at which this
solidification of the solution ensued.
solidification travelled from one extremity of the tube to the
The
other was at about the rate of one foot in forty seconds.
crystalline particles thus formed consisted of long aciculai
:

about

of an inch in thickness.
In a similar solution there were deposited, previous
to its solidification, beautiful transparent, hard crystals, which
are known to differ from Glauber's salts by their containing
only eight equivalents of water of crystallization to one of salt.
After the solidification had taken place the crystals were found
to be changed to a milk-white colour, although they still reUnder the microscope they were
tained the same shape.
jij^Qjjth

Exp.

2.
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found to consist of minute irregular particles, which accounted
for the change of colour and opacity.
It appears, therefore,
as if the molecular action, which causes the solidification, has
the power of disaggregating or breaking up the crystalline
arrangement of a body in a solid state.
Exp. 3. A solution of sulphate of soda which is not saturated, or has not been allowed to cool entirely, is affected by
the contact of a forejgn body much more slowly.
After the
lapse of several minutes, the formation of separate clusters of
crystals much larger than the former is observed
after about
half an hour, these clusters were seen at numerous intermediate
points throughout the length of the tube, which was several
:

feet long.

Frost and snow examined under a magnifying power are
alike than we should expect from their appearance
to the naked eye.
I have already mentioned the small, nearly
cubical prisms, precisely like those of frost, which are found
in snow.
In the following instance of hoar-frost the likeness
is still more complete.
Dec. 28, 1846.
The ground and all minute filaments were
covered with abundant crystals of frost thermometer 27° F.
The filaments of the spider's web were studded with quadrilateral prisms ranged transversely along the threads.
In the
afternoon a slight fall of snow occurred, whose particles were
exactly like those of Dec. 12, except that they fell in large
flakes.
These were examined together with other particles of
frost deposited on a web, and found to be precisely the same,
except that the particles of snow were about a third smaller
than those of frost.
Several salts manifest a peculiar tendency to ascend and crystallize on the sides of the vessel which contains them, but none
of them so greatly as water when it solidifies in a cavity formed
by moist earth. The first crystals formed are considerably
above the surface of the water ; and they increase until a solid
crust is formed by them and the cavity below remains perfectly
dry. Camphor, naphthaline, iodine and hydrosulphate of ammonia, resemble water in their volatile properties, and their
tendency to solidify in a crystalline shape.
The tendency of
the first to deposit itself in crystals on the side of the glass
nearest the light is well-known. Naphthaline in the same condition slowly deposits a few minute crystals on the same side
after the lapse of a month a few scattered clusters of them were
formed, after which no further increase of them was perceived
even at the end of several months.
Iodine exposed in a large
bottle to the sun during the summer formed deposits of different forms on various occasions, but all composed of rhombic
P/iil. Mag. S.3. Vol. 30. No. 200. March 1847.
N
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plates slightly modified.

Some

of these rhombic crystals were

separate, about the tenth of an inch in size, and with angles
of about 50° and 130°: some of the crystals formed long,
thin, narrow blades, above half an inch in length, with a bright
metallic lustre: on their edges were two or three indentations

indicating the separate crystals.
This
Hijdrostdphate ofammonia.

—

is to be obtained by bringing into contact ammonia and sulphuretted hydrogen in a
gaseous state and })erfectly dry at a low temperature.
then observe the formation of a white crystalline deposit on the
Any fursides of the vessel in which the gases are received.
ther directions respecting the mode of obtaining it will be found
in Thenard's Chemistry, Berzelius, &c.
Hydrosulphate of ammonia is so extremely volatile, that a
piece of lint wetted with aether and placed in contact with any
part of the bottle which contains it, causes the salt to form a
The crystals in these
deposit at the inner surface beneath.
cases are frequently very regular hexagonal stars, like those
current of water falling on any part of the bottle
of snow.
rapidly produces the same effect. In summer it generally sublimes to the upper part of the bottle, on account of the greater
heat which is communicated to the base of the bottle by conIn a clear night the
tact with the shelf on which it is placed.
o(:)posiie effect is produced when placed in contact with the

We

A

ground. But it is particularly when employed as a differential
thermoscope that the indications of this salt are interesting.
Thus, during a clear night the salt rapidly accumulates towards
the points at which the greatest radiation of caloric takes place.
A bottle containing this salt placed between two unequal radiating surfaces, indicates, by its change of position, the difIn fact wherever
ference in the radiation of these surfaces.
the equable distribution of caloric is disturbed in the same
direction for some time, the altered position of the hydrosulphate serves as an indicator of the course it has taken, and
the forms of the crystals show to a certain extent the rapidity
with which it has been effected, because where the action is
rapid the crystals are much smaller and more confused, than
when it has been more gradual. It is surprising how small a

power is sufficient
when properly disposed. I

difference in the radiating

to alter the posi-

will not at present enlarge any further on the thermoscopic properties of the
hydrosulphate.
It presents all the conditions corresponding
During its preparation it is frequently obto those of water.
served in the air in a state of microscopic crystals representing
snow the crystals formetl by rapid evaporation are exactly

tion of the salt

:

like the

hexagonal plates of snow.

A

more

gentle action gives
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rise to crystallization, like those

of frost and of congealed
Although we have rarely seen it in a liquid state, yet
during summer, under the influence of the sun's rays, its crystals become perfectly liquid and assume a globular form, and
which they retain as they again solidify; Ibrming, in these
water.

cases, conditions

and

corresponding to water in a liquid

state, ice

sleet.

XXX. On

a Machine for Calculating the Products, Quotients,
Logarithms, and Powers of Numbers.
By the Rev. Henry
Moseley, M.A., F.R.S., one of Her Majesty's Inspectors

of Schools, and lately Professor of Natural Philosophy and
Astronomy in Kin^s College, Lo7idon^.
[With a

Plate.]

T HAVE

proposed to myself in the construction of this
-*machine, to determine mechanically the products, quotients, logarithms, squares, square roots, and other
powers
and roots of the natural numbers, by means of combinations of
greater simplicity than have hitherto been applied to the purposes of mechanical calculation.
The accompanying Plate II. is intended to illustrate theprinciple of the machine, but it does not show the
mechanical
details of its construction or the due proportion of
its parts.
It will be observed that it consists principally of
a cone and
a screw.
The application of the cone and the disc to various
purposes of mechanical calculation has long been well known,
and particularly by the ingenious applications made of the disc
to dynamical admeasurement by MM. Poncelet and
Morin.
The novelty of this instrument consists in the combination
of the screw with the cone.
CD represents a small screw terminated by solid cylindrical
axes or gudgeons, of which that shown by the letter
is prolonged, and carries an index T.
The screw admits of being

D

fixed in

bearings or made to revolve in them.
a wheel having a hollow cylindrical axis, into which
is accurately fitted a hollow cylindrical
piece, whose internal
surface is traversed by the thread of a female screw working

PQ

its

is

upon the male screw CD.

The

hollow axis of the wheel

upon the cylindrical piece inserted

PQ
in

admits of being fixed
or of being disengaged
may be made to°ca"ry
revolutions, or to turn

it,

PQ

from that piece, so that the wheel
the female screw round with it in its
freely upon the outside of the cylinder which
contains that
screw, as upon an axis.
•

Communicated by the Author.
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PQ

The

are pierced by apertures,
three arms of the wheel
through which pass, accurately fitting them, the three rods of
the rigid frame EF, which frame turns in fixed bearings at C
upon hollow axes, through which axes pass the cylinand
drical extremities or gudgeons of the screw CD.
traverses the frame EF longitudinally, and
The wheel
and
at the same time carries it round with it in its revolutions
it admits of being ^xecl upon the frame at any distance from

D

PQ

:

either extremity.

AGH

The frame

carries an index S.

AG

is parallel to the screw
a cone, whose side
upon fixed bearCD, which turns by means of a spindle
ings, and which is continually pressed upon the edge of the
wheel
by a spring acting upon the extremity of its spindle.
The cone is of some soft metal, brass for instance.
is very thin, of steel, and milled,
The edge of the wheel
so that it imprints a minute tooth upon the soft face of the
cone at every point where it levolves in contact with it.
The spindle
The indices R, S,
carries an index R.
point to equidistant divisions upon fixed circles, not shown
in the Plate; and each of them is connected with a train of
wheels and pinions, whose numbers of teeth are in the proportion of ten to one, and which serve to measure the complete number of revolutions and parts of a revolution made by
each index.
Now certain dimensions (hereafter to be determined) being
assigned to the different elements of this combination, it may
is

AB

PQ

PQ

T

AB

be shown,

CD

1st. That if the frame EF be fixed, and the screw
turned until the index
points to anj' given number N3, and
then the frame be released, the wheel
Ji.ved upon the
frame, and the cone turned until the index R points to any
other given number N,, then will the index S point to the
product of the numbers N, and N3.
2nd. That if, as before, the frame EF be fixed, and the
screw turned until the index
points to any number Ng, and
then the wheel
bejixed on the frame, the frame released,
and the cone turned until the index S points to any other
number Ng, then will the index R point to the quotient of Ng

T

PQ

T

PQ

byN3.

CD

3rd. That if the screiso
be fixed, the wheel PQ and the
frame released, and certain other adjustments made, and if the
cone be turned until the index S points to any number N,
then will the index R point to the logarithm of that number.
4th. That if the spindle of the cone be connected with the
axis of the screw CD by means of two bevelled wheels, so that
the rotation of the one shall always bear a given relation to
that of the other, then the frame EF and the wheel PQ being

:
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both released, and the cone turned until the index R points
to any number, the index S will point to the square of that

number.
Theory of the Instrument.
be taken to represent half the angle at the apex of the
cone, p the radius of the wheel PQ, and X the distance between
each two threads of the screw also let n^., n^, 7/3 represent
severally the numbers of equidistant divisions on the circles
to which the indices R, S, T severally point; then will

Let

J

;

N.
N N
—
—-, —
;?2

made

represent the numbers of revolutions

^

-,

«j

se-

'

7}^

numbers Nj, Ng, Ng are
verally by
Now suppose that when the wheel PQ is at the
registered.
apex of the cone the indices R, S and T each point to zero,
and the frame EF being fixed, let the screw CD be turned
the indices whilst the

until the

T

index

have made

N—

shows the number Ng

;

then will the screw

and the wheel

revolutions,

PQ

represented

N
by —^

X

.

so that the radius

;

have ad-

will

"3
vanced from the apex of the cone to a distance

AP

from

it,

PM of the circle de-

scribed by that point whilst the cone revolves will be represented

N
—^ X sin

by
'

«,

and

its

circumference by

27r

N
—

the cone be

let

made

to revolve (the

upon the frame and the frame released)

number N,, or

the

X sin

^

».

Now

«3

"3

it

until the

cone has made

until the

then will the point P in
a space represented by

PQ

wheel

being fixed
index R shows

N
—

-

revolutions

have been made to revolve through

N,
^ N3
-,
27r—^.Xsmi.

—

.

Wg

7?i

——— .N1N3.
SttX sin

,

or by

<

,.

T

-vT

"l''3

But by reason of the continual pressure of the cone upon the
edge of the wheel PQ, that wheel will have been carried round
in the revolution of the cone, so that the

the wheel will have described precisely the

point
the

P

of the surface of the cone

number pointed

to

;

by the index

if

circumference of

same space

therefore

S, so that

Ng

N^
—

as the
represent

represents

"2

the

number of

revolutions

made by

the frame

EF

and wheel
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PQ, and

therefoi-e 27rp

we

ference,

shall

N
—^

the space described by

its

circum-

have

Let now the quantities

?ij,

n^,

7j.^,

p, A,

»

be so assumed that

C-^^^ = l;
N2=Ni.N3

then
that

(«.)

(1.)

number Ng shown by the index S is the
numbers Ni and N3 shown by the indices R

to say, the

is

product of the

andT.
Dividing equation

by Ng,

(1.)

N.=

|^

P-)

whence

it follows that if, proceeding in other respects precisely
as before, we cause the cone to revolve, not until its own index
points to a given number, but until the index S points to
of the cone show
the given number Ng, then will the index
a number N,, which is the quotient of Ng and Ng.
To adjust the instrument to show the logarithms of numbers, let the wheel
be brought to the apex of the cone,
and let the screw
be fixed, and the index S then made
to point to zero.
Let the cone then be turned until the index
S points to unity, and in this position of the cone let the index
be made to point to zero. The frame
being then
allowed to turn freely, and the wheel
to traverse freely
on the frame, the number N, shown by the index
will
always be the logarithm of the number Ngshown by the index S.
For while the number N, is increased by the exceedingly small
number AN,, let the number N, be increased by AN^; the
parts of a revolution made hy the cone and wheel respectively
whilst Nj and Ng receive these small increments, will then be

R

R

PQ
CD

R

EF

PQ

R

ANi

and
,

ANg
^,

,

,

and the arcs

-.

^

.

^

to radius unity, l-n

«2

"1

AN.
Stt

?.

Moreover, the wheel

AN,

,

and

"1

PQ

.

havini;

made

N

»-^ revolu-

upon the fixed screw CD, will have been carried from
the ape.x of the cone to a distance from it represented by

tions

;
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N
—^X;

so that the radius

PM of the circle in

the act of being

described by the point P upon the surface of the cone whilst
the numbers AN, and ANg are being registered, will be

N ?Asin»;
—

and the exceedingly small arc described by that

"2

point whilst these numbers are registered, will be represented

by
Stt

.

—

-''

A sm

f.

"2

"1

But this arc, described by P upon the cone, is equal to that
described in the same time by a point in the circumference of
the wheel, which last

...

represented by

is

27r

AN ?

p

2.M..^.Xsin.=2.^^.;
...

(^AN,= ^;

or passing to the limit and integrating between the limits unity
and Ng,

(ii|i)N.=,„g.N,;

(s

.-.

Let the quantities

X,

«,

«lf

n^^,

p

Xsin

)

=.:N,.

be so assumed that
(

8"^= 10;

whence

it

..

lON.rrNa;

•••

Ni=log,oN2

follows that the

number shown by

(/3.)

(3.)

the index

R

(under this adjustment of the instrument) will in every position
be the common logarithm of the number then shown by S.
If the spindle
be made to carry round with it the screw
by the intervention of two bevel wheels the number* of
whose teeth bear a given ratio, ?i, to one another, so that the
screw
may make?nevolutions or parts of a revolution whilst
be so
the spindle
makes one; if, moreover, the wheel
released from the female screw, which forms its centre, as that
the outer surface of that screw may serve for an axis about
which it may turn freely whilst it is still carried along the
frame by the longitudinal motion of the screw; and if the in-

AB

CD

CD

AB

PQ
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dices be

made

all

to point lo zero

PQ

when the wheel

is

at

the apex of the cone, then, representing as before by Nj, Nj,

Ng

shown

the numbers

represent the

number of

number N,

the

distance

AP

is

any time by the

at

revolutions

registered

PM ot

;

so

PQ will have
that —^ X sin

it

«

the circle which the point

k

sin

P

'

?i

—

A the

^

been moved
will

be the

of the cone

«.27r

will

the screw whilst

by R, and therefore

the act of describing, and

which

made by

by which the wheel

from the vertex of the cone
radius

N
indices,

'

actually describes whilst the increment

is

in

the small arc

ANj

regis-

is

But AN2 being at the same time
tered by the index R.
registered by the index S, the circumference of the wheel will

AN

describe a space represented by

-.

27rp

;

«2

AN.
«o
...

«Ni

^

AN,

^

n.

n,

"^

AN,= (^-!:^).N,AN,.

And

passing to the limit and integrating between the limits
zero and Nj,

N.= (^)-N.'If,

therefore, the quantities A, n, Hj, «2>

2«

:1,

2p

/

P>

»

^^ so assumed that

......

.

N2=NiS

then

(4.)

Ni='v/n;;

and
so that the

number Ng shown by

(y.)

(5.)

the index

S (under

this

adjustment of the instrument) is, in every position, the square
of the, number shown by the index R ; and conversely, the
number shown by the index R is, in every position, the square
root of the number shown by S.
If a second frame and screw and wheel, similar to EF and
and PQ, be conceived to be placed parallel to the side
of the cone, and if the cone be so pressed upon the edges
of both these wheels as to carry them round with it in its revoluif, moreover, the axis of the second screw be so connected
tion

CD

AH

;

;

;
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EF

with the axis of the frame
by two bevel wheels, as that
the number of revolutions made by the latter shall bear a certain given ratio ?i' to the number made in the same time by
the former; then will the number N4 shown at any time by
the index of this last frame be the cube of the number N, shown
at the same time by the index R,

—^

For

number of

representing the

revolutions

made by

2

the

first

frame

EF

will represent the

whilst the

number Nj

number of

revolutions

time by the second screw, so that

n'

is

registered, n'

made

-^. \

will

in

the

circle

which

Moreover,

cone describes whilst

N X sin
—
^

—^ \ sin

1

moved

the radius of the

point of contact with the cone will be in the

its

act of describing.

that n'

«'

same

represent the

distance by which the second wheel will have been

from the apex of the cone, and

-^

AN,

AN
J

"2

.27r

i

is

is

27r

?-

is

the

ande which

registered by the index

R

the
:

so

the small arc described during this

"1

time by the point of contact of the second wheel with the cone.
But the increment AN4 being registered during that time by
the index of the second frame, the circumference of the second

wheel will describe the arc

^.2wp

but

N2=N,2

representing the

{71^

ber of equal parts into which the circle
index of the second frame points)

is

num-

divided to which the

(by equation 4)

/.^V^Yn^.an,

^.

Therefore, passing to the limit and integrating,

/«^.^Asin.\j^
If therefore n! be so taken that
'4

Sn^n^

(8.)

1
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then

N4=N,3,

(6.)

and

N,= ^F4;

(7.)

so that (under this combination) the number N4 shown by
the index of the second frame is, in every position, the cube
of that shown by the index R; and conversely, the number
is tiie cube root of that shown, at the
shown by the index
same time, by the index of the second frame.
In like manner, by placing any number of like systems ofn
frame, screw and wheel, upon the side of the cone, the third
screw receiving its motion from the second frame, the fourth
from the third, &c., any other powers of the number Nj, or
roots of the numbers Ng, N^, &c. may be conceived to be determined, the power shown by the last index, or the root by the
first, being one greater than the number of frames so applied.
The four equations of condition (a.), (/3.), (y.), (S.) between
the nine quantities n^, 71^, 7/g, n_^, n, n', \, », p leave five of them
undetermined. These are to be assumed of such values as
ma}' be found most convenient in the construction of the
machine, the general principle of which it is the object of this
paper to explain.
The Plate in particular, as has already been stated, is by
no means intended to show the details of the construction
of the machine, or even the general proportions of its parts,
but simply to illustrate its principle. There are, indeed, some
elements of its construction, which, for the sake of simplicity,
have been altogether omitted from it. These are the trains
of wheels which must be connected with each of the axes carto register the complete numbers of
rying the indices R, S,
revolutions made by those indices, and the divided circles to
which the indices point, showing such portions of the numbers Nj, N4, &c. as correspond to less than one complete revolution.
It will be obvious that, since the number No represents (in
the first adjustment of the instrument) the product of the
numbers Nj and Ng, the divisions on the circles pointed to
and
must be greater than those of the
by the indices
circle pointed to by the index S, or the numbers 7?j and n,^ less

R

T

R

T

than the number n^jIt will, moreover, be observed, that the instrument, whilst
it differs from other calculating machines, and claims to be
superior to them in the simplicity of its combinations, differs
also, and is inferior to them in this respect, that the truth of
its registrations is dependent on the mechanical accuracy of
its

construction.

Those elements of

the machine, on the mechanical truth
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and adaptation of which
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—

accuracy depends, are,
1st, the
screw, the convolutions of whose thread must be of geometrical uniformity; 2nd, the cone, whose surface must be of
geometrical truth and 3rd, the wheel, whose edge must have
so intimate a contact with, and hold upon, the surface of the
cone, as to partake accurately in its motion at every point
which it traverses.
My experience in the use of a similar cone and wheel in a
steam indicator constructed at the expense of the British
Association of Science, has convinced me that the required
accuracy is in this last respect attainable.
In respect to the two first-mentioned sources of error, it
may be observed that there are no mechanical forms of greater
simplicity than the cone and the screw, and probably none in
respect lo which greater truth of construction is attainable.
Every such instrument must however have its error ; its
amount in respect to this instrument maybe determined by an
obvious method, and it is probable that it may in every case be
corrected by a corresponding adjustment.
its

;
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071 the use of a mixture of Spirit of Wine and Camphine, as a Light for Optical Purposes.
By John George
Children, Esq..) F.R.S.

To Richard

My

Taylor, Esq.

dear Sir,

TF you think

Halstead Place, Feb. 13, 184>.

the following

worth inserting in the Phi* losophical Magazine, it is at your service. 1 have lately
assisted a friend in getting up an apparatus for dissolving
views, &c. on a scale too large for sufficient illumination by
the best Argand lamp, and we considered condensed hydrogen
gas as too dangerous an agent for a plaything; especially in
private houses in the country, where much must be left in
the preparation of the gases, &c. to servants unused to such
duties.

We

set to

trifle

work therefore

to find

a substitute that

might answer our purpose; and after a few trials we obtained
a tolerable light, by throwing the flame of spirit of wine on a
surface of quicklime by a current of oxygen gas, something
after the manii' r of Lieut. Drummond's original experiment*.
The illumination by the flame of spirit of wine alone, however,
proved to be too feeble; but by mixing a portion ofcamphine
(spirit

of turpentine) with

it

(which readily dissolves in alcohol)

•

Philosophical Transactions, 1826, p. 330.
Drummond's object and
ours were Koniewliat dillerent.
He wanted to get an intense but small
bphere of light, " adapted to the nature of a (paribolic) reflector:"

we

also wanted as intense a light as we could obtain, but, as we
could not
mlvantageously use a reflector, one which should likewise extend over
a

much

larger surface.
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by measure, of one partofcamphine to eight
parts of spirit of wine, of the specific gravity of •84'1 at 60° F.
(equivalent to the spirit of commerce of 60'^}, we obtained a
light amply sufficient, not only for my friend's dissolving views,
but also for his microscope and physioscope, and perfectly

in the proportion,

My
danger, or even possibility of explosion.
is about 22 x 18 feet ; and if it were twice as
large, the light is quite capable of illuminating it brilliantly ;
and it shows a microscopic object, magnified from half an inch
to thirty feet, or 720 times, linear, with great distinctness and
beauty.
I do not mean that our toy can be compared to the
almost solar intensity of the oxy-hydrogen light, also invented
free

from

all

friend's screen

Lieut. Drummond*, and now in common (too
use ; but in a trial I made the other day in Francis
Street, with an apparatus hastily put together for the purpose
by Mr. Collins, I found its effect, measured by one of Wheatstone's photometers, equal to that of seventy-six of Brecknell
and Turner's best platted-wick wax candles ; and in several
trials with our own apparatus, more carefully arranged, and
with thoroughly well and recently burnt lime (an essential
caution), we have found it quite equal to 108 of the same canThe oxy-hydrogen light at
dles, and on one occasion to 120
Mr.Collins's, which was splendidly brilliant, being compared in
the same manner, was found equal to 121 of the same candles.
In these experiments, no portion of the rays from either of
the lights was intercepted our object being to ascertain the
comparative illuminating power of their entire surfaces, and

by the

late

common

?)

!

;

not their comparative intensities onlyf.
Were it not for the peculiar odour of the so-called naphtha
or coal-oil, which to some persons is highly offensive, even in
its purest state, it might, when highly rectified, be advantageously substituted, in an oeconomical point of view, for the
Four ounces of camphor dissolved in a pint of
spirit of wine.
that liquid, gives, under the same circumstances, nearly as

and camphine.
from camphine alone is for a few seconds intensely
brilliant, but it is soon quenched in the enormous mass of unburnt carbon, which partly condenses on the lime and partly
escapes into the atmosphere, filling the whole apartment with
a dense and almost suffocating cloud of floating black particles.
brilliant a light as the spirit

The

light

* Philosophical Transactions, 1830.
+ Some attempts indeed were made in Francis Street to compare the
intensities alone ; but the apparatus, from want of time to prepare a better,
was too imperfect to allow me to place any confidence in the results. As
far as they went, they were greatly in favour of the superior intensiti/ of the
oxy-hydrogen light. I hope to repeat the trials with a more refined apparatus.

M. Encke
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and well-regulated supply of oxygen gas might
A
perhaps remedy this defect.
Our apparatus consists of a copper lamp with two tubes
lying close together, and each containing a wick formed of
flat cotton rolled up into a cylinder; and a cylinder of lime,
about three-eighths of an inch long and one-eighth of an inch
sufficient

a thin copper case.
The pipe conveying the oxygen gas from the gasometer terminates in a
small jet, inclining upwards, which lies between the two wicks
slightly parted to receive it, and within rather less than oneeighth of an inch from the circular disc of lime, and about
one-fourth of an inch above the lower edge of the copper case.
find that the common chalk of this neighbourhood furnishes a lime which gives a better light than that from the
Bristol, or any other limestone we have tried*.
Mr. Collins, philosophical instrument-maker to the Royal
Polytechnic Institution, makes lanterns for dissolving views
and microscopes, fitted up with the spirit and camphine light,
and will be happy to show its effect to any gentleman who may
wish to see it. His address is " 2G Francis Street, Tottenham
Court Road," and at the Polytechnic Institution.
I am ever, my dear Sir, faithfully yours,
in diameter, inclosed in

We

John Georgr Children.
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and present position of which
a priori by M. Le Verrier of Paris,

planet, the orbit

was discovered almost immediately at the Berlin observatory
by Dr. Galle the very first night the Hora XXI. of the Academy's star-maps (which have been prepared with such extraordinary care and accuracy by Dr. Bremiker) was compared
with the heavens, and thus afforded the most brilliant proof
of the truth of theory, and the wonderful sagacity with which
M. Le Verrier had made use of the existing data. With
this confirmation, so far exceeding any expectations which
could have been previously entertained, the name of M. Le
Verrier will ever be connected, and acquire in consequence of
it a celebrity as justly merited as it is unexampled in respect
:

mode in wliich it is gained.
From the slowness of the motion of the planet, the observations hitherto made at the Berlin observatory, although
they extend to twenty-five days, may all be connected with a
star occurring in Bessel's zones, the mean place of which was

of the

prelin)inarily

*

Drummond

assumed

to be
327° 5G' 56"-4- 1 3° 26' 9"-6

also obtained the

must

biilliunt light

from

ciialk lime.

t From the Bcrichten dcs Akad, der Wissenchaftcn zti Berlin,Oct. 22, 1 846.
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more accurately determined. To estimate the distance
of the planet, a circular orbit was assumed by Dr. Galle, which

until

agrees so accurately with all the individual positions, that the
tempt to determine an elliptic orbit must be deferred for some
time.
comparison with the assumed orbit,
Epoch Sept. 24'0 mean Berlin time
326° 58' 23"-5
Mean longitude.
.

A

.

Ascending node

.

.

.

.

131

1

10*8

52 51*5
Semidiameter
30-03885
Mean daily sidereal motion 2l"'55l71
Inclination

1

.

gave the following
1846.

results

.

:

.

—
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elements are indeed merely approximative but since
a circular orbit, previously calculated by me from other observations, gave very nearly the same numbers, it may at least
be concluded from them that the planet is much nearer than
M. Le Verrier had assumed. Its distance from the sun should
be 33 according to his elements, while according to the above
it will not difter much from 30 ; consequently the period of
revolution will also be shorter.
If the orbit were actually circular, the period would be about 165 years.
In another point, however, with respect to which M. Le
Verrier had only presumptions to go upon, he has hit the
truth with most remarkable accuracy. According to him, the
disc of the planet amounts to about 3""3, while the mean of
;

the measurements gives 2""7.
I take this opportunity of expressing

my views with regard
intend to assign to the planet for the next
year, as I am compelled to come to some decision on account
of the publication of the Astronomical Jahrbiich, in which the
planet must be inserted as soon as its elements are more accurately determined.
To every new planet, the astronomers who were countrymen of the discoverer at first added appellations, which were intended to call to mind some peculiar
circumstance.
Thus the English called and still call Uranus
the Georgian phmet*, as a mark of gratitude to king Geor^je
the Third, whose munificence enabled Herschel to construct
his great reflectors; and the planet was detected, as is well
known, by its disc. Piazzi named his planet Ceres Ferdinandea^ in honour of the king of Naples, the founder of the observatory at Palermo.
In the same manner Pallas was at first
called Olbersiana, until Olbers himself pronounced strongly
against the adjective.
Subsequently the epithets have been
disused by the German discoverers, Harding, Olbers and
Hencke; and according to the suggestion of Bode, the name
Uranus has been everywhere introduced except in England,
and the name Ceres is now generally used without any addition.
The astronomers of Paris appear also to have had respect to
this custom of naming the planets after the ancient divinities,
princi|)ally ofifie Romans
since Le Verrier himself, in his
first letter to Dr. Galle, Oct. 1, in answer to the announcement of the discovery of the planet, stales at the conclusion,
"the Bureau des Longitudes has pron(Junced for Neptune,
the sign u trident." This too appears to have been after some
consideration
lor as Dr. Galle had in his letter hinted at the
iViiiin^ Janus, M. Le Verrier observes that " the name Janus
to the

name which

I

;

;

* In the Nautical Almanac only.
with British astronomers. Ed.

Uranus

is

the

name now

in general use

—
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would indicate that tliis planet is the last of the solar system,
which there is no reason whatever to suppose."
Moreover, this name [Neptune] has been widely bruited ;
for in a letter which I have received from Gauss, our first
German authority in astronomy, dated Oct. 7, he says, " I consider the name Neptune chosen by M. Le Verrier to be very
appropriate perhaps a trident might be selected as the sign if
it were not improper in any way to interfere with the rights of
;

the discoverer."
Now in a letter which I have received from M. Le Verrier,
dated Oct. 6, he states, " I requested my illustrious friend,
M. Arago, to choose a name for the planet. I was somewhat
startled at the decision {j'ai ete tin pen coiifus) which he made
This confirms the information
at a sitting of the Academy."
we have received through other channels, that the name Le

Verrier had been proposed by M. Arago.
Fortified by the high authority of Gauss, and the Bureau
dcs Lo7igitudes of Paris, I shall, under these circumstances,
retain for the next year the name Neptune, and the sign of
the trident, until public opinion in Germany has become suffiOur
ciently consolidated to establish a definitive appellation.
German custom has prevailed in the case of four, we may
even say five new planets, as Herschel was a German by birth
and as it cannot be in the least my intention to undervalue the
great merits of M. Le Verrier, which I have most cordially
admitted, so it is my opinion that his name will ever remain
so firmly connected with Neptune, that it is not necessary, in
order to keep up the recollection of the discovery, to introduce
the somewhat incongruous collocation of the heathen gods
with a modern name. Besides, in the present case, a German
has the essential merit of having discovered the planet.
In letters which 1 have since received from Sir John Herand Struve, in Pulschel, the planet is also called Neptune
kowa, has pronounced decidedly for retaining this name. The
first astronomical authorities, therefore, in Germany, France,
England and Russia, have pronounced in favour of Neptune.
;

—A

Nole.
paper received by the Astronomer Royal from
Struve, and inserted in the A thensum for Feb, 20, assigns
similar leasons for adopting the proposed name.
subjoin
the following passage
" Far be it from us to have any intention of withholding our
entire admiration from the eminent merit of M. Le Verrier.
But impartial history will, in the future, make honourable
mention also of the name of Mr. Adams, and recognise two
individuals as having, independently of one another, discovered
the planet beyond Uranus.
In the same way, it attributes

M.
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the discovery of the infinitesimal calculus at once to Newton
Mr. Airy, the Astronomer Royal at Greenand to Leibnitz.
wich, has published a complete and authentic report on the
labours of Mr. Adams relative to the existence of the TransUranian planet. In that report, we see that in September
1845 Mr. Adams arrived at a result, and that in October he
transmitted to Mr. Airy a paper containing elements of the
planet so nearly approximative that it might have
been found in the heavens ten months before it actually was.
But Mr. Adams's labours were unsuccessful, because the two
astronomers (Mr, Challis of Cambridge and Mr. Airy of
Greenwich) to whom they were known hesitated to admit
them without further examination. Their doubts are explained by the importance and novelty of the object, and by
the extraordinary difficulty of the research itself, which might
well have been deemed beyond the powers of a young savant
These doubts were accordingly not distill then unknown.
sipated until the" moment when M. Le Verrier published the
results of his admirable investigations, which led to the most
brilliant discovery in the astronomy of the solar system, while
the other astronomers of Europe had no suspicion of the exM. Galle of Berlin, was the
istence of Mr. Adams's labours.
While
first to find the planet indicated by M. Le Verrier.
we consider all these circumstances attendant on the discovery
of the new planet, we at the same time conceive that we find
the adhesion of M. Le Verrier to the name of Neptune, not
only in his announcement to us of the 1st of October, but also
in his later letters addressed to the Academy of Sciences and
letters which
to two astronomers of the central observatory
make no objection whatever to the name of Neptune chosen

present

—

by the Bureau des Longitudes.
" Consequendy, we will retain the name of Neptune and
will make no chanjie unless hereafter the general voice shall
o
determine in favour of another name.
*'In thename of theastronomers of the Central Observatory,
- Polkowa, 17 (29) Dec. 1846."
W. Struve."
;

1

Mr. Airy adds, that he quite agrees with
reasons and in his conclusions.
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M. Struve

Warner,

in his

Esq.

[The following Note, appended to a communication received from Mr.
Warner on tlie use of the symbol (but not adopted for insertion), relates
to a Paper signed "Shadow" in our Number for September 184(5.]

of" Shadow," I may observe that
did not expect that my conclusions woukl be admitted
Phil. Mag. S. 3 Vol. 30. No. 200. March I S*?.
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by those (of whom " Shadow " seems one) who deny the correctness of the assumption upon which the argument depends
the agreement of my results with well-known formulas would
be merely an additional argument in favour of the new mode

;

of regardinij imaginaries.
Opposed as his views appear to be to this manner of interpreting impossible quantities, it seems to me (unless I have
mistaken the sense in which he uses the term ^^ incongnious"
which is the case perhaps) that they in reality support it.
Tims, incongruity in geometrical problems (and of course
la symbol of perpendicuin those only can we consider \/
if
larity) can only affect the length or the direction of a line
it affiscted the length of a line, this would be evidenced by our
obtaining such a result as the coexistence of the two equations

—

:

A=B, A>B.
When the incongruity

affected the direction, it would be
evidenced by the appearance of \/— 1 It being once admitted
1 marks an error in estimating direction, it is easy
that v'
for the error
to show that this error is one of a right angle
a in place of
shown by v/ 1 being twice repeated, gives
hence the inconH-ff, or an incongruity of two right angles
gruity represented by \/ —\ must be half of two right angles,
that is, one right angle.
.

—

;

—

—

;

Port of Spain, Trinidad,
Oct. 3, 1846.

XXXIV. On

the Induction of Atmospheric Electricity on the
Wires of the Electric Telegraph. By Prof. Joseph Henry*.

'T'HE

action of the electricity of the atmosphere on the wires
of the electrical telegraph is at the present time a subject
of much importance, both on account oi its practical bearing,
and the number of purely scientific questions which it involves.
I have accordingly given due attention to the letter referred
to me, and have succeeded in collecting a number of liicts in
Some of these are from
reference to the action in question.
the observations of different persons along the principal lines,
and others !"rom my own investigations during a thunder-storm
on the 19th of June, when I was so fortunate as to be present
in the office of the telegraph in Philadelphia, while a series of
very interesting electrical phoenomena was exhibited.
In connexion with the facts derived from these sources, I must ask
the indulgence of the Society in frequently referring, in the
course of this communication, to the results of my previous
*

From

p. 260.

the Proceedings of the American Philosophical Society, vol.
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dynamic electricity, accounts of which are to
Proceedings and Transactions of this Institu-

tion.

From

the information on the subject of the action of the
atmosphere <m the wires of the telegraph, it
is evident that effects are produced in several different ways.
1. The wires of the telegraph are liable to be struck by a
direct discharge of lightning from the clouds, and several cases
all

electricity of the

of

kind have been noticed during the present season.

this

May the lightning struck the elevated part
of the wire, which is supported on a high mast at the place
where the telegraph crosses the Hackensack river. The fluid
passed along the wire each way, from the point which received
the discharge, for several miles, striking off at irregular intervals down the supporting poles. At each place where the discharge to a pole took place, a number of sharp explosions
were heard in succession, resembling the rapid reports of
several rifles.
During another storm, the wire was struck in
two places in Pennsylvania, on the route between Philadelphia
and New York ; at one of these places twelve poles were
struck, and at the other eight.
In the latter case the remarkable fact was observed, that every other pole escaped the discharge and the same phaenomenon was observed, though in
a less marked degree, near the Hackensack river.
In some
instances the lightning has been seen coursing along the wire
in a stream of light ; and in another case it is described as
exploding from the wire at certain points, though there were
no bodies in the vicinity to attract it from the conductor.
In discussing these and other facts to be mentioned hereafter, we shall, for convenience, adopt the principles and language of the theoi-y which refers the phasnomena of electricity
to the action of a fluid, of which the particles repel each other,
and are attracted by the particles of other matter. Although
it cannot be affirmed that this theory is an actual representation of the cause of the phsenomena as they are produced in
nature, yet it may be asserted that it is, in the present state of
science, an accurate mode of expressing the laws of electrical
action, so far as tliey have been made out
and that though
there are a number nfpha^nomena which have not as yet been
referred to tliis theory, there are none which are proved to
be directly at variance with it.
That the wires of the telegraph should be frequently struck
by a direct discharge of lightning, is not surprising, when we
consider the great length of the conductor, and consequently
tlie many points along the surface of tiie earth through which
it must pass peculiarly liable to receive the discharge from
About

the 20th of

;

;
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the heavens.
Also, from the great length of the conductor,
the more readily must the repulsive action of the free electricity of the cloud drive the natural electricity of the conductor
to the further end of the line, thus rendering move intense the
negative condition of the nearer part of the wire, and consequently increasing the attraction of the metal for the free
electricity of the cloud.
It is not hovi'ever probable that the
attraction, whatever may be its intensity, of so small a quantity
of matter as that of the wire of the telegraph, can of itself
produce an electrical discharge from the heavens; although,
if the discharge were started by some other cause, such as the
attraction of a large mass of conducting matter in the vicinity,
the attraction of the wire might be sufficient to change the
direction of the descending bolt, and draw it in part or whole
to itself.
It should also be recollected that, on account of the
perfect conduction, a discharge on any part of the wire must
affect every other part of the connected line, although it may
be hundreds of miles in length.
That the wire should give off" a discharge to a number of
poles in succession, is a fact I should have expected, from my
previous researches on the lateral discharge of a conductor
transmitting a current of free electricity.
In a paper on this
subject, presented to the British Association in 1837, I showed
that when electricity strikes a conductor explosively, it tends
to give off sparks to all bodies in the vicinity, however intimately the conductor may be connected with the earth. In
an experiment in which sparks from a small machine were
thrown on the upper part of a lightning-rod, erected in accordance with the formula given by the French Institute, corresponding sparks could be drawn from every part of the rod,
even from that near the ground.
In a communication since
made to this Society, I have succeeded in referring this phaenomenon to the fact, that during the transmission of a quantity of electricity along a rod, the surface of the conductor is
charged in succession, as it were, by a wave of the fluid, which,
when it arrives opposite a given point, tends to give off' a spark
to a neighbouring body, for the same reason that the charged
conductor of the machine gives off" a spark under the same
circumstances.
It might at first be supposed that the redundant electricity
of the conductor would exhaust itself in giving off" the first
spark, and that a second discharge could not take place ; but
it should be observed, that the wave of free electricity, in its
passage, is constantly attracted to the wire by the portion of
the uncharged conductor which immediately precedes its
position at any time; and hence but a part of the whole re-
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electricity is given off at one place
the velocity of
transmission of the wave as it passes the neighbouring body,
and its attraction for the wire, preventing a full discharge at
any one place. Tiie intensity of the successive explosions is
explained by referring to the fact, that the discharge from the
clouds does not generally consist of a single wave of electricity,
but of a number of discharges along the same path in rapid
succession, or of a continuous discharge which has an appreciable duration
and hence the wire of the telegraph is capable
of transmitting an immense quantity of the fluid thus distributed over a great length of the conductor.
The remarkable facts of the explosions of the electricity into
the air, and of the poles being struck in interrupted succession,
find a plausible explanation in another electrical principle
which I have established, namely, in all cases of the disturbance of the equilibrium of the electrical plenum, which we
must suppose to exist throughout all terrestrial space, the state
of rest is attained by a series of diminishing oscillations. Thus
in the discharge of a Leyden jar, I have shown that the phaenomena exhibited cannot be explained by merely supposing
the transfer of a quantity of fluid from the inner to the outer
side of the jar ; but in addition to this we are obliged to admit
the existence of several waves, backwards and forwards, until
the equilibrium is attained.
In the case of the discharge from
the cloud, a wave of the natural electricity of the metal is repelled each way from the point on which the discharge falls,
to either end of the wire, is then reflected, and in its reverse

dundant

;

;

passage meets in succession the several waves which make up
the discharge from the cloud.
These waves will therefore
interfere at certain points along the wire, producing, for a
moment, waves of double magnitude, and will thus enhance
the tendency of the fluid at these points to fly from the conductor.
I do not say that the effects observed were actually
produced in this way ; I merely wish to convey the idea that
known principles of electrical action might, under certain circumstances, lead us to anticipate such results.
2. The state of the wire may be disturbed by the conduction of a current of electricity from one portion of space to
another, without the presence of a thunder-cloud ; and this
will happen in case of a long line, when the electrical condition
of the atmosphere which surrounds the wire at one place is
different from that at another.
Now it is well known that a
mere difference in elevation is attended with a change in the
electrical state of the atmosphere.
A conductor, elevated by
means of a kite, gives sparks of positive electricity in a perfectly
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hence if the line of the telegraph passes over an
elevated mountain ridge, there will be continually, during
clear weather, a current from the more elevated to the lower
points of the conductor.
current may also be produced in a long level line, by the
precipitation of vapour in the form of fog at one end, while

clear day

;

A

the air remains clear at the other or by the existence of a
storm of rain or snow at any point along the line, while the
other parts of the wire are not subjected to the same influence.
Currents of sufficient power to set in motion the marking
machine of the telegraph have been observed, which must have
been produced by some of these causes. In one case the machine spontaneously began to operate without the aid of the
battery, while a snow storm was falling at one end of the line,
nnd clear weather existed at the other. On another occasion
a continued stream of electricity was observed to pass between
two points at a break in the wire, presenting the appearance
of a gas-light almost extinguished.
constant effect of this
kind indicates a constant accession of electricity at one part of
the wire, and a constant discharge at the other.
3. The natural electricity of the wire of the telegraph is
liable to be disturbed by the ordinary electrical induction of a
distant cloud.
Suppose a thunder-cloud, driven by the wind
in such a direction as to cross one end of the line of the telegraph at the elevation, say of a mile; during the whole time
of the approach of the cloud to the point of its path directly
above the wire, the repulsion of the redundant electricity with
which it is charged would constantly drive more and more of
the natural electricity of the wire to the further end of the
line, and would thus give rise to a current.
When the cloud
arrived at the point nearest to the wire, the current would
cease for a moment; and as the repulsion gradually diminished
by the receding of the cloud, the natural electricity of the
wire would gradually return to its normal state, giving rise to
a current in an opposite direcdon.
If the cloud were driven
by the wind parallel to the line of the telegraph, a current
would be produced towards each end of the wire, and these
would constantly vary in intensity with the different positions
of the cloud.
Although currents produced in this way may
be too feeble to set in motion the marking apparatus, yet they
may have sufficient power to influence the action of the current of the battery so as to interfere with the perfect operation
of the machine.
;

A

4. Powerful electrical currents are produced in the wires of
the telegraph by every flash of lightning which takes place
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within many miles of the line, by the action of dynamic induction ; which differs from the action last described, in being
the result of the influence of electricity in motion on the natural electricity of the conductor. The effect of this induction,
which is the most fruitful source of disturbance, will be best
illustrated by an account of some experiments of my own,
copper wire was suspresented to the Society in 1843.
pended by silk strings around the ceiling of an upper room, so
as to form a parallelogram of about sixty feet by thirty on the
sides; and in the cellar of the same building, immediately below, another parallelogram of the same dimensions was placed.
When a spark from an electrical machine was transmitted
through the upper parallelogram, an induced current was developed in the lower one sufficiently powerful to magnetize
needles, although two floors intervened, and the conductors
were separated to the distance of thirty feet. In this experiment no electricity passed through the floors from one conductor to the other; the effect was entirely due to the repulsive action of the electricity in motion in the upper wire on
the natural electricity of the lower.
In another experiment,
two wires, about 400 feet long, were stretched parallel to each
other between two buildings; a spark of electricity sent
through one produced a current in the other, though the two
were separated to the distance of 300 feet ; and from all the
experiments, it was concluded that the distance might be indefinitely increased, provided the wires were lengthened in a

A

corresponding

That

ratio.

effect is produced by the repulsive action of
the electrical discharge in the heavens, is shown by the following modification of the foregoing arrangement. One of
the wires was removed, and the other so lengthened at one

the

same

my

end as

to pass into

window

into an adjacent well.

study,

and thence through a

With every

cellar

flash of lightning

which took place in the heavens, within at least a circle of
twenty miles around Princeton, needles were magnetized in
the study by the induced current developed in the wire. The
same efiFect was produced by soldering a wire to the metallic
roof of the house, and passing it down into the well at every
;

flash of lightning a series of currents

in

alternate directions

was produced in the wire.
I was also led, from these results, to infer that induced currents must traverse the litie of a railroad, and this I found to
be the case.
Sparks were seen at the breaks in the continuity
of the rail, with every flash of a distant thunder-cloud.
Similar effects, but in a greater degree, must be produced
on the wire of the telegraph by every discharge in the heavens;
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vvliich I witnessed on the 19th of June in
the telegraph office in Philadelphia, were, I am sure, of this
In the midst of the hurry of the transmission of the
kind.
congressional intelligence from Washington to Philadelphia,

and the phaenomena

New

York, the apparatus began to work irreoperator at each end of the line announced at
the same time a storm at Washington, and another at Jersey
The portion of the circuit of the telegraph which enCity.
tered the building, and was connected with one pole of the
galvanic battery, happened to pass within the distance of less
than an inch of the wire which served to form the connexion
of the other pole with the earth.
Across this space, at an interval of every few minutes, a series of sparks in rapid succession was observed to pass and when one of the storms arrived
so near Philadelphia that the lightning could be seen, each
series of sparks was found to be simultaneous with a flash in
the heavens.
Now we cannot suppose for a moment that
the wire was actually struck at the time each flash took place;
and indeed it was observed that the sparks were produced
when the cloud and flash were at the distance of several miles
to the east of the line of the wire.
The inevitable conclusion
is, that all the exhibition of electrical phagnomena witnessed
during the afternoon was purely the effect of induction, or
the mere disturbance of the natural electricity of the wire at a
distance, without any transfer of the fluid from the cloud to
the apparatus.
The discharge between the two portions of the wire continued for more than an hour, when the effect became so
powerful, that the superintendent, alarmed for the safety of
the building, connected the long wire with the city gas-pipes,
and thus transmitted the current silently to the ground. I
was surprised at the quantity and intensity of the current; it
is well known, that to affect a common galvanometer with
ordinary electricity, requires the discharge of a large battery;
but such was the quantity of the induced current exhibited on
this occasion, that the needle of an ordinary vertical galvanometer, with a short wire, and apparently of little sensibility,

and thence
gularly.

to

The

;

was moved several degrees.
The pungency of the spark was

also, as

might have been

expected, very great.
When a small break was made in the
circuit, and the parts joined by the fore-finger and thumb, the
discharge transmitted through the hand affected the whole arm
up to the shoulder. I was informed by the superintendent,
that on another occasion a spark passed over the surface of
the spool of wire, surrounding the legs of the horse-shoe
magnet at right angles to the spires; and such was its inten-
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sity

and quantity,

that all the wires across

were melted at points in the same straight
been cut in two by a sharp knife.

which

it

passed

line as if they

had

The effects of the powerful discharges from the clouds may
be prevented in a great degree, by erecting at intervals along
the line, and aside of the supporting poles, a metallic wire,
connected with the earth at the lower end, and terminating
above at the distance of about half an inch from the wire of
the telegraph. By this arrangement the insulation of the conductor will not be interfered with, while the greater portion
I think this precaution of
of the charge will be drawn off.
great importance at places where the line crosses a river, and
also in the vicinity of the office
is supported on high poles
of the telegraph, where a discharge, falling on the wire near
the station, might send a current into the house of sufficient
quantity to produce serious accidents. The fate of Prof. Richman, of St. Petersburg, should be recollected, who was killed
by a flash from a small wire, which entered his house from an
elevated pole while he was experimenting on atmospheric
;

electricity.

The danger, however, which has been apprehended from
the electricity leaving the wire and discharging itself into a
person on the road, is, I think, very small; electricity of sufficient intensity to strike a person at the distance of eight or
ten feet from the wire, would, in pi'eference, be conducted
It will, however, in all cases be most
the nearest pole.

down

prudent to keep at a proper distance from the wire during the
existence of a thunder-storm in the neighbourhood.
It may be mentioned as an interesting fact, derived from
two independent sources of information, that large numbers
of small birds have been seen suspended by the claws from
They had in all probability been
the wire of the telegraph.
instantaneously killed, either by a direct discharge, or an induced current from a distant cloud, while they were resting on
the wire.

Though accidents to the operators, from the direct discharge, may be prevented by the method before mentioned,
yet the effect on the machine cannot be entirely obviated the
residual current which escapes the discharge along the perpendicular wires, must neutralize for a moment the current
of the battery, and produce irregularity of action in the appa;

ratus.

The

is, comdynamic in-

direct discharge from the cloud on the wire

paratively, not a frequent occurrence, while the

ductive influence must be a source of constant disturbance
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during the season of thunder-storms; and no other method
presents itself to my mind at this time for obviating the effect,
but that of increasing the size of the battery, and diminishing
the sensibility of the magnet, so that at least the smaller induced currents may not be felt by the machine. It must be>;;(
recollected that the inductive influence takes place at a distance
through

and non-conductors; and hence
upon the wire vk^ill prevent the forma-

bodies, conductors

all

no coating

that can be put

tion of induced currents.
I think

il

not improbable, since the earth has been

made

to

act the part of the return conductor, that some means will be
discovered for insulating the single wire beneath the surface

of the earth; the difficulty in effecting this is by no means as
great as that of insulating two wires, and preventing the current striking across from one to the other.
wire buried in
the earth would be protected in most cases from the effect
of a direct discharge; but the inductive influence would still
be exerted, though perhaps in a less degree.
The wires of the telegraph are too small and too few in
number to affect, as some have supposed, the electrical condition of the atmosphere, by equalizing the quantity of the
fluid in different places, and thus producing a less changeable
state of the weather.
The feeble currents of electricity which
must be constantly passing along the wires of a long line, may,
however, with proper study, be the means of discovering many
interesting facts relative to the electrical state of the air over

A

different regions.

XXXV.

The Form of the Earth no proof of Original Fluidity,
By Herbert Spencer*.

TT has been

generally considered that the spheroidal form
of the earth
indicating as it does obedience to centrifugal
If however it can
force
implies a primary state of fluidity.
be shown that, notwithstanding its apparent solidity, the earth
must be at the present moment entirely subject to the influences affecting its general figure, and that so far as the gra-

-

—

—

vitative and] centrifugal forces are

concerned

it is

plastic

still,

the theory of original fluidity, however probable on other
grounds, can no longer be inferred from the earth's oblateness.

The facts indicative of a varying relationship between the
bulk and tenacity of matter are of every-day observation.
constantly see a drop of water maintain its sphericity in spite
of opposing forces increase the mass, and it flows out in com-

We

—

*

Communicated by the Author.
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The mud

ridges behind the passing cart-wheel

in
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our streets stands

in

— when scraped together

it appears Mquid and assumes a horizontal surface.
On the
spade of the excavator, clay retains its square figure and its
sharp angles but when made into a bulky embankment, it
will, if the slope be insufficient, spread itself out on one or
both sides of the base, occasionally continuing to slip until it
assumes an inclination of six to one.
A comparison of the physical powers of large and small
animals exhibits a series of facts of an analogous character.
A flea jumps several hundred times its own length, and is uninjured by collision with any obstacle.
The great mammals,
on the other hand, seem to possess no agility whatever and
a concussion borne by the insect with impunity would smash
an elephant to a jelly,
Between these extremes may be observed a gradation in the ratios of power to bulk
so that
commencing with the smaller creatures, every increment of
size is, cceter is paribus, accompanied by an under-proportionate
increase of strength, until we arrive at that limit (to which the
elephant has evidently approximated) where the creature is no
longer capable of supporting its own framework.
These and innumerable like facts point to the inference
;

;

;

that fluidity

degree
as the

;

and

solidity are to a great extent qualities

of

that the cohesive tenacity of any piece of matter bears,

mass of that matter

is

increased, a constantly decreasing

ratio to the natural forces tending to the fracture of that

mat-

and that hence any substance, however solid to our perceptions, only requires to have its bulk increased to a certain
point, to give way, and become in a sense Jluid before the
gravitative and other forces.
However repugnant to that "common sense" for which
some have so great a respect, this proposition is capable of a
ter;

very simple demonstration.
The strength of a bar of iron, timber, or other material
1

•

,

•

,

.

subjected to the transverse stram varies as

BD^
—j—

„

;

rJ

,

•

bemg

the

D

breadth,
Suppose the size
the depth, and L the length.
of this bar to be changed, whilst the ratios of its dimensions

continue the same

;

then as the fraction

y

remain

will

con-

D

stant the strength will vary as D-, or (since
bears always
the same proportion to
and L) as B'^ or L^. Hence in
similar masses of matter the resistances to the transverse strain

B

are as the squares of the linear dimensions.
still

more manifestly applies

Tlie same law

to the longitudinal strain,

when

—
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it does on the sectional area, must,
the strength, depending
And in the
in similar masses, vary as the square of any side.
torsion strain we may readily detect the like general principle,
that, other things equal, the resistances to fracture bear a constant ratio to the squares of the dimensions.
Not so however with the powers tending to the disruption
The effects of gravity, centrifugal force, and all
of matter.
agencies antagonistic to cohesive attraction, vary as the mass,
that is, as the cubes of the dimensions.
However great, therefore, in a given portion of matter, may
be the excess of the form-preserving force over the formdestroying force, it is clear that, if during augmentation of
bulk the form-preserving force increases only as the squares
of the dimensions, whilst the form-destroying force increases
as their cubes, the first must in time be overtaken and exceeded
by the last; and when this occurs, the matter will be fractured
and re-arranged in obedience to the form-destroying force.
Viewed by the light of this principle, the fact that the earth
is an oblate spheroid does not seem to afford any support to
the hypothesis of original fluidity as commonly understood.
must consider that, in respect of its obedience to the geodynamic laws, the earth is fluid now and must always remain
for the most tenacious substance with which we are acso

as

We
;

quainted, when subjected to the same forces that are acting
upon the earth's crust, would exceed the limit of self-support
determined by the above law, before it attained ,,^^'^_,^th of
the earth's bulk.
Reference to a table of the resistances of various substances
to a crushing force will render this manifest.
London, Jan. 184/.

XXXVI.

Proceedings of Learned Societies.

ROYAL SOCIETY.
[Continued from p. 128.]

Anniversary Meeting, November 30, \S^6.

^I'^HE Marquis of Northampton in the Chair.
J- The noble President stated that the Council had awarded one of
its Medals to M. Le Verrier
two Medals to Mr. Faraday, for his
;

discoveries in the universal action of Electricity and Galvanism and
one of the Royal Medals to Prof. Owen, for his paper on the Be;

leninite.

After presenting the Medals, the President proceeded to the biographical notices of some of the deceased members, from which we
select the ibllowing
John Bostock, M.D., has long occupied a distinguished station
:
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among

the zealous cultivators of Animal Chemistry, Physiology,
and other branches of Medical Science. His father had been established as physician at Liverpool, and from his great talents would

probably have risen to considerable eminence, had not these brilliant
prospects been doomed to sudden extinction by an untimely death,
before he had attained the age of thirty.
He left an only child, the
subject of the present notice, who was born in 1774, the year preceding that

fatal event, and whose early education was conducted
College at Hackney, at the time when Dr. Priestley was
delivering lectures on chemistry. Having imbibed, under such able
tuition, an ardent love of science, young Bostock was led to make
choice of medicine as his profession.
He studied at Edinburgh,

at the

New

where he graduated

the year 1798, and soon afterwards comtown. The activity of his mind was
there displayed, not only in numerous contributions to most of the
medical and scientific journals, but also in the prominent part which
he took in planning and establishing various charitable, scientific
and literary institutions, and more particularly the Fever Hospital,
and the Botanic Garden and also the Philosophical and Literary
Institution of Liverpool, where, in the capacity of Professor of Physiology, he delivered the first course of lectures there given.
Having secured a competent fortune. Dr. Bostock determined, in
1817, to relinquish his profession and fix his residence in London,
where he could possess more extensive means of prosecuting his
favourite studies, and enjoy a more enlarged society of scientific
friends.
He soon became an associate of most of the scientific societies of the metropolis, and an active labourer in their management.
In 1818, he was elected a Fellow of the Royal Society; was several
times placed on its Councils, and in 1832, filled the office of VicePresident.
He was for some years Secretary of the Geological Society, and in 1826 was appointed its President.
He long held the
office of Treasurer of the INIedical and Chinirgical Society, and took
an active share in the management of the Fever Hospital, not only
as a member of its Committee, but also as one of its House Directors.
He was also, during a long period, one of the lecturers on
Chemistry at the Medical School of Guy's Hospital, being appointed
to that office on the death of his friend Dr. Marcet, in 1822.
Amidst these multiplied public avocations, he found leisure for the
accomplishment of a great variety of literary and scientific labours,
the aggregate amount of which would appear astonishing to any
one wiio was not acquainted with his methodical habits, his persevering industry, and his advantageous employment of every portion
of his time.
His contributions to medical and scientific journals,

menced practice

in

in his native

;

transactions of societies and cyclopaedias, amount to no less than
sixty-nine; of which twenty are contained in Nicholson's Journal

and Annals of Philosophy, eighteen in the Medico-Chirurgical Transactions, and twelve in the Cyclopaedias of Practical Medicine, and of
Anatomy and Physiology. Only one pajjcr by him ajipears in the
Philosophical Transactions (in 1829), namely, that " On the spontaneous purification of the Thames Water," recording the observa-
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course of some analyses which he undertook
Commissioners appointed by the Crown to
inquire into the supply of water to the metropolis.
Some of the more finished papers and essays which had appeared
in these works, were afterwards republished by him in a separate
form.
Among these are his " Account of the History and present
state of Galvanism," originally published in Brewster's Cyclopaedia,
and which appeared in 1818 and his " History of Medicine," which
had been prefixed to the Cyclopaedia of Practical Medicine. One
of his earliest publications was an " Essay on Respiration ;" his attachment to chemical pursuits having naturally led him to the particular study of this part of the animal economy. At a later period,
he engaged in the compilation of a general work, embracing the
whole subject of physiology, which he completed in three volumes,
the last of which appeared in 1 827, under the title of " Elementary
tions

lie

in the

at the request of tlie

;

System of Physiology ;" the third and last edition, published in 1837,
comprised the whole in one thick octavo volume of nearly 900 pages.
It is a work of immense labour and researcii, containing condensed
and elaborate analyses of all that had at that time been published,
both as to facts and theories, in the wide field of physiology. It constitutes, in fact, an Encyclopedia of this department of medical
science, where the student will find indicated, with scrupulous exactness, the authorities for every statement, and the sources which
may supply him with whatever further information he might require
on any particular subject. After he had completed this work, he
projected a new translation of Pliny's " Natural History," to be accompanied with notes in 1828 he printed, for private distribution,
a specimen of the work, consisting of the first and thirty-third
books
and he afterwards devoted a considerable portion of his
time to the prosecution of this undertaking, in which he had made
some progress at the time of his death. For the last two or
three years his health had been declining, but the immediate cause
of his death was an attack of cholera, which proved fatal on the 6th
;

;

of August in the present year.
Respected and beloved by a wide circle of friends and relatives,
his memory will long be cherished with affection by those who survive, and with gratitude by the votaries of those sciences which his
labours have promoted and enriched.

John Constantine Carpue,

a distinguished teacher of Ana-

tomy and Surgery.

John Thomson, M.D., one

of the ablest representatives of the
generation of medical men, was Professor of General Pathology
in the University of Edinburgh, and died on the 1 1th of October last,
at his residence in the vicinity of that city, at the advanced age of
eighty-two years.
He was born in the town of Paisley in Renfrewshire, and in overcoming the impediments of an humble station, of straitened circumstances, and of a defective education, he early exhibited those
vigorous intellectual powers which were afterwards so successfully exerted in the acquirement of information and the promotion of science.
last
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His innate love of knowledge soon became apparent by the strenuous
application of his mind, in succession, to various impoi'tant objects
of scientific interest.
While yet a youth, and during the short intervals of leisure, stolen from the servile drudgery of' a medical apprenticeship in his native town, he devoted himself with such energy
and success to the study of Botany, as ever after to retain a lively
interest in that pursuit.
Having completed his medical education
in the Universities of Glasgow and Edinburgh, and in tiie medical
schools of London, he settled, in the concluding years of the cenHe there delivered
tury, as a general practitioner in Edinburgh.
lectures on Chemistry, and published a translation of Fourcroy's
Elements of that science, accompanied with valuable notes.
Being appointed one of the Surgeons of the Royal Infirmary in
the year 1800, he commenced his labours as a Teacher of Surgery,
and on the institution, at his recommendation, or a Professorship of
Surgery in the Royal College of Surgeons, he was appointed to that
office.
It was on his representation that the injurious system which
then prevailed, of changing the surgeons at short intervals, was abandoned, and the tenure of that office rendered one of reasonable
duration and that the delivery of Clinical lectures by the surgeons
in office, of all modes of instruction the most valuable, was commenced. To his counsel the College of Surgeons were indebted for
the foundation of a Museum of Anatomy, both healthy and morbid,
which, enriched as it has since been by many valuable collections,
now ranks second only to that of the Royal College of Surgeons of
England.
For a period of sixteen years Mr. Thomson delivered the lectures
on Surgery in the Hall of the College to crowded auditories of
students and practitioners.
In the year 1806 he was appointed by
the crown Professor of Military Surgery in the Univei'sity of Edinburgh, a chair which had been newly created by the government of
;

that period.

The
the

was

publication on which his permanent reputation rests bears
of " Lectures on InHammation." It appeared in 1813, and

title

a revival and masterly exposition of the views and docJohn Hunter, which, partly from a deficiency of perspicuity in that great man's style, and partly from the small degree of
attention which they had excited among the profession, had never
before obtained tiieir due influence, nor had their truths been sufficiently recognised and established. It is a work which exhibits the
in effect

trines of

unwearied ardour, persevering reand a clear and careful method of argumentation. It has
been translated into many foreign European languages, and sp(,'edily
became the standard autiiority on that important subject, consti-

results of acute discrimination,

search,

it does the basis of all Pathology.
the death of Dr. Gregory in 1821, Dr. Thomson resigned his
surgical appointments, anil having formeily graduated at King's Col-

tuting as

On

Aberdeen, now joined the College of Pliysieians and practised
commencing at tlu; same time a course of
lectures on the practice of physic.
This may be regarded as the

lege,

as consulting physician,
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second remarkable period of his professional career.

The novel and

distinguishing feature of this course of lectures consisted in its being
founded on pathological anatomy, or the structural changes induced
by disease in the several tissues of the body, as auxiliary to the ancient system of pure symptomatology.
To accomplish this object
in the most effectual manner. Dr. Thomson had recourse to the aid
of the draughtsman, and presented to the eye of the student accurate

coloured delineations of morbid appearances, arranged on anatomicophysiological principles, and accompanied by their corresponding
histories.
The result of this spirited enterprise, prosecuted both
abroad and at home during a period of several years, and at a very
considerable pecuniary sacrifice, has been a splendid collection of
anatomical drawings, surpassing all others at present existing in
richness and extent.
In 1832, a Chair of General Pathology was added to the University of Edinburgh, to which endowment the suggestions and the
evidence of Dr. Thomson before a commission appointed by Lord
Liverpool's government in 1826, materially contributed.
The appointment of first professor was conferred upon himself; but the
pressure of advanced years and infirm health unfortunately compelled his retirement after he had held it for four years.
At various times Dr. Thomson visited the British metropolis and
the continent of Europe, chiefly for the purpose of personally examining their pathological collections and after the battle of Waterloo
he repaired to Brussels, in order to avail himself of the advantages
which were aflbrded on that occasion of examining the nature and
;

treatment of gim-shot wounds and field injuries. The result of his
observations he shortly afterwards published in a " Report of the
wounded at Waterloo."
To Dr. Thomson's spirit of independence, not less than to his
ardent love of knowledge, the school of Edinburgh is specially indebted for in addition to his active exertions in the foimdation of
Professorships, of a museum and of a library, and the establishment
of a dispensary for visiting the poor in their own dwellings, he was
ever watchful of its interests, and as fearless in denouncing usages
which he considered prejudicial as he was prompt in suggesting and
earnest in promoting beneficial changes and reforms.
To the jealousies which are ever engendered by merit, and by attempts at reform, and to the opposition he encountered from the magisterial
authorities of the city, may be ascribed his failure of success when
a candidate for the vacant chair of Dr. Gregory, although he was
supported by overwhelming testimonials of superior claims from the
most eminent medical men thi'oughout Europe and the same cause,
together with the liberal bias of his political views and opinions, (for
though he did not obtrude he never sought to conceal them) will
also explain the anomaly, that although no professional opinion
was more highly esteemed than his, yet he never attained to extraordinary popularity in practice. Some of the prejudices he had to
contend against were the fruits of his scrupulous honesty, of the simplicity of his mind and manners, and of his hostility to every species
;

;
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of professional charlatanism in whatever quarter it was displayed.
It can excite no surprise that he stood high in the estimation of his
many celebrated contemporaries of the Scottish metropolis, and that
he should have enjoyed a cordial and continued intimacy with such
men as Stewart, Allen and Mackintosh. Associated with the projectors of the Edinburgh Review, he was a contributor to some of
the early numbers, of articles connected with medical philosophy.
In other researches of science not strictly professional. Dr. Thomson
evinced an erudition of greater extent and profundity than could
have been attained by any individual not possessing his quickness
of apprehension and unquenchable thirst for knowledge.
The profession at large are perhaps scarcely aware of the extent
Some however yet survive
of their obligations to Dr. Thomson.
who can attest the peculiar interest he inspired in his pupils by his
earnestness as a teacher, and the enthusiasm they imbibed from his
precepts and cherished by his example. Unostentatious in his search
after truth, he was neither so frequent or voluminous an avowed
contributor to the common stock, as many men of much inferior
but he was continually engaged in fostering the spirit and
talent
directing the pursuits of others, of whom some have largely contributed, in their riper years, to extend the boundaries of medical and
;

surgical knowledge.

The biography of Dr.

Cullen, whose character he held in high

veneration, occupied the years of his retirement.

The vigour of his

remained unimpaired to the last, and he contemplated with
calm serenity the approaching end of a life devoted to the cultivation and improvement of the profession he had chosen, and of which
he was a distinguished ornament.
Astronomy has sustained a heavy loss, in the last year, by the
Friedrich Wilhelm Bessel was born at
death of Bessel.
Minden, on ti)e 22nd of July 1784. His father held a civil office
under the Prussian government, with the title of Justizrath, but
his means were narrow and his family numerous
and at the age
of fifteen the future astronomer began his career as an assistant
or ap|)rentice in a mercantile house in Bremen.
Having acquired
a taste for Astronomy and Mathematics, ho assiduously devoted his
leisure time to the study of those sciences; and his progress was
such that he soon attracted the notice and obtained the friendship
of Dr. Olbers, then in the zenith of iiis fame.
His first published
essay, which appeared in Zach's
Monatliche Correspondenz' in
180l, was u reduction of the observations made by Harriot and
Tor])orley of the comet of 1607.
In communicating this paper to
Zach, Olbers eulogised, in the warmest terms, the acquirements and
industry of his young frit^nd, and expressed his regret that so much
talent and zeal, and such powers of calculation, should not have
been acquired for the exclusive service of astronomy.
An opportunity was soon found of making the desired accpiisition
Bessel,
in I80(), becoming successor to Harding in the oftice of assistant
to Schroet<;r, in tiie Observatory of Lilienthal.
In this congenial
Hituation he rapidly acquired for himself a great reputation
and
Phil. Map. S. 3. Vol. 30. No. 200. March 1 84.7.
P
faculties

;

'

;

;
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indeed, almost from the first, took his place as one of the best astronomers of Europe. In 1810, he was appointed professor of astronomy in Konigsberg a post which he occupied during the remainder of his life, and over which his genius and labours have
;

thrown an imperishable lustre.
The Observatory of Konigsberg, now so celebrated, owes not only
its celebrity, but its existence to Bessel.
The building was begun
It was finished in 1813; and the first
in 1811 under his direction.
published observations are dated in November of the same year.
From 1815 the observations have been published regularly; accompanied by full descriptions of the different instruments successively
employed, the elements of reduction, some valuable catalogues, and
all the information necessary to inspire complete confidence in the
This publication has exercised a powerful influence on the
results.
progress of practical astronomy.
Bessel's scientific life is one of extraordinary fertility, and it is
only a few of the more important of his productions which can even
be alluded to in this brief notice. His principal work, the Fundamenta Astronomite,' is peculiarly interesting to English astronomers,
from the circumstance of its being founded on observations made at
the Royal Observatory at Greenwich.
Bradley's observations, as is
well known, were taken possession of by his representatives, and
presented by them to the University of Oxford.
From various
causes, their publication was not completed until 1805, forty-three
years after the death of Bradley and although some i-esults and
some imperfect catalogues had been deduced from them, the great
mass of the observations still remained in a state in which they were
nearly useless.
At tlie instigation of Olbers, Bessel undertook the
formidable task of reducing the whole series. The reduction was
commenced in the autumn of 1807, and, though frequently interrupted by his otiier avocations and duties, it was nevei' wholly laid
aside till its completion in 1818, in which year the Fundamenta'
made its appearance. Of this great work it would be difficult to
speak in terms of too high praise. Besides elaborate determinations of all the principal elements of the reduction,
the errors
of the instruments, the height of the pole, refraction, parallax,
aberration, precession, proper motion,
it contains a catalogue of
the niean places of 3222 fixed stars, observed between 17.50 and
1762 with the best instruments in existence at that time; and reduced to the epoch of 1755 with a precision and accuracy of which
there was no previous example.
It now furnishes astronomers with
the best existing means of determining all those data which can
only be deduced from a comparison of observations made at considerably distant intervals of tiuif', and may be considered, in fact, as
having laid the foundations of the principal imp)ovements which
have been made in astronomy since the date of its publication.
The Tabulae Ilegiomontanae,' published in 1830, may be regarded in some respects as a supplement to the
Fundamenta.'
This collection was undertaken with a view to facilitate the reduction of planetaiy observations, past and future, on a uniform system;
'

;

'

—

—

'

'
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the tables necessary for that purpose as well as for

whifh it applies, founded
on elements derived from the comparison of Bradley's with Bessel's
own observations, together with the formulae for computation. It
is in daily use in every observatory, and has led to the general
adoption of a uniform and precise system of astronomical calculation which has been attended with signal advantage to the science.
The services' rendered to astronomy by Bessel were not confined to the observatory and the closet.
In the course of a series
of experiments, undertaken in 1826, for the determination of the
length of the seconds' pendulum, he detected and demonstrated
the existence of a cause of error in the usual reduction to a vacuum, which, though it had long before been clearly pointed out by
Du Buat, appears to have been entirely overlooked and forgotten.
This consists in the fact that every oscillating body drags along
with it a certain portion of air, or of the fluid in which it moves,
so that the specific gravity of the actually moving mass is different
from that of the body at rest; and as the quantity of dragged air
depends on tlie form of the moving body, the specific gravity cannot be determined a iwiori, but must be found by experiment for
each particular jiendulum. It followed, therefore, that the results
of all the previous pendulum experiments were erroneous to the extent occasioned by the neglect of this circumstance. Bessel's method
of conducting the experiment was extremely ingenious and it may
be asserted that his determination of this important astronomical
element the absolute length of the seconds' pendulum is the only
<me yet given which is deserving of full confidence. The details
and results were published in the Berlin Memoirs in 1828.
Another very important result of the indefatigable activity of
Bessel, is the
Gradniessung in Ost-Preussen,' published in 1838.
A series of geodetical measurements, comprehending the measure
of an arc of the meridian of the Dorpat Observatory, had been executed by Struve and Von Tenner in Russia, and it was of great importance, in reference to the question of the figure of the earth, to
connect them with those of tlie west and soutii of Europe. The
operations necessary for this purpose were undertaken by the Prussian government in 1830, and executed under the direction of Bessel, who seized on tlie opportunity of measuring an arc of the meridian of his Observatory.
In consequence of the novel methods employed both in the geodetical and astronomical ]iarts of this operation
the details are of extreme interest, more particularly with reference
to the ingenious a])paratus for measuring the base line, the mode of
observing and connecting the terrestrial angles, and the application
of a method of computation hy which every geometrical relation subsisting among tiie angles over tiie whole triangulated surface is expressed by equations of condition, and the results, with their probable errors, deduced by the method of least scpiares.
Tlie CJradmessung' may be described as having done for geodesy what the
I'lindaiiKHita' did for astronomy
lioth works exhibiting the apj)lication of the best and surest methods of deducing results from ob..
ordinarj' star-reduction, for the century to

;

—

—

'

'

'

;
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servations wliich science has yet placed within the reach of the

computer.
Several of his minor papers on the subject of geodesy, published
' Astronomische Naclirichten,'
are of great interest and value.
He recomputed the Frencii triangulation between Montjouy and
Formentera (No. 438), and the sector observations of the English
and Indian arcs measured by Mudge and Lambton (334, 336) and
from the whole of the meridional ai'cs hitherto measured with adin the

;

missible precision, deduced elements of the terrestrial spheroid which
give probably the nearest approximation which has yet been made
to the true form and magnitude of the earth.
In connexion with the measurement of the pendulum and arc of
meridian, he also undertook a comparison of the standard measures
of Prussia
determined their relation to the unit of the French
measures ; and directed the execution of a new standard which will
probably become an object of great interest in some future age.
The details of these delicate and difficult comparisons are described
by him in an intei'esting work published by order of the Prussian
government in 1839.
The question of the annual parallax of the fixed stars, a vexed
question in astronomy since the days of Bradley,
has of late years
acquired an extraordinary interest through the labours of Struve,
Henderson, and Bessel. Having previously made some unsuccessful attempts, Bessel at length determined to attack the problem in a
new way, and to subject one individual star to a scrutiny which
would infallibly decide whether any appreciable parallax existed in
that particular case. The star which he selected was 61 Cygni, a binary
system whose two members had been proved to be physically connected, and which, by reason of the very considerable distance between the component bodies, and its large proper motion, afforded
strong presumptions of its being one of the nearest to the earth. With
the splendid heliometer of the Ktinigsberg Observatory, an instrument peculiarly adapted for such a purpose, he commenced a series
of micrometrical measurements of the distances of the star from two
others in its vicinity, which \yere continued from August 1837 to
;

—

—

March

1840, and conducted with all the appliances and precautions
extreme accuracy which were to be expected from the
importance of the inquiry and the consummate skill of the observer.
The results exhibited a periodic and systematic fluctuation of the
places of the double star, agreeing exactly in its law and period with
the effects of parallax, and referable to no other known cause. The
parallax thus indicated was indeed an extremely minute quantity,
amounting only to31-100ths of a second; but no one in a condition
to appreciate the evidence on which it rests will doubt the possibility
of detecting such a quantity by such means ; and astronomers, accordingly, regard the conclusion as one which, if not absolutely certain,
is at least so extremely probable, tiiat it must command assent until
disproved by another equally good, and longer continued, series of
for attaining

observations.

The

fruits

of the extreme precision which Bessel so greatly con-
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tributed to introduce into astronomical observations and reductions,
have already begun to make their appearance. In an interesting
disquisition published in some recent numbers of the ' Astronomische
Nachrichten' (Sli, 515, 516), he seems to have established the

phenomenon which had been indiby Pond, namely, the variability of the
proper motion of two of the principal stars, Procyon and Sirius.
existence of a very remarkable
cated, at different times,

It is unnecessary to point to the boundless field of speculation respecting the constitution of the sidereal heavens which such a discovery lays open.
The annals of astronomy afford many illustrious examples of indefatigable industry and prolific labour, but few more remarkable than
From the date of his first publication in ISOi, the astronoBessel.
mical periodicals of Germany teem with his productions,
Zach's
' Monatliche Correspondenz,' Lindenau's ' Zeitschrift,' Bode's 'Jahrbuch,' the Berlin Ephemeris,' the ' Memoirs of the Berlin Acade'

more

especially, Schumacher's 'Astronomische Nachrichbeen enriclied by his communications. The last-named
journal, indeed, contains upwards of 180 bearing his signature, embracing almost every subject connected with the science and practice of astronomy, and questions of every order of difficulty.
Some
of his papers in the Berlin Memoirs' are extremely remarkable,
not only by reason of the results arrived at, but as showing the resources and originality of the author, and his skill in the highest
departments of analysis and physical astronomy. Among these may
be mentioned, in particular, his researches on the great comet of
1807 (published in 1810), in which he proposed a method, which is
now generally followed, of determining the orbit when it is necessary
to take the perturbations into account; a most important memoir on
the precession of the equinoxes (1815); another on the planetary
perturbations (1824); and three on the right ascensions of MaskeAmong his later productions
iyne's 36 stars (1818, 1819, 1825).
are two quarto volumes of Untersuchungen' (or Astronomical Researches), and a third is said to have been nearly prepared for the
press.
Many other titles might be cited, but those now mentioned
may suffice to give an idea of the wide extent over which he ranged.
Indeed it may be said of Bessel, that thei-e is no department of astronomy which he did not handle, and that nothing passed through his
hands without receiving extension or improvement. But, perhaps,
that which stands out as most remarkable in his writings is his profound knowledge of the theory of instruments and perhaps also the

my,' and,
ten,'

have

all

'

'

;

example

teaching observers to trust less to the
mechanical perfection of instruments, and to bestow more pains in
determining their errors so as to remove them by numerical corrections, have contributed as much to the advancement of astronomical science as his own proper labours and discoveries. His countrymen adopted his metiioils as the models of their practice ; the present state of German astronomy shows with how much advantage.
Bessel was elected a Foreigr) Memb(T of this Society in 1825.
He died at Kiinigsberg on the 17th of March IHtG, after a long and
influence of his

in
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painful illness occasioned by an internal disease. The histoi'y of
his labours will occupy a large and prominent place in the history
of astronomy durini^ the first half of tlie present century.
The Baron de Damoiseau was one of the most distinguished
astronomers of tlie age. His most considerable work was his " Me-

Thcorie de la Lune," wiiich was presented to the Inbut not published before 1827, when it appeared in
the " INIemoires des Savans Etrangers." The methods which are used
in this important memoir are, generally speaking, the same as those
adopted by Laplace the moon's true longitude being assumed as
the independent variable, and the final equations solved by the method of indeterminate coefficients the solutions being given in numerical and not in literal coefficients, as in the great work of Plana
on the same subject. The approximations, also, are carried to a
greater extent than in the " Mecanique Celeste." This memoir was
followed by the celebrated "Tables of tiie Moon," which were founded
upon it, and which appeared in 182i imder the title " Tables de la
Lune, formee sur la seule Theorie de I'Attraction et suivant la division du cercle en 400 degres."
They form the first, and indeed the
only expanded tables of the moon which are founded entirely upon
theory, borrowing nothing whatever from observation but the simple elliptic elements, the proportion of distances of the sun and moon,
and the masses. All preceding tables, such as Mayer's, Borg's and
Burckhardt's, had derived many of their coefficients empirically from
These tables are the basis of those which are used by
observation.
the present Astronomer Royal in the great lunar reductions which
are now in progress under his superintendence.
The Baron de Damoiseau was also the author of " Tables of the
Satellites of Jupiter," and of many other works and memoirs connected with the advancement of astronomical science he was a very
profound analyst, a most laborious and faithful calculator, and the
author of the most important advancements which the lunar theory
received in the period which intervened between the appearance of
the great M'orks of Laplace and Plana to which I have before re-

moire sur

la

stitute in 1821,

:

;

:

ferred.

"On the Lunar Atmospheric Tide at St. HeJan. 28, 184.7
By Lieut.-Colonel Edward Sabine, 11. A., For. Sec, R.S.
The results of the observations made by Captain Lefroy, of the
Royal Artillery, Director of the Magnetical and Meteorological Observatory at St. Helena, are here given; from which it appears, on
the examination of thebarometricalchanges during seventeen months,
that a maximum of pressure corresponds to the moon's passage over
both the inferior and superior meridians, being slightly greater in
the latter case, and that a minimum corresponds nearly to the rising
and setting, or to six hours before and after the former periods. The
average atmospheric pressures are 28"2714 inches in the first cane,
and 28-267.5 in the last; the difference being 0-0039 inch. The
height ot the cistern of the barometer above the sea is 1764 feet;
and the latitude of the Observatory 15*^ 57' S. These results were
still further confirmed by tiiose of a series of observations during

lena."

—
Royal Astronomical
two years.

Societi/.

207

These observations

also establish the conclusion that
the moon exerts a greater influence on the amount of atmospheric
pressure at the periods of her perigee than at those of her apogee.

ROYAL ASTRONOMICAL SOCIETY.
[Continued from p. 139.]

—

Jan. 8, 1847.
Reduction of the Observations of Halley's Comet,
made at the Cambridge Observatory in the years 1835 and 1836!
By the Astronomer Royal.
These observations were chiefly made with the 5 -foot equatoreal.

They were reduced

as far as was practicable at the time, and the
corrections for refraction and parallax applied.
In this state they

were published

Cambridge Observations for 1835.
though pretty well known, and known
be small, were not then corrected. It' was thought better to put
in the

The instrumental
to

errors,

part of the complete reduction until correct places of the
small stars of comparison could be obtained.
In 1836 and 1837
most of these stars were observed at Greenwich, and they are sufficiently numerous to establish all the results which can be
oflf tliis

drawn

from the observations of the comet.
though carefully looked for.

Some

stars could not be seen,

In exhibiting the results two methods have been followed. First,
the place of the comet has been determined differentially with respect
to small stars, which have themselves been subsequently
determined.
Secondly, the error of the instrument has been computed from the
observations of known stars, admitting of accurate observation, and
the error so deduced has been applied to correct the instrumental
observation of the comet.
comparison of these results will often

A

show which

is

to be preferred.

The final results are compared with the Ephemeris circulated by
the Superintendent of the Nautical Almanac, under the date Dec.
30,
1835, which is the same, as to places unaffected by perturbation!
with the Ephemeris in theAppendix to the Nautical Almanac of 1839!
In this Ephemeris the effects of aberration are fully included,
contrary to the supposition of the Astronomer Royal in the Camb'rido-e

"
Observations, 1835, p. Ixiv.
It has not been thought advisable to deduce the elements
of Halley's comet from these observations.
That task will be best performed by some future Rosenberger, who, with all the observations

from both hemispheres before him,
result out of the whole mass.

The work
1.

2.

may hope

to bring a satisfactory

is divided into sections
catalogue of stars of comparison.
Errors of Ephemeris in K.A. from differential observations
;

A

only.
3.

Computation of the index errors of the equatoreal in R.A.
Ephemeris in R.A. from the data of the previous

4. Errors of the
section.

—
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5. Errors of the Ephemeris in R.A. from differential transits at
the mural circle.
6. Errors of the Ephemeris in N.P.D. from differential observations only.
7. Computation of the index errors in N.P.D. of the equatoreal.
8 Errors of the Ephemeris in N.P.D. from the data of the last

section.

A

tabular collection of all the previous results, with remarks.
a proposed Alteration of Bessel's Method for the Computation
of the Corrections by which the Apparent Places of Stars are derived
from the Mean Place. By the Astronomer Royal.
After mentioning the great superiority in uniformity and simplicity of Bessel's method over those previously in existence, the
Astronomer Royal remarks, that the strict attention to sign required
both in the partial additions and in collectin^j the sum is exceedingly
troublesome, and that more errors in observatory business arise from
oversight liS to sign than from any other cause.
He has therefore
been led to consider the possibility of avoiding changes of sign, and
suggests the following method as probably an improvement in giving
the data of the corrections in the Ephemeris and Catalogue.
On examining the maximum values of the quantities A, B, C,
in the Nautical Almanac, and of a, b, c, d, a', b', c', d' in the British
Association Catalogue, it will be seen that A, B, and D can never
be equal to 25, that c' is always less than 25, and that up to a north
polar distance of 3° 45', c must also be less than 25.
All the other
numbers are less than \'2.
9.

On

D

Let

E=A+25
F=B+25

G=C+

Let

1-2

e=a+
f=b+

1-2

Let e'=a'+ 1-2

1-2

f'=b'+ 1-2
g'=c'+25

g=c-|-25

H=D+25

/i=d+

1-2

h'z=zd'+

1-2

All the introduced symbols are necessarily positive.
Arranging and multiplying

Aa=Ee—l-2E— 25^+30
Bd=F/— 1-2F— 25/+30
&c.

&c.

And
Aa'=Ee'— l-2E-25e'+30
&c.

&c.

Hence, collecting and arranging, it will be found that the sums of
the corrections in R.A. and in north polar distance will be respectively,

InR.A.

=120-()+Ee+Ff+Gg+Hh
-(1-2E+1-2F+25G+1-2H)
—(25e+25f + \-2g+25/t)

In

N.P.D.=120-0 + Ee'+F/'+Gg'-^HA'

-(1-2E+1-2F+25G+1-2H)
—(25 e' +25/'+ ] 2g'+25/i')
where the numbers are seconds of time
conds of space in the

latter.

in

the

first

group, and se-

—
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be seen that the second line in each group is identical,
and depends solely on E, F, &c. that is on A, B, C, and D. This
therefore could be tabulated in the Ephemeris for the day, under one
symbol K. The third lines depend on a, 6, &c. and«', 6', &c. and
therefore admit of tabulation in the Catalogue as k and k' respectively
The corrections could now be in this form
for each star.
It will

;

;

:

=J20'-0+Ee+F/ + Gg+H/i-(K +

In R.A.

A-J

InN.P.D.=120"-0+Ee'+F/'+Gg'+H//-(K+A').

The

greatest possible value of

values of k and

k'

K

are about 170.

L=190-K,

is

about 182, and the greatest

Let

/=170-^-, l'=nQ-k';

then substituting these values in the last equations, the corrections
In R.A.
In

in

=Ee + F/+Gg + HA+L+/— 240'-00

N.P.D.=Ee'+F/'+Gg'-f HA'+L+/'-240"-0

which every symbol

is

necessarily positive.

The Astronomer Royal

finds that

logarithms M'ith

five

decimal

would be wanted for the corrections in R.A., and that four
would be sufficient in N.P.D.
An additional column would thus be required for the Ephemeris
and two columns for the Star Catalogue, but there would be no sign
employed either in the tabulation or computation. The trouble of
deducing E, F, &c., e,f, &c., L, /, &c. is trifling, and might be made
The change proposed is not recomstill Ccisier by subsidiary tables.
mended for uncatalogued stars observed only once. Stars which
places

are nearer the pole than 3° 45' require special treatment-

Computed by Capt. W. S. Jacob, B.E.
been computed from all the observations acces-

Orbits of Double Stars.

These

orbits have

sible to the

author, including his

own

for the current year.

The

been roughly deduced, as the observations
It was
are not yet sufl[icient to define the elements with precision.
undertaken by Captain Jacob for the purpose of ascertaining what
alteration was required in Mr. Hind's elements to make them represent his own observations, and those of Captain Smyth in 1838 and
orbit of Castor has only

1843.
In computing the orbits of the other stars, the method of least
squares has been employed to correct the elements which were obtained in Sir J. Herschel's manner.
The stars which Captain Jacob has computed are Castor, ^ Ursae,
y Virginis, and 70 Ophiuchi.
Notice respecting a pair of Chinese Planispheres brought from
Chusan, and presented to the Society by Captain Sir E. Home, Bart.

By Mr. Woolgar.
The hemispheres are of twenty-five inches

R.N.

internal diameter, projected stereographically on the j)lane of the ecliptic.
The magnitudes of the stars arc represented conventionally by a method which

makes a

magnitude less conspicuous than one of the
There are six magnitudes. The principal stars are

star of the first

third or fourth.
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connected by right lines. The groups thus formed sometimes do,
and sometimes do not, agree with those found in some European
maps.
The map is executed coarsely by block-printing. The positions
and magnitudes are incorrect. There is no appearance of European
origin.

The

selection

of stars of the fifth

and sixth magnitude

could not well have been copied, and some stars are inserted which
The epoch
are not to be found in any common catalogue or map.
seems to be about a.d. 173.5.
A Historical Survey of Comets. By Dr. Michelsen.
The author commences with a general review of the early history
of cometary astronomy, and notices the uncertainty attaching to
ancient European accounts of comets the information given us by
the Chinese annalists, Ma-tuon-lin, as sketched by Mailla, Gaubil and
De Guignes, presenting a more definite aspect. He remarks that
the comet which appeared in the time of Anaxagoras may be considered the first established historically, though as yet unconfirmed
by any astronomical calculation.
The author then proceeds to give a detailed description of the most
celebrated comets, commencing with Halley's, which he endeavours
The various confirmed
to trace back as far as the year 426 b.c.
appearances of the comet since 1456 are then described, and also
circumstances relating to comets in previous centuries, which might
possibly be identical with Halley's.
The comet of Encke is traced from its discovery by Mechain, in
The detection of a resisting medium in
1786, to the present time.
space from the motion of this comet, and the determination (from its
:

perturbations) of the mass of Mercury, are also noticed.
Biela's comet is described at its different appearances since the
year 1772. The author notices the supposed identity of the comets
The great comet
of 1264 and 1556, and of those of 1532 and 1661.
of 1843

is described, and, assuming the period of revolution to be
about 175 years, some ancient comets are mentioned which might
possibly be the same.
Those comets which, though only observed at one appearance,
yet remained visible long enough to allow their periodicity to be
The comet of Olbers in
determined, are placed in a separate class.
1815 is computed by Bessel to have a period of 74 years, and the
next return is fixed for February 9, 1887. The comets of 1740 and
1666 do not show the least resemblance to this. The great comet
of 1811 was found by Argelander to have a period of 3066 years.
The second comet of 1811 was computed by Nicolai it was much
the period assigned is about 763 years. Encke
fainter than the first
made the time of revolution of the comet of 1812 about 71 years.
The comet of 1807 was computed by Bessel, who fixed the period at
about 1714 years.
The author describes the celebrated comet of 1680, that of Lexell
in 1770, the comets of 1769, 1780, 1783, 1793, &c., and concludes
five probably
that there are three comets whose return is certain
periodical, from the similarity of their elements with those of pre;

:

;

—

—
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ceding comets and nineteen for which elliptical orbits have been
calculated with some degree of probability, making the total number
of periodical comets twenty-seven.
In the latter jjart of the paper a general account of remarkable
comets is given, commencing with that mentioned by Ovid, and conThe author has collected together the best
tinued down to 1843.
determinations of the orbits of periodical comets, and many particulars relating to the phj'sical appearance of these bodies.
;

XXXVII.
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ON Newton's telescope at the royal society.

Gentlemen,

Sid/nouth, Feb.

9,

1847.

"VTOUR

correspondent Mr. Weld charges me, in a somewhat angry
-*tone, with having made an unfounded statement respecting the
telescopes of Newton and HadleJ^
For my own justification I subjoin the extract from which I derived my information, and leave the

hands of Sir James South and Mr. Weld.
With respect, I am, Gentlemen,
Yours obliged,

result in the

N.

S.

Heineken.

" The Newtonian reflecting telescope was discovered by the head,
and made by the hands, of Sir Isaac Newton in 1671. Its large
speculum was two inches and three-tenths in diameter; its focal
length was about five inches, and magnified thirty-eight times
it is
in the possession of the Royal Society.
1 regret to say it is in a
most dilapidated condition, and its eye-glass is lost. The next of
any importance was made by Hadley in 1728 its large speculum's
diameter was about six inches
its focal length about sixty-three
inches
it magnified 230 times
in performance it equalled the great
Huygenian refracting telescope of six inches diameter and 123 feet
focus. He gave it to the Royal Society.
Its metal is ruined, and its
tube, its stand, and other of its appurtenances are lost, &c."
Times.
I have extracted the above from the Magazine of Science, vol. vii.
p. 36.— N. S. H.
:

;

;

;

;

— We

Note.
learn, on making inquiry of eminent prnctica! astronomers,
on whose judj^enient we can rely, that there is no foundation for the representation given in the above-cited letter to the Times newspaper.
At the
same time we cannot see that any blame whatever attiiches to our muchrespected r<)rrcspr)ndent Mr, Heineken, relying as he has done on the authority which he quotes.
V,o.

FORMATION OF SULI'HOVINIC ACID.
The author

BY M. M.

E.

MILLON.

some years since wishing to jjrejiarc sulpliovinic acid witli peculiar care, he made a mixture of 8ulj)huric acid
and alcohol in a ])latina crucil)le surrounded with ice and common
salt

:

.«tates,

that

the acid mixture being afterwards saturated, did not yield the

slightest trace of sulj)hovinate.

Wishing afterwards to ascertain precisely the conditions under
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which the formation of sulphovinic acid occurs, the author discovered
that it depended on several circumstances, the principal of which are,
1st, the relative proportions of acid and alcohol
2nd, the heat
3rd, the heating of the two liquids at the
applied to the mixture
moment of mixing them 4th, the time during which the acid and
To ascertain these points, the author at
alcohol remain in contact.
first emploj'ed monohydrated sulphuric acid SO^, HO, and absolute
there is no differalcohol C+ H« O'-, or else hydrated C* H^ O'-,
ence in the progress of the reaction, whether absolute or hydrated
alcohol he employed.
To determine the quantity of sulphovinic acid formed, the same
quantity of sulphuric acid as that used with the alcohol was mixed
with water and this last was used in such proportion as to make
the diluted acid equal in volume to the mixture of acid and alcohol.
Equal portions of these were then saturated with an alkaline solution
of known strength, and by the difference the proportion of combined
it being ascertained that sulphuric,
sulphuric acid was determined
on becoming sulphovinic acid, saturates one-half less base.
When equivalents of sulphuric acid and anhydrous alcohol are
employed, the following results are obtained if the alcohol be rendered extremelj'^ cold, and the sulphuric acid be gradually added, so
as to avoid raising the temperature, no combination whatever takes

—

;

;

;

HO

;

;

;

:

The sulphuric acid retains all its saturating power and if it
be kept constantly cooled by melting ice, the strength of the acid
remains the same for several successive days. A temperature of 50°
to 60° F. is sufficient to cause the conversion of 77 parts out of 100
thus about three-quarters of what
of sulphuric acid into sulphovinic
the sulphuric acid is capable of yielding are produced this proporIt remains the same for several months,
tion cannot be exceeded.
and it is useless to raise the temperature of the mixture. When
equivalents of sulphuric acid and alcohol are used, 77 out of 100 of
the acid is the largest proportion that can be formed into sulphovinic
but it
This formation requires several days at 50° to 60° F.
acid.
and it takes place in a few
occurs in a few hours at 86° to 95° F.
place.

