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I. O/i //if Satellitarij Nature ofShooting Stars and Aerolites.

By H. E. Strickland, M.A., F.G.S.*

T N the truly philosophic work Cosmos, in which the pro-
-* found Humboldt embodies the results of his life-long studies,

he expresses some opinions on the subject of shooting stars,

which there appears to me considerable difficulty in adopting.
If we assume with him that the observations of Benzenberg
and Brandes on the parallax of shooting stars are correct, it

appears that these bodies have a velocity of from 1 7 to 36

geographical miles per second, that their elevation above the

earth is from 16 to 14-0 geographical miles, and their diame-

ters from 80 to 2600 feet. It may further be taken for

granted, that these bodies revolve in orbits according to the

laws of gravitation, that they are ordinarily invisible, but be-

come momentarily luminous whenever they plunge into the

earth's atmosphere ;
and that aerolites are fragments projected

or swept from these asteroids (possibly by the resistance of

the atmosphere), and hurled to the earth by terrestrial attrac-

tion.

Admitting these premises, the next question is to determine

the nature of the orbits in which these mysterious bodies re-

volve, and the influences to which they are subjected in their

course. Humboldt here adopts the opinion first propounded
by Chladni, that shooting stars and meteors are planetary
bodies revolving round the sun in elliptic orbits, and only
rendered visible to us at the nodes, where the orbits of the

earth and of these asteroids intersect. Their number on this

view of the subject must be prodigious, as it is only those

whose orbits happen to traverse the earth's orbit, and which

* Read before the Ashmolean Society of Oxford, March 1846, and com-
municated by the Author.
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2 Mr. II. E. Strickland on the Satellitary Nature

happen to pass at the moment when the earth is crossing their

node, which can ever be visible to us. How then, let me ask,

is it brought about that these innumerable planetary bodies,

which are so continually entering our atmosphere and passing
within a few miles of the earth, never come in contact with it?

for be it remembered that aerolites are not regarded as being
the shooting stars themselves, but only as fragments left be-

hind them in their course. Can we suppose that our earth,

a body of nearly 8000 miles diameter, should be incessantly

forcing its way through showers of these planetary bodies,

hundreds of which daily approach in their circumsolar revo-

lutions within from 16 to 140 miles of the earth, and yet that

they should never impinge upon its surface? Should we not

in that case continually hear of these fiery masses, with dia-

meters from 80 to 2600 feet, and velocities of 36 miles a se-

cond, dashing into the body of our earth like cannon-balls

into an earthen rampart? If, in order to meet this objection,
it be asserted that the real diameter of the shooting stars has

been over-estimated, and that aerolites are not fragments of,

but are identical with these bodies themselves, which accord-

ingly really do fall upon the earth's surface, still on the doc-

trine of chances it would follow that the earth's disc, which

presents a far larger surface than that portion of its atmo-

sphere which surrounds and projects beyond its limb, must
receive a proportionally larger number of these projectiles.
The attraction of the earth would still further increase the

amount of those asteroids which would come in contact with

it, as compared with those which pass through and escape
from the atmosphevic stratum ; yet, what is the real propor-
tion between the two classes of phaenomena? We find in

reality that shooting stars, that is, asteroids rendered visible

by atmospheric contact, occur to the amount of scores, some-
times of hundreds, every night, while the fall of aerolites upon
the earth's surface is a phaenomenon of very much rarer oc-

currence. It seems evident therefore that there is some cause
which renders the circulation of asteroids in orbits approxi-
mately parallel to the earth's surface, the normal condition,
to which the fall of aerolites to the ground (whether we regard
them as being the entire nuclei, or merely detached fragments
of these meteors) forms only a casual exception.
To what then must we attribute this constant flight of aste-

roids in lines closely approximating, yet not impinging upon,
the earth's surface? It seems evident that we cannot regard
them as solar planets, pursuing their course through the sy-
stem regardless of intervening obstacles, as they must inevi-

tably in that case come into very frequent contact with our
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earth. Why then may we not suppose them to he satellites^

revolving rapidly round the earth in orhits more or less ec-

centric, and occasionally plunging into the upper regions of

the atmosphere? It does not follow because these bodies

move with "
planetary velocity," that they must therefore be

planets. The satellites nearest to the bodies of Jupiter and
Saturn revolve round those planets with a velocity of about

ten miles per second, which is not very greatly inferior to that

assigned to some shooting stars; and as the velocities of sa-

tellites increase with their proximities, we may well suppose
that satellites revolving within 150 miles of their primary
would have very high velocities. The alleged velocities of

shooting stars accord sufficiently well (allowing for the per-
turbations to which the proximity of the earth may give rise)

with Kepler's law, that the squares of the times are propor-
tionate to the cubes of the distances. By applying this law

to the known velocity of the moon, it results that a satellite

revolving round our earth at 5000 miles from the centre, or

about 1000 miles from the surface, would have a velocity of

about 40 miles per second, which is even greater than that

hitherto assigned to shooting stars.

We may surely then conceive these bodies to be of the

nature of satellites, having all their elements so adjusted as to

ensure a perpetual revolution round the earth, into whose at-

mosphere they occasionally dip and undergo a momentary
ignition.

It appears moreover difficult to conceive, that if the motion

of meteors is of a planetary nature, such small bodies could

pass within a few miles of the earth, and then proceed on their

course round the sun, comparatively uninfluenced by the ter-

restrial attraction. The perturbation produced by the earth's

mass on a planet of only a few hundred feet in diameter pass-

ing within 100 or 150 miles' distance, would surely be so

enormous as wholly to destroy the original orbit of the minor

body, and the most probable effect would be to convert it into'

a satellite and to retain it permanently within the earth's at-

traction. So that even admitting that these asteroids may
have once been in the condition of planets, and that many
such bodies may still, unknown to us, be revolving in circum-

solar orbits, we must yet regard all the shooting stars which

ordinarily make their appearance within our atmosphere, as

being at present in the condition of satellites.

The main objection, and it is certainly a very important
one, to the satellitary theory of shooting stars, is founded on
the fact of the nearly (though not quite regular) periodical
recurrence of an increased number of these meteors at certain

B2
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annual epochs. This has been explained by supposing that

the earth at these periods intersects certain zones or orbital

rings, in which vast numbers of asteroids are constantly re-

volving round the sun. On the supposition that these bodies

are satellitary, and not planetary, it is certainly difficult to

account for the fact of their becoming visible in greater num-
bers at one season of the year than at another. It is however
conceivable that the luminosity of shooting stars may be

caused by their coming in contact, not with our gaseous at-

mosphere, but with an electrical atmosphere, which may ex-

tend far beyond the limits of the gaseous one; and it may be

further conjectured, that from unknown cosmical causes this

electric atmosphere may at certain points in the earth's orbit

receive quantitative or qualitative modifications, which may
enable it at those seasons to illuminate a larger numerical

proportion of the meteoric satellites.

At these annual epochs the showers of meteors are said to

have apparently proceeded during several hours of observa-

tion from the same point in the heavens, viz. the constellation

Leo.
But this alleged fact seems irreconcilable with either the

planetary or the satellitary theory of shooting stars. Even

admitting an approximate constancy in the directions in which
these bodies approach our atmosphere, yet as their distance

when rendered visible is considered to be not greater than

about 150 miles, it is evident that their parallax (whether
viewed simultaneously by two distant observers, or at succes-

sive intervals of a few hours by the same observer) would be

so great as to destroy the appearance of perfect uniformity in

the point of the starry heavens, where they make their first

appearance. We must therefore suppose that the amount of

this uniformity has been overstated; still it is possible that

there may be a prevailing direction in which the majority of

these bodies enter the atmosphere, and the predominance of

this direction may still be in some degree apparent, notwith-

standing the influence of parallax. Such a predominance of

direction (if it really exist) does not however necessarily prove
the shooting stars to be planets, but may be equally explained
on the satellitary theory in the following manner:—

Let a a be an elliptical ring composed of great numbers of

these satellitary bodies revolving in parallel curves round E,
the earth ; let b be the limit of the gaseous, and c that of the

electric atmosphere in its normal condition. It is evident that

while this condition lasts, the meteors in the ring a a will be

wholly external to the electric atmosphere c, and will be con-

sequently invisible. The only meteors which would be seen
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in these circumstances, would be such stray ones as may re-

volve in minor orbits occasionally intersected by the circle c.

But let the electrical atmosphere from some annually recur-

m>—^

ring cause be temporarily extended to d, then while this con-

dition lasts, the meteors revolving in the ring a a would be

rendered visible during their course from e to^and (the ring
a a remaining always parallel to itself) the meteors would

appear (allowing for the effects of parallax) to proceed from

nearly the same points of the heavens.

This explanation must however be regarded only as a rude

conjecture to remove an apparent difficulty; and as this dif-

ficulty, if a real one, may be equally explained on the planet-

ary and satellitary theory of meteors, it need not prevent us

from giving the preference to the latter, if the arguments
which I have adduced in its favour are of any weight.
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II. On the Constitution of the Luminiferous JEther, viewed

xvith reference to the phcenometwn of the Aberration ofLight.

By G. G. Stokes, M.A., Fellow of Pembroke College,

Cambridge*.

IN a former communication to this Magazine (July 1845),
-*

I showed that the phenomenon of aberration might be

explained on the undulatory theory of light, without making
the startling supposition that the earth in its motion round

the sun offers no resistance to the aether. It appeared that

the phenomenon was fully accounted for, provided we sup-

posed the motion of the aether such as to make

udx -f vdy -f wdz (a.)

an exact differential, where u, v, w are the resolved parts,

along three rectangular axes, of the velocity of the particle of

aether whose co-ordinates are x, y, z. It appeared moreover
that it was necessary to make this supposition in order to ac-

count in this way for the phenomenon of aberration. I did

not in that paper enter into any speculations as to the physi-
cal causes in consequence of which (a.) might be an exact

differential. The object of the present communication is to

consider this question.
The inquiry naturally divides itself into two parts:

—
First,

In what manner does one portion of aether act on another be-

yond the limits of the earth's atmosphere? Secondly, What
takes place in consequence of the mutual action of the air and
the aether ?

In order to separate these two questions, let us first con-

ceive the earth to be destitute of an atmosphere. Before

considering the motion of the earth and the aether, let us take

the case of a solid moving in an ordinary incompressible fluid,

which may be supposed to be infinitely extended in all direc-

tions about the solid. If we suppose the solid and fluid to be
at first at rest, and the solid to be then moved in any manner,
it follows from the three first integrals of the ordinary equa-
tions of fluid motion, obtained by M. Cauchy, that the motion
of the fluid at any time will be such that (a.) is an exact dif-

ferential. From this it may be easily proved, that if at any
instant the solid be reduced to rest, the whole of the fluid will

be reduced to rest likewise; and that the motion of the fluid

is the same as it would have been if the solid had received by
direct impact the motion which it has at that instant. Prac-

tically however the motion of the fluid after some time would
differ widely from what would be thus obtained, at least if the

* Communicated hv the Author.
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motion of the solid be progressive and not oscillatory. This

appears to be due to two causes; first, the motion considered

would probably be unstable in the part of the fluid behind the

solid ; and secondly, a tangential force is called into play by
the sliding ofone portion of fluid along another ; and this force

is altogether neglected in the common equations of hydrody-
namics, from which equations the motion considered is de-

duced. If, instead of supposing the solid to move continue

ously, we supposed it first to be in motion for a very small

interval of time, then to be at rest for another equal inter-

val, then to be in motion for a third interval equal to the

former, and so on alternately, theoretically the fluid ought to

be at rest at the expiration of the first, third, &c. intervals,

but practically a very slight motion would remain at the end
of the first interval, would last through the second and third,

and would be combined with a slight motion of the same kind,
which would have been left at the end of the third interval,

even if the fluid immediately before the commencement of it

had been at rest ; and the accumulation of these small motions

would soon become sensible.

Let us now return to the aether. We know that the trans-

versal vibrations constituting light are propagated with a ve-

locity about 10,000 times as great as the velocity of the earth;

and Mr. Green has shown that the velocity of propagation
of normal vibrations is in all probability incomparably greater
than that of transversal vibrations (Cambridge Philosophical
Transactions, vol. vii. p. 2). Consequently, in considering the

motion of the aether due to the motion of the earth, we may
regard the aether as perfectly incompressible. To explain

dynamically the phaenomena of light, it seems necessary to

suppose the motion of the aether subject to the same laws as

the motion of an elastic solid. If the views which 1 have

explained at the end of a paper On the Friction of Fluids,

&c. (Cambridge Philosophical Transactions, vol. viii. part 3)
be correct, it is only for extremely small vibratory motions

that this is the case, while if the motion be progressive, or not

very small, the aether will behave like an ordinary fluid. Ac-

cording to these views, therefore, the earth will set the aether

in motion in the same way as a solid would set an ordinary

incompressible fluid in motion.

Instead of supposing the earth to move continuously, let us

first suppose it to move discontinuously, in the same manner
as the solid considered above, the aether being at rest just
before the commencement of the first small interval of time.

By what precedes, the jether will move during the first inter-

val in the same, or nearly the same, manner as an incompres-
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sible fluid would ; and when, at the end of this interval, the

earth is reduced to rest, the whole of the aether will be re-

duced to rest, except as regards an extremely small motion,
of the same nature as that already considered in the case of

an ordinary fluid. But in the present case this small motion

will be propagated into space with the velocity of light; so

that just before the commencement of the third interval the

aether may be considered as at rest, and everything will be the

same as before. Supposing now the number of intervals of

time to be indefinitely increased, and their magnitude indefi-

nitely diminished, we pass to the case in which the earth is

supposed to move continuously.
It appears then, from these views of the constitution of the

aether, that (a.) must be an exact differential, if it be not pre-
vented from being so by the action of the air on the aether.

We know too little about the mutual action of the aether and
material particles to enable us to draw any very probable
conclusion respecting this matter; I would merely hazard the

following conjecture. Conceive a portion of the aether to be

filled with a great number of solid bodies, placed at intervals,

and suppose these bodies to move with a velocity which is very
small compared with the velocity of light, then the motion of

the aether between the bodies will still be such that (a.) is an

exact differential. But if these bodies are sufficiently close

and numerous, they must impress either the whole, or a con-

siderable portion of their own velocity on the aether between

them. Now the molecules of air may act the part of these

solid bodies. It may thus come to pass that («.) is an exact

differential, and yet the aether close to the surface of the earth

is at rest relatively to the earth. The latter of these condi-

tions is however not necessary for the explanation of aberra-

tion.

There is one curious consequence of the theory contained

in my paper of last July, which I did not at the time observe.

On referring to this paper, it will be seen that if the motion
of the aether is such that (a.) is an exact differential, the

change in the direction of the normal to a wave of light, as

the wave passes from a part of space where the disturbance

of the aether due to the motion of the earth is insensible to

another part where the disturbance is sensible, is given by the

equation

«2
- a

i
=

y»

which is what (6.) becomes when a
x
and v

t
are each put equal

to zero; and the plane passing through the direction of the
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light and the direction of the motion of the aether at the point
considered is taken for the plane x z. Now, in consequence
of the motion of the aether, the direction of the light in space
will deviate from the normal to the wave through the angle

-A in the contrary direction, as may be very easily shown

(see Phil. Mag. for February 1846, p. 78). Hence the di-

rection of the light coming from a star is the same as that

of a right line drawn from the star, not merely at such a di-

stance from the earth that the motion of the aether is there

insensible, and again close to the surface of the earth, where
the aether may be supposed to move with the earth, but

throughout the whole course of the light; so that a ray of light
will proceed in a straight line even when the aether is in mo-
tion, provided the motion be such as to render (a.) an exact

differential. The orthogonal tmjectory represented in
fig.

2
of my paper of July, must not be confounded with the path
of a ray of light. In that paper I supposed that the aether

close to the surface of the earth was at rest relatively to the

earth ; in fact, the very object of the paper was to get rid of
the apparent necessity of supposing the aether to pass through
the whole atmosphere and through the earth itself. It should
be observed, however, that the phaenomenon of aberration

allows us to suppose that the aether passes through the atmo-

sphere and through the earth with any velocity, either con-

stant, or varying from point to point, provided only (a.) be an
exact differential. . .

P.S. I take this opportunity of adding a Pew words on the

subject of Prof. Challis's last communication. There is no-

thing so far as I can make out in which we differ, except the

sense in which we use the expression explaining a phaenome-
non from certain causes. According to my use of the term,
a person would be said to explain a phaenomenon when he has
shown that certain causes being assumed, the phaenomenon
would necessarily follow. In this sense we explain the forma-
tion of images in common optics, assuming the properties of

rays. We are able to show what must be the form, &c. of
the image. In this sense Prof. Challis has not explained
aberration by assuming merely the motion of the earth and
the velocity of light, since, for aught that appears from his

reasoning, a star might be displaced through double the angle

through which it is observed to be displaced. It was for this

reason, that in order to allow that Prof. Challis had explained
aberration, I attached, in a former communication, a peculiar

meaning to the word aberration.
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We may divide the causes which we might conceive con-

cerned in the production of aberration into three:—(1), the

motion of the earth ; (2), the velocity of light ; (3), the change
in the direction of the light coming to the earth. Professor

Challis has shown that a certain apparent displacement of a

star would result from the first two causes; and as this hap-

petis to be the whole displacement observed (neglecting a

quantity which may be considered insensible), so that there is

none left to be attributed to the third cause, he says that he

has explained aberration, assuming merely the first two

causes. It is evident that the two senses attached to the

words, to explain a phenomenon, are quite different. Ac-

cording to the sense in which I used the words, the explana-
tion of the absence of any change in the final direction of the

light would have to be included in any theory which professed
to explain aberration by means of the first two causes only.
In the present communication I have used the words in my
own sense, for I believe that there is no impropriety in it; but

Prof. Challis may, if he pleases, consider the object of my
July paper to have been the explanation, not of aberration,

but of the absence of any change in the final direction of the

light. Whichever of these results be arrived at, the other

readily follows.

III. On Electrical Endosmose. By Mr. James Napier*.

THx\T
two dissimilar solutions, separated by a porous par-

tition, will pass the one into the other, is a phaenomenon
long observed, the only necessary condition being that the

liquids have a strong tendency to combine, and that the one
is more capable of entering into or wetting the porous par-
tition than the other. The liquids eminently fitted to effect

this are alcohol and water, and saturated solutions of some
salts and pure water. But the phaenomenon of endosmose
takes place also when an electric current passes through liquids

separated by a porous partition. When all the above con-

ditions are absent, and even when these conditions are pre-
sent, the endosmotic current will follow the electric, although
in a contrary direction to that which would take place were
there no electric current passing, showing that, under these

circumstances, it has its origin in the passage of the electric

force. This fact was first made known by Mr. Porrett in the

Annals of Philosophy for 1816.

* Communicated bv the Chemical Society; having been read December
15, 1845.
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The object of this paper is not to define the cause, but to

point out the different conditions of electrical eudosmose, and
the important part it plays in electro-chemical investigation.
The conditions under which electrical endosmose are ob-

served, are, that the two metals constituting a battery, or the

two electrodes of a battery, be placed in separate vessels or

divisions of the same vessel ; one of the vessels, or partition,

being composed of a material sufficiently close in texture to

prevent the mixture of the two liquids, and porous enough to

allow the electricity to permeate through it. The substances

generally used are bladder, parchment, unglazed porcelain,
&c. The last is what I have generally used in the experi-
ments to be detailed.

The general effects of electrical endosmose are, a portion
of the positive solution passes along with the electric current

into the negative solution, not by electrolytic action, as has

been generally supposed, but by endosmotic action
; and this

endosmotic current is confined to the direct influence of the

electric current, or facing the metals composing the electrodes

or battery. There are some circumstances in which the posi-
tive solution gains in quantity, making an apparent current

contrary to the electrical ; these will be referred to as we

proceed.
Electrical endosmose manifests itself in two ways, or rather

is of two kinds, which may be distinguished as the measurable
and the immeasurable, the former being the result of the trans-

fer of water from one cell to another, the latter of a salt or

acid held in solution, and which is being decomposed ; this

may take place to an extent equal to the whole salt held in

solution in the positive cell without the quantity of the two
solutions being materially altered ; and that this transfer is

from endosmose will be best illustrated by detailing a few

experiments, stating however that the investigation necessarily
involves a great number of experiments, the whole of which I

cannot detail, and the conclusions come to have been the

result of these. It may be stated here that the vessel or divi-

sion in which the positive electrode or metal is placed is termed
the positive solution, and the negative division the negative
solution.

I. 20 ounces of water, in which were dissolved 500 grains
of sulphate of copper, were made the positive solution, and
other 20 ounces of water, with 500 grains of sulphate of cop-
per, were made the negative solution. A copper electrode,

previously weighed, was put into each of these solutions and
connected with a Wollaston's battery of nine pairs, the current
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allowed to pass until the negative solution was completely
exhausted of copper, which required sixty-lour hours, the

battery not renewed during the experiment. At the end of

the experiment, the electrodes being again weighed, the posi-
tive had lost 257 grains, the negative had increased 250 grains.
The positive solution had lost 6 ounces by measure, the nega-
tive had gained 4 ounces. The greatest portion of this change
took place within the last ten hours. The 2 ounces lost are

mostly from evaporation. The positive solution was evapo-
rated and crystallized, and there were obtained 905 grains of

sulphate of copper, 95 less than was originally dissolved ; but

the partition being saturated with salt may account for a por-
tion of the loss. The 500 grains which were originally in the

negative solution would only contain 127 grains of metallic

copper; but there is nearly double of this deposited, showing
that the salt had been transferred by some means from the

positive to the negative, in quantity amounting to nearly the

whole of the salt originally dissolved in the positive solution.

II. 100 grains of sulphate of copper were dissolved in 4

ounces of water and put into each division, in the same man-
ner as the last experiment. The partition in this case was

much closer in texture than the other; the same battery

power was used, and continued till the negative solution was

exhausted, which was nineteen hours. The negative electrode

being weighed, it had increased 34*4 grains ; the negative
solution had increased one-fourth of an ounce; the positive
solution had lost three-eighths of an ounce. Comparing this

experiment with the last, there is a great discrepancy, the

only known cause being the closer texture of the diaphragm ;

the transfer of the salt is only in the proportion of one-third

that of the former, and the measurable endosmose is still fur-

ther out of proportion, being only one-sixteenth; while the

amount of decomposition is only one-seventh of the 500 grains.
The electrodes in both experiments were the same in size.

The question now suggested itself whether the transfer of

the copper salt from the positive to the negative cell was the

result of endosmose or of electrolysis, corresponding with the

results of the late Professor Daniell and Professor Miller, who

supposed that certain bases underwent electrolytic transfer in

fractional proportions, and that these proportions might vary

according to the texture of the diaphragm, or that kind of

peculiar resistance given to the passage of a current when

passing from one solution to another.

In order to determine which was the true cause, the nega-
tive cell was charged with a weak solution of caustic potash,
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the positive being sulphate of copper; gas was freely evolved

from the negative electrode ;
in a little time the porous dia-

phragm facing the electrodes became coated with oxide of

copper, which greatly retarded the current, and made it neces-

sary to use a more powerful battery. After twelve hours, the

oxide which had accumulated upon the diaphragm and at the

bottom of the positive cell was carefully collected, washed,

dried, and weighed 7*3 grains. The potash of the positive
solution being neutralized by muriatic acid, had a solution of

chloride of barium added, which gave a precipitate of sulphate
of barytes weighing 26 grains, equal to about 9 grains of sul-

phuric acid. From this it appeared that the copper had

passed from the positive to the negative as sulphate of copper,
and therefore not by electrolysis.

In repeating similar experiments with very dilute alkaline

and earthy salts in the negative cell, I have observed that the

oxide of copper formed being a conductor of electricity, it

often floated between the diaphragm and negative electrode as

a kind of spongy fibre, and conducted the electricity through
it as a solid, constituting its extremity in connexion with the

porous partition into the electrode, the result being the reduc-

tion of the oxide in and upon the diaphragm, closing it up
with metallic copper, similar to that observed in the operations
of electro-metallurgy when any of the electrodes are allowed

to touch the diaphragm. It has often surprised me how mi-

nute a fibre would connect the electrode and cell and produce
a wide-spreading result.

A solution of cyanide of potassium was next tried in the

negative cell, having sulphate of copper in the positive ; the

current passed four hours. The cyanide solution smelt strongly
of hydrocyanic acid ; the solution was found to contain both

copper and sulphate of potash ; the quantities were not de-

termined.

The next object was to use two salts of such a character

that if that from the positive cell passed to the negative by en-

dosmose it would remain in solution
;
if by electrolysis, the base

would be reduced to the state of an insoluble oxide. The

negative was accordingly charged with a solution of caustic

potash, and the positive with cyanide ofcopper and potassium,
the latter in excess. After eight hours, during which gas
was freely evolved from the negative electrode, and upon it

was a small portion of copper powder, no oxide was formed ;

the solution contained cyanide of potassium and copper, the

latter, being precipitated by hydrochloric acid and fused, gave
35 metallic copper, with strong smell of hydrocyanic acid.
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From this it appeared that both the copper and potassium salt

were transferred by endosmose. The double cyanides of po-
tassium and silver and of potassium and gold were next sub-

stituted for the copper in the positive cell with similar results.

Nitric acid was also substituted for the caustic potash in the

negative cell, with the double cyanides of copper, silver and

gold in the positive, which would give the contrary result of

last experiments, namely, precipitating the metals if trans-

ferred by endosmose, but dissolving or holding them in solu-

tion if transferred by electrolysis. In a short time, in each

experiment, the surface of the porous diaphragm facing the

negative electrode became coated with the cyanide of the metal,
which accumulated and dropped to the bottom of the vessel.

At the termination of the experiments the acid solution smelt

strongly of hydrocyanic acid, and contained much nitrate of

potash. With the gold and silver salts, the acid solution had
not the slightest indication of their presence in solution, but

with the copper there was a considerable portion present,
which was owing to the cyanide of that metal being decom-

posed by nitric acid ; but this experiment being repeated with

the copper cyanide in the positive and sulphuric acid in the

negative, no trace of copper in solution was found in the acid.

The next experiment was to determine if any portion of the

potassium of the potash salt was transferred by electrolysis;
for this purpose two porous vessels were employed, one rilled

with a solution of cyanide of potassium, the other with dilute

nitric acid ; these were placed in a glass vessel containing a

solution of nitrate of silver; the positive electrode was placed
in the cyanide of potassium, the negative in the nitric acid.

The cyanide of potassium which passed from the positive cell

to the silver solution in the glass vessel was decomposed, pro-

ducing cyanide of silver and nitrate of potash. After twelve

hours, the cyanide of silver formed was carefully collected,
washed and dried

; it weighed 65'6 grains ;
the remaining

silver solution had as much muriatic acid added as precipi-
tated the silver. The clear filtered solution was now evapo-
rated to dryness and kept for some time at the point of fusion.

There were obtained 28 grains of nitrate of potash, which is

4 grains less than the equivalent of cyanide of silver obtained ;

but the nitric acid in the negative cell also contained a little

nitrate of potash and silver, which had passed from the glass
vessel, and will account for this loss. From these, and a

variety of other experiments of a similar kind with different

salts, I consider that no base of an electrolyte is transferred

by electrolytic action, but that salts being electrolysed are all
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transferred more or less from the positive to the negative elec-

trodes by endosmose, and that the amount of this varies ac-

cording to the texture of the porous diaphragm, the power of

the electric current, and various other modifying circum-

stances, which will be apparent as we proceed with the inquiry
into the cause and circumstances of electrical endosmose.

In referring to the first experiment, it was observed that the

greatest amount of measurable endosmose took place during
the last ten hours when both solution and battery were nearly
exhausted. 500grains ofsulphate ofcopper were again put into

each cell, the solutions accurately measured, and the current

of9 pairs passed for twenty hours. The deposit on the negative
electrode was 116*3 grains; this solution had increased in

measure three-eighths of an ounce, the positive had lost half

an ounce ; being evaporated and crystallized, the negative gave
226 grains crystals, the positive gave 749 grains. In this ex-

periment we have 184 grains of the salt transferred, and only

three-eighths of an ounce of measurable endosmose.

960 grains of sulphate of copper were dissolved in 20 ounces

of water and put into the negative cell, while the positive was

charged with dilute muriatic acid. A battery of 12 pairs
was connected and kept in action twenty-four hours

;
it was

then found that the negative electrode had increased in weight
178 grains, and the solution had gained in measure 2^ ounces.

A small portion had nitrate of silver added, which gave a slight

milkiness, but not amounting to a precipitate. The whole solu-

tion of the negative cell, being evaporated and crystallized, gave

sulphate of copper 463 grains. This shows a transfer of sul-

phate of copper from the positive solution equal to 162 grains.
The positive solution was of a deep blue colour, it had lost

by measure 2^ ounces ; the electrode was covered with a

white powder, and had lost 212 grains. Here again the two
kinds ofendosmose are perfectly distinct. But we have another

curious result, viz. the muriatic acid apparently refusing to

be transferred from the positive to the negative solution. This
attracted particular attention, and the next experiment was
conducted in the following manner:—100 grains of sulphate
of copper were dissolved and put into a small porous vessel, the

solution measuring 2~ ounces; this was supported at the top
of a deep glass vessel filled with dilute muriatic acid, so that

several inches of solution were under the porous vessel, the

surface of the two solutions being level; by this arrangement
the copper salt formed at the positive electrode by the cur-

rent sunk to the bottom by its own gravity and remained un-

der the porous vessel, so that no transfer of salt could take
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place. Two copper electrodes were used, and the current

continued until the negative solution was exhausted of copper.
When this was completed the negative electrode had gained
in weight 25*1 grains: the solution had increased in measure
half an ounce. On testing this by nitrate of silver, only a

slight milkiness was obtained. The positive solution was deep
blue at bottom, but only a slight tinge above the bottom of

the porous vessel ; the positive electrode was coated nearly to

one-sixteenth of an inch with a white pasty matter, a great

portion had also fallen to the bottom of the vessel : the elec-

trode had lost in weight 132 grains. Here we have mea-
surable endosmose amounting to half an ounce without any
transfer of the acid in solution.

I now took two porous vessels, the one charged with 2^
ounces by measure of a solution of sulphate of copper, the

other with dilute muriatic acid
;
these were placed in a glass

vessel filled with a measured quantity of distilled water, the

cells placed 1 inch apart ; two copper electrodes were used :

the muriatic acid cell made the positive solution, the sulphate
of copper the negative. A current from 9 pairs was kept up for

eighteen hours. At first the decomposition was exceedingly
slow, but it afterwards increased ; the results of this experi-
ment were—

Positive solution lost three-eighths of an ounce, pole covered

with white powder, and had lost in weight 37 grains; solu-

tion contained sulphate of copper. The solution in the glass
vessel was tinged blue by sulphate of copper, had lost in mea-
sure 1 \ ounce, and gave a copious precipitate with nitrate of

silver, showing a transfer of muriatic acid from the positive
cell.

The negative cell had increased in measurel jounce. Nitrate

of silver gave no indication of muriatic acid, the electrode had
increased in weight 26 grains.
A similar experiment was again repeated, the negative cell

and glass vessel being both charged with distilled water, the

positive with dilute muriatic acid
; platinum electrodes were

used. A 9-pair battery was attached for sixteen hours. The
current passing was sufficient to keep deflected a galvano-
meter needle, but no evolution of gas was observed till nearly
the end of the experiment, when the poles became covered

with small bubbles of gas not large enough to be evolved.

The results of this experiment were, positive cell lost in mea-

sure one-eighth of an ounce. The solution in the glass vessel

was slightly acid, giving a precipitate with nitrate ol silver, and

had lost in measure \\ ounce. The negative cell had increased
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in measure ii ounce, did not change the colour of blue litmus

paper, nor give any precipitate with nitrate of silver : here

also, as in the last experiment, we have muriatic acid being
transferred in small quantities from the positive to the inter-

vening liquid. But another feature presents itself, the great
amount of measurable endosmose and the almost entire

absence of electrical decomposition ; at the same time the en-

dosmose being principally confined to the two vessels contain-

ing water, as if the acid in the cell had only acted the part of

an electrode. On reversing the condition of the last expe-
riment, the positive and glass vessel being charged with di-

stilled water, the negative with the dilute muriatic acid, 9-pair

battery, for sixteen hours, the positive vessel lost 1^ ounce;
the glass vessel had increased 1£ ounce, while the negative or

acid solution underwent no alteration, showing again the en-

dosmose only between the two cells containing water.

Several experiments were repeated both with the single and
double cells, having muriatic acid as the positive solution,

with sulphate of copper, water and alkalies as the negative so-

lution; in some I had transfer of acid in small quantity, in

others no indication of transfer ;
I believe the cause of dif-

ference to be in the texture of the partition ;
when a diaphragm

was used less porous, the endosmose was considerable, in one
case amounting to 4 grains in thirty hours. Nitric and sul-

phuric acids, which are much more easily transferred than

muriatic acid, have also had their transfer resisted by two

closely-textured diaphragms, passing through one into the

mid-division but not into the negative solution: however, these

results show that all kinds of salts or acids are not transferred

with the same facility, probably from their power of conduc-

tion.

While operating with the double cells, having an acid in

the positive and water in the middle and negative cells, I have

several times observed that both positive and negative solu-

tions increased in bulk at the expense of the middle solution ;

in one instance the positive solution had gained 1 ounce, the ne-

gative gained three-fourths of an ounce, and the middle solution

had lostlf ounce. The negative and positive solutions originally
contained only 2 ounces, the electrodes measured 2 by 1 inches;

nevertheless in these instances the transfer of the acid from

the positive to the negative was considerable. The different

acids gave different results of this sort; with sulphuric acid

the increase was greatest, muriatic acid one-half less, nitric

acid about one-fourth of the sulphuric ;
whether this be the

result of any fixed law I cannot say, the times I have ob-

Phil. Mag. S. 3. Vol. 29. No. 191. July 1 846. C
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served it being too few. As I have never observed these re-

sults except with the acids, I am inclined to think the cause

to be what has been already stated, namely, the solution act-

ing as the electrode, thus exposing a surface of acid to water

in a state of excitement or tension sufficient to attract by its

exalted affinity that fluid, and cause an increase of bulk in the

cell, in a similar manner, as I shall endeavour to show in a

forthcoming paper, to that which causes a greater amount of

action at the positive electrode than at the negative in any
electrolyte, and with muriatic acid and copper, as already re-

ferred to in a former part of this paper, amounting occasion-

ally to five times that of the negative.
I shall now give the results, in a tabular form, of a few ex-

periments made to determine the relation, if any, between the

measurable endosmose and electrical decomposition.
The experiments were all made with the double cells of

three compartments ; the battery used being Wollaston's of

9-pair intensity ; the time of each experiment was sixteen

hours; the electrodes of platinum. The acids used were di-

luted as 1 to 25 water; solution of sulphate of copper the

same strength in all.

Positive

solution.

Glass
vessel

(interme-

diate).

Negative Loss in

solution.
; positive.

Change
in glass
vessel.

Gain in

nega-
tive.

Amount of deposit
on decomposition.

Amount of

measura-
ble endos-

mose.

SO3

Water
NO6

Water
HC1
Water
Water
Water
S0 3CuO
SO 3

S03CuO
SO 3

HC1
S0 3CuO
HC1
SO3

Water
HC1
NO*
SO 3

Common 1

salt ... J

Water
Water
Water
Water
Water
Water
Water
Water
SO3

SO 3

Water
Water
Water
S03CuO
HC1
Water
Water
Water
Water
Water

Water

Water
SO3

Water
NO5

Water
HC1

S0 3CuO
S0 3CuO
SO3

S0 3CuO
SO 3

S0 3CuO
S0 3CuO
S03CuO
S0 3Cu
Water
SO 3

Water
Water
Water

Water

Ounces
none

Tff

gain
i

loss A

gami
gain ft

loss 3

none

Ounces,

loss ^
none
loss ^
gain |
loss 1^
gain li

gain£
gain i

gain i
gain }
loss i
loss 1

loss If
lOSS

-Jg-

gain i
loss f
loss 1 1

loss If
loss

-J-

loss f

loss 1

Ounces.

non
1

Grains,

not measurable

1

1

10

33
M
11

30
27
53
43

not measurable
evolution of gas
not measurable
not measurable
not measurable

not measurable

Ounces.

1

H

*
li
H

i

H

The following table is of the same kind as the last, but the

time of action and the power of the battery varying, as stated.
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forty-one hours, deposited upon pole 29 grains, being 3*4

grains more than the equivalent of 100 grains of sulphate,
which is equal to 8*5 grains of sulphate which have passed by
endosmose, not including water of crystallization, as I believe

the salt passes without water. The negative solution had in-

creased in bulk 1 ounce.

With a 2-pair battery the negative solution exhausted in

nineteen hours, deposited upon pole 32 grains, being 6*4

grains more than the equivalent of 100 grains of sulphate,
and equal to 16 grains of sulphate passed by endosmose.
The solution had increased in bulk five-eighths of an ounce.

With a 4-pair battery the negative solution exhausted in

twelve hours, deposited upon pole 35*6 grains, being 11 grains
more than the equivalent of 100 grains of sulphate, and equal
to 27*5 grains of sulphate passed by endosmose. The solu-

tion had increased half an ounce.

With a 6-pair battery the negative cell exhausted in seven

hours, deposited upon pole 39 grains, being 14'4 grains more
than the equivalent of 100 grains of sulphate, equal to 36

grains of sulphate passed by endosmose. The solution in-

creased in bulk three-eighths of an ounce.

The two divisions of the decomposing cell were now charged
with distilled water; two platinum electrodes were used; the

current was also made to pass through a solution of sulphate
of copper to ascertain if sufficiently strong to effect any de-

composition ; but in none of the experiments was any deposit
obtained. Each experiment was continued thirty hours, when
the cells stood thus :

—
With one pair, positive lost 1 oz. negative gained f oz.

... two pairs 1 oz. ... ... f oz.

... four pairs 1^ oz. ... ... § oz.

... six pairs 1| oz. ... ... lX oz.

... nine pairs 1 ;', oz. ... ... If oz.

With these, and all other experiments with water, a similar

vessel to the decomposing cells was placed alongside, filled

with water, to note the loss by evaporation, which in this case

was three-eighths of an ounce, accounting for the loss in the

two cells above.

A similar experiment was made with thirteen pairs of a

Grove's battery, the current passed four hours ;
a gentle flow,

of gas was evolved from the electrode. No copper solution

was used in this experiment. The cells stood thus : positive
lost 2 ounces, negative gained If ounce.
The two divisions of the decomposition cell being again

filled with distilled water, into one was put a piece of zinc

and into the other a piece of platinum, connected by a wire ;
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in forty-eight hours the zinc cell had lost three-quarters of an

ounce, the platinum cell had gained half an ounce. This

experiment was repeated many times with similar results.

Two large cells were filled with distilled water, and a piece
of zinc, measuring 4 by 6 inches, carefully weighed was put
into one division and a piece of copper of the same size was

put into the other division, the current passed through a deli-

cate galvanometer, which kept deflected about 3° ; the posi-
tive solution was kept at a given height, the negative was
taken out as it increased, keeping the two solutions as nearly
level as possible; this was kept up for forty days, when there

was found to have passed through from the positive to the

negative a bulk equal to 32 ounces, allowing for the evapo-
ration, which was known by a similar vessel placed alongside.
The zinc was covered with a gray film and had increased in

weight 12 grains; this being carefully dissolved off by am-

monia, water and the zinc again weighed, it was found to have
lost 36 grains, which we may take as the amount of oxidation

during the experiment.
The general conclusions which may be drawn from these

experiments respecting endosmose are,

(1.) That the current of positive electricity passing through
a liquid is always accompanied with a current of the liquid in

the same direction.

(2.) If the liquid contains a salt or an acid that is under-

going decomposition, the endosmotic current is principally, if

not wholly, confined to that salt or acid, unaccompanied with

water, and therefore adds little or nothing to the bulk of the

liquid into which it passes.

(3.) When the quantity of electricity which a battery is ca-

pable of giving off is greater than the salt or acid can conduct,
the extra quantity, if we may so term it, passes through the

water, taking with it, and thus inducing a flow of that liquid,
into the negative cell, increasing the quantity ; the same effect

being produced with water when no salt or acid is in solution :

hence the well-known fact, that endosmose is greatest with

pure water, and even with currents that give no apparent de-

composition, or rather a decomposition so minute as to be un-
observed.
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IV. On the Permanent State of Heat in a Thin Uniform Wire

of any form, acted on by two sources of heat of equal inten-

sity at its extremities. By G. W. Hearn, B.A. of Cam-

bridge, and Professor of Mathematics, Royal Military Col-

lege, Sandhurst*.

WE suppose the wire homogeneous and of the same
thickness throughout, s

2 the area of a transverse sec-

tion, K the interior, and h the exterior conductivity ; v the

temperature at a point distant s from one extremity measured

along the wire.

The excess of the flux of heat between s and s + 8 s, is

ds*

and the quantity emitted by this portion is

h c v 8 s,

c being the circumference of the transverse section,

Ksz

-j-^—hcv,

or if g^
= h\

ke^Js,

H =^
ds>

.•. v = A e~ ks + B eks.

Let the equal temperatures of the extremities be repre-
sented by 1, and let a be the length of the wire;

.-. A+ B= 1,

A e~ka + B eka = 1,

. eka— 1 _, 1— e~ ka
or A = -r r , B = —, r »

fika o—ku? pica a—ka'

v= A{e-
ks + e- k ^a-s

^} (1.)

Now suppose the temperature at the middle point to have
been determined by observation = tr

r ka ka~\ ka

Then t%
= A \e~* + e~~*~ J* =2A e",

oka i ka Q
or L = 2-7- =- . e~~5~=

,ka__g~ka'
"

ka ka*

e~2 + e~~z~

from which

*5 1+ Vl— jf2
2

ea = — •

* Communicated by the Author.
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Now the extreme temperatures being represented by 1, it

is evident that t^ will be some proper fraction. Let there-

fore

/2
= sin «,

ka a /'"
ci

.. £2 = cot—, and e~ * =tan—•.

2 2

Hence

^Y^cot-^tan-^ + ^tan^
-

|,

where n = — .

a

Now let t3 be another observed temperature at the distance

of —- a from either extremity,

whence tan
2
-

/3
3

so that from those two observed temperatures we can easily
calculate a, and thence v.

To adapt the formulae to logarithmic calculation, let

f - sin *
*3

then tan — = 8 sin —.
2 2

Moreover, make

(tan—-I = tanfl, .\ ( cot— I =cot0,

then v =
t<2
cosec 2 0.

Hence we have only to calculate

log sin
i]
a log /3

—
log ^3,

log tan ss
(1
— 2 ») -J log 8 + 6 log sin

-|
L

log v = log /2 -f- log cosec 2 1
ha

g.

It is also evident, since e^ — cot—, we can obtain Jc, and

thence v^ the ratio of the exterior to the interior conductivity.
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The quantity k will be usually very great, and .*. a very

small ; and hence when n <— , we shall have very nearly

v =

1

£*^t).
and when n > —

2

»-$*(•*-£}/
Let v and r/ be two temperatures corresponding to

.-.v =
-t,[cot-) , */ = -*, (tan -J

... vx! =
jijc6i-j.

Hence the product of the temperatures of points distant

from each other by half the length of the wire (provided nei-

ther are very near the extremity) is nearly constant.

There is another curious relation which is not merely ap-

proximative, but accurately true, and which is easily verified

by experiment. It is as follows :
—

Having, as above determined, 0, find m from the formula
1-2 TO / V

(tanfl)
1 - 2 " = tan ( — —

0j,

and then s' = am;
and if v and v' be the temperatures at 5 and a',

v = t2 cosec 2 0,

i/ = U sec 2 ;

sin
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V. llemarkable Property of Mica. By P. Riess*.

A PIECE of clean mica becomes covered like other sub-
** stances with a vast number of small drops of water at

very small distances from each other, when it is breathed upon
or held over steaming water. The layer of bubbles impairs
the reflecting properties of the mica, and renders objects

placed beneath it imperfectly visible; if by means of a sharp
knife a very thin leaf be pealed off the mica, and thus a new
surface given to it, and it then be again exposed to the aque-
ous vapours, the fresh surface remains perfectly transparent
whilst the surrounding parts become dim as before. This
curious fact is not accounted for by supposing no aqueous
vapour to be condensed upon the fresh surface, for a distinct

play of colours may be observed upon that part, showing it

to be covered with a continuous thin layer of water. A drop
of water, which remains in a globule upon an old surface of

mica, immediately spreads out and moistens the whole extent

of a fresh surface.

From its extreme purity, therefore, the fresh mica surface

exerts so strong an affinity for aqueous vapour as to condense
it in a continuous film, whereas, if it has been exposed for

some time to the air, it can only condense the vapour in se-

parate little globules. This may be distinctly seen under the

microscope.
A fresh mica surface shows this property not only in an at-

mosphere nearly saturated with aqueous vapour, as is pro-
duced by an exhalation, but likewise in common air when
far removed from a saturated state. It is well known that

mica is one of the best non-conductors of electricity; a piece
was chosen which did not in the least affect a charged elec-

trometer during the space of a minute; on pealing off a thin

layer, the fresh surface discharged the electrometer in a few

seconds, the old surface still remaining a non-conductor.
That the power of conducting was due to a continuous layer
of water, and could be removed by its evaporation, was proved
by the following experiments.
A fresh mica surface placed in a box, the bottom of which

was covered with chloride of calcium, could not, after a mi-
nute or two, be found to conduct electricity; it became however
a conductor on the removal of the drying material and the

renewal of the air in the box. Whilst heated, a similar leaf

of mica did not conduct, but regained that power during
cooling.

* Translated from Poggendorff's Annalen, No. 3, 1846, and communi-
cated by Dr. E. Ronalds.
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The two metallic caps of a high insulated glass cylinder
were connected by a freshly split leaf of mica in the interior

of the cylinder: either cap discharged an electrometer on

touching the other with the hand. When however the air

was rarefied in the cylinder to two lines barometrical pressure,
the electrometer was not discharged, for then the leaf of mica
insulated completely. The insulation lasted for twenty-two
hours, when on admitting a small quantity of air insulation

was again destroyed, and the mica conducted as well as

before.

Exposed to the air, mica retains this property but a short

time. In a few hours parts of the fresh surface become dim
when breathed on; in a day or two the whole surface, and
the mica then insulates to a considerable extent.

The property of not becoming dim when breathed on is

common to the scaly varieties of gypsum, and probably to

other minerals. Calcareous spar possesses the property in a

very slight degree, and loses it in a few minutes.

VI. On Quaternions ,- or on a New System of Imaginaries in

Algebra. By Sir William Rowan Hamilton, LL.D.,
V.P.R.I.A., F.R.A.S., Correspondifig Member of the Insti-

tute ofFrance, Member of several other Scientific Societies in

these and in Foreign Countries, Andrews' Professor of Astro-

nomy in the University of Dublin, and Royal Astronomer of
Ireland.

[Continued from vol. xxvi. p. 224.]

18. 'TPHE separation of the real and imaginary parts of a
A

quaternion is an operation of such frequent occur-

rence, and may be regarded as being so fundamental in this

theory, that it is convenient to introduce symbols which shall

denote concisely the two separate results of this operation.
The algebraically real part may receive, according to the

question in which it occurs, all values contained on the one
scale of progression of number from negative to positive infi-

nity ; we shall call it therefore the scalar part, or simply the

scalar of the quaternion, and shall form its symbol by prefix-

ing, to the symbol of the quaternion, the characteristic Seal.,

or simply S., where no confusion seems likely to arise from

using this last abbreviation. On the other hand, the alge-

braically imaginary part, being geometrically constructed by
a straight line, or radius vector, which has, in general, for

each determined quaternion, a determined length and deter-

mined direction in space, may be called the vector part, or
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simply the vector of the quaternion ; and may be denoted by
prefixing the characteristic Vect., or V. We may therefore

say that a quaternion is in general the sum of its own scalar

and vector parts, and may write

Q = Seal. Q + Vect. Q = S. Q + V. Q,
or simply

Q = SQ + VQ.
By detaching the characteristics of operation from the signs
of the operands, we may establish, for this notation, the ge-
neral formulae :

1=S + V; 1-S=V; 1_V = S;

S.S = S; S.V = 0; V.S = 0; V.V = V;
and may write

(S + V)" m l,

if n be any positive whole number. The scalar or vector of

a sum or difference of quaternions is the sum or difference of

the scalars or vectors of those quaternions, which we may ex-

press by writing the formulas :

SS = 2S; SA = AS; V2 = SV; VA = AV.
19. Another general decomposition of a quaternion, into

factors instead of summands, may be obtained in the follow-

ing way:
—Since the square of a scalar is always positive,

while the square of a vector is always negative, the algebraical
excess of the former over the latter square is always a posi-
tive number ;

if then we make

(TQ)
2 = (SQ)

2 -(VQ)2
,

and if we suppose T Q to be always a real and positive or

absolute number, which we may call the tensor of the quater-
nion Q, we shall not thereby diminish the generality of that

quaternion. This tensor is what was called in former articles

the modulus *
; but there seem to be some conveniences in not

* The writer believes that what originally led him to use the terms

"modulus" and "amplitude," was a recollection of M. Cauchy's nomen-
clature respecting the usual imaginaries of algebra. It was the use made

by his friend, John T. Graves, Esq., of the word "
constituents," incon-

nexion with the ordinary imaginary expressions of the form x-\- V — ly,
which led Sir William Hamilton to employ the same term in connexion
with his own imaginaries. And if he had not come to prefer to the word
"
modulus," in this theory, the name "

tensor," which suggested the cha-

racteristic T, he would have borrowed the symbol M, with the same signi-

fication, from the valuable paper by Mr. Cayley,
" On Certain Results re-

specting Quaternions," which appeared in the Number of this Magazine
for February 1845. It will be proposed by the present writer, in a future

article, to call the logarithmic modulus the "mensor" of a quaternion, and
to denote it by the foregoing characteristic M; so as to have

MQ = log.TQ, M.QQ'-MQ + MQ'.
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obliging ourselves to retain here a term which has been used

in several other senses by writers on other subjects ; and the

word tensor has (it is conceived) some reasons in its favour,

which will afterwards more fully appear. Meantime we may
observe, as some justification of the use of this word, or at

least as some assistance to the memory, that it enables us to

say that the tensor of a pure imaginary, or vector, is the

number expressing the length or linear extension of the straight
line by which that algebraical imaginary is geometrically
constructed. If such an imaginary be divided by its own

tensor, the quotient is an imaginary or vector unit, which

marks the direction of the constructing line, or the region of

space towards which that line is turned', hence, and for other

reasons, we propose to call this quotient the versor of the pure

imaginary: and generally to say that a quaternion is the pro-
duct of its oison tensor and versorfactors, or to write

Q = TQ.UQ,
using U for the characteristic of versor, as T for that of

tensor. This is the other general decomposition of a quater-

nion, referred to at the beginning of the present article; and

in the same notation we have

T.TQ=TQ; T.UQ=1; U.TQ= 1; U.UQ=UQ;
so that the tensor of a versor, or the versor of a tensor, is

unity, as it was seen that the scalar of a vector, or the vector

of a scalar, is zero.

The tensor of a positive scalar is equal to that scalar itself;

but the tensor of a negative scalar is equal to the positive

opposite thereof. The versor of a positive or negative scalar

is equal to positive or negative unity ;
and in general, by what

was shown in the 12th article, the versor of a quaternion is

the product of two imaginary units. The tensor and versor

of a vector have been considered in the present article. A
tensor cannot become equal to a versor, except by each be-

coming equal to positive unity ; as a scalar and a vector can-

not be equal to each other, unless each reduces itself to zero.

20. If we call two quaternions conjugate when they have

the same scalar part, but have opposite vector parts, then be-

cause, by the last article,

(TQ) 2 = (SQ + VQ)(SQ-VQ),
we may say that the product ofany two conjugate quaternions,

SQ +VQ and SQ— VQ, is equal to the square of their com-

mon tensor, T Q; from which it follows that conjugate versors

are the reciprocals of each other, one quaternion being called

the reciprocal of another when their product is positive unity.
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If Q and Q' be any two quaternions, the two products of

their vectors, taken in opposite orders, namely VQ . VQ' and

VQ'. VQ, are conjugate quaternions, by the definition given
above, and by the principles of the 9th article ; and the con-

jugate of the sum of any number of quaternions is equal to

the sum of their conjugates; therefore the products

(SQ+ VQ)(SQ' + VQ') and (SQ'-VQ') (SQ- VQ)
are conjugate; therefore T. QQ', which is the tensor of the

first, is equal to the square root of their product, that is, of

(SQ+ VQ)(TQ') 2 (SQ-VQ), or of (TQ)*(TQ')
2

;

we have therefore the formula

T.QQ' = TQ.TQ',
which gives also

U.QQ' = UQ.UQ';
that is to say, the tensor of the product of any two quaternions
is equal to the product of the tensors, and in like manner the

versor of the product is equal to the product of the vei'sors.

Both these results may easily be extended to any number of

factors, and by using II as the characteristic of a product, we

may write, generally,

TTIQ^nTQ; unQ = nuQ.
It was indeed shown, so early as in the 3rd article, that the

modulus of a product is equal to the product of the moduli ;

but the process by which an equivalent result has been here

deduced does not essentially depend upon that earlier demon-
stration : it has also the advantage of showing that the conti-

nued product of any number of quaternionfactors is conjugate
to the continued product of the respective conjugates of those

factors, taken in the opposite order ; so that we may write

(S-V).QQ'Q"... = ...(SQ"-VQ»)(SQ'~VQ')(SQ-VQ),
a formula which, when combined with this other,

(S + V).QQ'Q''...= (SQ + VQ)(SQ' + VQ')(SQ"+ VQ")...,

enables us easily to develope S II Q and V II Q, that is, the

scalar and vector of any product of quaternions, in terms of

the scalars and vectors of the several factors of that product.
For example, if we agree to use, in these calculations, the

small Greek letters «, /3, &c, with or without accents, as sym-
bols of vectors (with the exception of 7r, and with a few other

exceptions, which shall be either expressly mentioned as they
occur, or clearly indicated by the context), we may form the

following table :
—
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2S.a = «-« = 0; 2V.« = « + a=2«;
2S.«a' = ««' + «'«; 2 V.aa' = aa' — a'a;

2 S. aa'a" = aa'a" — a"a'a ; 2 V.aa'a" = aa'a" -f a" a'a
;

&c. &c.

of which the law is evident.

21. The fundamental rules of multiplication in this calculus

give, in the recent notation, for the scalar and vector parts of

the product of any two vectors, the expressions,

S.aa' = — (xx' + yy' + zz') ;

V.aa! = i(yz'
—

zy
1

) +j(zx' — xz') -f k(xy' —yx3
) ;

if we make

a = ix +jy + kz}
a! = ix' +jy' + kz',

x,y,z and x\ y\ z' being real and rectangular co-ordinates,
while i,j, fc are the original imaginary units of this theory.
The geometrical meanings of the symbols S.aa', V.aa', are

therefore fully known. The former of these two symbols
will be found to have an intimate connexion with the theory
of reciprocal polars; as may be expected, if it be observed
that the equation

S. a a! — — a2

expresses that with reference to the sphere ofwhich the equation
is

a2 = — a2
,

that is, with reference to the sphere of which the centre is at

the origin of vectors, and of which the radius has its length
denoted by a, the vector a' terminates in the polar plane of the

point which is the termination of the vector a. The latter of

the same two symbols, namely V. a a', denotes, or may be

constructed by a straight line, which is in direction perpen-
dicular to both the lines denoted by a and a', being also such

that the rotation round it from a to a! is positive; and bear-

ing, in length, to the unit of length, the same ratio which the

area of the parallelogram under the two factor lines bears to

the unit of area. The volume of the parallelcpipedon under

any three coinitial lines, or the sextuple volume of the tetra-

hedron of which those lines are conterminous edges, may
easily be shown, on the same principles, to be equal to tlie

scalar of the product of the three vectors corresponding; this

scalar S.aa' a", which is equal to S(V. aa' . a f

'), being positive
or negative according as a" makes an obtuse or an acute angle
with V. a a', that is, according as the rotation round a" from

a' towards a is positive or negative. To express that two
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proposed lines a, a! are rectangular, we may write the fol-

lowing equation ofperpendicularity,

S. aa' = 0; or aa' + a'a = 0.

To express that two lines are similar or opposite in direction,

we may write the following equation qfcoaxality, or of paral-

lelism,

V. aa' = 0; or aa) — a'a = 0.

And to express that three lines are in or parallel to one

common plane, we may write the equation oj 'coplanarity,

S. aa'a" =
;
or a a'a" — a" a'a = ;

either because the volume of the parallelepipedon under the

three lines then vanishes, or because one of the three vectors

is then perpendicular to the vector part of the product of the

other two.

[To be continued.]

VII. On Cryptolite. By F. Wohler*.

THE new substance for which, from the hidden manner in

which it occurs, I propose the name of cryptolite, is,

phosphate of the oxide of cerium. It has only been found as

yet imperceptibly disseminated in the massive greenish or

reddish apatite of Arendal in Norway. It becomes apparent
when the apatite is placed in large pieces in dilute nitric acid,

appearing, as the apatite dissolves, in the form of fine, pa-
rallel, crystalline needles of about a line in length. The apa-
tite from which I obtained it, contained not more than 2 or 3

per cent. ; it neither occurred in all the varieties, nor was it

equally disseminated throughout the mass, but appeared

chiefly confined to those parts having a red colour.

A complete description of cryptolite can only be given when
it shall be found in distinct isolated specimens. For the pre-
sent it can only be stated, that it crystallizes in transparent,

apparently six-sided prisms of a very pale wine colour. Spe-
cific gravity about = 4*6. At a moderate red heat it under-

goes no change.

Finding it to contain nothing but phosphoric acid and prot-
oxide of cerium, with a mere trace of protoxide of iron, it

was analysed by means of strong hot sulphuric acid, which
acts upon it in the same manner as upon cerite.

* Translated from PoggendorfF's /Innalen, No. 3, 1846, and communi.
cated by Dr. E. llonalds.
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100 parts of cryptolite gave,
—

Peroxide of cerium . . 73*70

Protoxide of iron . . . 1*51

Phosphoric acid . . . 27*37

102-58

The excess arises from the cerium having been determined

as peroxide instead of protoxide, in which latter form it

evidently exists in the mineral. Whether the oxide of cerium

is mixed with the oxides of didymium and lanthanium must
at present remain undetermined, no sure method of separa-

ting these oxides from each other being known. The colour

of the oxide obtained was dark cinnamon-brown, and evi-

dently contained no zirconia or thorina. The absence of this

latter distinguishes the mineral from monazite and edwardsite.

Comparative experiments made with monazite and cryptolite
left no doubt that they were perfectly distinct.

In conclusion, I may mention that cryptolite is either not

quite insoluble in nitric acid, or the apatite of Arendal con-

tains another cerium mineral which is soluble; it may pos-

sibly be monazite. On separating cryptolite and precipita-

ting the saturated solution of apatite in nitric acid by an ex-

cess of oxalate of potash, washing and heating the precipitate
to redness, and dissolving the carbonate of lime thus obtained

in nitric acid, there remained a grayish earthy powder undis-

solved. Muriatic acid dissolved this powder, leaving a quan-

tity of fluoride of calcium. The solution, evaporated down
and mixed with a boiling-hot saturated solution of sulphate of

potash, deposited in considerable quantity a powdery, pale,

amethyst-coloured precipitate of the double salt of potash and

cerium-oxide, which, decomposed by potash, gave a cinnamon-
brown coloured oxide of cerium.

VIII. On certain Criteria of Imaginary Roots of Equations.

By J. R. Young, Professor of Mathematics Belfast Col-

lege*.

\ T page 450 of vol. xxiii. of this Magazine, I gave certain
-*-*- new criteria for the imaginary roots of numerical equa-
tions. These, in conjunction with the long-neglected criteria

of Newton, were shown to be of some value in facilitating in-

quiries into the character of the roots of an equation, as by
their aid the mere inspection of the coefficients would often

supply the information not otherwise to be obtained without

a lengthy and laborious analysis. The formulas referred to

* Communicated by the Author.



Imaginary Hoots ofEquations. S3

admit of extension : giving rise to other criteria that may
sometimes apply where known tests fail, and which, as well

on this account as for the purpose of giving completeness to

the former set, it may be worth while to record.

The general numerical equation being

An xn +A„_ 1<r
M- 1 + An_ 2 ^-2+ A„_3^- 3 + ... A

1
* +A =0,

the criteria already investigated are

An A re_2 > Aw_!,

A ra_i Aw_ 3 > Aw_2»

Aw_2 An_4 > A„_ 3,

A2 A > Aj ,

which are to be applied for the detection of imaginary roots

exactly as the criteria of Newton are applied, and as explained
in the volume above referred to. To give the proposed ex-

tension to these forms, we have only to multiply the several

coefficients of the equation
— in the manner so often employed

by Newton and Maclaurin—by the terms of an arithmetical

progression, as 1,2, 3, &c, and to replace the original coeffi-

cients by the results: we shall thus have the following set of

criteria to be applied in the same way as those above :
—

3A„ An_2 > 4Aw_i,

8A„_i Aw_3 > 9AW_2>

15An_2 A ra_4 > 16AW_3,

(ra
2 -l) A2 A >n2

A^.
But these are only particular cases of the following more

comprehensive forms, obtained by means of the general
arithmetical progression k, £+1, k+ 2, &c. :

—
k (k + 2) An A„_ 2 > {k + 1 )

2 A*_ 1}

(k +l)(k+ 3) AB_, An_ :j
> {k + 2)

2 A*_ 2,

(k + 2) {k + 4) An_ 2 AM_ 4 > {k + 3)
2 A*_ 3,

{k + n - 2) (k + n) A2 A >*(A -f n - l)
2
A^.

and in which we may, if we please, write A , Av A2, &c. in

the place of An , An_i, AM_ 2) &c, and vice versa.

It will be observed that these criteria are really distinct

from the former set, and are not comprehended in that set ;

for although whenever any one of these holds the correspond-
Phil. Mag. S. 3. Vol. 29. No. 191 . July 1846. D
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ing one in the former set must hold also, yet one of these may
fail without any failure in the corresponding form of the pre-

ceding set.

The latter forms, when expressed in words, furnish the

following rule, which it will be easy to remember:—
Commencing with the second coefficient and proceeding

towards the right, or with the last but one and proceeding
towards the left, multiply the successive coefficients by any
series of consecutive whole numbers, and square the results :

the square of each coefficient will thus be multiplied by an

integral square. Let the product of the adjacent coefficients,

on each side, be now multiplied by the same square minus 1 ;

and compare these results with the former, as in Newton's
rule.

Of course criteria of this kind, which are to be applied im-

mediately to the coefficients of the given equation, cannot

always be expected to make known the exact number of ima-

ginary roots entering that equation ; yet our chances of ob-

taining this knowledge become multiplied with the number of

our distinct and independent tests for the detection of such

roots. At present we have no easily applied, and at the same
time completely decisive tests of this kind which extend be-

yond an equation of the third degree; yet, as respects equa-
tions of the fourth degree, I think a little may be added in

this way, as inferences from the following general expression
for two roots of the biquadratic equation

—
x4 + p a? + q x + r = 0,

when the other two xv x% are given :
—

The inferences adverted to are these, viz.—
Supposing q positive, which is always allowable, we see

from this expression that,—
1. If two real roots occur in the positive region, the other

two roots must be real also.

2. If two imaginary roots are indicated in the negative re-

gion, the others must be imaginary. Therefore,
3. If two real roots are detected, without regard to their

situation, and the remaining two are indicated in the negative

region, these must be real also; and if two imaginary roots

are indicated in either region, and the remaining two are in-

dicated in the positive region, these must be imaginary also.

Belfast, June 11,1846.

*
Analysis, &c. of Cubic and Biquadratic Equations, p. 235.
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IX. On the Use of the Word Homology in Comparative

Anatomy. By H. E. Strickland, M.A., F.G.S.

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,

WHEN I recommended in a recent paper on the Struc-

tural Relations of Organized Beings (p. 358), that

comparative anatomists should use the term offline or homolo-

gous In place of analogous, when speaking of structures which

essentially correspond in different organized beings, I was

quite aware, though I accidentally omitted to say so, that the

word homologous had been occasionally used in that sense.

I therefore by no means intended to imply that homologous
was a word of my own coining, but I merely expressed a wish
to see it, or its synonym qffine, adopted uniformly in a tech-

nical sense, where it had already been adopted partially. But
from what Prof. Owen says (p. 525), it is clear that the term

homology has only been introduced into this country in the

last four or five years, and by few if any authors besides him-
self. We may henceforth, however, hope to see the distinc-

tion between analogy and homology, a distinction clearly

comprehended by the mighty mind of Aristotle (Hist. Anim.
lib. i. c. 1.1, but which has been and still is very imperfectly
understood by many naturalists to the present time, become

every day more strongly impressed on the minds of students,
and implanted in their memories by exactness of definition

and of nomenclature.

Of the two synonymous words affinity and homology, the

latter appears preferable, as being constructed on a similar plan
to its antithesis analogy. It is to be regretted therefore that

the modern zoologists, to whom we are indebted for the first

clear definitions on this subject, did not adopt the term ho-

mology instead of affinity, but the latter word is now so well

established in systematic zoology, that it is perhaps too late

to alter it. We may however be thankful to Prof. Owen for

having been the first to introduce the convenient and useful

word homology into the language of comparative anatomy in

this country, as well as for the philosophical definitions which

he has given of its several kinds.

I am, Gentlemen,
Your most obedient Servant,

Oxford, June 17, 1646. PL E. STRICKLAND.

D2
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X. Note to the Rev. William Vernon Harcourt's
Letter to Lord Brougham.
To Richard Taylor, Esq.

Dear Sir,

rTAVING in a contribution to the last volume of the Phi-
-*

losophical Magazine touched on certain views of the

evidence of inductive philosophy, which I apprehend to be er-

roneous, I wish, with your permission, to explain in a some-

what fuller degree, though briefly, my own conceptions of the

real nature of that evidence ; and request you to subjoin these

explanations as a supplementary note, either in the Magazine
or in the separate publication, which you have been so kind

as to propose, of my account of the discovery of the gases
and of the composition of water.

I remain, dear Sir,

Yours faithfully,
Bolton Percy, June 15. W. Vernon Harcourt.

The ideas which Mr. Macauley appears to entertain of in-

ductive and probable evidence*, as depending on the number
of instances, have obtained currency in some of our academical

schools, chiefly, I believe, from the authority of a great moral

and metaphysical writer, whose studies did not lie in the di-

rection of natural and experimental philosophy. "A low

presumption," says Bishop Butler, "often repeated, will

amount to a moral certainty. Thus a man's having observed

the ebb and flow of the tide today, affords some sort of pre-

sumption, though the lowest imaginable, that it may happen
again tomorrow : but the observation of this event for so

many days and months and ages together, as it has been ob-

served by mankind, gives us a full assurance that it willf."

It is the greatest of Butler's merits, that on subjects of the

most abstruse and important speculation, formerly discussed

by a priori reasoning, he substituted the inductive for the hy-

pothetical method, and argued with just precaution and due
corrections from what is to what probably, or not improbably,

may be. "Into the nature," however, "the foundation and mea-
sure of probability, it is not my design," he adds,

" to inquire
further; this belongs to the subject of logic, and is a part of that

subject which has not yet been fully considered." Nevertheless

since the soundness of all our practical judgements, and all our

intellectual conclusions depend on our understanding well the

grounds whereon they rest, it is of the utmost consequence to

* See Phil. Mag., vol. xxviii. p. 513.

f Butler's Analogy, Introduction, p. 1.
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disentangle, as far as we can, the knot into which three distinct

questions
—namely the investigation of the laws of nature, the

prospect of their continuance, and the degrees of certainty and

presumption on which we judge, and on which we act—are

bound and mixed up together in the passages now referred

to: let us then take the principles of evidence here assumed

by Butler, and subject them to a strict analysis.

For this purpose we will vary the subject of his illustration.

We will suppose a man to have observed, instead of the ebb

and flow of the tide, a flash of lightning, or the fall of a stone

from the air. Shall we say that the having observed one of

these phenomena today affords some sort of presumption,

though the lowest imaginable, that it may happen again to-

morrow ? On the supposition that we are in the dark con-

cerning the causes and circumstances which determine these

events, does not the doctrine of chances teach us, on the con-

trary, that there are an infinite number of presumptions to

one, that the same event will not happen again tomorrow, or

on any other day that can be named ? The solitary event does

indeed suggest to us, not " the lowest imaginable presump-
tion," but the highest possible certainty, that there are causes

in operation which may at any time produce the same result;

but apart from the suspicion of some permanent cause, it does

not afford a shadow of a presumption that the same event will

happen again at all.

Dismissing then the notion that a certainty is a bundle of

low presumptions from single facts, let us consider what the

nature of the evidence really is which is furnished by the re-

petition of an event.

If a die, presumed to be on all sides of uniform weight, be

thrown, there is no presumption that the same number will

come up on the next throw, the presumptions being on the

contrary as many against that as against any one of the numbers
marked on the die. If however in several successive throws

the same number does come up, a presumption does presently

arise, and increases rapidly with the repetition of the throws,

that the same number will continue to come up. The origin
of this presumption is obvious. The violation of the indiffer-

ence of the chances has indicated a definite cause, which is

conceived to determine the result of the throw.

If I have seen the crater of a volcano constantly smoking
for fifty years, I shall entertain an expectation of its smoking
tomorrow : but the presumption that it will smoke tomorrow,
or that it will continue to smoke for fifty years to come, is

very far from being as violent as the presumption that a die
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which I have thrown fifty times with the like result will con-

tinue to show the same face fifty times more.

The distinction between the two cases is evidently no other

than this. In the latter I have inferred an invariable cause,

namely that of weight, as determining the event; in the

former 1 have inferred that causes are operating, which I pre-
sume from the frequent recurrence of the event to operate with

some degree ofpermanence, but of which the duration, till I can

trace the laws and circumstances which govern the eruptions
of volcanoes, is so doubtful and incalculable, that the cessa-

tion of the event is almost as likely as its continuance.

The ebb and flow of the tide, the rising and setting of the

sun, suggest the same kind of thoughts as the determinate fall

of the die : only in these cases it is the generality of the phe-
nomena rather than their 'precision which guides the mind to

its conclusion that here is a law of nature—a conclusion which
once arrived at, from however few observations, produces a

certainty that the event will continue, equal to the observa-

tion of ages.
But the amount of rational certainty is carried much fur-

ther, when the mind rises to the consideration of a geome-
trical path for the sun or the earth, and has ascertained those

precise and universal laws which regulate the movements of

the heavenly bodies. By whatever means this knowledge is

obtained, the assurance of the future event is carried by it to

the highest pitch, and that often after very few observations

indeed ; as any one will see, who considers the great degree
of certainty which a few sights of a comet, if we abstract the

chance of disturbing forces, can give of its periodical return.

In all these cases it is evident that the real medium through
which we connect the actual with thefuture is the apprehension
of an efficient, and if we would probe the subject to the bottom,
an intelligent cause. This is the principle, issuing from the

inward analogies of our own minds, which lies at the founda-

tion of philosophy, and gives force to inductive evidence ; this

is the principle which turns sequences into causes and effects,

gathers individual facts into laws, and connects, so far as it is

possible to connect, the past, the present, and the future.

Those who clearly perceive the truth here stated, will see

that there is not the least ground for considering our expec-
tation of the rising of the sun as an ultimatefact in the consti-

tution of our minds, or for resolving a reasonable belief into an
instinctive and implicit credulity in the continuance of the laws

of nature.

What the instinctive process may be by which irrational
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beings tire led to pursue a course of conduct conformable to

that which in those endowed with reason proceeds from rea-

sonable inference, is another question. It is also another

question, what is the difference in the degrees of certainty re-

quired to satisfy the mind of the philosopher, and to regulate
the conduct of the man. It is sufficiently plain that a wise

man will not build his house on the edge of a volcano, how-
ever low the presumption may be that its eruptions will last.

The idea that there is any absolute certainty offuture phy-
sical events rests on no grounds of reason. Mathematics
have an abstract and absolute certainty of their own. The
certainty of physics is absolute only as respects facts and laws

that actually exist. Our views in regard to the future are

necessarily, in natural knowledge, qualified and conditional,
for the highest no less than the lowest of the presumptions
which it contemplates. We believe that the sun rises and the

tide flows, as the volcano smokes, in conformity with laws

whether simple or complex, known or unknown, which will

not lightly be changed. Among the causes of these effects,

no rational philosopher ever overlooked the First: and since

we cannot calculate the course of His secret operations, we
must be content to allow that however great the difference

may be in the value of physical presumptions as establishing
actual laws, there is no such thing as physical certainty for the

time to come.

The certainties of the actual laws of nature are attained to

by inductive observation. Where there is any regularity dis-

cernible in events, a few observations, on the principle above

explained, indicate a cause. Then the business of the induc-

tive philosopher is to investigate that cause, not by repeating
the observation, from which he would gain neither light nor

certainty, but by varying it till the possible causes of the event

by the process of elimination are reduced to one. Even when
for accuracy observations appear to be repeated, the value of

the repetition consists in the presumed variation of the cir-

cumstances, by means of which the accidental errors of dis-

turbing causes destroy one another.

In experiments, where the circumstances are diversified at

our will, and we proceed, in the language of Bacon, to bind

the Proteus, and force nature to deliver her oracles, the more
dexterous and accurate the experimenter, the less need he has

either to repeat, or vary, his experiments. The difference be-

tween a learned and an unlearned experimentalist, the ad-

vantage which a disciple of Bacon and Newton, and Black
and Cavendish and Lavoisier, possesses over men unin-

structed in the science of induction, is—that the former has
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learnt the art of cross-examining nature, and the latter has

not. The difference between the man who has a genius for

inductive philosophy, and the man who has none, is—that

the one has a sagacity, which the other wants, in discovering
media of proof, and driving his interrogatories to a point.

Little or nothing depends on the multiplication of experi-

ments, everything on the selection ;
and the only guides to

selection are, first, a quick analogical perception
—and, se-

condly, a just and sound appreciation
—of the causes of phe-

nomena.

Errata in Vol. xxvm.

Page 489, line 24, for 1764 read 1664.

... 492, ... 5, for
" consumes it" read "it is consumed."

... 492, ... 36, for 1764 read 1664.

... 495,... 43,for 1764 read 1664.

... 514, ... 5,for "duodecimo volume, of scarce a hundred pages"
read " treatise of scarce seventy pages."

XI. On some Chemical Effects produced by Platinum.

By Dr. C. F. Schosnbein*.

COME time ago I published an account of a series of expe-
*~ riments made with the resin of guaiacum, from which it

appeared that the substance named is instantly rendered blue,

not only by chlorine and nitrous acid, but also by bromine,

iodine, ozone, and a number of metallic peroxides.
Free oxygen, be it pure or mixed with nitrogen, hydro-

gen, and carbonic acid gas, does not act in the dark upon that

resinous matter, and comparatively very little when exposed to

the action of solar light. From these facts, it becomes mani-

fest that oxygen must have assumed a peculiar condition of

chemical excitement before it is capable of causing the re-

action mentioned. The beautiful experiments both of Davy
and Dcebereiner have demonstrated that platinum has the

power to occasion the oxidation of a number of substances

under circumstances in which that chemical action would
not take place without the agency of that metal. The
blue coloration which the resin of guaiacum assumes under

certain circumstances is most likely dependent upon a partial
oxidation of that substance, and the latter being so very sen-

sible to oxygen, that happens to be chemically excited, it

could easily be conjectured that platinum in a state of minute

mechanical division put in contact with the resinous substance

mentioned, might cause the oxidation of the latter in the

• Communicated by the Chemical Society j having been read December

1, 1845.
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same manner as that metal occasions the oxidation of hy-

drogen, aether and alcohol. The facts I am going to state

will show that the correctness of this conjecture is fully borne

out by experiment.

Newly-prepared spongy platinum being placed upon a piece
of filtering paper that had previously been drenched with an

alcoholic solution of resin of guaiacum, caused rather rapidly
the appearance of blue spots at the place where the metal had
been in contact with the resinous solution. My experiments
have further shown that that reaction takes place the more ra-

pidly and intensely the more divided the platinum happens to

be of which we make use in the experiment described. What
is called Platinum Black acts therefore more energetically
than spongy platinum does. From the facts stated, it appears
that platinum in a state of minute mechanical division con-

ducts itself towards resin of guaiacum like the simple' halo-

genous bodies, ozone and a number of metallic peroxides.
These facts demonstrate also that the coloration of the resin-

ous matter being caused by platinum, belongs to that series

of phaenomena which takes place when that metal is put in

contact with a mixture of oxygen and hydrogen, oxygen and

vapour of aether, &c.

In the paper above alluded to, I have pointed out the re-

markable coincidence that all the substances having the

power of rendering blue the resin of guaiacum possess also the

property of decomposing iodide of potassium, transforming
the yellow prussiate of potash into the red one, and I add,

decomposing sulphuretted and ioduretted hydrogen, trans-

forming sulphurous acid into sulphuric acid, and destroying

organic colouring matters. We shall presently see that pla-
tinum in a state of minute mechanical division has the same

power.
If a crystal of pure iodide of potassium be put upon a piece

of filtering paper that has previously been moistened with di-

stilled water and spongy platinum be placed upon that paper,
the spot touched by the metal assumes rather rapidly a brown-
ish red colour. This coloration does not result from free iodine,

but is most likely due to a compound consisting of periodide
of platinum and iodide of potassium. That conjecture is

founded upon the following facts. If a solution of iodide of

potassium is put in contact with spongy platinum, or platinum
black, the former assumes a perceptibly red colour, which dis-

appears on heating the solution to its boiling-point. Now it

is well known that the compound before mentioned yields with

water a red solution, the colour of which is destroyed by heat.

Neither the red solution nor the brownish-red spots before
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mentioned are able to render blue paste of starch, another

proof that there is no free iodine in the case. The reaction

described is most likely brought about in the following man-
ner: the chemically excited oxygen surrounding the spongy
platinum decomposes iodide of potassium, a peculiar peroxide
of potassium being formed and iodine eliminated. The latter

in its nascent state combines with platinum to produce the

periodide of that metal, which itself unites with iodide of po-
tassium into that compound, yielding with water a red solu-

tion. It is worthy of remark, that a solution of iodide of

potassium having been treated with spongy platinum, enjoys
the property of colouring blue the paste of starch on being
mixed with dilute and pure sulphuric acid. The same re-

action is exhibited by the same solution after it has been
treated either with ozone or peroxide of lead. If some drops
of a weak, i. e. colourless solution of the yellow prussiate of

potash, be added to platinum black, that solution assumes a

perceptibly yellow colour, and yields with a solution of che-

mically pure sulphate of protoxide of iron a blue precipitate.
From these facts, it seems to follow that platinum has

the power to transform the yellow prussiate into the red one.

Some years ago I tried to show that spongy platinum being
placed in an atmosphere of sulphuretted hydrogen, loses its

property of acting upon detonating gas, on account of a film

of sulphur being deposited on the surface of the metal. Such

being the case, it would follow that spongy platinum has the

property to decompose sulphuretted hydrogen.
Colourless hydriodic acid, on being mixed up with some

platinum black, assumes a brownish yellow colour, which re-

action indicates an elimination of iodine.

Several chemists, particularly Dcebereiner, Phillips, and

Brunner, have ascertained that spongy platinum produces sul-

phuric acid on being placed in contact with moist oxygen and

sulphurous acid, and there is no doubt that platinum black

put into sulphurous acid gives rise to the formation of sul-

phuric acid. Moist filtering-paper being coloured by a solu-

tion of indigo and put in contact with spongy platinum for

about twenty-four hours, appears entirely bleached at those

spots which had touched the metal. I have repeated this ex-

periment more than thirty times, and always with the same
result. This remarkable fact proves that platinum in a state

of minute mechanical division, has the power of destroy-

ing organic colouring matters, and acts as a real bleaching

agent. Before passing to other subjects, I must not omit

to mention a circumstance which seems to me meriting some
attention. It is a curious fact, which has not escaped the
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notice of chemists, that in more than one case platinum acts

exactly like common electricity, both of them determining at

the common temperature, for instance, the oxidation of free

hydrogen. Now it being well known that nitric acid is formed
if electrical sparks are made to pass through moist air, it

seemed to me within the reach of possibility, that the same
acid might be produced by platinum, if that metal in a state

of minute mechanical division were placed in contact with

moist atmospheric air. With the view of ascertaining the

correctness of that conjecture, I put a piece of moist litmus

paper in close contact either with spongy platinum, or with

platinum black. In some cases part of the paper exhibited

a slight reddish coloration, part of it proved to be entirely

bleached, or nearly so. I must, however, not omit to state,

that in the great majority ofmy experiments I obtained bleach-

ing effects only, and no reddening of the litmus paper what-
ever. I am unable to account for the difference of the results

mentioned. Was the reddening of the litmus paper caused

by some traces of nitric acid formed under the circumstances
indicated ? I am not prepared at all to answer that question.
If nitric acid should however happen to be produced under
the circumstances mentioned, it would be a fact, in my opinion,
not very difficult to be accounted for. In whatever state the

oxygen surrounding platinum may be, certain it is that that

state is such as to render oxygen very apt to combine at the

common temperature with a number of oxidable substances

that would not be oxidized by common oxygen without the

presence of platinum. The formation of nitric acid taking
place under the circumstances mentioned, would indeed be a
fact very similar to the combustion of detonating gas caused

by platinum. I repeat, however, that I consider the genera-
tion of nitric acid brought about by the agency of platinum, as

far from being established by decisive facts.

The voltaic character of bodies being so intimately con-
nected with their chemical nature, that in most if not in all

cases we may infer the one from the other, the fact I am
going to state merits our attention. Chlorine, bromine, iodine,

ozone, and a number of metallic peroxides, enjoy consider-

able electro-motive powers, which are of such a kind as to

render those bodies what is commonly called electro-negative.
Hence it comes that a piece of metal being covered with any
one of the bodies named, bears to another common piece of

the same metal the same voltaic relation as copper does to

zinc. According to the experiments of De la Rive and some
other philosophers, platinum foil being covered with some

spongy platinum, is negative to common platinum plate, a
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fact which proves that in a voltaic point of view there exists

a great analogy between the simple halogenous bodies, ozone

and metallic peroxides on one side, and spongy platinum on
the other.

After having stated a number of facts which demonstrate

the highly oxidizing powers of platinum, we ask in what
manner does that metal exalt the chemical activity of oxygen ?

This question has occupied many philosophers, and been

answered in very different ways. Faraday and Dcebereiner

ascribe to platinum the power of condensing oxygen so much
as to deprive that element of its gaseous condition, and think

that condensed state to be the true cause of the oxidizing

powers of platinum. Others (De la Rive and Gmelin) presume
that oxygen is capable of chemically uniting with that metal,
and with those philosophers it is the oxide of platinum that

occasions the oxidation of hydrogen, &c. Berzelius holds

the opinion that the oxidations caused by platinum are cata-

lytical phasnomena, i. e. effects produced by some unknown
force being innate to that metal and exalting the chemical

attractive powers of oxygen.
It is not my intention to enter into a discussion of those

opinions; I shall confine myself to a few general remarks

upon that interesting subject. As the common oxides of pla-
tinum are not acted upon (at the common temperature) by
free hydrogen, as platinum foil or wire, that causes at a mode-
rate temperature the combustion of detonating gas, exhibits

a perfect metallic surface, while the thinnest film of an oxide

diminishes or destroys the lustre of any metal, and as pla-
tinum is a body that has a very weak affinity for oxygen,
I think that that metal is not capable of combining directly
with the oxygen of the air, and that De la Rive's view of the

subject is erroneous. But how is it with Faraday's and Dce-
bereiner's theory of the matter in question? It seems indeed

to be the true one. Satisfactory however as that hypothesis

may appear, it is nevertheless possible that the oxidizing ac-

tion of platinum may depend upon a cause different from what
the philosophers mentioned consider as such,

We know that phosphorus being put in contact with moist

atmospheric air gives rise to the formation of a highly oxi-

dizing agent, which, as it has been shown elsewhere, seems
to be a peculiar compound of water and oxygen, and enjoys
the power of oxidizing a great number of substances at the

common temperature. Now if phosphorus enjoys that pro-

perty, it seems possible that some other substances, for in-

stance platinum and iridium, may do the same. In other

terms, it appears possible that platinum has the power to en-
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gender out of free oxygen and water a highly oxidizing per-
oxide, which surrounding that metal empowers the latter to

cause all the oxidations above mentioned. In comparing the

chemical properties of platinum, when minutely divided, with

those of ozone, we cannot help being struck by their great simi-

larity, as will appear from the following statements :
—

1. Both substances possess a negative electro-motive power.
2. Both of them destroy organic colouring matters.

3. Both of them render the resin of guaiacum blue.

4. Both of them decompose iodide of potassium.
5. Both of them change the yellow prussiate of potash into

the red one.

6. Both of them transform sulphurous acid into sulphuric
acid.

7. Both of them decompose oxalic and formic acids.

8. Both ofthem act in a similar way upon aether and alcohol.

Great as the similarity of properties may be, it does not fol-

low that platinum owes its oxidizing powers to a film of per-
oxide of hydrogen being formed round the metal by a cata-

lytical action of the latter. I have not yet succeeded in pro-

ducing, by the means of spongy platinum and moist air, an

atmosphere exhibiting the peculinr electrical smell, bleach-

ing power and oxidizing properties which belong to ozone.

Considering the great volatility of the last-named substance,
we should suppose that it ought to disperse into the sur-

rounding medium as soon as formed; or should ozone be re-

tained by platinum in a way similar to that in which we think

oxygen is attached to and condensed around that metal ? Sup-
posing oxygen to be an odoriferous substance, it is manifest

that the oxygen actually condensed by platinum could not
affect the olfactory nerves.

Another objection might be raised to the conjecture, that it

is a film of peroxide of hydrogen, to which platinum owes its

oxidizing powers, from the fact that Thenard's oxygenized
water is really decomposed by platinum. Considering how-
ever that ozone is in some respects strikingly different from
Thenard's compound, having for instance a peculiar odour,

being insoluble in water, transforming both metallic silver

and its basic oxide into a peroxide, it appears possible that

ozone is capable of existing in the closest contact with pla-
tinum without suffering decomposition. I am not aware of

spongy platinum or platinum black having been treated with

anhydrous oxygen, and I do not know whether it has been
ascertained if the latter is absorbed as easily by that metal
as moist oxygen. It is equally unknown to me whether

platinum, after being placed in dry oxygen or air, exhibits
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the same properties as platinum after being exposed for some
time to the same gases when moist. If the oxidizing powers
of platinum should depend upon a film of peroxide of hydro-

gen attached to that metal, it is obvious that spongy pla-

tinum, freed from its adhering water and placed within com-

pletely dry oxygen, could not assume oxidizing properties.

Supposing however that spongy platinum acquires oxidizing

powers under the circumstances mentioned, we may never-

theless imagine that those powers depend upon a film of per-
oxide of hydrogen surrounding that metal. De la Rive's and

Marignac's experiments have shown that oxygen obtained

from fused chlorate of potash, on being exposed to the action

of electrical sparks, yields perceptible quantities of ozone.

Now, taking that odoriferous substance for a peroxide of hy-

drogen, we must admit that even that oxygen, which is consi-

dered as absolutely anhydrous, still contains traces of aqueous
vapour. Taking for granted the humidity of what is called

dry oxygen, we may easily conceive how platinum brought
into an anhydrous mixture of oxygen and hydrogen could

cause the combustion of the latter. Out of some oxygen and
the traces of water still contained in what is considered anhy-
drous detonating gas, a film of peroxide of hydrogen would
be formed around the spongy platinum ; that peroxide, in the

very moment of its being engendered, would oxidize a neigh-

bouring portion of free hydrogen. The heat resulting from
that oxidation would determine another portion of hydrogen
to unite with oxygen. The heat proceeding from that che-

mical union would occasion the combustion of an additional

portion of hydrogen, and so on until the whole of the detona-

ting gas should be consumed. The minute quantity of the

peroxide of hydrogen attached to the spongy platinum would
act like a small common or electrical spark, which, as we well

know, is capable of setting the largest volume of detonating

gas on fire. Electrical sparks acting upon a mixture of oxy-

gen and hydrogen, exactly in the same way as spongy pla-
tinum does, and it being a well-ascertained fact that ozone

makes its appearance on causing common electricity to pass

through (moist) oxygen, it is possible that electricity and pla-
tinum occasion the oxidation of hydrogen, because both of

them are able to produce ozone, and that it is to the agency
of that odoriferous substance that we are to ascribe the che-

mical effect mentioned. That conjecture must become still

more plausible, if we take into account the fact that spongy
platinum acts in a variety of other cases exactly like ozone.

Taking this view of the case, we could not admit that an

electrical spark has the power to cause directly the formation
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of water out of detonating gas, but should be obliged to con-

sider the oxidation as occasioned by the ozone being formed
under electrical influence out of aqueous vapour and oxygen.
In other terms, we are obliged to ascribe the oxidation to

the same cause from which we derive the decomposition of

iodide of potassium, the transformation of the yellow prus-
siate of potash into the red one, the destruction of vegetable

colouring matters, the turning blue of the resin of guaiacum,
the transformation of the protoxide of lead into the peroxide,

&c, brought about by the electrical brush. Now, as it can

hardly be doubted any longer that the chemical effects just
stated are due to ozone produced by electricity, the conjec-
ture, according to which free hydrogen may also be oxidized

by electrical ozone, seems to be very probable. Indeed, if po-
tassium, the hydrogen of colouring matters, the oxide of lead,

&c, are oxidized by the oxygen of electrical ozone, why
should free hydrogen make an exception to the rule?

But however that may be, the subject under discussion

seems to be interesting, and I add, still obscure enough to

offer an inducement to chemists to apply themselves to its

elucidation by further investigations. The matter merits our
attention the more that it bears so close a relation to that

series of chemical pheenomena which are called catalytical

actions, and which certainly belong to the most enigmatical
facts of our science.

XII. Proceedings ofLearned Societies.

ROYAL SOCIETY.

[Continued from vol. xxviii. p. 416.]

Feb. 12,
" A PRACTICAL Extension of the Application of the

1846. -^"*- Law of Mortality announced by B. Gompertz,
Esq., in the Philosophical Transactions for 1823." By A. M. Drach,

Esq. Communicated by B. Gompertz, Esq., F.R.S.

In endeavouring to verify the theoretical law of mortality, an-

nounced by Mr. Gompertz, by means of constants derived from the

results of the English census of 1841, which are contained in the

sixth Annual Report of the Registrar-General, and which furnish an
extended basis for computation, the author found the accordance
between the two to be so remarkably close as to justify the assump-
tion that Mr. Gompertz's formula expresses the true law of the de-

crement of human life. The paper is occupied with the analytical
details of this investigation.

" On Spontaneous Nitrification." By C. F. Schcenbein, Professor

of Chemistry in the University of Bale. Communicated by Michael

Faraday, Esq., D.C.L., F.R.S., &e.

From various facts adduced by the author, he is led to the con-
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elusion, that during the slow combustion of phosphorus in moist

atmospheric air, while ozone is produced, there is also formed a

quantity of nitric acid ; and that in all cases where both these com-

pound bodies are simultaneously generated, however different may
be the concomitant circumstances of the experiment, there is strong
reason to suspect that the formation of the one is in some way con-

nected with that of the other.
" On the Process of Etching, or Engraving, by means of Voltaic

Electricity." By James H. Pring, M.D. Communicated by P. M.
Roget, M.D., Sec. R.S.

The author, referring to an account which he gave of his method
of etching on hardened steel plates, or other polished metallic sur-

faces, by means of Electricity, in the Philosophical Magazine for

November 1843, offers some additional observations relating to the

theory of the process, and states some further practical remarks in

its application to engraving. A specimen of a steel plate, and of a

razor, on which ornamental designs were engraved by this method,
were laid before the Society, in illustration.

February 19.—" On the Mechanism of Respiration." By Francis

Sibson. Communicated by Thomas Bell, Esq., F.R.S.

This paper is almost entirely occupied with anatomical details,

collected from an extensive series of dissections of the muscles and
bones concerned in the act of respiration in man and the lower ani-

mals, for the purpose of elucidating the mechanism of their action

both in inspiration and in expiration ; accompanied by a great num-
ber of illustrative diagrams and drawings. The author commences
with the serpent tribes, which present the simplest form of ribs,

being attached only at their vertebral ends, while their anterior ends

are free. When these ribs are brought forwards by the action of

the levatores costarum and external intercostal muscles, the chest is

expanded ; and when drawn backwards by the long depressors, in-

ternal intercostals and transversales, expiration is effected. In birds

there are added to the former apparatus a sternum, and a series of

sternal ribs, the respiratory movements of which are performed in

directions the reverse of those of the vertebral ribs. During inspi-

ration, the angles between the vertebral and sternal ribs become
more open ; the sternum moves forwards, and the spinal column

slightly backwards, by the combined action of the scaleni and
sterno-costal muscles on the first vertebral and first sternal ribs re-

spectively ;
of the levatores costarum and external intercostal on all

the lower vertebral ribs, and of the sternal intercostals on all the

lower sternal ribs. On expiration these movements are reversed by
the action of the internal intercostals, the external and internal

oblique, recti, transversales and other muscles. The mechanism in

the Mammalia is further assisted and modified by the addition of a

large and powerful diaphragm. The thoracic ribs are articulated

with the sternum by the medium of cartilages corresponding to the

sternal ribs of birds : those ribs which are connected with the infe-

rior curve of the dorsal arch have floating cartilages, and may be

considered as a diaphragmatic set of ribs. When raised, the former
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approach each other, and the latter recede from each other ante-

riorly. Intermediate to these are the longer ribs connected with the
dorsal arch, having their cartilages united, and articulated with the
lower end of the sternum. The scaleni muscles invariably act during
the whole time* of inspiration. The external intercostals between
the thoracic ribs are also throughout inspiratory ;

but those portions
which are situated between their cartilages are expiratory ; and
those between the diaphragmatic ribs are inspiratory behind, expi-

ratory to the side, and in front, and inspiratory between their carti-

lages. Between the intermediate ribs, they are for the most part

slightly inspiratory between the ribs, and expiratory in front, be-
tween the cartilages. The external intercostals of the thoracic ribs

are expiratory behind, and inspiratory in front, if the ribs approach
these, and are inspiratory between their costal cartilages. Between
the diaphragmatic and intermediate sets of ribs, and between their

cartilages they are throughout expiratory. The levatores costarum
draw the posterior portion of the lower ribs backwards. In the ass

and the dog, the upper fasciculi of the serratus magnus are expira-

tory, the lower inspiratory, and the intermediate neutral. In man,
the greater part of the fasciculi of this muscle is expiratory. In the

ass, the lower fibres of the serratus posticus inferior are inspiratory,
and the upper fibres expiratory. In the dog and in man, all are

throughout expiratory.

February 26.—" Illustrations of the Viscous Theory of Glaciers."

By James David Forbes, Esq., F.R.S. &c. Part III.

The author inquires, in this part of his paper, into the motion of
those comparatively small isolated glacial masses, reposing in the
cavities of high mountains or on cols, and called by De Saussure

glaciers of the second order. A glacier of this description in the

neighbourhood of the Hospice du Simplon, lodged in a niche on the
northern face of the Schcenhorn, immediately behind the Hospice,
and at an elevation of about 8000 feet above the sea, was selected

for observation. The average velocity of its descent was found to

be about one inch and a half in twenty-four hours ;
those parts in

which the slope was 20° moving with a velocity about one-third

greater than those in which the slope was 10°. The author next
enters into general views on the annual motion of glaciers, and on
the influence of seasons ; and gives tabular details of the observa-
tions made with reference to these questions at two stations ; the
one on the Glacier des Bossons, and the other at the Glacier des

Bois, which is the outlet of the Mer de Glace towards the valley of
Chamouni. In both these glaciers, the motion in summer exceeds
that in winter in a greater proportion as the station is lower, and

consequently exposed to more violent alternations of heat and cold.

He also found that the variations of velocity due to season are

greatest where the variations in the temperature of the air are

greatest, as in the lower valleys ; excepting that variations of tem-

perature below the freezing-point produce scarcely any appreciable

change in the rate of motion of the ice. He concludes with some

general illustrations of the plastic or viscous theory of glacier mo-
Phil. Mag. S. 3. Vol. 29. No. 191. July 1846. E
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tion. A glacier, he contends, is not a mass of fragments or parallel-

opipedons ; neither is it a rigidly solid body ; and although it may
be extensively intersected by crevices, these " crevasses" are com-

paratively superficial, and do not disturb the general continuity of

the mass in which they occur. The water contained in these crevices

is only the principal vehicle of the force which acts upon it : and the

irresistible energy with which the whole icy mass descends from hour

to hour with a slow but continuous motion bespeaks of itself the ope-
ration of a fluid pressure acting on a ductile or plastic material.

March 5.—" On the Physics of Media that are composed of free

and perfectly elastic Molecules in a state of Motion." By J. J.

Waterson, Esq. Communicated by Captain Beaufort, R.N., F.R.S.