;

;

;

;

;

minutes if the mixture be immersed in boiling water and it is a
remarkable circumstance that the combination is instantaneous, if
the alcohol be suddenly poured into the sulphuric acid so as to produce great heat.
It appears, therefore, that there are in reality, in this formation of
sulphovinic acid, three sources of chemical action which are equivalents
they are time, the temperature applied, and the natural heating
The action of light was repeatedly attempted to be
of the mixture.
substituted but the direct application of the most intense solar rays
never accelerated the formation of sulphovinic acid.
The mixture of two equivalents of alcohol with one equivalent of
sulphuric acid acts exactly in the same manner as the preceding
mixture only it is more easy to avoid in it the formation of sulphoThe
vinic acid
the influence of time and heat is similarly exerted.
sulphuric acid produces a little less sulphovinic acid, from 73 to 74
in 100 parts
the non-action of light is similar.
;

;

;

;

;

;

—
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however two equivalents of sulphuric acid and one equivalent

of alcohol be employed, circumstances are altered

;

sulphovinic acid

always formed and still more, the proportion of sulphovinic acid
is always the same, whether the acid be poured into the alcohol or
the reverse
whether metallic vessels be used or not and whether
The whole of the acid and alcohol do
they are or are not cooled.
the reaction does not take place on much
not however combine
more than half of the mixture, for not more than 54 of sulphovinic
acid can be formed from 100 of sulphuric.
This proportion does not
change by prolonging the contact, or even by the application of a
heat of 212" F. continued for several hours the capacity of saturation of the acid mixture remains the same.
In heating to 212°, the
volume is scarcely diminished it follows, therefore, that the alcohol
which is not changed into sulphovinic acid must be retained by a
peculiar affinity.
Ann. de Ch. et de Phys., Fevrier 1847.

is

;

;

;

;

;

;

ON A METHOD OF PRODUCING LIGHTS AND SHAI>ES IN EQUAL
PERFECTION IN DAGUERREOTYPE PICTURES. BY MM, BELFIELD LEFEVRE AND LEON FOUCAULT.
It was observed soon after M. Daguerre had made known his
wonderful discovery, that the iodized plate was not suited for producing a perfect image of every object, but that if there was a great
variety of light and shade, i. e. very light and very dark parts, they
would not be simultaneously brought out with correctness one of
these two alternatives must be chosen
either to stop the process
when the light parts of the picture are brought out (in which case
the dark parts will not be clearly distinguishable), or to allow the
light to act for a longer time, in order to render the dark parts distinct but in this case the light parts will be rendered indistinct,
:

;

,

or, as it is called,

These

burnt.

have fortunately been remedied by the employment of
certain substances, which not only allow of the operation being
performed with greater rapidity, but also produce sensitive surfaces
capable of receiving a much greater variety of tints.
These are,
however, far from being perfect
and therefore if any process could
be discovered which would bring out the light and dark parts of the
picture with equal distinctness, without increasing the sensitiveness
of the plates, it would be advisable to have recourse to it in certain
evils

;

cases.

If

the operator

knows how

to

work well upon these

different

without confining himself exclusively to the most
sensitive, he will be able to produce any effect desired
for instance,
if requisite, he will moderate the intensity of the rays of the sun
bearing upon objects of inadequate reflective powers, or heighten
sensitive surfaces,

;

the tone of a picture.

With a view

to facilitate the attainment of good results, Mr. Beland myself determined on making known a new mode of preparing the sensitive surfaces, the effect of which is to impart to the
plates the property above-mentioned, and which assimilates them to

field

the

human

retina.

—
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employment of iodine and bromine, and
who are accustomed to employ those

performed by persons

substances separately.

It

consists in polishing and iodizing the

and afterwards causing it, by any
convenient means, to absorb three times as much vapour of bromine
as is usually thought sufficient to render the plates as sensitive as
possible.
Whilst the ordinary quantity of bromine does not visibly
alter the tint of the iodized layer, that which we recommend causes
it to assume a deep bluish violet tint.
The sensibility of the plates thus surcharged with bromine is reduced to a third of what it would be if the ordinary quantity only
were used but at the same time they are rendered capable of producing a perfect picture of subjects presenting the greatest variety
This will be seen by inspecting a small picture, presented
of shade.
herewith, which was produced when the sun was shining.
There
will be perceived the clouds in the sky, white houses, with the shaplate in the ordinary manner,

;

dows

which is delineated much
same manner a? if executed by an artist.
recommend the ordinary quantity of bromine to be exactly

well-defined, and trees, the foliage of

in the

We

as if less than this quantity be used, the picture will not be
properly brought out and if more than this quantity were used, the
mercury would not be properly condensed and the image would not

tripled

;

;

be so well-defined.
This new property, communicated to the iodized plates by an
excess of bromine, may be very usefully applied
and besides, as
it appeared to us that this statement might be useful to the chemical
world, we have been induced to make this communication to the
Academy. Comptes Rendus des Seances de VAcademie des Sciences,
;

(^as

inserted in the

London Jmirnal.)

OBSERVATIONS ON THE EXPERIMENTS OF MESSRS. FOUCAULT
AND FIZEAU, RELATIVE TO THE ACTION OF THE RED RAYS
UPON DAGUERREOTYPE PLATES. BY M. EDMOND BECQUEREL,
Messrs. Foucaultand Fizeau, at the sitting of the Academy on the
inst. (October 184G), presented some observations concerning
the action of the red rays upon Daguerreotype plates, from which it
would appear that the least refrangible part of the solar spectrum
acts upon the iodide of silver in an inverse manner to the most
refrangible portion.
As it appears that these gentlemen are not
acquainted with the experiments which have been made during the
last few years on this subject, and as the results stated by them do
not appear to me to lead to the conclusions which they deduce, I
take the liberty of submitting some remarks thereon to tlie Academy.
Dr. Draper (Philosophical Magazine, Nov. 1842), on examining
the image produced by the action of the spectrum upon iodized plates
of silver, made known, before these gentlemen, the existence of protecting rays modifying the influence of the solar rays, and even acting
negatively upon the iodide of silver. Sir J. F. W. Herschel examined
the pictures on that occasion, and in a very interesting experiment
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(Philosophical Magazine, Feb. 1843) on the different appearances
which the iodized plates assume when exposed for the same space
of time to varying intensity in the light, and submitted to the vapour
of mercury, attributed these effects to the unequal thick ness ot^the
substances deposited upon the plate s of silver, serv ing as reflecting
He showed, moreover, that on operating upon paper
surfaces.
covered with iodide of silver, nothing was observed which indicated
the action o f negative rays, but tliat all t he active parts of the solaf
spect rum acted chemical ly in the same manner o n the iodide.
The experiments which I have made on the chemical action of
the solar rays, from 1841 to 1844, have all led me to the same conclusion.
Attention ought not therefore to be directed to the deposits
formed on the surface of Daguerreotype plates, as if these were the

only data to lead to the conclusion that the rays acted in various
ways for if so, thei^e would be risk of defective results.
In support of the foregoing I will cite the following experiment,
" Let a
of the accuracy of which any person will be able to judge.
Daguerreotype plate be prepared with iodine only (in order to avoid
the admixture of active substances), and let the blue, indigo, and
violet parts of a purified blue spectrum, presenting Fraunhofer'a
black lines, be thrown upon it.
If the action only lasts a short time,
after submitting it to the mercury vapour, the black lines will be
seen to fix themselves upon a white ground, which represents those
parts affected by the active parts of the spectrum*." But if the plate
be exposed to the spectrum for an hour or more, then the appearance
of the plate changes, on passing it through the mercury vapour
the
lines of the spectrum are scarcely marked, and the action has been
nearly uniform throughout its surface, but the lines whichare visible
appear w'hite, and show very distinctly upon the ground, which approaches to blackness
the effect is quite contrary to what it was
before.
That portion of the plate which is acted upon by the violet
part of the spectrum has, under these circumstances, the same appearance as the portion of the plate exposed to the red rays by Messrs.
Foucault and Fizeau
and to produce this eft'ect, it was only necessary to vary the time of exposure of the plate to the same j)ortion of the spectrum.
Must it be inferred, in the second case, that
the iodide of silver had been acted upon by negative rays ? Certainly
not for if the experiment be repeated uj)on iodide of silver laid upon
paper, the paper will become darker and darker, in proportion to the
time it continues exposed to the spectrum and, besides, I have
fouud {Annales de C/iimie 'jt da Physique, J3rd series, vol. ix. p. '268
ct scij.) that the electrical effects arising from the chemical decom;

;

:

;

;

:

position of the iodide always act in the

same

direction.

be seen that the conclusion to which Messrs. Foucault and
Fizeau came, viz. that tiiere exist in the red j)rismatic rays negative
rays, cannot be received, simply from the fact that the Daguerreotype plates are not always the same in aj)pearance.
The contrary
eflects, as will be seen hereafter, are secondary effects produced by
It will

• K. l}ecc|iierel on the Constitution of the Solar Spectrum.
Univendle de Geneve, August 1842.
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several chemical reactions taking place simultaneously,

due

to contrary action, exercised

and are not
on the part of the solar rays, on

the iodide of silver alone.

Another

fact

which

will call attention to

I

is,

that the least refran-

gible part of the spectrum, instead of possessing a negative action

upon the

iodide of silver, exercises a continuous influence

upon most
and the

of the salts of silver alone, such as the iodide, the bromide,

and also that the experiments upon which this proposition
founded have been verified by the commissioners of the Academy,
charged with the examination of one of my memoirs.
chloride

;

is

In the foregoing, the only point discussed was the 'influence of
upon iodide of silver, or the simple salts of that metal. When
plates of silver are exposed successively to the vapours of iodine,
bromine or chlorine, the mixtures obtained may give rise to various
kinds of chemical reaction, of which the result only is appreciable.
light

mixtures must not be employed without great
must be used as little as possible in experimenting as to the nature of the active rays.
In order to show how far the mixture of sensitive materials is
capable of influencing the eff^ects of the spectrum, I will direct attention to the following observation of Sir J. Herschel
If paper be prepared, first with a strong solution of lead and afterwards with bromate of potash and nitrate of silver, a surface will be
produced which will speedily become black on exposure to the light
on being presented to the spectrum, the black tint will be produced
But if the paper has
in the most refrangible rays, as far as green.
been blackened by previous exposure to the light, on being covered
with a dilute solution of iodide of potassium and exposed to the blue
This result
part of the spectrum, the paper will become white.
proves that the iodide of potassium is decomposed, and that the silver
which stained the paper being iodized, and coming in contact with
an alkaline iodide, ceases to be aff"ected by the light the paper will
therefore remain of a j^ellowish-white in that portion of the spectrum

For

this reason these

caution, and the Daguerreotype plates

:

;

on which the reaction takes place.
If the layer of iodide

is produced from a
becomes white in the

of potassium emjDloyed

dilute solution of that salt, the paper not only

becomes darker in the red rays,
and even beyond, a neutral line being in the middle. It would appear therefore, from an examination of the image thus obtained, that
two contrary results were produced viz. the destruction of the coThese
lour in the violet part and its augmentation in the red.
efi^ects may be easily explained as two distinct chemical reactions
first, the action of the light upon the iodide of silver, the colouring of
which had commenced second, the action of the light to effect the
decomposition of the iodide of potassium, and the iodizing of the
As
silver arising from the sub-iodide formed by the first reaction.
the red part of the spectrum contains those rays which continue the
chemical action commenced upon the salts of silver, and as the
first reaction is only commenced, the latter has most influence in
The second reaction is, on the contrary,
that part of the spectrum.
violet part of the spectrum, but also

;

:

;
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Thus these appearances of inverse action
in the colouring do not arise from two distinct effects, positive and
negative, produced by the rays upon the same sensitive surface, but
at its height In the violet.

are

owing

two

to

distinct chemical reactions,

which predominate

respectively in the red and violet parts.
If the blackened paper be covered with a fresh layer of iodide of
potassium, it will begin to turn white at tlie least refrangible part,
if a sufficient
and the neutral line will again approach the red
quantity of iodide be used, the paper will turn white from the violet
to the red
but if a very strong solution of iodide were employed,
the paper would whiten, even in the dark
so violent is the action
of the iodide of potassium upon metallic silver.
These results clearly prove that several chemical actions may take
place simultaneously in the mixtures of sensitive substances, the results only of which are obsen'able.
Analogous effects must neces;

;

;

be produced on employing iodized plates of silver, and afterwards exposing them to the vapour of bromine or to chlorine and
perhaps even when using plates iodized according to M. Daguerre's
plan.
In fact, under these circumstances, the iodide, chloride, or
bromide of silver, are in direct contact with the metallic silver and
as, by the decomposition of these salts, through the action of the
light, subsalts are formed, the result is that iodine, chlorine and bromine are exposed directly to the above-named salts, and even to the
sarily

;

;

moment when the solar action makes its
These reactions, which are sufficiently complex, become more so by the iodides, chlorides, and bromides of silver being
submitted to the action of rays which always act with the same
metallic silver itself, at the

influence felt.

energy in the violet part of the spectrum whilst in the red portion
the rays react with greater energy, owing to certain chemical actions
;

naving commenced.

between the chemical reupon sensitive substances
alone, and upon combinations of them.
This has not been done by
.Messrs. Foucault and Fizeau
they have considered a Daguerreotype
plate as offering a separate sensitive surface, whilst it is only by a
distinguish

It is therefore essential to

actions effected under the influence of light

:

mixture of substances that different effects can be produced in the
various parts of the spectrum, as is proved by Herschel's experiment, and without the existence of rays acting in an inverse direction.
Thus it has been proved by experiment, that the solar rays,
although of various degrees of refrangibility, only act in one way
upon iodide of silver whilst a mixture of this substance with other
matters may occasion several chemical reactions acting conjointly
and hiding the princij)al effect.
If the light acts only in one way upon iodide of silver (the continuous rays included), the case may be different on other sensitive
;

substances, and the rays
negatively.

may

known,
affected by the
It

is

act sometimes positively and sometimes
each sensitive substance is

in fact, that

this might be cxi)lained by
solar rays
stating that each sensitive substance receives the rays in a manner
peculiar to itself.
I will cite as an example an observation of Woldifft-rcntly

Phil. Mas'. S. 3. Vol.

.'^0.

;

No. 200. March 1817.
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with regard to the sensitive substance guaiacum, which becomes blue beyond the violet part of the spectrum, and again becomes
colourless in the red and yellow rays.
I have confined myself to the foregoing observations, on the subject of Messrs. Foucault and Fizeau's note, to show that the complicated phaenomena produced by the appearance of the Daguerreotype plates (although very important for the photographic images
produced in the camera-obscura, and for the observation of active
rays of very little intensity) cannot lead to definite and unvarying
laston's,

chemical action produced.

results, as regards the nature of the

It is

therefore necessary to oj)erate, as has been heretofore done, by means
of simple products, with sensitive paper, regard being had to the
electrical effect due to the chemical reaction produced under the in-

fluence of the solar rays.

Ibid.

RESEARCHES ON MELLON AND ITS COMPOUNDS.
BY MM. AUG. LAURENT AND CH. GERHARDT.
The authors observe that in their last memoir on
had not repeated the experiments of M. Liebig

;

this subject

they

that they had

merely modified a part of his theory, the authority of his name appearing to be a sufficient guarantee for the accuracy of his results.
According to M. Liebig, this substance is composed of
39"36
=458"61
Six atoms of carbon
60- 64
=708-16
Eight atoms of azote

One atom of mellon
100-00
=1166-77
According to him, it is a radicle composed of carbon and azote,
capable of uniting with hydrogen, oxygen and metals^jso as to form
compounds analogous to those into the composition of which cyanogen enters.
The authors state, and they do it with regret, that the reliance
which they placed on the results of M. Liebig has totally misled
them and that it is not a part only of his labours on this subject
which is erroneous, but that this is the case with the entire historj"of mellon, with all its transformations and all its reactions.
The
;

authors assert that they are also in a condition to prove that the supposed analogy with cyanogen does not exist; for instead of consisting only of carbon and azote, mellon contains besides one and a
half per cent, of hydrogen.
Various processes have been employed
for obtaining mellon.
That analysed by MM. Laurent and Gerhardt was obtained very pure by calcining chlorinated cyanamide
{cyanamide chloree) as long as hydrochloric acid and hydrochlorate
of ammonia were disengaged.
The following are the results of four experiments performed to
ascertain the composition of mellon
:

Carbon

Hydrogen
Azote

I.

II.

36-0

35-8

1*7

1-8

61-3

62-4

99-0

1000

III.

1000

10000
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would give

C6

45000

H3
N»

18-75

1-5

787-50

62-5

36-0

1256-25
1000
These numbers are confirmed by the results obtained by M. Voelckel in analysing glaucene, which, according to Mi\l. Laurent and
Gerhardt, is merely mellon derived from the dry distillation of poliene (A.), and of persulphohydrocyanic acid (B.). The results of M.
Voelckel are as follows

:

A.

Carbon

Hydrogen
Azote

B.

35-4

357

1-6

1-6

1-8

63-0

627

62-0

100-0

1000

100-0

36-2

experiments, MM. Laurent and Gerhardt have
arrived at the following conclusions

From numerous

:

Mellon

supposed by M. Liebig, a binary compound,
comparable with cyanogen for besides carbon and azote, which are
not in the proportions stated by M. Liebig, it contains one and a
half per cent, of hydrogen, and is represented by
H3 N^.
2. The formation of mellon by chlorinated cyanamide does not
occur, as stated by M. Liebig, accompanied simply with hydroclilorate
of ammonia, but there is also disengaged an enormous quantity of
hydrochloric acid, amounting to about 16 per cent.
3. Chlorinated cyanamide contains double the quantity of chlorine
stated by M. Liebig, and ought to be represented by C^ H'' CI N*.
4. By the influence of potash, chlorinated cyanamide is converted
into ammehne C' H^ N^ O, or ammelide C3 H'' N^ 0'-.
5. The new substance, the formation of which has been recently
announced by M. Liebig from urea, is a body previously known by
the name of ammelide.
6. Ammelide does not possess the composition attributed to it by
M. Liebig it contains C' IV N'' 0-, as had been previously stated
by one of the authors.
7. The melam of M. Liebig is an impure mixture of poliene
H*
N" and mellon.
8. The dry distillation of persulphohydrocyanic acid, as stated by
M. Liebig, does not occur but the assertions of M. Voelckel respecting this phsenomenon are correct.
9. The sulphuret of cyanogen does not possess the composition
adopted by M. Liebig it contains hydrogen, and is represented by
C^ HN^ S^
it cannot therefore be the radical of the sulphocya1.

is

not, as

;

C

;

C

;

:

;

nurets.

Heat does not decompose mellon, as stated by M. Liebig,
volumes of cyanogen and one volume of azote but the
products vary according to the temperature, and always contain hydrogenated compounds, to the complete destruction of the mellon.
10.

into three

;

Q2

——

.
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Potash does not dissolve mellon and yield the mellonide of
a tribasic salt
the same time
that ammonia is developed.
Other products are also formed at the
1 1

M. Gmelin, as stated by M. Liebig but it produces
(HM^) N^ O'-, containing hydrogen and oxygen, at
;

C

same

time.

Mellon does not simply and purely combine with potassium
but the combination occurs with the evolution of ammonia, and the
product is a bibasic salt C"^ N^ M^, a salt which on dissolving in water
probably gives
N*^ M- H^O, and appears to be identical with the
mellonides of M. Gmelin.
13. Mellon does not integrally dissolve in sulphuric acid, for the liquid contains sulphate of ammonia.
Ann. de Ck. et de Phys., Jan^aer
1847.
12.

;

C

ON THE PREPARATION, PROPERTIES AND COMPOSITION OF
BY M.

ACETAL.

STAS.

by following precisely the directions of M.
Liebig for preparing acetal, he obtained a product which, when redistilled, did not possess any fixed boiling-point.
The liquid procured at 203° F. recommenced boiling at about 190°, and the temperature gradually increasing, finished at 226° or even 230°.
The product distilled at 190° was reduced to about half by a concentrated solution of potash
this action takes place in a few hours
without the contact of air. The portion collected at about 220°, and
below it, does not undergo any ajipreciable alteration by the alkaline

The author

states that

;

solution without the contact of the air.

The potash solution, obtained by treating the first product, remains
when saturated with carbonic acid and evaporated in

colourless

;

is left, which yields to anhydrous alcohol a white
very soluble in water, and precipitates nitrate of silver
in pearly white laminae
it is merely acetate of potash without any

vacuo, a residue
salt,

which

is

;

trace of formiate.

These facts prove, according to M. Stas, that the acetal described
by M. Liebig is a mixture of at least two substances, one of which
is acetic aether, and the other is acetal, properly so called, and comparable to the methylal of M. Malaguti, as will hereafter be shown.
M. Stas observes that some chemists still doubting of the existence of acetal, he states the method of procuring it in a certain and
rapid manner, and constant in composition, before he describes its
properties
the process is as follows
Fragments of pumice-stone are to be washed with hydrochloric
acid and then heated to redness
afterM'ards the pumice is to be
moistened with alcohol which is nearly anhydrous, and to be introduced into a balloon capable of containing 80 to 100 pints. This
balloon should have a short neck, but large enough to allow of
introducing the arm.
As many capsules as the balloon will contain
are to be placed on the pumice
these capsules are to be as flat as
possible, and covered with a thin stratum of platina black.
The
neck is to be perfectly covered with a glass plate, and the balloon is
:

;

;

;

;;
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then to be exposed to a temperature of about 68°, till nearly all the
alcohol is converted into acetic acid.
Fresh air is to be occasionally admitted into the balloon, and care
taken that the liquid is always below the pumice, and that the latter
In about a fortnight or three weeks
is never covered by the former.
the liquid becomes more or less viscid, its consistence resembling
that of sulphuric acid on being poured.
At this period the liquid is
to be removed, and replaced by an equal quantity of alcohol of 60
When several pints of very acid liquid have been thus
per cent.
obtained, it is to be 'neutralized by carbonate of potash, and as much
chloride of calcium dissolved in it as it is capable of taking up.
Dried acetate of potash may be substituted for chloride of calcium
in this case it is unnecessary to saturate the liquid by the carbonate
;

of the

same

base.

In whatever mode the liquor is saturated, it is to be submitted to
cautious distillation only one-fourth of it is to be distilled, and in a
this is to be saturated with fused chloride of
well-cooled receiver
calcium, which immediately separates a considerable portion of a
very volatile fluid of an extremely suffocating odour this is to be
separated by a pipette, and water is to be cautiously added to the
saline solution as long as it continues to separate fresh quantities of
;

;

;

which

added to that previously obtained.
solution of chloride of calcium, a
further small portion of the organic matter may be extracted
already remarked by M. Liebig, the substance thus separated

sethereal fluid,

is

By

to be

careful distillation of the

mixture of aldehyd, acetic

and acetal.
powdered chloride of calcium

still

as

:

is

a

aether, alcohol

In order to isolate the acetal,

is

to

be added to the mixed fluids, as long as it continues to dissolve
when this is completed, the liquid is to be distilled from a waterbath, but always below its boiling-point, until the product ceases
The residual matter, deto reduce ammoniacal acetate of silver.
prived of aldehyd, but still containing some acetic aether and alcohol mixed with the acetal, is added to a great excess of very concentrated solution of potash, which completely destroys the acetic
in operating upon about 750 grains of the fluid, and very
aether
:

frequently agitating the mixture,

it

requires three or four days' action

decompose the last portion of the aether. It now remains only to
wash the acetal with once or twice its volume of water, to digest it
with recently-fused chloride of calcium, and to distil it, in order to
to

have

it

The

perfectly pure.
properties of acetal are, that

it is a colourless aethereal and
than aether, to which it has been compared.
its taste is cooling with a distinct nutty
It has a peculiar sweet smell
after-taste.
Its density is 0'821, at about 72° F.
It boils between
219° and 223° F. Water at 77° dissolves about ^th of its volume,
and less as its temperature is increased. Chloride of calcium and all
very soluble salts in general separate the acetal from solution in
water Ktlier and alcohol dissolve acetal in all proportions chloride
of calcium does not separate it from alcohol unless water be added
aldehyd. as observed by M. Liebig, exhibits the same phaenomenon.

fluid liquid,

but

less so

;

;

;

—

—
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Under the

influence of platina-black or of the air, acetal is ver}'rapidly converted, first into aldehyd and then into concentrated acetic
the action is extremely rapid when the platina is moistened
acid
oxidizing bodies in general produce the same effect thus diluted
;

;

and afterwards acetic acid
chromic acid gives acetic acid only. A solution of ammoniacal acetate of silver has no action upon it at any temperature out of the
aldehyd at

nitric acid furnishes

first

;

contact of air neither saturated solutions of potash, soda, the solid
alkalies, nor potashed lime, have any action upon it, either at a low
or high temperature sulphuric acid at first dissolves it, then decomposes and blackens it; chlorine acts upon it, removes its hydrogen
and forms chlorinated compounds, which the author has not had time
By analysis it yielded
yet to examine.
;

C6

4500

H7
O-

87-5

According to Liebig
C8
H's
03

200-0

61-01
11-85
27-14

737-5

10000

611-480
112-315
300-000

59-72
10-97
29-31

1023-795

100-00

consists of

it

M.

Stas obser\'es, that on comparing the results of his analyses
with the composition of alcohol, the latter, under the influence of the
oxygen of the air and platina-black, has lost one-third of its oxygen,
and two-ninths of its hydrogen these quantities being equivalent to
;

one of oxygen and two of hydrogen, as is readily ascertained. Acetal may be represented by a combination of two molecules of aether
with one molecule of aldehyd, according to M. Stas, C'^H'^O'*^
while according to Liebig its formula is
2{C* H* O), C* H* 02
C8 H's O', or one equiv. of aldehyd and one
C*
O, Ae O + H*
Ann. de Ch. et de Phys., Feb. 1847.
equiv. of aether.
;

W

=

PRESENCE OF SULPHUR IN METALLIC SUBSTANCES STRUCK BY
LIGHTNING.

On Sunday, the 14th of June 1846, the parish church of Saint
Thibaud-de-Couz, three leagues from Chamberry, was struck by
lightning the church was filled with a dense smoke, accompanied
by a strong smell resembling that of gunpowder. The gilt frame of
a large picture was almost entirely blackened, and six gilt chandeliers were all rendered as black as copper would be after long exposure
to sulphuretted hydrogen.
M. Bonjean procured some powder by scraping the surface of the
chandeliers which had been most strongly coloured by treating it
with aqua regia he obtained a solution in which solution of nitrate
Journ.
of barytes gave a white precipitate insoluble in nitric acid.
de Pharm. et de Ch., Decembre 1846.
;

;

I

—
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ON CHROIIATE OF CHROMIUM.
M.

C. Rammelsberg states that when a solution of chrome-alum
is mixed with one of neutral chromate of potash, the first portions
produce a red brown colour
afterwards a brown precipitate is
formed, on the surface of which a very yellow liquid floats.
This precipitate dissolves in hydrochloric acid with a yellowishgreen colour
ammonia precipitates oxide of chromium, leaving
chromic acid in solution. When digested with potash, it readily
yields chromate of potash and oxide of chromium.
M. Rammelsberg gives the annexed formula [3 Cr^ O', 2Cr- O',
9H- O]. Journ. de Pharm. et de Ch., Novembre 1846.
;

;

METEOROLOGICAL OBSERVATIONS FOR JAN.

—January

1847.

Frosty overcast.
2. Hazy and cold.
3. Dry haze
snow at night. 4. Cloudy.
5. Hazy.
8. Hazy.
9. Cold
6, 7. Foggy.
hazy.
10. Sharp frost at night.
11. Frosty
fine sharp frost.
I'i, 13. Foggy.
14. Sharp frost foggy frosty.
Dense
frosty
nights.
17. Ury
fog
at
15, 16.
haze foggy.
18. Cloudy and cold.
20. Slight haze
19. Overcast: hazy.
snow at night.
21. Snowing.
22. Den^e fog throughout.
23. Slight fog
cloudy rain.
24. Densely clouded rain clear.
25. Fine slight showers in
the evening.
26. Partially overcast fine boisterous at night.
27. Clear rain
at night.
28. Boisterous
29. Fine, with sun
clear and
clear and frosty.
frosty. 30. Clear and frosty fine: densely overcast. 31. Light haze: cloudy fine.
34°*26
JNIean temperature of the month
INIean temperature of Jan. 1846
43 '54
Mean temperature of Jan. for the last twenty years ... 36 "81
Average amount of rain in Jan
1'60 inch.
Cliiswkk.

I.

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

—

1. Foggy: snow on the ground.
4. Cloudy:
2,3. Cloudy.
8
5. Cloudy: rain early a.m.
6. Cloudy.
7. Rain.
11.
Cloudy: rain P.M. 13. Cloudy.
14
17
16. Fine.
20. Cloudy.
21. Cloudy snow P.M.
23. Cloudy.
24.
22. Cloudy snow on the ground.
Cloudy snow nearly all melted. 25. Fine rain midday. 26. Fine. 27. Windy.
28. Rain. 29
31 Fine.
This January has been the coldest since January 1842,
and the driest since 1833.

Boston.
Jan.
early A.M.

snow

Cloudy.

—

12.

:

:

:

—

—

—

.

:

—
Orkney. — Jan.

2. Cloudy.
3. Damp showers.
1. Fog.
clear.
9. Bright
rain.
8. Cloudy.
6, 7. Damp.
Bright: frost: clear.
14. Bright: frost: clear.
13. Bright: clear.
15. Bright clear.
20.
16. Drops cloudy.
17
19. Cloudy clear aurora.
Fine: frost: clear: frost: aurora.
22. Bright: clear.
21. .Sleet-showers.
25 27. Bright clear.
23, 24. Cloudy: rain.
28. Clear frost cloudy.
29.
Bright: clear.
31. Hail-showers: snow30. Bright: snow-showers: aurora.
showers: aurora.
4.

10

Sandwick Manse,
Showers. 5. Showers

—

:

:

:

12.

—

:

:

—

:

:

:

;

:

—

2. Dull and
Applegarth Afanse, Dumfries-shire. Jan. 1. Clear, but moist.
slight frost rain p.m.
4. Dull
slight snow.
3. Slight frost: very chilly.
clear.
9, 10. Frost
5. Dull
rain.
6. Fine and fair.
7, 8. Fair, but cloudy.
15. Thaw.
16. Thaw:
11
14. Frost, hard, but cloudy.
13. Frost, hard.
23. Thaw: sleet.
17
22. Frost: snow: thaw.
drizzle.
21. Frost again.

raw

—

24.

:

:

:

:

:

—

Heavy

rain.

cleared p.m.
cloudy.
31.

28.

27. Rain:
26. Heavy rain.
25. Slight frost a.m. rain.
30. Slight frost a.m.
Fair, but dull.
29. Slight frost a.m.
:

:

Hard frost snow p.m.
Mean temperature of the month
Mean temperature of Jan. 1846
Mean temperature of Jan. for 25
Mean rain in Jan. for 20 years
:

35°'97
years

43
34

"0
'9

2'60 inches.
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0)1 the Effects of Magnetism, Sec. upon the Dime?iof Iron and Steel Bars. By J. P. Joule, Esq., Secretary of the Literary and Philosophical Society of Man-

sions

chester,

[Continued from page 87.]

WITH

a view to ascertain whether the lengthening effects
observed in the experiments detailed in the former
part of this paper were entirely independent of the diameter
of the bars, I made a very extensive series of experiments, in
which fine wires both of iron and steel, bundles of very fine
iron wires, chains composed of copper and iron links, &c.
were employed. In order to keep these flexible articles exactly
in the axis of the coil, a weight was placed upon one of the
levers, so as to exert upon them a force of tension equal to
about eight ounces.
The results of the experiments in which wire of ^^^th of an
inch thickness was employed, accorded very well with the
previous experiments with thicker bars
but on employing
iron wire which was only y^^jjlh of an inch thick, the phaeno;

mena assumed

quite a different character; for on transmitting
the current through the coil, the length of the wire became
suddenly diminished instead of being increased. This phae-

nonienon appeared to me exceedingly anomalous, and it was
some time before I found out its cause. At last, thinking
that the wire was attracted by the coil, I varied its position
from the centre to either side, and increased the amount of
its tension.
Tlie former of these operations produced no
sensible effect; but the increase of tension caused the shortening effect of the current to be considerably augmented.
It
became manliest, therefore, that the weigiit of eight ounces,
acting upon very fine wire, produced the anomalies in question.
This was iiirllier demonstrated to be the case by diminishing
Phil, Mag, S. 3. Vol. 30. No. 201. April 18*7.
H
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8^c,

I then found that the phaenothe tension as far as possible.
mena of elongation took place as in the case of the iron bars,
owing to the
only to a smaller extent, which was obviously
the wu-e ni
keep
to
order
in
left
necessarily
degree of tension

the axis of the

coil.

of inquiry thus opened appeared to me to be
and calculated eventually to become
importance,
one of "reat
upon some of the
the means of throwing a great deal of light
actions
most interesting questions connected with molecular
constructed
therefore
I
magnetism.
of
character
real
and the
pressure might
an apparatus wherebv the effects of tension and
is represented by
be further studied. This apparatus, which
wooden lever A,
the adjoining woodcut, consisted of a strong

The new

field

Fig.].

K

resting on a hard
furnished with a hard steel knife edge at
At the distance of one foot from the knife edge
steel plate.
a brass plate was fastened to the lever, into which a piece of
iron or steel wire, one-fourth of an inch in diameter, could be
screwed the upper end of the wire could also be screwed
into a brass bolt, the head of which rested upon the cross
to inWeights coald be placed on the lever at
piece S.
The magnetic balance, consisting ofa barcrease the tension.
magnet eight inciies long, jjroperly furnished with scales, was
The further extremity of the lever was consitiiated at B.
nected with a fine lever multiplying eight times, the index of
:

W

upon the Dimeiisioiis of Iron and Steel Bars.
which was examined by the microscope employed

mer

series of experiments.

Each

division of the

9.11

in tlie for-

micrometer

passed over by the index indicated an elongation of the wire
under examination equal to yjoV^o^'^ of an inch.
When pressure instead of tension was employed, a pillar
of iron or steel wire, one quarter of an inch in diameter, was
placed at C so as to support the weight of the lever; its ends
abutted upon flat plates of copper or brass.
Every precaution that I could think of was taken in order
to give accuracy to the results.
In particular I may mention
that the coil was not permitted to touch either the wire under
examination, the lever, or any other part of the apparatus to
which it might communicate motion through the change of
its own molecular condition in consequence of the passage of
the electrical current.
In spite of these precautions the experiments were very troublesome, owing to the almost incessant vibrations of the index.
Although my laboratory is
situated quite out of the town, and detached from every dwelling, these vibrations were so extensive during the day time,
that the experiments had, in general, to be carried on after
eight o'clock p.m., when the greater part of the traffic had
ceased.
It was at all times impossible to make an observation when a cart was passing along a road at the distance of
one or two hundred yards; nor could anything be done as
long as much wind was blowing.
Owing to these circumstances it was frequently very difficult to estimate an effect
equal to one-tenth of a division of the micrometer.
1 believe,
however, that the results of the tables are in no case more
than two-tenths of a division wide of the truth.
The experiment which I first made was with a piece of soft
iron wire, one foot long and one quarter of an inch in diameter.
It was made as straight as possible, and its ends were
ground perfectly true and flat. It was placed as a pillar under
the lever, so as to support its pressure, which was equal to
82 lbs. The coil by which it was magnetized was formed out
of a copper wire thirty-three yards long and one-tenth of an
inch in diameter, well-covered with cotton-thread.
was \\^ inches, and its interior diameter one inch.
coil

was employed

in

all

Its length

The same

the experiments with wires of a foot
was in every case about 45°.

long. Tiie temperature of the wire

The method

of experimenting was the same as I employed
former section of this paper.
A current was passed
through the coil, the effiicts of which, both on the length of the
iron pillar and on its magnetism, were noted.
The current
was then cut off"; and the effect of so doing on the length of
the pillar noted, as well as the quantity of magnetism rcmainII 2
in the
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ing in it.
A more powerful current was then passed, and the
observations repeated as before; and so on with still more
The fifth column of the table gives the
powerful currents.
effect upon the magnetic balance in grains, abstraction being
made of the effect due to the coil itself, which had been previously carefully determined by experiment.

Experiment

^
^
r
Deflechonofi

rr.
^
ofc
Tangent
|

galvanometer.'

deflection.

9.

Elongation or
shortening of
pillar.

Pressure 82

lbs.

zipon the

Dimensions of Iron and

Experiment

Deflection of
galraooineter.

10.

Steel Bars.

Pressure i80

lbs.
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Deflection of

galvanometer.
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Six-inch Pillar.

Pressure 82

8iX.

lbs.
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proximity of the magnetic balance
to the coil increased the numbers in columns 5, representing
the magnetic intensity of the six-inch pillars.
The two preceding tables are therefore only comparable with themselves.
In all the other experiments with one-foot bars, the magnetic
balance was at the uniform distance of 4t inches from the
centre of the bar, so that they are strictly comparable with
this place, that the oreater

one another.
I now proceed

to give

an account of some experiments on

the effects of the force of tension.
The bar employed was a
piece of soft iron wire 12f inches long and a quarter of an inch
in diameter.
Its extremities were formed into very fine-

threaded screws, extending one-third of an inch, for the purpose of screwing into the brass plate and bolt, as shown in the
figure already described.
The effectual length of the bar,
when screwed into its place, was exactly one foot. In the
first experiment of this kind, the tension employed, being that
occasioned by the weight of the lever alone, amounted to
80 lbs. In the subsequent ones the tension was further increased byplacing weights on the lever.

Experiment

13.

Iron wire one foot long and a quarter of
in diameter.
Tension 80 lbs.

an inch

Deflection of
galvanometer.
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14.
Same wire with — O"^ permanent magnetism to begin with. Tension 408 lbs.
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the point of saturation, on account of the magnetism being in
that case nearly proportional to the intensity of the current.
For the same reason, on examination of the previous tables,
it will be found that the elongation is, below the point of saturation, very nearly proportional to the magnetism multiplied
by the current. The necessity of changing the law arises
from the iact that the elongation ceases to increase after the
iron is fully saturated
whereas the shortening effect still
continues to be augmented with the increase of the intensity
of the current.
;

Experiment

16.

Same
with.

Deflection of

galvanometer.

wire.

+0*5 magnetism

Tension lOiO

lbs.

to begin
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Experiment

Deflection of

galvanometer.

17.

Same

wire.

oj

Magnetism^

Tension 1680

Sfc.

lbs.

upoti the Dimensiotis

of Iron and

Steel Bars.
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to render it extremel}' probable that the shortening effects are
proportional cceteris paribus to the square root of the force of
tension.

Experiments with Cast Iron.

The

following experiments were made with a bar of cast
and a quarter of an inch in diameter.

iron one foot long

Experiment 18.

Deflection of

galvanometer.

Cast iron.

Tension 80

lbs.
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superior to that of the soft iron,

of Magnetism^

when magnetized

S)C.

to the

same

be remarked that the increase of tension
does not produce half the diminution of elongation which it
does in the case of the soft iron.
extent.

It will also

Experiments

laith Soft Steel

Wire.

The

following experiments with soft steel wire were made
same manner as those with soft iron wire,
already described.

in precisely the

Experiment 20. Soft steel pillar, one foot long, a quarter
of an inch in diameter.
Pressure 82 lbs.

Deflection of
galvanometer.

upon the Dimensions of Iron and Steel

Experiment 22.
an inch
Deflection of

galvanometer.

Ban
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Soft steel wire, one foot long, a
quarter of
ni diameter.

Tension SO

lbs.
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From the above experiments it will be seen that the same
remarks which were made with regard to the soft iron, apply
also to the soft steel.
The superior retentive power of the
latter metal enables us however to trace the elongating effects
of the permanent magnetism, which, we see, diminish with the
increase of tension, until at last, as in experiment 24, they
cease altogether.
Ea-perime?its "with Harde7icd Steel Wire.

The

following experiments were made with steel wire of the
same kind as that employed in the previous experiments. It
was however perfectly hardened, so as to resist the action of
the file in every part.

Experiment 25.

Hardened

Deflection of

galvanometer.

one foot long, a
Tension 80 lbs.

steel vrire,

quarter of an inch diameter.

upon the Dimensions of Iron and

Experiment 27.
Same hardened
magnetism to begin with +1'3.

Deflection of

galranometer.

steel
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Steel Bars.

wire.

Permanent

Tension 1030

lbs.
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hand, the fact that the shortening effect is proportional to the
magnetic intensity of the bar multiplied by the current traversing the coil, seems to indicate that, in this case, the effect
is produced by the attraction of the magnetic particles
Fiff. 2.
by the coil. But then it will be asked, why so remarkable an augmentation of the effect is produced
by the increase of tension in the case of the soft iron
bars ? When we are able to answer this question in a
satisfactory manner, we shall probably have a much
more complete acquaintance with the real nature of
magnetism than we at present possess.
Postscript.

have already, in the former part of this paper,
described an experiment which indicated that no alteration in the hulk of a bar of soft iron could be produced by magnetizing it. I thought, however, that
it would be interesting to confirm the fact by an observation of the alteration of the dimensions of the
I

iron at right angles to the direction of its polarity.
For this purpose I took a piece of drawn iron gaspiping one yard long, -/c^ths of an inch in bore, and

A piece of thick
y^ths of an inch in thickness,
covered copper wire was inserted into this tube, and
bent over the outside of it in the manner indicated
by fig. 2. The lower extremity of the iron tube
being fixed, and the upper end being attached to the
micrometrical apparatus described in the first section
of this paper, each division of which corresponded to
_^_i^-^th of an inch, 1 obtained the following results:

Experiment 28.
Deflection of

galvanometer.

Drawn

iron tube.

Prof. Challls's Observations relative to the

New

Experiment 28 (continued).
Deflection of

galvanometer.

Planet.

24I
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Prof. Challis's Obsetvaiions relative to the

New

Planet.

which have been deduced from the
observations by calculation.
regular series of observations of the planet was commenced on October 3, 1846, and continued at all available
opportunities, partly with the meridian instruments, and partly
with the Northumberland equatoreal, to December 4, soon
after which the planet became too faint to observe on the
meridian on account of day-light.
The observations were
subsequently carried on with the equatoreal to January 15.
The series was much interrupted by cloudy weather, particularly in the months of December and January.
On the
whole I have obtained twenty-eiffht positions of the planet with
the meridian instruments, and twenty-five positions with the
-Northumberland equatoreal by means of ninety-two differential
observations of right ascension and as many of north polar
distance.
The equatoreal measures were all referred to the
same star, No. 7648 of the British Association Catalogue, the
exact place of which was determined bj' sixteen observations
with the transit, and eight observations with the mural circle.
I have reason to think that the positions obtained with the
equatoreal are entitled to very nearly the same weight as those
obtained on the meridian.
All the above observations I have
completely reduced, and have placed the results at the disposal
of Mr. Adams for deducing elements of the planet's orbit.
On January 12, I had for the first time a distinct impression
that the planet was surrounded by a ring.
The appearance
noticed was such as would be presented by a ring like that of
Saturn, situated with its plane very oblique to the direction of
vision.
I felt convinced that the observed elongation could
not be attributed to atmospheric refraction, or to any irregular
action on the pencils of light, because when the object was
seen most steadily I distinctly perceived a symmetrical form.
assistant, Mr. Morgan, being requested to pay particular
attention to the appearance of the planet, gave the same direction of the axis of elongation as that in which it appeared to
me. I saw the ring again on the evening of January 14. In
my note-book I remark, " The ring is very apparent with a
power of 215, in a field considerably illumined by lamp-light.
Its brightness seems equal to that of the planet itseli."
On
that evening, Mr. Morgan, at my request, made a drawing of
the form, which on comparison coincided very closely with a
drawing made independently by myself. The ratio of the
diameter of the ring to that of the planet, as measured from
the drawings, is about that of 3 to 2.
The angle made
by the axis of the ring with a parallel of declination, in the
south-preceding or north-following quarter, I estimated at 60^.
results respecting the orbit

A

My
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a measurement taken with the position circle on Jan. 1 5,
under very unfavourable circumstances, this angle was found
to be 65°.
I am unable to account entirely for my not having
noticed the ring at an earlier period of the observations.
It
may, however, be said that an appearance like this, which it
is difficult to recognise except in a good state of the atmosphere,
might for a long time escape detection, if not expressly and
I'epeatedly looked for.
To force itself on the attention, it
would require to be seen under extremely favourable circumPrevious to the observations in January, the planet
stances.
had been hid for more than three weeks by clouds. The
evenings of January 12 and 14 were particularly good, and
the planet was at first looked at in strong twilight.
Under
very similar circumstances I have twice seen with the Northumberland telescope the second division of Saturn's ring,
I communicated to Mr. Lassell of Liverpool, who was the
first to suspect the existence of a ring, my observations upon
it, accompanied with a drawing; and I have received from him
in return a drawing of the appearance presented in his twentyfeet reflector, closely resembling mine both as to the form and
the position of the ring. Mr. Lassell writes, " I cannot refuse
to consider that your observation puts beyond reasonable doubt
Li this conclusion I concur, and acthe reality of mine."
cordingly in communications to the Royal Astronomical
Society and to Schumacher's Astronomisclie Nachrichten, containing my reduced observations, I have ventured to express
my conviction of the existence of a ring.
By micrometer measures taken with the Northumberland
telescope, I find the apparent diameter of the body of the
planet to be very nearly 3".
The above account includes all the observations on the
planet I could obtain before its disappearance in the solar rays.
By the kindness of Mr. Adams I am able to add some particulars respecting its orbit, which he has derived by calculation from the reduced places with which I furnished him.
As
was stated in the former I'eport, Mr. Adams calculated first
approximations to the elements, by employing the ptaces I
obtained on August 4 and 12 in the course of searching for
the planet, wilii observations since the discovery extending to
October 13. For the sake of comparison with the second approximations, I now give the first results.
32°6 39
Heliocentric longitude
Longitude of the descending node. 309 43
.

.

.

.

....

145

Distance of the planet from the sun

30*05

Inclination of the orbit

S2

Aug.

4,

1846.

326 41 12-3
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The eccentricity of tlie orbit cannot exceed 0'18. The
most probable vaUie is 0*06, which differs but little from the
eccentricities of the orbits of Jupiter, Saturn and Uranus.
The most probable longitude of perihelion is 4-9° 5S', and
the probable true anomaly 276° 43', according to which the
planet is near the extremity of the latus rectum and is deThese results are extremely
scending towards perihelion.
uncertain.

The mean

distance

is

30"35, with a probable error of 0*25

;

and the corresponding sidereal period is 167 years, with a
probable error of about two years. It is remarkable that the
periodic time is very nearly double that of Uranus
so that
these two bodies will offer an instance of mutual perturbations
of large amount, differing in character from those of the other
planets, but analogous to the mutual perturbations of the first
and second, and second and third satellites of Jupiter.
According to Bode's law of the planetary distances, the
;

distance of the new planet should be nearly 38.
The
mean distance differs so much from this, that we are
compelled to conclude that this singular law, which holds with
reference to the other planets, fails in this instance.
Since the apparent diameter of the new planet is to that of
Uranus nearly in the ratio of 3 to 4, according to the foregoing
determination of the distance its bulk is to that of Uranus in
the ratio of 8 to 5.
The above is the sum of the results derivable from the first
series of observations.
For further and more exact information we must wait till the planet emerges from the solar rays.
Before concluding this report, I am desirous of saying a few
words resjiecting the 7iamc of the planet. I recently liad the
satisfaction of receiving from M. Struve the copy of a communication read by him at the general annual meeting of the Imperial Academy of Sciences of St. Petersburg, on December
29, in which he states the reasons that have induced himself
and the other Poulkova astronomers to adhere to the name
of Neptune, which name was first proposed by the French
Board of Longitude, shortly after the discovery of the planet.
These reasons are tiius briefly expressed in a note addressed
to me personally: " The Poulkova astronomers have resolved
to maintain the name of Neptune, in the opinion that the name
of Le Verrier would be against the accepted analogy, and
against historical truth ; as it cainiot be denied that M. Adams
has been the first theoretical discoverer of that body, though
not so happy as to effect a direct result of his indications."
M. Struve's communication has been published in this coun-

mean

actual

try

by the Astronomer Royal,

who has expressed

his assent to
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the reasons therein contained, and his determination to adopt
Prof. Gauss and Prof. Encke have
the name of Neptune.
I have only to add
also, as I understand, adopted this name.
that it is my intention (and I am permitted to say, the intention of INIr. Adams also) to follow the example set by these

eminent astronomers.
Cambridge Observatory,

March

XL. On

22, 1847.

Hourly Alterations of the Vapour Atmosphere at
Bombay, By Thomas Hopkins, Esq.*

the

[With a

Plate.]

HAVE already availed

myself of the observations made
at Bombay under the superintendence of Dr. Buist,
through a paper on the meteorology of that place by Colonel
Sabine, on which I made some remarks that were inserted in

I

But since
the Philosophical Magazine for December 184'6.
those remarks were written I have had ti'ansmitted to me,
through the kindness of Colonel Sykes, a lithographed copy
of the observations themselves, in which are to be found important facts connected with the hourly production of aqueous
vapour at Bombay, and its apparent influence on the movements of the barometer.
In addition to the hourly registrations of other meteoroloDr. Buist has furnished columns of the
heights of the wet- and dry-bulb thermometers, showing the
hourly depi'ession of the wet below the dry thermometer for
each month of the year 1843. From these columns, it appears
that the wet was depressed below the dry instrument, to a certain extent varying both with the time of the day and the
season of the year. The depression was the least in the wet
season and the greatest in the dry one; and, with reference to
tlie diurnal changes, the depression was generally, but not
uniformly, the least about sun-rise and the greatest near to
mid-day. These depressions of the wet below the dry thermometer are known to be results of the cooling power of evaporation of water on the bulb of the wet instrument and the
cooling thus produced is proportioned to the extent of evaporation of water that takes place being small when the evaporation is little, and great when it is much.
Thus the registration of the wet-bulb thermometer not only furnishes us
with means of determining how far evaporation kept down the
temperature of the thermometer exposed to its influence, but

gical instruments.

;

;

* Coinnuinicated by the Author.
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also of ascertaining what were the relative amounts of water
evaporated during the different portions of the time,
the
cooling being the effect of the conversion of certain quantities
of water into aqueous vapour, and being in every separate
part of that time proportioned to the quantity converted.
have also in a separate column of Dr. Buist's returns,
the difference between the dry and the wet thermometers;
and this difference may be taken to express the relative quantities of water evaporated, and the force of evaporation. From
about six in the morning, varying with the season, this difference generally increases until, say twelve or one o'clock in the

—

We

when it declines until the following morning.
As already stated, evaporation is less in the wet than

day,

in the

dry season and there is also less difference between the morning and mid-day force of evaporation in the former than in
The cold part of the year is the period for
the latter season.
;

the land and sea breezes, and also for the extensive daily fluctuations of the barometer; and Dr. Buist says that this season
lasts five months, namely, during October, November, December, January and February, forming the winter of the
part.
But of these October is wavering and uncertain we
may therefore consider the other four months as the season
when the sea and land breezes blow in the most decided manner, and in which the greatest daily fluctuations of the barometer take place it is consequently desirable that we should
carefully examine the returns for the whole of these months.
To do this, we will take the mean hourly difference between
tlie dry and wet thermometers for each month, and by adding
them together and dividing by four, obtain the mean hourly
force of evaporation for the winter season.
This I have done,
and the result is given in the following table, to which are
added in other columns the mean hourly heights of the barometer, thermometer and wet-bulb thermometer, for the same
period, that the whole may be seen at one view in juxtaposition.
;

;

The same

shown

in a diagram (Plate IV.), in which
thermometer is exhibited in accordance with the figures of the table and also as a base line,
from which the distance of the dry thermometer is shown, the
intermediate space marking the relative force of evaporation
in each hour of the day.

facts are

the curve of the wet-bulb

;
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Table of the Mean Hourly state of the following instruments,
and of the force of evaporation for the four winter months
of 1843.
Hours.

'«

•

the
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produced and discharged into the atmosphere within
period? The quantity passed into the atmosphere in
the six hours must have been large, it being the product of
an average evaporation of 10°'3 for the whole time; whilst
the average for the previous six hours was only 7°*3 when
Now, can it be supposed that a
the barometer was rising.
comparatively small additional quantity of vapour raised the
barometer considerably from four to ten in the morning, and
that was
this

a further large addition to that quantity, acting in the same
ten to four in the afternoon, not only ceased to raise
it, but was attended by a fall of that instrument to an extent

way from

—

greater than the previous rise,
without some other cause
coming into operation ? It cannot be maintained that the
increase of surface thermometric temperature had but little
counteracting effect before ten, and great counteracting effect
after that time until four o'clock.
For the rise of the thermometer from four to ten in the morning \vas little less than
it was from ten in the morning to two in the afternoon,
the
time of the highest temperature,
it having risen so much as
3°-5 in the former, and only 3°'8 in the latter period.
And it
should be remembered that evaporation from ten to four was
constantly adding fresh vapour to that which was previously
in the atmosphere, where the whole was accumulating, and
pressing with its aggregate weight on the barometer.
There
is, therefore, in the facts presented to us in the tables, no
countenance for the supposition that temperature, as measured
by the thermometer near the surface of the earth, counteracted
the increase of vapour pressure after ten o'clock, and caused
the fall of the barometer.

—

—

however sufficiently evident, from the facts given, that
produced in the morning constituted the material
which supplied the heat that at this time rendered the atmosphere warm and light in the locaHty, and caused the baroIt is

the vapour

meter to

fall.

When

the sun advances above the liorizon it warms the
surface of the globe, and not only increases evaporation of
water, but heals that portion of the atmospheric gases that is

—

which portion rises probably in separate
near the surface,
cooler columns at tiie same time destreams or columns,
scending to the surface and taking the place of the warmer.
This process goes on as the sun rises higher, until at some
particular time, depending on the locality and season, the
ascending columns reach a height sufficient to enable the expanchng gases to cool and condense some of the vapour which
is intermingled with them.
Tiiis ordinarily lakes place from
nine to eleven o'clock, or say at ten in the morning, from

—
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which hour condensation is warming the atmospheric mass in
This warmed mass, a mixture of gases and
the locality.
vapour, as it ascends is acted on by the different laws of cooling, of condensation, and of expansion by heat, which the
constituent parts of the atmosphere obey; and the result is
the formation of a buoyant column of cloud, of greater or less
thickness, according to the quantity of vapour that has been
condensed. The whole local column being thus made lighter
by the liberated heat, it presses with less force on the surface
of the earth, and consequently on the barometer. This diminished pressure is however effected through the liberated heat
driving a portion of the material of the atmosphere, the gases,
from the heated part to other parts of the atmospheric space
and thus we find that the heat just liberated by the condensation of vapour counteracts the increased pressui'e of the
aqueous matter, which is at the same time passing into the
atmosphere in the^ form of vapour. For it is here contended
that the vapour that had been produced from four to ten in
the morning, is, soon after the last-named hour, not only raised
but condensed, deprived of a part of its heat, and converted
into minute particles of water, which float in the gaseous
atmosphere as a cloud ; and as such, undoubtedly form a part
It is
of the whole atmosphere and contribute to its weight.
not therefore through a reduction in the quantity of aqueous
matter in the local atmosphere, at this period of the day, that
the barometer falls but that fall is caused by the expanding
power of liberated heat driving from the heated vertical column a part of the ponderable gases which previously existed
within it, and, in that way, by removing a part of the material
of the atmosphere, causing the remainder to press with less

—

;

weight on the barometer.
The quantity of vapour that passes daily into the atmosphere while the temperature is rising, and which does not
fall as rain, is returned to the earth as dew on its surface
and thus an equilibrium is established between the production
and the condensation of vapour; but this does not take place
during the period of which we have been treating, that is to
say, from four o'clock in the morning to four in the afternoon.
Vapour is not daily abstracted from the atmosphere by the
formation of dew on the surface of the earth, until the barometer ceases to fall at four o'clock in the afternoon. At present we have to consider the influence of vapour during two
that in which the barometer is
periods of six hours each,
rising from four to ten in the morning, and that in which it is
and it has been
sinking from ten to four in the afternoon
shown that aqueous matter during the whole of this time was

—
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increasing in quantity and accumulating in the atmosphere
and as far as that matter influenced the atmosphere, it must
have increased its weight. The aggregate pressure of aqueous
matter did not cease to increase at ten o'clock in the morning,
when the barometer began to fall; that fall was produced by
a new cause which then came into operation in the locality,
namely, the expanding and displacing power of liberated
lieat.

It will probably be asked whether cloud forms near to, or
over Bombay, after ten o'clock, and increases till four, as
assumed ? and to this inquiry I cannot give an answer that is
likely to be quite satisfactory, not having full information on
the subject.
Dr. Buist, in his introductory remarks, does not
particularly notice the formation of clouds within that portion
In the hourly-observation tables there is a column
of the day.
for describing the appearance of clouds
and the entries in
that column show that the cumulus, the cirro-cumulus, and
the cirro-stratus were often formed, but they are not described in such a way as would justify me in adducing them
as proofs of the agency here ascribed to them, althou^^h they
do furnish rather strong presumptive evidence on the subject.
Clouds ibrm pretty freely from ten in the morning till four
in the afternoon, whilst from ten at night to four in the morning the atmosphere is represented as being generally clear
and taking the accounts given of the clouds during the two
periods, we are fully authorized to say that they formed and
remained suspended in the air during the former period, and
were dissolved before the arrival of the latter period ; showing
that there were daily formation of cloud by condensation of
vapour, and daily dissipation of those clouds by evaporation.
But in addition to the daily formation of visible clouds, there
are indications that condensation takes place, but only to such
an extent as to produce a haziness or misty appearance in the
sky; and if this process is carried on until a considerable
height is attained, it must warm the atmospheric mass and
lighten it.
Indeed, at the commencement of the process of
gradual condensation, the cloud that is thereby formed is not
seen
as it is only when a suflicient stratum of floating globules of water is produced that the cloud becomes visible.
The first slight falling of the barometer before rain is probably
caused in this way.
Judging from analogous cases, it may be presumed that
palpable dfiily clouds at Bombay were first formed near the
high ground to the cast of that place, as such clouds in other
similar places generally foruj near to, or against the sides of
hills.
Our old navianlors have described such formations in
;

:

;
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but the following account given by
Hutchison of Glasgow, contains a description of that which
oi'dinarily takes place in localities similar to that of Bombay,
although the distance of the mountains from the places of
observation in the two cases, and the influences of the tradewinds may modify the process. Mr. Hutchison says that
" the formation of clouds is finely illustrated by the phaenomena daily exhibited during the dry season over what are
called the Liguana, or Port Royal Mountains in the island
of Jamaica.
These mountains are situated about four or five
miles to the north-east by east of Kingston, the principal port
in the island, and their height above the level of the sea is
about 4000 to 5000 feet. During the dry season, from the
beginning of November till the middle of April, the sea and
land breezes alternately succeed each other with an intermediate interval of atmospheric stillness, in the following manner.
From sun-rise till about ten o'clock in the forenoon it is usually
perfectly calm.
About ten o'clock, the sea breeze, blowing at
Kingston from the east, or a little to the south of east, commences and continues till about half-past thi'ee in the afternoon, when it gradually and entirely subsides." Again,
" About eleven o'clock every forenoon, or between that and
mid-day, the summits of the Port Royal Mountains begin to
be covered with clouds, which, though thin, fleecy and transparent at first, gradually increase in density till about one
o'clock.
By this time the upper portions of the mountain,
when viewed from Kingston, seem to be wholly enveloped in
dense clouds, rain is apparently falling in torrents, flashes of
lightning are seen, and the sound of distant thunder is heard.
About half-past two o'clock in the afternoon, the clouds, gradually diminishing in density, begin to quit the mountains;
so that their summits again become visible, as in the morning,
and so continue till about eleven o'clock the following day.
The clouds after quitting the mountains rise gradually to a
greater altitude and float very slowly westward, assuming as
they proceed the appearance of large heaped-up cumuli."
See Hutchison on Meteorological Phaenomena, p. 64.
The general trade-wind about Jamaica was from the east,
and it bore the ascending clouds to the west in the afternoon
the trade-wind at Bombay was ordinarily from north of west,
and it would doubtless modify the influence of the mountains
on the clouds formed in the part. Were meteorological instruments corresponding with those kept at Bombay placed
to the east of that place at the rise of the hills, and registered
in the same way as at Bombay, it would probably throw further light on the daily atmospheric disturbances in this part
parts of the world

;

:
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of the world, and enable us to form a better judgement of the
alterations which take place in other parts.
The daily range
of the barometer at Poonah, which is on the eastern side of
the ridge of the Ghauts, and far from the sea, is about as
great as it is at Bombay.
There can be no sea breeze at
Poonah, as the mountain range is between it and the sea
but are there not diurnal winds of similar character to those
on the coast? Corresponding registrations at Poonah, Bombay, and some intervening place on the west of the Ghauts,
might furnish vaUiable additions to our stock of meteorological
information, and enable us to trace the operating causes as
they pass from one meridian to another, and might thus furnish us with more conclusive evidence of the nature and causes
of the hourly alterations which occur in the atmosphere than
any that can be adduced at present.

XLI. Remarks on

the Extractive Material

the Excretion of Sidphir

an tmoxidizcd state.

of

and Phosphorus by

By Edmund

Uri?ie,

and on

the Kidneys in

RoNALDS,P/i. Z).,Gz>ss£'?2*.

COME months back, at the instigation of Dr. Golding Bird,

^

I

undertook some experiments to ascertain whether, in

and imperfect function of the lungs or liver,
when the normal quantity of carbon could not be discharged
from the system by those channels, the kidneys undertook an
extra duly, and whether under such circumstances an excess
of carbon could be shown in the urine above that usually
cases of diseased

secreted under healthy conditions.
Should this question be answered in the affirmative,

and

should it be found that a larger amount of carbon was excreted
by the urine in persons affected with such diseases, a practical
For by
application might reasonably be made of the fact.
stimulating the kidneys to still greater exertion, the amount of
work required of the lungs or of the liver could be lessened,
and thus a better chance offered them of being restored to a
healthy state.

The method proposed

for solving this

problem was, to prefrom diseases

cipitate the urine of different patients suffering

of the kinds mentioned, with basic acetate of lead, keeping it
sliglitly alkaline by the addition of a few drops of ammonia,
then to ascertain the amount of organic matter contained in
the precipitate, and in particular the amount of carbon, and
lastly to compare these quantities with those obtained in a
similar manner from the urine of healthy individuals.
•

From

received

liy
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In endeavouring to determine the amount of organic matter in
the lead precipitate by burning, as likewise in determining the
quantity of carbon by an elementary analysis of the same precipitate with oxide of copper, results were obtained which did
not agree, and many difficulties arose which it is not necessarj*
to state now, but which rendered it absolutely necessary to
separate by some means the organic matter from the oxide of
lead before submitting it to analysis, and even that we might
Whilst employed in seeking
obtain accurately its quantity.
an accurate mode of separation, Dr. Scherer's paper appeared
on the extractive matters of urine*, in which a successful mode
of separation is described, and the question at issue answered.

Dr. Scherer finds that the extractive or colouring matter of
the urine contains a larger quantity of carbon and hydrogen
when obtained from persons in whom the normal function of
the lungs, of the liver or of the skin is deranged, than when
taken from healthy subjects, and that the same excess of carbon
passes off by the urine when the diet is more than usually rich
From his paper however it does not appear
in that element.
that the quantity of this extractive or colouring matter passed
during a certain space of time has been ascertained, and it
strikes

same

me

that he assumes the quantity of extractive to be the

kinds of urine; this I think requires to be proved
can be positively affirmed that more carbon and hydrogen do pass off by the urine in such diseased conditions, as
a larger quantity of less highly carbonized extractive matter
might compensate for the excess of carbon in the more highly
carbonized, supposing the latter to be in less quantity.
The
relative quantity of these matters, and likewise the relative
quantities of urea in a certain amount of urine, must be accurately determined before the conclusion can be considered
as absolutely proved.
Whilst engaged with the foregoing researches, it occurred
to me that it might not be devoid of interest to the physiologist
to know the amount of sulphur which was secreted by the
kidneys in an unoxidized state.
That urine does contain sulphur, not in combination as sulphate, is evident from the smell
of sulphuretted hydrogen which, mixed with that of ammonia,
is evolved from it whilst undergoing spontaneous decomposition, also from the blackening which white lead paint suffers
when exposed to the gases arising from putrid urine, and likewise from the fact, that urine allowed to putrefy in a glass
vessel containing oxide of lead as one of its constituents, permanently blackens the glass. To set the fact beyond doubt,
two portions of urine, previously deprived of mucus by acetic
in all

before

it

* Annalen dcrCliem,
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and filtration, each consisting of four fluid ounces, were
measured the one simply evaporated and burnt, the other
evaporated and afterwards deflagrated with nitre.
Each portion was then dissolved in dilute nitric acid, leaving a minute
insoluble residue, and the sulphuric acid precipitated by
chloride of barium; the results were as follows:
acid

;

Four

fluid oz.,

simply incinerated, gave
grs.

BaO SOg

2-656

gr.

= SO3 0-902
= S 0-366.

Four

fluid oz., deflagrated witii

nitre,

BaO SO3

gave

in grains

5-697

= S03
=S

1=954
0-783

The

quantity of sulphur in four fluid ounces not excreted in
To ascertain
the quantity of sulphur excreted by the urine in twenty-four
hours in an unoxidized state, the whole quantity jjassed by
three individuals during that time v/as collected on different
days and measured ; its specific gravity was taken, and after
being filtered from mucus, two portions of each specimen were
measured in a specific-gravity bottle containing 1000 grain
measures; one portion was simply acidified with nitric acid,
and the sulphuric acid precipitated by nitrate of barytes. The
other portion was evaporated with nitre and deflagrated, and
the fused mass treated with dilute nitric acid and nitrate of
From the difference in the quantities of sulphate of
barytes.
barytes obtained, the amount of sulphur not in an oxidized
state was ascertained.
The results from five different experiments are shown by the following table.
the state of sulphate was therefore 0-417 grain.

Table, shov/ing the relative proportions of sulphur free and
combined with oxygen excreted by the kidneys in twentyfour hours.
Quantity of urine in 24 hours.
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sulphuric acid, and that these three to five grains amount to
about one-fourth of the whole quantity of sulphur excreted by
the kidneys.
With a view to ascertain what compound contained this sulphur in the urine, I have examined the precipitates produced in urine by neutral and basic acetate of lead,
after the separation of the sulphates by baryta, and find that
the}' only contain traces of sulphur.
The colouring matter
described by Scherer, and obtained by the method he adopts,
likewise contains only a trace; whereas the liquid containing
the urea, generally considered free from all other organic
matter, which remains on the separation of the precipitate by
basic acetate of lead, contains nearly the whole of this excess
of sulphur, but how combined I have not yet been able to
ascertain.
The determination of this question, which I propose to examine, may possibly lead to some interesting facts,
and perhaps throw some light upon the question respecting
the formation of cystic oxide.
From some preliminary experiments made for the purpose
of ascertaining whether phosphorus was contained in urine in
any other compound than as phosphate, the following results
were obtained.
To the four ounces of urine employed for the preliminary
determination of the sulphuric acid and sulphur in the former
experiment, after the precipitation of the sulphuric acid by
barytes, some more nitrate of barytes was added and then the
whole carefully neutralized with ammonia. The following
quantities were obtained:
Phosphate of barytes oMaiued from the
POj naturallv contained in urine vas

BaO PO5

= POs

=P

Thosphate of barytes obtained from
urine after deflagration with nitre was

BaO PO5

5-775 grains
'
1-831
0-805;

=P05

=P

6-532 grains
2-074
0-910;

showing an excess of phosphorus over that contained as phosphate in the four ounces of urine to be 0'105 grain.
In another experiment, in which the same portions of urine
were employed as at the fifth column of the foregoing table,
the following were the results
:

Pliospliate of barytes obtained from tlie PO5
naturally contained in 1016 grs. of urine.

BaO PO5

= P05
=P

3-135 grains
0-993
0-435.

Phosphate of barytes obtained from
1016 grs. of urine after deflagrating
with nitre.

BaO PO^

=P05

=P

5-313 grains
1-687
0-740

Therefore 0-305 grain of phosphorus was contained in the
1016 grains of urine in an unoxidized state, which, calculated
for the whole amount of urine passed in twenty-four hours,
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would amount to 5"896 grains. In some other specimens of
urine which I examined there was however no apjoroach to
this quantity of phosphorus in an unoxidized slate, and as
the mode of analysis employed in these preliminary experiments was not the most accurate, I intend to make the determination of the quantity of phosphorus the subject of further
experiments.
The only opportunity I have had of examining urine in a
diseased state, was a portion obtained from a patient suffering
from diabetes mellitus. As might have been anticipated from
the character of this disease, the amount of sulphur which the
urine contained in an unoxidized state, was considerably
greater (by one-fourth) than in healthy urine.
The diabetic urine had a specific gravity of 1046.
Of this urine 1046 grains, precipitated with nitrate of barytes,

gave—

4*308 grains sulphate of barytes= 1'479 grain

SO3 =0'592

grain S.
After the precipitation of the sulphuric acid by baryta, the
urine was evaporated down with nitric acid, mixed with nitre

An excess of nitrate of barytes having been
used to precipitate the sulphuric acid, there remained on
treating the fused mass with thlute nitric acid, an insoluble
residue of sulphate of barytes, the sulphuric acid of which had
been derived from the oxidation of the sulphur by the nitre;
the sulphate of barytes amounted to
1'837 grain =0-629 grain sulphuric acid =0'25I grain sulphur, or 0'024 per cent.,
whilst in healthy urine the sulphur in this state never exceeded
0*018 per cent.
and deflagrated.

XLII. Note

071

a System of Imaginaries.

By A. Cayley*.

THE

octuple system of imaginary quantities, ?\, i^, i^, i^,
^6» hi which I mentioned in a former paper, (and the conditions for the combination of which are contained in the
?'<;,

symbols
123, 246, 374, 145, 275, 365, 167,
i. e.

in the formulas

with corresponding formuhe for the other triplets i^
possesses

tlie

following property
•

Phil.

Mag.

;

namely,

Communicated by the Author.
No, 20 1 . April 1847.

S. 3. Vol. 30.

i^, i^

if ?^, «^, i

&c.,)

be any

T
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three of the seven quantities which do not form a triplet, then
[i i.).i
Ji.i ).

=—i

Thus,

for instance,

=

but
i^{l^t^) = i^.i^
!^,
and similarly for any other such combination.
_

_

When

?'

?^,

,

i

the two products are equal, and reduce themselves each to
1, or each to + 1, according to the order of
Hence in the octuple
the three quantities forming the triplet.
system in question neither the commutative nor the distributive law holds, which is a still wider departure from the laws
of ordinary algebra than that which is presented by Sir

form a

triplet,

—

Wm.

Hamilton's quaternions.
I may mention, that a system of

coefficients,

which

have

I

obtained for the rectangular transformation of coordinates in
n dimensions (Crelle, t. xxxii. Sur qicdques proprietes des Detcrminans gauc/ics), does not appear to be at all connected with
any system of imaginary quantities, though coinciding in the
case of 71
3 with those mentioned in my paper " On Certain
Results relating to Quaternions," Phil, Mag. Feb. 1845.
58 Chancery Lane, March 2, 1847.

=

XLIII. On Gun-Cotton.

By

Teschkmacher, Esq.^
consequence of the discovery by Professor Schonbein of
-*gun-cotton, and of the possibility of its substitution in
many cases for gunpowder, I have been induced to enter into
an examination of the mode of its formation and of its synthetical composition, principally with a view of ascertaining
how far it would be likely to alfect an important branch of
trade
the production and value of saltpetre and nitrate of
The examination was not commenced with the view
soda.
of publishing it, but some of the facts brought to light appeared to possess sufficient interest to lay before the Society.
1 must premise that the experiments relate oidy to the guncotton prepared by the process recommended by Mr. T. Taylor.
Equal measures of nitric acid of sp. gr. 1'509, and of
sulphuric acid sp. gr. r840, were mixed together, and constituted (No. 1) the acids used in these exjierimcnts.
I dried
50 grs. of South American cotton (from La Guayra) over a
water-bath, and found the cotton gave off 3*40 grs. of hygrometric water. The 46'60 grs. of cotton which remained after
drying, I steeped in 487^ grs. oi the mixed acids No. 1
the
E. F.

TN

—

;

* Coiiiiminiciited bv
184G.
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strong acids were in contact with the cotton about two minuteSj and after squeezing well, the cotton was washed in
water to free it from the acid the quantity of water used w'as
:

5000

grs.

The strong

acid squeezed out of the cotton weighed 113|
leaving 374 grs. of acid (No. 3) to be accounted
for, to make up the original quantity used.
The cotton thus
prepared was perfectly dried in the air over a water-bath, and
grs.

(No.

2),

was found to weigh 79 grs., being an increase of 32-40 grs. on
the cotton used, equal to an increase of 69^ grs. upon every
100 grs. of cotton in its original state.
To ascertain whether the cotton would absorb anything
more, I steeped 25 grs. of the above cotton, after it had been
washed and dried, in fresh acid (No. 1), but no increase of
weight took place. I also steeped a fresh portion of cotton for
three minutes in the same quantity of fresh acid (No. 1) ; it
weighed after washing and drying 78 grs. ; a third portion
was steeped for four minutes in one-third more acid than in
the previous experiments, it Aveighed after washing 79 grs.
so that it appeared that the cotton had taken up its maximum
from the acid by the first immersion.
As these 32*40 grs. increase of weight were clearly derived
from the 4872 g^'^* o' the mixed acids, I made the following
experiments to ascertain what alteration the acids had undergone.
I neutralized 100 grs. by weight of the original acid (No. 1)
by carbonate of soda, and found that it required 52"80 grs. of
soda for that purpose.
I found likewise that to neutralize
the 113| grs. of strong acid (No. 2) separated from the cotton,
required 58*52 grs. of soda, and that the remaining 374 grs.
of acid to be accounted for, contained in the washings, required
170*30 grs. of soda for neutralization, making together 228*82
grs. of soda required to neutralize the 48 7|^ grs. of acids No.
2 and 3, used for acting upon the cotton ; therefore, if 100
grs. of the original mixed acids (No. 1) required 52*80 grs. of
soda as above for neutralization, 487| grs. would requii*e (if
not acted upon by the cotton) 257*36 grs. of soda; it however only required 22882 grs. as above. The difference, 28*54
grs. of soda, is therefore equal to the acid which disappeared,
or was taken up by the immersion of 4G*60 grs. of cotton in
the mixed acids.
To ascertain whether a portion of each of
the mixed acids, or only one of them, was taken up by the
cotton, I added to the solution of the 100 grs. of mixed acids
(No. 1) (neutralized by the soda) chloride of barium, and ob^
tained a precipitate weighing 126 grs. of sulphate of barytes.
1 also, in the same manner, precipitated from the solution

T2
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No. 2, 165"40 grs. of sulphate of barytes, and from No. 3, of
374 grs., 449-30 grs. of sulphate of barytes, making together
614-70 grs. therefore, if 100 grs. of the original acids (No. 1)
give 126 grs. of sulphate of barytes, 487^ grs. would give
614-25 grs.; they gave, as above, 614-70 grs., showing that
no portion of the sulphuric acid was withdrawn, but that it
was a portion of the ingredients of the nitric acid alone that
combined with the cotton.
The quantity of soda neutralized by the acids (Nos. 2 and 3)
was, as just stated, 28-54 grs. therefore, if 32 grs. of soda
neutralize 54 grs. of nitric acid, 28-54 grs. of soda will give
48 grs. of nitric acid, the quantity of acid which disappeared,
or was taken up by the cotton.
From what took place, the following may be deduced as
48 grs. of dry nitric acid, conits synthetical composition:
taining 35-G6 grs. of oxygen, were decomposed by the 46-60
grs. of cotton, and 32-40 grs. were added to the weight of the
It is probable that the mixed acids combined with a
cotton.
portion of the constituent water of the cotton, which was
;

;

—

replaced by oxygen and nitrogen, in the proportions of nitric
acid, as there was no appearance of the evolution of either
nitrogen or oxygen in the formation of the gun-cotton.
Its synthetical composition would stand thus
:

46-60 grs. of cotton deprived of
15 "60 water, give

31-00 cotton without constitutional water, combined with
48-00 oxygen and nitrogen derived from the mixed acids.
79-00 the weight of gun-cotton produced, equal to
39-25 parts cotton,
6O-75 ...
oxygen and nitrogen (nitric acid)
in 100-00 parts.

From these experiments we arrive at the following conclusions regarding the formation of this substance
That as it
requires 48 grs. of nitric acid, or its equivalent 90*66 grs. of
:

saltpetre, to

form 79

grs. of gun-cotton, it will require 60*75

14-76 grs. of saltpetre, to
to the same calcuwill require 97*76 grs. of nitrate of soda for the same

grs. of nitric acid, or its equivalent

form 100
lation,

it

—

grs. of gun-cotton

;

1

and according

purpose.

Taking into consideration the original cost of the cotton,
the expensive manipulation of the conversion of the nitre into
nitric acid, and the additional weight of nitre required to
produce the same weight of gun-cotton, it is evident that the
latter substance must be more expensive than gunpowder,
taking weight for weight of each.
How far, however, gun-
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may exceed gunpowder in its explosive force still remains to be ascertained, and this of course forms an important
element in the calculation. Other processes may be already
known, or may be hereafter discovered, calculated to reduce
cotton

the expenses of the formation of the so-called gun-cotton,
but it must be still borne in mind that an enormous quantity
of oxygen, amounting to 45 parts in every 100 parts of guncotton produced, must be obtained from some extraneous
source for combination.
Many other vegetable fibres may be substituted for cotton ;

but as far as a few experiments which I have made, it appears
they do not possess the explosive force of cotton. In a trial
upon flax, I found that 50 grs. increased in weight to 72 grs.
the explosive force was feeble this was the case with sawdust
similarly prepared
but it is possible that this latter form of
impure lignin may eventually be of more importance than it
appears at present.
Fifty grains of deal sawdust dried at 212° were first waslied
with dilute muriatic acid and then with dilute caustic alkali;
they were found to have lost 6 grs. after washing and again
drying.
The 44 grs. remaining were steeped in the mixed
acids for about five minutes, then washed and dried
they
increased to 58*7 grs. The acids were examined by carbonate
of soda in the manner before detailed, the sawdust was found
to have neutralized 22*90 grs. of soda, equal to 38*65 parts
of nitric acid, or 66*66 of nitric acid for every 100 parts of
gun- sawdust. This gun-sawdust flashed off readily, but with
less rapidity than gun-cotton, leaving a small carbonaceous
;

;

;

residue.

The difference in quantity of nitric acid taken up by the
sawdust and the cotton is no doubt owing to the fonner being
a much more impure form of lignin than the latter.

XLIV.

Third Memoir on Induction.

Bj/ Prof.

Elie

Wartmann*.

[With a
§

Plate.]

VIII. Does electro-magnetic induction affect luminous radiations otherwise than hxj causing their i^lane of polarization
to rotated

80.

IVTR-*-'--

Faraday has recently stated that a rotation is
impressed on the plane of polarization of luminous

• Comtmmicsiteil by the Autlior, havinfj been read before the Vaiidois
Society of Natural Sciences on the 20th of May 1846 (see Jijillclins, torn. ii.
|»|). 58, Gl,70, 75 and U8>
It is a scuiicl to those which have been |)ublished
inthcl'iiil. Mag. vol. xxv. ]>. 2()G, and vol. -Nxvii. p. 347, and in tha Anliivcs
dcPElcctiicitc, tome iv.p. 34, and tonic v. p. 440.
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rays transmitted by various media, when these are the seat of
a sufficient electro-magnetic induction*.
I have shown that
polarized calorific radiations are affected in a manner entirely
Are these effects limited to the cases in which they
similarf.
have been detected ? Would not the action of the magnet
upon fluids, or rather on diaphanous and diathermanous bodies,
be capable of impressing on light and caloric other modifications hitherto unperceived ? The mere statement of these
questions is enough to indicate an unlimited field of research.
I shall content myself with describing the experiments which
I have made upon the rays of the spectrum, which may be
studied by processes capable of accurate admeasurement, and
whose theory is intimately connected with that of light.
81. I long ago observed that the production of the rays,
their direction, number and distribution, are not affected by
the presence of a magnet in contact with the prism.
I repeated these experiments, inducting magnetism in various
media through which the luminous bundle had to pass.
prism, of the finest flint glass, was made by Fraun82.
hofer its angle of refraction is 45° 4' 20".
83. The diaphanous bodies submitted to induction were
the following
Among the gases, air and nitrous acid, dry
and moist: these were inclosed in a glass tube O^'ISO long
and O^'OOS in diameter. Lastly, among solids, a specimen of
very pure flint glass was selected, in the form of a square
prism 0'"-170 long and 0™-0195 the side.
84. The rays were observed in a dark chamber with an
opening in the shutter of six metres, with an excellent cometseeker by Cauchoir. This instrument has a reduced opening
of 0'""069 and 0™"66 focal distance it was used with a magnifying power of seven times.
85. The light sent horizontally by a heliostate with a silvered or black mirror, or from a lamp, was polarized more or
less completely by reflexion or by its passage through a Nicol's
prism.
second similar prism served as analyser.
80. The electro-magnet is formed of a horseshoe of very
soft iron, weighing 12'^'^*5, around which is wound a wellannealed copper wire of 0™'003 diameter and 70™"8 long.

My

;

:

—

:

A

* Philosophical Transactions, 1845, and Phil. Mag. vol.xxviii.p.2y4, &c.
M. Riihmkorff has recently
t L'lnstUut of May 6, 1846, No. 644.
repeated my experiments. He polarizes and analyses heat with Nicol's
prisms of large size. The induction is obtained by means of one of those
double helices, destined to reproduce the phacnomena discovered by I\Ir.
Faraday, and on which M. Biot has read a very favourable report to the
Institute.
Acccrdina^ as the magnetism is engendered in this jjowerful
apparatus, or the voltaic circuit is broken, the deviation of the rheoinetric
needle varies several degrees. (October 1.)
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This apparatus easily raises 312 kil. it was set in action with
a Bunsen's battery of from twenty to forty pairs.
Moreover,
its energy was augmented, according to circumstances, by laying on the poles the great helix (3), the three wires of which
wei'e connected by their ends, or a tube of soft iron containing
the transparent media to be induced sometimes even the envelope of iron with the diaphanous body were placed in the hollow of the helix.
87. Whatever may have been the degree of polarization of
the luminous bundles and the intensity of the magnetic forces
developed, f/ie rays of the spectnun produced by the rays of
the sun or from an artificial source presented no appreciable
change.
Their number and their distance, varying with the
nature of the light and with that of the prisms, were not modified by the new molecular arrangement produced by induc:

;

tion.
§

IX. Has

statical or dijnamical induction

chemical affnities

any injiuence on

?

88. Chemical affinities are intimately connected with the
The problem of their reciprocal dependence
has not yet been solved, because this problem has not been
electric forces.

regarded in all its bearings. Admitting, with most physicists,
that the magnetic influence is felt in imponderable fluids in a
mediate manner, by a disturbance or by a new and forced
equilibrium in the constitution of the medium traversed by
these fluids, it becomes highly interesting to examine whether
this disturbance interferes with the forces of affinity, whether
it can increase or diminish them.
The following experiments
were directed to this object.
89. Between the arms of the electro-magnet (86) was arranged a voltameter with lamina of platina, in which some
acidulated water was electrolysed.
The voltaic current could,
at will and by a very simple arrangement, thus bring the magnet into action and develope a north or south pole at either of
its extremities.
The product of decomposition in a given time
was estimated by the hydrogen always collected on the same
electrode.
Now, whatever the direction and intensity of the
magnetism engendered, as well as the position of the voltameter within or without the polar arms, the volume of the
gas remained the same*.
90. The same was the case also when the electro-magnet
was replaced by the large helix (3), in the hollow of which
the voltameter was placed.
•

I

liave

been informed by Prof. Grove

unpublibiiud, liud led

iiiin

to the

same

tliat

result.

similar cxporiments,

(October

1, 184(j.)

still
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91. To meet the objection that the influence of the magnet
not sufficiently felt on the lamina of platina, I constructed
two new voltameters (Plate V. figs. 1 and 2) in which the
electrodes are prisms of soft iron, gilded by the galvanic process, and which I magnetize by placing them upon the polar
surfaces of die large magnet (86), covered with a very thin
In one of these apparatus, the prisms
isolating leaf of mica.
Repeated experiments, made with
are C^'OSO in breadth.
batteries of variable force, sometimes collecting the two gases,
sometimes the hydrogen alone, and decomposing acidulated
is

or alkaline water, have invariably led to the same results.
92. But, it will be said, the electric current which imparts to
the magnet its power, is an uninterrupted current and incapable
of exerting any action upon the electrolyte which is not in its
In order to remove this difficulty, I substituted eleccircuit.
A fourth voltameter
tricity of tension for that of the current.
(fig. S) was constructed so as to ensure the most perfect isolaBehind these, against the sides of the
tion between its poles.
glass vessel, I fixed two platina laminae, one-half of which was

0™'03 in the liquid to be decomposed,
was continued outside in a horizontal band
A thick coating of wax on the exteterminated by a ball.
rior of the voltameter prevented all electric communication
between these laminae, except through the liquid. The hydrogen produced in the unit of time by the electrolysis of the
The quantity of
acidulated water was measured carefully.
gas did not vary when one of the laminag of platina was placed
in relation with the conductor of a powerful electrical machine

immersed

vertically

whilst the ether

(with a plate three metres in circumference), the other lamina

communicating with the ground or when these lamina? were
employed to connect the armatures of a battery of three
;

The direction of
the analysing current was changed without the effect being
modified.
93.
may conclude from the preceding experiments, that
statical or dynamical induction has no injluencc upon the cliemical actions engendered by electricity.
large Leydenjars, kept constantly charged.

We

§

X. Are magnets capable of producing chemical

action

?

94. The subject which I have alluded to in the preceding
paragrapli is so intimately connected with the controverted

question of the chemical actions produced by magnets and by
magnetism, that I deemed it necessary to devote to it
some special experiments. Most observers who have studied it
have used only magnets of small power.
I have employed
electro-magnets of great energy, which were at my disposal, to
terrestrial
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theii* researches, being persuaded that a very intense
must produce corresponding decisive and considerable
Other circumstances have thrown doubt on the coneffects.
account has not been
clusions mentioned by those authors
taken of the relations between the surfaces which were the

repeat
Ibrce

;

seat of the action to be measured, nor of the differences of

temperature, of density, and of composition of the liquids employed.
1 have endeavoured to guard against these causes of
error, and to obtain conclusive results by means of numerous
trials of sufficient duration.
95. I procured cylinders of soft iron, taken from the same
bar, and about 0^027 in height and 0"''02 in breadth. Four
tumblers were so arranged that the plane of their axes coincided with that of the magnetic meridian and four others
arranged in a perpendicular direction. After having poured
into each of them a solution of sulphate of copper in layers of
equal depth, an iron cylinder was placed in the centre and
the pole of an iron horseshoe magnet was then set on the
upper unsubmerged face. The four magnets, the strongest of
which carried about forty kilogrms, were distributed, one N.S.,
the second S.N., the third E.W,, and the fourth W.E., with
relation to the north pole of the terrestrial magnetism
they
were separated, so as not to exert any reciprocal influence.
At the end of fifteen hours the deposits of copper on each
cylinder presented everywhere the same appearance and the
same consistence. The balance proved that they were all
nearly of an equal weight; the slight differences found, which
scarcely attained to one- or two-thousandths of the total quantity of copper reduced, are explained by the inequality of
development and cleanness of the surfaces of the eight cylinders.
The experiment was repeated a great number of times
with solutions of copper more or less pure, and more or less
concentrated, without the general result varying.
96. I will further cite the following experiment, which led
to the same conclusions.
Twelve iron cylinders were distributed in pairs, in six distinct vessels containing a solution of
iron-alum as neutral as possible.
The pairs of cylinders of
the second, third, fourth and fifth vessels, were placed in contact with the poles of four electro-magnets, the first of which
lias been already described (86)
the second is capable of carrying sixty kilogrms the third at least forty, and the last more
than 280.
They were in other respects arranged as in the
cases before described (95), and their poles were covered with a
plate of mica. Lastly, the current of a battery of forty Bunsen's
pairs was passed, so as to decompose the liquid by passing
across the interval between each couple of cylinders, at the
;

;

;

;
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same time setting the electro-magnet in action. The cun-ent
went from north to south between the non-magnetized cylinders of the first vessel; then from north to south between
those of the second vessel and the axis of the electro-magnet;
then from west to east and from east to west, through the
liquid and the axes of the magnets of the third and fourth
vessels; then from south to north between the cylinders and
in the axis of the magnet of the fifth ; lastly, from south to
north in the last vessel between its cylinders removed from all
magnetic atmosphere. Weighings made with very delicate
balances showed that the deposits of oxide of iron on the negative cylinders were not. at all affected by the magnetism.
The mean weight of these deposits, estimated, after having

heated them to above 212° F., was 1'3 gramme.
97. Those authors who have ti'eated of the question of the
influence of magnets, have often confounded the part which
they may play in chemical actions with that which they exercise in phaenomena of molecular arrangements and of crystallization.
I think I have proved that their part is null in the
first case, but I do not deny its existence in the second. Every
new arrangement in the particles of a body must be influenced
by the magnet if it is accompanied by a disengagement of
dynamic electricity, a more frequent circumstance perhaps
than is generally supposed*.
98. My experiments, which are new in their arrangement
and the power of the magnets employed, invalidate therefore
the opinion of Von Arnim f, J. W. Ritter |, Ludicke §, Masch* A reservation must however be made for the modifications of moleThus tlie
cular equilibrium which the changes of condition occasion.
fusion of solids and the solidification of liquids do not liberate more electricity than the evaporation of pure water or the liquefaction of vapours
Any one may convince himself of this by placing in
chemically neutral.
a horizontal glass tube a leaden cylinder, the extremities of which are connected with those of a gooil rheometer, and by effecting the fusion of the
metal or its solidification by a requisite elevation or lowering of tempera-

Another experiment consists in filling a platina crucible with melted
ture.
wax, in which is suspended a great quantity of plumbago. In the midst
of this conducting mass is immersed a platinum rod, isolated in its centre
bv a covering of glass, and the lower extremity of which is naked only for
an extremely small length. The rheometvic wire communicating on the
one part with the crucible, and on the other with the projecting head of
the rod, the wax may be melted or be allowed to congeal without any current resulting.
f Idccn zu c'mer Theorie des Magnet'wnns. Glib. Ann., tome iii. p. 59;
tome V. p. 394, and tome viii. p. 279.
X Beitrage zu naherer Kcniitniss dcs Gafvanismus, tome ii. p. 55.
^ Gilb. ./if«n.,tome ix. p. 375. This observer for the rest has since maintained an opposite opinion. See Glib. Ann., tome xi. p. 117.
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mann*, Hansteenf, Sclnveigger J, Dobereiner§, Miiller||,
Kastner^, Fresnel**, Murray ft? Archbishop Rendu J J, the
Abbe Zantecleschi§§, Ampere ||||, and of Mr. Hunt^^, who
have all asserted that magnets possess a chemical power. They
agree, on the contrary, with the results published by Steinhauser***, Ermantttj DulkJJJ, Wetzlar§§§, Otto-Linne
Erdmannllllll, Berzelius^"^^, the Marquis Ridolfi****, and
the Chevalier Nobiiifttt.
• Ann. de Ch. et de Phys.,
I
II

tome

xxxviii. p. 201.

Jahrbuchcr, tome xiv. p. 84.
Kastner's Archie, tome vi. p. 448.

f

Ibid. p. 206,

§ Ibid.

ir Ibid.

** Ann. de Ch.

et

de Phys., tome xv. p. 219.
His conclusions are opposed to tiiose of

ft Phil. Mag. Nov. 1821.
Maschmann and Hansteen.

Ann. Ch. et Phys., tome xxxviii. p. 196.
§§ Blbliotheca Itaiimut, April 1829. The author appears to have abandoned his first views ; he does not cite his own experiments, and does not
even mention the chemical power of magnets in his Trattato del Magnetismo e delta Elcttricita. Venice, 1845.
Becquerel, Traite de VElectricite, tome i. p. 384. It is to be remarked
that several special treatises pass wholly in silence this supposed property
Such are the Treatises on Electricity, Magnetism, &c.
of magnetic bodies.
by Dr. Roget, in the Library of Useful Knowledge, the Manual of Electricity
and Magnetism in Lardner's Cabinet CyclopEedia, &c.
Phil. Mag., Jan. 1846. For more details see Researches on the Influence of Magnetism and Voltaic Electricity on Crystallization and other
conditions of Matter, in the Memoirs of the Geological Survey of Great
Britain, vol. i. London, 1846. Mr. Hunt himself instances a contradiction
between the various results he has obtained with iron wires supported by
the poles of a magnet and submitted to a chemical action.
He finds that
in a solution of crystals of sulphate of copper, the copper is reduced in
greater abundance around the north pole, whilst in the acidulated water
the volume of hydrogen liberated is always more considerable at the south
Von Arnim, at the end of the last century, asserted that the north
pole.
pole of a magnet is oxidized more in water than the south pole.
Ritter
subsequently maintained the opposite opinion; but notwithstanding his
promise, he never publishetl the sequel of his researches, from which we
may infer that he discovered his error, and the equal indifference of the two
extremities of a magnet.
•** Steinhauser of Halle employed a very powerful magnetic apparatus.
Gilby Aim., tome xiv. p. ] 25.
ttt Gilb. ./^«M., tomexxvi. p. 139.
\\X Dulk experimented at Kijnigsberg with a magnet which supported
twenty-five pound;.
Kastn. Archiv,ton\e vi. p. 457.
§§§ Schweigg. Jahrh., tomelvi. p. 118.
scrupulous examination all
mill Erdmann of Leipsig has submitted to a
His work may be cited as a
the researches made by his pi'edecessors.
model of patience and accuracy, Schweigg. Jalirb., tome Ivi. p. 24.
\l

{Ill

^^

W^
'••*

Juhresbcricht, No. x. p. 43.
Antulogin di Ftrenze, No. xix. 1822.

Itft Mcmoiic cd

hlnimenti, tome

i.

p.

301.
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99. I have had occasion to observe, in the preceding experiments, a phaenomenon of rotation which merits to be noticed,
not only as a new confirmation of the theory of Ampere, but

on account of the relations which it may have with the
which will be stated in the following paragraph.
100. If, after having caused two soft iron cylinders to adhere
to the poles of a horseshoe magnet, these cylinders are immersed in a solution of sulphate of copper contained in a vessel
of any form and protected from vibration, we perceive, at the
end of a few minutes, when the deposit of reduced copper is
already quite visible, a double current established in the mass
This current often affects much more the lower
of the liquid.
than the upper molecules; sometimes, according to the density of the fluid and the state of its surface, it is only established
In order to be able to examine it well, the
in its interior.
liquid mass must be illuminated, either directly or by means
A convenient arrangement consists
of mirrors or refractors.
in placing this mass in a glass vessel with smooth sides, and
illuminating it in the dark chamber by a bundle of solar light.
The tint of this bundle may be varied from red to violet, by
interposing in its course coloured media, or by refracting it by
also

facts

a prism,

movement

The
without the phoenomenon being modified.
is rendered perceptible from the displacement of

the particles suspended in the liquid ; if the latter is perfectly
It is easily produced by employing
limpid, it is not observed.
a concentrated solution of sulphate of copper, from which
some small particles of oxide have been precipitated by a few

drops of potassa; these particles remain in suspension. This
current ceases at the end of a longer or shorter time, with the
chemical action which gives rise to it, when the quantities of
copper deposited and of iron dissolved have reached a certain
relation.
It does not occur in solutions of subacetate of lead,
of iron-alum, of triple sulphate of copper, zinc and iron, whatever pains are taken to establish in their interior precipitates
Sometimes it lasts
of oxide, or to add to them light powders.
Pure water, rendered slightly opafor more than two hours.
line by particles of oxide of copper, presents no movement.
101. The current is never pi'oduced except under the influSoft iron cylinders immersed in sulphate
ence of the magnet.
of copper are of themselves incapable of producing it; they
only accjuire this power when magnetism is induced in them.
If an electro-magnet be employed, the rotation varies with the
direction of the electric current.
It takes place circularly or
elliptically around each magnetic pole, and is directed like the
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It goes therefore from north to south
current of Ampere.
by the west around the north pole, or that by which the current of the battery enters, and from north to south by the east
around the south pole, or that which communicates with the
zinc of the Bunsen's apparatus (fig, 9).
In general it does
not appear to be more rapid near the cylinders than at a certain distance.
It is especially apparent between them, but
it also exists at a tolerable distance from the centres.
I have
more than once seen the velocity vary in an intermittent manner, as if it had to overcome passing obstacles.
102. The theory of these rotations is easily suggested.
When we immerse a bar of iron in a solution of sulphate of
copper, the electro-chemical action determines in the liquid
an electric current, which proceeds from the peripheric parts
to those immediately around the cylinder, in the direction of
the prolonged radii of the latter.
This may be convincingly
shown with a good rheometer, the extremities of which, of
thick well-polished platinum wire, are placed alternately, the
one near the iron, the other toward the margin of the vessel
which contains the solution. This current is analogous to one
passed into a metallic ring full of mercury, which would tend,
radiating towards the centre, to issue by a conductor placed
perpendicularly to the surface.
An external horizontal current, and near the vessel, would, according to its own direction, cause the mercury to rotate to the right or to the left.
In our experiment the magnet is substituted for the horizontal

current.

A

103.
chemical action is therefore necessary, and proceeding from currents of a certain intensity, for the double polary
rotation to take place.
The liquids cited as not producing it

a certain manner, evidently did not fulfill this condition
they did not possess a requisite relation of energy between the
electric currents and the magnetization.
I attribute the observed variations in the force of the electric current, and consequently of the velocity of rotation, to variations in the play
of the affinities between the iron, all the molecules of which
are not equally acted upon, and the liquid, the composition
of which changes incessantly.
The reduced copper, even
upon polished cylinders, is always striated; it is not deposited
therefore in a uniform manner and without intermitlence.
The temperature, by influencing either the chemical action or
the viscosity of the liquid, is perhaps not wholly without influence upon the rapidity of the rotation.
Moreover, it will
be conceived that this latter becomes visible only when it is
communicated to solid matter on which the light is reflected*,
in

:

* It

is

evident, that in employing very intense chemical actions, this
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104. The phaenomenon which I now propose to describe
is not the result of an inductive action, I however mention it
here on account of the connection which it appears to me to
have with the preceding facts.
105. The sulphates of copper of commerce vary much in
purity. Amongst others, there is one which, when dissolved in
common water, gives a greenish opaline liquid, which becomes
If a soft iron cylinder is placed
blue and limpid by filtration.
in this solution, we perceive, as soon as its contour is reddened
by the deposit of copper, very minute filaments, of a pale blue,

produced radiating

all

around

its

immersed

surface.

These

They
filaments increase rapidly in number and dimensions.
soon attain forty to sixty millimetres in length, and then present the appearance of stamens with corrugated filaments, terminated by heads or elongated anthers, distributed over a very
regular circumference (fig. 10).
The development of this
curious figure depends on the concentration of the liquid, the
capacity of the vessel which contains it, and perhaps on other
causes, such as the differences of density between the upper
and lower layers produced by the substitution of the sulphate
of iron for the sulphate of copper, the increase in density of
the surface layers owing to evaporation, &c. Be this as it may,
the relative opacity of the heads contrasts with the limpidity
of the liquid around the iron. When the decrease in the
amount of copper has reached a certain limit, indicated by the
grass-green tint which the solution takes, the deposit agglomerates gradually and subsides to the bottom of the vessel,
which it had not before done, and the reaction is terniinated.
106. The phaenomenon becomes more instructive when
Then
manifested under the action of two centres (fig. 11).
the rays which diverge arrive perpendicularly one against
Beyond
another, following the line of the shortest distance.
that, they meet following directions more and more oblique.
They never invade each other's domain they are devoid of
any power of penetrating into the interstices of each other.
These domains are separated by a perfectly straight line,
which intersects rectangularly the middle of the line of the
smallest interval. The rays which, from one part and another,
stop at this right line, there undergo an inflexion, the more
:

We

may thus, as Mr. Grove
simple or double rotation is ensiiy olitained.
has told me he had repeated it, cause little cork boats to circulate around
a bar of iron suspended to a powerful magnet, and immersed in dihite
sulphuric acid, &c.
I am told tiiat Mr. Christie had also noticed this rotation, but I believe his observation is unpublished. (October 1.)
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takes place at a less distance from the others,
and resemble more or less decided hyperbolic arcs. The
figure is of a truly geometric symmetry.
107. With three centres placed on the summits of an equilateral triangle (fig. 12), the dividing right lines proceed from
an internal point situated at an equal distance from the summits, and are prolonged perpendicularly to the three sides of
sensible as

it

the triangle which are here the lines of the least interval. The
divergent rays in two directions curve in a very marked manFor the rest, the figure which they produce is perfectly
ner.

symmetrical.
108. The radiations which appear to render visible the lines
according to which the affinities are developed, are not sensibly altered by magnetism
this is at least the result of an
But availing ourselves of
experiment unfortunately unique.
the attraction which causes the cylinders to adhere to the
arms of a magnet to give them a moderate motion of translation, we see the whole figure, and especially the dividing line
which constitutes the most marked part of it, transterretl also
without any alteration of form,
A vibration, a sudden transfer, detaches, on the contrary, the solid particles which were
geometrically grouped
they are precipitated to the bottom,
;

:

and

all is

spoiled.

109. I suppose these particles to consist of a sub-sulphate
of copper*; but I have not been able to collect a sufficient
I propose however to
quantity of it to subject it to analysis.
publish soon a new series of researches on this interestingsubject,

§

XIII.

Is there

any reaction

bet-ween currents

of induction and

continuotis electric currents\'i

The

apparatus which has served for the examinaan electric machine constructed by
M. Bonijol. On its reel are coiled two copper wires; one
which makes SiOO turns is traversed by the inductor current;
the other, which is finer, tlirming 3400 revolution?, is the
seat of the currents induced by the rapid alternatives of
opening and breaking of the circuit of its neighbour. This
110.

tion of this question is

Rose has tolil me iliat he is of the same opinion. (October 1.)
was coinniiinicated to tlie Societo cle Physique -et
Geneva, April !), 1842. See also the Jitillotiii.s dcs
S'ances of the Societe Vaudoise des Sciences Natiirelles, tome i. p. (iH. M.
dc la Rive has arrived at similar conclusions in his Mimoirc sur taciion
• Mr. H.

+ Tills paragraph
d'ilist. Naiiirelle of

coml/ln'c

dcs

cmiranls

d'iiidin/ion

Arcliives des •Sc'wnceii Fliiji. ct Nal.,

ct

tome

dcs
i.

cnuranls /ii/drv-c/eclrkjucs,

p. 39.3

(1846).

—

272

Prof. E.

double helix

is

in diameter, in

Wartmann's

third

Memoir on

Induction.

tlie centre by an aperture of C^'O'l
which may be fixed a bundle of soft iron wires,

pierced in

or a liollow cylinder of iron plate furnished externally

witli

similar vvires.

111. It is especially in valuing the lieating eflects of which
the induced currents are capable, that we seek to resolve the
proposed problem. After having placed in the circuit of the
long wire Breguet's thermometer (4. c), and having determined the number of alternate induced currents, which in the
unit of time give the maximum of heating, an hydro-electric
current was passed into the wire and into the thermometer.
The inductor current was that of five large pairs of Daniell
1

Ihe following results were obtained —
The calorific eflect of the currents of induction

12.

a.

:

is

more

considerable w hen the bundle of wires is placed in the helix
than wlien the hollow cylinder is employed
the latter being
removed, the temperature again decreases,
b. The result does not vary whether the induced wire is or
is not traversed by a constant current.
c. The elevation of temperature of the thermometer produced by a continuous and constant current, which traverses
a wire formed into a helix, is independent of the presence or
absence of bundles of soft iron vvires, solid or hollow, placed
within it.
113. I have had constructed a large pair, of bismuth and
soft iron, 0™"2 long, and the square section of which is 0'"'022
at the side.
The free extremities of these metals were bound
to a thermo-electric rheometer (46) by a wire long enough
for the instrument to be protected from all magnetic induc:

tion.

114. No appreciable current tvas j^f'oduced on placing the
pair in the large helix (3), and developing in it an intense
electro-magnetic state with a Bunsen's battery of twenty

elements.
115. The soft iron of the couple was enveloped in an isolated copper wire.
Then, after having heated its solder to a
constant temperature and determined the force of the thermoelectric current produced, a hj'dro-electric current was passed
into the wire.
The deviation of the rheometer did not vary,
notwithstanding the electro-magnetic state induced in ihe
iron.

[
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XLV. On the Chemical Composition of Gun-Cotton.
By Messrs. Robert Porrett and E. F. Tesciiemacher*.
the paper from Mr. Teschemacher read before
INciety
on the 2nd of November, the composition

the Soof guncotton, as deduced from careful synthetical experiments, was
as follows
:

39*25 of cotton deprived of
60' 75 of dry nitric acid.

its

constitutional water.

100-00

We

have

now

to

show that

this

composition agrees very

which we have obtained
from the analytical experiments that will form an important
part of the present communication.
closely with the following formula,

The formula

= nitrated

—

in question is as follows
Cjg Hg
lignin; or in centesimal proportions.
:

Carbon

Oxygen

20-00

{^J:^}

62-22

•

•

Hydrogen

Or

it

08 + 4NOr

2-22

Nitrogen
may be thus described
Lignin dried at 350° :

15-56—10000
Carbon
Water

20
20 = 40
Nitric acid (15-56 nitrogen, 44-44 oxygen)
60
.

.

.

.

.

loo
be seen, very nearly agrees with Mr. Teschemacher's synthetical result.
We have thei-efore taken the
composition of nitrated lignin in all our experiments as identical with that of gun-cotton.
Having by preliminary trials ascertained that with certain
precautions those products might be evolved without danger
and collected in close vessels, we proceed to state that our
method consisted in introducing the charge of gun-cotton
into a thin glass tube of about the diameter of a goose-quill,
7 inches in length, closed at one end, and bent at the other
so as to be conveniently introduced under a glass receiver
filled with and inverted over mercury, whilst the principal
part of the tube was held in a horizontal position ; the guncotton was exploded by heat externally applied by means of
a spirit-lamp with a very small wick to the j)art of the charge
in the fore part of the tube, so that its combustion proceeded
backwards until the whole was consumed. The jjortion of
the glass tube which is introduced into the mercury should
This,

•

it

will
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at such an angle as to prevent any of the mercury
entering the tube previous to combustion, and the combustion must be continuous, which is readily etFected by carefully
applying the heat backwards as the cotton is ignited. With
these precautions, the evolution of the gas was not attended

be bent

with any such violence as to interfere with its collection, nor
was any portion of the charge thrown out unconsumed,
which would have been the case had the heat been applied
Having collected a sufficient
to the hinder portion first.
quantity of the gas, we passed up into it, first a little caustic
potash, which absorbed the carbonic acid mixed with cyanogen gas, and then green sulphate of iron, which took up
the remaining gas was mixed with half its
the nitric oxide
bulk of oxygen gas, and exploded in a detonating tube, show;

ing the quantity of carbonic oxide present the remaining
gas after the separation of the carbonic acid thus formed was
considered as nitrogen.
;

Some

of these constituents were unexpected by us, especially the cyanogen ; its presence however was fully proved,
as we succeeded in forming prussian blue with it. The quantity of mixed gases obtained from 52-33 grs. of gun-cotton
measured 100 cubic inches ; these mixed gases have the fol-

lowing composition

:

Relative
volumes,

Cubic
inches.

grs.

6759= /^[^^^
'944

2

14-286

1

7-143

5

35-715

1

Carbonic oxide 5

35-715

10-714

Carbonic acid

Cyanogen.
Nitric oxide

Nitrogen

.

.

.

.

7-143

1

100-000

100
mixed

grs. of the

gases,

and

'''''^'''"

oxygen
815 carbon
J.^^[^^
50 nitrogen
gen

3'965

=

1-478

= {^:^^^

= /^'^^^
L6-178
2-154 =
2-154

^^^•ogen
^«'"'^°""

oxygen
nitrogen

35-070

same would therefore give 64-550

grs. of the

as the ultimate elements, 15-030 grs. of car-

bon, 31-680 grs. of oxygen, and 17-840 grs. of nitrogen.
By passing the gases from the combustion-tube through a
tube containing fused chloride of calcium, we have separated
20 grs. of water, to be added to the gaseous products ; and
we observed a crystalline deposit, both in the combustiontube and in the one leading from it, together with 5 grs. of
carbon lining the combustion-tube, and resulting from the
decomposition of a part of the crystalline deposits after heat-

•
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ing the tube to redness. The weight of these together were
13*125 grs., of which 5 were carbon and 8*125 we ascertained
to

be anhydrous oxaHc acid.
If

we now

collect these products,

we

find

fin the gases
15'030]
in the anhydrous oxalic acid
2*708 \- 22*738
5*000j
l^in the residue
fin the gases
31*680 1
Oxygen X in the water
17*780 I- 54*876
5*416j
l^in the anhydrous oxalic acid
2*220
Hydrogen in the water
Nitrogen in the gases
17'840

Carbon X

97*674

Leaving a

deficienc}'^,

from unavoidable errors in

"^

'}

the experiment, of

o.^na

100-000

compared with the compo-

If these ultimate elements be
sition

we have assigned

to nitrated lignin or gun-cotton,

shall observe the following near

From

approximation
the

analysis.

Carbon

.

.

.

.

.

Oxygen
Hydrogen

.

.

Nitrogen.

.

.

.

we

:

From

the composition
of nitrated lignin.

22*738
54*876
2*220
17-840

20*000
62*220
2*220
15*560

97*674

100*000

Showing in the analytical result a loss of about 7 per cent,
of oxygen and a gain of about 5 per cent, upon the carbon
and nitrogen taken together.
have not been able to make
these discrepancies disappear, but have no doubt that they
result from the difficulties of the experiments, necessarily
performed on very small quantities, and multiplied when
brought out by calculation as 100 grains.
It occurred to us as being very desirable to add to the
gun-cotton some oxidizing agent in sufficient quantity to furnish the necessary oxygen for the complete combustion of all
the elements of the gun-cotton ; we tried chlorate of potash
with this view ; we could not however get the cotton to combine with as much as we desired from an aqueous solution of
the chlorate, so as to adhere to the gun-cotton uniformly; but
a comlnistion effected with 1 gr. of the cotton with 0-4 gr.
of chlorate, and by treating the residue in the tube with a further portion of chlorate, gave us the following result :

We
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Carbonic acid 0'420
Carbonic oxide 0-198
0-178
Nitrogen
0-200
Water
0-996
.

.

.

.

.

ers."!

of Gun-Cotton.

r^.-mr,
t.^«
carbon.
jco'^taimng 0-200
.

•

•

...

...
...
...

differs but little from the result obtained by the imperfect combustion, and agrees completely as far as the nitro-

which
gen

is concerned.
Since reading this paper an article has appeared in the
Comptes Re7ulus of the Academy of Sciences at Paris, dated
23rd November 1846, that Messrs. Fordos and Gelis had obthis tends to
tained from gun-cotton a cyanic compound
confirm our discovery of the presence of cyanogen among the
gaseous products.
view may be taken of the composition of gun-cotton
agreeing with the ultimate results, but arranging the elements
differently, by subtracting 1 atom of oxygen from the nitric
acid and adding it to the lignin ; gun-cotton would then be
formed of nitrous acid + oxide of lignin ; this new oxide may
possess alkaline properties, and thus account for the singular
fact of the non-acidity of gun-cotton
we intend to try if we
can establish this composition by experiment.
have tried the action of a small galvanic battery in decomposing the gun-cotton, but without any decided results
on the first vigorous action of the battery, reddened litmus
paper was made blue in the negative cell, but as the power
of the battery subsided this effect disappeared.
As the result
of several trials, it does not appear that gun-cotton is susceptible of explosion by the discharge from a Leyden phial.
In conclusion, we think proper to express our dissent
from the mechanical view taken by Mr. Crum of the nature
of gun-cotton. He considers that the tubular structure which
the microscope developes in cotton accounts for the admission
of nitric acid into its vessels, but does not explain why it
should not get out again on washing ; and he thinks that the
preservation of its fibrous organization is inconsistent with
its chemical combination with nitric acid.
Now the fact is,
that when cotton is immersed in a mixture of equal measures
of sulphuric and nitric acids it combines with the latter only,
to the exclusion of the former, which shows a peculiar affinity
inconsistent with any mechanical view of the action.
;

A

:

We
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XLVI.

Microscopic Exanmiation of the. Papillcv and Nerves
of the Tongueofthe Frog, "with Observations on the Mechanism
of Taste.' By Augustus Walleh, M.D.*
[With a

T

Plate.]

HAVE

described in some former observations the appear- ances presented by the papillae, the vascular and muscular
parts of the frog's tongue.
At present I propose to examine
it in reference to its functions as an organ of taste, and to study
those portions of it in particular which enable it to perform
its sensorial offices.
As these are mainly carried on by means
of nerves distributed within it, which collect and convey to
the brain the gustatory impressions which are produced upon
its surface, our attention will be principally directed to the
ultimate ramifications of the nerves, and to the structure of
those parts whence the sensations arise.
This investigation is
the more interesting from the circumstance of the minute
anatomy of the ultimate ramifications of the optic, auditor}',
olfactory and the common sensitive nerves having been described with great care in man as well as the lower animals,
whereas the structure of the gustatory nerves has been as yet
unascertained.
It is not from the unimportance of the subject
in the estimation of physiologists that such is the case, as it
presents some peculiarities with regard to its nervous structure of great interest, but that the microscopic inspection of a
soft, fleshy and opake body, like the tongue in most animals,
offered greater obstacles than any of the other organs.
Valentin states that he has been unable to obtain a distinct
view of the terminal plexus and loops of the nerves of the
tongue.
Burdach, who has so carefully examined the nerves
of the frog's tongue, makes nearly the same observation for
he expressly mentions that he was unable to examine the mucous membrane of the upper surface of the tongue, on account
of its thickness and opacity.
I hope to succeed in demonstrating that the organ of taste, far from being the most difficult to examine, is the most accessible, and that the beautiful
and simple mechanism of taste may be followed in the depth
;

of the tissues during the continuance of life.
In briefly recapitulating the principal points that have already been ascertained respecting the structure and functions
of the tongue, we find
1. That anatomists distinguish three kinds of elevations upon
the human tongue, viz. the conical, the fungiforn), and the lenticular papillae. The conical papillae are the most numerous, the
smallest, and the most liable to change under the influence of
*
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disease.

in form,

The fungiform are larger, more red, nearly globular
and supported by a stem which gives them the ap-

pearance of a mushroom or berry with its stalk. They are
much less numerous than the former, amongst which they are
interspersed.

They

exist in greater

numbers

at the tip

borders of the tongue, where the sensation of taste

The lenticular

acute.

papillae are the largest,

is

and
most

and are confined

to the base of the tongue, and are only about fifteen in number.
2. In Berre's plates of microscopic anatomy, an injected

fungiform papilla is represented, which appears entirely composed of vascular coils arranged in nearly a globular shape.
Cruveilhier says, "Les papilles qui herissent la langue represent
le corps papillaire de la peau, a son summum de developpeHaller les a poursuivis
ment. Elles recoivent des nerfs.
jusque dans les papilles. Je les ai egalement suivis, mais sans
pouvoir determiner comment elles se terminent."
3. Comparative anatomy shows the existence in the tongue
of most animals of the same kind of papillce as in man. Cuvier
(Afiatomie Comparee) mentions, " Ce sont les papilles fongiformes qui re9oivent tous les filets nerveux qui sont assez gros
pour etre suivis a I'oeil nu, et cette circonstance jointe a celle
de la durete des papilles coniques dans certains animaux nous
porte a croire que les fongiformes sont le siege principal du
Messrs. Todd and Bowman adopted the same opinion
gout."
from observing the extreme thinness of the epithelium over the
fungiform papillfe, as compared with that which invests the
conical papillae*.

The tongue

^

man

supplied by three pairs of nerves,
the hypoglossus, the glossopharyngeal and the gustatory, a
branch from the inferior maxillary. Numerous experiments
on the lower animals and pathological facts in man have shoAvn,
that the first is the motory nerve of the tongue: much difference
of opinion exists with respect to the functions of the latter.
The experiments of Panizza would lead us to the conclusion
that the glossopharyngeal is the sole nerve of taste, but the
simple deductions of anatomy and the experiments of Longet
are in favour of a conjoint action of the two, the glossopharyngeal being the nerve of taste for the base of the tongue,
and the gustatory that of the tip and anterior third of the
4.

in

is

same.
If we now come to the tongue of the frog, we find in it, after
has been distended for the purpose of examination, the same
The frameelements as we meet with in the human subject.

it

•

their

must refer the reader to their excellent account of the tongue in
work on Physiological Anatomy, which I regret having consulted too

I

late to avail

myself of

in this paper.
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work of it consists of two muscles, the thin and membranous
hypoglossus duplex muscle, arising from the lower border
ct\ the hyoid bone and advancing upwards and outwards, its
fibres expanding in a fan. like shape; and the genioglossus, an
impair muscle of a triangular form, whose base is inserted to
the apex of the lower jaw-bone, from whence it ascends and
This last is short
joins the inferior surface of the hypoglossus.
and thick, and does not extend beyond the posterior half of
Numerous transverse fibres of a muscular nature
the tongue.
form several layers, and tend to increase the strength of the
tongue.
As in man, these vessels and nerves are principally
situate at the lower surface of the organ, which becomes uppermost in this animal when spread out of the mouth. The
upper surface is covered with a very thin membrane, nearly
transparent like glass, with all the appearances and properties
The lowermost, which is the papillary or
of cellular tissue.
gustatory surface, is much more thick and opake.
The surface of the frog's tongue appears to the naked eye
nearly smooth and constantly covered with mucus secreted
upon it. When forcibly distended, it becomes sufficiently
attenuated to allow of the passage of light, and we may then
By
detect very minute elevations over the upper surface.
means of a simple microscope, we find that the apparent evenness arises merely irom the minuteness of these bodies, and
that it contains all the elements of the human tongue, with the
exception of the lenticular papillae. Small bodies of a conical,
filiform, or cylindrical shape, are seen over the greater part of
Among these
it, corresponding to the papillae conicse in man.
are others, fewer in number, larger, mostly of a globular form,
and most abundant towards the extremity of the tongue
As in man, they are supthese are the fungiform papillae.
ported by a kind of neck or pedicel, which is narrower than
their free extremity. Sometimes this pedicel disappears, owing
frequently to the condition of forcible distension of the membrane; the papillathenappears simply globular*. These papillae
are those which to the naked eye resemble minute granulations
They
slightly prominent above the rest of the membrane.
diifer from the first-mentioned in another important feature,
for they are found to contain a coil of blood-vessels, within
which there is a very active circulation. The conical papilloe
offer nothing of the sort; numerous vessels ramify among
them at their base, without any appearance of permeating
witliin them.
The simple lens is the best to employ when we
tiesire to trace the analogies between the organ in this animal
and that of man; but when we wish to examine the papillae
*
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closely, vve must use the higher powers of the compound
microscope, which the transparency ot' the membrane permits.
The papillas conicoe of the frog consist of small elevations
of an irregular form, dispersed over the whole surface of the
tongue.
They may generally be regarded as consisting of
small cones or cylinders, two or more of which are joined by
a common stem to the mucous membrane. They are completely covered with scales of epithelium, and frequently appear
to have sn)all apertures upon their surface, as if leading to some
cavity within them. In some, this opening is a small elongated
depression at the apex of the papilla; in others it is sharp
and well-defined, and below it some scales of epithelium appear lining the commencement of the papillary duct.
When
the tongne is much distended, these papillae almost entirely
disappear, as if they were simply formed of rugae or folds of
the mucous membrane.
They present no appearance of circulation.
At different ages of the animal they vary considerably.
In the young they are smaller and more transparent than
in those full-grown, where they are generally like truncated
cones, distinct Irom one another.
At their summit the elongated aperture already mentioned is generally seen.
In the
Philosophical Magazine one of the most common appearances
ot these papillae is represented.
The fungiform papillae, which are so easily distinguished
from the former by their active circulation, deserve principally
to arrest our attention. The blood, which when seen with the
lower power appeared to move within a small cavity, without
being contained in any capillary, is found, on being subjected
to higher power, to circulate within the usual canals, which
are coiled up into a very small space, so as to cause the blood
to trace a very circuitous route before it is enabled to make
Its exit.
The exact course which it takes may often be traced
where the circulation is languid, by the gradual progress of the
blood-discs.
The coil is connected with two and sometimes
with three small vessels, which supply it with blood.
No difference can be detected between these supplying vessels, either
with regard to calibre or thickness. They are to be considered
as part of the capillary network, and they are often seen to
convey the blood in opposite directions, when watched for a
few minutes.
In most instances the supplying vessels arrive
from opposite points, and the circular papilla appears nearly
on a level with the rest of the membrane; but in others the
papilla is like a gourd or wide-necked flask with the larger end
pendent and free. The vessels then run close together, traversing the neck, and after ascending upwards unite with the
coil.
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The

nerves are derived from two pairs, the first of which
traverse a foramen together with the vagus at the base of the
cranium, between the occipital and sphenoid bones. The
second arise from the first cervical nerves, and traverse the
foramen between the first and second vertebra? of the neck.
Both pairs make a curve which is directed forwards and
downwards, and descend nearly in a parallel direction to the
hyoid bone, from whence they ascend to the concavity of
the lower maxillary and enter the tongue, where their main
trunks, much diminished in size, may be traced to the two
tubercles at its exlremitj^
The cervical nerves, which at their
commencement are nearly on the median line, and are internal
retain the same relative
they enter the tongue, where they begin to ramify, the two cranial nerves then becoming external.
The
cranial nerve in its passage to the inferior maxillary bone traverses the posterior belly of the digastricus, descends until it
reaches the hyoid bone, when passing under the middle and
over its great cornua, situate either beneath or by the side of
thehypoglossus muscle, continues in that position until it enters
the tongue, without giving oft' any branches to the muscles of
the neck.
The cervical nerve follows nearly the same direction until it reaches the hyoid bone under which it passes,
and likewise places itself under the hypoglossus muscle, penetrating with the latter into the tongue, accompanied closely by
the lingual arteries and veins.
It supplies numerous branches
to the muscles of the throat and neck.
This nerve is much
more considerable than the former, and is much more curved.
The fifth pair or trifacial sends branches to the mucous membrane of the mouth, which appear to reach the posterior part
of the tongue, but it gives oft' no nerves to that organ, corresponding to the lingual branch of the inferior maxillary.
Notwithstanding the transparency of the tongue when in a
state of distension, we find considerable difficulty in tracing
the ramification of its nervous trunks within the parenchyma.
At the upper surface, where they are most superficial, we may
under favourable circumstances, with tlie simple microscope,
be enabled to follow the various ramifications of a large branch
to a considerable extent, but we are unable either to command
a general view of the distribution of a single trunk, or of
distinguishing with any degree of certainty the ramifications
of one pair from another.
The best mode to examine the nerves in the dead animal is
to disarticulate the lower jaw-bone on one side, and to divide
the throat on that side sufficiently to allow the jaw to be turned
completely backwards.
The passage of these nerves may be
to the cranial pair at their origin,
jjosition until

'
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followed from their exit from the cranium and spine, until their
immersion into the tongue. After removing the mucous membrane of the surface, we may easily trace, by means of the scalpel, with the naked eye the distribution of the principal trunks
nearly on the median line, giving off' numerous branches, and
finally proceeding much diminished in size nearly to the two
tubercles on each side. By immersion in alcohol or naphtha,
the nerves become whiter and still more distinct. The cervical
and cranial pairs then appear unconnected with each other
during their course; and Burdach is of opinion that no communication is ever found to exist between these two pairs of
nerves, the first of which he terms the hypoglossus, and regards as a pure motor nerve, and the other the glossopharyngeal, which he looks upon as destined entirely to the mu-

cous membrane.

My

observations do not allow me to adopt this opinion
have seen with the naked eye and with the microscope numerous communications, almost ofa plexiform nature, between these trunks at their entrance into the tongue.
I have therefore preferred to adopt the terms of cranial and
cervical pairs, which are independent of all theoretical ideas.
I consider the cervical as destined principally to the muscles,
and the cranial to the mucous membrane, where I shall preWhen the muscles have been divested
sently describe them.
of their papillary membrane, we are able to trace without difficulty, the various ramifications and nervous loops among the
muscular fibres, where we see the nervous fibres nearly reduced
to a single tubule, forming numerous loops or meshes, running
either across or parallel to the striated muscular fibres. These
nervous trunks and fibres appear all to be derived from the
Instead of completely removing the mucous
cervical nerve.
membrane, which often renders the examination difiicult,
from the blood which issues from the divided vessel, we may
remove a small portion of the membrane, which when done by
tearing it away, will frequently be unattended by loss of blood.
The surface thus exposed is usually found covered with a dense
entirely, as I

plexus of nervous I'amifications, which appears to belong to the
muscular system. Sometimes in spreading out the tongue
we separate from it a kind of investing sac of cellular tissue,
The microscope detects in*
nearly as transparent as glass.
this numerous muscular fibres, generally accompanied with
The nervous fibres are usually
nerves and capillary vessels.
accompanied with a satellite capillary vessel closely joined to
them. To complete this brief account of the microscopic
muscular appearances, I will mention that the circulation may
be easily observed in these muscular capillaries, and that a
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muscular contraction produces a constant acceleration of the
blood, if previously stagnating in them.
I have not detected
any valves in these capillaries, such as are seen in some of the
larger veins of the frog's tongue. Muscular striae may be seen
at the upper and lower surfacesof the tongue, through the layer
of epithelium and cellular tissue. The contraction of the muscular fibres may be frequently observed, either uncovered or

through the epithelium. I have examined them sometimes in
an animal under the influence of strychnia; in none of these
cases have I found either the zigzags described by Dumas and
Prevost as characteristic of muscular contractions, or the approximation of the transverse striae, as described by more recent observers.
To return to the nervous fibres. Burdach has employed
another means of unveiling the distribution of the nerves, which
consists in immersing the tongue for a few minutes in a solution of potassa, in the proportion of three or four drops of alkali
to an ounce of water.
By this method the membrane of the
back of the tongue becomes rapidly converted into a transparent
viscous substance like the white of egg, which is easily removed,
leaving the subjacent parts nearly unaffected. By compressing
the tongue between two pieces of glass, we may trace the distribution of all the principal nervous branches of the organ.
The four nervous trunks advance forwards in a parallel direction to the tubercular extremity, giving off numerous branches
on their external sides, which branches subdivide and ramify
towards the borders of the organ. On their internal sides they
give off no branches, and appear to have no anastomoses one
with another.
The same unilateral ramification is observed
with regard to the vascular canals, and may in a great measure
be accounted for by considering, that as they and the nerves
are all near the median line of the tongue, the parts to be supplied are placed to the right and left sides of this line, and the
nervous and vascular trunks are only in proportion to the parts
to be supplied.
The cervical nerves are seen to form numerous plexiform
anastomoses between their various branches, and to distribute
frequent loops composed of nearly single fibres among the
muscular part-;.
The cranial pair ramify in a unilateral manner until they attain the tubercular extremity, where branches
are given oH'on each side of the main trunks: Burdach states
that this nerve presents no plexiform arrangement like the
former, that a lew of its fibres at the extremities form curves
or arche.s, but that generally they terminate abruptly in a bushlike nu\nner, hence his term "terminaisou en buisson."
In
describing his process, Burdach has not concealed its defects in
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tleslroying the papillary surface of the organ; and also he commits the mistake of regarding the papillae as glandular bodies,

we may see by the following passages. " There are considerable difficulties, even in the frog, in recognizing the course
of the nerves in the interior of the tongue ; for independently
of the thick layer of mucus secreted on its surface, this organ
is obscured by a multitude of granules or opake knots, globular
and likewise by
in form, which are doubtless mucous glands
numerous canals, variously twisted, of a thickness nearly equal
to j^ijth of a line, which appear to be filled with corpuscles re-

as

;

sembling the blood-discs, and which are either canals to convey
the mucus, or lymphatic vessels and lastly by numerous bloodTherefore we soon become convinced of the impossivessels.
bility of distinguishing anything without the employment of
An impossibility already exartificial means
perienced by Valentin and which my own researches have conAll chemical substances, whatever they
firmed
may be, when applied during the life of the animal on the surface of the tongue, have always produced an increase in the
afflux of the blood to the organ, and have still more injured its
transparency*."
In order to detect the real extremities of these nervous filaments, we have but to examine with care the papillary surface
If this is well extended and not over-inof the frog's tongue.
jected with stagnant blood, we shall have no difficulty in discerning, at the base of each fungiform papilla, a dark gray
spot formed by a nerve nearly the size of a capillary vessel.
In fig. 1 we have a very correct repi'esentation of a papilla as
it appears in a favourable subject.
The nerve, of which we
Near the base
see a portion, pursues a very winding course.
;

of the pedicel of the papilla it is usually twisted, as is represented, into a kind of loose knot composed of several loops.
This spot is the darkest portion of the nerve, and is to be seen
From this point the fibres
in most of the fungiform papillae.
ascend apparently less numerous, and accompany the bloodvessels in their numerous gyrations within the papilla.
By
reason of the darkness and opacity of the Llood-vessels the
numerous convolutions are generally concealed, and it is only
at the intervals between the coils that we are enabled to detect
The principal varieties which I have had
the nervous tubes.
occasion to remark with respect to these papillary nerves, are
that sometimes the efferent and afferent capillaries run close
together joined to the nerves, which in that case are in a great
measure concealed. Sometimes thenerve, like the blood-vessels,
* Burdach, Structure des Nerfs,
2i4me series.

— Annales des Sciences Naturelles, vol.

ix.
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from two branches which converge near the papilla as
they were afferent and efferent. It will be preferable that the
blood should be found circulating in the papilla, in order to
In cases where the
detect more readily the papillary nerve.
animal has been killed by strychnia, I have always found these
nerves more easily distinguishable, as if this substance exerted
some effect on the constitution of the nervous system.
I considered it important to determine whether any vesicular
matter existed in the papilla, such as has been described to
exist at the extremities of some of the nerves of sensation. In
one or two instances I have distinguished some granular matter,
but in most cases I have not been able, whether from its nonexistence or from its being hidden by the engorged vascular
coil, to detect the slightest trace of it.
Besides these nerves of the fungiform papillae, there exist
others which are spread over the lower surface of the tongue.
They consist of nearly simple nervous fibres, forming a kind
of network under the mucous membrane.
This nervous network corresponds to the capillary network distributed to the
mucous membrane, in the same manner as the nervous papillary coil corresponds to the vascular one.
During winter the
epithelium of the frog's tongue becomes thinner and more
transparent, and the animal is also in an anaemic condition,
from which causes the vessels of the tongue are but very slowly
engorged ; these cases are therefore the most suitable for the
inspection of the nerves.
Tongue of the Toad. The toad's tongue presents very close
analogies to that of the frog. I have already described in this
journal the slight differences which distinguish them from
each other.
I shall now merely state what a further investigation has shown me with respect to their nervous structure and
papillae.
The difficulty of procuring these animals in the
winter has prevented my thorough examination of the distribution of the nervous trunks of their central parts, but as far as
I have examined I find a similar distribution to those in the
arises
if

—

The toad's tongue is less extensible and more thick
than that of the frog, and for that reason it is necessary to
select a very small animal for microscopic examination.
The
nervous trunks which ramify in the muscles and accompany
the vessels appear to be more numerous than in the frog. The
muscular striae are more distinct, and the fibres are arranged
more like separate muscles. The papillae conicic, or rather
tliose that correspond to them, may be compared in general to
irregular folds or plaits of the intestines; others are like small
cylindrical villi; while some fewer are convex elevations, with
a very small dark circular foramen in the centre and a passage
leading perpendicularly withui them.

frog.
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The fungiform papillae do not generally project upwards,
but consist of a circular area containing a vascular coil and
surrounded by an elevated rim of the mucous membrane.
Scales of epithelium cover the papillae conicae, but the mucous
membrane is generally too opake to admit of the circulation of
the blood being clearly distinguished, except at the neurovascular papillae, where it is seen in the coil and at numerous
spots about the size of j^o™"", where the mucous membrane
appears to be removed, so as to expose fully the capillary cirOn these spots the forms of the ^bloodculation beneath.
globules are so distinct as to give the appearance of not being

The blood frequently stagnates
confined in a vascular tube.
at these points, or bursts through and is effused in small
quantities over the papillary surface, where the separate globules may be seen to oscillate, evidently under the influence of
In favourable cases nervous
the cilia spread over the surface.
filaments may be traced into the vascular area, similar to those
of the frog, forming a knot, which afterwards gives off' filaments
accompanying the vascular coil.
These papillae and their nerves were most clearly displayed
in a toad not half-grown, which had been kept prisoner the
whole of the winter. From some accidental cause it had been
injured, which had produced great emaciation, and finally ocWhen examined life was extinct, but the
casioned its death.
muscles were flaccid and circulation of blood existed in the
This organ was beautifully transparent; the papillae
tongue.
conicae were as before described some of the neuro-vascular
papillae had a circular area with coils; others, mostly confined
to the extremity of the tongue, consisted of nearly globular
transparent vesicles, projecting above the membiane and connected with it by a very narrow neck containing two capillary
Near the point of insertion of the vesicle
vessels and a nerve.
to the membrane a nervous knot was seen, from whence numerous nervous fibres proceeded up the pedicel into the vesicular
Numerous similar vesicles existed at the tubercles,
cavity.
where they formed nearly a continuous row, the transparency
of the membrane allowing the nervous filaments which supplied
them to be traced backward to the main trunk, which they
joined at an acute angle. The vascular coil could likewise be
;

followed to similar venous and arterial trunks, closely accompanying the nerve. This beautiful arrangement may be aptly
compared to a bunch of currants, each currant representing a
vesicle with its internal coil, and its pedicel to the vasculonervous neck of the papilla. As all the papillary nerves joined
the main trunk at acute angles, we may easily figure to ourselves the appearance of the termination of the filaments of
the cranial nerve, as mentioned by Burdach, by stripping off

Papillae

and Nerves of the Tongiie of the Frog.

287

the currants and leaving the principal stalk with their projecting pedicels.
Physiologicaluctio7iofthe Tongue.
Thefungi former neurovascular papillae are the parts which more especially deserve
our attention, as their structural arrangement points them out

—

if not the sole organs of taste
Considered under the simplest point of view,
tongue.
they may be regarded as hollow vesicles, containing a coil of
nerves and blood-vessels within them, and when a liquid is
brought in contact with its external membrane, its thinness
causes it to be rapidly permeated by the sapid substance whicii
then comes in immediate contact with the nerve where the
The capillary coil then by its
sensation of taste is created.
internal current and its extensive surface, rapidly carries it
away and leaves the nerve free to receive a fresh impression. In
analysing this mechanism, we may for convenience distinguish
In the first the body perthree separate periods or stages.
meates the vesicular membrane ; in the second it comes in contact with the nerve and produces an impression which is conveyed to the brain ; in the third this substance is eliminated
from the cavity and from the nerve. The first is a well-known
property of all animal membranes, of allowing themselves to
be traversed by the various liquid and gaseous substances with
have an instance of this when
which they are in contact.
venous blood contained in a bladder and exposed to the air or
immersed in water containing air in solution, becomes crimson
from the passage of the oxygen through the membrane into
the blood.
A similar action takes place when various other
liquiils and gases are separated from each other by an organic
membrane. Acetic acid applied to the tongue of the frog over a
blood-vessel fiUetl with stagnating blood, destroys its red colour
and dissolves the tunic of the vesicles in the same way as when it
is applied to blood taken from the vessels. A still more notable
example is presented bythe branchiaeof the tadpole, which may
be observed during life. There the blood is perceived circulating
with great rapidity in the capillary vessels, and separated from
the surrounding water by a very thin membrane. Nevertheless
in virtue of the permeability of this membrane, a constant current exists which causes the oxygen in the water to be absorbed
by the blood, and the carbonic acid of the blood to pass into
the water.
In this manner the respiration of the animal is
effected.
The rate at which a membrane is traversed by a
li(|ui<l is ceteris pari/ms in proportion to the thinness of the
membrane. At the branchial surface it is extremely thin, on
accomit of the distinctness with which the globules of the blood
appear tiiruugh it.
For the same reason, it is evident that the

as being evidently the principal
in the

We
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membraneofthepapilla, being also very thin,

is

easily permeated.

On

the contrary, the thickness of the epithelial scales over the
rest of the surface indicates that there the same action is comparatively very feeble and slow. It is necessary for a substance
to be in a state of solution before it is capable of traversing a
membrane, for if merely suspended or floating in a liquid its
The same
progress is completely arrested by the membrane.
remark also applies to the organ of taste, which is only capable of receiving an impression from a body which can be dissolved in the saliva, or is already in a state of solution.
To further accelerate the passage tlirough the membrane,
the body when placed in contact with the vesicle is subjected
to a certain amount of pressure by means of the application of

The
the tongue to the roof of the mouth.
in increasing the action of absorption is
numerous facts ; its influence in the action
by the feebleness of the sensation generally

effect of pressure

well-known from

of taste is shown
caused by a body
when merely applied on the surface of the tongue, compared
to the acuteness of perception which ensues on its being comIf the surface of
pressed between the tongue and the palate.
the palate had been entirely smooth, the amount of pressure
thus sustained by a substance in a liquid or a pulpy state would
be vei'y small, but by the existence of small folds and transverse
depressions on its surface the body to be tasted becomes
lodged and fixed between them, and thus exposed to a much
greater amount of pressure.
The importance of this compression of sapid substances receives additional evidence from
the fact that the gustatory membrane is invariably disposed in
a manner to ensure their compression and that the soft palate,
which likewise has the power of taste, may be regarded as
squeezing the sapid substance when passing from the throat into
the stomach.
When the substance is perfectly insoluble, the only sensation of its presence is of a tactile nature, like that of the hand,
which enables us to appreciate the size, form, degree of resistance and temperature of the body.
The resemblance of
the papillae conicse to the papillae of the organs of touch,
render it very probable that they are destined for the same
purposes and fulfill the same functions. The areolar network
of the nervous fibres at the base of these papillae is very similar
to the terminations of the nerves in the skin, and tends to confirm the idea of the tactile nature of the papillae conicae.
Supposing all impressions to arise from a molecular perturbation of the ultimate nervous fibres, the agent in this case,
which causes the perturbation, is either simple mechanical
contact or caloric.
Neither of these agents is liable to accu;
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mulate around the peripheric extremities of the nerve, like
a chemical substance
it is therefore a matter of no surprise
that these nerves are not surrounded by so rich a vascular expansion.
Nay, further, with respect to the action of caloric,
we are aware that in virtue of its conductibility it tends quickly
to attain a state of equilibrium, which in extreme cases may
be in a degree hastened by the vascular circulation of a fluid
of an equal temperature like the blood, which if developed to
the same extent as in the fungiform papilla, would, it is rational to suppose, so much equalize the distribution of caloric
as to render the nerve incapable of distinguishing minute differences of temperature.
But without entering any further
into these speculations out of the pale of experimental science,
it is proper to state that numerous facts derived from physiology and pathology are in favour of what I have deduced
from the examination of the anatomical structure of the two
speciesof papillae, namely, theexistence of two distinctspeciesor
sets of organs in the tongue, those for appreciating the chemical
properties of bodies, and those for taking cognizance of their
physical and mechanical attributes.
In numerous instances
the faculty of taste is entirely destroyed, leaving the tactile
properties unaffected.
With regard to the second period or stage, when the blood
comes in contact with the nerve and produces the impression
which is conveyed to the brain, we can form no idea of the
various actions which are produced within the nerve; we can
only surmise that these impressions may either resemble electric currents, such as arise from the contact of two heterogeneous substances, or that they are caused by a kind of molecular perturbation, which is transmitted upwards to the brain,
where it produces a kind of image of a more permanent nature.
know Uiat different liquids vary greatly in their power of
traversing the same membrane ; alcohol and water, for instance, in a bladder become separated from each other by the
water traversing the membrane and the spirit remaining behind.
To this cause may perhaps in some small degree be
attributed the difference in the sensations which different substances give rise to
but by far the most efficient cause is
probably the peculiar manner in which the nerve is affected,
as different rays of light excite different sensations indepen;

We

;

dently of the intensity of their action.

My

experiments have

not enabled me to ascertain whether the nervous fibrils supplying the two kinds of papilla.' are the same or of different
origin, or whether they are rendered distinct in their actions
merely by means of the structure of the jjarts around them.
Tlie third stage may be considered as simply a kind of perPhil.
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meation or imbibition, very similar to what we have described
It is evident that if a substance were allowed to
in the first.
remain permanently in contact with the nerve, the impressions
would be greatly defective, as the substances applied to it
would be mixed. To remedy this evil, it is requisite that a
means should be found of eliminating a substance from the
nervous extremities nearly as quickly as it is allowed to reach
them. The nerve when freed is capable of receiving a second
may easily
impression as clear and distinct as the first.
understand how this may be effected by means of the vascular
for if we suppose for a moment that this coil is filled
coil
with stationary blood, we see no reason to prevent the diffusion of the substance in the capillary area from taking place

We

;

same manner

as in the cavity of the vesicle.

If the
with fresh blood, the same
action of imbibition and of solution will take place a second
time, and so on as fast as the blood is changed and renewed.
In this way we obtain a constant current from the exterior to
and if the sapid substance h.as
the interior of the vesicle
quitted the surface of the tongue, the absorption will continue
until by an action of endosmosis and exosmosis it becomes
entirely removed from the vesicle. The existence of a constant
current in the coil undoubtedly much accelerates the removal
of the sapid substance from the vesicle, as we observe that
whenever an active imbibition takes place, as in the branchiae
of the tadpole, there exists a corresponding increase in the
vascular system.
in the

capillary

is

now emptied and

filled

;

EXPLANATION
Fig.

1.

01^

PLATE

IH.

Fungiform papilla with nerve ami blood-vessel.
a. Nerve at the base of the papilla, where it forms an

intricate

Its tubules separate as they reach the internal convex
border of the [lapilla, where they form numerous convolutions in
the surface of the capillary.
coil.

Afferent capillary.
Efferent capillary.
Fig. 2. Upper surface of the tongue of a young frog, with conical and
b.
c.

fungiform papilla;.
'J'he papilla with the large dark area is a fungiform papilla in
early stage of development.
Above is another papilla of the
same kind, but more developed, with the central nucleus much
diminished. Around these are seen conical or tactile papillx.
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ON THE BEHAVIOUR OF METALLIC ZINC TOWARDS SOLUTIONS
OF MERCURY. BY H. ROSE.

ri^HE

X

behaviour of metallic zinc towards solutions of the peroxide
The zinc
is highly remarkable.

and percliloride of mercury
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throws down the whole of the mercury from solutions of the pernitrate
and persulphate, when the separation of basic salts has been prevented
by the addition of nitric or sulphuric acid. The zinc does not
combine with the mercury, but the latter separates in the form of
gray globules, which collect at the bottom of the vessel; the zinc
retains its appearance, becoming only somewhat more gray than
before the experiment.
Zinc behaves in the same manner towards a solution of the perchloride of mercury ; its appearance is not changed, and the mercury separates in gray globules but when hydrochloric acid has
been added to the solution of the perchloride, the immersed bar of
zinc soon becomes quite bright and shining.
In this reaction no
evolution of gas occurs ; only a few bubbles adhere constantly to
the bright surface of the amalgamated metal ; the mercury is only
imperfectly precipitated, for even after several days its presence may
be detected in the solution. It is true that, when the zinc is left
for a longer time in contact with the liquid, the mercury is at last
entirely separated, but not however as a precipitate of gray globules ;
but the whole of it combines with the zinc and amalgamates it. At
all events, when free hydrochloric acid is present, the mercury is
;

separated far more slowly, and under totally different phsenomena,
than from the solution of the pure perchloride.
When the experiment is somewhat modified, the result is still
more surprising. For instance, if a bar of zinc be immersed in hydrochloric acid, and when the evolution of liydrogen is very rapid,
a solution of perchloride of mercury be added, the disengagement
of gas ceases instantly the zinc becomes bright, resulting from its
amalgamation ; and after several days the mercury is only imperIf a solution of perchloride of
fectly separated from the solution.
platinum be now added, evolution of hydrogen immediately recom;

raences.

When the mercury has been entirely separated from a solution of
the^perchloride by zinc in the form of gray globules, and hydrochloric acid added, the zinc soon becomes bright and amalgamated,
without however the mercury, which has been separated in the form
of globules, wholly combining with the zinc.
The behaviour of amalgamated zinc is very remarkable. Dobereiner observed that no evolution of gas resulted on the contact of
amalgamated zinc with acids; and recently Millon has drawn attention to the fact, tliat certain metullic solutions hasten the evolution
means of zinc and dilute sulphuric acid (a pliaenoinenon which has been satisfactorily accounted for by 15arreswii),
while a solution of perchloride of mercury retards this disengagement considerably.
Zinc, as is well known, is most readily amalgamated by immersing
it in
hydrociiloric acid, and tiien rubbing it over with mercury.
Zitic thus amalgamated remains perfectly bright when placed in
hydrociiloric acid, in which it scarcely dissolves at all, or so little,
that only a few bubbles of gas adhere to the shining surface. As is
well known, amalgamated zinc behaves, in an electrical point of
of hydrogen by

X2
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and, notwithstanding it is but
view, almost like a distinct metal
If,
little acted upon by acids, is more positive than zinc alone.
therefore, another metal be placed by the side of amalgamated zinc,
•which is in contact with a dilute acid, a powerful evolution of gas
immediately results on the former when it touches the amalgamated
zinc. It is requisite, however, that, in order to retain its remarkable
behaviour, especially towards perchloride of mercury, there must
always be some free acid present, Avithout which it acts like ordinary
When an amalgamated bar of zinc is immersed in a solution
zinc.
of perchloride of mercury, the mercury is separated exactly as with
pure zinc in the form of gray globules, and the amalgamated zinc
loses its bright coating. In the same way amalgamated zinc reduces
solutions of the sulpiiate of copper, nitrate of silver and acetate of
lead, like ordinary zinc, with this diflerence, that an addition of hydrochloric or nitric acid does not prevent or retard the reduction of
the metals by the amalgamated zinc, as is the case with the solution
of perchloride of mercury.
When only a few drops of hydrochloric acid are added to a solubut
tion of the perchloride of mercury, the zinc is amalgamated
after some time mercury separates in the form of gray globules,
which does not occur wlien a larger quantity of hydrochloric acid
has been employed.
Dilute sulphuric acid acts like hydrociiloric acid in preventing or
retarding the precipitation of the mercury from the solution of the
perchloride frequently, in this case, a fine crystalline salt separates,
which however is only perchloride of mercury, which is far less
soluble in dilute sulphuric acid than in Avater subsequently a crystalline powder separates in minute scales, coating the zinc, and frequently floating upon the surface of the liquid this is the protochloride of mercury, which is not furtiier altered by the zinc.
It is
remarkable that the protochloride is only sepaiated by zinc from the
solution of the perchloride when sulphuric acid has been added, and
not from a solution of the pure chloride, nor on the addition ofhydrochloric acid.
Moreover, when a solution of the perchloride of
mercury is poured upon zinc immersed in dilute sulphuric acid, the
evolution of gas suddenly ceases, just as with the addition of hydrochloric acid.
The zinc likewise becomes amalgamated, and a few
bubbles of gas adhere for a long time to its surface. Nitric acid
also prevents the precipitation of the mercury from the solution of
the perchloride by zinc, in the same manner as hydrochloric and
sulphuric acids in this case the protochloride is also formed. When
a violent disengagement of nitric oxide has resulted from immersing
zinc in nitric acid, it is instantly stopped by the addition of a solution of the perchloride of mercury.
It is well known that neither
sulphuric nor nitric acids in the dilute, and also in the concentrated
state, are capable of decomposing the perchloride of mercury.
Iron completely precipitates the oxysalts of mercury in the same
manner as zinc the metal is likewise wholly separated by iron from
a solution of the perchloride, and an addition of hydrochloric acid
neither prevent'S the evolution of gas nor the elimination of the nier;

;

;

;

;

;

;
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not amalgamated, the mercury separates

in

the

While zinc entirely precipitates the mercury from a solution of
the protonitrate, it cannot decompose the protochloride even when
recently precipitated and in the presence of water. The insolubility
of the salt is by no means the cause of tliis phEenomenon, as the
chloride of silver is most quickly and rapidly decomposed by zinc

Even on tlie addition of hydrochloric
not decomposed by zinc, or only to a very
small extent when it has been left for several days in contact with
it and the acid.
Scarcely any evolution of gas is perceptilile in this
instance; nevertheless the liquid, after a short time, contains oxide
of zinc in solution.
The insoluble protosulphate of mercury is likewise not reduced
by zinc in contact with water however, after several days some
oxide of zinc has dissolved, and the zinc is slightly amalgamated,
more is reduced M'hen dilute sulphuric acid is added, but still tiie
there is no evolution of gas, but
quantity is very inconsiderable
Poggendorff's ^/?/^rt/e«.
nevertheless the zinc is amalgamated.
in the presence of water.

acid, the protochloride

is

;

;

—

ON THE COMPOSITION OF THE ORGANIC ALKALIES.
BY M. AUG. LAURENT.
The author

observes that the elementary analysis of the organic
attended with great difficulty, for a difference of two- or
three-thousandths of hydrogen is sufficient to change their atomic
formula.
The greater number of analyses show an excess of hydrogen over the calculated result, which usually amounts to the
quantities above-mentioned, or about one equivalent.
The author
contrived an apparatus to ascertain whether he could not determine
the hydrogen to about one-thousandth and he remarks that two
formulae are given for morphia
that by Liebig being C^^ H^s N- O^,
and that by Regnault Css
N^O^. The result of the author's
analysis is stated by him to be
alkalies

is

;

;

H"

C3*

25500

H38

237-5
175-0
600-0

N2
06

3562-5

And

he further observes, that the analyses of Liebig and Regnault
were cidculated according to the ancient atomic weight of carbon
whereas with the number 75 the results of Regnault's analysis would
be the same as his, or 71-7 and 71-85.
Quinu.
M. Liebig's formula for this alkali is C'^° H'-^ N^ O^,
which, according to M. Regnault, ought to be doubled. M. Laurent repeatedly crystallized sulphate of quina, then extracted the
alkali, and dissolved it in a;ther
the solution was evaporated, and the
quina kept for a long time in fusion and then analysed. The results

—

;

were

Intelligeiice

294!

and Miscellaneous

Articles.

2850
275
350
400

C38

H4*

N*
O^

3875
Cinchonia.

— M. Liebig represents cinchonia by C'oH-^N^ O, and

M. Regnault by

C-o H'"

N- O,

or rather

by double.

M.

Laurent's

analysis gives

2850
275
350
200

C33

H«
N*
O"-

*

from quina in containing

It appears therefore that cinchonia
only half as much oxygen.
The author concludes by giving the following formulae as the

differs

results of his analysis

:

Cinchonia

C'='H="-N"-02
C>" H"-'^ N"- O

Morphia

C"

Quina

H'3 NQs
C" H' N
C« H16 N"-

Quinoleina

Lophia
Picryle

C^iR'^NO^

Narcotina
Cotarnina
Narcogenina
Opianicacid
Opianate of ammonia
Hemipinic acid
Hemipinate of ammonia
Starch
Pyroxyline
Conina
Ann. de Ch.

C« H'^s nO^

ON THE CHANGE EFFECTED

WHEN KEPT

IN
IN WATER.

C'"-H'3N03
H'^'NO*

C's

C'oH'oO^
C'° H'^ NO^
0'° H'" 0^
C'° H'^ N- O^
C'"-H'200'°
C'"- H>7 N* O"
C^NH'^

et de

Phys.,

Mars 1847.

HYDRATED PEROXIDE OF IRON
BY M. G. C. WITTSTEIN.

It is well known that a solution of persulphate or perchloride
of iron gives a reddish-brown precipitate with ammonia, and it is

flocculent

and very bulky

:

its

formula

is

Fe-03 + 3HO, and

it

dis-

It does not Iiovvever appear to
solves perfectly in cold acetic acid.
be known, that this precipitate, when kept under water, and without
having been previously dried, almost entirely loses its property of
Some other organic
dissolving in acetic acid, as if it had been dried.
acids, which readily and completely dissolve recently-precipitated

peroxide of iron, such as tartaric and citric acids, &c., also dissolve
a much smaller quantity of tbe oxide which has been long kept under
water.
M. Wittstein states that some researches which he has made
on this subject Iiavc afforded him very satisfactory results.
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and washed oxide be examined by the
If the recently-precipitated
be composed of amorphous globules,
to
seen
be
^vill
microscope, it
contrary, the prewhich no crystals are perceptible; on the

amon-

cipitate

appears to be entirely
which has been long kept under water

of a deep yellow
the small fragments of crystals are
The author states that he is not
colour and slightly translucent.
amorphous into the cryaware of the time required to convert the
his expebut the precipitates on which he made
stalline peroxide
He
years previously.
two
than
more
prepared
been
had
riments
taken place for a conhad
transformation
the
that
however,
thinks
remembers to have remarked that in six

crystalline

:

;

for he
siderable time
and become more
months the preoipitate had altered in appearance
the crystalhne form,
compact. The hydrate, moreover, in assuming
contained; the formula ot the precipiloses half the water which it
;

0' + 3HO.
which has undergone this change is 2Fe;solution of hydrated peroxide
difficulty then which attends the
water, depends upon two causes
of iron that has been long kept under
It results from_ what has
dehydration.
partial
and
form
crystalline
the

tate

The

order that

it

may be

in
been above stated, that the peroxide of iron,
acids m general, ought to
dissolved by the acids named, and weak
It is pi-obably not mdifferent
be employed so,^i after precipitation.
as an antidote to arsenic should
that the peroxide of iron employed
preference ought to be given
be recently-precipitated at all events,
it every
oxide, and it will be proper to renew
;

to recently.precipitated
six months, or annually.

It is

not requisite entirely to reject the

dissolved in hydrochlonc
hydrate which has been kept it may be
de Pharm. et de
ammonia.~7oMr«.
by
precipitated
acid and again
;

Ch., Fevrier 1847.

ON VILLEMITE.
The
silicate

BY MM. DELESSE AND DESCLOIZEAUX.
M. De Dree contains ^brownish

mineralogical collection of

of zinc from Franklin,

New

Jersey, United States. It appears

and Keating, who

MM.

Vanuxem
to have been already analysed by
but as it difters much
have referred it to the villemite of Levy
Europe and as its analysis
appearance from the villemite found in

m

;

analysed by Dr. Thomson.
does not agree with that of a mineral
properties, and trom the same locahty
physical
its
to
as
identical
and
would be interesting to
Delesse and Descloizeaux thought it
minerals.
two
the
of
examination
make a comparative
Descloizeaux^ analysed was
The villemite which MM. Delesse and
it is
near Aix-la-Chapelle
from the zinc mines of Vieille-Montague
colour, and has the form ot a regular
in small crystals, of a light rose
rhomb ot an angle ot 12b
hexagonal prism, terminated by an obtuse
These crystals were con30', as described by Levy and Phillips.
calamine.
tained in the druses of a ferrugmous
also crystaU.zcd but
The silicate of zinc from New Jersey was
crystals are very well dethe
however
sometimes
confusedly «o
as to form and cleavage, to the
fined, and they are referable, both
the same the cleavages perpenare
angles
The
viUenutc of Levy.

MM

:

,„•,,.

;

;
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dicular to the axis of the prism are also evident, as well as those
which are parallel to the faces of the regular hexagonal prism. The
specific gravity of the mineral from New Jersey was 4" 154.

By calcination, the silicate of zinc from New Jersey and the villemite lose only 0-005 this small loss is probably owing to a little
hygrometric moisture, and to the oxides of iron and manganese
which accompany both minerals the villemite becomes of a slight
As to the New Jersey silicate, it has a brown
brick-red colour.
colour, a resinous lustre, and yields a powder of a light dirty green
colour, which becomes deeper by calcination like villemite it is inwith carbonate of soda on platina foil it
fusible by the blowpijie
becomes green, indicating the presence of manganese in borax it
with phosdissolves perfectly, with a sliglit colour indicating iron
phoric salt, a skeleton of silica remains in the globule.
The silicate of zinc from New Jersey, like villemite, is very easily
acted upon by hydrochloric acid, and the silica separates in the geit then produces an incrustation around the central
latinous state
part, and it is necessary to continue the ebullition for some time,
that the action may be complete.
For a quantitative analysis about fifteen grains were dissolved in
hydrochloric acid after having sejiraateil the silica in the usual way,
the liquor was evaporated a second time, by which a little more was
obtained the zinc was separated by solution in potash, by repeatedly
the iron was separated from
treating the residue insoluble in acid
the manganese by succinate of ammonia no cadmium was detected.
There were by these means obtained, by the analysis of the villemite of Vieille-Montagne and the silicate of ziuc from New Jersey
:

;

:

;

;

;

;

;

;

:

;

the following results

:

Vieille-Montagne.
Silica

Oxide of zinc

'

Protoxide of iron

27-28
72-37
0-35

100-00

New

Jersey.

Silica

Oxide

of zinc

Protoxide of manganese
Protoxide of iron

27-40
68-83
2-90
0*87

100-00

The

results of these analyses agree very well with those of ville-

MM. Thomson, Levy, Vanuxem and Keating.
manganeseous silicate of zinc of New Jersey, and the
villemite, though at first presenting different appearances, belong to
the same mineral species, which is a tribasic silicate of zinc Si Zn^
or supposing that silica contains only two atoms of oxygen, they will

mite and silicate by
It follows that

;

be bibasic

silicates of zinc Si

Zn".

Ann. des Mines, tome

x.

1846.
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SOLUBILITY OF CARBONATE OF LIME IN WATEIl CONTAINING
CARBONIC ACID. BY M. LASSAIGNE.

The

solubility of carbonate of lime in

acid has been long

known to

water containing carbonic
and chemists

geologists, mineralogists

;

which contain this calcareous salt
convey it for the assimilation of plants and animals.
The spontaneous precipitation of this salt, by contact of the air,
fully explains the cause of the deposits formed by the water, and of
the incrustations, frequently so abundant, which occur on the surface of bodies exposed to the water for a certain time.
There are other facts, however, connected with the subject which
have not been examined into such are the degree of solubility of
it is

in this state that all waters

:

carbonate of lime at common temperatures in water saturated with
carbonic acid, and the state of saturation in which the salt exists in
this condition.

The plan on which M. Lassaigne operated was

to prepare a solutemperature of 50° F.
and a pressure of 29'7 inches in this solution chalk reduced to a
fine powder was digested for twelve hours.
The solution obtained was filtered to separate the excess of carbonate of lime, and was perfectly limpid it reddened tincture of
litmus slightly, but had no immediate effect on syrup of violets but

tion of pure carbonic acid

by agitating

at a

:

;

;

after several hours' contact the

became gradually green.
potash became immediately

solution

when treated with a little
and deposited white flocculi of hydrated carbonate of lime,
which soon diminished in volume by losing water, and were converted into a white powder, which partly adhered to the sides of the
vessel
the same effects were obtained with ammonia.
When the
solution was heated it became turbid, as the gas was expelled by the
action of the heat, and carbonate of lime was precipitated.
It was found by experiment that the carbonic acid, which effected

The

solution

turbid,

;

the solution of the carbonate of lime, was five times greater than
that which existed in the carbonate of lime dissolved at 50°.
This result indicates that the calcareous salt to be dissolved in
w^ater by carbonic acid, is directly converted into sexticarbonate of
lime, that is to say, into a compourid of one equivalent of lime and
six equivalents of carbonic acid,

which would give CaO, 6C0'-

as the
Lassaigne thinks it probable that
this is the state in which the combination exists in certain sjiring
waters which contain it, unless it be regarded as a bicarbonate of
lime, rendered soluble by four equivalents of free carbonic acid.
The author is, however, disposed to consider the first hypothesis as
more conformable to the theory of the saturation of metallic oxides
with oxacids.
In operating at the temperatures of 50" F. and 32° F., a difference was observed in the solubility of neutral carbonate of lime in
the same solution of carbonic acid.
At the former temperature, a
volume of the saturated water dissolved 000088 of its weight of

formula of the soluble

salt.

M.
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carbonate of lime, while an equal volume at 32° dissolved only
0-00070.
This decided difference proves then that tlie solubility of carbonate
of lime in water impregnated with carbonic acid, varies with the temperature, at least within the limits of 32° and 50° F., which were
Joiirn. de Ch. MM.,
those at which the experiments were made.
Fevrier 1847.

SOLUBILITY OF PHOSPHATE OF LIME IN WATER SATURATED
WITH CARBONIC ACID. BY M. LASSAIGNE.

The solution of carbonic acid employed in these experiments was
saturated at the temperature of 50° F., and at a pressure of 29-9
inches the phosphate employed was left in the solution in each case
during twelve hours and the quantity dissolved was ascertained by
evaporating the same volume of each solution to dryness and weigh;

;

ing the residue.
Pure phosphate of lime, obtained by the double decomposition
1
the solubility was
of a calcareous salt and alkaline phosphate
;

0-000750.
2. Fresh bone, a piece of nearly two inches long, -jAiijdths of an
solubility 0-000166.
inch wide, and j-^^dths thick
3. Bone disinterred (liter about twenty years' repose in a cemetery,
the subsoil of which was sandy; solubility OOOOoOO.
M. Lassaigne remarks that these facts confirm an opinion advanced
by M. Dumas, that bones which have suffered incipient decomposition in the earth, and which have consequently become less coherent,
yield a larger quantity of their calcareous salts to water saturated
with carbonic acid, than fresh bones containing all their organic
Journ de Ch. Med., Janvier 1847.
matter.
;

CRYSTALLIZED BILE.

M. Verdeil effects the crystallization of bile by the following proFresh ox-bile is to be dried by the water-bath, and the residue
cess
is to be treated with about twenty parts of absolute alcohol. By this
the mucus remains insoluble, whilst the bilate of soda readily disThe solution is to be filtered and treated with animal charsolves.
coal to decolorize it; tether is then to be cautiously added to it
until it begins to turn milky, and is then to remain in a closed vesthe bilate is then deCrystallization occurs after some time
sel.
posited on the sides of the vessel in the form of small acicular cryIn twenty-four hours the liquor is to be
stals in concentric groups.
:

—

:

poured off; and the crystals, after being washed with aether free
from alcohol, are to be dried over sulphuric acid.
The crystals thus obtained always contain a little common salt
from this they are freed by ))lacing them with absolute alcohol in a
this salt does not dissolve under these circum«
freezing mixture
:

stances.

Pure bilate of soda dried at 212° F. yielded by analysis

Intelligence
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59-84

Carbon
Hydrogen
Azote
Sulphur

Oxygen
Soda

8-73
4-11
3-78
16-45
7-09

100-00

100-00

Journ. de Pharm.
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59-77
8-80
4-83
3-89
16-32
6-89

60-07
9-20

et de Ch.,

Fevrier 1847.

SINGULAR PROPERTY OF GUN-COTTON MIXTURE.

—

Lecturers on
Dr. Draper has made the following observations
chemistry have known for a long time, that one of the best methods
of illustrating the properties of carbonic acid gas, is to evolve it from
carbonate of ammonia by the action of monohydrated nitric acid.
A dense white fume accompanies the gas, and marks all its move:

ments in a striking manner.
Commercial nitric acid fails to produce the same eflfect. It sets
But if a mixture of commercial
the gas free in an invisible state.
nitric acid and oil of vitriol be used, then the dense fume is at once
produced. The explanation seems to be, that the oil of vitriol, by
retaining water, allows some of the carbonate of ammonia to pass
off with the carbonic acid in a dry state, and hence gives the gas a

smoky
But

aspect.

singular, that though oil of vitriol will of course decompose carbonate of ammonia very rapidly, the gas which escapes is
it is

transparent.

Some months ago Dr. Ellet, of South Carolina College, published
a process for preparing gun-cotton, which is unquestionably the
greatest improvement yet made in the preparation of that explosive
His plan is to soak cotton in a mixture of oil of vitriol
substance.
and saltpetre, and then wash it thoroughly from the adhering salt.
Now if this mixture of oil of vitriol and saltpetre be made to act on
carbonate of ammonia, like monohydrated nitric acid, or common
nitric acid mixed with sulphuric, it evolves carbonic acid in the

smoky

state.

ON THE DEHYDRATION OF SULPHATE OF LIME UNDER VARIOUS
CIRCUMSTANCES.

BY M. M.

E.

MILLON.

observes that it is well-known that sulphate of Ume
slowly produced, retains its water of combination at a tem-

The author
which

is

perature at which precipitated sulpliate loses it.
Tliis salt contains two equivalents of water.
Sulphate of lime.
S0^ HO-)-CaO, 110 according to Graham it suifers no loss at
212'-' F., and becomes anhydrous at 266°.
The general results obtained by M. MiUon effect considerable changes in this statement.
Sulphate of lime, of whatever form, origin or mode of formation,
always suffered a first loss, varying from 15 to 17 per cent. Tliis

—

;

quantity represents 1-5 equivalent of water

:

its

eliminatiou

is

per-
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and cannot be confounded with the total loss, which
from 20 to 22 per cent, and corresponds to two equivalents of

fectly decided,

varies

water.

The following

—

are the results of experiments
of lime, prepared by precipitating cold solutions
of sulphate of zinc and chloride of calcium when dried over sulphuric
acid the result was invariable.
By exposure for six hours to a temperature of 176° to 185° F. it lost 17 per cent.
no further loss occurred by exposure for an additional hour to the same temperature
when rendered perfectly anhydrous the loss was 22 per cent.
Artificial sulphate of lime, precipitated from mixed boiling solutions
of sulphate of zinc and chloride of calcium dried as before, the loss
at 176° to 185° F. remained invariably at 15' 71 per cent.
when
rendered anhydrous the loss was 20'87 per cent.
Moistened plaster lost at the above temperatures 16'22 per cent.
rendered anhydrous, the loss was 20'39 per cent.
:

Artificial sulphate

;

;

;

;

;

Precipitated sulphate of lime, dissolved in hydrochloric acid, and
it.
By fifteen hours' exposure to 176° up to 185°,
lost no weight, and none occurred till the temperature reached

crystallized from
it

—

221° F., when it lost 15'38 percent. The same heat was afterwards
continued during four hours without further loss. Rendered anhydrous, the loss was 20'78 per cent.
Arrow-headed gypsum from Montmartre. This suffered no loss at
176° to 185° F. at 221° it amounted to 15-37 per cent., and the
total loss was 20' 78 per cent.
Fibrous stilphate of lime.
In fifteen hours lost no weight at 1 85°F.;
at 221° the loss was 17'60 per cent.
it was afterwards exposed for
twelve hours to the same temperature with scarcely any diminution
the total loss was 22'62 per cent.
Alabaster from Volterra.
SuiFered no diminution of weight by
exposure at 176° to 185° F.
at 230° F. the loss was 15-61 per
cent. several hours' continued application of the same heat occasioned
no further diminution of weight; the total loss was 20-83 per cent.
Snow-white gypsum (Gypse en niege).
Lost no weight at 185° F.;
at 238° F. it was 15-57 per cent.
No further diminution occurred
by several hours' longer exposure to this heat. The total loss was
21-27 per cent.
Fibrous gypsum from America.
Lost no weight at 185° F.; at
230° F. lost 15-41 per cent. total loss 20-59 per cent.
Prismatic gypsum from Sicily.
No diminution of weight atl85°F.;
at 230° it was 15-58 per cent., and the total loss was 20-44 per cent.
It appears, therefore, that all native sulphates of lime retain their
water at 185° F., and do not lose any below 221° to 236°. Artificial
sulphate of lime crystallized in hydrochloric acid is similarly circumstanced.
Artificial sulphate of lime, on the other hand, Avhether
precipitated hot or cold, loses three-fourths of the water at 176° to
185°.
Moistened plaster is also dehydrated at this lower tempera-

—

;

—

;

;

—

;

;

—

—

;

—

ture.
It will

be obsen'ed that

tional loss of water,

pressed by

all

the sulphates of lime undergo a fracstate of hydration is ex-

and that the second

(S03)SHO-h2CaO.
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water of hydration goes off very slowly, if
at 257° to 393° F.
the heat be not raised to nearly 400° or 570° F.
mere traces of water are separated in several hours. This resistance
is unquestionably very favourable to the calcination of plaster intended
for buildings; it prevents its complete dehydration, even at a somewhat higher temperature.
M. Millou has also observed that anhydrates which contain some
hundredths of water, lose it in fractional quantities one specimen
The first loss of 2-89 per cent, occurred
lost 3-65 per cent, of water.
at 221° F.; the remainder, or 0-76 per cent, of water, required a
On examining the anhydrate
higher temperature for its expulsion.
with a glass, opake portions were visible, which were small crystals
of the trapezoidal variety of sulphate of lime, and were evidently
formed by the anhydrate liaving absorbed moisture from the atmosphere.
Ann. de Chim. et de Phys., Fevrier 1847.

The

last fourth of the

;

;

COFFEE AS AN ANTIDOTE TO ACETATE OF MORPHIA.

An

invalid took at one dose ten grains and nearly eight-tenths of
acetate of morphia; thirty grains of emetic tartar were exhibited
without occasioning vomiting after a lapse of three hours, and not
;

when

the patient was perfectly comatose, a strong inIn the course of twelve
fusion of coffee with the grounds was given.
hours the invalid took about II5 ounces of coffee the coma ceased
till

then, and

;

and he recovered.
This fact proves, among a hundred others, that even in the worst
cases of poisoning, the medical man should never despair of the reIn the above- described case, in spite of a very
covery of his patient.
strong dose of poison, and notwithstanding the absence of all assistance during three entire houi's, and although it was impossible to
If a
evacuate any portion of the morphia, the patient recovered.
similar accident should again occur ,vomiting ought to be immediately
should be employed,
if this fail the stomach-pump
attempted
and then concentrated coffee should be administered. Joitrn. de
Pharm. et de Ch., Fevrier 1847.
;

ON THE FORMATION OF CYLINDRICAL MASSES OF SNOW IN
ORKNEY.
To Richard Taylor, Esq.
Sandwick Manse by Stroniness, Feb. 11, 1847.
My dear Sir, A curious phrenomenon in this parish has astonished and perplexed all, and filled the superstitious with no small
Since the Gth inst. we have had hail- or
degree of consternation.
snow-showers, on the 9tli snow-drift, and yesterday a slight thaw
with frost again in the evening.
During the night a heavy fall of snow took place which covered

—

the plain to the depth of several inches. Upon this jjure carj)et there
rest tliousands of large masses of snow which contrast strangely with
its smooth surface.
A solitary mass may be seen in a field, but in
general they occur in patches from one acre to a hundred in extent,
while the clusters may be half a mile asunder, and not one mass to
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be seen in the interval. These fields appear at a distance as if cartloads of manure had been scattered over them and covered with snow
but ou examination the masses are all found to be cylindrical, like
hollow fluted rollers or ladies' swan-down mutFs, of which the smaller
ones remind me, from their lightness and purity, but most of them
are of much greater dimensions and weight than any lady would
choose to carry, the largest that I measured being 3^ feet long and
The weight however is not so great as
7 feet in circumference.
might be expected from the bulk so loose is the texture, that one
near this house which was brought in and weighed, was found to be
only 64 lbs., though it measured 3 feet long and 6-} feet in circumference.
The centre is not quite hollow, but in all there is a deep
conical cavity at each end, and in many there is a small opening
through which one can see, and by placing the head in this cavity in
the bright sun, the concentric structure of the cylinder is quite apparent.
So far as I am yet informed, they do not occur in any of
the adjoining parishes, and they are limited to a space of tibout five
They may occupy about 400 acres of
miles long and one broad.
this, and I counted 133 cylinders in one acre, but an average of a
hundred would, at a rough computation, yield a total of about
40.000.
Now the question naturally arises, what is the origin of these bodies ?
I believe the first idea was that they had fallen from the
clouds, and portended some direful calamity, and I hear an opinion
that one had fallen on a corn-stack and been broken to pieces. It is
a pity to bring down such lofty imaginations, and to deprive these
cylinders of their high descent, but I prefer truth, when it can be
;

I must at once, then, set aside
discovered, to tlie loftiest theory.
the idea that they fell from the atmosphere in their cylindrical form,
as the first one I examined satisfied me that its symmetry and loose
texture must have been immediately destroyed on coming in rude
contact with this earth.
Farther observation has convinced me that they have been formed
by the wind rolling up the snow, as boys form large snow-balls.
This is proved by examination of the bodies themselves their round
form, concentric structure, and fluted surface all show this mode of
;

formation.
Again, it is proved by their position none are found on
the weather side of hills or steep eminences, where the wind could
not drive them up, nor close to leeward of any wall or perpendicular
bank from which they seem to have originated the nearest wellformed small ones being 60 yards to leeward, and the large ones
100 yards. All nearer than this are fragments that have not gone
on to completion, but broken down in their passage, and the differMany howent portions of the wreck form the nuclei of others.
ever are found blown to the windward side of walls or over the lee
Indeed, they are found almost exclusively on the
side of banks.
leeward side of hills and eminences, where both the wind and declivity assisted in rolling them along, or on plains so exposed that the
wind alone operated without the declivity.
:

—

I

shall only add, that this

rectioH in

mode

which these cylinders

of formation

lie.

is

proved by the

The wind has been from

di'

the
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I believe tliat it was so all night, when I am
blew strong. Now they are all lying with their ends east
and west, and their side to the wind and farther, in some cases,
their tracks are still visible in the snow for twenty or thirty yards on
their north side, from whicli they have gathered up their concentric
and I understand these were still n-.ore evident at an early
coats
hour before a snow-shower obliterated them in many places.
I am, Sir, yours very truly,

north for four days, and
told

it

;

;

Charles Clouston.

METEOROLOGICAL OBSERVATIONS FOR FEB.

1847-

— February L

% Cloudy. 4. Cloudy:
Overcast.
2. Slight snow.
snowing. 8. Sharp frost
7. Overcast
Q. Slight rain.
frosty.
5. Overcast.
snow10. Severe frost
intense frost at night.
9. Clear and frosty
snowing.
severe
12. Intense frost clear
II. Overcast: slight thaw severe frost.
ing.
Chiswick.

•

:

:

:

:

:

:

boisterous.
16. OverRain.
15. Cloudy
19. Boisterous fine
18. Densely clouded boisterous.
17. Fine.
cast rain.
23. Hazy and
22. Hazy overcast.
20,21. Overcast fine.
clear and calm.

and

13. Clear

frost.

14.

frosty.

;

:

:

cold.

24.

Dry

air

:

and

clear

:

:

:

;

26. Hazy.

25. Slight haze.

frosty.

27, 28.

Cloudy and

cold.
IVIean temperature of ihe

34°-79

month

Mean
Mean

temperature of Feb. 1845
temperature of Feb. for the
Average amount of rain in Feb

43-32
39 '55

twenty years

last

I

—

'61 inch.

2. Cloudy: snow early a.m.: snow
Boston.
Feb. 1. Cloudy: snow p.m.
10. Fine.
snow i'.m. 4. Fine. 5 7. Cloudy.
3. Cloudy
nearly all day.
snow on the ground. 12. Cloudy. 13. Fine. 14. Cloudy rain
11. Cloudy
rain
early
Fine
a.m.
17.
16. Cloudy: rain early a.m.
15. Cloudy.
early A.M.
20 23. Cloudy. 24. Fine. 25. Cloudy.
19. Stormy.
rain P.M.
18. Fine

—

:

8—

:

:

26.

:

—

:

Cloudy

snow

:

early a.m.

Fine

27.

:

snow

—

28.

p.m.

Fine

:

melted snow.

frost: clear.
2. Snow: clear
Feb. 1. Snow clear.
Sandwich Manse, Grkitey.
lightning.
6. Haildrizzle.
5. Showers
4. Damp
3. Bright thaw drizzle.
showers aurora. 7. Hail-showers snow-showers aurora. 8. Snow-showers
snow*
snow.
Deep
thaw snow frost. 1 1.
10. Sleet
aurora.
9. Snow-drift.
14. Sleet-showers.
13. Thaw rain.
thaw.
12. Deep snow bright showers
19.
18. Showers.
17. Showers rain.
IG. Showers.
15. Cloudy showers.
Showers: clear. 20. Cloudy rain. 21. Bright showers. 22. Bright clear
Clear:
aurora.
clear:
25.
24. Cloudy:
23. Bright: clear.
aurora: large halo.
28. Cloudy.
27. Clear cloudy.
frost clear.
26. Bright clear.
:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

Apphgarlh Manse, Dumfries-sltire.— Feb. I. Frost: snow lying half an inch
5. Thaw
4. Frost, but mild.
3. Frost.
slight shower snow.
2. Frost
9. Frost
8. Frost, hard.
fair.
7. Frost clear and fine.
6. Thaw
slight rain.
deep.

:

:

:

:

:

clear.
12.
fine
11. Frost
10. Frost: sprinkling snow.
threatening snow.
14. Thaw, soft and fine.
rain p.m.
13. Frost a.m.
Frost: sprinkling snow.
wind.
fierce
and
sleet
Rain
19.
Hain.
16—18.
thaw
rain.
slight
Frost,
15.
22. Rain early a.m.
21. Fair and fine: thrush singing.
20. llain and wind.
25.
clear and bright sun.
24. Frost
23. Slight hoar-fro»t clear.
cleared.
and
fine.
clear
Frost
28.
Hoar-frost. 26, 27. Frost.
36°'25
Mean temperature of the month
:

:

:

:

:

:

:

:

:

:

Mean temperature
Mean temperature
Mean rain in Feb.

* Thi* morning the snow in

many

phices

is

feet

by 6J weighs

(54 lbs.

and 7

'4

37 -2
2 inches.

found rolled up

cylinders, the large:,t of which measures 3i feet long

one which measures 3

43

of Feb. 1816
of Feb. for twenty-five years
for twenty years

feet in

hollow fluted
circumference

in

-.
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analysing Mr. Wheatstone's beautiful discovery, that in
binocular vision we see all objects of three dimensions by
means of two dissimilar pictures on the retina, I trust I have
proved that the dissimilarity of these two pictures is in no
respect the cause of our vivid perception of such objects, but,
on the contrary, an unavoidable accompaniment of binocular
vision, which renders it less perfect than vision with one eyef.
On the other hand, it is quite true that, in Mr. Wheatstone's
experiment of producing the perception of objects of three
dimensions by the apparent coalescence of two dissimilar
representations of such objects in flano, the dissimilarity of
the pictures is necessary in the exhibition of that beautiful

IN

phaenomenon.
In performing with the eye alone, the various experiments
detailed in a former paper J, I was very much struck with the
fact, that the apparent solid figure, produced by the union of
dissimilar pictures, never took its right position in absolute
space; that is, in place of appearing suspended between the
eye and the plane upon which the dissimilar figures were
drawn, the base of the solid seemed to rest on that plane,
whether its apex was nearer the eye or more remote than its
component plane figures.
With the view of finding the cause of this, I placed tRe
its

component
as to have

figures on a plate of glass suspended in the air, so
no vision of the surface on whicli they rested, and

* Read at tlic Royal Society of Eclinburgli, April 15, 1844.
See their
Transactions, vol. xv. p. fJG.'}.
.'530,
vol.
x.\iv.
4.31).
June
1844,
'See
for
May
and
this Journal
pj).
t

X

Ibid.
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by binocular vision, and concealing
the two outstanding single figures, I obtained results which,
though not entirely satisfactory, proved that there existed
some disturbing cause which prevented the united image from
placing itself in the binocular centre, or the intersection of the
This disturbing cause was simply the influence
optical axes.

after uniting these figures

of other objects in the same field of view, whose distance was
known to the observer.
In order to avoid all such influences, and to study the subject under a more general aspect, it occurred to me that these
objects would be gained by using a numerous series of plane
figures, such as those of flowers or geometrical patterns upon
These figures being always at
carpets or paper-hangings.
equal distances from each other, and almost perfectly equal
and similar, the coalescence of any pair of them, by directing
the optic axes to a point between the paper-hangings and the
eye, is accompanied with the coalescence of every other pair.
When the observer, therefore, places himself in front of that
side of a papered room in which there are neither doors nor
windows, and conceals from his eye the floor, the roof, and
the right and left-hand sides of the room, the whole of his
retina will be covered with the images of the united plane
figures, and there will be no interposing objects to prevent
the picture that may be
presented to him.
Let the observer therefore now place himself three feet in
front of the papered wall, and unite two of the figures, suppose two flowers, at the distance of twelve inches. The whole
wall will now be presented to his view-, consisting of flowers
as before, but each flower will be composed of two flowers
superimposed at the binocular centre, or the point of converthe distance of the
gence of the optical axes. If we call
eves from the wall or three feet, C the distance between the
eyes or two-and-half inches, and d the distance between the
similar parts of the two flowers, we shall have x the distance

him from judging of the distance of

D

of the binocular centre from the wall,

x=p—. =

30 inches

D—

.r=6 inches, the distance of the binocular
centre from the middle point between the two eyes.
Hence the whole papered wall, with all its flowers, in place
of being seen, as in ordinary vision, at the distance of thr-ee
feet, is now suspended in the air, at the distance of six inches
from the observer. In maintaining this view of the wall, the eye
but after a
will at first experience a disagreeable sensation
few experiments the sensadon will disappear, and the observer
nearly, and

;

will

contemplate the new picture with the same satisfaction
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he were looking directly at the
wall itself; for there is a natural tendency in the eyes to unite
two similar pictures, and to keep them united, pi'ovided they
all

strain as

it

are not too distant.
When this picture is at first seized by the observer, he does
not for a while decide upon its distance from himself. It sometimes appears to advance from the wall to its true position in
the binocular centre, and when it has taken its place, it has a
very extraordinary character
the surface seems slightly con:

—

vex towards the eye; it has a sort of silvery transparent
aspect, and looks more beautiful than the real paper
it moves
with the slightest motion of the head, either laterally or to or
from the wall. If the observer, who is now three feet from
the wall, retires from it, the suspended wall of flowers will
follow him, moving further and further from the real wall, and
also, but ver^' slightly, further and further from the observer;
that is, the distance of the observer from the real wall increases
faster than the distance of the suspended wall from it, according to the law expressed by the preceding formula.
The
binocular centre, therefore, recedes from the eye as the observer retires, and the strain consequently diminishes.
In order to observe these phsenomena in the most perfect
manner, the paper should be pasted upon a large screen,
previously unseen by the observer, unconnected with the roof
or the floor, and placed in a large apartment.
The deception
will then be complete
and when the picture stands suspended
before the observer, and within a few inches of himself, he may
stretch out his hand and place it on the other side of the picture, and even hold a candle on the other side of it, so as to
satisfy himself that in both cases the picture is between his
hand and himself.
;

;

When we survey this picture with attention, several very
curious phajnomena present themselves.
Some of the flowers,
when narrowly examined, appear somewhat
In some the stalk gradually

like real flowers.

from the general plane of
the picture; in others it rises above it: one leaf will come
further out than another, or the flower will appear thicker and
more solid, deviating considerably from the plane representaAll this arises from
tion of it seen by each eye separately.
slight and accidental irregularities in the two figures which
are united, thus producing an approximation to three dimensions in the picture.
If the distance, for example, of the ends
of two stalks in two coalescing flowers is greater than the
distance of corresponding points in other parts of the stalk,
the end of the stalk will rise from the general surface of the
In like manner, if the distance between
figure, and vice versa.
retires

Y2
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two corresponding leaves is greater than the distance between
other two corresponding leaves, then the two first, when
united, will appear nearer the eye than the other two, and
hence the appearance of a solid flower is partially given to the
combination. These effects are better seen in old and imperfectly made paper-hangings, than in those which are more
carefully executed.

In continuing our survey of the suspended image, another
curious phaenomenon presents itself: a part of one of the
pieces of paper, and sometimes a whole stripe from the roof
to the floor, will retire behind the general plane of the image,
or rise above it; thus displaying, on a large scale, an imperfection in the workmanship which it would have required a
This defect arises from
very narrow inspection to discover.
the paper-hanger having cut off too much of the white margin
of one or more of the adjoining pieces, so that when the two
halves of a flower are united, part of the middle of the flower
is left out; and hence when this defective flower is united with
the one on the right-hand of it, and the one on the left-hand
united with the defective one, the united or corresponding
portion, being at a less distance, will appear further from the
eye than those parts of the suspended image composed of
In like manner, if the two portions of the
complete flowers.
flowers are not brought together, but separated by a small
This will be
space, the opposite effect will be produced.
N,
understood from fig. 1, Plate VI., where
P represent
portions of two separate pieces of paper, each twenty-one
inches wide.
In this specimen, there are only two flowers in
each piece, namely one white flower,
or B, and two halves.
If the two halves C, D, are united as in the figure, it is obvious that the flower is incomplete, a part of the central circle
of the corolla having been cut off' from each half.
If we now,
with B, and also with A, then
by straining the eye, unite C
at the same time E will be united with the second or left-hand
with the second or right-hand image of
image of A, and
B.
But since a piece has been cut out of C D, the half a « of
is nearer the half
than the other half a a is to the other
half CC; and, in like manner, the \\a\ibb of B is nearer the
half
than the other half /3/3 is to the other half
D.
Hence, when the strained eyes unite a « to
D, the binocular centre is more remote than when a a is united to C, and
the same is true of the other halves consequently', the halves
and hb must appear, as it were, sunk in the wall, or as
further removed from the observer; and if the defective cutting exists along the line
S from the floor to the ceiling,
the whole stripe of paper between
S and
P, from the

M

O

A

D

G

DD

A

CC

D

D

;

DD

R

R

O
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the papered wall.
But if the defect is confined to a portion only of the flowers,
then a rectangular space of the breadth
O, and of a height
equal to the defective portion, will appear sunk in the paper.
If every junction has the same defect as that at
S, then the
whole will appear to consist of equal stripes, every alternate
one being raised and the other depressed.
In the preceding example, there are only two flowers in a
breadth, and their distance is lOi inches, which is also the
breadth of the sunk stripes.
But if the flowers are three or
21 21
four in number, and their distance
,
inches, the sunk
4
3
stripes will vary according as we unite two flowers whose
distances are in the one case 7 or 14 inches, and 5^ or 10^
or 16f or 21 in the other.
Calling B the breadth of the
paper, n the number of flowei's or figures in that breadth, and
ceiling,

will

in

R

R

— —

W

the width of the sunk stripe, then

we have

W = — —n
or

11

—

SB

or
according
" as we unite the two nearest, or the first and
n
second flower, the first and third, or the first and fourth.
When
the sunk stripes will cover the whole paper,
'

W=B,

and all the flowers will lie in the same plane.
These results afford an accurate method of examining and
discovering defects in the workmanship of paper-hangers,
carpet-makers, painters, and other artists whose profession it
is to combine a series of similar patterns in order to form a
uniform and ornamental surface. The smallest defect in the
similarity and equality in the figures or lines which compose
a pattern, and any difference in the distance of the single
figures, is instantly detected
and what is remarkable, a small
;

inequality of distance in a line perpendicular to the axis of
vision, or in one dimension of space, is exhibited in a magnified form as a distance coincident with the axis of vision, and
in

an opposite dimension of space

!