This memoir contains the enunciation of a new theory of heat,

capable of explaining the phenomena of its radiation and polariza-

tion, and the elasticity of various bodies, founded on the hypothesis
of a medium consisting of a vast multitude of minute particles of

matter endowed with perfect elasticity, and enclosed in elastic walls,

but moving in all directions within that space, with perfect freedom,
and in every possible direction. In the course of these motions, the

particles must be supposed to encounter one another in every pos-
sible manner, during an interval of time so small as to allow of their

being considered infinitesimal in respect to any sensible period ;

still, however, preserving the molecular vis viva constant and un-

diminished.

The author then enters into extensive analytical investigations ;

first, of the conditions that determine the equilibrium of such a

homogeneous medium, as is implied by the hypothesis, and of the

laws of its elasticity ; secondly, of the physical relations of media
that differ from each other in the specific weight of their molecules

;

thirdly, of the phasnomena that attend the condensing and dilating
of media, and of the mechanical value of their molecular vis viva ;

fourthly, of the resistance of media to a moving surface
; fifthly, of

the vertical equilibrium of a medium surrounding a planet and con-

stituting its atmosphere; and lastly, of the velocity with which im-

pulses are transmitted through a medium so constituted.

In an Appendix, the author enters into a full explanation of a

table of gases and vapours, drawn up with reference to the subjects
discussed in his paper.
March 12.—" On the Blow-hole of the Porpoise." By Francis

Sibson, Esq. Communicated by Thomas Bell, Esq., F.R.S.

The external opening of the air-passage of the porpoise is so

situated at the upper part of the head as to admit of the animal's

breathing while only a small portion of its head is above the water.

In its descent through the skull, between the cranial and facial bones,
the tube is divided by a thin plate of bone into two nasal canals,
which form, below this partition, a single muscular tube opening at

its lower part into the pharynx by a constricted aperture, through
which the larynx projects upwards quite through the pharynx, di-

viding it into two channels. A series of pouches, five in number,

capable of great dilatation, and provided with a muscular apparatus
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for retaining or expelling their contents, communicate by large ori-

fices with the nasal canals, and appear to correspond in situation

with the antra, frontal sinuses and ethmoid cells. The author gives
a minute anatomical description of these muscles, and an account of
their modes of action ; the adjustments of the apparatus being such
that the outer passage may be closed or opened above or below the

anterior pouches. When the outer passage is closed, the posterior

pouches can be distended and the anterior emptied ; while the con-
verse may be effected when the passage is open. The use of the

pouches appears to be to buoy up the head, so that on the porpoise

rising from deep water, the opening for breathing comes first to the

surface and admits of the animal's sleeping in that position, while its

whole body remains immersed in the water.
" On Motion in the Lumbar Division of the Spine in Birds." By

George Oakley Fleming, M.D., F.L.S. Communicated by Thomas
Bell, Esq., F.R.S.
The author gives quotations from the works of Cuvier, Blumen-

bach, Tiedemann, Macartney, Vicq d'Azyr, Carus, Earle, and Roget,
in proof of its being the prevalent opinion among comparative phy-
siologists that the dorsal and lumbar portions of the spine form alto-

gether a rigid structure, not admitting of the least perceptible flexion.

But from his observations of the form of the articulating surfaces of
the lumbar vertebrae, which appear to be adapted to lateral motion,
the author was led to conclude that, although flexion in the mesial

plane is effectually prevented, some degree of lateral flexion actually
takes place. The number of articulations in this part of the spine,
he observes, varies in different birds : thus in the sea-gull, there are

several articulations in the dorsal and lumbar portions ; while, in the

peacock, there is only one moveable vertebra; the remaining dorsal

being united together, and all the lumbar vertebrae being consoli-

dated and anchylosed with the sacrum ; thus forming two firm and
immoveable pieces between which the moveable vertebra is placed.
The flexion of the spine forwards is prevented by the great breadth
of the spinous processes and their projections at right angles to the

bodies of the vertebrae ; and frequently also by the addition of a

number of thin, fiat long bones which are applied by their flat sur-

faces on each side of the spinous processes ; and also by strong flat

ligaments, situated between each spinous process, like the ligamen-
tum nuchae of herbivorous quadrupeds. For the purpose of guard-
ing against pressure on the spinal cord during the lateral flexion of
this part of the spine, the spinal canal is enlarged laterally at the

centres of motion. The paper is illustrated by drawings of the parts
described.

March 19.—"
Investigation of the Power consumed in overcoming

the Inertia of Railway Trains, and of the Resistance of the Air to

the motion of Railway Trains at high velocities." By P. W. Barlow,

Esq., F.K.S., M.I.C.E.
The object of the author in this inquiry is to obtain a more cor-

rect knowledge than has hitherto been possessed of the resistances

which the air opposes to the motion of locomotive engines at great

E2
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velocities, and of the loss of force arising from increased back pres-
sure and the imperfect action of the steam. For this purpose he

institutes a comparison between the velocities actually acquired by
railway trains with those which the theory of accelerated motion

would have assigned ; and his experiments are made not only on

trains propelled by a locomotive engine, but also on those moving
on the atmospheric railway, which latter affords valuable results,

inasmuch as the tractive force is not subject to the losses at high
velocities necessarily incident to locomotive engines. A table is

given of the theoretical velocities resulting from calculation founded
on the dynamical law of constant accelerating forces, in the case of

trains of various weights, impelled by different, tractive forces, moving
from a state of rest ; and is followed by another table of the ob-

served velocities in Mr. Stephenson's experiment on the Dalkey
line

; the result of the comparison being that in a distance of one

mile and a quarter, the loss of velocity is about one-half of the ob-

served velocity.
A series of experiments on locomotive lines is next related; but

the comparison is less satisfactory than in the former case, because

the tractive force cannot be so accurately estimated; it is however

sufficiently so to establish the fact, that the power lost by the loco-

motive engine below the. speed of thirty miles per hour is so small

as to be scarcely appreciable, and that the time and power which
are absorbed in putting a railway train in motion are almost entirely

required to overcome the inertia of the train, and do not arise

from any loss or imperfection of the engine. It appears, from these

experiments, that above one-fifth of the whole power exerted is con-

sumed in putting the train in motion at the observed velocity. The
author then enters into some general remarks on the effects arising
from this source of loss of power, and the practical application of

the knowledge thus obtained. In the atmospheric railway, he finds

that the tractive force of a fifteen-inch pipe is so small (being less

than half that of a locomotive engine), that the time of overcoming
the inertia must limit the amount of traffic which can be carried on

a single line, especially with numerous stations. When a great velo-

city is obtained, the tractive force of the locomotive is much re-

duced, and therefore a much greater velocity can be attained on an

atmospheric railway.
The inquiries of the author into the amount of resistance exerted

by the air on railway trains lead him to the conclusion that in the

atmospheric railway the loss of tractive power of the piston from

friction, &c. is very inconsiderable ; and that the resistance of the

air is less than had been hitherto estimated, not exceeding, on an

average, ten pounds per ton on the average weight of trains.

A tabular statement is then given of the results of the experi-
ments made by the British Association, for the purpose of com-

paring them with those obtained by the author from his own ob-

servations, and more particularly from his experiments on the Croy-
don Atmospheric Railway. The general conclusion which he draws
from this investigation is that the resistance of the air in a qui-
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esccnt state is less than had been previously estimated, and that the

ordinary atmospheric resistance in railway progression arises from

the air being generally itself in motion, and as the direction of the

current is almost always oblique, from its producing increased fric-

tion in the carriages themselves. This kind of resistance will not

increase as the square of the velocity; and as it is the principal one,

it follows that the resistance to railway trains increases in a ratio

not much higher than the velocity, and that the practical limit to the

speed of railway travelling is a question, not of force, but of safety.

March 26.—" On the Muscularity of the Iris." By Professor

Maunoir, of Geneva. Communicated by P.M. Roget, M.D., Sec.R.S.

The author has satisfied himself, from the result of his own dis-

sections, as well as from the concurrent testimony of a great number
of anatomists, that the iris is provided with two sets of muscular

fibres, the one orbicular, immediately surrounding the pupillary

margin and acting as a sphincter; the other, extending in a radiated

direction from the exterior circumference of the former to their in-

sertions into the ciliary ligament, their action being to enlarge the

pupil. One-fourth of the disc of the iris is occupied by the orbi-

cular, and the remaining three-fourths by the radiated muscle. The
author has examined the structure of the iris in a great number of

animals, and states the results obtained by M. Lebert, whom he

applied to on this occasion, from numerous dissections of the eyes
of animals belonging to each class of vertebrata. He also refers to

a work which he published in the year 1812, entitled " Memoire sur

l'Organisation de lTris," for evidence of the muscularity of the iris

which he obtained by applying galvanism to the human eye imme-

diately after decapitation ; and he concludes with the narrative of

the case of a wcman in whose iris there had been formed, by an

accidental wound with the point of a knife, a triangular aperture
below the pupil. This aperture became dilated when the pupil was

contracted, and vice versa ; thus furnishing a proof that its move-
ments were effected by muscular action.

April 2.—Contributions to the Chemistry of the Urine. Part II.

" On the Variations in the Alkaline and Earthy Phosphates in Dis-

ease." By Henry Bence Jones, M.D., Fellow of the Royal College
of Physicians. Communicated by Thomas Graham, Esq., F.R.S., &c.

The analyses, of which the results are given in a series of tables,

were made by the author, chiefly from the urine of patients labour-

ing under different diseases in St. George's Hospital, and therefore

nearly under the same circumstances as far as exercise was con-

cerned. He found that the variations in the earthy phosphates were
in general independent of the nature of the disease. In fractures of

the spine and paraplegia, however, the total amount of these salts

was slightly above the healthy standard during the early period,
and when inflammatory action might be considered as prevailing ;

but when this action had subsided, and the affection had become

chronic, the total quantity of phosphatic salts was less than natural.

In chronic diseases of the brain, and in chronic and even in acute

diseases of the membranes, no increase of these salts was observed.
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In fractures of the bones of the skull, when inflammation of the

brain supervened, there was a slight increase of the total amount of

phosphates ; but no such increase occurred when the head was not

affected, even although acute inflammation of other organs existed.

In acute inflammation of the brain there was an excessive secretion

of phosphates, which returned to the natural quantity as soon as

the inflammation passed into the chronic state. In some functional

diseases of the brain, attended with delirium, the secretion of the

salts was excessive ; but the excess ceased with the disappearance
of that symptom. In other functional diseases, as in fevers, no ex-

cess was observable. In delirium tremens, when food could be

taken, there was neither excess nor deficiency ; but in the most
violent cases, where no food could be taken, the quantity of the

phosphates was diminished in a most remarkable degree. In the

general paralysis of the insane, no increase of phosphates was ob-

served. One case of acute paroxysm of mania showed a small in-

crease during the paroxysm ; in two other cases of mania there was
a diminution of phosphates approaching to that occurring in delirium

tremens. Bright's disease, even attended with acute inflammation,
showed no increase. When only a few ounces of urine were se-

creted, as in dropsy, no increase was observed ; and none also in a

very extreme case of exostosis. In the case of mollities ossium,
there was a decided increase of the earthy phosphates ; and at last,

the alkaline phosphates were also in excess, although there was no
indication of affections of the nervous structures.

The following are the general conclusions which the author draws
from his inquiries : first, that acute affections of the nervous sub-

stance, organic and functional, are the only diseases in which an

excess of phosphatic salts appears in the urine ; and in acute in-

flammation of the brain, its amount is proportional to the intensity
of the inflammation ; secondly, that in a large class of functional

diseases of the brain, of which delirium tremens presents the most
marked example, the secretion of phosphates is most remarkably
diminished ; and lastly, that no chronic disease exhibits any marked
excess in the total quantity of phosphatic salts secreted, at least as

far as the mode of analysis employed by the author can be regarded
as conclusive.

ROYAL ASTRONOMICAL SOCIETY.

[Continued from vol. xxviii. p. 229.]

January 9, 1846.—The following communications were read:—
Announcements of the Discovery of the new Planet Astrsea ; with

Observations, Elements, &c.

The addition of a new planet to the solar system is a fact so in-

teresting and important in astronomy, as to require that the nume-
rous communications of which it has already been the subject should

be treated and discussed in the publications of this Society with a

greater regard to classification and arrangement than is necessary,
or indeed always practicable, in other cases of less prominent in-
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terest. Instead, therefore, of giving an abstract of each separate
communication that has been received respecting the new planet
Astra:a, it is proposed to give, first, a brief historical notice of its

discovery, and of the manner in which the search after it was pro-
secuted ; secondly, a tabular statement of the observations of the

planet which have been received ; and, thirdly, the elements which
have been computed. With regard to its history, the first fact that

occurs to us, as equally creditable to its discoverer and instructive

to amateur astronomers and others who are desirous to extend the
bounds of astronomical science, is, that its discovery was by no
means accidental, but the reward of long and well-directed search.

Perhaps many persons are apt, on occasions like the present, to

regard the discovery of any new body in our system as a lucky
accident, resulting from a casual or careless sweep among the stars,

though the fact with regard to the greater number of such discove-

ries is directly the opposite of this. The four asteroids which have
been for years recognised as belonging to our system, were the re-

ward of three or four successive steps of true philosophical inquiry.
An obvious analogy existed in the distances of the primary planets
from the sun, which, though not the result of any known law of

nature, was yet sufficiently evident in fact to draw the attention of

astronomers to its equally remarkable failure at one particular dU
stance, viz. that at which those bodies were afterwards discovered.

It was at least worthy of an attempt at its verification ; and such
was accordingly instituted by several astronomers. Lambert appeals
first to have suggested the idea of the existence of a yet undisco-
vered body, and Bode's celebrated empirical law was published by
him in 1772; but no serious attempt by means of co-operation was
made to effect its discovery till the autumn of the year 1800, when
an Association of twenty-four astronomers was formed, having
Schroter for their president and Zach for secretary, who engaged to

observe thoroughly every star visible within the zodiacal limits.

The announcement of the discovery of Ceres by Piazzi, on Jan. 1,

1801, was made to Lalande, Bode, and Oriani on the 24th of Ja-

nuary following, very soon after the formation of this Association*,
and its planetary nature was soon recognised. This discovery was
speedily followed by that of Juno by Harding, and of Pallas and
Vesta by Olbersf. The last planet, it is well known, was disco-

vered through a search suggested by the curious yet natural hypo-
thesis of the bodies being fragments of a large planet which had
been shattered into fragments. Uranus also, to use Sir John Her-
schel's own words,

" was discovered by Sir W. Herschel, in the
course of a review of the heavens, in which every star visible in a

telescope of a certain power was brought under close examination,
when the new planet was immediately detected by its disc, under a

high magnifying power.' -

* It is a singular fact that Piazzi was not a member of this Association,
and that, in spite of such an organisation, the discovery was, in fact, acci-

dental.

f Pallas was discovered in 1802; Juno in 1804; and Vesta in 1807.



56 Royal Astronomical Society.

Such, briefly, is the well-known history of the discovery of those

planets of our system which required the aid of optical resources

and of persevering search among the stars for the detection of their

existence ; and it is interesting to find that we are indebted for our

knowledge of Astrjea to a similar sagacity and perseverance. The
discoverer, M. Hencke, of Driessen in Prussia, is a gentleman who,
at one period of his life, was employed in the post-office of that

town, but who, being gifted with a taste for astronomical pursuits,

has, for the last fifteen years, been rendering himself familiar with

the general features of the heavens, for the express purpose of dis-

covering such a body as has now rewarded his exertions. The cir-

cumstances which attended the discovery of the other four asteroids

rendered it, antecedently, extremely probable that others yet re-

mained to be detected ; and the difficulty lay in conducting a search

of such a nature. The body to be discovered would be probably of

a brightness equivalent to a star of from the 8th to the 10th magni-
tude, and the only sensible circumstance in which it would differ

from a star would be its motion. But the motion of a body can be

detected only by comparisons between its situations on different

days ; and there would be nothing to direct the choice of the objects
to be tried amongst the hundreds that one sweep of the telescope
would present to the observer. Nothing, then, it is evident, but a

complete familiarity with the part of the heavens under review, and
a knowledge of the relative positions of all the stars in it, to the

limits of the lowest magnitude above-specified, would suffice to as-

sure the observer of the presence of an object in a particular posi-
tion on one evening which did not occupy that position on a pre-

ceding. M. Hencke, while examining a portion of the heavens in

the fourth hour of R. A., on December 8, was immediately aware of

the presence, directly between two stars of the 9" 10th magnitude,
marked on the Berlin maps, and denoted by the positions

R.A 4h 18m 45a

\
N.P.D 77° 18' 1"/

And R.A 4h 20m 20°\
N.P.D 77° 28' 9"/

of a star of the 9th magnitude, not marked on the maps ; and, from

his familiarity with this part of the heavens, he felt assured that the

star did not previously exist there. He wrote immediately to Pro-

fessor Encke, and soon afterwards
.
to Professor Schumacher (the

letter to Schumacher was received by him December 1.3), announ-

cing his suspicions of the discovery of a new planet, and giving the

position of the star in question for the time of his observation, viz.—
Dec. 8, 8 h Berlin mean time.

R.A =65 25
N.P.D =77 19

Professor Encke and Professor Schumacher immediately made public
M. Hencke's communication ; and we are indebted to them for the

principal sources of our information relating to the discovery, by
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letters to the Astronomer Royal and Mr. Hind, dated respectively

December 15 and December 16. It is well known with what in-

terest the intimations of the discovery were received in England, and

the personal zeal of the Astronomer Royal in immediately circula-

ting the notice which he had received by every possible means,

needs no comment.
Encke's elements are,—
Epoch of mean longitude, 1846, January 0,

h
, Berlin mean time

1

94° 48' 11-8"

Mean anomaly 319 2 54*8

Long, of the perihelion... 135 45 17*0 \ Mean equinox,

Longitude of the node ... 14110 67 J 1846, Jan. 0.

Inclination 5 20 7'2

Angle of eccentricity 1116 30-4 <? = 0-195520

Log. semi-axis major 0-413564

Mean daily motion 850-473
Time of revolution, 1524 days.

Elements by Mr. Hind, deduced by Gauss's Method from the Ob-

servations at Berlin on December 14 ; at Altona, on December 17 ;

and at Mr. Bishop's Observatory, on December 24. They are

only a rough approximation sufficient to give a general idea of the

orbit.

Epoch 1846, January 1*0, Greenwich mean time.

Mean longitude 87 16 41

Long, of perihelion on orbit . 142 9 50 "1 Mean equinox,

Long, of ascending node ... 138 41 16 J Jan. 1*0.

Inclination 5 37 15

Angle of eccentricity 6 9 46

Log. semi-axis major 0-4044914

Period, 1477 days.

On the Periods of the Satellites of Saturn. By S. M. Drach,

Esq.
The author has extracted the periods and daily motions of the

satellites of Saturn from Maedler's Astronomy, in confirmation of

the curious law announced by Sir J. Herschel. He observes that

perturbations of the fifth order must often occur, and, in conclu-

sion, proposes the following question :
—" Has the action of the

ring caused the exact duplication of periods not to take place ? and
has the absence of this appendage, in the case of Jupiter, allowed

the absolutely rigorous formula n
1

— 3w2+2«3
= to exist?"

On the Reduction of the Sextant Observations of the Distance of

the Great Comet of 1843 from bright Stars. By the Rev. R. Main,
one of the Secretaries of the Society.

In the introduction to this paper the author drew the attention of

the meeting to the remarkable zeal with which cometary observa-

tions and calculations had been pursued during the last few years,
both in this country and on the continent. In proof of this, he

stated that the fifth and sixth volumes of the Society's Monthly
Notices (commencing with the year 1840) contain announcements
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of the discovery of 13 comets, and that the number of communica-
tions received by the Society respecting them amounted to 140.

The greater number of these comets* were telescopic ; but there

were three (viz. the Great Comet of 1843, that of 1844-45, and the

second Great Comet of 1845) which were visible to the naked eye,
and therefore capable of being observed with instruments of the

smallest optical power. A considerable number of sextant observa-

tions of each of these comets had been communicated, but especially
of the comet of 1843, made chiefly by naval officers well-accustomed

to the use of that instrument. The number of these observations

was so great, that it was deemed proper by the Council, in the be-

ginning of the year 1844, to appoint a committee to provide for

their discussion and reduction ; and the author, in conjunction with
Mr. Galloway and Mr. Stratford, undertook this responsibility. The
task of performing the computations was given to Mr. Harris, the

late Assistant Secretary ; and the author took upon himself the pre-

paration of the necessary formulae and the arrangement of the steps
of the calculations. The author took occasion, in this part of the

paper, to point out to the meeting how satisfactorily Mr. Harris had

performed the work entrusted to him, the errors detected in a mi-

nute examination of it being far fewer than might reasonably be ex-

pected in a mass of work of so laborious and troublesome a character.

Mr. Main then proceeded to give an account of the observations

which had been reduced, and an explanation of the different steps
of the processes employed. With very few exceptions, the observa-

tions are contained in the fifth and sixth volumes of the Monthly
Notices, and the total number of results deduced from them was
199 ; and in a table is given the page of the volume at which the

observations under discussion are to be found, together with the

place and circumstances of observation, &c. Mr. Main then pro-
ceeded to mention in detail the principal processes of the calcula-

tion. The principal step that needs mention here is the formula

which has been employed for correcting the observed distance from

the effects of refraction and parallax. It was shown by a mathema-
tical investigation, that if Z and z be the zenith distances of the

comet and one of the stars of comparison, and the vertical refrac-

tions be ac tan Z and a8 tan z ; if, also, II be the horizontal parallax
of the comet, and d the distance of the comet from the star, then

the whole correction of the distance will be,

(ac
— II cos Z) . (

- — cos d
) -f a. (

— cos d ) .v J
\cos Z / \cos z J

After the computation of the approximate zenith distances of the

comet and stars, this formula was found to be of very easy applica-
tion. It was also explained how the values of the barometer and
thermometer readings used in the work had been conjecturally sup-

plied in cases (the greater number were such) where they had not

been given by the author.

With respect to the deduction of the R. A. and N. P. D. of the

comet from the corrected distances, the author first gave the follow-
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ing theoretical solution, which, though of no direct practical utility,

may be interesting to the mathematician.

Let A, A', and <r be the N. P. D.'s and distance of the* stars of

comparison ; if the N. P. D. of the comet ; d and d' the observed
corrected distances ; then,

sin2 A sin2 d' 1 f
cos A cos * ^cos d ~ cos d' cos ^ 1

„., . „, , n J + cos A' cos* (cose?'
— cos d cos <r) I ~

-f sin2 A' sin2 d > + 2 < , ,,/ A A ,<> = 2.
. . . ~ ( 1 + cos d cos d' (cos <r—-cos A cos A') f+ sin2

<r sin 2
?r A A ,

'

J (__
+ cos A cos A' cos <r J

Again, if the difference of R. A. of the star whose N. P. D. = A
and the comet be x, and the angle at the comet subtended by that

star and the pole be x' ; a the difference of the R. A.'s of the stars,

and /3 the angle subtended by them at the comet ; then,

cot x' — cot /3 _ sin A' sin ex.

cot x — cot a sine? sin |3

j 1 + cot2 x _ sin2 A
1 + cot2 x' sin * d

'

from which two equations cot x' may be eliminated, and a quadratic

equation will result for the determination of x.

The author then proceeded to explain the practical rules which
had been given for the solution of the spherical triangles requisite to

determine the R. A. and N. P. D. of the comet.

In conclusion he animadverted upon several imperfections in the

observations which had been discussed, and particularly on the want
of sufficient explanation of several circumstances materially affecting
their accuracy.

Extract of a Letter from C. Piazzi Smyth, Esq., to the Presi-

dent, Dec. 1845, accompanying some drawings of the Great Comet
of 1843.

The drawings in question are in Indian ink, and comprise five

naked-eye views of the Great Comet on the nights of March 3rd,

4th, 9th, 18th, and 25th ; and six telescopic views of its head on the

nights of March 3rd, 4th, 6th, 9th, 22nd, and 31st.

The former are 6*4 by 5 inches, containing 57° of altitude and

45° of azimuth ; the latter are in circular spaces,
o,5 in diameter,

on a scale of 2*7 inches to 1
Q

. •

The writer remarks on the extensive and regularly progressive
character of the changes of the comet's appearance in both series of

drawings, and especially (as being directly contrary to the general

opinion) on the concavity of the tail to the direction in which the

body was proceeding ; its angular advance on the line passing

through the sun and the nucleus ; and its continual increase in length :

all the observations being subsequent to the perihelion passage.
He remarks also on the manner in which the principal pheno-

mena seem to be accounted for by Sir John Herschel's mathematical

theory (published in the sixth volume of the Memoirs) ; the very

simple nature, or rather the reasonableness of that theory ; the im-

possibility of refusing the little that is assumed in it ; and the ira-
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portant characteristic which it has now acquired of being a true

theory, inasmuch as, being framed to suit one class of comets, viz.

round telescopic ones, it is found, without any addition, to apply to

a class at first sight totally different, viz. the tailed comets, of which

the great one of 1 843 is so extreme an example.
Not only then does there now seem to be a chance, by pursuing

the usual method of astronomical inquiry (comparing prediction with

numerical observation), of ascertaining the laws of these apparently
most capricious pha?nomena, but even of proving whether, though
so diverse from everything else in our system, they are regulated by
the theory of planetary gravitation.

CAMBRIDGE PHILOSOPHICAL SOCIETY.

[Continued from vol. xxvii. p. 229.]

April 14, 1845.—On the Theories of the Internal Friction of

Fluids in Motion, and of the Equilibrium and Motion of Elastic

Solids. By G. G. Stokes, M.A., Fellow of Pembroke College.

The theory of the equilibrium of fluids depends on the funda-

mental principle, that the mutual action of two contiguous portions
of a fluid is normal to the surface which separates them. This prin-

ciple is assumed to be true in the common theory of fluid motion.

But although the theory of hydrostatics is fully borne out by expe-

riment, there are many instances of fluid motion, the laws of which

entirely depend on a certain tangential force called into play by the

sliding of one portion of fluid over another, or over the surface of a

solid. The object of the first part of this paper is to form the equa-

tions of motion of a fluid when account is taken of this tangential

force, and consequently the pressure not supposed normal to the

surface on which it acts, nor alike in all directions.

Since the pressure in a fluid, or medium of any sort, arises di-

rectly from molecular action, being in fact merely a quantity by the

introduction of which we may dispense with the more immediate

consideration of the molecular forces, and since the molecular forces

are sensible at only insensible distances, it follows that the pressure
at any point depends only on the state of the fluid in the immediate

neighbourhood of that point. Let the system of pressures which

exists about any point P of a fluid in motion be decomposed into a

normal pressure p, alike in all directions, due to the degree of com-

pression of the fluid about P, and a system S of pressures due to the

motion. The author assumes that the pressures belonging to the

system S depend only on the relative velocities of the parts of the

fluid immediately about P, as expressed by the nine differential co-

efficients of u, v and w with respect to x, y and z. [The common no-

tation is here employed.] He assumes, further, that the relative

velocities due to any arbitrary motion of rotation may be eliminated

without affecting the pressures of the system S. Choosing for the

motion of rotation that for which the angular velocities are

-— ( -t^ — —
j
about thfi axis of x, with similar expressions for the
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axes of y and z, the residual relative motion depends on only six

independent quantities. Considering only this residual relative

motion, the author shows that there are always three directions,

which he names axes of extension, at right angles to one another,

such that if they be made the axes of x
x , y,, z

x , the resolved parts
of the relative velocity of the point P', whose relative co-ordinates

are #,, y,, zu will be e' xu e"y,, e'" z
x along the three axes of exten-

sion respectively, the point P' being supposed indefinitely near to P.

Thus the system of pressures S is made to depend on the three

quantities e
1

, e", e'", which in the case of an incompressible fluid are

connected by the equation e' + e" + e'"= 0. Moreover, on account

of the symmetry of the motion, the pressures on planes perpendi-
cular to the axes of extension will be normal to those planes. They
will here be denoted by p', p", p'".

By what precedes, any one of these pressures, as p', will be ex-

pressed by (e
1

, e", e'"), the function
<p being symmetrical with re-

spect to the second and third variables. For reasons stated in the

paper itself, the author was led to take, as the form of the function

<p, £ <?' -f- £'(e" -f- e'"). The general expressions for the pressures
would thus contain two arbitrary constants (or rather functions of

the pressure and temperature), which in the case of an incompres-
sible fluid would unite into one. But it is shown by the author,

that in all probability /j'=0 when e'= e"= e'" ; and he accordingly
makes this assumption, which reduces the two constants to one,

even in the case of a gas. The expression for^' finally adopted is

YP(e" = e'"-2e').

The pressures on three planes passing through P being known, the

pressure on any other plane passing through that point may be

found by the consideration of the motion of an indefinitely small

tetrahedron of the fluid. Thus expressions are obtained for the

pressures on planes parallel to the co-ordinate planes. These ex-

pressions, however, contain quantities which refer to the axes of

extension ; and it is necessary to transform them into others con-

taining quantities which refer to the axes of co-ordinates. This

transformation is easily effected by means of an artifice, and then

no difficulty remains in forming the equations of motion. When p
is supposed to be constant, a supposition which it is shown may in

many cases be made, the equations thus obtained are those which
would be obtained from the common equations by subtracting

(d

2 u cPu dqu\
[x,

d /du dv dw\
d7i + df

+
J?)

+ Ydx \dx
+

~dy
+
dz)

dp
from -r- in the first, and making similar changes in the other two.

The particular conditions which must be satisfied at the boundaries

of the fluid are then considered, and the general equations applied
to a few simple cases.

On considering these equations the author was led to observe,

that both Lagrange's and Poisson's proofs of the theorem that udx
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+ vdy -\- wdz is always an exact differential when it is so at any
instant (the pressure being supposed equal in all directions), would
still apply, whereas the theorem is manifestly untrue when the tan-

gential force is taken into account. This led him to perceive that

one objection to these proofs is of essential importance. He has

given a new proof of the theorem, which however was not necessary
to establish it, as it has been proved by M. Cauchy in a manner

perfectly satisfactory.
The methods employed in this paper in the case of fluids apply

with equal facility to the determination of the equations of equili-

brium and motion of homogeneous, uncrystallized, elastic solids, the

only difference being that we have to deal with relative velocities in

the former case, and with relative displacements in the latter. The

only assumption which it is necessary to make, is that the pressures
are linear functions of the displacements, or rather relative displace-

ments, the displacements being throughout supposed extremely small.

The equations thus arrived at contain two arbitrary constants, and

agree with those obtained in a different manner by M. Cauchy. If

we suppose a certain relation to hold good between these constants,

the equations reduce themselves to Poisson's, which contain but one

arbitrary constant.

The equations of fluid motion which would have been arrived at

by the method of this paper if the two constants C, £' had been re-

tained, have been already obtained by Poisson in a very different

manner. The author has shown, that according to Poisson's own

principles, a relation may be obtained between his two constants,

which reduces his equations to those finally adopted in this paper.
There is one hypothesis made by Poisson in his theory of elastic

solids, by virtue of which his equations contain but one arbitrary

constant, which the author has pointed out reasons for regarding as

improbable. He has also shown that there is ground to believe that

the cubical compressibility of solids, as deduced by means of Pois-

son's theory from their extensibility when formed into rods or wires,

is much too great, a conclusion which he afterwards found had been

previously established by the experiments of Prof. Oersted.

The equations of motion of elastic solids with two arbitrary con-

stants, are the same as those which have been obtained by different

authors as the equations of motion of the luminiferous aether in va-

cuum. In the concluding part of his paper the author has endea-

voured to show that it is probable, or at least quite conceivable, that

the same equations should apply to the motion of a solid, and to

those very small motions of a fluid, such as the aether, which accord-

ing to the undulatory theory constitute light.

May 12.—On the Aberration of Light. By G. G. Stokes, M.A.,
Fellow of Pembroke College.

In the common explanation of aberration, it is supposed that light

comes in a straight line from a heavenly body to the surface of the

earth, except in so far as it is bent by refraction. This, of course,

would follow at once from the theory of emissions ; but it appears
at first sight difficult to reconcile with the theory of undulations,
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unless we make the startling supposition that the
"

sether passes

freely through the earth as the earth moves round the sun. The

ohject of this paper is to show that if we make the following suppo-
sitions, that the earth in its motion pushes the sether out of its way,
that the aether close to the surface of the earth is at rest relatively
to the earth, and that light is propagated through the disturbed

sether as we suppose sound to be propagated air in motion, the ob-

served law of aberration will still result, provided the motion of the

sether be such that udx + v dy + w dz is an exact differential, where

u, v, w are the resolved parts of the velocity of any particle of the

sether along the rectangular axes of x, y, z.

On the Pure Science of Magnitude and Direction. By the Rev.

H. Goodwin, Fellow of Caius College, and of the Cambridge Philo-

sophical Society.
This memoir may be considered in some degree supplementary to

the preceding one by the same author,
" On the Connexion of the

Sciences of Mechanics and Geometry." In that memoir it was

argued, that if the views there advanced were sound, there must be

such a science as that of pure direction, or rather a pure science of

magnitude and direction which should include within itself the sciences

of geometry, of kinematics, and of mechanics ; in this the attempt is

made to establish mathematically the fundamental proposition of

such a science.

By making use of De Moivre's formula, the author conceives him-
self to have established this proposition, that if P represents the

magnitude of any cause which varies uniformly and continuously
into its exact opposite, i. e. into — P while its direction varies uni-

formly from a given direction to the exactly opposite direction ; and
if be the angle which the direction of P makes with a given direc-

tion, then P is equivalent to two causes, P cos Q in that given direc-

tion, and Psinfl in the direction perpendicular to it.

The author is aware of the improbability which may appear to

exist, that so general a proposition should be susceptible of proof
without reference to particular instances, and has therefore endea-

voured to obviate some objections, which will be more or less

strongly felt, according to the nature of the philosophy of knowledge
adopted by the mind which makes them, and which in some cases

will probably be invincible.

The memoir concludes with some remarks on the general question
of the transition of a quantity from the + to the — affection, which
the author conceives to be illustrative of his general design.

December 8.—On the Heights of the Aurora Borealis of Septem-
ber 17 and October 12, 1833. By Professor Potter, A.M., of

Queen's College.
The data for the calculations are almost entirely taken from the

conspectuses of the observations printed and distributed in 1833 by
the British Association

; and although so long time has elapsed, no
calculations of the heights of the phsenomena, which are the first

steps to be taken in finding the nature of the meteor, have, to the

author's knowledge, been hitherto published; the only imperfect
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discussion being given in the Number of this Magazine for December

1833.

The observers of the display of September 17, were Mr. J. Phil-

lips, at York ; Mr. Clare, Mr. Hadfield and the author, at or near

Manchester; Professor Airy, at Cambridge ; and the Hon. C. Harris,

near Gosport.
The observers of that on October 12, were Professor Sedgwick, at

Dent ; Mr. W. L. Wharton, near Guisborough ; Mr. J. Phillips, at

York ; Mr. Clare, Mr. Hadfield and the author, at or near Man-
chester ; Dr. Robinson, at Armagh ;

Professor Airy, at Cambridge ;

and the Hon. C. Harris, at Heron Court.

The observations of the aurora of September 1 7 at Cambridge at

8h 25m Greenwich time, taken with those at Manchester at 8h 24m ,

give the height of the lower edge of the arch 56 English miles, and

of the upper edge 71 miles.

The observations of another arch, seen from 10h 49m to l] h 19m

at York, and from 10h 49§
m to ll h 4±m near Gosport, give the

height of the lower edge 3S9 miles.

The observations on October 12, at 7h 56m at York and at 7
h 54m

at Cambridge, give the height of the upper edge of an arch 72*2

miles.

The observations at Guisborough at 8h 20m , and at Heron Court

at 8h 22m , give the height of the under edge of the arch seen at that

time 70*9 miles, and of the upper edge 85'5 miles.

The observations at Dent at 8h 55m, taken with others at Man-
chester at 8h 54m, give the height of the upper edge of that arch

84-97 miles.

The last arch remained stationary about a quarter of an hour, and

therefore the observations are the more valuable ; but combining an

observation at Armagh with those at Manchester, the height comes

out only 64*47 miles ;
and even with the utmost allowable latitude

to the deductions from the observations, the height comes out 66*5

miles.

The last arch having been noticed to have risen to a higher alti-

tude at the same places, a calculation with the corresponding data

gives the height 65*4 miles.

These last three results are remarkably in accordance with each

other, but considerably different from those for other places at nearly

the same time ; so that probably the method which was used, of ob-

taining a base line by projecting the places of observation upon an

intermediate magnetic meridian, is only approximately correct, from

the* course of the arch over the earth's surface, rather than geome-
trical reasons.

Another arch was noted by most of the observers from 10h 34m

to 10h 45m . The observations at Dent at 10h 40m , and Heron Court

at 10h 37m , give the height of the upper edge 59'4 miles.

An observation made by the author on the extent of the arch, on

September 17, upon the horizon at 8h 40|
m

, and its altitude, for ap-

plication to the formula he has given in the Edinburgh Journal of

Science, before it was joined with the Philosophical Magazine, for de-



Cambridge Philosophical Society. 65

termining the height from observations at one place by the help of

an hypothesis, gave the height 53*9 miles, which is a near approxi-
mation to the height found by the trigonometrical method for

8h 25m .

The author concludes that the meteor occurs immediately beyond
the ordinary limits assigned to the earth's atmosphere, and from that

to very much greater altitudes, as shown by many other calcula-

tions ; and states his conviction that the meteor will be some time

observed with much more accurate means than hitherto, from its

connexion with the earth's magnetism.

February 23, 1846.—Analytical Investigation of the Disease pre-
valent in the Potato during the year 1845. By Geo. Kemp., M.D.,
Pet. Coll.

This communication may be resolved into two parts ; the analysis
of the diseased portion of the potato, as compared with Boussin-

gault's analysis of the healthy tuber, and certain deductions derived

from the empirical formula? proposed as representing their respective

compositions.
The author recognises three stages of the disease : the first ap-

pearing as dark brown patches under the skin ; the second as striae

of the same colour proceeding towards the centre ;
and the third as

a soft, pultaceous, blackish, and offensive mass, in which all traces

of organization are lost.

From the impossibility of isolating the portions affected by the

disease, in the first two stages, from the surrounding sound parts,
the examination was principally directed to the third stage.
A potato having been selected in which the above characters

were well-developed, a sufficiently large portion for comparison still

remaining perfectly sound, gave the following results as indicative

of the relative proportions- of organic and inorganic matter in the

sound and unsound part.
Of the sound portion,

—
I. 247 milligrammes gave 10*5 milligrammes of ash.

II. 205-5 85
Of the unsound portion,

—
I. 311 milligrammes gave 18 milligrammes of ash.

II. 234 13

III. 236 135 ...

Or, reducing to 100 parts, the sound portion consists of—
I. II.

Organic matter 95-75 95-86

Inorganic matter . . 4*25 4-14

lob^bo 100-00

whilst the unsound portion gives,
—

I. II.

Organic matter .... 94*22 - 94-45

Inorganic matter. ... 5-78 5-55

100-00 10000
Phil. Mag. S. 3. Vol. 29. No. 191. July 1846.
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The mean of the former is 4" 19 per cent, of ash, that of the latter

5*68, making an excess of 1*49 per cent, arising from loss of organic
matter.

The ultimate analysis of the unsound portion afforded the follow-

ing results :
—

I. 155 milligrammes gave carhonic acid 238 -

5, water 98.

II. 132 ... ... ... 202 ... 78.

III. 163 ... ... ... 251, water not esti-

mated.

Mean of two analyses for nitrogen, after the method of MM.
Varrentrapp and Will, 1"23 per cent.

These data furnish the following summary :
—

I. II. III.

Carbon .... 42-09 41-73 41-99

Hydrogen .. 7'02 6-56 7'02

Nitrogen 1'23 1-23 123

Oxygen 43-98 44-80 44-08

Ash 5-68 5-68 5-68

100-00 100-00 10000

The analysis of the sound potato, by Boussingault, is as fol-

lows :
—

Carbon 44- 1

Hydrogen 5*8

Nitrogen 1*2

Oxygen 43-9

Ash M)
100-0

The object of the second part of the communication is to show,

that, while Boussingault's analysis of the sound potato may be ex-

pressed by an empirical formula, representing the elements of pro-

teine, starch, and cellulose, the analysis of the tuber, after under-

going the action of the late prevalent disease, admits of no such so-

lution ; but may be expressed by an empirical formula, representing

proteine, starch, and butyric acid, with a very large excess of the

elements of water.

Butyric acid has been found in the diseased potato by Mr.

Tilley ; but the author's principal object is to connect the changes

developed by his analyses with the researches of Erdmann, Mar-

chand, and Scharling, on the germination of seeds and tubers.

These researches are totally independent and irrespective of the dis-

ease in question, whilst it is clear that the same changes occur in

both cases. After reviewing the physical circumstances with respect
to soil and culture, which have proved remarkably favourable to the

development of the morbid changes, the author arrives at the gene-
ral conclusion, that the disease in question essentially consists in an

unnatural tendency to premature germination.
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GEOLOGICAL SOCIETY OF DUBLIN.

March 11, 1846.—On some Secular and Diurnal Motions of the

Earth's Crust, &c. By Robert Mallet, Esq., Mem. Ins. C.E.,

M.R.I.A., President of the Society.
The President said, that on taking the chair for the first time, he

could not better mark his sense of the great honour which the So-

ciety had conferred on him in electing him their President, than by
laying before them a plan which he had for some time conceived for

the organization and carrying out of arrangements for a great, com-

bined, and comprehensive movement for the promotion of a parti-
cular branch of geological discovery.

Geology might be divided into topographical and physical, both of

which require for their study and development, the confluent aid of

several distinct branches of natural inductive science, as well as of

the exact sciences properly so called. Physical geology, again, might
be divided into several distinct branches, for the cultivation of all of

which, the application of physics, mechanics, and chemistry, in

their largest senses, is indispensable. For a considerable period it

had aj^peared to him that one of the most important directions in

which physical geology could be advanced was, in placing it in con-

nexion with a mode of investigation, new as respected geology,

although old as regarded other sciences, namely, measurement ; by
the organization and solution of such questions as were capable, in

terrestrial physics, of having an answer in measure, number or weight.
The application of measures to geology might be called experi-
mental geology—a brapch of the science hitherto, he might say,

unexplored. Geologists had hitherto contented themselves with

observing what nature had presented to them, and that must, from
the nature of geology, at all times form the staple of its investiga-
tions

; nevertheless, whenever it was possible to use the experimen-
tal method, it might be pronounced not only as the most certain, but
also the most rapid means of advancing geological, as it had always
been of every other branch of physical science. In order to illus-

trate what he meant by measurement in geology, and to show its

feasibility, and even simplicity of application, and to what import-
ant consequences it at once led, he would briefly give an example of

the sort of inquiry alluded to. Taking any large island, such as

Ireland, let them suppose the following data respecting it to be ob-
tained in measures—the entire amount of water annually discharged
into the sea by all its rivers, and the entire amount of soluble and

suspended matter carried down to the sea by them, and the chemical
constitution of these. From these data they should be able to pro-
nounce on the amount and on the character of deposits annually
taking place round the coasts. They should then be in a condition,
with the assistance of their tidal and other knowledge, to predicate
with a considerable degree of accuracy the nature, character, extent,
form, and relative locality, of the deposits so taking place ; and hence
to predict what forms of rock would at a future period be most

likely to occur round their shores ; to draw direct conclusions from
F2
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thence as to the changes in progress, or hereafter to occur, to animal

and vegetable marine organization on our coasts ; to indicate by the

most ample and certain data the changes of soundings, of shoals, of

harbours, beaches and bars, which concern the mariner and the civil

engineer ; and to draw conclusions as to the relation and balance

between the wear of the land by detrital action, both meteorological
and tidal, and its replacement by forces of elevation, whether slowly
or convulsively.
He mentioned this as one instance of experimental geology ; but

the direction in which he was at present anxious to have geology
advanced, by obtaining the aid of a co-operative movement in apply-

ing this method of investigation, was rather different. It had be-

come certain of late years that the crust of their globe, far from

being of that immoveable character which was popularly supposed,

was, in fact, one of the most unstable and changeable parts of crea-

tion, that there was nothing immutable upon it, but the very muta-

bility that marks and agitates it, was subject to almost continual

motion in both a vertical and a horizontal direction ; the latter re-

stilting, at uncertain intervals, principally from the cause which

produced earthquakes, the former occurring at occasional epochs
from the same cause ; and regularly recurring, in all probability, in

the form of annual and daily motions of expansion and contraction

in the earth's crust, due to alterations of temperature by changes of

season, and of day and night. To measure these motions appeared
of the very highest importance, at the present epoch, to the advance-

ment of geology. A communication from Sir William R. Hamilton,
which he (Mr. M.) had in his hand related to one of these pheno-
mena ; but to take matters in the order of their relative importance,

they should first consider these movements which related to the

earthquake oscillation of which he had spoken.
It would be necessary, in order that the Society might understand

his meaning, and see more clearly the bearing of the motion as to

scientific co-operation, which he intended having the honour of lay-

ing before the Council at a subsequent period, to detain them with a

slight sketch of the movements due to forces of elevation and de-

pression which were known to be always taking place in the earth's

surface.

That any portion of the earth's crust was absolutely permanent
as to level was uncertain ; that there were some portions which were

neither rising nor falling with respect to an assumed plane, at a fixed

distance from the earth's centre, was possible ;
but that large tracts

were slowly rising, and that others were periodically caused to rise ;

again, that other large tracts were slowly sinking (for instance the

great coral region of the South Sea), and some suddenly depressed

(usually at periods of sudden neighbouring elevation), was certain.

The forces which produce these changes of level also give rise to

earthquakes. It was necessary for him to refer, very briefly, to some

particulars respecting the subject of earthquakes, on which he had

recently the honour to lay a paper before the Royal Irish Academy.

Every earthquake was in fact a succession, or a combination rather,



Geological Society of Dublin. 69

of waves taking place in the solids forming the crust of the earth,

and in the fluids incumbent upon it, and resulting from a rupture or

disturbance occurring at some one point of that crust. If they sup-

posed an earthquake taking place under the sea, three sets of waves
started at the same moment from the centre of rupture. One of

these was the wave of elastic compression, which was propagated in

every direction, and was transmitted with a velocity proportioned to

the varying elasticity and density of the crust. The passage of this

wave constitutes the true earthquake shock. There was also a wave
of sound transmitted through both the solid and the liquid portions
of the earth's surface, and also a wave of sound transmitted through
the air by the impulse communicated to it from the first-mentioned

waves ; and last of all, the great sea wave, produced by the commo-
tion at the bottom of the sea, which reached the land long after the

shock itself had passed it. Here were three classes of motion, which
in general were talked of as connected with a very formidable phse-

nomenon, but seldom viewed as movements capable of measurement.
It was a fact, that, no matter where an earthquake took place, the

wave of elastic compression which was produced actuated every por-
tion of the earth's crust, and its occurrence could be detected, by

sufficiently accurate instruments, at any part of the globe.
In some of the observatories connected with the great magnetic

survey, now in operation at various points over a great portion of

the whole world, and in the organization of which our fellow-mem-

ber, Dr. Lloyd, has had so large a share, there existed a necessity
for certain magnetic instruments, which were, in fact, though not

intentionally so, ready-made seismometers : and in the magnetic
observatory of Dublin, Dr. Lloyd has frequently observed a sudden
vertical oscillation communicated at the same instant to all the in-

struments, and which he believes to be the effect of slight earth

tremors, propagated from remote centres of disturbance.

It would be of the highest service, not only to physics in general,
but also to geology, if the circumstances of earthquake shocks could

be observed and their velocity measured ; since, if they could tell the

velocity of the wave through the earth's crust, and were at the same
time to determine by proper experiments the elasticity of the super-
ficial rocks of the earth's surface, they should be able to infer, frwm
the two data so obtained, the nature of the geological deposits under
the bed of the ocean, concerning which nothing whatever was known
at present. Topographical geology as yet extends but to a small

portion of the land ; future examinations may embrace the whole of

this. But of the nature and boundaries of the formations which

compose the bed of the ocean, we know absolutely nothing ; so that

in fact two-thirds of the whole surface of the globe is in this respect
a geological blank. The method of investigation here proposed,
however, although it may not give us minute information as to the

character of the ocean bed, will enable us to gather some general
and certain knowledge of the architecture of those fathomless abysses
of the ocean, which no eye can ever behold. He would, therefore,
hereafter by the aid of the Council ask, perhaps through the medium
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of the General Council of the British Association, that all the observa-

tories in connexion with the magnetic survey should, in addition to

their magnetic observations, record observations as to the occurrence

of earthquake shocks. This might be very readily done, since the

magnetic instruments at present in operation in some of the obser-

vatories were quite adapted to afford the necessary indications with

respect to the shocks, and other instruments required might be easily

added, namely, those which it will be necessary to contrive to re-

gister the altitude of the crest of the wave of elastic compression, at

the moment of its passage—an element in this inquiry of the first

importance.
But it happened, that magnetic observatories which were furnished

with these sorts of instruments, did not generally exist in places in

which earthquakes were frequent. It thus became necessary to

establish, in some places, at least, observatories specially devoted to

geological purposes as their primary object. It would be highly de-

sirable to have such observatories in the volcanic regions of South
America—the land of earthquakes ; since, in addition to observing
the velocity of the shock wave, the elasticity of the neighbouring
rocks, through which the shock had passed, could experimentally be

determined. He conceived that it would be quite possible to get
observatories established there, and he should submit to the Council

the means by which such a desirable object could most probably be

accomplished. Shocks of earthquake were of greatly more frequent
occurrence than was generally supposed, and occurred in every part
of the world. Violent ones, producing destructive effects, and which
were only experienced at limited distances from the centre of dis-

turbance, were comparatively rare ; but minor shocks were of almost

daily occurrence ; and, indeed, in a district in Scotland, the number
of such slight shocks occurring within a certain period had been ob-

served. The proposed observatories, therefore, will be by no means

unprovided with work.

There was another class of motion to which the earth's crust was

subject, and to which Sir William Hamilton's note related. . Before

reading it, he (Mr. Mallet) might perhaps mention that as much as

four years ago, upon an occasion of his dining in company with Dr.

Robinson, Astronomer Royal of Armagh, he mentioned to him (Mr.
Mallet) and others, that the observatory of Armagh had been ob-

served to be subject to very slow and minute annual motions, not

only to one which was manifested by the whole observatory being
lifted in summer and depressed in winter, but also to one by which
it appeared to move in azimuth. Dr. Robinson mentioned the fact

as one which had not been explained, and it occurred to him (Mr.
Mallet), and he stated at the moment, his anticipation, that it would
be found that the motions were due to expansions of the earth's

crust, caused by the alternations of temperature of summer and
winter. Very recently, conversing with Sir William Hamilton on
the subject, he (Mr. Mallet) perceived that a similar idea in con-

nexion with it had independently presented itself to his mind ; and,
in fact, Sir William Hamilton was to be considered as the discoverer
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of this class of motion, since the man who first observed a fact, and
at the same time gave a true explanation of it, was entitled to the

honour of discovery. Mr. Mallet then read the following note which
he had received from Sir William Hamilton, and to which he had
referred :

—

"Observatory of Trinity College, March 2, 1846.
" My dear Sir,—The only thing which seemed to me original in

what I observed to you and others at the geological dinner last

month, was the proposition for instituting in new, and multiplying
in old observatories, observations with a leveling instrument, for

the purpose of acquiring accurate data respecting some of the ex-

pansions, whether periodical or secular, of the crust of the earth. I

thought that by fixing the chief attention on the variations of a long
spirit level, very carefully and steadily mounted, and from time to

time reversed, as in an astronomical observatory, perhaps with pre-
cautions as to original erection and subsequent use, which sidereal

checks render not so necessary to the astronomer, and possibly, too,

by using two pairs of pillars for two different vertical planes, a gen-
tleman might at a moderate expense of money and trouble make in

his own lawn or house observations useful to geology ; and if I re-

member rightly, under this conception I talked of founding geolo-

gical observatories, on which you remarked, that if your paper on

earthquakes had been read to the end at the Academy, it would have
been found to contain a similar suggestion, though based upon rea-

sons not in all respects the same.
"

I also mentioned the fact, that in this observatory, the western
end of a transit level, supported on pillars peculiarly favourable for

the accurate examination of a point of this kind (see an account of

them by Dr. Ussher, in the first volume of the Transactions of the

Royal Irish Academy), was always a little higher in summer than
in winter ; and that in answer to an inquiry of mine, Mr. Cooper's
first assistant had by that morning's post informed me that the axis

of the instrument at Markree Observatory showed (such as I conjec-
tured that it might) an opposite phenomenon, though this was to be
accounted for by mechanical rather than geological consideration.

I remember, also, acknowledging that Dr. Robinson had long ago
remarked to me that the whole hill on which the Armagh Observa-

tory stands is found to have a motion with the seasons, but that I

had been in the habit of conceiving Dr. Robinson to deduce this

from observations of the azimuth, rather than of the level ; and that

my own conjecture, perhaps a very wild one, had been, that Ireland

as a whole expanded, and thereby rose somewhat more out of the
sea in summer than in winter ; which expansion, if it were admitted
to exist, would account for the western end of the astronomical level

rising a little on the east and sinking on the west coast of the island.

Indeed, as a mode of conjecturally accounting for what has been no-
ticed in this observatory, the notion has long been in my mind, and
has been put forward by me, though with the necessary diffidence,
to some of the astronomical students of the University in one of my
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lectures last summer, if not at an earlier date. The conversation in

which I was engaged with you on this and similar subjects, at the

last anniversary dinner of the Geological Society, interested and

excited me at the time very much indeed ; and if you think the fore-

going memorandum, which I have drawn up at your desire, worthy
of being incorporated in any communication of your own to the

Society, it is perfectly at your service for that purpose.
"

I remain, my dear Sir, very truly yours,
" William R. Hamilton."

Mr. Mallet would remind the Society, that the earth's surface was

the medium through which two great waves of heat were continually

transmitted ; one proceeding from the sun, by part of which the at-

mosphere was heated, and the other coming from the interior of the

earth towards the surface. In every climate there was a plane lying
between the influences of these two waves, which never changed its

temperature, and which varied in its depth below the earth's sur-

face. As there was thus a transmission of heat from the interior of

the earth towards its surface, and also from the surface towards the

centre, the plane of constant temperature, or isogeothermal plane as

it was called, would be found in any given locality at a determinate

depth ; and if the supplies of external and internal heat were con-

stant, it would always be found at the same depth in the same place.

But inasmuch as the earth's surface was exposed to temperatures,

varying with the winter and summer seasons, the level of that plane
must rise and fall in proportion to the force of the variable wave.

The average depth of this plane in their latitudes was about sixty

feet, but was far greater in the tropical climates, in some of which

the heating power of the sun ranged to a depth of nearly 500 feet

below the earth's surface.

The result of the varying intensity of the external wave of heat

must be the contraction and expansion of the earth's crust due to

the difference between the temperatures of summer and winter, and

hence a certain annual motion in the earth's crust, besides which,

from similar causes, acting in shorter periods, and in less degree,
there must be a diurnal motion. To measure this systematically,
would be, it appeared to him, highly important, not perhaps directly

to those more obvious parts of geology which treat of the elevation

of mountain ranges and the depression of valleys, and so forth
;
but

inasmuch as it would lead to a region of investigation which was at

present absolutely unknown ; and by penetrating which it would

probably be found in this, as in so many other parts of terrestrial

physics, that forces and motions the most minute, and scarcely to be

detected, when taken in aggregate were essential and potent parts
of the universal machine. There had yet been no investigation of

the rate of expansion of any rock, the tables of the rate of expan-
sion of the very few solids hitherto published having reference <^dy
to substances which were of value to the astronomer or the engineer.
Therefore with respect to the measurement of these motions, the fa-

cility with which the observations necessary for that end could be
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made, and the likelihood of important information being obtained in

the pursuit of it, were grounds sufficient to warrant an undertaking
of the object. He had now said sufficient to put the Society in pos-
session of the nature of the views he entertained with respect to the

opening in a new region of a new campaign in geology, if he might
so speak ; and which he hoped to do by inducing his fellow- members
of the Council to communicate with such members of the great mag-
netic body as were connected with Dublin— as, for instance, Prof.

Lloyd—and through them to the Council of the British Association,

to enable certain experiments as to the elasticity of the earth's crust

to be made, and the velocity of the elastic wave through it deter-

mined ; to induce hereafter observations to be made in all the mag-
netic observatories (and possibly some new geological observatories

founded), and observatories continued, both during the continuance

of the magnetic survey and after it had terminated, for the use of

the geologist, viz. observations of all the motions, whether diurnal,

secular, or cataclysmal, that take place in the earth's crust. He be-

lieved that such observations would be replete with interest to geo-

logy and to physics ; and he conceived that the application would
be met by the British Association with that ready response which
had always been given by it to every project that seemed to be cal-

culated for the benefit of science.

GEOGRAPHICAL SOCIETY OF PARIS.

The first general meeting of this Society was held on Friday, the

22nd of May last, when, on the report of the special committee ap-

pointed to decide on the most important discovery in Geography du-

ring the year 1843, the gold medal of the Society was awarded to

our countryman Dr. Beke, the author of Origines Biblicx, and an
old correspondent of this Journal*.

It may be in the remembrance of our readers, that at the general

meeting last year of the Royal Geographical Society of London, Dr.

Beke was honoured with a similar award of the gold medal of that

Society.
These marks of approbation conferred on Dr. Beke by the two

principal geographical societies of the world, are the best proofs of

the value of the additions made by him to our knowledge of a por-
tion of Eastern Africa, which has of late attracted so much atten-

tion both in England and in France. The following summary of

the researches thus appreciated and rewarded, was given by Sir

Roderick Murchison, the late President of the Royal Geographical
Society, in his anniversary address in May 1844 :

— *"

" Of all Abyssinian travellers since the days of Bruce, Dr. Beke,
as an individual, having most improved our geographical acquaint-
ance with that country, I may be permitted to say a few words ex-

planatory of his labours. He landed at Tajurrah in November 1840,

* See Phil. Mag., vol. Hi. p. 103; iv. p. 107, 280; vi.p. 401; vii. p. 40;
viii. p. 506 ; ix. p. 34; xi. p. 66, 344; xiv. p. 426.
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and left Massowah in May 1843, having been exactly two years and

a half in Abyssinia and the lowlands adjoining it.

" In his arduous endeavours to construct a map of a large tract,

Dr. Beke carried a series of thermometric levels across nearly seven

degrees of latitude (from Tajurrah to Banja), having been the first

to ascertain the remarkable depression of the salt lake Assal, which

he roughly estimated at 760 feet (since ascertained by Lieut. Chris-

topher to be 590) below the level of the sea; and he has fixed by
astronomical observations the latitude of upwards of seventy sta-

tions.
" Whilst in Shoa he visited and mapped the water-shed between

the Nile and the Hawash, along a line of nearly fifty miles north-

ward of Ankober ; and he obtained information of the existence of

the river Gojeb.
" After leaving Shoa he proceeded westward across the Abai, into

the plateau of Gojam, where he remained in all a year and a quarter,
so traversing it in various directions as to be able to construct a map
of the country.

" He is the first traveller since the time of Bruce who has described

the sources of the Abai (the Nile of Bruce), and I rejoice to say that

he completely sustains the accuracy of the narrative of the great ex-

plorer of Abyssinia. By reaching the river Abai at various points
around Gojam and Damot, he has determined its course approxi-

matively ; and it may be mentioned that near Mota he discovered a

second bridge over that stream, described by no previous traveller.
"
During a long stay in the neighbourhood of Baso, in the hope

of being able to penetrate from thence southward, he collected in-

formation respecting the countries to the south of the Abai, from

which he has constructed a rough map comprising near 70,000

square miles of country, hitherto very partially explored by one of

the brothers d'Abbadie, and as yet, of course, very imperfectly laid

down.
" On his way from Gojam to Massowah, Dr. Beke took a hitherto

untrodden road, passing by Mahhedera Mariam, Debra Tabor,

Ebenat, and Sokota to Antalo ;
and from thence again by a route

never travelled by other Europeans, round by Takirakira (a place
described by Ruppell) to Adowa. On this route he crossed the

Takkaze much higher up to the south than others had done, by
which the course of that river in the maps is corrected ; whilst by
this new line through the heart of Abyssinia, an important addition

is made to the general map of that country. Dr. Beke's maps and

journals have been handed over to the Royal Geographical Society,

and a small portion of them has already been published in our Jour-

nal*. Various other portions of the information obtained by him

* The map of Dr. Beke's route and the remainder of his Itinerary have

since appeared in vol. xiv. of the Society's Journal, part 1. For other in-

formation published by him, see vol. xiii. part 2 of the same Journal; the

Friend of the African, vol. i. andii. passim; and A Statement of Facts re-

lative to the Transactions between the Writer and the late British Political

Mission to the Court of Shoa.
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have appeared in the Friend of Africa, published by the African Ci-

vilization Society ;
but the greater mass, comprising a description of

the manners and customs of the inhabitants, as well as his personal

adventures, he is, I understand, now engaged in preparing for the

press.
"

It may be added, that he has collected vocabularies of thirteen

languages and dialects spoken in Abyssinia and the countries to the

south*, and he has made numerous drawings illustrative of the

country and its inhabitants."

XIII. Intelligence and Miscellaneous Articles.

ON THE COMPOUNDS OF BORACIC ACID WITH JETHEIt.

BY MM. EBELMEN AND BOUQUET.

T)ROTOBORATE of either Boracic JEther.—Chloride of boron
-" was obtained by passing a current of chlorine gas over a mix-

ture of boracic acid and charcoal heated to redness in a porcelain tube;

by this operation, as shown by M. Dumas, there are obtained chloride

of boron and oxide of carbon which are liberated together ; this mix-

ture of gases was passed into a bottle two-thirds filled with alcohol,

which absorbs a large quantity of chloride of boron ; the liquor be-

comes hot, and the bottle in which it is absorbed should be immersed

in cold water. After a certain time, dependent upon the quantity
of alcohol and the rapidity of the current of gases, the liquor sepa-
rates into two portions, the upper of which alone contains the new

product ; the lower portion is of a yellow colour, and is strongly

impregnated with hydrochloric acid. As soon as the separation of

the liquid into two portions occurs, the gases which are continued

to be passed contain a large quantity of hydrochloric acid. The

operation is to be stopped when the presence of chlorine is suspected
in the gaseous products.
When the upper portion of liquid is poured off, and distilled with

a few drops of absolute alcohol, a small quantity of very acid alcohol

passes over, and then the boiling-point rapidly rises. At 239°Fahr.

the receiver is to be changed, and a very abundant product, nearly

equal to the whole of the liquid, is to be separately received, between

239° and 248° Fahr. There remains in the retort a product of a

vitreous appearance, presently to be noticed.

By rectifying the distilled liquid between 239° and 248°, a neu-

tral product is obtained, the boiling-point of which remains fixed at

246° Fahr.

This new compound is a very moveable liquid, perfectly colour-

less, with a peculiar and rather agreeable smell, and a burning bitter

taete. Its density, taken at 32 with M. Regnault's apparatus, is

08849. It dissolves immediately in water, but in a short time bo-

racic acid is deposited. It combines with alcohol in all proportions.
Moist air converts it into hydrated boracic acid. It burns with a

* Since published in the Transactions of the Philological Society, vol. ii.

pp. 89-107.
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fine green flame, accompanied with thick fumes of boracic acid, but

without leaving any solid residue.

By analysis corrected by calculation, the substance appeared to be

composed of—
Boracic acid 23-91 436'2
Carbon 49'35 900-0

Hydrogen 10-28 187-5

Oxygen 16'46 300

100-00 1823-7

Its formula is BO 3 3C4 H 5 O.
The results of analyses were confirmed by those of the vapour of

the aether, Avhich gave the following numbers :
—

1 volume of the vapour of Boron .... 1-506

12 ... of Carbon 10054
30 ... of Hydrogen 2076
6 ... of Oxygen 6-636

^^ = 5-068.
4

The reaction which gives rise to borate of aether is the same as

that from which silicate of aether is derived :
—

BC13 + 3C4 H<5 02 = BO 3 3C4 H5 O + 3HC1,
SiCl + C4 HG O 2 = SiO C4 H O + HC1.

If SiO 3 be admitted to represent the formula of silica, the two
formulas would have been perfectly similar. But it must be observed

that in this notation SiCl3 would represent 3 volumes of chloride of

silicium, whilst the formula BC13
corresponds to 4 volumes of chlo-

ride of silicium. This difference, stated by M. Dumas, in the con-

densation of the elements, also occurs in the densities of the fluo-

rides of boron and silicium. It also occurs, as just shown with bo-

racic and silicic aethers, for SiOC4 H^ O corresponds to 1 volume of

vapour only. It will be observed, that in both cases 1 volume of

vapour of chlorine produces 1 volume of vapour of aether.

Vitreous Borate of JEther.—It has been stated, that after prepa-

ring the above-described compound, there remains in the retort a

substance which becomes solid, assuming a vitreous aspect. It is

transparent and possesses the same odour as the protoborate, and a

very bitter taste, which distinguishes it perfectly from boracic aether

(BO 3
) 3C4 H 3 O, the taste of which is burning. The latter is also

decomposed by water much more readily than the vitreous product.

By analysis it yielded 26*7 carbon and 6'0 hydrogen, which evi-

dently is the same proportions as in aether, C 4H 5 O. This substance

requires, however, to be further examined.

The authors state, that they had supposed that by distilling the

protoborate with alcohol slightly diluted, they should produce com-

pounds analogous to those which are obtained by the same method
with protosilicate of aether, that is to say, aethers containing increa-

sing quantities of acid. They did not, however, succeed. Borate of

aether heated with alcohol of 36°, and entirely distilled at a tempe-
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rature below 248° Fahr., left a slight residue of boracic acid in the

retort.

Protoborate of Methylen.
—MM. Ebelmen and Bouquet found that

the action of chloride of boron on pyroxylic spirit was perfectly simi-

lar to that upon alcohol. The gas is absorbed with the production
of heat, and the bottle containing the spirit must be carefully kept
cool. When the disengaged gases after passing the liquor are

very acid, the liquor separates into two portions ; the lower one
is brown and extremely acid, and the upper one is limpid and co-

lourless, and alone contains the new product. It is to be poured off

and distilled with a thermometer in the retort. The receiver is to

be changed when the boiling-point of the liquid has become constant.

The first products contain some hydrochloric acid ; two rectifica-

tions are sufficient to obtain a neutral product, the boiling-point of

which remains stationary at about 162° Fahr.

If instead of employing pyroxylic spirit which has been rectified

from chloride of calcium, the article of commerce rectified merely
from quicklime be used, the liquid, traversed by the chloride of

boron, becomes of a brown colour, but without separating into

two portions towards the end of the operation. When this product,

containing a large quantity of chloride of boron, is cautiously di-

stilled, and the product received in a vessel surrounded with ice, se-

paration takes place. That portion only of the liquid which distils

below 176° Fahr. ought to be preserved; what remains in the re-

tort at this temperature is a black viscid liquid, equal to more than
half the liquid submitted to distillation. By rectifying the upper
portion of the liquid obtained in the cooled receiver, a pure product
is obtained.

Borate of methylen is a colourless liquid, which is very moveable,
and has a penetrating odour, slightly resembling that of pyroxjlic

spirit ; it mixes with water, but soon deposits boracic acid. Its den-

sity at 32° is 0*9551, and its boiling-point about 162°; it burns
without residue and with a green flame.

It appeared to be composed of—
Boracic acid 436-2 33-58

Carbon 450-0 34-65

Hydrogen 112-5 8-66

Oxygen 3000 23-11

1298-7 100-

Its formula is BO 3 3C°-H3 O.

By experiment and calculation it appears to be composed of—
1 volume of vapour of Boron. . . . 1*506

6 ... Carbon 5027
18 ... Hydrogen 1-245

6 ... Oxygen 6*636

14-414** *
as 3-603.

4

The mode in which the elements are condensed is therefore the
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same as in the protoborate of aether. 1 volume of chloride of boron

produces 1 volume of borate of methylen.
Protoborate of Amylen.— When chloride of boron is passed

through potato-oil, the liquid soon separates into two portions, and
at the same time hydrochloric acid begins to be disengaged. By
pouring off the upper portion, distilling and keeping the products

separate, nearly the whole of the liquid passes over between 500°
and 536° Fahr. This product, when rectified, yields a liquid, the

boiling-point of which is constant between 518° and 527° Fahr.

Borate of amylen is a colourless liquid of an oily appearance, the

weak smell of which resembles that of the potato-oil. Its density
at 32° is O870 ; water decomposes it and dissolves the boracic acid ;

ammonia also decomposes it ; it burns with a white flame with green

edges, and the production of boracic acid.

Analysis showed that it is composed of—
BO 3

, Boracic acid 426-2 12-8

30C, Carbon 2250-0 66-2

33H, Hydrogen 412-5 12*1

30, Oxygen 3000 8-9

3398-7 100-0

The preceding results, the authors are of opinion, tend to show
that boracic acid may form with each simple aether at least two com-

pound aethers ; one of which is tribasic and contains as much oxygen
in the acid as in the base, while the other contains six times as much

oxygen in the acid as in the base. The tribasic aethers BO 3
, 30 H 5 O,

BO 3
, 3C 2 H3 O, are similarly constituted to crystallized boracic acid

BO 3
, 3HO. Boracic aether (B0 3

)
2 CH s O is analogous to anhy-

drous borax (BO 3

)
2
, NaO.—Ann. de Ch. et de Phys., Mai 1846.

HYDRATED BORACIC ACID.

MM. Ebelmen and Bouquet remark that it is stated in the greater
number of chemical treatises, that crystallized boracic acid effloresces

and loses half of its water at 212° ; the authors state that they have

not verified this statement, but that by long exposure to a heat of

320° Fahr., crystallized boracic acid containing 35*7 per cent, of

water, is converted into a well-fused substance of a vitreous appear-

ance, which is perfectly homogeneous, and retains one-sixth of the

water contained in the crystallized acid. The formula of this hy-
drate is (BO 3

)
2
, H. When exposed to a higher temperature, it is

converted into anhydrous acid, swelling up much and emitting, very

sensibly, the fumes of boracic acid. When the acid has been once

rendered anhydrous, it may be kept long on fusion in the crucible

without any notable loss.— Ann. de Ch. et de Phys., Mai 1846.

NEW BOOKS.

Scientific Memoirs, Part XV., containing articles by Biot, Neumann,
Koene, Riess, Dove, and Seebeck.

A Practical Manual, containing a Description of the General, Che-
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mical and Microscopical Characters of the Blood, and Secretions

of the Human Body. By J. W. Griffith, M.D., F.L.S.

The Catalogue of Stars of the British Association for the Advance-

ment of Science; containing the Mean Right Ascensions and

North Polar Distances of Eight Thousand Three Hundred and

Seventy-seven Fixed Stars, reduced to January 1, 1850: together
with their Annual Precessions, Secular Variations, and Proper

Motions, as well as the Logarithmic Constants for computing
Precession, Aberration and Nutation. With a Preface explanatory
of their Construction and Application, by the late Francis Baily,

Esq.
The Report of the Fifteenth Meeting of the British Association for

the Advancement of Science, held at Cambridge in June 1845.

METEOROLOGICAL OBSERVATIONS FOR MAY 1846.

Chiswick.—May 1 . Dry haze : overcast. 2. Overcast. 3. Dry haze. 4. Cloudy
and fine. 5. Very fine : showers. 6. Showery : cloudy and fine. 7. Cloudy and
fine. 8. Overcast: exceedingly fine: clear at night. 9. Very fine. 10. Slight
rain: cloudy: clear. 11, 12. Very fine. 13. Light clouds : overcast : rain at

night. 14. Clear : cold and dry. 15. Cloudless: light clouds and fine : clear

and cold at night. 16. Uniformly overcast : dry haze : densely overcast at night.
17. Overcast: rain: clear. 18. Rain: cloudy: boisterous. 19. Very fine :

thunder-showers : densely overcast. 20. Rain : heavy showers. 21—23. Very
fine. 24. Slight fog : overcast and fine. 25,26. Very fine. 27. Cloudless:

very fine : overcast. 28, 29. Very fine. 30. Hot and dry. 31. Cloudless : hot

and sultry : clear.

Mean temperature of the month 56°"16

Mean temperature of May 1845 50-04
Mean temperature of May for the last twenty years ... 54 *77

Average amount of rain in May 1*84 inch.

Boston.—May 1. Fine. 2—4. Cloudy. 5, 6. Fine : rain p.m. 7. Cloudy.

8,9. Fine. 10. Cloudy: rain early a.m. 11,12. Fine. 13. Cloudy. 14— 16.

Fine. 17. Cloudy: rain early a.m. 18. Cloudy : rain a.m.: thunder p.m. 19.

Fine. 20. Fine : hail and rain a.m. and p.m., with thunder and lightning.
21. Cloudy. 22. Fine: rain p.m. 23,24. Fine. 25,26. Cloudy. 27—29. Fine.

30. Fine: 3 o'clock p.m. 75°. 31. Fine.—N.B. The warmest May since 1833:

it was 62°-8.

Sandwich Manse,Orhney.
—May 1. Drizzle: damp. 2. Bright: clear. 3. Clear:

aurora. 4. Bright : rain. 5, 6. Rain : cloudy. 7. Fine : rain. 8. Cloudy.
9. Clear: cloudy. 10. Clear: thunder and hail. 11. Bright : drops. 12. Bright:

cloudy. 13,14. Bright : fog. 15. Bright : cloudy. 1 6. Bright : clear. 17. Rain.

18. Fog: cloudy. 19—21. Damp : cloudy. 22. Rain : damp. 23. Showers :

bright : cloudy. 24. Showers : clear. 25. Rain : cloudy. 26. Showers. 27, 28.

Showers : cloudy. 29. Cloudy. 30. Rain : cloudy. 31. Cloudy : fine.

Applegarlh Manse, Dumfries-shire.
—May 1. Dropping day. 2. Fair and fine.

3. Fair and very fine. 4. Rain all day. 5. Heavy showers. 6. Showers.

7, 8. Fair and fine. 9. Fair and fine: a few drops p.m. 10. Heavy rain during
the night. 11. Fair and fine. 12. Slight shower : growing weather. 13—16.
Fair and fine. 17. Showery morning: cleared. 18. Showery all day. 19. Rain

r.M. 20. Rain during the night : cleared. 21. Showers : thunder. 22. Drizzly
all day. 23—25. Very fine day. 26. Very fine day : droughty. 27, 28. Very
droughty. 29—31. Very warm.

Mean temperature of the month 52°"6

Mean temperature of May 1845 50*0
Mean temperature of May for 23 years 51 *0

Mean rain in May 1*96 inches,

Mean rain in May for 18 years 1*73 „
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XIV. On the Annual Motions of the Earth's Crust.

By the Ilev. T. R. Robinson, D.D., fyc.

To Richard Taylor, Esq.
Deau Sir,

f"

SEE in the last Number of the Philosophical Magazine,
*• that Mr. Mallet has, in a paper on the Secular and Di-
urnal Motions of the Earth's Crust, referred to my observa-

tions respecting the annual variations of my instruments. In
a brief notice, which will be found in the Royal Irish Aca-

demy's Transactions, vol. xix. p. 193, I expressed a belief

that these are of local origin, being produced by changes of

temperature acting in the immediate vicinity of the observa-

tory ; and I gave the index corrections of the circle during
the year 1839 to show their magnitude and character. The
subject of which I was then treating did not permit any fuller

explanation ; but the following Table, in which I have com-

prised the results of the last eight years, may prove useful to

any of your readers who pursue the inquiry suggested by Mr.
Mallet.

Its second column shows for each month the mean eleva-

tion of the west end of the transit-instrument's axis, as deter-

mined by the level : this operation is in general performed
every day on which observations are made; and whenever the

adjustment has been altered, the amount of change was care-

fully measured. As however in such a case the surfaces which
are moved do not assume a permanent bearing for some time,
a slight degree of inaccuracy may exist as compared to

The third column, which gives the change of the horizontal

point of the mural circle, or (expressing it similarly to the

preceding) the elevation of the northern extremity of a line,

on the meridian face of the pier, supposed horizontal at the

Phil. Mag. S. 3. Vol. 29. No. 1 92. August 1846. G
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season of greatest cold. At first it was derived from direct

and reflected observations of stars, latterly from those of the

lines of the telescope ;
and each of these columns is based on

more than 2000 observations.

The fourth gives the mean temperature of each month as

shown by a standard thermometer in a northern aspect, noted

at 10 o'clock in the morning and evening.

Month.
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Antrim is so much greater than that of the clay-slate which is

found to the south, as not merely to overcome it, but to ex-

hibit a large residual action. If we regard the two as result-

ants of an inclination of the surface, its intersection with the

horizon is determined by the equation tang A ==
^. _, and

must make with the meridian an angle of 65° 48' east, which

is, I believe, pretty nearly that of the junction of the limestone
and slate a little south of Armagh.

I may add that such changes are not peculiar to this obser-

vatory ; in fact few will be found exempt from them. The late

Mr. Henderson found that the Edinburgh transit changed so

regularly with the temperature, shown by a thermometer sunk

twenty-four feet in the rock, that it was a matter of indiffer-

ence whether he corrected by the level or the thermometer.

Comparing the months of February and August there, W.
sinks 5" and N. rises 3" in summer. At Cambridge, the same
months give by a mean of 1838 and the four following years,
that W. sinks l"*72 and N. sinks 5"*14; and at Greenwich
W. sinks about 2" and N. rises about 2"*5. This diversity
seems to show that each station has its peculiarities, and that

no general system can include the whole. It may also, I

think, be inferred, that the agency, whatever it be, is not ne-

cessarily of wide diffusion ; and therefore it might be possible
in any future construction of a standard observatory, to select,

by preliminary experiments, a locality free from such influ-

ence. But to do this with effect would require a much larger
collection of facts than we at present possess.

Believe me,

Observatory, Armagh,
Yours sincerely,

July Jl, 1846. T. R. Robinson.

XV. On Conjugate Points in relation to Prof. Young's paper
on this subject, Philosophical Magazine for August 1845.

By H. S. Warner, Esq.*

I
HAVE been induced to consider the subject of conjugate
points, from observing that what appears to me to be an

important error in Prof. Young's paper
" On Imaginary Zeros

and the Theory of Conjugate Points" (Phil. Mag., vol. xxvii.

pp. 91-97), has not been noticed in any subsequent number
of the Philosophical Magazine.

* Communicated by the Author. [The publication of this paper has
been delayed, from a misgiving as to some of the views contained in it,

which perhaps mav not meet with acceptance from mathematicians.—Ed.]
G2
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1. Prof. Young says (p. 92), that in the extreme case of

the ellipse (the minor axis diminishing till it vanishes), the

curve degenerates into a finite straight line, the equation in

this ultimate state being y — — VcP—x2
. He thus conti-

nues :
" Between the limits x— —a and #= +a, the evanescent

quantity on the right is real, implying that every point on the

axis of x, which does not lie without these limits, is a real

point of the locus. But if x exceed a, in either the positive
or negative direction, the evanescent quantity is imaginary,
and consequently in accordance with the ordinary interpreta-

tion, the corresponding points on the axis of x are beyond
the bounds of the locus." Now for any point in the axis of

x, at which x is greater than a, positively or negatively, the

equation is of the form y = V — 1
;
and as he says that this

point is beyond the bounds of the locus, he must consider

0*/— 1 as unassignable: in this consists his error, for this ex-

pression is equal to neither more nor less than 0; thus

OV—1=V(— 1 x02
)=\/—0=\/0 (since +0=— 0)

= 0:

and hence for any point in the axis of x (whether at that

point x is greater or less than a)y = 0, so that the locus is an
infinite straight line coinciding with the axis of x, and not, as

he asserts, a finite straight line of the length of the major
axis, or 2 a.

2. Perhaps however the geometrical consideration of the

case will render this more evident. If A B C be a section of

a cone by a plane passing through the axis A H, and if an-

other plane at right angles to this one intersect it in the line

D E, then the line of intersection of the conic superficies and
this latter plane will be an ellipse,

of which the major axis a will be
= DE; and if D F, EJ be lines

drawn across the triangle ABC,
perpendicular to A H, it is well

known that the minor axis b of the

ellipse will be = ^DF.EJ. If

now the points D and E be sup-

posed to move along the lines B A,
A C (D approaching A, and the di-

stance D E remaining unchanged,
which is equivalent to supposing
that in the equation to the ellipse
b diminishes while a remains con-

stant) till b = 0, this will be the case only 'when D coincides

with A ; and then the conic section will coincide with the side
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A C of the triangle ABC, that is, it will be an infinite straight
line. Even if the imaginary quantity were considered as a

real quantity, measured along a line perpendicular to the

plane of the co-ordinates x and y, which is what is meant, I

suppose, by
" the imaginary curve being viewed as real curve

out of the plane of co-ordinates," the expression 0^-1
would indicate a point in, and therefore assignable on, that

plane, for it would indicate a point neither above nor below,
and therefore in, it.

3. Similarly also, the hyperbola will become in the ulti-

mate state an infinite straight line, and not, as Prof. Young
says,

" two infinite straight lines in directum with the axis of

abscissas, but separated from each other by an interval equal to

the fixed principal diameter." Having, I think, made it evi-

dent that it is an error to consider 0\/-~l as unassignable, it

being really equivalent to 0, I shall now consider the theory-
of conjugate points.

4. If y = <p (x) be the equation to a curve, and we can put
<p (x) under the form./! [x) +/2 (x), so that 3/=^ {x)+f% (x),
and if we lay down the curve which is the locus ofy —fx (x),
then to determine the locus ofy= $ (x), for any value of x, we
shall merely have to measure along the ordinate drawn at that

value of x, a distance equal to the value ot'f2 (x) corresponding
to the given value of x

; measuring from the intersection of

the ordinate and the curve y =/\ (x) ; this curve we may call

the axial curve, the other one, y= <J> (<r), being derived by mea-

suring from it as from an axis. If at any point of the axial

curve^ (x) is = 0, then that point is a point in the locus of

y = <p(x) also; this is evident. Also, if for any value of x,

f^ (x) is impossible, then at that value of x the curve y =4> (x)
will be unassignable, for we cannot assign any distance to be
measured along the ordinate, and hence cannot exhibit fhe

curve.

5. If now, for a continuous series of values of x
iJll (x) is of

the form A + B \/ — 1, the curve will be unassignable for all

these values of x (by No. 4), forJ^(x) will be impossible; but
if continuing the series, we at last reach a value of x at which
B= 0, so thatj^ (x) is of the form A+ Ov — 1, the curve will

be assignable, for A + */— 1 =A + = A (by No. 1); and if

further A= 0, it will be a point of the axial curve correspond-
ing to the same value of x, that will be the locus. If now,
still continuing the series of values, B continues = 0, orj^ (x)
ceases to be impossible, the imaginary quantity */•— 1 disap-

pearing, the locus will be assignable; and thus we shall have
a real curve commencing at that ordinate at which B = 0.

But if, on the other hand, on continuing the series, the ima-
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ginary */ — 1 does not disappear, and its coefficient B has a

value, whether positive or negative, different from 0, then the

curve is unassignable on this side of the ordinate at which
B = as well as on the other ; and hence the equation ex-

presses at this portion of the locus a single point, isolated and
unconnected with any (assignable or real) part of the curve

that is a conjugate point.
6. Hence the following rule :

—
Having put the equation

under the form y =f} (%) +J^ (x), then if for any particular
value of x such as a',J^(x) becomes of the form A-fO'/— 1,

while both for a value of % a little greater and for one a little

less than a' (such as a'+ h) it is of the form A + BV— 1, there

will be a conjugate point determined by the co-ordinates

x = a',y ==/i (a') +A ; but if/*2 (x) is of this form only on one
side of a', there will be a cusp determined by these co-ordi-

•nates.

In the case of an implicit equation : if any values of x and

y, such as #=«', y=b', satisfy the equation, while both when
x is taken a little greater and a little less than a', y must be of

the form A + B*/— 1 ; to satisfy the equation there will be a

conjugate point at x=a'f y=b'; but there will be a cusp
instead of a conjugate point if it is only on one side of a!, that

y is of the form A + Bv/ -1.
7. In dividing <$ (x) into the two other functions, fx (x),

f<t (x), we must take care so to assume^ (x) that it may be pos-
sible for all the parts of the locus that we wish to examine in

regard to conjugate points. If
<$> (x) cannot be divided into

two functions such as we desire, we can always obtain the ne-

cessary form of equation y=J\ {x) +f2 (x) by taking/, (r)
= 0,

andj^(x) = <$>(x), so that the equation is y=0+ <p (#), and the

axial curve or locus ofy =/, (x) is the locus ofy = 0, that is,

a straight line coinciding with the axis of x.

8. As an example, let us take the equation

\a—x)
2 fir,

whence we have y= $ + (a
—

x) Vx — 2a;

then fx (x)
= x, /% (x)

= (a
—

x) Vx — 2 a.

Now when x = a, /2 {x)
— 0\/—a=zOV—l',

while for x — a + h (k being less than a) it is equal to

+ h »/a±h . V - 1 ;

hence there is a conjugate point determined by

* = «> y-f\ («)
= «.
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Again, for x — 2a^ /2 (#)
= = + 0//— 1,

while for x = 2a + /i,[tis=—(a + h)\/k;
and for 2a— h,

f%{x)=-{a-h)V-h=-{a-h).hh \f-l;
or possible for 2a + h, and impossible for 2a — h; hence
there is a cusp determined by

x — 2 a, y =/t {2 a) + = 2 a.

9. It will be seen that these rules are substantially the same
as those of Prof. Young ; the only difference is, that he says
that we must find a value of y in which the symbol Ov' — 1

appears, and then suppress this evanescent imaginary quan-
tity; while I say that it suppresses itself, being equal to 0. I

have considered only the imaginary V— 1, but it will be
found that the same principle applies to other imaginary ex-

pressions, such as log
—

1, sin is/
—

1, sin-1 V' — 1, &c,
namely that each of these when multiplied by 0, is equal to

0; the reason being that no quantity but oo can, when mul-

tiplied by 0, produce anything but 0, and these imaginaries
are not equal to oo .

Perhaps in a future Number I may consider some other •

points connected with these subjects.

Trinidad, January 3, 1846.

Postscript.
Port of Spain, Trinidad,

April 3, 1846.

I find that I inadvertently made use of the term cusp in

speaking of that point at which a curve ends abruptly. This

certainly was an error, but I know not what name to give to

this point instead of cusp ; for there appears to be no recog-
nised appellation, as yet, in consequence of the little attention

that has been given to this peculiar kind of point. Neither

the "abrupt termination" of Prof. De Morgan, nor the

"point d'arret
"
of the French writers seems to me to be a

good name for it. Query : why should we not call it a ter-

minus! We might then define a cusp as the common termi-

nus of two or more branches of a curve.

H. S. Warner.
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XVI. On the Connexion of the Circle and Hyperbola ; and
on the Geometrical Interpretation of Imaginary Exponen-
tials. By H. S. Wauner, Esq.*

HPHE following investigations relate to an interesting branch
•* of modern science ; but as it is dangerous to claim, at

this time, anything as one's own without a careful examina-
tion of preceding writings, and as I am not acquainted with

the recent progress of research in regard to what were called

imaginary quantities, I send these observations for publica-

tion, merely on the chance that they are new; hoping that if

they are not so, I may be informed of the fact through the

columns of the Philosophical Magazine.
1. The assumption on which I proceed is that,

—
The proper geometrical interpretation of' A*/— 1 is a line

of the length A, measured in a direction perpendicular to that

in which it 'would have been measured if it had not been multi-

plied by a/— 1.

2. Taking the equation of the equilateral hyperbola (the
centre being the origin, and, for simplicity, the semi- axis

being the unit of length) y^=x
2— l ) we find, that for a value

of x (positive or negative) greater than unity, y is possible,

determining the opposite hyperbolas ; but that for a value of

x less than unity, the equation assumes the form ?/
2 = — 1

x (1
— x2

) or y = V— 1 x V{\ — x2 ). Hence (y= Vl — x2

being the equation of a circle whose radius = 1) by the as-

sumption above, the hyperbola will be represented between
x= + l and ,r= — I, by a circle (radius 1) whose ordinates

are measured perpendicular to the plane of xy; that is by a

circle standing upright, or a circle described on a plane at

right angles to the plane of xy, the intersection of the two

planes coinciding with the axis of x. The perpendicular

plane I must, for want of a better name, call the imaginary
plane.

3. Considering the circle in the same way, we shall find

that for positive or negative values of x greater than unity, it

is represented by a pair of opposite hyperbolas, drawn on the

imaginary plane. Hence we arrive at this remarkable result,

that the equilateral hyperbola and the circle are similarly re-

lated to planes at right angles to one another, or that to change
the one curve into the other, we have merely to take the imagi-

nary plane as the real one, and vice versa. The figure will il-

lustrate this : C A X is the axis of x, C Y the axis of y, and
C K a line perpendicular to the plane of xy, or what may be
called the axis of imaginaries : C K and C L are the asymp-

* Communicated by the Author.
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totes (from the perspective used the axis of imaginaries ap-

pears to coincide with one of the asymptotes), and C I A J is

the inscribed square of the asymptotes. The dotted lines

(representing
a circle as commonly drawn) are the lines on

the one plane, while the black ones (representing the common
form of the hyperbola) are those on the other plane : hence

if the black lines be considered as those on the real plane, the

dotted circle will be on the imaginary plane, and the figure
will be the locus of the hyperbola : if, on the other hand, the

dotted lines be considered as being on the real plane, the

black ones will be imaginary, and the figure will be the locus

of the circle.

4. If we take any point P on the hyperbola (regarding for

the present the black lines as those on the real plane) deter-

mined by the co-ordinates CT=.r, TP=y, and draw the line

PR parallel to CL, then by the property of the hyperbola we
have

area 1APR _
]

CR
areaCIAJ S CI ;

but IAPR=ACP, CIAJ = -i CI \/i ;

..2(ACP) = log(CRxv
/
2) (a.)

The equation of the hyperbola being y = V'

x1 —
1, and of

the asymptote y — x, we have
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CQ=*4/2, QR=\/{xPQ=\/{x(^^?M))

CR=CQ-QR=^^2-(^- 4/^TT7)\/i

= (x+ ^lP=\)\Jz •*. C R V2 = x + Vx* - 1

= CT + TP,
hence we have

2(ACP) = log(CT + TP)=log(* + y). . . (b.)

5. Let us now observe the variations of the quantities that

form this equation, as the point P moves along the curve, or

is assumed at different points of it.

As P approaches A, both the area A C P and C T + T P
diminish till at A we have 2x0 = log 1.

Suppose P to be taken on the branch A F, then A C P
and T P will both be negative, and the algebraic sum of C T
and T P will be their arithmetical difference, which will be

always less than 1
; hence the logarithm of a number less

than unity is negative.
Let us now suppose that a point on the imaginary circle is

taken, as at P2 . Then 2
(
A C P2)

= log (C T2+ T2 P2) ; but

if the arc A P2
=

0, we have

2(ACP2)=0, CT2
= cos0, T2 P2

= sin0;

but C A P2 and T2 P2 being both on the imaginary plane are

affected with the symbol V— 1, while C T2 being on the real

plane is unaffected with it; hence finally we have

0\/— 1 = log(cos0 -f V- l.sin0)'] / x

or e^" 1 = cos0 + */— I. sin J
"

Similarly, if P2 be taken on the imaginary branch below
the real plane so that is negative, we have

8
-^-i = cos fl

— V— l. sin 0. . . . (c'.)

Let be = — so that P2 falls on H, then C T2 or cos
35

vanishes, so that

-|V-l = log*/-l or e2
v = >/-l. . . . (d.)

When P2 reaches B,

TtV— l = log(-l) or e*v
- l =-l (e.)
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And at G,

^V_l=log(-*/-l) or .-/'-^-•-l. . (f.)

At A, 2 * </- 1 = log 1 or e
2*7- 1 = 1. . . . (g.)

From A we may suppose P2 to run over the circle a second

time and then a third time, and so on to an mlh time; so

that in the formulas (c), (d.), &c. we may increase the coef-

ficient of s/— 1 in the exponent of e, by 2 m tr without chan-

ging the result ; also we may suppose P2 on arriving at A after

the »2th revolution, to proceed along the real branch of the

curve so that the logarithm of any quantity X may be repre-
sented by tabular log X + 2 mftv — 1.

6. Perhaps it may not be unimportant to remark, that in

describing the properties of the hyperbola, the proper way of

enunciating the connexion of hyperbolic spaces with loga-
rithms is the one I have used, namely 2 (A C P) = log (C T
4- T P) ; for this expression holds good as well for the ima-

ginary as for the real branch of the hyperbola, as I have shown
... . . I APR . CR.

above, while the common expression p t A t
= log ^r is

quite unintelligible when applied to the imaginary circle,

being derived from the consideration of the asymptotes, which
are no part of the curve, though usually drawn with it.

7. There are several other points arising out of the con-

nexion of the circle and hyperbola which it would exceed

my limits to touch upon here, but which I shall probably
make the subject of another article, should it turn out that the

preceding results are new.
8. In conclusion, I may remark that this investigation is as

yet incomplete, or imperfect, for the most general formula

arising from it is logX = Y + 2 m n V— 1 (Y being the

arithmetical logarithm of X), while the most general formula

obtained by other means is

. Y Y + WTlV-l
log x = i+2w-r

See De Morgan's Calculus, p. 384.

Port of Spain, Trinidad,

April 2, 1846.
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XVII. On the unequal Decomposition of Electrolytes, and the

Theory of Electrolysis. By Mr. James Napiek*.

IN
a paper which I submitted to the Society last session

upon this subject t» it was mentioned that the funda-

mental law laid down by electro-chemists, "That there can
be no inequality of decomposition in any part of an electro-

lyte," is not applicable under all circumstances, especially
when the negative element of the electrolyte can combine with

the positive electrode, there being under such circumstances

an increased tendency in the electrode to combine with the

electrolyte, which causes a greater amount of decomposition
or chemical action at the positive than at the negative elec-

trode.

That the extra amount of decomposition at the positive
electrode is not the result of the ordinary solvent powers of

the electrolyte for the metal composing the electrode, was
shown by pieces of the same metal being put into the same
solutions as the electrolyte the same length of time as the

battery was in action, and which were in some cases not

affected, and in others only a small fraction of that which
had taken place at the positive electrode above what the

current of electricity passing accounted for
; showing that the

increased affinity between the elements of the electrolyte and
the electrode had its origin in some influence communicated

by the battery, and was not accounted for by the amount of

electricity passing, measured by the deposition of a metal

upon the negative electrode, and as experiments which were

being made showed, without any relation to that current.

I had observed, while experimenting upon electrical endos-

mose, that there seemed some relation between the cause of

measurable endosmose and the phenomenon under considera-

tion : it became therefore probable that the element of an

electrolyte liberated at the negative pole, such as a de-

posited metal, might not be, as I had formerly thought, an

accurate measure of the whole electricity passing through
the solution under all circumstances, but that a feeble cur-

rent may be also passing, which may be sufficient to give a

greater disposition, if I may be allowed the term, to the solid

electrode to combine with the elements of the electrolyte, but

not of sufficient power to decompose all the particles of the

compound fluid through which it passes to the negative elec-

trode, the solution conducting it as a solid conductor would, or

rather, as appears from the results described in my paper on
* Communicated by the Chemical Society; having been read January

5, 1846.

f See Phil. Mag. S. 3. vol. xxvi. p. 211.
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endosmose, the electricity taking the dissolved particles with

it to the negative electrode and producing the.phenomena of

endosmose. These suppositions therefore became the object
of an inquiry, which 1 shall now describe in detail.

I took a piece of amalgamated zinc, measuring 2 by 1\
inches, in such state of amalgamation that dilute sulphuric acid

had no action upon it; this was put into a mixture of sulphuric
acid and water in the proportion of 1 acid to 24 water, and
surrounded with copper, which was placed as close to the zinc

as would allow a free current of the solution between them, as

well as the escape of gas, with the view of interrupting as little

as possible the free action of the acid upon the zinc. This
was kept in action for an hour, when it was found that the zinc

had dissolved from it 97 grains. This I assumed as the max-
imum amount of chemical action which could be obtained be-

tween the zinc and acid of this strength, at least under the in-

fluence of copper. The zinc and copper being again put into

this liquid, but with the two metals 1 inch apart, connected by
a slip of copper at the surface of the liquid, in one hour there

was dissolved from the zinc 56'5 grains. The two metals

being again placed in the same position, but connected by two

copper electrodes of equal size placed into a solution of sul-

phate of copper, at the expiration of an hour there was de-

posited upon the negative electrode 9 grains of copper, and
there were dissolved from the zinc 10*7 grains. Taking an-

other zinc and copper and putting them into the acid con-

nected with the first in the manner practised for intensity,
there were deposited in one hour 17 grains. The zinc in cell

had lost 18 grains. With 4- pairs zinc and copper in acid

there were deposited 26 grains, and dissolved from the zinc

27*7 grains. With 6 pairs there were deposited 34 grains,
and dissolved from zinc 36 grains ; and with 9 pairs there were

deposited 43 grains, and dissolved from the zinc 45 grains.
And thus it went on increasing in quantity by the addition of

plates until the action of the acid and zinc came nearly to

the same as was assumed as a maximum, namely, 97 grains ;

with 30 pairs there were dissolved from zinc 101 grains,
with 35 pairs 99, which I consider very close to the assumed

quantity.