At the commencement of this class of experiments, it is
difficult to realize, and very easy to dissolve, the singular
binocular picture which we have been describing; but after the
eyes have been drilled for a while to this species of exercise,
the pictures become very persistent.
Although the air-sus-

pended image might be expected to disappear after closing
one eye, and still more after having closed and re-opened
both, yet

I have found it in its original position in this latter
and even after rubbing my eyes and shaking my head
and I have sometimes experienced a difficulty in ascertaining,

case,
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after these operations, whether it was the real or the air-suspended wall that was before me. On some occasions a singular effect was produced. When the flowers on the paper
are distant six inches, we may either unite two six inches
In the latter case, when
distant, or two twelve inches distant.
the eyes have been accustomed to survey the suspended pic-

have found that, after shutting and opening them, I
neither saw the picture formed by the two flowers twelve
inches distant, nor the papered wall itself, but a picture formed
The binocular
by uniting the flowers six inches distant
centre had shifted its place; and instead of advancing to the
wall, as is generally the case, and giving us ordinary vision of
it, it advanced exactly as much as to unite the nearest flowers,
just as on a ratchet wheel the detent slips over one tooth at a
time; or, to speak more correctly, the binocular centime adture, I

!

in order to relieve the eyes from their strain, and when
the eyes were opened, it had just reached that point which
corresponded with the union of the flowers six inches distant.
In the construction of complex geometrical diagrams consisting only of fine lines, and in which similar figures are
repeated at equal distances, it is very difficult to attain minute
The points of the compasses sink to diflPerent
accuracy.
depths in the paper, and the lines which join such points seldom pass through their centres. Hence arises a general

vanced

inaccuracy which the eye cannot detect; but if we examine
such diagrams by strained binocular vision, their imperfections
Some parts will rise higher than
will be instantly displayed.
others above the general level, and the whole will appear like
several cobwebs placed at the distance of a tenth or a twelfth
of an inch behind each other*.
In all the experiments made by Mr. Wheatstone by the
steoroscope, and in those described in my former paper, the
dissimilar figures are viewed in a direction perpendicular to
the plane on which they are drawn. A series of very interesting results however are obtained by uniting the images of lines
meeting at an angular point, when the eye is placed at different heights above the plane of the paper, and at different
distances from the angular point.
be two lines meeting at C, the plane passing
Let AC,
through them being the plane of the paper, and let them be
viewed by the eyes at E'", E", E', E at different heights in a
Let
perpendicular to the plane of the paper.
plane
be the right eye and L the left eye, and when at E'" let them

BC

GMN

R

• This effect is finely seen in the tliagram of the lloinogeneons Curve,
which forms plate 9. of Mr. Hay's work " On the Harmony of Form."
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be strained so as to unite the points A, B. Tlie united image
of these points will be seen at the binocular centre D'", and
the united lines AC, BC will have the position D"'C. In like
manner, when the eye descends to E'", E', E, the united image
D"'C will rise and diminish, taking the positions D"C, D'C,
till it disappears on the line CM, when the eyes reach
the
M. If the eye deviates from the vertical plane
united image will also deviate from it, and is always in a plane
passing through the eye and the line GM.
in
If at any altitude
the eye advances towards
will also advance towards
the line EG, the binocular centre
will rise and become
in the line EG, and the image
moves along DG, and after passing
shorter as its extremity

DC

GMN

ACB

EM

ACB

D

DC

D
GE

If the
the perpendicular to
it will increase in length.
in the line GE,
eye, on the other hand, recedes from
the binocular centre
will also recede, and the image
and increase in length.
will descend to the plane
The preceding diagram is, for the purpose of illustration,
drawn in a sort of perspective, and therefore does not give
This
the true positions and lengths of the united images.
defect however is remedied in fig. 3, where E, E', E", E'" is
being,
the middle point between the two eyes, the plane

D

ACB

DC

CM

GMN

ACB.

as before, perpendicular to the plane passing through
is supposed to be the
Now, as the distance of the eye from

G

same, and as A B is invariable as well as the distance between
the eyes, the distance of the binocular centres O, D, D', D",
will also be invariable, and lie in a circle
D'", P, from
being
whose centre is G, and whose radius is GO, the point

ODP

G

O

determined by the formula

G O = GD = XBTTITL

in order to find the binocular centres

D,

'

^^"'^®»

D', D", D'", &c. at

any altitude E, E', &c., we have only to join EG, E'G, &c.
and the points of intersection D, D', &c. will be the binocular
centres, and the lines DC, D'C, &c. drawn to C, will be the
real lengths and inclinations of the united images of the lines

AC, BC.

When

GO

angle A, or

is

greater than

E"GM

at

which

GC there
D"C
/-I

This takes place when cos

is

is obviously some
perpendicular to GC.

/-I

A= ^^i. When O coincides with

C, the images CD, CD', &c. will have the same positions
and magnitudes as the chords of the altitudes A of the eyes
above the plane GC. In this case, the raised or united images
will just reach the perpendicular when the eye is in the plane
GCM, for since GC = GO, cos A = l, and A = 0°.
When the eye at any |)osition, E" for example, sees the.
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BC

AC,

forming the image D"C. The binocular centre must
therefore run rapidly along the line D"C
that is, the inclination of the optic axis must gradually diminish till the binocular
centre reaches C, when all strain is removed.
The vision of
the image D"C, however, is carried on so rapidly, that the
binocular centre returns to D" without the eye being sensible
of the removal and resumption of the strain which is required
in maintaining a view of the united image D"C.
If we now suppose A B to diminish, the binocular centre
will advance towards G, and the length and inclination of the
united images
C, D' C, &c. will diminish also, and vice
versa. If the distance R L (fig. 2) between the eyes diminishes,
the binocular centre will retire towards E, and the length and
inclination of the images will increase.
Hence persons with
eyes more or less distant will see the united images in different
places and of different sizes, though the quantities A and A B
be invariable.
While the eyes at E" are running along the lines A C, B C,
let us suppose them to rest upon the points a, b e(juidistant
from C. Join a b, and from the point g, where a b intersects
G C, draw the line g E", and find the point d" from the
gYJ'y.ab
„
,
.,,
lormula o- a"=^-;
Hence the two ponits ab will be
^tt-.
;

D

.

,,,

.

,

G

united at d", and when the angle E"
C is such that the line
joining
and C is perpendicular to
C, the line joining
d" C will also be perpendicular to
C, the loci of the points
D" d" d' d will be in that perpendicular, and the image
C,
seen by successive movements of the binocular centre from D"
to C, will be a straight line.
In the preceding observations we have supposed that the
binocular centre D", &c. is between the eye and the lines
AC, B C but the points A, C, and all the other points of
these lines, may be united by fixing the binocular centre
beyond
B.
Let the eyes, for example, be at E"; then if
we unite
B when the eyes converge to a point. A" (not seen

D

G

G

D

;

A

A

in

the figure),

and

if

we join

beyond G, we
the point

shall

have

G

A" = -j5-j

A" thus found and C, the

Tjx''

line A'

C

be the united image of A C and B C, the binocular centre
In like
ranging from A" to C, in order to see it as one line.
manner, we may find the position and length of the image
A'" C, A' C, and A C corresponding to the position of the eyes
at E'" E and E.
Hence all the united images of A C, B C,
viz. C A"', C A", &c., will lie below the plane of A B C, and
extend beyond a vertical line N B continued
and they will
will

;
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grow

largei*

and

larger,

and approximate

in direction to

C

G

as the eyes descend from E'" to M. When the eyes are near
B C, the line, when
to M, and a little above the plane of
not carefully observed, will have the appearance of coinciding
with C G, but stretching a great way beyond G. This extreme
case represents the celebrated experiment with the compasses,

A

described by Dr. Smith, and referred to by Professor Wheatstone.
He* took a pair of compasses, which may be repreB being their points, C B C their legs,
sented by A C B,
and C their joint; and having placed his eyes about E above
" Having
their plane, he made the following experiment
opened the points of a pair of compasses somewhat wider than
the interval of your eyes, with your arm extended, hold the
head or joint in the ball of your hand with the points outwards, and equidistant from your eyes, and somewhat higher
Then, fixing yoia- eyes upon any remote object
than the joint.
lying in the plane that bisects the interval of the points, you
will first perceive two pair of compasses (each by being doubled
with their inner legs crossing each other, not unlike the old
shape of the letter W). But by compressing the legs with
your hand, the two inner points will come nearer to each
other; and when they unite (having stopped the compression),
the two inner legs will also entirely coincide and bisect the
angle under the outward ones, and will appear more vivid,
thicker and larger, than they do, so as to reach from your
hand to the remotest object in view even in the horizon itself,
Owing to his imperfect
if the points be exactly coincident*."
apprehension of the nature of this phfenomenon, Dr. Smith
has omitted to notice that the united legs of the compasses lie
B C, and that they never can extend
below the plane of
and
further than the binocular centre at which their points

A

A

:

—

A

A

B

are united.

There

is

another variation of these experiments which

some interest, in consequence of its extreme case having
been made the basis of a new theory of visible direction by

possesses

Let us suppose the eyes of the observer
advance from E to N, and to descend along the opposite
quadrant on the left-hand of N G, but not drawn in fig. 3,
then the united image of A C, B C will gradually descend
towards C G, and become larger and larger. When the eyes
are a very little above the plane of A B C, and so far to the

the late Dr. Wellsf.
to

A

B that C points nearly to the left eye and
left-hand of
C B to the right eye, then we have the circumstances under
" If we
which Dr. Wells made the following experiment

A

:

•

f

388, § 977Essay on .Single Vision, &c., p. 44.

Smitli's 0|)tics, vol.

ii.

p.

—
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hold two thin rules in such a manner that their sharp edges
(A C, B C in fig. 3) shall be in the optic axes, one in each,
or rather a little below them, the txw edges roill be seen united
in the common axis (G C in fig. 3); and this apparent edge
will seem of the same length with that of either of the real
edges, when seen alone by the eye in the axis of which it is
This experiment, it will be seen, is the same with
placed."
that of Dr. Smith, with this difference only, that the points of
the compasses are directed towards the eyes. Like Dr. Smith,
he has omitted to notice that the united image rises above
H, and he commits the opposite error of Dr. Smith, in
making the length of the united image too short.
If in this form of the experiment we fix the binocular centre
C, B C descend below
beyond C, then the united images of
C,
C, and vary in their length and in their inclination to
B C,
according to the height of the eye above the plane of
B.
and its distance from
It is a remarkable circumstance, that no examples have
been recorded of false estimates of the distance of near objects,
in consequence of the accidental binocular union of similar
images. This has, no doubt, arisen from the rare occurrence
of these circumstances or conditions, under which alone such
illusions can be produced. In a room where the paper-hangings have a small pattern, or similar figures recurring at the

G

A

G

G

A

A

distance of 1, 1|, or 2 inches, a short-sighted person might
very readily turn his eyes on the wall, when their axes converged to some point between him and the wall, which would
unite one pair of the similar images and in this case he would
see the wall nearer him than the real wall, and moving with
;

the motion of his head like something aerial. In like manner,
a long-sighted person, with his optical axes converged to a
point ijeyond the wall, might see an image of the wall more
or a person who has
distant, and of an aerial character
taken too much wine, which often fixes the optical axes in
opposition to the will, might, according to the nature of his
sight, witness either of the illusions above-mentioned.
In the preceding observations, we have confined ourselves
to the binocular union of figures upon an opake ground. This
limitation almost necessarily precluded us from observing the
results when the binocular centre is beyond the pinne where
these figures are situated, because it is not easy to adjust the
eyes to a distant object, unless we look through the surfaces
Now this is by far the most interestcontaining the figures.
m<r form of the experiment, and it has the advantage of putting
scarcely any strain upon the eyes, not only because the binocular centre is more distant, but because we cannot, in this
:

—
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way, unite figures whose distance exceeds 2| inches, the interval between the eyes.
Transparent patterns for these experiments may be cutout of stiff" card- paper, or thin plates of
metal, or they may be made of paper pasted upon large panes
of glass.
Experiments may be macle with trellis-work, or
with windows composed of small squares or lozenges; but the
is the cane bottom of a chair, and I have performed my experiments by simply placing such a chair upon
a high table, with its cane bottom in a vertical position. The
distance of the centres of the eight-sided open figures in the
direction of the width or depth of the chair, varies in different
patterns from 0*54 to 0*76 of an inch.
In order to simplify
the calculations, we shall take the distance at 0*5, or half an
readiest pattern

Then

inch.

let

D=12

inches be the distance of the pattern from the eyes.
d—0'5 the distance of the centres of the similar figures.
A distance of suspended image from, and in front of, the

+ =

pattern.

— A'=distance

of suspended image from, and behind, the

pattern.

C=2*5
Then we

the distance between the eyes.

shall

have
Tid

+ A=:

D — A = distance

and

C + ^"""

Drf
— A' = C-d'

of suspended image from the eye, and in

front of the pattern,

D + A' =

Hen(

and

distance from the eye, and behind the pattern.
From these formulae we have computed the following table,
adapted to similar figures, whose centres are distant i an inch,
1, li, 2 and 2^ inches; but in reference to the positive values
of A and D, we may consider them as feet, 0'5 being in that
case
inches.

=6

D
Inches.

its
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and meeting had^ 'Lhe at d and c, d being the binocular centre
when we look at it through a and b, and e the binocular centre
when we look at it through b and c. Now, the right eye R
opening b at d, and the left eye L sees the opening a
hence the image at d consists of the similar images of a
and b united. In like manner e consists of b and c united,
no
and so on with all the rest, so that the observer at
N, but a suspended image of
longer sees the real pattern
N. If the observer now apit at mn, three inches behind
N, the image mn will approach to him, and if he
proaches
recedes, m7i will recede, being \^ inch distant from
N, and twelve inches
when the observer is six inches from
N, the image
when he is forty-eight inches from
from
N with a velocity one-fourth of that with
vm moving from
which the observer recedes. These two velocities are in the
sees the

at d,

M

u

MN

M

MN

ratio or

LR

M
M

M

M

to

p

-,

Resuming the position in the figure where the observer is
N, let us consider the important
twelve inches distant from
results to which this experiment cannot fail to lead us. If the
observer, with his eyes at L R, grnsp the cane bottom or
pattern at
N, as shown in fig. 4, his thumbs pressing upon
N, and his fingers trying to grasp mn, he will ihen feel
The real
xohat he does not see, and see what he does not feel
N, and stands fixed at m n.
pattern is absolutely invisible at
The fingers may be passed through and through now seen
on this side of it, now in the middle of it, and now on the
other side of it.
If we next place the palms of each hand
upon
N, feeling it all over, the result will be the same. No
knowledge derived from touch no measurement of real distances
no actual demonstration from previous or subsequent
N, and nothing at
vision, that there is a real solid body at
all at 11171, will remove or shake the infallible conviction of the
sense of sight that the object is at mn, and that d L or </ R is
If the binocular centre
its real distance from the observer.
N, the image seen will disappear,
be now drawn back to
If it be brought still
N.
and the real object be seen at
will again disappear, and
further back to^^ the object
will be seen at /x v, as described in a former part of this paper.
In making these experiments, the observer cannot fail to be
struck with the remarkable fact, that though the openings at
N, mn, and v have all the same angular magnitude, that
e, yet
is, subtend the same angle at the eye, viz. d L e, rf
N, and those at j«.v
those at inn appear larger than those at
smaller.
If we cause the image inn to recede and ju,v to approach, the figures in m n will invariably increase as they

M

M

M

!

M

M

—

—

M

M

M

—

M
MN

ju,

M

R

Distance given hy Binocular Vision.
recede,

and those

in

ju-v v/ill

and their visual inagnitiides,
on the respective distances
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diminish as ihey approach the eye,

we

shall call them, will depend
which the observer, whether
right or wrong in his estimate, conceives them to be placed.
Now this is a universal fact, which the preceding experiments demonstrate; and though the estimate of magnitude
thus formed is an erroneous one, yet it is one which neither
reason nor experience is able to correct.
When we look at two equal lines, whose difference of distance is distinctly appreciable by the eye, either directly or by
inference, but whose difference of angular magnitude is not
appreciable, the most remote must necessarily appear the
smallest.
For the same reason, if the remoter of two lines is
really smaller than the nearer, and therefore its angular magnitude also smaller from both these causes, yet, even in this
case, if the eye does not perceive distinctly the difference, the
smaller and more remote line will appear the larger*.
The law of visual magnitude, which regulates this class of
pheenomena, may be thus expressed.
If we call A the angular magnitude of the nearest of two
lines or magnitudes whose apparent distance is d, a the angular magnitude of the remoter line, whose apparent distance
is D, and V, v the visual magnitudes of the two lines, then

Now

as

at

V:u=AxD:axD.
MO, NP

the two lines
be the two sides of a quadrilateral figure seen obliquely by an eye at E, then, if the
apparent distances of
are such, that
let

MO, NP
A X ^ > « X D, then V > u,
MN, OP will converge to a

and the lines
beyond NP. But

and the

line

vanishing point

if

A xrf=flXD, then V=u,
MN, OP will appear to be parallel. And
A X ^ < a X D, then V < y,

if

* Malebianche seems to have been tlie first who introduced t\\e ajijyarent
distance of objects as an element in our esiliniate of apjmrcnl nia<;nitude.
IJc la Recherche dc la Vcrilr, torn. i. liv. i. ; torn. iii. p. 354.
See also
Bouguer, M<'m. Acad. Par. 1755, p. 91). These views however have been
abandoned i)y several siibsctjuent writers, and the real distance of objects
has been substituted for tiieir upparenl thstance.
Varignon, Mim. Acad.
I'ar. 1717i p. ^H.
M. Lehot, for example, says, " L'expression de la gran(''gale a la grandeur rcelic, inultipiiec par Ic
Nouvcllc
distance rt'el/c diviscc par cettc distance."
Tlii'iirie de la Vision, ler Mem. Suppl. p. 7, H. Paris, 1823.
This estimate

deur visuellc d'un corps est
logarithnie de

of distance

is

la

incompatible with experiment and observation.
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M

and the lines
N, O P will converge to a vanishing point
between
O and the observer.
These results may be considered as laying the foundation
of a new art, to which we may give the name of Visual Perspective, in contradistinction to Geometrical Perspective.
This art furnishes us with an immediate explanation of a gi'eat
variety of optical illusionswhich have never yet been explained;
and there is reason to believe that some of its principles were
known to ancient architects, and even employed in modifying
the nature and position of the lines and forms which enter into

M

the construction of their finest edifices.
St. Leonard's College, St.

Andrews,

April 10, 1844.

Appendix.

When

wrote the paragraph in page 314, I had no expecany example of such an ilUision had
A friend, however, to whom I had occasion
ever occurred.
to show the experiments, and who is short-sighted, mentioned
to me that he liad been on two occasions greatly perplexed
Having taken too
by the vision of these suspended images.
much wine, and being in a papered room, he saw the wall
suspended near him in the air; and on another occasion,
when kneeling and resting his arms on a cane-bottoined chair,
he had fixed his eyes on the carpet, which accidentally united
the two images of the open-work, and threw the suspended
image of the chair-bottom to a distance, and beyond the plane
on which his arms rested.
The following case, communicated to nie by Professor
I

tation of learning that

" Some years ago, when
is still more interesting.
resided in a house where several rooms are papered with
rather formally recurring patterns, and one, in particular, with
stars only, I used occasionally to be much plagued with the
wall suddenly standing out upon me, and waving, as you deI was sensible that
scribe, with the movements of the head.
the cause was an error as to the point of union of the visual
axes of the two eyes but I remember it sometimes cost me a
considerable effort to rectify the error and I found that the
Christison,
I

;

;

best

way was

As

to increase

still

more the

deviation in the

first

occurred most frequently while I
was recovering from a severe attack of fever, I thought my
near-sighted eyes were threatened with some new mischief;
and this opinion was justified in finding that, after removal
where, however, the papers have no
to my present house
no such occurrence has ever taken place.
very formal pattern
The reason is now easily understood from your researches."
instance.

this accident

—

—

[
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XLIX. On the Universality of Magnetism.
By Dr. UE Haldat*.

'^PHE
-*-

M.

question of the universality of magnetism, on which
de Haldat presented a memoir to the Academy of

Sciences in ISllf, having given rise to some objections,"has
been subjected to new researches, in which the author has
confirmed the fact, that all bodies in small masses and of an
elongated form are subject to the influence of the magnet when
exposed to its action, both when they are made to oscillate
between the opposite magnetic poles, and when they are sus-

pended in the same situation by silk filaments whose torsion
employed to value the force whicli they have acquired. A
desire to trace the proximate cause of these pheenomena induced the author to ascertain whether these bodies possess, of
is

themselves, the property of acquiring the magnetic state, or
this property to the presence of iron, as
many philosophers have maintained.
It we consider magnetism in a general point
of view, we

whether they owe

shall find that, to attribute this property to iron alone, is
to
assign to that substance a special virtue, which later researches
have shown to exist in two other metals, and which the attraction of the magnetic needle by the rotatory discs composed

of various metals contradicts

most direct manner; and
deny to the fluid, the
magnetic agent, the generality of influence which we are forced
to recognise in the other agents, or imponderable fluids, as
heat, light and electricity, is to contravene the law of analogy,
which is one of our surest guides in the study of nature. How,
in fact, can we suppose that an agent which, like caloric,
but

we must acknowledge

in the

that, in short, to

with an infinitely greater velocity, penetrates all bodies, can
be deprived of the property of exercising upon them an
influence analogous to that exerted by the other agents with
which it has such analogy? How can we admit, not only a
great resemblance but even an identity recognised by a great
number of philosophers between electricity and magnetism, and
deny the existence in one of its agents of that which we attribute to the other?
Finally, if all the agents, as is generally
believed, are only different modifications of one univeisal
agent, how can we deny to magnetism the generality of influence attributed to the fluid, the universal agent, of which it
would be, so to speak, one of the factors?
These reasonings, conformable to the principles of natural
philosopl)y,and suilicient perhaps for philosophers who restrict
* From flic .innalcs de Chivde et de Physique, Jan. 1847.
t C'ompUt Jicndus det Hiancet de I' Acad, dcs Sciences, t. xii,

p.

950.
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themselves to general considerations, being unable alone to
solve the objections proposed by the partisans of special magnetism, the author had recourse to experiments directed according to the following considerations.
If the property of
acquiring the magnetic state belongs only to one body, the
partisans of this special virtue must prove,
1st, that this metal
exists in all bodies presenting magnetic pheenomena
2nd,
that all bodies contain it, and in sufficient quantity to satisfy
the magnetic phaenomena developed in the ex])eriments of
this class; 3rd, that, whatever be the state of the metal, pure
or combined with different bodies, it always preserves its characteristic property.
The answers to these questions are given
in an article speciallydevoted to an investigation of iron, and an
explanation of the processes adapted to detect it in the various
substances in which it exists, either in a state of simple mixAnd as excessively weak quantities
ture or of combination.
are able to communicate the magnetic power to the bodies
which would contain it, it was indispensable to adopt a proThe chacess capable of indicating the minutest quantities.
racteristic precipitate of its solutions by the cyanide of potassium furnishing a simple and efficacious means of detecting
this metal, the author adopted it, after having convinced himself that in forming, with the precipitate diluted with water, a
transparent column two centimetres (nearly 0'8 of an inch) in
length, the experimenter can, on receiving a ray of white
light, render perceptible at least a five-thousandth of the
quantity of iron in the substances subjected to the magnetic
experiment.
At the same time all the agents adapted to render the test more sensitive were had recourse to, and each
analysis checked by means of a test liquor composed of persulphate of iron, the amount of which being excessively small,
proved that if this metal had existed in the composition submitted to examination, it would necessarily have been de-

—

;

tected.

Sixty substances deprived of iron by the usual means, and
to be chemically pure, were thus prepared and subjected to magnetic action, after having received the elongated
form which ensures the success of these experiments. Among
these substances are the following, whose absolute purity
must be theoretically admitted, and which has moreover been
distilled water in the state of ice,
proved by experiment
hyaline quartz of perfect transparency, the carbonate and muriate of ammonia obtained by the combination of their component principles in a state of vapour, the carbon of the smoke
of oil-lamps or pure resins, sulphur washed with hydrochloric
acid and repeatedly sublimed, camphor several times sublimed,

found

:
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gum, bees wax, &c.

;

we may

also
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add gold obtained from

deposit, silver reduced from the chloride, and copper preciEach of these substances was placed
pitated by galvanism.
upon a sheet of very thin paper, previously purified and

suspended by a double filament of silk, and submitted to the
influence of the two poles of a horse-shoe iron magnet carWith respect to their berying twenty-five kilogrammes.
haviour under the influence of this double power, they are
divided into two classes, conformably to the observation of
previously recognised by M. Becquerel*. One
in the direction of the magnetic current, the
There is therefore no subother transversely to this current.
stance absolutely neutral with regard to the property of
acquiring the magnetic power; but whatever be the direction
which it takes, this can always be ascertained, and the acquired
power determined, even measured, by means of the parts of

Mr. Faraday,

class

was placed

the apparatus which measures the torsion.
Reverting to the question of the universality of magnetism
and the speciality of the iron which it repels, the author has
discussed the objections raised against the distinction of the
two modes of magnetization, which, with the fact of the polarization of the luminous ray under the influence of the magnetic current, has strongly confirmed a theory already based
on so many remarkable analogies and numerous experiments.
He has refuted the fact of the variations in the direction of
needles successively reduced to disproportionate lengths, which
have been assigned to them from the consideration of the
powerlessness of the most energetic magnets to act otherwise
than upon the centre of the needles, and consequendy to give

them other than a transverse

direction.

In rejecting the magnetic speciality of iron, the author has
not denied the very remarkable pre-eminence of this metal
with regard to the property of acquiring the magnetic power,
which it always manifests with great energy, even when it only
An entire article is deexists in an excessively small mass.
voted to the valuation of the variations of which this arrangement is susceptible by the combination of oxygen, of several
other substances, and above all by the passage of the metal to
the saline state in which it is generally diamagnetic, even when
the components of the salt are only united by a weak afiinity.
In this examination it has been found, that a quantity of iron
inappreciable by the most delicate balance might be detected
by the magnetic process, and even estimated approximately;
that, however, this power diminishing with the quantity of the
metal which puts it in play, it necessarily finds its limit in the
• Aunalcs dc Chimw ct de Plii/i'iquc, 2nd series, t. xxxvi. p. 337.
Z
Phil, Mag. S. 3. Vol. 30, No. 202. May 1 8 17.
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extreme attenuation of which it is susceptible and that, whatever be the quantity of iron contained in a body, it is appreciable by the magnetic process as much as it is by chemical
means.
From general considerations, and from very numerous
facts stated in this memoir, and from numerous others for
which there was no room, it results
1. That iron, although eminently magnetic, is not the only
body which possesses this property.
2. That its tendency to acquire this state is dependent upon
its purity, and varies with its coipbination.
3. Lastly, that the magnetic power acting upon all bodies,
either giving them a direction parallel to the current or transverse to this current, the fluid, the magnetic agent, possesses,
like all other imponderable fluids or agents, universality of
;

:

influence in nature.

L. On the Metaphosphates,
By Robert Maddrell, Esq.^

pTAVING

had

my

attention

drawn

to a

new method

for

preparing pure phosphoric acid from bone-ash, proposed
by Professor Gregory, and a new and apparently anomalous
phosphate of magnesia, accidentally discovered by him whilst
trying to obtain the above-mentioned acid pure by heating at
a temperature above 600° F.f, I was induced at the suggestion, and with the kind assistance of Professor von Liebig,
to repeat the process, and also to prepare a quantity of the
salt, and subject it to analysis.
The general results I have
found are as follows
If phosphoric acid, freed from lime
and suli^huric acid |, be heated to a temperature above 600° F.,
it deposits a white substance, having all the general physical
characters of the new salt, but in which I found on analysis
22'47 per cent, of magnesia, corresponding to the metaphosphate of magnesia (MgO PO5). After a considerable quantity
of this substance had been deposited, I digested the mass in
water, filtered, and evaporated the solution, and again heated
the acid to upwards of 600° F., under the impression that it
might still contain the new compound by continuing this
heat for half an hour, I again obtained a quantity of meta-*- •*-

:

—

;

* Communicated by the Chemical Society: having been read Dec.
7,
1846.
t See Transactions of the Royal Society of Edinburgh.
X See Geiger's Handbuch der Pharmaeie.
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was not

;
until after a third repetition of this process that I obtained Professor Gregory^s
compound, in which I found on analysis 16-276 per cent, of

it

magnesia, corresponding to the quantity found by that chemist in his salt ; but on estimating the quantity of phosphoric
acid present, I only obtained 75-25 per cent, of PO5, leaving
a loss of upwards of 8 per cent.
Being convinced that another base must be present, fi-om the enormous loss, I proceeded further with my analysis and found the presence of
soda, which gave me 8-146 per cent, of soda.
This salt therefore is not an anomalous phosphate of magnesia, but a double metaphosphate of magnesia and soda, in
the proportions are 3 equivs. of metaphosphate of magnesia
and 1 equiv. of metaphosphate of soda, 3(MgO, PO5) 4-NaO,
PO5. It is nearly insoluble in hydrochloric acid and aqua
regia, but soluble in concentrated sulphuric acid.
The analysis of the salt was made as follows
I dissolved
the salt in pure concentrated sulphm-ic acid, then diluted the
solution with water, and precipitated the magnesia by an excess of ammonia ; from the precipitate, after being heated to
redness, was estimated the quantity of magnesia. To the filtered solution was added a solution of a salt of magnesia (with
proper precautions) to precipitate the remainder of the phosphoric acid, and from this precipitate, as well as the former,
was estimated the quantity of the PO5. A second quantity
was taken for the determination of the soda, which was dissolved in concentrated sulphuric acid, diluted with water, and
precipitated by an excess of ammonia. The filtered solution,
containing pliosphoric acid, was then precipitated by acetate
of lead, the excess of lead by sulphuretted hydrogen, and the
soda in the solution evaporated and estimated as a sulphate,
which gave me the following results
:

—

:

Analysis, No.
•897 grm. substance gave -399
•897
1065
•712
-133

I.

2MgO, POs
...

NaO

SO3

-146
-675
-058

MgO =
POs

NaO

p^^. ^^,,j^

16-27(J

MgO

= 75-250 POg
= 8-146 NaO
99-672

No.n.
1-16 grm. substance gave -511
1-16
1-386
1-23
-228

2MgO, POj
...

NaO, SO3

Percent.

=

-187

MgO =

=-878P05
=-099 NaO

16-12

99-857

Z2

MgO

= 75-689 POfi
= 8-018 NaO
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Found.
Reckoned.
16-368
75-376
8-256

Atom.

I.

= 3 MgO
= 4 PO5
= NaO

II.

16-12

99-672

100-000

Formula, 3 (MgO, PO5)

10-276
75-250
8-146

+NaO,

PO5.

by Professor Gregory no doubt
method upon which his examination of this
salt was conducted, viz. by determining the amount of magnesia pi-esent, and considering the loss on the weight of substance used to represent phosphoric acid, and probably from

The

different result obtained

arose from the

not thinking at the time of the presence of a salt of soda in
bones.
With regard to the phosphoric acid prepared as above, after
the salt has ceased to form, I find that it is not yet quite pure,
but contains traces of magnesia as well as soda, and therefore
this process will always yield an acid containing more or less
of these substances.
Under the impression that the phosphoric acid obtained
by this pi'ocess \Aas pure, I attempted to prepare with it the
metaphosphates of nickel and cobalt, by adding the sulphates
of these bases to an excess of the acid, and heating as before
to upwards of G00° F., with the idea that they might be deposited in a somewhat similar manner to the metaphosphatc
of magnesia. This I found on analysis not to be the case, as
the salts w'hich I obtained in this way were not the pure metaphosphates, but double salts in combination with soda,
closely allied in their composition to Gregory's salt.
The nickel compound obtained in this way was deposited
in the form of a greenish-yellow, anhydrous powder, insoluble
in water and diluted acids, but soluble in concentrated sulphuric acid.
The analysis of this salt was made by fusing with carbonate of soda, and treating the fused mass with water to separate the metallic oxide from the alkaline phosphate.
second
quantity was taken for the determination of soda, which I dissolved in concentrated sulphuric acid, then diluted with water,
and precipitated the solution containing phosphoric acid by
acetate of lead, and the excess of lead in the filtered solution
by sulphuretted hydrogen. To the filtered solution was then
added an excess of ammonia with sulphuret of ammonium to
precipitate the nickel, and the solution containing soda was
evaporated and detei'mined as a sulphate.

A
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Found. Atom. Reckoned.
Per cent.
Per cent.
•853 grm. substance gave -254 NiO
-231 NaO,
2-24
...
,

=29789 6NiO =29-805
S03= -091 NaO=

PO5 estimated

as loss

Formula, 6(NiO,

P05)+NaO, PO5.

The

is

cobalt salt

compound, insoluble

4-062

NaO=

4-134

= 06-149

7PO5 =66-061

100-000

100-000

a beautiful rose-coloured, anhydrous
and dilute acids, but soluble in

in water

concentrated sulphuric acid.

The analysis was made by dissolving it in concentrated
sulphuric acid, diluting with water, and precipitating by an
excess of ammonia and sulphuret of ammonium. Tiie sulphuret was then redissolved in nitric acid, and the solution
diluted with water, filtered and precipitated by caustic potash.
second quantity was taken for the determination of the
soda, and estimated as the preceding salt of nickel.

A

Found. Atom. Reckoned.
Per cent.

=-3755 CoO =30-282
1-24 gnn. substance gave -403 C03 O4
1-12
-117 NaO, SO3=-051 NaO = 4-358
PO5 estimated as loss 65-460

ONiO =29-775

100-000

100-000

=

NaO=

4-136

7PO5 =66-089

Formula, 6(CoO, P05) + NaO, PO5.
Thinking I might still obtain tlie pure metaphosphates of
nickel and cobalt in the way above mentioned, I prepared a
quantity of pure phosphoric acid by the oxidation of phosphorus with nitric acid, and the process, when tried with the
acid prepared in this way, perfectly succeeded.
By this method I obtained also the metaphosphates of
MnO, AI2O3, FcaOa, Cr^Og, CuO, BaO, SrO, CaO, KO,
NaO, though not in every case using the sulphates of the
bases, as I find that almost any other salt will do equally well.
Metuphosphate of Oxide of Nickel. This salt I obtained
on adding a solution of sulphate of nickel to an excess of pure
phosphoric acid, and by evaporating the mixture in a platinum vessel until the sulphuric acid had been expelled, then

—

it to upwards of GOO'^ F., when it deposited as a
It is insoluble in
greenish-yellow, anhydrous compound.
water, hydi'ochloric acid and aqua regia, but soluble in concentrated suljjhuric acid.
The determination of the nickel was made as the precedingsalt of nickel, and the phosphoric acid estimated from the loss.

by heating

Found.
Per cent.

l-5C5grm. substance gave -537

NiO=

POjj as loss

=

34-401
65-599

100-000

Formula, NiO, PO5.

Atom. Reckoned.

NiO=
PO5 =

Per cent,
34-485
65-515
100-000
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Metaphosphate of Oxide of Cobalt was obtained by the same
process as the preceding salt of nickel. It is a beautiful rosecoloured, anhydrous compound, insoluble in water and diluted
acids, but soluble in concentrated sulphuric acid.
The analysis was made b^^ dissolving in concentrated sulphuric acid, diluting with water, and precipitating by an excess of ammonia and sulphuret of ammonium. The sulphuret
was redissolved in nitric acid, the solution diluted with water,
The PO^ was
filtered, and precipitated by caustic potash.
estimated from the loss.
•983grm. substance gave -367 €030^ = -342

Atom. Reckoned.

Found.
Per cent.

000=
PO5 as loss =

CoO=
PO5 =

34-791
65-209

34-452
65-548

100-000

100-000

Formula, CoO, PO5.

—

Metaphosphate of Protoxide of Manganese. This salt was
obtained in a similar manner to the preceding salts of nickel

and

It is a white,

cobalt.

in water

and

dilute acids,

anhydrous compound, insoluble
but soluble in concentrated sul-

phuric acid.
The determination of the manganese was made as in the
preceding salt of cobalt, and the POg estimated from the loss.
Found.
Per cent.
•857 gnn. substance gave -SOeMnO,

Formula,

MnO,

At. Reckoned.
Per cent.

Mn203=-2847 MnO = 33-22
PO5 as loss = 66-78

MnO = 33-321

100-00

100-000

PO5 =66-679

PO5.

Metaphosphate of Alumina was obtained by dissolving alumina in an excess of phosphoric acid, evaporating, and heating up to the same temperature as with the preceding salts.
It is a white, anhydrous compound, insoluble in water and
concentrated acids.

The analysis for the determination of alumina was made,
according to Berzelius's method, by fusing the salt with 1^
part of silicic acid and 6 parts of carbonate of soda and the
PO5 estimated from the loss.
;

Found.
Per cent.
19-392
POsasloss ^ 80-607

AU 03=

1-253 gim. substance gave"-243

100-000

Atom.

Reckoned.

A]o03=
SPOj

=

19-352
80-648

100-000

Formula, Al^ O3, 3PO5.

—

Metaphosphate of Peroxide of Iron. This salt was obtained
on the addition of perchloride of iron to an excess of diluted
phosphoric acid, and by evapoi'ating and heating up to the
same temperature as before it is insoluble in water and diluted acid, but soluble in concentrated sulphuric acid.
;
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The

analysis was made by fusing the salt with carbonate of
soda, then by treating the fused mass with water, to sepai'ate

the peroxide of iron from the alkaline phosphate, and the
phosphoric acid estimated from the loss.
Found.
Per cent.
•850 grm. substance gave -224

Fe.,

03=

26-353
73-647

POsasloss^

Atom. Reckoned.
Fe2

03=

26-767
73-233

=

3P0g

100-000

100-000

Formula, Fca O3, 3PO5.

Metaphosphate of Oxide of Chromium was obtained by dissolving oxide of chromium in an excess of diluted phosphoric
acid, evaporating, and heating up to the same temperature as
before.
It is a beautiful green, anhydrous compound, insoluble in water and concenti'ated acids.
The analysis was made by fusing the salt with caustic potash ; the fused mass was then digested in water (to separate
the oxide of chromium from the alkaline phosphate), filtered,
and the filtered solution neutralized with hydrochloric acid.
To the solution was added ammonia, chloride of ammonium,
and a salt of magnesia, to precipitate the phosphoric acid,
and from the precipitate, after being heated to redness, the
quantity of the latter was estimated. The CrgOg I was
obliged to estimate as loss, as I found it exceedingly difficult
to obtain a correct result, it being more or less oxidized by
the action of the caustic potash.
Found.
Per cent.
•67 grm. substance gave -772

MgO,P05 = -488 P05 = 72-836
Crj O3 as loss

Atom. Reckoned.

SPOj

=72-731

= 27-164

Cr^ O3 =27-269

100-000

100-000

Formula, Crg O3, 3PO5.
Metaphosphate of Oxide of Copper was obtained on adding
a solution of nitrate of copper to an excess of diluted phosphoric acid, and evaporating and heating up to the same
temperature as before.
It is a bluish-white, anhydrous

compound, insoluble

and diluted

in water

in concentrated sulphuric acid.

This

acids,

but soluble

concentrated sulphuric acid, diluted the solution with water, and
precipitated by sulphui-etted hydrogen
the sulphuret was
then redissolved in hydrochloric acid, diluted with water, filtered, and precipitated by caustic potash, and the PO5 estimated from the loss.
salt I dissolved in

;

Found.
35-704
P05a8loss= 64-296

1*518 grm. substance gave -542

CuO=

lOOOOU

Atom. Reckoned.

CuO=
PO, =

35-713
64-287
100-OOU

Formula, CuO, PO5.
Metaphosphate of Barytes was obtained by decomposing
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carbonate of barytes in diluted phosphoric acid, then evaporating and heating it up to 600° F. ; it is insoluble in -water,
hydrochloric acid and aqua regia, but decomposed by conThis salt Avas heated with concencentrated sulphuric acid.
trated sulphuric acid, digested in water, and filtered, and the
PO5 estimated from the loss.
Found.
Per cent.
1-236 (rrm. substance gave -974 BaO, S03

Atom. Reckoned.

= -639 BaO = 51-70
PO5 as loss = 48-30

BaO =51-746

100-00

100-000

PO5 =48-254

Formula, BaO, PO5.

—

This compound was obtained
Metupliospliate of Strontian.
by decomposing carbonate of strontian in diluted phosphoric
acid, evaporating and heating as before; it is insoluble in
water, hydrochloric acid and aqua regia, but decomposed by
concentrated sulphuric acid.
This salt was heated with concentrated sidpluiric acid, and
then the mass digested in water, mixed with alcohol, and filThe POr was estimated from the loss.
tered.
Found. Atom. Reckoned.
Per cent.
1-014 grm. substance gave -755 SrO,

S03=-425 SrO = 41-913
PO; as loss = 58-08

SrO =42-043
POj =57-957

100-000

100-000

Formula, SrO, PO5.

—

Metap)hQsphate of Lime. This compound was obtained in
It is
a similar manner to the salts of barytes and strontian.
a white, anhydrous powder, insoluble in water and diluted
The
acids, but decomposed by concentrated sulphuric acid.
analysis of this salt was made the same as the salt of strontian.
Found.
•806 arm. substance gave -550 CaO, S03 = -2284

PO5

as

CaO = 28-337
loss = 71-663

100-000

Atom. Reckoned.
CaO =28-52
PO5 =71-48
100-00

Formula, CaO, PO5.
Metaphosphate of Magnesia was obtained by dissolving carbonate of magnesia in an excess of diluted phosphoric acid,
evaporating, and heating as before; it may also be obtained
by preparing phosphoric acid from bone-ash, according to the
above-mentioned process. It is a white, anhydrous compound, insoluble in water and diluted acids, but soluble in
concentrated sulphuric acid. This compound was dissolved in
pure concentrated sulphuric acid, diluted with water, and
The filtered solution
precipitated by an excess of ammonia.
containing the remainder of the phosphoric acid was preci-

Mr. Maddrell on the Metaphosphates.
pitated (with the proper precautions)
and estimated accordingly.
grm.
1-887 substance gave 1-157
2-307

2MgO, PO5

=

-424

=1-46

...

by a

salt
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Found. Atom. Reckoned,
Per cent.
MgO = 22-453
PO5 = 77-424 PO5 =77-547

MgO = 22-47

99-894

Formula,

MgO,

100-000

PO5.

Metaphosjyhate of Potash.

—This

salt

was obtained by

ig-

niting strongly together equal parts of chlorate of potash and
phosphoric acid (of a syrupy consistence), and by digesting the
mass in water to separate the soluble part fi-om the insoluble.

an anhydrous compound, nearly insoluble in water, but
soluble in diluted as well as concentrated acids.
The acetic
solution gives a white precipitate with nitrate of silver. This
It is

insoluble compound is decomposed on being treated with solutions of nitrate of silver, acetate of lead, and chloride of
bai'ium, into the metaphosphates of these metallic oxides.
This compound was dissolved in acetic acid, diluted with
water, and the PO5 in the solution precipitated by acetate of
lead, and the excess of lead in the liltered solution by sul-

phuretted hydrogen. The solution containing potash was
then evaporated, and the potash determined as nitrate.
Found.

KO, N05 = -582 K0= 39-645
PO5 estimated as loss = 60-355

1-468 grm. substance gave 1-25

100-000

Formula,

KO,

Atom. Reckoned.

KO =
=

PO5

39-8
60-2

loFo

PO5.

Metaphosjihate of Soda was obtained by igniting strongly
together equal parts of nitrate of potash and phosphoric acid
(of a syrupy consistence), and by digesting in water to separate the soluble from the insoluble part.
It is an anhydrous
compound, nearly insoluble in water, but soluble in diluted
and concentrated acids. The solution in acetic acid gives a
white precipitate with nitrate of silver ; it is also decomposed
on being treated with the same salts as the salt of potash.
This salt was dissolved in acetic acid, diluted with water, and
the PO5 precipitated in the solution (with proper precautions)
by a salt of magnesia.
Found. Atom. Reckoned.

•943gnn. substance gave 1-042 MgO, P05 = -659 P05 = 09-883

NaO

Formula,

NaO, PO5.

estimated as loss = 30-117

PO5 =69-537
NaO =30-463

100-000

100-000

[
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LI. On the Amount of Sulphur and Phosjjhorns in various
AgricuUural Crops. By Henry Clifton Sorby, Esq."^

HAVING thought

it

highly probable that in the ordinary

method of estimating the amount of sulphur and phosphorus in plants, viz. by burning them and analysing their
ashes, there might be in many cases a loss from portions
being rendered volatile by contact with combustible matter
at a high temperature, I was induced to commence a series

of analyses, employing a method against which there was no
such objection, and, as will be seen, the quantities really present in various plants are much greater than has been hitherto
Having obtained a proper specimen, one poranticipated.
tion of known weight was dried at 212° F. and weighed, and
another in precisely the same condition was employed for the
analysis, the amount which I generally used varying with the
di-yness of the substance from 200 grs. to 500 grs., which
was cut into pieces if necessary, and inti'oduced into a flask,
and carefully heated with pure nitric acid, a little water being
added if the substance was a dry one. No large quantity of
the acid is required, and a gentle heat is kept up until the
whole is digested down into a yellowish pulpy mass ; water
is then added, the whole boiled, and when cold filtered and
washed, there being invariably a quantity of white fibrous
substance left undissolved. To the yellowish solution thus
obtained nitrate of baryta was next added, and though at first
perhaps no precipitate was formed, sulphate of baryta was
gradually deposited, and after standing for a day or so, the
precipitate was collected on a filter, washed, dried, ignited and
weighed, from which the amount of sulphur was calculated.
It is well to ascertain whether it is pure sulphate of baryta,
by adding to it after weighing a little hydrochloric acid, since
sometimes there was present a little carbonate, which of course
produces effei'vescence, and when that is the case, which seldom occurred to any but the most trifling extent, the amount
is easily ascertained and a proper deduction made, to obtain
the true weight of the sulphate alone.
To the solution filtered as above, I next added acetate of
lead in moderate quantity, and then caustic ammonia in slight
When dry this
excess, filtered and washed the precipitate.
precipitate was carefully calcined in a porcelain crucible over
a lamp, at as low a temperature as convenient, stirring with
a glass rod until the Avhole was converted into a mixture of
metallic lead, oxide and phosphate of lead. These were then
dissolved in nitric acid, and ammonia added until a consider*

Communicated by the Chemical Society;
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able precipitate of subnitrate was formed^ when on adding
acetic acid the whole of the phosphate alone was left insoluble,

which, after standing awhile, was collected on a filter, washed,
dried, ignited and weighed, and the amount of phosphorus
obtained by calculation. That this method is correct, and that
the phosphate which is thus obtained is Pbg P Og, I have
proved by experiment.
It must be borne in mind that the amounts given below
are those of sulphur and phosphorus, I having thought it right
to give them as such, and not as sulphuric and phosphoric
acids, since most certainly they do not exist invariably as
such or as their salts in plants, and I therefore see no reason
why they should not be given as elements, like the amounts
of carbon, nitrogen, oxygen and hydrogen as usually given
in such analyses.
The plants analysed, with only three exceptions, viz. the
rye, mangel-wurzel, and hops, were obtained from the fields
in which they were growing by myself, and hence I can vouch
for their freedom from impurities, and have no doubt the
others were as much so as possible.

Table of the Amounts of Sulphur and Phosphorus in various
Agricultural Crops, calculated in 100 parts, dried at 212° F.
until the weight remained constant.
Name

of Plant, &c.

Sulphur.

Four species of grass {Poa palustris and
Fesfuca pralensis, Cynosurus cristatus)
Rye grass {Lolium perenne)

trivialis,

•165

•164

•310
•329
•107

•183
•145
•149
•131
•183
•139
•052
•046
•215
•353
•183
•213
•357
•597
•212
•483
•255
•382
•190
•293
•352
•346
•360
•380

j

Italian rj'e grass

Red

\

clover {Trifolium pretense)

Ditto

087

Very

•099
•151
•136
•274
•452
•293
•178
•094
•389
•071
•082
•206
•092
•745
•058
•502
•351
•421
•758
•615

fine white clover (7". repens)
Ordinary ditto
Ver)' fine trefoil {Medieago lupulina)
Lucem {M. saliva)

Ditto
Ditto
Lints {Vicia saliva)
Kidney potatoes {Solatium luberosum)
Ditto, tops
Ditto, fruit

American native potatoes
Ditto, tops

Carrot {Daucua carota)
Ditto, tops

Mangel-wurzel {liela allissima)
Ditto, tops
Earl v yellow-top turnip {Brassica rapa)

Ditto
Ditto, tops

Ditto

Phosphorus.

,
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Name

Swede

the

Amount of Sulphur and
Sulphur.

of Plant, &c.

•435
•458
•448
•431

turnip {Brassica oleracea)

Ditto, tops

Rape {B.

oleifera)

Drura-head cabbage {B. campestris)

Wheat plant tnlirc{Tri<icum vulgat-e) when just gone

Phosphorus.

•172
•250
•233
•267

"1

•151

•248

•140

Ditto, straw

•170
•075
•240
•090
•213
•070
•293
•054
•207

Wheat (another sample)

051

out of flower
J
Ditto
Ear of wheat when the gi-ain was formed, but milky...
Straw from the above
Ear of wheat when ripe
Straw from the above

Red wheat
Ditto, straw

White wheat from the same

field as

the above red

•091

Ditto, chaff

Very

fine bai'ley

{Hordeum distichum)

Ditto, straw
Rather poor barley
Ditto, straw
Barley plant when in flower
Oat plant {Avena saliva) when just coming into flower

Ditto in flower

Green oats
Straw of ditto
Black tartarian oats
Straw of ditto
White oats
Straw of ditto

White

oats (another sample)
Straw of ditto
Rye ears {Secale cereale) when

young

Straw of ditto

Rve
Bean plant {Viciafaba) in flower
Beans

•066
•390
•040
•191
•313
•226
•189
•125
•329
•080
•271
•090
•401
•074
•195
•073
•099
•051
•045

071

Peas {Pisjon sativum)
Ditto, straw
Fine hops (Humulus lujmlits)

•148
•158
•214
•127

Bind of

•091

Ditto, straw

ditto

•271
•132
•336
•043
•363
•079
•366
•112
•410
•252
•498
•087

367
•065
•236
•194
•189
•317
•128
•381

•no
•334
•153
•382
•057
•076
•153
•160
•258
•600
•233
•206
•076
•574
•138

From the above analyses it will be seen bow very much
the amounts vary in some cases, whei'eas in others tliey are
pretty constant.
This variation may probably be occasioned
by that of the amount of phosphates and sulphates in the
soils.
I have observed as a general rule, that the finer the
quality of the specimen the larger the proportions of sulphur
and phosphorus present; though in the case of lucern, in
which the phosphorus varies as much as in any crop of which
I have analysed a sufficient number of specimens to be able
to give an opinion, all the samples were growing luxuriantly.
It may be presumed that when the amounts vary so much.

Phosphorus in various Agricultural Crops.
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without apparently affecting the growth of the plant, the
particular constituent so varying is not of such importance for
the plant as when more constant.
It will be observed that in many plants different parts require different constituents, which indeed is well known ; as
for instance in the case of wheat it is probable that an abundance of sulphates in the soil would produce fine straw, and
of phosphates, fine grain, and the converse, other necessary
constituents being present.
It may also, perhaps, be inferred from these analyses that
when grain is growing and ripening the amount of phosphorus
increases in greater proportion than the total weight, and diminishes in the straw, the grain abstracting that constituent
from it. Similar inferences may perhaps be derived from the
above, many of which are given for such purposes.
The table given below is a practical application of these
analyses, being intended to show the quantities of gypsum
and bone-phosphate of lime represented by the sulphur and
phosphorus which are removed annually from an acre of land
by the respective crops ; being also that which should be
added to already fertile land to maintain it in that condition.
No allowance for what would be removed by drainage is made,
as that is too uncertain in its quantity, and cannot in many
cases be at all material, or else uncultivated natural lands
would long ago have become sterile. The quantities so removed are no doubt compensated for by the disintegration
of the substrata, and the superficial removal of exhausted soil
by washing.
In such a calculation as this, however, it is affectation to
pretend to great exactness, the elements which unavoidably
The quantities on which I
enter into it being so variable.

have calculated are the greatest which are shown in the
analyses, unless where the variations are given, when I have
taken the extremes, and the weight of crop per acre is what
I learn to be a medium between the very best and average
crops ; but I am most willing to confess that I am not myself
practically acquainted with this ])art of my subject, and hence
cannot answer for their absolute correctness, but have obThe
tained them from the best authorities accessible to me.
necessary alterations, however, arc easily made by any one for
himself, from the data I have given, but I think they cannot
be far wrong. The quantities are pounds of gypsum and bonephosphate of lime removed from one acre.
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Name

of Crop, &c.

I

I

S^c.

Weight per
acre of crop
in tons.

Hay
Clover hay (one crop)
Clover, green (whole crop)

Lucern
Lints

Wheat

Gypsum,

Bone-phosphate.

34 to 67
29
45
93 to 152
34

26 to 32

7 to

38

Ditto, straw

to

10-1

55 /

,
•*"^

to

35

53
14 to 103
31

65

Barley

44 to 501
7 to

18/

51 to 68

^^•l67

12/

Ditto, straw

Oats

36

Ditto, straw

Beans
Ditto, straw

to

re}*'""
>»}30

Peas

88

8to2?}56to73
69

96

241

Ditto, straw

is}"

12/

.?}"

28/

Rye
Ditto, straw

-36

171

-45

Potatoes

126

Ditto, tops

Carrots
Ditto, tops

11}'-'

Mangel-wurzel

L'}=>

Ditto, tops
Swede turnips
Ditto, tops

85

}

1 88
49
}

Early yellow-top ditto
Ditto, tops

80

}

Rape
Cabbage

140

LII. Observations on the oxidizing poiver of Oxygen luhen
disengaged by means of Voltaic Electricity. By H. Kolbe,
Esq., Ph.D.*

TN describing

in a former paper f the properties of sesquichloro-carbohyposulphuric acid, I stated that this l)ody
resists the action of the most powerful oxidizing agents, such
as chromic acid, nitric acid, and even nitro-hydrochloric acid.
I hkewise stated the change it undergoes by the action of
a voltaic current, when an easily oxidizable metal is used
By this means another copulated acid
for the positive pole.
is produced, in which one or more equivalents of chlorine are
replaced by corresponding proportions of hydrogen.
I have since observed that this acid is completely decomposed on employing two platina plates as electrodes by
which arrangement oxygen is disengaged at the positive pole.
The following details, which contain a more perfect account
of this observation, I hope will be acceptable to the Society.
• Communicated by the Chemical Society
having been read Dec. 7.
;

;

1846.

f

Liebig's

Annalen der Chemie,

liv.

pp. 156, ICO.
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On decomposing a concentrated solution of sesquichlorocarbohyposulphate of potash by a sti-ong voltaic current (obtained by four elements of Bunsen's battery), at the commencement no hydrogen can be observed at the negative
pole in consequence of the formation of the above-mentioned
copulated acids, whilst chlorine, carbonic acid, and afterwards
oxygen, are evolved at the positive pole. At the moment decomposition commences a distinct acid reaction of the solution is perceptible, owing to the formation of free hydrochloand sulphuiic acids in a later stage of the process, these
acids increasing in quantity, hydrogen appears at the negative
pole, until finally, after all the hydrochloric acid has been decomposed, and the disengagement of chlorine has ceased,
small octahedral crystals of perchlorate of potash are deposited
from the solution, which now contains a large amount of free

ric

;

sulphuric acid and bisulphate of potash. The formation however of perchloric acid in this process is always preceded by that
of chloric acid for on evaporating the solution in an earlier
stage of the decomposition, beside the befoi'e-mentioned octahedral crystals, the well-known rhombic plates of chlorate of
potash are obtained.
The following foi'mula represents the most probable decomposition sesquichloro-carbohyposulphuric acid undergoes
by the action of a voltaic current
;

:

rK04ci07
KO+C2C13S205J 2S03
1201 2C02
L2C1.

The production

of perchloric acid in an acid solution is
certainly a fact worthy of attention, for according to all the
observations hitherto made, combination between chlorine
and oxygen could only be effected in presence of a free alkaline basis ready to unite with the newly-formed acid ; but
ascertained as it is by a great number of careful experiments,
it is another proof of the unpai'alleled negative power of
oxygen when evolved by means of voltaic action.
These observations induced me to malce the following experiments.
neutral solution of chloride of potassium was decomposed
in the same manner by a strong voltaic current; it immediately became alkaline, whilst hydrogen and chlorine were
disengaged. The formation of chlorate of potash, which took
place under these circumstances, can evidently be considered
only as tlic result of the ordinary chemical action of chlorine
upon cau.sticpota.sh. On mixing however a solution of chloride
of potassium with suflicient sulphuric acid to set free all the

A
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muriatic acid, and passing the voltaic current through it as
before, chlorate of potash was nevertheless formed, which was
subsequently converted into perchlorate of potash.
The transformation of oxy-acids of chlorine, such as liquid
hypochloric acid (CIO4), or of a solution of chlorate of potash,
into perchloric acid by means of voltaic action, has been mentioned by Berzelius. I have ascertained, moreover, that when
a voltaic current is passed through hypochloric acid, especially when previously mixed with some sulphuric acid, free
chloric and perchloric acids are formed, after the disengagement of a considerable quantity of chlorine.
concentrated solution of chloride of ammonium evolves
hydrogen at the negative pole but neither oxygen nor chlorine at the positive pole.
But the surface of the platina
plate representing the latter pole is covered with small yellowish oily drops of chloride of nitrogen, which as soon as the
two poles are brought into contact decomposes with a more
or less violent explosion, chlorine and nitrogen being evolved.
This experiment illustrates at once the formation of this compound and its highly explosive character.
Cyanide of potassium if dissolved in water is easily oxidized
by a voltaic curi-ent, and converted into cyanate of potash,
but I did not succeed in obtaining a percyanate of potash. I
was not more successful in endeavouring to form a fluorate of
potash from the fluoride of potassium by the same means.
I have not prosecuted my experiments further upon inorganic substances, having from some observations on the behaviour of organic compounds under the action of the voltaic
curx'ent obtained results of so much greater interest, as to induce me to give them my exclusive attention ; and at a future
time, when I have completed the investigation, 1 shall beg
leave to communicate it to the Chemical Society.

A

On the Discovenj of Silurian Rocks in CormoalL By Sir
Roderick ImpeyMukchison, G.C. St. S.,F.R.S.,V.P.G.S.
^ R, Geogr. S., Honorary Member of the Royal Geological
Society of Cornwall, Mem. Imp. Acad. Sc. St. Petersburg, Corr.

LIII.

Roy.

In a Letter addressed to Sir C. Lemon,
<Sfe.
President of the Royal Geological Society of

Inst. France,

Bart.,

MP.,

Cornwall.

My
JN
-*

DEAR Sir Charles,

compliance with the promise I made when attending your
last anniversary meeting at Penzance, I now give you a more
decided opinion than I was then enabled to do, respecting the

Sir R. I. Miu'chison on the Silurian

Rocks of Cornwall.
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age of the lowest and oldest of the sedimentary rocks of Coinwall.

Not having seen the fossils

by Mr. Peach on the south
come to any other
which Professor Sedgwick and myself
collected

coast of Coi'nwall, I then found

it

difficult to

conclusion than that at
had long ago arrived ; viz. that with the exception of the presence, in the north-eastern extremity of the county, of a portion
of the culmiferous (carboniferous) trough of central Devon, the

remaining and underlying strata of Cornwall -were of the age of
the Devonian or Old Red system.
The few Cornish fossils which
were then shown to me in your museum, were unquestionably
similar to those with which I was formerly familiar in Devonshire and North Cornwall, as well as with those of the Rhenish
provinces and the Eifel, which Professor Sedgwick and myself
had shown to occupy a like geological position. They were, in
fact, forms of the same type as those which, at the suggestion of
Mr. Lonsdale and with the assistance of Mr. James Sowerby on
one occasion*, and with the help of MM. de Verneuil and
d'Archiac on another t, we had published as characteristic of a
group of intermediate characters, pertaining to strata lying beneath
the carboniferous rocks and above the Silurian system.
In a
word, they were identical with some of the numerous fossils of
Devon and North Cornwall, published in the work of Professor
Phillips J J who, in pointing out in certain tracts the connexion
of this group with the carboniferous fossils, which he had so well
described, and in others with the Silurian forms I had published,
had also concluded that the great mass of fossiliferous strata
which rise up from beneath the culm measures of central Devon
were of the same intermediate characters. In his valuable ]\Iaps
of Cornwall and Devon, Sir H. De la Beche gave essentially the
same views of geological succession ; and lastly, in his Report
upon the geological structure of that region, he described certain
detailed sections in the southern districts of Cornwall, to which
I will presently advert.
In proposing the word " Devonian," as applied to the intermediate strata in question. Professor Sedgwick and myself fortunately thus qualified our meaning in regard to the extension
of such rocks into Cornwall
" In asserting that the stratified
rocks of Devonshire and Cornwall are, u])on a broad scale, the
equivalents of the Carljoniferousand Old Red systems, we do not
however deny, tliat in certain tracts tlie loirest members of some
of these rocks may re])rescnt the upjyr dirision of the Silurian
system ; for although we have as yet found few if any of the
fossils most typical of that system, we admit that wlien the sedi:

• Trans. Geol. .Soc. n.
Pula'ozoic Fossils of

t

Phil.

Mag.

p.

—

vol. v. p.

C;5."5.

\ Ibid. vol.

Devon and Cornwall.
S. 3. Vol. 30. No. 202. May 1817.

vi.

pp. 221,

2

A
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ments of a given epoch have been accumulated under pecuUar
conditions, we must expect to tind considerable variations in the
forms of animal life. Again, we know that the rocks of this
region have undergone great changes in assuming their hard
and slaty character ; and under such circumstances, the difficulty
of precisely limiting the boundary line of any portion of them is
pi'odigiously increased*."

H. De la Beche and Professor
Sedgwick and myself, had, at the time
when our works were published, seen any fossils from South
Cornwall sufficiently distinct to Avarrant the conclusion, that it
contained forms of an older type than those which had been
detected in North and South Devon and in the west of Cornwall.
It was therefore believed (and all geological maps were coloured
accordingly) that the zone of rocks occupying the southern
headlands of Cornwall, between the Bay of Plymouth on the east
and the Lizard Head on the west, were simply downward expanIn this state of
sions of the fossiliferous "Devonian" strata.
the cpiestion, your associate ]\Ir. Peach began his labours in col-

The truth

is,

that neither Sir

Phillips, nor Professor

lecting fossils along the southern headlands of Cornwall.

He

discovered by Messrs.
Couch in the environs of Polperro were fishes, which he exhibited
at the Cork IMeeting of the British Association, and concerning
which Professor Phillips and myself could only venture (so

first

ascertained that certain forms

first

obscure did they ajjpear to us) to give the guarded, though suggestive opinion, which Mr. Peach has recorded in your thirtieth
Report.
I then ventured to surmise, that these ichthyolites
might belong to the Upper Silurian rocks, the oldest in which
the remains of any vertebratcd animals had yet been discovered,
because " they occurred in rocks forming the axis of South Devon
and Cornwall, which I had always considered to be the oldest in
that country."
In pursuing his researches, J\Ir. Peach published in 1844 a
sj'iiopsis of the Cornish fossils fnmi various localities, in which,
besides the ichthyolites of Polperro, he identified several mollusca
from Gorran Haven, Caerhayes, and Cam Gorran Bay, with
These were the fossils I was so anxious
typical Silurian species.
to see at Penzance ; and Mr. Peach having obligingly forwarded
them to me in London, I no sooner unpacked the box, than I
found that true Silurian and even Lower Silurian rocks existed in
Cornwall,
the proofs being the presence of certain sim])le-plaited
But although
Orthidce, which are invariably typical of that age.
jMr. Peach had come to a correct general conclusion, the specific
names he attached to the South Cornish fossils in your thirtieth
Reportare not correct. In respect to the ichthyolites from the slates

—

* Phil.

Mag. 1839,

vol. .xiv. p. 241.
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of PolpeiTO, Pentuaii, &c., they have been referred to our mutual
friend Sir PhiHp Egerton^ who is better versed in the classificatiou of Agassiz than anj^ of our countrymen, and he thus writes

me

—

concerning them
" These remains are very enigmatical,
cannot identify a single specimen with any form I know.
I do not think any one of the fragments belongs either to Cephalaspis or Huloptijchius.
The nearest approach is to BothrioThe dorsal tin named by Mr. Peach Onchus Murchisoni
lepis.
(Agass.) is not that species, as far as I can determine from the
description of Agassiz, unless it be a more perfect specimen than
he has seen. The longitudinal ribs, instead of being uniform
(as figured by Agassiz), are notched, more after the manner of
The other Onchus may be O. tenuiserratus, but
Ctenacanthus.
I have not here the means of comparison.
Prom the general
appearance of the collection, I should say they differ from any
Old Red or Devonian fishes I have ever seen.^'
If these ichthyolites do not decisively help us to settle the age
of the Polperro zone of rocks, they are still of great interest, as
being the only group of fishes worth noticing which has been
found in the older rocks of Devonsliire and Cornwall*, and also
as being associated A\4th shells, which Mr. J. Sowcrby identifies
with the Bellerophon trilobatus (Sil. Syst.) and the Loxomena
to

and

:

I

The first-mentioned of these shells is characthe tile-stones hi Herefordshire and Shropshire, and
also found in strata of the same age in Cumberland (between

lincta (Phillips).
teristic of
is

Kirby Lonsdale and Kendal), which form the uppermost band
of the Silurian rocks, or a transition from the Silurian into the
Devonian system. Now as Professor Sedgwick and myself had

Looe and Fowey belonged to the
lower calcareous zone of Devonshire, and as the sections of Su"
H. De la Beche show that the Polperro beds dip beneath the
Looe and Fowey rocks, the zoological evidences seem to harmonize with recorded physical facts, and we thus obtain reasonable
grounds for believing, that the lowest Devonian and the uppermost Silurian strata arc exposed in the district which ranges
along the shores of that part of Cornwall, by Polperro, Pentuan,
&c.
But if doubts should exist as to whether the Polperro slates
ought to be referred to the bottom of the Devonian or top of the
Silurian system, the disco\ cries of Mr. Peach in the headland of
the Dodnian, and in the ])r()longati()n of its strata to Veryan ]3ay,
completely demonstrate, that still older and unquestionable SiluThis is the district in which both
rian rocks are there present.
inferred that the limestones of

• Professor Pliillips nieiuion.s two very iiiipeifect and
fishes, the
sils, p.

one

133,

in Soutli

figs.

Devon,

liic otlier

250, 257.

2

A

2

in

scales of
Palaeozoic Fos-

tloiiUtf'til

North Devon.
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Professor Sedgwick and Sir H. De la Beche had noted the existence of a Une of elevation*, running from north-cast to southwest, which bringing up certain quartzosc or argillaceous slates
had thrown the beds otf, both to the south-east and north-west,

the pubhshed section of the latter having clearly indicated these
relations.

found by Mr. Peach at Gerrans Bay, as determined
Sowerby, are Or this lata, O. orbicularis, another species resembling 6. plicata, and a fourth which does not appear
At Caerhayes, Mr. Peach has collected
to have been published.
other forms of Orthidte, one of which approaches nearest to the O.
alternata of the Silurian system. The remainder are not, however,

The

by

fossils

J\Ir. J.

he had supposed, to Lepta-na lata, Terehratula niicula,
Atrypa striatula, &c. The fossils from the Great Peraver quarries
in Gorrau Haven, on the eastern face of the Dodman, are still
more decisive for the species which Mr. Peach has named
Orthis flabellulum and O. testtulinaria both belong, unquestionably, to the Orthis {callactis 'B)i calligramma (Sil. Syst.), and
witii it is a form undistinguishable i'rom the Orthis {canalis)

referriblc, as

;

The only well-preserved trilobite in this
(Sil. Syst.).
rock appears to mc to be the Cali/mene pulchella ? (Dalman) ; a
second species resembles C. Blumenbachii.
No one accustomed to the Palrcozoic rocks can throw his eye
over the fossils from these three localities, without at once recogThey have an entirely dinising them as true Silurian types.
stinct fades from the fossils of the overlying Devonian system,
elegantula

abundant in North-western Cornwall
imperfect knowledge of the country,
it would be premature to say that subdivisions can be established
in this highly dislocated region, so as to define Upper and Lower
But it may safely be asserted, that the fossils
Silurian bands.
of Gorran Haven are Lower Silurian types there being no one
species more eminently characteristic of the inferior jiortiou of
that system than the Orthis calligramma, which in Shropshire and
the adjacent ^Yelsh counties is found to range downwards, from
the vei-y uppermost beds of the Caradoc sandstone into the heart
of the Snowdon slates, and is equally typical of the Lower Silurian
At the same time, I do not
rocks of Russia and Scandinavia.
think that the Gorran Haven beds lie deep in the Lower Silurian

and none of the

species so

are here present.

With my

;

* S?e Tians. Gcol. Soc, n.

s.,

vol. v. p.

CGG

;

and Report on Coniwall

and Devon,

p. SI.
This shell was

called Orlliis cnlladk B in the Sil. Syst. pi. 19, fig. 5,
t
but subsequent comparisons have sliown that it is identical with the O. calligramma (Dalman) of Scandinavia, Ilussia, &c.
In like manner, the Orlliis canalis of the Silurian system has proved to
be the O. eleganlitla of Dalman; and the names of that author being the
oldest, are

now

nccci5sarily adopted.
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group they probably represent the upper portion only of the
Caradoc sandstone for the Orthis canalis, or elegantida, and the
Cahjmene lyulchella'^ (Dalm.), closely allied to C. Blumenhachii,
Judging from the fosare AVcnlock, as w^ell as Caradoc, fossils.
:

;

only, I should say that the beds at Gerrans Bay with the
Orthis orbicularis are younger than those of Peraver and Gorran
Haven. Time and careful researches will, however, determine
this question of detail, and all I can now express is my opinion,
sils

and killas which extend from the tracts
above alluded to, to the mouth and centre of the bay and harbour
of Falmouth (probably much fm-ther to the south-west), are of
Silurian age also.
The energy of Mr. Peach having thus afforded us the key by
which new lights are thrown upon the succession of Cornish
strata, 1 cannot but hope that, when the government geological
surveyors revisit Cornwall, they will define the exact demarcations between these Silurian masses and their overlying Devonian
neighbours.
In fact, I have within these few days been talking
over this subject with my friend the Director-General of the Survey, and he has pointed out to me on his detailed map, how,
from the enormous flexures which the strata have undergone in
their range from Devon into Cornwall, it is highly probable that
Silurian rocks (the equivalents of those alluded to) may be reThus, the quartzose rocks
cognised in other parts of Cornwall.
of Pydar Down or IMoor, to the north of St. Columb, which form
an east and west axis, dipping to the north and south under fossiliferous Devonian strata, may (he thinks) prove to be also of SiBut, forbearing to s])eculate on the probable results
lurian age.
of future researches, it is my decided belief, that the slaty rocks
constituting the great southern headland of Devonshire, at least
all the schists, &c. to the north of the Start Point, will eventually
be classed with the Silurian group of South Cornwall; for if the
Plymouth group of limestones, so prolific in animal remains,
afforded us the means of deciphering the age of less clearly developed zones on the same horizon in Cornwall, the Silurian
types collected by J\Ir. Peach may enable us to carry out a more
correct classification in still older strata, from Cornwall into the
In the mean
obscure southernmost promontory of Devonshire.
time, confining ourselves to what we now know, it is manifest
that Cornwall exhibits in asceiuling order from north to south,
1st, a band of true Silurian rocks; Snd, a zone of intermediate
character, forming a transition between the Silurian and Devonian systems ; 3rd, a copious Devonian system, characterized by
that the quartzose rocks

* The Calijmcne jmlilicUa (Dalni.) occurs botli in tlio inferior part of tlio
Upper Silurian, and the higiicr part of the Lower Silurian, in Swcilcn, Siluria and Wales.
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lower and upper limestones ; and 4tli, a limb of the culmiferous
or carbouifcrous basin of Devonshire.
This view willj I trust, be perfectly intelligible to the members
of yom' Society who have occupied themselves with the consideration of this branch of geology, and on which Mr. R. Q. Couch
I doubt, howhas recently written with persjjicuity and talent.
ever, if anything I have stated will make a due impression upon
one of that number, my good-humoured antagonist the Rev. D.
"Williams, whose views of the Cornish succession of strata seem
Geologists,
to be opposed to those of all his contemporaries.
however, who have long lived in Cornwall, and have so well
illustrated its mineral structure, will, I am persuaded, be the
first to admit the value of the Palreozoic classification, which
having been worked out and established in tracts exempt from
much dislocation and alteration, has been so applied, as to enable
us to interpret the true history of the highly convulsed and metamorphosed rocks of their county. It is, in fact, the greatest
triumph which could have been anticipated on the part of those
who have steadily proceeded from the known to the unknown.
Looking from your own country to the opposite side of the
channel, you are doubtless well-aware that there is the strongest
analogy between the slates and granites of Cornwall and those
Many persons have remarked upon
of Brittany and Normandy.
the strong resemblance between the Mounts St. Michael in the
two countries ; and no one can have traversed these two regions,
without percei\'ing that, just as they e\idently belong to the
same mineral tj'pe, so are their respective inhabitants descended
from a common stock, whose names of places have passed dowTi
The existence of
to their French and English descendants.
Caradoc sandstones and other Silurian rocks in that part of
France hanng been already indicated (Devonian and carboniferous strata being also abundantly developed), their discovery
in Cornwall is a happy addition to that union of geological and
historical records, by which these widely-separated residences of
the Celtic race are illustrated.
"With regard to the highly mineralized or metamorphosed
conditions of great poi"tions of the killas and sandstone of Cornwall, I can do little more than refer you to the few obscr\"ations
I made at your anniversary meeting, and of which a brief abstract
There are, as you well said
has appeared in your newspapers.
in your anniversary discourse, many analogies between the mctamorphic rocks of Cornwall on the one hand and those of Scandinavia and the Ural mountains on the other ; whilst the parallel is now drawn closer by the recent discovery of the Cornish

Your last eiaipted granites, elvans, and porphyhave played exactly the same part in traversing your Palffio-

Silurian rocks.
ries,
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have done in Norway.

Cornwall
may also be compared to large portions of Siberia, and notably
to the Ural mountains, whose chief eruptions have taken place
through deposits of Silurian, Devonian, and carboniferous age.
In both countries the eruptive rocks are granites, porphyries,
greenstones and serpentines even in their superficial accumulations there is this striking resemblance, that the Cornish detritus
and gravel (as clearly pointed out by Mr. Carne) is purely local,
the county being cjuite as exempt from all far-transported mateWith this absence of
rials as the Ural mountains and Siberia.
all foreign transport or drift, Cornwall is as instructive as the
Ural in never exhibiting those " roches moutonnees " and those
polished and striated surfaces which have (in my opinion) been
so erroneously referred to the action of land glaciers, in all those
low regions of the earth, where they have clearly been caused by
the action of powerful aqueous drift, in the manner I have elsewhere attempted to explain ^\
Your stanniferous gravel bears, indeed, precisely the same relations to yom- granite and killas, as the auriferous deposits of
the Ural to the eruptive and schistose rocks of that chain. Both
are mere local, shingle accumulations, derived from veinstones
which have been denuded from the surface of adjacent crystalline
rocks. With these analogies there is however a marked distincAll richly auriferous chains
tion between Siberia and Cornwall.
(Humboldt first remarked the fact) have a meridian direction, as
in the Ural, and various north and south parallel ridges in SiThe axis of Cornwall, on the
beria and other parts of the globe.
contrary, is transverse to that direction, viz. from E.N.E. to
W.S.W. ; and though containing copper ore in common with
the Russian mountains, it differs from them in not producing
gold or platinum ; whilst it is peculiarly distinguished by conLet us hope that
taining tin, which is unknown in the Ural.
the day is fast af)proachiug, when the cause of the production of
such striking phieuomena as these will receive some explanation
at the hands of those physical philosophers, who are advancing
a line of research in which your own countryman Mr. R. W. Fox
But if gold does not exist
has already so distinguished himself.
(in any aj)])reciablc quantity at least) in your otherwise richly
endowed mineral county, there are, 1 am happy to say, good
grounds for hojie, that in their most distant great colony Englishmen may find it abundantly. In an address to the Royal Geographical Society, delivered in INIay 1845, when conuncnting
zoic sediments, as like rocks

:

—

-

upon the

valualjle labours of

structure of

th(!

Count Strzelecki

in decijjhering the

great north and south cliain which ranges along

• See Russia in Europe and Ural Mountains; and Journal

Soc, No. 8.

of"

the (icol.
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the eastern shores of Austraha, I specially insisted upon its striking resemblances to the Ural mountains, whether in direction,
in structure, or in alluvia ; remarking, by the way, that as yet

no gold had been found

in this

alhuium.

I

now learn, however,

that tine specimens of gold have been found on the western flank
of the Australian cordillera, particularly at the settlement of
Bathurst, where it occurs in fragments composed of the same

My

friend and assoquartz rock) as in the Ural.
Academy of Petersburg, Colonel Helmersen,
has also recently suggested, that a careful search for gold ore in
the Australian detritus will, it is highly probable, lead to its detection in abundance ; since the Russians had long colonized the

matrix

(viz.

ciate in the Imperial

Ural mountains, and had for many years worked mines of magnetic iron and copper in solid rocks, before the neglected shingle,
gravel and sand, on the slopes of their hills and in their valleys,
If, then, in the course of your
were found to be auriferous.
statistical inquiries, you may know of any good Cornish miner
about to seek his fortune in Australia, be pleased to tell him to
apply his knowledge of the mode of extracting tin ore from his
own gravel to the drift and debris on the flanks of the great
north and south chain of Australia*, or any smaller parallel
ridges of that vast country ; for great would be my pleasure to
learn, that through the application of Cornish skill, such regions
should be converted into a British " El Dorado."
Requesting you to pardon this little digression, Avhich after
all may be turned to ])roflt, and hoping that you will be as jjroud
as I am of the connexion which is now established between Cornwall

and

Siluria,

Believe

me

to be,

my

dear Sir Charles,

Yours most

faithfully,

R.

I.

MURCHISON,

* The }^rand, rich and well-watered region which lies between Moreton
Bay on the south and the Gulf of Carpentaria on the north, is that to which
I would specially direct attention, now tiiat its true characters have been
to geographers and naturalists by the undaunted and able
explorations of Dr. Leichhavdt. Some of the tracts recently passed through
with so much zeal, by the Surveyor-General of the colony, Sir Thomas
Mitchell, may also prove valuable in gold, though they lie further from the
In the mean time, gold ore has been found on the other
axis of elevation.
side of the Australian continent, in the ridges which extend northwards
from Adelaide towards the scene of the adventurous and toilsome journey of
Major Sturt. These gallar.t geographers, the pioneers of civilization, are
explaining to us the condition of tracts which thousands of our countrymen
may soon colonize with the best cftccts. London, April 12,1817.-11. f. M.
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Professor of Chemistry in the

William Drapeii, M.D.,
University of New York*.

ALTHOUGH the phaenomenon of the production of light
by all solid bodies, when their temperature is raised to a
certain degree, is one of the most familiar in chemistry, no
person so far as I know has hitherto attempted a critical inThe difficulties environing the inquiry are
vestigation of it.
so great, that even among the most eminent philosophers a
diversity of opinion has prevailed respecting some of the leading facts. Thus Sir Isaac Newton fixed the temperature at

which bodies become self-luminous

Davy

at 812°,

Mr. Wedgwood

at 635°,

at 947°,

Sir

Humphry

and Mr. Daniell

at

As

respects the nature of the light emitted there are
In some philosophical works of consimilar contradictions.
siderable repute, it is stated that when a solid begins to shine
it first emits red and then white rays ; in others it is asserted

980°.

and red light is the first that appears.
have succeeded in escaping or overcoming many of the
difficulties of this problem, and have arrived at satisfactory
solutions of the main points; and as the experiments now to
be described lead to some striking and perhaps unexpected
analogies between light and heat, they commend themselves
to our attention as having a bearing on the question of the
It is known that
identity of those imponderable principles.
heretofore I have been led to believe in the existence of cardinal distinctions, not only between these but also other imponderable agents and I may therefore state, that when this
investigation was first undertaken, it was in the expectation
that it would lead to results very different from those which
have actually arisen.
The following are the points on which I propose to treat:
1. To determine the point of incandescence of platinum,
and to prove that different bodies become red-hot at the same

that a mixture of blue
I

;

—

temperature.
2. To determine the colour of tlie rays emitted by selfluminous bodies at different temperatures. This is done by
analysis by the prism.
the only reliable method
From these experiments it will appear, tiiat as the tempeand making
rature rises the light increases in refrangibiiity
a due allowance lor the physiological imperfection of the lye,
tiie true order of the colours is red, orange, yellow, green,

—

;

blue, indigo, violet.
* Coiuinuiiicatcl

liy

the Author.
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Here we shall find
more rapidly than

num

between the brilliancy of the
body and its temperature.

relation

light emitted by a shining
far

of Light by Heat.

that the intensity of the light increases

For example, platithe temperatnre.
forty times as much light as it

2600° emits almost

at

does at 1900°.

As I prefer to give a complete description of the apparatus
employed in these investigations after the general results are
stated,

light

is

it is

sufficient

here to understand that the source of

in all instances a very thin strip of platinum 1*35 inch

g'^th of an inch wide, brought to the temperature
under investigation by a voltaic current. Platinum was selected from its indisposition to oxidize, and its power of resisting a high temperature without fusion.
The slip of platinum, thus to be brought to different temperatures by an electric current of the proper force, was
iastened at one end to an inflexible support, and at the other
was connected with a delicate lever-index, which enabled me
to determine its expansion, and thereby its temperature. For
this purpose I have used the coefficient of dilatation ot Dulong
and Petit. The temperatures here given are upon the hypothesis of the invariability of that coefficient at all thermometric

long and

degrees; they are therefore to some extent in error.
By the aid of resisting wires of different lengths and a
rheostat, I was able to vary the force of the electric current in
My first
the platinum, and thereby vary its temperature.
attempts were to discover the point at which the metal begins
to emit light.
The platinum and the voltaic battery were placed in a dark
room, the temperature of which was 60^ and after I had re;

mained there a sufficient length of time to enable my eyes to
become sensible to feeble impressions of light, I caused the
current to pass, gradually increasing its force, until the platinum was visible. In several repetitions of this experiment
it was uniformly found that the index to which the platinum
was attached stood at the eighth division when this took place.
The metal had therefore dilated ^^-^ oi its length the elevation of its temperature was about 917°, which added to the
existing height of the thermometer, 60°, gives for the temperature of incandescence 977° F.
To the correctness of the number.it may be objected, that
owing to the narrowness of the metallic strip it is not well
calculated to make an impression on the eye when the light it
emits is so feeble; nor can we take the dilatations given by
the index, as representing the uniform temperature of the
whole platinum, which must necessarily be colder near its
;
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points of support, by reason of the conducting power of tlie
metals to wliich it is attached.
Physiological considerations would also lead us to suspect
that the self-luminous temperature must vary with different
eyes.
The experiments of Bouguer, hereafter to be reierred
to, indisputably show that some persons are much more sen-

So far as my
sitive to the impressions of light than others.
limited investigation of this matter has gone, I have not however found appreciable differences in the estimate of the temDifferent individuals, observing
perature of incandescence.
the platinum, have uniformly perceived it at the same time.
Against the number 977° it may also be objected, that antimony melts at a much lower temperature, and yet emits
If this statement were true, it would
light before it fuses.
lead us to believe that all bodies have not the same point of
But I think the experiments of Mr. Wedgincandescence.
wood on gold and earthenware are decisive of that question
and, moreover, 1 have reason to believe that the meltingpoint of antimony is much higher than commonly supposed.
With a view of determining directly whether different bodies
;

vary in their point of incandescence, I took a clean gun-barrel,
and having closed the touch-hole, exposed the following subplatinum, chalk, marble,
stances in it to the action of the fire:
fluor spar, brass, antimony, gas-carbon, lead; each specimen
was small; the platinum was in the form of a coil of stout

—

wire.

When one of these bodies was placed in the gun-barrel
and the temperature raised, it is clear that any difference in
their point of incandescence would be detected by the eye.
Thus, if the ignition of platinum required a higher degree
than iron, on looking down the barrel the coil of wire should
be dark, when the barrel itself begins to shine or, if the platinum was incandescent first, the wire should be seen before
the barrel is visibly hot; and these results might be corroborated by observing the inverse phaenomena, when the barrel
is taken from the fire and suffered to cool.
W^ith respect to platinum, brass, antimony, gas-carbon and
lead, they all became incandescent at the same time as the
I could not discover the slightest difference
iron barrel itself.
between them, either in heating or cooling ; and it is worthy
of remark, that the lead was of course in the liquid condition.
But the chalk and marble were visible before the barrel was
red-hot, emitting a faint white light; and the fluor spar still
more strikingly so, its light being of a beautiful blue; and
even when the barrel had becouKt bright red I could still see
the spar, which had decrepitated to a coarse powder, by its
;
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In these cases it was not, however, incandescence bnt phosphorescence that was taking place.
I infer
then that all solids, and probably melted metals, shine at the
same thermometric point.
The temperature of incandescence seems to be a natural
fixed point for the thermometer; and it is very interesting to
remark how nearly this point coincides with 1000° of the
Fahrenheit thermometer, when Laplace's coefficient for the
faint blue rays.

dilatation of platinum is used.
Upon that coefficient the
point of incandescence is 1006° F.
In view of these considerations, and recollecting that the
number given by Daniell is 980^, and that of Wedgwood 94-7°,
I believe that 977° is not very far from the true temperature
at which solids begin to shine.
It is to be understood, of
course, that this is in a very dark room.
I pass now to the second proposition.
The jays emitted by
the incandescent platinum were next received on a flint glass
prism, placed so as to give the minimum deviation, and after
dispersion viewed in a small telescope.
A movement could be
given to the telescope, which was read off" on an annexed scale.
However, instead of bringing the parts of the spectrum under
measurement to coincide with the wires stretched across the
field of the instrument, I found it more satisfactory to determine them by bringing them to one or other of the edges of
the field
a process well adapted to ascertain the position of
the extreme rays, the faint light of which contrasted well with
the darkness by which it was surrounded.
They could not
have been so accurately seen while the rest of the spectrum
was in view, and as it was absolutely necessary to have fixed
points of reference, that all the observations might be brought
to a common standai'd of comparison, and as there are no
fixed lines in the light of incandescence, such as are in the
sunshine and daylight, I therefore previously determined the
position of the fixed lines in a spectrum formed by a ray of
reflected daylight which passed through a fissure ;7^ijth of an
inch wide and one inch long, occupying exactly the position
subsequently to be occupied by the incandescent platinum.
Fig. 1 represents the results of this observation.
The strip of platinum was now placed in the position of the
fissure which had given the spectrum fig. 1, and its temperature was raised by the passage of a voltaic current.
Although
I could distinctly see the metal when the heat had reached
about 1000' by the naked eye, yet the loss of light in passing
the prism and telescope was so great that I found it necessary
to carry the temperature to 1210° before a satisfactory observation could be made.
At this point the spectrum extended
;
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in the red, almost as far

the colours present being red,
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Under these circumstances the total length
couhi not be compared by direct measurement with the other
observations, and the result given in fig. '1 is from the best
judgement I was able to form the colours were red and
greenish-gray.
The gray rays emitted by platinum just beginning to shine
appear to be more intense than the red at all events the
wires in the field of the telescope are more distinctly seen
upon them than upon the other colour. I give them the designation of gray, for they appear to approach that tint more
and yet it is to be remarked that they
closely than any other
are occupying the position of the yellow and green regions.
Already we have encountered a fiict of considerable importThe idea, that as the temperature of a body rises it
ance.
begins to emit rays of increasing refrangibility, has obviously
Instead of first the
to be taken with a certain restriction.
red, then the orange, then the yellow, &c. rays, in succession
making their appearance, in which case the spectrum should
regularly increase in length as the temperature rises, we here
find, at the very first moment it is visible to the eye, it yields
a spectrum reaching from the fixed line B to nearly F; that
is to say, equal to al)out two- thirds the whole length of the
interference spectrum, and almost one-half of the prismatic.
It is to be remarked, that while the more refrangible end
undergoes a great expansion, the other extremity exhibits a
As very important
corresponding though a less change.
theoretical conclusions depend on the proper interpretation of
this fact, we must not forget that, to a certain extent, it may
be an optical deception, arising from the increased brilliancy
of the light. While the rays are yet feeble, the extreme terminations may be so faint that the eye cannot detect them
but as the intensity rises, they become better marked, and an
apparent elongation of the spectrum is the consequence.
It is agreed by optical writers, that to the human eye the
In the prismatic spectrum
yellow is the brightest of the rays.
the true relationship of the colours is not perceived, because
the less refrangible are crowded together, and the more refrangible unduly spread out. But in the interference spectrum,
where the colours are arranged side by side in the order of
their wave-lengths, the centre is occupied by the most luminous portion of the yellow; and from this point the light declines away on one side in the reds, and on the other in the
blues, the terminations being equidistant from the centre of
the yellow space.
Now if the rays coming from shining platinum were passed
low as 1095°.

:

;

;

;

through a piece of

glass,

on which parallel

lines

had been
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drawn with a diamond point, so as to give an interference
spectrum, even admitting the general results of the foregoing
experiments to be true, viz. that as the temperature rises
that
rays of a higher refrangibility are emitted, it is obvious
ray visible should be the
it by no means follows that the first
of seeing that depends on its having
it has assumed that extreme
brilliancy which it has in a solar beam it is barely visible.
ought therefore to expect that rays of a higher refrangibihty should first be seen, because they act more energeti-

Our power

extreme red.

Even when

a certain intensity.

We

on our organ of vision ; and as the temperature rises,
the spectrum should undergo a partial elongation in the direction of its red extremity.
expert-I may here remark, that the general result of these
ments coincides exactly with that of M. Melloni respecting
cally

In his second memoir*,
heat at lower thermometric points.
he shows that when the lays from copper at 390° and from
incandescent platinum are compared by transmission through
a rock-salt prism, as the temperature rises the refrangibility

Those
of the calorific emanations correspondingly increases.
philosophers who regard light and heat as the same agent,
in
will therefore see in this coincidence another argument
favour of their opinion.
In view of the foregoing facts I conclude, that, as the tern-perature of an incandescent body rises, it emits rays of light of
an increasing refrangibility and that the apparent departure
;

from this law, discovered by an accurate prismatic analysis,
performing the funcis due to the special action of the eye in
tion of vision.

As the luminous effects are undoubtedly owing to a vibramovement executed by the molecules of the platinum, it

tory

to follow, that the

seems from the foregoing considerations

frequency of tliose vibrations increases with the temperature.
In this observation I am led by the principle, that " to a
particular colour there ever belongs a particular wave-length,
and to a i)articular wave-length there ever belongs a particular
colour;" but in the analysis of the spectrum made by Sir D.
Brewster by the aid of absorptive media, this |)rinciple is indithat eminent philosopher showing that
rectly controverted
red, yellow, blue, and consequently white light, exist in every
;

This must necessarily take place when
part of the spectrum.
a prism which has a refracting foce of considerable magnitude
for it is obvious that a ray falling near the edge, and
is used
near the back, after dispersion, will paint their
falling
one
several spectra on the screen ; the colours of the one not co;

* Taylor's Scientific

Memoirs,

vol.

i.

p. 66.
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inciding with, but overlapping the colours of the other.
In
such a spectrum there must undoubtedly be a general commixture of the rays; but may we not fairly inquire whether,
if an elementary prism were used, the same facts would hold
good or, if the anterior face of the prism were covered by a
screen, so as to expose a narrow fissure parallel to the axis of
the instrument, would there be found in the spectrum it gave
every colour in every part, as in Sir David Brewster's original
experiment? M. Melloni has shown how this very consideration complicates the phsenomena of radiant heat
and it
would seem a very plausible suggestion that the effect here
pointed out must occur in an analogous manner for the phac;

;

nomena

of light.

—

now to the third branch of the inquiry, to examine the relation between the temperatures of self-luminous
bodies and the intensity of the light they emit, premising it
I

proceed

with the following considerations.
The close analogy which is traced between the phasnomena
of light and radiant heat lends countenance to the supposition,
that the law which regulates the escape of caloric from a body
will also determine its rate of emission of light.
Sir Isaac
Newton supposed that whilst the temperature of a body rose
in arithmetical progression, the amount of heat escaping from it
increased in a geometrical progression. The fallacy of this was
subsequently shown by Martin, Erxleben, and Delaroche and
finally Dulong and Petit gave the true law, "when a body cools
in vacuo, surrounded by a medium whose temperature is constant, the velocity of cooling for excess of temperature in arithmetical progression increases as the terms of a geometrical
progression, diminished by a constant quantity."
The introduction of this constant depends on the operation of the theory
of exchanges of heat for a body, when cooling under the
circumstances here given, is simultaneously receiving back a
constant amount of heat from the medium of constant tempe;

;

rature.

Whilst Newton's law represents the rate of cooling of bodies,
and therefore the quantities of heat they emit, when the range
of temperature is limited, and the law of Dulong and Petit
holds to a wider extent, there are in our inquiry certain circumstances to be taken into account not contemplated by
those philosophers,
Dulong and Petit throughout their memoir regard radiant heat as a homogeneous agent, and look
upon the theory of exchanges, which is indeed their startingpoint and guide, as a very simple affair.
But the progress of
this department of knowledge since their times has shown,
that precisely the same modifications as are found in the co-
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lours of light, occur also for heat; a fact conveniently designated by the phrase "ideal coloration of heat:" and further,
that the colour of the heat emitted depends upon the temperature of the radiating source.
It is one thing to investigate the phgenomena of the exchanges of heat-rays of the
same colour, and another when the colours are different.
perfect theory of the exchanges of heat must include the principle ot ideal coloration, and, of course, so too must a law of
cooling applicable to any temperature.
There is another fact to some extent considered by Dulong
and Petit, but not of such weight in their investigations, where
the range of temperature was small, as in ours, where it rises
as high as nearly 3000= F.
1 mean the difference of specific
heat of the same body at different temperatures.
At the high
temperatures considered in this memoir, there cannot be a
doubt that the capacity of platinum for heat is far greater than
that at a low point.
This therefore must control its rate of
calorific emission, and probably that for light also.
From these and similar considerations, we should be prepared to discover that as the temperature of an incandescent
.solid rises, the intensity of the light emitted increases very

A

;

rapidly.
I pass now to the experimental proofs which substantiate
the foregoing; reasoning.

The apparatus employed as the source of the light and
measure of the temperature was the same as in the preceding
experiments,
a strip of platinum, brought to a known temperature by the passage of a voltaic current of the proper force,
and connected with an index which measured its expansion.
The principle upon which I have determined the intensities
of the light is that first described by Bouguer, and recently
introduced by M. Masson.
After many experiments I have
been led to conclude that this is the most accurate method
known.
Any one who will endeavour to determine the intensities of
lights by Rumford's method of contrasting shadows, or by

—

that of equally illuminated surfaces, will find, when every
precaution has been used, that the results of repeated experi-

ments do not accord.

where the

There

is

moreover the great

detect,

impossible to obtain
reliable measures, except by resorting to such contrivances as
that described by me*.
Bouguer's principle is far more exact; and where the lights
differ in colour, that difference actually tends to make the
that

lights differ in colour

it is

• Phil. Mag., August 1844.

Phil.

Mag.

S. 3. Vol. 50.

No. 202.

May

1847.
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As
it

it is

not generally known, I will in-

briefly.