Assuming the position which the results of these experi-
ments suggest, I would say, that if the chemical energy in-

duced between the acid and zinc under the influence of cop-
per be equal to 100 grains per hour, but by distance or the

interposition of a medium of inferior conducting power the

chemical action is reduced to 10 grains per hour, the remain-

ing tendency or disposition of the acid and zinc to unite
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will be equal to 90 ;
and by increasing the action, either by

adding intensity or decreasing the resistance, so that it

amounts to 25 grains per hour, we decrease the tendency to

further action to 75, and so on, the one decreasing as the

other increases. Now, if this tendency for further action be-

tween the acid and zinc be the source of this feeble or unde-

composing current, and this the cause of an extra chemical
action at the positive over the negative electrode, then the

amount of this extra action at this locality will be greatest
with a wreak battery, at least have some relation to the surface

of zinc exposed and the amount of actual chemical action

going on. That this is the case the following experiments
will show. To save repetition, I may state that when small

plates are mentioned the measures of the zinc are 2 by 2^
inches; when large plates are named they measure 5 by 6
inches.

1. With small plates, the electrodes being the same size as

plates, both placed in sulphate of copper with a very little

free acid. The current passing four hours, the results were
as under :

—
One pair negative gained 27 grs. Positive lost 30*5 grs.
Two pairs ... 44 ... ... 49
Four pairs ... 58 ... ... 63
Six pairs ... 70 ... ... 73
Nine pairs ... 85 ... ... 87

Taking these results in equivalent proportion, counting the

equivalent of copper 32, the extra action at positive will be—
One pair 4'1 grains.
Two pairs . . s . . . 3*6 ...

Four pairs 2*7 ...

Six pairs 1*3 ...

Nine pairs ...... 0*7 ...

The next experiment was with cyanide of potassium in the

proportion of 1 ounce to the pint of water. This was put into

one division of a decomposition cell, the other being charged
with sulphate of copper ;

silver positive electrodes were used
in the cyanide solution. The battery used was of small plates,
the current passing two hours.

One pair negative gained 14 grs. Positive lost 57 grs.
Two pairs ... 14 ... ... 50 ...

Four pairs ... 20 ... ... 70 ...

Six pairs ... 21 ... ... 71 ...

The equivalent of deposit being again taken, the proportions
of extra solution of positive stand thus;—
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. One pair ....... 9*1 grs.
Two pairs 6*8 ...

Four pairs 5*7 ...

Six pairs
#9 ...

I now took a strong solution of cyanide of potassium and
divided it into three equal parts : into two were placed porous
vessels filled with sulphate of copper, in which were put the

negative electrode of the battery, one connected with 9 pairs of

small plates, the other with 1 pair of large plates. The same
sort of electrodes were used in both experiments. The third

portion of cyanide of potassium solution had a piece of copper
placed in it of the same size with the electrodes. The bat-

tery current was continued one hour. The results were—
9 pairs deposited 12 grains, dissolved 15 grains; equivalent

8 grains.
1 pair deposited 4 grains, dissolved 7 grains ; equivalent

24 grains.
Piece of metal in cyanide potassium lost 1*2 grain.
Similar experiments were made with various electrolytes

in the positive division, using sulphate of copper in all cases

in the negative, the amount deposited being taken as the mea-
sure of the decomposing current.

1st. Positive cell charged with a weak solution of cyanide
of potassium.

1 pair deposited 7 grains, dissolved 10 grains; equivalent

proportion 13'7 grains.
9 pairs deposited 26 grains, dissolved 31 grains; equiva-

lent proportion 6*1 grains.

2nd. Muriatic acid 1 to 24 water in positive solution.

1 pair deposited 15 grains, dissolved 23 grains; equivalent
17 grains.

9 pairs deposited 54 grains, dissolved 69 grains ; equiva-
lent 8*8 grains.

3rd. Positive solution, nitric acid 1 to 24 water.

1 pair deposited 17 grains, dissolved 20 grains ; equivalent
56 grains.

9 pairs deposited 26 grains, dissolved 29 grains ; equiva-
lent 3"7 grains.

4th. Positive solution, sulphuric acid 1 to 24 water.

1 pair deposited 20 grains, dissolved 23 grains ; equivalent
4*3 grains.

9 pairs deposited 49 grains, dissolved 55 grains ; equiva-
lent 3'9 grains.

The next series of experiments are of the same kind, using
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1 and 2 pairs of large and small plates ; but two porous
vessels were used, put into a vessel charged with the same

liquid as the positive, the negative in this, as in the last, being

charged with sulphate of copper, the electrodes being 2 by

2\ inches in all the experiments.

1st. Positive solution, sulphuric acid ] to 24 water.

1 pair small plates deposited 9 grains, dissolved 1 1 grains ;

equivalent 7 grains.
1 pair large plates deposited 9 grains, dissolved 12 grains*

equivalent 10*6 grains.
2 pairs small plates deposited 16 grains, dissolved 18 grains ;

equivalent 4 grains.
2 pairs large plates deposited 19 grains, dissolved 22 grains ;

equivalent 5 grains.

2nd. Positive solution, muriatic acid 1 to 24 water.

1 pair small plates deposited 5 grains, dissolved 6 grains ;

equivalent 6*3 grains,
1 pair large plates deposited 7 grains, dissolved 9 grains

•

equivalent 9'1 grains.
2 pairs small plates deposited 9 grains, dissolved 12 grains;

equivalent 9 '4 grains.
2 pairs large plates deposited 1 1 grains, dissolved 16 grains ;

equivalent 14'5 grains.

3rd. Positive solution, nitric acid 1 to 24 water.

1 pair small plates deposited 8 grains, dissolved 9 grains ;

equivalent 4 grains.
1 pair large plates deposited 8 grains, dissolved 10 grains;

equivalent 8 grains.
2 pairs small plates deposited 14 grains, dissolved 15 grains ;

equivalent 2*3 grains.
2 pairs large plates deposited 19 grains, dissolved 21 grains ;

equivalent 3*3 grains.

I now took three separate pairs of small plates excited by
1 sulphuric acid to 24 water, and to each attached copper
electrodes, which were placed in a solution of sulphate of

copper : the electrodes of one were one-half size of the battery

plates, of the other equal size, and of the third twice the size

of the battery plates. The current passed sixteen hours, the

results were as follows :
—

Small negative electrode gained 25*4 grains, positive lost

29*3 grains ; equivalent 4*9 grains.

Equal-sized negative electrode gained 33 grains, positive

lost 37 grains ; equivalent 3*8 grains.
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Large negative electrode gained 42 grains, positive lost 44

grains; equivalent 1*5 grain.
A piece of zinc and copper, each measuring 3 inches by 3,

were placed in distilled water, and two small electrodes, 1 by 2

inches, attached and placed in a solution of sulphate of copper.
The current passing was sufficient to deflect a delicate galva-
nometer needle 3° : the current was allowed to pass seventy-
two hours. The electrodes being again weighed, the negative
had undergone no change, the positive had lost 2*6 grains.

Another experiment of the same kind, but the electrodes

placed in dilute sulphuric acid, 1 to 100 water, the current

passed forty-eight hours; the negative electrode was found

unchanged, the positive had lost 2 grains. A piece of copper
suspended in the acid solution during the same time remained

unchanged.
These experiments, which are only a few of a great many

thnt were made, all bearing more or less on the point, I think

sufficiently prove the view taken both of the origin of the

undecomposing current of electricity, and also that it is that

current which produces the phenomenon under discussion ;

namely, a disposition in the positive electrode and in the zinc

in the battery to combine with the negative element of the

electrolyte up to a given point, varying according to the

strength of acid, and the negative properties, if we may so

term it, of the metal in contact with the zinc, through the in-

fluence of which the chemical action is induced.

The results of the experiments of this as well as my pre-

ceding paper upon electrical endosmose, are applicable to the

explanation of various natural and chemical phaenomena, the

investigations into some of which I am at present engaged
with. At present I shall confine myself to a few remarks upon
the philosophy of electrolytic action which these experiments
suggest.
The manner in which electricity passes through and decom-

poses solutions, is a subject that has occupied the attention of
electro-chemists since its power to do so was first known, and
the opinions published are almost as numerous as the inves-

tigators ; the greater part of which having been already col-

lected and published by Professor Faraday in his Fifth (Series
of Researches, need not be repeated here. Suffice it * say,
that the whole of these theories being based upon the v

. Uppo-
sition that there is a mutual transfer of both the negative and
positive elements of an electrolyte, and that supposition being
now found incorrect, these theories cease to be tenable.

From the first time that I observed that the base of an elec-

trolyte was not transferred, my mind became impressed with
Phil. Mag. S. 3. Vol. 29. No. 192. August 1 846. H
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a theory of electrolytic action, which seemed to agree with the

results of my every-day experience in electro-metallurgy, and
also with various experiments made on a small scale, in order
to test these views more fully. During these trials I was
favoured with a copy of the paper of the late Professor Da-
niell and Professor Miller on the decomposition of secondary
compounds, in which the non-transfer of the basic element is

observed, but the statement made at the same time that this

is not universal, some elements, such as potassium, sodium,
&c, being transferred in certain proportions. These state-

ments interfering with my views, induced me to investigate
the subject more closely. The paper now submitted to the

Society forms a portion of these investigations, the results of

which induce me to think it probable that the results ob-

tained by these gentlemen were due to what I term unmea-
surable endosmose rather than to electrolytic transfer ; and
that no basic element of an electrolyte is ever transferred by
electrolytic action, but that the base of an electrolyte which is

being decomposed is the medium or conductor of the elec-

tricity through the solution from electrode to electrode. And
the manner in which this takes place I conceive to be as

follows :
—

The double row represents a line of compound atoms form-

ing an electrolyte, a the acid or negative element of the elec-

trolyte, b the base or positive element of the electrolyte, cc the

wires or solid conductors of the electricity from the battery
to the decomposition cell; the last particles in contact with the

electrolyte may be viewed as the electrodes. The a b particles
are held together by their affinity for each other.

Now let it be supposed that an equivalent of electricity

leaves the positive terminal of the battery and passes along the

solid particles of the conductor, that particle upon which the

electricity rests must be for the time in a higher state of ex-

citement than the other particles. When the electric current

comes to the last particle of the solid chain which is in contact
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with the electrolyte, its increased excitement causes it to at-

tract and combine with the acid particle nearest it, a 1 ; when
these unite the electricity passes to the first basic particle

b 1, giving it an exalted excitement, which causes it to unite

with the acid particle a 2, the electric force passing to b 2,

which becomes excited in turn and takes the particle a 3; and

so on through the chain till the last particle b 5, which,

having no further acid to combine with, gives its electricity to

the solid conductor which passes along to the battery. If the

last particle b 5 be a metal that can exist under the circum-

stances in which it is left, such as copper, silver, &c, it ac-

cumulates upon that electrode as a deposit; if not such as

can exist under these circumstances, such as potassium, &c,
it decomposes water and hydrogen is evolved. By this we

observe that every equivalent of decomposition will carry an

equivalent of acid to the positive electrode. This is exactly
what is found by experiment to be the case. That these de-

compositions and combinations amongst the particles of a

salt may produce a current of that salt in the direction of the

electric current producing endosmose, can very easily be con-

ceived.

Whether this be the true philosophy of electrolytic action

is yet to be further investigated ; in the mean time it does not

appear inconsistent with any experiments I have yet investi-

gated : but should it be found not to account for electrolytic

action under all circumstances, it will be gratifying should it

only prove a stepping-stone to a clearer view of the subtile

action of this power.
It appears to me that the phaenomena observed and de-

scribed in these papers favour the idea that electricity is but

one power or substance, and that that power is identical with

chemical affinity. But the further consideration of this point
must be deferred till another opportunity.

XVIII. On a convenient Instrument for graduating Glass

Tubes, invented by Prof. Bunsen of Marburg*.

rpHIS instrument consists of a mahogany board 5| feet

--
long, 7 inches wide, three-quarters of an inch thick.

.Throughout its centre is a groove 1 inch wide, half an inch

deep, arched at bottom, for the reception of tubes. At one

part, 5 inches from the end, is placed a brass plate, 1^ foot

long and 2 inches wide, in such a position that when screwed

down its edge comes one-half over the groove. It is furnished

* Communicated by the Chemical Society ; having been described by
Dr. Lyon Playfair January 10, 1846.

H 2
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with 4 screw-nuts, passing through a cut portion of the plate,

a quarter of* an inch long, so as to allow a certain advancement

or withdrawal of the plate at pleasure. C and D are two si-

milar plates, placed at the other end of the wooden board, C
having the same amount of motion as B, and being precisely

similar in every respect. D is a brass plate of the same di-

Scale six-tenths of an inch to the foot.

- - - - 5 feet 6 inches. - - -
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is divided into millimetres. The object of the notches is, that

a longer mark may be made at every five millimetres, and a

still longer one at every ten, in order to aid the eye in read-

ing. The waxed tube is now removed -to a leaden chest,

containing pounded fluor spar and sulphuric acid, slightly

heated, which etches it more successfully than a solution of

hydrofluoric acid. Previously, however, to being etched, it is

desirable to figure the number of millimetres at the space of

every ten ; and this is conveniently done by the steel pointer
G after being removed from E.

We have thus an accurate measure of length etched upon
the tube, which should have been one of pretty uniform cali-

bre. The next point is to determine the true value of each
of the divisional marks. This is done by calibrating it through-
out all its length with small portions of mercury, say equal in

bulk to five grains of water. By this means the relative value

of each mark may be determined, and the proportion which
it bears to any given standard. The only possible error is

in the assumption that the tube is of even calibre between the

space occupied by the mercury ; but the quantity of this added
is so small that any such error becomes quite inappreciable.
The convenience of this graduator is so great, that a long

tube may be beautifully divided in the course of a quarter or

half an hour. The standard tubes should be made of glass,
but the original divisions from which this standard is made

may be made on wood or any other material.

XIX. On the Gatto-Nitrate of Silver of Mr. Fox Talbot, and
its Action upon Iodized Paper. By Geo. S. Cundell*.

COME of the properties of this remarkable compound have^ been described by its inventor, and are sufficiently well

known ; the relations however of its constituent parts, and the

means by which the action of the compound may be regulated

(some knowledge of which is indispensable to the using it with

success), are less generally understood, and have not, so far

as I am aware, yet been described.

When solution of the nitrate of silver is applied to iodized

paper, a surface is obtained which is extremely sensible to the

impressions of light: and, if gallic acid have been added to

the solution, the sensibility of the surface will be increased in

a remarkable manner.

Preparations however of this kind are subject to a sponta-
neous and rapid change, independently of light; and, where

* Communicated by the Author.



102 Mr. G. S. Cundell on the Gallo-nitrale of Silver.

such have been employed, after a certain time (longer or

shorter, according to the strength of the solutions), on deve-

loping an impression in the usual manner, it will be found
that the whole of the surface, whether acted upon by light or

not, will become dark and discoloured ; and such prepara-
tions seem therefore to be of little or no value in photography.
By adding to them, however, a little acetic acid, the ten-

dency to spontaneous decomposition is immediately lessened;
and by combining the three constituents in due proportion, a
"
gallo-nitrate

"
may be formed of any degree of stability (or,

inversely, of any degree of sensibility) required.
There are, no doubt, many proportions in which the ingre-

dients may be united with good effect; but, for general use, no

proportions perhaps are better than the original ones given

by the inventor. It is to be observed however of his formula,
that it is adapted to certain external conditions, and is not

equally suitable where these are different. It is not equally
suited to every climate or temperature of the air ; and although
well-adapted to excite paper for immediate use, it is perhaps
less so when the paper is intended to be kept : hence the cause

of many miscarriages in its use, and the necessity for some-

thing more than a mere formula for its preparation.
If the acetic acid be deficient (which is frequently the case

from its uncertain strength), the spontaneous decomposition

already noticed will take place with more or less rapidity ;

and, unless the paper be used without delay, the impression
will be lost in the general darkening of the surface.

On the other hand, if the acetic acid be in excess, there will

be less tendency to decomposition ; the paper will also be less

sensitive, but it will much better preserve its whiteness in the

excited state, and may be used successfully after many hours.

By thus tempering the compound with acetic acid, accord-

ing to circumstances, it will be found that its action may in a

great degree be brought under control.

If the gallo-nitrate of silver of Mr. Talbot be applied to

iodized paper, an action commences, which, unless very quickly
arrested, instead of merely exciting the surface and preparing
it to receive an impression, will speedily darken and render it

useless. It is most probably on that account that the paper is

directed to be "dipped into water;" the effect of which is to

arrest the action by diluting the gallo-nitrate, and by remo-

ving, perhaps, nine-tenths of it from the paper. The extent

however to which the destructive action may have gone, and
to which the gallo-nitrate may thus have been diluted or re-

moved, is all to the last degree uncertain ;
and it seems a

more satisfactory proceeding to apply the gallo-nitrate in the
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diluted state, and to dispense with the dipping in water alto-

gether.
The diluting is a very much simpler and more oeconomical

method, and it is evidently a more certain one.

If the gallo-nitrate be diluted not more than ten times, it

imparts a high degree of sensibility, but in that case the paper
must be used immediately. It may be diluted as much as

forty times, and in favourable circumstances will still give an

intense picture. In diluting to that extent the paper becomes

less sensitive, but it is less subject to the spontaneous change,
and preserves its useful properties much longer.
To develope an impression, the gallo-nitrate ought to be of

the full strength, particularly in gallic acid, upon which the

depth and intensity of the picture chiefly depend, and which

in a saturated solution will be present in greater or less quan-

tity, according to the temperature of the air, by which the

general chemical action is also affected.

London, July 7, 1846.

XX. Microscopic Observations on Hail.

By A. Waller, M.D.*

IN a paper read before the Royal Society, June 18, 1846,
-^ I have presented some observations on the microscopic
examination of globules of water, as they exist in fumes of

steam, fogs, clouds, and mists. I found that they consist of

particles of water perfectly spherical, without the least ap-

pearance of a vesicular structure, as is generally taught. I

now proceed to examine, in a similar manner, water in some
of the other forms in which it presents itself in meteorology,
and commence with hail.

Some confusion seems to exist between different authors

respecting the distinction between hail and sleet, which it is

very desirable to avoid. Kaemtz, in his Manual of Meteoro-

logy, states that "very small hailstones are termed sleet."

Pouillet, Elemens de Physique, who is generally very precise
in his terms, gives the following definition :

" Le gresil [sleet],

which we have the opportunity of observing in our climates

almost every year during the months of March and April,
has doubtless an origin similar to that of snow. It is also

congealed water, or rather small needles of ice pressed and

interlaced together, forming a kind of ball of rather a compact
nature, and sometimes surrounded with a real coating of

transparent ice." In one dictionary I find sleet termed "a
fall of rain and snow together," and in another,

" a kind of

* Communicated by the Author.
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smooth small hail or snow not falling in flakes, but single

particles." The cause of this confusion arises from our in-

ability to give any character visible to the naked eye, appli-
cable on all occasions, for distinguishing hailstones, sleet,

and globular masses of snow from each other. In ordinary
cases, particularly in the summer months, no difficulty is

found in the use of the term hailstones. We might then de-

fine them as consisting generally of fragments of ice, hard,

nearly opake, and producing various physical effects in pro-

portion to their velocity ; but a more minute examination soon

shows, that they are generally accompanied with some suffi-

ciently small to deserve the name of sleet according to

Kaemtz, and others with no more consistency than flakes of

moistened snow
; and if we were to accept the definition of

sleet by M. Pouillet, in this country, where hail is generally
much smaller than in warmer climates, hail storms would be
of comparatively very rare occurrence. In showers of sleet

and snow the same difficulties are sometimes experienced ;
if

particles of sleet invariably presented themselves under the

form of transparent globules or particles of ice, no possibility
of confusion would exist between them and the other two, but

we also find them sometimes mingled with some that are

more or less opake and possessing a greater size. This un-

certainty respecting the precise meaning attached to the

words hail and sleet, is found in the accounts of many meteo-

rological phaenomena ; and it would be desirable, in order to

avoid it, to define the exact sense in which they are employed,
or what would be still preferable, to describe with more

precision the principal physical characters presented by the

particles themselves. I fear it will be impossible at present
to propose any set of terms which in every case would be free

from objection, any more than with regard to the different

forms of clouds or other meteorological phaenomena, which

pass with gradual transition from one form to another; but I

would propose to confine the term sleet to all particles of

water which are transparent throughout, whatever may be

their size, and that of hail to those which are merely semi-

transparent throughout, or possess at any part the power of

irregularly dispersing light, which, as we shall see hereafter,

arises from their being composed of minute globules. The
term snow will be applied to all those particles of water in the

atmosphere in which we can detect a crystalline appearance

by aid of the microscope. With regard to hail, which pos-
sesses no cohesion and loses its form when it comes in contact

with any solid body, I term it amorphous hail, from its having
no definite form ; and the snow, whose crystalline forms have
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been altered by moisture or by caloric, I call on the same

principle amorphous snow.

I will now proceed to mention the results of a few observa-

tions I have made upon hail.

March 22, 1846.—There was a fall of hail which lasted

several minutes. The hailstones were generally of a lenti-

cular shape, about half the size of a French bean, of a dull

white colour, and semi-transparent. As they fell they were

received in a blanket on this and on the following occasions,

as when folded up in it, they might be preserved much longer
from melting. One of them placed under the microscope
was found to disengage bubbles of air in great abundance ;

its surface presented several irregular fissures by reflexion.

After liquefaction, the drop of water resulting was found to

contain numerous particles of various forms. Some of these

were perfectly spherical, transparent, and agglomerated toge-
ther in groups. Some were single, with a central nucleus,

Fig. 1.

o
<p

o

others were completely opake, black, and globular. Other

hailstones contained, besides particles similar to the above-de-

scribed, some of a siliceous appearance, causing a gritty feel

when compressed between surfaces of glass. Shortly after

the hail there followed a fall of rain : some drops of it being
examined in the same way, were found to contain numerous

irregular particles, some of which were apparently particles
of soot, but I could detect no globular particles, nor an}

T re-

sembling sand.

March 23.—There occurred a fall of hail more considerable

than the former, but the hailstones were smaller, though of

similar shape. At the commencement ofthe fall, the hailstones,

as soon as they struck the earth, split into numerous fragments,
which remained loosely adhering together, much like wet sand
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or the ices of pastry-cooks. The others which fell after did

not break up in this way. Several of them, examined as be-

fore, disengaged, as they melted, bubbles of air in abundance.
When the stone was reduced to a thin disc of ice, it became

sufficiently transparent to be viewed by transmitted light. It

was then perceived to consist of numerous particles of either

a globular or ovular shape, closely adhering together, and

presenting, on what appeared their surface, numerous very
minute black points. The drop of water which resulted con-

Fig. 2.

tained very slight traces of foreign matter of the most minute

dimensions. In a few instances I perceived a collection of

spherical globules of a green colour about mm,005. One or

two deposited a particle apparently siliceous, which appeared
to be in the centre of the hailstone.

April 3, 2 p.m.—There fell some hail for about five minutes.

The weather warm, sun strong, occasional showers during the

day. About half an hour previously I observed brilliant, thin,

white cirro-strati at various points of the sky : before the hail

fell, there appeared a second cloud over head, apparently
much lower than the former, very dense and extending rapidly.
The first hailstones so completely lost their cohesion and

liquefied so quickly, even as they fell on my coat, that I at

first took them for drops of rain, with which they were ac-

companied. Those which I collected resembled a grain of

rice in size and colour. The dark cloud quickly disappeared
after the fall of hail ; the upper ones still remained about the

same. I had not an opportunity of using the microscope.
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April 6, 5 p.m.—A heavy fall of rain with hailstones about

the size of a sweet pea. Under the microscope, the hailstones,

when sufficiently thin, appeared to consist of spherical globules
of various sizes, as in fig. 1, mixed with others of an angular
outline. Air- bubbles as usual.

The foreign matter was found to consist of particles like

sand, and others resembling microscopic lichens.

May 10, 3 p.m.—Wind N.W. an hour or two previous,

bringing numerous masses of clouds, detached portions of

which rapidly disappeared under the action of the sun's rays.

Temperature warm; shortly before the fall of hail, the wind

blew violently in the most opposite directions. A few hail-

stones fell of nearly a globular form. Under the microscope

they gave off air-bubbles as usual, and all contained minute

amorphous particles, some of an organic appearance, as in

fig. 2. The thin disc of ice, besides the globular particles,

presented many minute circular spots of different sizes, which

as the ice melted, appeared to form the air-bubbles. These

presented a different appearance from the globular particles
before mentioned ; they were much less defined and more ir-

regular in their size. In some instances I could detect what

appeared to be globular particles imbedded in a matrix of ice.

Air contained within Hailstones.

It is remarkable that, in all the accounts of hailstones which

I have met with, I have not found any mention of the quantity
of air which is contained in their interior. Under the micro-

scope, the rapid formation of air-bubbles is the first point
which attracts the attention, giving rise to the idea that a che-

mical action disengaging a gaseous body must be taking place.
As I have invariably observed this in all the numerous hail-

stones which I have examined, I regard it as intimately con-

nected with all those which, like those I have met with, are

composed of separate globules, and have a semi-transparent

aspect. Although the greater part of this air is disengaged

during the process of liquefaction, some part of it remains in

the state of small air-bubbles, on the surface of the drop of

water resulting from the fusion of the ice, and may be per-

fectly distinguished by the unassisted eye. Hitherto I have

not been able to determine the amount of air which a hail-

stone is capable of containing, but as far as I have been able

to judge, it is more than the volume of the hailstone itself.

We must furthermore bear in mind, that as the density of the

atmosphere is less as we ascend, the original volume of the

air, supposing it to have been confined at the moment the hail

was formed, must have been much more considerable than at
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the time we examine it. Hail, as we know, is abundantly
formed at the elevation of Mont Blanc, and probably much

higher. Supposing the air in our observations had been con-

fined at that height, its volume would have been about double

that which it presented at the time it was liberated, supposing
the temperature on both occasions to be the same. The in-

fluence of temperature would no doubt operate in a different

direction, as hailstones must be considered to take their origin
at a temperature below zero

;
and when examined, even after

their fall, they have been found generally, by M. Pouillet, —3°
or — 4° below 0* Cent., whereas when the air escapes, they

may be considered exactly at 0' Cent. But admitting the

temperature to have been —10° Cent, when they were formed,
the dilatation of the air would be about ^\ih of the volume,
which is far from compensating for the decreased pressure.

By subjecting hailstones while kept several degrees below the

freezing-point to a decreased pressure or a vacuum in the air-

pump, we might decide whether the air has any communica-
tion with the external atmosphere, and with what force it is

retained.

In observation May 10, the air appeared to be fixed within

the hailstone, under the form of globules, very distinct in

their appearance from the solid spherules. Their diameters

varied from the one-fifth of a millimetre to sizes consider-

ably smaller. As they disappeared they seemed to form the

air-bubbles, which are invariably to be seen escaping. In

the other cases I could only detect, under the highest power,
minute dark points at most of the size of mm,

005, which ap-

peared to be on the surface of the spherules. I can only con-

jecture them to consist of air, because after fusion I could

perceive nothing like them in the drop of water. If it should

result from future observation with the air-pump, as I have

suggested, that the particles of ice merely retain air from the

same cause as other porous bodies, the transparent condition

of ice may enable us to form some idea of the manner in which

porous bodies, such as charcoal, act in fixing gaseous sub-

stances within them ; and whether the gases are reduced to a

state of liquid by their molecular attraction with the solid.

Solid Globular Particles.

In the observations given above, it is found that, with the

exception of the first, all the hailstones have been seen under

the microscope to be composed entirely of minute spherules
of ice agglutinated together; and even the discrepancy in that

instance may be accounted for, from my attention having been

principally engaged with the numerous air-bubbles that were
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escaping. At the time I commenced these observations I was
not aware that this structure of the hailstone had ever been
ascertained before, but I now find that it has been already
stated by several authors. Descartes, who admitted the ex-

istence of clouds composed of solid globules, explained the

formation of hailstones by some of these globules being de-

tached, and I believe agglomerated together. Berzelius, who

gives in his Treatise on Chemistry a succinct and excellent

account of hail, attributes it to the "
agglomeration de plu-

sieurs grains,"
" arrondis et non en cristaux comme la neige."

In the Encyclopaedia Britannica, art. Hail, we find also that

hail is formed "
by many little spherules of ice agglutinated

together." It appears surprising, that with such correct de-

scriptions of hail there should still exist in works of a more
ambitious character, others so much more imperfect ami
erroneous. In fig. 1. I have traced the forms of these glo-
bules : some of them appear more ovular than globular, and
I believe that such is the real shape of some ; although at

the same time we must bear in mind, that a transparent glo-
bule of the high refractive powers of water will appear much
distorted if part is seen through others before it, while the
rest of it is perfectly exposed. The average size of those I

have represented is about one-third of a millimetre; they do
not vary greatly from this standard, and I have found them

generally the same on other occasions.

It is evident that these globules must have existed in a solid

state previous to their agglomeration to form hail, and there-

fore their maximum temperature at that time must have been
below the freezing-point.

In what manner are we to account for the formation of
these globules previous to their agglomeration?

In the experiments on congelation under the microscope, the

account of which has been given in the paper before referred

to, we have already seen with what facility these globular forms
of ice are produced by the condensation of the moisture from
the atmosphere on a surface of glass or Canada balsam. A
curious and unforeseen analogy was found between their ap-
pearance in my experiments and their formation in nature.
In winter a refrigerating mixture causes a deposit from the

air, in which crystalline forms, frequently of a very regular ap-
pearance, were generally perceived. Only at a few points were
discovered globular forms of ice, and these were generally
surrounded on their surface with minute pyramidal crystals,

giving them a mace-like appearance.
In summer the deposit was more confusedly crystalline,

liable to liquefy from various external causes, and then to re-
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turn again to a solid condition. The globular forms of solid

particles were in consequence very numerous. The cause of

this difference was, that in one case the quantity of moisture

in the air was small, the deposition gradual, and the transi-

tions of temperature from one extreme to the other very small ;

in the other, the moisture was abundant, the temperature of

the air greatly lowered, and the crystalline action rapid. We
find the same difference between the crystals obtained from a

concentrated solution in a liquid exposed to a rapid decrease

of temperature, and those which are formed in a solution less

concentrated and progressing more gently. A still greater

analogy is found in the crystals of naphthaline, iodine, cam-

phor, and other substances volatile at the common tempera-
ture, when allowed to crystallize in empty bottles without the

application of artificial heat. When either of these bodies is

driven off* in a state of vapour, the fumes that are formed

when condensed on glass, present the form of either minute

globules or of crystals, according to the temperature in which

they are exposed. When the fumes are given off' from either

of these substances in a state of ebullition, it is found that the

globules are of much larger dimensions than any which are

formed at a temperature below the boiling-point. On a

former occasion I have fully demonstrated that such is like-

wise the case with regard to the fumes of water. 1 will not

attempt at present to offer any explanation of this fact, which

is so invariably the case, that at any time, by the microscopic

inspection of the globules, it is easy to decide whether they are

formed from boiling water or at a temperature below.

The above observations confirm what we might have al-

ready anticipated, that the production of solid globular parti-

cles arises from the same cause as that which produces con-

fused crystallization ; and that in fact it is simply confused

crystallization of separate particles. The most efficient cause

of this is rapid congelation, which apparently does not allow

the constituent particles sufficient time to group themselves in

geometrical forms, but obliges them to assume that which

their molecular attraction tends to give them. Between the

two extremes, of a globular form and a perfect hexagonal

prism, frequent shapes which the crystals assume in frost,

we have various intermediate forms which may be considered

as the resultants of the crystalline and molecular powers.

Although by our experiments we may observe the circum-

stances in which these globules are formed, it would be im-

possible to ascertain by their means, with any precision, the

condition of temperature requisite in one instance to form

small crystals, and in the other minute globules. But in
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nature we not unfrequently meet with experiments performed
for us, which if examined with care would, I believe, furnish

us with the desired information.

In the winter months, during a hoar frost, we sometimes

find, adhering to minute filaments on the hedges, such as those

of the spider's web, very minute globules of transparent ice,

such as exist in hail and sleet. On other occasions, instead

of globular forms, we find others of crystalline shapes. Care-

ful observations made as they are in process of formation, with

the instruments we possess for examining the state of tempe-
rature and the movements of the atmosphere, would no doubt

give us the formula of these two deposits. The same obser-

vations would likewise enable us to determine, whether the

temperature of the air around is such that any existing mist

or fog must contain its globules in a solid state, according to

the hypothesis advanced by Descartes. I am inclined to be-

lieve that such is not unfrequently the case.

It is evident that these globules, with the exception of their

being formed on the surface of bodies which are stationary,
are in all respects exactly similar to the particles of sleet.

Frost, which forms in the same way, presents under the mi-

croscope crystalline forms, which are so much like those of

snow that I have scarcely been able to distinguish one from

the other. But if such deposits formed on the surface of the

earth present analogies so great to those formed in the atmo-

sphere, that they almost deserve the names of "ground sleet"

and "
ground snow," it naturally suggests that something like

hail may also occasionally be produced in the same way, or

in other words, the globules of ice may be found in a state of

agglomeration. I have seen somewhere a definition of hoar

frost, which describes it as a collection of spherules of ice;

and according to the view I take, I believe that such is some-

times the case, although the observations I have hitherto

made, I must confess, have not yet enabled me to detect this

structure in hoar frost*.

Kensington, June 1846.

* Since making the foregoing observations, I have had an opportunity
of witnessing another storm, which occurred on June 23, 1846, when a

violent shower of rain fell, and having continued for about a quarter of an

hour, it became mixed with hail, which had been preceded for a few mi.

nutes by thunder. The largest hailstones attained the size of a French

bean, and were accompanied by others of all sizes down to that of a pea.
Their shape was generally biconical ; colour, a dull, without any external

envelope of transparent ice, resembling in all respects those I had previ-

ously examined on other occasions, with the exception of one, which was
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XXI. On the Theory of Parallel Lines.

By Mr. Henry Meikle.

To the Editors of the Philosophical Magazine arid Journal.

Gentlemen,
"V^OUR correspondent X. Y., who, in the PhilosophicalA

Magazine for September 1844, has been pleased to take

notice of my paper on parallel lines, inserted in the Edinburgh
Philosophical Journal for April 1844', alleges that the reason-

ing depends on the assumption, that no triangle can have the

sum of its angles inappreciably small. Now if this is really

supposed to need any proof, the following I presume will be

quite satisfactory.
If the sum of the angles of a triangle could ever be so small

that it could not be multiplied to exceed .any given angle,
then an infinite number of copies of that triangle could be

placed around a point, and yet these would all lie within a

single circle whose radius is their longest side. Consequently,
whilst owing to the minuteness of the sum of the angles, the

area of each included triangle would be a maximum, or the

greatest which any triangle could have*, the sum of an infi-

nite number of such areas would be infinite; and yet the

whole of them would not nearly cover the finite area of the

circle, which is absurd.

Your very obedient Servant,

Maitland Street, Edinburgh, Henry MEIKLE.
June 20, 1846.

completely transparent throughout one half and the other portion ofan opake
white. Under the microscope, however, I found that they presented some

difference, appearing to consist almost entirely of irregular fragments of

ice, which presented numerous dark points, such as are seen in fig. 1. I

clearly detected numerous bubbles of air in the stone previous to its fusion,

some perfectly spherical, others elongated like parti- y\o 3.
cles of mercury on a plain surface. The spherules of

ice so constantly met with in the other observations 1 ^
were very scarce, and each contained a globule of air

(
>v

placed near its circumference, as in fig. .'3. The hail-

stone, which was partly transparent, was found on the

transparent side to be free from globules of air or

spherules of ice, with all the characters of a transpa-
rent particle of ice; the opake part presented the

same appearances as the other hailstones, of which about seven or eight
were examined.

*
This, in the circumstances, is an obvious inference from my second

proposition, which X. Y. admits to be satisfactorily demonstrated, namely,
that if in one triangle the sum of the angles differed from two right angles,

so it would in every triangle; the difference would always have the same

sine, and (as in spherics) be proportional to the area of the triangle.

V0
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XXII. On Quaternions ; or on a New System ofImaginaries in

Algebra. By Professor Sir William Rowan Hamilton,
LL.D., Corresponding Member of the Institute of France,
and Royal Astronomer of Ireland.

[Continued from p. 31.]

22. T^HE geometrical considerations of the foregoing article
--

may often suggest algebraical transformations of

functions of the new imaginaries which enter into the present

theory. Thus, if we meet the function

aS.u'x" -a'S.a"a, (1.)

we may see, in the first place, that in the recent notation this

function is algebraically a pure imaginary, or vector form,
which may be constructed geometrically in this theory by a

straight line having length and direction in space; because
the three symbols a, a', a" are supposed to be themselves such

vector forms, or to admit of being constructed by three such

lines; while S.a! a" and S. a." a are, in the same notation, two
scalarforms, and denote some two real numbers, positive, ne-

gative, or zero. We may therefore equate the proposed func-

tion (1.) to a new small Greek letter, accented or unaccented,
for example to a!", writing

ot'" = otS.ct'ct" -u'S.u"u (2.)

Multiplying this equation by a", and taking the scalar parts
of the two members of the product, that is, operating on it by
the characteristic S. a"

;
and observing that, by the properties

of scalars,

S.«"«S.a'«" = S.«"«.S.a'a»

= S. a" «' . S. a" a = S. u" oi S. a" a,

in which the notation S.«"aS.a'«" is an abridgement for

S (a" a. S. at a"), and the notation S.a" a. S.a' a" is abridged
from (S. «" «) . (S. oi a"), while S. a! od' is a symbol equivalent to

S(a!a"), and also, by article 20, to S («"«0, or to S. a!' a!, al-

though «'a" and a." a! are not themselves equivalent symbols;
we are conducted to the equation

S.a"a'" = 0, (3.)

which" shows, by comparison with the general equation of-per-

pendicularity assigned in the last article, that the new vector

a'" is perpendicular to the given vector a", or that these two
vector forms represent two rectangular straight lines in space.

Again, because the squares of vectors are scalars (being real,

though negative numbers), we have

a(aS.a'a").«' = aVS.a'a" = a'(«S.«'«").«,

a'(a'S.a"«) .« = «'
2«S.«"« = a(a'S.a"a).a';

Phil. Mag. S. 3. Vol. 29. No. 1 92. August 1 846. I
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therefore the equation (2.) gives also

aa'" a' = *'*'" a; (4.)

a result which, when compared with the general equation of

coplanarity assigned in the same preceding article, shows that

the new vector a!" is coplanar with the two other given vectors,

* and *'; it is therefore perpendicular to the vector of their

product, V. «a', which is perpendicular to both those given
vectors. We have therefore two known vectors, namely
V. a. a! and a", to both of which the sought vector a!" is per-

pendicular ; it is therefore parallel to, or coaxal with, the

vector of the product of the two known vectors last mentioned,
or is equal to this vector of their product, multiplied by some
scalar coefficient x; so that we may write the transformed

expression,
a'" = xV{V. **'.*") (5.)

And because the function *"' is, by the equation (2.), homo-

geneous of the dimension unity with respect to each sepa-

rately of the three vectors *3 a', a", while the function

V(V. **' .*") is likewise homogeneous of the same dimension

with respect to each of those three vectors, we see that the

scalar coefficient x must be either an entirely constant number,
or else a homogeneous function of the dimension zero, with

respect to each of the same three vectors; we may therefore

assign to these vectors any arbitrary lengths which may most
facilitate the determination of this scalar coefficient x. Again,
the two expressions (2.) and (5.) both vanish if a" be perpen-
dicular to the plane of * and a' ; in order therefore to deter-

mine x, we are permitted to suppose that «, a', a" are three

coplanar vectors: and, by what was just now remarked, we

may suppose their lengths to be each equal to the assumed

unit of length. In this manner we are led to seek the value

of x in the equation

xV.aa'.au = «&.«'«"-«'&«"«, . . (6.)

under the conditions

S.aa'«"=0, (7.)

and
a2 - a'« = «"2 = - 1

; (8.)

so that a, a', a" are here three coplanar and imaginary units.

Multiplying each member of the equation (6.), as a multiplier,
into —a" as a multiplicand, and taking the vector parts of the

two products ; observing also that

V. a' a" = - V. a" a\ and - V. a a" = V. a" a
;

we obtain this other equation,

xV.**' = V.*"*.S.*'*"- V.*"*'.S.*"a; . . (9.)
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in which the three vectors V. u" oc, V. a" a', V. eta! are coaxal,

being each perpendicular to the common plane of the three

vectors «, «', u" ; they bear therefore scalar ratios to each

other, and are proportional (by the last article) to the areas

of the parallelograms under the three pairs of unit-vectors, a"

and a, a" and a', and a and a', respectively ; that is, to the

sines of the angles a, a', and a' — a, if a be the rotation from
a," to a, and a' the rotation from a" to a', in the common plane
of these three vectors. At the same time we have (by the

principles of the same article) the expressions :

— S. a." « = cos a ; S. a" a' = — cos a' ;

so that the equation (9.) reduces itself to the following very

simple form,

x sin (a
1 —

a) = sin a' cos a — sin a cos a\ . . (10.)

and gives immediately
x = 1 (11.)

Such then is the value of the coefficient x in the transformed

expression (5.); and by comparing this expression with the

proposed form (1.), we find that we may write, for any three

vectors, a, a', a", not necessarily subject to any conditions such
as those of being equal in length and coplanar in direction

(since those conditions were not used in discovering the form
(5.), but only in determining the value (11.),) the following

general transformation :

« S. a' a" -a'S.a"a = V(V. « «' . a") ; . . . (12.)

which will be found to have extensive applications.
23. But although it is possible thus to employ geometrical

considerations, in order to suggest and even to demonstrate the

validity of many general transformations, yet it is always de-

sirable to know how to obtain the same symbolic results, from
the laws of combination of the symbols', nor ought the calculus

of quaternions to be regarded as complete, till all such equiva-
lences of form can be deduced from such symbolic laws, by
the fewest and simplest principles. In the example of the

foregoing article, the symbolic transformation may be effected

in the following way.
When a scalar form is multiplied by a vector form, or a

vector by a scalar, the product is a vector form ;
and the sum

or difference of two such vector forms is itself a vector form;
therefore the expression (1.) of the last article is a vector

form, and may be equated as such to a small Greek letter; or

in other words, the equation (2.) is allowed. But every vector

form is equal to its own vector part, or undergoes no change
of signification when it is operated on bv the characteristic Vj

12
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we have therefore this other expression, after interchanging,
as is allowed, the places of the two vector factors a' a" of a

binary product under the characteristic S,

«'" = v(«s.«"«'-«
,

s.«"«). . . . (i.y

Substituting here for the characteristic S, that which is, by
article 18, symbolically equivalent thereto, namely the charac-

teristic 1 — V, and observing that

= V (a a" ei - a! a" a), (2.)'

because, by article 20, a. a." a!— a' a" a. is a scalar form, we ob-

tain this other expression,

a'"=s V(a'V.«"«-«V.a"«'). > • • (3.)'

The expression (1.)' may be written under the form

«'" = V(«S.«
, «I

'-«'S.««"); . . . (4.)'

and (3.)' under the form

a'"=V(aV.a'a"-«'V.aa")) .... (5.)'

obtained by interchanging the places of two vector-factors in

each of two binary products under the sign V, and by then

changing the signs of those two products; taking then the

semisum of these two forms (4.)', (5.)', and using the symbolic
relation of article 18, S + V= l, we find

aW = _Lv(a a'a"-«' a «")
35

=
vQ-(aa'-a'a).a");

.... (6.)'

in which, by article 20, —(aa' — a' a) = V. a a!
; we have

s

therefore finally
a'" = V(V.«a'.a"): (7.)'

that is, we are conducted by this purely symbolical process,
from laws of combination previously established, to the trans-

formed expression (12.) of the last article.

24-. A relation of the form (4.), art. 22, that is an equation
between the two ternary 'products of three vectors taken in two

different and opposite orders, or an evanescence of the scalar

part of such a ternary product, may (and in fact does) present
itself in several researches ;

and although we know, by art.

21, the geometrical interpretation of such a symbolic relation

between three vector forms, namely that it is the condition of

their representing three coplanar lines, which interpretation

may suggest a transformation of one of them, as a linearfunc-
tion with scalar coefficients, of the two other vectors, because

any one straight line in any given plane may be treated as the
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diagonal of a parallelogram of which two adjacent sides have

any two given directions in the same given plane ; yet it is

desirable, for the reason mentioned at the beginning of the

last article, to know how to obtain the same general trans-

formation of the same symbolic relation, without having re-

course to geometrical considerations.

Suppose then that any research has conducted to the rela-

tion,

aa'u" -u>'ct'u = 0, (1.)

which is not in this theory an identity, and which it is required
to transform. [We propose for convenience to commence
from time to time a new numbering of the formula, but shall

take care to avoid all danger of confusion of reference, by

naming, where it may be necessary, the article to which a

formula belongs; and when no such reference to an article is

made, the formula is to be understood to belong to the cur-

rent series of formulas, connected with the existing investiga-

tion.] By article 20, we may write the recent relation (1.)

under the form,

S.*a'a"=0; (2.)

and because generally, for any three vectors, we have the

formula (12.) of art. 22, if we make, in that formula, a."

= V./3/3', and observe that S(V./3|3'.a)
= S(«V./3/3') = S.a/3/3',

we find, for anyfour vectors aa'
/3/3',

the equation :

V(V.aa'.V./3/3')=aS.a'/3/3'- a'S.a/3/3';. . . (3.)

making then, in this last equation, /3
=

a', fi'
= u", we find, for

any three vectors, a «' a", the formula :

V(V.«a'.V.a'a") = -a'S.a a'a" (4s)

If then the scalar of the product « «' «" be equal to zero,

that is, if the condition (2.) or (1.) of the present article be

satisfied, the product of the two vectors V.aal and V.ct'a." is a

scalar, and therefore the latter of these two vectors, or the

opposite vector V.u"x', is in general equal to the former vec-

tor V. aa', multiplied by some scalar coefficient b; we may
therefore write, under this condition (1.), the equation

V.a''u' = bY.uu', (5.)

that is,

V.(a"-&a)a' = 0, (6.)

so that the one vector factor a!'— bx of this last product must
be equal to the other vector factor a! multiplied by some new
scalar b'; and we may write the formula,

a" = bu + b'x', (7.)

as a transformation of (1.) or of (2.). We may also write,
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more symmetrically, the equation

aa + a'a' + a"a" = 0, (8.)

introducing three scalar coefficients a, a', a", which have how-
ever only two arbitrary ratios, as a symbolic transformation

of the proposed equation a a! a" — a" «' a = 0. And it is i'e-

markable that while we have thus lowered by two units the di-

mension of that proposed equation, considered as involving
three variable vectors a, a!, a", we have at the same time in-

troduced (what may be regarded as) two arbitrary constants,

namely the two ratios of a, a', a". A converse process would
have served to eliminate two arbitrary constants, such as these

two ratios, or the two scalar coefficients b and b'
} from a linear

equation of the form (8.) or (7.), between three variable vec-

tors, at the same time elevating the dimension of the equation

by two units, in the passage to the form (2.) or (1.). And the

analogy of these two converse transformations to integrations
and differentiations of equations will appear still more com-

plete, if we attend to the intermediate stage (5.) of either

transformation, which is of an intermediate degree, or dimen-

sion, and involves one arbitrary constant b ; that is to say, one

more than the equation of highest dimension (1.), and one

fewer than the equation of lowest dimension (7.)*

25. As the equation S. ax' a." = has been seen to express
that the three vectors a a' a" represent coplanar lines, or that

any one of these three lines, for example the line represented

by the vector a, is in the plane determined by the other two,
when they diverge from a common origin ; so, if we make for

abridgement
^ = V(V.aa'.V.«'"a

1

v),
-i

/3'
= V(V.a'a".V.a

lv*v), [
. . . . (1.)

/3" = V(V.a"a"'.V.a
v
«), J

the equation
S./3j3'j8" = (2.)

may easily be shown to express that the six vectors aa! a." a!"a™a?

are homoconic, or represent six edges of one cone of the second

degree, if they be supposed to be all drawn from one common

origin of vectors. For if we regard the five vectors a' a" a'"alvay

as given, and the remaining vector a as variable, then first

the equation (2.) will give for the locus of this variable vector

a, some cone of the second degree; because, by the defini-

tions (1.) of /3, j3', /3", if we change a to a a, a being any scalar,

each of the two vectors (3 and /3" will also be multiplied by a,

while /3'
will not be altered ; and therefore the function S./3J3'/3"

will be multiplied by a2, that is by the square of the scalar a,

by which the vector a is multiplied. In the next place, this
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conical locus of a will contain the given vector a'; because if

we suppose a = a', we have /3
= 0, and the equation (2.) is sa-

tisfied : and in like manner the locus of a contains the vector
av

, because the supposition u — ay gives /3"
= 0. In the third

place, the cone contains a" and «lv
;
for if we suppose a = a",

then, by the principle contained in the formula (4.) of the last

article, we have

f = - V(V.aV.V.a"a'") = a"S.aV«'";
and by the same principle, under the same condition,

V. /3/3'
= V

(
V (V.&**iVi x'cc") .V(V. a'a". V. a"av))

= -V.a'a".S(V.a'"a". V.a'a". V.a'W)
.

but S
(
V. a' «" . a")

= S. af a" a" =
; therefore S. (3 ,3' 0"

= S (V. j3 /3'
. /3")

= 0; and in like manner this last condition
is satisfied, if a = alv

, because /3 and V. /3' /3" then differ only
by scalar coefficients from «1V and V. alv av

, respectively, so

that the scalar of their product is zero. Finally, the conical

locus of a contains also the remaining vector a'", because if

we suppose a. = a'", we have

/3
= a"' S. «' a'" *** /3"

= «'" S. a" *'" a*,

and therefore in this case S. j3/3'/3" = 0, because the scalar of
the product of a'" and

(5'
a 1"

is zero. The locus of a is there-

fore a cone of the second degree, containing the five vectors

a', a", «'", alv
,
av

; and in exactly the same manner it may be
shown without difficulty that whichever ofthe six vectors a. .a?

may be regarded as the variable vector, its locus assigned by the

equation (2.), of the present article, is a cone of the second

degree, containing the Jive other vectors. We may therefore

say that this equation,

S./3/3'/3" = 0,

when the symbols /3, /3', /3" have the meanings assigned by the
definitions (1.), or (substituting for those symbols their values)
we may say that the following equation

S{V(V. a «'.V. a'"alv).V(V.«'a".V. aiv a
v) < -|

V(V.aV".V.av
a)} =0, J*

' (3>)

is the equation of homoconicism, or of uniconality, expressing
that, when it is satisfied, one common cone of the second de-

gree passes through all the six vectors a a' a" a'" a,v av
, and

enabling us to deduce from it all the properties of this common
cone.

26. The considerations employed in the foregoing article

might leave a doubt whether no other cone of the same de-

gree could pass through the same six vectors; to remove
which doubt, by a method consistent with the spirit of the
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present theory, we ma}' introduce the following considera-

tions respecting conical surfaces in general.
Whatever four vectors may be denoted by a, a!, /3, /3',

we
have

V(V.a«'.V./3|3') + V(V./3/3'.V.aa') = 0; . (1.)

substituting then for the first of these two opposite vector

functions the expression (3.) of art. 24, and for ihe second

the expression formed from this by interchanging each a with

the corresponding /3, we find, for any four vectors,

aS.a'/3/3'-a'S.a/3/3' + /3S./3W-/5'S./3a a
' = 0. . (2.)

Again, it follows easily from principles and results already

stated, that the scalar of the product of three vectors changes

sign when any two of those three factors change places among
themselves, so that

S.ufiy = —
S.«7/3 = S.ya/3 \ . *

= -S.yj8« = S./3ya= -S.j8ay.J
* ' ' K *

Assuming therefore any three vectors i, x, X, of which the

scalar of the product does not vanish, we may express any
fourth vector a in terms of these three vectors, and of the

scalars of the three products axA, i a X, ix«, by the formula :

a S. ixX = iS.ax\ + xS. i«X + aS.ix«. . . (4.)

Let a be supposed to be a vector function of one scalar vari-

able t, which supposition may be expressed by writing the

equation
« = <K0 ; (5-)

and make for abridgement

the forms of these three scalar functions^/^/g depending on

the form of the vector function <$>,
and on the three assumed

vectors » x X, and being connected with these and with each

other by the relation

(o = »/i w + */«« +
y&.c*

•

•.

• •
( 7 -)

Conceive t to be eliminated between the expressions for the

two ratios of the three scalar functions f^f^f® and an equa-
tion of the form

FC/iC). fM /8 (0)
= o (8.)

to be thus obtained, in which the function F is scalar (or real),

and homogeneous; it will then be evident that while the

equation (5.) may be regarded as the equation of a curve in

space (equivalent to a system of three real equations between

the three co-ordinates of a curve of double curvature andan
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auxiliary variable t, which latter variable may represent the

time, in a motion along this curve), the equation of the cone

which passes through this arbitrary curve, and has its vertex

at the origin of vectors, is

F (S. a x A, S. « « A, S. I x
it)
= 0. . . . . (9.)

Such being a form in this theory for the equation of an arbi-

trary conical surface, we may write, in particular, as a defini-
tion of the cone of the nth degree, the equation:

2(A/, >ff>r (S.axX)P.(S.i«A)«.(S.ix«)
r

)="0; . (10.)

p, q, r being any three whole numbers, positive or null, of
which the sum is n; APtq<r being a scalar function of these

three numbers; and the summation indicated by % extending
to all their systems of values consistent with the last-mentioned

conditions, which may be written thus:—
sin^? it — sin q n = sin r ir =

; "1

P= ®> <7= 0, r>0; K . . . (11.)

p + q -+- v = n. J

When n — 2, these conditions can be satisfied only by six

systems of values ofp, q, r
; therefore, in this case, there enter

only six coefficients A into the equation (10.); consequently
five scalar ratios of these six coefficients are sufficient to par-
ticularize a cone of the second degree ; and these can in ge-
neral be found, by ordinary elimination between five equations
of the first degree, when five particular vectors are given, such
as a', a", a'", alv

,
av

, through which the cone is to pass, or

which its surface must contain upon it. Hence, as indeed is

known from other considerations, it is in general a determined

problem to find the particular cone of the second degree which
contains on its surface five given straight lines: and the ge-
neral solution of this problem is contained in the equation of

homoconicism, assigned in the preceding article. The proof
there given that the six vectors « . . ay are homoconic, when

they satisfy that equation, does not involve any property of
conic sections, nor even any property of the circle : on the

contrary, that equation having once been established, by the

proofjust now referred to, might be used as the basis of a

complete theory of conic sections, and of cones of the second

degree.
27. To justify this assertion, without at present attempting

to effect the actual development of such a theory, it may be suf-

ficient to deduce from the equation of homoconicism assigned
in article 25, that great and fertile property of the circle, or of

the cone with circular base, which was discovered by the ge-
nius of Pascal. And this deduction is easy; for the three
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auxiliary vectors /3, /3', /3", introduced in the equations (1.) of

the 25th article, are evidently, by the principles stated in

other recent articles of this paper, the respective lines of inter-

section of three pairs of planes, as follows :
—The planes of a. a!

and a!" «lv intersect in /3; those of a' a" and alv av in /3'; and
those of a" a'" and a? a. in /3"; and the form (2.), art. 25, of the

equation of homoconicism, expresses that these three lines,

/3 /3' /3", are coplanar. 7^ i&en a hexahedral angle be inscribed

in a cone of the second degree, and if'each of the six planefaces
be prolonged (if necessary) so as to meet its opposite in a straight

line, the three lines ofmeeting of oppositefaces, thus obtained,
will be situated in one common plane : which is a form of the

theorem of Pascal.

[To be continued.]

XXIII. On the Influence exerted by Electricity, Platinum and
Silver upon the Luminosity of Phosphorus. By Dr. C. F.
SCHCENBEIN*.

li^OME time ago I tried to show that the shining of phos-
hr phorus in atmospheric air is intimately connected with

the formation of that highly oxidizing agent I have called

ozone. The correctness of that view is confirmed by the fact

that phosphorus never becomes luminous if the production of
ozone be prevented, or that luminous phosphorus grows dark
if the ozone be removed. It is well-known that phosphorus
remains dark at low temperatures, and I have ascertained

that under these circumstances no ozone is produced; my
experiments have further shown that phosphorus still shines

in ozonized air at a temperature at which in pure air phos-

phorus exhibits not the slightest emission of light.

According to the results of my former researches, ozone is

formed during electrical discharges taking place in atmo-

spheric air, the electrolysis of water and the action exerted

by phosphorus upon moist mixtures of oxygen and nitrogen,

oxygen and hydrogen, oxygen and carbonic acid gas.
These facts taken together led me to suspect that phos-

phorus might become luminous in atmospheric air within

which electrical discharges had been effected, at a temperature
at which phosphorus does not shine in common air. How
far that conjecture is well-founded will appear from the facts

I am going to state.

1. If, at a temperature of 2° to 5° R. below zero, a piece of

phosphorus, about an inch long, and having a clean surface,

* Communicated by the Chemical Society; having been read March 2,
1846.
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be laid upon a wooden board, and the free end of a metallic

wire connected at its other end with the conductor of an

electrical machine be placed at the distance of a few lines be-

fore the dark phosphorus, the latter will become luminous as

soon as the electrical brush makes its appearance at the free

end of the wire; and in addition, a luminous tail of 4 to 6

inches long will be perceived behind the phosphorus. The
brush is no sooner made to disappear than the shining* tail

disappears also, whilst the phosphorus itself remains lumi-

nous for a second or two more. The brush being called forth

again, the phaenomena described will repeatedly take place.
2. The same piece of phosphorus, at a temperature of

about 4° R. below zero, being placed within a coil made up
of one extremity of a copper wire, so that the end of that coil

projects (in the shape of a point) about a line beyond the

phosphorus, and the other end of the wire being connected
with the conductor of the electrical machine, a very interest-

ing phaenomenon will take place as soon as the brush is

caused to appear at the metallic point that projects beyond
the phosphorus. From the centre of the brush proceeds a

luminous cone, the apex of which lies in the middle of the

brush. The length of that cone varies with the size of the

brush, the longer the latter the longer the cone. I have often

obtained cones at least two feet in length with brushes being

hardly an inch long. I am sure the admirable machine of the

Polytechnic Institution would yield tails of extraordinary

length, and it is really worth while to make the experiment
with that powerful apparatus. I must not omit to mention
that the phaenomenon resembles exactly the tail of a comet,
and cannot be perceived but in complete darkness ; but it is

hardly necessary to add that the luminous cone disappears

invariably and simultaneously with the brush. If the finger
be approached to the brush so as to change the position of

the latter, the cone in its whole length is also put in motion.

In the experiments described use was made of the positive
brush ; in changing the positive electricity for the negative a

tail is likewise obtained, but that cone is thin and less lively.
3. If, at a temperature of 2° R. below zero, a piece of

phosphorus be placed in a bottle so arranged that the elec-

trical brush may at pleasure be produced within that ves-

sel, the phosphorus becomes luminous so soon as the brush
makes its appearance, and that phosphorescence is the more

lively the stronger the brush and the longer the latter had
been made to play. The emission of light continues to take

place for a short time after the cessation of the play of the

brush. The phosphorus having grown dark, becomes lumi-

nous again along with the reappearance of the brush.
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4. According to my experiments, chemical and voltaic ozone
are instantaneously destroyed by a number of gaseous sub-

stances, ex. gr. by defiant gas, sulphurous acid, fumes of

hyponitric acid, vapour of aether, &c. Hence it conies that

phosphorus placed in atmospheric air, mixed with small

quantities only of any of the substances named, does not pro-
duce ozone, and it is well known that phosphorus remains
dark under the same circumstances. If the experiment be

made as indicated under § 3, the electrical brush, lively as it

may happen to play within the air of the bottle, does not call

forth in phosphorus the slightest sign of phosphorescence,
provided the atmospheric air surrounding phosphorus contain

some defiant gas, hyponitric acid, &c.
5. Some time ago I ascertained the fact that either platinum

black or spongy platinum has the power of destroying indigo,
of colouring blue the resin of guaiacum, of decomposing iodide

of potassium, in short, of producing oxidizing effects very
similar to those brought about by the electrical brush or spark.
That similarity of action made me suspect that, with regard to

phosphorus, platinum being in a state of minute mechanical

division, might conduct itself like electricity, and the results

of my experiments have proved the correctness of my conjec-
ture. At a temperature of 4° R. below zero, newly-prepared
platinum black was placed upon a watch-glass ; now, as soon

as a piece of phosphorus (having previously been wiped
with filtering-paper) was made to touch the metallic powder
it became luminous, first at the point of contact, and imme-

diately afterwards along its whole surface. On breaking that

contact, the phosphorus turned dark again.
6. Spongy silver, as it is obtained from the acetate of that

metal, acts upon phosphorus as powerfully as spongy platinum
does; for no sooner has phosphorus been touched by the

silver than the former becomes luminous, even at a tempera-
ture of 6° R. below zero.

7. Iron, lead, copper, antimony, bismuth, tin, in a state of

minute mechanical division, have no effect upon phosphorus.
With gold, iridium, and the rest of the metals, I have not

yet made any experiment.

XXIV. On Struvite, a new Mineral. By G. L. Ulex*.

NUMEROUS crystals were found in digging out the

ground of St. Nicholas church, in the middle of our
town

; the largest of which are about one inch long, and weigh
* Communicated by the Chemical Society; having been read March 2,

1846.
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from 1 #
4> to 1*8 grm. Their primary form is a right rhombic

prism. [The admeasurements were made by Prof. Marx.]

Fig. 1.

M on M .
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They cleave parallel to the plane of O. A peculiarity in

these crystals is, that they occur almost always in halves, and

appear to have rested or been formed on planes which would
have passed through the centre of the entire crystal. One of

these natural segments is shown in fig. 2.

The crystals are transparent, and of a somewhat yellow
colour; most of them inclose organic matter, and are thereby
rendered more or less dark and opake. They are harder

than talc, but are scratched by gypsum. Their specific gra-

vity is 1*7.

They are very sparingly soluble in water, and in conse-

quence tasteless. When heated in a tube they give out much
water and ammonia (the black crystals empyreumatic water

and ammonia) without flying into pieces. When heated to

redness, they exhibit the phenomenon of phosphorescence :

the passing of c into b, phosphoric acid. Heated before the

blowpipe they melt into a colourless glass, which on cooling
forms a white enamel.

The constituent parts of the salt are phosphoric acid, mag-
nesia, ammonia and water.

Dissolved in hydrochloric acid and precipitated by am-

monia, they yield a sandy powder, which under the micro-

scope exhibits the well-known form of the phosphate of am-
monia and magnesia.
The salt loses by ignition 54"7 to 55'5 per cent, (the differ-

ence is caused by the small quantity of organic matter). The
ammonia was estimated by means of chloride of platinum; by

dissolving the salt in hydrochloric acid, 6*9 to 7'1 per cent, of

ammonia were found. The residue of 44'5 to 45'3 per cent,

should be the same combination of phosphoric acid with mag-
nesia as is contained in the phosphate of magnesia and am-

monia, because if the crystals are dissolved in hydrochloric
acid and precipitated by ammonia, the fluid which is filtered

from the precipitate gives no reaction either with sulphate of

magnesia or with phosphate of soda. It consists therefore of

(NH40) + 2MgO + P05
) + 12HO.

The crystals are the same salt which is found in many ani-

mal secretions, and in putrifying urine.

The salt is not altered by the air. Mr. Graham has in-

formed us, that if the artificial salt is heated to 212° F. it

loses 10 at. of water and no ammonia. The natural crystals

can bear a temperature of 248° F., and they give out the same

quantity of water and no ammonia. The products of distilla-

tion were conducted into a solution of the nitrate of the pro-
toxide of mercury, which wa& not blackened.
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Concerning the locality where the crystals are found, we

perceive below the upper strata, at a depth of 6 to 12 feet, a

large quantity of cattle-dung mixed with straw, in a state of

putrefaction. This passes by degrees into a black peat earth,

which extends to a depth of 26 feet and rests upon gravel.
The peat earth, of a thickness of 10 to 12 feet, consists of a

homogeneous impalpable mass, mixed here and there with

small parts of vegetable remains (parts of grasses; Sphagnum
and other mosses could not be detected). This is the true

matrix of the crystals, in which here and there blue iron earth

(protophosphate of iron or vivianite) is also found.

By drying in the air it loses 40-50 per cent, of water, and
is not to be distinguished from the heavy black turf.

Water dissolves very little from it. The solution is of a

light brown colour, without any reaction upon litmus. Heated,
it gives off at first some ammonia; in other respects it smells

and burns like turf, with a bright flame. The ashes which
remain vary in weight from 20-30 per cent. ; moistened with

water it does not act upon litmus.

A quantity dried at 212° F. was subjected to analysis ; 100

parts of it gave
—

2*0 per cent, soluble in aether (principally chlorophylle).
1*5 ... ... alcohol (principally resinous matter).
1*5 ... ... water (principally salts of humous

acids).

36*0 ... ... liquor potassae (principally humous

acids).
36*0 ... organic residue (principally humine and vege-

table fibrine).

23*0 ... inorganic residue, consisting of—
0*3 ... soluble in water (sulphate of potass and chlo-

ride of sodium, no phosphates of alkali).

11*5 ... soluble in hydrochloric acid (principally alu-

mina and phosphate of magnesia and lime,
less peroxide of iron and sulphate of lime).

12*2 ... insoluble in hydrochloric acid (sand; calcined

with soda and decomposed by hydrochloric
acid, it gave 11 silica, 1*2 alumina, and per-
oxide of iron).

The analysis shows that we have a humous mass, which has
been formed from organic matters by putrefaction and decay.
It is probable that these matters were principally the excre-

ments of Herbivora
;
a presumption which is supported by the

analysis of the ashes, from the quantities of phosphate of mag-
nesia and lime.

The solid excrements of the Herbivora are characterized
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by abundance of phosphate of magnesia, and the deficiency
ofammoniacal salts

;
the fluid excrements (urine) have, on the

contrary, abundance of ammoniacal salts (from the decompo-
sition of urea) and are deficient in earthy salts; relations

which make it probable that the formation of such large cry-
stals in such quantities (they occur in thousands) was caused

by a reaction of the urine upon the solid excrements, where

the first gave the ammonia, the latter the phosphate of mag-
nesia.

The locality where the crystals are found confirms this as-

sumption. The place where St. Nicholas's church is built

was occupied 800 years ago by the New Castle (Neue Burg),
which was burnt and destroyed with the whole city of Ham-

burg, in 1072, by Kruko, tyrant of the Wenden. Now it is

most probable that the ditch of the castle was used as a reser-

voir for rubbish and manure by the inhabitants of the new-

built city, who preferred trade, as more profitable, to agri-

culture. So by degrees the ditch was filled, and covered

partly with houses, and a small part of it formed till a late

period an open dung-pit, which was emptied from time to

time. The crystals are found principally below the dung-pit,
and appear to be formed by the infiltration of urine through
a soil consisting of vegetable matters.

The crystals forming a mineral which has never yet been

described, are named Struvite, in honour of the minister Von

Struve, well-known to mineralogists, and highly meritorious

from the great interest he takes in the advancement of science

in the town of Hamburg.

XXV. Proceedings ofLearned Societies.
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[Continued from p. 54.]

April 2,
" f\N the Effects produced by Poisonous Fish on the

1846. ^ Human Frame." By Sir William Burnett, M.D.,

K.C.H., Vice-President of the Royal Society.
The author communicates a report which he lately received from

Mr. Jameson, the surgeon of the flag ship at the Cape of Good

Hope, of the rapidly fatal consequences ensuing from eating small

portions of the liver of a fish, known at the Cape by the name of

the Bladder or Toadfish, the Aptodactylus punctatus, or Tetrodon

of Cuvier. The symptoms were chiefly pain and burning sensation

at the epigastrium, constriction and spasm of the fauces and mus-

cles of deglutition, rigidity of the tendons, coma, paralysis and con-

vulsions, following one another in quick succession, and terminating

in death within twenty minutes after the poisonous food had been
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taken. Several other instances of the sanie kind are next related ;

and a narrative is subjoined of the case of a seaman who lost his

life, with similar symptoms, from the bite of a water-snake in Madras

roads; the Coluber laticaudatus of Linnaeus (ffydrus colubrinus of

Shaw) ; and also of a ship's company who were all severely affected

by eating portions of a large Banacuda {Perca major).
The author ascribes the symptoms induced by these deleterious

substances to their action on the nervous system alone, there being
evidence of congestion only, but not of inflammation, in the sto-

mach and other viscera.
" further Researches on the Nervous System of the Uterus." By

Robert Lee, M.D., F.R.S., Fellow of the Royal College of Phy-
sicians.

The author states, that on the 8th of April 1838, he discovered,
in dissecting a gravid uterus, structures which had a striking re-

semblance to ganglionic plexuses of nerves ; and, in the following
December, he traced, in another gravid uterus, the sympathetic and

spinal nerves into these new structures. He requested several di-

stinguished anatomists to examine these dissections, and to compare
them with similar dissections of the unimpregnated uterus, which
he had made in the course of the same year. He then quotes, at

some length, the opinions given by these several referees after their

examination ; and which appear, for the most part, to be favour-

able to the views of the author, namely, that the structures in ques-
tion are not mere fibrous tissues, but that they possess the character

of nerves, and that they augment in size with the enlargement of the

uterus during pregnancy. Among those to whom the preparations
were submitted for examination, however, two persons declared it

to be their opinion, which they founded on observations with the

microscope, that the filaments regarded by the author as nerves, are

bands of elastic tissue only, and not plexuses of nerves ; and the

author, on receiving this intimation, withdrew the paper which he
had presented to the Royal Society, and which had been read on
the 12th of December 1839, in which paper the appearances dis-

played in his dissections were minutely described and delineated.

The author next proceeds to give the history of his subsequent
researches on the same subject, which he extended to the corre-

sponding parts in some of the larger quadrupeds ; and from all these

he obtained accumulated evidence of the truth of his original opi-
nions. He also adduces the testimony of vai'ious observers, in addi-

tion to those he had before cited, which are all in accordance with
his own views, as they are expressed in his paper, printed in the

Philosophical Transactions for 184d, an Appendix to which was

published in the volume of the same work for 1842. Later obser-

vations and dissections have served only to confirm him in his opi-
nions

;
and he considers them as establishing the fact that the nerves

of the uterus are considerably enlarged during the gravid state of

that organ.
The author concludes his paper by giving a report, drawn up by

Mr. John Dalrymple, of the results of his microscopic examination

Phil. Mag. S. 3. Vol. 29. No. 1 92, August 1 846. K
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of the uterine nerves in preparations furnished by the author, which
tend to corroborate his views.

May 7—" On the Anatomy and Physiology of the Vascu-

lar Fringes in Joints, and the Sheaths of Tendons." By George
Rainey, Esq., M.R.C.S. Communicated by John Simon, Esq.,

F.R.S., Assistant-Surgeon to the King's College Hospital, and De-
monstrator of Anatomy in King's College, London.

It has been generally believed that the folds of synovial mem-
brane which project into the articular cavities in the form of fringes,
contain merely globules of fat, and are subservient only to the me-
chanical offices of filling up spaces that would otherwise be left

vacant during the movements of the joints. By a careful examina-

tion of their real structure with the aid of the microscope, the au-

thor has found that they present an arrangement of vessels quite

peculiar to themselves, and bearing no resemblance whatever to

that of the vessels which secrete fat
; together with an epithelium,

remarkable by its form and disposition, and characteristic of organs
endowed with the function of a special secretion. He has traced

the presence of these synovial fringes in all cavities which contain

synovia ; that is to say, not only in the joints, but also in the sheaths

of tendons, and in the bursa? mucosae. When well-injected, they are

seen, under the microscope, to consist of two parts ; namely, a con-

volution of blood-vessels, and an investing epithelium. These con-

voluted vessels do not enclose, by their anastomoses, spaces like

those capillaries which secrete fat, and which are of a much smaller

size than the former ; and the epithelial investments, besides en-

closing separately each packet of convoluted vessels, sends off from

each tubular sheath secondary processes of various shapes, into

which no blood-vessels enter. The lamina itself, forming these

folds and processes, consists of a very thin membrane studded with

flattish oval cells, a little larger than blood-corpuscles, but destitute

of nucleus or nucleoli ; presenting none of the characters of tes-

sellated epithelium, but corresponding more to what Mr. Goodsir

has termed germinal membrane. From all these facts the author

concludes that the proper office of this structure is to secrete syno-
via ;

an office which Clopton Havers had- assigned to them as long

ago as the year 1691, although his opinion has not been generally

adopted by later physiologists.

"Description of a Process for extracting the Palladium which
exists in combination with the Gold of the Gongosocho and other

Mines in the Brazils." By Percival N. Johnson, Esq., in a letter to

the President, by whom it is communicated to the Society.
The process consists in melting the gold, obtained from its ma-

trix by the ordinary processes of stamping and washing, with three

times its weight of silver, granulating it in cold water, and refining
it by the process of quartation, or separation of its alloys by nitric

acid. The nitric solution contains the silver, palladium, copper, and

a small proportion of iron and lead.

May 14.— Contributions to Terrestrial Magnetism. No. VII.

By Lieut.-Colonel Sabine, R.A., For. Sec. U.S.
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From the discovery which was made of the non-coincidence of
the locality of the maximum magnetic intensity, within the Arctic

circle, with that in which the magnetic direction is vertical, it fol-

lowed that the generally prevailing opinions respecting the distri-

bution of magnetic force at the surface of the earth were erroneous,
and that even the broad outline of the picture of terrestrial mag-
netism required to be recast. For the purpose of obtaining suffi-

ciently copious and accurate materials, by means of which so de-

sirable an object could be accomplished, the British Association for

the Advancement of Science requested, in the year 1835, a report to

be prepared, in which the state of our knowledge, collected from a

great variety of sources, with regard to the variations of the mag-
netic force at different parts of the earth's surface, should be re-

viewed, and properly discussed, and suggestions offered as to the

best means of extending the inquiry. In the report so obtained, it

was recommended that magnetic surveys of that portion of the

North American Continent, which is comprised within certain iso-

dynamic lines, should be procured. The present paper contains the

results of an expedition towards the accomplishment of this object,
recommended by the President and Council of the Royal Society
to be undertaken under the auspices and with the assistance of the

Hudson's Bay Company. Lieutenant Lefroy, of the Royal Artil-

lery, who had received an appointment to the Toronto Observatory,
with a special view to this survey, was entrusted with the conduct
of an expedition in conformity with that recommendation.
The author gives a circumstantial narrative of the expedition,

together with minute details of the instruments employed, and the

methods of observation adopted; and extensive tables of the ob-

servations themselves, both as regards intensity and inclination, at

the different stations where they were made, occupying altogether
about 120 folio pages of manuscript.

It results from the calculations founded on the data furnished by
these observations, that the geographical position of the point of
maximum intensity, where its amount is 1*88, is 52° 19'*3 north

latitude, and 268° 01* longitude. The angle which the major axis

of the ellipse makes with the parallel of geographical latitude is

57° 49'*5 ; and the values of the semi-axes of the ellipse of 1*875
are 290 and 110 geographical miles respectively.

May 28.—" An Account of the desquamation and change of
colour in a Negro of Upper Guinea, West Africa." By the Rev.
Thomas S. Savage, M.D., Corr. Member of the Boston Natural Hi-

story Society, &c. Communicated by Richard Owen, Esq., F.R.S.
The subject of this narrative, named Tahtoo Duari, is a member

of the Grebo tribe, the aboriginal inhabitants of Cape Palmas and
its vicinity. His parents were members of the same tribe and
natives of the same region. The father was of a decidedly black

complexion, while the mother was what is termed yellow, the two
extremes observable in the tribe, and between which there is found

every variety of shade. In March 1844, when about twenty-five

years of age, Tahtoo was attacked with a quotidian ague, having
K2
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previously been in perfect health. The febrile symptoms subsided

in the course of a week, but were followed by a general desqua-
mation of the cuticle, leaving the subjacent skin of a dingy yellow
hue. A month afterwards, the same process, preceded by a similar

febrile attack, recurred, and was followed by still greater whiteness

of the newly-formed skin, resulting in the complete conversion cf a

negro to a white man, retaining the characteristic features and hair

of an Ethiopian. This change was accompanied with great sensi-

bility in the skin to the heat of the sun and of fire, exposure to

which readily excited irritation, and even inflammation ; but the

general health soon became completely re-established. In the

course of three months, subsequently to this change, numerous

spots of a chestnut-brown colour made their appearance, first on the

wrists, then on the back of the arms, head and neck, and succes-

sively on the other parts of the body, forming by their extension

dark patches of various sizes; which, being scattered over the

whole surface, presented a singularly mottled appearance ; and as

the black colour became predominant, the white portions of the

skin seemed like patches of irregular shape formed in the natural

negro skin. With the colour of the skin, that of the hair, which
had also become white, has been gradually restored to its former

black hue. During this process of return to the natural colour the

health has been remarkably good.
June 11.—"On the Physiology of the Human Voice." By John

Bishop, Esq., F.R.S.

After premising a brief description of the system of organs which
are subservient to the voice, the author proceeds to consider the

several theories which have been devised to account for its various

modifications. These theories have, for the most part, been founded
on the laws which regulate the vibratory movements of stretched

membranous surfaces ; and the investigation of those laws has ac-

cordingly occupied the attention of many eminent mathemati-

cians, such as Euler, Bernoulli, Riccati, Biot, Poisson and Her-
schel ; but it is a subject requiring the most profound analysis, and

involving the resolution of problems of much greater complexity
than the laws of the vibrations of either strings or bars. The as-

sumptions which are necessary in order to bring the subject within

the reach of analysis, namely, that the membrane is homogeneous
in its substance, and of equal thickness and elasticity throughout its

whole extent, are at variance with the actual conditions of the vocal

organs, which are composed of tissues differing in thickness, density
and elasticity, and of which the tension is indeterminate; circum-

stances which present insuperable obstacles to the attainment of a

mathematical theory of their vibrations.

The author, after giving a critical account of the experiments
made by Biot, Willis, Miiller, Cagniard la Tour and De Kempelin
on the vibrations of membranous lamina?, examines the various

actions of the vocal organs during the production of the more sim-

ple tones; and considers more especially the office of the vocal

ligaments, in regulating the pitch of the voice, which he considers



Royal Astronomical Society. 133

as resulting from variations in their length and tension conjointly.

By applying to the chordae vocales the formulae of vibrating cords,

he traces the influence which is exerted on their movements by the

mucous membranes ; and finds that they obey, to a certain extent,
the laws of vibrating strings.

The analogy between the action of the glottis and that of a reed is

next examined, and an opinion expressed that the movements of the

glottis in the vocalization of the sound, partake of the nature of the

reed, during the partial opening and shutting of the rima-glottidis.
The author next investigates the acoustic relations between the

actions of the glottis and that of the vocal pipe, and the acoustic

effects of flexible membranous tubes on a column of air vibrating
within it, and finds that the structure of the trachea and of the soft

parts above and below the larynx is adapted to vibrate synchro-

nously with any note that may be formed in the larynx. The fal-

setto voice may be produced either by the partial closing of the

glottis, or by a nodal division of the vocal chords; the pitch of the

sound in the production of this peculiar modification of the voice,

being such that the column of air in the vocal tube is of the precise

length requisite to vibrate in unison with the larynx. The inquiry is

further extended to the sources of the various tones of the voice

in singing, such as the bass, tenor, contralto, and soprano ; together
with their subdivisions of barytone, mezzo-soprano, and soprano-
sfogato ; and to the places which they occupy in the musical scale.

Independently of the falsetto, the compass of the natural voice

rarely exceeds two octaves ; although in some cases, as in those of

Malibran and Catalani, it may extend even beyond three. The
voice in singing is modulated by the contraction or relaxation of

the velum, uvula and fauces. The author lastly adverts to the at-

tempts that have, at various times, been made by the Abbe Mical,

Faber, Kratzenstein, De Kempelin, Willis, Wheatstone and others,
to imitate articulate sounds by mechanism.

Having thus examined the human voice as resulting from the

vibration of membranous ligaments, in obedience, first, to the laws
of musical strings ; secondly, to those of reeded instruments ; and

thirdly, to those of membranous pipes ; he arrives at the conclusion

that the vocal organs combine, in reality, the actions of each of

these instruments, and exhibit in conjunction, the perfect type of

every one of them.

ROYAL ASTRONOMICAL SOCIETY.

[Continued from p. 60.]

February 13, 1846.—Extracts from the Report of the Council of the

Society to the Twenty-sixth Annual General Meeting.

At the last annual meeting, the Astronomer Royal, then Presi-

dent, in announcing the reasons upon which the Council had awarded
the medal to Captain Smyth for his Bedford Observations, made
some remarks upon the difficulty which arose from the original ob-

servations not being before the Society, and concluded by expressing
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strongly his opinion that those observations should be given up to

the Council, that they might have full means of justifying their

award. The slips of paper containing the results of the measures
had been transferred to Dr. Lee, with the Bedford instruments. In

March, however, they were forwarded to our Secretary by Captain

Smyth, with the consent of Dr. Lee, and are now the property of

the Society, which owes its thanks to both the gentlemen named,
for their ready accession to the President's request. The Council,

fully concurring in the Astronomer Royal's remarks, have great sa-

tisfaction in making this announcement.
It has been for some time understood that it was the intention of

our respected colleague, Dr. Pearson, to bequeathe to the Society the

stock and plates of his most valuable work on Practical Astronomy.
Some months since he expressed his desire that the Society should

take charge of 500 copies, till such time (a distant one we hope) as

his bequest should take effect. This request being readily granted,
the copies in question were deposited in our apartments : the plates
still remain in Mr. Woodfall's custody.

Among the other presents received during the past year may be

mentioned the manuscript observations of the Paramatta Catalogue
of 7385 Stars, presented by Sir Thomas Brisbane.

To Mr. Tumor the Society is indebted for the gift of the curious

manuscript Almanacs described in the recently published volume of

our Memoirs by our lamented Assistant-Secretary.
The Society has to regret the loss, by death, of the following

Fellows :—Admiral Greig, Lieutenant A. P. Greene, General Sir

Robert Dundas, Charles Shearman, Esq., and the Rev. Henry Cod-

dington.
The post of Director of the Edinburgh Observatory, vacant by the

lamented death of Mr. Henderson, has been conferred by Govern-
ment on Mr. Charles Piazzi Smyth, the second son of our President,

who, as is well known to all here present, has been engaged for the

last ten years as assistant to Mr. Maclear, at the Cape of Good

Hope. Mr. Piazzi Smyth has lately arrived in England, and is now
settled at Edinburgh, and engaged in the performance of his duties.

Educated in so good a school, and having hitherto shown so much
zeal in the pursuit of practical astronomy, we cannot doubt that he
will do additional honour to the name which he bears ; and in that

persuasion, the Council feel sure this meeting will join them in

congratulating our President on the prospects which have opened to

his son.

The Council have awarded the gold medal to the Astronomer

Royal for his recent publication of the reductions of the Greenwich

Planetary Observations from 1750 to 1830. This work was de-

scribed generally in the last Annual Report, as about to appear. The
President will undertake, at the close of the ordinary proceedings of

this day, to describe and justify the grounds on which the award
was made. The Council will add nothing except their entire con-

viction, that it rarely happens that so valuable a present is made by
the practical to the theoretical astronomer ; and seldom indeed, that
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it is made by one who unites both characters in so remarkable a

degree.
The corresponding series of lunar observations is now so far ad-

vanced, that only a small revision of some of the later years is want-

ing. Ten years' reductions in Right Ascensions and North Polar
Distance are printed, the Government having supplied the necessary
funds ; and the formation of the equations for the correction of the
elements is in progress. It is remarkable that, though all the lunar
tables now existing to which observation has contributed, or which
have not been formed from theory alone, have been founded on data

procured from Greenwich, that Observatory is yet able to show
that its records are not exhausted. Singularly connected as it has

always been with the progress of lunar astronomy, its history has
never presented so remarkable an epoch as the present time. The
reduction, in the most systematic and usable form, of its old meri-
dian observations, is the work of the Astronomer Royal, who sug-
gested and undertakes the extra-meridional course of observation
mentioned in the last report.
The altitude and azimuth instrument intended for this purpose

has now left the engineer's hands, and is in those of Mr. Simms, for

the completion of the micrometers, levels, graduations, &c. It is in

a very forward state. The peculiar tables which the reduction of

the observations will require are in preparation, and no long time
will elapse before it is in use.

The connexion of Pulkowa, Altona, and Valentia with the Obser-

vatory of Greenwich has the calculations now completed. The re-

sult for Pulkowa is not yet printed ; that for Altona differs very little

from the one which was found many years ago. The result for Va-
lentia has been compared with that derived from Colonel Colby's

survey, the elements for the figure of the earth being those which
were given some years ago by the Astronomer Royal, in the Ency-
clopedia Mctropolitana. It appears that the geodetic longitudes of

Liverpool and Kingston arc a very little too large, that of Valentia
a very little too small ; being just what would take place if the or-

dinary assumptions employed in determining the figure of the earth
were disturbed by an unknown source of attraction beneath the sur-

face of Ireland. A memoir on these results is now in preparation
by the Astronomer Royal.
The ordinary star-observations at Greenwich have been, during

the past year, in a great measure devoted to filling up the blanks
in one element (whether Right Ascension or North Polar Distance)
which exist in the recently published catalogue of 1439 stars.

By information received from Colonel Estcourt, who is employed
upon the survey of the North American boundary, it appears that

the latitudes of various points have been obtained by the use of ex-
cellent twelve and fifteen-inch altitude and azimuth instruments.
The differences of longitude have been found (the country present-
ing no more such difficulties as those described in last year's Report)
by instantaneous signals of gunpowder flashes compared with transit

observations, made at intervals of three minutes. The accuracy of
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the results may be
ihierred^w^Jftiis statement, that the extreme

discordance of the determinations of difference of longitude from

sixty signals was only four-tenths of a second. The intermediate

parts have been filled up by the usual operations of surveying.
There is no doubt that the map of this wild tract will be comparable
in accuracy to that of any country in Europe. A general map is in

preparation on a scale of four inches to a mile, with special maps on
that of twelve inches to a mile.

At Cambridge, the observations of comets and of the new planet
have, for the present, superseded those of double stars. The volume
for 1842 has just been published. Besides the usual matter, it con-

tains the accurate places of a large number of double stars. During
the last year, the meridian observations were confined to stars ; for

the most part, either double stars or stars observed with comets. By
this means Professor Challis hopes to complete a second Cambridge
Catalogue, at the same time that he effects the reduction of the large
number of comet observations which he has taken.

The last year has been marked to the astronomer by the appear-
ance of the Catalogue of the British Association. This inestimable

volume, which contains the mean places for 1850 of 8377 stars,

with all the requisite aids for obtaining their apparent places for any
other epoch, is an extension and completion of the Catalogue pub-
lished in 1827 by this Society, and so well known as the Astrono-
mical Society's Catalogue. Both were published under the same

superintendence, and both bear the name of Francis Baily on their

title-pages ; but though upon the same plan, yet the second appears
with such additions and improvements as render it a new work.

For, first, the number of stars is nearly trebled ; secondly, from the

particular attention which has been paid of late years to this branch
of astronomy (chiefly owing, it may be said, to our own Catalogue),
the accuracy of the mean places has been immensely increased;

thirdly, the secular variations of the precession have been added, as

well as the annual proper motions, so far as they are known ; and

lastly, in the nomenclature, in the exact citation of authorities, and,
it must be added, in the beauty of the getting-up, every thing has
been done which the greatest experience and zeal could suggest.
The preface contains a clear account of the process of composing

the catalogue, of the formulae employed or to be employed, of the

motives which directed the author in his variations from antecedent

authorities,—in short, all that would have been expected from
Francis Baily on the subject which had occupied him principally,

though not exclusively, for a quarter of a century. The work was

completed, with the exception of some notes, and partly printed, at

the author's decease, and the task of bringing the whole to the de-

sired end has been ably performed by his friend and coadjutor in the

labour of constructing and printing our former catalogue, Lieutenant
Stratford.

But though this volume is, and will be for years, the text-book of

the practical astronomer, it must not be received as a perfect work,
but as a step

—an immense step, to be sure—towards perfection-
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Our knowledge of the sidereal heavens is yet in its infancy. That

every thing must he in motion, in accordance with the laws of gra-

vitation, may indeed be looked upon as demonstrated ; but, except
the broad notion that our system is moving towards some point of

the present apparent heavens, the knowledge of the approximate
distances of two stars, certainly of 61 Cygni and probably of a Cen-

tauri, nothing is accurately known of the things which must become

data before the velocity and direction of motion of the centre of gra-

vity of our system can be determined. The late Astronomer Royal,
Mr. Pond, was of opinion, and his judgement has recently been con-

firmed by our illustrious associate Bessel, that a variation in the

proper motions of some stars has been detected by observation, and

if this be confirmed, the first step is made*. But the exceeding
minuteness of the difference of motions, which themselves require

many years to rise to an appreciable amount, presents a difficulty

only to be overcome by immense labour and the most scrupulous

accuracy. For each star there are required, at least, three different

and well-defined epochs ;
and where are we, as yet, to look for such

data?

The Council cannot but mention what is one of the most remark-

able astronomical events of the year, though perhaps no one of the

parties concerned in it gave our science a thought. They allude to

the repeal of the excise duty on glass, which might be called with

perfect truth an astronomical window-tax. Every person here pre-

sent must be aware that the nature of the regulations under which

it was found or thought necessary to place the manufacture of this

important article, rendered experiments for the improvement of op-
tical glass almost impracticable and a great deal too expensive. It

may now be confidently hoped, that in a few years our country will

not be obliged to admit that we are surpassed by foreigners in this

particular. But it must be remembered that it is not likely that the

object will be attained, unless systematic attention be directed to-

wards it. The Council hope, therefore, that those who feel inter-

ested in astronomy, and who have directed their attention to the

chemistry of manufactures, will not forget to keep their thoughts
fixed upon the great importance of procuring good optical glass in

large quantities. The end to be gained is not merely the acquisi-

tion of large object-glasses in greater numbers. The want of suffi-

cient supply, easily obtained, is found in regard to smaller lenses,

* It may be worth consideration whether a complete recomputation of

all Bradley's observations of stars might not be advantageous. The Fun-

damenta, as edited by Bessel, does not include all the observations, and

the epoch of the observations is not given. This most important element

was first added by the present Astronomer Royal, and the yearly partial

catalogues which appear in the annals of our observatories are exceedingly
valuable from supplying the date. In making the above suggestion we do

not forget what we owe to Bessel's Fundamental nor how much of the rea-

sonableness of our expecting yet more benefit from Bradley's observations

lies in the consequences of the impulse which the publication of that mighty
work gave to accurate astronomy, and the means which it supplies for still

further improvement.
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and no one can positively say, or even reasonably suppose, that the

whole manufacture is not capable of great improvement.
An attempt has been made by Mr. Simms to furnish the object-

glass for the Liverpool equatoreal from his own workmanship ; but

the indifferent quality of all the optical glass which is on sale (the
Munich unworked glass is not to be bought) did not allow him to

fittain the degree of perfection which he aspired to. In this di-

lemma, the Town Council have requested the Astronomer Royal to

purchase the object-glass, tube, and eye-glasses, from Mcrz and Co.

of Munich. The mounting which the Astronomer Royal proposes
to adopt is that sometimes called the English mounting,

—namely, a

transit telescope between two supports, which, united at the top and

bottom, form the polar axis. Mr. Airy considers that by making
these supports of sheet-iron, having a section something like that of

a chord and arc, he will get great stiffness and solidity with moderate

weight, and at a comparatively small expense. When thus equipped,
the Liverpool Observatory will doubtless furnish a plentiful supply
of valuable extra-meridional observations. This excellent institu-

tion will then be a model of what the science may reasonably look

for at the hands of those who attend to the interests of navigation
at the principal ports,

—namely, ample means of giving time and

regulating chronometers, with power to the superintendant of em-

ploying the time he has to spare about that class of observations in

which a private observer can make himself really useful to the pro-

gress of the science.

It was mentioned in last year's Report that Mr. Sheepshanks had

undertaken to finish the construction of the standard yard measure

commenced by Mr. Baily. On examining the state of progress (for

Mr. Baily's last illness seized him when he had hardly commenced
his operations) and the points which were left not satisfactorily de-

termined by preceding measures, Mr. Sheepshanks, with the consent

of the Committee, resolved upon a more extensive series of experi-

ments than was at first contemplated. It was found by the officers

of the Ordnance survey, and by Mr. Simms when repeating the ope-

ration, that the hypothesis of equal expansions of metals for equal
increments of temperature, as shown by the mercurial thermometer,

is far from exact. Mr. Baily's preliminary measures also showed

that the differences between certain standards had varied sensibly

since the time when he constructed the standard scale of the So-

ciety. The method of properly supporting a bar has been recently

considered by the Astronomer Royal, in a paper contained in our

newly-published volume. This is not a proper place or time for

entering upon the details of processes which must be tried before

they are approved of. The apparatus is well-advanced, and the ob-

jects proposed are, to ascertain the best material for a measure, with

the law of expansion of the material ; to perpetuate the measure

itself, although the material may undergo slow changes from mole-

cular action ;
and to leave commencing data for a more complete

inquiry into the subject, to be made in another generation. Mr.

Sheepshanks, up to this time, sees no reason to doubt of success,
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though in such delicate researches difficulties and anomalies are

pretty sure to present themselves. So far as he is able he will

tread in Mr. Baily's steps, faithfully recording everything as it pre-

sents itself, without hypothesis, and having recourse to every avail-

able source of information. The Fellows of this Society, well-aware

as they are of the perfect familiarity with every class of instrumental

means which Mr. Sheepshanks possesses, will look upon his labours

as they proceed with no ordinary interest.

The circumstances relating to the discovery of the planet Astrsea

were detailed in the last number of the Society's Monthly Notices,

and it will therefore be unnecessary to detain the meeting by any

lengthened remarks on the subject. When the planet was first ob-

served in this country it shone with the brilliancy of a star of be-

tween the 9th and 10th magnitudes. At the end of December a

very material decrease in its brightness had occurred, and at the

commencement of the present month the planet could hardly be

reckoned brighter than the 11th magnitude. There is a hazy, ill-

defined appearance about Astraea, which makes it a matter of no

great difficulty to distinguish her, even should there be several small

stars in the field with her. Professor Encke was the first to calcu-

late the elements of the new planet ; his second elements were mar-

vellously exact, though based on observations extending over thir-

teen days only. There is a very near agreement in the results of

different astronomers, which shows that we have already closely ap-

proximated to the orbit of the planet.
In duly acknowledging the service rendered to astronomy by this

discovery, we must not forget that we owe much to the exertions of

Professor Encke, who detected the planet again on the 14th of De-

cember, and observed it very carefully at every opportunity. On
these observations is based M. d'Arrest's excellent Ephemeris, which

has been- of great assistance to astronomers during the past month.

Since the last Anniversary of the Society three comets have been

discovered, and the periodical comets of Encke and Biela have re-

turned agreeably to prediction.
Father de Vico, director of the Observatory at Rome, and one of

the Associates of the Society, detected a telescopic comet on the

night of February 26, 1845. It did not become visible to the naked

eye, and was not observed after the end of April.

At the beginning of June a fine comet made its appearance in the

constellation Perseus. It was followed by astronomers until the end

of the month, when it was lost in the twilight. There is strong
evidence in favour of the identity of this comet with that of 1596,

observed by Tycho Brahe ; an elliptical orbit of 249 years' period
satisfies the observations very well. Father de Vico saw Encke's

cornet on two days in the month of July, but it does not appear that

other astronomers were so fortunate.

The comet of Biela was found at Berlin with the great Fraunhofer

refractor on Nov. 29, and at Cambridge, by Professor Challis on

Dec. 1 . At this time it was excessively faint, but the agreement
between the observed places and the positions given by Santini's
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elements is very satisfactory. In the middle of last month the

comet became double and presented a most singular appearance, for

the nebulosities surrounding the two nuclei scarcely joined each

other, and the whole object exactly resembled two comets in very
close proximity. This phenomenon was first observed by Professor

Challis, with the Northumberland telescope, on Jan. 15. It was,

however, seen in America on the 13th. As viewed in Mr. Bishop's
refractor on Jan. 24, the comet was much like the dumb-bell nebula

in Vulpecula seen under small optical power. The distance between

the two comets has been since rapidly increasing, and the deviations

of the positions of both comets from those deduced from Santini's

Elements are now very great.
On the 24th of January last, Father De Vico discovered a tele-

scopic comet in Eridanus ; this is the third comet detected by our in-

defatigable associate. On the subject of comets the Council received

a letter from our distinguished Associate Professor Schumacher,
dated May 5, requesting that the observations made in England

might be immediately forwarded to him, and promising a like return.

The Council accordingly directed that all observations which came
into their hands should be immediately sent to M. Schumacher;
and they hope that those Fellows who observe comets will lose no

time in communicating their observations through Mr. Hind, who
has undertaken to forward them to Professor Schumacher.

The return of Mr. Piazzi Smyth to Europe enables the Council

to furnish the meeting with a short account of Mr. Maclear's geo-
detical operations.
The anomalies known to exist in Lacaille's southern arc, and

which Colonel Everest, when he visited the scene of operation, sus-

pected to have arisen from local attraction on the plumb-line, have

been the means of leading Mr. Maclear into a very extensive mea-

surement of the same kind, of which, in such a report as the present,
we can only give a passing notice. When, in 1837, Lacaille's Ob-

servatory at his southern end was trigonometrically connected with

the Royal Cape Observatory, there was found to be error in the lati-

tude of the former, certainly of the kind which the local attractions

would cause, but by no means sufficient in amount to explain all the

difference between the theoretical and the measured degree. But

even this partial explanation was destroyed by Mr. Maclear's subse-

quent measures with the zenith sector at both ends of Lacaille's arc,

which produced results agreeing (as to the length in the heavens of

that arc) almost exactly with that of Lacaille. The discordance

being thus thrown upon the trigonometrical part of the operation,

Mr. Maclear (1840-41) carefully measured a base of 42,000 feet

nearly on the site of Lacaille's and then re-observed all his triangles,

feeling confident that the former stations had been recovered in every
instance to within a few feet. The length of the degree thus found

halved the difference between Lacaille and the modern state of the

theory, being about 200 feet less than that of the former, and about

as much more than that of the latter. But, the old triangles being
but ill-chosen for causing errors of observation to produce their least
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effects, Mr. Maclear took another and a more advantageously related

system, and found a result agreeing almost exactly with his former

one. Still the effect of attraction at the southern end only remained

imperfectly compensated, and that at the northern not at all. Mr.
Maclear then resolved to extend the arc to the length of the usual

European ones, to place the terminal stations in the best positions
which could be found, to swing the pendulum on every mountain,
and to fix the positions of all such points as might be useful in future

land or coast surveys. This work has occupied him during the course

of the years from 1843 to the present time, and it is not yet com-

pleted. Either of four stations may be used independently at the

extreme southern end of the arc—the Royal Observatory, Lacaille's

Observatory in Cape Town, one on the mountain Zwarte Kop,

twenty miles south of the observatory, and one on Cape Point, the

extreme south-west of Africa. The most northern station is on the

Khamiesberg, giving a total length of about A\ degrees, with an in-

termediate astronomical station on the top of Heer Logiments-berg.
From the extreme south to the middle station two sets of triangles
are formed ; from thence to the northern, one and a part of another.

From the Royal Observatory extends an eastern chain of triangles,
for the settlement of the position of Cape l'Aguillhas and the measure-

ment of an arc of parallel. The sides of the triangles vary from 50
to 90 miles. The country to the north of Khamiesberg is now under

examination, to try the feasibility of carrying the triangulation up
to a station at which a perfectly unexceptionable latitude can be ob-

tained. The physical difficulties of the northern part of the trian-

gulation have been enormous. The houses at 20 miles distance

from each other—the natives themselves imperfectly, and sometimes

not at all, acquainted with the mountains through which the sur-

veyors had to explore difficult passes in most inclement weather—
the difficulty of finding water, and the scanty quantity of it when
found—the irksomeness and danger of carrying the instruments up
ascents which a free and active man can only surmount with diffi-

culty
—the endurance of all temperatures, from sand in the plains at

140° of Fahrenheit to ice and sleet on the heights
—and the possi-

bility of return being cut off by the gathering of snow in the ravines,—
present a picture far from inviting, and form a measure of the re-

solution of Mr. Maclear and his assistants, as well as of the strength
of the principle which carried them into those wilds. The Society
will join the Council in hoping that their success may be equal to

their desert.

The President (Capt. W. H.Smyth, R.N.) then addressed the Meeting
on the subject of the award of the Medal, as follows :

The Report, Gentlemen, which you have just heard, has acquainted
you that your Council have awarded the Medal of this Society to

Mr. Airy, the energetic Astronomer Royal, for his reductions of the

Planetary Observations made at Greenwich between the years 1 750
and 1830, by which an immense magazine of dormant facts, contained
in the annals of the Royal Observatory, are rendered available to
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astronomical use. It may be proper, in expressing the grounds of this

adjudication, to allude to the extensive nature and elevated character
of that extraordinary work, as well as to the peculiar incidents con-
nected with its production, which have brought it within the recog-
nition of your Council.

It is, of course, understood, and has always been acted upon, that

work, however excellent and useful, does not enter into competition
when it only follows the necessary duty of the author. Our medal
was primarily instituted as a mark of approbation on individual ex-

ertion, on labours of love
;
and not to note our sense of the official

merits of public men, or of the rectitude and ability with which they
may acquit themselves in their respective offices. Now the weighty
reductions in question come before us as executed, at the expense of

her Majesty's Government, by the Astronomer Royal. It remains,

however, to be added, that the undertaking was proposed by that

distinguished individual long before his appointment to Greenwich.
After his attention had been particularly called to the planetary

theory, by his taking charge of the Cambridge Observatory,—having
already investigated the errors of the Solar Tables and the long in-

equality due to Venus,—he saw the immediate necessity of a com-

plete computation of all the older exact observations, which is nearly

equivalent to saying of those made at Greenwich since the erection

of the new transit instrument by Bradley in September 1750, and
no others. The importance of this object does not seem to have
struck the authorities on Mr. Airy's first proposal ; but after the

British Association was formed, a deputation of that body waited

upon the Chancellor of the Exchequer in 1833, and obtained his

consent to defray the necessary expenses. Mr. Airy's offer was, that

if the Government would meet the cost of reduction and printing,
he would undertake the entire preparation and supervision of the

work gratuitously ; so that he undeniably has the merit of origina-

ting, pressing, carrying the proposal into successful operation, and

bringing it to a most satisfactory conclusion, almost solely and ex-

clusively, and without any pecuniary advantage or official call. The

publication of the Reductions was ordered by the Lords Commis-
sioners of the Admiralty, in consequence of a recommendation made
to them by the Board of Visitors of the Royal Observatory of Green-

wich, on the 25th of June, 1841.

This is the real origin of the reductions, and we find displayed in

the execution of the task qualities of a higher order than that mere
zealous and patient perseverance so often consumed in the mecha-
nical department of computation. For raised as he was by his own
talents and application to an almost unrivalled height over the field

of astronomy, Mr. Airy was not only able to take in at one view the

actual existing state of the science, but could also look back and
trace all the wanderings of former inquirers, each proceeding in his

own narrow foot-path according to his own peculiar views of the

various constants of refraction, nutation, aberration, and other ele-

ments of reduction. Through this wilderness he cut a broad high-

way, connecting all those separate labours, and making each of them
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serviceable to the common end ; as when a drain is cut through a

marshy soil, and the waters of numberless useless pools are collected

and led into one straight channel, which carries the improver through
the before impracticable region, ready to apply his whole energy on
the space beyond. But although much of this may be said of the

Greenwich documents, still the original observations were so fairly
and fully stated, and are so completely preserved, that they now
iulmit of reduction with the same exactness as at the time when they
were made. Still it is by no means a simple task to make one's self

conversant, not only with the merits, but with all the peculiarities,
the weaknesses, and the failings of both instruments and observers
for a period of eighty years, as the Astronomer Royal has done.

The contents of this precious work are comprised in a quarto
volume of above 700 pages, excellently printed, and divided into five

sections. The first is devoted to the ascertaining of the clock errors,

comprising the intervals of the wires, corrections for imperfect tran-

sits, and the position of the instrument, the effects of personal equa-
tion, and the rules by which the fundamental and' determining stars

were chosen ; the second section contains the investigation of index
errors and zenith points of the mural quadrants and circles ; the

third exhibits the computation of the geocentric places of the planets,
as deduced from actual observations ; the fourth shows the compu-
tation of the geocentric places of the planets, from the best existing
tables of each of the bodies ; and the fifth section gives the compa-
rison of the observed with the tabular places, and expressions for the

discordances in terms of the heliocentric errors of the earth and

planets. These sections are briefly yet luminously described in an
introduction of only thirty-four pages : but, though short, it would
be difficult to name another specimen of astronomical writing of

equal clearness and excellence. There are then twenty pages of the

errata detected, either in the published volumes of the Greenwich
Observations, or in the fundamental tables on which the planetary

computations are founded ; and the book concludes with nineteen

skeleton forms of the schemes employed in reducing the matter.

The whole is so lucidly and methodically arranged, that any one with
a very moderate amount of elementary knowledge can take up an

observation, and conduct the process to the end ; for he will be able

to check every important step in the result by a reference to the vo-

lume itself, to the formulae, and to the skeleton forms.

But if I may venture to express my opinion on this point, I would
add, that it is very improbable that a casual examination of the steps
of the processes should produce any useful result beyond that of

gratifying a laudable curiosity, or familiarising the student with cal-

culations and investigations of this kind. In all cases of doubt, the

original documents have been consulted, and every effort which great

experience and singular acuteness could suggest, has been made to

clear up the mistakes which will always be found in large quantities
of observation. The mode of exhibiting the results is a great safe-

guard against errors of computation, and in passing through the

press every portion of the work has been subjected to a most scrupu-
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lous revisal. The advantage of accuracy need not be insisted upon
here, and I feel confident that the present book approaches in this

respect as near perfection as, humanly speaking, that limit can be
attained.

Such is the work which your Council have considered it their duty
thus to appreciate. The masses of results obtained by this opcrose

application of thought and labour may be likened to the extraction

of ore from the dross of an ancient furnace ; and I am gratified in

having already had the satisfaction of publicly expressing my high
sense of the vast importance of the task. Every stage of the under-

taking has stamped the Astronomer Royal as being fully in com-
mand of the whole process ; and in exhibiting the rare union of

large conception, profound learning, and pains-taking practice, prove
him worthy of being the leader of the astronomical establishments of

the kingdom. From the well-directed exertion of such talents the

scientific world now reaps the benefit of the enormous calculations

before us, the whole utility of which cannot yet, probably, be speci-

fically stated. But we know, that whatever improvement may be

made in the theory or constants of any one of the planets, or of the

earth, the effect will be shown in its corresponding influence on the

heliocentric places of the earth and planet. Now, the equations
which connect the variations of these elements with errors found by
observation are all tabulated and grouped ready for the geometer's
use, without requiring him to look beyond the fifth section, and with

a degree of precision which no single computer could ever hope to

arrive at. And as in botany we assume a new sera from the time

when Linnaeus reduced the disjointed facts and instances of his day
into a methodical system, by which men were able to make them-
selves masters of every truth which had been discovered up to that

period, and turn their attention to something certainly new and use-

ful ; so may we, perhaps, date a new epoch in planetary astronomy
from the appearance of the great work before you, since the deside-

rata in this department of the science are rendered visible, and the

necessity for exact instants, a greater refinement of methods, and
more delicate observations made apparent.
The following Fellows were elected Officers and Council for the

ensuing year, viz.—
President: Captain W. H. Smyth, R.N., K.S.F., D.C.L., F.R.S.—Vice-Presidents : Samuel H. Christie, Esq., M.A., F.R.S. ; Bryan

Donkin, Esq., F.R.S.; Thomas Galloway, Esq., M.A., F.R.S.;
Rev. Robert Main, M.A.— Treasurer: George Bishop, Esq.

—
Secretaries : William Rutherford, Esq. ; Rev. Richard Sheepshanks,
M.A., F.R.S.—Foreign Secretary : Sir John F. W. Herschel, Bart.,

K.H., M.A., F.R.S.— Council: G. B. Airy, Esq., M.A., F.R.S.,
Astronomer Royal ; Solomon M. Drach, Esq. ; Rev. George Fisher,

M.A., F.R.S.; John Russell Hind, Esq. ; Manuel J. Johnson, Esq.,

M.A.; John Lee, Esq., LL.D., F.R.S. ; Augustus De Morgan, Esq. ;

Edward Riddle, Esq. ; William Simms, Esq. ; Lieut. William S.

Stratford, R.N., F.R.S.
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XXVI. Intelligence and Miscellaneous Articles.

ON AN IMPROVED METHOD OF DETECTING ALUMINA.
BY MR. J. C. NESBITT.

THE process depends on the insolubility of the phosphate of alu-

mina in acetic acid, and the two following experiments will

show the advantages of this test :
—

1st. Two grs. of alum were dissolved in 1000 grs. of water, and
a single drop of this solution was mixed with a little solution of

phosphate of soda, to which acetate of ammonia and acetic acid had

been added ; in a few minutes a precipitate of phosphate of alumina
was produced.

Another drop was mixed with ammonia, and the usual tests were

employed to detect alumina, but no precipitate was produced.
Some ordinary solution of potash was mixed with a strong solu-

tion of muriate of ammonia. The mixture showed no change after

the lapse of two days.
Another portion of the same solution of potash was mixed with a

solution of muriate of ammonia, containing a few drops of solution

of phosphate of soda. A precipitate was produced in the course of

twenty minutes or half an hour.

In order to detect alumina in the ashes of plants, or in substances

containing similar ingredients, it is merely necessary to precipitate
the oxide of iron (if any be present) and the alumina as phosphates,

by the addition, if necessary, of phosphate of soda, acetate of am-
monia and acetic acid. This precipitate is to be boiled with a solu-

tion of pure caustic potash ; the phosphate of alumina will be dis-

solved, and may be again precipitated by muriate or acetate of am-
monia and acetic acid.—Proceedings of the Chemical Society, part

ON A NEW SUBSTANCE FROM COCHINEAL.

At the Meeting of the Chemical Society for March 16, 1846,
Mr. Warren De la Rue described a new body which he had ob-

tained from cochineal, a subject he has been for some time past

investigating, and which bears a remarkable similarity to a substance

which Liebig has lately produced by the action of potassa on caseine,

to which he assigns the composition C, fi , N, H9 , O b , at the same time

stating that the formula requires confirmation. Though the analyses
of the new substance differ somewhat from this formula (its compo-.
sition appearing to be C 18 , N, H u> Oe), yet the agreement of its

properties with those assigned by Liebig to the substance described

by him, leaves but little doubt as to the identity of the two bodies.

A specimen of Liebig's substance, furnished by Dr. Hofmann, agrees
perfectly in its physical characters.

The new body is obtained from cochineal by the following
means:—The colouring principle being first separated from an in-

fusion of cochineal, the mother-liquor is to be carefully evaporated
in a water-bath to the consistence of a syrup, when there appears
floating in it a small quantity of granular chalky-like masses, which

being collected on a filter is kept warm, and, when drained, well-

Phil. Mag. S. 3. Vol. 29. No. 192. August 1846. L
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washed with cold water ; they are then dissolved in hoiling water
and recrystallized ; again well- washed, and finally dissolved in as
small a quantity of boiling water as possible ; a little animal char-
coal is to be added, and the ebullition continued for a short time ;

on filtration and cooling, the new body crystallizes as a bulky assem-

blage of tufts, filling the vessels; on drying they form into paper-
like masses, of a perfectly white colour and a beautiful silky lustre.

This body is sparingly soluble in cold water, considerably more so
in hot water ; soluble in ammonia, from which it crystallizes as the
ammonia is driven off by heat ; it is likewise soluble in acids.

From the process pursued in separating this substance from cochi-

neal there is no doubt that it pre-exists, and is not produced by the

operation ; it may, however, be a product of oxidation of some part
of the insect during its preparation for commerce. Three hundred

parts of cochineal yield one part of the new body.

SULPHUROUS iETHElt.

This product was obtained by MM. Ebelmen and Bouquet : by
pouring absolute alcohol on protochloride of sulphur, heat is disen-

gaged, with an abundant production of hydrochloric acid and depo-
sition of sulphur ; the alcohol is to be added till all action ceases,

the mixture is then to be distilled ; there passes at first at about

176° Fahr., an abundant product, which is merely alcohol contain-

ing much hydrochloric acid ; the temperature of the liquid afterwards

rises rapidly ; it becomes clear by the fusion of the sulphur which it

contained in suspension, assumes a reddish-brown colour, and

yields, between 302° and 338° Fahr., a product which is to be sepa-

rately received. There remains in the retort a considerable deposit
of fused sulphur. The liquor distilled between 302° and 338° was
twice rectified and yielded a limpid colourless product, of a peculiar
sethereal odour, somewhat resembling that of mint ; its taste is at

first cooling, afterwards burning, and there is left an after-taste of

sulphur ; its boiling-point is stationary at 320°.

According to M. Pierre, the density of sulphurous aether is 1"085

at 60° Fahr. and 1'106 at 32°. It mixes with alcohol in all propor-
tions ; water decomposes the mixture, redissolving the deposit very

slowly, and exhaling the odour of sulphurous acid. ./Ether which
had been prepared for some time and kept in badly stopped bottles,

is similarly decomposed by the moisture of the air. An alcoholic

solution of potash dissolves this aether rapidly. The liquor diluted

with water gives no further precipitate, and when saturated with

hydrochloric acid, a strong smell of sulphurous acid is produced.

Sulphurous aether does not burn when exposed to a body in combus-

tion, unless it is previously made hot. Its flame is bluish, accom-

panied with a strong sulphurous odour.

In analysing this aether, the sulphur was determined by dissolving
a known weight of it in an alcoholic solution of potash ; the solu-

tion was diluted with water, boiled to expel the alcohol, and then

saturated with chlorine, which converted the sulphurous into sul-

phuric acid ; the liquor after being rendered acid with hydrochloric
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acid was precipitated by chloride of barium ; the hydrogen and car-

bon were determined in the usual manner.

It appeared to be composed of—
Sulphur 23-18 20(H)

Carbon 34-77 3000
ftui

Hydrogen 7-28 62-5

Oxygen 34-77
,

3000

Tob^oo
Its formula is SO 2O H'J O.

In the state of vapour calculation gives
—

2 volumes of Sulphurous acid . . 4424
4 ... Carbon S'318

10 ... Hydrogen 0'691

1 ... Oxygen 1-106

—'-— =4769

The formula SO* C4 H 5 O represents, therefore, 2 volumes of va-

pour, the same as carbonic aether, CO 2 C4 H 5 O. It is to be observed

that carbonic acid and sulphurous acid have corresponding formulas,

and both contain a volume of oxygen equal to their own.—Ann. de

Ch. et de Phys., Mai 1846. m6a «s ,.

ON THE PREPARATION AND PROPERTIES OF DIGITOLE1C ACID

AND ITS SALTS.

M. C. Ph. Kosraann prepared this acid from the Digitalis purpurea

by digesting the leaves of the plant in cold water and treating the

solution with tri-acetate of lead slightly in excess ; the precipi-
tate obtained was boiled for a quarter of an hour with a solution of

carbonate of soda ; the filtered solution, which was of a brown co-

lour, was treated with dilute sulphuric acid ; the flocculent precipi-
tate obtained was perfectly washed and dried, and treated with alco-

hol ; the alcoholic solution left by evaporation a residue, which be-

came a crystalline mass ; this was six times treated with cold aether,

which dissolved a green oil that remained after the evaporation of

the aether. This last left a substance A, undissolved. The green
oil becomes a granular crystalline mass, and is covered with groups
of small stellated needles of a green colour, which have a bitter acrid

burning taste, and occasion headache ; the odour is aromatic and not

disagreeable ; it melts at 86° Fahr., forming greasy spots on paper ;

it is but slightly soluble in water, but dissolves readily in alcohol

and in aether. In order to obtain it pure, it is to be combined with

bicarbonate of soda in solution, which dissolves it, then precipitated

by acetic acid, carefully washed, treated with aether, and to be evapo-
rated ; the alcoholic solution reddens litmus paper, and decomposes
the carbonate of potash with the effervescence of carbonic acid gas.
The facts detailed prove that this oily substance is a true acid, to

which the author has given the name of digitoleic acid ;
and he at-

tempted to determine its equivalent by means of the salts of lead and

L 2
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barium, procured by the double decomposition of the neutral salt of

potash, and the chloride of barium and nitrate of lead; the barytic
salt was converted by calcination into carbonate, and the salt of lead

into sulphate. Four operations carefully conducted gave 4I53"895
as the mean atomic weight of the digitoleic acid.

The salt of lead consists of—
Digitoleic acid. . .

Oxide of lead . . .
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nied by quartz, which appears to be a more ancient formation, and
tinstone, which is more recent. It was long taken for brown spar
(dolomite), for it is red or reddish-white in crystals, and presents in

its combinations P, x, T, and /, so that the last three forms, with

nearly equally extended surfaces, resemble a rhombohedron.

Freshly broken, the crystals are semi-transparent, cleavage rec-

tangular, in the direction of the faces P and M ; hardness 7f (of

Breithaupt's scale); specific gravity 2'441 to 2445.

Decomposed by hydrofluosilicic acid, M. Kroner obtained as its

chemical composition,
—

Silica 66-43 i

Alumina 17*03
Oxide of iron 0*49
Potash 1396
Soda 0*91
Lime 103
Magnesia and manganese. . traces

Poggendorff's Annalen.

CHEMICAL ANALYSIS OF COPPER BLENDE. BY C. F. PLATTNER.

Breithaupt's copper blende has recently been said to be identical

with tennantite. The former however is distinguished by its red
streak and lower specific gravity. In tennantite from Cornwall,
Kudernatsch found—

Sulphur 27*76
Arsenic 19- 10

Copper 48-94
Iron 3*57
Silver trace

Quartz 0-08

99-45
The chemical formula for which is—

(Cu% }
As* S> + 2 <Cu* S>

4
' As* S"

or more simply, according to M. Frankenheim,

(Ci

(Fe

Copper blende from the Prophet Jonas Mine, Freiberg, I found to

contain—
Sulphur...,. 28-111. .201-16 = 0139 =139
Arsenic 18-875 47004 = 0040. = 40

Copper 41070 395-69 = 0104 =104
Zinc 8-894 403-23 = 0022 1 _ 90
Iron 2219 33921 = 0'007 J

—
Lead 0341

Antimony and silver. . traces

99510
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If we consider, with M. Frankenheim, Cus S to be isomorphous
with ZnS and FeS, the following simple formula results :

—

Copper blende essentially differs from tennantite in having a por-
tion of Cua S replaced by Zn S.—Poggendorff's Annalen.

BommjsB i

LOXOCLASE (FELSITES L0X0CLASIUS\ A NEW MEMBER OF THE
FELSITE GENUS. BY A. BREITHAUPT.

Amongst a number of North American minerals, for which I have
to thank Mr. Shepard, were several of the genus Felsite, and one in

particular which at first sight I took for pegmatolith, but which turns
out to be a new and remarkable species. This mineral in many
respects resembles oligoclase : I have therefore, in the following de-

scription, pointed out those peculiarities which render it distinct.

Lustre, between vitreous and greasy; pearly on the most perfect

cleavage-surface.
Orthoclastic.—Primary form, oblique rhombic prism, 4-Poo"(P)= 63° 38' towards the chief axis ; -P»W = 65° 37' towards the

chief axis; P :y=3tf= 99° 45'; P :T= 112° 30' ; P : /= 112° 50' ;

P : M = 90° 0' (oligoclase P : M = 86° 45') ; M : T = 120° 15' ;M : / == 119° 25' ; T : / = 120° 20'. Cleavage, perfect hemidomatic ;

very distinct in the direction of the short diagonal ; indistinct ap-

proaching distinctness in the direction of the long diagonal ; hemi-

prismatic, in fragments. Fracture, uneven to conchoidal and hackly.
Hardness = 1\ to 7£ (of Breithaupt's scale) (oligoclase 7| to 8|).
Specific gravity = 2*609 to 2-620 (oligoclase 2-644 to 2-662).
Colour, yellowish-gray, yellowish-white, pea yellow, bluish-gray.
Translucent in thin laminae to transparent. The oblique cleavage
in the direction of the long diagonal is characteristic of loxoclase,

although not always very distinct, hence its name. Its specific

gravity is also higher than any other of the orthoclastic felsites. It

appears subject to decay by exposure to the atmosphere.
Two analyses performed by Prof. Plattner ; the one by means of

hydrofluoric acid (a), the other by carbonate of soda (b) ; the mean
of the two (c) showed it to possess the following composition :—

binca . . . .
.^

.^ . . .

jflfc.flft-v j,HS pa 03 50 63 50
Alumina 20"48 20*10 20-29
Oxide of iron 065 0-70 0*67
Potash 3-03 3-03
Soda 8-76 8-76
Lime 3-40 304 3-22

Magnesia trace trace

Water and fluoride of silicon . . 1-23 T23

for which the general formula is RO, S0 3 + R2 3 , (SO,)
2
, as also

for oligoclase. Loxoclase affords therefore a remarkable example of
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dimorphism, for oligoclase is plagioelastic, and yet both must be

classed under the same genus. Loxoclase fuses before the blowpipe
with difficulty (fusibility between adular and labrador), and shows

in the outer flame an intense soda reaction. (Oligoclase melts pretty

easily.) Heated in a small glass bulb it gives out a little water and

fluoride of silicon, and is very imperfectly decomposed by hot muriatic

acid. Loxoclase occurs with pyroxen, graphite, and calcareous spar,

upon the two former covered by the latter, at Hammond, in the State

of New York.— Poggendorff's Annalen.

FAHTigfla **
' tie .

jaimap aTiaJs**
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METEOROLOGICAL OBSERVATIONS FOR JUNE 1846.

Chiswick.—June I, 2. Slight haze ; cloudless. 3. Slight haze : very dry air :

clear and fine. 4—6. Hot and dry. 7. Sultry. 8, 9. Cloudy and fine. 10.

Overcast. 1 1, 12. Very fine. 13, 14. Hot and dry. 15. Cloudless. 16—18.

Hot and dry, with slight haze. 19. Foggy: excessively hot: clear at night.
20. Hot and sultry. 21. Uniformly overcast : fine. 22. Sultry: excessively
hot : rain : at night thunder, lightning, and heavy rain. 23, 24. Densely clouded.

25. Fine. 26. Overcast : heavy showers. 27, 28. Cloudy and fine. 29. Fine,
with clouds : windy : clear at night. 30. Cloudy and fine : overcast.

Mean temperature of the month 66°*63

Mean temperature of June 1845 62 *14

Average mean temperature of June for the last twenty years 60 *88

Average amount of rain in June l
-88 inch.

,. ,
—\ • M

Boston.—June I. Cloudy. 2. Fine : half-past 1 1 o'clock a.m. thermometer 75° :

2 o'clock p.m. 78°. 3. Fine: 3 o'clock p.m. thermometer 80°. 4. Fine. 5. Cloudy.
6. Fine : quarter-past 2 o'clock p.m. thermometer 82°. 7. Fine. 8. Cloudy :

lightning a.m. 9, 10. Cloudy. 11—17. Fine. 18. Fine: quarter-past 11 o'elock

a.m. thermometer 80°. 19. Fine. 20. Cloudy. 21. Fine. 22. Cloudy: rain

p.m., with thunder and lightning. 23. Rain : rain early a.m.: rain p.m. 24. Fine.

25. Fine u rain and hail, with thunder and lightning p.m. 26—28. Cloudy.
29, 30. Fine.—The past month has been considerably warmer than any month of

my observations.

Sandwick Manse, Orkney.
—June 1—3. Fine. 4. Fine: bright: fine. 5. Fine :

bright : cloudy. 6. Damp. 7. Damp: cloudy. 8. Cloudy. 9. Damp: fog:
cloudy. 10. Cloudy: rain. 11. Bright: rain. 12, 13. Bright: clear. 14,
15. Bright: cloudy. 16. Bright: clear. 17, 18. Fine. 19. Thunder and hail*:

cloudy. 20. Clear : fine. 21. Clear. 22. Cloudy : fog. 23. Rain and thunder :

thunder and rain. 24. Drizzle : thunder and drops. 25, 26. Clear. 27. Rain :

clear. 28. Bright : cloudy. 29. Bright : drops. 30. Bright : showers.

Applegarth Manse, Dumfries-shire.
—June 1—6. Very fine. 7. Very fine :

thunder. 8. Fine soft rain. 9, 10. Slight shower. 11. Fair, but cloudy.
12— 16. Fair and fine. 17. Fair and fine : warm. 18. Fair and fine: thunder.

19. Slight drizzle: thunder. 20. Dry and withering. 21. Very warm and

withering. 22. Very warm : showers : thunder and hail. 23. Very heavy rain.

24, 25. Showers : fair p.m. 26—29. Heavy rains. 30. Very heavy rain.

Mean temperature of the month 63°*2
Mean temperature of June 1845 56 '5

Mean temperature of June for twenty-three years . 55 '1

Mean rain in June for eighteen years 3 inches.

,

* The most severe thunder-storm ever remembered : one man was killed, others
knocked down, and the lightning struck various places. It was at its height be-
tween six or seven o'clock a.m.
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XXVII. On the Magnetic Affection of Light, and on the Di-
stinction between the Ferromagnetic and Diamagnetic Con-
ditions of Matter. By Michael Faraday, F.R.S., Foreign
Associate of the Academy of Sciences, fyc*

WHEN a ray of polarized light and lines of magnetic
force pass simultaneously and parallel to each other

through a transparent solid or liquid medium not possessing
forces of double refraction, the ray is rotated according to a

simple law of action, which I have expressed in the last part
of the Philosophical Transactions f. When such a ray passes

through certain specimens of rock crystal, oil of turpentine,

&c, it is also rotated according to a natural law well-known,
without any reference to magnetic force. A very striking di-

stinction exists between these two cases of rotation, though
they at first appear to be the same ; for the former rotation

is dependent in its direction upon the lines of magnetic force,
and not upon the position of the observer or the course of the

ray of light, whereas the latter is dependent upon the position
of the observer or the course of the ray.

Upon consideration it appeared that the peculiar character

of the magnetic rotation might be made available in exalting
the final effect of the magnetic force upon the ray, and also in

demonstrating many important points in a more marked man-
ner and higher degree than had yet been possible ;

and upon
referring the idea to experiment, it was found to be true.

The following pages contain some of the results.

A parallelopiped of heavy glass 0"7 of an inch square and
2*5 inches long, had the two ends polished and silvered. The

silvering was then removed from a space about 0*1 of an inch

wide along one of the edges of one end, and also from a corre-
* Communicated by the Author.

f 1846, part i. pp. 4, 5. [Phil. Mag. vol. xxviii. pp. 298, 299.]
Phil Mag. S. 3. Vol. 29. No. 193. Sept. 1846. M
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sponding space on the other end, except that the parts cleared

were on the contrary sides of the parallelopiped ; so that each

end was furnished with a good plane reflector, but these over-

lapped each other (fig. 2). In consequence of this arrange-
ment, a ray of light could be transmitted diagonally across

the length of the piece of glass; or the ray, after entering at

one end, could be reflected two or more times within the glass
and then passed out.

A similar piece of heavy glass was silvered at the two ends

and one side of the prism ; and the silvering was then re-

moved at the ends for the space of 0*1 of an inch from those

edges which were the furthest from the silvered side (fig.
1 ).

A ray of light passing in at the unsilvered part of one end
with a certain degree of obliquity, could be reflected at the

other end, then at the side, and again at the first end, passing
thus three times along the glass and

finally out at the second end. At Fig. 1.

other inclinations the ray would pass
five, seven, nine, eleven, or a greater
number of times along the glass before

it issued forth on its course through
the air to the eye of the observer.

Either of these pieces of glass could produce the desired

result of repeated reflexions within, but the first form was
found most convenient in use. When a strong light was em-

ployed, it was not difficult to follow the series of images pro-
duced by successive reflexion up to the ninth or tenth image,
these corresponding of course to a transit of the ray seven-

teen or nineteen times along the substance of the glass. A
little change of position of the silvered glass between the Ni-

chol's prisms used as the polarising and analysing apparatus,
was sufficient to bring any one of these images into view, the

glass being at the same time under the full influence of the

electro-magnet, or the helix, employed to generate lines of

magnetic force. A further advantage is gained if the ends of

the piece of glass are not quite parallel to each other, the sides

proceeding from the edges where the ray enters and issues

forth being in a very slight degree different in length. This

arrangement causes the series of reflected images to open out

if seen at one end and to close up if seen at the other, and

thus the observation of a particular image or the simultaneous

comparison of two or more images, is favoured.

On considering the effect of this arrangement, it is evident

that if ABCD represent a trough of solution of sugar, or any
other body having the ordinary rotating influence over a po-
larized ray, then a ray sent in at D and passing out at A
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would be rotated to a certain
jTjg g.

amount. But if, instead of pro-

ceeding onwards at A, it were
reflected by the surface A F to

E, and were there observed, it

would be found to have received

no rotation, for the effect produced in going from D to A would
be exactly compensated by its return from A to E. Or if the

reflexions were made more numerous and recurred at E F
and C, so that the ray should traverse the body five times, still

an amount of rotation equal only to that which its passage
once along the substance could effect would be finally pro-
duced.

Such would not be the case ifABCD were a diamagnetic,

rotating the ray by means of magnetic force ; for then, which-

ever way the ray was passing, it would still be rotated in the

same direction in relation to the lines of force. So if observed

issuing forth at A, it would have an amount of rotation (which
we may call right-handed) equal to what one transit across

the diamagnetic could produce; if observed at E, it would
have an amount of left-handed rotation double the amount of

the first or unit quantity ;
if observed at F, it would have three

times the first amount of right-handed rotation ;
if observed

at C, four times the amount of left-handed rotation ; and at B
would possess five times the original amount of right-handed
rotation.

This was confirmed by the result of an experiment. The

great magnet described in the Philosophical Transactions*
was employed, and the parallelopiped of glass (fig. 2) sub-

mitted to its powers; the direct ray, or that producing the first

image of the luminous object, acquired a right-handed rotation

equal to 12°. Moving the glass a little the second image was

brought into view, or that produced by the ray which had tra-

versed the glass three times, and its rotation was 36°. The
third image was then observed, and the rotation of the ray

producing it was 60°, as nearly as my rough apparatus could

measure angular quantities. The same general results were
obtained with the second piece of glass described.

The experiment proves in a very striking manner, that

whichever way the ray of light is passing through the dia-

magnetic, the direction of its rotation depends essentially and
alone upon the direction of the lines of magnetic force.

It also proves and manifests in a manner not to be mistaken,
the difference in this respect between the magnetic rotation of

*
184S, p. 22, par. 2247. Phil. Mag. vol. xxviii. p. 398.

M 2
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the ray and that produced by quartz, sugar, oil of turpentine,
and such bodies.

Either by independent or by conjoint observations of the

different images, it proves that the effect is proportionate to

the length of ray submitted to the magnetic force (Experi*
mental Researches, 2163) ;

for the unit length and multiples
of the unit length may be observed at once, the intensity of

the magnetic force and other circumstances remaining un-

changed.
It permits the attainment of a far greater degree of accu-

racy in the measurement of the amount of rotation of a given

ray, or in the estimation of the comparative degrees of rotation

of the different coloured rays.
The form of the arrangement makes a short piece of any

given diamagnetic, as a crystal, &c, sufficient for an experi-

ment, which would not suffice if the ray were passed but once

through it.

It allows of the concentration of the magnetic force by an

approximation of the poles, when a magnet is used, so as to

exalt the effect; or to render a weak magnet equivalent to a

stronger one, so that even good ordinary magnets may now
be made available. Or if a helix be used, a much shorter and

weaker one than that which before was necessary, may now
be employed.

[Note.
—A heavy domestic affliction having suddenly taken the author's

attention away from this paper, the remaining part must be deferred to the

next number of the Phil. Mag.]

XXVIII. On the Blue Compounds of Cyanogen and Iron.

By Alexander W. Williamson, Ph.D.*

IT
is a well-known fact that the different substances which

pass by the general name of prussian blue, when pre-

pared in the usual way, are not pure combinations of iron,

but invariably contain potassium, of which the quantity varies

according to the circumstances under which they are formed.

It has been the subject of frequent experiment to decide

whether this potassium should be considered as an admixture

or as an essential constituent, and in the latter case to dis-

cover what part it plays in the constitution of the compound.
Among those various researches we may confine ourselves to

the consideration of those of Berzeliusf and Gay-Lussac J.

Gay-Lussac found that prussian blue retains potassium so

* Communicated by the Chemical Society; having been read March

16, 1846.

f Poggendorff's Annalen, vol. xxi. p. 490. % Ibid. vol. xxv. p. 385.
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tenaciously that the latter cannot by mere washing be re-

moved from it
;
for as soon as the precipitate had been freed

from all potassium, it was found to consist no longer of prus-
sian blue, but hydrated oxide of iron. From this fact he

concludes that the purest prussian blue contains potassium.

Berzelius, on the contrary, by washing continuously for three

weeks a precipitate of ferrocyanide of potassium with a persalt

of iron, succeeded in obtaining a substance, which, though

retaining the colour of the original compound, was perfectly

free from potassium. The water passing through in the later

periods of the operation contained this potassium in the form

of ferridcyanide, the formation of which salt he attributes to

a process of oxidation resulting from the action of the air
;

thus admitting that a decomposition of the original precipi-
tate accompanied the removal of the potassium. Without the

proof afforded by an analysis, or some characteristic reaction,

we cannot venture to conclude that the residue after this de-

composing reaction retained the composition of prussian blue.

Berzelius thus agrees with Gay-Lussac in the fact that a

decomposition of the prussian blue is a necessary condition

for the removal of the potassium. The difference consisted

only in the kind of decomposition which took place : in Ber-

zelius's experiments the residue after decomposition still main-

tained a blue colour, while in Gay-Lussac' s, in which by the

action of a water which he himself concluded must have been

alkaline, the residue consisted of peroxide of iron. Both lead

however to the same conclusion.

Berzelius analysed two kinds of prussian blue containing

potassium. The first, which was soluble in water, he found,
after separation by means of alcohol from the red and yellow

cyanides, which were simultaneously formed, to contain for

every 12 atoms of iron 1 of potassium. The other, which was

insoluble in water as it remained on the filter, from which

the soluble salt had been washed away, contained iron and po-
tassium in the proportion of 8 equivalents to 1. The former

of these substances he considers as a combination of 2 atoms

of the yellow prussiate with 3 atoms of prussian blue,
—

2(FeK2 Cy3)+3(Fe7 Cy9).

The second is a combination of 1 atom yellow prussiate with

2 prussian blue,
—
FeK2 Cy3 +2(Fe7 Cy9).

This great chemist admits however, what indeed the com-

plex nature of these formulae sufficiently indicates, that fur-

ther light is needed on the nature of these compounds than

these analyses afford.

I shall now describe the results of some experiments which
I have performed in the laboratory of Professor Liebig, for
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the purpose of gaining some further insight into the compo-
sition and nature of these salts, and of deciding the question
of the existence of the pure compounds of iron of which the

formulae have been given on purely theoretical grounds.
It is well known that when ferrocyanide of potassium is

boiled with dilute sulphuric acid, only a part of the cyanogen
is given off as hydrocyanic acid, and that a greenish substance

remains behind containing all the iron and a considerable

quantity of the potassium in combination with cyanogen ; also

that this substance by exposure to the air gradually changes
into a deep blue. This process is much favoured, as Gay-
Lussac observed, by the presence of free acid, and is accom-

panied by the formation of a potassium salt of this acid. This

green substance consists, according to the analysis of Everitt,

which M. Geiger repeated in this laboratory, of 3 equivalents

cyanogen, 2 iron and 1 potassium. My analysis confirms this

composition. 2*372 grammes ferrocyanide of potassium were

distilled with water, and sulphuric acid equivalent to the quan-

tity of potassium in the salt, and the distillation was continued

until no more prussic acid passed over. The residue, after

this treatment, was washed out on a filter, air being excluded,

dried and cautiously heated in a platinum crucible with con-

centrated sulphuric acid, which decomposed all the cyanogen
and converted the iron and potassium into sulphates. The

aqueous solution of these salts was decomposed by ammonia,
filtered, evaporated and heated to redness. 0*532 gramme
sulphate of potash was thus obtained, which corresponds to

10*08 per cent, of potassium instead of 10*67 Per cent.,

which the above formula requires.
The compound may be considered as ferrocyanide of potas-

sium, in which 1 atom of potassium is replaced by iron, and

may be expressed by the following formula :
—

n<* fFe

Its reactions are also such as we must expect from such a

compound, for by treating it with caustic potash, a solution of

pure ferrocyanide of potassium is formed whilst protoxide of

iron is set free. It will be designated in the following lines,

ferrocyanide of iron and potassium. The blue compound into

which this salt is changed by oxidation has been incorrectly
considered as prussian blue. It, however, differs materially
in its composition from that body, as I will proceed to show. Its

formation takes place very easily, for it is caused by every re-

agent, such as chlorine, nitric acid, sulphuric acid, with oxy-

gen, &c, which eliminates potash from the white salt. For

its preparation, dilute nitric acid, which consists of 1 volume

concentrated acid and 20 of water, may be used with most
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advantage. This liquid, in which the white salt, prepared as

above described, is suspended, is heated in an open basin,

during which the liquid is frequently stirred. At a low tem-

perature no apparent action ensues
;
but when the liquid has

nearly reached the boiling-point, an evolution of nitric oxide

commences, which gradually increases in briskness, and is

accompanied by a speedy change of the white colour to dark

blue. As soon as this action has commenced, the basin must
be removed from the fire to prevent too violent an action,

which would cause the admixture of another substance. If

the correct proportion of white salt to acid has been used, the

action continues without further heating until the transforma-

tion into the blue compound is complete. If, however, the

colour should indicate that some of the white salt remains, a

small quantity more acid must be added, and the mixture, if

necessary, again heated. In order to proceed with certainty,

a small portion of the blue substance should be decomposed
with potash ;

should the peroxide of iron which is thus set free

contain protoxide, the treatment with nitric acid must be con-

tinued ;
the presence of ferridcyanide of potassium in the so-

lution indicates, on the contrary, that the action has gone too

far, in which case the operation must be recommenced wTith

a fresh portion. In this manner a body of a beautiful violet

blue colour is formed, containing less potassium than the pre-

ceding one. The liquid contains nitrate of potash, but no

trace of iron. The substance prepared in this way was thrown

on a filter and washed out until the washings left no residue

on polished platinum. The compound was not in the least

degree affected by this treatment. It retained its original

colour, and contained no peroxide of iron soluble in muriatic

acid. After being carefully dried at 100° C, it was analysed
in the manner which I shall now proceed to describe.

The cyanogen was completely oxidated by a gradually in-

creasing heat applied to it in an open flat-bottomed porcelain
crucible. It was thus converted into a mixture of peroxide
of iron and carbonate of potash, from which the alkali was

extracted by repeatedly boiling with water, and determined

as chloride. The residue was determined as peroxide of iron.

The cyanogen was determined indirectly by suspending a

weighed quantity of the compound in water and decomposing
it with potash. The peroxide of iron thus separated neces-

sarily corresponded to the quantity of percyanide, as all proto-

cyanide remained in solution in the form of yellow prussiate.
I. 3*41.7 grms. gave 0*694 chloride of potassium and 1*630

peroxide of iron, corresponding to 10*6 per cent, potassium
and 32*4 per cent. iron.

II. 4*225 grms. gave 0*871 chloride of potassium and 1*986
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peroxide of iron, corresponding to 10*87 per cent, potassium
and 32*5 per cent. iron.

Determination of Cyanogen.

I. 3*744 grms. gave 0*940 peroxide of iron, corresponding
to 17'4 per cent, iron as cyanide.

II. 6*125 grms. gave 1*585 peroxide of iron, corresponding
to 17*9 per cent, iron as cyanide.
The formula Fe4 Cy6K + 4Aq requires

—
I.
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We may call it, according to the customary nomenclature,

ferridcyanide of iron and potassium. It has been mentioned

above, that on treating it with potash, ferrocyanide of potas-
sium is formed, and hydrated oxide of iron is set free. It is

evident that in this reaction 2 atoms of iron are replaced by
3 of potassium, whilst the oxygen of the potash combines
with the iron.

On heating this blue compound with a solution of yellow

prussiate it changes it into ferridcyanide
• ifthe blue compound

be in excess no trace of yellow prussiate remains behind.

3*473 grms. ferridcyanide of iron and potassium were sus-

pended in an excess of ferrocyanide, and digested with it for

a considerable time. Collected on a filter, it was of a pale
blue colour and gave 1*39 grm. sulphate of potash, corre-

sponding to 0*624 potassium, of which, before the treatment
with ferrocyanide, it only contained 0*411. Hence it is evi-

dent that the reaction consists in potassium being taken from
the yellow prussiate, and half of the ferridcyanide of iron and

potassium changed into ferrocyanide. This reaction may
even be applied with advantage to the preparation of larger

quantities of pure red prussiate, for it presents neither of the

disadvantages attending the decomposition by chlorine, viz.

the admixture of chloride of potassium, which is unfavourable
to crystallization, and also the well-known green substance,
which is formed by the slightest excess of chlorine. The
blue salt may of course be used repeatedly for this operation,
as it is immediately restored by warming with nitric acid.

By long- continued boiling with nitric acid, this blue com-

pound is changed into a rich dark green, which contains a

greater proportion of cyanogen and a small quantity of potas-
sium. It is reduced by the action of light, which gradually

changes its colour to a blue. For analysis, it was heated with
concentrated sulphuric acid until all cyanogen was destroyed ;

the iron and potassium were determined as peroxide and sul-

phate of potash.
I. 2*966 grms. gave 1*527 peroxide of iron and 0*147 sul-

phate of potash, corresponding to 35*72 per cent, iron and
2*23 per cent, potassium.

II. 3*172 grms. gave 1*637 peroxide of iron and 0*159 sul-

phate of potash, corresponding to 35*97 Per cent, iron and
2*25 per cent, potassium.
Burned with chromate of lead it gave the following num-

bers :
—

I. 0*421 grm. gave 0*361 carbonic acid and 0*058 water,

corresponding to 23*3 per cent, carbon and 13*6 water.

II. 0*151 grm. gave 0*121 carbonic acid and 0*020 water,

corresponding to 23*2 per cent, carbon and 13*3 water.
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of washing with distilled water in a vessel from which air

was excluded. The precipitation had been performed in

a tall glass cylinder, which was completely filled by the li-

quids, and could be perfectly closed by a glass plate ad-

justed to its ground edge. In this vessel the precipitate was
washed by subsidence and decantation, during the first period
of which the water ran off colourless, or only slightly coloured

by the remaining quantity of red prussiate. As soon, how-

ever, as the greater part of the soluble salts had been washed

away, the liquid no longer deposited all the blue compound
suspended in it, but even after standing several hours ran off

with a blue colour. In the supposition that I had here a so-

lution of prussian blue, I threw it upon a filter and found
that it ran through unchanged. Unwilling however, upon
the simple testimony of this fact, to conclude that it was a

solution, I transferred it to a filtering apparatus, so contrived

that by means of a hydrostatic pressure, which could be va-

ried at pleasure, it was driven through a sixfold layer of fil-

tering paper supported by a linen cloth. This experiment
proved that the blue compound was indeed not in solution,
but merely in a state of suspension, so fine as to pass through
the pores of a simple filter, for it was completely separated

by the denser mass of the compressed folds of paper, and a

colourless liquid passed through. The washing was continued
until the water filtered through in this manner left no visible

residue on evaporation on polished platinum. Subsequent
experiments showed that this operation may, without affect-

ing the result, be performed more quickly and easily by the

use of hot water, as in this case the precipitate assumes a

denser form and deposits more easily from the liquid.
I. 1*706 grm. of this substance gave 0*828 peroxide of

iron and 0*189 sulphate of potash, corresponding to 33*6 per
cent, of iron and 4*96 per cent, of potassium.

II. 1*870 grm. gave 0*909 peroxide of iron and 0*221 sul-

phate of potash, corresponding to 33*7 per cent, of iron and
5*3 per cent, potassium.
The average of these numbers, namely 33*6 iron and 5*1

potassium, are in the proportion of 9*3 equivalents iron to 1

potassium. It will be shown later how these numbers are to

be considered ; we see in the meanwhile that they indicate a

different composition from that of ferridcyanide of iron and

potassium.
I next endeavoured to precipitate in such a manner as

.
if

possible to replace all the potassium of Gmelin's salt by iron,
which was done by forming the precipitate in an excess of

protochloride of iron, and digesting it for several hours with
that salt. The substance thus prepared was washed out in
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the manner described in the preceding instance, and was

found, though not absolutely free from potassium, to contain

so extremely small a quantity of this element, as to render a

determination of it next to impossible ; so that the difference

produced by neglecting it fell far within the limit of the or-

dinary limit of analysis. After drying at the ordinary tem-

perature over sulphuric acid it was subjected to analysis.
I. (f765 grm. gave 0*383 peroxide of iron, corresponding

to 34*6 per cent, of iron.

II. 0*763 grm. gave 0*379 peroxide of iron, corresponding
to 34*4 per cent, of iron.

Burnt with chromate of lead,
—

I. 0*535 grm. gave 0*344 carbonic acid and 0*155 water,

corresponding to 17*5 per cent, carbon and 28*9 water.

II. 0*563 grm. gave 0*359 carbonic acid and 0*157 water,

corresponding to 17*4 per cent, carbon and 27*9 water.

III. 0*477 grm. gave 0*307 carbonic acid and 0*135 water,

corresponding to 17*5 per cent, carbon and 28*2 water.

The proportion of 5 equivalents of iron to 6 of cyanogen
requires to 34*5 of iron, which is the average found, 18*2 car-

bon instead of 17'5, as is found. If it be considered that the

error of iron and carbon determinations are here added to-

gether, the accordance will I think be held to be sufficient.

My reason for not calculating any formula for the water was,
that owing to the readiness with which the compound is de-

composed, I was compelled to analyse it without drying at

an elevated temperature, which would have produced an evo-

lution of hydrocyanic acid. On decomposing this substance

in the fresh prepared state by potash, proto- and peroxides of

iron are set free and ferrocyanide of potassium formed. A
portion of this compound was, after carefully washing out and
without drying, decomposed by carbonate of potash. The

proto- and peroxides of iron, thus separated, after long-con-
tinued heating in the air, weighed 1*627 grm. of peroxide.
The liquid boiled in and treated with sulphuric acid gave
1*077 grm. peroxide of iron. The proportion of 3 to 2 re-

quires 1*623 and 1*082. Of 5 equivalents of iron 3 were se-

parated in combination with 4 atoms of oxygen of the potas-

sium, which takes their place, while the other two being con-

tained in the composition of the radical remained in solution.

I will now pass to the consideration of the manner in which

we may consider these elements to be combined. It is well

known that ferridcyanide of potassium is reduced by the ac-

tion of sulphuretted hydrogen, that is to say, it takes up hy-

drogen, and is thus converted into a mixture of 3 atoms fer-

rocyanide of potassium and 1 atom hydroferrocyanic acid (or

ferrocyanide of hydrogen).

1
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2HS r-Tis
The fact of the red cyanide being thus reducible is how-

ever a property which may in the above instance exercise a

considerable influence on the composition of the product, as

is shown by the following instructive experiment of Liebig.
To a boiling solution of ferridcyanide of potassium was added

a small quantity of protosulphate of iron, which was not nearly
sufficient to decompose all the cyanide. Ferrocyanide of po-
tassium, which remained in solution, and precipitate of prus-
sian blue (3Cfy4Fe), were formed:—

4FeO r i

This reaction leads to a new way of considering the above

analysed compound, which is adapted to its composition when

containing and also when free from potassium, for if one atom
more of protosalt of iron be added than assumed in the above
formula of decomposition, it forms, by decomposition with the

yellow prussiate, ferrocyanide of iron and potassium, which
divided in the already-formed prussian blue, produces a mix-
ture containing iron and potassium in the proportion found

by analysis :
—

f3Cfy 4Fe

4Cfy 6K\ J p - f'Fe

5FeO |H CHk
L5KO

On adding an excess of iron salt the second equivalent of

potassium is also replaced by iron, and a mixture of prussian
blue and ferrocyanide of iron formed, which contains cyanogen
and iron in the proportion of 6 to 5, as found. This view rests

upon the supposition that prussian blue (3Cfy4Fe) is always
formed by the decomposition at the ordinary temperature, as

was found to be the case at the boiling-point. In the con-

trary case we must assume that the potassium of the red

cyanide is simply replaced by iron :
—

2Cfy3K + 3FeCl = 2Cfy3Fe + 3KC1

4Cfy 6K + 5FeCl -
4Cfy{^ 5Ka

In the first case we have ferridcyanide of iron, in the se-

cond a double salt of the same with ferridcyanide of iron and

potassium.
The separation of Fe3 4 by potash seems to speak in favour

of the view that the precipitate is a mixture of prussian blue

and ferrocyanide of iron, as these substances would give this

reaction
; for if the compound were a ferridcyanide of iron, it

would be expected that potash would set free protoxide of
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iron and reproduce the red cyanide. It might indeed be re-

plied to this that the red cyanide is reduced by the protoxide
in proportion as it is set free :

—

KO
y3K

}
+ 3Fe° = 2

(
Cfy 2K ) + Fe3 4.

I described above an experiment of Liebig, showing that by
the action of protoxide of iron the red prussiate is reduced to

the yellow, but I find that the reverse process takes place with

equal facility, that is, the peroxide of iron decomposes the

yellow cyanide, forming the red one. A small quantity of

perchloride of iron was added to a boiling solution of ferro-

cyanide ofpotassium, and the mixture heated for some minutes.

The liquid filtered off clear gave a deep blue precipitate with

protosulphate of iron :
—

3(Cfy 2K)\ _ f2Cfy 3K1 KQ
Fe2 3 J-iCfy2Fei

+ 3KU '

I have now endeavoured, as far as possible, to state the two

ways of considering these compounds, and will leave the de-

cision to more competent judges.
I next endeavoured to apply the method which had proved

so serviceable in obtaining Turnbull's blue free from potas-

sium, viz. digesting the precipitate with an excess of the iron

salt, to the preparation of prussian blue of equal purity. A
weak solution of yellow prussiate was poured into a great
excess of perchloride of iron, and the mixture allowed to stand

for some hours exposed to a gentle heat.. This precipitate,
after being completely washed in the usual manner, gave, on

analysis, to 0*707 peroxide of iron,
-

057 sulphate of potash,
which numbers are in the proportion of 27 iron to 1 potas-
sium. If this were to be considered as a peculiar compound,
it must be,

—
3(3Cfy4Fe) + 3Cfy/|?

e

All my endeavours to obtain a precipitate free from potas-
sium were unavailing, as long as this element was present at the

formation; I had therefore at last no alternative left but that

of precipitating by pure hydroferrocyanic acid. This acid was

prepared by mixing a solution of yellow prussiate, from which,

by boiling, all atmospheric air had been expelled, with about

an equal volume of muriatic acid which had been similarly

freed from air, and precipitating by aether. After it had been

filtered off and washed with aether, the acid only needed to

be dissolved in absolute alcohol and again precipitated by
aether to be obtained perfectly pure. It was then dried, dis-

solved in water, and precipitated with an excess of perchloride
of iron. The precipitate thus formed may be distinguished
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from common prussian blue by its darker colour. It was

washed in the usual manner and dried at a temperature of

from 30° to 40°.

I. 1*400 grm. burnt in an open porcelain basin gave
0*6487 peroxide of iron, corresponding to 32*1 per cent. iron.

II. 1*0365 grm. gave 0-481 peroxide of iron, correspond-

ing to 32-0 per cent. iron..

III. 1-0035 grm. gave 0-463 peroxide of iron, correspond-

ing to 31-8 per cent. iron.

Burned with chromate of lead,
—

I. 0-6934 grm. gave 0*4405 carbonic acid and 0-1919

water, corresponding to 17*3 per cent, carbon and 27*9 per
cent, water.

II. 0-415 grm. gave 0-269 carbonic acid and 0*127 water,

corresponding to 17*7 per cent, carbon and 28*6 water.

III. 0*304 grm. gave 0*233 carbonic acid and 0*119 water,

corresponding to 17'4 per cent, carbon and 20 - water.

Nitrogen determination according to Will's method :
—

I. 0*4065 grm. gave 0*3077 chloride of platinum and am-

monium, corresponding to 20*2 per cent, nitrogen and 0*574

platinum.
II. 0*543 grm. gave 1*780 chloride of platinum and am-

monium, corresponding to 20*6 per cent, nitrogen and 0*780

platinum.
The following table shows the degree of approximation to

the formula Fe7 Cy9
:
—
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as was remarked above in the case of another compound.
With other cyanogen compounds a similar action occurs, of

which I will mention a striking instance further on. On de-

composing this substance by potash, ferrocyanide of potas-
sium is formed and peroxide of iron set free. Experiments,
in which I endeavoured to determine quantitatively the pro-

portion of iron separated by potash, invariably gave more than

the formula of the pure substance requires, but this seems to

be accounted for by the formation of the above-described

basic compound.
In aqueous oxalic acid the prussian blue is very easily so-

luble. By the addition of carbonate of potash to this liquid
the colour is changed to a red-brown, but no iron is precipi-
tated at the ordinary temperature ;

as soon however as the

liquid is boiled, peroxide of iron falls down in the proportion
of three-fifths of that contained in the blue compound.
An unweighed quantity of dried prussian blue was dis-

solved in oxalic acid, and by boiling with carbonate of potash
0*208 peroxide of iron were precipitated. The liquid con-

tained 0*137. The proportion of 3 to 2 requires 0*207 and
0*138. On a second determination 0*274 were precipitated

by potash, whilst 0*174 remained in solution. The propor-
tion of 3 to 2 requires 0*268 and 0*179. This reaction with

oxalic acid might reward further examination. A remarkable

circumstance connected with it is that the liquid after being
filtered off from the peroxide of iron, separated by potash, is

precipitated blue by muriatic acid.

I have now endeavoured to describe the formation of prus-
sian blue under different circumstances, and the influence

which these exercise on its composition, giving particular at-

tention to the presence of potassium.
It appears to me that this circumstance of the presence of

potassium is not a matter of mere scientific interest, but is

also of great importance to the dyer, for it materially affects

the colour and dyeing power of the product in the manner I

shall now proceed to state. The greater the quantity of potas-
sium contained in the cyanide, the lighter and more approach-

ing to violet is its colour ; and, on the other hand, in proportion
as the quantity of potassium is diminished the colour becomes

deeper and more powerful. Of the different blue compounds
described above the brightest and most striking is that

formed from the residue of the distillation of prussic acid,

(
2Cfy-{ jr

e

j.
Next to this in order stands the precipitate

formed by pro to-sulphate of iron in an excess of ferridcyanide

{5Fejr
. The next link in the chain is a
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compound formed by the decomposition of ferridcyanide of

potassium by sulphuric acid, which contains still less potas-

sium, and which I will presently describe. Darkest of all

are the compounds which contain no potassium. The dyeing

power of these substances, by which term I intend to desig-
nate the relative power of imparting a blue colour to any co-

lourless substance with which they may be mixed, is in the

inverse ratio to their quantity of potassium ;
but in such a

manner that those containing potassium have a smaller co-

louring power than, after deducting the cyanide of potassium
contained in them, would belong to the remainder ; whence
we see that the potassium plays no indifferent part in their

colouring power.
When a solution of ferridcyanide of potassium is treated

with concentrated sulphuric acid a green precipitate is formed,

consisting ofpercyanide of iron and a small quantity of cyanide
of potassium. By continued boiling with an excess of sul-

phuric acid its colour is changed into a rich. blue. It is ad-

visable to continue boiling for a considerable time after the

change of the colour has taken place, in order to ensure the

complete transformation. Ammonia, which may be easily

proved to exist in the liquid, is here formed at the expense of

a part of the cyanogen. This compound was washed and
dried in the manner described in former instances, and gave
on analysis to 1*962 peroxide of iron 0*049 sulphate of potash,
which is one proportion of potassium to about sixty iron, too

small a quantity of potassium to be considered as essential.

I. 1*464 grm. gave 0*702 peroxide of iron, corresponding
to 33*25 per cent. iron.

II. 1*152 grm. gave 0*556 peroxide of iron, corresponding
to 33*45 per cent. iron.

III. 0*549 grm. gave 0*266 peroxide of iron, corresponding
to 33*61 per cent. iron.

Burned with chromate of lead,
—

I. 0*481 grm. gave 0*306 carbonic acid and 0*131 water,

corresponding to l/'3 per cent, carbon and 27*2 water.

II. 0*347 grm. gave 0*219 carbonic acid and 0*95 water,

corresponding to 17*7 per cent, carbon and 27*0 water.

The following table shows the degree of approximation to

the formula Fe5 Cy6
. + 13Aq :

—
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It is evident, from the quantity of water found, that less

hydrogen was in the substance than calculated, and that a

portion of peroxide of iron was contained in it.

It is decomposed by potash in the same manner as Turn-
bull's blue, which has been dried in the air

; peroxide of iron

is set free, and hydroferrocyanic acid combines with the pot-

ash, as described under that compound. The cause of this

reaction, which seems irreconcileable with the composition

2Cfy3Fe, lies in an oxidation of the iron taking place by the

action of the air. We have seen above that Turnbull's blue

retains a considerable quantity of water, and mny assume that

its elements are divided between the radical and the iron. Its

formation is as follows :
—

2Cfy3iq
3FeO

[
= 2(Cfy Ha) Fe3 4 + 3KO.

4Aq : J

The fresh precipitate behaves as such a compound ;
but

after it has been dried in the air potash separates from it pure

peroxide of iron instead of the magnetic oxide. This proves

that, what indeed ensues with all protosalts of iron, oxidation

takes place on exposure to the air. A consideration of the

analytical results immediately shows that such an admixture

of peroxide of iron is contained in it. The process of oxida-

tion consists in 2 atoms of the cyanide taking up 1 atom of

oxygen :

2{2(Cfy H2) Fe3 4 } + O = 4(Cfy H2 ) + 3Fe2 3 .

This formula expresses the elements contained in the sub-

stance after drying in the air. A more probable expression
for its composition is however obtained, if the elements of

three such compound atoms are arranged to 4 atoms ofprussian
blue and 1 atom peroxide of iron. An analogous compound
to the pure unoxidated Turnbull's blue is that which I de-

scribed under the name of ferridcyanide of iron and potassium,
but whicfl may as correctly be considered as a combination

of 2 atoms hydroferrocyanic acid with 1 peroxide of iron and
1 potash. A strong support of this view is the fact that it

contains 4 atoms of water, which are not expelled at 100°.

I have also examined a great number of precipitates formed

by ferrocyanide of potassium with other metallic salts, and

universally found, that whatever may be the method of pre-

cipitation, it is not possible to replace all the potassium by the

metal made use of. Ferrocyanide of potassium was added to

a great excess of sulphate of copper ;
the precipitate, which

had the well-known red-brown colour, was found after com-

plete washing to contain a considerable quantity of potassium.
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The corresponding dingy yellow precipitate of ferridcyanide
also contains potassium. On decomposing it by potash, fer-

ridcyanide of potassium and oxide of copper are obtained,
which proves that it is a true ferridcyanide, and not analogous
to Turnbull's blue.

The reducing action of light shows itself most strikingly in

the case of this precipitate. It had, after drying, been kept
in large pieces in a glass bottle which stood for some time
near a window. All the outsides of the pieces turned towards
the light, became of a red-brown colour from the formation
of ferrocyanide.
On treating the ferrocyanide of copper above described

with sulphuretted hydrogen, no action at first seemed to take

place ;
after some time however it commenced ; and on the

decomposition being completed a strongly acid solution was

formed, which became gradually blue on exposure to the air.

It gave a blue precipitate with perchloride of iron, but did
not possess the characteristic reaction of hydroferrocyanic
acid, for it was not precipitated by aether. On adding mu-
riatic acid this reaction however immediately appeared. By
standing over sulphuric acid it dried into a blue mass with a

coppery lustre, which with water formed a liquid not unlike
a solution.

On analysis it gave to 0*487 peroxide of iron 0*261 sul-

phate of potash. The formula, 4Cfy< ir , requires 0*270

sulphate of potash to the quantity of iron found.

XXIX. On the Symbol V — 1 in Geometry.
By a Correspondent of Twenty-five Years.

To the Editors of the Philosophical Magazine and Journal,

Gentlemen,

r^URING the progress of the papers of Sir William
*-*

Hamilton, one in your own Magazine and the other in

the Cambridge and Dublin Mathematical Journal, it would
be unseemly to enter into a discussion of the general question

respecting the correctness of the views entertained by this di-

stinguished analyst, or even respecting their originality. This
must be reserved till we have their full development before us.

However, the limited case of which some small use has been

attempted in your last Magazine by Mr. Warner, is fairly

open to discussion, since the doctrine itself is one of consi-

derable standing (almost eighty years) in the mathematical
N2
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world. To this, therefore, I shall confine my remarks at the

present moment, and they shall be as brief as possible.
A paper by Foncenex in the Turin Memoircs (if my me-

mory be correct, for 1778), is devoted to a discussion of the

notion of this symbol which is now so frequently adopted
—

that it is the symbol of perpendicularity. Who the author

was whose views Foncenex combated, he does not state; but

very likely it was to the Abbe Sauri that he referred. The
doctrine was again broached by the emigrant priest Buee, in

the Philosophical Transactions for 1806
;
and "it was extended

shortly after by Francais so as to include essentially all the

interpretations which I have yet seen put upon it, in the An-
nates dcs Mathematiques. English speculatists should read

more than they usually do.

I will not, of course, adopt the logical fallacy of undertaking
<c to prove a negative," but I may broadly state as my convic-

tion, that the appearance of the symbol \/ — 1 expresses im~

'possibility
r

, and nothing more. Such a conclusion is, of course,

only inductive, but founded on this fact, that I have never met
with a case which was not in strict conformity with it, or

easily reducible to such a one.

It is admitted on all hands, that when the data ofa problem
are incompatible with each other, the quassitum of the problem
will always be of the form « + /3 V — 1

;
and conversely, that

whenever this form appears in the solution, the data of the

problem are incompatible with each other. This is not ex-

clusively the case in geometrical problems, but appertains to

all algebraic researches indiscriminately, whatever be the

subject-matter of the inquiry. The principle is fundamental

and universal.

In algebra, the sole difference between a theorem and a

problem is this :
—that in the theorem the equivalence of two

different expressions (or functions of different forms) is af-

firmed, whilst in the problem one side of that equality, subject
to assigned conditions, is demanded. The processes of solving
the proposition either as a theorem or a problem, have not the

slightest logical difference of character. Thus we may pro-

pose as a theorem to be proved, that a; being indeterminate,

, A* A2 *2

where A = {a
—

1)
- —

(a
-

l)
2 + ... ;

or we may propose to expand a* in a series of integer positive

powers of x. The actual process of investigation will be the
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same in either case, although certain hints are furnished by
proposing the inquiry as a theorem, which may facilitate our

discovery of a method of research adapted to the purpose in

view.

As another instance, we may propose to prove the theorem

l-SeiV-l 4- e-t^^X — l _J!_ 4.
^ _

2
{€ +e l

~ 1
l.*

+
1.2.3.4 -'

or we may propose to find u and v such that

fi
2 4

1
-IT? +

TTsTir* ---«'{-' + «-'}•

Treating this proposition as a theorem, we shall have to

establish the identity of value of the two sides of the equation ;

and treating it as a problem to find the values of u and v,

which will fulfill the identity : and the two processes differ

not the least in logical character, and are only varied in the

order of their subordinate details. From both forms of the

proposition, we learn, however, that the series cannot be con-

verted into the form v{uf + u~ 6

}, whilst u and v are real

numbers positive or negative; and that the condition can only
be fulfilled by the co-existence of the incompatible operations
expressed by V being performed upon — . In other words,
the operations which give the value in a finite algebraic form
are inconsistent with each other

;
and the imposed conditions

are therefore incongruous.

Precisely the same remark applies to Demoivre's as to Eu-
ler's theorem, viz. that (cos and sin being abbreviations for

two specified series)

u6 = cos + v sin is the problem, and

d ^- 1 = cos + v'— I . sin is the theorem.

Also from this the same conclusion respecting congruity is

deducible in the same way.
It is too familiarly known to require being insisted on here,

that the coefficient of V— 1 in a result, does in general fur-

nish some information as to the method by which the relative

magnitudes in the data may be so modified as to render the

proposed problem soluble, or so that the enunciated theorem
shall be expressible by means of congruous operations. For if

that coefficient can be reduced by any such relations amongst
the data to zero, the expression itself disappears in conse-

quence ; thus giving the extreme case of solvability of the pro-
position composed of data of the specified kind. And, again,
if that coefficient can be made to take the form V —y, the

symbol V— \ will not appear in the result at all, since v/—y
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x \/-l is a real quantity involving no incongruous opera-
tions. This, however, is more immediately and more fre-

quently the case in the resolution of problems; the cases of

this possible transformation of the conditions under which

a theorem involving incongruous operations (whether in pure

analysis or its applications to geometry or physics) can be con-

gruously expressed being comparatively rare. Be it remem-

bered, however, that whether the preceding views be admitted

or not, they do not actually bear upon the direct argument
which I am about to urge, although according to my view

they strongly bear upon its illustration.

My proposition is this,
—

The symbol V— 1 does not express perpendicularity, but

only incongruity amongst the geometrical conditions from which

the expression was derived.

1 . When we attach the signs + and — to the symbols of

two lines, it expresses that those lines have a contrary direc~

Hon estimated from a given point in a given indefinitely pro-

longed line. Their positions become then fixed and incapable
of an altered position without cancelling the hypothesis of

their existence.

2. When we define a rectangle, we do it as a parallelogram
which has these two lines placed at right angles to each other

for adjacent sides. These two lines then become fixed and

incapable of an altered position, without cancelling the hypo-
thesis of their existence.

3. Let A B be the same iu both

cases ; then A B' is the second line of

the first hypothesis, and A C is the

second line of the second hypothesis.
Whence AB' and AC cannot coincide

without cancelling one hypothesis or B' A B
the other. Let AB, A B', AC be of equal magnitude.

4. In saying that the rectangle + a x -a = AC2= a2, we

allege that —a can have the position AB' and AC at the same

time; and in this way we get AC= faV'-l.
5. In this we have manifestly only prescribed incongruous

operations, those of giving to the same line two different posi-
tions at the same time.

6. Perpendicularity is a real property, or the result of a

possible and performable series of operations, whilst this al-

leged expression of it results from incongruous operations.

The expression V— 1 cannot, therefore, be that of perpen-

dicularity ; and it has been proved to be that of incongruous

operations.
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Our proposition is therefore proved; and all the conclu-

sions that follow from the contrary doctrine are at once de-

stroyed. In truth, could we for one moment expect this con-

tradiction between the parts of the hypothesis to result in any-

thing else than the symbol of impossibility? Might it not, in-

deed, be more properly called the symbol ofcontradiction!

Of course with the fundamental "assumption," as Mr.
Warner very truly calls it, all that is built upon it falls; and
it might seem almost unnecessary to say another word on the

subject. However, with respect to the conjugate hyperbolas
which are so often quoted in discussions of this kind, it may
be worth while to remark, that they cannot be brought under

the same equation 'with the primary ones. Neither (though this

is generally lost sight of) do they belong to the same geometri-
cal system. They cannot be cut from a pair of opposite right
cones conjugate to those from which the primary ones were

cut. They are, in fact, the produce of a second geometrical

hypothesis as much as their equation is.
*

Points out of the co-ordinate plane X Y are as foreign to

the original hypothesis respecting a plane curve, as the point
C is foreign to that of A B = +a and A B'= — a. In short,

the entire speculation is unworthy of the ability which has

been employed upon it; and its prosecution throws discredit

on the scientific honours which many of its cultivators have

deservedly won.

August b, 1846. Shadow.

XXX. Note on Mr. Warner's Paper on Conjugate Points.

By J. R. Young, Professor of Mathematics Belfast College.

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,

[
THINK with you, that Mr. Warner's views on the sub-

•*
ject of conjugate points

—as delivered in the last Number
of the Philosophical Magazine

—are not likely to meet with

acceptance among mathematicians; and I am persuaded that

even Mr. Warner himself will feel inclined to abandon them

when he reflects upon the consequences to which they lead.

His fundamental analytical principle is, that " +0= —0;"
from which it follows, taking the reciprocal, that + oo =s — oo;

and therefore, transposing, that 2» = 0, that is, that a quan-

tity infinitely great is nevertheless equal to nothing. His
fundamental geometrical principle is of like character : it is,

that a finite and determinate line (D E), merely by being
turned about a little, suddenly becomes infinite. Mr. War-
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ner's principles therefore require that a quantity, however
small—even zero itself—is equivalent to another infinitely

great ; and " in this
"—to use Mr. Warner's own words—" in

this consists his error."

I am, Gentlemen,
Your obedient Servant,

Belfast, August 10, 1846. J. R. YoUNG.

XXXI. On two Extraordinary Meteors.

By Prof. Elie Wartmann *.

[
OBSERVED a few months ago two meteorological phae-

-* nomena which I consider to be of very unfrequent occur-

rence. The first is an extraordinary rainbow, which was seen

on the 25th of last April during a partial eclipse of the sun.

I was at Paudex, a little village on the shore of the Lake of

Geneva, nearly two miles east of Lausanne. The sky, which
was cloudy in the morning, cleared up in the afternoon. A
single band of cumulo-strati, at a slight elevation, rested on
the ridge of the Jura, in the west, where, half concealing
the sun, it received from it a golden light scarcely supportable

by the eye, and which prevented the observation of that lumi-

nary. Towards 5 o'clock a double iris was perceived, pre-

senting the usual interior and exterior arcs
;
the first accom-

panied by six exterior supernumerary bands, red, green, red,

green, reddish, pale green. At this moment there was no
rain between the sun and my eye, and the surface of the lake

was smooth as a mirror; but a hard shower fell upon the

rocks of Meillerie, situated on the opposite shore, and veiled

their summits. By degrees the nimbus or rain-cloud went off

to the S.S.W. I returned home in the direction of the sun;

then, after a few minutes, wishing to examine again the rain-

bow, I no longer observed any secondary bands, nor the two

concentric arcs above mentioned. A brilliant column of the

brightest colours was formed over the lake, which appeared to

penetrate to its bottom. This column was violet on the side of

the sun, and was double the width of the ordinary interior arc.

It rose, dome-shaped, to nearly nine to ten degrees, then it

branched out into two distinct arcs, which left between them

a dark space similar to a spherical angle of about six degrees

aperture. [I had no instrument with me, and I only give
these as approximate estimations.] The inferior arc was the

ordinary interior one
; it was more brilliant and more deve-

loped than the upper one which merged gradually in the ge-
neral light, and had also the red outwards. At the limit of

the wide band, in which the two partial arcs originated, the
* Communicated by the Author.
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colours sparkled so that it was impossible to determine the

spot where the separation of the tints between the two arcs

took place. The development of these various phases com-
menced at a quarter to six o'clock

;
the last continued eight

to ten minutes, and all vanished some instants before sunset.

Mr. Frederick Chavannes, mathematical instructor in the

Gymnasium of Lausanne, and member of the Society of Na-
tural Sciences in that city, witnessed this phaenomenon, and

agreed in describing it as I have done.

Does this extraordinary eccentric arc proceed from a second

illuminating point placed at the same height as the sun, or

from a very resplendent nubilous band? I am inclined to

think that it is produced by the reflexion of the luminous

rays on the surface of the lake. This circumstance, in dimi-

nishing their intensity, must have caused all trace of the ex-

ternal arc to disappear. The little height of the eccentric

above the common arc will be explained, on this hypothesis, by
the short distance of the luminary from the horizon. Lastly,
we may compare the appearance of which I have spoken to

that of other bows which have been observed in analogous

circumstances, such as that of the 10th of August 1665, ob-

served by the Canon-Etienne on the banks of the Eure, near

Chartres; that of the 17th of August 1698, which was ob-

served by Halley at Chester, in the vicinity of the Dee ; that

of the 8th of August, 1 74-3, so well described by Celsius, who
witnessed it at Husbi, in Dalecarlia, on the left bank of the

Dale, &c. All these meteors, and that of the 25th of April,
occurred between the hours of six and seven in the evening.
But the very regular spectral coloration of the portion com-
mon to the two arcs has still to be accounted for. The cause

of its being more brilliant than the rest is explained by the

superposition of the refracted rays in relation to the observer ;

but how are the two partial spectres expanded so as only to

form one of twice the width ?

The second meteorological phaenomenon was seen in all

its beauty on Saturday the 30th of May last. The Bise had
blown the whole day, and not a vapour obscured the perfect
clearness of the sky. The moon was only five days old.

Shortly after sunset I remarked and pointed out to several

persons who were with me, a very luminous band of that deep
red which sometimes tinges the clouds in the west. It was

single, vertical, and about 35° high. It presented no appear-
ance of divergence; on the contrary,. its sides, exactly parallel,

were distant 1^° to 2°. It rested on the perfectly defined

ridge of the Jura, near the spot where the sun went down.

From this inferior limit, its brilliancy remained sensibly con-
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stant (in reality it diminished with the height, but the decrea*

sing clearness in the atmosphere compensated this diminution

of visibility) up to an elevation of about 25° above the horizon ;

still higher the red tint diminished rapidly in intensity, and

finally merged in the blue of the sky, without its being pos-
sible to determine exactly this upper limit. It was exactly a

quarter to eight o'clock when I made this observation; the

sun had disappeared eight to ten minutes before. Possibly
the band existed some instants before I perceived it. It con-

tinued to be visible for more than forty-five minutes, moving
towards the north, as the sun did, but without ceasing to ap-

pear vertical, without inclining perceptibly toward the hori-

zon; only it diminished progressively in brilliancy, and con-

sequently in length.
This phaenomenon was remarkably splendid, and excited

the admiration of a great number of persons. Dr. H* * •* ,

showing it to his son, exclaimed,
" Look ! there is the pillar

of fire that shone by night in the camp of the Israelites !

"

At Aigle, east of Lausanne, people thought that the chief

town was in flames.

From a rapid survey of the polar star, I found that this

light was 50° west of the geographical meridian. Its depend-
ence on the sun, its distance from the magnetic meridian, and
the absence of abnormal perturbations in the magnetometer,
remove any idea of an aurora borealis. On the other hand,
the very decided parallelism of its lateral borders on an extent

of 35°, places this phaenomenon out of the class of ordinary

crepuscular rays. It is distinguished from those which were

particularly investigated by M. L. A. Necker, by its appear-
ance after sunset, by the absence of dark bands on its right
and left, by its gigantic dimensions, and lastly by its character

of constant width and solitude. If the point of view from

which it was observed took from it the illusory appearance of

divergence of the crepuscular rays, it seems necessary to at-

tribute its production to other causes than the clouds, to which

that able geologist and mineralogist attributed the common

origin of these rays.
The following day, May 31, this same light was visible, but

very feebly. The sky, although clear, had not the rare trans-

parency of the preceding evening. The sun disappeared at

about twenty-five minutes past seven; the band was seen to-

wards ten minutes past eight 7° more to the north than the point
of setting, and traversed about 2° in five minutes. Various

accounts which I have received agree in tracing back the first

appearance of this phaenomenon to the middle of last April.
The 21st of May is stated as the day when the meteor was
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visible for an hour and a half. On the 23rd the sky was very
clear, the air calm, the meteor less brilliant than the evening
before ; it was seen suddenly on the horizon at a quarter past

seven, and did not disappear till thirty-five minutes past eight.

Lastly, on the 28th, the Bise was strong, and fleecy clouds

were perceived around the luminous band, which lasted until

forty-two minutes past eight. It appears certain that it was

always seen single, vertical, and with parallel edges.

Lausanne, June 30, 1846.

XXXII. On the Cause of Endosmose and Exosmose.

By George Rainey, M.R.C.S.*

THE phaenomena of endosmose and exosmose were attri-

buted by Dutrochet to the passage of currents of elec-

tricity of unequal intensity through a membrane situated be-

tween two fluids of different densities, these currents being

supposed to carry with them unequal quantities of fluid. Al-

though the facts of endosmose and exosmose, as described by
this philosopher, are admitted by all to be correct, yet his ex-

planation of them has not been generally received ; nor am I

aware that they have ever been explained in a manner gene-

rally satisfactory, and therefore I shall be obliged if you will

insert in your valuable journal the following explanation.
It is a fact which probably no one will question, that when

two fluids of unequal density are brought into contact in mi-

nute quantities, without any membrane being interposed, they
will intermix by diffusion, the rarer fluid intermingling itself

with the denser one, and the denser fluid diffusing itself

through the rarer one, until the one becoming gradually more

dense, and the other less so, the whole mass acquires one uni-

form consistency. However, should this fact be doubted, it

can be well illustrated by introducing between two surfaces of

glass, placed almost in contact, some thick mucilage, and a

little thin coloured fluid of any kind, for instance common

writing-ink, and observing with the microscope the part where

they become united, when the two fluids will be seen gradually
to intermix, and to become so blended together, that their

line of union will become lost.

The same fact can be shown by introducing some mucilage
into a piece of thermometer tube, and after it, at the same end,
some writing-ink. The coloured fluid will at first pass only
in a small column through the mucilage, along the centre of

the tube, leaving the mucilage in contact with its parietes,
but afterwards they will become gradually blended together.

* Communicated by the Author.
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Also by filling a piece of thermometer tube with water, closing
its upper extremity, and placing it vertically with its lower one
in a solution of gum coloured with logwood, when the latter

will gradually ascend and colour the former, showing that the

diffusion is independent of gravity, and therefore may be in-

ferred to be the result of that attraction which is exerted uni-

versally between the particles of matter, varying in the inverse

ratio of the squares of their distances, and in the direct ratio of

their masses ; the particles in this instance, upon which the dif-

ference of density of the two fluids depends, being contained in

a medium which allows of their free motion one upon another,
cannot therefore come to a state of rest until every one of

them is attracted equally on all sides, that is, until all the fluid

is of one density. It is also a fact equally unquestionable,
that if solutions of the same substance in the same menstruum,
but of different densities, be filtered through the same mem-
brane, the more rare fluid will pass through it with greater

rapidity than the denser one. This is one of the effects of the

same principle of attraction, the dense fluid being in this case

more strongly attracted by the material of which the mem-
brane is composed than the rare one.

Now, when two fluids of different densities are separated by
a porous membrane, the porosities being merely a multitude

of capillary tubes, like the space between the pieces of glass,
or the tube of the thermometer, will allow of the passage

through them of the particles of one solution into the other;
and they will become mixed together by diffusion the same
as if no regular membrane were present, as in the experiments

just detailed; so that electricity may just as well be regarded
as the cause of diffusion as of endosmose, these being the

same. However, the membrane being traversed by an im-

mensity of extremely minute porosities, will extend the sur-

face of the two fluids between which it is placed, and in this

way, bringing into close proximity a great number of parti-

cles, place them under circumstances very favourable for the

operation of the force of attraction of one particle for another.

But the characteristic feature of endosmose and exosmose is,

that the rarer fluid passes through the interposed membrane
more rapidly than the denser one ; and therefore that an ac-

cumulation takes place on that side of it on which the latter

was placed. The reason of this is obvious; for had it been

otherwise, or even had these quantities been equal, then the

rarer fluid must have repassed through the interposed mem-
brane, after its density had been increased by its intermixture

with the denser fluid, as rapidly as it passed through it before

its density had been thus augmented; or from the commence-
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merit of the operation the dense fluid must have passed with

the same velocity through the membrane as the rare one,

which is contrary to the second fact. Therefore, in case of

diffusion of two fluids of unequal densities through a porous

partition, the fluid must accumulate on that side of the parti-

tion on which is situated that fluid which passed through it

most slowly.
This explanation is applicable in all cases in which the

rarer fluid on the one side of the membrane has the same

chemical properties as that on the other side, their difference

being only in their degree of density.
If these fluids be dissimilar in respect to their chemical qua-

lities, still the accumulation will take place on that side of the

membrane on which was situated the fluid which passed

through it most slowly, although its density may be less than

the other; thus, for instance, when a bladder full of air is

surrounded with carbonic acid, the latter enters faster than

the former escapes, and the bladder bursts. Now it is found

by experiment, that carbonic acid passes through wet mem-
brane quicker than atmospheric air, although of a greater

density.
In such instances the relative velocities of the passage of

different fluids through membrane will be influenced by their

chemical attraction for the material of which the membrane is

composed, as well as by that attraction which is regulated by

quantity of matter ; and in some cases the existence of the

latter force may be so modified by the former as to be wholly

inappreciable ;
but still that force, being an universal agent,

and acting upon all matter according to invariable laws, is

in operation in every instance where the conditions requisite
for endosmose and exosmose are present, although in some
cases chemical attraction or electricity may have no demon-
strable existence; and therefore it may be looked upon as the

essential cause of endosmose and exosmose, chemical affinity,

electricity, &c. being merely the modifiers of its operation,
and in respect to it, secondary agents.

XXXIII. On some Formula which serve to indicate the limits

of the application of Indeterminate Methods to the solution

of certain Problems. By James Cockle, M.A., of Trinity

College, Cambridge*.
rT,HE equations distinguished below by unaccented num-

bers will respectively be found at p. 34-4<, or one of the

four succeeding pages, of the Report of the Sixth Meeting of
* Communicated by Sir George Cayley, Bart.
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the British Association for the Advancement of Science, to

which, for the purpose of avoiding prolixity, the author begs
leave to refer the reader of this paper. It will be seen that,

using the notation there employed,

ro(0, 1, 1)
= 1 +m{\, 1) = 4, . . . (336'.)

?»(0, 0, 1, 1)
= 1 + w (1, 1, 1) = 6, . . . (337'.)

since m(l, 1, 1) = 5, (307.)

m (0, 0, 0, 1, 1)
= 1 + ffi (1, t, I, 1) = 12, . (338'.)

since 02(1,1,1,1) = hi j (317.)

10 may however be written for 11 in this last equation, for

reasons which will be manifest on referring to page 34-8 of the

above-mentioned Report ; so that we may make

0z(O, 0,0, 1, 1)
= 11 (339'.)

So m(0, 0,0, 0,1, 1) = 1 +m (1,1, 1, 1,1) = 48, . (340'.)

for w(l,l, 1, 1, 1) = 47; -(327.)
and
m (0, 0, 0, 0, 0, 1, 1)

= 1 + m (1, 1, 1, 1, 1, 1) = 924, (341'.)

since m (1, 1, 1, 1, 1, 1) = 923 (328.)

Now each of the newly-valued functions may for convenience

be represented by m (0
r~ 1

, l
2
),
—a very obvious abbreviation.

Let n(0''
-1

,
l
2
) denote the corresponding function when, in-

stead of the process to which the above equations refer, we

apply that which the writer of this paper has used in the last

two volumes of the present series of this Magazine. Then,

by investigations similar to those pursued in the particular
cases already therein treated, he has been conducted to the

general condition,

n(0
r~\ l

2
)
= 2r (".)

This last condition, which the author hopes to discuss on
some future occasion, gives

9i(0, 1,1)=4, (336".)

«(0,0, 1, 1)
= 6, (337".)

n (0, 0, 0, 1, 1) = 8, . . (338".) or (339".)

w(0,0, 0, 0, 1, 1)
= 10, (340".)

0(0,0, 0,0,0, 1, 1)
= 12 (341".)

On the condition marked (338".) or (339".) is founded a pro-

position announced at p. 405 of the last (44th) volume of the

Mechanics' Magazine. The more general one, which will be

found at p. 36 of No. 1196 of that work, is based upon the

above condition (".)

Of course the consideration of the above propositions will

require some extensions of the formulas given by the writer
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at p. 396 of the last volume of the Philosophical Magazine.
We shall have, for instance, to reduce /5

(wm )
to the form

2m (A
5
). To determine wm we must employ a new equation

of finite differences, viz.

Wx+1
- 3.22,V*+1 + 2 = 0,

when w = 1 and u has the same meaning as at the page last

cited. Were it desirable, it would not be difficult to gene-
ralize this equation of differences so as to obtain the corre-

sponding one for functions of any degree.

Grecian Chambers, Devereux Court,

July 20, 1B46.

XXXIV. Facts and Observations relating to the Science of
Phonetics (No. IV.). By R. G. Latham, M.D., Cant.*

IN
a previous Number it was stated that the mutes s and z

had certain peculiarities. In explaining the nature of

these it is necessary to enter into some points of classification

and nomenclature.

The sounds p, b, t, d, Jc, g, s, z are called lene sounds (or

Lenes), as opposed to f v, ]?, "S, x, y, <r, £, which are called

aspirate sounds (or Aspirates). This division is as old as the

time of the classical grammarians, and is generally recognised.
Hence the division,—

Lene. Aspirate.

p . b f v

t . d
J?

3
k . g x 7
s . z <r £

By the side of this should be placed the division of sounds
into what is called explosive and continuous. If we isolate the

sound ofp* as much as possible, so as to join with it no vowel

whatsoever, we find that the articulation is only of a momen-
tary duration, "taking place during a sudden change in the

conformation of the mouth, and not capable of prolongation."

(Midler's Physiology, Baly's translation, p. 1045.) The same
is the case with the sounds of b, t, d, k, g.

In contrast to this we may isolate such a sound as/'. Here
the sound can be "

prolonged, ad libitum, as long as a parti-
cular disposition of the mouth and a constant expiration are
maintained" (Ibid.).

It is upon these differences that the names explosive (stre-

pitus inconiinuus explosivus) and continuous (strepitus conthiuus)
are given by even the earlier writers upon these subjects j and,

* Communicated by the Author.
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undoubtedly, they may with great propriety and convenience
be retained.

Now the divisions into lene and aspirate and the divisions

into explosive and continuous more or less coincide. Besides

the vowels, semivowels, and liquids, all the aspirates are con-

tinuous; and nearly all the lenes (p, b, t, d, k,g) are explosive.
But s and z are at once both lene and continuous

;
and this

constitutes their peculiarity, a peculiarity which I am satisfied

with indicating, being, at present, unable to explain.
In asking how far the different classes of articulate sounds

have the characters of explosiveness or continuity, the answers
are as follows :

—
1. That all the vowels are continuous.

2. That both the semivowels are continuous.

3. That h is continuous.

4. That all the liquids are continuous.

5. That all the aspirate mutes are continuous.

6. That two of the lene mutes are continuous.

7. That the remaining lene mutes are explosive; and that

nothing else is so.

#'•'.'.'#, '.*•,' '•#

The same question that has just been put respecting the

distribution of the explosive and continuous sounds may now be

put respecting the sounds called, after the fashion of the San-
skrit grammarians, surd and sonant; the former term denoting
sounds like p, t, k, s, sh, &c, where the utterance is in a

whisper; the latter denoting sounds like b, d, z, I, a, &c,
where the utterance is vocal, loud, or at the natural pitch of

the human voice. Now,—
1. All the vowels are sonant.

2. Both the semivowels are sonant.

3. All the liquids are sonant.

4. Half the mutes are sonant, viz. b.v.d.ft.g.y.z.^.
5. Half the mutes are surd, viz. p,f, t, \, h, x, s, <r.

6. The aspirate h is surd.

Surd sounds are formed by breath unmodified by any ac-

tion of the larynx whatever.

Sonant sounds are formed by breath thrown into vocalism

by some action of the larynx, the precise nature of which has

yet to be determined.

The power of h is the type of surd sounds. The superad-
dition of certain motions of the lips, tongue, and velum palati
convert this simple breathing in p,f, t, &c.

No form of vocal sound is so simple as that of a mere

breathing. Herein the air passesfrom the lungs through the

throat and mouth without any action of the chorda vocales.
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It is almost doubtful whether it be convenient or not to call

this sound an articulation. However, it enters into the con-

stitution of speech, and is expressed in English by the letter h.

A sound equally simple may be formed by drawing in a

breath, when the sound is formed by a current of air passing
from the mouth to the lungs. This is the sound of k formed

by means of an inspiration. The existence of this sound in

speech is problematical. In some of the Hottentot languages
described as. containing, amongst their fundamental sounds,
inarticulate clicks and catches, it may possibly exist.

By breathing an expiration through the nose instead of

through the mouth, we may form a nasal variation of h.

By drawing a breath through the nose, instead of through
the mouth, we may form a nasal variation of the second

sound.

Hence, of even the simplest breathing, there are four pos-
sible forms.

I. Oral, where the breath passes through the mouth.
a. The breath expired = h.

b. The breath inspired.
II. Nasal, where the current of breath passes through the

nose.

a. The breath expired.
b. The breath inspired.

Of these four possible varieties of the simple breathing, it is

only the first that is known to be used in speech. The sounds
formed by mere breathings are of course both surd and con-

tinuous. The consideration of the sounds formed by passing
a current of air through the nostrils is important.
The possible varieties of a simple current of unmodified

breath have thus been enumerated. The difference between

^rpired and mspired forms is of little practical importance,
since the articulations of real language are, with a few pro-
blematical exceptions, all expired. On the other hand, the

difference between air erpired through the mouth and air ex-

pired through the nostrils, has (as will be shown in some
future communication) been much underrated.

XXXV. Newton's Letters to Oldenburg and Boyle respecting
his Theory of Light and Colours.

To Richard Taylor, Esq.
Dear Sir,

T^HE letter to Oldenburg, of which I gave an account in
*- one of your former Numbers, as containing the first

draught of Newton's speculations respecting an oetherial

Phil. Mag. S. 3. Vol. 29. No. 193. Sept. 1 846. O
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medium, certainly deserves more notice than it has obtained.

It has scarcely, I think, been quoted, except by Dr. Young;
and its existence is but little known, even among the best-in-

formed scientific men, notwithstanding its publication (with
some verbal inaccuracies) by Dr. Birch in his History of the

Royal Society. Under these circumstances, I have no doubt
that a reprint of it would be very acceptable as a curious

matter of history, and especially as tending to throw light on
the character of Newton's mind.

The letter to Boyle is more accessible; but the circumstance

of its containing the earliest attempt, as I have pointed out in

my letter to Lord Brougham, to explain the nature of gase-
ous substances, has failed to attract the notice which it merits

at the hands of the historians of chemistry.
I remain, dear Sir,

Yours faithfully,
Bolton Percy, August. William Vernon Harcourt.

Mr. Isaac Newton's Letter, Hypothesis, Observations and

Experiments touching his Theory of Light and Colours ; in

confirmation and illustration of his former discourse on the

same subject*.

Sir,

HAVE sent you the papers I mentioned by John Stiles.
*• Upon reviewing them, I find something so obscure as

might have deserved a further explanation by schemes, and
some other things I guess will not be new to you, though al-

most all was new to me when I wrote them. But as tbey are,

I hope you will accept of them, though not worth the ample
thanks you sent. I remember in some discourse with Mr.

Hook, I happened to say that I thought light was reflected,

not by the parts of glass, water, air, or other sensible bodies,
but by the same confine or superficies of the aetherial me-
diums which refracts it, the rays finding some difficulty to get

through it, in passing out of the denser into the rarer medium,
and a greater difficulty in passing out of the rarer into the

denser; and so, being either refracted or reflected by that

superficies as the circumstances they happened to be in at

their incidence, make them able, or unable, to get through it.

And for confirmation of this, I said further, that I thought
the reflexion of light at its tending out of glass into air, would
not be diminished or weakened by drawing away the air in

an air-pump, as it ought to be, if they were the parts of air

* Read before the Royal Society, December 9, 1675, and some following

days of their meeting.
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that reflected ; and added that I had not tried this experi-
ment, but thought he was not unacquainted with notions of
this kind. To which he replied, that the notion was new,
and he would, the first opportunity, try the experiment I pro-
pounded. But, upon reviewing the papers I send you, I

found it there set down for tried, which makes me recollect

that about the time I was writing those papers, I had occa-

sionally observed in an air-pump here, at Christ's College,
that I could not perceive the reflexion of the inside of the

glass diminished in drawing out the air. This I thought fit

to mention, lest my former forgetfulness, through having long
laid aside my thoughts on these things, should make me seem
to have set down for certain what I never tried.

Sir, I had formerly purposed never to write any hypothesis
of light and colours, fearing it might be a means to engage
me in vain disputes; but 1 hope a declared resolution to an-
swer nothing that looks like a controversy (unless possibly at

my own time upon some other by-occasion) may defend me
from that fear. And therefore considering that such an hy-
pothesis would much illustrate the papers I promised to send

you, and having a little time this last week to spare, I have not

scrupled to describe one so far as I could on a sudden recol-

lect my thoughts about it, not concerning myself whether it

be thought probable or improbable, so it do but render the

papers I send you, and others sent formerly, more intelligible.
You may see, by the scratching and interlining, it was done
in haste, and I have not had time to get it transcribed, which
makes me say I reserve the liberty of adding or altering it,

and desire that you would return those and the other papers
when you have done with them. I doubt there is too much
to be read at one time, but you will soon know how to order
that. At the end of the hypothesis you'll see a paragraph
to be inserted, as is there directed. I should have added
another or two, but I had not time, but such as it is, I hope
you will accept it.

Sir, I am,
Your humble Servant,

(Signed) I. Newton.

Mr. I. Newton's Letter sent to H. O.*

An Hypothesis explaining the Properties of Light discoursed

of in my several papers.