Let there be placed at a certain distance from a screen of
white paper, a candle so arranged as to throw the shadow of
a ruler, or other opake body, on the screen. If a second candle be placed also in front of the paper and nearer than the
former, there is a certain distance at which its light completely
This distance is readily
obliterates all traces of the shadow.
for the disappearance of the shadow can be determined
found
with considerable exactness. When the lights are equal,
Bouguer found that the relative distances were as 1 8 ; he
inferred therefore, correctly, that in the case of his eye, the
effect of a given light was imperceptible when it was in preThe precise
sence of another sixty-four times as intense.
number differs according to the sensibility of different eyes,
but for the same organ it is constant.
Upon a paper screen I threw the shadow of a piece of copper, which intercepted the rays of the incandescent platinum
then taking an Argand lamp, surrounded by a cylindrical
metal shade through an aperture in which the light passed,
and the flame of which I had found by previous trial would
continue for an hour almost of the same intensity, I approached
it to the paper until the shadow cast by the copper disappeared.
The distance at which this took place was then measured, and
the temperature of the platinum determined.
The temperature of the platinum was now raised the shadow became more intense, and it was necessary to bring the
Argand lamp nearer before it was effaced. When this took
place the distance of the lamp was again measured, and the
temperature of the platinum again determined.
In this manner I obtained several series of results, one of
which is given in the following table. They exhibited a more
perfect accordance among each other than I had anticipated.
;

:

:

;

Table of the Intensity of Light emitted by Platinum
ent Temperatures.
Temperature

ol

the platinum.

at differ-
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of course inversely proportional to the square of the distance of the Argand lamp at the moment of the obliteration of the shadow.
In this table the first column gives the temperatures under
examination in Fahrenheit degrees; the second and third the
distances of the Argand lamp from the screen, in English inches, in two different sets of experiments
the fourth the mean
of the two; and the fifth the corresponding intensity of the
is

;

light.

From this it is at once perceived, that the increases in the
intensity of the light, though slow at first, become very rapid
as the temperature rises.
At 2590^ the brilliancy is more than
thirty-six times as great as

it is

at

1

900°.

Thus, therefore, the theoretical anticipation which we
founded on the analogy of light and heat is completely verified
and we discover that as the temperature of a self-luminous solid rises, it emits light in a greater proportion than
would correspond to the mere difference of temperature. To
place that analogy in a still more striking point of view, I will
here introduce some experiments I have made in relation to
;

No chemist, so far as I am aware, has hitherto
published results for high temperatures, or endeavoured to
establish, through an extensive scale, the principle of Delaroche, that " the quantity of heat which a hot body gives off
in a given time by way of radiation to a cold body, situated
at a distance, increases, other things being equal, in a progression more rapid than the excess of the temperature of the first
above that of the second."
As my object on the present occasion is chiefly to illustrate
the remarkable analogy between light and heat, the experiments now to be related were arranged so as to resemble the
foregoing that is to say, as in determining the intensities of
light emitted by a shining body at different temperatures, I
had received the rays upon a screen placed at an invariable
distance, and then determined their value by j)hotometric
methods; so, in this case, I received the rays of heat upon a
screen placed at an invariable distance, and determined their
intensity by therniometric methods. In this instance the screen
employed was in fact the blackened surface of the thermoelectric pile.
It was placed at a distance of about one inch
from the slip of incandescent platinum, a distance sufficient to
keep it from any disturbance from the stream of hot air arising
from the metal care also was taken that the multiplier itself
was placed so far from the rest of the apparatus, that its
astatic needles could not be affected by the voltaic current
2 B 2
radiant heat.

;

;
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igniting the platinum, or the electro-magnetic action of the

wires used to modify the degrees of heat.
The needles
The experiments were conducted as follows
of the thermo-multiplier standing at the zero of their scale,
the voltaic current was passed through the platinum, which
immediately rose to the corresponding temperature, and raThe instant the current
diated its heat to the face of the pile.
passed, the needles of the multiplier moved, and kept steadily
advancing upon the scale. At the close of one minute, the
deviation of the needle and the temperature of the platinum
were simultaneously noted, and then the voltaic current was
:

—

stopped.

was now given for the needle of the multiThis time varied in the different
to zero.
cases, according to the intensity of the heat to which the pile
had been exposed in no instance, however, did it exceed
A little consix minutes, and in most cases was much less.
Sufficient time

plier to

come back

:

show that the usual artifice employed to drive
the needles back to zero, by warming the opposite face of the
pile, was not admissible in these experiments.
The needles having regained their zero, the platinum was
brought again to a given temperature, and the experiment
conducted as before. The following table exhibits a series of
these results.
sideration will

Table of the Intensity of Radiant Heat emitted by Platinum
at different Temperatures.

Prof.

Draper

oJi tJic

prodiiclioii

of Light by Heat.

357

platinum in Fahrenheit degrees the second and third two
sets of experiments, expressing the arc passed over by the
needle at the close of a radiation lasting for one minute, eacii
number being the mean of several successive trials; and the
It therefore gives the radiant
fourth the mean of the two.
effect of the incandescent platinum upon the thermo-multiplier
for the different temperatures.
Of course it is understood that I here take the angular deviations of the needle as expressing the force of the thermoelectric current, or in other words, as being proportional to
the temperatures. This hypothesis, it is known, is admissible.
It therefore appears that the quantity of heat radiated by
incandescent platinum at 980° being taken as unity, it will
have increased at 1440° to 25 at 1900° to 7 8 and at 2360°
to 17'8, nearly: the rate of increase is therefore very rapid.
Further, it may be remarked, as illustrative of the same fact,
;

;

;

by a mass of plapassing from 1000° to 1300°, is nearly equal to the
amount it gives out in passing from common temperatures up
to 1000°.
I cannot here express myself with too much emphasis on
the remarkable analogy between light and heat which these
experiments reveal.
The march of the phaenomena in all
The rapid
their leading points is the same in both cases.
increase of effect as the temperature rises is common to both.
It is not to be forgotten, however, that in the case of light
we necessarily measure its effects by an apparatus which posThe eye is insensible to rays
sesses special peculiarities.
which are not comprehended within certain limits of refrangibility.
In these experiments, it is requisite to raise the temperature of the platinum almost to 1000° before we can discover the first traces of light.
Measures obtained under such
circumstances are dependent on the physiological action of
the visual organ itself, and hence their analogy with those obtained by the thermometer becomes more striking, because
we should scarcely have anticipated that it could be so comthat the increased quantity of heat radiated

tinum

in

plete.

Description of the apparatus employed in the foregoing
experiments.

The

source of light is in all instances a slip of platinum
1"35 inch long, and ..'j^th of an inch broad, ignited by the
passage of a voltaic current, and j)laced in such a position

foil

its dilatation could be measured by the movements of an
index over a graduated scale.

that
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a i represents the

slip of platinum, the upper end
soldered to a stout and short copper pin a, firmly
sunk in a block of wood c, which is immoveably fastened on
the basis d d of the instrument.
cavity e, half an inch in
diameter, is sunk in the block c, and into this cavity the pin
a projects; so that when the cavity is filled with mercury,
a voltaic current may be passed through the pin and down
the platinum.
fifT.

of which

7,

is

A

Fig. 7.

The

other extremity of the platinum h is fastened to a debf which plays on an axis at ^^j the axis working
Immediately beneath
in brass holes supported on a block Jt.
the platinum strip, and in metallic communication with it, a
on
straight copper wire dips down into the mercury cup m
this wire there is a metal ball 71, weighing about 100 grains.
The further end of the index plays over a graduated ivory
scale p JK which is supported on a block §-, and can be moved
a little up and down, so as to bring its zero to coincide with
the index at common temperatures.
The action of the instrument is readily understood. In the
mercury cup e dip one of the wires N of a Grove's battery of
three or four pairs, the other wire P being dipped into the
cup m. The current passes through the platinum, which imThe
mediately expands, the weight n lightly stretching it.
index/ moves promptly over the scale, indicating the amount
Remove the
of expansion, and therefore the degree of heat.
wire N out of its mercury cup c^ the platinum instantly becomes cold, and pulls the lever to the zero point.
When the platinum is thin, so as to be quite flexible at the
licate lever

;
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fastened to the index, the movements take
vvitli such promptitude and precision as to leave nothing
When the heat has been very high and long
to be desired.
continued, the limit of elasticity of the platinum is somewhat overpassed, and it suffers a slight permanent extension.
But as the ivory scale p p can slide up and down a little, the

point
phice

b,

index

is

it is

readily re-adjusted to the zero point.

The

temperature of the platinum depends entirely on the
force^of the current passed through it.
By intervening coils
of brass wire of lengths adjusted beforehand, so as to resist
the current to a given extent, any desired temperature may
be reached. I found it convenient to intervene in the course
of the current one of Prof. Wheatstone's rheostats, so as to
be able to bring the index with precision to any degree, notwithstanding slight changes in the force of the voltaic battery.

The following are the dimensions and measures of the instrument I have used:
Length of the platinum strip, 1*35
inch; length of the part actually ignited, 1"14 inch; width of
ditto, j'^th of an inch
length of the index from its centre of
motion to the scale, 7'19 inches; distance of the centre of
motion of index from the insertion of the platinum at the point
b, -22 incli
multiplying effect of the index, 32'68 times;
length of each division on the ivory scale, '021 inch.
From
this it would appear, by a simple calculation, using the coefficient of dilatation of platinum given by Dulong and Petit,
that each of the divisions here used is equal to 114'5 Fahrenheit degrees.
For the sake of perspicuity 1 have generally
taken them at 115^.
The Grove's battery I have employed has platinum plates
tlu'ee inches long and three quarters wide
the zinc cylinders
are two inches and a half in diameter, three high, and onethird thick.
As used in these experiments, it could maintain
a current nearly uniform for an hour.
I commonly employed

—

;

;

;

four pairs.

Among

writers on optics, it has been a desideratum to oban artificial light of standard brilliancy. The preceding
experiments furnish an easy means of supplying that want,
and give us what might be termed a " unit-lamp." A surface of platinum of standard dimensions, raised to a standard
temperature by a voltaic ciuMcnt, will ;dways emit a constant
light.
A strip of that metal, one inch long and „',jth of an
inch wide, connccteil with u lever by wiiich its expansion
tain

S60 On the Acid contained

in the

North American Columhite.

might be measured, would yield at 2000° a light suitable for
most purposes. Moreover, it would be very easy to form
from it an available photometer, by screening portions of the
An ingenious artist would have very little
shining surface.
difficulty, by taking advantage of the movements of the lever,
in making a self-acting apparatus, in which the platinum
should be maintained at a uniform temperature, notwithstanding any change taking place in the voltaic current.

New York,
Feb. 27, 1847.

*

University,

LV. On

the

Acid contained in the North American Columbite.
By Henry Rose*.

nPHE columbite

of North America has the same crystalline

-^

form as that from Bodenmais in Bavaria, but is distinguished from it in general by a far lower specific gravity
however, we find the same difference in the specific gravity of

American mineral as occurs in the different crystals of the
Bodenmais columbite. The lightest crystals from the last
locality have the same specific gravity (5"704') as the heaviest
crystals from North America (5"708).
1 have already communicated two analyses of North American columbites, of one of which however it was doubtful
whether it came from America. The following analysis of
American columbite was made by M. Grewink in my labora-

the

tory;

it

yielded,

Acid
Protoxide of iron
Protoxide of manganese
Oxide of tin
Oxide of copper and lead

....

80-06
12'59
5*97

096
.

.

.

O***

100'02
gravity in fragments was 5'323; in powder, 5 "3202.
This columbite comes nearest in composition and also in
specific gravity to that examined by M. Schlieper.
I have on a former occasion shown that the different specific
"ravity of the crystals of the Bavarian columbite was owing
to the different proportions of niobic and pelopic acids which
The specific gravity of
are found in the different crystals.
these two acids is widely different, but unequally so, according
to the temperatures to which they have been exposed previous

The specific

to weighing.

Owing

to

want of material,

I

found

it

impossible to

* Translated from Poggendorff's Annalen,

make a
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thorough examination of the two acids which are contained
in the North American columbite: I very soon ascertained,
after the discovery of niobic acid, that this was the principal
acid constituent in the American columbite, but I could not
determine whether it was mixed with pelopic or with tantalic
acid; I therefore addressed myself to Mr. B. SilHman of Newhaven, who with the greatest readiness procured me a very
considerable quantity (half a pound) of this now very rare
mineral.
large quantity of this columbite was used for the preparation of the acid.
When treated in the same manner as that
from the Bavarian columbite, it proved to consist principally
of niobic acid combined with pelopic acid; but the amount of
the latter was far smaller than in the Bodenmais mineral, so
that I do not think it would have been possible for me to have
examined the properties of pelopic acid so completely as was
necessary in order to recognise it as an essentially distinct acid
from tantalic acid, if I had had only the American mineral atmy

A

disposal.

But both the acids were so perfectly identical in all
two acids prepared from the Boden-

their properties with the

mais mineral, that I did not find the
regards the specific gravity.

least diiference,

even as

As the specific gravity of pelopic acid is considerably higher
than that of niobic acid, when the two are heated in the same
manner, the higher specific gravity of the Bavarian columbite
is thus satisfactorily explained.
I have moreover found small quantities of tungstic acid in
the acids from the American columbite, as well as in those
from the Bodenmais mineral.

Abstract of Meteorological Observations made during the
year 1846 at Gongo Soco, i?i the interior of Brazil. By
William Joky Henwood, F.li.S., F.G.S., Member of the
Geological Societi/ of France, Chief Commissioner of the
Gold Mines of Gongo Soco, Catta Preta, and Antonio

LVI.

Pereira,

Src.

4c.

HAVE

nothing to add to vv])at has been already saidf
respecting the locality and the positions of the instruhave again to thank Captains Blaney, Luke and
ments,
I
Guy, for the continuation of their midnight observations, as
well as for a second series, made at 3 a.m.

I

*
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III.

3 A.M.

— Mean temperature of each of nine hours.
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The coldest day was the 28th of July, when the mean of
the twenty-four hours was 49°.
The hottest was the 1st of
November, which averaged

My

75°'9.

hygrometrical observations are but

iev!,

yet they

not be entirely worthless.

Table V.
Dale.

Oct.

Nov.

*,

Temp, of air— shade. Dew-point.

Remarks.

may

[
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Luminous Rays on the Hypothesis of

-^

Undulations. By the Rev. J. Challis. JM.A., Plumian
1846,
Professor of Astronomy and Experimental Philosophy in the Univergity of Cambridge.
In this communication, the aether, which is supposed to be the
medium of the transmission of light, is regarded as a continuous fluid
substance, such that small increments of its pressure are proportional
to small increments of density, and is treated mathematically accord-

The author shows, by means of
ing to hydrodynamical principles.
the usual hydrodynamical equations, and by an additional equation
of continuity, the existence and necessity of which he has considered
in the Cambridge Philosophical Transactions (vol. vii. part iii. pp.
385 and 386), that a given slender cyUndrical portion of the fluid
may continue in motion without tendency to lateral spreading, while
It is shown,
1, that the motion in
all other parts remain at rest.
this filament of fluid may be propagated with a uniform velocity
2, that in one straight line, which may be called its axis, the motion
is entirely longitudinal
3, that at all other points the motion is
4, that the motion is
partly longitudinal and partly transversal
vibratory, the vibrations both longitudinal and transversal following
the law of sines
5, that the condensation (s) in any transverse plane,
at a point whose co-ordinates in that plane reckoned from the axis

—

;

;

;

are x and y,

is

given by the equation

g being a certain constant. It follows that the condensation in any
transverse plane, being determined by a partial diff'erential equation,
is arbitrary, and by consequence that the transverse velocity varies
at a given time from point to point of any transverse plane in an
To obtain the foregoing equation, it is assumed
arbitrary manner.
that the condensation at any point of a transverse plane, has to the
condensation at the intersection of the plane with the axis, a ratio
not variable with the time.
Each fluid filament in vibration is supposed in this theory to correspond to a ray of light. The vibrations in diff'erent fluid filaments
may co-exist, and consequently rays be propagated in the same direcA ray of common light has the
tion independently of each other.
condensation symmetrically arranged about the axis.
May 25, 184G.— A Theory of the Polarization of Light on the
Hypothesis of Undulations. By the same Author.
This paper is a continuation of the foregoing. A ray in which
the condensation is not arranged symmetrically about the axis is
Polarization in this theory corresponds
considered to l)e polarized.
to difference of condensation in different directions transverse to the
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axis of the ray.
The sensation of light is due to the transverse vibrations.
By assuming that the bifurcation of a ray takes place so
that the transverse velocity at each point is resolved into two velocities
at right angles to each other,

and that these are respectively the
two parts into which the

velocities at the corresponding points of the

ray

is

divided, Professor Challis finds,

one of common

light, the

two parts

—

1,

that

if

the original ray be

are symmetrical about planes at

right angles to each other passing thi-ough the axis, and are each of
half the intensity of the original ray
2, that if the original ray has
been once polarized, the ratio of the two parts is equal to the square
of the tangent of the angle which the plane of the second polariza;

makes with that of the

whether the original ray
two parts, on pursuing
the same path, form a compound ray the intensity of which is independent of the difl^erence of phase. According to this theory,
elliptically or circularly polarized light is produced whenever a ray
of first polarization is divided into two parts which subsequently
pursue the same path in different phases.
If the parts be made to
meet in the same phase, they constitute the original polarized ray.
tion

be one of

common

first

;

3, that

light or a polarized ray, the

Hence is explained the necessity of the analysing plate for the production of colours by polarized rays transmitted through thin pieces
of uniaxal or biaxal crystals. The compound rays, if received directly
by the eye on leaving the crystal, would be of the same intensity
whatever be the difference of phase. But when they fall on the
plate, those incident in the same phase, being equivalent to rays of
first polarization, are incapable of reflexion, while the remainder,
which are incident in the form of elliptically or circularly polarized
light, are reflected in diff"erent degrees of intensity according to the
diflference of phase.
The author states that he has extended this
theory to the phsenomena of double refraction.
On a Change in the State of Vision of an Eye aff'ected with a
mal-formation.
Twentyyears ago, the author communicated to the Society a statement of the eff"ects of a mal-formation in his left eye. The rays of
light coming from a luminous point, and falling on the whole surface
of the pupil, do not converge to a point at any position within the
eye, but converge so as to pass through two lines at right angles to
each other, and, in the ordinary position of the head, inclined to the
vertical, as formerly described (Transactions of the Society, vol. ii.).
As the luminous i)oint is moved further from or nearer to the eye,
the image of the point becomes a straight line in one or other of the
positions above-mentioned.
Since 1 825 the inclinations of the two
focal lines to the vertical, their lengthy and their sharpness do not
appear to have undergone any sensible change, but the distances at
which the luminous point must be placed to bring the focal lines reqiectively exactly upon the retina are increased, having been formerly
3*5 and 6 inches, and being now 4"7 and 8*9 inches.
I'hus while
the shortsightedness of the eye is diminished the astigmatism remains
the same,
" On the Geometrical Representation of the roots of Algebraic
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Equations." By the Rev. H. Goodwin, late Fellow of Caius ColSociety.
lege, and Fellow of the Cambridge Philosophical
The changes of value of any function of x, f {x), may be very
represented, by tracing
clearly, and for some purposes very usefully
and the positive and
the curve defined by the equation z=f {x)
from
negative roots of the equation / (.r)=0_will be the distances
;

the origin at which the curve cuts the axis of x.
representation
In this memoir a similar method is apphed to the
not only
of the changes of value of a function of {x), corresponding

bu^lso to values of
make z=f {x+y V — 0' ^"^ restrict
to real values of x,

the form

the equation separates itself into two, which,
represented symbolically by

and

= sin

/

y

4", )

x+y

\/

—\.

If

ourselves to real values of
it is

we
z,

shown, may be

/ ('^)'

interand these will correspond to a curve of double curvature, the
the distance
sections of which with the plane of xy will determine by
of the equation
of those points from the origin the imaginary roots

The properties of this curVg ^^re fully ^jscussed for the case of/ {x)
+Pn, where ;>, p^
being equivalent to .t"+;j, Xn.l\-{-Pi Xn-2+
•

.

.

.

1

.

pn

are real

The

;

and the following

ordinate of the curve admits of no

value.

•

•

•

results are obtained.

maximum

minimum

or
.

asympoff into infinite branches, which lie in
inchned to each other, and which tend alternately to positive and negative infinity.
2.

The curve goes

totic planes equally

3.

Any

points
plane parallel to the plane of xy cuts the curve in n

and no more.

From this last result the existence of n roots and no more tor an
equation of n dimensions is the immediate result.
view of the
Several well-known theorems are deduced from this
subject, and are given as illustrations.
The actual curves are traced, corresponding to the various cases
equations, and to
of the quadratic, the cubic, and the biquadratic

—

1=0.
the equation .r"
the results
In the conclusion of the memoir it is remarked that
of algebraic
obtained are not exclusively applicable to the case
oif{x)-sm x.
equations, and the methods are applied to the case
not
The author trusts that the contents of this memoir, though
usctul as
adding to the number of known theorems, may yet be
a method ot
putting the subject in a new light, and as furiushuig
equations more
demonstrating the existence of the roots of algebraic
simple and direct than any other which he has seen.

[
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ELECTRICAL EXPERIMENTS.

HENRY, of Princeton, communicated to the American
Philosophical Society the result of a series of experiments on
electricity made last winter.
They had reference, first, to the discharge of electricity through a long wire, connected with the earth
at the farther end; secondly, to the discharge of a jar through a
wire and thirdly, to an attempt to account for the phaenomena of
dynamic induction.
Prof. Henry first showed, that when a charge of electricity is
given to one end of a wire, the diflTerent parts of the wire become
charged successively, as though a wave of electricity passed along it.
He then showed that the charge passed along the surface of the
wire, and not through its whole mass, as was supposed from the
analogy of galvanic conduction. Hence he inferred that dynamical
electricity obeys the same laws as the statical.
He then detailed
some experiments upon the passage of electricity through plates, and
showed that when a charge was transmitted across a plate, the tension was greatest at the edges, the electricity apparently exercising a
self-repelling action, while, if the charge were passed through two
pieces of tinfoil, these slips attract each other.
Prof. Henry believes that it may be justly inferred, from these experiments, that the attraction is due to ponderable matter, while the
repulsion is due to electricity thus showing that electricity is a separate principle, and not a mere property of matter.
TJl^OF.
-^

;

;

Henry next passed to the subject of the discharge of a jar.
was necessary, in his experiments, to get rid of the free electricity
arising from the thickness of the glass, and it occurred to him that
this might be done by removing the knob, and making the coating
upon the inside of less area than that upon the outside. With this
arrangement, when the discharge was made through a long wire, and
Prof.

It

a test jar brought near

during discharge, a bright spark passed but
to a delicate electrometer, it gave no indications of free electricity.
Reflecting upon this, and upon an experiment of Prof. Wheatstone, he was led to believe that the jar is discharged by two waves, a negative and a positive one, starting simultaneously from the two ends of the wire.
To prove this, he broke
the wire, and interposed a jjane of glass dusted with red lead and
sulphur two figures of positive and negative electricity were produced.
He made several other experiments tending to prove this
same fact. He showed how these experiments serve to explain that
of Dr. Priestley, where a spark was found to pass between the ends
of a long bent wire, the ends being brought within a few inches of
each other.
He next passed to the connexion between statical and dynamical
induction.
Statical induction has heretofore only been observed at
short distances. Prof. Henry's first experiment proved that it could be
observed at the distance of nineteen feet, the floor of a chamber intervening, showing that statical induction takes place at great distances.
it

upon approaching the jar

;

;
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He then exat so great distances as the dynamical.
When a
plained his views of the nature of dynamical induction.
spark is thrown upon a wire, it passes in a wave, whose length might
be determined if we knew the velocity of electricity now, if we have
another parallel wire, a negative wave will be formed in this, and the
though not

;

travel simultaneously in the same direction.
But this
In
equivalent to a positive induced wave In the opposite direction.
this way the pha?nomena accompanying the discharge of a jar are
easily explained.
Again, if we conceive that in a galvanic battery
the discharge consists of a series of such waves, we may very simply
explain the phaenomena of galvanic induction.

two waves will

is

ON THE EXAMINATION OF THE ASHES OF ORGANIC BODIES.
BY H. ROSE.
Considerable attention has recently been paid to the analysis of
the ashes of plants and animal substances.
now possess a very
large number of quantitative analyses of different ashes, which may
considerably enlarge our knowledge of the chemical composition
Frequently,
of the inorganic constituents of organic substances.
however, very incorrect conclusions are liable to he drawn I'rom the
results of these analyses, as they have hitherto been made, with
This observation
respect to the constituents in tlie organic body.
struck me on perusing M. Enderlin's paper*, who found in the ashes

We

of tiie blood only phosphate of soda (3NaO + P-0''), phosphate of
lime and magnesia, peroxide of iron and perphosphatc of iron, sulphate of soda, sulphate of lime, cldoride of sodium and potassium,
but no alkaline carbonates. From the results found he asserted the
total absence of carbonated alkalies and of alkaline salts with organic
acids in the blood.
It is evident, however, that tliese conclusions
may be erroneous, in so far as at a high temperature tlie ordinary
-|- P-0*) is capable of expelling
phospiiate of soda (2NaO
the carbonic acid from the carbonate of soda and forming basic
phosphate of soda.
This observation, respecting the conclusions which M. Enderlin
has drawn from his investigations, has already been made by several
Berzelius, in
persons. Marcliand f has attempted to refute Enderlin
Ids niost recent report, likewise draws attention to the subject; and
Golding Rirdt has prepared the basic phosphate of soda (.'iNaO
4- P- ()') by heating the ordinary phosphate of soda ('2NaO
-f P- O') to redness with acetate of soda.
I have also examined the ashes of the blood (ox-blood), but have
The
obtained very different results from those of ]\I. Enderlin.
exposed the blood in a
I
])roccss I adopted was the following:
covered platinum crucible to a very faint red iieat, extracted the
cold mass with water, and evaporated t!ie colourless licjuid to dryness; it consisted of alkaline cidoridcs and carbonates, with very
minute quantities of alkaline sulphates and phosphates. 'I'he charred

+ HO

;

+ HO

—

* Chcm. Gaz., vol. ill. p. 230.
X I'liil. Mag., vol. xxvi. p. 0;52.

Phil.
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S. 3. Vol. 30.

No. 202.

f
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Ibid, vol. iv. p. 209.
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mass, extracted with water, was now treated with hydrochloric acid ;
the filtered solution did not yield with ammonia a very considerable
precipitate, which, although it looked almost like pure hydrated
oxide of iron, contained some phosphoric acid as well as lime and
magnesia. In the filtered solution, I obtained with oxalate of ammonia a pretty considerable precipitate of oxalate of lime, proving
the presence of carbonate of lime in the charred blood and in the
The
liquid separated there was also a small quantity of magnesia.
cinder, after treatment witii Mater and hydrochloric acid, yielded a
very considerable quantity of a red-coloured ash on being burnt in
an atmosphere of oxygen. It was in a semifused state, and contained
peroxide of iron (which formed the chief part), earthy and alkaline
phosphates*.
If the fixed constituents in plants are examined according to the
above process, totally different results are frequently obtained to those
yielded by the ash analyses which have been published up to this time.
The ashes of peas have been examined by Fresenius and Will, Bichon,
Thon and Boussingault ; none of them enumerate carbonic acid
afnong the constituents. From the investigations which have been
made by Drs. Gibbs and Bromeis in my laboratory, the amount of
carbonic acid in the salts which are extracted froni the charred peas
by water amounts to somewhat more than 27 per cent. Evidently,
in the former method of reducing to ash, the carbonic acid has been
entirely expelled. Phosphoric acid is only present in small quantity
in the aqueous extract of charred ]3eas. When the charred peas are
subsequently treated with hydrochloric acid, a solution is obtained
which contains a moderate quantity of earthy phosphates. If tlie
charred peas are now perfectly reduced to ash in an atmosphere of
oxygen, a very considerable quantity of ash is obtained, which consists principally of earthy and alkaline phosphates.
That the n.elhod of preparing the ash of organic substances has considerable influence upon the composition of the ash has already been
noticed by several chemists, especially by Erdmannf who showed
that acid phosphates, which yielded wliitc precipitates with nitrate
of silver by ignition with carbon, lost a considerable portion of the
phosphoric acid, and then produced a yellow j^recipitate in the solution of silver; he observed further, that chlorine and sulphuric acid
might be contained in very different quantities in the ashes, according
to the mode of preparing them ; and that in the ashes of many seeds
not a trace of chlorine had been found, while the aqueous extract of
the seed contains very perceptible quantities of chloride of sodium.
Mitscherlich J has likewise drawn attention to several circumstances,
by which, in incinerating organic substances, the ashes are frequently
decomposed and vendered impure.
The mode of determining the fixed constituents of an organic
substance, as above described, appears to me more advantageous
;

,

* After these obsei-vations had been penned, I observed that Lehmann had
proved the presence of alkaline carbonate in the blood by a different method.
See Chem. Caz., vol. v. p. 133.
% Ibid, vol. iv. p. 69.
t Chem. Gaz., vol. iv. p. 230.
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and far more rational than the methods usually eniploj'ed. It may
be objected to it, that it takes more time but not only are far more
correct results obtained by it, but it is also capable of answering
several questions as to how or in what combinations the constituents
found in the ash were contained in the organic substance. According
to the method which I propose, the organic substance is charred at
a very faint red heat, so that the water with which it is extracted is
;

not coloured yellowish or brownish.

At

this temperatui'e,

which,

owing to the volatilization of so many substances, is much lower thau
would appear, no alkaline chlorides are volatilized, nor can clilorine
be expelled from them in the form of hydrochloric acid by acid
phosphates.
The alkaline and earthy phosphates are not able to
expel the carbonic acid from the alkaline carbonates, either contained
in the organic substance or formed by the charring
nor can phosphoric acid be eliminated from its combinations by silica, reduced
by carbon, and volatilized in the form of phosphorus. The charring
;

is effected either in a spacious covered platinum crucible over
a
spirit-lamp, or, with larger quantities of the organic substances, in a
spacious covered Hessian crucible, especially if they do not fuse.

When

there is jio longer much empyreumatic odour perceptible, the
heating is discontinued, the cold mass left for some time in contact
with water, and the solution of the soluble salts furthered by heating;
the edulcoration requires considerable time and nmch hot water ; but
if the highest degree of accuracy is not desired, the edulcoration
may be discontinued when several drops of the wash-water leave a
scarcely perceptible residue on evaporation upon a slip of platinum
;
this point is very soon attained.
The aqueous extract contains the alkaline salts. The alkaline
chlorides were contained as such in the organic substance previous
to the charring, as well as at least a part of the alkaline sulphates and
phosphates. If, as in most cases, carbonated alkali is found in the
aqueous extract of the charred mass, it either pre-existed in the
organic substance, or the alkali in it was combined with an organic
acid or some other organic body, which acted the part of an acid
towards the alkali. If the organic substance contain sulphate of
lime, this, when carbonated alkalies are present in sufficient quantity
in the charred mass, is converted, on treating the latter with water,
into carbonate of lime and alkaline sulphate.
In the same way,
when phosphate of lime is present, a cei'tain quantity of alkaline
phosphates is formed from it in the aqueous extract by the alkaline carbonates.
Carbonated alkali and phosphate of lime are not
perfectly decomposed even by fusion at very high temperatures.
The decomposition in presence of much water is likewise imperfect,
and the more alkaline phosphate is obtained in the aqueous extract,
the more concentrated the solution, the more carbonated alkali
it contains, and the longer the charred mass has
been digested at
an elevated t(!mporature.
Alkaline sulphates and phosphates will
however be found in far smaller quantities in the aqueous extract of
the charred mass than was to be exijccted from the ash analyses that
have been hitherto published. Frequentlv the two, and especially

2
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Avhen too high a temperature has been
tiiis however it is evident that the
nature of the salts in the aqueous extract may vary somewhat, according to the temperature employed and the longer or shorter
When the charring is effected at
digestion of the mass with water.
too high a temperature, tlie greater portion of the carbonated alkalies are decomposed by the earthy phosphates.
The accurate examination of the salts in the aqueous extract is
One circumstance
not accompanied with any great difficulties.
however renders it somewhat less easy ; carbonate and phosphate of
lime and magnesia frequently dissolve to a considerable extent in
neutral solutions of alkaline salts, particularly of alkaline carbonates
and phosphates in the course of time tiiey are deposited from the
When therefore
solutions, especially after the application of heat.
the aqueous extract is eva]>orated, it frequently becomes somewhat
turbid, and deposits small quantities of earthy salts. It should consequently be evaporated nearly to dryness, diluted with water, and
the solution set aside for some time; v.'hen the earthy salts have
subsided, it is filtered, the filtered solution evaporated to dryness,
and its weight determined. When there is no alkaline phospliate or
sulphate present, the examination is very easy.
The quantity of
carbonic acid is determined in a suitable apparatus by decomposition
with nitric acid and upon this that of die chlorine by a solution of
silver ; upon which, after removing the oxide of silver by hydrochloric acid and concentrating the liquid, the potash may be separated from the soda by chloride of platinum. With tiie presence of
alkaline sulphate or phosphate, it is advisable to divide the quantity
of the alkaline salts, and in the one half to determine the quantity
of the chlorine and the alkalies, and in tlie other that of the carbonic
acid by decomposition with hydrochloric acid tiiat of tlie sulphuric
acid by a salt of barytcs and after removing the baryta by means
of sulphuric acid, and supersaturating with ammonia, to ascertain the
quantity of phosphoric acid by means of a solution of a salt of magnesia to which cliloride of ammonium has been added.
The charred mass, exhausted with water, is now digested with hot
hydrochloric acid for some length of time, and tiieii wasiied with
water.
This operation requires considerably more time and water
than in the treatment of the charred mass with water; and if the
washing were to be continued until some drops of the filtered liquid
no longer produced any opalescence in a solution of silver, an enormous length of time, several months, would be required, especially
in operating upon large quantities.
The edulcoration therefore is
only continued until a considerable quantity of the wash-water does
not exhibit a traee of precipitate when treated with ammonia; it
will then also be seen that a large quantity of the wash water, when
evaporated upon platinum, no longer leaves any perceptible residue:
this does not require mucli time, especially when hot M'ater is used.
The acid solution contains the earthy phosphates which existed
as such in the organic substance and the peroxide of iron.
It is
precipitated by ammonia, and after having determined the weight

the

latter,

employed

are present

oiilj-

in the charring.

From

;

;

;

;
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of the precipitate, the bases are separated from the piiosphoric acid.
I shall subsequently describe in these pages a method by which this
may be accomplished without any difficulty. On separating the
earthy phosphates by means of ammonia, a small quantity remains
dissolved in the filtered liquid, owing to the presence of chloride of
ammonium consequently upon adding oxalate of ammonia, a precipitate of oxalate of lime is obtained, but its quantity is usually
larger than corresponds to the phosphate of lime dissolved by the
chloride of ammonium ; consequently a portion of the lime existed
as carbonate of lime in the charred mass, or was formed by the decomposition of the sulphate and phosphate of lime by the alkaline
The liquid filtered from the oxalate of lime indicates,
carbonates.
on the addition of a solution of phosphate of soda, the presence of
some magnesia. The insoluble earthy salts which separated from the
aqueous extract may be examined conjointly with those in the acid
;

extract.

With respect to the charred mass, which has been exhausted with
water and hydrochloric acid, it would be imagined that it could contain only silica or silicates undecomposable by dilute hydrochloric
acid
but it yields a very large amount of ash on complete combustion, even when the organic substances contain no silica or mere
;

traces.

combustion of the cinder in hard
which the mass was heated to redness while a current
of oxygen was passed over it this plan however has its inconveniences.
If the quantity of organic substance employed is moderately large, so much cinder is obtained, that a glass tube, even of
large diameter, M'ould require to be filled with it several times to
burn it entirely; moreover, the tube is very much acted upon, and
rarely stands a second heating.
The combustion is in most cases
very imperfect, and requires much time if but a slow current of
oxygen be passed a rapid current is requisite for the combustion
I formerly effected the perfect

glass tubes, in

;

;

but then a considerable quantity of ash may readily
be carried away, especially if it is of a very light nature this, it is
true, may be partially prevented by passing the gas on its exit
through a stratum of Mater, by varying the height of which a different pressure may be obtained; but this does not entirely prevent
the removal of the ash, and if liie pressure is too great, the glass
tube is liable to bulge when strongly heated*. But the greatest
disadvantage attending the use of glass tubes is, that it is impossible
to collect tiie ashes so as to determine their weight accuratel}'. Frequently the ash has undergone sligVt fusion it can then only be
imperfectly separated from the glass by mechanical means or the
use of solvents.
The use of thin platinum or silver foil, which is
introduced into the glass tube previous to the coal being placed in
it, does not entirely remove these serious disadvantages, and gives
rise to others. I therefore employ for the combustion of the charred
mass a different method, with the results of which I am perfectly

to succeed well

;

;

;

*

The water employed

charcoal

is

for this purpose contains cyanogen compounds
derived from nitrogenous bodies.

when the
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For some time past I have no longer employed bulb
reductions by means of hydrogen gas, but place the sub-

tubes in
stance to be reduced in a platinum or porcelain crucible, provided
with a platinum lid, which is perforated in the centre, into which
passes a curved silver tube about 8 inches long, through which the
During ignition the
dried hydrogen is conveyed into the crucible.
Ebelmen* has recently
gas escapes between the lid and crucible.
employed a similar apparatus for the reduction of the sesquioxide of
manganese to the state of protoxide. This apparatus can be used
with considerable advantage for burning the charred mass. The
crucible is half-filled with the substance, and heated over a spiritlamp, while a current of oxygen is passed into it with proper care
not a particle of ash is carried away, and the combustion proceeds
very rapidly a further quantity of the substance is conveyed from
time to time into the crucible. By this means the ash obtained may
be weighed with such accuracy as would not be easily accomplished
in any other waj'.
When the combustion is efi'ected in a platinum crucible, this is
sometimes acted upon a silver crucible is liable to partial fusion
from the heat during the combustion it is therefore advisable to
employ a porcelain crucible, which is acted upon far less than glass
and if very thin and somewhat transparent, the progress of the combustion may be distinctly observed by the incandescence.
The weight of the ash obtained, added to that of the evaporated
aqueous extract of the charred mass and to that of the insoluble
earthy salts dissolved by the hydrochloric acid, gives the correct
quantity of fixed constituents in the organic substance employed.
The ash obtained, especially when derived from vegetable substances, consists of the same constituents as were found in the aqueous
and acid extracts if alkalies were present in them, we likewise find
them in the ash of the exhausted charred substance otherwise it
consists principally of earthy phosphates. I have already mentioned
that nearly the whole of the iron of the blood is met with in this
ash. Only about the tenth part of it is found in the acid extract of
the charred mass, and indeed the less the more carefully the charring
was effected with exclusion of the air. When the organic substance
contains no silica, various views may be entertained respecting the
origin of the ash from the charred mass which has been exhausted
with water and acid. The most probable is perhaps to derive it
from an imperfect exhaustion with the two solvents. When an
organic substance is destroyed by heat, the charcoal formed may
contain such cavities tliat the inorganic salts surrounded by them
The globules of the
are protected from the action of tlie solvents.
blood, those of yeast, the cells of plants, form perhaps after charring
extremely minute vesicles, with such small apertures that no liquid
can penetrate into them. That the vessels of wood are capable of
forming extremely tliin filaments with minute apertures by charring
The charred mass of
is known from the investigations of Degcnf.
an organic substance (yeast), alter it had been most carefully ex;

;

;

;

;

;

* Clicui. Gaz., vol.

i.

p.

685.

f Poggendorff's Annalcu,

vol.

xxxv. p. 468.
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hausted by water and lij-drochloric acid, was ground to the very
the two solvents now extracted
finest powder upon a plate of agate
only imperceptible traces of fixed constituents, and after burning the
exhausted charred mass I obtained the same large amount of ash as
from the non-pulverized charcoal. It may nevertheless be supposed
that the extremely minute vesicles were not destroyed and torn by
The microscope threw no light
the friction upon the agate plate.
;

upon the

subject.

that charcoal is capable, by a weak kind of affinity,
of removing certain salts from their solutions I have also mentioned
above, that when the charred substance has been treated with hydrochloric acid, it is almost impossible to remove the acid by washing
with water but the quantity of ash is too considerable for us to
ascribe this origin to it, since it is known that the salts which the
charcoal has combined with may be entirely separated by long treatment with water at diiferent temperatures. I mixed sulphate of
potash and phosphate of lime with sugar, and charred the mixtui'e.
Water, and after this hydrochloric acid, extracted the two salts so
It is

known

;

;

completely from the charred mass, that the latter, after combustion
in an atmosphere of oxygen, left not a trace of ash.
Several acid phosphates (metaphosphates) are insoluble in hydrochloric acid after ignition to this cause might be owing the residuary ash of the charred mass but although phosphoric acid is
almost constantly met with in this ash, it is not always combined
with the bases in the form of acid salts moreover, the ash itself,
•when it does not contain silica, is soluble in hydrochloric acid after the
salts have been exposed, in the combustion of the carbon in oxygen,
to a far higher temperature than that employed in charring the
organic substance.
Ignited peroxide of iron is, it is true, not insoluble in hydrochloric
acid, although very sparingly soluble; its non-extractiou by acid
from the charred blood might be attributed to this cause but supposing it to be contained in the state of peroxide of iron, not only
must it be more readily soluble in hydrocldoric acid, owing to its
finely divided state, but the oxide of iron which is found in the ash
after the combustion of the coal, and w hich has been exposed to a
very high temperature, is soluble in hydrochloric acid.
The alkaline and earthy phosphates which are found in the ash of
the exhausted charred mass cannot have been contained in the
form of metallic phosphurets of a peculiar kind mixed with coal,
like the phospluirot of iron, which is perfectly insoluble in hydrochloric acid.
It might be assumed that they were formed by.the
It
reduction of the alkaline and earthy phosphates by the carbon.
is scai'cely necessary to notice this assumption, for it is well known
that the neutral and basic alkaline and earthy phos])liates are not
reduced by carbon even at a high temperature, at least not in the
But even the excess of
presence of silica or any similar fixed acid.
phosphoric acid cannot i>e reduced by carI)on from the acid phosphates at the temperature whicii I employ in charring organic substances.
In the case of the blood, however, phosphuret of iron
;

;

;

;
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might be formed by the reduction of the phosphate of iron by the
carbon. Although I was convinced that this could not happen at
the temperature whicli I employed, I mixed phosphate of iron intimately with sugar, and charred tiie mixture at a higher temperature
hydrochloric acid, however, extracted the salt so completely from
the charred mass, that this burnt without any residue in an atmosphere of oxygen.
It might be supposed that the salts found in the ash of the exhausted charred substances are so intimately combined with organic
substances that they can only be detected by reagents after the complete destruction of the latter.
But the organic substances are so
destroyed by the charring, that if the inorganic salts found in the ash
pre-existed as such in them, they should have been extracted by
those agents in which they are soluble.
Tliere still remains one view respecting the origin of these ashes.
The salts found in them may perhaps not have pre-existed as such
in the organic substances, but were first formed by oxidation after
the burning of the coal.
It has long been known that the proteine
compounds, of both animal and vegetable origin, contain sulphur
and phosphorus in an unoxidized state; but, as far as I am aware,
the supposition has never been advanced, that the radicals of the
earths and alkalies may likewise be contained in organic substances
in an unoxidized state, perhaps combined with those elements.
These would certainly constitute a very peculiar class of combinations, such as Ave are at present not acquainted with.
If they are
really combined with organic substances in the living body, they
cannot have been essentially altered on destroying the organic body
by charring, or they have entered into combinations with carbon
and nitrogen, which are insoluble in water and in hydrochloric

acid.
I have already observed that the salts found in the ash of the
charred mass exhausted with water and acid, especially when derived
from vegetable substances, are similar to those which occur in the
aqueous and acid extract. This view can only be confirmed by a
long series of investigations; but if it should be confirmed, then those
salts which we find in the ash after the destruction of the living
plants were probably contained in them only in part as such, and in
part in an unoxidized state.
The inorganic salts, therefore, which
are. taken up from the soil by the living plant, are partially deoxidized by it, and in this state form combinations with organic substances contained in the plant.
This view is I'ar more probable with respect to several animal
substances, especially the blood, than in reference to plants.
It has
long been suspected that the iron in the blood was contained in it
in an unoxidized state; and, according to the recent investigations
of INIulder, the iron is actually extracted by acids from hcematine
with evolution of hydrogen gas.
This view acquires still greater
probability from the experiments which I have related.
On the
other hand, it is very remarkable that the iron cannot be extracted
from the charred blood by hydrochloric acid. I think it would bo
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extremelj' interesting to pursue this subject further.
From what
has been stated, it results that the view Avhich I have advanced can
neither be confirmed or refuted by any number whatever of analyses

of the ashes of plants, which have been prepared according to the
methods hitherto in use, but only by a process similar to that I have
described, and which I have therefore pronounced a far more
rational method of investigation.
I have already shown that frequently very considerable quantities
of alkaline carbonates are extracted by water from several organic
substances after charring, in the ashes of which no carbonic acid
was found by former investigators. But all organic substances do
not yield alkaline carbonates Avhen treated in this manner, even
though considerable quantities of alkali are contained in their ash.
Highly remarkable in this respect is yeast, the ash of which, according to Mitscherlich *, contains no carbonic acid and no metallic chlorides; and my experiments show that they are likewise not to be
found in the aqueous extract of the charred yeast. Yeast diffuses,
on being charred, an odour similar to that of the proteine compounds;
the aqueous extract did not turn litmus-paper blue, became turbid
on evaporation, and deposited a large quantity of earthy phosphates.

The

mass, evaporated to dryness, yielded on filtration a clear soluwhich faintly reddened litnms-paper, and contained therefore
not a trace of alkaline carbonates; I could only find in it alkaline
phosphates, with very minute traces of alkaline sulphates and chlorides. The charred mass gave, on treatment with hydrochloric
acid,
a solution, from which ammonia threw down a considerable precipitate of earthy phosphates.
The cinder, exhausted with water and
acid, furnished on combustion a very large quantity of ash, which
contained the same constituents which had been extracted from the
charred mass. These experiments, the results of which entirely
agree with those obtained by Mitscherlich, were made with top-yeast,
tion,

which had been perfectly purified by washing. Other results may
perhaps be obtained by using unwashed yeast for the experiments
for the beery liquid, separated from the yeast by filtration and
evaporated, did not diffuse on charring the same disagreeable odour as
the yeast itself, or as nitrogenous substances generally at a high
temperature.
The evaporated solution, extracted with water from
the charred mass, contained a large amount of carbonated alkali, and
efl^ervesced therefore strongly with acids, with

nmch chloride of potassium, but only a little phosphate of potash.
The charred mass, exhausted witli water and iiydrochloric acid, yielded a tolerable quantity of a light ash containing piiosphates and a large quantity
of
silica, which latter element Mitsciierlich likewise found
in the ash of
beert.
* Cliem. Gaz., vol. iv. p. 69.
t After tills paper had been read before
received a letter from Berzellus, to whom

tlic

Royal Academy of Berlin,

I

I had communicated tlie principal
which he states that he advanced a view similar to that which I have
proposed on the ashes of the blood, more than 10 years ago, In his work on
animal

results,

ill

chemistry.^

It

vol. IX. p. 3'Jl,

of Berzelius's

'

occurs also in Schweigger's Journal fiir Choniie uiid Physlk,'
1813. It has however never been expressed in the various editions
Manual of Chemistry.'
'
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SUGAU IN HEALTHY BLOOD.
In the Phil. Mag. for Maj' 1S45, p. 422, are detailed some experiments by Dr. R. D. Thomson, which show that when starch
has been digested in considerable quantities by animals, it passes
into the condition of soluble starch, or dextrine and sugar, and being
absorbed in the latter form into the blood, can be detected in that
fluid during the period of digestion.
The experiments detailed in
the paper referred to were made in 1844.
Magendie has lately, in
a paper communicated to the French Academy {Comptes Rendus,
xxiii. p. 1S9), obtained similar results.
He found that when a dog
was fed on cooked potatoes, the blood contained dextrine and grapesugar.
He observed also, that if starch be mixed with fresh serum,
it is so transformed in a few seconds that it cannot be detected by
reagents, and in a quarter of an hour sugar makes its appearance.
This exactly corresponds with the previous results obtained by Dr.
Thomson in 1844, who "was unable to detect any traces of starch
in the serum of the blood" (Phil. Mag., May 1845, p. 420), but
easily obtained evidence of the presence of sugar in the same blood.

CHEMICAL ACTION OF LIGHT.
To

the Editors of the Philosophical

Magazine and Journal.

Gentlemen,

The chemical

action of light has of late attracted so

much

atten-

any fact connected with the subject will be received with
interest by those engaged in researches on this branch of science,
which induces me to ask the favour of your publication of the foltion, that

lowing.
I have been successful in obtaining well-defined photographic impressions on highly sensitive Daguerreotype plates, on which the
object, when illuminated by a common dip candle, was impressed in
ten minutes with the smallest fish-tail burner of coal gas in three
minutes and by the oil lamp, viz. a solar lamp, in the same time.
;

;

included each flame in the picture by which they have recorded
and to some extent their illuminating power.
I at present confine mj'self to the recital of these facts, as I am
I beg to forward the
following up my researches on the subject.
plates for your inspection*.
I

their size,

I

234 Regent Street,
ApVil 20.

am. Gentlemen,
Your most obedient Servant,
W. E. KiLBURN.

ON THE COMPOUNDS OF CYANOGEN.

BY M. AD. WURTZ.

—

is
is

Formation of Cyanuric Acid. When a current of dry chlorine gas
passed over fused urea, very energetic reaction occurs the urea
decomposed, swelling up and emitting abundant white vapours.

The products

;

of this action are cyanuric acid, hydrochlorate of

* These we have received.
highly remarkable. Ed.

They appear to

us very perfect, and the

am-

eflTect

Intelligence

and Miscellaneous

379

Articles.

monia, liydrochloric acid and azote. To separate the cyanuric acid,
it is sufficient to treat the cooled mass, which remains in the vessel
in which the decomposition was performed, with a little cold water.
The hydi-ochl orate of ammonia dissolves in the water, and the cyanuric acid remains in the form of a white powder, which, if requisite,
may be purified by solution in boiling water. The following equation explains the reaction of the chlorine upon the urea
3 {O^ H* Az2 02) + 3C1
Az + H CI -H 2H^ Az CI + C"' Az^ H^ 0«.
The author considers this as the most convenient process for preparing cyanuric acid.
Chlorohydruret [Jiydrochlorate ?] of Cyanogen.
When a current of
chlorine gas is passed into a solution of hydrocyanic acid, prepared
by Trautwein's process, a slight increase of temperature occurs after
the operation has been some time continued.
The liquid emits a
very perceptible odour of chloride of cyanogen, and a vapour is formed
which condenses in small drops in the cold parts of the apparatus,
and these constitute the principal product of the reaction to collect
it, a tube with chloride of calcium is to be adapted to the retort
which contains the hydrocyanic acid, bent at a right angle, and
passed .into a long-necked receiver cooled by ice.
:

=

—

:

When the operation is finished, the receiver contains a liquid which
limpid, very volatile, fumes on exposure to the air, and emits
a very irritating odour of chloride of cyanogen this is impure chlorohydruret of cyanogen.
It contains hydrochloric and hydrocyanic
is

:

from which it is freed by agitating it with two or three times
volume of cold water. The stratum of liquid which separates
from the water is to be poured off, and submitted to a fresh distillation, its vapour being passed through a tube containing chloride
acids,

its

of calcium.

The chlorohydruret

of cyanogen thus prepared is a colourless, very
and corrosive liquid. It emits an odour which strongly irritates
the bronchia;, and especially the eyes.
It boils at 68° F.
Its vapour burns with a violet flame. It dissolves sensibly in water, and

fluid

the solution precipitates nitrate of silver white.
When brought into contact with dry chlorine, it is entirely converted into solid chloride of cyanogen and hydrochloric acid, C^ Az^

C1*H + C1=HCH-C«A3C13.
If this reaction takes place with some grammes of the substance,
the sides of the vessel will be covered the next day with fine radiating needles, and there remains at the bottom a viscid liquid, which
eventually becomes a mass of large crystals of chloride of cyanogen.

M. Wurtz states that he had some difficulty in analysing the
chlorohydruret of cyanogen. Tiiis will readily be conceived, wlien
the extreme volatility of this liquid is considered.
The experiments
performed by tiie author led to tlie formula O' Az^ CI- H, and this
appears to be confirmed by the reactions which the substance undergoes.
Tliis substance may therefore be considered as a compound of
hydrocyanic acid with chloride of cyanogen, C-* Az'^ CI-, the description of which will presently be given
or it may be regarded as solid
,
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chloride of cyanogen, C^ Az' CP, in which one equivalent of chlorine
is replaced by one equivalent of hydrogen.
Liquid Chloride of Cyanogen is prepared by treating the chloro-

hydruret of cyanogen with binoxide of mercury. In order to avoid
too violent reaction, it is proper to mix this oxide with fused and
powdered chloride of calcium, and to render the mixture very cold.
After remaining for some hours, the mixture is to be distilled by
means of a water-bath, and in the receiver, properly cooled, a colourless liquid condenses, which is a new modification of chloride of
cyanogen.
It is a limpid liquid, which strongly irritates the mucous membrane
It is more dense
of the bronchise, and occasions the eyes to water.
than water.
It boils at 61° F., and at 20° F. becomes a solid mass
It falls to
of long crystalline laminae.
Its vapour is incombustible.
The
the bottom of a vessel of water, but is sensibly soluble in it.
The reactions desolution does not precipitate nitrate of silver.

seem to indicate that the alkalies decompose the chloride of
cyanogen into alkaline chloride, ammonia and carbonic acid. It is
well-known that the two latter bodies are products of the decompoAnalyses performed by the author led him to
sition of cyanic acid.
conclude that the composition of liquid chloride of cyanogen is exIt appears therefore to be a new
pressed by the formula C-* Az- C1-.
Comptes Rendus, Mars 11, 1847.
isomeric of chloride of cyanogen.
scribed

RESEARCHES ON HYDRATES, STANNIC AND METASTANNIC
ACIDS.
BY M. E. FREMY.
The author inquires whether it is to be generally admitted, that
acids which, by becoming anhydrous, have lost their property of
combining with bases, are no longer to be considered as acids. In
order to determine the acidity of anhydrous acids, almost aU such as
are known were made to act upon anhydrous bases, or on salts conthe acids used were
taining acids less fixed than those employed
all

;

the carbonic, sulphui"ous, sulphuric, phosphoric, silicic, boracic, stannic, &c.
These were found to possess all the characters of acids,
without the intervention of water thus, to cite one example, it was
found that perfectly dried sulphurous acid completely decomposed
carbonate of soda, when gently heated, forming sulphite of soda,
:

which was decomposable by an anhydrous and more fixed acid.
It being established that a certain number of acids preserve their
acid reaction when rendered anhydrous, the author examined whether
and
certain salts did not exist in which water was indispensable
;

he

is

of opinion that several classes of salts exist, the molecules of

which are unquestionably ternary, and always formed by the combination of an acid, a base and water.
Supposing that if energetic acids, such as the sulphuric and nitric,
form with equally energetic bases, salts which are almost always anhydrous, it apj)eared questionable whether the same would occur with
acids whose affinity for basic water is but slight. The author's attention was directed to those hydrated metallic oxides which are soluble
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It was
in the alkalies, and which may be considered as weak acids.
found that these bodies possess the property of combining with bases
Thus, hydrated binoxide of copper
iu the state of hydrates only.
dried in the air, the formula of which is Cu O- HO, is perfectly

soluble in excess of potash and soda

;

the solutioia

is

of a fine blue

and when evaporated, even in vacuo, it is decomposed, and
deposits oxide of copper, which is insoluble in the alkalies. The
hydrates of oxides of tin, antimony and chromium, SnO, HO
Sb 03, HO Cr'^ O^ lOHO, dissolve in the alkalies, and all become
insoluble by losing water.
The author satisfied himself that the insolubility was owing to the separation of the water, and not to the
isomeric modifications which certain oxides undergo by calcination.
It was found impossible to obtain crystalline compounds of the
for by evaporation,
above-mentioned hydrates with the alkalies
even in vacuo, the alkali which it is requisite to employ in excess
combines with the water of the hydrates, or in acting perhaps only
by its presence occasions the precipitation of the anhydrous oxide.
The preceding compounds yield, however, incontestable proof of
the existence of saline groups, which are not possible without the
colour,

;

;

they demonstrate that certain hydrates owe their
water of hydration.
The new facts stated establish marked differences between stannic
acid and the acid which M. Fremy calls metasiannic acid; and this
he has found forms three different hydrates with water the first is
insoluble in nitric acid and soluble in ammonia
it is obtained by
precipitating a metastannate by an acid
the second is produced by
the reaction of nitric acid upon tin its formula is Sn* O''', lOHO ;
the third is prepared by
it is insoluble in ammonia and nitric acid
drying the preceding hydrate at 266° F.
its formula is Sn* 0'°,

presence of water

:

solubility in the allialies entirely to

:

;

;

;

;

;

4H0.
Neutral metastannates, formed in the presence of great excess of
have for their formula Sn' 0'°, MO, 4H0, whereas stannates
are represented by Sn O" MO.
The equivalent of metastannic acid
The metastanis then five times greater than that of stannic acid.
nates are always hydrated, are necessarily ternary, and decompose
when dehydrated in this case the metastannic acid loses its acidity,
whereas stannates, like most other salts, may be rendered anhydrous
without decomposing.
The essential action of water on the constitution of the metastannates, may be readily shown by the following experiments.
If metastannate of potash be gently heated, so as to take away its water
of combination, the separation of the acid and base is immediately
effected
on treating the dehydrated salt with water, potash only is
dissolved, which does not contain a trace of metastannic acid, and
this acid remains in an insoluble state.
In tliis case, therefore, a
decomposition is effected upon a definite salt, similar to that which
the binoxide of copper undergoes in potash when heated
these two
alkali,

:

:

:

phenomena are precisely of the same
The dehydration of metastannate
remarkable, for

it

descrijjtion.

of soda
takes place below 21 2° F,

is

perhaps

'I'his salt is

still

more

soluble in
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cold water but if it be added to boiling water, it decomposes instantaneously, and the water contains pure soda only.
The author is of opinion that he has stated an important fact,
which is, that the same oxide, by combining with different proportions of water, can form two acids which are distinguished by their
properties, their equivalent, and their mode of combining with bases.
;

—Journ.

de

Pharm.

et de Ch.,

Mars 1847.

ON SULPHOXIPHOSVINIC ACID AND

ITS COMPOUNDS.
BY M. CLOEZ.
The author remarks that he and M. Bouyet had described a new
salts, the acid of which they designated sulphoxiarsenic acid,
consisting of arsenic, oxygen and sulphur, water being deducted.
The sulphoxiarseniate of potash, which was obtained by passing sulphuretted hydrogen into a solution of arseniate of potash, has for its

kind of

AsO^

formula

S-.

K0-I-2H0.

The

great analogy existing between the corresponding compounds
of arsenic and pliosphorus, rendered it probable that sulphoxiphospliates might also be formed.
After many trials, IM. Cloez succeeded
in producing these saltsby decomposing the chlorosulphuret of phosphorus of Serullas by an alkaline solution.
The chlorosulphuret of phosphorus, treated with common alcohol,
yields an acid analogous to the phosphovinic acid of M. Pelouze,

According to M. Cloez the formula of

this acid is PhO' S^, C-* H=0,
the sulphoxiphosphovinic acid. With pyroxylic spirit
sulphoxiphosphomethylic acid is formed.
Amylic alcohol should
produce the corresponding compound, sulphoxipliosphamylic acid.
By saturating the sulphoxiphosphovinic acid with the carbonate
of barytes, lime, strontia, &c., well-defined crystalline salts are produced the formula of the bary tic salt is PhO^ S'^ C^ H'^ O, 2BaO Aq.
The potash and soda salts are readily obtained by decomposing
the chlorosulphuret of phosphorus with an alcoholic solution of potash or soda.
These salts are soluble in alcohol. The following
equation explains the reaction which occurs with potash Ph Cl^ S-

2(H0)

;

it is

+

:

:

-fC^H6 0'^-f5(KO) = PhOsS-,
Comptes Rendus, Mars 8, 1847.

C*Hi0 2(KO) + 3(KCl)+HO.—

ON ANHYDROUS HYDIIOFLUORIC ACID.
M. Louyet

1846 he mentioned to the Academj- that,
was as yet unknown in
proof of its correctness, he showed that the acid supposed to be so,
saturated a smaller quantity of a base than it ought to do, if it had
states that in

in his opinion, anhydrous hydrofluoric acid

been anhydrous.
This proof not having

;

satisfied M. Dumas, the author was advised
by him to pass hydrofluoric acid, hitherto regarded as anhydrous,
over anhydrous phosphoric acid, and to collect the product in a
platina vessel immersed in a freezing mixture.
According to M.
Dumas, if by tliis process a liquid hydrofluoric acid was always ob-
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tained,

would be necessary to admit that the hydrofluoric acid,
MM. Gay-Lussac and Thenard to be anhydrous, was

it

supposed by
really so.

M. Louyet performed this experiment by the aid of an apparatus
which he describes, and the result of it is, that anhydrous hydroIn this
acid is gaseous at 10" F. at a medium pressure.
respect it does not differ from other anhydrous hydracids, nor from
Hydrofluoric acid gas is extremely
the fluosilicic nor fluoboric acids.
It acts feebly on
fuming, on account of its great affinity for water.
glass, and might probably be received in glass vessels over mercury.
fluoric

Mars

Ibid.

11, 1847.

M ETEOROLOGICAL OBSERVATIONS FOR MARCH

— March —

1847-

7. Slight
Fine cloudy.
5, 6. Cloudy.
10.
9. Cloudy.
8. Small rain cloudy.
showers uniformly overcast clear.
frosty,
12.
Clear.
cloudy:
11. Slight haze:
Hazy: severe frost at night.
13. Cloudy. 14
18. Clear, with bright tun. 19. Clear: cloudy. ^0, 21. Cloudy:
26. Slight
25. Foggy clear cloudy.
clear.
22. Hazy.
23, 24. Cloudy.
29. Very clear
haze: fine.
28. Uniformly overcast rain.
27. Foggy: fine.
Frosty
cloudy.
frosty.
clear
and
31.
cloudy: frosty. 30. Clear cloudy
40 "14
Mean temperature of the month
43 -43
Mean temperature of March 184G
JMean temperature of March for the last twenty years... 42 '91

Chiswick.

1.

Cloudy.

3.

:

4.

:

:

;

—

:

:

:

:

;

Average amount of rain
Boston.

— March —
I

in

Cloudy.

5.

:

:

March

1'36 inch.

6. Fine.

7.

Fine: rain early a.m.

:

rain

r.:\i.

hail and snow p.m.
10. Cloudy
snow a.m. and p.m.
9. Fine
15
Fine.
14. Cloudy.
18. Fine.
19. Fine a luminous appearance
22. Fine.
20, 21. Cloudy.
of an extraordinary nature seen in the sky 9 p.m.
28. Cloudy rain a.m. and
23. Fine: rain P.M. 24, 25. Fine.
26, 27. Cloudy.
rain p.m.
30. Fine: hail
hail a.m.
29. Fine: thick ice this morning
P.M.
P.M.
31. Fine.
8.

11

Cloudy.

—

:

:

—

13.

:

:

:

:

—

clear.
2. Bright
3.
March 1. Cloudy: clear.
Sandidck Manse, Orkney.
Showers clear. 4, 5. Cloudy. 6. Showers cloudy. 7. Damp cloudy. 8.
Showers snow-showers. 9. Snow-showers. 10. Snow cloudy. 11. Showers:
cloudy.
14. Bright
sleet-showers.
12. Showers.
13. Cloudy showers.
15,
:

:

:

:

:

:

:

:

21.
Cloudy.
17, 18. Bright: cloudy.
19, 20. Bright: clear: aurora.
cloudy.
24. Damp.
23. Damp
Bright
clear.
22. Bright
large halo.
25. Cloudy. 26. Damp cloudy. 27. Cloudy. 28. Hail-showers: sleet-showers.
29. Shower: clear.
30,31. Snow- shower.
16.

:

:

:

:

—

2. Slight
Applegarlh Manse, Dumfries-shire.
March 1. Thaw: slight rain.
very mild.
gray day. 4. Frost, slight. 5. No frost clear
3. No frost
Slight
frost
clear.
frost.
8.
frost
and
cloudy.
7.
No
6. No
dull
and fine.
11. Frost: sprinkling
sprinkling of snow.
10. Frost, hard
9. Frost, hard.
14. Fair, but
13. Fair and moderate weather.
of rain p.m.
12. Frost asjain.
16. Fair rain p.m.
17. Rain
threatening change.
15. Fair still, but cloudy.

frost

:

:

:

:

:

:

:

:

all

day.

18.

Very

Heavy showers.
24. Frosty

.

Slight

Fine

:

19.

Very

fine.

a few drops of rain.

:

;

snow

Mean
Wean
Mean
Mean

Rain: cleared p.m.
21.
Rain a.m. thunder p.m.
27. Very fine rain a.m.
28.
20.

23.

25. Slight frost.
26. Rain.
slight snow.
29. Fair cold slight frost.

fine.

Clear and cold
31.

fine: fair.

22.

:

hail

:

:

:

:

30. Fair

:

slight frost.

frost.

temperature of the month
temperature of March 1846
temperature of March for 25 years
rain in ^Alarch for

20 years

42°-5

42
39

"2
•!

2*35 inches.
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A CCORDING

to the theory of Ohm, the electric force
circulating through each part of a galvanic circuit is
equal to the quotient of the sum. of the affinities in action
Thus
divided by the sum of the resistances to be overcome.

^^

*~R +

r'

A

F

represents the force,
the sum of the affinities
generating the current,
the resistance of the electromotor
and the wires attached, and r the resistance of the wire of a
galvanometer included in the circuit.
If a secondary wire, whose resistance is represented by w,
have its ends attached to the two points of connexion between
the wires of the electromotor and those of the galvanometer,
so as to form with the galvanometer-helix a divided course for
the circulation of the current, the equation for the force be-

where

R

comes

R + L'
where
r

The magnitude

+ xv

of that part of the current passing through

the galvanometer wire

is

expressed by

r-

J"

II.

^^-R + L*r'
•

Communicated hy the

Autlior,
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+

•VI)

Let one of the wires of the electromotor be detached from
its connexion witli the other wires, and drawn along in contact with the secondary wire, thus modifying the relative
length, and of course, in the same proportion, the relative
resistances of the two courses open to the current, but leaving

sum of
become

the

the resistances constant.

The above

equation will

G'=F.^.
r+w
and the galvanometer
order to reduce the current passing through
the galvanometer to a magnitude within the compass of its
indications, the secondary wire will recjuire to be short and
stout, making the resistance xv very small, and consequently L
very small in comparison with R; F will then vary very slightly
by the relative changes thus caused in r and w, and for practical purposes F, as well as r + w, may be considered constant;
so that we may take with little error
If the electromotor be not very weak,

be

sensitive, in

G =r
,

—+—w
-jo'

,

w'
G'
j
and r.p^ = —

r

G

w

or the quantity of electricity passing through the galvanometer
wire will vary sensibly as the length of that part of the secondary wire included between the wires of the electromotor.
have thus, differing slightly from methods previously
proposed, a means of graduating the galvanometer.
By the
use of two cells of Daniell's constant battery in series, this
may be accomplished with sufficient accuracy by the above
method. One battery wire, being in fixed connexion with
one point of the double circuit, the other wire must be approximated to, or elongatetl from, that point, in contact with
the secondary wire, until the needle of the galvanometer points
to 1°.
If the distance of the battery wires be doubled, so as
to include a double resistance, the needle ought to point to
2°, if trebled to 3°, and so on, the variations in F, whatever
be those in
and w, being wholly inappreciable.

We

G

F = G.

.

If the section

and length of the secondary

wire be properly proportioned to those of the galvanometer
wire, it will always be possible, by moving one battery wire
backwards and forwards in contact with the secondary wire,
while the other battery wire is in fixed connexion, as before
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G

make

described, to

the value of
uniformly constant, the
needle for example always pointing to 45°, whatever
power
of electromotor be applied; and as the sum r-\-'w
continues
constant, F in the above equation will then vary
inversely
as -w.
The relative force of different electromotors,

however

powerful or however weak, may thus be accurately measured
by the same delicate galvanometer; being inversely proportional to the length of that part of the secondary
wire contained between the wires of the electromotor; or

W _'w
Moreover, if a compound constant battery of three or four
pairs be used, and a voltameter be introduced between the
battery and the double circuit, it will be easy to find the
value of
TO answering to a certain F, which is also
known in terms of
the chemical equivalents decomposed in the voltameter
in

unit of time.

Thus, the wires being adjusted so as

a

to cause the

galvanometer needle to point to 4.5°, note the value of w, viz.
the length of the secondary wire contained between the wires
of the battery note also the length of time required, other
things being kept constant, to effect a certain amount of
decomposition in the voltameter.
The quantity decomposed in
one minute, deduced from the above observation by simple
proportion, is the F.
The product of the F and w thus obtained may then be used in the formula
;

F'-li??
to ascertain the

value,— also

— of any other force

F',

in terms of chemical equivalents,
without the further use of the volta-

meter, and whether the force have energy sufficient for chemical decomposition or not
for the quantity necessary to
deflect the galvanometer to a certain fixed point is always the
same, wiiatever be the inlensitij of the current.
Thus the same rigorous measurement, in terms of the
weight of matter naturally associated with fixed quantities of
electricity, may be applied to all electrical forces, whatever
their intensity, which the voltameter has applied to those cal)abie of producing chemical decomposition, and this by an
immediate observation, without the loss of time requisite for
a chemical quantitative experiment.
Since the needle of the galvanometer is liable to slioht
changes in the intensity of its magnetism, the above-determit7ed
values of F and iso will liom time to time require verification.
To find the resistance of an electromotor. Let a certain
;
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length of wire, of such section and conductibility as are best
fitted for a standard of resistance, and whose known resistance
may be represented by I, the units being linear inches, be introduced between the electromotor and the double circuit,
and let the wires be again adjusted so as to deflect the needle
to 45°, noting the new length of secondary wire included
TO'.
The equation representing the force, which, previously to the

=

introduction of the wire

/,

F=

was

F'=

^j5

—

y-,

now becomes

^

R + ^+L"

and since

F ~w"
therefore

R + L _ w_
R + + L'~w''
^

from which, substituting
^
„

,,

for

their values
?•

Iw
liJ

Excepting

the value of

t(;;',

+M

R is

and
de-

'W'vJ

— vo

r

+

iso

galvanometer
having a long helix of fine wire, both xv and w'
be very small, while r + xo will be very large. Therefore
in the case of very v^-eak forces, if the

sensitive,

will

the term

——

value of

F

error

*

Xnyw
;

will

have no practical value: and unless the

be very small,
Iw

=—
w —w
,

R may

be taken without sensible

.

R

The
its

and L'

and remarking that r + w=r' +

duced

be

L

resistance
of any electromotor which is constant in
action being thus discovered, any other resistance may be

measured by the converse process. If it be introduced between the electromotor and the double circuit in the place of
the standard wire of the last paragraph, and the value of w'
be noted as before, the unknown resistance may be deduced
from the equation

._

R

.

{w'—w)

~~
xv

The

'w'{w'—'iv)

r

+

xio

'

second term of the latter branch of the equation can only
be required when F is very small or I very large, and consequently X)o'—xv considerable.
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With the help of an additional galvanometer, the resistance
of the helix of the one in ordinary use may be measured by
the above process and also the resistance of the secondary
;

wire of the double circuit may be estimated, by introducing
as the I a piece of wire having the same section and conducticut off" for instance from the
bility as the secondary wire,
same piece. Thusr + w becomes known, and may then be

—

used for the determination of the resistances opposed to weaker
forces.
If the helix of the galvanometer be skilfully formed
and well-insulated, the resistance r + w once determined will
not be liable to change.
The sum of all the tensions of the circuit, positive and negative, i.e. of the affinities producing the current, is known
from the equation

A=F(R + L).
In the majority of cases A = FR will be a sufficient approxias except in very weak
mation; or at least A = F(R +
t<y),

forces,

T

L,

w

will

be so small that

it

will

not materially differ from

'

or

r+

w

X w.

The practical form which I have given to an instrument for
the above purposes, and which I call the " Detached Galvanometer Scale," is represented in Plate VII., and may be thus
described.
It consists essentially of four wires, o, b,c,d; the first three,
formed of copper, are one-fourth, one-eighth, and one-sixthe last, d,is also
teenth of an inch in diameter respectively
;

one-sixteenth of an inch in diameter, but is formed of platinum. Each of them is exactly eight inches long, and they
are all partially sunk in grooves, parallel to, and about one
inch distance from, each other, in a board eight inches long of
hard well-dried wood, varnished and graduated into tenths of
an inch, the lines being drawn through from side to side.
The four wires are joined into one continuous wire, commencing at A and terminating at E, by being soldered to the

connecting pieces A, B, C, D, E, which are bored, and furnished with screws to clasp a wire from any electromotor whose
force is to be measured.
The connecting pieces are of solid brass, and at least half
an inch thick, in order to offer no appreciable resistance to a
current passing through them from the wire of the electromotor to the wire of the scale.
When in operation, the wires from the galvanometer are
always to be attached to the terminating connecting pieces A

and E.
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One wire from the electromofor must be attached to A, B, C
or D, according to the magnitude of the force to be measured,
and the other wire from the electromotor must be moved along
in contact with the wire a, b, c or d, according as the first
wire is cotmected with A, B, C or D, until the galvanometer
needle points to 45°.
F is a vernier which is applicable for this purpose the
moveable vrire of the electromotor, being passed through the
small hole e and brought up again by the notch/, will lie in
the groove ef, and the vernier sliding on the wire of the scale
by the groove which is at right angles to ef, will enable the
operator to read off the position of the moveable wire to
Y^^dth of an inch. It is requisite to keep the wires of the
scale and vernier bright, and to rub them well with washleather before each time of using, and the vernier will require
little pressure to obtain a correct indication.
The diameter of wire c being half that of b and one-fourth
that of a, its section is one-fourth and one-sixteenth of these
respectively.
Consequently, it will offer to an electric current
four times the resistance which is offered by an equal length
of b and sixteen times that offered by an equal length of a.
The wire d is of the same diameter as c, but being platinum
has a less conducting power, say one-fifth, and will therefore
offer five times the resistance of an equal length of c.
The
ratio of the resistances of the wires a, b, c, d, however, since
different pieces of the same material are apt to differ in their
conducting power, and very slight differences of diameter
become multiplied into importance in the section, must be
determined by actual experiment, which is easily done with
the help of a constant battery; and the product of F and ttf
being also ascertained by experiment for one of the wires,
may then be known by computation for the others. As the
length of rf is graduated on the board into eighty divisions,
and indeed with the assistance of the vernier into 800, this
instrument is calculated to measure a scale of electric forces,
extending from its lowest or unity to 80 x 5 x 4 x 4 6400, or
with the vernier through 64,000°.
With a galvanometer of moderate sensitiveness, having a
helix of about 1000 inches of copper wire yijjdth of an inch
in diameter, a force capable of decomposing water sufficient
to furnish (F) jg^dths of a cubic inch of hydrogen gas in one
minute, required {yo) six inches of wire d to be interposed
between its conducting wires to raise the index of the galvanometer to 45°, making the product of F and w for this wire =*36.
For smaller or larger electric forces, additional instruments
with finer or coarser wires will be requisite.
:

=
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The

resistances of wires are to each other directl}' as their
lengths, and inversely as the products of their sections and

conductibiHties.
If the wire of the galvanometer helix be as
above, 1000 inches in length and yi^dth of an inch in diameter, then eight inches of wire d, being of platinum, onesixteenth of an inch in diameter, and having, suppose, one-fifth
of the conducting power of copper, will equal in resistance
about an inch and a quarter of the helix wire ; therefore since

r=1000 and

the greatest value of tiy=l;[, the quantity

cannot in this instrument be of any importance in the determination of resistances, and may always be safely neglected.
For the accurate measurement, with an instrument having
finer wires, of resistances offered to

may

LX.

weaker

forces, the fraction

be useful.

Physical ajid Geological Observations on the prificipal
By A. Descloizeaux*.
Geysirs of Iceland.

generally given to a jetIceland the name o^ Geysir
IN ting
thermal spring, and the names of hver (cauldron) and
is

laug (baths) are applied to springs simply bubbling up, or
wholly tranquil, contained in basins almost always regular,
circular or elliptic.
The jetting springs most celebrated on account of their
volume, the beauty of their eruptions, and the importance of
the deposits which they have formed and which they still form
at the present day, are those known by the names of the Great
Geysir and Strokkur. Although most of the travellers who
have visited Iceland have described the eruptions of these
two springs which they witnessed, and of which some have
published pretty accurate representations, I will here relate
the manner in which this phasnomenon takes place.
In the Great Geysir, whose waters, as I shall observe hereafter, have formed for themselves a very regular basin in the
form of a truncated cone hollowed at the summit, the eruptions are preceded by subterraneous detonations, which have
always been justly compared to a distant sound of artillery,
and which powerfully shake the base and lateral parts of the
After each detonation, the column of water which
cone.
occupies the central cliannel is upraised, in the form of a
hemisphere, some metres f above the surface of the basin;
all becomes calm again.
These detonations and these upliftings of the
are produced pretty regularly every two hours,

then

liquid
as

Tiansliited froin the ./««. <lc C/iim. ct de Pltys. for April 184/.
Icelandic orthography has been preserved in this memoir.
Tii.
feet 3^; inches.
+ The metre is equivalent to about
.'J

—

mass

we have

—The
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ascertained by a series of observations carried on for several
days, and consequently they are far from announcing a great
eruption ; but when this is approaching, detonations stronger
and more frequent than the first are heard, the uprisings of
the central column become more and more considerable, and
all at once an immense column of water, three metres in diameter at its base, is projected into the air to a height varying
from thirty to fifty metres, spreads like a fountain at its summit,
and falls again in part into the large reservoir, eighteen metres
in diameter, which forms the basin of the spring; the rest of
the mass of water flows over the external sides of the cone,
and spreads out into the little rills which furrow the plateau
this cone rests.
The column of water does not
generally attain its greatest height until several consecutive
jets at very short intervals have prepared the observer for the
magnificent spectacle which the Geysir reserves for the close
of the eruption, like a skilful firework-maker who terminates
his exhibition by a splendid bouquet.
These eruptions last
from five to seven minutes.
In the Strokkur, the circumstances attending the eruption
are a little different, and the form of the channel which discharges the emitted waters is doubtless the principal cause
which gives the pheenomenon a peculiar character. In this
channel, which represents a well even with the ground, the
water is at about three metres below the surface, and it boils
up with incessant oscillation. When it is attempted to produce
an artificial eruption b}' covering the surface of the water
with clods of earth or turf, or when a natural eruption is
about to take place, this boiling ceases for some instants,
and a pointed, lanceolate jet issues suddenly to a certain
height; it is soon followed by another, which is in its turn
succeeded by a series of slender columns, very pointed at the
summit, with serrated outlines, which cannot be better compared than to immense yew-trees. These columns, which
succeed one another sometimes for twelve to fifteen minutes,
attain various heights, which reach, as in the Geysir, to fifty
metres.
When the eruptions of the Strokkur take place
naturally, the jetting water is quite as limpid as that of the
Geysir; and, if the weather is calm and the sun bright, nothing can exceed the magnificence of these immense columns
of clear water, perfectly vertical, and reflecting the brilliant
colours of the rainbow.
If however the Strokkur is excited
by clods of earth or turf, the water is coloured black, often
of a very deep tinge, and the pha?nonienon loses much of its
splendour.
Before passing to the results of the thermometric experiments and the various observations made at the Geysir and

on which
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the Strokkur, I shall describe in a summary manner the topographical and geological position of tl^ese two springs, for the
geological portion of the Voyage en Islande of the Scientific
Commission of the North contains extensive details upon
this subject.

The two principal geysirs of Iceland are situated in the
south-east part of the island, at eighty-seven kilometres, in a
straight line, to the east-north-east of Reykjavik, and at fortysix kilometres to the north-west of Hecla.
These fountains,
accompanied by a gi'eat number o{ hvers and langs, occupy a
space of 500 metres from north to south, by 100 metres from
east to west, towards the northern part of a large plateau of
volcanic tufa, bordered on three sides by large glaciers or
JoJculls, the principal of which are,
on the north, the LangJcikuU; on the north-east, the Hofs-Jokull and the ArnarfellsJokuU; on the east, the Skaptar-Jokull ; on the south, Hecla
and the Torfa-Jokull.
This vast plateau is traversed, from north-east to southwest, by two of the largest rivers in Iceland, the Hvita and
the Thjorsa, and by their numerous tributaries: these two
principal rivers, which take their sources, the first in the
snows of the Lang-Jokull, and the second at the foot of the
Arnarfells-Jokull, flow into the sea at the south-west part of
the plateau, which is terminated on this side by low sandy
shores. At numerous points of the plateau containing the gey-

—

in many instances the form of
composed of a conglomerate, the chief constituent of which is basalt and a brown tufa, the principal
element of which appears to be the mineral which Sartorius
von Waltershausen found in the ancient tufas of Etna, and
sirs, rise

mountains which have

isolated cones,

which he has named palagonite. The height of these mountains, several of which have preserved the appearance of
craters of eruption, and still present, on their slopes or at
their base, debris of streams of lava, does not exceed 500 to
600 metres.
Beside these cones, we meet with some hillocks of a gray
phonolite, inclosing numerous crystals of felspar, and very
small crystals of pyroxene: some strips of ancient trap or
compact basalt, often divided into columns, appear also at the
surface of the plateau; and a sort of vitreous pitchstone, both
green and reddish, which appears to have resulted from the
fusion of the phonolite by the basalt, is ordinarily seen in
contact with these two rocks.
The hill nearest to the geysirs, from which it is distant
only about 3(i0 metres, to tlic west, consists of upheaved
and almost vertical strata of a bluish gray phonolite, much
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disintegrated on the lower part, where it presents numerous
traces of having been acled upon and undergone a slight alteration by the thermal waters, but it is tenacious and tolerably

The height above the
which has the name of LaugafjalJ, may be

homogeneous towards the summit.
plain of this

hill,

estimated at seventy-five metres. From the foot of its eastern
escarpment, an undulating district extends for a length of
about 350 metres, entirel}' composed of ancient siliceous concretions, slightly altered and friable. This district, the highest
hills of which rise to nearly twenty-five to thirty metres'
elevation above the plain, is pierced with a multitude of holes,
from which steam and the vapour of sulphuretted hydrogen
still escape; small quantities of alum and sulphur are deposited
on the edges of some of these holes, <me of which is situated
at the very foot of the trachytic hill.
The existence of an ancient siliceous district, so extensive
as that which 1 have just mentioned, certainly appears attributable to numerous extinct geysirs, the abundant deposits
of which have at length completely stopped the orifices from
which their eruptions took place. The lower part of this
ancient district is separated from the deposits of the present
Great Geysir by a small ravine of two metres in depth, situated at ten metres from the basin of the geysir, and directed
nearly from south to north.
The sides of this ravine, from

whence

acid vapours are also disengaged at several points,
and modern formation, numerous

discloses both in the ancient

layers of siliceous concretions of a very varied aspect, distri-

buted in the midst of a bolary clay in which the red colour
predominates.
On the right side which bounds the deposits of the present
geysir, and in a very plastic clay, we meet with small stems of
birch-trees, of the size of those which still grow in the country,
entirely silicified and converted into chalcedony the clay itself
is full of small crystals of white pyrites, formed from the iron
which it contains and of the sulphur of the vapour springs.
Above the chalcedonous stems, and ayiproaching the most
recent strata of concretions, we now only find birch-leaves
and a network of herbaceous plants, forming a sort of siliceous
travertine.
In this same part, and always in the middle of a
reddish claj', I have observed a thin, very regular, and extensive layer of zoned chalcedony; this substance, which is transhicid as long as it remains immersed in the moist clay, becomes
opake and of an enamel white by a simple desiccation in the
open air, without being able to re-acquire its transparency,
even on a prolonged immersion.
The banks of the little river the Beina, which flows at 300
;
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metres to the east of the Geysir, and into which a part of the
water that overflows after each eruption run, present a fact of
the same kind: in the midst of a network of silicified plants
forming several layers, the total thickness of which exceeds
three metres, we ibund small portions of silex, which possessed all the properties of precious opal, as long as they are
strongly hydrated, but which only preserve iheir vivid colours
while they remain immersed in water, or are kept from dryinfr.
May we not hence conclude that the opals and chalcedonies
of some ancient volcanic districts owe their origin to pha?nomena similar to those of the present geysirs of Iceland ?
The left side of the small ravine spoken of above, which
bounds the deposits of the ancient extinct geysirs, did not
present chalcedonous wood, but we extracted from it birch
stems transformed into very friable white silica, which appeared to have been derived from individuals larger than
those we meet with at the present day in Iceland.
Some specimens of these woods, in which the cells ahd vessels may still
be observed under the microscope, are penetrated in various
directions with small loots which appear to belong to the
same species we might without doubt thence conclude that the
large stems were already in a state of advanced decomposition
when the silica came and penetrated into their tissue,— a circumstance which would perhaps explain the reason why these
woods have not been converted into chalcedony, but into pul;

verulent

silica.

It is at ail events certain that

a birch-wood once existed
between the ancient and recent geysirs and, as these trees
cannot live where the soil is covered with siliceous concretions, it must l)e admitted that these two classes of fountains
did not exist simultaneously, and that the recent geysirs succeeded the primitive geysirs, when the orifices of these last
;

became insufficient to give a passage
which had to be cast forth*.

to the

masses of water

With respect to the duration of the ancient phsenomena,
the depth of twenty-five metres at least of the soil which they
have formed, shows that it must have been very considerable.
In fact, the concretions deposited by the present geysirs have
not yet exceeded a tliickness of four to five metres; and all
seems to prove that, within the historical period of Iceland,
the increase of this thickness, which is distributed over an extended surface, has been very small, so that we must attribute
a \ery high antiquity to the recent geysirs themselvesf.

A very detailed descri|Uion of the districts formed by the ancient and
recent geysirs has been given by M. liobcrt in the geological part of the
Voya;;e of the Northern Scientific Commission to Iceland.
t As

it is

almost impossible, in order to prove the thickness of deposits
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The two jetting springs, the temperatures of which I have
principally sought to determine during my stay in that locality
with M. Bunsen of Marburg, are the Great Geysir and the
Strokkur. I shall first direct my remarks to the Great Geysir.
The only observations of any accuracy which we hitherto
possessed on the temperature of this spring are those of
M. Lottin, a member of the Northern Scientific Commission, who visited Iceland in 1 836 ; but these observations left
much still to be desired, both from the method itself which
M. Lottin followed, and from the experiments not having
been sufficiently repeated to embrace the various phases of
The
the moments of calm and of eruptions of the geysir.
determinations which M. Bunsen and I have made were taken
immediately before a great eruption, immediately after that
eruption, and in the interval of two great consecutive eruptions.
The thermometers which I employed were doublebulbed, and constructed by Bunten after the directions of M.
Kegnault*: they were composed of a small cylindrical reservoir, surmounted by a stem of accurate calibre, and divided
into parts of equal capacity this stem ended in a finely drawnout point terminating almost at the summit of a small cap of
thin glass, soldered to the top of the stem, at the part where
its diameter began to diminish, and containing a small excess
of mercury.
In taking observations with these thermometers, the stem
was entirely filled with mercury, at the ambient temperature ;
it was then immersed, by the side of a good standard, in a
bath, the temperature of which was nearly constant, and lovier
than that which was to be observed a portion of the mercury
When the
of the stem was raised into the small upper bulb.
mercury was stationary and occupied exactly the extremity of
the small drawn-out point, the temperature of the standard
;

:

in a given time, to establish at tlie Geysir itself a fixed mark capable
of resisting the ignorant curiosity of certain visitors, I endeavoured to construct one easy to be recognised only by the forewarned and attentive eye.
For this purpose, I chose two contiguous latigs, situated at nearly an equal
distance from the Strokkur and the Geysir, proceeding towards theLaugafjall : the most northern laiig, without apparent overflow, is contained in a
nearly elliptical basin, the major axis of which is seven metres, the minor
one 3'"-40, and the depth S^-SS the temperature at the surface was
found to be 98^-5. The second laiig, separated only from the first by a
small natural wall, has a more irregular basin, of a depth of 9™-30,and the
water of which, indicating a temperature of 96''-5, flows off incessantly by
a small rivulet which passes near the Strokkur, depositing on its way abundant incrustations. In the narrowest part of the wall which separates these
two laugs I made an aperture, the successive obliteration of which it will
always be easy to ascertain.
The following were the dimensions of this
aperture on July 12th, 1846:
Depth 0"'-OG5 j length, from east to west,
0'"-2G0; breadth, from north to south, 0"i-110.
* See Scientific Memoirs, Part XVI. p. 588-
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;

—
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the thermometer, inclosed in a copper or iron case,
;
the lid of which was hermetically closed by means of a screw
and red-lead cement, was let down into the spring ; after
remaining there thirty minutes, it was raised and compared
again with the standard the mercury stopped at a certain
division of the stem, and the quantity of mercury which had
escaped from the stem during the observation, converted into
centigrade degrees and added to the first temperature indicated by the standard, gave the temperature of the spring.
The thermometers employed by M. Bunsen were constructed
upon the same principle; only that, instead of a capsule sol-

was noted

;

dered to the upper part of the stem, the capillary opening of
the latter was closed by a small point of iron, kept vertical by
means of a spring, which the mercury could raise, so as to fall
over into the case.
In each of the five experiments which we made at the
Great Geysir, we employed five thermometers arranged on a
single line, and separated by nearly equal intervals.
It is known that the Great Geysir has formed by successive
incrustations a very regular basin, having the shape of a truncated cone, the exterior slopes of which have a mean inclination of 8°, whose summit is occupied by a cup or vase*, presenting only on the edges some small clefts through which is

The
carried the overflow of the water, when its level rises.
mean inclination of the sides of this cup is 13°.
In the centre of the basin is a circular well, which appears
Between two
perfectly regular as far as the eye can discern.
consecutive eruptions, this well and the cup which surrounds it
are completely filled with water, a very small portion only of
which overflows after the upheavings, which take place about
every hour and half: but immediately after the great eruptions, the cup is completely empty, and in the well the water
descends below the bottom of the cup from one metre to
2"*50, according as the projected column had attained a
greater or less height ; the former level is not restored until
after six or seven hours.
The following are the principal dimensions which we have
found for the different parts of the Geysir
:

Diameter of the basin or cup, on the edges, from
north to south
Diameter of the basin or cup, in a perpendicular

18-00
3*00

direction

Diameter of the central well
•

SirW.

J.

Hooker thus

describes

,„

16'00

it:

—"To compare great things with

small, the shape of this bai^iii resembles that of a saucer with a circular hole
in its niidtllc."
Tour in Iceland, p. 1)7. Tii.

—
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Depth of the

well, including that of the basin
In the direction of the first diameter
2. In the direction of the second diameter
Depth of the cup in the centre
1.

.

As we took

:

—

.

.

.

.

^
23*50
21*50
1*57

care, in each experiment, to alter the order

of
our thermometers, that their indications might be checked, I
shall indicate by numbers and by the letter B those of M.
Bunsen, and by the letter
those which belonged to me.
It will be conceived that the temperature at the surface of
the water which fills the basin must be excessively variable ;
for that temperature depends at the same time on the temperature of the sides of the basin, on that of the air, on the force
and direction of the wind, and on the hygrometric state of
the atmosphere, whicii allows of a more or less speedy evaporation.
This is the reason why the numbers given by different travellers, for the temperature of the water on the edge of
the basin, agree so little; we ourselves made a series of observations, the terms of which differ considerably among them-

D

selves.

They

are as follow

:

Temp,

„

lo4o.

h

ra

at the margin.
o

3rd July, at 10 30 a.m.; basin
3rd July, at 10 58 a.m. Id.
3rd July, at 1 1 30 A.M. ; /r/.
3rd .Tuly, at 3 25 p.m.; /rf.
ith July, at 12 35 P.M.; /rf.

86*0 centigrade.
89-0
;
88*0
.
.
89*7
76*0
.
.
4-th July, at
85*0
.
117 P.M.;
9th July, at 1 50 p.m.; basin half-full 82*5 in the wind.
86*0 under the wind.
9th July, at 1 50 p.m.; Id.
will admit that the mean temperature of the water at
the surface and in the centre of the basin is 85° C.
The following table indicates the temperatures found in
different points of the liquid column, immediately before a
great eruption

M

filled

.

...
.

.

.

.

.

.

.

...

We

:

Third Experiment.
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The mean temperature of the column of water was obtained by multiplying half the sum of the indications of two
consecutive thermometers, by the interval which separates
them, and dividing the sum of all these products by the sum
of the intervals, or the length of the line.
Twelve minutes after the fourth experiment, at 7^ 'tO'" in
the evening, the great eruption took place.
The following are the results of the fifth experiment commenced the 7th July, at 9'' 45'" in the evening, two hours after
height of the liquid
the great eruption ; basin half-filled
:

column, 22"»-75; length of the

22^-50.

line,

„

Thermometer No.
Thermometer No.

3,

Thernionieter No.

5,

Thermometer No.

6,

1,

D
D
D
D

85-0
103-0
121-0

.

.

lost

.

122-5

.

Heights.

m
22-50
13-50
9-70
4,-90

0-30

Bottom.

Mean temperature of the column of water 108°-83.
The three preceding tables show, in an evident manner,
that the mean temperature of the column of water which fills
the central well of the Great Geysir, remaining in other respects constant, the distribution of the temperature, in different points of that column, varies with the moment when
see, on examining these
the observation was made.

We

bottom of the well a maximum, immediately before the eruptions, which may be estimated at
127°; and a minimum, immediately after, which may be estimated at 123°.
I'he results given in the two following tables, obtained at
different periods between two consecutive eruptions, show
that the phaenomenon always passes in the same manner, and
tables, that there

is

at the

with tolerable regularity:

—

Second Experiinent.

First Experiment.

The Cth

July, at

0'>

30"" in the

morn-

three lioiirs after a great erupand eleven hours before the
following eruption. JJasin half-full
height of the liquid column, 22'"-75.

ing

:

tion,

July, at 8* 20"' in the morning nuie hours after a great eruption, and twenty-three hours before
thefollowing eruption. Basin tilled:
height of the column, 23"'-50

The 6th
:

length of the

line, 22'"-85.
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Thus, notwithstanding the relative lightness of the most
heated water, which tends to rise to the smface, we see that,
even after the eruptions, the temperature of the different strata
does not become equalized still further, in proportion as the
inferior strata become heated, to reach their maximum, the
upper strata become cool, uiidoubtedlj' in consequence of
evaporation, and of the heat communicated to the sides of the
well and the basin ; so that the greatest difference of temperature at the two extreme levels corresponds precisely to the
moment of the eruptions.
can now ascertain what would be the boiling-point of
water submitted to a pressure equal to that of the atmosphere,
augmented by the liquid column the height and mean temperature of which we have determined in our five experiments.
For this purpose, we must first express the pressure of this
liquid column in millimetres of mercury at (f. The density
of the water of the Geysir, found at from TOOIO to 10° centigrade; the curve which represents the results obtained by
M. Isidore Pierre for the dilatation of distilled water, and
which I admit as being applicable to the water of the Geysir,
extending it up to 113°; lastly, the density of the mercury
at 0°, compared to that of distilled water at 4°, and found at
13*596 by M. Regnault, enables us to make this reduction.
thus find that the heights of the columns of water in our
different experiments correspond, in millimetres of mercury at
0°, to the following numbers
;

We

We

:

m
Third and fourth experiment
Fifth experiment
First experiment
Second experiment

From

.