Sir,

In my answer to Mr. Hook you may remember I had
*

Registry Book of the Royal Society, vol. v., from 1675 to 1679.
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occasion to say something of hypotheses where I gave a

reason why all allowable hypotheses in their genuine constitu-

tion should be conformable to my theories, and said of Mr.
Hook's hypothesis, that I took the most free and natural ap-

plication of it tophaenomena to be this:—"That the agitated

parts of bodies, according to their several sizes, figure and

motions, do excite vibrations in the aether of various depths
or bignesses, which being promiscuously propagated through
that medium to our eyes, effect in us a sensation of light of

a white colour; but if by any means those of unequal big-
nesses be separated from one another, the largest beget a sen-

sation of a red colour, the least or shortest of a deep violet,

and the intermediate ones of intermediate colours, much after

the manner that bodies, according to their several sizes, shapes,
and motions, excite vibrations in the air of various bignesses,
which according to those bignesses make several tones in

sound, &c.*" I was glad to understand, as I apprehended
from Mr. Hook's discourse at my last being at one of your
assemblies, that he had changed his former notion of all co-

lours being compounded of only two original ones, made by
the two sides of an oblique pulse, and accommodated his

hypothesis to this my suggestion of colours, like sounds,

being various, according to the various bigness of the pulses.
For this I take to be a more plausible hypothesis than any
other described by former authors

; because I see not how the

colours of thin transparent plates, or skins, can be hand-

somely explained without having recourse to aetherial pulses.
But yet I like another hypothesis better, which I had occasion

to hint something of in the same letter in these words :
—" The

hypothesis of light's being a body, had I propounded it, has a

much greater affinity with the objector's own hypothesis than

he seems to be aware of, the vibrations of the aether being as

useful and necessary in this as in his. For assuming the rays
of light to be small bodies emitted every way from shining
substances, those, when they impinge on any refracting or re-

flecting superficies, must as necessarily excite vibrations in

the aether as stones do in water when thrown into it. And
supposing these vibrations to be of several depths or thick-

nesses, accordingly as they are excited by the said corpuscular

rays of various sizes and velocities, of what use they will be

for explicating the manner of reflexion and refraction, the

production of heat by the sun beams, the emission of light
from burning, putrifying, or other substances whose parts are

vehemently agitated, the phaenomena of thin transparent

plates and bubbles, and of all natural bodies, the manner of
* Birch's History of the Royal Society, vol. iii. p. 248.
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vision, and the difference of colours, as also their harmony
and discord, I shall leave to their consideration who may
think it worth their endeavour to apply this hypothesis to

the solution of phenomena*." Were I to assume an hypo-
thesis, it should be this, if propounded more generally so as

not to determine what light is, further than that it is some-

thing or other capable of exciting vibrations in the aether ; for

thus it will become so general and comprehensive of other

hypotheses as to leave little room for new ones to be invented ;

and therefore because I have observed the heads of some

great virtuosos to run much upon hypotheses, as if my dis-

courses wanted an hypothesis to explain them by, and found

that some, when I could not make them take my meaning
when I spake of the nature of light and colours abstractedly,
have readily apprehended it when I illustrated my discourse

by an hypothesis ; for this reason I have here thought fit to

send you a description of the circumstances of this hypothesis,
as much tending to the illustration of the papers I herewith

send you ;
and though I shall not assume either this or any

other hypothesis, not thinking it necessary to concern myself
whether the properties of light discovered by me be explained

by this, or by Mr. Hook's, or any other hypothesis capable of

explaining them, yet while I am describing this, I shall, some-

times to avoid circumlocution and to represent it more conve-

niently, speak of it as if I assumed it and propounded it to be

believed. This I thought fit to express, that no man may
confound this with my other discourses, or measure the cer-

tainty of the one by the other, or think me obliged to answer

objections against this script; for I desire to decline being
involved in such troublesome, insignificant disputes.

But to proceed to the hypothesis.
— 1. It is to be supposed

therein, that there is an aetherial medium, much of the same
constitution with air, but far rarer, subtiler, and more strongly
elastic. Of the existence of this medium, the motion of a

pendulum in a glass exhausted of air almost as quickly as in the

open air is no inconsiderable arguments But it is not to be

* Letter to O. Camb. July 11, 1672. Phil. Trans. No. 88. p. 5087-8.

t Either we must presume that a word is here omitted in the manu-

script, and that the sentence should stand thus—" the motion of a pen-
dulum 'ceasing' in a glass exhausted of air almost as quickly as in open
air," and suppose this statement made on the authority of Boyle's experi-
ments, in which the difference of the times of vibration in the two cases was
"scarce sensible" (New Exp. Phys.-Mech., Exp. 26),—or we must conclude

that Newton had already, iu 1675, arrived, by experiments of his own, at

the same conclusion to which Derham and Hawksbee came in 1704, that

in consequence of the extension of the arcs of vibration, the vibrations,

though quicker in their rates, are in their times " slower in the exhausted
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supposed that this medium is one uniform matter, but com-

posed partly of the main phlegmatic body of aether, partly of

other various aetherial spirits, much after the manner that air

is compounded of the phlegmatic body of air intermixed with

various vapours and exhalations. For the electric and mag-
netic effluvia, and the gravitating principle, seem to argue
such variety. Perhaps the whole frame of nature may be no-

thing but various contextures of some certain aetherial spirits
or vapours, condensed as it were by precipitation, much after

the manner that vapours are condensed into water, or exhala-

tions into grosser substances, though not as easily condensable,
and after condensation wrought into various forms, at first by
the immediate hand of the Creator, and ever since by the

power of nature, which, by virtue of the command increase

and multiply, became a complete imitator of the copy set her

by the Protoplast. Thus perhaps may all things be origi-
nated from aether.

At least the electric effluvia seem to instruct us that there

is something of an aetherial nature condensed in bodies. I

have sometimes laid upon a table a round piece of glass about
two inches broad, set in a brass ring, so that the glass might
be about one-eighth or one-sixth of an inch from the table,

and the air between them inclosed on all sides by the ring,
after the manner as if I had whelmed a little sieve upon the

table. And then rubbing a pretty while the glass briskly
with some rough and raking stuff, till some very little frag-
ments of very thin paper laid on the table under the glass

began to be attracted and move nimbly to and fro, after I

had done rubbing the glass, the papers would continue a pretty
while in various motions, sometimes leaping up to the glass

than in the unexhausted receiver" (Phil. Trans. No. 294. p. 1785). In

the 6th Section of the 2nd Book of the Principia, in the scholium to the

31st Prop., Newton has given the results of an experiment made by him for

the purpose of determining whether the vibration of bodies affords any in-

dication of a resisting medium as present in their internal pores, inde-

pendent of the resistance which the air makes to the movement of their

surfaces. The principal object of this experiment seems to have been, to

demonstrate that there exists no resistance of this description equal to that

which Descartes's theory of a plenum would require. Newton found the

resistance of the internal parts of the box with which he made the expe-
riment at least more than 5000 times less than that of its surface. A box,
first empty, and then loaded with metal, was swung by a thread of 1 1 feet

long; the resistance of the full box compared with that of the empty, by
the ratio of the weights to the number of oscillations within measured di-

stances, was found to be in a proportion not greater than that of 78 to

77. The circumstances of the experiment, however, did not admit of such

accuracy as to carry its import beyond the negative object for which it was

instituted; and Newton, in the reasons.which he has subsequently assigned
for admitting the existence of an aether, made no use of this.
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and resting there awhile, then leaping clown and resting there,

then leaping up, and perhaps down and up again, and this

sometimes in lines seeming perpendicular to the table, some-

times in oblique ones; sometimes also they would leap up in

one arch and down in another divers times together, without

sensible resting between, sometimes skip in a bow from one

part of the glass to another without touching the table, and
sometimes hang by a corner and turn often about very nimbly,
as if they had been carried about in the midst of a whirlwind,
and be otherwise variously moved, every paper with a divers

motion. And upon sliding my finger on the upper side of the

glass, though neither the glass nor the enclosed air below were

moved thereby, yet would the papers as they hung under the

glass receive some new motion, inclining this way or that way,

accordingly as I moved my finger. Now whence all these

irregular motions should spring I cannot imagine, unless from

some kind of subtile matter lying condensed in the glass, and
rarefied by rubbing, as water is rarefied into vapour by heat,

and in that rarefaction diffused through the space round the

glass to a great distance, and made to move and circulate va-

riously, and accordingly to actuate the papers, till it returns

into the glass again and be recondensed there. And as this

condensed matter by rarefaction into an aetherial wind (for

by its easy penetrating and circulating through glass I esteem

it aetherial) may cause these odd motions, and by condensing

again may cause electrical attraction with its returning to the

glass to succeed in the place of what is there continually re-

condensed ;
so may the gravitating attraction of the earth be

caused by the continual condensation of some other such like

aetherial spirit, not of the main body of phlegmatic a?ther, but

of something very thinly and subtilely diffused through it,

perhaps of an unctuous, or gummy tenacious and springy na-

ture; and bearing much the same relation to aether which the

vital aerial spirit requisite for the conservation of flame and
vital motions does to air. For if such an aetherial spirit may
be condensed in fermenting or burning bodies, or otherwise

coagulated in the pores of the earth and water into some
kind of humid active matter for the continual uses of nature

(adhering to the sides of those pores after the manner that

vapours condense on the sides of a vessel), the vast body of

the earth, which may be everywhere to the very centre in

perpetual working, may continually condense so much of this

spirit as to cause it from above to descend with great celerity
for a supply : in which descent it may bear down with it the

bodies it pervades with force proportional to the superficies
of all their parts it acts upon, nature making a circulation by



192 Newton's Letters^ Hypothesis and Experiments

the slow ascent of so much matter out of the bowels of the

earth in an aerial form, which for a time constitutes the at-

mosphere, but being continually buoyed up by the new air, ex-

halations, and vapours rising underneath, at length (some part
of the vapours which return in rain excepted) vanishes again
into the aetherial spaces, and there perhaps in time relents

and is attenuated into its first principle. For nature is a per-

petual circulatory worker, generating fluids out of solids, and
solids out of fluids, fixed things out of volatile, and volatile

out of fixed, subtile out of gross, and gross out of subtile,

some things to ascend and make the upper terrestrial juices,

rivers, and the atmosphere, and by consequence others to de-

scend for a requital to the former. And as the earth, so

perhaps may the sun imbibe this spirit copiously, to conserve

his shining, and keep the planets from receding further from
him : and they that will may also suppose that this spirit

affords or carries with it thither the solary fuel and material

principle of light, and that the vast aetherial spaces between
us and the stars are for a sufficient repository for this food of

the sun and planets. But this of the constitution of aetherial

natures by the bye.
In the second place, it is to be supposed that the aether is a

vibrating medium like air, only the vibrations far more swift

and minute ; those of air made by a man's ordinary voice, suc-

ceeding one another at more than half a foot or a foot di-

stance, but those of aether at a less distance than the hundred-
thousandth of an inch. And as in air the vibrations are some

larger than others, but yet all equally swift (for in a ring of

bells the sound of every tone is heard at two or three miles

distance in the same order that the bells are struck), so I sup-

pose the aetherial vibrations differ in bigness, but not in swift-

ness. Now these vibrations, besides their use in reflexion and

refraction, may be supposed the chief means by which the

parts of fermenting and putrifying substances, fluid liquors,
or melted, burning, or other hot bodies, continue in motion,
are shaken asunder like a ship by waves, and dissipated into

vapours, exhalations, or smoke, and light loosed or excited in

those bodies, and consequently by which a body becomes a

burning coal, and smoke flame; and I suppose flame is no-

thing but the particles of smoke turned by the access of light
and heat to burning coals, little and innumerable.

Thirdly, the air can pervade the bores of small glass pipes,
but yet not so easily as if they were wider, and therefore

stands at a greater degree of rarity than in the free aerial

spaces, and at so much greater a degree of rarity as the pipe
is smaller, as is known by the rising of water in such pipes to
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a much greater height than the surface of the stagnating wa-
ter into which they are dipped*. So I suppose aether, though
it pervades the pores of crystal, glass, water, and other na-

tural bodies, yet it stands at a greater degree of rarity in those

pores than in the free aetherial spaces, and at so much greater
a degree of rarity as the pores of the body are smaller.

Whence it may be that spirit of wine, for instance, though a

lighter body, yet having subtiler parts, and consequently
smaller pores than water, is the more strongly refracting

liquor. This also may be the principal cause of the cohesion
of the parts of solids and fluids, of the springiness of glass
and other bodies whose parts slide not one upon another in

bending, and of the standing of the mercury in the Torricel-

lian experiment, sometimes to the top of the glass, though a
much greater height than twenty-nine inches. For the denser
aether which surrounds these bodies must crowd and press
their parts together, much after the manner that air surround-

ing two marbles presses them together if there be little or no
air between them. Yea, and that puzzling problem, by what
means the muscles are contracted and dilated to cause animal

motion, may receive greater lightfrom hence thanfrom any other

means men have hitherto been thinking on. For if there be any
power in man to condense and dilate at will the aether that

pervades the muscle, that condensation or dilatation must vary
the compression of the muscle made by the ambient aether,
and cause it to swell, or shrink, accordingly ;

for though
* The imprinted paper of" Observations" which accompanied this, and

which was the first form of the "Optics," contained a passage on the pre-
sent subject, omitted in that publication, which deserves to be quoted for

the acknowledgment it contains of the merit of Hook. In the third prop,
of the second book, Newton remarks :

—" To the increase of the opacity of
these bodies it conduces something, that by the 23rd observation, the re-

flexion of thin "transparent substances are considerably stronger than those
made by the same substances of a greater thickness." Here the paper sub-

joins,
—"And to the reflexion of solid bodies it may be further added, that

the interstices of their parts are void of air. For that for the most part
they are so is reasonable to believe, considering the inaptitude which air

hath to pervade small cavities, as appears by the ascension of water in slen-
der glass pipes, paper, cloth, and other such like substances, whose pores
are found too small to be replenished with air, and yet large enough to
admit water, and by the difficulty wherewith air pervades the pores of a
bladder, through which water finds ready passage. And according to the
Uth observation, the cavities thus void of air will cause the same kind of
effect, as to reflexion, which those do that are replenished with it; but yet
something more manifestly, because the medium in relation to refractions
is rarest when most empty of air, as Mr. Hook hath proved in his Mico-
graphia, in which book he hath also largely discoursed of this and the pre-
cedent proposition, and delivered many other very excellent things con-

cerning the colour of thin plates, and other natural bodies, which I have
not scrupled to make use of as far as they were for my purpose."
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common water will scarce shrink by compression and swell

by relaxation, yet (so far as my observation reaches) spirit of

wine and oil will; and Mr. Boyle's experiment of a tadpole

shrinking very much by hard compressing the water in which
it swam, is an argument that animal juices do the same: and
as for their various pression by the ambient aether, it is plain
that that must be more or less, accordingly as there is more
or less aether within to sustain and counterpoise the pressure
of that without. If both {Ethers were equally dense, the

muscle would be at liberty as if pressed by neither: if there

were no aether within, the ambient would compress it with the

whole force of its spring. If the aether within were twice as

much dilated as that without, so as to have but half as much

springiness, the ambient would have half the force of its

springiness counterpoised thereby, and exercise but the other

half upon the muscle; and so in all other cases the ambient

compresses the muscle by the excess of the force of its spring-
iness above that of the springiness of the included. To vary
the compression of the muscle therefore, and so to swell and
shrink it, there needs nothing but to change the consistence

of the included aether; and a very little change may suffice, if

the spring of aether be supposed very strong, as I take it to

be many degrees stronger than that of air.

Now for the changing the consistence of the aether, some

may be ready to grant that the soul may have an immediate

power over the whole aether in any part of the body, to swell

or shrink it at will; but then how depends the muscular mo-
tion on the nerves? Others therefore may be more apt to

think it done by some certain aetherial spirit included within

the dura mater, which the soul may have power to contract or

dilate at will in any muscle, and so cause it to flow thither

through the nerves ;
but still there is a difficulty why this

force of the soul upon it does not take off the power of spring-

iness, whereby it should sustain more or less the force of

the outward aether. A third supposition may be, that the

soul has a power to inspire any muscle with this spirit, by im-

pelling it thither through the nerves
;
but this too has its dif-

ficulties ; for it i*equires a forcible introducing the spring of

the aether in the muscles by pressure exerted from the parts
of the brain ;

and it is hard to conceive how so great force

can be exercised amidst so tender matter as the brain is
;

and besides, why does not this aetherial spirit, being subtile

enough, and urged with so great force, go away through the

dura mater and skins of the muscle, or at least so much of the

other aether go out to make way for this which is crowded in ?

To take away these difficulties is a digression, but seeing the



touching his Theory of Light and Colours. 195

subject is a deserving one, I shall not stick to tell you how I

think it may be done.

First, then, I suppose there ft such a spirit ; that is, that

the animal spirits are neither like the liquor, vapour, or gas, of

spirits of wine; but of an aetherial nature, subtile enough to

pervade the animal juices as freely as the electric, or perhaps

magnetic, effluvia do glass. And to know how the coats of

the brain, nerves, and muscles, may become a convenient ves-

sel to hold so subtile a spirit, you may consider how liquors
and spirits are disposed to pervade, or not pervade, things on
other accounts than their subtilty; water and oil pervade wood
and stone, which quicksilver does not; and quicksilver, metals,

which water and oil do not; water and acid spirits pervade
salts, which oil and spirit of wine do not; and oil and spirit
of wine pervade sulphur, which water and acid spirits do not;
so some fluids (as oil and water), though their parts are in

freedom enough to mix with one another, yet by some secret

principle of unsociableness they keep asunder; and some that

are sociable may become unsociable by adding a third thing to

one of them, as water to spirit of wine by dissolving salt of

tartar in it. The like unsociableness may be in aetherial na-

tures, as perhaps between the aethers in the vortices of the

sun and planets ; and the reason why air stands rarer in the

bores of small glass pipes, and aether in the pores of bodies,

may be, not want of subtilty, but sociableness* ; and on this

ground, if the aetherial vital spirit in a man be very sociable to

the marrow and juices, and unsociable to the coats of the brain,

nerves, and muscles, or to any thing lodged in the pores of

those coats, it may be contained thereby, notwithstanding its

subtilty ; especially if we suppose no great violence done to it

to squeeze it out, and that it may not be altogether so subtile

as the main body of aether, though subtile enough to pervade
readily the animal juices, and that as any of it is spent, it is

continually supplied by new spirit from the heart.

In the next place, for knowing how this spirit may be used
for animal motion, you may consider how some things unso-

ciable are made sociable by the mediation of a third. Water,
which will not dissolve copper, will do it if the copper be
melted with sulphur. Aquafortis, which will not pervade
gold, will do it by addition of a little sal-ammoniac or spirit of
salt. Lead will not mix in melting with copper; but if a lit-

tle tin, or antimony, be added, they mix readily, and part again
of their own accord, if the antimony be wasted by throwing

* In the third book of the Optics, Newton states more accurately the
true theory of capillary attraction

; but the germ of that theory is certainly
contained in these expressions.
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saltpetre, or otherwise. And so lead melted with silver quickly

pervades and liquifies the silver in a much less heat than is

required to melt the silver alone; but if they be kept in the

test till that little substance that reconciled them be wasted or

altered, they part again of their own accord. And in like

manner the aetherial animal spirit in a man may be a mediator

between the common aether, and the muscular juices, to make
them mix more freely, and so by sending a little of this spirit
into any muscle, though so little as to cause no sensible tension

of the muscle by its own force, yet by rendering the juices
more sociable to the common external aether, it may cause that

aether to pervade the muscle of its own accord in a moment
more freely and more copiously than it would otherwise do,
and to recede again as freely, so soon as this mediator of so-

ciableness is retracted ; whence, according to what I said

above, will proceed the swelling or shrinking of the muscle,
and consequently the animal motion depending thereon.

Thus may therefore the soul, by determining this aetherial

animal spirit or wind into this or that nerve, perhaps with as

much ease as air is moved in open spaces, cause all the mo-
tions we see in animals; for the making which motions strong,
it is not necessary that we should suppose the aether within the

muscle very much condensed, or rarefied, by this means, but

only that its spring is so very great that a little alteration of its

density shall cause a great alteration in the pressure. And
what is said of muscular motion may be applied to the motion

of the heart, only with this difference; that the spirit is not

sent thither as into other muscles, but continually generated
there by the fermentation of the juices with which its flesh is

replenished, and as it is generated, let out by starts into the

brain, through some convenient ductus, to perform those mo-
tions in other muscles by inspiration, which it did in the heart

by its generation. For I see not why the ferment in the heart

may not raise as subtile a spirit out of its juices, to cause those

motions, as rubbing does out of a glass to cause electric at-

traction, or burning out of fuel to penetrate glass, as Mr.

Boyle has shown, and calcine by corrosion metals melted

therein.

Hitherto 1 have been contemplating the nature of aether and

aetherial substances by their effects and uses, and now I come
to join therewith the consideration of light.

In the fourth place, therefore, I suppose light is neither aether,

nor its vibrating motion, but something of a different kind

propagated from lucid bodies. They that will may suppose
it an aggregate of various peripatetic qualities. Others may
suppose it multitudes of unimaginable small and swift corpus-
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cles of various sizes springing from shining bodies at great
distances one after the other, but yet without any sensible in-

terval of time, and continually urged forward by a principle of

motion, which in the beginning accelerates them, till the re-

sistance of the ffitherial medium equal the force of that prin-

ciple, much after the manner that bodies let fall in water are

accelerated till the resistance of the water equals the force of

gravity. God, who gave animals motion beyond our under-

standing, is without doubt able to implant other principles
of motions in bodies which we may understand as little. Some
would readily grant this may be a spiritual one; yet a mecha-

nical one might be shown, did not I think it better to pass it

by. But they that like not this, may suppose light any other

corporeal emanation, or an impulse or motion of any other

medium or aetherial spirit diffused through the main body
of aether, or what else they imagine proper for this pur-

pose. To avoid dispute, and make this hypothesis general,
let every man here take his fancy; only whatever light be, I

would suppose it consists of successive rays differing from one

another in contingent circumstances, as bigness, force, or vi-

gour, like as the sands on the shore, the waves of the sea, the

faces of men, and all other natural things of the same kind

differ, it being almost impossible for any sort of things to be

found without some contingent variety. And further, I would

suppose it diverse from the vibrations of the aether, because

(besides that were it those vibrations, it ought always to verge

copiously in crooked lines into the dark or quiescent me-

dium, destroying all shadows, and to comply readily with any
crooked pores or passages as sounds do) I see not how any
superficies (as the side of a glass prism on which the rays
within are incident at an angle of about forty degrees) can be

totally opake. For the vibrations beating against the refract-

ing confine of the rarer and denser aether must needs make
that pliant superficies undulate, and those undulations will

stir up and propagate vibrations on the other side. And fur-

ther, how light, incident on very thin skins or plates of any
transparent body, should for many successive thicknesses of the

plate in arithmetical progression,- be alternately reflected and

transmitted, as I find it is, puzzles me as much. For though
the arithmetical progression of those thicknesses, which reflect

and transmit the rays alternately, argues that it depends upon
the number of vibrations between the two superficies of the

plate, whether the ray shall be reflected or transmitted, yet I

cannot see how the number should vary the case, be it greater
or less, whole or broken, unless light be supposed something
else than these vibrations. Something indeed I could fancy
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towards helping the two last difficulties, but nothing which I

see not insufficient.

Fifthly, it is to be supposed that light and aether mutually
act upon one another, aether in refracting light, and light in

warming aether, and that the densest aether acts most strongly.
When a ray therefore moves through aether of uneven den-

sity, I suppose it is most pressed, urged, or acted upon by the

medium on that side towards the denser aether, and receives

a continual impulse or ply from that side to recede towards

the rarer, and so is accelerated if it move that way, or re-

tarded if the contrary. On this ground, if a ray move ob-

liquely through such an unevenly dense medium (that is, ob-

liquely to those imaginary superficies which run through the

equally dense parts of the medium, and may be called the re-

fracting superficies), it must be incurved, as it is found to be

by observation in water*, whose lower parts were made gra-

dually more salt, and so more dense than the upper. And
this may be the ground of all refraction and reflexion. For
as the rarer air within a small glass pipe, and the denser with-

out, are not distinguished by a mere mathematical superficies,
but have air between them at the orifice of the pipe running

through all intermediate degrees of density ; so I suppose the

refracting superficies of aether between unequally dense me-
diums to be not a mathematical one, but of some breadth, the

aether therein at the orifices of the pores of the solid body

being of all intermediate degrees of density between the rarer

and denser aetherial mediums; and the refraction I conceive

to proceed from the continual incurvation of the ray all the

while it is passing the physical superficies. Now if the mo-
tion of the ray be supposed in this passage to be increased or

diminished in a certain proportion, according to the difference

of the densities of the aetherial mediums, and the addition or

detraction of the motion be reckoned in the perpendicular
from the refracting superficies, as it ought to be, the sines of

incidence and refraction will be proportional according to what

Descartes has demonstrated.

The ray therefore in passing out of the rarer medium into

the denser, inclines continually more and more towards paral-
lelism with the refracting superficies; and if the differing

densities of the mediums be not so great, nor the incidence of

the ray so oblique as to make it parallel to that superficies

before it gets through, then it goes through and is refracted ;

but if through the aforesaid causes the ray becomes parallel

to that superficies before it can get through, then it must turn

back and be reflected. Thus, for instance, it may be observed
* Mr. Hook's Micrographia where he speaks of the inflexion of rays.
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in a triangular glass prism O E F, that the rays A N that tend

out of the glass into air, do,

by inclining them more and

more to the refracting su-

perficies, emerge more and
more obliquely till they be

infinitely oblique, that is, in

a manner parallel to the su-

perficies, which happens
when the angle of incidence is about 40° ; and then if they be a

little more inclined, are all reflected, as at A v A, becoming, I

suppose, parallel to the superficies before they can get

through it.

Let A B C D represent the rarer medium, E F H G the

Ai^ .B

denser, C D F E the space between them or refracting phy-
sical superficies, in which the aether is of all intermediate de-

grees of density, from the rarest aether at C D to the densest

at E F ; A m n L a ray, A m its incident part, m n its incurva-

tion by the refracting superficies, and n L its emergent part.
Now if the ray A m be so much incurved as to become at its

emergence », as nearly as may be, parallel to C D, it is plain
that if that ray had been incident a little more obliquely, it must
have become parallel to C D before it had arrived at E F,
the further side of the refracting superficies, and so could have

got no nearer to E F, but must have turned back by further

incurvation, and been reflected as it is represented at A
/*.

v A :

and the like would have happened if the density of the sether

had further increased from E F to P Q, so that PQHG
might be a denser medium than EFHG was supposed; for

then the ray in passing from m to w, being so much incurved

as at n to become parallel to C D or PQ, it's impossible it

should ever get nearer to P Q, but must at n begin by further

incurvation to turn back, and so be reflected. And because



200 Newton's Letters, Hypothesis and Experiments

if a refracted ray (as n L) be made incident, the incident

(A m) shall become the refracted, and therefore if the ray
A j«,v, after it is arrived at v, where I suppose it parallel to the

refracting superficies, should be reflected perpendicularly

back, it would return back in the line of incidence vpA;
therefore going forward, it must go forward in such another

line v 7r A, both cases being alike, and so be reflected at an

angle equal to that of incidence.

This may be the cause and manner of reflexion, when light
tends from the rarer towards the denser aether ; but to know
how it should be reflected when it tends from the denser to-

wards the rarer, you are farther to consider, how fluids near

their superficies are less pliant and yielding than in their more
inward parts, and if formed into thin plates or shells, they be-

come much more stiff and tenacious than otherwise- Thus

things which readily fall in water, if let fall upon a bubble of

water, they do not easily break through it, but are apt to slide

down by the sides of it, if they be not too big and heavy. So
if two well-polished convex glasses, ground on very large

spheres, be laid one upon the other, the air between them

easily recedes till they almost touch, but then begins to resist

so much that the weight of the upper glass is too little to bring
them together, so as to make the black (mentioned in the other

papers I send you) appear in the midst of the rings of colours.

And if the glasses be plain, though no broader than a two-

pence, a man with his whole strength is not able to press all

the air out from between them, so as to make them fully touch.

You may observe also that insects will walk upon water with-

out wetting their feet, and the water bearing them up ;
also

motes falling upon water will often lie long upon it without

being wetted. And so I suppose aether in the confine of two

mediums is less pliant and yielding than in other places, and

so much the less pliant by how much the mediums differ more
in density ;

so that in passing out of denser aether into rarer,

when there remains but a very little of the denser aether to be

passed through, a ray finds more than ordinary difficulty to

get through, and so great difficulty where the mediums are of

a very differing density as to be reflected by incurvation after

the manner described above, the parts of aether on the side

where they are less pliant and yielding, acting upon the ray
much after the manner that they would do were they denser

there than on the other side ; for the resistance of the medium

ought to have the same effect on the ray from whatsoever cause

it arises. And this I suppose may be the cause of the reflexion

of quicksilver and other metalline bodies. It must also concur

to increase the reflective virtue of the superficies when rays
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tend out of the rarer medium into the denser; and in that

case therefore the reflexion having a double cause ought to be

stronger than in the aether, as it is apparently. But in refrac-

tion this rigid tenacity or unpliableness of the superficies need

not be considered, because so much as the ray is thereby bent

in passing to the most tenacious and rigid part of the superfi-

cies, so much is it thereby unbent again in passing on from

thence through the next parts gradually less tenacious.

Thus may rays be refracted by some superficies and re-

flected by others, be the medium they tend into denser or

rarer. But it remains further to be explained, how rays alike

incident on the same superficies (suppose of crystal, glass or

water), may be at the same time, some refracted, others re-

flected
; and for explaining this, I suppose that the rays when

they impinge on the rigid resisting aetherial superficies, as they
are acted upon by it, so they react upon it, and cause vibra-

tions in it, as stones thrown into water do in its surface, and
that these vibrations are propagated every way into both the

rarer and denser mediums as the vibrations of air which cause

sound are from a stroke, but yet continue strongest where they

began, and alternately contract and dilate the aether in that

physical superficies. For it's plain by the heat which light

produces in bodies that it is able to put their parts in motion,
and much more to heat and put in motion the more tender

aether, and it's more probable that it communicates motion to

the gross parts of bodies by the mediation of aether than im-

mediately ; as, for instance, in the inward parts of quicksilver,

tin, silver, and other very opake bodies, by generating vibra-

tions that run through them, than by striking the outward

parts only without entering the body. The shock of every

single ray may generate many thousand vibrations, and by
sending them all over the body, move all the parts, and that

perhaps with more motion than it could move one single part

by an immediate stroke; for the vibrations, by shaking each

particle backward and forward, may every time increase its

motion, as a ringer does a bell by often pulling it, and so at

length move the particles to a very great degree of agitation,
which neither the simple shock of a ray nor any other motion

in the aether, besides a vibrating one, could do. Thus in air

shut up in a vessel, the motion of its parts caused by heat,

how violent soever, is unable to move the bodies hung in it

with either a trembling or progressive motion ; but if air be

put into a vibrating motion by beating a drum or two, it

shakes glass windows, the whole body of a man, and other

massy things, especially those of a congruous tone; yea, I

have observed it manifestly shake under my feet a cellared

Phil. Mag. S. 3. Vol. 29. No. 193. Sept. 1 846. P
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free-stone floor of a large hall
;
so as I believe the immediate

stroke of five hundred drum-sticks could not have done, un-
less perhaps quickly succeeding one another at equal intervals

of time. iEtherial vibrations are therefore the best means by
which such a subtle agent as light can shake the gross parti-
cles of solid bodies to heat them. And so supposing that light

impinging on a refracting or reflecting aetherial superficies

puts it into a vibrating motion, that physical superficies being
by the perpetual appulse of rays always kept in a vibrating
motion, and the aether therein continually expanded and com-

pressed by turns ; if a ray of light impinge upon it while it is

much compressed, I suppose it is then too dense and stiff to

let the ray pass through, and so reflects it; but the rays that

impinge on it at other times, when it is either expanded by
the interval of two vibrations, or not too much compressed and

condensed, go through, and are refracted.

These may be the causes of refractions and reflexions in all

cases, but for understanding how they come to be so regular,
it's further to be considered, that as in a heap of sand, although
the surface be rugged, yet if water be poured on it to fill its

pores, the water, so soon as its pores are filled, will evenly

overspread the surface, and so much the more evenly as the

sand is finer
; so, although the surface of all bodies, even the

most polished, be rugged, as I conceive, yet when that rug-

gedness is not too gross and coarse, the refracting aetherial

superficies may evenly overspread it. In polishing glass or

metal, it is not to be imagined that sand, putty, or other fret-

ting powders should wear the surface so regularly as to make
the front of every particle exactly plain, and all those planes
look the same way, as they ought to do in well-polished bodies,

were reflexion performed by their parts; but, that those fret-

ting powders should wear the bodies first to a coarse rugged-
ness, such as is sensible, and then to a finer and finer rugged-
ness, till it be so fine that the aetherial superficies evenly over-

spreads it, and so makes the body put on the appearance of a

polish, is a very natural and intelligible supposition. So in

fluids it is not well to be conceived that the surfaces of their

parts should be all plain, and the planes of the superficial

parts always kept looking all the same way, notwithstanding
that they are in perpetual motion, and yet without these two

suppositions, the superficies of fluids could not be so regularly
reflexive as they are, were the reflexion done by the parts

themselves, and not by an aetherial superficies evenly over-

spreading the fluid.

Further, concerning the regular motion of light, it might
be suspected whether the various vibrations of the fluid
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through which it passes may not much disturb it; but that

suspicion I suppose will vanish by considering, that if at any
time the foremost part of an "oblique wave begin to turn it

awry, the hindermost part by a contrary action must soon set

it straight again. slidue. & dosiz ibidw

Lastly, because without doubt there are in every transpa-
rent body pores of various sizes, and I said that aether stands

at the greatest rarily in the smallest pores; hence the aether

in every pore should be of a differing rarity, and so light be
refracted in its passage out of every pore into the next, which
would cause a great confusion, and spoil the body's transpa-

rency ; but considering that the aether in all dense bodies is

agitated by continual vibrations, and these vibrations cannot
be performed without forcing the parts of aether forward and
backward from one pore to another by a kind of tremor, so

that the aether which one moment is in a great pore, is the

next moment forced into a less ; and, on the contrary, this

must evenly spread the nether into all the pores not exceeding
some certain bigness, suppose the breadth of a vibration, and
so make it of an even density throughout the transparent body»

agreeable to the middle sort of pores. But where the pores
exceed a certain bigness, I suppose the aether suits its den-

sity to the bigness of the pore or to the medium within, and
so being of a divers density from the aether that surrounds it,

refracts, or reflects light in its superficies, and so makes the

body where many such interstices are, appear opake.
Thus much of refraction, reflexion, transparency, and opa-

city ;
—and now to explain colours. I suppose that as bodies

of various sizes, densities, or tensions, do by percussion or

other action, excite sounds of various tones, and consequently
vibrations in the air of various bignesses ; so, when the rays
of light, by impinging on the stiff refracting superficies, excite

vibrations in the aether, those rays, whatever they be, as they

happen to differ in magnitude, strength, or vigour, excite vi-

brations of various bignesses ; the biggest, strongest, or most

potent rays, the largest vibrations, and others shorter accord-

ing to their bigness, strength, or power; and therefore the ends
of the capillamenta of the optic nerve, which front or face the

retina, being such refracting superficies, when the rays impinge
upon them, they must there excite these vibrations; which
vibrations (like those of sound in a trumpet) will run along
the aqueous pores or crystalline pith of the capillamenta,

through the optic nerves into the sensorium (which light itself

cannot do), and these I suppose affect the sense with various

colours, according to their bigness and mixture; the biggest
with the strongest colours, reds and yellows; the least with

P2
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the weakest, blues and violets ; the middle with green, and a

confusion of all, with white; much after the manner that in

the sense of hearing nature makes use of aerial vibrations of

several bignesses, to generate sounds of divers tones ;
for the

analogy of nature is to be observed. And further, as the har-

mony and discord of sounds proceed from the proportions of

the aerial vibrations, so may the harmony of some colours, as

of a golden and blue, and the discord of others, as of red and

blue, proceed from the proportions of the aetherial. And
possibly colour may be distinguished into its principal de-

grees: red, orange, yellow, green, blue, indigo, and deep
violet, on the same ground that sound within an eighth is

graduated into tones. For, some years past, the prismatic co-

lours, being in a well-darkened room, cast perpendicularly

upon a paper about two-and-twenty foot distant from the

prism, I desired a friend to draw with a pencil lines across

the image or pillar of colours, where every one of the seven

aforenamed colours was most full and brisk, and also where
he judged the truest confines of them to be, whilst I held the

paper so that the said image might fall within a certain com-

pass marked on it. And this I did, partly because my own

eyes are not very critical in distinguishing colours, partly be-

cause another to whom I had not communicated my thoughts
about this matter could have nothing but his eyes to deter-

mine his fancy in making those marks. This observation we

repeated divers times, both in the same and divers days, to

see how the marks on several papers would agree ;
and com-

paring the observations, though the just confines of the co-

lours are hard to be assigned, because they passed into one

another by insensible gradation; yet the differences of the

observations were but little, especially towards the red end ;

and taking means between those differences that were, the

length of the image (reckoned not by the distance of the

verges of the semicircular ends, but by the distance of the

centres of those semicircles, or length of the straight sides, as

it ought to be) was divided in about the same proportion that

a string is between the end and the middle to sound the tones

in an eighth. You will understand me best by viewing the

annexed figure, in which AB and CD represent the straight
sides about ten inches long, A P C and B T D the semicir-

cular ends, X and y the centres of those semicircles, X Z the

length of a musical string double to Xj/, and divided between

X and y so as to sound the tones expressed at the side (that

is X H the half, X G and G I the third part, y K the fifth

part, y M the eighth part, and G E the ninth part of Xy) ;

and the intervals between these divisions express the spaces
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which the colours written there took up, every colour being
most briskly specific in the middle of those spaces. Now lor

% I

h|x-4 3 g « H £ K

the cause of these and such like colours made by refraction,
the biggest or strongest rays must penetrate the refracting

superficies more freely and easily than the weaker, and so be
less turned awry by it, that is less refracted ; which is as much
as to say, the rays which make red are least refrangible, those

which make blue, or violet, most refrangible, and others other-

wise refrangible according to their colour. Whence if the

rays which come promiscuously from the sun be refracted by
a prism, as in the aforesaid experiment, those of several sorts

being variously refracted, must go to several places on an op-
posite paper or wall, and so parted, exhibit every one their

own colours, which they could not do while blended together.
And because refraction only severs them, and changes not the

bigness or strength of the ray, thence it is, that after they are

once well-severed, refraction cannot make any further changes
in their colour. On this ground may all the phaenomena of

refractions be understood. But to explain the colours made

by reflexions, I must further suppose, that though light be

unimaginably swift, yet the aetherial vibrations excited by a

ray move faster than the ray itself, and so overtake and outrun

it, one after another. And this I suppose they will think an
allowable supposition, who have been inclined to suspect that

these vibrations themselves might be light. But to make it

the more allowable, it's possible light itself may not be so

swift as some are apt to think; for notwithstanding any argu-
ment that I know yet to the contrary, it may be an hour or

two, if not more, in moving from the sun to us. This celerity
of the vibrations therefore supposed, if light be incident on a
thin skin or plate of any transparent body, the waves excited

by its passage through the first superficies, and taking it one
after another till it arrive at the second superficies, will cause
it to be there reflected or refracted, accordingly as the con-
densed or expanded part of the wave overtakes it there. If

the plate be of such a thickness that the condensed part of the

first wave overtake the ray at the second superficies, it must
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be reflected there ; if double that thickness, that the following
rarefied part of the wave, that is, the space between that and
the next wave overtake it, there it must be transmitted; if

triple the thickness, that the condensed part of the second wave
overtake it, there it must be reflected ;

and so where the plate
is five, seven, or nine times that thickness,- it must be reflected

by reason of the third, fourth, or fifth wave overtaking it at

the second superficies ; but when it is four, six, or eight times

that thickness, that the ray may be overtaken there by the di-

lated interval of those waves, it shall be transmitted, and so

on; the second superficies being made able or unable to re-

flect accordingly as it is condensed or expanded by the waves.

For instance, let A HQ represent the superficies of a spheri-

cally convex glass laid upon a plain glass, AIR and AIR
Q H the thin plano-concave plate of air between them, and

BC, DE, FG, HI, &c. thicknesses of that plate or distances
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of the glasses in the arithmetical progression of the numbers
1, 2, 3, 4, &c, whereof B C is the distance at which the ray
is overtaken by the most condensed part of the first wave; I

say the rays incident at B, F, K and O ought to be reflected
at C, G, L and P; and those incident at D, H, M and Q
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ought to be transmitted at E, I, n and K; and this because
the ray B C arrives at the superficies A C, when it is con-

densed by the first wave that overtakes it; D E when rarified

by the interval of the first and second ; F G when condensed

by the second wave ; H I when rarefied by the interval of the

second and third, and so on for an indeterminate number of

successions; and at A, the centre, or contact of the glasses,
the light must be transmitted, because there the aetherial me-
diums in both glasses are continued as if but one uniform
medium. Whence if the glasses in this posture be looked

upon, there ought to appear at A, the contact of the glasses,
a black spot, and about that many concentric circles of light
and darkness, the squares of whose semi-diameters are to sense

in arithmetical progression. Yet all the rays without excep-
tion ought not to be thus reflected or transmitted : for some-
times a ray may be overtaken at the second superficies by the

vibrations raised by another collateral, or immediately succeed-

ing ray; which vibration being as strong, or stronger than its

own, may cause it to be reflected or transmitted when its own
vibration alone would do the contrary. And hence some
little light will be reflected from the black rings, which makes
them rather black than totally dark ;

and some transmitted at

the lucid rings, which makes the black rings appearing on
the other side of the glasses not so black as they would other-

wise be. And so at the central black spot, where the glasses
do not absolutely touch, a little light will be reflected, which
makes the spot darkest in the middle, and only black at the

verges. For thus I have observed it to be, by tying very hard

together two glass prisms which were accidentally (one of
them at least) a very little convex, and viewing by divers

lights this black spot at their contact. If a white paper was

placed at a little distance behind a candle, and the candle and

paper viewed alternately by reflexion from the spot, the verges
of the spot which looked by the light of the paper as black as

the middle part, appeared by the stronger light of the candle

lucid enough, so as to make the spot seem less than before ;

but the middle part continued as absolutely black in one case

as in the other, some specks and streaks in it only excepted,
where I suppose the glasses through some unevenness in the

polish did not fully touch. The same I have observed by
viewing the spot by the like reflexion of the sun and clouds

alternately.
But to return to the lucid and black rings ; those rings

ought always to appear after the manner described, were light
uniform. And after that manner, when the two contiguous

glasses AQ and AR have been illustrated in a dark room
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by light of any uniform colour made by a prism, I have seen

the lucid circles appear to about twenty in number, with many
dark ones between them, the colour of the lucid ones being
that of the light with which the glasses were illustrated. And
if the glasses were held between the eye and the prismatic co-

lours cast on a sheet of white paper, or if any prismatic colour

was directly trajected through the glasses to a sheet of paper

placed a little way behind, there would appear such other

rings of colour and darkness (in the first case between the

glasses, in the second on the paper) oppositely corresponding
to those which appeared by reflexion. I mean that whereas

by reflected light there appeared a black spot in the middle,

and then a coloured circle ;
on the contrary, by transmitted

light, there appeared a coloured spot in the middle, then a

black circle; and so on, the diameters of the coloured circles

made by transmission equalling the diameters of the black

ones made by reflexion.

Thus, I say the rings do and ought to appear when made

by uniform light, but in compound light it is otherwise. For

the rays which exhibit red and yellow, exciting, as I said,

larger pulses in the aether than those which make blue and

violet, and consequently making bigger circles in a certain

proportion, as I have manifoldly found they do, by illumina-

ting the glasses successively by the aforesaid colours of the

prism in a well-darkened room, without changing the position

ofmy eye or of the glasses ; hence the circles made by illumina-

ting the glasses with white light, ought not to appear black and

white by turns, as the circles made by illustrating the glasses

for instance with red light, appear red and black ; but the co-

lours which compound the white light must display themselves

by being reflected, the blue and violet nearer to the centre

than the red and yellow, whereby every lucid circle must be-

come violet in the inward verge, red in the outward, and of

intermediate colours in the intermediate parts, and be made
broader than before, spreading its colours both ways into those

spaces which I call the black rings, and which would here

appear black, were the red, yellow, blue, and violet, which

make the verges of the rings, taken out of the incident white

light which illustrates the glasses, and the green only left to

make the lucid rings. Suppose C B, G D, L F, P m, R n)

S X represent quadrants of the circles made in a dark room

by the very deepest prismatic red alone; and ij/3, y8, A<$, 7r^,

pv, <r£ the quadrants of like circles made also in a dark room,

by the very deepest prismatic violet alone ;
and then if the

glasses be illuminated by open daylight, in which all sorts of

rays are blended, it is manifest that the first lucid ring will be
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nj3, BC; the second yS, DG; the third A$, FL; the fourth

«/«,, mP; the fifth pv, »R; the sixth er£, XS, &c. : in all

which the deepest violet must be reflected at the inward edges

SGx L e p. R

sill:

a ilia

.

represented by the pricked lines, where it would be reflected

were it alone, and the deepest red at the outward edges re-

presented by the black lines, where it would be reflected were

it alone, and all intermediate colours at those places in order

between these edges at which they would be reflected were

they alone ; each of them in a dark room parted from all other

colours by the refraction of a prism. And because the squares
of the semi-diameters of the outward verges AC, AG, AL,
&c, as also of A>j, Ay, A A, &c, the semi-diameters of the

inward are in arithmetical progression of the numbers 1, 3,

5, 7, 9, 11, &c; and the squares of the inward are to the

squares of the outward (Aij
2 to AC2

, Ay2 to AG2
, A A2

to AL2
, &c.) as 9 to 14 (as I have found by measuring them

carefully and often, and comparing the observations); there-

fore the outward red verge of the second ring, and inward

violet one of the third, shall border upon one another (as you
may know by computation and see them represented in the

figure), and the like edges of the third and fourth rings shall

interfere, and those of the fourth and fifth interfere more, and
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so on ; yea the colours of every ring must spread themselves

something more both ways than is here represented, because

the quadrantal arcs here described represent not the verges,
but the middle of the rings made in a dark room by the ex-

treme violet and red; the violet falling on both sides the pricked
arches, and red on both sides the black line arches. And
hence it is that these rings or circuits of colours succeed one
another continually without any intervening black, and that

the colours are pure only in the three or four first rings, and
then interfering and mixing more and more, dilute one another

so much, that after eight or nine rings they are no more to be

distinguished, but seem to constitute an even whiteness;
whereas when they were made in a dark room, by one of the

prismatic colours alone, I have, as I said, seen above twenty
of them, and without doubt could have seen them to a greater
number, had I taken the pains to make the prismatic colour

more uncompounded. For by unfolding these rings from one
another by certain refractions expressed in the other papers*
I send you, I have even in daylight discovered them to above
a hundred, and perhaps the}' would have appeared innumera-

ble, had the light or colour illustrating the glasses been ab-

solutely uncompounded, and the pupil of my eye but a ma-
thematical point, so that all the rays which came from the

same point of the glass might have gone into my eye at the

same obliquity to the glass. What has been hitherto said of

these rings is to be understood of their appearance to an un-

moved eye; but if you vary the position of the eye, the more

obliquely you look upon the glass the larger the rings appear.
And of this the reason may be, partly that an oblique ray is

longer in passing through the first superficies, and so there is

more time between the waving forward and backward of that

superficies, and consequently a larger wave generated ; and

partly that the wave in creeping along between the two su-

perficies, may be impeded and retarded by the rigidness of

those superficies bounding it at either end, and so not overtake

the ray so soon as a wave that moves perpendicularly across.

The bigness of the circles made by every colour and at all

obliquities of the eye to the glasses, and the thickness of the

air or intervals of the glasses, where each circle is made, you
will find expressed in the other papers I send you, where also

I have more at large described how much those rings inter-

fere or spread into one another, what colours appear in every

ring, where they are most lively, where and how much diluted

by mixing with the colours of other rings, and how the con-

trary colours appear on the back side of the glasses by the
* Obs. 24.
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transmitted light, the glasses transmitting light of one colour

at the same place, where they reflect that of another. Nor
need I add anything further of the colours of other thinly

plated mediums, as of water between the aforesaid glasses, or

formed into bubbles and so encompassed with air, or of glass
blown into very thin bubbles at a lamp furnace, &c. ; the case

being the same in all these, excepting that where the thickness

of the plates is not regular, the rings will not be so, that in

plates of denser transparent bodies the rings are made at a less

thickness of the plate, (the vibrations, I suppose, being shorter

in rarer aether than in denser), and that in a denser plate sur-

rounded with a rarer body, the colours are more vivid than in

the rarer surrounded with the denser; as for instance, more
vivid in a plate of glass surrounded with air, than in a plate of

air surrounded with glass ;
of which the reason is, that the

reflexion of the second superficies, which causes the colours,

is, as was said above, stronger in the former case than in the

latter; for which reason also the colours are most vivid when
the difference of the density of the medium is greatest.
Of the colours of natural bodies also I have said enough in

those papers, showing how the various sizes of the transparent

particles of which they consist is sufficient to produce them all,

those particles reflecting or transmitting this or that sort of

rays, according to their thickness, like the aforesaid plates, as

if they were fragments thereof. For, I suppose, if a plate of

an even thickness, and consequently of an uniform colour,

were broken into fragments of the same thickness with the

plate, a heap of those fragments would be a powder much of

the same colour with the plates. And so, if the parts be of

the thickness of the water in the black spot at the top of a

bubble described in the seventeenth of the observations I send

you, I suppose the body must be black. Tn the production
of which blackness, I suppose, that the particles of that size

being disposed to reflect almost no light outward, but to re-

fract it continually in its passage from every part to the next,

by this multitude of refractions the rays are kept so long

straggling to and fro within the body, till at last almost all

impinge on the solid parts of the body, and so are stopped
and stifled ; those parts having no sufficient elasticity, or other

disposition to return nimbly enough the smart shock of the

ray back upon it.

I should here conclude; but that there is another strange

phenomenon of colours, which may deserve to be taken no-

tice of. Mr. Hook, you may remember, was speaking of an

odd straying of light, caused in its passage near the edge of a

razor, knife, or other opake body in a dark room ; the rays,
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which pass very near the edge being thereby made to stray
at all angles into the shadow of the knife.

To this Sir William Petty, then president, returned a very

pertinent query, whether that straying was in curved lines ?

and that made me, having heard Mr. Hook some days before

compare it to the straying of sound into the quiescent medium,

say, that I took it to be only a new kind of refraction, caused

perhaps by the external aether's beginning to grow rarer a little

before it came at the opake body, than it was in free spaces,
the denser aether without the body, and the rarer within it,

being terminated not in a mathematical superficies, but pass-

ing into one another through all intermediate degrees of den-

sity : whence the rays, that pass so near the body, as to come
within that compass where the outward aether begins to grow
rarer, must be refracted by the uneven denseness thereof, and
bended inwards toward the rarer medium of the body. To
this Mr. Hook was then pleased to answer, that though it

should be but a new kind of refraction, yet it was a new one.

What to make of this unexpected reply I knew not, having
no other thought, but that a new kind of refraction might be

as noble an invention as anything else about light; but it made
me afterward, I know not upon what occasion, happen to say,

among some that were present to what passed before, that I

thought I had seen the experiment before in some Italian

author. And the author is Honoratus Faber, in his dialogue
De Lumine, who had it from Grimaldo ; whom I mention,
because I am to describe something further out of him, which

you will apprehend by the opposite figure. Suppose the sun

shine through the little hole H K into a dark room upon the

paper PQ, and with a wedge MNO intercept all but a little

of that beam, and you will see upon the paper six rows of

colours, R, S, T, V, X, Y, and beyond them a very faint light

spreading either way, such as rays broken, like HNZ, must

make. The author describes it more largely in divers schemes.

I have time only to hint the sum of what he says.
Now for the breaking of the ray HNZ, suppose, in the

next figure, MNO be the solid wedge, ABC the inward

bound of the uniform rarer aether within, between which

bounds the aether runs through all the intermediate degrees;
and it is manifest, that, if a ray come between B and N, it

must in its passage there bend from the denser medium to-

wards C, and that so much the more, by how much it comes

nearer N. Further, for the three rows of colours VXY, those

ma}' perhaps proceed from the number of vibrations (whether

one, two, or three) which overtake the ray in its passage
from G, till it be about the midway between G and H, that
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is at its nearest distance

to N, so as to touch the

circle described about

N, with that distance
;

by the last of which vi-

brations, expanding or

contracting the medium
there, the ray is licensed

to recede again from N,
and go on to make the

colours; or further bent
about N, till the inter-

val of the next wave
overtake it, and give it

liberty to go from N,
very nearly in the line it

is then moving, suppose
toward Z, to cause the
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above. You will under-
stand me a little better,

by comparing this with

what was said of the co-

lours of thin transpa-
rent plates, comparing
the greatest distance

that the ray goes from
GBH towards N, to the

thickness ofone of those

plates. Something too

there is in Descartes's

explication of the rain-

bow's colours, which
would give further light in this. But I have no time left

to insist further upon particulars; nor do I propound this

without diffidence, having not made sufficient observation

about it. ><! A t.o^b9w i>ji> d O'/iM $ni
rl

Letter from Newton to Oldenburg, dated Jan. 25, 1675-76.

Sir, -yierlj. 9"Of{£e#q z)\

I received both yours, and thank you for your care in dis-

posing those things between me and Mr. Sinus. I suppose
his friends cannot blame you at all for printing his first letter,

it being written, I believe, for that end, and they never com-

plaining of the printing of that, but of the not printing of that

F
" —o

C
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which followed, which I take myself to have been, per accidens,

the occasion of, by refusing to answer him. And though I

think I may truly say I was very little concerned about it, yet
I must look upon it as the result of your kindness to me that

you was unwilling to print it without an answer.

As to the paper of observations which you move in the

name of the Society to have printed, I cannot but return them

my hearty thanks for the kind acceptance they meet with there,

and know not how to deny anything which they desire should

be done. Only I think it will be best to suspend the printing
of them for a while, because I have some thoughts of writing
such another set of observations for determining the manner
of the productions of colours by the prism, which if done at

all ought to precede that now in your hands, and will do best

to be joined with it. But this I cannot do presently by reason

of some incumbrances lately put upon me by some friends,

and some other business of my own, which at present almost

take up my time and thoughts.
The additions that I intended, I think I must, after putting

you to so long expectations, disappoint you in
;
for it puzzles

me to connect them with what I sent you ;
and if I had those

papers, yet I doubt the things I intended will not come in so

freely as I thought they might have done. I could send them
described without dependence on those papers ; but I fear I

have already troubled your Society and yourself too much
with my scribbling, and so suppose it may do better to defer

them till another season. I have therefore at present only
sent you two or three alterations, though not of so great mo-
ment that I need have stayed you for them ;

and thej
7 are

these :-4*m

Where I say that the frame of nature may be nothing but

aether condensed by a fermental principle, instead of these

words write, that it may be nothing but various contextures

of some certain aetherial spirits or vapours condensed, as it

were, by precipitation, much after the manner that vapours
are condensed into water, or exhalations into grosser sub-

stances, though not so easily condensable
;
and after conden-

sation wrought into various forms, at first by the immediate
hand of the Creator, and ever since by the power of nature,

who, by virtue of the command increase and multiply, be-

came a compleat imitator of the copies set her by the Proto-

plast. Thus perhaps may all things be originated from aether,

&c.
A little after, when I say the aetherial spirit may be con-

densed in fermenting or burning bodies, or otherwise inspis-

sated in the pores of the earth to a tender matter, which may
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be, as it were, the succus nutritius of the earth, or primary
substance, out of whieh things generable grow; instead of

this you may write, that that spirit may be condensed in fer-

menting or burning bodies, or otherwise coagulated in the

pores of the earth and water into some kind of humid active

matter, for the continual use of nature, adhering to the sides

of those pores after the manner that vapours condense on the

sides of a vessel.

In the same paragraph there is, I think, a parenthesis, in

which I mention volatile salt-petre; pray strike out that pa-
renthesis, lest it should give offence to somebody.

Also where I relate the experiment of little papers made to

move curiously with a glass rubbed, I would have all that

struck out which follows, about trying the experiment of leaf-

gold, nq.ob 3omi£a I

Sir, I am interrupted by a visit, and must in haste break off.

Yours,
January 25, 1675-6. Isaac Newton.

^mJiuq is>jl.a tfcura I Amdi I I

Letterfrom Newton to Boyle.
aaorfi bfiii I li bna :uo^ Jnsa I J&dvsr riliw oiadj JSoagqcp o;

oa n ;
Honoured Sir, ^nildl otl quq.

I have so long deferred to send you my thoughts about the

physical qualities we speak of, that did I not esteem myself

obliged by promise, I think I should be ashamed to send them

at all. The truth is, my notions about things of this kind are

so indigested, that I am not well satisfied myself in them ; and

what I am not satisfied in, I can scarce esteem fit to be com-

municated to others ; especially in natural philosophy, where

there is no end of fancying. But because I am indebted to

you, and yesterday met with a friend, Mr. Maulyverer, who
told me he was going to London, and intended to give you
the trouble of a visit, 1 could not forbear to take the oppor-

tunity of conveying this to you by him.

It being only an explication of qualities which you desire of

me, I shall set down my apprehensions in the form of suppo-
sitions as follows. And first, I suppose, that there is diffused

through all places an aetherial substance, capable of contrac-

tion and dilatation, strongly elastic, and, in a word, much like

air in all respects, but far more subtile.

2. I suppose this aether pervades all gross bodies, but yet
so as to stand rarer in their pores than in free spaces, and so

much the rarer, as their pores are less
;
and this I suppose

(with others) to be the cause why light incident on those bo-

dies is refracted towards the perpendicular; why too well-

polished metals cohere in a receiver exhausted of air ; why $
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stands sometimes up to the top of a glass pipe, though much

higher than 30 inches ; and one of the main causes why the

parts of all bodies cohere; also the cause of filtration, and of

the rising of water in small glass pipes above the surface of the

stagnating water they are dipped into; for I suspect the aether

may stand rarer, not only in the insensible pores of bodies,

but even in the very sensible cavities of the pipes ;
and the

same principles may cause menstruums to pervade with vio-

lence the pores of the bodies they dissolve, the surrounding
aether, as well as the atmosphere, pressing them together.

3. I suppose the rarer aether within bodies, and the denser

without them, not to be terminated in a mathematical super-
ficies, but to grow gradually into one another; the external

aether beginning to grow rarer, and the internal to grow
denser, at some little distance from the superficies of the

body, and running through all intermediate degrees of den-

sity in the intermediate spaces ; and this may be the cause why
light, in Grimaldo's experiment, passing by the edge of a

knife, or other opake body, is turned aside, and as it were

refracted, and by that refraction makes several colours. Let
ABCD be a dense body whe-

jpjg. i.

ther opake or transparent,
EFGH the outside of the S<^x
uniform aether, which is within n^^
it, IKLM the inside of the ,*— ^^
uniform aether, which is with-

out it; and conceive the aether,

which is between EFGH and

IKLM, to run through all

intermediate degrees of den-

sity between that of the two
uniform aethers on either side.

This being supposed, the rays /
of the sun SB, SK, which pass by the edge of this body be-

tween B and K, ought in their passage through the unequally
dense aether there, to receive a ply from the denser aether,

which is on that side towards K, and that the more by how
much they pass nearer to the body, and thereby to be scat-

tered through the space PQRST, as by experience they are

found to be. Now the space between the limits EFGH and
IKLM, I shall call the space of the aether's graduated rarity.

4>. When two bodies moving towards one another come
near together, I suppose the aether between them to grow
rarer than before, and the spaces of its graduated rarity to

extend further from the superficies of the bodies towards one

another ; and this, by reason that the aether cannot move and
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of receding from one another. But, on the other hand, to

counterpoise this endeavour, there will not yet be any excess

of density of the aether which surrounds the bodies, above
that of the aether which is between them at the line I K. But
if the bodies come nearer together, so as to make the aether

in the mid-way line I K grow rarer than the surrounding
aether, there will arise from the excess of density of the sur-

rounding aether a compressure of the bodies towards one an-

other, which when by the nearer approach of the bodies it

becomes so great as to overcome the aforesaid endeavour the

bodies have to recede from one another, they will then go to-

wards one another and adhere together. And, on the con-

trary, if any power force them asunder to that distance, where
the endeavour to recede begins to overcome the endeavour to

accede, they will again leap from one another. Now hence
I conceive it is chiefly that a fly walks on water without wet-

ting her feet, and consequently without touching the water;
that two polished pieces of glass are not without pressure

brought to contact, no, not though the one be plain, the other

a little convex; that the particles of dust cannot by pressing
be made to cohere, as they would do, if they did but fully
touch ; that the particles of tinging substances and salts dis-

solved in water do not of their own accord concrete and fall

to the bottom, but diffuse themselves all over the liquor, and

expand still more if you add more liquor to them. Also, that

the particles of vapours, exhalations, and air do stand at a di-

stance from one another, and endeavour to recede as far from

one another as the pressure of the incumbent atmosphere will

let them ; for I conceive the confused mass of vapours, air,

and exhalations which we call the atmosphere, to be nothing
else but the particles of all sorts of bodies, of which the earth

consists, separated from one another, and kept at a distance,

by the said principle.
From these principles the actions of menstruums upon

bodies may be thus explained: suppose any tinging body, as

cochineal or logwood, be put into water; so soon as the water

sinks into its pores and wets on all sides any particle which

adheres to the body only by the principle in the second sup-

position, it takes off, or at least much diminishes, the efficacy

of that principle to hold the particle to the body, because it

makes the aether on all sides the particle to be of a more uni-

form density than before. And then the particle being
shaken off by any little motion, floats in the water, and with

many such others makes a tincture ; which tincture will be of

some lively colour, if the particles be of all the same size and

density ; otherwise of a dirty one, for the colours of all natural
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bodies whatever seem to depend on nothing but the various

sizes and densities of the particles, as I think you have seen

described by me more at large in another paper. If the par-
ticles be very small (as are those of salts, vitriols, and gums),

they are transparent; and as they are supposed bigger and

bigger, they put on these colours in order, black, white, yel-

low, red; violet, blue, pale green, yellow, orange, red; pur-

ple, blue, green, yellow, orange, red, &c, as it is discerned by
the colours, which appear at the several thicknesses of very
thin plates of transparent bodies. Whence, to know the causes

of the changes of colours, which are often made by the mix-
tures of several liquors, it is to be considered how the parti-
cles of any tincture may have their size or density altered by
the infusion of another liquor. When any metal is put into

common water, it cannot enter into its pores, to act on it and
dissolve it. Not that water consists of too gross parts for this

purpose, but because it is unsociable to metal. For there is

a certain secret principle in nature, by which liquors are so-

ciable to some things and unsociable toothers; thus water
will not mix with oil, but readily with spirit of wine, or with

salts; it sinks also into wood, which quicksilver will not; but

quicksilver sinks into metals, which, as I said, water will not.

So aquafortis dissolves D ,
not 0; aqua regia ©, not D,

&c. But a liquor, which is of itself unsociable to a body,
'

may, by the mixture of a convenient mediator, be made soci-

able ; so molten lead, which alone will not mix with copper,
or with regulus of Mars, by the addition of tin is made to mix
with either. And water, by the mediation of saline spirits,
will mix with metal. Now then any metal put in water im-

pregnated with such spirits, as into aquafortis, aqua regia,

spirit of vitriol, or the like, the particles of the spirits, as they,
in floating in the water, strike on the metal, will by their so-

ciableness enter into its pores and gather round its outside

particles, and by advantage of the continual tremor the par-
ticles of the metal are in, hitch themselves in by degrees be-

tween those particles and the body, and loosen them from it;

and the water entering into the pores together with the saline

spirits, the particles of the metal will be thereby still more

loosed, so as by that motion the solution puts them into, to be

easily shaken off, and made to float in the water : Fig. 3.

the saline particles still encompassing the metallic

ones as a coat or shell does a kernel, after the man-
ner expressed in the annexed, in which figure I

have made the particles round, though they may
be cubical, or of any other shape.

If into a solution of metal thus made be poured a liquor,

Q2
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abounding with particles, to which the former saline particles
are more sociable than to the particles of the metal (suppose
with particles of salt of tartar), then so soon as they strike on
one another in the liquor, the saline particles will adhere to

those more firmly than to the metalline ones, and by degrees
be wrought off from those to enclose these. Suppose A a me-
talline particle, inclosed with saline ones of spirit of nitre, E
a particle of salt of tartar, contiguous to two of the particles
of spirit of nitre, b and c

;
and suppose the particle E is im-

pelled by any motion towards r/, so as to roll

about the particle c till it touch the particle d, Fig. 4.

the particle b adhering more firmly to E than

to A, will be forced off from A ; and by the

same means the particle E, as it rolls about A,
will tear off' the rest of the saline particles from

A one after another, till it has got them all, or

almost all, about itself. And when the metallic

particles are thus divested of the nitrous ones,

which, as a mediator between them and the

water, held them floating in it, the alcalizate

ones, crowding for the room the metallic ones

took up before, will press these towards one another, and
make them come more easily together: so that by the motion

they continually have in the water, they shall be made to strike

on one another; and then, by means of the principle in the

second supposition, they will cohere and grow into clusters,

and fall down by their weight to the bottom, which is called

precipitation. In the solution of metals, when a particle is

loosing from the body, so soon as it gets to that distance

from it, where the principle of receding described in the fourth

and fifth supposition begins to overcome the principle of ac-

ceding, described in the second supposition, the receding of

the particle will be thereby accelerated
;
so that the particle

shall as it were with violence leap from the body, and putting
the liquor into a brisk agitation, beget and promote that heat

we often find to be caused in solutions of metals. And if any

particle happen to leap off' thus from the body, before it is

surrounded with water, or to leap off with that smartness as

to get loose from the water, the water, by the principle in

the fourth and fifth supposition, will be kept off from the par-

ticle, and stand round about it, like a spherically hollow arch,

not being able to come to a full contact with it any more
;
and

several of these particles afterwards gathering into a cluster,

so as by the same principle to stand at a distance from one

another, without any water between them, will compose a

bubble. Whence I suppose it is, that in brisk solution there
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usually happens an ebullition. This is one way of transmuting
gross compact substance into aerial ones. Another way is by
heat ; for as fast as the motion of heat can shake off the par-
ticles of water from the surface of it, those particles, by the

said principle, will float up and down in the air, at a distance

both from one another, and from the particles of air, and
make that substance we call vapour. Thus I suppose it is,

when the particles of a body are very small (as I suppose
those of water are), so that the action of heat alone may be
sufficient to shake them asunder. But if the particles be much

larger, they then require the greater force of dissolving men-
struums to separate them, unless by any means the particles
can be first broken into smaller ones. For the most fixed

bodies, even gold itself, some have said will become volatile,

only by breaking their parts smaller. Thus may the volatility
and fixedness of bodies depend on the different sizes of their

parts. And on the same difference of size may depend the

more or less permanency of aerial substances, in their state of

rarefaction. To understand this, let us suppose A B C D to

be a large piece of any metal, E F G H the limit of the inte-

rior uniform aether, and K a part j?itr. 5.
of the metal at the superficies AB.
If this part of particle K be so

little that it reaches not to the

limit EF, it is plain that the aether

at its centre must be less rare than

if the particle were greater; for

were it greater, its centre would be
further from the superficies AB,
that is, in a place where the

aether (by supposition) is rarer; the less the particle K there-

fore, the denser the aether at its centre ; because its centre
comes nearer to the edge AB, where the aether is denser than
within the limit E F G H. And if the particle were divided
from the body, and removed to a distance from it, where the
aether is still denser, the aether within it must proportionally
grow denser. If you consider this, you may apprehend how,
by diminishing the particle, the rarity of the aether within it

will be diminished, till between the density of the aether with-

out, and the density of the aether within it, there be little dif-

ference; that is, till the cause be almost taken away, which
should keep this and other such particles at a distance from
one another. For that cause explained in the fourth and fifth

suppositions, was the excess of density of the external aether

above that of the internal. This may be the reason then

why the small particles of vapours easily come together, and

;' a
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are reduced back into water, unless the heat, which keeps
them, in agitation, be so great as to dissipate them as fast as

they come together; but the grosser particles of exhalations

raised by fermentation keep their aerial form more obstinately,
because the aether within is rarer.

Nor does the size only, but the density of the particles also,

conduce to the permanency of aerial substances
;
for the ex-

cess of density of the aether without such particles above that

of the aether within them is still greater ;
which has made me

sometimes think that the true permanent air may be of a me-
tallic original ; the particles of no substances being more
dense than those of metals. This, I think, is also favoured

by experience, for I remember I once read in the Philoso-

phical Transactions, how M. Huygens at Paris, found that

the air made by dissolving salt of tartar would in two or three

days' time condense and fall down again, but the air made by

dissolving a metal continued without condensing or relenting
in the least. If you consider then, how by the continual fer-

mentations made in the bowels of the earth there are aerial

substances raised out of all kinds of bodies, all which together
make the atmosphere, and that of all these the metallic are

the most permanent, you will not perhaps think it absurd,
that the most permanent part of the atmosphere, which is the

true air, should be constituted of these, especially since they
are the heaviest of all others, and so must subside to the lower

parts of the atmosphere and float upon the surface of the

earth, and buoy up the lighter exhalations and vapours to

float in greatest plenty above them. Thus, I say, it ought to

be with the metallic exhalations raised in the bowels of the

earth by the action of acid menstruums, and thus it is with

the true permanent air
; for this, as in reason it ought to be

esteemed the most ponderous part of the atmosphere, because
the lowest, so it betrays its ponderosity by making vapours
ascend readily in it, by sustaining mists and clouds of snow,
and by buoying up gross and ponderous smoke. The air also

is the most gross unactive part of the atmosphere, affording

living things no nourishment, if deprived of the more tender

exhalations and spirits that float in it; and what more unac-

tive and remote from nourishment than metallic bodies?

I shall set down one conjecture more, which came into my
mind now as I was writing this letter ;

it is about the cause

of gravity. For this end I will* suppose aether to consist of

parts differing from one another in subtilty by indefinite de-

grees; that in the pores of bodies there is less of the grosser
aether, in proportion to the finer, than in open spaces ;

and

consequently, that in the great body of the earth there is much
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less of the grosser aether, in proportion of the finer, than in

the regions of the air ; and that yet the grosser aether in the

air affects the upper regions of the earth, and the finer aether

in the earth the lower regions of the air, in such a manner,
that from the top of the air to the surface of the earth, and

again from the surface of the earth to the centre thereof, the

aether is insensibly finer and finer. Imagine now any body
suspended in the air, or lying on the earth, and the aether

being by the hypothesis grosser in the pores, which are in the

upper parts of the body, than in those which are in its lower

parts, and that grosser aether being less apt to be lodged in

those pores than the finer aether below, it will endeavour to

get out and give way to the finer aether below, which cannot

be, without the bodies descending to make room above for it

to go out into.

From this supposed gradual subtilty of the parts of aether

some things above might be further illustrated and made
more intelligible; but by what has been said, you will easily
discern whether in these conjectures there be any degree of

probability, which is all I aim at. For my own part, I have
so little fancy to things of this nature, that had not your en-

couragement moved me to it, I should never, I think, have
thus far set pen to paper about them. What is amiss, there-

fore, I hope you will the more easily pardon in

Your most humble servant and honourer,

Cambridge, Feb. 28, 1678-9. ISAAC Newton.

XXXVI. A New Analytical Demonstration of the "Paral-

lelogram of Forces" By Thomas Weddle, Esq., New-

castle-on-Tyne*'•

HPHE following investigation of this fundamental proposi-
tion, whatever may be its defects, has at least one ad-

vantage—the most general case is discussed at once. In all

the analytical proofs that I have seen, a particular case only
is established analytically ; thus Laplace (Mecanique Celeste)

and Pontecoulant (Systeme du Monde) consider the forces to

act at right angles; and Poisson {Mecanique) first finds the

resultant of two equal forces, and afterwards thence deduces,

by geometrical considerations, that of any two forces. I have
here attempted to conduct the whole investigation analytically,
and to do so without first establishing a particular case.

I shall assume that the resultant of two equal forces bisects

* Communicated by the Author.
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the angle contained by their directions, and is never greater
than their sum.

Let the forces P, Q, II, acting upon the point O in the

directions OP, OQ, OR, be in equi-

librium, so that R, acting in the oppo-
site direction R O, is the resultant of

P and Q. Denote the angles QOR,
R OP, and P O Q by «, /3, and v.

Make < ROQ'= <ROQ = «, and

<ROP' = <ROP = /3; and to the

point O apply in the direction O P',

a force P' = P ; in O Q', a force

Q'=Q; and in OR, a force R'=R;
hence the forces P', Q', R' are lespectively equal to P, Q, R,
and the angles contained by the directions of the former forces

are equal to those contained by the directions of the latter
;

now P, Q, R are in equilibrium, hence P', Q', R' are also in

equilibrium; wherefore the forces P, P', Q, Q', and R + R',

whose directions are O P, O P', O Q, O Q', and O R, must
balance each other, and consequently the resultant of the first

four forces must be equal and opposite to 11+ R'.

Moreover, since <ROP = <ROP' = |3, RO (produced,
if necessary) will bisect the angle POP'; hence the resultant

R
x
of the equal forces P and P' will act in R O, and R

x
will

be a function of P and (3 ; now, since the numerical values of

Rj and P vary with the unit of force, and that of
/3

is inde-

pendent of it, the ratio y> must be independent of this unit,

and consequently a function of
/3 only; denote this function

by 2 <p /3,
.-. R

t
= 2 P . 4> |3.

Now Rj cannot, for any value of .3, exceed P + P' or 2 P,

wherefore if \J/ (3
= cos-1 <p /3, the value of ^ /3

will always be

real, and we may therefore assume

Ri = 2P.cosvI//3.

Hence also, if R2 be the resultant of the equal forces Q and

Q', we must have

R2
= 2 Q . cos rj/ a.

Moreover, since Ri and R2 act in the same straight line,

R, + R2 is the resultant of P, P', Q, Q' ; and consequently

R, + R
2 =R+R' = 2R,

.-. R = Pcos\{//3 + Qcos\J/« (1.)

Similarly, Q = Pcos\J/y + RcosrJ/a, . . . . (2.)

and P= Qcos^y + Rcos\I//3, . . . . (3.)
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«, /3 and y being connected by the equation

a + |S+y = 2jr
(4.)

Eliminating P and Q from (1.2. 3.)» R will disappear at

the same time, and there results,

1 — cos2 \J/ a — cos2 \p /3
— cos2 \J/ y ~\

— 2 cos\J/a . cos\{//3 . cos\[/y = 0. J
"

*

Solve this equation for cos\J/y,

.*. cos^J/y = — cos\J/a . cos\J//3 + \/(l
— cos2 \[/ a) (1

— cos2
v|//3)

= — cos \J/ a . cos \p /3 + sin \p a . sin v[/ /3

= —cos
{\J/a

+ 4/)3} ;

.*. (2 w+ 1 ) t +^y = ^«±^/3,
or 4/a + rJ//3 ± 4/y = (2m + 1)tt, . . . . (6.)

?« (as well as n, p, q and r employed below) being a positive
2

or negative whole number. Again, when a =
/3
= y = — 7r,

3

we have

(1. 2. 3.), cos\{/
(-|

it

J
= -1 = cos

(2
11 ±

-jj
7T,

•••*(40
=

(
2w± i)* < 7 '>

Now the left-hand member of (6.) may be written four dif-

ferent ways: \J/a + \|//3 + ^y, ^a + ^/3— \(/y, 4>a— \J//3-t-\|/y,

or \|/a
—

vf/ /3
—

4>y; but when \{/a=:\{//3:=\py = 4/(
—

7r),

the last three give

4/ f—
ttJ

= (2»i+l)w, or — (2»i 4- t)»,

which is inconsistent with (7.) ; hence we must have

<J/a + ^/3 +4/y = (2w+ 1)tt. .... (8.)

Differentiate (8.) first with respect to a, and then with re-

spect to /3, observing that (4.) -^-
= -=% = —

1,

..^'« = 4/'/3
=

4;'y, (9.)

where, as usual, \J/ ex. = -j- . <p a. Now two of the quantities

a, |3, y being arbitrary (4.), it is evident that (9.) cannot be sa-

tisfied but by \J/ a = constant = c; hence integrating

4>u = c<x + c
x (10.)

To determine the constants c, cv we observe that when
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a. = and 8 = y m k, the forces all act in the same straight
line, P in one direction and Q and R in the opposite ; hence
P = Q + R: and we derive from (1. 2. 3.),

cos \J/
= — 1 == cos (2p + 1 ) 7r and cos \j/ k = 1 = cos 2 q 7r,

,\ vj/
= (2^? + 1 )

7r and vf/ w = 2
<?

7r
;

hence (10.) gives

c
x
=

(

c

2p + 1) w9 and c n + Cj
= 2 # 7r, or c = 2

(</
— p — 1)

+ 1 = 2 r + 1 (suppose),

.*. (10.) becomes \J/a = (2r + 1) a + (27? + 1)tt,

and

cos\{/a = cos {(2r+l)a + (2/>+l)*} = — cos(2r + I) a. (11.)

Moreover, if

« ss -, and 8 = y — it — .
— .

2r+1 » ^ /
2/- + 1 2'

we shall have (11.),

cos\J/« = 1 and cos\{//3 ==
cosv[/y

= 0,

.-. (1.2. 3.) Q= R and P = 0;

7T

hence the equal forces Q, R acting at an angle -, ba-
j o o 2 r + 1

lance each other; but this is impossible, unless r = 0, when

they act in the same straight line in opposite directions. Make
therefore r = in (11.), and we have finally,

cos4'a=— cos a (12.)

The equations (1, 2, 3.) therefore become,

R = — Pcos/3 — Qcosa (13.)

Q = — Pcosy — Rcos« (14.)

P = — Qcosy- Rcos/3 (15.)

Multiply these equations by R, Q and P respectively, and
we readily get

R2 = P* + Q2 + 2PQcos 7 . . . . (16.)

Eliminate P, and then Q, from any two of the equations

(13. 14-. 15.), and reduce by means of (4.),

.,X="« =-«-.. .... (,7.)
sin a sin 8 sin y

After having (by any means) obtained the form of 4>a

(= cosvj/a), the formula (17.) may be found in the following
manner:—

Produce RO to R', draw G OH perpendicular to RO R',
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and make <R'OP=<ROP, and

<R'OQ'=<ROQ. In the direc-

tions O P', O Q' and O R', apply the

forces P', Q' and R' equal to P, Q
and R respectively ;

these six forces

will, as before, be in equilibrium, and
R and R' being equal and opposite

may be removed; and hence P, P', Q
and Q' will balance each other. Now
since

<POH = <P'OH = y-ft
3*
2

*\
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bined action of bromine and hyponitric acid water will be

decomposed, and the hydrobromic and nitric acids formed.

Such however seems to be the case, as will be seen from the

following statements.

1. If the fumes of hyponitric acid are made to pass into an

aqueous solution of bromine, the brown yellow colour of that

fluid will be soon discharged, and its odour of bromine as

well as its bleaching power destroyed. The same solution

on being mixed either with chlorine or peroxide of lead re-

assumes its former colour, bromine being eliminated under

those circumstances. It is hardly necessary to add, that an

aqueous solution of bromine is also discoloured by nitric acid

holding some hyponitric acid dissolved. Having added to

aqueous bromine a sufficient quantity of hyponitric acid,

the liquid obtained contains no trace either of bromine or

hyponitric acid, and is in every respect like a mixture of

dilute nitric and hydrobromic acids. From the facts stated,

it appears that at the common temperature bromine and

hyponitric acid on their being put in contact with water are

"transformed into hydrobromic and nitric acids, and accord-

ing to the theory of the day, we must account for that reaction

by admitting that water is decomposed under the circum-

stances mentioned.

2. A yellow aqueous solution of chlorine treated with hypo-
nitric acid in the way indicated under § 1, loses its colour,

odour and bleaching power, and has exactly the same pro-

perties enjoyed by a mixture of dilute hydrochloric and nitric

acids. Hence it follows that hyponitric acid acts upon aque-
ous chlorine in the same way as it does upon an aqueous
solution of bromine.

3. If into a bottle, having previously been charged with

hydrochloric acid gas, some strong and pure nitric acid is

introduced, the latter will, even at a temperature of 15° R.

below zero, be rapidly decomposed, chlorine and hyponitric
acid being eliminated and water formed. Adding to that mix-

ture a sufficient quantity of water, both chlorine and hypo-
nitric acid will entirely disappear, i. e. hydrochloric and nitric

acids be reformed.

From the facts above stated, it follows,
—

a. That concentrated nitric and hydrochloric acids decom-

pose each other into hyponitric acid, chlorine and water, even

at very low temperatures.
b. That a sufficient quantity of water being present, chlo-

rine or bromine, conjointly with hyponitric acid, decompose
water (according to the theory of the day), forming nitric and

hydrochloric or hydrobromic acid.
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c. That nitric and hydrochloric or hydrobromic acid being
dissolved in a sufficient quantity of water, can at the common

temperature coexist without decomposing each other.

XXXVIII. Notices respecting New Boohs.

Elements of Physics. By C. F. Peschel, Principal of the Royal

Military Academy at Dresden. Translated from the German, with

notes, by E. West. 3 vols, foolscap octavo.

THIS
is a work of great merit. It contains a condensed account

of almost every branch of the extensive subject on which it

treats, with the most approved formula?, conveniently arranged, for

computing in every department, and it is copiously illustrated with

woodcuts.

The first volume treats of the properties of ponderable bodies,—
mass, density, attraction, motion, mechanical and chemical action, &c. ;

the construction of machines, the laws of force, the theory of undu-

lation, and a multitude of other subjects connected with matter

having sensible weight, and all discussed with an ability which leaves

little to be desired in a work which, though essentially scientific, is

yet decidedly popular.
We should have been glad to see from the author, or the trans-

lator, a chapter on the measurement of heights from the temperature
of boiling water, a subject which we think has not received the at-

tention which it is entitled to.

The second and third volumes, that of imponderable bodies—light,

heat, electricity, magnetism, &c. ; and here again we trace the hand
of a master, who has placed before his readers, in the most lucid

order, those branches of science in their modern improved state.

The work is a little encyclopaedia of physical science, and we

heartily recommend it as a work by which the public will benefit.

XXXIX. Proceedings of Learned Societies.

ROYAL ASTRONOMICAL SOCIETY.

[Continued from p. 144.]

Ancient Eclipses of the Sun, computed by M. Rumker.

May 8, 1%/T HEISS, of Cologne, has calculated the particulars

184G. i.\X» of two eclipses during the Peloponnesian war
which are mentioned in history, viz. one on August 3, 431 a.c, and

another on March 21, 424 a.c.

M. Rumker has given the particulars of four more, in the hope
that they may have been noticed by some ancient writer :

—
A.C. Beginning.

li m s

418 June 11. 11 43 4 a.m.

416 Oct. 14. 4 33 a.m.

411 Jan. 27. 10 7 2 a.m.

409 June 1. 1 49 5 p.m.
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Eclipses of the sun visible at Athens, occurred Nov. 4, 426 a.c.

and Oct. 25, 417 a.c.

The lunar eclipses visible at Athens during the war are,

A.C. A.C. A.C.

428 June 17 421 Feb. 2 413 Aug. 27

425 April 15 421 July 28 407 Oct. 21

425 Oct. 9 418 Nov. 21 406 April 15

On the Diminution of Brightness in |S Ursa Minoris.

Extract of a letter from Sir J. F. W. Herschel to the Presi-

dent :
—

Allow me to call your attention to the remarkable diminution

which has taken place in the apparent brightness of /3 UrsBe Mino-

ris since 1840 and 1841. In the course of a series of observations

which I earned on in those years, on the comparative brightness of

the stars, the star in question was always ranked above Polaris, and

far above /3 Ursse Majoris and a Coronse. To the last-named star it

is still superior, and perhaps a little (but very little) to the former ;

but with Polaris it will bear no comparison. That the change is in

/3, and not in Polaris, is evident. The latter retains its rank ; it re-

mains (as I have always observed it) much inferior to a, f, and

ij
Ursa? Majoris ; but when compared with £, there is some doubt.

I incline to place it a little higher in the scale than that star ;
and I

find on consulting my lists, that on the 30th April, 1840, it was

judged then also superior to £, but that on the next night this order

was reversed ; proving that then, as now, a difficulty existed in de-

ciding the relative claims of the two stars to superiority.

/3 Ursae Minoris must therefore clearly claim a place among the

slowly variable stars, a class of especial interest ; and I hope this

notice may suffice to induce some of our astronomical fraternity to

keep an eye on its future progress.
On the Double Stars, #Cygni, yLeonis, &c. By J. R. Hind,

Esq.
In 1783 Sir W. Herschel estimated the distance of the stars of

SCygni to be nearly 2" #5
;

in 1802 and 1804 he could not see the

companion at all. It was rediscovered in 1826 by M. Struve, who
found the distance to be nearly 2", whence he conjectured the pe-
riodic time was about 40 years. This guess was, however, contra-

dicted by subsequent observations ; and M. Struve now accounts for

the anomalous disappearance by supposing the light of the smaller

star to be variable. Mr*. Hind has computed two orbits which sa-

tisfy the observations pretty well, and which nearly agree, except in

the node and inclination. The method of calculation is that de-

scribed by Sir J. F. W. Herschel in the Memoirs of the Astronomi-

cal Society, vol. v. p. 171, &c. Though these elements are only

approximate, yet they give a general idea of the form of the orbit.

The periodic time is about 180 years.

By the same mode of calculation, Mr. Hind has obtained a first

approximation to the orbit of y Leonis, with a periodic time of nearly
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300 years. As the angle of position has only altered 24° in 63 years,
the result is rather uncertain.

Mr. Hind points out several double stars which are promising
subjects for investigation; £Scorpii, 12Lyncis, £ Aquarii, 36 An-
dromeda?, 85 Persei, ij Tauri, w 1 Cancri, <r

2 Ursse Majoris, 157 Lyncis,
49 Serpentis, oDraconis, and 2 460, 520, 1126, 1457, 1757, 1819,
2107, 2120, 2438. He conceives that £ Scorpii probably revolves in

a very elongated ellipse.

Suggestions for Improving the Manufacture of Optical Glass. By
James Nasmyth, Esq.

Mr. Nasmyth, after remarking, for our encouragement, that the

problem is possible, since large discs of homogeneous glass are made
elsewhere, expresses his conviction that the proper materials in suf-

ficient purity are at our command, and that the difficulty is in the
mode of effecting perfect combination and vitrification.

He proposes to carry the heat of the furnace to the highest prac-
ticable degree, thus ensuring perfect fusion and fluidity, and then, by
maintaining the heat for a considerable time, to give the particles
time to arrange themselves in their order of density. He would then
lower the heat so gradually as to avoid disturbing their arrangement,
but not so slowly as to endanger its vitreous quality. The melting-
pots should be cylindrical in form, and as deep as prudence will

permit. The mass, when cool, is to be sawn across in parallel slices.

In this way Mr. Nasmyth conceives that discs nearly homogeneous
would be procured, and at any rate that the density would be uniform

through each horizontal section, which perhaps would be sufficient

for optical purposes. If there be any tendency to unite in definite

proportions, it is clear that the circumstances described would fa-

vour the combination.

Without venturing to give a positive opinion on such a subject,
the method seems founded on rational principles. It is high time
some vigorous attempt should be made to manufacture optical glass
in this country. The foreign supply is scanty, and often of indiffer-

ent quality. At Munich, finished object-glasses, only, are furnished ;

the price is high, and the telescopes not always of corresponding
quality. It is nearly a century since Dollond discovered the prin-

ciple of achromatism, and constructed his admirable telescopes ; and
it may be doubted whether the manufacture of optical glass has since

advanced one step in this country. The great bar to improvement,
the vexatious excise laws, is removed ; and the first person who can
restore this country to her original pre-eminence in optical glass-

making, will not merely derive a large pecuniary recompense, but be
entitled to the gratitude of every lover of astronomical science.

At the close of the meeting Mr. Sheepshanks gave a short account
of the origin and construction of instruments on the repeating prin-

ciple, expressing an opinion that, though the improved construction
and division of astronomical and geodesical instruments had in later

years taken away much of the original value of this invention, yet
that, under some circumstances, a repeating stand for a theodolite

or an astronomical circle repeating in altitude might be useful.
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When the causes of error in measuring an angle, terrestrial or ce-

lestial, are separately considered, the sum of the errors of division

and of reading off will in some cases be much larger than the error

of bisecting the object or of reading off the level. Whenever this is

so, then, supposing no fresh error to be introduced, the repeating

principle may be advantageously applied, since the errors of division

and reading off are divided by the whole number of observations,

and not by the square root of the number, as is the case in non-re-

peaters.
The defect most to be feared in repeating instruments is the slip-

ping of a part which should be fixed while another part is moved.
This may probably be avoided in the repeating stand for a theodolite,

by making the lower motion exceedingly heavy while the upper mo-
tion is exquisitely light, and by affixing the clamp of the stand at as

large a distance as may be from the centre of motion. By measu-

ring the angle twice over, first moving the theodolite and stand the

same way, and again moving them the contrary way, any error from

slipping will be detected. The coincidence of results by the two
methods will be a satisfactory test of their truth.

When the repetition is in altitude, the level, if attached to the

circle, is a sufficient protection against slipping. It is, perhaps,

owing to the mistake of fixing the level to the vertical axis, and po-

lishing the limb so highly that the clamp could not bite hard, that

the repeating circle lost much of its reputation.
In Borda's circle, the clamp for moving the vertical circle is in-

conveniently placed ; two observers are required (unless the support
of the instrument is immoveable), and the telescope, in the original

construction,
1^ very loosely held. The last fault is easily amended,

and by sacrificing the motion round the upper axis (which is utterly
useless in an astronomical instrument), a convenient situation may
be given to the circle clamp. Mr. Sheepshanks exhibited a form of

the instrument which can be used single-handed. The line of sight
of the telescope is turned by a prism down the tube which forms the

axis of the vertical circle ; thus the observer, without changing his

position, can read off the level immediately after the bisection of the

star ; but the instrument has not as yet been tested experimentally. u

To measure the effect of flexure in the telescope, which seems to

be the only fixed source of error in this class of instruments, Mr.

Sheepshanks proposes either to measure the angle of 180° between

two collimating telescopes, after Bessel's method, or to observe the

circum-meridian altitudes of the same star in three fashions : first

in the ordinary manner, in which the flexure tells one way ; secondly,

observing the star in mercury, where the nadir distances will be

affected by flexure to the same amount but the contrary way from

the zenith distances ; and thirdly, by stepping from the star seen

directly to the star seen by reflexion, which is not affected by flex-

ure at all. A careful set of observations would probably give the

constant of flexure with great nicety.
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June 23, 1846.—Professor Owen read a Memoir (Part II.) on the

Dinornis, descriptive of parts of the skeleton transmitted from New
Zealand since the reading of Part I. (Annals, vol. xiv. p. 59.)
The bones referable to species defined in that communication

were first described. Among these were the cranial portion of the

skull of Dinornis struthoides and a corresponding portion of the skull

of Dinornis dromioides, which in general form more resembled that

part of the skull of the Dodo than of any existing bird ; but they are

remarkable for the great breadth of a low occipital region, which

slopes from below upwards and forwards ; the almost flat parietal

region is continued directly forwards into the broad sloping frontal

region ;
the temporal fossae are remarkably wide and deep ; the orbits

small ; the olfactory chamber expanded posteriorly, but not to so

great an extent as in the Apteryx ; the plane of the foramen mag-
num is vertical. Many other characteristics in the cranial organi-
zation of the genus Dinornis were described, and the specific distinc-

tion of the two mutilated crania pointed out.

The tympanic bone of the Dinornis giganteus was described in

detail and compared with the same bone in existing birds.

Different cervical and dorsal vertebra;, referable to the species
Din. giganteus, ingens, struthoides and crassus, were described. These

vertebra? were remarkably entire, and with some of the best-preserved
bones of the extremities, described in a subsequent part of the Me-
moir, had been obtained from a turbary formation on the coast of the

Middle Island, near Waikawaite.

One of the most interesting of the novel acquisitions from this

locality was an almost entire sternum, referred by §rof. Owen to the

Din. giganteus. It is a subquadrate, keel-less, shield-shaped bone,

broader than long, with the posterior angles and the xiphoid process

prolonged, as in the Apteryx, but without the anterior emargination.
The coracoid depressions very small. This bone was minutely de-

scribed and compared with the keel-less sternums of the existing
Struthious birds ; that of the Apteryx being demonstrated to be most
like the sternum of Dinornis.

The following bones of the extremities, imperfectly or not at all

known in 1843, were next described :—
The entire femur of Dinornis giganteus. Entire tibiae and tarso-

metatarsi of Din. giganteus, indicating a robust variety of this stupen-
dous bird to have existed in the Middle Island.

The tarso-metatarsus of Dinornis ingens from the North Island,

distinguished by a rough depression indicative of a fourth or back-

toe, and consequently a genus (Palapteryx) distinct from Dinornis.

Femora, tibiae and tarso-metatarsi of a Dinornis of the height of

the Din. ingens, but of more robust proportions, from the Middle
Island ; with a feeble indication of a surface for a back-toe.

The tibia? and tarso-metatarsi of Dinornis (Palapteryx) dromioides

from the North Island, confirming by their long and slender propor-
tions the conjecture hazarded in the author's former memoir (Zool.

Phil. Mag. S. 3. Vol. 29. No. 193. Sept. 1846. R
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Trans, vol. iii. pp. 252, 264). The tarso-metatarsus also shows the

rough elliptical surface for the attachment of the hack-toe, indicating
the Din. dromioides to belong to the same generic or subgeneric sec-

tion as Din. ingens from the North Island.

Femora, tibia and tarso-metatarsi, from the Middle Island, were
next exhibited and described, which establish a new species, for

which Prof. Owen proposed the name of Din. casuarinus : a small

and feeble depression, five lines by three lines, indicates that this

species had a back-toe in the corresponding position with that in the

Apteryx, but more rudimental.

A very remarkable femur and tarso-metatarsal bone, also from

the Middle Island, were exhibited, belonging to an additional tri-

dactyle species, to which the name of Dinornis crassus was given.
Of this species the author remarks :

" With a stature nearly equal to

that of the Ostrich, the femur and tarso-metatarsus present double

the thickness in proportion to their length. It must have been the

strongest and most robust of birds, and the best representative of

the pachydermal type in the feathered class."

The third new species is comparatively a small one, being inter-

mediate in size between the Dinornis didiformis and the Din. otidi-

formis ; it was founded on remains exclusively from the North Island,

and was called by the author Dinornis curtus.

The paper (which was illustrated by numerous figures) concluded

by some general comparisons and remarks on the geographical
distribution of the different species of Dinornis.

July 14, 184G. —Prof. Owen communicated, as an 'Appendix to

his Memoir on the Dinornis,' some observations on the skull and on

the osteology of the foot of the Dodo (Didus ineptus).
After a brief summary of the history of this remarkable extinct

brevipennate Bird, in which the reduced highly finished figure by
Savery, in his famous painting of '

Orpheus charming the Beasts,'

now in the collection at the Hague, was particularly noticed ; and

the recent discovery of the skull of the Dodo amongst some old spe-
cimens in the Museum of Natural History at Copenhagen was men-

tioned, he proceeded to demonstrate the peculiarities of the Dodo's

skull, by a comparison of the cast of the head of the bird in the Ash-

molean Museum at Oxford with those of other recent and extinct

species of Birds.

The Dodo's skull differs from that of any species of Vulturidce, or

any Raptorial Bird, in the greater elevation of the frontal bones above

the cerebral hemispheres, and in the sudden sinking of the inter-

orbital and nasal region of the forehead ; in the rapid compression
of the beak anterior to the orbits

;
in the elongation of the compressed

mandibles, and in the depth and direction of the sloping symphysis
of the lower jaw. The eyes of the Dodo are very small compared
with those of the Vulturidce or other Raptores. The nostrils, it is

true, pierce the cere, but are more advanced in position ; this how-
ever seems essentially to depend upon the excessive elongation of

the basal part of the upper mandible before the commencement of the

uncinated extremity ; the nostrils are pierced near the commence-
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ment of this uncinated part as in the Vulturida, hut are nearer the

lower border of the mandible in the Dodo.
The resemblance between the skull of the Dodo and that of the

Albatros is chiefly in the compression and prolongation of the curved

mandibles : there are no traces in the Dodo of the hexagonal space
on the upper surface of the cranium of the Albatros, so well defined

there by the two supra- occipital ridges behind, the two temporal ridges
at the sides, and the two converging posterior boundaries of the supra-
orbital glandular fossae in front. There is no sudden depression of

the frontal region in the skull of the Albatros ; the nostrils are near
the upper surface of the basal third of the beak in the Albatros ; and
the Dodo's cranium is thrice as broad in proportion to the breadth
of the mid-part of the mandible as in that of the Albatros.