1*645
1*593
1*587
1*654

.

the equations

loge=a — ^a%

x=t—\QO°i

and from the data
log

a=T-997 7641,

log i

= 0*4692291,

«

= 5*8267890,

down by M. Regnault, in which e represents the tension
of steam at saturation, expressed in millimetres of mercury,
and X the temperature to which that pressure corresponds,
we can derive the value of x and of /; and this last quantity
will precisely represent the boiling-point of water submitted
to the pressures
laid

0*760 + 1™-G45,
0*760 + l'»*587,

0*760+ r"-593,
0*760 -f- 1™'654.

,
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The corresponding values of/

are as follow

Third and fourth experiment

Maximum

temperature

at the

.

.

.

bottom

Difference

.

.

temperature at the bottom
Difference

.

.

at the

bottom

.

Difference

Second experiment
Temperature at the bottom

122°'5

12°-898

.

.

.

.

122°'5
12°-81

/=136°"28
.

Difference

Thus,

9"-151

/=135°-31

First experiment

Temperature

/=136"'151
127

/=]35°'398

Fifth experiment

Minimum

401

:

.

.

123°-60

.

.

12°-68

the point to which the lower thermometer can
penetrate, the water does not attain the temperature of ebullition which it should have under the pressure to which it is
subjected ; but it approaches that temperature in proportion
as a great eruption is near.
may thence conclude that
the centre of heat which raises the temperature of the water
of the Geysir is situated at a certain distance below the presumed bottom of the central well, and we may deduce from
this a plausible explanation of the manner in which the eruptions are determined.
Let us in fact suppose that the column of water in the central basin communicates, by a long and sinuous channel, with
the space, be it what it may, which receives the direct action
of the subteri-anean heat after an eruption during which a
projection of a great quantity of water and vapour has taken
place, the lower parts of the liquid mass are cooled, and the
steam which is formed in the reservoir submitted to the action
of the heat has a less tension than that at which the weight of
the central column and that of the atmosphere are in equilibrium this vapour, as it forms, becomes condensed in contact with the water which fills the sinuous channel, and it imparts to that water its latent heat.
The increase of temperature of the water of the channel is transmitted by degrees to the
lower part of the central column where the thermometer
can reach but this increase is retarded by the atmospheric
air and the other gases which accompany the vapour; however, at the lapse of a shorter or longer time, the water of the
channel must boil, and the steam which continues to form cannot longer condense there; this vapour must therefore accumulate, and acquire a gradually increasing tension, until this
/-•////. Matr. S. 3. Vol. 30. No. 203. June 1 847.
2 E
at

We

:

;

;
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overcome the resistance of the column of
the basin, and to project it into the air.
thermometer placed at four metres above the bottom of
the central well during an eruption which took place July 14,
1846, at 3'^ 15"" in the morning, and which raised the column
of water to 49'""37> according to a measurement taken by M.
Waltershausen, indicated a temperature of 124°'24, which

texision is able to

water which

fills

A

corresponds perfectly to what would have been found at the
same point in the third and fourth experiments.
In the intervals of the great eruptions it often happens that
the column of water is raised to one metre, or 1™*50 above the
usual level, and it is easy to conceive that it must be thus for,
if the vapour formed in the subterranean reservoir is not condensed entirely at its contact with the water of the sinuous
channel of which I have spoken, and if it is accompanied with a
sufficient quantity of atmospheric air, or of other gases, it must
in the end divide the liquid colunui, and escape at the surface, producing those subterranean detonations and those jets
which all travellers have remarked. A fact worthy of attention is, that these detonations appear to be produced periodically with sufficient regularity; whereas the great eruptions
only take place at quite unequal intervals, as is shown by
the following table of a series of observations which we continued for several days.
This difference might be explained
by admitting that the production of vapour is not perfectly
regular.
In the following table, the three columns indicate
the date of the observations, the hours when the detonations
or jets took place, and those when great eruptions were pro;

duced

:

Dates of the

on the principal Geysirs of Iceland.

Table (continued).
Dates of the
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1 also availed mj'self

of

my

visit to

the Geysii' to

some chemical experiments upon the water of
spring, which

it

would have been

difficult to

clusive with water carried to Paris.

make

remarkable
render so con-

this

I paid particular atten-

tion to the estimation of the sulphuretted

hydrogen, the odour

of which is very perceptible in the vapour which incessantly
escapes from the basin, and to ascertain whether the soda
contained in that water is in the caustic or carbonated state.
The sulphydrometer of M. Dupasquier served me for the
On operating with necessary caution, I
first determination.
found that one litre of water of the Geysir, perfectly limpid
and cooled, protected from contact with the air, to about 40°,
contained 2''<^*448 of sulphuretted hydrogen.
To ascertain the state of the soda, we collected some water
in a well-stoppered bottle, acidulated it with some drops of
hydrochloric acid, and boiled it; the vapour, collected in some
Mixed
lime-water, yielded a very perceptible precipitate.
with some ammoniaca! chloride of calcium, the water was not
rendei'ed perceptibly turbid ; it therefore does not contain
free carbonic acid.
The presence of chlorine or of alkaline chlorides was likewise ascertained by means of nitrate of silver.
To obtain a complete analysis of this water, I collected a
quantity in a flask with a drawn-out neck and closed it over
the lamp, and in glass botdes closed with a good cork stopper
covered with caoutchouc.
The water of the first flask was employed to estimate the
carbonic acid combined with the soda; this determination
was made in the laboratory of tiie Val-de-Grace, where M.
Millon was kind enough to place at our disposal one of the
apparatus which he employs to estimate the carbonic acid in
organic analysis.
A second operation, made comparatively
on water of the bottles closed with a caoutchouc stopper, gave
a result nearly identical with that of the first experiment.

=

metres
156,760 kilogrammes in the second case, on condensing upon
the lower part of the Geysir, might re-establish its primitive level.
I have stated above that this level was re-established in about seven
hours, and that from that moment only a small quantity of water flowed
over after each of the detonations which took place every two hours.
The deficit in the Geysir, after a great eruption, might therefore be
made good by a subterraneous disengagement of vapour, varying from
1807 kilogrammes to 2394 kilogrammes an hour. Now an ordinary steamengine, without coating or covering and working without pressure {sans cnveloppe et sans ditente, consuming five kilogrammes of pit-coal an hour,
expends about thirty kilogrammes of vapour by horse-power. We see
therefore that the present pha;nomenon of the Geysir requires for its
production, only a development of vapour corresponding to nearly that of
an engine of 700 horse-power, which gives an approximate idea of the
order of this phaenomenon.

iOS
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kindly undertook the analysis of the residue
water leaves on evaporation, and 1 here transcribe
A
only the results which he has given in a separate notice.
65° centigrade, gives a resilitre of this water, evaporated at
due weio-hing 1-3900 gr., and effervescing with acids. Heated
to 1-1830;
to 300°,*the weight of this residue was reduced

M. Damour

which

this

and at a cherry- red heat the residue agglutinates, and now
amounts to only 1'0540.
The same quantity of water contains,—
Chloride
Sulphate
Sulphate
Sulphate

of sodium
of magnesia
of potass
of soda

....

Soda
Silica

Carbonic acid
Sulphur

0-2638
0-0091
0-0180
0-1343
0-1227
0-5190
0-1520
0-0036
1-2225

The quantities of oxygen of the silica and the bases are in
the following relation
Relations.
Oxygen.
ai0-2696
3
0^-5190
.
Silica
:

.

Soda

.

.

Potass

.

.

0-3427
0-0097

0-0876 \

Q.^^Qg2

1

0-001 6

subtracting from the weight of the alkalies the quannecessary to saturate the chlorine and the sulphuric acid,
there remains,
Relations.
Oxygen.
(rr.

On

tity

Silica

.

.

.

Soda.

.

.

.

0-5190
0-1227

0-2696
0-0314

9
.

1

In several analyses, M. Damour found that the relation
and that of the bases
1 between the oxygen of the silica
3
was constant, and he concluded therefrom that the silica is
probably dissolved first in the water of the Geysir, in the
2SiO'', which
state of alkaline silicates, NaO, SiO^, SNaO,
soluble
very
are
which
and
artificially,
produced
can be
water; then, by the action of the sulphurous and hydro:

m

sulphates and chlorides are formed: the
quantity of alkali combined with the silica undergoes a successive reduction, and the primitive relation of 3 1 becomes
9:1. In thi.s state of saturation, a portion of the silica ceases
in a quantity
to be soluble, and is deposited, without doubt,
corresponding to the amount of alkali saturated every tlay by
the action of the vapour springs, and consequejitly of the

chloric vapours,

:

406 M. Descloiseaux's Physical and Geological Observations
oxidation

of the

alkaline

sulphurets

contact with

in

the

atmosphere.
can conceive that the water of the Geysir, passing into
the state of vapour at a very high temperature in subterranean

We

conduits formed by felspathic rocks, attacks their sides, and
is thus charged with the salts which the analysis discovers
in

it.

Beside the analysis of the watei- of the Geysir, the memoir
of M. Damour contains those of several of the springs of
Reykir, on the south coast of the island, and that of the water
of Laugarnes, situated at a short distance from Reykjavik.
All these waters are alkaline and siliciferous and, akhough
the proportions of the substances which they contain are
different in each, they offer, like that of the Geysir, a constant
relation between the oxygen of the silica and that of the bases:
only, the thermal springs of Reykir deposit, like the Geysir,
numerous siliceous concretions, whilst that of Laugarnes forms
none at all. The experiments of M. Damour explain this
for in the waters of Reykir, the condifference very well
stant relation between the oxygen of the silica and that of the
and after subtracting the quantity of alkalies
bases is as 2 1
necessary to saturate the chlorine and sulphuric acid, this reIn this state of saturation, a part of
lation becomes as 8 1.
the silica ceases to be soluble and is deposited.
In the water of Laugarnes, on the contrary, the primitive
relation of the quantities of oxygen is as 3:1, as for the
;

;

:

;

:

Geysir, and this relation, after the saturation of the chlorine
and the sulphuric acid, becomes as 6 1, numbers which represent an alkaline silicate entirely soluble in water.
:

Strokkur.

The Strokkur, the Icelandic name of which, signifying
churn, well indicates the continual movement of the water in
the channel which contains it, is situated at about sixty metres
to the south of the Great Geysir. It has not, like the latter,
formed itself a regular and conical basin the waters occupy
a sort of level well, the edges of which are only encircled
;

by a rounded mound, and worn by the frequent passage of
the waters.

The

dimensions of this channel are as follows

....

Total depth below the surface
Diameter of the opening
Diameter at 8">-30 below the surface

The channel
gular, and

its

:

15^' 55
2'"'40

.

.

0'»-26

of this second jetting spring is therefore irrediameter diminishes rapidly from the surface to
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The level of the water, which generally stands
the bottom.
at rather above three metres below the ground, falls principally after great eruptions, but it sometimes rises suddenly
and the surface of the water is incessantly boiling.
The following are some observations I made upon these
oscillations

:

8th July, at 4^ 30"^ p.m. depth below the surface .
9lh July, at 1 1 o'clock a.m. after a great eruption
9th July, after a second eruption, immediately after
the first
9th July, at 3 o'clock p.m. Strokkur calm ; depth .
after a great eruption
9th July, at '^^ 15"^ p.m.
Strokkur calm
9th July, at '^'^ 59"^ p.m.
9th July, at 5^ 32'^ p.m. -.Id
9th July, at T'^ 15"" p.m. 7rf
10th July, at 6ii 57°i p.m.: /c?
:

:

.

:

:

.

.

....

:

:

3*40
4"22

4'55
3"35
4-40
4-40
3-05
3-50
3-55

To determine the temperature of this column of water, we
employed the same thermometers as at the Great Geysir;
but we only arranged three on a line. The following are the
results obtained in these three experiments
First Experiment.

:

4?08

On

the Get/sirs

of Iceland.

always supposed that its temperature there was that of boiling
water; the second and third experiments show, in fact, that
at one metre below the surface it is so.
Lastly, a thermometer placed at the bottom of the channel during an eruption, indicated a temperature of 115° C.
see that the column of the water of the Strokkur possesses, at different heights, much more constant temperatures
than those of the Geysir, and that the influence of the eruptions is very little felt; this depends evidently on the continual boiling of the water, which determines incessantly
ascending currents in the column and a sort of intermixture.
The mean height of the column of water of the Strokkur is
equal to a column of mercury at 0°, of 0'"-7179.
The temperature at which the water, submitted to this pressure and to that of the atmosphere, would begin to boil, is

We

120''04<3.

We

have seen that the maximum temperature at the
bottom of the Strokkur was 115°; the difference between this
maximum and the point of ebullition of the water is therefore
5°*043.
This number is sensibly smaller than the corresponding number found at the Great Geysir, which may be
owing to the point attained by the thermometer in the Strokkur being nearer to the subterranean source of heat, or to the
channels which form the communication between the liquid
column and that central point being narrower the heat parted
with by the vapour condensed to the water of this channel is
transmitted more rapidly to the base of the column.
The eruptions of the Strokkur, which are quite as high as
those of the Great Geysir, instead of presenting, like the
latter, the appearance of a beautiful fountain with a base three
metres in diameter, and a crown of about eighteen metres,
present only an ensemble of sharp, jagged points, resembling
very tall and slender yew-trees. In the Geysir, the eruptions
always take place naturally; at the Strokkur, on the contrary,
;

they are either natural or artificial.
All travellers in fact
that, if the orifice of the Strokkur is filled
with light stones or pieces of earth and grass, the oscillations
of the water cease for some instants then, at the end of five
or ten minutes, a jet of a blackish water charged with earth
is shot out to a great height, and is followed by other intermitting jets during eight to ten minutes.
This experiment,
which can be repeated several times a day with success, seems
to prove that the small excess of pressure resulting from the
accumulation of clods of earth upon the water suffices to
hinder the normal disengagement of the vapour through
the column of water, and to augment the tension of that which

have remarked

;
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formed in the subterranean reservoir^ to the extent of producing a sudden detonation.
Be this as it may, as we desired to know whether the
natural eruptions of the Strokkur were produced more regularly than those of the Geysir, and had any connexion with
them, we only forced the eruptions twice at our arrival, and
we noted, in the following table, all the great natural erupis

tions

:

Forced
Dates.

Eruptions.
Heights.

Natural
Eruptions.

Hours.

30"'-210

5th Julv, at S*" 57"" p.m. ..
9th July, at 4'' 15" p.m. ..
9th Julv, at Qh 25" p.m. ..
10th July, at 12" 15°' a.m.
12th July, at 8'' 2™ a.m. ...
13th July, at S"" 30" p.m...,

49'"-375
43'"-528

not measured.
not measured.
47'"-426

It will be seen from this table that the natural eruptions of
the Strokkur do not present more regularity than those of the
Geysir, and that their coincidence with the latter, if it sometimes happens, is not general.
Some observers have admitted that there was a direct communication between the Strokkur and the Geysir: unfortunately I was not able, during my visit, to collect water from
the Strokkur sufficiently freed from the earthy matters coming
from the clods of earth which we threw upon it during the
first days of our arrival, to bring it back and submit it to an
accurate analysis ; but the quantity of sulphuretted hydrogen,
which I found to be F'^'T^S per litre, differs sufficiently from
that which the water of the Geysir contains, to allow us
to conceive that these two springs, subjected perhaps to the
same cause of subterranean heat, are not, as has been thought,

immediate connexion.

in

LXI.

On

the existence of a New Vegeto-Alkali in
By Robeut Pokrett, Esq.*
Cotton.

Gun-

\ T the last meeting of this Society on the 7th instant, a joint
''*•

communication from Mr. Teschemacher and myself

"On

the Chemical Composition of Gun-Cotton" was readf, and
in the last paragraph but one thereof I suggested that a view
•

Communicated by the

Clicniical Society; having

been read Dec. 21,

1846.
t This communication will
this Journal.

be found at

p.

273 of the present volume of
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might be taken of the arrangement of its elementary particles
whicji would account for the singular fact of its non-acidity,
by supposing it a compound of nitrous acid and oxide of
lignin, the said new oxide being also supposed to possess alkaline properties.
It was before mentioned that the action of a small voltaic
battery on gun-cotton gave but very slight indications of its
decomposition, but that slight as they were they were rather
favourable to the suggestion ; the indifference of this compound
to the electrical action of the battery I found was owing to
its highly non-conducting nature, but I succeeded rather
better by moistening the gun-cotton with acetic acid, and
placing it in a thin layer between a plate of silver and one of
zinc, completing the circuit with a copper wire and leaving
them for forty-eight hours so arranged ; at the end of that
time, on dismounting this little voltaic arrangement, the
inner surface of the silver plate was found to be encrusted with
a small quantity of matter, which when dry looked white like
starch, which powerfully restored the blue colour of reddened
litmus paper, and which when heated to redness left a black
cai'bonaceous residue ; the minute quantity obtained made
further experiments with it impossible, but it increased my
desire to be able to procure the same substance by chemical
means in any quantity that might be wanted.
After several trials I succeeded by the following process.
I took 2 ounces by measure of nitric acid of the specific
gravity 1*45, to which I added 50 grains of gun-cotton ; the
mixture being gradually heated to 100° of Fahrenheit's scale
and kept below 180°, became quite transparent and fluid, and
all the cotton disappeared, being quietly dissolved without
any evolution of gas when a portion of the solution in this
state was dropped into water a white precipitate was formed,
having all the properties, structure excepted, of the original
gun-cotton, the liquid was therefore a simple solution in acid,
without decomposition ; but on heating the liquid further up
to 240°, deep red acid vapours were given off abundantly for
a long time, and these collected in a receiver surrounded with
ice proved to be hyponitrous acid.
The same effect exactly
took place when sulphuric acid was used instead of nitric at
the same temperature, so that the hyponitrous acid was merely
eliminated in both cases, and not formed from the excess of
nitric acid used in the former instance ; the cold and very
concentrated nitric solution containing a great excess of acid
was now brought nearly, but not quite, towards a neutral state
by pouring into it a strong solution of subcarbonate of potash,
after which a solution of bicarbonate of potash was used
;

Mr. Porrett on a New Vegeto-Alkali

in Gun-Cotton.

411

the liquid in this state
until perfect neutrality was obtained
became thickened, not only by the quantity of minute crystals
of nitrate of potash formed in it beyond what it could hold in
solution, but also by an abundant precipitate of a whitish-gray
:

coloui", consisting of

The

new

the

alkali

probably in a state of car-

was heated nearly to ebullition, during
which its colour became darker, and it was set aside in order
that the crystals of nitrate of potash formed on cooling might
be separated and the liquid disembarrassed of them as much
as possible after this it was evaporated to dryness by the heat
of a water-bath, and the brownish residue was acted upon
first by sulphuric ae'ther, which however would not dissolve
any portion of it; next by alcohol, specific gravity 0*813,
which took up a very small quantity of the new alkali then
spirit of wine was tried
the solvent power was greater than
that of the alcohol, but it had the disadvantage of taking up
with the alkaline matter a very minute quantity of the nitrate
of potash which accompanied it, so that I could not get an
exclusive solvent for the former; the principal quantity by

bonate.

liquid

;

;

;

carbonated alkaline oxide of lignin still remained,
to use a small quantity of cold, distilled
w'ater for its solution, notwithstanding that the water took up
at the same time some of the nitrate of potash and bicarbonate of potash remaining in the mass. This aqueous solution contains the new alkali in abundance, but mixed as stated
with the other two salts, it acts very powerfully upon redfar of the

and

I

was obliged

dened litmus paper.

When

a portion of the hyponitrous acid is neutralized by
alkali, hyponitiite of oxide
of lignin, probably identical with gun-cotton or with xyloidine,
is reproduced and precipitated as an insoluble compound.
Thus I have verified the accuracy of my suggestion, excepting that instead of nitrous acid neutralized by a new
alkali existing in gun-cotton, it is the hyponitrous acid so
For this new
neutralized that constitutes that substance.
alkali 1 have proposed the name Lignia, and believe that it
opens a wide field for scientific research.
I suspect that in the natural decay of woody fibre from

an aqueous solution of the new

and rot'ing plants this alkali is produced in combinaand that the acetate of lignia so formed
further, that it is decomexists in the saj) of all vegetables
posed and deoxidated by light acting on the leaves and bark
of trees, reproducing lignin for the assimilation and growth
of the plant
its action also on the animal system deserves
inquiry.
I lay no stress however on these speculations, exleaves

tion with acetic acid,

;

:

cepting so far as they

may

stinmlatc others to enter into in-
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impossible for me, consistently with
my other duties, to find time for carrying on, and I leave the
subject without reserve to those who have more leisure.
I would remark, that the composition of lignia must be
that of lignin plus 2 atoms of oxygen given up by the nitric
acid in becoming hyponitrous acid ; and I would further
observe, that the latter acid and lignia forming an insoluble
compovmd, may probably be employed as mutual tests of each
other's presence in combinations.
vestigations which

it is

LXII. On some new Researches in Animal Chemistry. Extracted from a Letter from Professor* Liebig to Dr. A.

W. HOFMANN*.

I

AM at present occupied with the investigation of the con-

stituents of the animal fluids which are found without the
blood and lymphatic vessels. The fluid from flesh, for example, reacts strongly acid, and the question was, whence
arose this acidity ? After overcoming more difficulties than I
have ever experienced in any investigation, I have for the
first time indisputably proved that free lactic and phosphoric
acid exist in the whole organism wherever muscle is found.
How curious, that in the absence of all proofs on the part
of the opponents of lactic acid, I should now demonstrate
to them its existence in the flesh of oxen, fowls, calves, and
sheep, by preparing and analysing the most beautifully cryHow wonderful, that in the
stallized zinc and Hme salts!
animal organism acids and alkaUes are found separated by a
membi-ane, constituting myriads of little galvanic circles,
M'hich, as such, must produce chemical and electrical effects
To the latter class I refer all the observations of Matte ucci,
which can now be easily explained,
I have further found that the flesh of the muscles of oxen,
fowls, sheep, calves, and the carnivorous pike contain creatin, prepared by Chevreul eleven years ago, and which, from
Berzelius's not being able to reproduce it, has since then, in
Creatin
a measure, disappeared from the field of science.
is a beautiful substance, having the formula CgNgHjiO^-.
At the temperature of 100° C. it loses 2 equivs. of water, and

becomes C8N3H9 04= glycocoll + ammonia or caffein +
amidogen and water. Heated in a stream of hydrochloric
acid, creatin loses 4 equivs. of water and takes up 1 of hy-

By

however, its nature is
converted into a beautiful organic
base, the properties of which are totally different from those
* Communicated by the Chemical Society ; having been read Dec. 21,
drochloric acid.

entirely altered, being

1846.

this treatment,

now
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of creatin.
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becomes now soluble in water, and forms with

bichloride of platinum a fine crystaUized double salt.
I have, finally, discovered two other new bodies in the
same fluids, of which the one crystallizes in needles, the other
Unfortunately I
in plates of the lustre of mother-of-pearl.
have obtained scarcely sufficient for two analyses from 40 lbs.

of the flesh of oxen and 20 of that of fowls.
I see a boundless field before me, and doubt not that for
every quality of the animal body, something which can be
estimated quantitatively, will also be discovered to which it is

indebted for its properties.
I have also satisfied myself as to the part which common
I have found that the
salt plays in the bodies of animals,
fluids without the blood and lymphatic vessels contain only
potash-salts, viz. chloride of potassium and phosphate of
potash, with phosphate of magnesia, whilst the blood and
lymph contain merely those of soda (phosphate of soda). If,
therefore, the latter are indispensable to the formation of
blood and the processes of fife, it is evident that an animal
on the continent, which finds in plants only potash-salts,
should have chloride of sodium given to it, by means of which
the phosphate of potash of the seeds and of the rest of the
plant is transformed into chloride of potassium and phosphate
of soda. I found further that the salt brine which flows from
salted meat contained certainly alkaline phosphates, and that
scurvy is hence easily explained by the deficiency in the
salted meat of the alkaline phosphates necessary to the formation of blood. The soup from boiled meat contains the
soluble phosphates of the flesh, and the meat itself the inNeither the soup nor the flesh alone can maintain
soluble.
the processes of life, but both must be taken together. The
Enghsh have in this respect hit upon the proper practice.
In a theoretical point of view their food is more correctly
combined than that of the Germans.
Still more wonderful results have been obtained by the oxidation of casein by means of peroxide of manganese and sulphuric acid, by M. Gugelberger. Three products are obtained the first of which is aldehyde, the second oil of bitter
almonds, and the third a fluiil c-ethereal body with a compoThe aldehyde was analysed as
sition similar to metacetonc.
aldehyditc of ammonia, of which a considerable quantity was
obtained. From oil of bitter almonds the most beautiful ben:

was produced by the action of cldorine.
these results a sort of conception may be obtained
liow and wherefore many medicines have a certain deleterious
or useful action.
zoic acid

From
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Urea,
bases,

creatin, glycocoll, leucin, cystin,

&c.

and only products of the animal body or

and organic bases are partly poisonous, partly

organic
elements,

are
its

beneficial in

have caused the new experiments of Mulder
on his protein to be repeated. The substance prepai'ed by
Fleitmann in this laboratory, according to his new method,
and supposed to be free from sulphur, still contains 1*5 per
cent., as does likewise a similar preparation by Laskowski.
I beg of you to communicate this short notice to the Chemical Society, of which I have the honour to be a member.
their action.

I

LXIII. On

By

J.

the Salts of Sulphurous Acid.
Esq., Ph.D.*

Sheridan Muspratt,

T HAVE

been induced to return to this subject by a paper
published by Dr. Rammelsberg in PoggendorfPs
Annalen t. In his treatise he differs slightly from me in the
quantities of water contained in some of the sulphites, but as
he invariably took his water as loss and as mine was generally
determined by combustion with chromate of lead, I did not
think it worth while going over all the analyses that 1 had
performed in Giessen, being so thoroughly convinced of the
accuracy of those results. The only point where we materially
disagree is regarding the constitution of the red sulphite of
copper, and which will be subsequently discussed under that
head.
When I first undertook, in Baron Liebig's laboratory,
the investigation of the salts of sulphurous acid, very little
was known of their constitution ; but since that time they
have occupied the attention of numerous chemists, and are
now invested with as much interest as the compounds of any
other acid.
They are very readily decomposed either by
moisture or heat, and on this account may have led different
chemists to the assumption of various formulae for the same
salt.
For example, there is scarcely any salt of this acid
which does not contain traces of sulphate, which are always
overlooked in the analysis ; and moreover, unless great care
is exercised in oxidizing the sulphurous acid when its quantity
I shall now
is to be determined, serious errors may arise.
proceed to the description of the sulphites under their relately

spective heads.
Sulphite of Soda.
This salt is obtained by transmitting
sulphurous acid through a solution of carbonate of soda until
the liquid becomes acid, and then allowing the solution to

—

*

Communicated by the Chemical Society; having been read Dec.

21,

1846.

t

Ixvii.

p. 254.

pp. 245,

.'J91

;

or No. 89 of the Chemical Gazette, July I, 1846,
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repose for some days under a bell-jar over sulphuric acid.
The crystals possess a cooling and sulphurous taste, and are
slightly alkaline to test-paper.

—

7" 10 grs. burned with chromate of lead gave
Analysis:
4"19 grs. of water
59'01 per cent.

=

Formula, NaO, SOg-f- 10 aq.
Vauquelin has described a sulphite of soda of the following
constitution
NaO, SOg -f 8aq and Rammelsberg analysed
one which agreed with the annexed formula NaO, SOg 4- 'Jaq.
The varying proportions of water can only be accounted for
by the different temperatures at which the salts have been
:

—

;

:

formed.

—

Bistdphite of Soda.
Dr. Rammelsberg obtained an acid
agreeing with the formula 2 (NaO, 2SOo) + aq.
I find
however on referring to his results that the formula Na SOg
SOg, which I gave in my former paper, corresponds
quite as well with his numbers as the one given by him.
Sulphite of Ammonia.
I have not yet succeeded in procuring from an aqueous solution an ammoniacal sulphite of
sufficient stability for analysis.
The salts formed in alcohol
and aether, and heretofore described*, possessed the subsalt

+ HO

—

joined formiilae

:

NH4O, SO, +
NH4O, SO2
-j-

aq.

SOg.

have produced another ammonia sulphite by passing sulphurous acid into a very strong solution of caustic ammonia
until there was no smell either of the acid or alkali, and then
adding cautiously absolute alcohol. After a short time a
brilliant white saline mass of crystals subsided, which were
allowed to remain undisturbed for twenty-four hours. I threw
the whole on to a filter and dried the crystals over sulphuric
acid.
This salt is alkaline, and evolves traces of ammonia.
23*09 grs. of the salt gave 3.3-88 grs. svdphite
Analysis:
of barytes = 9*32 sulphurous acid or 40*36 per cent.
The formula 2(NHp, SO2) + NHg-hSaq. requires 40-09
per cent, sulphurous acid.
Sulphites of the Proto.vide of Iron.
Finely divided metallic
iron dissolves pretty readily in sulplnu-ous acid, imparting to
When this liquid is evapothe liquid a slight green tinge.
rated in vacuo, very small and almost colourless crystals are
obtained, which are but slightly soluble in water.
Exposed
to the air in a dry state they are not readily altered, but if
moist are rapidly converted into sulphate.
I found my sulphurous acid, on analysing this compound, to agree so closely
I

—

—

* /Inn. C/iem. und Pharm., Bd.

1.

p. 285.
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with what Fordos and GeUs had previously given, that I
5*65 grs. gave
neglected determining the iron and water.
7*00 grs. sulphate of bar5^tes = l*92 grs. sulphurous acid or
33*98 per cent. Centesimally represented,
Theorv.

1 ...

protoxide of iron 439-21
sulphurous acid. 401-17

3

water

1 eq.

...

.

.

.

.

F.

& G.

Mean.

33-98

337-44

34-06
28-76

37-23
34-04
28-73

1177-82

100-00

100-00

37-2'S

Formula, FeO, SOa + S aq.
When sulphurous acid
Sulphites of the Peroxide of Iron.
is passed through water holding in suspension freshly-precipitated peroxide of iron, the whole readily dissolves, and the
liquid acquires a blood-red colour, which disappears on exposure to the air. If this solution be boiled so as to expel
the uncombined acid, and then left to the atmospheric action
for some days, it acquires a light brownish colour, and deposits a reddish brown compound containing sulphurous acid
and peroxide of iron. Dr. KcEne of Brussels expresses the
constitution of this salt by the formula

—

FeA. SO, +

7aq.

found that \vhen caustic potash was added very gradually to the blood-red solution above-mentioned, a yellowish
crystalline precipitate formed, the liquid remaining still acid.
This compound, after filtration, edulcoration and desiccation,
gave the following results
9'01 grs. gave 2-18 grs. peroxide of iron.
6-21 grs. gave 6-80 grs. sulphate of barytes = l-87 grs. sulI

:

phuric acid.
10-11 grs. gave 1*50 gr. water.
Composition per cent.
JL

J.
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peroxide of iron.
Sulphites of Nickel.

my

first

mulas
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It contains 33'68 per Q.ent. of

—The two

salts

which

I described in

paper on the sulphites possessed the subjoined for-

:

NiO, SO2
NiO, SO2

+
+

4aq.
6aq.

The latter agrees with the results of Fordos, Gelis and
Rammelsbei'g. I have again prepared the former by transmitting a stream of sulphurous acid gas into water holding in suspension carbonate of nickel. When the whole had dissolved,
the solution was filtered and boiled, which liberated a mass
of small greenish crystals, almost insoluble in water.
6*02 grs. salt burned with chromate of lead gave 2*08 grs.

water

=

34*55 per cent.

The formula NiO, SO2

+

4 aq. affords 34-06 per cent, of

water.

Dr. Bottinger has described a double sulphite of nickel of
the following constitution :

NiO, SO2

+ NH^O, SO2 +

4 aq.

—

Sulphites of Cadmium.
Carbonate of cadmium in water is
readily dissolved by sulphurous acid, and when the resulting
solution is treated with absolute alcohol an aluminous-looking
precipitate appears, which when dried and heated in a testtube afibrds no water it must be the anhydrous sulphite of
cadmium. If however the gelatinous precipitate is allowed to
remain in the alcoholic menstruum for some days it disappears, and there deposit in its stead beautiful silvery-looking
crystals, which turn out to be the same salt as that obtained by Fordos and Gelis when dissolving the Vnetal in the

—

acid.

—

Analysis: 6-79 grs. of salt gave 6-94 grs. sulphate of bal-90 sulphurous acid.

rytes

=

8-11 grs. salt gave 1-29 grs. water.

Centesimally represented,Tlicorv.

Found.

27-98
15-90
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phite of cadmium.
Dr. Rammelsberg analysed a salt which
gave him the annexed formula,

2(CdO, S02)

—

+ NH3.

Sulphites of Copper.
The brilliant red salt which is formed
either by boiling together solutions of sulphate of copper and
sulphite of ammonia, or passing sulphurous acid into water,
holding in suspension oxide of copper, was first analysed by
Chevreul, whose numbers agree with the formula

SCu^O, 4S02+5aq.
I

gave the annexed formula for this

salt,*

CugO, SO^ + aq.
Bottingert analysed the
favour the formula

compound

after

me, and his results

SCuaO, 4S03 + 4aq.
Rammelsberg however has stated that the salt is a double
one, and constituted as follows
CuO, SOa+CugO, S02 + 2aq.
I have reprepared the red salt by passing a stream of sul:

phurous acid into water containing pure oxide of copper.
The
the whole had dissolved, the liquid was boiled.
red compound deposited in pretty large crystals, which were
thrown upon a lilter and etfused with cold water until the fil-

When

trate did not afford the slightest milkiness ivith a solution of
chloride of barium. They were then dried in vacuo. I tested
the salt for sulphuric acid before submitting it to analysis,

and found

traces present, even after taking every precaution.

Analyses.
I.

II.

III.

lA^

V.

p^,. ^^„j^

BaO, S03= 2-55
BaO, 803 = 2-28
BaO, 803=1-95
BaO, 803=2-759
BaO, 803 = 5-69
with PbO, CrOa gave 1-38

8-84 grs. gave 9-30
8-32
7-41
...
6-52
7-11
...
9-62
10-03
...
18-47
20-71
•••

13-41 grs. salt
11-13
III. 10-74
I.

PbO,Cr03
PbO,Cr03

II.

Mean of the above
Sulphurous acid
.

...

...

per cent.
.

.

Water
Base or

0-97
1-02

loss

* Ann. Chem, und Pharm., bd.
t Ibid. bd. li. p. 412.

29-796
9*496
60- 708
100-000
1.

p. 285.

802=28-84
802 = 30-76
802 = 2990
802=28-68
802=30-80

H0 = 10-29

H0=
H0=

8-71
9-49
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The copper has

also

been determined

in the salt
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by

my

brother Frederick and myself.
F.

M.
M.

Dr.

CuO = 4-22 Cu20 = 60-8o'
CuO = 6-72 Cu20 = 58-88

6-94 grs. salt gave 4-70
11 -41
7-48

It is evident

from the preceding results, that if the base of
of copper, its constitution may be

this salt be onhj suboxide

assumed

as the following,

CU2O, SOa + aq.
Dr. Rammelsberg found the annexed quantities of sulphurous
acid,

35-12

35-06

34-47,

which I can only account for by his salt not being so well
washed as mine. My salt dissolves in hydrochloric acid, affording a colourless liquid, and when a weak solution of potash is added to this, a white precipitate subsides. Yellow
prussiate of potash gives a whitish precipitate in the acid solution, soluble in an excess of muriatic acid.
When the red
salt

the

is

placed on a

filter and affused with boiling water until
no milkiness with barytes, half of its sulremoved.

filtrate affords

phurous acid

is

7-37 grs, gave 4-41 grs.

BaO, 803= 1-21 S02= 16-41 per cent.

This quantity favours the formula

2(Cu20,

HO)

SO2.

Bottinger states in his paper, " That by long boiling with
the liquid this salt loses sulphurous acid and becomes lighter
in colour, which confirms my own observation.
The analysis of such a precipitate gave me 66-60 per cent, of
CuaO,
which will account for the varying results obtained by different chemists when analysing this red salt.'^
Sulphite of Copper and Soda.
When rather strong solutions of sulphate of copper and sulphite of soda are mixed
together and treated with absolute alcohol, a dark reddishlooking liquid, which greatly resembles nitrobenzide, subsides, and if this be collected and left in vacuo for some time,
fine yellow crystals appear, which after washing and desiccation afforded the subjoined results

—

:

16-40 grs. salt gave 7"27 grs,
15-17
1-81 ...
6-13
5-44 ...

HO

Per cent.

=44-32

=1-62 Cu20 = 10-67
BaO, 803=1-49 SO2 =24-30

CuO

These numbers agree very closely with the formula
CujO, 802 + 5(NaO, S02) + 38aq,
if there was no uncombined sulphite of soda present.
2

F2
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Represented per cent.

6
5

...
...

Suboxide of copper
Sulphurous acid
Soda

38

...

Water

1 eq.

.

Theory.

Found.

9'36

10-67
24-44

891-39
2407-02
1954-50
4274-24

25-62
20-52
44-50

9527-15

100-00

44-32

when heated in a test-tube, first gives off large quanof water, then sulphurous acid, and the residue consists
pi-incipally of sulphates of copper and soda, with traces of
sulphur, &c.
I mixed a solution of
Sulphite of Copper and Ammonia.
sulphate of copper with a large excess of sulphite of ammonia, then put the mixture into a long wide tube containing
I removed the solution
a thermometer, and apjilied heat.

This

salt,

tities

—

from the sand-bath at 136° F., because at this temperature
silvery-looking flakes began to deposit, which powerfully refracted the light.
In a short time a large quantity of a
shining compound had separated, which when dried over
sulphuric acid and submitted to analysis gave the annexed
results

:

8-690 grs. salt gave 10-73 sulphate of barytesss 2-952 grs.
sulphurous acid = 33*97 per cent.

As

these

numbers agreed

so closely with Bottinger's for-

mula*,

2(Cu20, S02)+NH''0, SOo4-3aq,
thought further determinations unnecessary. When this
is heated with water, it is decomposed and the red
gritty salt separates.
Great care is required in the preparation of this sulphite, for it is difficult to prevent some of the
red salt depositing with it. The best way to obtain it in large
I

compound

quantities,

is

to heat slightly a strong solution of sulphate of

copper with an excess of bisulphite of ammonia, then cork
the vessel and allow the mixture to remain undisturbed for

some days.
All the sulphurous acid for

my

by the deoxidation of sulphuric

experiments was obtained

acid

by means of metallic

copper,

2S03+Cu=CuO, S03 + S02.
* Liebig's Aunahii, bd.

li.

p.

411.
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LXIV.

Analysis of the Bohemian Glass as found in the
Combustion Tubes employed in Organic Analysis. By Mr.

Thomas

11owney-'=.

''I'^HE difficultly fusible variety of Bohemian glass has been
J- repeatedly the subject of chemical investigation.
are
indebted to Berthierf, Dumas J, Gras§, and lately Peligot'
for an analysis of this substance. The glass analysed by these
chemists was of the kind usually employed in the manufacture of Bohemian goblets, an art in -which Bohemia has ex-

We

celled for centuries.
It appeared desirable to compare with the results of these
analyses the composition of the glass which is used for the
combustion of organic substances, and which likewise is
chiefly manufactured in Bohemia. The properties most valued
in this variety of glass are essentially different from those
sought for in other kinds, and it was to be expected that this
material, which has so greatly contributed to the progress of
organic chemistry, and upon which the German manufacturers have of late bestowed so much attention, would also
show some marked peculiarity of composition.
The following analysis was made in the laboratory of the
Royal College of Chemistry. The glass was selected from the
stock of the laboratory, recently imported from Germany, and
which numerous trials had proved to be of first-rate quality.
The tubes, though perfectly tractable in an energetic blowpipe flame, scarcely altered their form during the longest
combustion in a strong charcoal fire ; they never cracked
during the jorocess, even on suddenly increasing the temperature, and not uncommonly the same tube could be employed repeatedly in analysis.
careful qualitative examination of the specimen having
proved the presence of silicic acid, lime, sesquioxide of iron,
alumina, oxide of manganese, magnesia, soda and potassa, the
quantitative determination was proceeded with.

A

Determination of Silicic Acid.
glass was ignited with carbonate of
soda, treated with hydrochloric acid in excess, evaporated to
dryness, once more ignited and digested with hydrochloric
acid, after which all the silicic acid remained insoluble ; it
was collected on a filter, washed, ignited and weighed.
I. 2'1890 grms. of glass gave 1'5946 grm. silicic acid.
II. 2*1284 grms. of glass gave 1*5628 grm. silicic acid.
• Communicated by the Chemical Society; having been read Dec. 2],
a.

The finely-powdered

1846.
t Clmelin's Ifandhiich, vol.
\

Dumas'

Traill^ de

ii.

Vhemie,

3GG.

vol.

ii.

528.

§ Ibid,
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b.

Determination of Lime.

acid filtrate from the silicic acid was neutralized by
ammonia, then slightly acidulated with acetic acid and precipitated by oxalate of ammonia, and the oxalate of lime converted into carbonate in the usual manner.

The

2-1890 grms. of glass gave 0-4203 grm. of carbonate of

I.

lime.

2*1284 grms. of glass gave 0*3843 grm. of carbonate of

II.

lime.

Determination of Alumina and Sesquioxide of Iron.

c.

To
{b.),

the liquid filtered from the precipitate of oxalate of lime
containing a large quantity of chloride of ammonium, am-

monia was added

in excess,

by which alumina and sesqui-

oxide of iron were precipitated and the oxide of manganese
and magnesia were retained in solution. The joint precipitate of alumina and sesquioxide of iron was collected, washed,
ignited and weighed ; then dissolved in hydrochloric acid and
thrown down with potassa, which kept the alumina in solution.
The precipitate of sesquioxide of iron (thus obtained),

once more dissolved in hydrochloric acid and reprecipitated by
ammonia, was now collected, ignited and weighed the difference in the amoimt of the two weighings gave the amount
of the alumina thus
2-1890 grms. of glass gave 0-0096 grm. of mixed oxides
and 0-0029 grm. of sesquioxide of iron the difference, 0-0067
;

:

;

grm.,

is

the

amount of alumina.

d.

Determination of Oxide of Manganese.

This oxide was thrown down by carbonate of soda as carbonate of manganese, from the filtrate, separated from the
oxide of iron and alumina (c.) ; the precipitate was washed,
dried, ignited, and calculated as the compound oxide and sesquioxide of manganese (MngOJ.
I. 2*1890 grms. of glass gave 0-0114 grm. of the abovenamed double oxide.
II. 2-1284 grms. of glass gave 0*0160 grm. of the double
oxide.
€.

Determination of the Magnesia.

from the carbonate of manganese [d.) was preby phosphate of soda the phosphate of magnesia
and ammonia was washed, dried, ignited and weighed as pyro-

The

filtrate

cipitated

;

phosphate of magnesia.
I. 2-1890 grms. of glass gave 0-0127 grm. of pyrophosphate
of magnesia.
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of Bohemian Glass.
II. 2*1284 grms
phate of magnesia.

ot"

glass gave 0-0177 gi'm- of pyrophos-

f. Determination of the Alkalies.

To determine

the amount of the alkaUes, a portion of the
glass was fused with hydrate of baryta ; the fused mass was
digested in hydrochloric acid, evaporated to dryness and
ignited, the residue again digested in hydrochloric acid, and

then

filtered

from the insoluble

acid.

silicic

ammonia was then added to the filtrate, to

Carbonate of

separate the alumina,
the solution filtered

sesquioxide of iron, baryta and lime ;
from the precipitate was evaporated to dryness and ignited,
to drive off the ammoniacal salts, and the magnesia separated
by means of baryta ; the excess of baryta was separated by
means of carbonate of ammonia, and filtered. The filtrate,
evaporated to dryness and ignited, yielded the mixed chlorides of the alkaline metals ; they were dissolved in water,
bichloride of platinum added, and the solution evaporated to
dryness on a water-bath : the residue was digested in strong
alcohol, when the potassio-chloride of platinum remained undissolved ; it was collected on a weighed filter, washed with
alcohol, and dried in a water-bath until it ceased to lose
weight.
The filtrate from the potassio-chloride of platinum
was evaporated to diyness, and, after the addition of some
oxalic acid to the residue, ignited till it was completely decomposed ; the residue was digested in water, filtered, and the

evaporated to dryness in a weighed capsule; its increase in weight gave the quantity of chloride of sodium.
1-5645 grm. of glass gave 0-9330 grm. of potassio-chloride
of platinum, and 0-0905 grm. of chloride of sodium.
From the results enumerated, the calculated per-centage is

filtrate

as follows

:

II.

I.

Silica

Lime
Alumina
Peroxide of iron

...

Magnesia
Protoxide of manganese

Soda
Potash

72-84
10*75
0*30
0*13

73*42
10*11

0*21

0*30
0*54

...
...

0*37
3-07
11*4^

...
...

Mean.
73*13
10*43
0*30
0-13
0*26
0*46
3*07

n*49
99*27

99*16

The amount of oxygen in the bases stands to the amount
of oxygen in the silicic acid nearly as 1 6.
From the preceding analysis, it results that the composition
of the glass for combustion-tubes does not differ very much
:
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in reference

from the material employed in goblets, as may be seen from
the following comparison with the results of the chemists

named

formerly

:

717

Dumas.
69-4

10'3

9-2

0-4
0*3

9-6

0*2

...

Bertliier,

Silicic acid

Lime
Alumina

.

.

.

....

Sesquioxide of iron

.

Oxide of manganese
Magnesia
Soda
Potassa

Peligot.

76
8

2-2

1

3*9
0*2
2*3

...

...

2-5

....

In one of the

Civas.

7l'6
lO'O

12-7

11- 8

98-1

100-0

J^

lJ/0
101-2

100

numbers of Dr. Otto's German transGraham's Elements of Chemistry, re-

last

lation of Professor

cently published, I find the analysis of a combustion-tube
enumerated, performed in the laboratory of Dr. Otto, which
has not yet been published in the Journals.
He obtained
the following results

:

....

Silicic acid

74*0

Lime

7-2

Alumina

.

.

:}o.

.

Sesquioxide of iron
Potassa

18*5

lOO'O

The oxygen

in the bases of this glass stands to the

in the silicic acid likewise as 1

:

Soda

6.

is

oxygen

entirely absent,

and completely replaced by potassa. The presence however
of a small amount of soda does not seem to be injurious to
the glass.

LXV. On

a Generalization of a Theorem of Euler in refer-

ence to the Products of the Sums of Squares. By J.
Professor of Mathematics in Belfast College^.

THE

recent researches of Sir

sors

Graves and

W.

R.Young,

R. Hamilton, of Profesof Messrs. J. T. Graves

De Morgan, and

and Cayley, in reference to the new analytical theory of imaginary quantities, have revived attention to Eider's theorem,
that the sum of four scjuares. multipHed by the sum of lour
to which theorem
squares produces tlie sum of four squares
an extension was given by Lagrange, by the introduction of
;

component squares.
These recent researches have suggested the inquiry

coefficients into the

*

Communicated by the Author,

as to

to the
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Products of the Sums of Squares.

whether or not the theorem admits of generalization and in
the Philosophical Magazinefor April 1845, Mr. J. T. Graves
announced that he had arrived at the truth that " the product
of two sums of eight squares is a sum of eight squares ;" but
adds, that " the full statement and proof of the theorem must
I have anxiously inquired at
be reserved for another time."
every likely source of information to which I have access, for
the publication of this proof; and am disposed to conclude,
from the result, that such publication has not yet been fur;

nished.

an independent investithe theorem holds not
sixteen, and indeed for
an integral power of 2.
This investigation I propose to forward to the British Association, at its meeting in June, provided I be assured that I
have not been anticipated in the generalization here announced.
By thus alluding to the results at which I have arrived, in
the pages of this Journal, I shall afford timely opportunity
for the information being communicated to me, if the abovementioned extension of Euler's theorem has ever as yet been

I have been thus led to enter into
gation of the subject; and find that
only for four and eight, but also for
any number of squares expressed by

published.
The notation in which the subordinate theorems and the
general theorem is announced is this, viz.

S2(D)x22(a')=22(n"), 24(n)xS4(D')=24(n"),
and generally

where n is any integral positive power of 2.
The theorem holds too when certain coefficients are
duced thus, taking eight squares, it is true that

intro-

:

X

(s'2

+

bi'-^

+ cu'-^ + bcv" + 6cto'2 +

c.v'-'

+ bij'- + z'-)

= s"2 ^ bi"^ + cu"'- + ba/'^^ + bcw"-^ + cx"-^ + bif'^ + z"\
And

also that
(s2 .^

= 5"2
And

the

-}-

^^2

^ «2„2 ^ ^3„2

«<"2

_^.

^4.^2

^ ^5^y2 ^ „6^2 ^ ^7_j2)

+ «2,//2 + ^.V/2 ^ a4a,H2 + ^h^\n ^ ^GyUi j^ ^7JI2^

same has place

by a power of 2.
Belfast, May 8, 1847.

for

any number of squares expressed

[
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a Method for the Analysis of Bodies containing
and its application to Explosive Cotton. By
Crum, F.R.S.*

Nitric Acid,

Walter

\ T the first meeting oftlie present Session of the Philoso^^ phical Society, I gave an account of some experimental inbody whose composition
had at that time chiefly occupied myself with its nitrous contents, and described a method by which
some approximation could be made to a quantitative result for
On resuming the subject, I found that much was
nitric acid.
wanting to render the method a rigorously accurate one; and
I shall now relate what I have since done to simplify and
complete it. I shall first, however, give an account of its
application to nitrate of potash,
a body of known composition, and easily obtained in a state of purity,
to which I had
recourse as a means of proving the accuracy of the method,
and detecting any fallacy to which it might be liable.
The salt 1 employed
Nitric Acid in Nitrate of Potash.
was purified by repeated crystallization, and fused at little more
than its melting heat. A glass jar, eight inches long and an
inch and a quarter in diameter, is filled with, and inverted
over mercury.
A single lump of the fused nitrate, weighing
about six grains, is let up into it, and afterwards fifty grains
of water.
As soon as the nitrate is dissolved, 125 grains of
sulphuric acid, ascertained to be free from nitric acid, are
added.
By the action of the mercury upon the liberated nitric
acid, deutoxide of nitrogen soon begins to be evolved, and
usually in about two hours, without the application of heat,
Occathe whole of the nitric acid is converted into that gas.
sional agitation is necessary, and it is easily performed by
giving a jerking horizontal motion to the upper part of the jar.
The surface of the sulphuric acid is then marked, and threequiries into the nature of gun-cotton, a

was then

little

known.

I

—

—

—

fourths of a cubic inch of solution of sulphate of iron, recently
The gas is rapidly absorbed, exboiled, let up into the jar.
cept a small portion at last, which must be left several hours
to the action of the solution, or be well agitated in a smaller

No correction of the nitric
tube with a fresh portion of it.
oxide has to be made for moisture for the mixture of acid and
water which I employed, as I ascertained by direct experiment,
In one experiment,
has no perceptible force of vapour.
5*40 grains nitrate of potash yielded
4'97.5 cubic inches of gas, at 60^ Fahr., and bar. 30 inches.
The residue not absorbable by sulphate of iron, was
;

*

Read before the Philosophical Society of Glasgow,

communicated by

tlie

Author.

April 14, 1847,
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0'015 cubic inch; leaving
'^'96

cubic inches of nitric oxide

which correspond

=1*594

grains NO.,, and

to

2'869 grs. nitric acid, or 53' 1 3 per cent, of the nitrate ofpotash.
Four consecutive experiments made in this manneryielded

53-13
53-14
53-73
53-29

Mean ....

53-32

or leaving out the third experiment, 53-19.
The calculated per-centage of nitric acid in nitrate of potash,
the acid being represented by 6*75, and the potash by 5-8992,
is 53-36*.
In order further to determine whether the presence of organic
matter would interfere with the liberation of the nitric oxide,
the experiment was repeated with the addition of three grains
of cotton wool, which was first dissolved in the sulphuric acid
the result was 53-24.
Other nitrates are analysed in the same manner. For salts
in powder, which it is difficult to pass through mercury without loss, I cut a quarter-inch glass tube into little cylinders
for them, of half an inch long, and close up the ends with
thin paper fastened with gum.
In the analysis of numerous
samples of crude nitrates, the residue, which is azote, may be
taken as a constant quantity, and the jar graduated in such a
manner that the volume of gas may be read off at once as the
per-centage of nitric acid.
Preparation of Gun-Cotio?i. The cotton I employed was
fine Sea Island.
It was first thoroughly carded, and then
bleached, by boiling in caustic soda, and steeping in solution
of bleaching powder then caustic soda again, and afterwards
weak nitric acid. It was well washed and beaten in a bag
with water after each operation.
When burnt, 10,000 parts
left 9 of ashes.
It was considered to be lignine, nearly pure.
The cotton, dried and carded after bleaching, was exposed
in parcels of 10 grains each, for several hours, to the heat of
a steam-bath, and each parcel was immersed, while hot, in an
ounce measure of the following mixture:
One measure sulphuric acid, spec, grav., 1*840.
Three n)easures of pale lemon-coloured nitric acid, of 1-517.
After one hour it was washed in successive portions of water,
till no tjace of acid remained, and dried in the open air.
* By Thomson's numbers the per-centage of nitric acid in nitre is 52*94;
;

—

;

by Berzeliufl, 53*44.
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65" F., became,
steam bath,
therefore, S-Q per cent, of water.
It

grs. of bleached cotton wool, dried at

some hours
28'32 grs., and lost,

after bein<r

increased to
51 'OS grs.

in a

when made into gun-cotton, and dried

in the

open

air.

Dried further in vacuo, over sulphuric acid, it was reduced to
50'40 grs., and lost therefore r33 per cent, of water.
100 of dry cotton produced 177*9 of dry gun-cotton.
The gun-cotton thus prepared is whiter, but less transparent,
than the original bleached wool.
It appears to be little liable
to change, but a slight elevation of temperature causes a commencement of decomposition, and the colour becomes more
or less brown.
It is much less tenacious than cotton wool.
Dissolved in nitric acid, and tested with chloride of barium,
it gives no indication of sulphuric acid.
The increase of weight above stated is the greatest I have
been able to obtain and I had completed its analysis in the
manner I shall describe, when I found reason to believe that
it still contained a portion of unaltei'ed cotton.
With a view
to saturate that portion, it was immersed a second time, and
for twenty-four hours, in the same mixture of acids, but without yielding any greater quantity of nitric acid.
An immersion of one hour in nitric acid alone gave a belter
result.
It lost in weight by this second process 0*47 per cent.
It was litde altered in appearance, but after being dried in the
open air, it lost in the air-pump only 0*69 per cent., instead
of r33, as in the former case.
It is this substance of which I
;

shall

now

relate the analysis.

Ashes in Gun-Cot ton.

—

Sixteen grains of gun-cotton were
dissolved in nitric acid.
The solution being evaporated by
degrees, and burnt to ashes, left 0*035 gr. of a reddish ash,
or 0-22 per cent.

—

Nitric Acid in Gun-Cotton.
In this process the same apparatus is employed as for nitrate of potash.
About 6 grains
of the gun-cotton, containing a known quantity of water, is
collected into a ball
squeezed between the finger and thumb
to free it as much as possible from air
and let up into the
jar, over the mercurial trough.
125 grains of sulphuric acid
are added to it.
Nitric acid is liberated, and, being acted
upon by the mercury, produces nitric oxide. After one hour,
when about three-fourths of the whole gas has been evolved,
and the gun-cotton is entirely dissolved, 50 grains of water
are added.
In another hour the increase of gas ceases; in a
few hours more its boundary is noted, then treated with sulphate of iron, and the residue measured.
It consists of azote

—

—

Mr.
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from the common air introduced with the gun-cotton, and a
minute portion also, which is always accidentally entangled
between the mercury and the glass. Its oxygen is absorbed
by the mercury, when in the state of nitrous acid.
In one experiment
6-02 grs. of gun-cotton = 5*978, after being dried over
sulphuric acid in vacuo, and
5'964' grs., after deducting ashes, produced
5-513 cubic inches of gas, bar. 30 in., therm. 60°, of which
0-08 was left by sulphate of iron.
S"433 cubic inches, therefore, were deutoxide of nitrogen, =
1'746 grs. NOj, which represent
3-143 grs. of nitric acid, or 52-70 per cent.
Another experiment gave 52*68 per cent.
The gun-cotton prepared by a single immersion gave only
51*42 per cent, of nitric acid.
Having failed to obtain good results
Carbon in Gim-Cotton.
by burning this substance with oxideof copper, I used chromate
of lead, precipitated from the nitrate, and heated to redness.
I employed for the combustion an apparatus which I used
many years ago for the analj'sis of indigo, and I still find it
very convenient for substances which do not require a strong
It consists of a tube of hard glass, eight inches long
red heat.
and three-eighths of an inch in diameter; the gases from which
are led by a small bent tube under the receiver in a mercurial

=

—

trough.
1 inch at the closed end of the tube is filled with 8 grains
chlorate of potash, ground with chromate of lead.
4i inches are filled with chromate of lead, among which is
ground to powder 3 grains of the gun-cotton.
li inch contains chromate of lead that has been used to wash
out the mortar.
glass plug separates these materials from the perforated
cork which joins the two tubes. The materials are gradually

A

Carbonic acid comes
heated with broad-wicked spirit-lamps.
over, mixed, when in the receiver, with nitric oxide and the
azote of the apparatus and when all the gun-cotton is consumed, the lamps are extended to the chlorate of potash. The
oxygen gas thus liberated, which in other cases is useful to
consume carbonaceous matter that may have escaped the
chromate, expels in this case all remains of carbonic acid, and
passing itself into the receiver, mixes tliere with the nitric oxide,
and causes its entire absorption by the mercury. Oxygen and
azote are then the only gases left along with the carbonic acid,
and as those are not absorbable, an addition of half a cubic
inch of solution of caustic soda indicates exactly the quantity
;

of carbonic acid present.
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In one experiment, 2*993 grs. of gun-cotton (after deducting water and ashes) yielded 7'952 cubic inches of gas, of
which 5'733 was carbonic acid, = 0739 grs. carbon, or
2't*69 per cent.

A

second experiment gave 25* 16

Mean

.

.

.

24.'92

—

of Water in Gjin-Cotton. To burn gun-cotton for
the purpose of collecting its oxygen and hydrogen in the state
of water, I ground up 10 grains of it with pounded flint, and
used the combustion tube already described, having attached
to it a chloride of calcium tube, and afterwards a tube with
asbestos moistened with sulphuric acid. But along with water,
ammonia and other matters were obtained, which destroyed
the result.
I next used a thin glass tube of a foot and a half
long, bent so that a foot in the middle of it could dip into
cold water.
Such water as would condense at 65° Fahr. was
collected. The gas was led through it into a mercurial trough,
and measured. A trace of cyanogen appeared in the last portions of gas, while the oxygen from the chlorate of potash was
burning a quantity of charcoal that had escaped the nitric
Eletneiits

acid.

After the experiment, the refrigerating tube was found
studded with large crystals of bicarbonate of ammonia. It contained very little water in the liquid state.
The crystals and
the liquid were washed out with more water, converted into
muriate of ammonia, and found to contain 0*675 gr. NHg
2CO2, the hydrogen of which represents
0*299 gr. of water.
There were besides
2*025 grs. water in the tube.
In the 22 inches of gas which
were obtained, assuming it to be saturated with moisture,

which

is

doubtful, there was

0"08S gr. of water

— making

in all

2*412, from which must be deducted
0*160 gr. hygrometric water in the gun-cotton and in the
flint,

leaving

2*252 for the water in 9*92 grs. of dry gun-cotton or 22*70
per cent.
In a second experiment, where the only difference was in
having moistened cotton for the gas to pass through before
entering the mercurial trough, the water obtained only amounted to 20*61 per cent. I did not proceed further. These were
the two last of a number of experiments, and the determinations of nitric acid and carbon are so much more satisfactory, that I prefer resting the water contents upon their results.
Purified cotton wool (liguine)

is

composed of C,2 H,o Ojq.
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is no indicaoxygen and hydrogen.

transformation into gun-cotton, there

tion of cliange in tlie proportions of

its

The difference, therefore, between the weight of the substance
employed and that of the nitric acid and carbon found by
experiment, is oxygen and hydrogen in the proportions which
form water.
The experiments I have I'elated give the following for the
composition of gun-cotton
52"G9 nitric acid,
24''92 carbon, and leave
22' 39 for the elements of water.
:

100-00

These numbers are nearly
3NO,.
Found.

in the proportions of

12C,

7H0,

[
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of Relief by Inverted Vision. Bi/
F.R.S., and V.P.R.S.

David Brewster, K.H., D.C.L.,

Edin*

TTNDER the name

^

Conversion of Relief an expression first
used by Mr. Wheatstone, I include all those optical

which take place in the vision of cameos and intaof elevations and depressions, whether they are produced
no surfaces with or without
with opake'or transparent bodies,
shadows, in reflected or transmitted light, while using one
or both eyes, —or by erect or inverted vision. In these various
forms of the pheenomenon, the illusion is modified by certain
secondary causes, which were regaided both by Mr. Wheatstone t and my self J as primary causes; so that we were led
away, each in a different direction, from the right path of
illusions

glios,

—

—

—

inquiry.

The phasnomenon occurs in its most general and simple
form, when it is produced by viewing a shadowless depression,
or elevation, made in an extended surface, through an invert-,
ing microscope, or the inverting eye-piece of a telescope, and
In so far as I
at an angle intermediate between 0° and 90°.
know, the pheenomenon has never been thus limited, and,
consequently, no explanation of it has ever been given. That
which I shall now submit to the Society is capable of the most
rigorous demonstration and when it is once in our possession,
we can have no difficulty in recognising the secondary causes
which increase or diminish the influence of the primary one,
and which, in its absence, are sometimes the immediate cause
of the illusion.
Let A, fig. 1, be a deep spherical concavity, and A', fig. 2,
;

Fig.

1.

Fig. 2.

a high spherical convexity in an extended horizontal {table
N, M' N', and let them be shadowless, or illuminated by a

M

* Read at the Royal Society of Edinburgh, May 6, 1844.
See tlieir
^
Transactions, vol. xv. p. 657.
t Philosophical Transactions, 1838, pp. 383, 384.
X Edinburgh Transactions, vol. xv. p. 365; Edinburgh Journal of ScieDce,
vol. iv. p. 97 J and Letters on Natural Magic, p. 98.
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If the observer,
quaquaversus light, like that of the sky.
placed at a moderate distance, view these objects in the directions E A, E' A', either with one or with both eyes, his
accurate appreciation of the distances E A, E' A', will prove
to him tliat A is a concavity, and A' a convexity; but if E A,
E' A' approach to equality, either from the distance of the
observer, or from the shallowness of A, or the slight elevation
of A', he will cease to recognise any difference in the distances
E A, E' A', and will be unable to tell which is the convexity,
and which the concavity. So great, indeed, is this uncertainty, that from causes which he cannot discover, they will
sometimes appear convex and sometimes concave. In this indetermination of the judgement, a touch of A, A' by the finger,
or the introduction of a shadow, will remove or confirm the
illusion, whatever it may be. The same result will be obtained
if we view A and A' vertically, with an erect or inverting eyeIn all these cases, we suppose that the circular, or
piece.
rather the elliptical, base of the convexity or concavity is distinctly seen.

from 0° to
have an elliptical section
at all obliquities, till, at 90^ it appears a straight line ; but in
In passing from 0°
the convexity the effect is very different.

Let us now look

90"^.

In

fig.

1

at

A,

A', at obliquities varying

the concavity

A

will

to the position E', fig. 2, the circular section of A' will appear an ellipse; but in passing from E' to 90°, the appearance of A' will lose all resemblance to A. When the eye is
at ^, for example, the summit A' of the convexity will cover
the point a of the table, and am will be invisible; and near
90°, the convexity A will eclipse the whole surface of the table
m M, however extended it may be, and will rise above it.
Let us now suppose that the eye at E, fig. 3, views the con-

A

through the incavity
H,
verting eye-piece E
the horizontal table
must obviously be inverted

G

MN

as well as the hollow

A;

but the apparent change,
produced by inversion, is "ST
very diflerent from the
-^
real change. The surface
N, out of which A is excavated, and upon which the obof his inverting eyeserver leans, and rests the lower end
piece, appears to remain where it was, and still to look upwards, in place of appearing inverted, and looking downwards.
of the eye-piece
When he strikes the table with the end
through which he looks, he believes that it is the lower end of

M

H

H

ridl. Ma'i. S. 3. Vol. 30. No. 203.

Jnne 1847.
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the field of view that strikes the table, and rests upon
these convictions, he sees what is represented in fig.
concavity m
v,

it.
4'.

With
The

A

fig. 3,

appears in-

verted

;

and as the

visible part of the

concavity Ain, fig.
3, is nearesttheeye
infig.-t,

and the

in-

visible part Ay/, fig.

from the eye in fig. 4, 7n A n must appear a concavity
N,
because it seems to rise out of the surface
which looks upward, as if it had not been inverted by the eye-piece.
Now, in this experiment, the conversion of the concavity
into a convexity depends on two separate illusions, one of
which springs from the other
Fig. 5.
3, furthest

M

in fig. 4, solely

The^rsl

illusion is the belief

that the surface

ing

upwards,

really
fig.

5

;

MN

is

whereas

lookit

is

inverted, as shown in
and the second illusion,

which

arises from the first, is,
that the pomtjiappearsjiut/iest

from the eye, whereas it is
ncm-cst to it, as shown in fig, 5.
All these observations are
equally applicable miUalis mutandis to the vision of convexities;

and hence it follows, that the conversion of relief, occasioned
by the use of an inverting eye-piece, is not produced directly
by the inversion, but by an illusion, in virtue of which we
conceive the remotest side of the convexity or concavity to be
nearest our eye when it is not.
In order to demonstrate the correctness of this explanation,
let the concavity m A n be made in a narrow stripe of wood,
as in fig. 5, and let it be viewed, as formerly, through the
inverting eye-piece.
It will now appear, as in fig. .5, really
inverted, and free from both the illusions which formerly took
place.
The narrow surface
being now wholly included
in the field of view, and the thickness N
of the stripe of
wood distinctly seen, the inversion of the surface
N, which
now looks downward, will l)e at once recognised. The edge
71 of the concavity will appear nearest the eye*, as it really is,
and t]ie concavity, though inverted, "will still appear a concavity.
The very same reasoning is applicable to a convexity on a
narrow stripe of wood.
* The inversion of an object never makes the nearer part of an object

MN

O

viore remote, nor the remote part nearer.

M
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-t, the concavity is seen as a convexity, let
When, as
The elliptical margin
it be viewed more and more obliquely.
is impossible in a
which
visible,
be
always
mil
convexity
the
of
real convexity; and the elevated apex will gradually sink till

in fig.

the elliptical margin becomes a straight line, and the imaginary
The struggle between truth and
convexity completely leveled.
error is here so singular, that while one part of the figure
m n has become concave, the other part retains its con-

A

vexity

!

In like manner, when a convexity

is

seen as a concavity,

the concavity loses its true shape, as it is viewed more and
more obliquely, till its remote elliptical margin is encroached
upon by the apex of the convexity ; and, towards an inclination of 90°, the concavity disappears altogether, under circumstances analogous to those already described.
If, in place of using an inverting eye-piece, we invert the
concavity m Aw, by looking at its image in the focus of aeon-

sometimes appear a convexity, and sometimes
form of the experiment the image of the concavity, and consequently its apparent depth, is greatly dimiHence any trivial cause, such as a preconception of
nished.
the mind, or an approximation to a shadow, or a touch of the
hollow by the point of the finger, will either produce a con-

vex

lens,

not.

In

it

will

this

version, or prevent

it.

In the preceding experiments we have supposed the convexity to be high and the concavity deep and circular, and
we have supposed them also to be shadowless, or illuminated
by a qiiaquaversus hght, such as that of the sky in the open
fields. This was done to get rid of all secondary causes, which
interfere with and modify the normal cause when the concavities and convexities are shallow, and have distinct shadows,
or when the concavity has the shape of an animal, or any
body which we are accustomed to see convex.
Let us now suppose that a strong shadow is thrown upon
In this case the normal experiment, already
the concavity.
perfect and satisand invariable when the
concavity is in an extended surface and it as invariably disappears when it is in a narrow stripe.

explained and shown in
factory.

The

fig. 5, is

much more

illusion is complete,

;

In the secondary forms of the experiment, the inversion of
but,
the shadow becomes the principal cause of the illusion
the
in order that the result may be invariable, or nearly so,
concavities must be shallow, and the convexities a little raised.
At great obli(juities, however, this cause of the conversion of
form ceases to produce the illusion, and in varying the inclination from 0'' to 90", the cessation takes place sooner with
;

2

G

2
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The reason of this is, that
the shadow of a concavity is very different at great obliquities
from the shadow of a similar convexity. The shadow never
can emerge out of a cavity so as to darken the surface in which
the cavity is made
whereas the shadow of a convexity soon
extends beyond the outline of its base, and finally throws a
long stripe of darkness over the surface on which it rests.
Hence it is impossible to mistake a convexity for a concavity,
whenever its shadow extends beyond its base.
When the concavity is a horse or a dog upon a seal, it
will often rise into a convexity when seen through a single
lens which does not invert itj but the illusion disappears at
great obliquities.
In this case the illusion is favoured, or
produced, by two causes': the first is, that the convex form of
the horse or dog is the one which the mind is most disposed
to seize; and the second is, that we use only one eye, with
which we cannot measure depths as well as with two. The
illusion, however, still takes place when we employ a lens
three or more inches wide, so as to admit the use of both eyes,
but it is less certain, as the binocular vision enables us to keep
in check, to a certain degree, the other causes of illusion.
The influence of these secondary causes is strikingly displayed in the following experiment.
In the armorial bearings
upon a seal, the shield is often more deeply cut than the surrounding parts. With binocular vision the shallow parts rise
into a convexity sooner than the shield, or continue so while
the shield remains concave; but if we shut one eye, the shield
then becomes convex like tl;e rest.
In these experiments
with a single lens, a slight variation in the position of the seal,
or a slight change in the direction or intensity of the illumination, or particular reflexions from the interior of the stone,
will favour or oppose the illusion.
In viewing the shield, or
the deepest portion, with a single lens, a slight rotation of the
seal round the wrist, backwards and forwards, will remove
the illusion, in consequence of the eye perceiving that the
change in the perspective is different from what it should be.
In a paper in the Edinburgh Journal* of Science, already
referred to, I have described several other examples of the
conversion of form, in which inverted vision is not employed.
As seen by the naked eye, hollows in mothcr-of-jycarl^ and
other semi-transparent bodies, rise into relief; and the same
thing happens on surfaces of agate and woods of various kinds
when transparent circular portions are illuminated by refraction, at those parts of their circumference where they would
have been illuminated had they been convexities*. But the
deep than with shallow

cavities.

;

• In examining,

under the microscope, the shallow

fluid cavities within
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most interesting cases of conversion of form are those in which
mind alone operates, and receives no aid either from in" If we take, as I have
version, shadow, or monocular vision.
elsewhere remarked, one of the IntagHo moulds, used in
making the bas-reliefs of that able artist Mr. Henning, and

the

direct the e}es to
objects,

it

steadily,

we may coax ourselves

without noticing surrounding
into the belief that the Intaglio

actually a bas-relief.
It is difficult at first to produce the
deception, but a little practice never fails to accomplish it.
have succeeded in carrying this deception so far as to be
is

We

able,

by the eye alone,

human

to raise a complete hollow

face into a projecting head. In order to

do

mask of the
we must

this

exclude the vision of other objects and also the margin or
thickness of the cast.
This experiment cannot fail to produce
a very great degree of surprise in those who succeed in itj
and it will, no doubt, be regarded by the sculptor (who can
use it) as a great auxiliary in his art*."
From these observations it will be seen that the conversion
of form, excepting in the normal case, depends upon various
causes which are effective only under particular conditions
such as the depth of the hollow or the elevation of the relief,
the distance of the object, the sharpness of vision, the use of
one or both eyes, the inversion of the shadow, the nature of
the object, and the means used by the mind itself to produce
the illusion.
In the normal case, however, where the cavity
or convexity is shadowless, and upon an extended surface,
and where inverted vision is used, the conversion of form
depends solely on the illusion, which it is impossible to resist,
that the side of the cavity or elevation next the eye is actually
an illusion not produced by inversion, but
furthest from it
by a false judgement respecting the position of the surface on
which the form is placed.
;

—

St.

Leonard's College, St. Andrews,
May 4, 1844.
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Experiments proving the common nature of

Mag-

and Viscosity. By Sir Graves
C. Haughton, K.H., M.A., F.R.S., Foreign Associate of
the Institute of France, c§-c.t
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Part

TTARIOUS
^

methods

I.

of experimenting have been

employed

of late years to extend the knowledge of magnetic phae-

the substance of a film of sulphate of lime, described in the Edinburgh
Transactions, vol. x. p. .35, they frequently, appeared as elevations on the
surface of the plate next the eve.
• Edinburgh Journal of Science, No. VIII. p. 101), Jan. 1826.
t Communicated by the Author.
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which we are indebted for many very valuable
That which I am now about to explain differs

to

from all that have preceded it, and possesses at least the advantage of simplicity united to singular delicacy*.
It must have been clear to every one, that the phjenomena
observed by M. Arago in his well-known experiments made
in the year 1824, when he caused a needle to oscillate over
the surfaces of various substances, were due to the proximity
of the needle to the body observed, as much as to the nature
of the body itself; and the discovery of this distinguished
natural philosopher was confirmed by Dr. Seebeck of Berlin,
on making similar observations. Those I have now to detail
are entirely due to the same cause, carried to the extent of
actual a.x\d forced contact.
I now proceed to explain the mode in which the experi-

ments have been performed.

Mode of operating.
examined is flat, as a piece of glass,
should be set up on a very steady table, in a
vertical position, and a magnetic needle, of which a description will be presently given, is to be placed on the point of a
fine sewing-needle, about half an inch in height, which may
be run through a slice of cork to answer as a support but
that which I myself employ has a flat brass foot about the size
of a shilling, with the fine end of a sewing-needle fixed in the
centre, and the brass foot is truncated close to the supporting
needle, to enable it and the object to be brought close together
If a cork support is used, the
for the purpose of observation.
sewing-needle should for the same reason be run through it
near the edge.
When a minute object, such as a precious stone or any
small fragment of metal, is to be examined, it should be placed
on a piece of cork or any other suitable body, in such a position to the natural direction of the needle, that on the latter
If the substance to be

for instance,

it

;

upon wliich tiiese observations have been made
back as the month of March 1841 it was not however applied to ascertaiiiing whether the various classes of substances were
magnetic or not till the spring of 1845, when nearly 140 substances were
found to be magnetic, anil a few measurements of the intensities were obtained, but it was at the commencement of 184(5 that the greatest part of
them were made. The remainder iiave been only recently completed ;
though these remarks were in such a state of forwardness as to lead to a
hopeof their being published in the summer of 1845. Want of health has
been the cause of these various delays.
* Tlie general principle

was iliscovercJ so

fur

;

Magnetism, Cohesion, Adhesion and

Viscosity.

439

by a bar-magnet, its point will exactly touch
These conditions
is smooth and vertical.
being strictly attended to, and the object under examination
being placed about a quarter of an inch or so fi'om the point
of the magnetic needle, the pole of the bar-magnet that is of
being urged to

some portion

it

that

a contrary character to the point of the needle intended to
touch the object, is to be approached with extreme gentleness
and very slowly, so as to cause the least tremulous motion
When the bar-magnet is brought so
possible in the needle.
as to cause the needle to press with a slight force against the
substance examined, the former is to be kept in the same
steady horizontal position, for at least ten or fifteen seconds
after it has been observed that all tremor has ceased in the
needle ; upon which the bar-magnet may be withdrawn as

And this is
slowly and as carefully as it was brought near.
the place to observe, that one great advantage of having the
supporting pivot so short, and consequently the magnetic needle
so low down, is that it enables the observer to allow the magnet to lie upon the table, and to advance and draw it back at
pleasure, as well as to have its axis in the same horizontal
plane as that in which the needle revolves ; for should it be
higher or lower than the latter, it would cause an inclination,
and a consequent displacement of the needle, from gravitation

moment the bar was withdrawn, that might interfere with
If all the conditions just dethe success of the experiment.
scribed have been attended to, the needle will be found to
have attached itself firmly to the glass, copper, or other body
operated upon, and will in many cases so remain any indefithe

But it should be well-remarked
must generally be given to the magnetic needle to
settle, and thereby coerce the substance to which it is to attach
The
itself.
This is an essential condition in most cases.
slightest movement in the room, even the motion of the air
from the impulsion given by the breath of the observer, are
nite

time, if not disturbed.

that

ttJiie

Any vibrato be carefully avoided in the nicer experiments.
tion in the house also will, in most cases, from the extreme
Some time, too,
delicacy of the operation, cause a failure.
will in all probability elapse before the experimenter will have
actjuircd the dexterity necessary to the success of the difficult
cases, and he must be careful that the point of the magnetic
needle does not catch itself against the object under examination when it is rough ; and there is also great danger of its
it approaches an angle of 90^ with
To prevent such a conse(juence,
the magnetic meridian.
the object should be so placed, when the amplitude is large,
that only the side of the point of the magnetic needle may rest

becoming jammed when
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Either pole of the needle may be used, and the
it.
bar-magnet may be made to influence it either by attraction
The
or repulsion, as is most convenient for the observation.
operator will likewise find it an advantage to use a low seat,
as he will by that means be able to have his eye in the same
level as the object examined as often as it may be necessary, particularly when minute objects are observed.
AH that has just been said merely regards the mode of
avoiding a failure but if it is desired to measure the relative
magnetic intensities of the substances under examination, then
a graduated disc is to be employed, which may be placed
under the supporting needle, its N. and S. being in the line
of the magnetic meridian but a very convenient substitute
for these two will be found in detaching the bottom of one of
the compass-boxes, of which I shall immediately speak, covered
with its engraving of the rhombs and degrees, and cutting
away so much of it as might interfere with the approximation
The nearer the needle can be brought
of the different bodies.
to 90^ by the attraction or repulsion of the bar-magnet, the
greater is to be considered the magnetic intensity of the object,
which is to be shifted after each measurement so as to increase
the angle of amplitude till it is found that the needle will no
longer attach itself, which consequently gives the limit of its
magnetic intensity. This being an exhausting and tentative
process, renders such measurements extremely tedious in many
for, owing to the time
cases, and yet it cannot be remedied
against

;

;

;

lost in waiting for the oscillations of the needle to cease, as

well as for it to connect itself with the substance, and in the
various adjustments of the latter, much time is expended
added to which, the experiment must be often repeated in
difficult cases, to be quite sure that a failure has really arisen,
from a want of attractive affinity between the needle and sub-

Nearly an hour has been consumed in an experiment
where much attention and delicacy of manipulation were restance.

quired.

Great care of course must be taken not to confound effects
To prevent
purely electric with those that are magnetic.
such a possibility of error, it is only necessary to breathe upon
a suspected substance, which will effectually remove all free
Thus Iceland spar, which cannot be touched with
electricity.
the fingers without becoming electric and remaining so for
days, may in the space of a ^evf seconds be rendered fit for
examination, as the humidity of the breath quickly evaporates

and

carries off the

superabundant

electricity.

well-worthy of remark, as showing how much time is
necessary, not merely for the exhibition of magnetic attraction
It is
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by some substances, but also for the loss of this quality, that
in many cases where the needle was with difficulty made to
attach itself, on contact being broken a fresh connexion was
produced with the greatest ease, if only a short delay had
taken place, and no change whatever had been made in the
position of the object.
Time, too, was still more necessary to
the success of the experiments when the angles were to be
measured for it not unfrequently happened that, when I had
supposed the greatest amplitude had been attained, on maintaining the forced connexion for a i&w minutes with an enlarged
angle, a firm connexion took place; thus throwing a doubt
upon the measures I had previously noted as the highest at;

Such measures, therefore, even
can only be considered as approximative, as
greater deviations may possibly be yet obtained by myself or
other observers.
Thus in the case of a spark of diamond, I
was able to increase the angular distance from 42° to 65°. So
likewise in the case of quartz, it rose gradually from 45° to
tainable in other substances.
in

any

case,

Now when it is considered that the attachment of the
needle takes place generally with the greatest readiness when
the angle of deviation is small, say 10° or 15°, owing to its
limited deviation from the meridian in such cases, it can leave
but little doubt that this peculiarity arises from the slow effect
of magnetic propagation in the substance examined, in which,
to use language that has become familiar in describing magnetic phaenomena, saturation takes place but slowly.
The foregoing facts entirely accord with the remark made
by Sir John Herschel and Mr. Babbage, when in 1825 they
varied the experiments of M. Arago.
A remarkable confirmation of this peculiarity was exhibited by chromium, which
was entered, after many trials with a magnetic needle, as a
failure, yet on repeating the experiment, and allowing a long
time for the needle to operate, the measurements rose successively, according to the notes taken on the occasion, as follows
20°, 25°, 30°, 40^, 45°, 49°, 55°, 70°, 90°.
The notes on the
subject having been overlooked, a fresh attempt at measurement, after the lapse of more than a year, was recently made,
when it was again entered as a failure, as there was not the
least tendency to a connexion between the needle and the
chromium after the ordinary time given to other difficult sub90°.

stances.

On reflecting on the necessity of time being given to develope the magnetism of some substances, and remembering that
the needle, which was the active agent in its production, did
not weigh four grains, and that the parts of the needle and the
substance in cojitact were merely two minute points, it struck
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magnetism might be much increased by keeping

in close contact for a short time with a

more powerful mag-

and the atbetween the needle and the substance was
immediately augmented but generally in those cases where
no attraction had been already discovered, none made its appearance by the additional magnetic influence to which it
was subjected. Want of health and time prevented me from
establishing more than the general character of these last facts,
but I shall have to speak more fully of the particular cases
net.

The

result fully justified this anticipation,

tractive affinity

;

tried as I proceed.

Among

the few substances placed in contact with the barpurpose of increasing their magnetic energy,
the following seem to be totally uninfluenced by its presence,

magnet

for the

copper, lead, marble, selenite, alum and pure lac.
following experiment will show how strong the connexion often is that takes place between the needle and nonmagnet having been brought verferruginous substances.
tically over the needle contained in a small box-compass, which
was screened by a piece of crown-glass, the needle attached
itself instantly, or, to speak moxe exaciXy, per salttim, so firmly
to the glass, that the box might be pushed backwards and
forwards from one end of the chimney-piece on which it lay
and in this state
to the other, without contact being broken
it continued for six days, though the door of the room was
often shut with considerable force; and the connexion was at
last only broken by the box having inadvertently received a
shock from the hand. The contact was occasionally renewed
by the same means, sometimes for two or three days, and
This experiment
always continued till broken at pleasure.
will not succeed if the pivot of suspension is either too high
or too low ; and the needle must be of the pointed kind.
viz.

The

A

;

proper to describe here a very useful electrometer
employed to ascertain whether substances exhibit any
It is of extreme simplicity, and is not merely
electrical effects.
much more sensitive than that employed by Haiiy, but even
more so than the most delicate gold-leaf electrometer. It
consists of a magnetic needle five-eighths of an inch in length,
Upon each end of the needle a piece of
with an agate cap.
oaten straw, one inch in length and about one-thirtieth of an
When this part of the system
inch in diameter, is fixed.
is placed, as in the former case, on the point of a sewingIt has
needle with a brass stand, the instrument is complete.
an additional advantage over that of Haiiy, that, owing to the
It is

which

1
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magnetism of the needle, the points of which are in-

serted in the straws, it preserves a definite position, without
the slight magnetism of the needle apparently interferino- with

has likewise the advantage of being easily
to protect it from injury, and is capable
of being contained in a very small box.
I ought to remark
likewise that it is so susceptible, that if unprotected by a screen
it is kept in a sort of perpetual movement, by the
otherwise
inappreciable currents of air in the room.
its sensibility.

set

It

up or dismounted

Proper forms of the needles and magnets.
After the trial of needles of various forms and lengths, I
have found none that answer so well as those which are employed in the compasses of commerce, set in mahogany boxes
two inches square, and to which I have already alluded. The
needles in these boxes are an inch and a half long, very slender and pointed, weighing about three grains and a half.
Their caps are of brass, which in this case is an advantage ; for
needles with those of agate are much too tremulous from their
great sensibility, and the experiment will be almost sure to
fail if the point of the needle slips in the least from the spot
where it first settles, the circumference of its action being as
limited as the part of the point of the needle actually in contact.
Long needles, therefore, owing to their great oscillations, are particularly unfit for these experiments; while, on
the contrary, I have succeeded extremely well with a needle
not more than five-eighths of an inch long.
The preceding directions simply concern the kind of magnetic needle that is to be employed ; but it is, as 1 have said,
by the aid of a bar-magnet that the needle is made to attach
itself to non-ferruginous bodies ; for by no other means could
it be caused to approximate itself by a slow, steady, and gentle
movement, and be left without disturbance when the motive
agent is withdrawn, a condition upon which the success of the
experiment entirely depends in the cases of low intensity ; but
for those of higher attraction, I shall presently show a simpler mode of attaining the same end without a magnet.
The
bar-magnet which I use is very convenient; it is six inches
and a half long, three-quarters of an inch wide, and rather
better than a quarter of an inch thick.
If the magnet is long,
it is managed with difliculty; and if small, it requires to be
brought very near the object, and there is consequently danger
of disturbing the position of the needle when the magnet is
withdrawn, which had better likewise be wrapt in soft paper,
to enable it to be laid down on the table without causing ajar
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an important step

in these dis-

coveries.

On

the relative

and on

dynamic xmlucs of the degrees of the compass,
of the needle resting in the magnetic meri-

the cause

dian.
I had begun to measure the angles of deviasaw that it was a matter of the first necessity to ascertain whether the degrees of the compass after 90° ijicreased in
strength, or went on diminishing in some given ratio, as it
appeared to me that the connexions were made with increased
facility in proportion as the N. pole of the needle approached
nearer to 180°.
For the purpose of settling this question, I
made a number of most careful measurements, after drawing
proper lines upon a sheet of paper, which all crossed one
another in acommon centre, by ascertaining the distances at different azimuths at which a bar-magnet, placed with its axis directed to the centre of a magnetic compass-needle (the pivot
of suspension of which was exactly over the common centre
of the lines of which 1 have spoken), caused the needle to assume a position in which its axis was in the same line with
that of the magnet, I found that these points of distance form
a peculiar curve, which was nearest to the axis of the magnet
at the east and west azimuths, and receded from it as it advanced to the north and south and was twice the distance
from it at the north that it was at the south azimuth. Such
is the sum total of the results which I communicated to the
Royal Society in June 1846, and of which a short account has
been given in the Abstracts of the Papers read before the Society, and republished in this Journal for last November*. It
since however occurred to me, that the longest distance from the
east and west azimuths would be better ascertained by operating
by the means of repulsion than by attraction, as I had done; for
it is evident that repulsion will sooner discover a minute deviation of the needle when in its natural position at N. than can
be effected by attraction, because if the axis of the bar-magnet
deviates in the slightest degree from the line, a false value will
be obtained and there always therefore remains a doubt in
proceeding by attraction, respecting the point where the reciprocal action of the needle and the magnet ceases, in consequence of the identity of their axis. Now in proceeding by
repulsion, the reverse takes place and the minutest diflference,
except so far as the friction of the needle on its pivot is concerned, is immediately detected.
I was surprised therefore
to find that where I had only been able to discover a devia-

Shortly after

tion, I

;

;

;

* Vol. xxix. p. 405.
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minute quantities

could obtain a deviation at sixty inches, after
ceased.
As the distance was exactly four
inches from the centre when the north end of the needle was
(h-awn to 180° by the bar-magnet, and as there must be some
definite ratio between the two distances thus obtained, I assume that the true length of the greater azimuth is sixty-four
inches, and that the four inches not discovered in the measurement resulted from the friction of the needle on its pivot,
though it was an extremely delicate instrument that had been
made by M. Pixii. Instead therefore of the greater distance
being merely the duplicate length of the shorter one, it is related to it as its cube.
The reason of this disproportion of the needle when in its
natural position, from that which is discovered when it is
forced round to the opposite pole, may, I think, be found,
when it is remembered that, as the earth is either per seovhy
induction a magnet, the latitude in which the experiment has
been made being at such a distance from the magnetic equator, there can be no longer an equality in the effects. It would
be therefore a question, I think, not devoid of interest, to ascertain whether such a disproportion exists at the magnetic

which

all

I

effect

equator.
I will now describe the means by which a long line was
obtained, upon the exactness of which the accuracy of the
observation necessarily depended.
A white thread of fine

cotton, weighted at each end with lead,

was laid over a long
and the weights being allowed to hang down,
a perfectly right line was instantly obtained, which had only
to be adjusted so as to agree with the magnetic meridian.
The length of the azimuths obtained in the lines N., E. and
S. being respectively 64, 2, 4, it follows that by the law of the
inverse square of the distance they are related to one another
in the proportion of J •1024 and 256, and that consequently
every degree rises gradually from N. or 0°, till at E. or 90° its
strength is 1024, after which there is a rapid decrease up to
180°; and it may therefore be practically assumed, to save
circumlocution, that at 175° its proportional strength is 256°,

and steady

table,

or only one-fourtii
true proportion as

strength it has at 90°, that being the
readies 8. or 180^ where the needle is
necessarily in a state of equilibrium by its balanced attraction
to the west; but all this will be much more evident by a reference to tile curve itselfj whicii is preserved in the form that
was laid belbre the Royal Society, as it would be inconvenient
to represent on paper the due proportion from the centre to
In fact, for ail practical purposes, the new correction is
N.
tiie

it

and
The true proportions of the curve, from the centre to E. or W., is 1, to S. 2,
to N. could not be represented conto N 16 ; hut as the distance from the centre
N. must be supposed
veniently on paper, the dotted lines on each side of the line
to be elongated to that extent.
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of no consequence, as anything lower than the azimuth line
that passes through 5°, I have found to be as low as can be
ever required for any useful measurement; and it will be seen
that by the dotted line I have drawn passing through it, and
the dotted lines that are intended to represent the correction
of the curve, that azimuth remains unaffected.
Measured by
a rule, the proportion of the azimuth line passing through 90°
is as 1 to 2 with that passing through 5'~'.
Now by the inverse
ratio of the distance, it has only one-fourth of the strength at
5° that it has at 90° and practicall}', therefore, is the same in
strength at 5° as it is at ITS'".
Hence 90° may be considered
as a middle point, from which the degrees diminish by equal
decrements to 5° and 175°; and it will be seen by a reference
to the curve, that the azimuth lines cutting 45° and 135° are
essentially the same in length.
The ascertainment of the true
strength of the degrees from 90° to 180° was a necessary desideratum, which has led to the unexpected discovery that the
position of the magnetic needle north and south is the effect
of equilibrium arising from equal repulsions from east and
west and that so far from there being any attraction at
N. and S., they are just the two points where the needle is
in the greatest state of freedom
and that in the case of a needle of low magnetic power, the mere resistance caused by
friction on its pivot, will be sufficient to prevent its taking up
its true position in the line of the magnetic meridian.
These
facts prove that the movement of the needle from 90° to zero
depends ujion repulsion, commencing at 90°, and diminishing
gradually till it stands in equilibrium at zero and that the
return of the needle to 90'', when the north end is brought to
ISO'', is the result of an attraction that increases up to 90°,
;

;

;

;

when

the repulsion

commences.

The mathematical

expression of these results

The value of every degree of the compass

is

that

inversely as the

is

square of the length of the ordinate or co-ordinate -passing
through it, the abscissa bei7ig considoed as zero.
The general principle of the values of the various decrees
of the compass obtained by the preceding system of azimuths,
was further verified by the following method
A bar- magnet 12^ inches long, was properly suspended by
silk, free from torsion, and the N. pole being brought round
to the south, was allowed to return back by the east.
The
following is the mean of eight observations, made with great
care, and which only slightly differed from one another.
The
bar required 11,} seconds to complete its return from 180° to
135
When made to start again from 135° to 90° it occupied six seconds ; and when allowed to depart again from 90°
:

.
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while its return
to 45°, the time occupied was 5h seconds
from 45° to 0°, after being again left to itself, took 6fj^ seconds.
It might be supposed, a priori, that the north end of the
bar-magnet when brought to the south and left to itself would
be repelled with violence; but so far from this, as seems to be
;

when small needles are observed, its movement is
extremely slow, and thei'e is a loss of a second or two before
it acquires the gradually augmenting momentum that is to
carry it back: a momentum indeed which increases so rapidly,
that though the bar consumed ll^^ seconds to carry it back
from 180° to 135°, it only required 15^ seconds to carry it
from 165° to 0"^, and of this time 13^ seconds were occupied
in reaching 45°, after which the remaining 45° were completed
in 2 seconds; yet the bar required 6^ seconds to return from
45^ to 0°, when it had not the benefit acquired by the preceding momentum.
As a further proof how much the slowness of the movement of the bar increases near 0°, when not
assisted by previous momentum, 6| seconds was the space of
time requisite to carry the bar from 5° to 0°, yet when it had
the advantage of the momentum acquired between 10 and 5°,
it completed the whole in ^ second less time, that is the space
from 10° to 0° in 6^ seconds, while it has just been seen that
it required only 2 seconds to carry it from 45° to 0°, when it
had the advantage of the previous momentum acquired by
the case

setting off

from 165°.

There was a

peculiarity in

the return

movement of

the

magnetic bar which is worthy of attention. When the north
end moved from 180° to 135°, it required, as has just been
seen, llg- seconds to complete the amplitude, while it only
took 6^ seconds to traverse over the parallel amplitude from
45° to 0°. The reason of this ditference is, that in the first
case its momentum is in an increasing ratio, and the force that
is to move it has gradually to augment, while from 45° it sets
off with a strong momentum which it retains till it reaches 0°.
What the nature is of this force which goes on increasing on
the return of the bar up to 90°, and from that [.oint continues
decreasing down to 0°, is a question of much importance in
It is evidently one at
the theory of terrestrial magnetism.
right angles to the natural position of the needle, and seems
to be caused by a principle identical with that of the conjunctive wire of the pile, and would strongly tend to confirm
Ampere's theory of electric currents from east to west, if the
supposition of the efficiency of these were not opposed by
considerations to which I may return on a future occasion.
While upon this point it will be interesting to see the relative times occupied by the needle when drawn back to 175°,

Magnetism, Cohesion, Adhesion and
in its return to 0°,

compass.
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Viscosity.

measured through regular

44<9

divisions of the

account of the difficulty of starting the needle
in equilibria, the measurement only began

from 180° when
from 175°.

To simplify the expression of the results, and save the use
of decimals, the signs -plus ( + ) and minus ( ) are used to
denote time in excess and paucity, which in the mean of
eight observations were too insignificant to be otherwise
brought in.

—

Amplitudes.
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hair of the human head, and to a spark of diamond; and the
accuracy attained may be judged of by the fact, that the same
hair having been measured a year afterwards, was found,

without any remembrance of the previous measurement, to be
what it was before, namely 80°. A specimen from another
head which only gave 76° was lost, and the measurement
could not be verified, but another hair from the same head
being tried it was found to be 82°, a difference which may be
accounted for by supposing that all the hairs on the same
head are not possessed of equal magnetic intensity at the same
moment of time, or by a change in the state of the health of
the individual.
The measurements may be relied upon as
never in excess, though from causes of disturbance, such as
the vibration of the house, &c., they must occasionally be
capable of being pushed further. No pains however have been
Those who
spared to obtain the utmost degree of accuracy.
shall undertake to repeat these experiments will be best aware
of the extreme difficulty of the subject.

Of the marks

of indication.

Substances not followed by any numerals have been ascertained to be magnetic, but have not been measured.
A implies that no attraction could be discovered.
The sign + marks that the measurement could be carried
further.
after 90° is intended to show that the magstronger than that of the highest case of +
The double sign of x (that is x x ) is employed to show
that the connexion has been effected by the delicate employment of the finger instead of the magnet but that the magnetic intensity of the substance is still not sufficient to attract
the needle, whether ferruginous or non-ferruginous of itself.
This is the " simpler mode" already aUuded to.
marks such substances as attract the needle, though at
short distances.
The magnetic needle was made to connect itself with all
the undermentioned substances not followed by 0, which are
arranged according to their classes and the measurements of
such as I had time to ascertain are inserted after each.

The

netism

sign

x

is still

;

A

;

\st Class.

90

Lead

90
90

Zinc

Silver (pure)

Do.

90+

Gold (pure)
Do. (18 carats)
(coin)

Platinum
Palladium

G5
08

Cadmium

90
90

Tin

Copper
Mercury
Antimony
Bismuth

90
90
90-|-

90x
CG

Chromium

51
90

Manganese

A

Cohalt
Pkiinbago
Iodine
Arsenic
Brass
G en nan silver
Bell-metal

A
A
15

A
A
90
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have already spoken of the manner of raising the ma<Tnetic uitensity of various substances, by keeping
them in close
contact with a bar-magnet for a short time.
The following
metals had then- magnetic intensities slightly
raised bv this
I

•'

means:

Platinum, from 65° to 90°;
Antimony, from 66° to 90°;
Bismuth, from 45° to 80°.
It is very remarkable that it is
not of the least consequence
whether the substance is kept in juxtaposition
with the N. or
b. end of the magnet, for the
result will be just the same in
either case, and the N. or S. end of
the needle may be made

to attach Itself with equal indifference
to the part of the substance that has been so excited.
Whether this proceeds from
a want of polarity in ferruginous
magnetism, or from the
molecules of the substances having been
rendered more
obedient to the coercive energy of the needle,
it is difficult to
say.
As the magnetism still remains, after such influence, of
the insensible kind, it is clear that
they cannot penetrate to
any depth and this may be the reason why
no polarity can
be formally proved.
The possible existence of polarity is
countenanced by the fact that the magnetism is
capable of
being heightened, and by the analogy
of the connexion that
takes place between two similar
poles of

magnets when

brought

forcibly into contact, as well as by what
takes place
with arsenic.
The magnetism which is found to exist in all
matter, and that to a degree which has never

been anticipated,

would be of tremendous operation in nature if
it were not like
or identical with cohesive affinity,
and consequently acting
only at distances that may be considered
as insensible.
In
this respect it contrasts strongly
with the power of gravitation,
and with that even of the magnetism of steel.
The effects that take place by keeping substances in contact with a magnet cannot be attributed
to induction, as they
continue for a longer or shorter space of time after
separation.
I he measurements of the first
class of substances speak so
clearly for themselves, that there would
be but little occasion

for any remarks upon the greatest
portion of them, if it were
not for the contrast in which some of them
stand to the important results obtained by Dr. Faraday, when
he operated
with a very powerful electro-magnet.
From the effects he
observed he divides all metals into two classes,
namely, ma^.
nclic-M\(\ diamagnclic, according as they
showed attraction or
repulsion; the first of these states being
indicated by the
cylinder placing itself in the line of the axis of
the magnet,

and

2 II 2
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its taking up a position at right angles to the
same axis. Now it is not a little remarkable that platinum
and palladium, which he selects as magnetic, exhibit, it will
be seen, a lower state of attraction than cadmium, copper,
gold, mercury, and silver, and that these, in common with
antimony, bismuth, lead, tin, and zinc, in which he found re-

the other, on

all exhibit attraction, according to the present form
of experiment, and some in a very strong degree.
The case of antimony and bismuth is deserving of attention, for by a method somewhat analogous to the present one,
the late M. Lebaillif found that they exhibited repulsion
though in iiis experiments the bodies were not forced into

pulsion,

and therefore their occult properties were not elicited.
In these two instances, as is the case with all bodies of low
attractive power, the connexion was formed with some difficulty; but as it was repeated on many occasions at different
intervals of time, and even within a day of these remarks, not
But I shall have
the slightest doubt can exist on the point.
contact,

to return to this subject again.

Another fact resulting from the two modes of experimenting
employed by Dr. Faraday and myself, is that the connexion
could be formed on any side or end of the substance, and that
form had no influence upon the result. Indeed this was to be
expected, as the transverse position which the substances
assumed in his hands resulted from their shape, as every oblong body under repulsion must necessarily place itself at
right angles to the resultant of forces, with a facility proportioned to its length and slenderness.
Where the shape of
the substance examined would permit of it, the end has of
late

always been selected

in preference to the side,

with a view

was particulai'ly the case
with the antimony and bismuth, which were in bar, and had
been cut across.
I have introduced iodine into the class of metals and
metalloids, as its semi-metallic lustre seemed to justify it, and
because I found that it attracts the magnet of itself; but it
shows no polarity. All that is necessary is to hold a scale of
this body against the point of the magnetic needle, when, on
drawing it back, the needle will remain connected with it for
40° or 50° of the compass. A piece of arsenic too, which
showed very low magnetic intensity (15°), acquired a similar
power, but in a higher degree, after it had been for a short
lime in close juxtaposition with the end of a bar-magnet; but
it was remarkable that this power only appeared on the flat
side of the arsenic where it had pressed against the crucible
in which it was melted, the other broken parts of the sides
to ascertaining this point

;

and

this
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being only raised by the same process to 85^. I attribute this
peciib'arity to the greater number of points that are brought
in contact with the magnet where the surface is flat.
The
character of the magnetism thus acquired is entirely the same
as that of steel, attracting and repelling in the same manner,
but comparatively in a very low degree, and consequently
quite superficial.
If brought quite close to that end of the
needle for which it exhibits repulsion, it will, like a magnet,
in consequence of the proximity, attract it.
It lost its magnetic power in the course of a few weeks, but it has since
been renewed with the same facility as before.
It appeared to me that the needles got out of order, for a
short space of time, by their contact with the iodine and
arsenic; but upon this point I cannot at the present moment
speak positively.
Certain it is that ihey became quite paralysed on two or three occasions, but were restored by having
recourse to the touch, and subsequently by only letting them
lie quiet an hour or two.
1 suspected the same effect to have
taken place once or twice, after keeping them in contact with
antimony, but at other times I could assign no cause for the
change.
All the specimens of brass I have examined are very magnetic, and may have that property considerably increased by
putting them in contact with a magnet.
One specimen,
which is a bar, causes attraction at one end, but the repulsion
which existed at the other has disappeared. The former
state appears to continue unchanged, at least I have seen no
difference in the course of a year.
Bell-metal has very low
magnetic powers; so much so indeed that I despaired of
making the needle connect itself with it; nor was this object
effected till they had both been kept in connexion for some
lime, and even then there was every symptom that this was
attained only by overcoming a natural repulsion, as in the
case of chromium, of which I have already spoken.
No
change seemed to be effected by keeping it in contact with a
magnet.
German silver is magnetic, and if brought within
about the eighth of an inch of the needle will attract it. But
the specimen I had, seemed by its colour to contain an unusual
proportion of copper, or otherwise it might have proved more
magnetic.
No increase of magnetism resulted from connection with a larger magnet.
Cobalt and manganese, as is
known, attract. The needle clung at once to a globule of
mercury, against which it had been urged by the magnet.
All the rarer substances, including pure gold, in the preceding class, I believe to be chemically pure, as they were
obtained from Messrs. Boyveau and Pelletier, and M. Ber-
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liemot of this city (Paris), who considered them as such
but the tin and lead were taken from the ordinary specimens
of commerce, and if the supposition which accounted for the
magnetism of non-ferruginous bodies by their containing minute
portions of iron, had any foundation, it would have been
apparent in these two substances; yet it will be seen that the
magnetism of both shows nothing very remarkable, and that
the tin exhibits the same degree of attraction as the specimen
of cadmium which I believe to be chemically pure, and these
two will be found, nearly in all circumstances, to exhibit as
remarkable a conformity magnetically as they are known to
do chemically. When I show, however, the mutual attractions of non-ferruginous bodies, it will be seen that the notion
of Coulomb, and other experimenters posterior to him, cannot
be accepted as accounting for the results they observed.
2}id Class.
Selenium

10°

|

Sulphur 28°

Selenium and sulphur both exhibit very low intensities with
the magnetic needle, and even these are obtained with so
much difficulty as to demonstrate that they are forced states.
I have paid particular attention to these tvvo singular substances, and have found that they resemble one another as
much by their magnetic properties as by those that are chemical.
I will here anticipate the branch of this inquiry which
is to follow, by stating that they are remarkable in nearly
agreeing in their affinities for the metals, but particularly for
gold.
They, however, show not the slightest attraction for
one another, and therefore must be considered as mutually
repulsive. I have invariably found that where there is a chemical I'esemblance there is likewise similarity in magnetic
properties, and these two substances maintain their resemblance in the same way as tin and cadmium, which only
exhibit a difference of nature with respect to arsenic; but
everything regarding this
like sulphur, has

no

last

body seems anomalous, which,

affinity for

selenium.

Contact with the

magnet appears to elevate their power of attraction, at least
this was the case, as will be seen hereafter, when they were
tested with brass.

3rd
Diamond

65

Do. (2nd specimen) 65

Ruby
Sapphire

Topaz
Do. (pale)
Jargoon
Emerald

90+
90+

Class.

Oiu-al emerald
Garnet
Tourmaline

Amethyst

74

Turquoise

66

Opal
Mexican opal.
Moon-stone.

90+
90+

32

Agate.
Cornelian (red)

32

Do. (white)

65
47

Blood-stone
Quartz
Flint

35
37
37
90
90
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The present class exhibits many various degrees of attraction
magnetic needle, but the ruby, the emerald, the sapphire
it will be seen, stand high in rank for this
propert}', while tourmaline and oural emerald are but low.
The diamond was the only one of these precious stones that
was placed in contact with the magnet, and it was found to
have its energy raised by the connexion. Though the diamond does not exhibit much attraction for the magnetic
needle, it will be seen hereafter that this is compensated for
by its affinity for copper, platinum and glass of every kind
and it will be generally found that what is of difficult connection with the magnetic needle is remarkably the reverse with
glass, and they may respectively be placed at the head of a
binary division of all substances; and what makes the fact the
more remarkable, is that the attractive properties of glass are
heightened in a very sensible degree by its remaining in contact with the magnet.
Glass has a striking affinity for cornelian, red and white, and for blood-stone, while a connexion
between the magnetic needle and these stones is formed with
extreme difficulty.
It might have been expected that flint would have shown
much resemblance to quartz in its attraction for the magnetic
needle, but the connexion was always formed with great difficulty, antl on many occasions, though it appears as high as
90'', it could not be raised above 20° in some particular speYet the needle attached itself
cimens, and many were tried.
with great facility at 40° and 50° to quartz, and finally reached
90^, but not by any forcing process: that measure however
Flint has a decided repugnance for
is still its ultimate limit.
the magnetic needle, but still the magnet can overcome it, and
a refractory specimen was raised by this means from 20° up
for the

and the jargoon,

;

to 40°.

4M
Flint glass (prism).

Do. (tumbler)

Eye

glass

Class.
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The prism was raised by the magnet from 30° to 60°, but
the sreen glass, to which the magnetic needle attached itself
with great difficult}-, seemed to acquire repulsive rather than
This was a specimen
attractive powers by the same means.
of fancy glass, of an apple-green colour, and cut to represent
1 am ignorant as to what metal it owetl
the calyx of a flower.
its colour.
It will be seen hereafter that the prism, which
was of English fabric, exhibited an extraordinary affinity for
Tiie common green
all the metals, as well as for flint glass.
glass employed for wine bottles, and crown glass, notwithstanding the iron they contain, exhibited no striking attraction
for the magnetic needle, which can be easily accounted for by
remembering that the iron is in intimate combination with
other bodies, and having its affinity employed, simulates
neutralit}'.

The

particular kind of porcelain used by dentists has very
and in other respects

attraction for the magnetic needle,

little

exceeds even the glasses in its affinity for non-ferruginous
It and stone-ware are much
metals and gelatinous bodies.
alike.

The

crystals of various kinds in this class, with the excep-

low magnetic inand confirm what I have said about
Carbonate of iron, it will be seen, has

tion of protosulphate of iron, exhibit very
tensities for the needle,

the

common

but

little affinity

glasses.

and capricious
remarkable in

Iceland spar

for the magnet.

as flint in

its

is

as difficult

attraction for the needle, but

is

non-ferruginous bodies. Talc
has but little attraction for the magnet and zinc, but it is
otherwise with iron and gold. It was not tried with other
bodies.
The specimen, which was remarkably thin, came
from Delhi. The other substances were not measured, but
the needle connected itself with them. Crystallized tin failed
with the magnetic needle, but rose to 90° after contact with
the bar-magnet.
its

affinity for

5th Class.
Pearl

90+

Nacre

90x X

(cow's)
Do. (chamois')

Ivory (new)
Do. (old)

90-)-

Leather.

58

Black

Enamel (human

...

62

Pig's bristle.

Uoiie(niackerers) 90

AMialehone

Horn

seal's skin

85
90

Quill.

tooth).

Tortoise-shell

Horn

...

(buffalo's)..

90
85
90

Human
Human

nail.

hair (brown,
male's)
90
Do. (female's, young) 80

Human

hair (female's,

young, 2n(l specimen) 76
Do. (do. 3rd specimen) 82
Do. (female's, old) ... 90 -|Do. (gray, male's) ... 90 -|-

Do. (do. 'female's)
Do. (beard, gr.iy)
Hare hair (grav)
Do. (black) ...'
Cat's wliibker

...

90-j-

90
90
90

90x
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Amongst

the animal products, pearl and mother-of-pearl
are conspicuous in this class for tiieir attraction for the mao-netic needle, and for gold, copper, brass, lead, platinum,
zin*c,
tin, and in all probability for the other metals,
though they
were not tried. Glass attracts it with equal facility. Horn
of all kinds is extremely magnetic. The hair of the head
has
been already alluded to, and it must excite surprise that
a
body so fine could contain such high magnetic properties
and the fact is of extreme use as proving the very circumscribed extent of the spot, or rather of the point, which
is
connected with the needle in these experiments, for the very
finest hair of the head that can be found exhibits
as strong an
affinity as the thickest of the same kind.
Amongst hair^the
white whisker of a cat, of the mixed Angora breed, must
not
be omitted, as it was distinguished above all for its attractive
properties which it maintained for all the substances
with

which

it

was

tested.

Qth Class.
Jet.

Spermaceti.
24 Composition candle.
70 Lac (pure)
75 Do. (red)
90 Do. (yellow).
Sealing-wax (red)

Sepia
Indian ink

Amber
Resin
Bee's wax.

Sealing-wax (black)
India rubber

25
80

Gas coal
Pit coal

15

17

36

Charcoal (of commerce)
Do. (box)

35

The

substances of this class show no remarkable attraction
magnetic needle, but this is not surprising when their
nature is considered.
for the

7i/i

Deal wood
Box wood.
Rose wood.
Oak.
vitae

Cane*
Do.

Class.

(outside).

Vegetable ivory (2nd speci-

(inside).

Wheat
52

J'oplar

Lignum

.30

men)

straw.

Plain card
Polished card.

80

33 Cedar wood

Beech.

Sandal wood

Walnut wood
Mahogany.

Cork
Vegetable ivory
56
* Calamus rotany,

Do. (3rd specimen)
Glue
Dry paste on paper

29

Letter paper (thin French).
Do. (thin English)
Do. blue laid (hot pressed)
Do. thin Bath (hot pressed)

The woods, as might be expected, did not exhibit much
attraction for the needle; but I shall have to .speak
of them
again when I treat of the magnetism of non-lerru^inous
°
bodies, to which I now proceed.
[Continued at page 502.]
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two constant vectors, and by

drawn from one common

origin

;

we denote by n and

v two variable scalars, depending
on the Ibregoing vectors «, /3, f by the relations
if

also

t;2=_4(V./3p)2=-(/3^-p/3)2;/

•

•

•

•

U-J

we may then represent the central surfaces of the second degree by equations of great simplicity, as follows:
An ellipsoid, with three unequal axes, may be represented
by the equation
?<^

One

of

its

+ w2=i

(2.)

circumscribing cylinders of revolution has for equa-

tion

^2=1;

(3.)

the plane of the ellipse of contact

is

represented by

u=0;

(4.)

and the system of the two tangent planes of the
parallel to the plane of this ellipse, by
ifi=.l

ellipsoid,

(5.)

A

hyperboloid of one sheet, touching the same cylinder in
the same sheet, is denoted by the equation

its

n^-v'^=-\',

(6.)

M2_y2^0;

(7.)

asymptotic cone by

and a hyperboloid of two sheets, with the same asymptotic
cone (7.)» and with the two tangent planes (5.)> is represented
by this other equation,
,,2_l;2=l

p— y»

(8.)

a third arbitrary but constant vector, we introduce an arbitrary origin of vectors, or an
arbitrary position of the centre of the surface, as referred to
such an origin. And the general problem of determining that
individual surface of the second degree (supposed to have a
centre, until the calculation shall show in any particular question that it has none), which shall pass through ni7ie given

By changing

p to

where y

is
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W. Rowan

Hamilton on Qiiaternions.

459

may thus be regarded as equivalent to the problem of
finding three constant vectors, «, /3, y, which shall, for nine
given values of the variable vector p, satisfy one equation of
the form

Joints,

{«0'-r) + (p-r)«}'±{^(p-r)-(p-7)/3]-=±i;

(9.)

•

with suitable selections of the two ambiguous signs, depending
on, and in iheir turn determining, the particular species of
he surface
30. The equation of the ellipsoid with three unequal axes,
referred to its centre as the origin of vectors, may thus be
presented under the following form (which was exhibited to
the Royal Irish Academy in December 1845):

(«p+p«2)_(^^_p,3)2^1.
and which decomposes itself into two factors,

....

(1.)

as follows

(«p+p« + /3p-p/3)(«p + p«-/3p + p/3) = l.

.

.

(2.)

These two

factors are not only separately linear with respect
to the variable vector p, but are also (by art. 20, Phil. Mag.

have therefore a
which must be equal to unity, so that we may
write the equation of the ellipsoid under this other form,

for July 1846) conjugate quaternions', they

common

tensor,

T(«p + p« + ^p-p/3)
if

we

= l;

use, as in the 19th article, Phil.

(3.)

Mag., July

184-6, the

T

characteristic
to denote the operation of taking the tensor
Let a- be an auxiliary vector, connected
of a quaternion.
with the vector p of the ellipsoid by the equation

tr=p(«-/3)p-i;

we

by

shall then have,

(3.),

(4.)

and by the general law

for the

tensor of a product,

T(« + /3 + o-).Tp =

l;

(5.)

but also
(«-/3

+ (7)p = («-/3)p + p(a-/3),

where the second member

is

scalar

.

.

.

(6.)

therefore, using the cha-

;

U

to denote the operation of taking the vcrsor of a
quaternion, as in the same art. 19, we have the equation
racteristic

U(«-^ + (r).Up= +

l;

(7.)

and the dependence of the variable vector p of the ellipsoid on
the auxiliary vector o- is expressed by the formula

U(«-/3 + .)
''-±T(« + +
/3

—

T(r

V8.)

(r)

Besides, the length of this auxiliary vector
ecjual to that of «
/3, because the equation

= T(«-/3);

or

is

(4.)

constant,

and

gives
(9.)
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therefore regard
/3 as the vector of the centre C
of a certain auxiliary sphere, of which the surface passes
through the centre
of the ellipsoid and may regard the vecoi the
tor «
^ + (ras a variable and auxiliary guidc-c/iord
same guide-sp/iefe, which chord determines the (exactly similar
or exactly opposite) direction of the variable radius vector

a—

we may

A

;

AD

—

AE

At the same time, the constant
(or p) of the ellipsoid.
vector —2/3, drawn from the same constant origin as before,
of the ellipsoid, will determine the posinamely the centre
tion of a certain fixed point B, having this remarkable proof the variable
perty, that its distance from the extremity
guide-chord drawn from A, will represent the reciprocal of'
the length of the radius vector p, or the proximity (AE)~' of
on the surface of the ellipsoid to the centre (the
the point

A

D

E

use of this word " proximity " being borrowed from Sir John
Supposing then, for simplicity, that the fixed
Herschel).
point B is external to the fixed sphere, which does not essentially diminish the generality of the question; and taking, for
the unit of length, the length of a tangent to that sphere from
and BD' as two equally long
that point ; we may regard
lines, or may write the equation

AE

AE = BD',
if

(10.)

D' be the other point of intersection of the

straight line

BD

with the sphere.
31. Hence follows this very simple construction^ for an
ellipsoid (with three unequal axes), by means of a sphere and
an external point, to which the author was led by the foregoing process, but which may also be deduced from principles
more generally known. From a fixed point
on the surface
let D' be the second
of a sphere, draw a variable chord
point of intersection of the spheric surface with the secant BD,
of this chord
from a
drawn to the variable extremity
equal in
fixed external point B; take the radius vector
length to BD', and in direction either coincident with, or opposite to, the chord A D ; the locus of the point E, thus constructed^mll be a7i ellipsoid,wh[ch will pass through the point B.

A

AD

;

AD

D

AE

* This construction has already been printed in the Proceedings of the
Irish Academy for 1846 ; but it is conceived that its being reprinted
here may be acceptable to some of the readers of the London, Edinburgh,
and Dublin Philosophical Magazine; in which periodical (namely in the
Number for July 1844) the first jyrinUd publication of the fundamental
equations of the theory of quaternions {i'=j-:=k-z=
1, ij^i,jlc=.i, iii=J,

Royal

— lc,kj-^ —

—

»'/:=—_yj took place, although those equations had been
communicated to the Royal Irish Academy in November 1843, and had
been exhibited at a meeting of the Council during the preceding month.^

ji=:

i,
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also say that if of a quadrilateral (ABED'),
of 'which one side (AB) is given in length and in position, the
two diagonals (AE, BD') be equal to each other in length, and

32.

may

D) on the surface of a given sphere (with centre C),
of which a chord (AD') is a side of the quadrilateral adjacent
to the given side (AB), then the other side (BE), adjacent to the
same given side, is a chord of a given ellipsoid. Tlie foi'm,
position, and magnitude of an ellipsoid (with three unequal
axes), may thus be made to depend on the form, position, and
magnitude of a generating tria?igle ABC. Two sides of this
triangle, namely BC and CA, are perpendicular to the trvo
planes of circidar section and the third side AB is perpendiintersect (in

;

cular to one of the tzvo planes of circidar projection of the ellipsoid, because it is the axis of revolution of one of the two cirThis triple reference to circles
cumscribed circular cylinders.
is perhaps the cause of the extreme facility with which it will
be found that many fundamental properties of the ellipsoid
may be deduced from this mode of generation. As an example of such deduction, it may be mentioned that the known
proportionality of the difference of the squares of the reciprocals of the semiaxes of a diametral section to the product of
the sines of the inclinations of its plane to the two planes of
circular section, presents itself under the form of a proportionality of the same difference of squares to the rectangle

under the projections of the two sides BC and CA of the generating triangle on the plane of the elliptic section.
[To be continued.]

LXX.

Observations on the Analysis of the Spectrmn by
By Sir David Brewster, K.H., D.C.L.,
Absorption.
F.R.S., and V.P.ll.S. Ed.*

N

a paper On the Production of Light and Heat by Dr.
Draper, published in the last Number of this Journal, the
ingenious author has made some observations on my Analysis
of the Solar Spectrum, which it is necessary that I should
notice. While he admits that I have " shown \.\\a.i red, yellow,
bbie, and consequently white light exist in every part of the
spectrum," he ascribes this result to the non-coincidence, or
tlie overlapping of the colours of the several spectra formed
on a screen by the rays falling near the edge, and those falling
near the back of a prism with a refracting face of considerable
" In such a spectnun," he says, " there must
magnitude.
undoubtedly be a general conunixture of the rays but may
we not fairly in(juire whether, if an elementary prism were

1

-

;

*

Communicated by the Author.
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or, if the anterior face
used, the same facts would hold good
of the prism were covered by a screen, so as to expose a narrow fissure parallel to the axis of the instrument, would there
be found in the spectrum it gave every colour in every part,
as in Sir David Brewster's original experiment?"
As my experiments were not made upon spectra formed
upon screens by prisms with large refracting surfaces, they
;

are not liable to this criticism, even if it were otherwise wellfounded. The spectra which I use are so pure, and free from
all commixture, that Fraunhofer's black lines are distinctly
visible;

and the

results are precisely the

fracting face of the prism

is

same when the

re-

reduced to the smallest possible

dimensions.

My

analysis of the spectrum by absorption, therefore, does
not indirectly controvert the principle, that " to a particular
colour there ever belongs a particular wave-length, and to a
particular wave-length there ever belongs a particular colour,"
as Dr. Draper states, in theoretical language, the well-known
proposition of Sir Isaac Newton, but it directly controverts it,

and

absolutely/ overturns

it.

St, Leonard's College, St, i\ndrews,

May

13, 184/.
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ON THE PREPARATION OF THE AMMONIACO-MAGNESIAN PHOSPHATE FROM URINE. BY M. BOUSSINGAULT.
that some time since Mr. Stenhouse proposed
a process for i-endering the phosphoric acid and alkaline phosIt is indeed suffijihates contained in urine useful in agriculture.
cient to add milk of Ume to it, to occasion a precipitate of phosphate

''r'HE author remarks
-^

of lime.
It occurred to M. Boussingault that it was possible, by means of
a magnesian salt, to collect both the phosphoric acid and a part of
and
the ammonia developed during the putrefaction of the urine
the result was that of obtaining a manure which contains two subphosi)horic acid and ammonia.
stances useful to vegetation
In the month of June M. Boussingault mixed a solution of hydro;

—

chlorate of magnesia with about 123 pounds of urine, fresh collected
At the end of five days the urine assumed a milky
in the morning.
appearance, and from this time the deposit of ammoniaco-magnesian
phosphate increased rapidly. A month afterwards the solution was
])oured off, and the phosphate was collected on a cloth to wash it.

was very white, and in small well-terminated crystals when
air, it weighed about one pound and nearly 100 grains
The presence of the magnesian salt greatly diminished
the infectious odour emitted by the putrefying urine. It will be ob-

The

salt

dried in the
avoirdupois.

;
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served besides, that no disengagment of carbonate of ammonia would
occur, for the alkali developed was immediately converted into a
fixed salt.

M.

Boussingault observes that the above-described process appears

employed in situations in
workshops, hospitals, prisons, &c. of towns, because an efficacious manure
would be obtained which is particularly easy of transport. The
diminution of the bad smell ought also to be considered for it is
evident that a magnesian salt acts under these circumstances as a
to be susceptible of being advantageously

which a large quantity of urine may be

collected, as in the

;

disinfectant.
In establishments situate in agricultural districts, the
process would possess but little utility, because the urine could be
there employed immediately and without any preparation
and the
only advantage which could result from the use of a magnesian salt
;

under these circumstances, would be the prevention of the loss of
ammonia, a loss which the author thinks has been much exaggerated.
Ann. de Ch. et de Phys., Mai 1847.

—

CHEMICAL RESEARCHES ON THE YOLK OF EGGS.
M.

which he has made on
were undertaken with a two-fold object, one of which
was to consider certain points which he had scarcely touched upon
in his first communication, another object was to determine how far
the objections of M. Sacc against his conclusions were v/ell-founded
with these views the author modified several of his analytical processes, so as to be quite certain that he would avoid the causes of the
errors which had been supposed to be discovered.
M. Gobley concludes from his recent experiments,
1st. That the fatty matter of the jmlk of egg is formed, as had
previously been stated, of two distinct parts one a fixed oil, tlie oil
of egg, and of a soft, not fusible substance, viscous matter.
2nd. Tiiat the phosphorus does not occur in the oil, but in the visGoble}'^ states that the fresh researches

this subject

;

;

cous matter.
3rd. That oleic, margaric, phosphoglyceric, lactic acids, and the
extract of meat are not products of oxidizement.
4th. That the viscous matter is not, as the author imagined, a
coml)ination of oleic, margaric and phosphoglyceric acids with ammonia, but constitutes a body of a comj)lex nature from whicli two
different substances have been separated, to which tlie author has
provisionally given the names of phosphorized mutter and cerebric

matter.
5th. That the i)hosphorized matter which forms in the future animal
the sul)stance described by M. Fremy as oleophosphoric acid, yields
oleic, margaric and j)hosphoglyceric acids with the greatest facility,
as products of decomposition in the j)resence of acids and mineral alkalies under the influence of water or alcohol, and without tlie intervention of the oxygen of the air.
Cth. That the cerel)ric matter is analogous, if not identical with tlie
substance which Vauquelin,
Coucrl)e and Frcmy have succes-

MM,
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under the names oi fatty matter of the
Comptes Rendus, Avril 12, 1847.

brain,

cMbrote

cerebric acid.

ON PLASTER OF

BY M. PLESSY.

PARIS.

All chemists have agreed with M. Gay-Lussac, that sulphate of lime
which had lost the whole of its water of crystallization by the action

of heat, amounting- to 21 per cent, or two equivalents, might be rehydrated, and the setting of plaster was explained by it. M. Millon
has, however, communicated to the Academ)' the following remarks
" Sulphate of lime heated to 230° F. loses 1^ equivalent of water at
284° to 293° F., mere traces of water are separated; lastly, when
heated to 572°, the plaster is rendered anhydrous and does not then
:

;

set."

These results, opposed to those obtained by RI. Gay-Lussac, induced
Plessy to occupy himself with a question which chemists had
supposed to have been long settled, the consideration of which M.

M.

Millon has resumed.

The

facts stated

by M. Plessy

are,

—

gypsum and

1st, that

crystal-

lized sulphate of lime, artificially prepai'ed, lose 21 percent, of

at 230° to 239° F. in a current of dry hydrogen, a gas

known

no action on the

which

water

is

well

under the circumstances in
which M. Plessy operated 2nd, plaster heated in the open air from
230° to 239° F. readily lost 15 per cent, of water, and there then
appeared a stop to occur; but at 266° to 284° F., the limit at which
to exert

salt

;

is dehydrated, according to Mr. Graham, M. Plessy separated,
not traces of water, but 2 per cent., and this was effected in a very
short space of time lastly, at 392° to 482° F., the plaster operated
on suffered a total loss of 21 per cent. The author satisfied himself
that it was anhydrous, by heating it strongly with a spirit-lamp, and
yet it recombined with the whole of its water of crystallization so
perfectly, that after having set, it lost 21 per cent., or two equivalents
of water.
It appears from the above statement that plaster does not retain
very precisely half an equivalent of water for at 270° to 284° F.,
the loss is 17 per cent., and the half equivalent of water is greatly
endangered; the compound S-0'^2CaO,HO of M. Millon is destroyed, and yet it is formed at 230° to 239° F. at this temperature,
moreover, it does not exist in a current of dry gas this combination
M. Johnston found in the
has, notwithstanding, been obtained.
boiler of a steam-engine, prismatic crystals of sulphate of lime which
contained half an equivalent of water.
It results from the experiments now detailed, that sulphate of lime
which has lost the whole of its water of crystallization, may regain
it when they are brought into contact.
In concluding, M. Plessy remarks that his results are opposed to
those of M. Rlillon, but that they have been previously announced
Comptes Rendus,
by M. Gay-Lussac and several other chemists

plaster

;

;

;

;

Avril 12, 1847.
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LXXII. On the Plicenoviena
its

j)lane

of i^olarization

Dove*.
A S unpolai'izecl

^^

in all planes

exJiihited by Polarized

is

rapidly rotated.

light exhibits the

Light when

By

Professor

same physical properties

throughout the ray, whilst

in rectilinearly

polarized light these are diiferent in the different planes, and
attain their maxima and minima in two planes situated at right
angles to each other, and gradually pass into one another by
intermediate stages in those which lie between them, the
question arises, what will be the properties of polarized light
the plane of polarization of which is put into rapid rotation.
The experimental answer to this question gives rise to very
numerous phoenomena, which illustrate in a remarkable manner several positions in the theory of light, which have as yet
been only theoretically investigated.
Two supports of the same height as the other supports were
placed to the triangular prism of the polarizing apparatus,
described by the author in the Scientific Memoirs, vol. i. p. 86,
in the fixed rings of which, hollow rollers could be set in rapid
rotation by a band passing round a wheel with two grooves.
Both the rollers can rotate in the same direction, and, by
crossing one of the bands, in the opposite direction.
Within
and on both sides of the hollow rollers, Nichol's prisms, circularly polarizing plates of mica or ground crystalline plates
can be screwed. The condensing lens of the apparatus is so
placed as to concentrate the light of an Argand or monochromatic lamp in the polarizing apparatus, whether at rest or in
rotation.
The results of the experiments were as follows
1. Light which is completely polarized rectilinearly when the
Nichol's prism is at rest, possesses exactly its ordinary properties wiien it is set in uniform rapid rotation, if the analysing apparatus is not rotated.
On examination by a doubly
:

• Translated by Dr.
Feb. 1847.
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when the rotation is
of the same brightness.

refracting prism,

slow,

The

it

constantly ex-

intense comple-

mentary colours of their overlapping margins, on introducing
a lamina of selenite, mica, or a thin layer of calcareous spar,
completely disappear.
The complementary system of rings
of calcareous spar and apophyllite, ground at right angles to
the axis, the splendid isochromatic curves of nitre, ground at
right angles to the line bisecting the angle formed by the two
axes, completely neutralize each other, becoming white.
The
same applies to the colours of unannealed and compressed
glass.
The centre of the system of rings which in rockcrystal (on slowly rotating the polarizing apparatus) passes

through the colours of the spectrum, appears perfectly colourless on rapid rotation.
thus have in the rotating polarizing apparatus, a circle
of colours for the complementary colours and not only for
those which occur in Newton's rings, but also for the complicated system of rings of those crystals the binary axes of
which are either situated in one plane with several lines of
bisection, or in different planes with the same line of bisection

We

;

(selenite, borax).

We

may easily convince ourselves of the true existence of
the polarization on the one hand, and the coloured curves on
the other, however rapid the rotation may be.
need only
place a Leyden jar, which spontaneously discharges itself, in
the situation of the lamp, to illuminate for an instant the Nichol's prism rotating in the dark, and to convert the rotation
into apparent repose*.
With monochromatic light, the dark
lines of interference vanish in a uniform illumination.
If the
red system of rings be separated from the violet in a binaxial

We

by a glass coloured by cobalt, both disappear during
the illumination in an indefinite coloured mixture, in which
it is indifferent whether, as in nitre, the red axes form the
lesser angle, or, as in carbonate of lead, the violet.
crystal

* If light which has been perfectly polarized by reflexion from a mirror
be transmitted first through an unannealed glass and then through two glass
appendages, of which the refracting plane of one is situated in the reflecting
plane of the polarizing mirror, the refracting plane of the other being at
right angles to it, the colours of the cooled glass entirely vanish and it appears white, provided each of the two analysing apparatus is so inclined to
the incident ray as to polarize an unpolarized incident ray to the same
extent. With the slightest alteration of either apparatus tiie complementary images inmiediately appear, when the figure previously appeared colourless.
This at once affords a very simple means of comparing tlie power
of two polarizing apparatus, based upon simple refraction, and of illustrating
the views of Sir David Brewster on the dependence of the polarization
upon a number of plates, their refractive power, and the incidence of the
light.

exhibited by Polarized Light.
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If the polarizer and analyser be rotated with equal velocity in opposite directions, that system of rings is seen which
is obtained when both are in repose, and inclined to each
other at an azimuth of 45°.
This is particularly distinct when
the light is rendered monochromatic by using a flame of spirit,
2.

coloured yellow by common salt.
The cause of this phaenomenon, which appears so remarkable at first, is at once seen
when we recollect that, when one apparatus only rotates, the
analysing or the polarizing, during an entire revolution, the
arms of the white cross fall twice as often on the same spot as
those of the black, and the dark lines of interference alternate
with the bright lines of coincidence exactly in the same spots.
When however both apparatus rotate in opposite directions,
the system of rings with the white cross appears at the points
0°, 90°, 180°, 270°, whilst the system of rings with the black
cross corresponds to the points 45°, 135°, 225° and 315°. As
the bright arms of the white coincide with the coloured spaces
of the dark cross, the impressions of the two are added, and
we obtain the appearance above stated. If the rapidity of
rotation of both rollers is exactly the same, the figure appears
motionless but if the rapidity of rotation of the two is slightly
different, it slowly revolves, because the points of coincidence
gradually alter.
;

3. If tiie polarizing and analysing apparatus revolve rapidly
with the same velocity in the same directions, the linear system
of rings becomes converted into that which is obtained when

circularly polarized light is circularly analysed.
If, before
rotation, the Nichol's prisms are so placed that in calcareous
spar the black cross is visible, on rotation we obtain the New-

Ionian reflected rings with a black centre, but without the cross
but if, when at rest, the white cross is visible, we then see, on
rotation, the Newtonian transmitted rings with a white centre.
If the polarizing and analysing apparatus do not rotate with the

same

we see the remarkable phaenomenon, that the reNewtonian rings with the black centre, and the trans-

rapidity,

flected

mitted ones with the white centre, constantly alternate in
same spot of the field.
4. If a circularly polarizing apparatus be rotated in an opposite direction to the linear analyser, the same phaenomenon
is seen as when a linear polarizer and a linear analyser revolve in opposite directions, but it is less distinct (2).
5. If the circularly polarizing apparatus be rotated, and
the linear analyser be kept at rest, we obtain the system of
rings appearing at the quadrants exactly on rotation as on
repose.
definite periods in the

6.

If the circularly polarizing apparatus be kept at rest,

2

I

2
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linear analyser be rotated, we obtain a faint system of
rings without a cross, with a gray centre surrounded by a

and the

The direction of the rotation is here indifferent.
If the circularly polarizing apparatus be rotated in the

black circle.
7.

same direction as the linear analyser, we obtain the appearance, but fainter, which is seen when a linear polarizer and a
linear analyser are rotated in the same direction, the rotating
velocity not being the same; hence the alternating system of
rings (3).
8. But if a circularly polarizing and a circularly analysing
apparatus be rotated, either in the same or in opposite directions, this has no influence on the appearance, which is perfectly identical with that which is seen when botli apparatus
are at rest.
9. If a lamina of mica, circularly polarizing at an azimuth
of 45°, be introduced between the Nichol's prisms, and be kept
at rest whilst the polarizing Nichol's prism rotates, the systems
of rings neutralize each other on linear and circular analysis,
forming while light, in uni- and binaxial crystals and in rockcrystal.

10. If the lamina of the polarizing apparatus, which produces circular polarization at an azimuth of 45°, be rotated
between the Nichol's prisms which are at rest, we obtain as

the phaenomena of light polarized elliptiand rectilinearly in a single plane, on linear
analysis, the phaenomena of partly rectilinearly polarized light,
on circular analysis, those of a mixture of ordinary and cir-

the resultant of

all

cally, circularly

cular light,

dark

i.

e.

in

the

first

case the system of rings with a
which vanishes

cross, in the latter the system of rings

they are however faint.
In all the foregoing experiments the Nichol's prisms were
crossed before the rotation was commenced.
11. It is so difficult to set two laminae of mica or two Nichol's prisms either at an exactly equal or exactly opposite
rotating velocity by means of a band passing round a wheel,
that in those experiments in which the laminae of mica being
kept at rest, the Nichol's prisms rotate in the same or in opposite directions, or in which the Nichol's prisms being at rest,
the laminae of mica rotate, the relative position of the laminae
or of the Nichol's prisms is constantly becoming somewhat
changed, and hence the phsenomena of elliptical become mixed
with those of the circular light.
Hence, for the production of
these phaenomena, the motion must be effected by wheel-work.
12. Light, originally polarized rectilinearly, when transmitted through a rotating Nichol's prism and then analysed,
yields light partially polarized in the original plane.
at the quadrants

;

exhibited by Polarized Light.
13.

A

rotating velocity,

which continues
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to decrease

and

increase through an entire revolution, in (1) and (9) produces
partially polarized instead of ordinary light.
14. Unannealed glasses rotating between Nichol's prisms at
rest, do not neutralize each other and form white light.
15. Light from a rotating Nichol's prism falling upon a
metallic mirror, possesses the ordinary characters,
16. The twin-growth of crystals gives rise to very compli-

cated phaenomena of colour.
plates of calcareous spar,

This

ground

is

very beautifully seen

in

at right angles to the axis

The author has formed some of
of the inclosing individual.
artificially, by introducing a lamina of selenite of a deIf a
finite thickness between two accurately centred plates*.
plate of a natural twin-crystal be rotated, after having been
accurately centred as regards the axis of rotation, the colours
become neutralized, forming white light ; whilst a simple plate,
rotated on its axis, preserves its system of rings unchanged.
N.B. [The phaenomena o? interrupted crj/stals, described in paragraph 16
of this paper, were observed by Sir David Brewster previous to 1819; and
the method of forming them artificially by enclosing laminas of selenite and
them

mica between accurately centred plates of calcareous spar, and between
equal plates of the spath calcaire basse, was practised by him previously to
March 1827, the date of which is signed, in his Journal of Experiments, by
the Vice-President of the Royal Society of Edinburgh. The experiments,
too, are briefly described in his Treatise on Optics, Part II. chap. xxii. ^115,
p.

197.—Ed.]

LXXIII. On

the Depolarization

of Light.

By

Prof.

Dove.

allowed to fall upon a
it is perfectly depolarized.
This phaenomenon is most distinctly seen, by allowing the
spectra of a prism of rock-crystal, polarized at right angles to
each other, to fall upon such a surface, and analysing the
purple-red resulting from the violet end overlapping the red
extremity, with a Nichol's prism. On rotating the latter, there
This depolarization,
is not the slightest alteration in colour.
which eight years ago the author, in a paper communicated to
the Berlin Society of Friends of Natural History, showed also
to occur on the rough internal surface of bodies covered with
a reflecting layer, progressively diminishes with the obliquity
of the incidence, so that even the dullest surfiice ceases to depolarize at very acute incidences. With perpendicular incidence, it also extends to circular and elliptical light, which,
when reflected by a rough surface, is depolarized, i.e. possesses
If the explanation of the
the properties of common light.
depolarizing property of rough surfaces is found in the supposition that such a surface reflects in all directions, by the
converse, the combination of light polarized in all possible
rectilinearly polarized light be
IFrough
surface, as a white wall,

"

PoggendorfTs Annalcn,

vol.

xxxv.

p.

594.
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A

truncated hollow
planes yields common light by reflexion.
cone, the smaller circular section of which was about fourteen
lines in diameter, and the larger seventeen lines, was ground
into a glass plate, four lines in thickness and three inches in
The lowermost surfaces of the glass were roughdiameter.
ened at the margin of the circular section and blackened, and
the larger circular section was covered with a glass plate, upon
which a circular piece of tin-foil was pasted, so that its centi-e
The angle of
coincided with the axis of the truncated cone.
the cone at the apex amounted to 70° 50'. When this apparatus is tur;ied towards the sun, so that the rays fall at right
angles to the base of the cone, they enter the annular space
between the tin-foil and the dark coating of the sheath, and
arrive at the reflecting surface of the hollow cone at an angle
of 35° 25', thus becoming polarized in all the planes of reflexion, and after reflexion, crossing at one point of the axis.
In the apparatus made by CErtling, this point was exactly in
the plane of the smaller aperture of the cone, and was visible
when received upon the surface of a piece of white paper
As the polarized light would be depolarized
placed there.
on account of the depolarizing action of this rough surface, it
could only be determined that it was unpolarized. This was
effected by polarizing the light incident upon the cone by
means of an inserted glass plate, and introducing a plate of
mica between the inserted glass plate and the cone. The
point remained colourless.

LXXIV. On

Thialdine and Selenaldine, two new artificial
Communicated
organic bases. By Wohler and Liebig.

by Dr. A.

W. Hofmann*.
1.

Thialdine.

'T^HE

peculiar deportment of hydrated cyanic acid vrith al-dehyde, which gives rise to a new acid containing the
elements of aldehydite of ammonia and hydrated cyanic acid,
induced us to study the action of some other substances on
aldehyde and aldehydite of ammonia.
The most interesting product which we ^obtained along

with others, is a new organic alkali free from oxygen, and
containing carbon and hydrogen in the same proportions as
acetic acid, combined with sulphur and the elements of sulphide of ammonium. This substance, which we call thialdine f , is highly remarkable from its composition, and we have
no doubt that the method which led to its discovery, when
applied to other compounds analogous to aldehyde and aldehydite of ammonia, will yield a long series of new and inter*
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of these substances promises to

become highly important for the theory of the formation of
organic bases, in which the action of ammonia is frequently
very prominent, and it may be expected that a close investigation of the production of organic substances containing
sulphur will throw some light upon their genei'ation in the
organism of the plant.
The preparation of thialdine is very simple. One part of
aldehydite of ammonia free from tether and alcohol is dissolved in from twelve to sixteen parts of water ; one ounce of
this liquid is mixed with from ten to fifteen drops of solution
of ammonia, and treated with a slow stream of hydi'osulphuric
acid ; after half an hour the solution begins to become turbid,
and crystals are deposited of the appearance of camphor and
of considerable size ; after four or five hours the liquid again
becomes clear and the operation is terminated. The crystals
are collected on a funnel and washed with water until all the
sulphide of ammonium is separated. Pressure between bibulous paper removes the adhering water. The diy ciystals are
dissolved in aether, the solution mixed with a third of its volume of alcohol and left to spontaneous evaporation. The
liquid soon deposits very regular rhombic tables, which can
be obtained of half an inch in dimensions if too rapid an evaporation of the solution has been avoided.
If no more of the solution is left than is required to cos'^er
the crystals formed, the mothei*-liquid is decanted off; the
crystals are then dried hy leaving them for some time between
folds of bibulous paper. The mother-liquor yields some more
thialdine on evaporation.
The crystals thus obtained are
however not quite colourless. The remaining liquid contains
much sulphide of ammonium, part of which arises from the
ammonia added.
It happens sometimes that on passing hydrosulphuric acid
gas through the solution of aldehydite of ammonia, no crystalline body, but a heavy colourless oil of offensive odour is
This oil is a mixture of two bodies, the greater
deposited.
part being thialdine, the fusing-point of which is depressed
to the temperature of the atmosphere by the presence of a
In order to obtain pui'c thialdine from
liquid substance*.
this mixture, the supernatant aqueous layer is separated, and
the remaining liquid (consisting principally of the oil and but
a small amoimt of the aqueous solution) is agitated with half
its bulk of aether, which instantaneously dissolves the oil.
The aethereal solution, which may be easily separated from
• Crystals of thialdino wlicn placed in contact with snlpliidc of ammofor Kome time aru entirely converted into a heavy oil, insuluhlc in
water, wliich has not been further examined.
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the water, is agitated in a stoppered bottle with a little concentrated hydrochloric acid. The mixture generally solidifies
as a mass of fine needles, which may be se])arated from the
In this manner hydrochlorate of
oil by washing with tether.
is obtained, from which pure thialdine may easily
be prepared by moistening the dry crystals with a concen-

thialdine

trated solution of

by means of

ammonia, and extracting the

aether.

The

sepai'ated base

by spontaAddition of al-

aethereal solution yields

neous evaporation crystals of pure thialdine.

cohol to the rethereal solution facilitates the crystallization
exceedingly ; the crystals become larger, more regular, and
perfectly transparent.
Pure thialdine is heavier than water; its specific gravity is
1-191 at 18° C. ; it forms large, transparent, colourless, shining
crystals of the form of common gj^sum, possessing a highly
refracting power and a peculiar aromatic, but after some time
very disagreeable odour. The crystals fuse at 43° C. ; the
fused crystals solidify at 42° ; they are volatile at the tempeThialdine distils
rature of the atmosphere without residue.
with the vapour of water, but is decomposed when distilled
alone, a heavy oil of offensive odour passes over, solidifying
.only partly and after some time, whilst a brown, syrupy reThialdine in
sidue containing sulphur is left in the retort.
this respect resembles aldehydite of ammonia, which, though
volatile itself, cannot be exposed to a higher temperature without decomposition. If a crystal of thialdine remains for several
hours in an atmosphere containing acid vapours, such as is the
case in the laboratory, a white envelope of fine silky needles
is found at a certain distance from the planes of the crystals.
Thialdine is but little soluble in water ; it is soluble in al-

and much more so

cohol,

in aether

;

when powdered

it

deli-

common

temperature in vapour of aether, or in
an atmosphere containing vapour of fether.
quesces at the

An

alcoholic solution of thialdine exhibits the following re-

actions

:

acetate of lead, at first no precipitate, but after some
time a yellow deposit appears, which soon becomes red and

With

finally black.

Nitrate of silver causes a precipitate, which at first is white,
then yellow, afterwards black.
With chloride of mercury a white pi'ccipitate is produced,
turning rapidly yellow.
With bichloride of platinum a dingy, yellow precipitate is

thrown down

after

some

time.

Thialdine has no reaction on vegetable colours ; it is soluble in all acids with which it combines, forming crystallizable
salts; the hydrochlorate and the nitrate are remarkable for

Thialdine
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the facility with AAhich they crystallize and for the beauty of
the crystals.
Thialdine and its salts are deconiposed when gently heated
with a solution of nitrate of silver ; sulphide of silver is produced with disengagement of a combustible gas, easily inflammable and possessing the odour and all the properties of
aldehyde ; namely, it is entirely absorbed by concentrated
sulphuric acid and solution of potassa, the former becoming
brown immediately, the latter remaining clear but depositing
when gently heated a yellowish-brown precipitate of resin of
aldehyde, and assuming the peculiar and offensive odour
which accompanies the decomposition of aldehyde under these
circumstances.
When thialdine is ignited with lime, chinoline appears
among the products of decomposition, which may be easily
recognised by its characteristic odour and by its beautiful

platinum salt.
With cyanide of mercury thialdine exhibits a peculiar comportment. On. mixing the two solutions a white precipitate
is produced, which on boiling is converted into amoi'phous,
black sulphide of mercury. If this decomposition takes place
in a retort its neck becomes coated with fine crystalline needles, extremely volatile, insoluble in water but easily soluble
in alcohol and aether. This new body, in which part or all the
sulphur appears to be replaced by cyanogen, is formed in but
small quantities, which up to this moment has prevented us
from studying it any further.
The analysis of thialdine was performed in the usual way
the combustion with oxide of copper is attended with difficulties, as the conversion of carbon into carbonic acid is obstructed by the large quantity of sulphur contained in the
body forming a corresponding amount of sulphide of copper
at the point of contact between the substance and oxide of
copper.

On burning thialdine with oxide of copper and sepai-ating
the sulphurous acid formed by means of peroxide of lead, a
gas is obtained containing volumes of nitrogen and carbonic
12.
Aldehydite of ammonia,
acid in the proportion of 1
from which thialdine is produced, contains 4 cquivs. of carbon to 1 equiv. of nitrogen, from which it is evident that aldehydite of ammonia on being converted into thialdine by
means of hydrosulphuric acid has lost two-thirds of its nitrogen.
have mentioned that thialdine, on being gently haated
with a solution of nitrate of silver, has its sulphur converted into
sulphide of silver. This mode of decomposition was employed
TIic nitrogen of the thialdine reto determine the sulphur.
mains in the residuary liquid in the form of ammonia^ from
:
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Messrs. Wohler and Liebig on

474

it was precipitated by bichloride of platinum, and determined in the usual way*.
0*3633 grm. of thialdine" gave 0*5845 grm. of carbonic acid

which

and 0267

gi'm. of water.

0*509 grra. of thialdine gave 0"816 grm. of carbonic acid
and 0-3720 of water.
0*4508 grra. of thialdine gave 0*566 grm. of ammoniochloride of platinum.
0*6430grm. of thialdine gave 1*923 grm. of sulphide of silver.
0*3140 grm. of thialdine gave 0*8420 grm. of water.
The atomic weight having been ascertained by the analysis
of the hydrochlorate and nitrate, the preceding numbers lead
to the following formula

C,,H,3NS4,
as will

be seen on comparing the theoretical and experimental

hers.
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Selenaldine.

0-4577 grm. of hydrochlorate of thialdine gave 0-5933 grm.
of carbonic acid and 0*2850 grm. of water, corresponding to
35*35 per cent, of carbon and 6-92 per cent, of hydrogen.
0*726 grm. of hydrochlorate of thialdine gave 0*789 grm. of
ammonio-chloride of platinum.
0-7735 grm. of hydrochlorate of thialdine gave 0*8225 grm.
of ammonio-chloride of platinum. In the mean, 6*79 per cent,
of nitrogen.
0*7798 grm. of hydrochlorate of thialdine gave 1-890 grm.
of sulphide of silver
32*09 per cent, of sulphur.
0*7735 grm. of hydrochlorate of thialdine gave 1-915 grm.
31*92 per cent, of sulphur.
of sulphide of silver
0*7598 grm. of hydrochlorate of thialdine was precipitated
with nitrate of silver and boiled until evolution of gas had
ceased ; the precipitate, when extracted with ammonia and
precipitated with nitric acid, gave 0*5283 grm. of chloride of
silver
17*14 per cent, of chlorine.
0-7735 gi*m. treated in the same way, gave 0-5405 grm. of
17-24 per cent, of chlorine.
chloride of silver
0-776 grm. dissolved in alcohol and precipitated in the same
manner with nitrate of silver, gave 1*912 grm. of sulphide of
31*903 per cent, of sulphur and 0*551 grm. of chlosilver
ride of silver
17*551 per cent, of chlorine.
0*441 grm. ignited with a mixture of lime and nitrate of
potassa, gave 0*32 grm. of chloride of silver
17'94 per cent,
of chlorine.
These results lead to the following formula for hydrochlorate of thialdine,

=

=

=

=

=

=

=

C,,H,3NS4, HCl,
as may be seen from the following comparison between the
theoretical and experimental numbers
:

12 eqs. of Carbon

.

.
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on cooling they are insoluble in aether ; on heating they fuse and are decomposed.
On burning this salt with chi-oraate of lead, more accurate
numbers for the carbon and hydrogen were obtained than in
the analysis of thialdine itself or the hydrochlorate, a result
^\'hich can easily be explained by the co-operation of the oxygen in the nitric acid.
0*357 gvm. of nitrate of thialdine gave 0"4155 grm. of carbonic acid and 0'2045 grm. of water.
0*5 14 grm. of nitrate of thialdine gave 1'116 grm. of sulphide of silver.
0*6696 grm. of nitrate of thialdine, when ignited with a
mixture of potassa and nitre, gave 1*4063 grm. of sulphate of
baryta ; the mean of the two latter experiments equals 28*4
per cent, of sulphur.
These results lead to the following formula for nitrate of
thialdine,—
c,2 H,3
S^,
NOg,
recrystallize

:

N

H

as will be seen by the following comparison between the
theoretical and experimental numbers
:

12 eqs. of Carbon .72
Hydrogen 14
14
...
...
Nitrogen 28
2
...
Sulphur
4
64
6 ...
Oxygen
48
.

Theory.

Experiment.

31*80
6*19

31*75
6*36

28*34

28*40

.

226

The formation

is easily accounted for
3 eqs.
of aldehydite of ammonia and 6 eqs. of hydrosulphuric acid
transpose into ] eq. of thialdine, 6 eqs. of water, and 2 eqs.
of sulphide of ammonium.

of thialdine

3 eqs. of Aldehydite of ammonia
6 ... of Hydrosulphuric acid .

:

.

.

CjgHgiNg

Hg
Cjo H27

of Thialdine
6 eqs. of Water
2 «*. of Sulphide of
1

0(^

Sg

N3 Sg Og

Ci2H,3NS4

eq.

ammonium

.

Og
Hg
H Nj Sg
g

C^H^NgSgOg
But the question respecting the real constitution of this
body is too closely connected with that of the true constitution of organic bases in general to admit of any definite
opinion being promulgated at this moment, when so few experiments on the subject are as yet before us. Still we can
imagine how important for the general question facts like the
formation of thialdine may hereafter become, and that just
from this quarter perhaps a way for its solution may be ob-

Thialdine

and

Selenaldine.

A'j'j

We M^iU here merely aUude to an explanation of the
constitution ^d basic character of
thialdine, at once obvious,
tained.

namely, that
sulphide of

it may be
ammonium

regarded as a copulated
with 3 eqs. of a body

C4 H3

which

compound

of

S,

the sulphide corresponding to the
oxide in aldehyde,
namely, sulphide of acetyl.
^
'
is

2.

Selenaldine.

The

^

IS

existence of thialdine and the
mode in which this base
tormed, induced us to try the
preparation of a correspond-

compound.

We

perfectly succeeded in obtainselenaldine, however, is so soon and
easily
altered, that we have not as yet been
able to subject it to a
more profound investigation.

n! ^!}TT^
ing
that body

:

bypassing into a concentrated
of ammonia hydroselenic acid gas, disengaged from selenide of iron by
means of sulphuric acid,
in order to prevent the
decomposition of hydroselenic acid
°^ ^}^ atmosphere, the whole apparatus had
been fin^'Y^^"
filled previously with
hydrogen. The excess of the poisonous hydroselenic acid was
condensed in a potassa apparatus. After some time the
solution of aldehydite of ammonia
Degins to become turbid, and
crystals of selenaldine are deposited. When the mass of
crystals is no longer augmented,
the excess of hydroselenic acid
is expelled by a stream of hydrogen gas; the solution of
selenide of ammonium, covering
the crystals, which soon
turns red and deposits selenium, i1
now displaced by introducing a stream
of cold water, free from
°"" «^ ^^^ g^^^« tubes connected
T.?/''
*^'r^^
with the bo tie. The crystals
are then collected upon a
'^^*'" ^""^^^ °^ bibulous paper and dried over
sulThuric'add
.nlnf!r^^?Tir'rP'°'l'''''^
solution of aldehydite

Wn

wr?K

Selenaldine, as it is deposited from
the liquid in which it
forms, presents itself in small
colourless crystals, doubtless
isomorphous with thialdine. In contact
with the atmosphere
It turns immediately
yellow. This substance has a feeble but
disagreeable odour; it is slightly
soluble in water, on which
account it should not be washed too
long.
The aqueous solution and the last washings
become soon turbid in contact
with the atmosphere, and dc])osit
an orange-yellow body.
1 he same deportment is exhibited
by the solution of sclcnaldnie in alcohol and aether,
in both of which it is easily
solubJe.
In consequence of its being so
easily altered, we
did not succeed in obtaining
this base in crystals from any of
the solutions mentioned. On
evaporating them ia vacuo over
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sulphuric acid, the greater portion of the substance is volatihzed with decomposition, the vellow body ieing Ukewise
produced, while sulphate of ammonia is formed in the sulphuric acid. Also, when heated alone, selenaldine is decomposed, with disengagement of a gas of most offensive odour.
Selenaldine is a base like thialdine ; it is soluble in dilute
hydrochloric acid, and reprecipitated by ammonia as a crystalline mass.
The hydrochloric solution also immediately
decomposes with evolution of a most offensiv-e odour. Selenaldine is altered in a similar manner by boiling with water.
The yellow body, the formation of which seems to be always
attended with a liberation of aldehydite of ammonia, when
collected is orange-yellow, amorphous, soluble in alcohol and
aether, and fuses, when heated with water, to a reddish yellow
mass, which remains soft for a long time. When heated alone,
this body is charred with evolution of an oil containing selenium and possessing a most offensive odour.
did not obtain a decisive result when trying to produce
a teUuraldine, the tellurium which we employed in the preparation of the hydrotelluric acid accidentally containing so
large an amount of selenium, that merely selenaldine was deposited from the purple solution, containing, as it appeared,
only telluride of ammonium.
intend to repeat this experiment with tellurium free from selenium.

We

We

LXXV. Some

Remarks on

the

Air and Water of Towns.

By Robert Angus Smith, Ph.D.*

tTAVING

given considerable attention to the inquiiy into
the causes affecting the health of towns, I was anxious
to find what the real evil in their polluted atmosphere consisted of; the air has been frequently examined, but the differences found do not sufficiently account for the differences
perceptible in breathing for the first time in entering a large
town from the countiy, or for the very great difference in
the colour and appearance of both when contrasted side by
side, by an individual outside a town, having both before his
eyes.
The accumulation is great in this case, it is true, but
therefore so much the more fitted for showing us its true
character.
I first examined the rain-water taken from a cistern ; a little
was boiled down and the solid residue was like fatty matter,
which burnt and gave the smell of a fat, leaving afterwards
a strong odour of nitrogenized organic matter. As this
amounted to nearly one per cent., I was disposed to con*
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an accidental impurity, and collected some rain in

A

a porcelain vessel previously carefully cleaned.
smaller
amount was obtained, but still from 500 grains of the water a
sufficient quantity to make the smell distinct.
I know that
organic matter has been found in rain-water, but I am not
aware that the smell of nitrogenized matter has been distinctly
observed.
It has been obtained also by boiling down large
quantities
I have never found it to fail in evaporating as
little as 1000 grs.
The amount was generally about '01 of a
grain in 1000 grs., but the average cannot be got without
trying many seasons and many places.
1000 grs. collected on the 23rd of November, 1846, in a
platinum vessel, after raining thirty hours with little intermission, gave with nitrate of silver a precipitate weighing
0"027 of chlorine, and with a salt of barytes 0-1,
O'll grs.
equal to 0*0343 grs. of sulphuric acid, besides a perceptible
smell of organic matter as before.
I do not adduce this analysis as of any great importance
in showing the amount ; the quantity operated upon is small,
and I was desirous, for the sake of the salts, not to expose it
to the contact of any vessel which could be acted on ; but I
mention it to show, that the quantity is not such as can be
only procured by the questionable process of boiling down
large quantities in vessels too large to admit of being perfectly
cleaned.
The water is often alkaline I say often, but I have always
found it so; by boiling this is lost, proving, as I think, that
there is more carbonate of ammonia set free from the burning
of coals than is necessary to saturate the sulphuric acid in
the atmosphere.
The air is often acid, as evidenced by test-papers exposed
to it ; and it certainly proves very acid when certain quantities
of coal are burnt.
It would have been well to have examined water from the
country falling at the same time, but being persuaded that
:

=

—

water so impure would long ago have been examined if it
even fell over large districts in such a state, I preferred looking to its origin.
As far as I am aware no examination of unventilated places
has given us a good proof that carbonic acid is the greatest
I breathed, and
agent in making them so actively injurious.
had others to breathe, through a bent tube into a large jar,
and examined the moisture in the jar. As it always contained organic matter in large quantities, I inferred that the
same must occur when the [jcrspiration and breath condense upon the windows of crowded rooms.
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This condensed moisture is not easily obtained in sufficient
; but on the occasion of a concert at the Mechanics'
Institution here, I collected 200 grs. from one window, letting
it drop into a small platinum basin. By burning 5 grs. of this
the smell was made apparent; by burning 150 grs. a strong
smell of human sweat came otF, continuing until the subIt will therefore be difficult to tell how
stance was dry.
much organic matter was contained in the whole, as a great
deal evaporated, but above 2 grs. were left.
When heated,
this smelt like burning flesh, and was very disagreeable.
We know that volatile products escape from the bodies of
animals, and are mixed with the air so as to undergo complete oxidation ; but this cannot be any important part which
the air has to perform, as the following facts show that the
It may however be
oxidation is best effected in the earth.
important that bodies should decompose in this manner, because they are also more readily conveyed by the atmosphere
quantities

to plants.

When we see the volatile and decomposing matter from
the body so distinctly as in the last case mentioned, it is
possible for us to conceive that infectious matter is not a substance so very subtle as has been supposed ; we have only to
allow it to be in a peculiar state of decomposition.
Burning in a platinum crucible and the odour discover a
very small quantity of organic matter, such as it is scarcely
safe to trust to the results of the balance. I hope in a future
paper to show the qualities of several water districts in this
respect, but at present give an abstract only of the results of
such observations as I have made, hoping that the constant
and almost monthly variation of the w ater of whole districts
will be a sufficient excuse for the absence of an arranged set
of results.
When water from a peaty district is boiled down and the
ashes burnt, the smell of peat is distinctly observed. The
river Dee at Chester contains 25 grs. of organic matter to the
gallon, and the smell is as perceptible as at Llangollen, close
500 grs. of the water are sufficient to
to a peaty district.
Water from the Lancashire and
indicate this very strongly.
Yorkshire hills may be known to contain peat also by testing
the same quantity, although many of the streams do not contain 15 grs. per gallon. Some of the canals near Manchester
may be known to be supplied from peaty districts by the
same tests. But whenever we approach a town the smell
from the burnt ash changes, and organic matter from the decomposition of pi'otein compounds is distinctly traced. So
easily is this known, that Mhen water was brought to me

the

Air and Water of Towns.

481

from the Dee, above Llangollen and below, it appeared evident that even this small town had affected the river. Before
the water arrives at Chester the peat predominates too much
to make it perceptible that matter from towns has been
thrown into it; below it is distinct. Water from surfacedrainage indicates by the same mode of treatment nitrogenous
matter undecomposed.
Observing this increase of organic matter on approaching
towns, I naturally expected to find a large quantity in the
wells, of which there are many in Manchester, j)laced as they
often are in the neighbourhood of cesspools, besides beiu"*
exposed to the infiltration of the water of drains.
well was first examined in a garden near the town, the
proprietor having complained of it as being imwholesome.
It contained 40 grs. of common salt per gallon, 14 grs. of
organic matter and salts of ammonia, besides other ingredients
to be expected in connection with organic matter.
I next
examined a well near a burying-ground ; it was loaded with
inorganic salts.
Its taste was very bitter ; when evaporated
and burnt, the remaining inorganic matter gave out a pungent acid vapour. Four wells in the same neighbourhood
were examined, all with the same results. I then went to nearly
all the churchyards in Manchester, of which there is a considerable number, but finding that the neighbourhood of the
collegiate church gave the same indications as all the rest,
although there have been no burials there for many years, I
was induced to ascribe it to the presence of large dung-heaps
close to the well.
Other wells distant from churchyards, but
near cesspools, gave the same result. In the suburbs they
were not so much tainted, but in some newly-built streets
close to the town, in gravelly soil, were very bad.
I have no doubt that the churchyards and the cesspools act
in a similar manner, as we might naturally expect. The chief
impurity is a collection of inorganic salts. It is remarkable
how rapidly the organic matter becomes oxidized and converted into nitric acid in the soil.
In one case I found as
much as 70 grs. of nitrates in a gallon of water, besides magThis water seems to be a favourite
nesia, lime and alkalies.
with some persons ; when not quite so heavily charged it has a
fine sparkling appearance. The wells in the centre of the town
have nearly disappeared, otherwise it is probable that organic
matter would have been found there in a less oxidized state.
As these wells have undergone several changes during the
autumn and early part of the winter, I shall not give the results of the analyses which I have made, until a few seasons
shall enable me to make a more complete examination of the
Phil. Mag. S. 3. No.20't. Suppl. Vol. 30.
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presentj

when

the ground

is

so wet,

it is difficult

which are pecuhar.
At present I may say that sulphuric acid added to the water
gives off chlorine ; that heat evolves chlorine and peroxide of
nitrogen from it; and that the I'emaining salt is a mixture
This will be sufficient to
of a chloride and a nitrate chiefly.
show that neither the water nor the air of Manchester has so
very minute an amount of impurity as to put it without the
power of detection.
to obtain u sufficient quantity of the saUs,

LXXVI. On

certain Atmospheric or Barometric Waves which
By William
traversed Europe during November 1842.

Radcliff Birt*.

A T

the sittings of the Geological Society on the 3rd and
May in the year 1816, a paper was read by Dr.
MaccuUoch On the Employment of the Barometer in measuring heights. In this paper the author endeavoured to show
that the differences indicated by different instruments, placed
at various stations on the earth's surface, are real differences

-^^ 17lh of

of atmospheric pressure, and that the changes which take
place at several stations are far from being simultaneous he
also expressed an opinion, that the differences of pressure,
combined with their progressive character, are in some way
or another connected with the direction of the wind, especially
the two cardinal currents N.E. and S.W. of our island
but
the imperfect state of the barometer at that time was such as
to prevent an efficient investigation of the subject.
in the year 1832, Professor Forbes, in his Report on the
Recent Progress and Present State of Meteorology, presented
to the British Association for the Advancement of Science
during its sitting at Oxford, alluded to the accidental variations
of barometric pressure as gi'eatly influenced by latitude, the
amount of variability increasing towards the poles. Reappeared to regard these variations as resulting from great
atmospheric tidal xaaves, which perpetually traverse our oceans
and continents, and he viewed a future and more advanced
state of meteorological science, as furnishing data from which
the most interesting and important conclusions might be drawn
in immediate connexion with such atmospheric waves f.
On the 21st of March in the year 1835, Sir John Herschel
made a series of hourly meteorological observations at Feld:

;

* From Report of the British Association for the Advancement of
Science for 1846.
t Report of tiie First and Second Meetings of the British Association for
the Advancement of Science, p. 235.
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hausen Wynberg, near the Cape of Good Hope. These were
accompanied by a simultaneous set at the Royal Observatory
near Cape Town.
The observations thus set on foot were
continued at numerous stations during the followino'
three
years ; and the discussion of the whole, collected by SnJohn,
forms the subject of a report presented by that
gendeman to
the British Association during its sitting at Cork in
the year
184.3.
One of the objects to which Sir John directed his
attention in this discussion, was the barometric
fluctuations
considered with a view to the propagation of atmospheric
waves.
For this purpose the stations were distributed in
groups, in one of which (the European) Sir John succeeded
in detecting and tracing two well-defined waves
one on the
21st of September 1836, the other on the 21st of
December
These waves were so vast in their dimensions, that to
1837.
take in (says Sir John) an effect of this nature, we must
enlarge
our conception of an atmospheric wave till it approaches in
some degree, in the extent of its sweep and the majestic regularity of its progress, to those of the tide-waves of
the ocean*.
The principle on which the discussion of these hourly observations was conducted, was that of projecting the barometric curves for all the stations of one group on a1;ingle sheet
for each separate term, the scale being one inch
to an hour in
tijyie, and one inch to O'n-066 of barometric
altitude.
From
the nature, however, of the observations, no one curve was
continued longer than twenty-four hours, except on the occasion of a remarkable storm.
During the progress of this
work, it was deemed desirable to obtain the complete rise and
fall of the barometer
so that a complete wave might be observed at least at one station.
Observations undertaken with
this view, and projected in curves, illustrate Sir John Herschel's report. As a test of any conclusions that may be drawn
from a discussion of observations on this principle, the observations may be so combined as to exhibit, not only the barometric relations with regard to time, but also with regard to
;

;

space

:

in other words,

the distribution of pressure over a

tract of country, at

any given epoch, will indicate the real
character of the waves then transiting.
The last report which I had the honour to present to the
British Association during its sitting at Southampton, contains
an examination of certain l)aronietric observations exclusively
on tlie last-named principle. These observations were made
during November 1842, the same month in which the observations were made from which some of the curves illustratin'"•
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The result of the
Sir John Herschel's report were projected.
examination has been the apprehension of several large atmospheric waves of so distinct a character, that the barometric
movements over an area included by the angular points, the
Orkneys, St. Petersburgh, Geneva and Cork, have been fully
explained, especially during the earlier portion of the month.
In order clearly to place these barometric waves before the
readers of the Philosophical Magazine, I shall at once proceed
to make various extracts from the report bearing immediately
upon the

subject,

commencing with

the

Definition and Phcpnomena of an Atmospheric Wave.

When a nutnberof barometric observations arc projected on paper
according to a suitable scale, and continued for montlis and years,
the eye on contemplating them will recognise a variety of curved
forms, some of large and some of small amplitude; some rising to a
considerable altitude, others sinking far below the level, representing
At first
the mean barometric pressure at the station of observation.
tiiere appears but little regularity in these curvilinear records of the
ever-shifting state of our atmosphere, but here and there the attentive observer will notice some similarity existing between two or
more individual curves, and he may notice some which possess a
In
certain symmetrical arrangement of the ascents and descents.

consequence of this similarity and symmetrical arrangement, he
examines more carefully the records of barometric pressure, and not
onlj^ discusses the observations at one station, but compares those
observations with others made at various stations and here again
he finds apparent irregularity and confusion. The curves to a certain extent agree, but in many minor points they differ often very
considerably, in some cases rising at one station while falling at another; this induces a still more minute and careful investigation:
the distribution of pressure over the largest area he can command is
carefully examined and whether his stations are few or many at
any given time, he finds on this area a point of maximum pressure
and a point of minimum pressure between tliese points he finds
various pressures, generally increasing from the point of least pres;

;

;

On some occasions he finds
sure to the point of greatest pressure.
line of high pressure, stretching quite across the area, and on others
By continuing his inquiries for successive
line of loiu pressure.
epochs, he finds these lines of high and low pressure move across
the area, or in other words, the high pressure or low pressure is
He also finds at
gradually transferred from one point to another.
still more remote epochs other lines of high and low pressure, some
having the same direction with the lines originally noticed, and others
crossing the direction of the original lines at various angles.
The questions which now suggest themselves are the following :
What are these movements? How can they be represented? In
simple consideration of
what manner can they be explained ?
the curves suggests the idea of waves as explanatory of the phamoa
a

A

Mr.

W.

R. Blrt on Atmospheric Waves.

485

mena, and the term atmospheric wave has been used to designate
that ideal individualitij which the mind attributes to
the process
wliich it observes of the successive change of place wliich
the barometric maxima and minima undergo, and by which they regularly
succeed each other over the area under examination; this ideal individuality has been employed as a mean ot examining the
movements just alluded to.
Mr. Scott Russell, in his admirable report on waves, presented to
the British Association during its sitting at York in 1844, has
given
the elements of an aqueous wave.
These elements appear so clearly
to express the relations of the barometric phsenomena
(simply considered as such), that I shall avail myself of Mr. Russell's
terms

to
indicate the distribution of pressure over the surface of the earth,
as
in figure J.

x»

W, The

"'

-

W w,

w

crest.

W

The front.
The back

a.
h,

S-=r

Fig.

1.

The amplitude.
The height.

In reference to this figure, the line of high pressure stretching
across the area (the figure being supposed to cut this line transversely)
has been termed the cres/,
the line of low pressure in advance of
the crest, the anterior troiigh, a (the origin of Mr. Scott Russell's
Avater wave) ; the line of low pressure succeeding the crest, the
posterior trough, IV (the end of Mr. Scott Russell's water wave)
the line
w...h, as measured by the mercurial column, the altitude of the wave
the slope
a, the anterior slope or front of the wave ; the slope'
w, the posterior slope or back of the wave; tu a constitutes the
amplitude of the wave, and x
x in the same direction, the axis

W;

;

W

W

of translation.
The observations to which allusion has been made, were published
by Mr. William Brown in a paper that appeared in the Philosophical
Magazine for April 1 846. This paper is entitled " On the Oscillations
of the Barometer, with particular reference to the Meteorological
Phaenomena of November 1 842." The object of the author is to show
that the barometric oscillations are produced by the meeting of opposite or nearly opposite aerial currenbi
that one current thus meeting
or impinging on another, deflects it, and under some circumstances
produces a rise of the mercurial column, but under others occasions a
fall in many cases of considerable magnitude. In order to elucidate
his
views, Mr. Brown has collected barometric observations from eleven
stations, which are scattered over an area included by the following
angular points:
The Orkneys, Christiania in Norway, Paris, Plymouth and Cork. These observations are in most cases given as read
;

—

* Mr. Scott Russeli designates
would be comvivncement.

tlic

point a the origin; a better term

I
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In addition to these the paper is accompanied by
which the direction of the wind at numerous stations ia
indicated for every day during twenty-six days in the month by
arrows.
The anenional observations published in the body of the
paper not being in all cases for consecutive days, a comparison of
off

from

tlie scale.

six plates, in

tliem with the plates is rendered difficult
nevertheless the plates
form a very valuable portion of the communication, and if they have
been laid down from accurate observations, they furnish us with an
important addition to our knowledge of the ar/a«^e;HeM< of the aerial
;

currents, especially with respect to the distribution of pressure.
It
a matter of regret that Mr. Brown did not so arrange his obser-

is

vations and plates, that the accuracy of the latter could have been
seen by inspection.
This paper is peculiarly interesting at the present time, when the
attention of meteorologists is directed to the important and interesting
problem of the barometric oscillations. I have already noticed the
views which have been taken of these oscillations as the results of
waves. In this paper they are regai'ded as the effects of currents ;
and it appears that meteorologists are now divided as to which of
these hypotheses they shall be referred.
Professor Dove remarks,
in his letter to Colonel Sabine on the Magnetical and Meteorological
observations*, "the so-called irregular variations of the barometer
are regarded by some persons as only tiie effects of currents of air of
unequal temperature and moisture other persons distinguish the
effects of currents from the effect of undulations progressing in the
manner of ivaves of sound, and propagating themselves with great
velocity over large portions of ike eartiis surface."
It is Avorthy of notice, that these movements have been referred
to two very distinct kinds of waves.
Prof. Forbes speaks of them
as great atmospheric tidal waves, and Prof. Dove speaks of a class
of individuals who regard them as progressing in the manner of
waves of sound.
It is not my intention to enter into an examination of the conclusions and results which Mr. Brown has arrived at; as the question is
open, I apprehend I have not conmiitted an injustice towards that
gentleman by having employed a rather different process to that
which he has used, and further discussed the observations he has
given.
I beg to acknowledge the obligations I am under to him
for these observations, and especially for the plates, of which I liave
before spoken they ai-e extremely interesting in the present inquirj'.
In accordance with these remarks, I have selected the following
stations from ^Ir. Brown's list
the Orkneys, Belfast, Shields, Cork,
Bristol, Plymouth, London, Paris, and Christiania.
The reason I
have omitted Glasgow and Armagh will be apparent from Mr.
Brown's notes. As I have discussed these observations with especial reference to the wave hypothesis, I have most cautiously avoided
in my remarks any thing that may at all bear on Mr. Brown's views.
The plan I have proceeded on is as follows. I have selected the
;

:

:

—

• Report of the Fifteenth Meeting of the
vancement of Science, p. 30.

British Association for the

Ad-

Mr.

W.

R. Birt on Atmospheric Waves.

487

middle observation of each day at those stations where only two
are given morning and evening; I have taken a mean of them.
These observations I have so arranged as to exhibit the distribution of pressure over tlie area for eacli day
the line or lines of
the greatest diminution of pressure
and the relation of such distribution and of such lines to the aerial currents or winds.
As a
convenient method of readily expressing these various relations
and giving to the discussion that completeness which otherwise it
would want, I have adopted the wave hypothesis, and to every line of
barometric maxima applied the term crest and to every line of minima
the term froi/gh.
In a word, I have regarded the progress of the barometric and anemonal phaenomena as the progress of waves.
The
observations remain the same both in Mr. Brown's and my own discussions, the results only are different
and it remains for other
philosophers, by more closely investigating the s\ibject, and submitting the observations to a more rigorous and searching discussion,
to advance this interesting inquiry and to become more intimately
acquainted with the causes of these interesting phaenomena.
In addition to the discussion of these observations making us
acquainted with several large waves similar in character to the definition before given, it also reveals to us the arrangement of the aerial
currents with respect to such waves, or rather by means of these
observations and the plates accompanying them, we are able to
ascertain, not only the general direction of the aerial currents, but
also the barometric phaenomena resulting from their transit.
Prof. Dove, in his second letter to Col. Sabine relative to the
magnetical and meteorological observations, has announced his
opinion that the equipoise of the atmosphere is maintained in the
temperate zone by currents oti the same level flowing iii ojjjwsite
directions* thus we have a bed or stratum of air moving from
the S.W., and on each side of this are strata of N.E. winds. We
;

—

—

;

;

Fig. 2.
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here inquire, how are these alternate aerial currents related
waves before alluded to ? It is one of the objects of the
discussion to exhibit this relation, which may be thus briefly expressed, at least in so far as the examination of the observations has
yet extended*.
Let tiie strata a a a' a', b' b' b b, fig. 2, represent two
parallel aerial currents, a a «' a' being from S.W. and b' b' b b from
N.E., and conceive them both to advance from the N.W. in the
direction of the large arrow, that is the strata themselves will advance
Now conceive the barometer to commence
with a lateral motion.
rising just as the edge b b passes any line of country, and to continue
rising until the edge h' b' arrives at that line, when the maximum is
attained.
The wind now changes and the barometer immediately
begins to fall, and continues to fall until the edge a a coincides
with the line of country on which b b first impinged. During this
process we have all tiic phasnomena exhibited by an atmospheric
wave when the edge h b, fig. 2, passes the line of country, the point
«, fig. 1, of the wave (the anterior trough) transits that line of counDuring the
try and the barometer begins to rise with a N.E.wind.
period the stratum b' b' b b, fig. 2, transits the line the anterior slope
a, fig. I, passes; when the conterminous edges of the strata a' a'
b' V, fig. 2, pass, the crest W, fig. 1, extends in the direction of the
preceding trough the barometer now begins to fall, and when the
edge a a, fig. 2, occupies the place of b Z>, also fig. 2, the descent of
w, fig. 1,
the mercurial column is completed; the posterior slope
has passed, and the posterior trough w, fig. 1, now occupies the line
in which the anterior trough extended.
This arrangement of the aerial currents in connexion with a barometric wave may be termed the air-motion of the wave. In contemplating the transference of the barometric maxima and minima, we
regard only the loave-motion. In contemplating the direction and
force of the wind, we regard also the air-nwtion. The wave-motion
consists in the kiteral transference of the parallel beds of aerial currents the air-motion being these oppositely directed parallel currents
themselves.
From these considerations, we readily see that the tvave is a conhave
venient method of representing the barometric fluctuations.
seen that the rise is due to the anterior slope and the fall to the
posterior
and we now further learn that the direction of the aerial
current on the anterior slope is at right angles to the axis of translation directed towards the left-hand, while on the posterior slope it is
the reverse still at right angles to the axis of translation, but directed
towards the right-hand.
Having thus noticed the wave-motion with its accomijanying «/»•How are
7)iotion, these interesting questions suggest themselves:
the forces of this air-motion arranged ?
Do all the particles move
with the same velocity ?
Are there different velocities in ditt'erent
parts of tiie wave?
Our anemometers will answer these questions.
In the troughs, the edges b b a a, the forces are strongest; as the
barometer rises, the force gradually subsides; when the crest passes,
to the

;
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and as the barometer

falls, it

increases until the trough

when

it is again strongest.
has suggested that the parallel currents, by which the
equipoise is maintained in the temperate zones, may be shifting ones,
and we have supposed that the parallel currents of N.E. and S.W.
winds may advance from the N.W. with a lateral motion. The same
cause that produces the well-known opposite and superposed equatorial and polar currents, will also give rise to the same opposite hutparallel currents in the temperate zones, namely, the ascending column
Now it is well known that
of heated and consequently rarefied air.
in stormy weather, when the wind is blowing with great force, the
barometer being nearly at its minimum, upon the toind changing
the barometer commences rising the wind however continues to blow
with about the same force as it did with the previous falling barometer.
Upon M. Dove's view of parallel and opposite currents,
somewhere in or near the line forming the boundary between the
currents, towards or in the torrid zone, we ought to find the point
of rarefaction, and to this point the N.E.
„
p^' '
current would rush with the greatest
"
force to supply the ascending column of
''^Tv^
heated air*. This N.E. current would be
•/ X
v
\
compensated by a S.W. current of nearly
J- ^v
or quite the same force, situated just to
i I t
the S.E. of it, as in fig. 3, in which let a
point of rarefaction, a for instance, exist
in
111
any locality,
luuctiiuy, su
N.E. cuneiii
so that
mai a.
a rt.iz,.
current
may be established to supply the ascendI"
f 1
ing column
suppose the greatest force
'
V
to exist along the line of crossed
b b, tlie air would be drawn from the
\
t
of this line to fill up the vacuum at cr, V
u>t
'"^
and a compensating S.W. current, c c,
t.^
'*Q^
•<
<
established. This S.W. current would be
x^'
-^
established partly by the descent of the
overflowing current at a, and partly by the rush to supply the air

passes,

M. Dove

;

lift
'

i

;

I

'

i

'

'

'

i

\\\

—
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—

* III attributing the greatest force to the N.E. current, I do not by any means
forward or support any hypothesis tliat would at all interfere with tlie
well-known fact, tliat the greatest force is usually manifested by S.W. winds. Tlie
point to which I wish more particularly to solicit the attention of the Association is
Tliis must reside in
lliis, tlic cause which induces tlie south-wesferl;/ current itself.
Here we have a sufficient cause; we are presented with
or near the torrid zone.
plixnomena fully adequate to explain an influx o( coul air from the N.E. This is
the current that must first be established, and in the first instance its force will be
We have however only to turn to Prof. Dove's letter to Col. Sabine
greatest.
(Report of the British Association, 1845, p. 01 ), and we shall at once find the reason
why S.W. winds manifest by means of our insi rumen Is the greiitcst force. The N.E.
currents are narrower, and the force soun abates as they pass over towards the
S.E. while on the other hand the same station is not only o/lener, but lonfi^er in
the S.W. currents, and as the line of greatest force approaches, the force increases,
on some occasions very rapidly, until the wind changes. The line of greatest force
soon passes the station, so that upon a mean of numerous observations the southwesterly wind exiiibits the greatest force.
wisli to put

;
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ascending column. When however
once established, the velocity of the line of S.W. current nearest to the N.E. would probably be equal, or nearly so, to that of the
N.E. current itself.
In this way it is easy to conceive that a complete barometric wave
may be pi-oduced the lines of greatest velocity of the parallel currents will indicate the trough the rapidity with which the currents
]iass in opposite directions greatly diminishes the pressure, and according to this view somewhere near the direction of the trough and
to the S.W. of it, we ought to find the point of greatest rarefaction
the velocity decreases on each side this trough, and with this decrease of velocity the pressure increases, so that M'e have a distribution of pressure of a wave form gradually rising on each side
the trough, the pressure being dependent on the velocity of the paconstantly

drawn

off to feed the

it is

;

;

.

:

rallel currents.

would confrom the S.E. side of the line of
b, fig. 3, and this would be attended with two
greatest velocity b
first, there would be a real hollow or trough formed in the
results
line of junction of the parallel currents; and secondly, this line
would gradually advance towards the S.E,; for as more air would be
drawn off from that side, the whole body of air would advance in
and should the rarefying
that direction to supply the deficiency
process cease, we can readily conceive that not only will the waveform be continued, but also tvave-motion. The establishment of the

The constant ascent of air

tinually

draw

at the point of rarefaction

off a quantity of air

—

;

;

the diminution of pres;
sure towards the lines of greatest velocity will give the wave-form ;
and the drawing-off of air from the S.E. will induce t\\eivuve-motion.
The wave thus generated is negative ; it consists of a hollow produced by the ascending current of heated air carrying off a considerable portion of air set in motion by this ascending column,
and its direction of motion is determined by more air being drawn
off from the S.E. slope than the N.W\

parallel cun-ents will give the air-motion

Cross Waves.

The examination of the transit of a single wave by means of
barometric and anemonal observations, would be comparatively
easy, but it seldom happens, from the operation of natural causes,
In almost every
that an isolated or solitary wave is produced.
instance (except in those in which the generating power is very
much greater than any which occasions the production of smaller
waves) the wave is contemporaneous with others of equal, if not of
greater magnitude, so that different systems are in motion at the
same time, each individual pursuing its own course, and although
perfectly Independent of every other, yet greatly modifying the resulting phcenomena as exhibited by the barometer and anemometer.
When therefore we proceed with the examination of certain barometric and anemonal phaeuomena in the manner above alluded to,
we arc speedily perjilexed with the barometric and anemonal effects
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of cross leaves the flowing of one set of waves in a certain direction is apparently interrupted and interfered with by another in a
different direction, and before the first set can be exliibited with its
proper proportions, and the true altitudes, amplitudes, velocities, and
directions of its individual waves assigned, all the phaenoniena of
the other set must be carefully disentangled and separated from the
aggregate phaenoniena presented by the contemporaneous systems.
The barometric curve, including a complete rise and fall at any one
station, is 7iot the curve resulting from the transit of any one wave;
but it does
it does not represent the form of anj reality in nature
represent, and is an exponent of the effects resulting from the contemporaneous transits of waves, or systems of waves, such as have
;

;

been described.

The

discussion of Mr. Brown's observations has clearly brought to
and opposite currents at right angles to those we
have been contemplating, namely, from N.W. and S.E. with a wavemotion towards the N.E., producing the cross waves which occasion
The late Professor Daniell has rethe complexity before alluded to.
light a set of pai-allel

that the curves increase in range towards the N.W., and in
general the neighbourhood of Jt'ater presents curves remarkable forthe
boldness of their contour and the large extent of their range. In venturing a speculation on these cross waves from the S.W. with parallel
and opposite currents from N.W. and S.E., I should be incbned to
attribute them to the effect of the solar influence on the terrestrial
surface, extending from Cape Verd in Africa to the extreme north of
Lapland in Europe. This surface extends from S.W. to N.E., or
somewhat in that direction. It may be remarked, that to the northeast of Cape Verd is situated the Sahara or Great Desert of Africa,
and here we have a great rarefying surface. To the north-west or
west-north-west of this extensive rarefying surface, the broadest part
of the Atlantic ocean is situated. The relative positions of the Great
Desert and the broadest extent of the Atlantic will produce a great
indraught of cool air from the ocean ; the direction of this wind will
be W.N.W. or N.W. To the north-east of this current, probably
in the neighbourhood of Morocco, Fez, Algiers, Spain and Portugal,

marked

and the north-west portions of the Mediterranean sea, we ought
to find the counter current from the S.E. or E.S.E., the two porSometions in juxtaposition moving with the greatest velocity.
where in the Atlantic the turning-point of these oppositely directed

The line of junction of these parallel curcurrents should exist.
rents will determine the trough of the wave, and as before shovvu, in
consequence of the air being drawn off from the north-cast to supply
the ascending current, the wave will progress towards that (juarter;
the barometer first (lescending with the S.E. wind as the trough
approaches stations to the N.E., and rising with the N.W. as thu
current produced by the rarefaction approaches, until the crest
passes, when the new counter current or slope of the next wave
would

set in *.

• In the above suggestion

I

have considered

tlie

northern portion of the African
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can be no question that Ireland
Pursuing
and Scotland become points, or unitedly constitute a great point of
rarefaction, forming as they do the nearest land to the nortliern part
of the Atlantic, the land becoming hotter than the neighbouring
water, and in consequence a N.W. current Avith its compensating
Not only will the rapidity of the
current from the S.E. is induced.
currents reduce the pressure, but the ascending column from the
this idea further, there

land will transfer some of the air into the general current of the
atmosphere, and there will be a real difference in the distribution of
a section transverse to the line of greatest
air as well as pressure
velocity will exhibit a hollow or trough, and the same phajnomena
will result from this arrangement of the aeVial currents as we noticed arising from the N.E. and S.W. currents, the only difference
;

being in direction.
In thus considering these rectangularly posited systems of parallel

and opposite currents, many complex anemonal and barometric
phaenomena receive an easy explanation, particularly the revolution
of the vane in one uniform direction, and the barometric windWhen the conterminous edges of any two currents pass a
rose.
station, the barometer is either at a maximum or minimum with
respect to that particular system of currents the wind also changes
If the barometer has previously been rising with a
at this time.
north-easterly wind, it now begins to fall with a south-westerly : the
cross currents are however passing at this time with a lateral motion
towards the N.E. ; in this set of cross currents the barometer will
rise with a north-westerly wind and fall with a south-easterly. Sup;

pose while the posterior slope of a N.W. wave transits, wind S.W.,
and before its trough passes, the trough of the cross wave from the
S.W. also transits, and is immediately succeeded by the following
anterior slope with its N.W. current, the wind will pass from S.W.
to W. Now while this slope continues, upon the trough of the N.W.
sj'stem passing, the wind changes to N.E., and the resultant of the
two currents is N. It is easy to pursue this reasoning, and thus
trace the changes of the wind arising from these two cross systems
completely round the compass.
The two systems of cross currents naturally divide themselves
into four beds of opposite currents, namely, N.E. S.W., N.W^. S.E.
with the first of each system, N.E. N.W., the barometer rises, and
with the last of each, S.W. S.E., it falls, so that in the barometric
wind-rose the maximum is found about the N.E., the prevailing
system, and the minimum near the S.W., the opposite current of
this system.
The extent of arc which the wind-vane frequently describes, especially in stormy weather, also receives an explanation from these
A contemporaneous S.W\ with a N.W.
systems of cross currents.
wind will occasion large arcs to be described between these points
continent as inducing the N.W. current, but of course, the entire surface, as far as
the extreme north of Europe, including Great Britain and Ireland, will act as a
rarefying surface.
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the south-westerly gusts prevailing, directi>«g the vane to that quarter ; and the north-westerly immediately following, instantly occasions a change carrying the vane towards the N.W.
These sudden
and extensive changes are rendered more distinctly perceptible by
means of a small kite flown with about 250 or 300 feet of string, or
even more ; the distinctness and independence of the direction of
the two currents are readily seen, as well as the difference in their
strength.

Discussion ofSlv. Brown's Observations.