More satisfactory evidence of the affinities of the Dodo was ob-
tained from a comparison of the bones of the foot, which have recently
been very skilfully and judiciously exposed by the able Curator of

the Ashmolean Museum.
The tarso-metatarsal bone most resembles in its thickness and

general proportions that of the Eagles, especially the great Sea-

Eagles (Haliaetus) ; it is much stronger than the tarso-metatarsus of

any of the Vulturida, or than that of the Cock, the Crax, or any of

the Gallince or existing Struthionidee; the stronger-footed species of

Dinornis most resemble it in the general proportions of the tarso-

metatarsus, but greatly differ in the particular configuration of the

bone, and in the absence, or feebler indication, as in the subgenus
Palapteryx, of the articulation for the metatarsal bone of the back-
toe. The relative size of this bone is greater in the Dodo than in

any other known bird. The Eagles make the nearest approach to

it in this respect ; as also in the shape of the hinder supplemental
metatarsal, the breadth of its distal end, and its peculiar twist back-
wards and outwards, so as to form a bridge or pulley against which
the flexor tendon of the hind-toe plays. This half-twist of the rudi-

mental hind-metatarsus is feebly repeated in the Gallirue, but the
bone is much less expanded at its lower articular end, especially in

the Crax ; whilst the more typical Gallince are further distinguished
from the Dodo by their spur.
The Apteryx is the sole existing Struthious bird which possesses

the hind-toe ; but it is very much smaller than in the Dodo, and the

supporting metatarsal bone is devoid of the distal twist and expanded
trochlea. The upper end of the tarso-metatarsus of the Dodo is re-

markable for the great development of its calcaneal process, from
which a strong ridge descends, gradually subsiding, half-way down
the bone. The posterior surface of the calcaneal process is broad, tri-

angular, vertically grooved and perforated at its base. In the Eagle the

corresponding calcaneal process is a compressed, subquadrate ridge,
whose base of attachment is not much longer than the obtuse end,
and this is neither grooved nor perforated. In the Cathartes Cali-

fornianus the calcaneal process is thicker than in the Eagle, shaped
more like that of the Dodo, with a ridge descending upon the meta-
tarsus, but it has a double groove behind.

R2
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In the Common Cock the calcaneal process more resembles that

in the Dodo than the Vulture's does, but it is not so broad.

With regard to the first or proximal phalanx of the hind-toe, that

of the Haliaetus is larger and broader, especially at its base, stronger
in proportion to its length, but longer in proportion to the sustaining
metatarsus.

In the Vultures the proximal phalanx is not only longer in pro-

portion to the metatarsus, but is more slender than in the Dodo.

The same bone is also longer and more slender in proportion to the

small supporting metatarsal bone in the Cock, the Crax, and all other

Gallince ; in fact, the Dodo is peculiar among Birds for the equality
of length of the metatarsus and proximal phalanx of the hind-toe.

With regard to the three trochlear extremities of the principal
coalesced metatarsals, the middle one in all Gallince is longer in pro-

portion than in the Dodo, in which the inner one is nearly as long
as the middle one, the outer one being the shortest. In the Eagle
the inner division is of quite equal length with, or is longer than the

middle trochlea ; the proportions of the three trochlese in the Vul-

tures corresponding best with those in the Dodo. Another character

by which the Dodo resembles the Vulture more than the Eagle is

manifested by the proportions of the proximal phalanx of the second

toe (innermost of the three anterior ones) ; this is very short, and

is often anchylosed to the second phalanx in the Eagles : it is almost

as long in the Vultures as in the Dodo.

Upon the whole, then, the Raptorial character prevails most in

the structure of the foot, as in the general form of the beak, of the

Dodo, compared with Birds generally ; and the present limited amount
of our anatomical knowledge of the extinct terrestrial Bird of the

Mauritius would lead to support the conclusion that it is an extremely
modified form of the Raptorial Order.

Devoid of the power of flight, it could have had small chance of

obtaining food by preying upon the members of its own class ; and if

it did not exclusively subsist on dead and decaying organized matter,

it most probably restricted its attacks to the class of Reptiles, and to

the littoral fishes, Crustacea, &c.

The author concluded by recommending search to be made for

bones of the Dodo in the superficial deposits, the alluvium of rivers,

and the caves in the islands of Mauritius and Rodriguez ; little

doubting that an active exploration would be as richly rewarded as

similar investigations have been in the islands of .New Zealand, by
the recovery of the remains of the great extinct species of terrestrial

birds which formerly inhabited them.

ROYAL IRISH ACADEMY.
At the Annual Meeting on the 1 6th of March last, the following

Address was delivered from the Chair by Sir William Rowan Ha-

milton, L.L.D. &c. &c.

"My Lords and Gentlemen of the Royal Irish Academy,—
Although it is, I believe, well known to most, perhaps to all, of you,
that it has been for a considerable time my wish and intention to
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retire this evening from the Chair to which, in 1837, your kindness

called me, on the still lamented event of the death of my distin-

guished predecessor, the late admirable Dr. Lloyd, and in which

your continuing confidence has since replaced me on eight successive

occasions, yet a few parting words from me may be allowed, perhaps

expected ; and I should wish to offer them, were it only to guard
against the possibility of any one's supposing that I look upon my
thus retiring from your Chair as a step unimportant to myself, or as

one which might be taken by me with indifference, or without de-

liberation. It was under no hasty impulse that I resolved to retire

from the office of your President into the ranks of your private
members, nor was it lightly that I determined to lay down the

highest honour of my life.
" My reasons have been stated in an Address delivered in another

place, at a meeting of some members of your body. They are,

briefly, these : that after the expiration of several years, I have found
the duties of the office press too heavily upon my energies, indeed,
of late, upon my health, when combined with other duties ; and that

I have felt the anxieties of a concentrated responsibility
—exagge-

rated, perhaps, by an ardent or excitable temperaments—tend more
to distract my thoughts from the calm pursuits of study, than I can

judge to be desirable or right in itself, or consistent with the full re-

deeming of those pledges which I may be considered to have long
since given, as an early Contributor to your Transactions.

" When I look back on the aspirations with which first I entered

on that office from which I am now about to retire, it humbles me
to reflect how far short I have come of realizing my own ideal ; but
it cheers me to remember how greatly beyond what I could then
have ventured to anticipate, the Academy itself has flourished. Of
this result I may speak with little fear, because little is attributable

to myself. Gladly do I acknowledge that it has been my good for-

tune, rather than my merit, to have presided over your body during a

period in which, through the exertions of others much more than

through my own (though mine, too, have not been withheld), the

Academy is generally felt to have prospered in all its departments.
The original papers which have been read ; the volumes of Trans-
actions which have been published ; the closer communication which
has been established with kindred societies of our own and of foreign
countries ; the enhanced value of our Library and Museum, which
have been, at least, as much enriched in the quality as in the quantity
of their contents ; the improved state (as it is represented to me) of

our finances, combined with an increased strength of our claims on

public and parliamentary support; the heightened interest of members
and visiters in our meetings, which have been honoured on four

occasions, during my presidency, by the presence of representatives
of Royalty : even the convenience and appropriate adornment of the

rooms in which we assemble ;
—all these are things, and others might

be named, in which, however small may have been the share of him
who now addresses you, the progress of the Academy has not been

small, and of which the recollection tends to console one who may,
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at least, be allowed to call himself an attached member of the body,
under the sense, very deeply felt by him, of his own personal and
official deficiencies.

" Whoever may be the member elected by your suffrages, this

evening, to occupy that important and honourable post which I am
now about to resign, it will, of course, become my duty to give to

that future President my faithful and cordial support, by any means
within the compass of my humble power. But if it be true, as I

collect it to be, that your unanimous choice will fall upon the very
member whom, out of all others, I should have myself selected, if it

could have been mine to make the selection—with whom I have

been long connected by the closest ties of College friendship,

strengthened by the earnest sympathy which we have felt in our

aspirations for the welfare of this Academy, which has already bene-

fited by his exertions in many and important ways—then will that

course, which would have been in any event my duty, be in an
eminent degree my pleasure also.

" And now, my Lords and Gentlemen, understanding that an old

and respected member is prepared to propose for your votes, as my
successor, the friend to whom I have ventured to allude—very in-

adequately, as regards my opinion of his merits, yet, perhaps, more

pointedly than his modesty will entirely forgive or approve of,—I

shall detain you no longer from that stage of the proceedings of the

evening which must be the most interesting to all of us, but shall

conclude these words of farewell from this Chair, by expressing a

hope that my future exertions, though in a less conspicuous position,
shall manifest, at least in some degree, that grateful and affectionate

sense which I muet ever retain of the constant confidence and favour

which you have, at all times, shown towards me."
After which it was Resolved,—That the thanks of the Academy be

given to Sir William R. Hamilton, and that the Academy desire to

express their entire sense of the value of his services as President,

of his high and impartial bearing in the Chair, and of his untiring
efforts to advance the interests of the body; and they also wish to

record their satisfaction that he has determined to remain in the

Council of the Academy.
The following officers were then elected :

—The Rev. Prof. Lloyd,
President, in the place of Sir William Hamilton ; Dr. Todd, Secre-

tary ; the Rev. Charles Graves, Secretary of Council ; and the Rev.

Mr. Butcher, Secretary of Foreign Correspondence ; in the rooms

respectively of Dr. MacCullagh, and Sir Robert Kane, resigned, and
of the Rev. Dr. Lloyd, who was elected President.

XL. Intelligence and Miscellaneous Articles.

ANALYSIS OF A CALCAREOUS ROCK ON WHICH FUCI AND VA-

RECHS VEGETATE, BY M. LASSAIGNE.

T11HE rocks on which these substances grow on a part of the

JL western shore of France, are covered daily with the water of the
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ocean. In order to examine the nature of these rocks, some frag-
ments were detached from the surface, to which several of the ma-
rine plants remained attached.

The substance which constitutes these rocks possesses consider-

able cohesion ; externally it is yellowish-white, and internally chalk-

white. When dried in the air, it has the appearance of moderately
hard chalk, and is friable. Its porosity having occasioned the ab-

sorption of a small quantity of sea-water, it retained a portion of its

salts ; superficially this rock has a saline taste, which does not exist

at the depth of about one inch and a half to two inches.

The unquestionable existence of iodine, in the state of iodide of

sodium in the greater part of marine plants, and its absence from

sea-water, as proved by the experiments made by M. Gualtier de

Claubry in 1813, and those since published by Davy, induced the

author to search for this element in the rock on which the plants

grow.
About 462 grains reduced to fine powder were treated with cold

alcohol of 90 per cent, and afterwards with water. These two

liquids, submitted separately to evaporation, left a slight dirty
white residue, weighing only a small fraction of a grain ; this was
redissolved in water and found to be chloride of sodium, with traces

of sulphate of soda and of lime. The presence of an iodide in this

residue could not be detected either by solution of nitrate of silver

or solution of starch, either in contact with concentrated sulphuric
acid, or with a small quantity of a very weak solution of chlorine.

The first of these reagents produced a curdy-white precipitate which
was entirely soluble in ammonia, and was consequently entirely pure
chloride of silver ; the second reagent was not at all coloured under
the circumstances described ; and lastly, the solution of bichloride of

palladium, which discovers the smallest quantity of iodine, produced
no effect.

The portion of rock which had been subjected to the successive

action of alcohol and water, was mixed with water and treated with
weak nitric acid, which gradually dissolved it with brisk efferves-

cence, except a small white residue, which was collected on a

weighed filter. A part of this dried residue adhered to the filtering

paper, and had the soapy and soft feel of alumina; it adhered

slightly to the tongue, and was in fact a combination of silica and
alumina

; it weighed a small fraction of a grain ; the nitric solution

was slightly acid and colourless ; solution of starch gave no indica-

tion of iodine ; when saturated with ammonia it yielded slight traces

of alumina
; the solution exposed to the contact of the air became

gradually turbid and brown, and deposited brown flocculi, which,
after some days, were collected and found to be peroxide of manga-
nese

; it probably existed as protocarbonate in the rock. The solu-

tion was then treated with oxalate of ammonia, which precipitated
the lime, and potash afterwards threw down a little magnesia.
From the facts above stated, M. Lassaigne concludes,—
1st. That the calcareous rock obtained west of the city of Dieppe,

on which the fuci or varech grow, contains no compound of iodine.
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2nd. That the rock is essentially composed of carbonate of lime,

with a small quantity of carbonate of magnesia and of manganese.
3rd. That the rock contains a small propoition of argillaceous

earth in a state of mixture, which separates when the rock is dis-

solved by a weak acid at common temperatures.
4th. That additional researches are required to ascertain from

what substances marine plants obtain the iodine which they contain,

if we admit, with the chemists above-quoted, that it is not found in

sea-water, even in very minute quantity.
—Journ, de Chim. Med.,

Juin 1846.

PREPARATION OF PROTIODIDE OF IRON. BY M. C. CALLOUD.

To determine the nature of this preparation, as usually obtained,

the author examined several specimens of it, and he found not only
that the iodide had suffered great change, but even entire decompo-
sition ; in the latter case the substance appeared to be soluble in

water, but this solubility was owing to the accidental presence of a

saline iodide, entirely different from iodide of iron ; he found that

some which had been recently prepared was half-decomposed ; some

which had deliquesced, was decomposed to the extent of three-fifths,

while a portion which had been dried after deliquescence was totally

decomposed.
One hundred parts of the dry iodide of iron of druggists were

treated with distilled water ; the solution, after being filtered to se-

parate the insoluble portion, was treated with solution of potash,
which precipitated the portion of iron remaining combined ;

calcula-

ting from the portion remaining insoluble in water, and from that

precipitated by potash, the composition of the iodide appeared to be,

Iodide of iron, presumed to be in the state of protiodide 54*20

Iodine uncombined 34*80

Sesquioxide of iron 1 1*00

10000

The second specimen appeared to consist of—
Protiodide of iron 38*80

Iodine uncombined .... 41*70

Sesquioxide of iron .... 14*50

Hygrometric moisture . . 5*00

100*00

Both these preparations yielded turbid solutions of a deep colour,

and possessed the odour of iodine ; they did not exhibit the proper-
ties of persalts of iron when submitted to the action of tests ; they

gave a bright blue precipitate with the ferrocyanide of potassium,
and a green one with the alkalies.

The iodide which had been dried after deliquescence, was, as al-

ready stated, entirely decomposed, and all the iron had become oxy-
iodide, forming with the reduced iodine a mixture totally insoluble

in water ; no trace of iron could be detected in the solution by the
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most sensible tests, but merely manganese, which existed in the

state of sesquioxide ; this was derived from the iron. It is therefore

evident that iodide of iron obtained by evaporation to dryness is a

very imperfect preparation, and that its employment is attended with

some inconveniences.

During the evaporation of a solution of protiodide of iron, disen-

gagement of hydriodic acid gas takes place, and from this results

the first decomposition of the salt ; and a product is obtained con-

taining a corresponding quantity of oxyiodide, mixed with undecom-

posed iodide ; and this decomposition of the solution into hydriodic
acid and oxyiodide does not cease until the aqueous vapour is pro-
duced in sufficient quantity to prevent the contact of the air with

the salt in solution.

M. Calloud observes, that by analogy with the chlorides of iron

the periodide of iron should be a more stable compound than the

protiodide ; experience however shows that this is not the case, for

the iodide of iron, being constantly subjected to the hygrome-
tric and oxygenating action of the air, becomes completely decom-

posed, even at tbe usual temperature of the air ; and when the iodide

of iron of the shops is examined, lamina? of crystallized iodine, adhe-

ring to a bluish friable insoluble mass, may be seen by the naked

eye ; this substance is merely a mixture of reduced iodine and ses-

quioxyiodide of iron.—Journ. de Chim. MM., Aout 1846.

ON THE SOLUBILITY OF ALUMINA IN SOLUTION OF AMMONIA.

MM. J. Malaguti and J. Durocher state that in analysing the

laumonite it was found an enormous loss of alumina was sustained ;

it is well known, they observe, that this mineral is a silicate of lime
and of hydrate of alumina ; on account of the presence of lime the

authors diluted the acid solution before precipitating it with am-
monia. They were surprised on obtaining in this manner only 8 out
of 100 of alumina, notwithstanding the presence of some sal-ammo-
niac in the solution ; and one of the authors states that several years
since, in making numerous analyses of kaolin by hydrofluoric acid

(a process in which it is requisite that the solution of the alumina of

the mineral should be very dilute), he was obliged to give up the use
of liquid ammonia as a precipitant and to employ sulphuret of am-
monium, on account of the large quantity of alumina which re-

mained in solution.

It is, indeed, well known that alumina is never precipitated per-

fectly from its solutions by ammonia, without the presence of ammo-
niacal salts. The quantity which remains in the liquid, far from

being scarcely appreciable, may on the contrary exist in considerable

proportion, and which is increased, not only by the excess of ammo-
nia, but also according as the solution is more or less diluted with
water.

Alumina is indeed precipitated entirely when ammoniacal salts

are present ; but the quantity of these salts ought to be greater as

the solution of alumina is more dilute. Alumina may be separated
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entirely from a solution, even when very dilute, and notwithstanding
an excess of ammonia and the absence of ammoniacal salts, provided
a considerable time is allowed to elapse between that of the preci-

pitation and filtration.

Lastly, alumina may be precipitated immediately and completely

by sulphuret of ammonium, even when the solution is very dilute

and no ammoniacal salts are present.
The authors observe that nothing is more easy than to show the

great solubility of alumina in solution of ammonia, and the very

strongly marked precipitating power of sulphuret of ammonium.

Prepare two solutions, one of 2 grammes of ammoniacal alum in

50 grammes of water, and the other of 2 grammes of the same salt

in 200 grammes of water, and let the same volume of solution of

ammonia, say 15 cubic centimetres, be poured into both solutions,

it will be seen that the precipitate produced in the solution, the total

volume of which is 65 cubic centimetres, is incomparably greater
than that produced in the solution the volume of which is 215. It

is sufficient to filter the most bulky solution, to divide into two equal

portions, and to expose one to ebullition and the other to a current

of sulphuretted hydrogen, to produce in both cases a considerable

precipitate of alumina.

If, instead of passing sulphuretted hydrogen into the alumino-

ammoniacal solution, a current of carbonic acid be sent through it, a

large precipitate of alumina will also be obtained ; but whereas, in

the first case, the whole of the alumina is precipitated, in the second

only a considerable portion is thrown down. In fact if the alumina

precipitated by the sulphuretted hydrogen be separated by the filter,

and the filtered liquor be even long boiled, not the slightest trace of

alumina will appear ; but if the solution which has been treated with

carbonic acid be boiled, a sensible quantity of flocculent alumina will

appear, when all the carbonate of ammonia has been volatilized.

The same is also the case if the alumino-ammoniacal liquor be treated

with sal-ammoniac.

When 10 grammes of sal-ammoniac in powder are added to 250
cubic centimetres of alumino-ammoniacal liquor, prepared by the

precipitation of 2 grammes of ammoniacal alum, by 15 cubic centi-

metres of solution of ammonia, a considerable deposit of alumina is

formed : let this alumina be separated by filtration, and again add 10

grammes of sal-ammoniac to the filtered solution, and there will be

no fresh appearance of alumina; but if another 10 grammes of the

salt be added, more alumina, though small in quantity, is thrown

down.
It is then evident that in- order to precipitate the last portions of

alumina immediately, they require a much larger quantity of sal-am-

moniac than the first, and the quantity is perhaps greater than che-

mists generally suppose. If also, instead of immediately filtering the

precipitate obtained by carbonic acid and sal-ammoniac, it be suf-

fered to remain for some days in close vessels, all the alumina will

be precipitated.
—Ann. de Ch. et de Phys., Aout 184G.
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ON THE BIBASIC ARSENIATE OF AMMONIA AND MAGNESIA.
BY M. LEVOL.

The author observes, that, notwithstanding the striking analogies

presented by arsenical and phosphoric compounds, it does not ap-

pear to have been ascertained whether an arsenical compound exists,

corresponding to the most important of the ammoniaco-magnesian
double phosphates, or that which occurs among certain products of

animal organization, and which is so frequently employed in chemi-

cal analyses, on account of its insolubility, to determine the quantity
of phosphoric acid.

The author thought it would be interesting to determine if it were

possible to produce an arseniate analogous to this phosphate, and to

apply it, on account of its insolubility, to ascertain the quantity of

arsenic acid ; and he found, in fact, that such a salt exists, and that

it resembles in every respect the bibasic phosphate of the same bases,

and its formula is similar to that which Berzelius assigns to the

phosphate 2NH3
, 2MgO, AsO+ lOHO.

This salt is obtained like the corresponding phosphate, that is to

say by pouring a soluble double ammoniaco-magnesian salt into a

solution of arsenic acid, after having rendered it ammoniacal ; like

the phosphate, it does not immediately appear, but only after the

lapse of a few seconds, unless it be agitated ; it deposits in the same

way in the form of very small crystals on the sides of the vessel ; its

insolubility may also be compared to that of the phosphate : one part
of arsenic acid, diluted with 56818 parts of ammoniated water, was

rendered sensible soon after the addition of a few drops of a concen-

trated solution of ammoniaco-magnesian sulphate ; and the author is

of opinion that it would be difficult to mention two salts more ex-

actly comparable each to the other, than the phosphate and arseniate

under consideration.

The new salt was applied in a very difficult case of chemical ana-

lysis, that of the quantitative separation of arsenious and arsenic

acids, the former not yielding a double insoluble salt with ammonia
and magnesia. When the precipitate is collected, it is to be dried

and calcined to redness, taking care that it is not exposed to any re-

ducing influence ; there remains 2MgO, As0 5= 5574 of 100 of the

new salt, which represent 41 '02 of arsenic acid. The author sug-

gests that the ammoniaco-magnesian double salts might be employed
as remedies in cases of poisoning by arsenic acid.—Ann. de Ch. et

de Phys., Aout 1846.

examination of a fossil resin found near eu (seine-

inferieure). by mm. lassaigne and chevallier.

This substance may be mistaken for amber, which it resembles in

its yellowish colour, transparency, fusibility and combustibility.
One specimen of a pale yellow colour, was of sp. gr. 1*094; the

other, which was reddish-yellow, had a sp. gr. of 1.

The first of these specimens was reduced to fine powder, and ma-
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cerated during twelve hours in sulphuric aether, the action of which
was assisted by repeatedly shaking the vessel, and eventually heating
it to about 90° Fahr.

After this reaction the aether was filtered and had acquired a

slight golden-yellow colour ; it was introduced into a retort with a

small quantity of water, and distilled with a gentle heat. After the

distillation of the aether there remained a fluid resin of an amber-

yellow colour, possessing the consistence and viscidity of common
turpentine, and part of it solidified on cooling. The water in which
this resin floated was poured off, it was colourless and reddened lit-

mus paper strongly ; it was slowly evaporated at the usual tempe-
rature, by placing under a glass with a vessel containing concentrated

sulphuric acid. The product of this evaporation was an inodorous

colourless mass, crystallized in small laminae, possessing first a bitter

and afterwards an acrid taste.

This crystallized residue reddened litmus paper strongly, its aque-
ous solution yielded no precipitate with barytes water, but gave a

white flocculent precipitate with acetate of lead, readily soluble in

excess of the acetate. A small quantity of this acid, saturated with

ammonia, yielded a crystallizable salt, the solution of which preci-

pitated persulphate of iron in yellowish-coloured flocculi. Lastly, a

portion of the same acid, heated in a small tube, first fused, afterwards

partially decomposed and sublimed in needles at a little distance

from the heated portion of the tube.

The portion of the resin dissolved by the aether, again submitted

to distillation with a little water, yielded traces of volatile oil, which
were deposited on the surface of the water contained in the receiver

in the state of a light pellicle. This resin, after cooling, had the

form of a yellow transparent mass, which was so friable that it was

pulverizable by slight pressure between the fingers. Digested in

cold alcohol a part only of it was dissolved, and there remained a

whitish insoluble resinous matter.

The residue upon which the aether had first acted, was treated first

with cold and afterwards with hot alcohol, and it remained insoluble.

This property resembles that of some fossil resins, and among others

the insoluble resin stated by M. Berzelius to exist in amber, and
which he has described as the bitumen of amber.

On recapitulating the facts arising during this examination, it will

be observed that this fossil resin found in the vicinity of Eu, resem-

bles amber in physical characters, in density, and in the different

organic principles which have been separated from it.

MM. Lassaigne and Chevallier obtained the following substances,
and in the annexed proportions, from 100 parts of the fossil resin :

—
Resin insoluble in aether and alcohol 83*3

Resin soluble in aether and alcohol 14 - 2

Resin soluble in aether and insoluble in alcohol . . 2 #

Succinic acid 0"5

Traces of volatile oil.

1000
Journ. de Chim. M4d., Juillet 1846.
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ON THE OCCURRENCE OF FLUOR SPAR, APATITE AND CHON-
DRODITE IN LIMESTONE. BY JAMES D. DANA.

The analyses of corals by Mr. B. Silliman, jun.*, have shown that

although ordinary corals consist mainly of carbonate of lime, there is

present a small proportion of phosphates and fluorides, with some

silica, alumina and oxide of iron. It is also probable, from some
trials by Mr. Silliman, that these constituents exist also in many
shells.

From the results obtained in these analyses, it appears that the

fluorides and phosphates amount, on an average, to about ^ per cent.,

or 0'25 part in a hundred parts of coral ; and the amount in the

same manner of the phosphates, is
-05 per cent. A cubic foot of

coral, as deduced from the average specific gravity ascertained by
Mr. Silliman, weighs 157 pounds. Consequently in each cubic foot

there are Q\ ounces of fluorides and 1£ ounce of phosphates ;
in

each cubic rod, 1700 pounds of fluorides and 340 pounds of phos-

phates. These fluorides are fluorides of calcium and magnesium,
and the phosphates are phosphates of lime and magnesia. In the

same manner we ascertain that the amount of fluorides in a reef of

coral, a mile long, half a mile wide and a hundred feet deep, amounts
to more than 500,000,000 pounds. The proportion of silica is a
little less than that of the fluorides.

Late geological researches have placed it beyond doubt, that the

various limestones consist mainly, like coral limestone, of animal

remains, among which corals in many instances hold a conspicuous

place. These limestones often contain crystallizations of fluoride of

calcium (fluor spar) ; and in other beds which have evidently been
acted upon and crystallized by heat, there are also apatite (phosphate
of lime) and chondrodite (composed of fluoric acid, magnesia and

silica). Moreover these are the most common minerals of these

limestones.

The above deductions supply us with a full explanation of the

origin of these minerals. The fluorine, phosphoric acid, lime, mag-
nesia and silica present, are adequate for all the results, without

looking to any other sources. Instead therefore of being extraneous

minerals introduced into the limestone rock, their elements at least

are an essential part of its constitution ; and they have been sepa-
rated from the general mass by a segregation of like atoms under

well-known principles, and it may be arranged anew, in some cases,

according to their affinities. Fluoride of calcium may crystallize
out when under water without much or any heat ; and it is an in-

teresting fact, that this fluoride has been lately proved by Mr. G.

Wilson, to be soluble to some degree in pure cold waterf. Mr.
G. Wilson has also shown that fluorides actually exist in sea-water,
as had been suggested by Mr. Silliman some months before the dis-

* See the volume of the Exploring Expedition on Zoophytes, p. 7\% ;

and Silliman's American Journal, Second Series, vol. i. p. 189.

t See Chem. Gazette, No. 85, May 1846, p. 183.
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covery, in his memoir on the composition of corals. Apatite and
chondrocyte require heat, as they are found only in granular lime-

stones. The chondrodite is not supposed to exist as such in coral,

hut to form from the mutual action of its elements (which are pre-

sent) during the slow action of the heat that gives the crystalline
character to the limestone.

The magnesia of magnesian limestones is not attributable to the

corals, as the proportion obtained by the analyses is less than one

per cent*. It is derived probably from a foreign source; and this

may be true, in part at least, for the magnesia of the chondrodite,

although there is enough of this constituent present for a large
amount of this mineral. The silica may also be in part foreign, or

may proceed from the earthy impurities which were mixed with

the limestone at its formation.—Silliman's American Journal, July
1846.

REMARKABLE DISCOVERIES IN ISOMORPHISM.
BY M. SCHEERER f.

M. Scheerer has just found that in compounds containing mag-
nesia, protoxide of iron, oxide of nickel and other oxides isomorphous
with magnesia, a part of the base may be wanting without a change
of crystalline form, provided that this part be replaced by a quantity
of water which contains three times as much oxygen as this part of

the base. For example, the compounds Mg3
Si, Mg2 Si + 3H, and

Mg Si •+ 6H in accordance with this principle, are isomorphous.
Thus chrysolite and serpentine may be isomorphous. The composi-

tion of the first, Mg3
Si, is anhydrous and constant. Serpentine is

hydrated and has a varying composition, wherever found, not afford-

ing a chemical formula. But examined with reference to M. Scheerer's

views, we observe that in all the best analyses of serpentine, the

oxygen of the magnesia and of the protoxide of iron, added to one-

third the oxygen of the water, is equal to that of the silica ; and

consequently serpentine is a variable mixture of two isomorphous

silicates, Mg3 Si and Mga Si -+• 3H. M. Scheerer has brought for-

ward numerous other examples from among silicates, sulphates, &c.

M. Scheerer has also discovered that oxide of copper may be re-

placed in an isomorphous manner by two atoms of water.

We may now see clearly why so many hydrated minerals have
never given uniform results, even with the most careful analyses.
The memoir of Scheerer will appear in two or three months, in

Poggendorff's Annalen. The facts here briefly stated were communi-
cated by him to the Academy of Sciences at Stockholm, at its last

session.—Ibid.

* Silliman's American Journal, New Series, i. 189, 198.

f In a letter to B. Silliman,jun., from Berzelius, dated March 10, 1840.
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SCIENTIFIC MEMOIRS.

Part XVI. of this publication, completing vol. iv., will appear in

the course of this month, and will contain the following articles :
—

Midler on the Structure and Characters of the Ganoids, and on the

Natural Classification of Fish ; Regnault on the Elastic Forces of

Aqueous Vapour ; Regnault's Hygrometrical Researches ; Berzelius

on the Composition of Organic Substances ; Fresnel on the Colours

produced in Homogeneous Fluids by Polarized Light, &c.

METEOROLOGICAL OBSERVATIONS FOR JULY 1846.

Chiswick.—July 1. Fine : cloudy. 2. Densely clouded. 3. Cloudy : clear and
fine. 4. Sultry : hot and dry. 5. Excessively hot : showers : cloudy. 6. Fine:

heavy showers. 7. Overcast, and fine. 8. Overcast : rain. 9. Overcast : heavy
rain. 10. Showery. 11. Overcast: light clouds and fine. 12. Clear and fine.

13. Cloudless and hot. 14. Hot breeze. 15. Overcast: fine. 16. Rain:

densely overcast. 17. Cloudy and fine. 18. Constant rain: cloudy and fine.

19. Showers. 20. Very fine. 21. Fine: cloudy. 22. Hot and dry. 23. Cloudy :

clear and fine. 24. Overcast i rain. 25, 26. Very fine. 27—29. Cloudy and
fine. SO, 31. Very hot,

Mean temperature of the month 650,46
Mean temperature of July 1845 61 "43

Mean temperature of July for the last twenty years ... 62 *96

Average amount of rain in July 2'38 inches.

Boston.—July 1, Fine: rain p.m. 2. Fine. 3. Cloudy : 3 o'clock p.m. ther-

mometer 80°. 4. Fine : 4 o'clock p.m. thermometer 84°. 5. Fine: 10 o'clock a.m.

thermometer 87°: 12 o'clock a.m. 90° : hail and rain, with thunder and lightning,
accompanied with a tremendous wind p.m.* 6. Windy: rain p.m. 7. Windy.
8, Cloudy : rain p.m. 9. Rain : rain p.m. 10. Rain. 11. Cloudy. 12. Fine.

13. Cloudy. 14. Fine: 3 o'clock p.m. thermometer 81°. 15. Fine. 16. Fine:
rain p.m. 17. Fine. 18. Cloudy : rain p.m. 19. Cloudy. 20. Fine. 21. Cloudy:
rain p.m. 22, 23. Cloudy. 24. Cloudy: rain p.m. 25, 26. Fine. 27. Cloudy:
rain early a.m. 28. Cloudy: 2 o'clock p.m. thermometer 81°. 29—31. Fine.—
I cannot find so hot a month in all my journal except last month.

Sandwich Manse, Orkney.
—July 1. Cloudy. 2. Cloudy : rain : clear. 3. Rain :

cloudy. 4. Drizzle : clear. 5. Cloudy : rain. 6. Cloudy : drizzle : showers.

7. Drizzle: showers. 8. Bright: clear. 9. Cloudy: clear. 10. Bright: cloudy.
11. Cloudy: rain. 12. Fog. 13. Fog: rain. 14. Cloudy. 15. Showers:
clear. 16. Bright : clear. 17. Cloudy: showers. 18. Bright : drizzle. 19.

Showers : clear. 20, 21. Bright : showers. 22. Fog : showers : clear. 23. Cloudy:
drops : clear. 24. Cloudy : clear. 25. Bright : drops. 26. Clear : cloudy.
27. Bright : cloudy. 28. Showers : clear. 29. Clear : fine. 30. Bright : line.

31. Fog: line.

Applegarth Manse, Dumfriesshire.
—July 1. Showers all day. 2. Showers a.m. :

fine p.m. 3. Wet morning : cleared. 4. Fair and fine. 5. Fine a.m. : thunder
and rain p.m. 6. Tremendous rain. 7. Very fine, 8. Rain p.m. 9. Rain.
10. Fair and fine. 11. Fine: slight drizzle. 12. Wet morning: cleared. 13.

Fair, but threatening. 14. Very fine. 15. Showers p.m. 16*. Showery. 17. Fine:
showers. 18. Slight showers. 19. One slight shower. 20. Fine ; slight shower.

21,22. Showery all day. 23. Wet all day. 24. Showers. 25. Fair and fine.

26. Rain p.m. 27. Drizzly. 28. Dropping day. 29—31. Fine : fair.

Mean temperature of the month ,,.,,.,.. 59° - 2

Mean temperature of July 1845 ,..,..,,..,.... 56 '2

Mean temperature of July for 23 years 58 *1

Mean rain in July for 18 years , 3'90 inches.

Mean rain in July 5*79 „

* The hottest day since 31st July 1826.
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HAVING
ascertained the great advantage which this form

of apparatus possessed for the examination of many
substances which would give no sensible results by the pro-
cess I formerly described, I proceeded to apply it to the cases

of air and some doubly refracting bodies (Experimental Re-

searches, 2237). For this purpose I made the faces of the

magnetic poles reflectors, by applying to each a polished plate
of steel

;
and as the poles were moveable, their reflecting sur-

faces could be placed at any distance and in any position re-

quired, the substance experimented on being between them.

Air.— I could obtain no signs of action upon the ray when
air was between the magnetic poles, even with the fourth, fifth

and sixth images.

Rock-crystal.
—The cubes of this substance formerly de-

scribed (Experimental Researches, 2178) were submitted to

examination ; but I could* detect no trace of action on the ray
of light when passing through them, although they were 0*75

of an inch in the side, and the ray was observed after passing

seven, and even nine times across them. The cubes were

examined in all directions.

Iceland Spar.
—A cube of this substance (Experimental

Researches, 2179) was examined in the same manner, but I

obtained no effect.

Heavy glass presented the expected phasnomena easily and

well.

Failing to procure any positive result in these trials, either

with air or with doubly refracting crystals, I silvered the latter

Phil. Mag. S. 3. Vol. 29. No. 194. Oct. 1846. S



250 Dr. Faraday on the Magnetic Affection of Light.

in the manner that had been employed for the heavy glass,
that the magnetic poles might be brought as close as possible;
still no evidence ot any magnetic action on the ray could be

observed.

A natural six-sided prism of rock-crystal, 2*3 inches in

length, was polished and silvered at the ends : no magnetic
effect upon the light could be observed with this crystal with

either the first, second or third image.
M. E. Becquerel thinks that he has observed an effect pro-

duced in doubly refracting crystalline bodies ;
and it is pro-

bable that his apparatus is far more delicate for the observance
of optical changes than mine. In that case, if combined with

the procedure founded on repeated transits of the ray, it per-

haps would produce very distinct results : but the latter pro-
cess alone has not as yet given any evidence ofthe action sought
after.

Certain indications led me to look with interest for any
possible effect which the crossing of the reflected rays might
produce in the arrangement of reflectors and glass represented
in fig. 1

;
but I could find no difference of action between it

and the other arrangement, fig. 2, in which no such crossing
occurred.

Near the close of last year I sent to the Royal Society
two papers On the Magnetic Condition of all Matter*, in

which 1 believed that I had established the existence of a

magnetic action new to our knowledge; antithetical in its na-

ture to the magnetism manifested by iron in any of its forms

or conditions, strong or weak, or to that magnetism which iron

could, in any quantity or under any circumstances, produce.
Further, that all bodies not magnetic as iron, were magnetic

according to this new mode of action; and that as attraction

by the magnet marked the magnetic condition of iron, however
small its quantity, or whatever its state might be, so repulsion
was the distinctive characteristic of all those bodies which were

naturally fitted to acquire the new state, and develope this

new form of power.
M. Becquerel has sent a note to the Academy of Sciences f,

in which he states certain results of his own much anterior to

mine, due to ordinary magnetic action, and in which the po-
sition of the substances was across the magnetic axis. I need

not quote the whole, but will select the following words at the

end :
—" From these facts it results that the magnetic effects

*
Philosophical Transactions, 1846, p. 21, or Phil, Mag., vol. xxviii. 1846.

t Comptes. Renins, 1846, p. 147.
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produced in steel or in soft iron by the influence of a mngnet,
differ from those which occur in all bodies, in this ; that in

the first the distribution of magnetism is always in the direc-

tion of the length, whilst in tritoxide of iron, wood, gum-
lac, &c, it occurs generally in a transverse direction, espe-

cially when they are formed into needles. This difference of

effect is due to the circumstance, that the magnetism- being

very weak in these bodies, we may neglect the reaction of.

the particles of the bodies on themselves." These words, and
the time of their publication (January 1846), sufficiently show
that M. Becquerel does not admit the new form or condition

of magnetic action, which I supposed I had previously de-

monstrated.

M. E. Becquerel, in a communication to the Academy of the

date of June 1846*, after confirming the action on light which
I had announced, touches the question of magnetic action on
all bodies; and at this late period is still of the same opinion
as his father. I need quote only a few brief lines here and there

to show this state of his mind. After speaking of Coulomb's

results, and of his father's in 1827, he says, "These experi-
ments have been made nearly twenty years, and nevertheless

M. Faraday has announced anew the phenomenon of trans-

verse direction, has made of the bodies which place them-
selves thus a new class of substances, and has named them

diamagnetic substances I ask myself how, under
these circumstances, one can push the spirit of classification

thus far, when one may give to the same substance all the va-

rious positions of longitudinal, transverse or oblique. In fact,

place the two extremities of two strong magnets opposite each

other, at 0*08 or 012 of an inch apart, and at about 0*04 from
their surface, suspend by means of cocoon silk, a small needle

of wood or of copper, about 0*04 in diameter and 1*9 or 2*3

inches long, it will place itself transversely. If the needle be

cut in two and again divided, &c, we shall end by having a

fragment, which will place itself in the line of the poles. It

is simply a phenomenon of the resultant forces ;
for we may

give to one and the same substance these different positions,

according to its form, by modifying the distance of the poles."

Then, speaking of the small quantity of iron which he found
in certain specimens, and of his former statement, that these

substances behaved as a mixture of inert matter and magnetic

particles, or as ferruginous mixtures, he says, "all these con-

clusions still subsist at this day in all their generality."
These conclusions from two profound philosophers, so well

*
Comptes Rendus, 1846, p. 595.
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able in every respect to judge any question arising on such a

subject as magnetism, made me anxious on two accounts ; for

first, I thought it possible I might really be in error respect-

ing the broad and general principle of magnetic action, which
I supposed I had discovered ; and next, that if right on that

point, I must have been sadly deficient in describing my re-

sults not to have conveyed a better impression to the minds of

those so competent to receive and understand. I therefore,

for my own sake, entered into an examination of this point ;

for though I am nearly indifferent to the fate of any specula-
tive or hypothetical view I may venture to send forth, I am
far from being so as regards the correctness of any announce-
ment I may make of a law of action or a new fact

;
and having

carefully experimented on one or two of the cases of transverse

position assumed by certain bodies magnetic, as iron, I now

give the general result.

Some good uniform peroxide of iron (being one of the sub*

stances which M. Becquerel experimented with) was prepared
and introduced regularly into a thin glass tube, 0*25 of an

inch in diameter and 1*4 inch long; it was then suspended by
a long filament of cocoon silk, and could be brought into any
position relative to one of the poles of a strong electro-mag-
net, which could be made to assume various forms by the use

of terminal pieces of iron. As peroxide of iron can occasion-

ally receive and retain a feeble magnetic state, it is necessary
the experimenter should be aware of the possibility, and guard
against its effect in producing irregular results.

The pole of the magnet was in the first place a cone, of

which the base was 1*5 inch in diameter, its axis being in a

horizontal line. The cylinder of peroxide of iron was ad-

vanced towards the cone with its centre of suspension in a line

with the axis. When within the influence of the magnet, and
transverse to the axial line, it retained that position: but this

was a position of unstable equilibrium; for if the cylinder be-

came oblique to the axial line on either side, then the end
nearest to the cone approached towards it, being attracted,

and at last went up to and remained against it. But whether

directly across the axial line, and so in the position of unstable

equilibrium, or in any other position, the centre of gravity of

the whole was always attracted', an effect easily appreciated
with an electro- magnet by interrupting and renewing the ex-

citing current.

As a contrast with diamagnetic bodies, I will state, that if

a similar cylinder of phosphorus, bismuth, or heavy glass be

placed in precisely the same circumstances, then the transverse

position is a position of stable equilibrium : if the cylinder be
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moved from it, it returns by vibrations into it; and during the

whole time the centre of gravity of the mass is repelled.

A square end was now given to the pole of the magnet, the

face opposed to the cylinder of peroxide being 1*75 inch

wide and of an equal height. The axial line is that which

passed horizontally from the middle of this face, and took its

course through the centre of gravity of the cylinder, which was

also its centre of rotation. When the cylinder was at any di-

stance less than 0-3 of an inch from the face of the pole, it

stood parallel to the face, and therefore transverse to the axial

line : being moved out of this position, it resumed it, so that

the position was one of stable equilibrium. At distances a

little greater this became a position of unstable equilibrium,
and two positions of stable equilibrium were found equally in-

clined on the opposite sides of the transverse position, be-

coming more and more oblique to it as the distance was in-

creased. Both the transverse positions and the oblique po-
sitions were easily referable to the concentration of the lines

of magnetic force at the edges of the square end of the mag-
net. Effects due to the same cause have already been pointed
out in the Experimental Researches (2298, 2299, 2384)*.

In every position of the cylinder of peroxide before this

magnetic pole, the peroxide, as a mass, was attracted.

By using another termination of iron, the end of the pole

opposite the peroxide was enlarged in its horizontal dimen-

sions to 2*5 inches. All the former phenomena recurred ;

but the distance between the face of the pole and the tube of

peroxide could be increased to one inch or more, before the

tube began to assume the oblique positions.
A third termination presented a face having 3*5 inches of

horizontal extension : the phaenomena were here precisely the

same, but the distance could be increased to 1*75 inch before

the cylinder ceased to be parallel to the face, and began to

acquire an oblique position.
For the complete comprehension of this and other effects

due to the form of the face of the pole, and the concentration

of the lines of magnetic force passing through the air near the

edges, I will describe the positions assumed by the cylinder
of peroxide, when its centre of suspension was preserved at a

constant distance from the face of the pole, but was carried

into different positions on one side or the other of the axial

line. These are represented in the figure ; by which it will

be seen, that as the peroxide was carried to one side or the

other of the axial line it became inclined to that line, in

*
Philosophical Transactions, 1846, pp. 32, 48.
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a manner and to a degree easily comprehen- F .

sible by those who consider the concentra- »• s«

tion of magnetic force at the edges of the face.

The same was the case with the former face

of 25 inches. Either end of the cylinder of

peroxide might be the end nearest to the face

of the pole ; but the centre of gravity of the

cylinder was in every case attracted by the

magnet.
Other cylinders of peroxide of iron of

different diameters and lengths were em-

ployed ; and when they were smaller in

length than the opposed faces of the magnetic
poles, the results were precisely the same.

_ A cylinder of paper, magnetic through the

presence of iron, was used and produced the

same results.

Having been led to think that the disaggregation of the

peroxide of iron had considerable influence over these phe-
nomena, by obstructing and preventing the communication of

magnetic induction from particle to particle, and was far

more influential than the mere weakness of magnetic force, I

took some substances, even more weak in magnetic power
than the peroxide, and formed them into cylinders. The
substances were solution of proto-sulphate of iron, muriate of
cobalt and muriate of nickel, which were introduced into thin

glass tubes 0'25 of an inch in diameter and 1*4 inch long.
These, when suspended before the poles with their centres
of suspension in the axial line, did not act as the peroxide of
iron or the paper. They could indeed be kept in a position

parallel to the face of the pole, but this was a position of un-
stable equilibrium; and when the least removed out of that

position, the end nearest the magnet continued to approach
until it came in contact, and then the whole remained un-

changed. The action was precisely like that of a piece of

iron, but very inferior in energy.
A saturated solution of proto-sulphate of iron was diluted

with five times its volume of water, and still showed precisely
the same phaenomena as the stronger solution: yet its magnetic
power was very far inferior to the magnetic force of the per-
oxide of iron, as was fully manifested by the extent of the at-

traction of the centre of gravity of the two portions of the sub-

stances. When the peroxide was under experiment, the sus-

pension-thread was drawn twice or even three times further

from the perpendicular than when the solution was used.

If a piece of iron wire be substituted for the cylinder of



Dr. Faraday on the Magnetic Affection of Light. 255

peroxide or the magnetic solutions, it will not remain parallel
to the face of the pole, or oblique and not touching it

;
for one

end will always go up to the face of the pole ; or if it be very
short, and then by loading, or otherwise be prevented from

coming in contact with the pole, one end will point towards

the part of the pole face nearest to it. In this respect it is as

the magnetic solution, and not as the peroxide : however
weak the magnetic pole may be, if it have power to affect the

iron wire at all, it will produce the same effect. Further, if

the iron wire be rendered perfectly free from magnetism, by
making it red-hot, either end may be made that which is near-

est to the face of the pole.
A piece of haematite, separated, not by an iron tool but by

an agate, or otherwise in a careful manner, pointed in the

manner of iron, though of course not with the same power,
i. e. it did not take up a stable position either parallel to the

face of the magnet or inclined, but not touching it; for one
end or the other always went up to and remained in contact

with the metal ofthe pole. The hasmatite, being powdered and

put into a small tube, acted in the same way as when whole.
A piece of bottle-glass tube, which was magnetic from the

iron it contained, acted as the haematite, either when whole or

powdered up and put into a flint-glass tube : it therefore was
unlike the peroxide of iron.

Pure peroxide of manganese appeared to take aplace
between these bodies and the peroxide of iron. Generally
speaking, the end nearest to the flat face of the pole went up
to it and remained there ;

but when one end was opposite the

edge of the face and the other end nearly opposite the middle,
at the time the magnet was made active, the latter end, though
nearer than the former, would recede, and the former end come

up and remain in contact. If the latter end was still nearer,
it would approach from the first; and, there was no place
of stable equilibrium for the tube in which it remained pa-
rallel to the face, or nearly so, and neither end touching it.

A piece of thick platinum wire acted as the hasmatite or

green glass, and not as the peroxide, in Becquerel's experi-
ment. Spongy platina pressed into a tube acted as the per-
oxide of manganese, giving like it in certain situations, the

beginnings of an action like that of the peroxide of iron.

The centre of gravity of all these bodies was attracted by
the magnet, whatever part of the face they were placed in jux-
taposition with. In no case was anything like a repulsion
shown.
Now I do not see how any difficulty can arise in referring

all these results of position to the ordinary action of magnets



256 Dr. Faraday on the Magnetic Affection of Light.

upon matter ordinarily magnetic, as iron is. All depends

upon the shape and size of the poles, and upon the state of

unity or disintegration, more or less complete, of the magnetic
matter ; for matter which is much weaker in magnetic power
than peroxide of iron, as the solution of nickel, or dilute solu-

tion of iron or the metal platina, does not act as the peroxide,
but as metallic iron. Still, in every case, the phenomena are

phenomena of attraction
;
for not only is the centre of gravity

of the whole mass attracted, but the parts of the cylinder of

peroxide of iron, as well as of the other magnetic substances,
are in those positions which the resultants of attractive force

would necessarily give them. This is precisely the reverse of

what takes place with diamagnetic bodies, for there the centre

of gravity of the whole mass is repelled', and whatever form

the mass may have, its parts take those positions which are

most consistent with the direction and degree of the rejmlsive
force.

All ambiguity and doubt may be removed in such cases as the

above by the use of a single pole, either conical, wedge-shaped
or round. It is true, that if a wire of iron, two or three inches

long, be placed with its middle part near the apex of a conical

or wedge-shaped pole, it will stand at right angles across the

axis of the cone or wedge, vibrating like a balance-beam ; and
also that if a cylinder of bismuth, phosphorus or heavy glass
be placed in the same position, it will take a similar position.
But no magnetician who looks at the effect can for a moment
confound the phenomena ; for he will see at once that the

iron as a mass is attracted, and the diamagnetic is, as a mass,

repelled : and then, if for this observation of the latter phce-
nomena he will take small spheres of iron, peroxide of iron,

or solution of muriate of iron on the one hand, and of bismuth
or phosphorus, copper or wood on the other, he will have

the phenomena in the simplest state, and the fundamental

fact will be before him
;

for the magnetics will be attracted,

the diamagnetics will be repelled.
I cannot find any case of transverse position which does not

enter into one or other of the two kinds referred to above ; that

is to say, which is not either a magnetic or a diamagnetic result.

Even as regards the effect of ordinary magnetism in peroxide
of iron and such like bodies, I see no reason to accept the

statement of M. Becquerel, that the distribution of magnetism
tends to take place in a transverse direction. It appears to

me that the destruction of the continuity of the mass in these

cases, combined with the degree of magnetic force in the sub-

stance, prevents the transmission of the force by induction or

conduction from particle to particle, to the same extent as
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when the continuity exists, and so consecutive poles at short

distances and in different directions are produced; and hence

the reason why the solution of iron or nickel, or the platina,
does not behave as the peroxide of iron, though weaker in

magnetic force than it, but acts as metallic iron.

If it had not been for the remarkable relation of a vacuum,
and with it of those attenuated forms of matter, air, gases and

vapours, which I have for this very reason amongst others in-

sisted on in the Experimental Researches (24-32, &c), it might
have become questionable whether those bodies which I have

called diamagnetics, were not acted upon strictly in the same
manner as magnetic bodies ;

and the result, whether of attrac-

tion or repulsion, a consequence of a difference of degree only
between the body observed and the medium surrounding it

(2438, &c). But I cannot help looking upon a vacuum as

presenting a zero point in the phaenomena of attraction and

repulsion : and as magnetic bodies are attracted, and diamag-
netic bodies repelled (2406, 2436) by a magnet, when sur-

rounded by and in relation to it, so I believe that these two
conditions represent two antithetical forms of magnetic force.

This is the conclusion I have set forth in my original papers,
and notwithstanding my very great respect for the judgement
of MM. Becquerel, it is that which by the facts I am en-

couraged still to maintain*.

When heavy glass is submitted to the action of a powerful

electro-magnet, the maximum degree of rotation of the ray is

not obtained at once, but requires a sensible interval of time

(Experimental Researches, 2170) ; this I have attributed to

the gradual rising in intensity of the force of the magnet, and

* I take the liberty in this note to refer to a similar point in the philo-

sophy of static electricity. 1 have often been asked for the proof of an
absolute natural zero between positive and negative electricity ; and in re-

ference to M. Peltier's views, that the earth is negative to the space around

it, which in its turn is positive, have been told that if all parts of a portion
of its plane surface were equally negative, we on that surface could not tell

that it was not in a zero state. But such is not the case. A surface

which is truly negative may appear, in comparison, to be positive to one
still more highly negative ;

or a negative surface may seem to be in a zero

state in relation to two other surfaces, one of which is more negative and
the other less so, or even positive ;

but if referred to a true standard its

real state is shown at once, and this standard is given by the inside of any
metallic vessel, from which, by its shape or depth, external influence is ex-

cluded. Such a vessel always presents the same normal condition within,
whatever charge its external surface may have; and by comparing the sur-

face of the earth with the inside of such a vessel, which is easily done by
the use of carriers, such as Coulomb employed, any one may tell for him-
self whether that surface is in a negative or a zero state.
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the corresponding rising of the effect of that force in the glass.
M. E. Becquerel does not agree with me in the above expla-
nation, but thinks it is due to this

; that the particles of the

diamagnetic itself require time to assume their new state.

That they may require time is, I think, very probable. I do
not know any state the acquiring of which does not need
time. This time is however most probably exceedingly small

in the instance of diamagnetic bodies ; and that the pheno-
mena referred to by me are not due to such a cause, is, I think,
shown by two considerations. The first is, that the electro-

magnet is well known by other kinds of proof, as the induc-

tion of currents, &c, to require time to develope its maximum
force due to a given electric current. I have shown that the

rotation of the ray must increase during the time the magnet
is thus rising; and I found that the power to induce currents

exists simultaneously with the increasing rotation. The next

consideration is, that when the diamagnetic is submitted, not

to the action of an electro-magnet, but ofa helix, the rotation

does not increase in the same gradual manner as before, but

is instantly at a maximum (Experimental Researches, 2195) :

hence my reasons for adhering to the explanation I gave in

the papers themselves last year.
But on subjects so new as these, differences of opinion must

inevitably arise upon many points; and it is better for the in-

quiries themselves that it should be so, for the facts in con-

sequence receive a more close investigation. I therefore leave

many points of difference between myself and others unnoticed

for the present; believing that new and connected facts will

rapidly accumulate, and that time, with his powerful aid, will

in a very few years give both facts and opinions their right

places.

Royal Institution, August 11, 1846.

XLII. On the Composition and Resolution of Forces. By
G. W. Hearn, Esq., B.A. of Cambridge, and Professor of
Mathematics in the Royal Military College, Sandhurst *.

1. T^QUAL forces are such as being applied to the same
-*~^

point in contrary directions make equilibrium.
2. The resultant of any number of forces acting on a point

is a single force, statically equivalent to the whole of them,
that is a force such as would produce the same pressure in

the same direction.

3. If two equal forces inclined to each other act on a point,
their resultant is in the plane of the two forces, and bisects

* Communicated by the Author.



Resolution ofForces. 259

the angle formed by their directions ; and half that resultant

is defined to be the * resolvent' of either of the equal forces.

4. When any number of forces act on a point, if any
straight line be drawn through that point, and planes be

drawn through this line and the respective directions of the

forces ; and if in each plane a force equal to the force in that

plane be applied to the point, making an angle with the

straight line equal to that which the other force makes, but

on the contrary side of the line, such a system of forces is

called '

supplementary
'

to the former.

5. A system of forces acting on a point is in equilibrium
when their resultant is zero.

Prop. I. When a system of forces is in equilibrium, the

sum of the resolvents in the direction of any straight line

through their point of application is zero.

The system being in equilibrium, the supplementary system
will also be in equilibrium ; for this latter system is nothing
more than the former turned through 180° round the as-

sumed line.

The two systems are therefore also in equilibrium, and con-

sequently the resultant zero. But this resultant consists of

the (algebraic) sum of the several resultants of the pairs of

equal forces in the several planes through the assumed line,

and half the resultant is therefore the sum of the resolvents of

the given system. The resultant being zero, the sum of the

resolvents is also zero.

Prop. II. Denoting the resolvent of a force P in the di-

rection of a line making an angle with the direction of the

force by P/0, it is required to assign the form of/0.
It is an immediate consequence of our definition of resol-

vent that /0 = 1 when = 0, and that/0 = when = -.

Moreover, that/0 cannot = for any value of <: — .

Also that/0 is a periodical function going through all its

values, as increases from to 2w; and that/0 can never be

infinite, and must have some determinate single value for every
value of 0, and is therefore a function which can be expanded
in integral positive powers of 0.

Let two equal forces keep a point in equilibrium. Sum of

resolvents = gives

P/0+P/(tt+ 0)
= O,

or /0+/(7r+ 0)= O.

This equation is easily resolved, but is too general for our

present purpose.
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To obtain further information as to the form of/0, let P, Q,
R be three forces in equilibrium, and therefore necessarily in

the same plane, and let a line be drawn through their point
of application also in the same plane, inclined at angles 0,

a+0, /3 + to P, Q, R respectively, then sum of resolvents
= gives

P/0-FQ/(« + 0) + R/(/3 + 0)=o
for all values of 0.

On equating to zero the coefficients of the several powers
of 6, we have the conditions

P/0+Q/a + R/j3 = (10

P/'o 4-Q/'«+R/'|8=0 (2.)

P/"o+Q/"a+R/"/3 = o (3.)

P/'"o+ Q/'" a + R/'"/3 = o (4.)

&c. &c.

O R
But the ratios

^-, -p-
must be determinate functions of a.

and |3, since the forces proportionally altered will still be in

equilibrium. Hence the preceding conditions must be equi-
valent to two only.
Now if (1.) and (2.) were identical, or equivalent equations,

all the rest would be equivalent to them
;
since 3 is derived

from 2 in the same manner as 2 from 1, &c. The whole set

would then reduce to only one, which is insufficient for the

determination of
p-, p-.

Hence (3.) must be a consequence of (I.) and (2.), so that

if A and
[x.

be certain determinate constants, we have

/'' a +x/' a +p/a =o,

/"/3 + A/'/3+,*/-/3=o.

And since these conclusions are independent of any specific
values of a and /3, we have generally

f»$ + \f'l +pf6=0 (A.)

And it is easy to see that from this (4.) will be a consequence
of (2.) and (3.), &c, and the whole system of conditions will be

equivalent to two only, videlicet the two first.

Now if a and b be the roots of

the solution of (A.) is

/0=Aea '-rB^;
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but since/ 6 must be periodical, a and b will be imaginary;

let therefore a=m + n */— 1 and b=m—n V—l. Then

/^^'{AcosMfl + Bsinwfl} ;

and that this may be periodical m must = 0. Also, since

/«+/(« + «)
=

<>,

n is restricted to be an odd integer.

Also when 0=0/0= 1, .-. A= 1 ; and when =
| /0 = 0.

But n being odd cos n — = sin w - = ± 1. Hence B=0,

and therefore

/ = cos w ;

but cos w =0 when w = -, or = —-
; but/0 cannot=0,

for < -. Hence n is restricted to be = 1, and therefore,
35

finally,

/0 = COS0.

XLIII. Ow Me Substances contained in the Roccella

tinctoria. By Edward Schunck, Esq.*
f I TIE Roccella tinctoria derives its interest from the fact of
*

its being that species of lichen from which the finest

kind of archil is prepared. It has been examined by Heeren
and Kane. The former discovered in it a peculiar substance,
which he called Erythrine, and a fat acid named by him jRoc-

cellic acid. The latter extracted from the plant a substance

which he called Erythriline, similar in properties to Heeren's

erythrine, and a body to which he applied the name of Ery-
thrine, but which possesses all the properties ofthe substance

called by Heeren Pseuderythrine, and supposed by him to be
a product of the action of boiling alcohol on his erythrine

My results do not agree entirely with those of either of these

chemists.

The lichen which I employed for my investigation was ob-

tained from Angola and Madagascar, and was pronounced by
a distinguished botanist, to whom I submitted it, to be the

Roccella tinctoria var. fuciformis. In order to extract the

various substances contained in it, I submitted it to the fol-

lowing operations :
—

Communicated by the Chemical Society; having been read April 6,

1846.
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The plant was cut into pieces and treated in a capacious
vessel with boiling water. After the boiling had continued
for some time, the fluid, which had acquired a yellowish-
brown colour, was strained through cloth. On cooling there

was deposited from it a white substance in flocks and minute

crystals. It was separated by nitration and washed with cold

water. After drying it had a grayish appearance. In order

to purify it, it was only necessary to dissolve it in boiling al-

cohol, which left behind an inconsiderable black or brown
residue. On cooling it separated as a white crystalline mass.

This substance resembles Heeren's erythrine and Kane's ery-
thriline. I shall call it Erythric acid.

The fluid from which this substance had separated was of

a light brown colour. On evaporation it became dark brown
and muddy, and left at length a dark brown viscid mass,

having a sweetish bitter taste. This mass, after standing for

some time, became solid and crystalline. It was treated with

cold water, which left behind a crystalline substance of a

brownish-white colour and a bitter taste. This substance is

a product of the action of boiling water on erythric acid. I

shall call it Piero-erythrine. In order to purify it, it must be,
after washing it with a little cold water, dissolved in boiling

water, to which is added some animal charcoal. After filtra-

tion and evaporation there remains a yellowish mass, which
soon becomes crystalline and white. On treating this mass
with cold water, the picro-erythrine remains behind perfectly
white and in a state of purity.
To the brown fluid obtained by treating the dark brown

mass with cold water, a solution of sugar of lead was added,
which produced a copious grayish-brown precipitate. This

precipitate, after being separated by nitration and washed
with water, was decomposed by a stream of sulphuretted hy-

drogen gas. A light yellow fluid was obtained, which, on

evaporation, became gradually brown and deposited a dark

brown substance, insoluble in water but soluble ill alcohol

and alkalies. A brown viscid mass was left at last, having
an acid reaction and a strongly acid and at the same time

bitter taste. It showed no trace of anything crystalline even

after long standing. It was soluble in alcohol, but insoluble

in aether. Its aqueous solution was precipitated by a solution

of glue, by lime and baryta water, and acetate of copper, and
was rendered muddy and gradually precipitated by sulphuric
acid and common salt. It therefore consisted probably of

some kind of tannic acid. Through the fluid separated from

the precipitate produced by sugar of lead sulphuretted hy-

drogen gas was passed until all the lead was precipitated.
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The filtered fluid gave a slight flocculent precipitate on the

addition of alcohol, but none with lime and baryta water or

sulphuric acid. On evaporation it left a clear brown syrup,
which soon changed into a crystalline mass, having a sweetish

bitter taste. It contained besides picro-erythrine, to which it

owed its bitter taste, a quantity of orcine, which was detected

in the following manner :
—A part of it was dissolved in boil-

ing water, and during the boiling a quantity of magnesia was
introduced into it. After filtration the fluid was evaporated
to dryness. It left a brown mass, which no longer became

crystalline on standing. The picro-erythrine had entered into

combination with the magnesia, and on treating the mass with

aether in the cold, a yellowish-brown fluid was obtained, which
on evaporation gave crystals of orcine, recognisable by its

well-known properties. The dark brown viscid mass obtained

from the mother-liquor of the erythric acid left on being burnt

a considerable quantity of ashes, consisting of sulphate of

soda, chloride of sodium, oxide of iron and carbonate of mag-
nesia, with a trace of carbonate of lime.

The lichen, after being extracted with boiling water, had
lost its grayish-white colour and become green. It was dried

and then treated with boiling alcohol. The alcohol acquired

during the process a dark emerald-green colour. It was
strained through cloth while still hot. On becoming cold it

deposited a green flocculent substance, which was separated

by filtration. The green colour of this substance could not

be removed by washing with cold alcohol. On drying it be-

came dark green and coherent, but when powdered it was

light green again. This substance is a kind of fat; it cannot

be fused without being decomposed. When heated on plati-
num foil it melts to a brown fluid, giving off at the same time

a strong smell of burning fat, and burns without leaving any
ashes. Heated in a tube closed at one end it melts and gives
a brown, oily sublimate, which soon solidifies, but without

becoming crystalline. It is left behind on evaporating its al-

coholic solution as an amorphous green mass. It is precipi-
tated from its solution in alcohol by water, and also by an
alcoholic solution of acetate of lead. It is insoluble in boiling
muriatic and dilute sulphuric acids. Concentrated sulphuric
acid dissolves it. Boiling nitric acid, even if dilute, destroys
its green colour and makes it yellow. If treated with con-

centrated nitric acid, it is dissolved and decomposed with an

evolution of nitrous acid ; by degrees there collect on the

surface of the fluid yellow oily drops, which solidify on cool-

ing. It is very little soluble in boiling caustic ley, and inso-

luble in ammonia. The dark green fluid from which this.
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substance had separated was evaporated to dryness, when it

left a dark green viscid residue, interspersed with yellowish

crystalline grains. This residue was treated with boiling

water, which removed some picro-erythrine contained in it,

and then with cold alcohol, which left behind a quantity of

the greenish-white fat just described, and acquired a dark

green colour. The alcoholic fluid had an acid reaction. It

contained roccellic acid and a dark green, easily fusible fat.

In order to separate the roccellic acid, an alcoholic solution

of sugar of lead was added. This produced a greenish-white
flocculent precipitate, which was separated by filtration and

washed with alcohol. This precipitate, consisting of roccel-

late of lead, was decomposed by dilute nitric acid, which left

the roccellic acid behind of a green colour. The latter, after

being washed with water to remove the nitrate of lead, was

dissolved in boiling alcohol, to which some animal charcoal

wTas added. After filtering the solution, the roccellic acid se-

parated on cooling in white crystalline needles. By adding
water to the green alcoholic fluid from which the roccellate

of lead had been precipitated, it became milky, and on boil-

ing, dark green drops of a fatty substance collected at the

bottom. This substance is a kind of fat, which is easily fu-

sible at the temperature of boiling water. Its green colour is

no doubt owing to the presence of chlorophylle, which cannot

however be separated from it. It imparts no colour to boil-

ing muriatic or dilute sulphuric acid. Boiling nitric acid de-

stroys its green colour and changes it into yellow, after which

it dissolves in alcohol with a yellow colour. It is soluble in

alkalies, and is precipitated again by acids.

The lichen, after extraction with 'water and alcohol, was

treated with dilute caustic ley at a boiling heat. A dark

brown fluid was obtained, to which, after filtration, muriatic

acid was added. This produced a dark brown flocculent

precipitate, which, after filtering, washing with water and

drying, appeared as a light brown powder. When heated it

burns without leaving any ash. On being treated with strong
caustic potash at a boiling heat, it gives off a slight smell of

ammonia. It is soluble in alkalies, but insoluble in alcohol.

The acid fluid from which it was precipitated deposited on

evaporation a dark brown substance, in the same way as a

solution of tannin or extractive matter. It is doubtful indeed

whether the brown substance precipitated by the acid from

the alkaline fluid is contained in the plant as such, or whether

it is formed by the conjoint action of the air and alkali on

some other substance in the lichen.

The Roccella tinctoria is easily reduced to ashes. These
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ashes are grayish-white. They consist of sulphate of soda,
chloride of sodium, oxide of iron, alumina, carbonate of lime

and carbonate of magnesia.
I shall now proceed to describe more fully several of the

substances just mentioned.

Erythric Acid.

' This body is the most important of those existing in the

plant, as it is that one which gives rise to the colouring matters

for the production of which the lichen is employed. It is

not possible however to obtain much from the plant, since by
the action both of boiling water and alcohol it undergoes a

rapid change. By the method described above I obtained in

one case from 1 lb. of the lichen 60 grains of it. If prepared
without the intervention of alkalies, erythric acid is perfectly
white and tasteless. It is soluble in water, alcohol and aether.

1 part dissolves in 240 parts of boiling water, from which a

great part separates on cooling in flocks, or as a crystalline

powder. Its solubility in aether distinguishes it from Heeren's

erythrine, and its solubility in water from Kane's erythriline.
Its solutions redden litmus paper. From a concentrated so-

lution in boiling alcohol it is deposited on cooling in needles

and star-shaped masses, which consist of minute crystals. It

is precipitated from its alcoholic solution by water as a jelly.

If the alcoholic solution however be boiled for a length of

time, it is converted into erythric aether, in the same way as

lecanoric acid is converted by boiling alcohol into leca-

noric aether
;
and if water be now added to the solution no

precipitate is formed, but the erythric aether gradually cry-
stallizes in needles from the solution. By the continued
action of boiling water erythric acid is converted into picro-

erythrine. Heated on platinum foil, it melts and burns away
without leaving any residue : heated in a tube closed at one

end, it gives an oily sublimate, which after some time cry-
stallizes ; this sublimate consists of orcine. Erythric acid is

easily soluble in caustic and carbonated alkalies, and in lime

and baryta water, and it is reprecipitated from these solutions

by acids in form of a jelly, unless they have previously
been boiled or left to stand for a considerable time. If a

solution of it in baryta water be boiled, carbonate of baryta is

deposited, and acids now produce no precipitate of erythric
acid. If the excess of baryta be removed by a stream of

carbonic acid gas, and the filtered solution be evaporated,
there are obtained prismatic crystals, which are easily recog-
nised as consisting of orcine by their intensely sweet taste, by
their being volatilizable without any residue, by their solution

Phil. Mag. S. 3. Vol. 29. No. 194. Oct. 1846. T
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precipitating basic acetate of lead, reducing chloride of gold,
and giving a red colour with ammonia and red flocks on

boiling with nitric acid. Erythric acid then, like lecanoric,
is converted by alkalies into orcine and carbonic acid. A so-

lution of erythric acid in ammonia exposed to the air soon

becomes of a dark-red or purple colour. It is the basis, and
I believe the only one, of the colouring matters derived from
the plant. An alcoholic solution of erythric acid, is not pre-

cipitated by nitrate of silver, but the addition of nitrate of

silver to an ammoniacal solution produces a white precipitate,
which on boiling becomes black, a mirror of silver being
formed at the same time on the sides of the glass. Chloride

of gold added to an alcoholic solution is not changed even on

boiling. With perchloride of iron an alcoholic solution strikes

a deep purple colour ; on the addition of ammonia the colour

is changed into yellow, but the oxide of iron is not precipi-

tated, unless the fluid be boiled. It is not precipitated by
an alcoholic solution of acetate of lead, but basic acetate of

lead produces immediately a copious precipitate.
On combustion with oxide of copper the following results

were obtained :
—

I. 0-5400 grm. dried at 212° gave 1-1640 carbonic acid

and 0-2530 water.

II. 0-3640 grm. gave 0*7835 carbonic acid and 0-1820

water.

These numbers lead to the following composition :
—

34 equivs. Carbon . 2550*0

19 ... Hydrogen 237*5
15 ... Oxygen . 1500-0

4287-5
The lead compound was prepared by precipitating an alco-

holic solution of erythric acid with basic acetate of lead,

filtering, washing the precipitate with cold water and drying
in vacuo.

I. 0*6340 grm. gave 0*6435 carbonic acid and 0*1215 water.

0*3465 gave 0*0075 lead and 0*1970 oxide of lead.

II. 0*3195 grm. gave 0*3160 carbonic acid and 0*0630 water.

0*4345 gave 6*0945 lead and 0*2520 oxide of lead.

This gives
—

Calculated.
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The decomposition of erythric acid by means of alkalies is

therefore as follows :
—

1 equivalent of erythric acid . =0^ H
19 15— 2 equivalents of carbonic acid . = C2 4

-f 3 equivalents of water . . . =H3 3, gives
2 equivalents of crystallized orcine= Cg2 H22 14 .

Erythric JEther,

This body has all the properties ascribed to pseuderythrine

by Heeren and Kane, and as I found its composition to differ

very little from that given by Liebig for Heeren's pseudery-
thrine, and by Kane for his erythrine, it can hardly be sup-
posed that it is a different body. It is easily prepared by the

action of boiling alcohol on erythric acid, in the same way as

lecanoric aether from lecanoric acid. Indeed its formation

takes place so easily and rapidly in this way, that it is almost

impossible to extract erythric acid from the plant by means
of boiling alcohol, nothing being obtained by endeavouring
to obtain it in this way but erythric aether. In its appearance
and properties erythric aether can hardly be distinguished
from lecanoric aether, and as its composition in 100 parts

happens to be almost the same, the one may easily be mis-

taken for the other. Erythric aether is at first tasteless, but
after being kept for some time in the mouth, it produces a

burning sensation on the tongue. It is soluble in boiling
water. If more of the substance be taken than the water
can dissolve, the excess melts, forming drops like oil, which
sink to the bottom. On cooling the solution becomes milky,
and a great part of the aether crystallizes out in needles and

plates. It is easily soluble in alcohol and aether. On allow-

ing the alcoholic solution to evaporate spontaneously, it is

obtained in prismatic crystals. When heated in a tube it

melts, and is almost completely volatilized, the vapour con-

densing in the colder parts of the tube to a fluid which soon

crystallizes. It is soluble in caustic and carbonated alkalies,

and in lime and baryta water. From these solutions it is

precipitated unchanged by acids, unless they have previously
been boiled for a length of time. It reduces nitrate of silver

on the addition of ammonia and boiling, and chloride of gold
without the addition of any alkali. It gives a precipitate with

basic acetate, but none with neutral acetate of lead. On
dissolving a quantity of it in caustic potash and subjecting
the fluid to distillation, I obtained in the receiver a fluid,

from which, on the addition of dry carbonate of potash, a

thin layer of alcohol separated, which was easily recognised

by its peculiar spirituous smell and its burning with a blue

T2
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flame. The fluid in the retort was neutralized with sulphuric
acid and evaporated to dryness. The residue was treated

with alcohol, which on evaporation gave crystals of orcine.

Its products of decomposition with alkalies are therefore the
same as those of lecanoric aether. Its analysis gave the fol-

lowing results :
—

I. 0*5380 grm. gave 1*1965 carbonic acid and 0*2970
water.

II. 0*4085 grm. gave 0*9095 carbonic acid and 0*2260
water.

These numbers correspond to the following composition :
—

Calculated. I. II.

38 equivs. Carbon . 2850*0 61*45 60*65 60*72
23 ... Hydrogen 287*5 6*19 6*13 6*14
15 ... Oxygen . 1500*0 32*36 33*22 33*14

4637*5 100*00 100*00 100*00
Its rational formula is C

14 H 18 14+ C4 H 5 O. It is there-

fore formed from erythric acid by the substitution of 1 equi-
valent of oxide of ethyle for 1 equivalent of water.

Picro-erythrine.

This substance is a product derived from erythric acid.

To it must be attributed the highly bitter taste of all the ex-
tracts made of the lichen, whether aqueous or alcoholic. In
its properties, however, it agrees strictly neither with the

erythrine-bitter of Heeren nor the amarythrine of Kane. It

approaches nearest to the telerythrine of the latter, according
to the description given by him of that substance. It is a

product of the action of water on erythric acid. If pure ery-
thric acid, as prepared by the process described above, be
treated with boiling water for a short time, it dissolves, the
fluid acquires a bitter taste, and on cooling deposits no ery-
thric acid. On evaporation it yields a brownish, viscid mass,
leaving a taste between bitter and sweet. This mass, after

some time, becomes crystalline. It may then be treated with
cold water, which leaves the picro-erythrine behind white and

pure. I have described above how it may be obtained as a

secondary product in the preparation of erythric acid. In

operating on the plant with boiling water much more is ob-
tained of it than of erythric acid. On extracting the lichen

also with boiling alcohol, a considerable quantity is found in

the extract. Picro-erythrine has the following properties. It

has a strong but not disagreeably bitter taste. It is soluble in

water, alcohol and aether. Its solubility in aether distinguishes
it from Kane's amarythrine and telerythrine, which are insolu-

ble in that fluid. It does not dissolve readily in cold water, but
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easily in boiling water. Its solution in the latter, however, does

not re-deposit it on cooling. On evaporating a solution of it

in water or alcohol, it is left behind as a white crystalline

mass, but never in well-defined crystals or needles. Its so-

lutions redden litmus paper slightly. It does not undergo

any further change on being treated with boiling water, nor

does it form an aether on being treated with boiling alcohol,

as erythric acid does
;

it has therefore little or no claim to be

considered as an acid. Heated on platinum 'foil it melts to a

yellow fluid, is decomposed, and burns with a bright flame,

leaving no ash. Heated in a tube closed at one end it gives
a sublimate of orcine. It is decomposed by boiling nitric acid

with an evolution of nitrous acid. Concentrated sulphuric
acid dissolves it, and on boiling decomposes it with a disen-

gagement of sulphurous acid. It dissolves in caustic alkalies,

and in lime and baryta water in the cold. Its solution in

baryta water deposits carbonate of baryta on boiling, and the

solution then contains nothing but orcine. Its solutions in

alkalies speedily become red on exposure to the air. Its aque-
ous solution is not precipitated by neutral acetate, but copi-

ously by basic acetate of lead. With perchloride of iron it

gives a deep purple colour, which is destroyed by ammonia,
the oxide of iron being immediately precipitated. Nitrate of

silver is not changed by it on boiling, but on the addition of

ammonia a precipitate is produced, which on boiling the fluid

is reduced, the silver being deposited as a metallic mirror on

the sides of the glass. Chloride of gold is slowly reduced by
it on boiling, the gold being deposited in the shape of metallic

scales ; if caustic potash be added the reduction is effected

instantaneously, the gold being deposited as a black powder.
It gives no precipitate with a solution of glue. Its analysis

gave the following :
—

I. 0*5090 grm. gave 0*9830 carbonic acid and 0*2850 water.

II. 0*4690 grm. gave 0*8970 carbonic acid and 0*2510 water.

These numbers give the following composition :
—
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carbonated alkalies, carbonic acid being disengaged on boil-

ing, but it is insoluble in lime and baryta water. The solu-

tion in ammonia gives with chloride of calcium and chloride

of barium fiocculent precipitates, consisting of roccellate of

lime and baryta. A solution of roccellic acid in alcohol is pre-

cipitated by an alcoholic solution of acetate of lead, but not by
a solution of nitrate of silver. A solution of it in ammonia

gives with nitrate of silver a white gelatinous precipitate,
which becomes brown when the fluid is boiled, but is not

completely reduced. An alcoholic solution of roccellic acid

does not reduce chloride of gold on boiling.
On being ignited with oxide of copper

—
I. 0*42100 grm. gave 1*0200 carbonic acid and 0*4025 water.

II. 0*2815 grm. gave 0-6795 carbonic acid and 0*2720 water.

From these numbers the following composition may be
deduced :

—
24 equivs. Carbon . .

23 ... Hydrogen
6 ... Oxygen .



272 Dr. Waller on some Tissues of the Animal Frame,

strongest magnifying powers we possess. It is inserted by the

base to the concavity of the lower jaw-bone, and the point hangs
down the pharynx perfectly free from any adherence. It pre-
sents great resemblance to the uvula in the human subject in

size, shape and colour, which also has its lower extremity free

and hanging down the pharynx. The peculiar habits of the

frog completely explain the apparently anomalous disposition
of the tongue ; as, independently of its being an organ of taste,

it likewise serves the purpose of one of prehension for sup-

plying the animal with food. As is well known to naturalists,

it subsists on flies and small insects which it seizes in their

flight. On these occasions it darts its head forward, at the

same time projecting the tongue out of the mouth, the upper
surface of which being covered with a slimy exudation, comes
in contact with the insect, folds round it and draws it back
into the mouth. In this little manoeuvre the tongue may be

considered as performing a movement of rotation of 180°

round the lower jaw-bone, so that the surface which is upper-
most in the mouth becomes lowermost when in contact with

the object. This fact must be borne in mind when the tongue
is examined under the microscope, for then likewise the in-

ferior surface is uppermost, and the superior or papillary sur-

face below.

I take this opportunity of staling my claim of priority with

regard to this experiment, as a very erroneous impression

might be created by M. Donne's statement in his Corns de

Microscopic It was first performed by ine in Paris in 1839.

The idea occurred to me while making some dissections of the

frog for the purpose of comparative anatomy; and at first I

merely applied it to test M.Dumas's well-known theory ofmus-
cular contraction. Subsequently I repeated it in the presence
of several of my friends, among whom I may particularly men-
tion Mr. Thomas Cooper. Success in this point encouraged
me to attempt to observe the circulation in the human subject;
and as the prepuce in some cases is nearly semi-transparent,
I fixed upon that membrane as the subject of experiment.
For an obvious reason I was desirous of not making these

experiments alone, and obtained the assistance of M. Donne.
After a few attempts we finally abandoned the subject;

although I am still of opinion that they would be successful if

tried under favourable circumstances. While engaged in this

pursuit I stated to him that I had already discovered a living

membrane, containing muscles and glands in its natural state,

without the aid of the scalpel. From the interest with which
I found this observation received by him, I was induced to

repeat the experiment as described, and we determined to
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prosecute it in common. My surprise therefi!WSe?tjjB5»great,
when a few days after I was informed (without any intimation

from M. Donn£) that he had communicated the experiment
to the Societe Philomatique. At the next meeting of the

Society I attended, and found that in the proces verbal of the

preceding meeting, in giving an account of the experiment,
M. Donne had omitted to mention rny name and co-operation.
I seized the opportunity to rectify this mistake, and to state

the arrangement that I had made with M. Donne, and to

disclaim any precedence on his part. I have only to add,
that these statements were made before a very full meeting of
the members, that M. Donne was present, and that they were
received by him without contradiction. I should not have
deemed it necessary to enter into these details if I had not
seen at page 108 of his Cows de Microscopie an account of
these observations almost

literally the same as inserted in
the minutes of the Societe Philomatique, with the following
slight comment:—" Voici comment se prepare cette belle

experience dont l'idee premiere m'a ete donne par un 6\e\e

etranger, qui suivait mes cours, M. Waller."
To prepare the animal for the experiment, it must be rolled

up in a strip of linen, leaving the head and the extremities of
the legs uncovered. Arranged in this kind of swaddling band-
age with a little care, it is incapacitated from making any
violent movement, which is indispensable for the success of
the experiment, while at the same time it is perfectly able to
breathe. We must next provide a slip of sheet-cork rather

longer than the frog : at one extremity a circular piece about

the size of a shilling is to be cut out, so as to form an open-
ing to allow of the passage of light when the tongue has been
stretched over the opening. The frog is now to be placed
on the slip of cork, where it may be secured by a few turns
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of siring, or by a couple of elastic bands, which I have found
more convenient. The animal's tongue may now be easily
discovered as described, and drawn out of the mouth with

a pair of tweezers. It will now be perceived (as I first ob-
served while dissecting one of these animals) that this organ
possesses an extraordinary degree of elasticity, and that with

care it may be extended in all directions until it is so attenu-

ated as to become nearly transparent. A few pins will enable

us to fix it over the opening made in the cork, where we can

examine it at our leisure.

When the tongue is first extracted from the mouth it is

observed to be extremely pale, and the only vessels visible are

two veins with accompanying arteries, corresponding to the

lingual arteries in man, which, after ascending the throat in a

parallel direction, penetrate into the tongue, where they are

chiefly distributed at its inferior surface. In the substance of

the tongue they may be described in general terms as proceed-

ing by their main trunks towards the two tubercles, which are

found at its anterior extremity, and communicating in their

course by frequent anastomoses. After several minutes' ex-

posure they become more apparent from the general vascular

distention that takes place, and we observe the same pheno-
mena as when the conjunctiva is exposed to the contact of

some foreign substance. Thus the vessels become more dis-

tended and apparently increased in number, at the same time

they appear to terminate in the tissue of the organ, like the

minute fibres of roots.

This vascular engorgement appears to arise in the first

instance entirely from the vital irritability of the organ, as it

is seen to commence as soon as the tongue is seized by the

tweezers, even before it is extracted from the mouth. After its

preparation this injection is further increased by the impedi*
ments which exist to free respiration and muscular action. The

peculiar manner in which this animal, devoid of ribs, breathes,

is well known. The number of respirations in a minute depends
much upon the external temperature, and varies from four to

thirty. The pulsations of the heart in the same period are

about sixty, which we may ascertain by observing the skin

over the heart as it rises at each contraction. Acquaintance
with these facts will be found useful in the subsequent inquiry.
Nervous trunks, in colour of a shining white, are found ac-

companying the vessels, and are best seen when the extended

tongue is viewed between the light.

On the upper or papillary surface the eye detects minute

elevations above the rest of the membranes, which very much
resemble the granulations often existing on the inner surface
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of the eyelids : when this surface is covered with ink, these

minute elevations become still more apparent.

Microscopic Examination.— It will be found advisable to

commence this examinatiom by means of the simple micro-

scope, as it offers us at one view the principal phenomena to

be observed ;
and for this purpose a lens of moderate power

will suffice.

The blood-vessels, which to the naked eye appeared to ter-

minate so abruptly, are seen to be continuous canals carrying
blood in opposite directions. In the arteries the direction of

the blood appears to be centripetal, from the inversion caused

by the instrument, and the globules are pale. The veins are

more voluminous than the arteries, and contain blood much
darker, moving more slowly.
The minute elevations on the upper surface are seen to be

of two kinds ; one like small transparent grapes, within which

there is a very active circulation ;
and the other of a conical

shape, adherent at the base and destitute of internal circula-

tion. The first are minute glands, the latter are the papillae
in which probably resides the power of taste.

The nerves are recognised by their wavy direction, their

dark outlines by transmitted light, and their whiteness when
viewed by reflexion.

Epithelium.
—The scales of epithelium form a layer which

covers every part of the upper surface of the tongue, and are

the first parts which offer themselves to the microscopic ob-

server. With a strong magnifying power they present a most

interesting appearance, like a mosaic pavement, or a complete

scaly armour covering the papilla? and the glands, descending
into the interior of the latter, and into all the deeper inequali-
ties that are found on the surface of the tongue. They may
be seen equally well whether the animal is alive or dead; but

if alive, it is preferable to choose one whose tongue is pale,

and does not become rapidly injected when extracted from the

mouth. With a little care of this kind, which applies equally
to most of the following observations, it will be found easy to

submit this organ to the strongest magnifying powers. The
scales are much smaller than those found in the same region
in man, or those which constitute the epidermis. In size they

average from J15
l

T)^th to ^y^th of an inch. In form they are

not perfectly regular, but generally rhombic or hexagonal,
and sometimes of an elongated prismatic shape. They are

mostly placed side by side in close juxtaposition, frequently

overlapping each other. With a magnifying power of 600
diameters these bodies present on their surface an irregular

punctuated appearance, such as might arise from the exist-
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ence of small filaments projecting upwards in a vertical direc-

tion, and which are probably the ciliary filaments with which

they are studded.

The flattened appearance of the epithelial scales, I believe,

is owing to the manner in which the light is transmitted

through the membrane, which gives a view of their horizontal

section, but conveys no idea of their projection upwards. I

am led to this conclusion from the appearance of the papillae
and glands, which project upwards into the mucous mem-
brane, and are found to present at their borders several pro-

jections, such as we should expect from small bodies shaped
like those figured by Henle, as existing on the inner side of

the cheek in man. In Plate I. figs. 1 and 2, may be seen

these toothed projections corresponding in size to the scales,

which corroborates the view of regarding each of them as

forming a small conical projection above the membranes.

The scales on the under surface are much smaller and more

indistinct, but are the same in other respects.

Cilia and ciliary movements.—These may be seen with great

facility at the upper surface, when a sharp border of the

tongue is examined under strong magnifying power. For

this purpose a portion of the tongue is to be placed between

two slips of glass with a little water : the foreign particles in

suspension will then show by their agitation the existence of

the ciliary motion, which will be seen at the borders of the

membrane. There will be perceived, under favourable cir-

cumstances, minute projections or filaments; but more fre-

quently there will be seen merely a kind of flittering move-

ment, without the cilia which give rise to it being distinguished

separately. These cilia were not included in the communica-

tion to the Societe Philomatique, and their detection is due to

M. Donne at a subsequent period.

Tongue of the Toad.—It is covered with more irregular

epithelia, generally not so large as those of the Frog ;
in other

respects they are much alike.

Tongue of the Lizard.—It is very remarkable for the thick

and horny papillae with which it is covered. These are all

protected by a covering which is much like the epidermis.

The layer of papillae presents no appearance of circulation on

the surface, and is too opake to allow any passage of light;

but when the tongue is retained out of the mouth I have often

observed the circulation at the borders ; and the globules of

blood are sufficiently voluminous to be easily seen by the

simple microscope.

Papilla?, Glands, fyc.—On the frog's tongue, immediately

beneath the layer of epithelian scales, are seen various small
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oodies of irregular curved outlines, which may be considered

as the second anatomical stratum of the tongue ; these con-

sist of papillae,
small glands and mucous follicles.

The papillae are small bodies of a cylindrical, conical or

club-like shape, connected at the base so as to be continuous

throughout. In thickness or breadth they vary between about
m,25 and m 05: their length cannot be accurately deter-

mined, as they have no fixed line of demarcation at their point
of insertion on the mucous membrane. No appearance of any
circulation is found in any of these papilla? : the blood-vessels

run by them, sometimes forming vascular loops, but are

rarely seen to penetrate through them
;
and even in those

cases the vessel is frequently external to the papilla, which is

sufficiently transparent to allow the blood-vessel to be seen

through it. In inspecting the surface of the tongue, espe-

cially when the high powers are used, a mistake may be

easily made, against which I wish to guard those who may
repeat these experiments : it consists in the appearance of

numerous curved lines running in every direction, perfectly

black, and apparently very defined. These lines have been

supposed to be loops of nervous fibres ; and M. Donne ap-

pears still to labour under that erroneous idea, when at page
116, Cours de Microscopic, he says,

" d'autres taches grises se

remarquent Je les crois formees par des houppes ner-

veuses." These lines are nothing more than the outlines of

the papilla of fig. 1, seen not exactly at the right focus.

From the nature of their structure and functions we should

expect to find some nervous filaments in the interior of the

papillae ; and probably such do exist, though I have not yet
been able to detect them. The nervous fibres, which are

found below this layer, will be examined hereafter. They
never present any opening ;

the dark points sometimes seen

at their apex belong to some central spots of the epithelial

scales, with which they are covered as with a glove ;
nor do

they ever appear flaccid or empty.
Glands *.—The glands of the frog's tongue differ from the

papillae by the very active circulation which they present in

their interior. They are always of a globular shape, more

prominent and larger on the surface than the papillae, being

generally about the j^q^1 °f an inc^> The circulation in

these small glands is very interesting to witness, as we can

trace the progress of the particles of the blood as they enter

into the centre of the gland, and follow them in all their move-

ments, until they make their exit in the capillary vessel which

* These will be shown hereafter to resemble the fungiform papillae in

the human subject.
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conveys them to the venous branches. The movement of the

blood in the gland may be compared to that in small whirl-

pools; and at first it does appear as if the blood were animated

by a circular movement, in a small spherical cavity at the cen-

tre of the gland, without its being contained in any capillary
vessel. This appearance however is illusory, and created by
the rapid motion of the blood in a coil of transparent vessels,

which are twisted up on this spot into a spherical shape. The
limits of this vascular nucleus are well-defined, and are gene-

rally found to occupy half the diameter of the gland, or about

ToWtn of an inch. When engorged with blood it is easy to

perceive the coils of capillaries ; and their continuity may be
traced to the ends, which, as in fig. 2, bring the blood and

convey it away. The two extremities are generally found at

opposite sides of the gland, as in fig. 2. When perfectly

empty it is almost impossible to detect these coils
;
but there

may be seen, however, a distinct outline, which probably con-

sists of the membrane, upon which is secreted the fluid con-

tained in the external transparent area. The rate at which
the blood moves in these coils is constantly varying ;

some-

times it is so quick that the globules are only perceptible by
a flitting appearance, and in a few moments afterwards it be-

comes stationary. In favourable circumstances, when the red

globules are scanty and the circulation slow, one of them will

arrive in the gland, and may be followed in the various gyra-
tions it performs ; at one moment ascending in the superficial

curves,at other times descending and passing into others placed

deeper. Some idea may be formed in this way of the consider-

able extent of the capillary convolutions. The blood does not

circulate with equal rapidity in different glands at the same mo-
ment ;

for there may be seen at the same time some in which

the blood is stationary, and others in which it moves with ex-

treme quickness. The external area, which, divested of the

epithelial scales, would be transparent, comprises the other

half of the diameter of the gland: within this the contents are

perfectly motionless. In some there appears a radiated struc-

ture distinct from the epithelial covering, constituting separate

compartments or cells in its interior : they contain a fluid

substance void of granules or other particles perceptible by
the microscope.

In general no opening is to be perceived on the surface of

the gland for the passage of the fluid after it has been secreted ;

but in favourable instances a small opening with scales of epi-

thelium around its borders can be seen, descending apparently
into the cavity of the gland. Although it is difficult to demon-
strate the existence of an aperture or duct, it is easy to ascer-
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tain that the secretion which lubrifies the surface of the tongue
is very abundant over these bodies, and that it appears to arise

from them. On examining the fluid, it was found to be a

thick mucus, without any of the globules commonly known to

characterize it.

The tongue of the toad presents likewise numerous papillie
and glands similar to those of the frog. In addition, nume-
rous depressions in the mucous membrane are frequently

seen, which are of the same nature as the mucous follicles or

crypts in man. Around them and on their exterior we find

a very abundant network of capillaries.

Vascular System and Circulation.—Having examined the

glands, which may be considered as appendages of the vas-

cular system, I now proceed to describe other phaenomena of

the same system, as observed in its general distribution

throughout the tongue. The blood, we are aware, consists

of a transparent fluid holding in suspension numerous par-
ticles, most of which are red and of a flattened shape, while a

few others are colourless, and spherical in form. The various

movements and appearances presented by these particles in

their circuit from the arteries to the veins, constitute the prin-

cipal phasnomena to be observed by the microscope. The

tongue offers great facility for observing the two opposite
currents in the veins and arteries, as they run together side

by side for a considerable distance in that organ.
I have already mentioned the rapid injection of the tongue

as soon as it is subjected to the experiment, from the irritation

caused by extracting it from the mouth. The degree of ra-

pidity with which this takes place varies in different subjects,
even when they are selected as similar as possible with regard
to age, size, &c. These varieties are to be attributed to cer-

tain constitutional differences or idiosyncrasies, such as we find

in human beings, and which are found to exist in a minor

degree throughout the animal kingdom, and are inseparable
from animal life. While preparing the tongue, we find like-

wise some of these constitutional peculiarities; for in some

subjects it may be expanded without the least laceration,
while in others it is extremely liable to tear with the slightest
force used. In proportion as we penetrate more closely into

the structure of this organ, we find numerous peculiarities of
structure referable to the same cause; but particularly when

examining the changes which occur in the vascular system,
these evidences of constitutional peculiarities are more appa-
rent. As this point is intimately connected with the vital

functions, and may lead us to a better acquaintance with the
laws by which they are governed, it is unnecessary to point
out the interest with which it deserves to be examined.
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We may estimate in some measure the changes which occur

in the tongue when under the influence of irritation, by ex-

amining it in an animal recently dead, and without its having
been subjected to any previous irritation. The capillaries
visible are then found to be comparatively very few in number,
and less engorged with blood ; but as the blood in this case

is perfectly motionless, it is still better to prepare a subject as

speedily as possible, when the increase of the number of ca-

pillaries may be easily watched. Vessels which before were

invisible, are then revealed by the passage of a few particles
of blood in a certain defined direction, gradually becoming
more distinct. I have never been able to satisfy myself on
these occasions of the formation of any new channels for

the blood ;
on the contrary, they have always appeared to

me to be perfectly defined and distinct from the first moment
of their appearance. The most remarkable changes to be

observed in the tongue are the following :
—

1. Engorgement of the Capillaries.
—The capillaries are

rapidly injected with blood, which becomes stagnant. Cir-

culation is only seen at a few points. The arteries still

continue to pour their contents, while the current in the

vein becomes more and more languid, until at length it ceases

entirely. The vessels appear to contain a red substance, in

which we cannot easily detect the separate red particles.

The lymph-globules are sometimes seen distinct within the

vessels, but they are not generally very abundant : whenever

a muscular movement is made, it is found to give rise to a

brisk movement of the blood, which continues several instants

afterwards.

2. An increased action in the Capillaries.
—The stagna-

tion in the capillaries is very slowly produced, for many
hours we may witness the admirable sight of these vascular

currents moving rapidly in all directions. At one place
are the discs, passing through canals sufficiently large to

allow several to pass at a time : by tracing this canal to-

wards its extremity we find its calibre gradually diminish,

until at length the discs or spherules can only pass one at a

time. In these vessels may be frequently seen, as it has been

described, the state of oscillation of the fluid column, the

temporary stagnation of some loop, which is afterwards suc-

ceeded by the globules passing with great rapidity, while the

adjoining loops in their turn become inactive ; at other times

the direction of the current in the loop takes an opposite

course, which may continue as long as the examination lasts.

The most efficient cause in producing these changes in the

capillary circulation is, without doubt, muscular contraction;

for whenever that occurs, a state of great activity is produced
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in the circulation for several moments, and the inertia of

several of the fluid columns is overcome. In recognising the

influence of muscular action on the circulation, we must not

forget that this is merely auxiliary to the great action of the

heart, and that it only occurs at irregular intervals.

The action of the heart itself may be traced into the minu-
test capillaries, and even sometimes to the large venous trunks,

by the periodical acceleration of the vascular column. I have

already described the manner to detect the pulsations of the

heart of the frog : I found the average number to be sixty-four
in a minute. By counting the acceleration of blood in the

artery, these two are found to correspond with great precision.
In the same way, by accurately noting the time, we may in

most cases observe a similar acceleration in the minute capil-

laries, and even in the veins. Miiller has already noticed an

oscillating movement in the capillaries, when the animal is in

a state of great exhaustion ; but in my experiments I have
been able to detect it from the commencement without any
impairment of the vital powers. In these instances the num-
ber of accelerated movements in a minute is about thirty-

eight, and they are synchronous with the contractions of the

heart : in the accompanying vein at the same time I have also

perceived a slight oscillating movement of the blood. By a

little practice the synchronous action of the capillaries and
the heart will scarcely ever fail to be perceived.

3. Corpusculation of Capillaries.
—The peculiar manner

in which the lymph-globules, or corpuscles, conduct them-
selves in the capillaries, when in an organ in a state of irri-

tation, has of late engaged much attention. The experi-
ments of Mr. W. Addison of Malvern, have greatly contri-

buted to show these important functions in inflammation. In

the tongue of the frog and toad they may be frequently seen

circulating with the red particles in the vessels, down to the

minutest capillaries. As it has already been pointed out,

these spherules are generally found, when they come in con-

tact with the parietes of the vessels, to retain their adhe-

rence with greater force than is manifested by the red par-
ticles in the like circumstances ;

as in fig. 3, where the

current was observed to continue for many minutes without

displacing the globules near the sides of the vessel. Thus
we frequently see a lymph-globule remain in the same place,

notwithstanding the current of red particles sweeping and

pushing by it. From its globular form we should have

expected, a priori, that the contrary would have been the

case. The appearance in the larger vessels of these spherules,
adherent to their inner surface, has been very aptly compared

Phil. Mag. S. 3. Vol. 29. No. 194. Oct. 1846. U
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to so many pebbles or marbles over which a stream runs

without disturbing them. Another arrangement of them in

the capillaries is shown in fig. 4, where the vessel is occupied

solely by these spherules. This is only to be found near

the borders of the tongue, where we may suppose that the

greatest irritation exists. The spherules are there found

to be quite motionless, and not a single red particle can be
detected at any point of the vessel, which, in the case in ques-
tion, was followed for a considerable length. The corpuscles,
which are transparent, are occasionally seen to be granulated.
It appears to be very doubtful whether this corpusculation (if

I may be allowed the expression) is an invariable accompa-
niment of all cases of irritative congestion or inflammatory
action, as has been maintained. As far as I have been enabled

to judge, the corpusculation only occurs after n rapid circula-

tion has existed for some time in the vessels of the part irri-

tated
;

but if the congestion and stagnation occur quickly,
this collection of corpuscles is not to be seen, which would

appear as if they required to be eliminated from a consider-

able mass of blood.

4. Extra Fibrination of the Capillaries.
—Under this term

I denominate another effect produced by increased influx

of blood, which, if not so striking as the collection of the

corpuscles, is still more constantly observed. It consists

in a kind of condensation of the tissue on the exterior of

the vessel, and appears to be produced by the exudation
of the fibrinous parts of the blood, from increased pressure
exerted by the blood on the capillaries. While thin is

taking place the vessel is less distinctly seen ; minute globular
forms may be perceived in this condensed tissue, consisting

probably of particles of fibrine. I have already shown in a

former paper upon the structure of vapours, &c, the great

tendency which liquids have to assume a globular shape. It

would be convenient to apply some term, such as I have used

above, to distinguish this action. Sometimes, as in
fig. 5,

these globules are very distinctly seen.

5. Extravasation of Blood.—When this occurs, the whole
surface of the tongue becomes covered with numerous spots of

blood, similar to those which appear on the human body. It

appears to take place more frequently in the glands than at

other places, and the blood appears to be affected at their ex-

terior surface. Generally the current of blood is stationary at

the point of rupture and in the adjoining vessels. The ap-

pearance presented by the vessel at the ruptured point is

shown in fig. 6. There is found a conical tumour projecting
from the sides of the vessel ; and at its extremity are seen a few
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globules that have escaped. This fact is interesting, as the

appearance of the rupture shows how much the tissue of the

capillary is capable of being distended : either the blood does

not always escape through the vessel, or the opening becomes
soon closed up; for I have frequently seen small tumours,
similar to that in fig. 6, and often larger, into which the blood

penetrated and was seen to circulate*.

Muscles.—Muscular tissue is known to consist of minute

fibres, which present under the microscope the appearance of

straight tubes or cylinders, generally of the same thickness

throughout, but varying in different fibres. In general these

cylindrical fibres are closely packed together in a parallel di-

rection, and adhere together by means of a semifluid glutinous
substance possessing the properties of cellular tissue. Ac-

cording to Krause, these fibres, which are also frequently
known under the name of primitive fasciculi, vary in diameter

from 2T<jth to J^th of a line. In the human pharynx, accord-

ing to Schwann, they are from T
J

7tn to To tn °^ a ^ne#
In certain parts of the body we find that these fibres pre-

sent under the microscope dark lines or streaks in the direc-

tion of the transverse diameter,resembling the steps ofa ladder;
other fibres, on the contrary, are simple tubes without any
striae, and perfectly plain. The striated fibres were supposed
for some time to belong exclusively to the muscles endued
with voluntary action, and the latter to those removed from
the influence of the will. But although such is generally
the case, it has been found that this rule is not without excep*
tion. It has been remarked, that all the involuntary muscles
with striated fibres are very red and fleshy, and that the vo-

luntary muscles which are without them are pale and thin.

The muscular striae have been the subject of great contro-

versy. By some they are considered to consist of globules,
which bv their close arrangement in a line create a striated

appearance. A hollow cylinder, such as the fibre appears to

be, is supposed to contain these globules within it : the inter-

mediate spaces are supposed to be light, from the absence of
the globules, and to be occupied by some transparent fluid.

This is the opinion advocated by Prevost, Dumas, Miiller,

Edwards, Home, &c.

Having given these brief preliminary details, I will now
describe the muscular parts as they are seen in the tongue of

the frog and toad.

Below the epithelium and papillae are seen the muscular

* At some points there' exist in the minuter veins considerable constric-

tions. These are the valvules of the veins, and are not to be confounded
with any abnormal condition.

U2
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fibres crossing in every direction, like straight lines or cylin-
ders, of an even outline and without any subdivisions: at the in-

ferior surface they are still more distinctly seen, from the greater
thickness of the epithelial covering and the absence of papillae :

and from the mode of arrangement they may be compared to

the threads of a piece of linen, or the beams of a raft. Thus
we generally find one layer of fibres arranged transversely in a

parallel direction, and with considerable intervals between
them. Below these, by varying the focus slightly, appear
other fibres cutting them at right angles, but otherwise ar-

ranged in a similar way. In this manner appear successive

layers of muscular fibres at different angles. In addition to

these layers is the genio-glossus proceeding from the convexity
of the lower jaw-bone, and composed of round fibres arranged

together like a bundle of reeds, gradually expanding in a

curved direction towards the anterior extremity of the tongue.
For a long period all the muscular fibres of the tongue were

considered to be destitute of striae, and to belong to the fibres

of the second class, such as those which line the intestinal

tube. Such is the description still given of them by M.
Donne at page 1 IS, Cours de Micros.

As the other muscles of the frog which are under the influ-

ence of the will are known to present the characteristic stria?,

it appeared to me a curious anomaly that the muscular fibres

of the tongue, which are equally voluntary, should be without

them. For that reason I was induced to examine the mus-
cular parts of the tongue of the toad, to ascertain whether the

like exception existed there: I found the striae to be as di-

stinctly marked as they are in any of the other voluntary mus-
cles of the body. I have since on various occasions succeeded

in observing them equally distinctly in the muscular fibres of

the frog's tongue.
I will now mention what I have been able to observe with

respect to the presence or absence of these striae, as the sub-

ject may be deemed interesting from its bearing upon some of

the theories of muscular contraction. The characteristic

striae are always to be perceived upon the muscular fibre of

the toad's tongue ;
but in order to detect them conveniently

(the tongue of this animal not being so expansive as that of

the frog), a few slight incisions may be made, which can be

done without injuring any large vessel. In the young animals

of this species we may frequently be able to draw aside, and

secure with a pin, a transparent, membrane-like cellular tis-

sue, in which an active circulation can be observed for a long

time, and the distinctive streaks of muscular fibre over its en-

tire surface likewise. After these membranes have been sub-
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jected some time to the experiment, the striae become indistinct

and finally disappear. In some instances the muscular fibre

appeared to have its contents broken up in separate fragments,
each of which included several of the muscular striae. Similar

results were obtained from the examination of the tongue of

the frog, except that frequently none of the striae were to be
seen in any portion of it. Their non-appearance I at first

attributed to their more rapid disappearance ; but notwith-

standing every care I took to perform the experiment expedi-

tiously, I found that in many instances they were entirely

wanting : when examined after death (if the tongue has not

been previously experimented upon) I have always succeeded
in detecting them. Dilute nitric acid in these cases was found
to render the striae more distinct. The striae, as they appear
in these animals, are sometimes perpendicular to the axis of
the fibre, at other times inclining slightly to it; and even in

some instances the lines are bent in the middle. Their di-

stance from each other, though generally equal, was sometimes

irregular.
In all my observations I have never detected any angular

deviation when the muscular fibres contracted, as asserted by
Prevost and Dumas. During the contraction the sides of the

fibres are merely seen to become more dark and distinct, and

perhaps more thick; but in general, with high magnifying
powers, the movement is too quick to be followed, and the

fibre loses the exact focus of the instrument: neither have I

detected any displacement or alteration of the striae, such as

many anatomists have imagined to take place.
In the preceding observations I have endeavoured to show

some of the results to be obtained by a careful microscopic
observation of this organ, so important in its functions, and

containing within it all the principal tissues of the animal
frame. I have yet to treat of the nerves and lymphatics,
whose ultimate distribution is beautifully displayed. It is

unnecessary to point out all the facts which I consider novel
in this communication ; but as some of the most interesting, I

may refer to the alterations in muscular fibre during life, the

circulation in the glands, and the entire separation, in certain

cases, of the spherical from the other particles of the blood.

Kensington, August 15, 1846.

Additional Observations.

Recent observations have enabled me to decide the much-

agitated question as to the formation of pus, and its origin
from the extravasation of the colourless or spherical corpus-
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cles from the capillaries. In a future communication I pur-

pose to enter fully into this subject, but at present I will con-

fine myself to the establishment of this fact by the two follow,

ing observations extracted from my notes.

August 1st.—A toad was examined after it had been dead

two or three hours ; the abdominal cavity and cellular tissue

were found distended by a limpid dropsical collection of serum,

containing numerous white corpuscles, with a few blood-discs.

The mesentery was arranged for microscopic inspection, and

its capillaries were found filled with corpuscles and discs all

at rest. Upon examining the membrane I observed corpus-
cles within the vessel, which disappeared from the spots where

they had previously been detected, and after a few minutes

were no longer to be found. The only traces of their former

situation were curved indentations in the vessel, of the same

size as the corpuscles, and a solution in the continuity of the

parietes of the vessel at those points. At other parts, where

several of the corpuscles had existed together, the capillary

tube seemed completely interrupted, as if it had been en-

tirely dissolved. While the corpuscles were disappearing
in this manner from the vessel the red discs remained station-

ary.

August 29th.—The tongue of the live frog was distended in

the ordinary way. After the observation had continued for

half an hour, numerous corpuscles were seen outside the ves-

sels, together with a very few blood-discs, in the proportion
of about one to ten of the former. The extravasated parti-

cles were equally diffused over most part of the tongue. No

appearance of rupture could be seen in any of the vessels.

The corpuscles were generally distant about mra,03 from their

parietes. After the experiment had lasted about two hours,

thousands of these corpuscles were seen scattered over the

membrane, with scarcely any blood-discs. The process by
which they passed out of the vessel could be best observed in

a capillary containing stationary blood particles. Generally,
at a slight distance from it, some extravasated corpuscles could

be detected, and at the nearest opposite point of the tube a

small concave depression was presented. Frequently, near

this depi'ession, numerous corpuscles were collected within

the tube, as if about to follow the rest which had escaped.
These were frequently agitated by a movement of oscillation,

which showed that there was no open point in the tube. In

other spots some of these corpuscles were seen protruding half

out of the vessel. Whenever the current re-occurred in a

vessel presenting these appearances, the depressions and un-

evenness quickly disappeared, and no trace of the corpuscular
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extravasation could be seen, except the presence of the cor-

puscles themselves.

I consider therefore as established,— 1st, the passage of

these corpuscles
" de toute piece

"
through the capillaries ;

2ndly, the restorative power in the blood, which immediately
closes the aperture thus formed. It would lead me too far

at present to explain how I have obtained purulent matter in

these animals similar in all respects to that in the human

subject.

Kensington, Sept. 21, 1846.

XLV. On an Improvement in the Daguerreotype Process by
the application of some new compounds of Bromine, Chlorine

and Iodine',
with Lime. By R. J. Bingham, Chemical As-

sistant in the Laboratory of the London Institution*.

ALL persons who have practised the Daguerreotype must
have remarked, that in warm weather a considerable de-

position of moisture takes place upon the glass or slate cover

used to confine the vapour in the bromine or accelerating

pan. This moisture must also necessarily condense upon the

cold metallic surface of the plate during the time it is exposed
to the bromine vapour. In fact, I have been informed by a

number of professional Daguerreotypists (and I have experi-
enced the difficulty myself), that they were unable to obtain

perfect pictures during the excessive heat of the late season
;

and a very clever and enterprising operator, who last year
made a tour on the continent, and brought home some of the

finest proofs I have ever seen, entirely failed this season in

obtaining clear and perfect pictures, from the constant appear-
ance of a mist or cloud over the prepared surface. This ap-

pears to be caused by the deposition of moisture upon the

plate, arising from the water in which the bromine is dissolved.

To obviate this some have recommended the pan to be kept
at a low temperature in a freezing mixture; and M. Daguerre,
in a communication to the French Academy of Sciences, re-

commends the plate to be heated : but in practice both these

plans are found to be unsuccessful, (SeeLerebour's Traits de

Photographic.)
It appeared to me, that if we could avoid the use of water

altogether in the accelerating mixture, not only would the

difficulty I have mentioned be avoided, but a much more sen-

sitive surface would be obtained on the plate. With this

view I endeavoured to combine bromine with lime, so as to

form a compound analogous to bleaching powder. In this I

* Communicated by the Author.
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was successful, and find that bromine, chloride of iodine and

iodine, may be united with lime, forming compounds having

properties similar to the so-called chloride of lime.

The bromide of lime* may be produced by allowing bro-

mine vapour to act upon hydrate of lime for some hours: the

most convenient method of doing this is to place some of the

hydrate at the bottom of a flask, and then put some bromine

into a glass capsule supported a little above the lime. As heat

is developed during the combination, it is better to place the

lower part of the flask in water at the temperature of about 50°

F. : the lime gradually assumes a beautiful scarlet colour, and

acquires an appearance very similar to that of the red iodide

of mercury. The chloro-iodide of lime may be formed in the

same manner : it has a deep brown colour. Both these com-

pounds, when the vapour arising from them is not too intense,

have an odour analogous to that of bleaching powder, and

quite distinguishable from chlorine, bromine or iodine alone.

Those Daguerreotypists who use chlorine in combination

with bromine, as in Wolcott's American mixture, or M. Gue-
rin's Hungarian solution, which is a compound of bromine,
chlorine and iodine, may obtain similar substances in the solid

state, which may be used with great advantage. By passing
chlorine over bromine, and condensing the vapours into a

liquid, and then allowing the vapour of this to act upon lime,

a solid may be obtained having all the properties of the Ame-
rican accelerator ; or by combining the chloro-iodide of lime

with a little of the bromide, a mixture similar to that of M.
Guerin's may be produced : but I greatly prefer, and would

recommend the pure bromide of lime, it being, as I believe, the

quickest accelerating substance at present known. By slightly

colouring the plate with the chloro-iodide, and then exposing
it for a proper time over the bromide, proofs may be obtained

in a fraction of a second, even late in the afternoon. A yel-
low colour should be given by the use of the first substance;
and the proper time over the bromide is readily obtained by
one or two trials. With about a drachm of the substance in a

shallow pan, I give the plate ten seconds the whole of the

first day of using the preparation, and add about three seconds

for every succeeding one. The compound should be evenly

* I call this substance bromide of lime, although there is a difficulty

as to the composition of bleaching powder, and which would also apply to

the compounds I describe. Some chemists regard the chloride of lime to

be a compound of lime, water and chlorine. Balard thinks it is a mixture

of hypochlorite of lime and chloride of calcium; and the view of Millon

and Prof. Graham is, that it is a peroxide of lime, in which 1 equivalent
of oxygen is replaced by 1 of chlorine.
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strewed over the bottom of the pan^^j|gj|ffifdmrith care

for about a fortnight.
The great advantage of this compound is, that it may be

used continuously for a fortnight without renewal; and, unlike

bromine water, its action is unaffected by the ordinary changes
of temperature.

I have hastened to communicate this during the present fine

weather, believing that it will be acceptable to all interested

in this beautiful application of science.

September 14, 1846.

XLVI. On the Constitution ofAqueous Solutions ofAcids and
Alkalies. By John Joseph Griffin, Esq.*

A N inquiry has been instituted of late into the volume that
^"*-

is assumed by a given weight of any chemical substance

on being dissolved in water ; and the chemists who have in-

stituted this inquiry have promptly drawn conclusions and
established laws, very general and comprehensive in character,
and susceptible of important applications, provided they are

founded on* well-established facts.

Thus, "in the year 1840," I quote from Messrs. Playfair
and Joule,

" Dalton made the interesting discovery, that

sugar and certain salts on being dissolved in water increase

its bulk only by the amount of water pre-existing in them.
He generalized this observation by asserting that all hydrated
salts dissolve in water, increasing its bulk merely by their

amount of water of hydration, while anhydrous salts do not

at all increase the bulk of the water in which they are dis-

solved.
" But it must not be forgotten, that when Dalton published

this paper he was much enfeebled by illness, and on this ac-

count it does not derogate from the acuteness of the philoso-

pher, that Mr. Holker was unable to confirm Dalton's results

in repeating the experiments in 1843. He did so however in

the case of sulphate of magnesia, and approximately in that

of one or two other salts."—Philosophical Magazine, vol.

xxvii. p. 456.

The experiments that were particularly described by Dal-

ton, were made with sugar and sulphate of magnesia. But he

declares that his hypothesis was not founded on those expe-
riments alone. He says,

" I have tried the carbonates, the

sulphates, the nitrates, the muriates or chlorides, the phos-
• Communicated by the Chemical Society ; having been read April 20,

1846
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phates, the arseniates, the oxalates, the citrates, the tartrates,

the acetates, &c. &c, and have been uniformly successful.

Only the water adds to the bulk and the solid matter adds to

the weight/'
—Essay on the quantity of Acids, Bases and

Water in the different varieties of Salts ; with a new method

of measuring the Water of Crystallization, as well as the

Acids and Bases.
Dr. Dalton knew well the importance of the principle he

was attempting to establish, lor he declares "It is the

greatest discovery that 1 know of next to the atomic theory."—New and Easy Method of Analysing Sugar.
In May 1845, Messrs. Playfair and Joule presented to the

Chemical Society a memoir, in Mhich they have recorded the

results of an elaborate experimental examination of Dalton's

hypothesis. (See Philosophical Magazine, vol. xxvii. p. 453.)
Their conclusions are no less startling than were those of

Dalton, on which the inquiry proceeded. They find his doc-

trine in relation to sugar to be true. " It is," they say,
" an

extraordinary fact, that the twelve atoms of carbon in sugar
cease to occupy space in solution, and that the bulk of an

atom of sugar is just the bulk of its oxygen and hydrogen
considered as water. And this," they say,

" is a matter of

supreme interest, and cannot fail to lead to important results

when we come to the consideration of organic compounds."—
Pages 530 and 474.

They next confirm Dalton's statement with regard to sul-

phate of magnesia and other analogous salts, namely, that

when anhydrous they occupy no space in solution, but when

hydrated they add the bulk of the water of hydration to the

bulk of the water of solution.

Thirdly, they find that other compounds dissolved in water

increase its volume for every equivalent, either by 9 or by

multiples of 9. [9 is their standard number for the volume

of an equivalent of water.]
These statements affirm three main propositions, namely,-—
1. That certain anhydrous substances when dissolved in

water occupy no space. The volume of the solution is the

same as the volume of the water contained in it.

2. That other anhydrous substances when dissolved in

water assume a fixed and characteristic volume ;
so that the

volume of the solution is not the same as that of the water

contained in it, but greater or smaller, in exact proportion to

the atomic volume of the substance dissolved in it.

3. That when organic substances are dissolved in water

their carbon occupies no space, but their hydrogen and oxy-
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gen, if in the proportions proper to form water, occupy ex-

actly the space of an equivalent weight of water.

Other subjects than these are discussed in the memoir of

Messrs. Playfair and Joule, but in order to avoid complication
I shall confine myself entirely to what relates to the atomic

volume of substances in solution.

If the first two of the foregoing propositions are true, they

give us important information respecting the constitution of

aqueous solutions. If, for example, we are furnished with

the specific gravities of anhydrous substances, and with their

atomic volumes in solution, then, knowing their atomic

weights, and taking for granted the specific gravity of water

and the temperature of the several materials, we shall have in

our hands the whole laws that regulate the specific gravities

of aqueous solutions, and we shall be enabled to calculate

tables of solutions perfectly free from the inaccuracies that

beset all tables that are prepared from experiments on indi-

vidual solutions. We shall be rendered by these doctrines

so completely master of details, that, if the specific gravity of

any solution be given, we shall be able to tell its chemical

strength ; or if the chemical strength be given, we shall be

able to declare what must be its specific gravity. These doc-

trines lead, therefore, to very important practical results, and

they are the more deserving of regard, that the previous re-

searches of chemists in this department have been entirely

unsuccessful. All that we know of the relation of the che-

mical strength of solutions to their specific gravity has been

derived from practical trials, and we have no general prin-

ciple to guide us beyond the limits of those trials, no rule by
which to test the accuracy of the experimental data, or by
which to determine either the chemical power of a solution

from its density, or the density from its chemical power.
The laws announced by Dalton, and reaffirmed by Messrs.

Playfair and Joule, come apparently to clear away this diffi-

culty, and coming supported by the results of a series of ela-

borate and ingenious experiments, if they are too startling to

command the immediate assent of chemists, they at least

merit a rigorous examination.

In the course of an inquiry into the subject of centigrade

testing (dosage), I have had occasion to examine the consti-

tution of a great number of solutions of the principal acids

and alkalies. The facts elicited by that examination afforded

collectively a sharp test of the accuracy of these new doc-

trines respecting the atomic volumes of substances in solu-

tion. I compared therefore the doctrines with the facts care-
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fully, and I feel bound to declare that they are at variance.

Among a dozen chemical substances, whose solutions I have

examined, I find only one that appears to have a fixed atomic
volume in solution in water. That substance is ammonia.
All the other substances that I have examined vary constantly
in their liquid volume, according to the state of dilution, and
I am forced to the conclusion, in so far at least as concerns

the substances that I shall enumerate, that the doctrine of a

fixed atomic volume in solution is fallacious and of no use.

While I think it right to state this opinion explicitly, I do so

with considerable diffidence. It is possible that I may have
overlooked some circumstance essential to the full compre-
hension of the question. I by no means deny the accuracy
of the experiments upon which the opposite opinion has been
founded. The difference in our conclusions results from dif-

ferent ways of interpreting the experiments. The conclusions

are however incompatible; and if the doctrines of Messrs.

Playfair and Joule shall prove to be correct, serious fallacies

must exist in my calculations or mode of reasoning.
To place the evidence on this subject before chemists, I

proceed to detail my researches into the constitution of solu-

tions of acids and alkalies. An investigation of this sort has

the unfortunate property, that, dealing with a great variety
of separate facts, an account of it must necessarily be long.
I shall shorten it to the utmost by throwing as much as pos-
sible into the form of Tables

;
and in order to render the con-

densed account intelligible, I shall begin by describing the

plan of the Tables, and explaining such terms and other par-
ticulars as seem to require it.

Of the Measures used.

I have in all cases examined the constitution of the same
volume of solution, namely, the tenth part of an imperial gal-

lon, or the bulk of one avoirdupois pound, or 7000 grains of

pure water at the temperature of 62° F. I propose to call

this measure a Decigallon.
For the sake of having a manageable term for a small vo-

lume of liquid, I divide the decigallon into 1000 parts, each

of which contains 7 grains of water, and for which measure I

propose the name of Septem.
A complete scheme of decimal measures thus founded on

the imperial gallon is exhibited in the following Table :
—
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Imperial Liquid Measure. Divided Decimally.

Gallon.
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as each degree measures the 10,000th part of an imperial

gallon, it is easy to find the relation between the chemical

strength and the physical mass of a given solution.

Methods of Experimenting.
The experiments that are distinguished in the following

Tables by the letter G were made in my laboratory, except
in those cases where other authorities are specified. The
chemical solutions were

'

prepared in stoppered graduated

glasses at the temperature of G2° F. The requisite analyses
were all effected by the method of centigrade testing. Various

precautions were taken to ensure accuracy, but I forbear to

enter into details, because they would occupy too much space,
and I reserve them for a separate work on Centigrade Test-

ing, which I purpose to publish for the use of chemical

manufacturers. The specific gravities were determined by
weighing the solutions in light bottles, of which three sizes

were used, capable of containing respectively 3000, 700, and

350 grs. of water. The balance in which the large bottle was

weighed turned with half a grain when loaded. That in

which the small bottles were weighed turned with "01 gr.

when loaded. The weighings were all taken when the liquors
were at the temperature of 62° F. The greater part of the

experiments were made by my assistant, Mr. Joseph White
of Nottingham ;

the others by myself.
The tables of mineral acids were calculated from the ex-

periments already published by Dr. Ure and other chemists.

Atomic Volume of Water.

For the sake of subsequent reference I shall state the atomic

Volume of water, as derived from the atomic weights both of

Dumas and of Berzelius.

Table I.—Water.

HaO = 112-48 grs. : Berzelius.

m 112*5 grs.: Dumas.

Temperature 62° Fahrenheit.

1
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Table II.—Sulphuric Acid.

SO3 = 501-165 grs. Temperature 62° F.

295

Authorities
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of solution. Column 2 shows the specific gravity of the solu-

tion, or the weight in avoirdupois pounds of a decigallon.

By multiplying the specific gravity by 7000, we obtain the

weight of a decigallon in grains.
Column 3 shows the absolute weight of anhydrous acid

contained in a decigallon of each solution, expressed in test

atoms. To find the weight in grains, the numbers in this

column must be multiplied by 501*165, the number given at

the head of the tabic as the weight of a test atom.

These two columns of each table contain the physical and

chemical data from which all the particulars given in the other

columns are derived.

The numbers contained in column 5, which show the
" volume in solution

"
occupied by 1 test atom of anhydrous

acid at different stages of dilution, are determined by the fol-

lowing calculation. The absolute weight in grains of the

anhydrous acid contained in a decigallon of solution is deducted

from the absolute weight in grains of the same volume of so-

lution : the difference is the weight in grains of the water.

Dividing this difference by 7> we nave the volume of the

water expressed in septems. Deducting this volume from

1000 (the number of septems contained in a decigallon), the

difference shows the number of septems occupied by the

known weight of anhydrous acid. Dividing this number of

septems by the number of test atoms constituting the known

weight of anhydrous acid, the product is the number of sep-

tems occupied by one test atom of the anhydrous acid. As this

calculation is important, I shall illustrate it by two examples.
First Example.—Acid of sp. gr. 1*8393, having a chemical

strength of 2000°, or 20 test atoms per decigallon.

1839*3 —
sp. gr. of the solution.

Mult, by 7_
12875*1 = weight of 1000 septems of solution in grs.

Deduct 10023*3 = weight of 20 test atoms of acid in grs.

7) 2851*8 = weight of the water in grs.

407*4 = volume of the water in septems.

20) 592*6 = volume of the acid in septems.

29*63=volume of 1 test atom of acid in septems.

Second Example.
—Acid of sp. gr. 1*0037, chemical strength

5°, or 0*05 test atom per decigallon.

1003*7 =sp. gr. of the solution.

7

7025*9 = weight of 1000 septems of solution in grs.

25*058 = weight of ^th test atom of acid in grs.

7)7000*842 = weight of the water in grs.

1000* 1 203 = volume of the water in septems.
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In this case the water present is in greater quantity than
would suffice to fill the decigallon measure if water alone was

present. The 5° of acid (25'05S grs.) condense their own
volume and *1203 septem besides. The effect produced by
100° of acid, or 1 test atom, is of course 20 times as much,
namely, 2*406 septems. I have put this and similar negative

quantities in the table with the minus sign (
—

) prefixed to them.

By this calculation we effect a complete analysis of the so-

lution. We begin with—
the volume"! c , , , ,

•

• Li. p-or the solution,the weight J *

and we find the volume! c , fc .

i.u
• ^i rot the water,the weight J

*

and the volume! r , , , , . j
4.L

• n r oi the anhydrous acid,
the weight J J

The numbers in column 6, which represent the condensa-
tion that takes place, are found by subtracting the numbers
contained in column 5 from the number which represents the

volume of the test atom of uncombined acid SO3
, which

number is placed at the head of column 5.

The numbers in column 6 represent the actual condensa-
tion effected in each mixture by the chemical power of one
test atom of SO3

. I do not mean to ascribe the diminution
of bulk to the acid, but to the compound which the acid

helps to form. There is consequently a fallacy in the state-

ments given in column 5. It is not absolutely true that SO3

occupies the volume there assigned to it in different solutions.

It is only true if the actual condensation that occurs is

reckoned solely upon the acid, and none ascribed to the water
or the resulting hydrate ;

but in reality the hydrate alone

suffers the whole condensation. This compound has the

property of existing, at a given temperature, within a smaller

volume than that occupied by its uncombined elements.

None of the condensation therefore can be properly ascribed

either to the acid or to the water individually. This being
understood, the fallacy in the table can lead to no error.

The plan adopted has the advantage of rendering the effects

of different substances acting on water readily comparable
with one another.

The numbers contained in column 7 represent the atomic
volume of the different solutions, that is to say, the volume
of solution that contains a test atom of the anhydrous acid.

To find these numbers we divide 1000 by the numbers con-
tained in column 3} or by the degree expressed in test atoms.
The numbers contained in column 4, which represent the

state of hydration expressed in atomic proportions, are deter-

Phil. Mag, S. 3. Vol. 29. No. 194. Oct. 1846. X
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mined by the following process. The numbers in column 7

show the volume in septems of every solution equivalent to 1

test atom ofanhydrous acid. Deducting from that number the

volume occupied by 1 test atom ofanhydrous acid, as quoted
in the same horizontal line in column 5, the residue is the

quantity of associated water expressed in septems. Dividing
this residue by the atomic volume of water, 16*075 the Pro

"

duct shows the number of atoms of water that occur in

combination with 1 atom of the anhydrous acid.

The range of the experiments recorded in this and the

following tables, is from a solution saturated at 62° F. to a

solution containing 1° of acid or other substance per deci-

gallon, or 1 test atom in 10 imperial gallons of solution. I

do not stop at that stage of dilution because the condensing

power of the chemical substances is exhausted, for I find no

limit to that power. I stop because experiments performed
on liquors further diluted do not give results of sufficient ac-

curacy for this inquiry. It is impossible to determine the

exact specific gravity of solutions running between sp. gr.

1-001 and sp. gr. 1-000.

Observations on some of the prominentfeatures of the Table

of Sulphuric Acid.

Messrs. Playfair and Joule (Philosophical Magazine, vol.

xxvii. p. 480) consider the atomic volume of sulphate of water

to be equal to twice the atomic volume of water. Deducting
the water, this leaves 16-07 as the volume in solution of the

anhydrous sulphuric acid. This agrees with a solution of

about 160° of chemical strength, but disaccords with every
other solution, weaker or stronger. In fact, anhydrous sul-

phuric acid has no fixed volume in solution. Its measure
extends from + 33*96 septems to —68*41 septems, changing
with every change in the composition of its hydrates, so that

a single drop of water cannot be added to any solution with-

out diminishing the bulk, by increasing the condensing
power, of the anhydrous acid.

The amount of the condensation effected by anhydrous
sulphuric acid in its various stages of hydration is remarkable.

The atomic volume of the test atom of acid is very nearly 36

septems, or 1 cubic inch. With half an atom, or 8 septems
of water, it condenses 2f septems. With 1 atom, or 16

septems of water, it condenses 5 septems. With 2 atoms, or

32 septems of water, it condenses 10 septems. In all these

cases the condensation is equal to nearly one-third part of

the entire bulk of the water. With 6227 atoms, or 100105

septems of water, it condenses 105 septems. In this case
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the condensation is equal to only one-thousandth part of the

bulk of the water, but it is equal to three times the bulk of

the uncombined anhydrous acid.

It is curious to compare this chemical condensation with

that which is effected in water by simple pressure. A weight
of 1 lb. avoirdupois applied to a cube of water of the bulk of

1 septem diminishes its height to the extent of 50 millionths,

whereas 1 lb. weight of sulphuric acid, = 14 test atoms, ap-

plied to 450 septems of water, = 28 test atoms, occasions a

condensation equal to 143 septems, and if applied to 100000

septems of water, it occasions a condensation equal to 1400

septems.
If, as some chemists affirm, dilute solutions are not to be

held as chemical compounds, but only as mixtures of acid

and water, in what manner shall we account for this enor-

mous condensation ? We universally admit, as chemical com-

pounds, the hydrate of sulphuric acid with 1 atom of water

(oil of vitriol), and the crystallizable hydrate with 2 atoms of

water ; but when the compound contains more water than
2 atoms, some of us, for that reason alone, begin to question
the occurrence of chemical action. Yet surely the evidence

afforded by progressive condensation is not to be disregarded

merely because the condensation occurs in a dilute liquor ?

and jf a condensation equal to ten septems is taken as a proof
of chemical action in the formation of the second hydrate,
how can we reasonably declare that a condensation equal to

a hundred septems, effected by the same quantity of acid,
but with more water, is evidence of no chemical action ?

The rate of condensation does not seem to accord with any
arithmetical or geometrical progression. I cannot reduce it

to any useful formula. I can perceive no particular relation

that it bears to the real specific gravity of the solutions, nor
to their chemical strength, nor to the state of hydration of

the acid, nor to any other general principle. I am unable to

construct a formula with which to determine either the che-

mical strength of a solution from its specific gravity, or the

specific gravity from its chemical strength. But this pro-

bably arises from the fact that the subject has not been suffi-

ciently examined ; for a glance at the Tables cannot but

suggest the opinion, that the condensation effected by every

particular substance will have an invariable progression.
In the mean time there is one particular in which we can

approach a little towards a knowledge of the laws that regu-
late specific gravities, and that is, in determining the exact

degree in which condensation increases the mean specific

gravity of a solution. What I have to say on this head ap-X2
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plies to solutions of all substances, and has therefore a general
interest.

If we deduct 1 from the specific gravity of anhydrous

sulphuric acid, and divide the residue by the number of test

atoms of anhydrous acid that fill a decigallon at 62° F., the

product is a fraction, which, when added to 1, represents the

mean specific gravity of a solution containing 1 test atom of

acid per decigallon. Thus—
sp.gr. l-97-l _ -97 _.Q35252

2y5l6 "27-516-
°35252 '

The product -035252+ 1 = 1'035252 is the mean specific gra-

vity of a solution of acid of 100°.

The same decimal fraction multiplied by any given number,

say 20, and then added to 1, gives the mean specific gravity
of a solution of the chemical strength indicated by the given
number. Thus—

(-035252 x 20) + 1 = 1'70504,

which is the mean specific gravity of a solution of acid of

2000°.

If now we compare the mean specific gravities thus calcu-

lated with the real experimental specific gravities of the

several solutions, and take the differences, we obtain a series

of numbers which show the precise extent to which the spe-
cific gravities are increased by the condensation resulting
from the chemical action of the acid upon the water. I give
these differences in the following Table.

Table III. Showing the increase of Specific Gravity occa-

sioned in Solutions of SO3
by condensation.

Degree
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effected by 1 atom of SO3
(or of any other substance) is that

which occurs when it combines with the largest possible

quantity of water. The extent to which this holds true is

best seen on examining the specific gravity of a very dilute

solution, for example, that of 1° :

1*00000000= specific gravity of water.

0*00035252= fraction indicating the mean specific

gravity of 1° of acid.

0*00104748= increase of specific gravity due to

condensation.

1*00 140000= real specific gravity of acid of 1°.

The effect produced by condensation is here three times as

great as that due to the mere difference of weight between
the anhydrous acid and the water which it replaces.
The common attribution of the greatest condensation to

the third hydrate is nevertheless true, provided we take the

protohydrate as the point of comparison. Thus, 47'437 sep-
tems of SO3

, H2 added to 16*07 septems of water = 63*507

septems, whereas the atomic measure of SO3 + 2H 2
is only

58*276 septems, showing a condensation of 5*231 septems.

Again, 47*437 septems of SO, HsO added to 32*14 septems
of water = 79*577 septems, whereas the atomic measure of

SO3 + 3HsO is 73*403 septems, showing a condensation of

6*174 septems, which exceeds the former condensation by
0*943 septems.

The extent to which the mean specific gravity of a solution

is increased by condensation depends necessarily on the ac-

tual amount of the condensation. As it is easy to ascertain

that amount, it will be proper to point out the exact relation

between condensation and the term expressing the real spe-
cific gravity of a solution.

If we suppose 500 septems of acid to combine with 500

septems of water, and to condense so much as to form only
999 septems of solution, we shall require 1 septem more of

water to fill the standard measure of a decigallon. This adds

7 grs. to the weight of the solution, and therefore increases

its specific gravity by *001. If the condensation is such as

to require 5 septems of water to complete the decigallon mea-

sure, the weight of the liquor will be increased by 35 grs.
and its specific gravity by *005. For every septem of con-

densation per decigallon, that is to say, for the condensation
of every thousandth part by measure of the solution, the in-

crease in specific gravity will be *001. This law is universal.

The nature of the chemical substance that causes the con-

densation, the quantity of it contained in the solution, its
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specific gravity, its atomic weight, the volume of its anhy-
drous atom, are all matters of indifference. The sole regu-

lating particular is the extent of condensation per decigallon

expressed in septems. Every septem of condensation per deci-

gallon, effected in any solution, increases the specific gravity

by -001 (water being = 1*000).
It is easy to test the accuracy of this principle by facts.

If we divide the differences given in Table III, by '001, we
find the number of septems that correspond to the condensa-

tion per decigallon in each solution. And if the condensation

per decigallon is divided by the number of test atoms known
to be present in a decigallon of each solution, the product
shows the amount of condensation effected by each test atom,
and that product corresponds with the number given in co-

lumn 6 of Table II.

The following calculation, relating to acid of 10 atoms or

1000° of strength, also substantiates this principle.

To .... . "035252= fraction indicating the mean specific

gravity of 100° of acid,

Add .... '01 2698= condensation per atom in solutions of

1000° of acid: see Table III.

•047950

Multiply by 10= number of test atoms of acid per

decigallon.

Gives . . . -479500
Add .... 1 '000000= specific gravity of water.

Result . . . 1*479500= real specific gravity of acid of 1000°.

I hold these results to prove that anhydrous sulphuric acid

has no fixed atomic volume in solution. There is, neverthe-

less, a means of indicating the volume of an atom of anhy-
drous acid in solution, which is free from fallacy, and well-

adapted to practical purposes,
— I allude to that exhibited in

column 7 of Table II. The numbers in this column are all

chemically equivalent, and show how many measures of any
strong acid must be taken to produce, by dilution with water,
the atomic measure of another weaker acid. Thus, 47'437

septems, the atomic measure of SO 3
,
H 2

0, diluted with water

to the bulk of 58*276 septems, produces the hydrate SO3
,

?H ciO
;
or diluted to the bulk of 73*403 septems, it produces

che hydrate S03 +3H2
;
or diluted to the bulk of 1000 sep-

tems, it produces acid of 100°. The condensation that occurs

in these dilutions has been estimated and thrown out, so that

we deal only with the practical results. The atomic measure

of a solution is therefore a definable manageable quantity.
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The opinion entertained by Dalton, that anhydrous salts

dissolve in water without adding to its bulk, is singularly in-

applicable to sulphuric acid. Half an atom of water, mea-

suring 8 -035 scptems, saturated with SO3
, so as to form the

fuming acid of 2381°, acquires the volume of 41*999 septems,
or 1000 septems of water produce 5227 septems of fuming
acid. Thus an anhydrous substance can increase the volume
of its solvent water from 8 to 42, or from 1 to 5\, the tempe-
rature remaining constant. I shall show, in treating of soda,
a result entirely different from this, and yet equally at vari-

ance with the hypothesis of Dalton.

The hydrate of sulphuric acid that distils without change
in composition is the protohydrate, SO3 + H20. Hence the

fuming acid, SO3
,
H2 + SO3

, cannot be prepared by the

concentration of dilute acids.

Table IV.—Muriatic Acid.

H2CF=455'13 grs. Temperature 62° F.

Authorities
for the
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Observations on the Table of Muriatic Acid.

Muriatic acid has only one-third part of the solubility of

sulphuric acid. A saturated solution of the latter contains

about 24 test atoms, that of the former only about 8 test atoms

per decigallon. The condensing power of muriatic acid is

only a tenth part of that of sulphuric acid, and though always
progressing with dilution, yet when the acid forms the hy-
drate containing 6000 atoms of water, where the dilution is

about 800 fold, the entire condensation does not amount to

10 septems. The atomic measure at the highest is about 1\
times that of water, and at the lowest is not less than twice

that of water.

The limited solubility of certain substances in water has
been sometimes ascribed to the action of cohesion, but it is

difficult to conceive in what manner cohesion can limit the

solubility of muriatic acid gas. The two upper lines in Table
IV. exhibit a singular illustration of the effects of cohesion.

The compression of 40 atmospheres at 50° F. is required to

reduce muriatic acid gas to a liquid of sp. gr. 1'273
in which

condition the test atom measures 51*2 septems, and the deci-

gallon contains 19^ test atoms. The compressive power of

water acting on the gas at about the same temperature, and
under the ordinary pressure of the atmosphere, reduces the

anhydrous acid to sp. gr. 1*6963, in which condition its test

atom measures only 38*33 septems, and the decigallon con-

tains 26 test atoms. We may judge from this fact that the

limited solubility of muriatic acid in water results, not from
the cohesion of its particles, but from a quality the very oppo-
site to cohesion.

The fraction which -f- 1 indicates the mean specific gravity
of 100° of muriatic acid is (-6963--26-089= )

-026688.

Table V. Showing the increase of Specific Gravity occa-

sioned in Solutions of H2 CI2
by condensation.

Atoms of

H«ei2.

7-00
600
500

Increase in

spec. grav.

•002284

•006072
•007360

Atoms of
H.2CR

4-00

31969
300

Increase in

spec. grav.

•008048
•008680

•007736

Atoms of

H2C12.

200
100
010

Increase in

spec. grav.

•006524
•004012

•000531

The point of greatest condensation in muriatic acid is at

that hydrate which distils without alteration in constitution.

Mitscherlich (perhaps after Dalton) quotes this hydrate as

sp. gr. 1-094, composition = H2C12 + 17£H
2Q. Professor

Clark states the specific gravity to be 1-110, and its composi-
tion=H2Ci2+ 16fH20. It may possibly be H 2C12+ 16H20.
The hydrate, where the greatest density is united with the
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greatest chemical strength, has 5£ atoms of water, or one-

third of the quantity which belongs to the hydrate that sus-

tains the greatest amount of condensation.

Messrs. Playfair and Joule (Phil. Mag., vol. xxvii. pp. 495,

521, 527) are of opinion that the atomic measure of muriatic

acid is, in concentrated solutions, equal to twice the atomic

volume of water (p. 521); but that in dilute solutions it is

sometimes twice (p. 495) and sometimes only once (pp. 521,

527) the atomic volume of water. They do not specify the

point at which they conceive the measure to change suddenly
from 2 volumes to 1 volume.

Table VI.—Nitric Acid.

N2 O5 = 677*036 grs. Temperature 62° F.

Authorities
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Observations on the Table of Nitric Acid.

The greatest chemical strength of nitric acid in solution is

1348^°. This constitutes the protohydrate of sp. gr. 1*521.

The volume of a test atom of acid, as it exists in this hydrate,
is 58*09 septems. The condensation which occurs in diluted

solutions extends to 31 septems per test atom in a solution

of 1°, where the dilution is 1348 fold. Both as respects so-

lubility and power of condensation, nitric acid stands between

sulphuric acid and muriatic acid.

The fraction which + 1 indicates the mean specific gravity
of 100° of nitric acid is (-6651 •* 17'216 = )

'038634.

Table VII. Showing the increase of Specific Gravity occa-

sioned in Solutions of N2 O5
by condensation.

Atoms of
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Table VIII.—Acetic Acid.

C4 H6 O3 = 643-19 grs. Temperature 62° F.

Specific

gravity
of the

solution.

1-067645

1-057

1-058286
1-068800

1-068857

1071043
1073657
1-074428
1073971
1073286
1-069029
1063800
1-056386
1044043
1031514
1016343
1015029
1013714
1012114
1010314
1008629
1007057
1005029
1003429
1002743
1001943
1001771
1001600
1001457
1001286
1001129
1000914
1-000700
1000529
1-000286

2

Atoms of

C4H6 03
in 1000

septems.

Atoms of

water
to 1

CM Ho 03.

11-62

9-79

9-55

900
900
8-50

8-20

8-00

750
700
600
5 00
4-00

3-00

2-00
100
•90

•80

•70

•60

•50

•40

•30

•20

15

•10

•09

•08

•07

•06

•05

•04

03
02
•01

3

00
1-000

11 78

1-672

1-673

2124
2-430

2-640
3193
3823
5-370

7-521

10-72
15-94

2638
57-53
64-46

7313
84-26

9907
119-8

150-9

202-7
306-5

4103
617-8
686-9

773-4
884-6

1033-

1240-

1551-

2070-

3107-
6219-

4

1 C4 H6 O3

Occupies :

Septems.

86-06

86-06

Condenses

Septems.

85-78
84-24

84-23

83-52

82-90

82-58
82-02

81-42

80-38

7912
77-79

77-20
76-13

75-54

7519
74-74
74-58

74-69

74-63

74-24

7512
74-74
73-60
72-46

72-20

71-88

71-07
70-46
69-31

6903
68-55

65-46

63-31

5

0-28

1-82

1-83

2-54

316
3-48

404
464
5-68

6-94

8-27

8-86

9-93

10-52

10-87

11-32
11-48

11-37
11-43

11-82

10-94

11-32

12-46

13-60

13-86

14-18

1499
15-60

16-75

1703
17-51

20-60

22-75
6

Septems of
solution

containing
1 C4 HC 03.

86-063

10214

104
111

111

117
121

125
133
142
166
200
250
333
500
1000
1111

1250
1428
1666
2000
2500
3333
5000
6666

10000'

11111
12500
14286
16667
20000
25000
33333
50000
100000

7

ii*

Observations on the Table of Acetic Acid.

The whole of this table, with the exception of the first two

lines, is calculated from my experiments. The acid on which
the experiments were made was prepared for me by Mr.
Charles Glassford, chemist to Messrs. Turnbull and Co.,
Camlachie. It was very

1

pure.

Upon crystallizing a quantity of this acid and pouring off

the mother-liquor, I found the latter to have a strength of

910°. The crystals were melted, the solution recrystallized,
the crystals pounded, the mother-liquor drained off, the cry-
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stals remelted, recrystallized, abstracted once more from the

mother-liquor, and finally brought into solution in a closed

bottle at 62° F., and not heated higher than that point. The

specific gravity of the solution thus procured was 1*058286,
and its chemical strength 955°, which gives the formula
C4 H6 3 + 1-178 H2

0, showing nearly one-fifth part of an
atom more water than belongs to the protohydrate. Repeated
trials brought me no nearer to the protohydrate, which I

imagine is partly owing to the difficulty of separating the

mother-liquor entirely from the crystals. Van der Toorn

(Report of the Fourth Meeting of the British Association,
Edin. 1834) states the specific gravity of the protohydrate at

59° F. to be 1*057, which makes its strength to be 979°.
This is possibly correct, and 1 have inserted it in the Table,
in company with the specific gravity of the anhydrous acid,
calculated from Van der Toorn's number. Of course the an-

hydrous acid is hypothetical.
The weaker solutions of acetic acid were prepared by dilu-

tion of the strong acid in stoppered graduated glass cylinders.
The quantity of acid contained in each diluted solution was
determined by neutralization with weak ammonia of known
strength, applied by means of a pouret; the mixing being
effected in a stoppered glass bottle, and solution of litmus

being employed to test the point of neutralization. All the

adjustments, measurements and weighings were effected at

62° F.

The fraction which + 1 indicates the mean specific gravity
of 100° of acetic acid is (-067645 -*- 11*6194 =) -005822.

Table IX. Showing the increase of Specific Gravity occa-

sioned in Solutions of C4 H6'03
by condensation.

In acetic acid, the greatest chemical strength, the greatest

density and the greatest condensation characterize three dif-

ferent hydrates. None of the mineral acids possess this sin-

gular divergence of properties. The greatest chemical strength
is the property of the protohydrate of 979° (Van der Toorn),
or according to my experiments at 62° F., of the solution of

955°. The greatest density is at about 800°, where the hy-
drate has nearly 3 atoms of water. The greatest condensation

Atoms of
C4 H6 03.
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occurs at about 500°, where the hydrate has about 7? atoms
of water.

The measure of the test atom of acetic acid is 86*06 sep-
tems. It is therefore much larger than the measure of any
of the mineral acids, while its specific gravity is greatly below
that of any of them. The peculiarities of acetic acid depend
upon these two properties.

Acetic acid of 979° has a specific gravity of 1*057. The
addition of as much water as reduces its strength to 800° in-

creases its specific gravity to 1*074428. The addition of as

much more water as reduces its strength to 400° brings down
its specific gravity to 1*056386, which is nearly the same as

the specific gravity of the strongest solution of 979°. These

singular properties admit of a simple explanation.
The density of anhydrous acetic acid being not much

greater than that of water, little change in the specific gravity
of its solutions is produced by simply replacing a proportion
of one constituent by the other; yet, if no condensation oc-

curred, the density of all the solutions would no doubt run

in regular progression from the density of the strongest acid,

1-057, to the density of water, 1*000. But in fact, the spe-
cific gravity rises from 1*057 to nearly 1*075, and then de-

scends towards 1*000. This irregularity results entirely from

the condensation that occurs in the formation of the series of

hydrates. So great is this condensation, in proportion to

the density of the acid, that many of the hydrates are ren-

dered by it not only denser than the protohydrate, but denser

than even the anhydrous acid itself. The mean density of

acid of 800° is 1*046576 [=(-005822 x 8) + 1]. When we
add to this the effect of condensation, which is '027852

(
= 3*4S15 x 8), we obtain the actual specific gravity of the

solution, 1*074428. The mean density of acid of 500° is

1*029110 [= (-005822x5)4-1], which, added to the density
occasioned by condensation, '034690 (= 6-94 x 5), gives
the real specific gravity of acid of that strength, 1*063800.

Hence the laws which regulate the specific gravities of solu-

tions rule in the same way over acetic acid that they do over

sulphuric acid. The singular rise and fall in the specific gra-

vity of solutions of acetic acid are due to the existence of no

extraordinary property in that acid, but to the regular opera-
tion of a simple universal principle that acts alike upon all

substances whatever.

Dalton's hypothesis, that organic substances on being dis-

solved in water increase its bulk only by the amount of

water pre-existing in them, or by the oxygen and hydrogen
which they contain, is at variance with the properties of an-
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hydrous acetic acid. According to that hypothesis, the mea-
sure of the test atom of this acid in solution should be equal
to that of 3 atoms of water =48*21 septems (= 16*07 x 3),

whereas the measure actually varies in different solutions

from 86*06 septems to 63*31 septems. It follows, that

Dalton's hypothesis can never be used in the analytical ex-

amination of organic substances of unknown composition.

[To be continued.]

XLVII. On the Discovery of Footmarks in the Greensand of
the Isle of Wight. By S. M. Saxby*.

TNDER the impression that footmarks of extinct animals^ have not before been found in any part of the world at

a higher stratum level than that of the new red sandstone, I

think it may be interesting to communicate to your readers,
that some time since, while examining the fallen blocks of crag
and freestone on the shore at Ventnor, I discovered distinct

impressions of the feet of animals of various kinds, strongly
indented in theflinty blue rag which forms the bed of the free-
stone. With the exception of the marks left by the crusta-

ceans on the oolite near Bath, I am not aware that within the

range of 3000 feet (which may be the average depth between
the freestone and the new red sandstone) any traces of animal

footmarks have been found. After thoroughly searching the

locality, I found and removed to my residence the blocks de-

scribed as under.

Block 1 bears a good and interesting impression of the feet

of a three-toed creature, very similar in its general character

to the Ornithichnites giganteus, as figured by Dr. Buckland in

the Bridgewater Treatise, plate 26b ; differ-

ing however in the angles subtended by
the toes, which in the above plate measure
about 33°, while in this the angle exceeds

50°; and the mark of a joint in the mid-

dle toe in this specimen is much more

strongly given ;
and indeed the impression

altogether cannot be mistaken for an acci-

dental resemblance to the foot-print of an
animal. On the same block there are other

marks, which, although evidently those of

animals, are not such as I will venture to describe. The

length of the above three-toed impression is about 7 inches.

There is some indication of a hind-toe.

* Communicated by the Author.
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2f inches and

Block 2 is a large block, weighing 2>\ cwt., and

has confused impressions, apparently of feet of a

large three-toed creature, which has trodden more

than once on the same mark. There is also a very

plain footmark of a triangular form about 2 inches broad,

apparently of an animal whose foot has three soft promi-
nences.

Block 3 bears the deep impression of apparently a web-

footed creature, having three toes set somewhat

obliquely ; the right toe being much the thickest,

but shortest. All three toes had claws, and the

angles between them measure about 20° and 35°

respectively, the larger angle being between the

middle toe and the short thick toe. The ex-

treme length from the middle toe to the tapered
" heel

"
is 2| inches. There are other not easily

described impressions on this stone also.

Block 4 contains a deep impression of the

footstep of a quadruped, not much unlike

that which would have been left by a large

dog. It measures in length
in breadth 2^ inches.

Block 5 has an impression something simi-

lar to the one on block 4.

Block 6 shows the footmark ofa three-toed animal

(toes broad and short, and making angles of about

50° with each other), and from the sharpness of

the narrowed heel may be compared to a fleur-

de-lis.

The above blocks have been detached from the superposed
freestone, by their having fallen from the cliff during a land-

slip ;
and having lodged below high-water mark, the constant

action of the surge and shingle, perhaps for centuries, has

denuded the ancient surface of the rag, leaving however por-
tions of the freestone in the footmarks above-described.

It is extremely difficult to separate the lower portion of the

freestone from the rag; they in general are so gradually

blended, that it is not easy, in cutting, to ascertain which really

is the surface of the rag. My attempts to clear other portions
of the bed, when aided by experienced masons, were a com-

plete failure.

On many surfaces of the ragstone, which have been cleaned

by the action of the waves, vast quantities of gigantic mollusks

are visible ;
and indeed I at first mistook the confused mark-

ings on Block 2 for the remains ofa " lobated Siphonia," until
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I noticed the risings of the once soft mass, round the impres-
sions, indicating with certainty that some "weight had caused
the deep markings alluded to.

Belle Vue, Ventuor, Isle of Wicht, S. M. S.

February 20, 1846.

• • " •• - •

.

, ==^
XLVIII. On Nitraniline, a new Product of Decomposition of

Binitrobenzole. By James Sheridan Muspratt, Ph.D.
and Augustus William Hofmann, Ph.D*

\ GREAT number of investigations have proved that the
**• action of nitric acid upon organic bodies produces
changes in their composition in two ways. First, there is

sometimes simply an accession of oxygen to the elements of

the organic matter, the nitric acid being reduced to nitric

oxide or nitrous acid and expelled. Thus, by treating indigo
with nitric acid it becomes converted into isatine, the compo-
sition of which differs from that of indigo only by containing
two equivalents of oxygen more than the latter. Cinnamic
acid passes into hydride of benzoyle, water being formed, and
the excess of carbon, combining with the oxygen of the nitric

acid, escapes in the form of carbonic acid. By a further

supply of oxygen the hydride of benzoyle is converted into

benzoic acid. In all other cases the action of nitric acid

differs in no respects from that of other means of oxidation,
ex. gr. chromic acid, peroxide of manganese and sulphuric
acid, &c.

The action of nitric acid however upon organic matters is

in other cases more complex ;
it does not consist solely in the

supply of oxygen, but besides that element, nitrogen also

enters into the newly-formed compound. Indigo, subjected
for a long time to the action of concentrated nitric acid, under-

goes a series of metamorphoses, and the last product which
is formed, namely, carbazotic acid (nitrophenisic acid), con-
tains to the same quantity of carbon a much larger propor-
tion of nitrogen than the indigo from which it is derived.

Cinnamic acid, hydride of benzoyle, and benzoic acid, none of

which contain nitrogen, furnish, as the last product of the

action of nitric acid, a nitrogenous acid, which is known as

nitrobenzoic {nitrobenzinic) acid.

A great many of the nitrogenous compounds produced in

this manner possess the properties of acids. Besides the above-
mentioned we might enumerate nitrocinnamic acid, nitrosali-

cylic acid (anilic acid), and many others similarly constituted.

* Communicated bv the Chemical Society; having been read March 16,
1846.
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Some chemists have on this account, without hesitation,

assumed the presence of nitric acid in these bodies. Berzelius

represents the carbazotic acid as a copulated compound of

hydrated nitric acid with a sort of saline body, in which an-

other equivalent of nitric acid is combined with an organic
oxide having the formula

C 12 H2N03.

Carbazotic acid is therefore a copulated acid of similar consti-

tution with the sulphovinic acid (bisulphate of oxide of ethyle),
and would be represented as follows :

—
C 12 H2 N03,N05 + HO,N05

.

Also, in the other acids of this nature, which contain only
one equivalent of nitrogen, Berzelius assumes the presence of

nitric acid. According to his view, nitrobenzoic and nitro-

salicylic acids would be represented as follows :
—

Nitrobenzoic acid . . C 14
H4 2 + HO, NOs

Nitrosalicylic acid . . C 14
H 8 4 + HO, N05 .

There is no direct proof for this assumption, and therefore

other chemists believe that the nitrogen in these compounds
does not exist as nitric acid but as nitrous acid, N03 ;

thus ni-

trobenzoic acid, according to Mulder, is C 14
H4 4 , HO, N03 .

The compounds produced by the contemporaneous action of

nitrogen and oxygen upon organic bodies are however not

always acid
;
a great class of bodies furnish under such cir-

cumstances products in which the acid properties of the nitric

acid have entirely disappeared : to these belong a number of

organic bodies, which consist only of carbon and hydrogen.
For example, if benzole is brought into contact with fuming
nitric acid, they combine with separation of water and form

an indifferent body, i. e. nitrobenzole (nitrobenzide) discovered

by Mitscherlich.

Naphthalole (naphthaline), toluole, and a considerable num-
ber of carbides of hydrogen, behave in a like manner.

In which form is the nitrogen contained in these bodies,

as, for instance, in nitrobenzole ?

The perfect neutrality of this substance, its ether-like taste

and odour, induced some chemists to suppose that its ele-

ments might be similarly arranged to those of the compound
ethers. Nitrobenzole, according to this view, may be consi-

dered as a compound of an organic oxide with nitrous acid,

corresponding to nitrous ether.

Nitrite of oxide of ethyle C4 H 5 O, NOs ,
nitrous ether.

Nitrite of oxide of benzide Cj2 H 6 O, N03 ,
nitrobenzole.

These views, which appear at the first glance very reason-

Phil. Mag. S. 3. Vol. 29. No. 194. Oct. 1 846. Y
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able, lose however by a closer examination a considerable

portion of their probability. Independent of the fact that

oxide of benzide is merely an hypothetical compound while we
know the oxide of ethyle in an isolated state, the behaviour

of these two bodies towards potassa is sufficient to show a

decided dissimilarity in their constitution. Nitrous ether,

like all the other compound ethers, is decomposed by potassa,

giving rise to nitrite of potassa and alcohol (Liebig). Nitro*

benzole, when similarly treated, yields no acid of nitrogen ;
an

aqueous solution of potassa leaves this body quite intact, and
when employed in alcoholic solution, the latter is oxidized

and azobenzole {azobenzide), i. e. nitrobenzole minus oxygen,
is formed*. We see here that all analogy between nitrous

ether and nitrobenzole disappears entirely.
Nitrobenzole undergoes still another change, which does

not in any way agree with the benzide theory. According to

Devillef, this body, when repeatedly treated with fuming ni-

tric acid, yields a crystalline substance, to which he has as-

signed the name binitrobenzole (binitrobenzide). This body J,

according to the theory in question, was considered to be

a compound of 2 equivalents of nitrous acid with a higher
oxide of benzide, i. e. that its constitution must be according
to the formula C ]2

H
5 2,

2N03 . That his view is not tenable,

without mentioning other objection's to it, is evident, inas-

much as the above formula does not express the composition
of the new compound ; for, according to Deville's analysis,
we find that instead of five it only contains four equivalents
of hydrogen.

Recently certain French chemists, Laurent, for example,
have represented these bodies under a different aspect. A
great number of investigations had led to the conclusion that

the hydrogen of many compounds may be wholly or partly

replaced by a corresponding number of equivalents of chlo-

rine and bromine without altering the fundamental properties.
This law had been established for a number of acids and in-

different bodies, and an investigation published some months

since § by one of us has proved that the same law extends

also to bodies possessing basic properties, which at first sight

appeared improbable.
The same view may be applied to many products which

have assumed nitrogen and oxygen from nitric acid. These

compounds may indeed be regarded as simple products of

* Ann. cler Ckemie unci Pharm., vol. liii. p. 28.

f Ann. cle Chem. et cle Phys., 3 ser., t. iii. p. 157.

\ Berzelius, Jahresbericht, 1813.

§ Phil. Mag., vol. xxvi. p. .385.
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substitution, in which the hydrogen, instead of being replaced

by chlorine or bromine, is replaced by a Compound radical,

namely by hyponitric acid. Whilst in the assumption of chlo-

rine into an organic body, the replaced hydrogen is taken up by
another equivalent of chlorine, forming hydrochloric acid

;
in

the employment of nitric acid, the fifth equivalent of oxygen
combines with the replaced hydrogen, forming water. Ben-
zoic acid, HO, C 14

H
5 Os, furnishes, when treated with chlo-

rine,anacid, HO, C 14 {^J Os,

which can scarcely be distinguished from the original com-

pound.
Moreover, nitrobenzoic acid, which is produced by the ac-

tion of nitric acid upon benzoic acid, has been in many cases

confounded with benzoic acid. The constitution of this acid,

according to the theory of substitution, is

HO ' c»{n
4

o4}°-
and it therefore may be regarded as strictly analogous to

chlorobenzoic acid.

In a similar way we have chloro-, bromo-and nitro-salicylic
acid.

Salicylic acid . . . HO, C 14
H5 5

Chlorosalicylic acid . HO, Cu< ™4 >Os

Bromosalicylic acid . HO, C
14

-< t»1 >Os

Nitrosalicylic acid . HO, C 14 ^ -p^jk
>Os.

Carbazotic acid contains not less than 3 equivalents of ni-

trogen ; now if we suppose the whole of this element to exist

in the form of hyponitric acid, its empirical formula, HO, C 1o

H2
Na 13 , may be theoretically represented by the follow-

P>
ing:— HO C SB *

and thus it would be a simple product of substitution of the

compound HO, C 12 H5 O, which was discovered by Runge in

coal-gas naphtha, described by him under the designation of

carbolic acid, the same body which was subsequently analysed

by Laurent, and termed by him hydrate of phenyle. In fact

this substance loses under the influence of chlorine, bromine
and nitric acid, one equivalent of hydrogen after another, into

the place of which a corresponding number of equivalents of

the elements or the compound N04 enter. We obtain in this

way a series of products of substitution, the last member of

Y2
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which, on the one side, is chlorophenusic acid, and on the

other carbazotic acid.

Hydrate of Phenyle 1 HQ c R Q
Phenole J ,.

a

Bromophenasic acid 1 HQ Cl8-fJM-O.
Bromophenole

"
\_Br J

Chlorophenesic acid Itjq n S"^s\q
Dichlorophenole j

' 12
\_C1 C

'

Chlorophenisic acid L wn P I ^<

Trichlorophenole J
nU> ^ 12

\_C1^

Chlorophenusic acid A HO? C 12 Cl5 O
Pentachlorophenole J

14

Nitrophenesic acid 1 HQ CJf* \o.
Dimtrophenole

ia
^2iN<J4J

Nitrophenisic acid
| CH ~1

Trinitrophenole ^HO,
C 12

<{ ^Q VO.
Carbazotic acid J

L 4j

The same view may be taken of the products resulting

from the action of nitric acid upon benzole.

Nitrobenzole is simply benzole, in which 1 equivalent of

hydrogen is replaced by hyponitric acid, and in dinitrobenzole

2 equivalents of hydrogen are replaced, as the name implies.

Benzole . . . C 12
H6 .

Nitrobenzole . C 124^
(TT2NO

The chemical character of these three compounds is not

essentially different.

As the substitution of chlorine and bromine for the hy-

drogen of organic bodies has only recently been extended to

bases, so until now the replacement of hydrogen by hypo-
nitric acid has been limited to acids and neutral bodies

;
it

therefore appeared to be a point of great interest to ascer-

tain whether indeed N04 also could replace hydrogen in

basic compounds without destroying their electro-positive
character. There have been, in fact, some investigations
made in this direction. Laurent lately discovered a new base

among the products of distillation of hydrobenzamide, re-

markable for its high atomic weight. This base, which may
be obtained in fine crystals, and is by Laurent called lophine,
is converted, when boiled with nitric acid, into a yellow cry-
stalline powder, which manifestly must be considered a pro-
duct of substitution of lophine. Laurent's analysis gives the
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following composition to this base: C^. H^N^ and the yellow-

powder is represented by

C
^\3N04/

N2-

In this body (nitrolophyle, trinitrolophine), according to the

view in question, 3 equivalents of hydrogen are replaced by
hyponitric acid ; but with this interchange lophine has lost

all its basic properties, trinitrolophine being an indifferent

substance.

In pursuing this track of investigation, we endeavoured to

supply the hiatus existing here by finding a basic compound
into which N04 might enter without affecting its properties.
The various ways in which aniline is formed, its characteristic

properties, and above all having succeeded in replacing hy-
drogen by bromine and chlorine in aniline, we deemed this

body the best suited to our experiments.
In the first place, we attempted to accomplish our purpose

by the direct action of nitric acid on aniline, but we did not
in this way succeed : when aniline is mixed with pretty strong
nitric acid, a mass of crystals are formed, which are nitrate of

aniline. On heating this salt in the presence of free nitric

acid it dissolves with violent action and the escape of nitrous

fumes, and is, as we know, ultimately converted, on continuing
the treatment, into carbazotic acid. Were it possible to ob-

tain nitraniline by this process, it obviously could only be by
interrupting the action of nitric acid at the proper time, but
after a number of experiments with acid of every variety of

strength, and adding water at every stage of the process, we
could not succeed; either the aniline separated unchanged,
or its molecular constitution underwent an entire change, and
the water separated resinous matters rather of an acid than
a basic character. We soon abandoned this method, and

remembering that the chlorine and bromine bases were pro-
duced only indirectly, we sought to accomplish our present

purpose in the same manner.
After the fact had been established, that isatine was con-

verted into aniline by fusion with caustic potassa, the produc-
tion of the chlorine and bromine bases followed as a matter

of course
;
in the same way, if we could succeed in producing

nitrisatine, n J H4 1 wn
Ul6\N04J JNU4'

by replacing the hydrogen of isatine with hyponitric acid, the

distillation of this compound with potassa might yield nitra-

niline,
C16 H5 N04 + 4(KO, HO) = Cl2 Hr N + 4(KO, C02) + 2H

Isatine. Aniline.
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Cl8{ N04 }
N0< + 4(K0 ' H0) = Cl2

{ N04 }
N + 4 <K0 '

co^ + 2TL

i— *
1 .

J:
.

Nitrisatine. Nitraniline.

On studying however the action of nitric acid upon isatine,

we soon found that the yellow powder which is formed is not

simply a substitution product of isatine, but belongs evidently
to one of the families of bodies containing less carbon, which

proceed from the indigo series. It was therefore obvious that

by distilling this compound with hydrate of potassa, we could

not effect our purpose.
A third mode for the preparation of nitraniline occurred to

us. One of the manifold sources of aniline is the destructive

distillation of anthranilic acid, which simply loses 2 equiva-
lents of carbonic acid

;
isomeric with this acid is salicylamide,

recently described by Cahours*. The composition of these

two bodies is represented by the formula Ci4 H7
N04 . Now

if the salicylamide underwent the same decomposition by
heat as anthranilic acid, it might obviously be supposed that

the nitraniline would result from the distillation of nitrosali-

cylamide, a substance also lately prepared by Cahours.
CI4 Hs O. NH9

— 2C09 = C„ H„ NH, or C„ H, N

Salicylamide. Aniline.

C
»{ N04 }

°" NH«
~ 2C°3 = C

»{ N04 }
NH* or C» { NO, }

N "

v

,
1 ( ir

____j
Nitrosalicylamide. Nitraniline.

There were some researches made in this direction, the results

of which we published at the beginning of last yearf.
The exceedingly small amount of aniline, however, which

the distillation of salicylamide had yielded (the principal pro-
ducts being hydrate of phenyle and ammonia), could never

warrant a similar treatment of nitrosalicylamide, in order to

obtain a sufficient quantity of nitraniline for analysis and a

complete study of its properties.
There yet remained to us one resource. We have already

mentioned a compound which is produced by the continued

action of nitric acid upon nitrobenzole, i. e. dinitrobenzole,

JH4

J

\2IV
Cl2i 2N04

which we may consider as nitrobenzole, in which a second

equivalent of hydrogen is replaced by hyponitric acid. Che-
mists are well-acquainted with the interesting transformation

which nitrobenzole suffers with reducing agents. By assuming
* Ann, der Chem. und Pharm. vol. xl. p. 64.

t Phil. Mag., vol. xxvi. p. 581.
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hydrogen and eliminating oxygen, it is perfectly converted
into aniline.

What, we may ask, would be the action of reducing means

upon dinitrobenzole? Various changes might be expected.
If all the oxygen were eliminated we might form a substance

possessing the formula C 12 H4 N2 ; but it was also conceivable

that the reduction would extend only to 1 equivalent of

hyponitric acid, and that the other equivalent might form

part of the new body ; in other words, that we might produce
nitraniline,

^ 12\N04J<f;
We were just about to make the experiment, when some

researches of Zinin* were published, on the action of hydro-
sulphuric acid upon dinitronaphthalole (nitronaphthalese) and

dinitrobenzole, which appeared very unfavourable to our views.

Zinin found that by the action of hydrosulphuric acid upon
dinitronaphthalole, a new base is formed containing no oxygen.

By analogy this body should possess the composition
—

^20 "10 "^2
'

v
'

New base.

c*> {2N0J + 12HS 7 c*> H "> N* + 8HO + 12S *

1

Dinitronaphthalole. New base.

But Zinin found, on analysing the double salt of this base
with bichloride of platinum, that its equivalent was only half,

^20 "io ^2 p n m
2

- 10 5 f

showing that a division had taken place, whence he gave the

name seminaphthalidine to the new body.

Seminaphthalidine is a well-characterized organic alkaloid,

forming with acids fine crystallizable salts. Zinin obtained

by the action of hydrosulphuric acid upon dinitrobenzole the

same result, but in this case far less decided. A difficultly

crystallizable substance is formed, also possessing a basic na-

ture, which however could not be obtained in the state of

purity. An approximative analysis of this substance showed
it to be analogous to the seminaphthalidine, i. e. C6 H4 N.
Zinin himself remarked, that this substance required a closer

examination. These researches appeared to cut off all hopes
of our ever.obtaining nitraniline ; nevertheless we considered

a continuation of our experiments in every way desirable, so

* Erdmann's Jgum. fur Prakt. Chemie, vol. xxxiii. p. 29.



320 Drs. Muspratt and Hofmann on Nitraniline,

as at least to solve the questions that remained unanswered
in Zinin's experiments. By doing so we very soon obtained
results which had escaped the observation of Zinin, and which

brought us to the point we aimed at.

For our research we had to prepare a large quantity of di-

nitrobenzole. The transformation of nitrobenzole into dinitro-

benzole proceeds very slowly, even when it is boiled repeatedly
with the strongest nitric acid. It is obtained however very
speedily by dropping benzole or nitrobenzole into a mixture

composed of equal parts of fuming nitric acid and concen-
trated sulphuric acid, as long as the liquid remains homoge-
neous. The liquid is now boiled for a few minutes and then
allowed to cool. A thick mass of dinitrobenzole is formed,
which by washing with water is freed from all adhering acid.

One recrystallization from alcohol furnishes this body in long,

shining, needle-shaped prisms of absolute purity.
A combustion of these crystals gave us the following re-

sults :
—

0*2978 grm. dinitrobenzole gave 0*4728 grm. carbonic acid

and 0*0650 grm. water.

These results afford in 100 parts
—

Carbon .
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and ether, imparting to them a reddish-brown colour; hot
water dissolved the greater part of it, but even after continued

boiling in this solvent small quantities of a brown resin re-

mained undissolved. The hot aqueous solution possessed a

fine orange-yellow colour ; upon cooling it afforded beautiful

yellow crystals about an inch in length, which, when recry-
stallized from water, were perfectly pure.

Composition of Nitraniline.

The crystalline matter prepared in the process described,

possesses all the properties of a true organic base, obviously

quite dissimilar to that obtained by Zinin. The physical pro-

perties of the two bodies could scarcely be more unlike.

Elementary analysis proved immediately the difference of the

two substances, and showed that the crystals, in fact, belonged
to the body which we had endeavoured to procure in such a

variety of ways.

By a combustion of the yellow crystals with oxide of cop-
per the following results were obtained :

—
I. 0*3035 grm. of substance gave 0*5865 grm. of carbonic

acid and 0*1275 grm. of water.

II. 0*3748 grm. substance gave 0*7119 grm. carbonic acid

and 0*1493 grm. water.

III. The nitrogen was determined by Dumas's method in

an atmosphere of carbonic acid.

Results.—0*4260 grm. of substance gave 80 cubic centi-

metres of moist nitrogen. Barometer 324'", Thermometer
16° centig.
These numerical results represent the following per cents.

I. II. III.

Carbon . . 52*70 51*80

Hydrogen . 4*66 4*42

Nitrogen "... 20*52

agreeing exactly with the formula of nitraniline,

c
«{Nb4}N

;

The mean of our analysis, compared with the calculated num-
bers, stands as follows :

—
Theor
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compound of the new base with bichloride of platinum. On
igniting this salt 0-5240 grm. gave 0-1500 grm.= 28*62 per
cent, of platinum.

Atomic weight from experiment . . 1739*5
Atomic weight, theoretical .... 1729*0.

The metamorphosis of dinitrobenzole under the influence of

reducing agents is thus perfectly analogous to the transfor-

mation of nitrobenzole. In fact the decomposition is very

simple, if we regard dinitrobenzole as nitrobenzole, in which

one equivalent of hydrogen is replaced by hyponitric acid.

c
^{n64}

no^+6HS=c^{n64}n+4HO+6S
l

,
' I

, y-

Dinitrobenzole. Nitraniline.
9

Properties of Nitraniline.

Nitraniline, as we have stated, is obtained from a hot

aqueous solution, in the form of long yellow crystals. It is

very sparingly soluble in cold water, so that nearly the whole

is separated by crystallizing from this solvent. Alcohol and

ether also dissolve this base
; from the former it crystallizes

in silky needles, and from the latter in the same form, but

not so well defined. Nitraniline dissolves in all acids, from

which potassa separates it in yellow flakes, which under the

microscope have a confused, needle-like structure. At the

ordinary temperature the base possesses no odour, but when

slightly warmed, it evolves a peculiar aromatic odour, which

somewhat resembles aniline. Its taste is burning. When
the crystals are heated they melt into a deep yellow oil, which

passes into a yellowish vapour, condensing in beautiful iri-

descent plates upon the cold interior surface of the vessel.

Nitraniline sublimes without fusing when heated in a water-

bath, yielding a sublimate of most beautiful crystals. At a

higher temperature the base distils, leaving no residue, and

the liquid which passes over solidifies in the receiver or in the

neck of the retort into a scaly mass. The boiling-point of

the base lies higher than 285° C. (545° Fahr.), and the fusing-

point at about 110° C. (230° Fahr.). Its vapour burns with

a smoky flame.

Nitraniline is specifically heavier than water ;
it affords not

the slightest reaction with test papers ; even rose paper, which

is so exceedingly sensitive for alkalies, is not at all affected by
it. The properties of nitraniline agree in many inspects with

those of aniline, chlor- and bromaniline. Like these bases it

possesses in a high degree the property of imparting an in-

tense yellow colour to fir-wood. This base also stains the
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skin in no less degree than carbazotic acid, nitrophenesic
acid, &c.

;
but it does not afford the beautiful reaction with

hypochlorite of lime which characterizes aniline.

Nitraniline displaces none of the metallic oxides from their

acid compounds ; its basic properties are exceedingly weak.

Aniline displaces this base from all its salts.

Compounds of Nitraniline.

Although nitraniline is so weak a base, it combines with

acids, affording crystallizable salts, which possess the same
constitution as the corresponding salts of aniline. All its salts

are decidedly acid to test papers. They are decomposed by
the caustic and carbonated alkalies, nitraniline separating in

a crystalline form. We have investigated the subjoined salts

in order to be completely satisfied with respect to the com-

position and nature of the base.
rrr -\

Hydrochlorate of Nitraniline, Ci2
< j^q >N, HC1.—It is

obtained by evaporating a solution of nitraniline in hydro-
chloric acid. The colour of nitraniline entirely disappears in

this solvent, and fine scales are obtained, shining like mother-

of-pearl, This salt is extremely soluble in water and alcohol.

Analysis.
—0*4055 grm. of salt gave 0*3350 grm. chloride

of silver, or 20*37 per cent of chlorine.

Theory. Found.

12 equivs. Carbon . . 900-00 41*23

7 ... Hydrogen. 87*50 4*00

2 ... Nitrogen . 354*00 16*22

4 ... Oxygen . . 400*00 18*32

1 ... Chlorine . 442*65 20*23 20*37

2184*15 100*00

Binoxalaie ofNitraniline^ X
A N^ J-N,HO,2(C2 3,HO).

—This salt is obtained on mixing a solution of nitraniline in

alcohol with oxalic acid dissolved in the same solvent. This
salt separates in the form of yellowish crystals, which are

washed with ether and dried upon a porous tile.

The combustion of this compound with chromate of lead

afforded the following numbers ;
—

0*4985 grm. of salt gave 0*7550 grm. carbonic acid and

0*1790 grm. water. In 100 parts
—

Carbon . . . . 41*30

Hydrogen . . . 3*99
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the whole is changed into a brown resinous mass, which cry-
stallizes from alcohol in the form of yellowish needles. This

body is insoluble in water and perfectly neutral, combining
neither with acids nor alkalies. It is manifestly nitrodibro-

maniline, corresponding with tribromaniline. We may regard
the following as the formula, although as yet we have not

analysed the substance :
—
cJno4 In--(?)

The production of nitraniline appears to us to be interest-

ing, in reference to the question of substitution, which is still

in debate amongst chemists. If we reject that theory, we can

scarcely understand the constitution of this base and its re-

lations to aniline.

The group of aniline compounds has thus been again aug-
mented by the discovery of nitraniline. The following is a

synopsis of the different members of this family :
—

Aniline C 12 H 7 N.

Chloraniline .... C 12 j**
6

J>N.

Dichloraniline . . . Cw{g*jN.
Trichloraniline . . .

Chlorodibromaniline .

Bromaniline . .

Dibromaniline ^p e. C 124~g^
T*N.

Tribromaniline . . . C,<X xtt r**«

Nitraniline .... C,J *Jo 1N -

f~H4 1
Nitrodibromaniline . . C 12 ^ N04 ^N. (?)

LBr2 J

In concluding this memoir, we may remark that the body
which Zinin obtained by treating dinitrobenzole in the same

manner, i. e. the compound C6 H4 N, is evidently the last

product of the action of the hydrosulphuric acid upon dini-

trobenzole, our nitraniline being the first. Zinin's compound
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will doubtless be procured by the further action of reducing

agents upon nitraniline. We shall shortly ascertain this.

C
' 2{n6 }

N + 6HS = 2C6 H4 N + 4HO + 6S.

V r— 1
,

,

1

Nitraniline. Semianiline.

The small quantity of resinous matter which remains be-

hind upon dissolving crude nitraniline in boiling water is

probably Zinin's semianiline.

XLIX. On Quaternions ; or on a New System ofImaginaries in.

Algebra. By Professor Sir William Rowan Hamilton,
LL.D., Correspondhig Member of the Institute of France,
and Royal Astronomer of Ireland.

[Continued from p. 122.]

28. 'THIE known and purely graphic property of the cone
of the second degree which constitutes the theorem

of Pascal, and which expresses the coplanarity of the three

lines of meeting of opposite plane faces of an inscribed hexa-

hedral angle, may be transformed into another known but

purely metric property of the same cone of the second degree,
which is a form of the theorem of M. Chasles, respecting the

constancy of an anharmonic ratio. This transformation may
be effected without difficulty, on the plan of the present paper;
for if we multiply into v. yy' both members of the equation

(3.) of the 24th article, and then operate by the characteristic

s., attending to the general properties of scalars of products,
we find, for any six vectors a a' /3/3' yy\ the formula

S (v. aa'. V. /3/3'.
V. y/)= a. ayy'. S. a'

j8/3'
— S. alyy'. S. a/3/3'; (1.)

which gives, for any^w vectors a a! a" yy
1

, this other :

S (V. a a'. V. a' a". V. y y')
= S. a a! a", s.ya'y' . . (2.)

If, then, we take six arbitrary vectors a ex! a" a1" alv av
, and de-

duce nine other vectors from them by the expressions

u = y.au l

,
a

l
= v. a! a", a

2
= V. «"«'",

a3=V. «"'alv,«4= V.«lv av,«5= V.av a, V . . . (3.)

/3
= v. «o «3, /3'

= v. «! a4, /3"
= v. «3 «5 ;J

we shall have, generally,

S./3/3'/3"
= S.a «2a6 . S.a3 « x

«4
— S.a3 a2

a
5 . S.aQaja^

r=s.« a
1
a4 .S.«2

a3a5
— S.a3a4 aj .s.a

5
« a

2
|= S.aa'a". S.«lv a'av . S.a"a'"alv

. S.aV'a I u \

— S.a'"alv «v. S.a'aw a". S.avaa'. S.a'W
ssS.aa'a". S. a"a'"alv

. S.aa'"av. s.av a'alv

-S.a«'"a". S.«"«'«1V
. S.a«'av. S.«v «'"alv .
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Thus if, in particular, the six vectors a..av are such as to

satisfy the condition

S.j3j3'j8"=0, .' (5.)

they will satisfy also this other condition, or this other form
of the same condition :

S.aa!a" 8.a!'a!"alv S.au.'oC S.ava/f/ «iv
. .

S^Wa"
'

S.a"a'a"
==

S^^'a^
*

~S^V*^ 5 " *
^ >

and reciprocally the former of these two conditions will be
satisfied if the latter be so.

These two equations, (5) and (6.), express, therefore, each

in its own way, the existence of one and the same geometrical
relation between the six vectors a. a! a" a1" alv av : and a slight

study of theforms of these equations suffices to render evident

that they both agree in expressing that these six vectors are

homoconic, in the sense of the 25th article; or in other words,
that the six vectors are sides (or edges) of one common cone
of the second degree. Indeed the equation (5.) of the present

article, in virtue of the definitions (3.), coincides with the

equation (2.) of the article just cited, the symbols /3, /3', /3" re-

taining in the one the significations which they had received

in the other. The recent transformations show, therefore,
that the equation of homoconicism, assigned in article 25, may
be put under the form (6.) of the present article, which is dif-

ferent, and in some respects simpler. The former expresses a

graphic property, or relation between directions, namely that

the three lines j3, /3', |3", which are the respective intersections of

the three pairs of planes (otal,
a'"alv

), (a' a!', u
lv

a.
y
), (a." a!", a? a),

are all situated in one common plane, if the six homoconic
vectors be supposed to diverge from one common origin; the

latter expresses the metric property, or relation between mag-
nitudes, that the ratio compounded of the two ratios of the two

pyramids (a a' a") («"a'"a
lv

)
to the two other pyramids (ota!"a")

(a."
a! a™), or that the product of the volumes of the first pair

of pyramids divided by the product of the volumes of the

second pair, does not vary, when the vector a", which is the

common edge of these four pyramids, is changed to the new
but homoconic vector av

,
as their new common edge, the four

remaining homoconic and coinitial edges a«'a'"«lv of the py-
ramids being supposed to undergo no alteration. The one is

an expression of the property of the mystic hexagram of Pas-

cal ; the other is an expression of the constancy of the anhar-

monic ratio of Chasles*. The calculus of Quaternions (or the

*
Although the foregoing process ofcalculation, and generally the method

of treating geometrical problems by quaternions, which has been extended

by the writer to questions of dynamics and thermology, appears to him to be
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method of scalars and vectors) enables us, as we have seen, to

pass, by a very short and simple symbolical transition, from

either to the other of these two great and known properties
of the cone of the second degree.

[To be continued.]

L. Intelligence and Miscellaneous Articles.

ON THE DETERMINATION OF CARBONIC ACID IN SALINE COM-
POUNDS. BY C. BRUNNER, SEN.

THE
estimation of carbonic acid in its combinations is generally

effected by ignition, when the compound is one of those which

part with the whole of the acid at a red heat. When water is disen-

gaged at the same time, its quantity must either be determined by a

separate experiment, and subtracted from the loss experienced on

ignition, or collected in a suitable apparatus during the calcination,

and so calculated. With those compounds where this method cannot

be applied, it is customary to expel the carbonic acid by a stronger

acid, for instance sulphuric acid, and to determine its amount from

the loss, taking care in this case to retain the water accidentally
carried over with it by some suitable substance. Apparatus for this

mode of determination have been described by Rose, and recently

by Fresenius.

It is readily seen that, according to these methods, the result is

always obtained in a negative manner, that is to say, by a loss in

weight. As we should certainly endeavour to exchange all such

negative methods for positive, I will here communicate one which

appears to me applicable in most cases. The substance to be exa-

mined is placed in the little flask a, and a suitable quantity, for

instance an ounce, of water poured over it ; upon which the flask is

closed with a tight-fitting cork provided with three tubes, and when

necessary coated with cement. The straight tube terminates above

in a small funnel, through which the sulphuric acid is poured ; the

second, provided with two bulbs, is connected by its rectangular
bend with a tube b c, from a third to half an inch wide ; and, in

order to gain space, likewise furnished with two expansions con-

taining asbestos moistened with sulphuric acid; the third is bent

new, yet it is impossible for him, in mentioning here the name of Chasles,
to abstain from acknowledging the deep intellectual obligations under which

he feels himself to be, for the information, and still more for the impulse

given to his mind by the perusal of that very interesting and excellent His-

tory of Geometrical Science, which is so widely known by its own modest

title of slperpc Historique (Brussels, 1837). He has also endeavoured to

profit by a study of the Memoirs by M. Chasles, on Spherical Conies and

Cones of the Second Degree, which have been translated, with Notes and

an Appendix, by the Rev. Charles Graves (Dublin, 1841) ; and desires to

take this opportunity of adding, that he conceives himself to have derived

assistance, as well as encouragement, in his geometrical researches gene-

rally, from the frequent and familiar intercourse which he has enjoyed with

the last-named gentleman.
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twice, and terminates in the large empty flask. To adapt it more

easily, it may be cut anywhere in the middle, and the two parts

connected by caoutchouc. The two tubes dipping in the liquid a

are drawn out at their lower ends into fine, somewhat laterally curved

points; the tube be contains, in the expanded portion bd, which is

from three-quarters to an inch in width, well-burnt lime, which may
be readily moistened with water, from d to e, asbestos, or fragments
of pumice-stone, drenched with sulphuric acid, and separated from

the lime by a light stopper of asbestos; the small Woulf's flask

contains lime-water.

The analysis is now performed in the following manner :
—A small

quantity of sulphuric acid is poured into the flask a through the

funnel-tube, the stopcock g being closed ; as this will not descend

of itself, it is made to do so by drawing gently with the mouth at h.

The evolution of gas, which is rendered perceptible by the ascending

bubbles, and by the air passing through the lime-water in/, is now
waited for ; another portion of acid is then added, and this continued

until it may be assumed that a tolerable excess of acid has been in-

troduced. This being done, some water containing a little caustic

potash in solution is allowed to flow into the flask by opening the

stopcock g, whereby a current of air is passed through the vessel a,

which carries the carbonic acid, contained partly in the liquid partly
in the upper space of the vessel, into the tube b e ; but since this

would never be completely effected without the application of heat,

the vessel a towards the end of the experiment is immersed in a small

dish filled with water, which is kept warm over a small lamp as long
as is found requisite.

It is best to regulate the current of air so that about 2 bubbles of

gas pass through the lime-water in a second. It will however never

be found to become in the least turbid. It is scarcely necessary to

observe that the object of the sulphuric acid in b c is to retain the

moisture carried by the gas from a ; also that the potash added

to the water which flows into the large flask is to absorb the car-

bonic acid of the atmospheric air ; and, lastly, that, the increase in

weight of be yields the result sought for.

Phil. Mas. S. 3. Vol. 29. No. 194. Oct. 1846. Z
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Several analyses made according to this method yielded highly

satisfactory results. 1*771 grm. of recently ignited carbonate of

potash, which was allowed to cool in a closed platinum crucible, gave
0*564- carbonic acid. Taking the atom of potash at 590, that of the

carbonic acid at 275, 0*563 ought to have been obtained.

1*705 grm. of very pure magnesite gave 0*870 carbonic acid

= 51*026 per cent.—Poggendorff's Annalen, No. vi. 1846.

ON THE ACTION OF NITRIC ACID UPON CHOLIC ACID.

BY A. SCHLIEPKR.

The interesting connexion which has recently been shown to exist

between the products of decomposition of cholesterine and choloidic

acid by Prof. Redtenbacher*, led to the supposition that it might
also extend to the other products of the bile if they were submitted

to a similar treatment. With this view I have been induced to

examine the action of nitric acid on Demarcay's cholic acid.

The cholic acid was prepared according to the process described

by Theyer and Schlosser ; bile, freed from mucus, fat and colouring
substance, was retained for several days at a boiling temperature
with a tolerably strong solution of potash, and then concentrated

until a soapy mass, which became hard on cooling, separated from
the .liquid. After complete separation, it was dissolved in water,

filtered, and treated with acetic acid, which separates the impure
cholic acid in thick white flakes, which unite, forming resinous

masses. If the eliminated resin be heated with water to boiling, it

assumes all at once a granular crystalline structure, and is then

easily reduced to powder ;
the latter was dried, and washed on a

funnel with aether until it appeared white, and then pure white cho-

lic acid obtained from it by dissolving and crystallizing it from
alcohol. Cholic and nitric acids do not act on one another in the

cold, however concentrated the latter may be
; but if a mixture of

the two be heated in a retort, a very violent reaction soon ensues,
the mass ascends, frothing considerably, while large quantities of

nitrous acid escape. When the first action is over, the retort con-

tains a dark yellow liquid, on which float some drops of oil, which
on cooling solidify, and are nothing more than unaltered cholic

acid. As the nitric acid which distilled over possessed a peculiar

odour, it was nearly saturated with an alkali and again distilled ;

but although the aqueous distillate still retained the peculiar smell,

none of the volatile products which Redtenbacher discovered in

submitting cholesterine and choloidic acid to a similar treatment,
could be detected in it. The yellowish liquid which remained in the

retort was evaporated on the water-bath to expel the excess of nitric

acid, when it dried to a yellowish transparent gum, which exhibited

in its external properties the greatest resemblance to the cholesteric

acid recently described by Redtenbacher. To separate this body
from some still undecomposed cholic acid, it was repeatedly dis-

solved in water, filtered, and again evaporated until the residue dis-

* Chem. Gaz., vol. iv. p. 269.
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solved to a clear solution in water. To ascertain the presence of

cholesteric acid, the silver salt was prepared by dissolving the acid

gummy mass in water, neutralizing with ammonia, and precipitating
with nitrate of silver; it was deposited in thick white flakes. Oxalic
acid was not present. To obtain the silver salt in a crystalline state,

some nitrate of ammonia was added to the mother-ley from which
it had been precipitated, in order to increase the solubility of the

silver salt in it, then boiled with the precipitate, when the greater

portion dissolved ; on cooling, the cholesterate of silver separated
from the hot filtered liquid, on the bottom and sides of the glass, in

granular crystalline yellowish crusts; more of the salt was obtained

by evaporating the mother-ley. The salt, dried at 212°, yielded
57*69 oxide of silver, 23*81 carbon, and 2*35 per cent, hydrogen ;

leading to the formula AgO, C 8 H4 O, which is that of the choleste-

rate of silver.

The contemporaneous occurrence of cholesteric acid in the pro-
ducts of decomposition of choloidic acid, cholesterine and cholic

acid by nitric acid exhibits the close relationship of these three

bodies as respecis their constitution.—Liebig's Annalen, lviii. p.
375.

ON A NEW PROPERTY OF LIGHT EXHIBITED IN THE ACTION
OF CHRYSAMMATE OF POTASH UPON COMMON AND POLAR-
IZED LIGHT. BY SIR D. BREWSTER*.

The chrysammate of potash, which crystallises in very small, flat

rhombic plates, has the metallic lustre of gold, whence it derives its

name of golden fluid. "When the sun's light is transmitted through
the rhombic plates it has a reddish yellow colour, and is wholly
polarized in one plane. When the crystals are pressed with the

blade of a knife on a piece of glass, they can be spread out like an

amalgam. The light transmitted through the thinnest films thus

produced, consists of two oppositely polarized pencils,
—the one of

a bright carmine red and the other of a pale yellow colour. With
thicker films, the two pencils approach to two equally bright car-

mine red pencils. It is to the reflected light, however, and its new
properties, that I wish to direct attention. Common light, reflected

at a perpendicular incidence from the surfaces of the crystals, or of

the films, has the colour of virgin gold. It grows less and less

yellow as the incidence increases, till it becomes of a pale bluish

white colour at very great incidences. The compound pencil,
thus reflected and coloured, consists of two oppositely polarized

pencils,
—one polarized in the plane of reflexion, and of a pale

bluish white colour at all incidences, and the other polarized per-

pendicular to the plane of reflexion, and of a golden yellow colour at

small incidences, passing successively into a deeper yellow, greenish

yellow, green, greenish blue, blue, and light pink, as the angle of
incidence increases. This very remarkable property, which I have
discovered also in some other crystals, is not caused by any film of

oxide formed upon the natural surface of the crystal, nor is it the

* Read at the Southampton Meeting of the British Association.

Z2
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result of any change produced upon the surface by external causes.

It is exhibited, under the usual modifications, if the surface of the

chrysammate is in optical contact with fluids and with glass ; and

when the crystal is in the act of being dissolved, or when a fresh

surface is exposed by mechanical means, the superficial action of

the crystal upon light is in both cases the same. When the chry-
sammate is re-crystallized from an aqueous solution, it appears in

tufts of prisms of a bright red colour, the golden reflexion being

overpowered by the transmitted light ; but when these tufts are

spread into a film by pressure, the golden yellow colour re-appears.
When the crystals of chrysammate are heated with a spirit-lamp,
or above a gas-burner, they explode with a flame and smoke like

gunpowder ; and, by continuing the heat, the residue melts and a

crop of colourless amorphous crystals is left. I have found the

same explosive property in the aloetinate of potash.
—Athenceum.

INFUENCE OF NITROUS OXIDE GAS ON VEGETATION.
BY M. VOGEL, JUN.

It is generally admitted that nitrous oxide gas is incapable of sup-

porting life, although a candle which has been blown out is relighted

by immersion in this gas, and burns with greater brilliancy in it than

in atmospheric air. The rapid combustion of the candle is owing to

the ready decomposition of this gas at a high temperature,—? a de-

composition which cannot be effected in the lungs by respiration ;

whereas the air, which is a mere mixture of oxygen and azotic gases,

readily yields its oxygen in the act of respiration.

The author obtained the nitrous oxide, used in his experiments,
from pure nitrate of ammonia ; and into a vessel containing this gas
he introduced seeds of cress spread on a moist sponge. The intro-

duction of the seed wras effected under water, and so as to prevent
the access of atmospheric air, and it was expelled from the sponge

by slight pressure ; sufficient water was left in the bottle for germi-
nation ;

and after the sponge and seeds had been introduced, it was

hermetically closed.

In order to make a comparative experiment, a sponge with cress

seed was also placed in a bottle containing atmospheric air. After

some days the seed in this bottle began to germinate and to form

leaves ; but the reverse was the case in the bottle containing the

seed in nitrous oxide. Not the slightest appearance of germination

was perceptible : the seeds, nevertheless, were swelled and covered

with mucus, but without any change which indicated germination.

After two weeks had elapsed, the seed and sponge were removed from

the nitrous oxide, and as soon as they came into the air they began
to germinate ; from this it follows that the seed had not lost its

power of germinating by exposure to nitrous oxide ; whereas seeds

cease to germinate after they have been in contact for a short time

with several other gases.