In the discussion to which I have alluded, I have first arranged
such of the observations collected bj' Mr. Brown, or deductions from
them, as indicate the barometric pressure about the middle of each
day at the stations before-named, as near as the data furnished by
that gentleman will allow.
These observations or deductions will be
found in Table I. The arrangement is such that the eye may readily
ascertain tlie barometric state of the atmosphere at any station on
any day embraced by the area and period included in the table.
The changes at any one station are also readily seen, the altitudes
above 30 inches being distinguished from those between 29 and 30,
and those below 29 also being distinguished from the rest. This
table forms the basis of the conclusions which have been thus arrived
The values corresponding to each day have been arranged with
at.
especial reference to the maximum and minimum of that day in
space, that is, the station exhibiting the greatest pressure on any
particular day has generally been placed first on the list for that
day and that exliibiting the least, last. At the head of each list
are placed the directions of the crests as indicated by the observations.
Crests passing from N.W. to S.E. are distinguished by the
odd numbers, and those passing from S.W. to N.E. by the even.
When the observations give two slopes from a crest or trough passing between such slopes, the observations have been arranged to
exhibit this.
After the arrangement of the observations, the lines
of tlie greatest diminution of pressure corresponding in a majority
of cases to tranverse sections of the waves, and exhibiting either
their anterior or posterior slopes, are inserted.
These are succeeded
by the direction of the wind on each side of the crests as given in
^Ir. Brown's plates, and the discussion of each day's observation is
concluded by a few explanatory notes*.
;

* For the complete discussion of Mr. Brown's observations, the reader is re
ferred to the author's tliirrt report on atmos])heric waves in the llei)ort of the Sixteenth Meeting of the Hritisii Association for tlie Advancement of Science, held at
Southampton in 1816, i)p. Ill to 162.
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of the Discussion of Mr. Brown's Observations.

In collecting the results of this discussion, I have arranged In Tables
II. and III. the principal lines of diminution of pressure ; the succession of waves as well as the distinct systems become very apparent
from these tables. The succeedingTablesIV.and V.exhibit the principal features of the respective waves of each system.
The most prominent result appears to be the confirmation of Prof. Dove's suggestion of parallel and oppositely directed currents.
The diagrams
of the wind in connection with the barometric observations clearly
exhibit such currents, and we see by a glance at Tables IV. and
V. that the beds of these currents varied considerably in breadth. At
the opening of the observations they were very much broader than
at the closC; and the N.W. system (waves No. 2, 4, 6) were altogether larger than the S.W.
have in fact two systems of waves
or currents crossing each other at right angles, the individuals in
both gradually decreasing in size. In the speculation which has been
ventured relative to the S.W. system, the mass of terrestrial surface
forming the N.W. boundary of the great eastern continent has been
assumed as the rarefying surface, producing the set of pai'allel and
oppositely directed S.E. and N.W. winds, the currents gradually
shifting towards the N.E.
The gradual contraction of the beds of
each system as the observations proceed is a highly interesting feature, which requires a more extensive discussion for its elucidation.

We

Tabi-e

II.

— Exhibiting the principal

tion of pressure of the

Epochs.

lines of the greatest

N.W. system of waves, Nos.

2, 4,

diminu-

and

6.

Mr.

4-96
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S.W. system of waves, Nos.

1, 3, 5, 7, 9,
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1.

11,

and

13.
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Mr. Brown's with the St. Petersburgh and
From
Geneva observations which have been added to Table I., it is readily
the collation of

apparent that the results arrived at in the discussion to which reference has been made have been fully confirmed, and there appears
to be but little doubt that the waves as determined in the first instance by a discussion of observations from the stations announced
in my first report*, and further identified and illustrated by the observations collected by Mr. Brown, as well as those wliich have been
brought to light by means of Mr. Brown's observations, and confirmed and illustrated by the St. Petersburgh observations, had a
real existence an individuality has been attributed to certain arrangements of aerial currents and distribution of pressure in connexion
with such currents, the aggregate phajnomena forming an atmoOf the waves thus brought to light, two occupy very
spheric wave.
prominent positions, they stand out as it were from the others the
individuality of each is very striking, and the velocities with which
they traversed the area isolate them from their predecessors and exThese waves are
hibit them not as gregarious, but solitary waves.
B° and crest No. 4, the first occurring just previous to the setting
The wave,
in of the great wave, and the last forming its crown.
crest No. 4, appears from its elevated position on the symmetrical
or normal wave, admirably adapted to crown our investigations with
success, especially in so far as its amplitude, velocity and path are
concerned, we are now, I apprehend, in possession of materials to
determine with a considerable approximation to accuracy, these elements. Its longitudinal direction appears to have been very extenThis element would receive considerable elucidation by means
sive.
of observations from the south of France, Spain, Portugal and the
north of Africa. It is highly probable that this wave in the direction
of its length stretched from the extreme south to the very north of
Europe.
The waves jiist alluded to will furnish material for a further paper,
in which their essential features, elements, &c. will be fully discussed.
In the mean time the attention of the reader is directed to several
interesting features of waves Nos. 1 and 2.
^
An inspection of Table V. shows that this
Wave crest No. 1
crest extended from Belfast to Paris on the 1st ; on the ^th it passed
Christiania, and on the 5th it was vertically over St. Petersburgh.
On the same day, the 5th, Mr. Brown's observations indicate that
the crest No. 2 extended from Cork, past Belfast, towards the Orkneys so that the point of intersection of the two crests, Nos. 1 and 2,
must have been situated toward the north-west of Norway. This
at once explains the greater amount of pressure in the north-west of
;

;

—

;

Europe in the early part of November.
During the first eight days of November, the movements
Petersburgh and Geneva were strictly in accordance with the

at St.
transit

* Report of the Fourteenth Meeting of the British Association for the Advanceof Science, page 2G7.
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of a large wave from S.W. to N.E., its amplitude being about double
the distance between the stations
they were of a precisely opposite
:

character, as indicated in the following table

Table
Epoch.

VI.

:
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Orkneys with those

at Paris,

at once recognise a considerable difference
stations. At the Orkneys it amounted to

two

in the oscillation at the

1*72, at Paris to '79, range at the Orkneys in excess 93. It appears
probable that this difference of oscillation at two stations, as the Orkneys and Paris, may be thus explained. The curves in the northwest of Ireland, as determined by the discussion of Sir John Herschel's hourly-observations, are remarkable for boldness and freedom
of contour and great range of fluctuation. The late Professor Daniell found, from an examination of the Manheim observations, that
the range increased towards the north-west, and that the greatest
oscillation occurred in the neighbourhood of water.
Now a wave
generated in any way and approaching the continent of Europe from
the north-west, would most probably impinge on it with a high and
in

cases acuminated crest

some

onward the

crest

\

y

would gradually subside

,

but as

^-^

it

passed

^

^-^^^

>

so that at stations considerably to the south-east the fluctuations
would be very much less than at or near its point of genesis. Again,
a negative wave, with a deep trough also approaching from the north-

west

x,^

/^

would present large fluctuations

,

as

it

im-

but after passing onwards, the opposite to subthe deptli of trough would decrease,
sidence would take place

pinged on the land

~^

also decrease.

;

;

,

and the

oscillations to the south-east

Such phtenomena appear

to be presented

would

by the ob-

servations from the 5th to the 10th of November 184-2.
In connexion with this subsidence of crest No. 2, as it passed from
N.W. to S.E., it may be interesting to notice the passage of crest
No. 3, the circumstances of the transits of the two waves being different; wave No. 2 com'mg froin the sea, and passing over Ireland,

Scotland and England, and the land forming the central part of
while wave No. 3 skirted the western and north-western
boundaries of Europe, and more or less passed over the waters of
tlie Atlantic and Nortii Sea.
The crest No. 3 came from the S.W.,
so that a line from Plymouth to Christiania would cut it more or less
transversely the ranges liowevt.T are ncuirly the same at both stations.
Tiie crest which traversed England on tlie 1st arrived at Christiania
on the 4th at this time the barometer had conunenced rising at
Plymoutii from tlie anterior slope of crest No. 2, and it continued
rising until the 7tli, when the crest passed.
At Christiania the barometer had fallen from the posterior slope of crest No. 2. It appears from a careful comparison and consideration of the barometric
movements at Plymouth and Ciiristiania, that crest No. 2 jiassed
Christiania about a day earlier than it did Plymouth, that is, the longitudinal direction of the crest was such as to cause it to pass over
Christiania while Plymouth was still under the anterior slope of the
wave, the sections ])assing over C'hristiania and Plymouth being
separate and distinct.
The cliaractor of the passing wave is well-

Europe

;

;

;
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determined at both stations, the posterior slope exhibiting a rapid
and deep fall, which took place alike at Christiania and Plymouth.
The crest No. 2 passed Cork, Belfast and tlie Orkneys on the
with a diminution
.5th, Plymouth on the 7th, and Paris on the 8th,
We find however no diminution of oscillation at
of oscillation.
It is highly probable the
Christiania as compared with Plymouth.
from
subsidence of the crest, as it proceeded towards Paris, resulted
and
the influence of the land in England, while both at Plymouth
Christiania the crest was but slightly interfered with by the influence of land, the difference of level resulting from the anterior slope
of crest No. 3.

These considerations exhibit a large wave of considerable breadth
and slow motion, extending in a longitudinal direction from the extreme south-west of England, past Norfolk, towards the Swedish
capital.

of the waves, as referred to in Tables IL, III., IV.
have been determined by observations made daily and a

The elements
and

v.,

;

perusal of the discussion of these observations will clearly show that,
in order to detect and examine the characters of the larger undulaFor this purpose it will be
tions, daily observations may suffice.
The Astronomer Royal has
best to choose the middle of the day.
determined, from four years' observations at Greenwich, that at 2
hours, Gottingen mean time (20 minutes past 1 p.m. Greenwich
time), the barometer varies but O'"-001 from the mean of the year,
that is, if the mean pressure is to be determined from an isolated
observation each day, this hour is the most suitable, the mean corThis at once indicates, that for
rection being 0"'-001 to be added.
the present purpose this hour is also the most suitable, the observations being, to a great extent, free from the effects of the diurnal
If two observations are made, the most suitable epochs
oscillation.
are 7'20 a.m. and 1-20 p.m.; and if three, 7-20 p.m. in addition. In
order however to detect and examine smaller undulations, observations at shorter intervals equally disposed througliout tlie twenty-

four hours are essential.
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Experiments proving the common natiire of

Mag-

and Viscosity. By Sir Graves
C. Haughton, K,H., M.A., F.R.S., Foreign Associate of
the Institute of France, 8)C.
netism, Cohesion, Adhesion

[Continued from p. 457.]
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midual magtietic attractions of non-ferruginous bodies.

AFTER a

great number of substances had been measured
according to the preceding plan, it occurred to me that by
a slight modification of the needle, the mutual magnetic relations of non-ferruginous bodies might possibly be ascertained.

Through

the obliging readiness of

M.

Pixii of this city, I liad
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two needles constructed, half of which were magnets and the
other half brass; the junction of the brass and steel being
As
effected exactly mid-way where the caps were attached.
it was anticipated that "the movement of such a needle would
be slow, as the whole directive energy could only be obtained
from the magnetic end, their caps were of stone. I had the
pleasure to find that though their movement was necessarily
sluggish in comparison with that of the common needle, yet
and that the brass
that it was perfectly uniform and certain
;

end attached

various substances
tenacity than had been the case with the
needle, or with its own magnetic portion.
needles made, one with a gold and the other
itself to

with even more
purely magnetic

1 next had two
with a silver termination but owing to a misapprehension of the workman
their caps were of brass, and from this circumstance the increased friction prevented their free movement, particularly in
However, sufficient was disthe case of the silver needle.
covered by their employment to see that the gold and silver
could likewise be made to attach themselves to non-ferruginous
;

bodies.
It was only now necessary to make such a modification of
the new principle of measurement as should enable it to be
applied to any metal, and for this purpose I had short tubes
soldered to the ends of half magnetic needles where they were
Into these small tubes needles of
joined to their agate caps.
any malleable metal could be inserted at pleasure their weight
and length being just sufficient to balance the steel portion of
the needles.
The steel ends were necessarily made thicker
;

than the magnetic needle I have already described, to balance
and the
the increased weight of the tubes and metal needles
whole weighed, when complete, in one case sixteen grains, and
in the other, which was a little larger, nearly eighteen grains.
The length of the steel half was twenty-three millimetres, and
;

It is
the whole needle therefore forty-six millimetres long.
necessary to bear in mind that the metal needles should not
exceed tlie magnetic ends in length, otherwise, according to
the principle of the lever, they would be moved with greater
facility

than the steel portion, and give proportionably higher

results.

The Ibrm

of these needles

is

here given with and without

their metal ends.

By a

further modification, the arrangement

was

fitted to

be
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employed with any small fragment or substance that it was
This consisted simply in
a needle.
making a slender needle of wood of the same form as those
of metal, by means of which any fragment, though not exceeding the size of the head of a pin, could be attached with
wax, and then employed, the same as if it were a needle ot
desirable to use as

malleable metal, alter being inserted in the little tube of the
magnetic needle. The deficient weight of the wooden needle
can be made up by twining round it a fine strip of sheetand in like manner the metal needles may be made
lead
to balance with equal nicety, when too light, by rolling round
them a small strip of tin foil a necessity that must olten
occur, owing to the different densities of the metals employed.
All these details are requisite, as the experimenter must in so
many cases become his own workman, to meet each particular
exigency.
These needles were urged to the substances by a bar-magnet, in the same way as in the preceding experiments, and
were employed either in measuring the purely magnetic intensities or those of non-ferruginous bodies, by using one or
;

;

The unmagnetic ends
the other end as occasion required.
were likewise made to connect themselves with substances,
for which they had a strong afiinity, by means of the finger
instead of a bar-magnet as in the former cases, but to a much
greater extent, for it was the only means I had at my command of ascertaining that the junction was made with more
than usual readiness, and this result is here marked by the
All the other
letter^, instead of the signs x x as before.
employed in similar cases, and
be seen, perhaps with some surprise, that the mutual
affinities of non-ferruginous bodies greatly exceed those of
the magnetic needle, there beintj few cases in which the measures did not reach 90 .
In the preceding branch of this subject, whatever has been
said on the importance of giving time for the influence of the
needle to take effect, is no longer necessary; and all that is
signs formerly used are again

it

will

required is to afford the time requisite for oscillation entirely
to cease; for here the effects are purely normal, as non-ferThis result
ruginous bodies only are mutually concerned.

might have been easily anticipated, lor it is now merely
natural and spontaneous affinities that are brought into play.
Magnetism, in the conmion acceptation of the term, will be
seen to be an abnormal and exceptional state, and all the results that proceed from it must partake of the same character.
The more powerful therefore the magnet or the loadstone,
the more abnormal and exceptional must be its results.
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The phaenomena

brouftht to light by Dr. Faraday's mode
of experimenting are indeed very remarkable, and they ap-

pear to me to have a surprising analogy with what he and
Thilourier effected, when operating on the gases.
By the
resources of science, those bodies which in their normal state
only exhibit repulsion, were made to reveal their occult

power of attraction ; and in a similar manner in these new
experiments, bodies that had been only remarked for indifference to magnetism, were brought within its pale.
Yet the
instances which I have already shown, and those which are to
follow, will make it more than doubtful whether the two categories of attraction and repulsion under which bodies arranged
themselves in his hands, are really those that would result
from their normal conditions, if these could be known with
exactness.
Thus by his experiments he considers platinum
as magnetic, and flint glass as diamagnetic, and they ought
not therefore to agree in their affinities yet I find that they
both have a remarkable attraction for lead crown glass too,
so far from having a feeble attraction for the magnet, ai^ we
are led to suppose from his experiments, has really a very
considerable affinity for it, as will be evident by the instance I
gave of the needle in the compass-box, which attached itself
2)er saltum to its glass screen on a magnet being held over it.
Palladium and platinum also, which Dr. Faraday considers
as magnetic, agree with all his diamagnetic metals with which
I have operateil in their attraction for glass of every kind, and
I find that both palladium and platinum exhibit a much
feebler degree of attraction for the magnetic needle than they
;

;

do for iron that is free from magnetism. Yet in his
crown glass ranges between palladium and platinum.

scale

The obscure nature of affinity cannot be better exemplified
than in considering these experiments, where we have afresh
demonstration of its universality.
As no instance has yet
been discovered of a body existing free from repulsion, for no
bodies have yet been found with their molecules in close contact, so in the present case we shall see that where attraction
could not be more than imagined, that that property exists in
considerable strength, and that it is owing to it, by the mere
affniity of points for points, that is of molecules lor molecules,
that bodies hold together with such tenacity, though each
point is totally inert beyond its own sphere of action
indeed
so much so that the finest hair or a fragment of any substance
not so large as the head of a })in, has as much influence,
magnetically, on the various needles that have been tried, as
the largest mass.
It is diflc'rcnt however where the electromagnet is concerned, for through its powerful influence the
;
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magnetic energies of bodies brought within its range are
heightened to a surprising degree.
Magnetism proves the
co-existing and ahernating nature of attraction and repulsion,
and that where we find one we may be quite certain that the
other is only in abeyance, existing potentially, and ready to
spring into action the moment the conditions of bodies are
such as to admit of this law of nature coming into activity. I
say bodies, because, as it is a law of relation, there must be
the mutual presence of two things to enable it to exist. Now
the insensible relations which the present experiments reveal,
seem identical with those which Dr. Faraday was able to
make sensible, even to an audience in a theatre, by the means
of a powerful electro-magnet, just in the same way as when a
bit of paper excited positively or negatively, and scarcely
affording the slightest indication of its excitement, will be
I'oused into strong repulsion by the approach of any electric
body in a. similar state with itself, but more highly excited;
and indeed the degree of its repulsion will be proportioned to
the. energy of the electric state of the body with which it is
in relation
it being one of the mysterious peculiarities of
affinity that the body that exhibits it in the strongest degree
raises the feebler related body up to a state of equality.
The neutral state which Dr. Faraday supposes to exist
through the struggle of what he terms magnetic and diamagnetic forces, in various saline solutions, is according to the
preceding views due entirely to the relative strength of the
latent attraction or repulsion roused into a state of exaggeration, and if I may so say abnormalism, by the surpassing energy
of the electro-magnet but were we to suppose the phaenomena
thus exhibited to be the normal state of nature, we should
interpret wrong, and mistake the exception for the rule.
But as facts are better than all reasoning, I proceed to
exhibit the mutual attractions and presumed repulsions which
I elicited in about 600 additional experiments, together with
the measures so obtained.
The measurements of the experiments which follow were
first thrown into a tabular form, the substances being arranged
;

;

perpendicularly on the left side of the paper, and the needles in
succession at the top, both of them being between ruled lines in
opposite directions.
This arrangement had the great advantage of affording an easy contrast at a glance, but notwithstanding the number of experiments that have been made it
left too many laciincc, owing to the great number of needles
and substances which I had not time to try for the sake of
saving space it was abandoned therefore for the present plan.
The needles employed are indicated by the letters which
;
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was of flint glass. It is possible
that one of crown glass might have given even higher results
but if so its effects could not have been appreciable in the
cases above 90".
By a reference to the counter experiments
where crown and flint ghiss were the substances, and the

follow.

glass needle

;

metals the needles, there

be seen to be a great equality

will

in

the results.

M magnet;

S

silver

I iron
P. G. pure gold Gl8c. gold 18 carats;
palladium PI. platinum Cad. cadmium
tin
zinc; Cop. copper; B brass; Germ. S.German silver;
;

;

P

;

L lead; Z

;

Ars. arsenic

;

;

T

;

Gl. glass.

;

1st Class.

M 90°, difficult;

Gold (pure) with

G

P

I8c. 90°;

90°;

PI. 81°;

I

90°+

Cad. 90

P. G.

;

f.

T

;

Z90°+.
Gold (18

B

M

with

carats)

90° X

90°,

M 90° +
M 90° +

difficult;

I

90°+
90°+

,'

T90°+T-

90°;

'

I 90° +
Cad. 90°; T90°x.
Cad. 90° + T 88°.
Palladium with
68° I 90°+; P40°; Cad. 60°; T 90°.
Platinum with
65' I 90° P. G. 86°
PI. 75°; P 25°Cad. 81°; T 82°; Gl. 90° f. easy.

Silver (pure) with

Silver (coin) with

M

Cadmium
not

M
M 90°;

;

;

;

\

;

;

PI. 76°; after many efforts it would
to the 81° of the cadmium needle and plati90°, easy; V 90°, very difficult.

with

come up

num

;

Cad.

M 90° +
Lead with M 90° +
Tin with

T

;

;

90°, but difficult;

I

;

Cad. 90°, weak;

90°, difficult at every step.

easy;

L

84°;

I

;

Z

90°+

P. G. 90° f. very easy PI. 90°,
B 90° f.; Gl. 90° f. very

;

;

90°, difficult;

firm.

M

Zinc with
Cop. 90°.

Copper with

90°;

T

Cad. 90°;

M 90° +

90° x

;

L

90 x

P. G. 90° f. firm PI. 90° +
90°; B 90°, f firm.
90°, very easy
90°, rather difficult.
;

;

;

;

Z

90°;

T 90° x;

Z90°; Cop.
Iron with

I

M

Mercury with
Antimony with

;

T

90°, sticks;

M

66°

T

G.

18c. 90°, sticks;

T

76°.

27°
P. G. 90° + PI. 50°; Cad.
90°; Cop. 90° f. B 90°, firmish with
;

I

;

;

90°, very difficult ;
;
the cut end.
51"; I 77°; P. G. 90° + PI. 91"; Cad.
Bismuth widi
90°; Cop. 90°; Gl. 90'.
90, difficult;
Chromium with
90°; at first it (juite failed, but rose by
waiting a very long space of time up to 90
1 60° ; PI. 90°

M
T
M

;

;

T

failed

;

L

36°.

Manganese with M. A.;

PI. fiiiled;

T

10°.
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Cobalt with
Brass with
90° X

T

M 90°; T foiled.
M 90= 90°, not easy;
L

P. G. 90° f. ; PI. 90°;
B. 90°, f. very
very easy and firm

I

;

;

90°,

f.

;

easy, firm.

German

silver with

and firm

;

M. A.;

Cop, 90°,

f.

P. G. 90°,
most easy

f.;

B

;

L

90°,

90°,

f.

f. very easy
strong GI.
;

very strong.
90°, junction easy
90°
P. G. 90°, f. ;
Bell-metal with
L 90°, easy Cop.
after the use of the magnetic needle
90^ f. firm; B 90% f. very firm; Germ. S. 90°; Gl. 90°,
90°,

f.

M

T

;

;

f.

easy.

M

f".

;

34°; P. G. 19°; S failed; P 31.°;
failed; L 90° ; Z 28°; Cop. 57°;
B failed; Germ. S. failed; Ars. 65°; Gl. 52°.
PI. failed.
failed; I failed
Plumbago with
15°;
Arsenic with
PI. 0°; Cad. 90° +

M

I

;

T

;

In this and the following classes, the results already obtained with the magnetic needle are again repeated for the
sake of affording an easy means of comparison. The iron
needle was of soft iron wire, and on bringing it near a delicate
magnetic needle it caused no repulsion, but attracted the N.
and S. poles ; I therefore believe that if it had any magnetism
it did not influence the results, and if so it would have had a
tendency rather to diminish than to raise the measurements,
for often, as in the case of palladium, platinum, bismuth and
arsenic, iron has an advantage over the magnetic needle,
though, as may be observed with regard to antimony and
chromium, it often falls considerably behind it. Iron in its
normal state, that is free from adventitious magnetism, discovers less affinity for other bodies, and even for itself, than

cadmium, tin, copper, and some other metals. "When
was made to attach itself to a bit of its own wire, the connexion was broken with as much facility as was exhibited by
most of the metals. This result will be scarcely anticipated,
and is a further proof that it was devoid of free magnetism.
The polarity that iron exhibits is due entirely to extraneous
causes, and as my opinions have been long made up upon the
subject, I hope before long to make them known, and to show
that it depends upon causes of the simplest kind, if that expression may be applied to phagnomena in which so mysterious
an agency as affinity is concerned. Manganese exhibited only
an attraction of 10° for tin, and none for platinum. Chromium
had likewise no attraction for tin, and indicated only 19° for
gold, while for platinum it had an attraction of 90°, yet both
chromium and platinum are magnetic metals according to
Dr. Faraday's experiments, and gold diamagnetic. But all
gold,
it
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these unexpected results will be seen at a glance by referring
to the list.
Antimony and bismuth stand high with such non-ferruginous
metals as have been tried ; platinum, for which the attraction
of both is low, being excepted. With cadmium the attraction
for antimony was raised to 90° by keeping the latter in contact with a bai'-magnet for a short time ; yet tin, between which
and cadmium there is such a similarity, attained 90° without
being kept in contact with the bar-magnet; but I see by a
reference to the note taken at the time, that it was accomplished with some difficulty.
It is remarkable that antimony
was twice raised with the brass needle to 90° with great ease,
though before it could not be got higher than 30°. In the
same way antimony was last year made to connect itself at 90"
with the copper needle, while now the cut end could only be
got up to 40°, and the side to 55°, but this sort of capriciousness has occurred from time to time without any assignable
cause.

2nd

Class.

M

10°; I 75°; P. G. 90°+; G. 18c. 30°;
Selenium with
90°+; L 35°; Z 90°;
P 20°; PI. 39°; Cad. 90°+;
Cop. failed ; B 63° Ars. failed Gl. 90°, f.
28°; I 39°: P. G. 90°
Sulphur with
P 20°; PI. 65°;
90°
Cad. 90°;
L 90° x ; Z90° + ; Cop. 90° + j B65°;
Gl. 90° f.

T

M

T

;

;

+

;

;

What

has already been said with regard to sulphur and
the first part of this paper, leaves but little to be
They will be found to show only a remarkable
affinity for glass, but their contrast with lead is striking. The
energy of both was heightened by being kept in contact with
a magnet, and then tested with a brass needle. The preference
that selenium shows for iron over the magnetic needle, is
worthy of attention, as well as the contrast it stands in with
sulphur, in its low attraction for lead.

selenium
added.

in

Srd

Class.

M

Diamond

G

65°; I 90°, not very difficult;
18c. 90°
with
90°+; Z 90°;
PI. 90°, f. strong; Cad. 90°, not easy;
Cop. 90°, f. easy; B 90° + Gl. 90°, f.
90' + Cad. 90° + ;
90° + .
Ruby with
90° + ; Cad. 90° + ;
90° +
Sapphire with
68°.
71-° ; Cad. 75° ;
Topaz with
80°.
66°; Cad. 83°;
Topaz (pale) with
90° + ; Cad. 90° + ;
90'+.
Jargoon with
90° + Cad. 90° + .
Emerald with

T

;

M

T

;

M

M
M
M
M

T

T

T
T

;

.
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65^
Amethyst with
PI. 90% difficult;
T 90°x.
Opal with
failed; Cad. 90" +
T 90° +

Cad. 90' x;

\

M

.

;

M

'35^; I 90°, f. very strong; P.G. 90°,
Cornelian (red) with
f.
strong
T 90°, f. strong Z 90°, f, strong Cop. 90°,
f. strong;
Gl. 90°, f. very easy and strong.
37°; I 90°, W easy; P. G. 90°,
Cornelian (white) with
90°, f. strong
Z 90°, f. strong Cop. 90°,
f. strong
Gl. 90°, f. very easy and strong.
f. strong
37° ; I 90°, f. very easy; P. G. 90°,
Blood-stone with
T 90°, f. strong Z 90°, i\ strong Cop. 90°,
f. very strong
Gl. 90°, f. very easy and strong.
f. strong;
90° PI. 90°, very easy ;
90°, f. strong
Quartz with
;

;

;

M

T

;

;

;

;

M

;

;

M

;

T

;

easy; B 90°, f. firm.
90°; I 90°, very difficult; P. G. 90°, f. ; PI.
Flint with
45° ;
90°, not very firm; Cad. 90°;
90°, f. easy;
B 90°, f. ; Gl. 90°, f. very strong.

Cop. 90°,

f.

M

T

L

This class has been tested but to a limited extent with nonferruginous needles, but the results are sufficiently plain to
prove that they follow the same law as the preceding classes,
and there can be no doubt from the indications afforded by
what have been tried, that they would have exhibited those
strong affinities, belonging to all substances of the vitreous
second specimen of diamond, which was a mere
class.
spark, was tested witli the magnet and iron, but the results
were the same as with the first specimen. I am indebted
for many of these specimens, to Messrs. Widdowson and
Veale of the Strand, who very obligingly afforded me the use
of them.

A

4M

Class.

M

G

30°; P. G. 90°, f.;
1 8c.
Flint glass (prism, English) with
90°, f.
PL 90°, f. ; Cad. 90°, f.
73°, difficult P 90°, f.
90°, f. ; Z 90°, f. ; Cop. 90°, f. ; B 90°, f.
Gl. 90°, f.
90°+ ; I 90°, f. ; P. G. 90°, f.
Flint glass (tumbler) with
;

;

L

;

M

G

18c. 90°

L

90°,

Crown
P.

P

;

Z

f. ;

90°, f

90°,
f.

M

PI. 90°,

f.
f.

90°

Cad. 90°,

;

;

f.;

;

B

90°,

f.

f.

M 90° +

PI. 90°,

f.;

;

;

G 18c. 70°

;

;

P. 90°,

;

G
T

90°,

f.

;

;

f.

Ars. 90°,
I 90°,

f.

Cad. 90°,
B. 90°, f.

;

f.

T

;

90°,

f.

Gl. 90°, f.
I 90°, f. very easy and strong
18c. 90°, very easy ; P 90°, f.

Cad. 90°,

Cop. 90°, f. B 90°,
Green fancy glass with
f.;

;

not easy;

f.

Cop. 90°, f.
Blue glass with
90°,

f.

Cop. 90°,

;

.

90°,

glass with

G.

PI. 90°,

P

T

;

;

M

f.

;

f.;

90°

90°,

f.

Z

;

90°,

f.

f.

;

T

90°,

f.

;

L 90°,

;

S. 90°;
I failed

;

f.

L

most easy.
P. G. 90° + G 18c. 85°;

Germ.

PI. 90°,

;

;

;

f.;

Z

90°,

Gl. 90% f.
P. G. 90°,

Cad. 90°,

f.

;

T

90°,

f.
f.
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Germ.

S.

90%

f.

GI. 90°, very easy.
Red glass with P. G. 90", f.; P. 90°, f.; PI. 90°, f.; Cad. 90°, f.
90°, f. very strong ;
90°, f.
very strong
Z 90°, f.

T

;

L

Germ. S. 90°, f.
Green bottle glass with
L 90%
f.; T 90°, f.

M 70"
f.

;

Gl. 90°,

Porcelain

B

90°,

f.

Porcelain

Z

90°,

Z

;

;

P

90°,

90°,
f.

;

PI. 90°,

f.;

Cop. 90°,

;

f.;

f.

Cad. 90°,

B

;

90°,

f.

f.

M 90°
M 74°

(French) with
Gl. 90°, f.
(dentist's) with

;

;

;

P. G. 90°,

f. ;

PI. 90°,

;

f.

PI.

L

90°

90°,

;

f.

f.

M 36° T 90° x
Gypsum stone with M 26° Gl.
Alabaster with M 25° Gl. 90° x
Marble (gray) with M 55°; Gl8c. 90°,
T. 90°.
Marble (yellow) with M 10°; P.G. 90° + G 18c. 56"; P 80°;
Z 47°; Gl. 73°.
PI. 90°; Cad. 90° + T 90° +
Gas coal with M 15; Gl.
Iceland spar with M 90°
90°+ P. G. 90°,
G 18
Blue enamel with

;

failed.

;

.

;

difficult;

;

;

;

0°.

I

;

c.

f. ;

;

easy; P 90°, f. ; PI. 90°, f ; Cad. 90°, f.
T90°, f.; L 90° + Z 90°, f. easy; Cop. 90°, f. firm;
B 90°, r. strong Gl. 90°, f.
Felspar with
10°; Cad. 30°;
45°; Gl. 90°, f. very firm.
Selenite with
15°; P. G. 86°;
85°; Gl. 90° +
Talc with M. 60°; I 90° +
18c. 90°; Z 40°.
Protosulphate of iron with
90°, f. very easy; P. G. 90°,
f. very easy
Gl. 90°, f. very easy and strong.
16°; 1 20°
Carbonate of iron with
P. G. 90°, f rather
difficult ; S 90°, f. firm ; P failed ; PI. failed
Cad. 90°,
90°, f. firm
f.
firm ;
L failed Z 90°, f most firm ;
Cop. 14°; 6 14°; Germ. S. 9°; Gl. 90" +
Sulphate of copper with Gl. 90°, f. easy and strong.
Crystallized tin with
failed
I 90°, f.
P 90°, not difficult;
90°; S 90°,

f.

.

;

;

M
M

T
T

;

.

G

M

:

M

;

;

T

;

;

.

M

PI. 90°, difficult;

Cop. 90°, f
f.

B

;

;

;

L

90°, f; Z 90,
contact instantaneous;
90°, f. strong ; Germ. S. 90° ; Gl. 90°,
1".

contact instantaneous.

M

Alum

15°; Gl. 90°, f.
with
with Gl. 90°, f. very strong.
Sugar candy (white) with P. G. 90° +
Sugar candy (brown) with Gl. 90° f.

Rock

salt

;

In this class

it

will

T

be seen that iron

tains a great superiority over the n)iignet.

90°-+

;

Gl. 90°

f.

many cases mainThe gUisses seemed

in
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and have been carefully tested.
Their strong attraction for non-ferruginous bodies must prove
interesting, and Iceland spar vies with them in that property,
for the needles had only generally to be pushed against it to
form the connexion. The porcelains exceed even the glasses
to deserve particular attention,

The attraction
in their affinities for non-ferruginous bodies.
of glass for sugar candy, rock salt and alum, is worthy of atThe metals were not tried, for want of time, with
tention.
the exception of gold and tin.
The case of carbonate of iron is very remarkable, for it
might a ]jriori be supposed that from the large proportion of
iron it contains, it would show considerable atti'action for the
magnetic needle > but this is so far from being the case, that
it will be seen to be one of the lowest in the scale, and after
being kept eighteen hours in contactwith the N.pole of a horseshoe magnet capable of raising thirty pounds, its affinity for the
magnetic needle was not increased. It might also have been
expected, from its great density, and the analogy of similar
cases, that in consequence of its feeble attraction for the magIt however
net, it would exhibit a strong affinity for glass.
is otherwise ; and by a reference to all the metals with which
it was tested, in consequence of these peculiarities, it will be
seen to be one of the most remarkable and interesting substances that have been tried, exhibiting a very low state of
attraction for almost all bodies, gold, silver, cadmium, tin and
zinc being excepted, and for these metals it exhibits a remarkable affinity. The results of many of the experiments
on various bodies will show a kind of elective affinity, as is
observed in chemical combinations and no substance exemThus
plifies this remark so completely as carbonate of iron.
though it has the strongest affinity for zinc, it does not show
an attraction for brass above what it exhibits for copper,
which is as low as H-". Yet most bodies have a surprising
Carbonate of iron affiards a fresh instance
affinity for brass.
that the iron in a body may be quite inert, in consequence of
its combination with another substance neutralizing its affini;

ties.

The low

affinity of the magnetic needle for marbles is quite
accordance with the experiments of Dr. Seebeck, and the
numbers he obtained for bismuth, platinum and antimony,
bear a singular resemblance to those afforded by the present
experiments. There may be the same accordance between
the others, but there is no means of marking by the present
mode, the nice shades of difference after 90°. Silver, which
he places next to iron in power, seems to take the place of
brass, which 1 find to be generally singularly magnetic.

in
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Amongst

the alloys that become neutral by combination, he
mentions copper and nickel; now this alloy, which is popularly called German silver, I believe, I found to be so mag-

draw the needle after it; but then the proportions
of the two alloys most probably differed
his specimen contained two parts of copper and one of nickel, while mine, as
I have already remaiked, seemed to have an unusual proportion of copper, to judge from its colour.
netic as to

;

5th Class.

Nacre with

M

90°,

firm; I 90°, f
P. G. 90°, f. easv
PI. 90°, f not very easy ;
90°, f firm and easy
L 90°,* f.
firm
Z 90°, f most easy Cop. 90% f firm ; B 90°, f. firm
Ars. 90°, f. most easy ; Gl, 90°, f most easy.
Ivory (old) with
58°;
48°; GI. 58°.
Ivor'y (new) with
90° + ;
90° + B 90°, f. firm.
f.

;

T

;

;

;

M
M

;

T

T

;

Enamel (human tooth) with T 90°.
Bone (mackerel's) with
90°
Cad. 90°.
Whalebone with
90° I 90° Cad. 90°

M
M 90°;

M

Horn

;

;

+

;

with
I 90°; P. G. 90° -f ; Cad.
90° + B 90°, f. very strong.
Horn (cow's) with
85°; I 90°; P. G. 90° +; Cad. 90° +;
B 90°, f. not very firm.
Horn (chamois') with
90° ; B 90°, f. not very firm.
Albumen with Gl. 90° f , strong.
70°
Indian ink with
Cad. 90°; L 90° +.
Amber with
75°; Cad. 90°;
90°.
15°; Gl. 0.
Gas coal with
29° I 90° +
Glue with
P. G. 90°, difficult ; P. 90° +
90^ +j Z 90° +; Gl. 90° -f ?
PI. 90° + ; Cad. 90° +
Pig's bristle with
failed.
90° x
Cat's whisker with
I 90° x
1 8c. 90° X;
Cad.
(buffalo's)
;

,

M

M

M
M
M
M

;

T

;

;

;

T

;

T

M

90° X

Human
Human
Human
Human
Human
Human

;

T 90° X L 90° X Z

G

;

90°, difficult ; Cop. 90°
90°.
hair (brown, male's) with
90°;

;

;

;

M

M

M 90° + T 50°.
hair (gray, female's) with M 90° + T 90°.
hair (beard, gray) with M 90° + Cad. 90°.
Horsehair (gray) with M 90°; T 90°.
Horsehair (black) with M 90°; T 90°.
is

hair (gray, male's) with

x

.

T

80°; T 90°+.
2nd specimen) with
76°;

hair (female's) with

hair (female's,

M

T

90° +

.

;

;

;

In this class of animal products the magnetism of the needle
tolerably strong, while that of the other bodies is still more

remarkable.
The specimen ol ivory (a paper-cutter), which
could not be less than thirty old years since the time of its imbut was raised to 74° by contact
portation, only exhibited 58
2
Phil. Mag. S. fj. No. 201.. Suppl. Vol. .'30.
,

M
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with a magnet; while the second specimen, which was comparatively I'ecent, as was evident from its fine colour, gave 90°
with the magnetic needle ; and the probable cause ot this difference will be shortly seen, when 1 ipeak of the results obtained with a needle made out of a part of this very piece of
Glue exhibits phasnomena of a very interesting chaivory.
Its affinity for the magnet was only 29°, after the
racter.
most painful efforts were repeatedly made to push it further,
but on being left in contact with the bar-magnet for some
Its affinity for the
hours, it instantly attached itself at 38°.
iron was 90° + , and it exhibited the same amount of attraction
for pure gold, platinum, cadmiuni, tin, zinc and arsenic,
which were all the metals it was tested with. But I have
some doubts about all the high measurements, as I fear that
the dampness of the weather may have influenced the results,
though the different specimens appeared perfectly hard.
Ilh Class.

Deal wood with

M

Box wood

T
T

30°

;

T 30° B

90°,

;

f.

15°.
with
90°.
Rose wood with
Oak with I 90°, very difficult ; B 90°, f.
33°; 118°; Cad. 22' ; T. 90°; L 90°.
Lignum vitse with
fliiled ; B 90°-F.
Cedar wood with
56'^; I 67°;
18c. 90°; Cad. 90° + ;
Vegetable ivory with

M
M

T

M

G

90°, very difficult.

M
M

failed: I 50°; P. G.
Vegetable ivory (2nd specimen) with
90°, f. firm L 80°; Z 90°+ Cop. 90°+
Gl. 90°, f. strong.
failed ; I 70°.
Vegetable ivory (3rd specimen) with
;

;

;

with B 90°, f.; Gl. 24°.
35°; P. G. 90°;
18c. 74°; Cad. 90°;
with
90° + ; L 90°; Cop. 65°; Gl. 90° f.
70°.
25°; I Tailed;
Sealing-wax (black) with
80°; Cad. 90° +
India rubber with
India rubber (botde) with P. G. 70"; B 90°+ ; Gl. £0°, f.
90°
90° X; Gl. 48°.
Resin with

Mahogany
Lac (pure)

M

G

T

M

M

:

M

T

.

T

Gum

with Gl. 90°+.
Macaroni with Gl. 40^
Dry paste on paper with

The

M

failed

;

Gl. 23°.

peculiarity connected with the attraction of lignum
and vegetable ivory for the magnet and other substances
The lignum vitae was raised from 33° to 49°
is remarkable.
by contact for a short time with a magnet, and the same process raised it from 18° to 30° with iron, while with tin and
lead it had exhibited 90°, and only 22° are marked for cad-

vitae
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Three specimens of vegetable ivory were

miuni.

tried on
many occasions with great care, and the results they afforded
were always uniform, but differed from one another.
The
first specimen gave 56° with the
magnetic needle, but the two
others failed altogether.
On two or three occasions the magnetic needle connected itself with one of the
specimens that
had previously failed, after it had been kept in
contact with a
magnet but 1 cannot positively say that the magnet was
the
cause, as on repeating the same experiment
on other occasions, no such result took place; still the
needle did not con;

nect

Itself

many

iron for

after the attempt to raise its magnetisn), though
had previously been made. The attraction of
three specimens is deserving of notice.
This sin-

till

trials
all

gular substance exhibited a strong affinity for all the
needles
with which it was tested. The affinity of lac for various
metals
and substances, including glass, is worthy of attention. Sealino-.
wax and India rubber of the bottle kind exhibit a stroma
"^
affinity for many non-ferruginous bodies.
I have thought that it would be useful to sum
up all the
preceding results, in such a way as to exhibit their relative
affinities; and with this view they have been thrown
into the
following tabular fbrni, which though it does not contrast
cases altogether analogous, because the substances the needles
were tried with were not always the same, still some general
inferences may be drawn from them, not devoid of interest.

Results of the Measurements.
Substances.
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would be according to the ratio assigned

Brass

Pure

o?j
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nature
but in the case where the magnetic needle has been
the coercing agent, and the measures indicate low intensities,
and where the connexion was made with much difficulty, I
should draw a contrary inference.
This view is strongly
supported by what took place with the cornelians.
The two extremes of the preceding scale give two alloyed
metals as the highest and the lowest, namely, brass and the
magnet.
In seeking for two unmixed bodies that should properly represent the natural scale in the mineral kingdom, that
is, one in which the magnetic needle is not arbitrarily assumed as the standard of reference, but one that considers the
natural classes of substances, I would prefer taking platinum
and diamond, and exclude brass and the magnet. The first
would take the lead of all metals, namely metalloids, while
diamond would be placed at the head of all substances of the
vitreous class, or haloids, that is to saj', all the precious stones
and all crystals; platinum as the heaviest, and diamond as
the hardest of all known bodies. The class of metalloids will
be as naturally closed by potassium, as it will be seen the
haloids are by gum, two of the lightest of the metallic and
vitreous classes of bodies. The reason for adopting this classification is, that I find that iron, from which the magnet is
formed, has no remarkable affinity for other bodies, nor for
itself, and that the magnet, constituting an exception to the
rule of nature, is itself dependent for its exalted effi;cts upon
electricity and other extraneous causes, and could only keep
its high position while attractive affinity, by our ignorance of
natural laws, was supposed to be exclusively its peculiar property.
Such a division is by no means meant to undervalue
the importance of the magnet
for though it has led to the
discovery of the affinities of all the rest, there can be no doubt
it exists by an exceptional
law ; and we might as well {)lace
iron at the head of all metals, because we are indebted to it
for the implements which have enabled us to penetrate to those
very metals. The term magnetism therefore will always maintain its ground as the general exjjression of the magnetic attractions which connect all bodies together, even though they
have nothing to do with iron: in the same way that the term
electricity has been extended to all those phaeiiomena in which
attraction or repulsion result from friction, and yet having not
the slightest resemblance to the electron or amber that led to
;

;

their discovery.

In the mineral kingdom, metallic and crystalline bodies
its constituents, and they generally stand
clearly contrasted with one another; yet ))latinum as well as
diamond, anil all vitreous substances, have a reujurkable affi-

form the mass of
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upon a metallic and vitreous type, no two substances are more entitletl to be considered as the chiefs of their respective classes and it platinum
had not been known, gold would have taken its place when
those two precious bodies, gold and diamond, that have been
so long conjoined in the associations of mankind, would still

nity for other bodies

;

and

if

we

fix

;

;

have maintained their rank.

Such are the views I am led to entertain of universal magnetism, that is of magnetism, cohesion, adhesion, and visAnd what is viscosity but the employment of a watery
cosity.
vehicle, which is afterwards to disappear, partly through the
effects of heat, but mainly through its greater affinity for air and
other substances which are said to absorb it, if inwards, by
vessels, through what is called endosmosis, and if outwards,
exosmosis? This fluid helps to hold together gelatinous, albuminous and glutinous substances, in such a manner as to
bring all their particles into close connexion with themselves,
as well as with the bodies to which they are to be attached,
and thus by expelling air from between them all, brings every
portion into close contact, when, the fluid part having disappeared, the whole is converted by exsiccation into a concrete
mass through the power of the affinities of which we have
just had so many examples. In the same manner bodies like
lac, resin, pitch, &c., that only require the application of heat
to become liquid, are enabled to mould themselves to the inequalities of the bodies upon which they are dropped, and
thus making counter-impressions connect themselves with a
force proportioned to their surfaces, that is to say, of the colWhat too is
lection of points of which these are composed.
the water that generally forms the vehicle in the former cases,
but a crystal or salt called ice (oxide of hydrogen) liquefied by
heat, and of such universal strength of affinity while fluid, as
to connect itself with nearly every body it touches, which it
is then said popularly to wet, and that too in a degree always
in proportion to the cjuantity of caloric it contains at the moment, those substances being excepted between which and it
there exists such a decided repugnance, that they exhibit a
repulsion that nothing can overcome, but the union of a third
body that neutralizes both, and which we see exemplified in
water, grease, and soap?
Is it desired to strengthen the adhesiveness of gelatinous and albuminous bodies ? we then have
recourse to a fluid still more powerful than water, to one that
has a still stronger affinity for these substances, and we substitute alcohol, the result being a compound of such tenacity
that it is considered as a cement ; and such is the affinity of
alcohol for other bodies that it is employed to clear away, or
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more philosophically, to dissolve the film of particles
that covers object-glasses and mirrors so rapidly, owing to the
affinity or magnetism that all bodies possess for one another,
and which the astronomer and ihe optician unconsciously
heighten by the very means to which they have recourse, as
to speak

the particles that float in the air again attach themselves with
increased facility by the use of the alcohol.
In a similar, but
reverse sense, water will not attach itself to many metals, but
if they are kept in a horizontal position, the fluid, in its
attempt to shrink away, will collect itself up into little drops as
if the surface were greasy, and it is only prevented from flying

away by

density, which

condemns it to obey the law of
This repugnance of water for metals I consider
to be the main cause why, dew does not settle upon them,
when neighbouring bodies are completely covered by it.
I had arrived at the preceding convictions, when a discovery I made excited in me a degree of surprise that will, I
doubt not, be felt by others. Having formed a needle of the
fresh specimen of ivory which I have already mentioned, I
was tempted some days afterwards, by a movement almost of
idle curiosity, as 1 had just succeeded with one of sealingits

gravitation.

wax

against glass, to test it also with the same substance, when
by a mere push of the finger, it attached itself
firmly to it.
In consequence of this most unexpected result,
the ivory needle was tried with all the following substances,
I found that

and

every case at 90° by the mere use of the
those preceded by an asterisk, for which
the magnet was obliged to be employed, and therefore their
it

succeeded

in

finger, except with

must be considered a shade lower than those of the
others, as well as a few that were lower still, but which have
their measurements assi<i;ned.
intensities

Gold.
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Sir

G. C. Haughton on

was withdrawn from the

the

Common Nahire of

the needle seemed always to
more than usual haste, as if strongly repelled, but
no symptom of repulsion was exhibited when the ivory was
latter,

set off with

brought near the magnetic needle standing in repose.
Here was a curious problem to be solved. What was the
cause of this extraordinary affinity of a substance like ivory
for so many heterogeneous bodies, of which porcelain offered
the most remarkable instance,* as the specimen employed,
which stood on a surface of glass, drew the ivory as much as
one-fourth of an inch after it on one occasion, and always
some small distance when it was merely pushed away ? The
diamond exhibited the same phaenomenon, but in a minor
degree, and careful testing proved that electricity in no way
contributed to the results.
On referring to the tabulated measurements of which I
have spoken, and in which the measures of substances stand
in ready contrast, I observed that the needles had attached
themselves with remarkable facility to animal bodies, sucii as
ivory, pearl, mother of pearl, horn, hair, glue, &c.
It was
evident, therefore, that it was the affinity of something common
to all these substances, that caused such easy contact between
them and the needles. This step gained it was not difficult
to discover that the gelatine which was common to all these
animal products, was the substance that chiefly produced with
equal facility a contact with gold, diamond, Iceland spar,
marble, alabaster, horn, vegetable ivory, gum, and such dissimilar substances, in the mineral, vegetable and animal kingdoms. The low attraction afforded by the piece of old ivory
of which I have spoken, I suppose to have resulted from partial
change in its structure through age and the same cause may
be assigned for the difference exhibited by the pearl and the
mother-of-pearl in their measures, for from the colour and
the style of setting of the pearl, less than fifty years could not
be assigned for its workmanship,
I have already alluded to the facility with which all vitreous
bodies form connexions, and to include the present class of
substances in their proper category, we must get rid a little
of our familiar notions, and remember that if gelatine, albumen,
;

gluten, resin, lac and gums are devoted to particular uses
that make us only think of them as means of adhesion, they
are in fact, when considered under a more extended point of

view, animal and vegetable glasses;
this character i^ the

and what

fully establishes

extraordinary fact which I have already
mentioned, that glue was raised to 38° by contact with a barmagnet ; but in truth since that portion of this communication
was despatched for the press, the piece of glue was raised to
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78° by being kept in contact for foiir-and-twenty hours with
the great horse-shoe magnet already spoken of, and the magnetic needle attached itself with singular readiness, contrary
to what had been previously found to be the case. The whole
effect however gradually disappeared, the attractive power
declining, as was ascertained by successive measurements,
till it fell back to its normal state of 28°, in about twentj'
minutes.
It was by mere accident, as may be supposed, that
it was kept so long in contact, and most likely so long a time
is not necessary to produce the effect*.
This result is wellworthy of being contrasted with what has been said about
carbonate of iron, and it will be admitted, I am sure, that two
cases less reconcilable with analogy could scarcely be produced.
thus see that gelatine, and in all probability similar
substances, conform to the laws that have been seen to prevail
in vitreous bodies, and it is only necessary to observe their
fractured edges when hard, and particularly those of glue,
dried albumen and resin, to be convinced of this fact.
Even
India rubber when in a low temperature approaches to the
same state, and it has been already noted that several needles
attached themselves firmly to it.
To be convinced that this
view, which connects these substances with the glasses, is not
fanciful, it is only necessary to call to mind the case of gelatinous hydrate of silicium, which is obtained from a mineral
glass that dissolves in water; and it is not amongst the least
remarkable of the analogies that exist throughout nature, to
connect the liquor of jlints with broth, white of egg, gum
water and paste, and the last of these therefore, by a series of
links, with the mysterious powers of the magnet, that caused

We

St. Augustin to faint, and made Thales to believe that it was
animated by a soul
To be quite convinced of the strong affinities that ivory,
mother-of-pearl, horn, albumen, tortoise-shell and quill exhibit in common, I formed needles of these substances, and
tested them to an extent that left no doubt that they possess
the same qualities as ivory; but on the whole the quill and
mother-of-pearl approached nearest to a state of equality with
lliat substance, though there was a very slight ilifference
between them all. These fresh proofs leave therefore no
!

however heen ascertained that length of time was essenthe cause of raising the magnetism of the k'"c, for on kee|)ini^ it
subsequently in contact for thirteen hours, its niagneiisin conkl only he
raised to 4f)^. Another very iin|)ort;uit point was likewise fully estahlisiied,
namely, that either pole of a magnet might he used without the glue
showing any signs of polarity, for when 7^" were ohtained it had heen kept
• It has since

tially

contact with the N. end of the magnet, and when 4i)' was the amount of
S. end was emi)loyed, while in each case it was theS. end
of the needle that formed tlie connexion.
in

measurement the
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doubt that

-

it is owinrr mainly to the gelatine they contain, that
these needles show such a remarkable degree of attraction for
nearly all bodies.
I do not mean to say that all cohesion is jnirely magnetical
in the extended sense I have given to the term, lor such an
opinion is scarcely reconcilable with what is observed in chemical combinations, where we see elements clianging places
In the various
according to what is called elective affinity.
theories that have been put forth to account for chemical combinations and the cohesion of bodies, the attractions antl repulsions of different electrical states have been proposed by
the celebrated Berzelius; but though this might, as a theory,
obtain currency amongst scientific men, and enable them to
reason with facility, as long as acids and their bases are considered, yet it is clearly in fault the moment it is applied to
explain the cohesion of simple bodies, such as the pure metals.
Many instances may be observed in the preceding experiments, that favour the notion of the existence of elective
affinity between the various bodies that have been exj)erimented upon, but to which immediate electric agency can with
difficulty be conceded; and we must therefore have recourse
in such cases to what are called the laivs of nature for their
explanation.
With regard however to the combinations of
acids and alkalies, I believe the varying preferences they ex-

when brought near one another to result fiom electricity,
though magnetism is not without its share in effijcting tiieir
union; and I hope shortly to be able to present some considerations tiiat will render this opinion highly probable, by
making known a discovery I have made of the antagonism of
heat and electricity, as well as the proofs of a single electric
hibit

fluid.
I cannot take leave of this subject without expressing my
unfeigned admiration for the skill exhibited by Dr. Faraday,
in his experiments on the same subject, as well as on so many
and if we differ in our views of magnetical
other occasions
phaenomena, it will be easily accounted for, by the opposite
results we have obtained, owing to our methods of experimenting, and the greater range and variety of observations
that the present one has given birth to, over those recorded
by that eminent experimenter.
I hope that the state of my health, which has compelled
me to dictate this communication, and which has prevented
me from giving it the benefit of after-perusal, will be accepted
as a sufficient excuse for any oversights that may be observed.
;

Paris, ]5,

Rue de Tournon,

19th May, 1847.

[

LiAXVlU.

523

Intelligence

]

^:,,,

.^

and Misceuaneous

ON CAROTIN.

M

,

i>2c

Articles. ^^^^^
;3r!

ZEISE

observes that the peculiar matter of the Daucus carota
• has not hitherto been known in a pure state
for by the process usually employed for its extraction, which consists in treating; the
juice coagulated by a;ther, its evaj)oration, and treating the residue
with alcohol or with ammonia, the carotin is obtained always combined with a large quantity of fat oil, and the product is merely a
soft mass, containing crystals of carotin.
M. Zeise has tried several
processes to obtain it in a pure state, and has succeeded by the
following
The expressed juice of the roots is to be diluted with four or five
volumes of water, and to the mixture is to be added sulphuric acid
diluted with ten volumes of water.
A very slight addition of this
acid occasions the precipitation of the whole of the colouring matter
of the juice.
The clear liquor is to be poured off, and the mass thus
obtained is to be washed with water after this it is to be boiled for
au hour, or an hour and a half, with a strong solution of hydrate of
potash
the potash saponifies the fat oil, and dissolves a residue of
albumen without acting upon the carotin. The carotin is to be separated by' filtration and washed with water.
Thus obtained, the carotin still contains a saline body, which
must be decomposed to prevent its admixture with the carotin in the
remaining operation. For this purpose, the mass diffused through
water and heated is to be treated with excess of dilute sulphuric
After having again collected the carotin on a filter and wellacid.
washed it, the fatty acid is to be separated by alcohol, at first diluted,
but eventually nearly anhydrous. By this process very little carotin
The mass is then to be dried by the water-bath.
is dissolved.
When perfectly free from oil, carotin is difficultly soluble in aether
but in order to complete its purification, M. Zeise has taken advantage of a property of carotin, discovered on this occasion, which is,
When the wellthat it is extremely soluble in sulphuret of carbon.
dried mass is treated with this liquid, a solution of a deep red colour
is obtained, which is to be separated from a grayish substance which
After having separated nearly three-fourths
remains undissolved.
;

:

—

;

:

;

of the solvent by distillation, anhydrous alcohol is to be added to
the residue. When the mixture is left in an open capsule, the
carotin soon separates in the form of small, deep red-coloured crystals.
The mother-water is to be decanted, and the crystals are
to be washed with anhydrous alcohol on a filter, till it comes away
The carotin is then j)crfcctly pure; and its apnearly colourless.
pearance is somewhat similar to that of coarsely powdered cinnabar,

or to that of copper, reduced from the oxide by hydrogen. The cryCarotin has
very small, and have a strongly metallic lustre.
a very slight but somewhat agreeable odour it is heavier than water,
and perfectly insoluble in it nearly in.soluble in alcohol, and also in
pyroxylic spirit, when it is well-freed from oil; it i.s very shghtly
stals are

;

;
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and in acetone. It fuses at about 334'^ F. into a
deep red-coloured and very transparent liquid, and on cooling it
becomes a vitreous mass. After having been fused, it dissolves
readily in aether and in alcohol
but these solutions, when evaporated,
yield merely amorphous masses.
At about 544° F. it carbonizes,
3'ielding a small quantity of an oily body, and very little gas. When
heated in the air, it burns with flame, and leaves no trace of residue.
Dry chlorine does not act upon dry carotin but water saturated
with chlorine converts it into a perfectly colourless chlorinated body,
which is insoluble in water, but is considerably soluble in alcohol and
The solutions,
a?ther, and very much so in sulphuret of carbon.
when evaporated, yield merely a friable resinous mass.
By elementary analysis, carotin appears to be a compound of carbon and hydrogen in the atomic relation 10(C* H"^). It is therefore
a polymeric of oil of turpentine, a circumstance which is of unquesAnn. de Ch. et de Phys., Mai 1847.
tionable interest.
soluble in sotber

;

;

:

ON THE PREPARATION OF IODIDE OF LEAD.
M. Boudet observes that M. Depaire, pharmacien of Brussels, has
stated that when iodide of lead is prepared bj'^ the reaction of acetate of lead

and iodide of potassium, the supernatant liquor contains

a considerable quantity of iodine. He found that this liquor, in which
acetate of lead produced no turbidness, gave a yellow precipitate of
iodide of lead on the addition of a little nitric acid, a precipitate of
trisiodide of lead with trisacetate, and free iodine with sulphuric and
and submitted to evaporation, leaves a white
hydrochloric acids
residue, which on the addition of water, regenerates iodide of lead.
From these facts M. Depaire concluded, that in employing acetate
;

of lead to extract iodine from iodine baths, loss of iodine was susto avoid which, he proposes, as M. Cottereau, jun. had
tained
previously done, to employ the trisacetate of lead, which j)recipitates
the iodine perfectly.
M. Depaire afterwards examined in what state the iodine could be
retained in the solution from which the iodide of lead was precipitated
and after having ascertained that it was not in a state of
simple solution, he appeared disposed to think that it exists in the
;

;

state of potassio -iodide of lead.

M. Boudet states that experiments, which he performed four years
ago, but which he neglected to publish, confirm the remarks of M.
Depaire and he is enabled to add some observations, which, he
;

thinks, will not be uninteresting.
in preparing iodide of lead with acetate
the weight of the product obtained was less
than indicated by theory, to the amount of about 10 per cent.,
M. Boudet added some nitric acid to the solutions which ceased to
precipitate with acetate, and he obtained an additional yellow preciThis suggested the employment of nitrate
pitate of iodide of lead.

Having ascertained that

and excess of

acid,

and on trial it was
instead of acetate of lead in preparing the iodide
found to yield such a product as theory would indicate, minus the
;
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iodide dissolved.
The use of nitrate of lead appears to have been
preferred by several chemists
and M. Baudrimont expressly recom;

mends

on the ground that the acetate yields some oxiodide.
This first point being established, it remained to explain the loss
of the 10 per cent, occurring by the use of acetate of lead; and
presuming that the acetate of potash, formed with the iodide of lead,
took some part in this phsenoraenon, the action of this salt on iodide
of lead was examined, and the results were as follows
When iodide of lead is triturated with acetate of potash, the mixture becomes rapidly moist, gradually loses its colour, and soon becomes perfectly white. This pasty mixture does not act upon litmus
paper and pulverized acetate of lead. When exposed to the air it
partially liquefies, and partially crystallizes in silky needles of double
iodide of potassium and lead
on contact with water it becomes immediately yellow, reviving yellow iodide, and the liquor becomes
acid
and when filtered it yields a pale yellow precipitate with trisacetate of lead, and regenerates bright yellow iodide, when nitric
it,

:

:

;

By evaporation it leaves a
white deliquescent residue, which regenerates yellow iodide on contact with water.
If, instead of water, alcohol be added to the pasty
mixture of acetate of potash and iodide of lead, it partly dissolves
the residue, which is almost white, yields yellow iodide on contact
with a weak acid and the supernatant liquor does the same on the
acid, or dilute sulphuric acid is added.

;

;

addition of nitric acid.
When, on the other hand, iodide of lead is treated with a hot solution of acetate of lead, a colourless acid liquor is obtained, which
yields white silky crj-stals of double iodide of potassium and lead,
and a yellowish-white insoluble residue of oxiodide of lead. Journ.
dePh.et de Ch., Avril 1847.

—

[Note.
A parallel case occurs when acetate of lead is decomposed by
chloride of sodium, as will appear by the following remarks in the last edition of my translation of the Pharmacopoeia, p. 280. " I have lately found,
however, that the decomposition is not complete. A double salt is formed,
the nature of which I have not yet examined, but which is to a considerable
Hydrochloric acid occasions the precipitation of
extent soluble in water.
more chloride of lead after the action of the chloride of sodium is over."

R.P.]

ON THE ACTION OF BROMI.NE UPON CERTAIN SALTS.
BY M. AUGUSTE CAHOURS.

—

When bromine is gradually dropped into a
Alkaline oxalates.
solution of oxalate of potash or soda, containing a slight excess of
alkali, no action ensues if the temperature be low
but if it be raised
;

to 104^ or 122° F., action immediately

commences, and l)ecomes very
vivid
nmch gas is disengaged, which extinguishes flame, yields
a white precipitate with lime-water, and is totally absorbed by
;

a solution of jjotash thus possessing all tlie pro])erties of pure carThe li(juor contains the bromide of potassium or sodium,
bonic acid.
which may be obtained in fine crystals by spontaneous evaporation.
The oxalates of barytcs, lead and silver, arc similarly acted upon.
;
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action is very simple.
The bromine combines with the metal
of the oxide, while the oxygen of the latter acts upon the oxalic acid
to form carbonic acid; the result being C> O^,
BrMBr*»
2C^0'-.

MO +

+

=

—

Action of Bromine on Acetates.
When bromine is poured into a
solution of acetate of potash or of soda, no reaction takes place, nor
is there any increase of temperature; the only observable phaenoraenon
is the solution of a considerable quantity of bromine.
The liquor is
gradually decolorized during spontaneous evaporation, owing to the
disengagement of bromine, accompanied with the odour of the hypobromites
if it be lieated the decolorization is more rapid.
'I'he
liquid when evajjoratcd to dryness yields a residue which is almost
entirely soluble in alcohol. The alcoholic liquor, when exposed to a
gentle heat, leaves pure acetate of potash.
The modes of action of bromine upon alkaline oxalates and
acetates are so distinct, that it is evident, if citric and tartaric acids
contained oxalic and acetic acid, the former would be entirely converted into carbonic acid, while the latter would remain unacted
;

upon, unless in the nascent state in the presence of bromine,

it

formed new derivative products.
Action of Bromine on Citrate of Potash.
When bromine is gradually added to a concentrated solution of citrate of potash, it soon
disappears, and the liquid becomes hot, accompanied with the biisk
effervescence of pure carbonic acid.
Bromine is to be added till effervescence ceases, and the liquor
becomes of a permanent reddish tint; if the excess of bromine be then
removed by the cautious addition of a dilute solution of potash, an
oily, colourless, very heavy and fluid liquid is precipitated, the aromatic odour of which resembles that of bromoforni.
This liquid is extremely complex, and contains three distinct substances
the most volatile is easily obtained in a pure state
it is
broraoform.
The least volatile ])rodact is solid and crystallizable
it is pirtly altered by heat, and is evidently a new substance.
I'he
third compound, which arises during the reaction, is formed only in
very small pro])ortion, and it is impossible to deprive it entirely of

—

:

;

bromoform or the

crystallized substance.
In order to separate these substances, the rough oil is first to be
washed with water to dejirive it entirely of bi'omide of potassium
the mixture of oil and water is then to be submitted to careful
distillation, stopping it as soon as but few small droj)s only of oil
pass over with the vapour of water.
This first liquid is separated
from the water by decantation, dried over fused chloride of calcium,
and then distilled alone, as long as its boiling-point remains constant.
The product thus purified is a colourless liquid of an agreeable
aromatic and somewhat intoxicating odour; its sp. gr. is 2"90 at
54' F.; it boils at 305° F.
When boiled with a concentrated solution of potash it is decomposed, giving rise to the formation of
cl Ijride [bromide] of potassium and formiate of potash.
;

It ai)peared to consist of, in

100

parts,
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4-85
0-40
94-75

C*

H^
Br6

10000
This product possesses therefore the properties and composition
of bromoforra
the density of its vapour was by experiment 8' 632
calculation would give 8'55, on the supposition that the molecule of
this compound yields 4 volumes of vapour.
When the distillation of the rough oil witli water is continued, a
period arrives at which the vapour, on condensing, deposits only a
few oleaginous drops the operation must then be stopped.
The
oily matter which remains at the bottom of the distilling apparatus
concretes on cooling and assumes a crystalline appearance.
To purify this product, it is first washed with water, and then
;

;

;

dissolved in boiling alcohol

the solution on cooling deposits long,

;

white silky needles if, on the contrary, excess of alcohol
be employed, and the solution be exposed to spontaneous evaporation, large colourless tabular crystals are obtained.
The product
thus purified is insoluble in water, either cold or hot alcohol, when
it is concentrated, dissolves it in considerable quantitj' when heated
on cooling the greater portion is obtained in very regular crystals
brilliant,

:

;

;

and pyroxylic spirit also dissolve it.
This substance fuses at about 167° F.: when subjected to distillabut a
tion it is partly altered with the disengagement of bromine
considerable portion distils, and condenses on the cool parts of the
retort, in long very brilliant needles.
A cold concentrated solution
of potash dissolves it
when heated complete decomposition occurs.
When the operation is over, the retort is found to contain bromide
while the vapour of water
of potassium and oxalate of potash
carries off an oily aromatic m-atter which possesses the composition
The reaction which occurs is readily explained,
of bromoform.
aether

;

;

;

Ci2

H' Br'o O^

+ 4K0 = 2(C* O', KO) +

2KBr2 + C* H- BrS.

Concentrated sulphuric acid gently heated dissolves a small
quantity but if heated to ebullition the substance is altered, vapour
Moderately
of bromine and an oily substance being disengaged.
strong nitric acid, when cold, does not alter it but when heated a
small quantity is dissolved, which is deposited on cooling in the
form of fine, white, brilliant needles the j)ortion which does not
dissolve assumes the appearance of an oil, and again concretes on
;

;

;

cooling.

By

analysis this substance aijjieared to consist of

C'^

H«
Br'o

O^

7-67
0-21

85-30
6- 82

10000
formation of this product by means of .solution of citrate of
potash may be explained by means of the following equation,

The
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= 6C- O'^ + C'^ H« Br'" O^ + 9Br= H^.

On

account of the decomposition of this substance by the alkalies
the author proposes to Ciill it bromoxaform.
In this operation there is
then first ii case of oxidizement which resolves the molecule of citric
acid into more simple products; then the bromine acting by itself
on one of the products formed, gives rise to a phsenomenon of substitution.

On observing the preceding product so readily decomposed on the
presence of bases and of water, may it not be admitted that this
compound is first formed, and that the bromoform is merely the result of a secondary action ?
The citrates of soda and barytes act in the same manner as the
citrate of potash, bromoform and the crystalline matter being both
obtained with them.
Ann. de Ch. et de Ph., Avril 1847.
A CHEMICAL INVESTIGATION OF SOME SILICATES CONTAINING
CHLORINE, SULPHURIC AND CARBONIC ACID. BY M. WHITNEY OF BOSTON, UNITED STATES.

Long ago Arfvedson observed, in examining sodalite, that it dissolved entirely in nitric acid, although it formed a gelatine with
hydrochloric acid.
Gustave Rose made a similar observation upon
cancrinite from the Ilmen mountains, which dissolves to a clear liquid
in concentrated hydrochloric acid, but suddenly gelatinizes on boiling.
Mr. Whitney found that a whole series of silicates, which, as
regards composition, exhibit great similarity to the above minerals,
possess the property of dissolving to a clear liquid in all dilute acids.
All these minerals gelatinize with concentrated acids, with the exception of cancrinite, which is likewise soluble in them.
To this
series belongs, besides sodalite and the cancrinite from the Ilmen
mountains, elaeolite from Litchfield (Maine), noseau from the Lachersee, bauijne from the Albanese mountains and from Niedermenig, and the cancrinite discovered by Dr. Jackson of Boston, along
with the above elacolite at Litchfield.
The author has examined all these minerals with the greatest care,
and the following are the interesting results of his investigation
sodalite, noseau and hauijne, may be regarded as combinations of
a silicate of alumina and soda, of the composition NaO Si 0^ + 3
(Al- O' SiO'^}, with chloride of sodium, suljihateof soda, and sulphate
of lime.
This silicate has hitherto never been met with in the isolated state.
It possesses the composition which was formerly
ascribed to elaeolite.
The following are the formulae of the minerals
under consideration
NaO Si 03 + 3A12 O^ Si 03 + Na CI, sodalite.
NaO Si 03 + SAl-" O^ Si O^ + NaO S0\ noseane.
' NaO Si 03 + 3A12 O^ Si O' + 2CaO S0^ hauyne from Albanese
mountains.
NaOSi03-h3Al203SiO'-|-NaOSO' 1 hauyne from Niederme:

:

2(NaO

SO-'

+ 3AP O' SiO' + 2CaO SO' /

nig.
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The cancrinite from the Ilmeu mountains and that from Litchfield
are combinations of true elseolite, 2NaO Si 03+ ^(Al- O* Si Os), with
carbonate of lime and carbonate of soda.
Na^ 02 Si 03 + 2A1'- O Si O^+CaO CO*, cancrinite from Ilmen
mountains.
'

Na2 0« Si 03 4 2A12 03 Si O^ + | f ^^q | CO- + HO, cancrinite
from Litchfield.— /?«7VA^ der Berliner Akademie, Feb. 1847.
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METEOROLOGICAL OBSERVATIONS FOR APRIL

— April

1847.

2. Overcast.
Slight haze sleet and hail-showers frosty.
fine.
6. Cloudy rain at
5. Cloudy
4. Overcast.
rain.
5. Cloudy and cold
10.
9. Clear and cold.
8. Rain: cloudy: clear.
7. Cloudy: rain.
night.
13. Densely
12. Rain cloudy.
Cloudy: fine. II. Uniformly overcast rain.

Chiswick.

1.

:

:

:

:

:

:

:

clear,
15. Snow and hail
14. Bleak and cold slight hail •:Aowers.
clouded.
17. Frosty
16. Sharp frost cle.ir and cold.
cold and dry sharp frost at night.
20.
19. Clear: cloudy: slight frost.
Clear.
l.S.
ai:d foggy: cold and dry.
22. Cold haze frosty.
2). Clear: overcast.
Foggy :1ine, with sun cloudy.
frosty.
Foggy
with
sun
25.
fine,
haze
24. Slight
23. Fine clear at night.
28. Fine showery.
27. Boisterous, with showers.
26. Rain overcast.
fine.
Heavy showers, partly hail thunder. 30. Clear heavy clouds avA showers.
:

:

•

:

:

:

:

:

:

:

:

:

29.

:

:

Mean temperatuie of the month
Mean temperature of April 1846
Mean temperature of April for the

44 -28
47 '36
twenty years

last

...

47-20

1-47 inch.
Average amount of rain in April
April 1. Cloudy snow a.m. and p.m.: rain yesterday. 2. Cloudy:
Boston.
4—6.
j-.m.
rain
a.m.
snow
Cloudy
r.\t.
3.
rain
a.m.
snow
of
large fall
9. Stormy.
rain early a.m. stormy, with rain p.m.
8. Rain
Fine. 7. Cloudy.
Cloudy:
Fine.
15.
14.
12, 1.3. Cloudy.
10. Fine. 11. Fine: rain a.m. and p.m.
20
19. Cloudy.
17,18. Fine ice this morning.
16. Fine.
snow-showers.
26. Rain:
rain and hail p..vi.
Cloudy:
25.
p.m.
rain
Fine:
24.
Fine
23
thunder
.30. Cloudy
29. Fine.
27. Windy rain p.m. 28. Windy.
rain .a.m.

—

:

:

:

:

:

;

—

:

:

:

and

rain p.m.

Snowing: snow. 2. Snowmg: showers:
5. Sleet-showers: showers.
Bright: damp.

Sandmcif Manse, Orkw,/.— \pri\

1.

4.
3. Cloudy.
snow-showers.
8. Ram: showers.
7. Bright: hail-showers: aurora.
6 Bright- showers.
12. Bright cloudy.
Clear rain.
1 1.
Clear.
10.
9 Showers clear aurora.
cloudy. 17. Showers:
16. Clear
13 Snow-showers cloudy. 14, 15. Cloudy.
clear. 21. Cloudy:
18 Showers: cloudy. 19. Fine clear. 20. Showers
clear
showers.
24. Showers drop;.
Bright
23.
22. Bright cloudy.
clear fiost.
rain.
28 Showers
27. Bright
clear.
26. Bright
cloudy.
25. Bright
drizzle.
29, 30. Bright clear.
:

:

:

:

:

:

:

:

:

:

:

:

:

:

:

:
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INDEX

TO

ACETAL,

on the preparation and
properties of, 220.
Acetate of morphia, ou the use of
coffee as an antidote to, 301.
Acids
butjTO-acetic, 141 ; oxypicric, 148; sulphovinic, 211 J nio:

—

360;

bic,

380

cjaniu'ic,

378; stannic,

metastannic, 381

;

phos\'inic,

382

;

;
sulphoxihydrofluoric, ib.

Adams'

(J. C.) explanation of the
observed irregularities in the motion of Uranus, 130.
Adhesion, on the common nature of,
437, 502.
Airy (G. B.) on Sir D. Brewster's new
analysis of solar light, 73 ; on the
new analysis of solar light, 153 ;
reduction of the observations of
Halley's comet, 207 ; on a proposed
alteration of Bessel's method for
the computation of the corrections
by which the apparent places of
stars are derived from the mean
place, 208.
Algebra, on a new system of imaginarics in, 458.
Alkalies, organic, on the composition
of, 293.
Ammonia, on the exhalation of the
bicarbonate of, by the lungs, 124.
Aniline, on the comj)ounds of pliosphoric acid with, 40.
Ashes of organic boches, on the examination of, liG'J.
Astraia, elements of, GO; on the reappearance of, 133.
Barometric depression of the 25th
Dec. 1821, remarks on the, 18.
Beccpierel (M. E.) on the experiments
of Messrs. Foucault and Eizcau, relative to the action of the red rays
upon Daguerrcotyjx; ])liites, 214.

•

lJerghaus'(ll.) Physical Atlas, noticed,
53.
Bcssel
Bile,

VOL. XXX.

(W. R.) on the remarkable barometric depression of the 25th Dec.
1821, 18; on certain atmospheric
or barometric waves, 482.
Blood, on the presence of sugar in,
o/o.
Boettger (M.) on styphnic acid, 148.
Bonjean (M.) on the presence of sulphur in metallic substances struck
by lightning, 222.
Boole (G.) on the Rev. B. Bronwin's
method for differential equations,
6 ; on a class of differential equaBirt

tions, 96.

Bostock (Dr.

J.),

notice of the late,

196.

Boudet (M.) on the preparation of
iodide of lead, 524.
Boussingault (M.) on the preparation
of the ammoniaco-magnesian phosj)hate from urine, 462.
Brass mre, on the incandescence of,
in vapour of alcohol, 143.
Brewster's (Sir D.) reply to the Astronomer Royal, on the new analysis
of solar light, 153; ou the knowledge of distance given by binocular vision, 305 ; on the conversion
of relief by invei'ted vision, 432;
on the analysis of the sjiectrum by
absorption, 461
Bromine, action of, on salts, 525.
Bronwin (Rev. B.) on the integration
of some equations in partial differentials, 107.

Brooke (C.) on the automatic registration of magnetometers, and other
meteorological instruments, by jjIiotography, 57.
on the com])osition of, 65.
Butyro-acetic acid, l4l.
Cahoiu's (M. A.) on l)isulpliuret, tersulpliuret, and sulpliocyainu'ct of
niethyle, 65
on sul])hocyanuret
and l)isidphuret of etliyle, 67 on
the action of l)i'()iuiiie uiMin ceitain
salts, 525.
Buratite,

;

(1''.

W.), notice of the

on the

lized, 2!W.

coniixi^iitiou

late,

201

of crvstal-

2 N 2

;
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Cambridge Philosophical Society, proceedings of the, 129, 365.
Carotin, on, 523.
Cayley (A.) on a system of imaginaries, 257.
Challis (Rev. Prof.), report of proceedings in the Cambridge observatory relative to the new planet, 33
second report of proceedings in tlie
Cambridge observatory relating to
the new planet (Neptune), 241 ; on
a theory of luminous rays on the
hypothesis of undulations, 365 ; on
a theory of the polarization of light
on the hypothesis of undulations, ib.
Chemical affinities, influence of statical and dynamical induction upon,
263.
Chemistiy, animal, researches in, 412.
Chikh-en (J. G.) on the use of a mixture of spirit of wine and camphine,
as a light for optical purposes, 179.
Chiolite, analysis

and description

of,

70.

Chromium, on the chromate

of,

223.

Cinchona, composition of, 294.
Cloez (JI.) on sulphoxiphosvinic acid

and

its

compounds, 382.

Clouston (C.) on the formation of
cylindi-ical masses of snow in Orkney, 301.

Cockle

(J.)

on some formidas which

serve to inchcate the limits of the
application of indeterminate methods to the solution of certain
problems, 28.

Cotfee as an antidote to acetate of
morphia, 301.
Cohesion, on the common nature of,
437, 602.
Comets, Halley's, reduction of the observations of, 207 ; on the elements
of several, 60 ; historical sm-vey of,
210.
Cooke ( Isaac B.) on the use of a double
circuit in the measurement of electrical forces, 385.
Copjjcr, analyses of the native phosphates of, 68.
Cruni (AV.) on a method for the analysis of bodies containing nitric acid,
and its application to explosive cotton, 426.

Cyanogen, on some compoimds
'378.

Cyamu-ic acid, preparation

of,

378.

of,

Daguerreotype pictures, on a method
of producing lights and shades in
equal perfection in, 213 ; observations relative to the action of the
red rays upon, 214.

Damoiseau (Baron
late,

De

la

de), notice of the

206.

Rive (Auguste) on the voltaic

arc, 125.

Delesse (M.) on the

new mineral

(bu-

65 ; on villemite, 295.
Descloizeaux (M.) on villemite, 295.
ratite),

(A.) on the principal geysirs of
Iceland, 391.
Differential equations,

Bronwin's method

on the Rev. B.
8j on a

for, 6,

class of, 96.

on the integration of
some equations in partial, 107.

Ditferentials,

Dihydrite, analysis of, 69.
Diopside, analysis of the white, 68.
Distance, on the knowledge of, given
by binocular vision, 305.
Dove (Prof.) on the phenomena exhibited by polarized light, 465 ; on
the depolarization of light, 469.
Draper (Dr. J. W.) on the existence
and mechanism of the negative or
protecting rays of the sun, 87 ; on
a singular property of gun-cotton
mixture, 299 ; on the production of

hght by
Earushaw

heat, .345.

(S.) on the mathematical
theory of the two great solitary
waves of the first order, 129.
Earth, on the figm-e and primitive
formation of the, 59 ; observations
respecting the form of the, 194.
Eggs, on the yolk of, 463.

Ehlite, analysis of, 69.
Electrical forces, on the use of a
double circuit in the measurement
of,

385.

on the induction of atmoon the wu-es of the electric
telegraph, 186
experiments in,

Electricity,

spheric,

;

368.
Electro-magnetic rotation, on a new
instance of, 268.
Encke (M.) on the newly-discovered
planet, 181.

Equations, on the geometrical representation of the roots of algebraic,
366.
Erdmann (M.) on cixy[)icric acid
styphnic acid, 148.

INDEX.
Ethyle, on the sulpliocyanuret

and

bisiilphurct of, 67.
Eye, on a change in the state of vision

of an, affected with a malfonnation,
366.
Fluid motion, on the equation of continuity in, 104.

Foucault (L.) on a method of producing lights and shades in equal perfection in Daguerreotype pictures,
213.

Fremy (M.

E.) on hydrates, stannic
and metastannic acids, 380.
Frog, examination of the papillae and
nerves of the tongue of the, 277.
Geology, researches on physical, 69.
Gerhardt (Ch.) on mellon and its com-

pounds, 218.
Geysirs of Iceland, i)hysical and geological observations on the, 391.
Glass, on the composition of Bohemian, 147; anahsis of, 421.
Glycerine, on the formation of, 146.
Gobley (Mr.) on the yolk of eggs, 463.

Goodman

(J.) on a new and practical
form of voltaic battery, 127.

Goodwin (Rev. H.) on the geomerepresentation of the roots of
algebraic equations, 366.
Graham Mr. on the elements of Astrical

(

)

60; on the elements of
Vico's fifth comet, 62.

tra;a,

De

Grove (W. R.) on certain pha;nomena
of voltaic ignition, and on the decomposition of water into its constituent gases by heat, 58.
Gun-cotton, on the composition and
1 ; observations on,
258, 273, 299, 409, 426.
Hail, observations on, 159.
Haldat (Dr. de) on the universality
of magnetism, 319.
Hamilton (Sir W. R.) on quaternions,
458.
Hargrcave (C. J.) on the Rev. B.
Bronwin's paper on the integration
and transformation of certain differential equations, 8.
Ilaughton (.Sir Graves C.) on the
common nature of magnetism, cohesion, adhesion and viscosity, 437,
502.
Heat, on the production of light bv,

ex])losiou of,

.•«5.

S.| on the ineproductions of Al)riiliiiin

Heineken (Rev. N.
ciianieal

53f5

on Newton's telescope
Royal Society, 211.
Hennessy(H.) on physical geology, 59.
Henry (Prof. J.) on the induction of
atmospheric electricity on the wires
of the electric telegraph, 186 ; electrical experiments noticed, 368.
Henwood (W. J.) on some meteoroSharp, 25

;

at tlie

made during
the year 1846 at Gongo Soco, in
the interior of Brazil, 361.
Hermann (M.), analysis of the native
phosphates of copper, 68 ; on chiohte, a new mineral, 70.
Hind (Mr.) on the elliptical elements
of De Vico's fomth comet, 60 ; note
on the first comet of Brorsen, ib.
on De Vico's fifth comet, 62; on
the elements of the sixth comet of
De Vico, 63 ; on the reduction of
Tyclio Brahe's observations of the
comet of 1590, 135; notice respecting comet, 64.
Hobson (W.) on the equation of continuity in fluid motion, 104.
Hopkins (T.) on the hourly alterations
of the vapour atmosphere at Bombay, 246.
Hydrates, researches on the, 380.
Hyth-ofluoric acid, on anhydi-ous, 382.
Imaginaries, on a system of, 257.
Induction, memoir on, 261.
Iodide of potassium, easy method of
preparing, 146.
Iron bars, on the effects of magnetism
upon the dimensions of, 76.
Iron, reduction of persalts of, by zinc,
149 on the change effected in the
hydrated peroxide of, when kept
under water, 294.
Jacob (Capt. W. S.), observations of
double stars, made at Poonah, 64
on the orbits of double stars, 209.
Johnston's (A. K.) Physical Atlas,
logical observations

;

;

noticed,

5.3.

Joule (J. P.) on the maxinnim density
<m the effects of magof water, 4 1
netism ujion the dimensions of iron
and steel bars, 76, 225.
Kilburn (W. E.) on the chemical action of light, 378.
K<)11)0 (II.) on the oxidizing power of
oxxgen when (hsengaged by means
of voltaic electricity, 3.' (4.
liUssaigne (M.) on the solubility of
carbonate of hnie in water contain;

53t

I

NDE

ing cwbonic acid, 297
on the solubility of phosphate of liine in
water saturated with carbonic acid,
;

X.
7(),

on the universality of,
226
on the conimou nature of, 437,
;

319

;

502.

Magnetometers, on the automatic re-

•2'JS.

Lassell (Mr.) ou

Le

Verrier's planet,

gistration of, 57, 127.

Magnets, chemical action produced

1.34.

Laurent (A.) on mellon and its com]3oimds, 218 ; ou the composition

Majocchi (Prof. G.) on the origin of

of the organic alkalies, 293.
Lead, on the preparation of the iodide

Mellon and

524.
Lee ( Dr. R.) on the gangha and nerves
of the virgin uterus, 127.
Lefevre (M. B.) on a method of producing lights and shades in equal
perfection in Daguerreotype picof,

tures, 21.3.

Libethenite, analysis of, 69.
Liebig { Prof.) on some new researches
in animal chemistry, 412; on thialdine and selenaldine, two new organic bases, 470.
Light, solar, on Sir David Brewster's
new analysis of, 73 ; on the theory
of the aberration of, 93 ; on the
new analysis of solar, \5'3 ; for optical purposes, on the use of a mixture of spirit of M'ine and camphine
as a, 179; effect of magneto-electric induction upon, 2(i 1 ; on the

production of, by heat, 345; polarized, theory of, on a, 365 ; chemical action of, 378 ; on the depolarization of, 469.
Lightning, on the presence of sulphur
in substances struck by, 222.
Lime, solubility of the carbonate and
phosphate of, in water containing
carbonic acid, 297 on the dehydration of the sulphate of, 299.
Linnaean Society, award ofmedals,l 49.
Louyet (JI.) on anhydrous hydro;

fluoric acid, .382.

Lubbock

(Sir J. W.) on the meteor of
September 25, 1846, 4.
Luminous rays, on a theory of, 365.
Luminous rings round shadows, ob-

servations on, 1.37.
Machine for calculating the j)rodncts,
quotients, log.irithras and powers
of numbers, 171.

Maddrell (R.) on the metaphosphates,
322.
Miidlcr (Prof. on the central sun, 140.
)

Magnetism, on the

effects of,

dimensions of iron and

upon the

steel bars.

by, 264.

tbe voltaic cm-rent, 9/.
its

compounds, researches

on, 218.

Mercury, on the piu-ification of, 70;
on the distillation of, 144 ; on the
behaviour of zinc towards solutions
of,

290.

Metaphosphates, on the, 322.
Metastannates, observations on the,
380.

Meteor of September 25, 1846, accoimt of the, 4.
Meteorological instruments, on the
automatic registration of, 57, 127.
Meteorological observations, 71, 151,
223, 303, 383, 529 made in Brazil,
361.
Methyle, on the svdphur compounds
;

of, "65.

Michelsen's (Dr.) historical survey of
comets, 210.
Millon (M.) on the purification of mercury, 70 ; on the distillation of
mercury, 144 on the formation of
sulphovinic acid, 211 ; on the dehydration of sulphate of lime imder
various circumstances, 299.
Mineralogy:
examination of buratite, 65; analysis of white diopside,
native phosjih.atcs of copper,
(^S
69 description of chiolite, 70 ; villemite, 295 ; American columbite,
360.
Morphia, composition of, 293.
Moseley (Rev. H.) on a machine for
calculating the products, quotients,
logarithms, and powers of numbers,
;

—

;

;

Murchisou

(Sir R. L) on the discovery
of Silurian rocks in Cornwall, 336.
Muspratt (Dr. S.) on the salts of sulphurous acid, 414.
Neptune, observations relative to the
new planet, .3.3, 130, 1.34, 181,241.
Nicholson (E. C) on the compounds
of phosphoric acid with aniline,
10.

Nickles (M.)

011

tlie

fermentation of

I

tartaric acid

and

its

NDE

products, l)u-

tyro-acetic acid, 141.

Niobic acid, on the occurrence of, in
the North American columbite,o61
Nitric acid, on the analysis of bodies
containing, 42(5.

Numbers, on a machine

for calcula-

ting, l/l-

Oxygen, on the oxidizing power of,
when disengaged by means of voltaic electricity, 334.
Oxypicric acid, 148.
Paget (Dr. G. E.) on some cases of
morbid rhythmical movements, 1 29.
Patterson's (R.) Introduction to Zo-

ology, noticed, 57.
Peligot (M.) on the composition of
Bohemian glass, 147.
Peter's comet, notice of, 61.
Phosphate from urine, on the preparation of the ammoniaco-magnesian,
462.
Phosphorocalcite, analysis of, 69.
Phosphorus, on the excretion of, by
the kidneys in an unoxidized state,
253 ; on the amount of, in various
agricultural crops, 330.
Plaster of Paris, on, 464.
Playfair (Dr. Lyon) on the maximum
density of water, 41.
Plessy (M.) on plaster of Paris, 464.
Polarized light, on the pliEenomena
exhibited by, 465.
Porrett (R.) on the chemical composition of gun-cotton, 273 ; on the
existence of a new vej'eto-alkah in
gun-cotton, 409.
Poumarede (M.) on the reduction of
the persalts of iron by zinc, 149.
Powell's (Rev. Prof.) note to a former
paper on the thcoiy of the aberration of light, 9.3 ; on luminous rings
round shadows, 137.
Problems, on the solution of certain,
2S.

Pypers (M.) on an easy method of prepiiriug iodide of j)otassium, 146.

Quaternions, on, 45S.
Quiua, compo-sition of,

29.3.

Uammclsberg (I\l. C.) onchromateof
chromium, 22.3.
Uansoine (T.) on the composition and
explosion of gun-cotton, 1.
Hays, on a peculiar electrical organ

found

in,

47.

on the ignition of brass
the vajmur of alcohol, 14.3.

Rein.seii (.M.)

wire in

X.
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Robin (M.

le Dr. Ch.) on a peculiar
organ founil in the rays, 47.
Rochleder (M.) on the formation of

glycerine, 146.

Ronalds (Dr. E.) on the extractive
material of urine, and on the excretion of sulphur and phosphorus by
the kidneys in an unoxidized state,
253.
(F.) on photogra])hic self-registering meteorological and magnetical instruments, 127.
Rose (H.) on the behaviour of metallic
zinc towards solutions of mercury,
290 ; on the acid contained in the
North American columbite, 360
on the examination of the ashes of
organic bodies, 369.
Rowney (T.) on the Bohemian glass
as found in the combustion tubes
employed in organic analysis, 421.
Ro\al Astronomical Society, proceedings of the, 60, 130, 207.
Roval Society, proceedings of the, 57,
i25, 196.
Sabine (Lieut. -Col. E.) on the lunar

atmospheric tide

at St. I-Ielena,206.

bromine upon, 525.
Schumacher (Prof.) on the reappearSalts, action of

ance of Astrrea, 133.
SelenahUne, observations on, 470.
Sharp (A.), relics of the mechanical
productions of, 25.
Silicates containing chlorine, sulphuric

and carbonic

acid, 52S.

Silurian rocks in Cornwall,

covery

Smith

of,

on the

dis-

336.

(Dr. R. A.)

on the

air

and water

of towns, 478.

Snow, on the formation of cyhncbical
masses of, in Orkney, 301.
Soils, on the solvent action of drainage-water on, 30.

Sorby (H. C.) on the amount of sulphur and phosphorus in various
agricultural crops, .330.

Southern (J.) on the density, latent
lieat and elasticity of steam, 113.
Spectrum, on the analysis of the, by
absorption, 461.

Spencer (II.) on the form of the earth
us no proof of original fluidity, 94.
S(juares, on a generalization of a
1

theorcni of I'iulcr in reference to the
jiroducts of the sums of, 424.
Stannates, observations on the, 380.
Stars, olisi'rvations on double, 64 ;
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double, orbits of, 209 ; on Bessel's
method for the computation of the
corrections for tlie aiiijarent places
of, 208.
Stas (M.) on the prepai-ation, properties and composition of acetal, 220.
Steam, on the density, latent heat and
elasticity of, 11,'3.

Steel bars, on the effects of magnetism upon the dimensions of, 76.
Styplmic acid, 14S.
Sulphoviuic acid, on the formation of,

211.
Sulphoxiphos\nnic acid and its compomids, 382.
Sulphur, on the presence of, in substances struck by lightning, 222;
on the excretion of, by the kidneys
in an unoxidized state, 253 ; amount
of,

in

various

agricultural

crops,

330.

Sulphurous acid, on the salts of, 414.
Sim, on the existence and mechanism
of the negative or projecting rays of
the, SJ.
Tagilithe, analysis of, 69.

Tartaric acid,
141.

on the fermentation

of,

Verdeil (M.) on crystallized bile, 298.
Villcmite, on the composition of, 295.
Yiscositv, on the common nature of,

437, 502.
Vision, binocular, on the knowledge
of distance given by. 305 ; inverted,
on the conversion of relief by, 432.
Voltaic arc, exjierimcnts and observations on the, 125.
\'oltaic battery, on a new and practical

form

of, 127.

^'oltaic cuiTent,

on the origin of

the,

97.
hail, and on the
inorganic bodies contained in hailstones, 159 ; on the papillse and
nerves of the tongue of the frog,
with observations on the mechanism of taste, 277-

Waller (Dr. A.) on

Warner (H.

S.)

on a/^^185.

Wartmaun (Prof.E. on induction, 261
)

Water, on the maximum density
41 ; on the decomposition of,
heat, 58.
Waves, of the

first

order,

of,
b}-

mathema-

theoiT of, 1 29 ; on certain atmospheric or barometric, 482.
Weld (C. R.) on Neu'ton's telescope
at the Royal Society, 139.
Whitney (M.) on silicates containing
chlorine, sulphm'ic and carbonic
acid, 528.
Will (Dr.) on styphnic acid, 148.
Wilson (J.) on the solvent action of
tical

mechanism of, 277Telegraph, electric, on the induction
of atmospheric electricity on the

Taste, on the

wires of the, 186.

Teschemaehcr (E. F.) on gun-cotton,
258 ; on the chemical composition
of gun-cotton, 273.
Thialdine, observations on, 470.
Thompson (L.) on the exhalation of
bicarbonate of ammonia bv the
lungs, 124.
Thomson (Dr.), notice of the late, 198.
Trombolite, analysis of, 69.
Uranus, an explanation of the observed irregularities in the motion
of, 130.
^
Urine, on the extractive material of
the, 253 ; on the preparation of the

ammoniaco-magnesian

phosphate

from, 462.
Uterus, on the ganglia and nerves of
the, 127.

Vapour atmosphere, on the hourly
alterations of the, at Bombay, 246.

fb'ainage-water on soils, .30.
Wittstein (M. G. C.) on the change
effected in hytbated peroxide of ii'on
^^hen kejit in v.ater, 294.
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