The nitrous oxide gas in which the seed had remained for two

weeks, underwent no alteration ; it did not contain even a trace of

carbonic acid, and re-lighted a candle.
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To ascertain the influence of this gas on plants previously deve-

loped, a sponge with plants of cress completely formed were placed
in a bottle filled with it. In two days the plants suffered no change ;

but on the third day they became of a yellow colour, and in a week

they drooped : when removed to the atmosphere, they recovered their

colour and ceased to droop.
It is to be observed, that the experiments described were made,

not only with'seeds, but also with plants, in nitrous oxide exposed
to the direct rays of the sun and in the shade, and that in both cases

no decomposition of the gas occurred.

It results from the experiments described,—
1. That nitrous oxide is not favourable either to the germination

of seed, or the vegetation of plants previously formed.

2. That this gas is not decomposed by the chlorophylle of plant.*,,

even when the apparatus is exposed to the direct rays of the sun.

3. That seeds which have remained for some time in this gas, do
not thereby lose the power of germinating in the air.—Journ. de

Pharm. et de Ch., Aout 1846.

METHOD OF DETERMINING THE QUANTITY OF TUNGSTIC ACID.

M. Marguerite remarks that the usual process for ascertaining the

quantity of tungstic acid has been admitted to be inaccurate by all

chemists ;
and in analysing the supersalts of this acid, the limit of

error which may be committed in employing it, may occasion such a

difference in their centesimal composition as may make the formula

vary one equivalent of acid, or at any rate leave it undecided : in

fact, a difference of 1 or 2 per cent, constitutes a tungstate with four

or five equivalents of acid.

M. Berzelius, in his Annuaire for 1841, gives a precise method for

estimating tungstic acid in neutral tungstates, by means of nitrate

of mercury. M. Marguerite was however apprehensive, that by pre-

cipitating the acid tungstates in this manner, the nitric acid set free

might act upon the precipitated tungstate of mercury, and render the

process inexact.

The following process M. Marguerite found to be rigorously exact

and extremely simple. Put the salt to be analysed in a small platina

capsule, and add to it several times its weight of pure concentrated

sulphuric acid ; subject the mixture at first to a gentle, and subse-

quently to a red heat.

After the calcination, the residue consists of an acidulous sulphate
and free tungstic acid. It is to be mixed and washed on a filter,

with water containing hydrochlorate of ammonia, which possesses
the property of preventing the tungstic acid from becoming a hy-
drate, and passing through the filter,—an effect which is sometimes

produced, even after it has been calcined.

When the last washings cease to precipitate chloride of barium,

the residue is to be calcined to expel the hydrochlorate of ammonia,
and a few drops of nitric acid are to be added to oxidize any small

particles of reduced tungsten which may have appeared, and to dis-
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sipate the last traces of carbon which the filter may have left. In

this manner the water may be ascertained by simple calcination, the

tungstic acid directly, and the alkali by difference.

Having attempted to estimate the alkali by the quantity of sul-

phuric acid fixed, it was found that tungstic acid, like the silicic and
boracic acids, decomposed the neutral sulphate at the temperature
requisite to destroy the bisulphate : the tungstic acid then combines
with the alkali, and forms a tungstate which is more or less acid ; it

is therefore important not to carry on the operation so far. The bi-

sulphate possesses the advantage of presenting sulphuric acid to

those parts of the salt which would not be decomposed, which at this

high temperature acts energetically.
That the salt has been completely attacked, and that the tungstic

acid has not been hydrated, and consequently dissolved, may be as-

certained by treating the first washings with a plate of zinc and hy-
drochloric acid. They do not in this case produce the slightest blue

tint, though capable of ascertaining the smallest quantity of tungstic
acid.—Ann. de Ch. et de Phys., Aout 1846.

PREPARATION OP CHLORIC ACID. BY M. BOETTGER.

The author observes, that the preparation of chloric acid by means
of hydrosilicic acid is attended with a great number of inconve-

niences ; he therefore proposes to replace it with oxalic acid, this

acid also yielding a salt of soda which is but slightly soluble in

water.

The following is the process recommended. First prepare a solu-

tion of tartrate of soda, by dissolving seven parts of crystallized car-

bonate of soda and seven and a half parts of tartaric acid in boiling
water ; add to this solution while boiling a solution, also boiling, of

six parts of chlorate of potash in sixteen parts of water : let it cool,

so as to allow the tartar to deposit ; then filter, and add to the solu-

tion six parts of oxalic acid dissolved in six parts of water, heated

to a temperature not exceeding 133° F. ; agitate the mixture briskly,
and put it into a freezing mixture, made with crystallized sulphate
of soda and muriatic acid ; by this the oxalate of soda is deposited,
and it requires only to be separated by the filter.

The chloric acid thus obtained is not chemically pure ; but to pro-
cure it pure and concentrated, it is to be treated with recently preci-

pitated carbonate of barytes, crystallizing the chlorate formed, and

decomposing it with sulphuric acid.—Journ. de Pharm. et de Ch.,

Juillet 1846'.

OBSERVATIONS ON YEST.

M. F. W. LudersdorfF, in order to decide the question whether

yest is an organized substance, and whether, if it be, it occasions

fermentation in consequence of it, made the following experi-
ments :

—He triturated a portion of it on glass so perfectly, that

the microscope could not detect any kind of globular texture ;

two parts of grape-sugar were dissolved each in ten parts of
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distilled water ; one of them was mixed with the triturated yest, and

the other with a similar portion of the same yest, not triturated ; both

were exposed to a temperature of 95° F. The liquid containing the

untriturated yest began to ferment in half an hour, and the action

continued uninterruptedly for two days, when all the sugar was de-

composed ; but the liquid containing the triturated and disorganized

yest did not yield the smallest bubble of gas during the whole of the

time.—Ibid.

METEOROLOGICAL OBSERVATIONS FOR AUG. 1846.

C/iiswick.— August 1. Uniformly overcast: hot and dry: 2 p.m. almost con-

tinued thunder : at 3 p.m. rain in torrents : at 4" 40m vivid lightning and rain,

mixed with large hail : overcast at night 2. Sultry : thunder and rain : clear.

3. Rain : showery. 4. Cloudy and fine. 5. Heavy rain. 6. Cloudy and fine.

7. Overcast. 8,9. Cloudy and fine. 10,11. Very fine. 12. Rain : cloudy.
13. Cloudy : heavy rain. 14. Very fine. 15. Clear: fine: rain. 16, 17. Cloudy :

fine. 18. Fine : rain. 19. Fine : drizzly. 20. Overcast : rain. 21. Densely
clouded : rain. 22—25. Cloudy and fine. 26. Overcast. 27. Fine. 28—31.

Very fine.

Mean temperature of the month 64 0, 16

Mean temperature of Aug. 1845 ." 59 "30

Average mean temperature of Aug. for the last twenty years 62 '23

Average amount of rain in Aug 2*41 inches.

Boston.—Aug. 1. Cloudy: rain p.m., with thunder and lightning. 2. Fine:

rain p.m. 3. Fine : rain, with thunder and lightning a.m. 4. Fine : rain and

lightning p.m. 5. Cloudy : rain p.m. 6, 7. Cloudy. 8. Fine. 9. Cloudy :

rain a.m. 10. Fine: rain p.m. 11, 12. Fine. 13. Cloudy: whirlwind, with

rain a.m. 14. Fine. 15. Fine : rain a.m. 16. Fine. 17. Fine: rain early a.m.

18. Fine. 19. Rain. 20. Fine: rain a.m. and p.m. 21. Rain. 22. Cloudy.
23. Cloudy: rain p.m. 24—27. Cloudy. 28. Fine. 29. Cloudy. 30, 31. Fine.
—The past month has been extraordinary warm.

Sandwich Manse, Orkney.
—Aug. 1. Cloudy: fine. 2. Fog: hot: fine. 3. Bright:

hot : fog. 4. Clear : hot : fog. 5. Bright : cloudy. 6. Fog : cloudy. 7. Cloudy.
8. Bright : fog. 9. Fog : rain. 10. Bright: rain : clear. 11. Showers : clear.

12. Showers : cloudy. 13. Rain. 14. Bright : clear. 15. Rain. 16. Showers:

small rain. 17. Cloudy: fine. 18. Cloudy. 1 9. Bright : hot : fog. 20. Cloudy:
rain. 21. Cloudy: damp. 22. Damp : drizzle. 23. Cloudy. 24. Bright:

cloudy. 25. Clear : aurora : fine. 26. Clear : fine. 27. Clear : aurora : fine.

28. Clear: fog. 29. Cloudy. 30. Bright : rain. 31. Rain : clear.

Mean temperature of the month 58°*82

Mean temperature of Aug. for nineteen preceding years 54 #76
Mean temperature of Aug. 1845 53 *16

Apj>legarth Manse,'Dumfries-shire.
—Aug. 1. Remarkably warm. 2. Very fine.

3. Very fine : thunder. 4. Fine : one shower. 5. Heavy shower : fine. 6. Fair

and fine. 7. Rain, heavy : thunder. 8. Wet : thunder. 9. Wet p.m. : fair a.m.

10. Showers. 11,12. Slight showers. 13. Very heavy rain : flood. 14. Fine:
one shower. 15. Showers p.m. 16. Wet a.m.: cleared. 17. Very fine harvest

day. 18. Rain nearly all day. 19. Fine harvest day. 20. Fine harvest day :

thunder. 21—23. Fine harvest days. 24,25. Fine harvest days : threatening.

26, 27. Fine harvest days : clear. 28, 29. Fine harvest days : threatening. 30.

Fine harvest day. 31. Rain : cleared p.m.

Mean temperature of the month 61°*25

Mean temperature of Aug. 1845 56 "4

Mean temperature of Aug. for twenty-three years 57 -

Mean rain in Aug. for eighteen years 3*61 inches.
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NOVEMBER 1846.

LI. The Astronomer Royal on the Bands formed by the

Partial Interception of the Prismatic Spectrum.

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,

QINCE my return from the continent I have seen a report^ of the ttansactions of the British Association at its late

meeting ; and my attention has been directed to a communi-
cation by my friend Prof. Powell,

" On the Bands formed by
the Partial Interception of the Prismatic Spectrum," which,
for care in observation, caution in theory, and courtesy in the

expression of doubt, merits well to be taken as a model for

papers of a similar character.

Prof. Powell found that in certain points there is an appa-
rent discordance between his observations and the result of my
deductions from the Undulatory Theory. It is curious that

on these very points there is the most perfect accordance. The

discrepance has arisen from this circumstance: that my short

paper in the Philosophical Transactions, 1841, part 1, was

intended rather to show the possibility ofexplaining the bands,
than to enter into details as to their variation under varying
conditions of experiment ;

that I therefore investigated closely

only that case in which the bands are most conspicuously
formed

;
and that an expression used by me, with reference

only to that one case, has been (not unnaturally) applied to

other cases, to which it is totally inapplicable.
In page 8 of my paper, line 20, I have made this restrictive

supposition :
" And if —

j—
be equal to the change of k corre-

sponding to a change of 2w in R." This limitation, which

establishes a relation between the aperture of the eye or telescope

Phil. Mag. S. 3. Vol. 29. No. 195. Nov, 1846. 2 A
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on the one hand) and the extent of the spectrum and the thick-

ness of the retarding -plate on the other hand, dominates over
all the succeeding deductions. The expression in page 9, line

2 X e
16, "the interval between the bands is —7—," is subject to

this limitation. In a word, I have stated what is the law of

variation of the breadth of the bands lichen the aperture ofthe

eye is varied, and when the extent of spectrum, $c. receives a

corresponding variation, so as to preserve the condition ofpage
8 line 20 : but I have not stated what is the law of variation

of the breadth of the bands when the aperture of the eye is

varied without varying other parts of the experimental arrange-
ment. This latter limited variation was the variation made in

Prof. Powell's experiments, and therefore my expression does
not apply to these experiments.

i will now proceed to investigate expressions which will

apply to Prof. Powell's experiments.
For this purpose I beg to refer to the diagram in page 10

(remarking that the numerical values of the ordinates are to

be found in the table of page 4), which represents the differ-

ent degrees of intensity of light in the successive slightly dif-

fused images formed by the light coming from successive por-
tions of the spectrum, when viewed under the conditions of

this experiment. And I must request the reader to remember
that the effect of viewing a spectrum (as distinguished from a

collection of all the various qualities of light in one point) is,

that supposing the first curve to remain in its place, the second

curve will be drawn back by a certain quantity C, the third

by 2 C, the fourth by 3 C, and so on
;
and that in order to

obtain the expression for the intensity of the light received by
the eye, the ordinates which are then in the same vertical line

must be added together. This quantity C is absolutely con-

stant while the extent of spectrum and thickness of retarding

plate are constant, and does not in any degree depend on the

aperture of the eye.
Then it must be remarked that the effect of enlarging the

aperture of the eye is to diminish the horizontal extent of

each of the curves in the same proportion, leaving the centre

of each in the place defined by the movement which I have

just mentioned ;
and that the effect of diminishing the aperture

of the eye is to enlarge the horizontal extent of each of the

curves in the same proportion, leaving the centre of each in

the place as above defined.

Suppose, then, that the quantity C is equal to three inter-

vals of ordinates, as at present marked in the diagram ofpage
10. Then if, in a change of experiment, the aperture of the
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eve be enlarged in the proportion 3 : 4, the length of each

curve will be diminished in the ratio of 4 : 3, and there will

be four intervals of ordinates in the constant space C. If, in

another change, the aperture of the eye be diminished in the

proportion 3 : 2, the length of each curve will be increased in

the ratio of 2 : 3, and there will be only two intervals of ordi-

nates in the constant space C.
1 shall now proceed to apply these considerations to the

circumstances of experiment.

General Condition for the three following
Experiments.

The constant C is supposed to be equal to three intervals

of ordinates, as at present marked in the diagram of page 10.

Special conditionfor thefirst experiment.

The aperture of the eye is such as to make the horizontal

extent of each curve exactly equal to that marked in the dia-

gram.
Since each curve is to be drawn back by the constant space

C from that above it, and since C is equal to three intervals of

ordinates, it follows that the aggregate of light will be obtained

by combining the 1st number of the first column on page 4

with the 4th number of the second column, the 7th number
of the third column, and so on; continuing the succession of

columns as long as numbers can be taken by this rule (the
seventh column being exactly similar to the first). Effecting
this, and dividing the sums by 12, we find the following num-
bers to represent die intensity of light which comes to the

eye:
—

13646, 12829, 11295, 9227, 6875, 4524, 2456, 921, 105,

105, 921, 2456, 4524, 6875, 9227, 11295, 12829, 13646,

13646, 12829, &c.

The bands here will be most vividly bright and black.

The bands recur at an interval of 18 ordinates or 6 C.

Special condition for the second experiment.

The aperture of the eye is greater than that in the first ex-

periment, in the ratio of 3 : 4.

Since each curve is to be drawn back by the constant space
C from that above it, and since C (as above explained) is now

equal to four intervals of coordinates, it follows that we must
combine the 1st number of the first column with the 5th num-
ber of the second column ; the 9th number of the third column,
and so on. Effecting this, and dividing the sums by 9, we

2 A 2
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find the following numbers representing the intensity oflight
which comes to the eye :

—
7659, 9164, 10512, 11617, 12399, 12801, 12801, 12399,

11616, 10512, 9164, 7659, 6093, 4586, 3238, 2135, 1353,

949, 949, 1353, 2135, 3238, 4586, 6094, 7659, 9164, 10512,
&c.
The bands here are extremely well marked, but not quite

so vividly bright and black as in the first experiment.
The bands recur at an interval of 24 ordinates ; and as 4

ordinates are now included in the space C, the bands recur at

an interval of 6 C.

Special conditionfor the third experiment.

The aperture of the eye is less than that in the first experi-

ment, in the ratio of 3 : 2.

Since each curve is to be drawn back by the constant space
C from that above it, and since C (as is above explained) is

now equal to two intervals of ordinates, it follows that we
must now combine the 1st number of the first column on page
4 with the 3rd number of the second column ;

the 5th number
of the third column, and so on. Effecting this, and dividing
the sums by 18, we obtain the following numbers for the inten-

sity of the light which reaches the eye :
—

7871, 5880, 4157, 3161, 3161, 4157, 5880, 7871, 9594,

10256, 10256, 9594, 7871, 5880, &c.

The bands here are well marked, but are not so vividly

bright and black as in either of the former experiments.
The bands recur at an interval of 12 ordinates; and as 2

ordinates are now included in the space C, the bands recur at

an interval of 6 C.

Thus it appears that, as result of theory, the interval of the

bands is precisely the same whether the aperture of the eye
be represented by 2, by 3, or by 4. I have gone through
these proportions in detail

;
but any one who has watched the

operation sufficiently to see upon what the succession of values

in the numbers depends, will perceive that the recurrence of

bands depends only on the recurrence in the values of R,
and therefore that, whether a telescope or the naked eye be

used, whether the spectrum be produced by diffraction or by
refraction, and whatever be the refractive angle or dispersive

power which produces it, provided the same retarding plate
be used, the same bands will always be formed in the same

part of the spectrum. The theoretical effect of altering the

aperture of the eye (besides of course affecting the general
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brilliancy) is to render the bands more or less distinct without

changing their places.
All these theoretical results are in absolute accordance with

Prof. Powell's observations.

The fact, that the bands can sometimes be seen on only a

portion of the spectrum, is a result of this circumstance, that

the retarding plate cannot be placed close to the pupil of the

eye. A single trial will enable any one to perceive that the

further the plate is held from the eye, the smaller is the extent

of visible bands; and the injurious effect of this circumstance

is much greater when the pupil is small than when it is large ;

inasmuch as, with a very small pupil, the light which enters

the eye from extreme points of the spectrum may not have

touched the retarding plate at all.

I will conclude with observing that this very remarkable

experiment, which long appeared inexplicable, and which at

two subsequent times has presented startling difficulties to the

theorist, seems destined to give one of the strongest confirma-

tions to the Undulatory Theory.
I am, Gentlemen,

Your obedient Servant,

Royal Observatory, Greenwich, G. B. AlRY.
Oct. 16, 1846.

LII. Observations on the Law of Daily Temperature. By
Sir David Brewster, K.H., D.C.L., F.R.S., and V.P.R.S.

Edin.*

IT
followed from the early researches of Humboldt, that the

mean temperature of the equatorial regions was nearly the

same under every meridian, but that in higher latitudes it de-

clined rapidly in the New World, and under the eastern me-
ridians of Asia, as shown in the following table:—

ititude.
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with the square of the cosine, I was anxious to obtain observa-

tions in high latitudes in order to test the accuracy of his for-

mula. Mr. Scoresby, to whom I made application, was

fortunately able to state it as the result of numerous observa-

tions made in different years, that the mean temperature in

the latitude of 78° was about 17°, from which he deduced that

of the Pole to be 10°. But as the mean temperature in the

latitude of 60° is 1 6° 92' less in the Old World than the New,
or in the meridian on which Mr. Scoresby approached
the Pole, it is obvious that the mean temperature of the Pole,

if deduced by the same process from the observations in the

Old World, would be even below zero. This result was

doubtless perplexing ; but the perplexity was soon removed

by the return of Captain Parry in 1820 from Melville Island.

He found the mean annual temperature of that island, in 74f
°

of latitude, to be -f- 1° 33' Fahr., thus confirming the result

which we had obtained and previously communicated to the

Royal Society of Edinburgh*. This extraordinary result,

taken in connexion with Mr. Scoresby's, suggested to us

the idea that the coldest part of the globe was not far from

Melville Island, and that there were " two points of greatest
cold not many degrees from the poles, and in meridians nearly
at right angles to that which passes through the west of Eu-

rope." From a comparison of a great number of mean tem-

peratures both in the Old and New World in high latitudes,

we were led to the conclusion that the two cold poles were
situated in 80° of north latitude, and in 95° of east and 100°

of west longitude f,
—the mean temperature of the eastern

*
Edinburgh Transactions, vol. ix. p. 212, Feb. 1820.

f In my treatise on Magnetism, I have adopted for the place of the Ame-
rican pole 100° W. long, and 73° N. lat., and the Asiatic pole in 80° E.

long, and 73 N. lat., in order to represent better the observations of the

Arctic voyagers, and in order to adapt them to the general formula given
in the following note :

—
"The formulae for finding the mean temperature are as follows :—

Asiatic pole, mean temp. = 820,8 sin D
American pole, mean temp. = 86 0,3 sin D — 3^°

The distance from the Pole, viz. D, is in the coldest meridian D = 80° —
lat., and in the warmest meridian cos D = cos 10° sin lat. In all inter-

mediate meridians we have cos D= —-—-—
-. -, and tan 6 = cos M

cos 6

tan L, where M is the difference of longitude between the place and the

pole, L the co-latitude of the isothermal pole or 10°, and / the co-latitude

of the place." In order to obtain a general formula for the whole globe, we must sup-

pose the temperature of both poles equal, and the cold meridians 180°

apart. In this case we have

T = (t
—

t) (sin" 3 = sin" I')+ r,
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pole being -f 1° Fahr., and that of the western — 3|°, and
that they were nearly coincident with the magnetic poles of

the earth. These views have been adopted by Humboldt,
Erman, Kupffer, Dalton and others ; and we have no doubt

that we shall be able, by means of the accurate meteorological
observations which are now making in different parts of the

world, to fix more accurately the position of these remarkable

points, and to determine whether or not their connexion with

the magnetic poles is merely accidental.

This remarkable distribution of heat over the earth's sur-

face, or rather in our atmosphere, is connected with the un-

equal distribution of heat over the year. In the cold meri-

dians we have a hot summer and a cold winter, whereas in the

warm meridians the difference between the summer and the

winter temperature is greatly diminished. In order to express
65°*3

this conjoined effect, Humboldt adopts the form 51°*1
38 *7

adding the signs of + and —
, according as the numbers

+ 65°*3
are above or below zero. Thus + 51°'l expresses

the temperature of Paris ; the number 51°*1 being the mean
annual temperature, 650,3 the mean temperature of summer,
and 38*7 the mean temperature of winter. This arrangement
of the temperatures has, however, so much the appearance of

a mathematical formula, that we conceive it would be more
natural to place the numbers thus: + 65*3, + 51°*1, + 380,

7,

or max. 65°*3, mean 51 0,
1, min. 380,

7, the mean temperature

occupying the middle place between the two extremes, and
the negative signs alone being prefixed to the numbers when

they are below zero.

In treating of the cause of the inflexion of the isothermal

lines, Baron Humboldt has endeavoured to show, by very inge-
nious arguments, that the form, the extent, and the altitude of
the continents, and their relation to the polar ice, are the prin-

cipal causes of these inflexions. We are not prepared either to

controvert or to admit the accuracy of this explanation, which
we have no doubt will meet with a ready and a general accept-
ance ;

but when we look at the system of isothermal curves

surrounding the poles of revolution, and mark their coinci-

dence with the magnetic poles of the earth, and their simi-

where T is the mean temperature of any place whose distance from the
two cold poles is § and V, t the mean equatorial temperature, r the mean
temperature at each of the poles of maximum cold. The distances § and V
are found by the formula for D given above. The exponent n is about

five-eighths, when the formula represents the most accurate observations."
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larity to the isodynamical magnetic curves*, we are disposed
to view so remarkable a phenomenon as the result of a phy-
sical condition of the earth itself, and produced by causes
connected with its magnetic, or galvanic, or chemical agencies.

Before we can determine, with anything like accuracy, the
form of the isothermal lines, we must, in reference at least to

past observations, be able to deduce from them the mean tem-

perature of the places at which they were made
; and this can

only be done after we have determined the law of the distri-

bution of heat throughout the day and the year, the mean
annual orbit as it were, described by the summit of the mer-
curial column. Previous to the determination of the law of

distribution, we could not obtain the mean annual temperature
even from three daily observations, and still less from two or

one observation. The mean of the maximum and minimum fur-

nished us with an approximation ; but as the instruments with
which these extremes were measured were continually going
wrong, the results which they yielded were always liable to

error.

In order to solve this problem, I suggested to the Royal
Society of Edinburgh the plan of establishing hourly observa-

tions at Leith on the east coast of Scotland. They were con-
tinued for four years, and yielded results of the most unex-

pected kind ; but the observations for the first two years only,
viz. for 1824 and 1825, have been published. We shall

therefore in general confine ourselves to the results to which

they lead. The first of these is the determination of the hours

ofmean temperature for the whole year, and the interval which

elapses between these hours, which has been called the Critical

Interval.
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11 hours 11 minutes; at Inverness, 11 hours 13 minutes*;
at Kingussie, 10 hours 44 minutes ; at Belleville, 11 hours

14 minutes; at Tweedsmuir, 11 hours 15 minutes; at Ply-

mouth, 11 hours; at Philadelphia, 11 hours 20 minutes; at

Trincomalee, 11 hours 5 minutes; at Colombo, 10 hours 55

minutes; at Kandy, 11 hours; and at Madras, 10 hours.

Another general law which we obtained from the hourly
observations at Leith is, that the half sum of the mean tempe-
ratures of any two hours of the same name, differs at an ave-

rage only a quarter of a degree of Fahrenheit from the mean

temperature of the year, the maximum difference being
0,
i21,

and the minimum o,
059, and the differences following a re-

gular law. The following are the results ofJour years' hourly
observations :

—
Differences between the half sum and the

Homonymo
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dinates we may deduce the mean temperature of the whole

year, that is to say, the mean of all the horary ordinates."

The next important relation which we have deduced from
the hourly observations is, that which the mean temperature
of each hour bears to that of the whole year. The following
are the results obtained from four years' observations at Leith

and three at Inverness :
—

Hours.
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corresponding to two or three ordinates, with opposite signs
whose sums shall be nothing; thus, 6 h. a.m. and 5 p.m. give— 2-545 and + 2*576, whose sum is only 0°'031.

In like manner we may choose, in reference to our conve-

nience, to select two times of observation, one of these being at

a given hour, and the other between two hours ; or it may be
more convenient to take two times of the day, both of which
are between regular hours. The following table shows these

hours, and the intervals between the times of observation, as

deduced from the Leith observations.

Hours of observation which give the mean.
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of latitude in producing an approximation to a continental

climate. The mornings at Inverness, from 1 h. a.m. till about

5 h. 20 m. a.m., are colder ; and the days, from 9 h. a.m. till

3^ h. p.m., are warmer in reference to the mean temperature
than those at Leith ; whereas, about the time of the morning
and evening mean temperatures, it is warmer at Inverness in

the morning and colder in the evening.

Having obtained the ordinates of the mean annual curve of

the daily temperatures, it becomes a curious subject of inquiry
if this curve has any resemblance to curves with which we are

familiar. With this view we must divide it into four portions
or branches, namely, that between the hours of the evening
mean temperature and the minimum ordinate

; that between

the minimum ordinate and the morning mean
;
that between

the morning mean and the maximum ordinate
;
and that be-

tween the maximum ordinate and the evening mean. In this

way the mean annual curve of daily temperature will be di-

vided into four different curves, which have a striking simi-

larity to parabolas, as shown by the following table, which

contains the mean annual hourly temperatures for 1824 and

1825, as observed, and as calculated on the supposition of the

temperatures being the abscissas of parabolas, and the horary
intervals the ordinates.
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The coincidence between the observed and calculated re-

sults, as shown in this table, is so remarkable, that the -para-
bolic temperatures, as we may call them, never differ from the

real temperatures more than one quarter of a degree of
FAHRENHEIT.

Since we began this article we have been favoured by Ro-
bert Thorn, Esq., of Ascog, a gentleman of great scientific

attainments, with the results of an hourly meteorological re-

gister, which he kept for twelve consecutive years at Rothesay
in the Isle of Bute, and which we have no scruple in saying
forms the most important class of meteorological observations

which have ever been made, not only for their number and

continuity, but from the care and attention with which they
were conducted. These observations possess also another

interest, in so far as they exhibit the laws of temperature on
the west coast of Scotland, and in a climate essentially differ-

ent from that of the east coast, to which our Leith and Inver-

ness observations relate. Our limits will not permit us to

give the results of these observations so fully as we could wish,
but we shall endeavour to lay the most important of them
before our readers. The following are the times of mean tem-

perature:
—

Mean of twelve years,
from 1828—1832 inclusive. Distances from noon.

Mean temp, at 8 h. 32 m. a.m. 47°-46 3 h. 28 m.

7 39 p.m. 47°'46 7 39

Critical interval 11 h. 7 m.

Hence it appears that the hours of mean temperature are

much earlier than at Leith, and are nearly the same as those

at Inverness, differing from them only by four minutes in the

morning and five minutes in the evening, while the critical

interval differs from that of Inverness only nine minutes.

The similarity between these two sets of observations will

appear still more striking from the following law of the homo-

nymous hours :
—
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Hence it appears that the homonymous hours of mean

temperature are 4 h. a.m. and 4 h. p.m., and 10 h. a.m. and
10 h. p.m., the one differing only 5-100ths, and the other only
8-100ths of a degree of Fahrenheit from the mean annual tem-

perature ;
while the maximum deviation, exactly as at Inver-

ness, occurs at 1 h. a.m. and 1 h. p.m., and at 7 h. a.m. and
7 h. p.m., amounting at Rothesay to + 0*56 and — 0*49, and
at Inverness to

-

55, an agreement so remarkable that it can-

not but surprise us.

The following table exhibits the difference between the

temperatures of each hour of the day, and the mean annual

temperature.
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Hours. Observed temperatures. Calculated. Difference.

7h. 39 m. p.m. Mean 4?46 4>46 0-00

8 47-18 47-18 000
9 46-30 46-48 0-18

10 45-77 45-87 +010
11 45-38 45-36 —0-02
12 45-07 44-95 —012
1 a.m. 44-81 44-64 -017
2 4464 44.43 —0-21
3 44-44 44-31 —0-13
3 40 Min. 44-29 44-29 000
4 44-33 44-44 +011
5 44-59 44-53 —006
6 45-20 4502 —0-18
7 45-97 45-78 —019
8 46-96 46-80 —016
8 32 Mean 47-46 47*46 0-00

9 47-90 48-14 +0-24
10 49-00 49-38 +0-38
11 49-98 50-33 +0-35
12 50-75 50-98 +0-23
1 p.m. 51-24 51-32 +008
140 Max. 51-39 51-39 000
2 51-36 51-38 +002
3 51-09 51-32 +0-23
4 50-48 50-62 +0-12
5 49-74 5017 +043
6 48-94 49-33 +0-39
7 47-98 48-27

*
+0-29

7 39 Mean 47'46 47'46 0-00

From this very instructive table it is obvious that from eight
o'clock at night till eight in the morning, that is during the

average night, when the obstruction of the sun's rays by adja-
cent hills can have no effect upon the thermometer, the devia-

tions from the parabola are very small, and less than those at

Leith ; whereas, from eight in the morning till eight at night,
that is during the average day, the deviations are considerable

when compared with those at Leith, arising, doubtless, from
the obstruction of the sun's rays in particular azimuths. That
this is the cause of the deviations may be inferred from their

signs. During the night the deviations are negative, and during
the day positive', that is during the night the observed tem-

peratures are greater than the parabola makes them, owing to

the radiation of cold from the obstructed portions of the sky

being less than if it had not been obstructed ; whereas during
the day the deviations are large and negative, that is during
the day the hills have obstructed the sun's rays in particular

azimuths; and the observed temperatures are less than the

parabola makes them.

These results were so important, that it became very desira-

ble to ascertain the relation of the Inverness daily curve to
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the parabola, and to the form of the visible horizon. We have
therefore made the necessary calculations, and obtained the

following results :
—

Hours.
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in order that by adopting these hours the'true hours of mean

temperature and the critical interval may be determined. In
order to do this, we must, if we do not know it, deduce the

mean temperature of the place of observation from the pre-

ceding or other tables, that is by correcting the temperatures
in the register by the differences between the temperature in

the table at the same hour and the mean temperature of the

day. The mean of the two mean temperatures thus obtained

may be considered as the mean temperature of the place.
Then from the rales of ascent and descent at the times of the

morning and evening mean, as given in the preceding tables,

or otherwise ascertained, and the differences between the two

registered temperatures and the mean temperature as already

obtained, we may find the quantities to be added or subtracted

from the interval between the two observations in order to ob-

tain the critical interval.

LIII. Observations on the Nature of Lampic Acid.

By Arthur Connell, Esq.*

\ FEW years ago I showed that this acid liquid, as pre-**
pared in the usual way by exposing the vapour of aether

to the action of a coil of glowing platinum wire, contains a

large quantity of formic acidf. The latest researches with

which I am acquainted on lampic acid are those of Stass,

Martens and Marchand, who, whilst they admit the presence
of formic and acetic acid in it, maintain that it also contains

a third acid, viz. the aldehydic. Although these researches

were made some years ago, and I had seen short notices of

them, it was not until lately that I had access to Erdman and
Marchand's Journal of Practical Chemistry, which contains

a full account of them J; and I now offer a few observations

upon them, with reference to the alleged existence of alde-

hydic acid in lampic acid.

I may observe in commencing, that even were it established

that lampic acid contains a third acid besides the formic and

acetic, it by no means follows that that third acid is to be

viewed, as has been done by some chemists, as the peculiar
and characteristic acid of the lampic mixture, and as confirm-

ing Liebig's original view, that lampic acid may be regarded
as aldehydic acid. The very fact that the proportions of these

* Read to the Chemical Section of the British Association, &c. held at

Southampton, and communicated by the Author.

f Lond. and Edinb. Phil. Mag. vol. xi. p. 175.

X Vols, xviii. and xix.

Phil. Mas. S. 3. Vol. 29. No. 195. Nov. 1846. 2 B
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acids vary somewhat according to the mode of preparation,
which seems to follow from the late experiments, negatives
this idea ; and indeed it is given up by Liebig, who now only

says, in his Organic Chemistry, that aldehydic acid is one of

the acids in lampic acid. But if we take the above-mentioned
normal mode of preparing it,

—the method principally used by
Davy, Faraday and Daniel], then formic acid constitutes by
much the larger proportion of the acid liquid so prepared ;

and as formic acid is well known to reduce the oxides of me-
tals having feeble affinities for oxygen with effervescence, it is

plain that this characteristic property of lampic acid may be

with justice mainly ascribed to its formic constituent.

But the more important point is, whether lampic acid con-

tains any aldehydic acid at all. On this, I think I shall be

able to show that the experiments depended on are quite insuf-

ficient to establish this fact; and that my own experiments, as

well as those of Mr. Daniell, are opposed to such a view. It

is admitted on all hands that there are other matters besides

acids present in the liquid to which the name of lampic acid

is usually given. Of these aldehyde is certainly one. Now
every one of the late experiments is quite explicable on the

idea, which indeed is advocated by Martens, that this aldehyde
is mixed or otherwise associated with the acetic acid which

remains after the formic acid has been removed by means of

oxide of lead or otherwise. Thus the acid supposed to be the

aldehydic portion of lampic acid is described as reducing ni-

trate of silver without effervescence ;
as yielding a brown resin

when heated with alkali, and as affording a copper salt, which

when heated in solution gives a precipitate of suboxide of cop-

per, whilst acetate of copper is formed and remains dissolved.

Now as it is a character of aldehyde to reduce certain metals

without effervescence, and to yield a resin when heated with

an alkaline solution, all the above experiments are quite compati-
ble with the idea that the acid is merely the acetic with asso-

ciated aldehyde. The same view will readily explain Liebig's

argument, founded on the darkening of the lampic salts on

evaporation, and of the acid itself by sulphuric acid. All

these are characters which the presence of aldehyde would

produce.
But my own experiments, as well as those of Mr. Daniell,

on the atomic weight of lampic acid, as prepared by the ordi-

nary process, afford still more direct evidence on this point.

By an analysis of the lampate of barytes I ascertained the

atomic weight of the acid to be 50*35 or 6294, oxygen= 100 ;

and Mr. Daniell's result was quite the same. Now the atomic

weight of formic acid is 37; that of acetic acid 51; that of the
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so-called aldehydic acid, C4 H3 O2
, 4.3; and that of aldehyde,

C* H3 O + HO, 44*06. It is evident then that an acid, of

which a considerable part has been ascertained to be formic

acid, could never have an atomic weight of 50*35 by mixture,
either with acetic acid or with aldehydic acid ; each of these

of course taking up its own portion of base. The consider-

able mixture of formic acid would evidently keep the atomic

weight much below that of acetic acid ; whilst nothing short

of the nearly total absence both of formic and aldehydic acids

would give such an atomic weight as that found. But let us

suppose the formic acid to be mixed with acetic acid, having
some foreign body such as aldehyde associated with it and

entering into the constitution of its salts, at least on their first

formation
; such a mixture would readily bring up the atomic

weight of the mixed acid to the observed point. This becomes
still more evident from the experiments formerly detailed,

which had for their object to get quit of the associated foreign
matter. The lampate of barytes was kept for a considerable

time on the sand-bath at a temperature of from 300° F. to

320° F., during which operation it became dark brown, and
resinous matter separated when it was dissolved in water, but

no part of the base except a mere trace was set at liberty. The
atomic weight of the acid, after repeating this process twice or

thrice, was reduced from 50*35 to 44*95 ; and it was evident

that it could have been reduced still further by repetitions of

the process. The nature of this action I conceive to have
been quite analogous to that of heating aldehyde with bases.

It suffers decomposition and yields resinous matter. Suppo-
sing all the aldehyde to have been thus driven off, the acid

united to barytes would then have been formic acid, mixed
with a little acetic acid, and would have had an atomic weight
a little above that of formic acid. It is the most obvious, if

not the only mode of accounting for the considerable reduc-
tion of atomic weight without loss of base to suppose the ex-

pulsion of a foreign or associated matter.

I am aware, as already stated, that it has been of late

alleged that the proportions of the constituents of lampic
acid vary according to the mode of preparation. This is

likely enough ; but then I conceive that this variation only
takes place in the relative proportions of formic and acetic

acids, and of associated aldehyde or other foreign body. The
greater the proportion of acetic acid and associated foreign
matter, the more will those appearances be observed, which
have led, erroneously as I conceive, to the supposition of the

presence of a third acid, viz. the aldehydic. It is evident that

no account of the properties and constitution of lampic acid

2B2
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can be correct which does not fully explain them aspossessed

by the acid prepared in its ordinary way.
I adhere then to the view which I formerly gave, that lam-

pic acid consists of formic and acetic acid, with one or more
matters not of an acid nature. Of these, aldehyde is the sub-

stance which the experiments appear to point out as mixed
or associated with the acetic portion of the liquid. This is

probable in itself, because the formation of lampic acid is a

process of oxidation of the elements of aether, whether in their

separate state or in the hydrated condition of alcohol. The
first stage of oxidation will produce aldehyde by removing
two atoms of hydrogen. The next will convert a portion of

aldehyde into acetic acid by adding two atoms of oxygen ; and
this acetic acid may, in the act of being formed, possibiy as-

sociate itself with an undecomposed portion of aldehyde, if

this association is not at a later period, when the union with

a base is effected. It is at least certain that all the aldehyde
is not oxidated, for free aldehyde is a part of the product. A
further stage of oxidation will yield formic acid :

—
C4 H5 O ether.

C4 H3 O anhydrous aldehyde.
C4 H3 O3

anhydrous acetic acid.

C2 H O3
anhydrous formic acid.

It would not be difficult to state what appears to me to be

the most probable view of the nature of the so-called aldehydic
acid itself as obtained from other sources, but I am unwilling
to make observations on a substance on which I have not ex-

perimented.

LIV. On the great Symmetrical Barometric Wave of
November. By W. R. Birt.

[With a Plate.]

To the Editors of the Philosophical Magazine and Journal.

Gentlemen,
rr^HE return of the great symmetrical barometric wave last

autumn, with its appearance at Dublin in twelve out of

seventeen years' observations between 1829 and 1845 inclusive,
will render the barometric movements of the ensuing November

highly interesting to the meteorologist. Allow me through
the medium of your Journal to solicit the attention of ob-

servers to this interesting phenomenon, and to point out a few
of its essential features by which it may be recognised should
it revisit us during the present year.
The curves of the great symmetrical wave as observed at

London in 1842, 1843, and 1844, with the mean of the three
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years, are exhibited in Plate III. which accompanies this com-
munication. This Plate illustrated my Report on Atmospheric
Waves presented to the British Association for the Advance-
ment of Science at the Cambridge meeting in 184*5, and to

this and my preceding report in the volume for 1844 the

reader is referred for further information respecting this par-
ticular wave, and also on the subject of atmospheric waves

generally. Since my second report was presented to the As-
sociation the great wave has been again observed, and the

comparison of the curves for 1842, 1843, 1844, and 1845 has

suggested the idea that we have obtained the type of the baro-

metric oscillations during the middle portion of November.
This type has been expressed in the following language:

—
" That during fourteen days in November, more or less equally

disposed about the middle of the month, the oscillations of the

barometer exhibit a remarkably symmetrical character; that

is to say, the fall succeeding the transit of the maximum or

highest reading designated by the word crest in the Plate, is

to a great extent similar to the preceding rise. This rise and
fall is not continuous or unbroken; in three out of four of the

occasions on which it has been observed, it has been found to

consist ofJive distinct elevations. The complete rise and fall

has been termed the great symmetrical barometric wave of

November, and as such has been considered to result from the

transit of a large wave ; but there is great reason to believe

that while it may be due to the transit of a normal wave of

about fourteen days' amplitude, it also exhibits the transits of

Jive secondary superposed waves. At the setting in of the

great November wave the barometer is generally low, some-
times below twenty-nine inches. This depression is succeeded

by two well-marked undulations, varying from one to two days
in duration. The central undulation, which also forms the

apex of the great wave, is of larger extent, occupying from
three to five days; when this has passed, two smaller undula-

tions corresponding to those at the commencement of the wave
make their appearance, and at the close of the last the wave
terminates."

It is important to bear in mind that the symmetrical cha-

racter of the wave is coiifined to a certain line of greatest sym-
metry, and that at stations on each side of this line the sym-
metry is more or less departed from, according to their distance

from or proximity to it. It is also important to notice that

this line of greatest symmetry possesses an erratic character.

In the year 1842 it stretched from Dublin to Munich, Bir-

mingham and Brussels being two important stations on it.

Last year it appeared to be confined to the south of England ;



858 Mr. Birt on the great Symmetrical Barometric Wave.

Helstone being the station of greatest symmetry. The south-

ern counties of England will under these circumstances present
an area for the establishment of highly important stations.

At the Orkneys (the extreme northern station in the series of

observations last year), the symmetry was most strikingly de-

parted from by the anterior portion of the wave being con-

siderably higher than the posterior; while at Paris, the most
southern station from which observations have yet been received,
the opposite of this occurred, the anterior portion being the

lowest and the posterior the highest. These phaenomena are

strictly in accordance with the notion of a wave coming up
from the north-west and passing on towards the south-east,
the direction in which the great symmetrical wave of 1842
travelled : as the anterior slope or front of the wave approached,
the barometric readings would be lowest at the south-eastern

stations, while the reverse would occur as the posterior slope
or back of the wave passed off; the readings in the north-west

would be lower than those in the south-east.

On its last return observations were made on the great
wave at thirty-four stations extending from the Orkneys to

Paris, and from the west of Ireland to Heligoland : should it

return during the present autumn, by multiplying observations

on it, especially in the southern part of England, we shall be
in a much better position to examine it under every possible

aspect. The Honourable the Corporation of the Trinity
House have directed observations to be made at several light-

houses, and Capt. Beaufort has kindly undertaken to obtain

observations from several of our surveying vessels. In the

Philosophical Magazine for September 1845, the reader will

find instructions for making the necessary observations ; and I

shall be most happy to forward copies of these instructions, with

the requisite forms for recording the observations, on being

applied to for that purpose. Observations from any locality
will be valuable, but those from any part of England or Wales
included by two lines, the northern extending from Dublin to

Harwich, and the southern from the Scilly Isles to Calais, will

be of great importance in order to determine the direction of

the line of greatest symmetry, and to ascertain the character

and amount of its variations as compared with its position in

former years.
In addition to the great symmetrical wave, I beg to solicit

the attention of your readers to a most remarkable depression
of the barometer on or about the 28th of November, which has

been observed at Dublin in fifteen out of seventeen years.
For the knowledge of this depression I am indebted to Capt.
Larcom of the Royal Engineers, who has most kindly furnished



On the Superposition ofcertain Minerals. 359

me with curves of the barometric oscillations during No-
vember from 1829 to 1845 inclusive: I subjoin a table of the

epochs and values of this depression.

Year.
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abundant of them occur. The nature of the {country) con-

taining rock is prefixed :
— the first column denotes the mineral

adjoining the {wall) side of the lode ; the second, that which

rests on that named in the first ; the third, the substance

overlying the second, and so on : the last column contains the

names of some of the localities. The italic letter denotes the

crystalline ; the Roman, the massive minerals.

Mineral adjoining wall of Mineral resting on that Mineral resting on that Mineral resting on
lode. in first column. in second column. that in third column.

Containing rock— Granite.

Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz

Amethystine quartz.
Amethystine quartz.
Felspar
Fluor

Quartz
Opal
Quartz
Quartz
Quartz
Quartz
Quartz
Oxide of tin

Native copper
Malachite
Mineral pitch
Quartz
Amethystine quartz
Phosphate of iron. . .

Fluor

Oxide of tin

Oxide of tin

Hematite iron ore

Earthy brown iron ore

Earthy brown iron ore

Chalcedony
Arseniate of iron'. . . .

Wolfram
Arseniate of copper. .

Uranite

Tungstate of lime . .

Red oxide of copper. .

Sulphuret of bismuth

Specular iron ore. . .

Vitreous copper ore

Red oxide of copper

Quartz

Black copper ore . .

Numerous.
Wheal Cairn.

Pcdn-an-drea.
Wheal Gorland.
St. Michael's Mount
Wheal Unity.
Gunnis Lake.
Wheal Friendship.
Wheal Gorland.
Gunnis Lake.
East Wheal Crofty.
Wheal Bellon.

Dartmoor.
Park-noweth.
Wheal Gorland.
f All tin mines in gra
\ nite.

Balleswidden.
Park-noweth.
Wheal Jewel.
Wheal Gorland.

Containing rock—Greenstone.

Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz

Stalactitic quartz . . .

Quartz
Quartz
Quartz
Quartz
Quartz
Chlorite

Chlorite

Fluor
Arsenical pyrites . . .

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Carbonate of iron . .

Quartz
Arragonite
Hydrous oxide of iron

Wolfram
Arseniate of copper. .

Arseniate of lead. . . .

Oxide of tin

Arseniate of lead
Fluor
Arsenical pyrites. . . .

Phosphate of copper.
Pitch-blende
Uranite
Vitreous copper ore

Spathose iron ore
Vitreous copper ore. . \Arragonite
Chlorite Copper pyrites Mineral pitch

Wheal Edward.
Levant.
Restormel.
Poldice.

Wheal Unity.
Wheal Unity.
Wheal Vor.
Wheal Unity.
Wheal Unity Wood.
Wheal Unity Wood.
Gunnis Lake.
Wheal Edward.
Wheal Edward.
Botallack.

Botallack.

Levant.
North Roskear.

Containing rock—Felspar porphyry (Elvan).

Oxide of tin . .

Silicate of tin

Quartz

Oxide of tin

Quartz
Quartz

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Copper pyrites

Copper pyrites
Native copper
Vitreous copper ore .

Red oxide of copper
Arseniate of copper.

Crysocolla

f Blue carbonate o

\ copper.
Malachite .

'f
\

Wherry.
Wheal Coates.

Ti-ig Tang.

Ting Tang.
Ting Tang.
Ting Tang.
Wheal Buller.

Ting Tang.
Ting Tang.
Ting Tang.
Ting Tang.
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Mineral adjoining Mineral resting on that Mineral resting on that Mineral resting on ]~^
until ot lode, in first column. in second column. tlmtintliirdcolumn.

Containing rock—Clay-slate.

Quartz
Quartz
Quartz
Quartz

Quartz

Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz
Quartz

Quartz ....

Quartz
Quartz

Quartz

Chlorite

Quartz ....

Quartz . . .

Fluor
Iron pyrites
Iron pyrites
Iron pyrites
Iron pyrites
Iron pyrites

Quartz
Copper pyrites
Sulphate of barytes. ,

Copper pyrites
t Sulphuret ofanti- \

\ mony J

Oxide of titanium. . .

Blende
Celestine
Galena

Quartz

Quartz

Copper pyrites .

Carbonate of iron . .

Phosphate of iron

Sulphuret of silver

Spathose iron ore

Earthy brown iron ore.Red oxide of copper.
Earthy brown iron ore

Earthy brown iron ore

Earthy brown iron ore

Hematite iron ore. . . .

Wood tin

Quartz I Oxide of tin

Quartz jNative silver

Quartz
j

Sulphuret of silver . .

Quartz 'Red silver ore

Quartz
j

Native copper
Quartz Vitreous copper ore. .

Vitreous copper ore. .

Buntkupfererz
Copper pyrites

Copper pyrites
Tennantite

Copper pyrites
Red oxide of copper
Galena

Carbonate of lead

Phosphate of lead .

Sulphate of lead . . .

Oxide of manganese.

Quartz .

Quartz .

Quartz .

Quartz .

Quartz .

Quartz .

Quartz .

Quartz .

Quartz .

Quartz .

Quartz
Quartz .

Quartz
Quartz
Chlorite

Pearl-spar

Vitreous copper ore. .

t Capillary red ox- \
\ ide of copper . . i

Sulphuret of bismuth

Blende
Blende
Galena
Blende
Mineral pitch . . .

Carbonate of lime.

Oxide of tin

Copper pyrites . . .

Fluor Copper pyrites

Fluor

Galena

Pearl-spar
Fluor
Blue lead ore
Blende

Quartz

Wheal Friendship.
East Crinnis.

United Mines.
United Hills.

Pcngelly.

Virtuous Lady.
Polberrow.
Binner Downs.
Wheal Penrose.
West Pink.
Numerous.
Virtuous Lady.
Wheal Falmouth.
Dolwath.
Wheal Charlotte.

Pentire-glaze.
Wheal Alfred.

Mellanear.
Restormel.
Polberrow.
Numerous.
Herland.
Wheal Brothers.
Dolcoath.
Numerous.
Wheal Speed.

Providence.

Wheal Falmouth.
Numerous.

Fowey Consols.

Fowey Consols.
Polberrow.
Numerous.
Wheal Rose.
Union Mines.
West Pink.
Wheal Hope.
Union Mines.
South Towan.
Binner Downs.
Numerous.
Cann Quarry.
Wheal Unity Wood.

As the foregoing table is a first attempt at arranging these

facts, it will doubtless be found susceptible of many improve-
ments.

For the present I abstain from mentioning inferences,

though many are obvious enough.
I remain, my dear Sir,

Your most faithful, humble Servant,
Gongo Soco, Brazil, June 29, 1846. W. J. HeN'WOOD.

LVI. On the probable Conduction of Galvanic Electricity

through Moist Air. By Charles G. Page, M.D., Prof.
Chem. and Pharm., Columbian College, Washington, D.C.*

^EVEN or eight years since I observed a curious fact, which^ led me to the conclusion that many substances considered
* From Silliman's Journal, September 1846.
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as perfect insulators, or rather non-conductors of galvanic

electricity, might under certain circumstances prove conduct-
ors. I took two large sheets of zinc and coiled them toge-

ther, the two sheets being separated by a layer of India rub-
ber cloth. The sheets of zinc were connected respectively
with the poles of a battery, and when the battery consisted of
a single pair, no appreciable current passed from plate to

plate through the India rubber cloth. When however the

battery consisted of twenty compound pairs, a slight current

passed, as indicated by a delicate galvanoscope. I made no
further investigation or application of this fact till 184-3, when
recurrence was had to this feature to solve some difficulties

experienced in the projection of a line of Morse's telegraph
between this place and Baltimore. Ten miles of lead pipe

'containing four well-insulated wires had been laid in the

ground, and upon trying these wires respectively, making the

wire one-half of the circuit, and the lead pipe the other half,

with a battery of intensity, a current could be established

through any one of the three extra wires. Being consulted

by Prof. Morse as to the probable cause of this crossJiring, as

it was technically called, the solution seemed to me to be ob-

vious in view of the above experiment. The reasoning was

sufficiently plausible to induce Prof. Morse to abandon the

undertaking of the pipe, and resort to his original plan of

raising the wire upon posts. The explanation was simply
this, viz. that the insulating or non-conducting material would
under any circumstances conduct the current ; but that in some
cases the amount transmitted could not be appreciated by
any known test however delicate, was a postulate subsequently
borne out. Does not such a conclusion follow directly from
the law of Pouillet, that the conducting power of wires is

directly as their cross section and some inverse ratio of their

length, in connexion with the well-established laws of the dif-

ferent conducting powers of metals? For example, copper

having from four to six times the conducting power of iron, a

wire of iron, to equal in this respect a wire of copper, should

be of from four to six times the size. Let this rule be applied
to poorer conductors, and we may infer that the poorest con-

ductor, or what has been usually considered a non-conductor,
would become a conductor, if the area of its cross section

were indefinitely increased and its length remained nearly

nothing. In the case of the wires in the lead pipe
—the one

for instance joining the two poles of the battery
—is separated

from that lying next to it and the lead pipe, by a layer of thin

non-conducting material throughout its length ;
and if we

suppose the width of this layer in contact to be ^th of an inch,
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the length of ten miles would give a surface of 550 square
feet, while the length of the conductor would be only the

thickness of the material, and a constant quantity, for any
length of wires and tube, and increase of surfaces in contact.

A full realization of the principle appears in the fact, that

although the earth is a much poorer conductor than copper,
mass for mass, yet upon the telegraphic routes it is found that

the earth is a much better conductor than the copper wires

used, the mass of the former being indefinitely greater than

the latter.

These phaenomena induced me to try the following expe-
riment, in order to ascertain if the air might not act as a con-

ductor. The roof of the patent office building covered with

copper, exposes to the air twenty-two thousand square feet of

this metal, and thus affords an enormous surface for conduc-
tion. A wire was connected with the metal of the roof, an-

other wire with a plate of zinc of about four square feet. The
free ends of these two wires were connected with a galvano-

scope of exceeding sensitiveness, and with matters thus ar-

ranged, the zinc plate was insulated from the earth and build-

ing in the open air, and when the upper surface of the zinc

plate was moistened with water, or what proved still better,

acidulated water, the needle of the galvanoscope was deflected

from two to five degrees. There was a slight drizzling rain

at the time. Before the zinc plate was moistened no action

was noticed. The inference from this experiment seems

safely to warrant the position that a, moist atmosphere con-

ducts galvanic electricity. Many years since I proposed in

this Journal a plan for ascertaining the level of the water in

steam-boilers consisting of a zinc plate or a pair of plates,
which should indicate the failure of water in the boiler by the

cessation of action upon a galvanoscope placed in any conve-

nient position outside the boiler. I have never had oppor-
tunity to test this device, but was at the time somewhat ap-

prehensive that pure steam might act as a conductor and thus

defeat the invention. I have recently been informed, though
not in a direct manner, that the experiment had been tried in

Philadelphia, and that the steam acted as a conductor. Whe-
ther dry air could act at all as a conductor remains yet to be

ascertained, and I shall be able soon to put it to the test.

Immediately after the above experiment was tried, the zinc

plate was buried in the earth, other things remaining the same.
The galvanoscope is inside a window in the second story,
where I am enabled to watch it through most of the day. To
my surprise, as soon as connexion was made with the plates,
one being the copper roofing and the other buried vertically
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in the earth, the needle was deflected forty degrees, and the

quantity of electricity afforded was sufficient to work the

magnets used in Morse's telegraph, as witnessed by the Pro-

fessor, and others present. Is the conduction through the

material of the building: or through the earth and intervening

atmosphere? Probably through the mass of the building,
which is constructed of blocks of sandstone, the walls being
2| ft. in thickness. A small piece of this stone was found not
to conduct this current perceptibly, either dry or when moist-

ened with water. But when moistened with acidulated water,
the current passed feebly. The fact is interesting whether
the air or sandstone becomes the conductor; for if the con-

duction be through the building, it is through a material

which in a block of eight or ten cubic inches is apparently a

non-conductor, but which in the aggregate of the immense

pile of the edifice is a conductor. The extreme sensitiveness

of the galvanoscope is evident from its frequent disturbances

from the slightest causes. I may safely say that the needle is

affected by a flash of lightning one hundred miles distant.

Whenever a thunder cloud is visible, the needle is deflected

at each flash of lightning, and the deflection is in one or the

other direction, as the induced current varies according to the

direction of the lightning. When the thunder cloud is near,
the action upon the needle is very strong and has several times

twisted it suddenly off* from the silken fibre to which it is at-

tached. When no cloud is visible in the horizon, the needle

on certain days
—

particularly at noon when thunder storms
most frequently occur—is subject to frequent disturbances,

resembling the former. I may remark here, as evidence of

the rapidity of induction, the movement of the needle and flash

of lightning appear simultaneous to the eye.
There are some extraordinary influences upon the needle,

having a kind of periodicity, which cannot yet be accounted

for, or identified with any meteorological fluctuations. There
are also regular changes, which have thus far been noticed

during the day. In the morning the current is at its maxi-

mum. About 10 o'clock a.m. it declines, and gets to its mini-

mum about half-past 2 p.m., when the needle begins to return

and arrives within four or five degrees of its maximum of de-

flection at 8 p.m. Whether this point observed at 8 a.m. is

the real maximum is not known, as I have not been able to

observe it in the night. The range of variation from morn-

ing to night is about ten degrees. I have not been able to

notice any irregularity in these changes except as to the time.

The irregular disturbances are very interesting, and may be

identical with the magnetic storms of Gauss. Upon certain
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days they are hardly perceptible, though they never cease

altogether. On some days they are violent, if I may be

allowed the expression. The needle does not take a sudden
start and return as when influenced by lightning, but moves

gradually without oscillation to some fixed point, from which
it will return sometimes in two minutes and sometimes in ten

or fifteen minutes. An extended series of observations will be

necessary before any deductions can be safely made. If the

wires should be separated by a slight interval during a thunder

storm, doubtless electrical sparks would be visible. During
heavy storms, a flash of lightning twenty miles distant from

the wires of Morse's telegraph will induce electricity in the

wire sufficient to operate the magnets and work the telegraph,
sometimes recording several signals. A flash of lightning in

Baltimore, forty miles distant from this place, will operate the

magnet at this end of the line.

Washington, D. C.

LVII. Value of different kinds of Vegetable Food, based upon
the amount of Nitrogen. By E. N. Horsford, M.A.*

CINCE Gay-Lussac's discovery of nitrogen in the seeds of^
plants, the conception of animal nutrition has been assu-

ming a more and more definite character.

Already have the principal proximate ingredients of meal,

by taking advantage of its physical properties, been separated
from each other. Gluten, albumen and legumine, starch,

gum, sugar, dextrine and woody-fibre, have been made known,
and their physical as well as some of their chemical proper-
ties t studied. Their more accurate chemical constitution

was reserved to a later period, when it was found that they

might be arranged in two classes, those containing nitrogen
and those containing no nitrogen ; and the interesting dis-

covery was made, that the former, as well as the latter, are

among themselves identical in composition.
It is well known that labourers supplied only with food

containing no nitrogen, become incapable of executing their

tasks : and further, that the corporeal system, even without

labour, cannot be sustained upon such food. The discovery
of the near identity in chemical composition between vegetable

albumen, fibrine and caseine, and the corresponding bodies

* Communicated by the Author.

t Fr. Marcet found gluten consisting of 55*7 per cent, carbon, 22 per
cent, oxygen, 7'8 per cent, hydrogen, and 14*5 per cent, nitrogen.

—Ann.

de Ch. et de Phys. xxxvi. 27.
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found in the animal kingdom, gave the above fact its expla-
nation.

The food must contain an ingredient suited to replace the

animal matter consumed.
This being known, and the quantitative relation of the se-

veral elements of the nitrogenous compounds being also known,
an estimate of the value of given kinds of food becomes, in the

hands of the chemist, a problem of comparatively easy solu-

tion.

The following investigation, undertaken at the suggestion
and under the direction of Prof, von Liebig in the Giessen la-

boratory, had for its object the determination of the relative

values of the different kinds of vegetable food. These values

are threefold.
The various forms of food derived from grains, herbage and

roots, furnish— ], bodies containing nitrogen; 2, bodies desti-

tute of nitrogen; and 3, inorganic salts, all of which are ser-

viceable in the animal ceconomy.
The nitrogenous bodies, from their solution in the blood,

form the tissues—the actual organism. .The bodies wanting

nitrogen contribute, by their more or less perfect combustion,
to the warmth of the animal body ;

and the salts of the alkalies

and alkaline earths serve in building up the osseous frame-

work, beside constituting an essential part of every organ of

the animal system.
Their values for the latter purpose are in general in pro-

portion to the phosphates their ashes contain.

Their values for the second purpose may be considered in

general as in the inverted relation of their values for the first,

or inversely proportioned to the per-centage of nitrogen.
Their values for the first purpose, that of ministering to the

support and growth of organic tissues, have been the specific

object of the hereafter enumerated determinations.

Boussingault,to whom the agriculturist is so largely indebted

for investigations bearing upon the interests of husbandry,
has not left this field untrodden. It was thought, however,
that the worth of his table of nutrition could lose nothing by
a series of carefully conducted. analyses, having the same ob-

ject in view. It was moreover conceived, that in substances

containing so small a per-centage of nitrogen as grains and

roots generally, the method of Messrs. Varrentrapp and Will

for determining nitrogen would give more accurate results

than that of Dumas employed by Boussingault. The analyses
hereafter given of the same substance, rarely varied from each

other more than one-tenth of one per cent : and yet in ge-
neral the determinations which follow, and those of similar
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substances made by the distinguished French chemist, differ

no further from each other than might be expected from pro-
ductions of the same vegetable variety grown on different

soils.

Buckwheat {Polygonum Fagopyrum) constitutes an excep-
tion to this remark. In the table of analytical results* this

grain has a nitrogen per-centage of 2*40, while two ordinary
varieties of wheat {Triticum vulgare) have 2*33 and 2*30 per
cent. Buckwheat meal from Vienna gave, as shown below,
1*08 per cent. Buckwheat grains {Polygonum tartaricum)
from the experimental field of Hohenheim Agricultural Insti-

tute, gave 1*56 per cent, of nitrogen, while the analysis of

three superior varieties of wheat grown in the same field, gave

respectively 2*59, 2*68 and 2*69 per cent. This species of

buckwheat was further found to contain 22*66 per cent, of

woody fibre.

The equivalent value of buckwheat, according to Boussin-

gault, wheat being 100, is 108. The following analyses gave
for its equivalent value 170 ;

for that of the Vienna buckwheat
meal 245.

For the following investigation, the meals, table-peas and
beans and lentils, were procured by Prof, von Liebig from
Vienna. The grains, with the exception of rice and Triticum

monococcuni) were furnished from the Agricultural Institute at

Hohenheim in the kingdom of Wurtemberg, in reply to an
order for the most approved varieties of Cerealia cultivated in

Europe. The roots were from Giessen.

The several grains, meals and roots, in their market con-

dition, were dried in a water-bath at 100° C. The potatoes,

beets, carrots and turnips, were cut into thin shavings with

the least delay, weighed between watch-glasses and placed in

the water- bath.

The combustions for carbon and hydrogen were made with

oxide of copper, a mixture of chlorate of potassa and oxide

having been placed at the extreme end of the combustion-
tube.

It was found difficult to reduce the woody fibre of the oats,

barley and buckwheat, to the requisite fineness for a complete
combustion. Where the difficulty could not readily be over-

come, in addition to the chlorate of potassa at the end of the

tube, it was found well, in filling with mixed substances and
oxide of copper, to add, at intervals of an inch and a half,

a small quantity of finely pulverized and thoroughly mixed
oxide of copper and chlorate of potassa. The successive evo-

lutions of oxygen in this case thoroughly reoxidized any por-
*

Boussingault's Landsivirthschaft, Germ, ed., p. 294.
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tions of copper reduced in the progress of combustion, and

secured the most satisfactory results.

Difficulty presented itself also in the combustion of the beets

and other roots, arising from the extreme compactness of the

substance when dried. It was however overcome by the me-

thod already mentioned.

The per-centage of woody fibre was determined in the fol-

lowing manner. Grains, such as had been analysed, were

digested upon a sand-bath, several weeks, in diluted hydro-
chloric acid,

—one part of acid to a thousand of water. At

intervals of from eight to ten days the fluid was poured off',

and the digestion resumed with diluted acid, as before. After

several weeks, the woody fibre not appearing wholly freed

from other substances, an equally dilute solution of caustic

potassa was employed, and the digestion therewith continued.

At the end of two months, the woody fibre of the oats, barley
and buckwheat, were poured upon filters, thoroughly washed

with distilled water, and dried at 100° C. The hulls of the

peas and beans were treated with diluted caustic potassa alone,

and similarly determined.

To express in 100 parts the results of analyses, the car-

bon, hydrogen, oxygen and sulphur of the nitrogenous in-

gredients were estimated from the per-centage of nitrogen *.

The carbon and hydrogen so estimated, deducted from the

whole per-centage of carbon and hydrogen, gave what belonged
to the starch, gum, sugar, &c. The oxygen of the latter was

estimated from the carbon by the formula C 12 H10
O 10f.

* Mulder's analysis of coagulated albumen, Scheerer and Jones's analyses

of legumine and gluten {Ann. de Ch. tend Pharm. xxxix. 360), and Heldt's

analysis of the gluten of rye {Ann. de Ch. und Pharm. xlv. 198), differ so

little from each other, that a single formula has been constructed upon
Mulder's analysis of coagulated albumen, and, with a little modification,

employed in determining the elements of the nitrogenous ingredients of all

the substances analysed. His per-centage of oxygen was reduced by the

per-centage of sulphur, which, according to Dr. Ruling {Ann. de Ch. und

Pharm. lviii. 3 Heft.), for gluten = 1*14 per cent, and for legumine 050 per

cent. The phosphorus has been neglected, as no accurate determinations

of the per-centage of this element has been made. Mucine, discovered

by Berzelius, is included in the estimate for the nitrogenous ingredients,

since analyses of albumen and of gluten, with and without mucine, corre-

spond with each other.

t The following list of the principal organic bodies containing no nitro-

gen, and present in the substances analysed, and their adjoined constitu-

tion, will justify the method of calculation :
—

Amylum "|

Dextrine I r H <->

Gum r^ia"ioUio-

Woody fibre (Payen) J

Cane-sugar Cl2
Hn On .
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No. 1. Wheat-fourfrom Vienna.

I. 1-0883 gramme lost at 100° C. 0*9378 grm.
II. 1-3090 grm. of the flour dried at 100° C. left, after inci-

neration, 0*0091 grm.
III. 0-8620 grm. of the same left 0*0061 grm. ashes.

IV. 0*3805 grm. burned with oxide of copper, gave 0*6370

grm. of carbonic acid and 02186 grm. of water.

V. 0*4190 gr. gave 0-7020 gr. CO2 and 0-2550 gr. HO.
VI. 0*3671 gr. gave 0*6189 gr. CO2 and 0*2374 gr. HO.
VII. 0-8078 gr. gave, by Varrentrapp and Will's method

for determining nitrogen, 0*3925 gr. ammonio-chloride of pla-
tinum.

VIII. 0*8168 gr.gave 0*3893 gr. ammonio-chloride of pla-
tinum.

These determinations correspond, expressed in 100 parts,
to-

Carbon ...

Hydrogen
Nitrogen .

Ashes ...

Water ...

I.

45*66

6*38

3*04

069
13-83

ri.

45*69

6*76

2*99

0*70

III.

45*97
6*96

Estimated in 100 parts, according to the constitution of

the ingredients present, the above determinations give the

following numbers :
—
'"Nitrogen...
Carbon ...

Nitrogenous

ingredients.
Hydrogen
Oxygen ..,

Sulphur ..

Ingredients f Carbon ...

containing no < Hydrogen
nitrogen. (^Oxygen ...

Ashes

3*00-|
10*53

1*31 > = 19-15

4-08

= 79-77

0*70

99-62

No. 2. Wheat-fourfrom Vienna.

I. 3-6365 grms. lost at 100° C. 0*4964 grm.
II. 1*2599 gr. of substance dried at 100° C. left, after inci-

neration, 0-0084 gr.

Pectic acid, dried at 100° C—
(Regnault) C

la
H8 Ou'

(Mulder) C, 2 Hs O, .

Pectine combined with PbO.

(Fremy) C10 H9 On .

Phil. Mag. S. 3. Vol. 29. No. 195. Nov. 1846. 2 C
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III. 0*3643 gr. gave 0*6015 gr. CO2 and 02175 gr. HO.
IV. 0-5429 gr. gave 0-9022 gr. CO2 and 0-1350 gr. HO.
V. 0-8705 gr. gave, by the method of Varrentrapp and

Will, 0-2974 gr. ammonio-chloride of platinum.
VI. 0*698 gr. gave 0-2331 gr. ammonio-chloride of plati-

num.

Expressed in 100 parts, the above give
—

I. II.

Carbon ... 45-03 45-32

Hydrogen . 6*67 6-63

Nitrogen ... 2-14 2-10

Ashes 0-67

Water 13-65

Estimated in 100 parts, according to the method described

at page 368, the above determinations yield the following
numbers:—

-Nitrogen... 2*12^

Carbon ... 7'44

Hydrogen . 0-93 > = 13'53

Oxygen ... 2-89

.Sulphur ... 0-15.

XT . u f Carbon... 37*731
Non-nitrogenous J Hyd 5 .?2

t = 85 .37
ingredients.

[oxygen... 41 -92J
Ashes = 0*66

99-56

No. 3. Wheat-flourfrom Vienna.

I. 3-5345 grms. lost at 100° C. 0*4500 gr.

II. 4-4785 grs. of substance dried at 100° C. gave 0*0497

gr. ashes.
3

III. 0-5545 gr. gave 0-9339 gr. CO2 and 0'3377 gr. HO.
IV. 0-3310 gr. gave 0'5655 gr. CO2 and 0*2031 gr. HO.
V. 0*6405 gr. gave 0*3514 gr. ofammonio-chloride of pla-

tinum.

These determinations, expressed in 100 parts, give
—

I. H.

Carbon 45*93 46*59

Hydrogen 6*76 6*81

Nitrogen ... 3*44

Ashes I'll

Water 12*73

Estimated in 100 parts, as previously, the above determi-

nations give the following numbers :
—
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'"Nitrogen... 3'44"y
v& Carbon ... 12*08

.
Nitrogenous I H d . v50 J.

= 21 .9S
ingredients.

] QxygeS... 4*68 I

LSulphur ... 0-25J

Ingredients fCarbon ... 34*781

containing no -I Hydrogen 5-28 > = 78*03

nitrogen. (^Oxygen ... 37-97J
Ashes as 1*10

101-06

Talavera Wheat (Triticum vulgare)from Hohenheim.

This variety is of high reputation as a winter grain. Berry
yellow, of medium size, and slightly shrunk. 10 grains weigh
0-3606 grm.

I. 2-3010 grs. lost at 100° C. 0*3551 gr.
II. 3-9868 grs. of substance dried at 100° gave 0-1116 ashes.

III. 0-2796 gr. gave 0*3915 gr. CO2 and 0-1672 gr. HO.
IV. 0*2387 gr. gave 0*3915 gr. CO2 and 0*1427 gr. HO.
V. 06429 gr. gave 0*271 1 gr. ammonio-chloride of plati-

num.

These, expressed in parts of 100, give
—

I. II.

Carbon 45-14 44'73

Hydrogen.. 6*64 5-97

Nitrogen ... 2-59

Ashes 2-80

Water 15'43

Estimated in 100 parts, as previously, the above determina-

tions give the following numbers :
— *

"Nitrogen... 2-59"

Carbon ... 9*09

Hydrogen. 1*13
)>
= 16-52

Oxygen M

.Sulphur ..

Ingredients ["Carbon
..

containing no-< Hydrogen 5- 12 ^
= 80*78

nitrogen. (^Oxygen ..

Ashes = 2-80

Nitrogenous

ingredients.

100-10

Whitington Wheat (Triticum vulgare) from Hohenheim.

An English variety of great excellence. Berry yellow, or

white, large, and slightly shrunk. 10 grains weigh 0*4239 gr.
I. 2-6221 grs. lost at 100° C. 0*3653 gr.

2 C2
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II. 4-6567 grs. of substance dried at 100° C. gave 0*1460

gr. ashes.

III. 0-2927 gr. gave 0*4747 gr. CO2 and 0*1834 gr. HO.
IV. 0*3898 gr. gave 0*6377 gr. CO2 and 0*2343 gr. HO.
V. 0*5494 gr. gave 0*2343 gr. ammonio-chloride of plati-

num.

Expressed in 100 parts
—

I. II.

Carbon...... 44*23 44 61

Hydrogen. . 6*96 6*67

Nitrogen ... 2*68

Ashes 3*13

Water 13*93

Estimated in 100 parts, as previously, the above determi-

nations give the following numbers :
—

("Nitrogen... 2*68^
'&.[ I Carbon ... 9*40 I

.Nitrogenous J u , , , , I ^^, ™
,. ^ < Hydrogen 1*17 > = 17'09

ingredients. } r^
'

? Oxygen .,

_Sulphur .,

Ingredients f Carbon ..

containing no«< Hydrogen 5'65 > = 79*58

nitrogen. (^Oxygen ..

Ashes = 3-13

99*80

Sandomierz Wheat (Triticum vvftgave)from Hohenheim.

Berry scarcely of medium size, plump and sound. This

variety is known as one of the best in Germany. 10 grains

weigh 0*3199 grm.
I. 4*2256 grs. lost at 100° C. 0*6545 gr.
II. 3*6555 grs. of substance dried at 100° gave 0*0886 gr.

ashes.

III. 0*5754 gr. gave 0*9327 gr. CO2 and 0*3465 gr. HO.
IV. 0*7303 gr. gave 0*3131 gr. ammonio-chloride of plati-

num.

Expressed in 100 parts
—

Carbon ... 44*20

Hydrogen 6*68

Nitrogen 2*69

Ashes ... 2*40

Water ... 15*48

Estimated in 100 parts, as previously, the above determi-

nations give the following numbers:—



Nitrogenous

ingredients.
'
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^Nitrogen...
Carbon ...

< Hydrogen .

Oxygen ...

Sulphur ...

Ingredients f Carbon ...

containing no < Hydrogen.
LOxygen ...

Ashes

373

nitrogen.

> = 17-15

= 78-89

2'40

98-44*

No. 1. llyeflourfrom Vienna.

I. 3-253 grs. at 100° lost 0*4482 gr.
II. 2-889 grs. of the substance dried at 100° gave 0-0387

gr. ashes.

III. 3-2285 grs. gave 0-0427 ashes.

IV. 0-3383 gr. gave 0-5576 gr. CO2 and 0*1983 gr. HO.
V. 0*3109 gr. gave 0-5055 gr. CO2 and 0*1901 gr. HO.
VI. 0*6519 gr. gave 0*1941 gr. ammonio-chloride of plati-

num.
These correspond in 100 parts to—

I. II.

Carbon 44*41 44*34

Hydrogen.. 6*51 6*79

Nitrogen ... 1*87

Ashes 1*34 1'32

Water 13'78

Estimated in 100 parts, as previously, the above determi-

nations give the following numbers:—
("Nitrogen...

1*87"

xr,. I
Carbon ...

Nitrogenous J TT ,

r ". < Hydrogen .

ingredients. \ r\
°

Oxygen ...

LSulphur ...

f Carbon ...

1 Hydrogen. 5*83 V = 85*65

LOxygen ...

Ashes = 1-33

Non-nitrogenous

ingredients.

= 11-92

98*90

No. 2. Rye-flourfrom Vienna.

I. 7*4625 grs. lost at 100° C. 1*0956 gr.
II. 2*8000 grs. of substance dried at 100°

gr. ashes.

III. 0*5312 gr. gave 0*8752 gr. CO- and 0*3116 gr. HO

C. gave 0-0300
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IV. 0'4577 gr. gave 0'7626 gr. CO2 and 0*2720 gr. HO.
V. 0*7558 gr. gave 0*3537 gr. ammonio-chloride of plati-

num.
VI. 0*7378 gr. gave 0*3433 gr. ammonio-chloride of plati-

num.
These correspond in 100 parts to—

I. II.

Carbon 44*94 45*44

Hydrogen . . 6*52 6*60

Nitrogen ... 2*94 2*92

Ashes 1*07

Water 14*68

Estimated in 100 parts, as previously, the above determi-

nations give the following numbers :
—

"Nitrogen... 2*93"

Carbon ...

•^ Hydrogen.
Oxygen ...

.Sulphur ...

f Carbon ...

Non-nitrogenous ,-, •.

j- t. -s Hydrogen.

LOxygen ... 38*78

Ashes ,

Nitrogenous
ingredients.

ingredients.

= 18*69

78*97

= 1*07

98*73

Bush-rye (Secale cereale)yrow Hohenheim.

Winter crop. In the Hohenheim catalogue is the follow-

ing remark :
—" Besides its other qualities, it yields such ex-

cellent straw that it deserves being mentioned." The berry
is small and generally shrunken. 10 grains weigh 0*1220 grm.

I. 4*2303 grms. lost at 100° C. 0*5896 gr.
II. 4*3792 grs. of substance dried at 100° C. gave 0-1078

gr. ashes.

III. 0*4742 gr. gave 0-7879 gr. CO2 and 0*2767 gr. HO.
IV. 0*6281 gr. gave 1*0555 gr. CO2 and 0-3777 gr. HO.
V. 0*6807 gr. gave 0*3016 gr. ammonio-chloride of plati-

num.
These correspond in 100 parts to—

I. II.

Carbon 45*31 45*83

Hydrogen. . 6*48 6-68

Nitrogen ... 2*78

Ashes 2-43

Water 13*94

Estimated in 100 parts, as previously, the above determi-

nations give the following numbers :
—
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rNitrogen...
m/t4. Carbon ...

Nitrogenous j u 1

j.
*>

<( Hydrogen,
ingredients. in6 Oxygen ...

LSulpnur ...

XT .,. f Carbon ...

Non-nitrogenous u -,

j.
°

. < Hydrogen,
ingredients. | ^yge£

V. 39 .73J
Ashes .,

2-78-

9*76
1-21

J>
= 17*73

3-78

0'2(L

35-761
5-37 V 80-86

= 2-43

101-02

Rush-rye (Secale cereale arundinaceum) t/row Hohenheim.

Berry of medium size and slightly shrunken. 10 grains

weigh 0*1838 grm.
I. 3-3139 grms. lost at 100° C. 0-4579 gr.
II. 1*4596 gr. of substance dried at 100° gave 0*0346 gr.

ashes.

III. 0-2795 gr. gave 0*4620 gr. CO2 and 0*1742 gr. HO.
IV. 0-2632 gr. gave 0-4381 gr. CO2 and 0-1638 gr. HO.
V. 0*6435 gr. gave 0-2530 gr. ammonio-chloride of plati-

num.

These, expressed in 100 parts, give
—

I. II.

Carbon 45-08 45-39

Hydrogen.. 6*92 6*22

Nitrogen ... 2*47

Ashes 2*37

Water 13'82

Estimated in 100 parts, the above determinations give the

following numbers :
—
rNitrogen...

%3Za Carbon ...

Nitrogenous J u i

<( Hydrogen.
ingredients.

I Oxygen

Non-nitrogenous
ingredients.

.Sulphur ...

Carbon ...

Hydrogen.
Oxygen ...

Ashes

2-47-|
8*67
1-08 > = 15*76

= 82-67

= 2-37

100-80

Polenta Meal (Indian corn-meal) from Vienna.

Yellow and coarse.

I. 5*5810 grs. lost at 100° 0*7456 gr.
II. 4*3933 grs. of substance dried at 100° C. gave 0-0386

gr. ashes.
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III. 3*9323 gr. gave 0*331 gr. ashes.

IV. 0*544-4 gr. gave 0*9010 gr. CO2 and 0*3330 gr. HO.
V. 0*5095 gr. gave 0'8399 gr. CO2 and 0'2943 gr. HO.
VI. 0*9055 gr. gave 0*3093 gr. ammonio-chloride of plati-

num.
These correspond in 100 parts to—

I. II.

Carbon 45*14 44*96

Hydrogen.. 6*89 6*49

Nitrogen ... 2*14

Ashes 0*87 0*84

Water 1336
Estimated in 100 parts, the above determinations give the

following* numbers :
—
rNitrogen... 2*14"

Carbon ... 7*51
s

> = 13*65Nitrogenous
,. *V < Hydros-en. 0*93

ingredients. ] n,

J °
a _,,

Oxygen ... 2*92

ISulphnr ... o*15

XT • f Carbon ... 37*53]
Non-nitrogenousJ TJ ,

_ mH L O ^.no
,.® < Hydrogen. 5*67 ? =84*90

ingredients. ^ & .,Lrt L Oxygen ... 41* /0 J

Ashes = 0*86

99-41

Common Yellow Maize, Indian corn (Zea mays),Jrom Ho-
henheim.

Yellow oval berry, bright and sound. 10 grains weigh
3*5934 grms.

I. 4*5765 grs. lost at 100° C. 0*6849 gr.
II. 5*0654 grs. of substance dried at 100° C. gave 0*0974

gr. ashes.

III. 0*4164 gr. gave 0*6984 gr.' CO2 and 0'2468 gr. HO.
IV. 0*4103 gr. gave 0*6800 gr. CO2 and 0*2454 gr. HO.
V. 0*7319 gr. gave 0*2684 gr. ammonio-chloride of plati-

num.
These correspond in 100 parts to—

I. II.

Carbon 45*74 45*20

Hydrogen . . 6*58 6*64

Nitrogen ... 2*30

Ashes 1*92

Water 14*96

Estimated in 100 parts, the above determinations give the

following numbers :
—
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"Nitrogen...
Carbon ...

Nitrogenous I u ,
,.
"

4 < Hydrogen,
ingredients. ] r\

Oxygen ...

Sulphur ...

Carbon ...

Hydrogen.
Oxygen ...

Ashes.......

Non-nitrogenous
ingredients.

8-07
|

1-00 *> - 14-66

3-13

0-16J

37*38

5-61

41-53

84-52

= 1-92

101-10

Triticum monococcum from Hohenheim.

I. 4-4914 grs. lost at 100° C. 0-6472 gr.
II. 7*1327 grs. of substance dried at 100° C. gave 0*1438

gr. ashes.

III. 0-6303 gr. gave 1-0288 gr. CO2 and 038 11 gr. HO.
IV. 0-6757 gr. gave 1- 104-1 gr. CO2 and 0-4098 gr. HO.
V. 07105 gr. gave 0*2340 gr. ammonio-chloride of plati-

num.
These correspond in 100 parts to—

I. II.

Carbon 44*51 44*56

Hydrogen. . 6*71 6*74

Nitrogen ... 2*07
Ashes 2*01

Water 14*40

Estimated in 1 00 parts, the above determinations give the

following numbers :
—
"Nitrogen...
Carbon ...

•^ Hydrogen.
Oxygen ...

^Sulphur ...

vt u f Carbon ...

Non-nitrogenous J u ,

< Hydrogen.

Nitrogenous

ingredients
13*20

ingredients. \ ^ &
. . ._

f° l Oxygen... 41*42 J

2-07-)
7*26

|

090 p
2*82

01 5.

37*28
]

5*82 > = 84*52

Ashes = 201

99-73

Jerusalem Barley (Hordeum distichon) from Hohenheim.

10 grains weigh 0*5312 grm.
I. 1*9328 grm. lost at 100° C. 0*3247 grm.
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II. 2*3553 grs. of substance dried at 100° C. gave 0*0670

gr. ashes.

III. 0*4457 gr. gave 0*7392 gr. CO2 and 0*2787 gr. HO.
IV. 0*4603 gr. gave 0*7728 gr. CO2 and 0*2913 gr. HO.
V. 0*6910 gr. gave 0*2560 gr. ammonio-chloride of plati-

num.
These determinations correspond in 100 parts to—

I. II.

Carbon 45*23 45*78

Hydrogen... 6*94 6*79

Nitrogen ... 2*31

Ashes , 2*84

Water 16*79

Estimated in 100 parts, the above determinations give the

following numbers :
—
("Nitrogen... 2*34^

XTv I Carbon ... 8*11
Nitrogenous 1 u i ,^ft l 1A .-,o

j.*', < Hydrogen. 1*00 > = 14*72
ingredients. \ r\

°
„.,, I

Oxygen ... 3*14
Jo l

.Sulphur ... 0*16 J

XT .
t f Carbon ... 37*39

Non-nitrogenous J H d 5 .89
ingredients. 1 '„* M%IM

= 84*80

L Oxygen... 41*54.

Ashes = 2*84

102*36

Common Winter Barley (Hordeura vulgare)from Hohenheim.

10 grains weigh 0*3955 grm.
I. 1*5268 gr. lost at 100° C. 0*2107 gr.
II. 2*5708 grs. of substance dried at 100° C. gave 0*1409

gr. ashes.

III. 0*3244 gr. gave 0*5380 gr. CO2 and 01 928 gr. HO.
IV. 0*2505 gr. gave 0*4152 gr. CO2 and 0*1611 gr. HO.
V. 0*5266 gr. gave 0*2342 gr. ammonio-chloride of plati-

num.
VI. 4*3619 grs. of grains (calculated upon substance dried

at 100° C.) gave, by the method already described, page 368,

0*2356 gr. woody fibre and combined inorganic matter.

VII. 0*1793 gr. of the same woody fibre gave 0*0035 gr.

ashes.

These, expressed in 100 parts, correspond to—
I. II.

Carbon 45*23 45*20

Hydrogen... 6*60 7*14

Nitrogen ... 2*79
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Ashes 5*52

Water 13*80

Hulls 5-40

Ashes of hulls 1 *90

Estimated in 100 parts, the above determinations give the

following numbers :
—
rNitrogen ..

2*79^
xr4 Carbon ... 9*79

Nitrogenous^ Hyd vl2 I m mo
ingredients. ] Oxygen ... 3*80

f

LSulphur ... 0*20J

VT ., f Carbon ... 35*431
Non-nitrogenous J H d 5 .85 I = 80 .

64)

ingredients. \
*

yge£ ... 39 .3J
Ashes = 5*52

103*86

Dried at 100° C. Fresh.

Nitrogenous ingredients 17*70 15*26

Inorganic ingredients ... 5*52 4*76

Woody fibre 5*30 4*57

Starch, sugar, &c 71*48 61*61

Water 13*80

100*00 100*00

Kamskatka Oats (Avena $,aXiva)from Hohenheim.

10 grains weigh 0*3446 gr.
I. 2*3657 grs. lost at 100° C. 0*3446 gr.
II. 3*1728 gr. of substance dried at 100° C. gave 0*1032

gr. ashes.

III. 0*4310 gr. gave 0*7341 gr. CO2 and 0*2552 gr. HO.
IV. 0*4001 gr. gave 0*6830 gr. CO'2 and 0*2427 gr. HO.
V. 0*4102 gr. gave 0*1581 gr. ammonio-chloride of plati-

num.
VI. 0*6207 gr. of the same gave 0*2324 gr. ammonio-chlo-

ride of platinum.

These, expressed in 100 parts, correspond to—
I. II.

Carbon ... 46*45 46*55

Hydrogen 6'55 6*73

Nitrogen... 2*42 2*35

Ashes 3*26

Water ... 12*71

Estimated in 100 parts, the above determinations give the

following numbers :
—
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rNitrogen... 2*39^
ft& Carbon ... 8-39 I

Nitrogenous I Hd 1-04 > = 15'24
ingredients.

] Qxygen ... 3*25
|

jSulphur... 0-17J

XT r f Carbon ... 38*111
Non-nitrogenous I H d 5 .60 I = 86 .05

ingredients. |oxyge£ ... 42-34,/ .

Ashes = 3-26

104-55

Early White-panicled Oats (Avena sa.tiv&)from Hohenheim.

Berry bright, plump and sound. 10 grains weigh 0*3689 gr.

I. 1-7548 gr. lost at 100° C. 02271 gr.

II. 1 -8486 gr. of substance dried at 100° C. gave 0*0765 gr.
ashes.

III. 0*3539 gr. gave 06057 gr. CO2 and 0*2144 gr. HO.
IV. 0-2410 gr. gave 0-4123 gr. CO2 and 0-1451 gr. HO.
V. 0*4977 gr. gave 0*2236 gr. ammonio-chloride of plati-

num.
VI. 3*5498 grs. gave, by the method already described,

0*5916 gr. woody fibre and combined inorganic matter.

VII. 0*4197 gr. of the same woody fibre gave 0-0140 gr.

ashes.

Expressed in 100 parts, these correspond with—
I. II.

Carbon 46*68 46*66

Hydrogen ... 6*73 6*69

Nitrogen 2*82

Ashes 4*14

Water 12*94

Hulls 16*66

Ashes of hulls 3*35

Estimated in 100 parts, the above determinations give the

following numbers :
—
("Nitrogen... 2*82^

XT . Carbon ... 9*90
Nitrogenous I H d j^ I = 17.99

ingredients.
] Qxygen ... 3*84

f

ISulphur ... 0-20j

XT . ("Carbon ... 36*761
Non-nitrogenous I H d 5 .48 L = 83 .08

ingredients. | xygen ... 40*84J
Ashes = 4*14

105*21
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Dried at 100° C. Fresh.

Nitrogenous ingredients = 17*99 15*67

Inorganic ingredients...
= 4-14 3*60

Woody fibre =16*11 14*01

Starch, sugar, &c = 61*76 53*78
Water. 12-94

100-00 100*00

As the woody fibre, = 16*66 per cent, of the whole, belongs
mostly to the chaff, this grain ranks among the richest in ni-

trogenous compounds. 2*82 per cent, of' nitrogen with the

chaff* equals 3*38 per cent, without.

Common Rice (Oryza sativa).

I. 7*4606 grs. lost at 100° C. 1*1301 gr.
II. 8*3670 grs. of substance dried at 100° C. gave 0*0306

gr. ashes.
'

III. 0*7158 gr. gave 1*1701 gr. CO2 and 0*424-4 gr. HO.
IV. 0*6095 gr. gave 09982 gr. CO2 and 0*3559 gr. HO.
V. 1*5609 gr. gave 0*2892 gr. ammonio-chloride of plati-

num.
These determinations correspond in 100 parts to—

i. n.
Carbon ... 44*57 44*66

Hydrogen 6*58 6*48

Nitrogen..* 1*16

Ashes 0*36

Water ... 15*14

Estimated in 100 parts, these determinations give the fol-

lowing numbers :
—

^Nitrogen... 1*16"

-vt^ Carbon ... 4*07
.

Nitrogenous J H d .61
ingredients. 1 q^JJ gg V5S

LSulphur ... 0*08j

XT .
t f Carbon ... 40*541

Non-nitrogenous J H d 6 .02 I = 91 .60
ingredients. \ ^gJ ... 45 . J

Ashes = 0*36

99*36

Buckwheat-mealfrom Vienna.

I. 7*3962 grs. lost at 100° C. 1*1187 gr.
II. 5*1500 grs. of substance dried at 100° C. gave 0*0564

gr. ashes.

III. 0*5041 gr. gave 0*8194 gr. CO2 and 0*2911 gr. HO.

= 7*40
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IV. 0-3441 gr. gave 0'5577 gr. CO2 and 0-2061 gr. HO.
V. 1*1295 gr. gave 0*2062 gr. ammonio-chloride of plati-

num.
VI. 0*9536 gr. gave 0*1561 gr. ammonio-chloride of plati-

num.

These, expressed in 100 parts, correspond to—
I. II.

Carbon . . . 44*36 44*20

Hydrogen 6*42 6*68

Nitrogen.. 1*14 1*03

Ashes.... 1*09

Water 15-12

Estimated in 100 parts, the above determinations give the

following numbers :
—
"Nitrogen... 1*08")

xtv Carbon ... 3*79
Nitrogenous J x, , _ 11 I _-• _

v &
. \ Hydrogen 0*47 > = 6*88

ingredients. ^ fo
, .„ j°

Oxygen ... 1*47

^Sulphur ... 0*07-J

XT .. I" Carbon ... 40*481
Non-nitrogenous I H d 6 .0?

I m 91 .52
ingredients.

\ xygen\ . . 44*97J
Ashes = 1*09

99*49

Tartarian Buckwheat (Polygonum tartaricum) from Hohen-
heim.

This variety diners from the common species, Polygonum
Fagopyrum, in that while the hulls of the latter are smooth,
those of the former are covered with folds and excrescences.

The whole grain, hull included, was pulverized and analysed.
10 grains weigh 0*2566 grm.

*

I. 2*7598 grs. lost at 100° C. 0*3916 gr.
II. 2*5924 grs. of substance dried at 100° C. gave 0*0597

gr. ashes.

III. 0*4245 gr. gave 0*7013 gr. CO2 and 0*2503 gr. HO.
IV. 0*3401 gr. gave 0*5710 gr. CO2 and 0*1943 gr. HO.
V. 0*5677 gr. gave 0*1407 gr. ammonio-chloride of plati-

num.
VI. 5*0444 grs. of the same, by the method already de-

scribed, gave 1*1438 gr. woody fibre and combined inorganic
matter.

VII. 0*7100 gr. of the woody-fibre gave 0*0006 gr. ashes.

These, expressed in 100 parts, correspond to—
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Carbon

Hydrogen
Nitrogen
Ashes . . .

Water . .

Hulls ...

Ashes of hull;

I.

45-06

6-55

1-56

2-30

14-19

22-67
0-08

II.

45-79
6-35

Nitrogenous

ingredients.

Estimated in 100 parts, the above determinations give the

following numbers :
—
fNitrogen . . .

Carbon . . .

TT J
•^ Hydrogen
Oxygen . . .

^Sulphur . . .

xt v P Carbon ...
Non-nitrogenous I H d

ingredients. \Oxygen ... 44'32_
Ashes ....

= 9-94

= 90-38

= 2-30

102-62

Table Peas (Pisum sativum) from Vienna,

Bright, plump, sound and of medium size. 10 peas weigh
2-6080 grms.

I. 4-4804 grs. lost at 100° C. 0*6018 gr.
II. 2-1600 grs. substance dried at 100° C. gave 0-0687 gr.

ashes.

III. 0-4527 gr. gave 0*7476 gr. CO2 and 0*2789 gr. HO.
IV. 0*3810 gr. gave 0*6314 gr. CO2 and 0*2272 gr. HO.
V. 0-8603 gr. gave 0*6047 gr. ammonio-chloride of plati-

num.
VI. 5-2332 grs. of the same, according to the method de-

scribed, gave 0-4005 gr. hulls.

VII. 0*3962 gr. of hulls dried at 100° C. gave 0*0098 gr.
ashes.

These correspond in 100 parts to—
I.



Nitrogenous

ingredients.
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Estimated in 100 parts, the above determinations give the

following numbers :
—
"Nitrogen . . .

Carbon . . .

<( Hydrogen 1-93
)>
= 28'02

Oxygen . .

.Sulphur . .

XT .. f Carbon ...
Non-nitrogenous I H d 4<80

I = 6? .sl
ingredients. |Sj^T.

Ashes = 3-18

98-51

Legumine, according to the analysis of Dumas and Ca-

hours, gave for the above determinations 102*00 *.

Dried at 100° C.
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I.

Carbon 45*32

Hydrogen ... 6 42

Nitrogen 4*57

Ashes 2-79

Water 19*50

Hulls 6-11

Ashes of hulls 1*86

Estimated in 100 parts, the above determinations give the

following numbers :
—

/Nitrogen

... 4*57"

Carbon . .. 16*04

Hydrogen 2*00 \>
= 29*18

Oxygen . .

.Sulphur . .

xt -i f Carbon . .

JNon-nitrogeno u u ,

,.
°

. -< Hydrogen
ingredients. } n b
B

(^Oxygen . .

Ashes ....

98*10

Legumine, according to Dumas' and Cahours' analysis,

gave for the above determinations 101*06.

Dried at 100° C. Fresh.

Nitrogenous ingredients 29*18 23*49

Inorganic ingredients . . 279 2*24

Woody fibre 6*00 4*83

Starch, sugar, &c 62*03 51*14

Water 19 50

ingredients.

100*00 101*20

Table Beans (Phaseolus vulgarisjyhm Vienna.

Berry bright, plump, and of less than medium size. 10

beans weighed 3*1431 grms.
I. 2*9467 grs. lost at 100° C. 0*3953 gr.
II. 2*8422 grs. of substance dried at 100° C. gave 0*1244

gr. ashes.

III. 04648 gr. gave 0*7721 gr. CO2 and 0*2747 gr. HO.
IV. 0*4334 gr. gave 0*7126 gr. CO2 and 0261 7 gr. HO.
V. 0*9082 gr. gave 0*6457 gr. ammonio-chloride of plati-

num.
VI. 13*6091 grs., by the method already described, gave

0*5461 gr. hulls.

VII. 0*5510 gr. hulls dried at 100° C. gave 0*0212 gr. ashes.

These correspond in 100 parts to—
Phil. Mas. S. 3. Vol. 29. No. 195. Nov. 1846. 2 D
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I. II.

Carbon 45*30 45*84

Hydrogen . . . 6*56 6*76

Nitrogen . . . 4*47

Ashes 4-38

Water 13-41

Hulls 4-11

Ashes of same 3*84

Woody fibre 3*86

Estimated in 100 parts, the above determinations give the

following numbers :—

rNitrogen . . . 4*47"

-vr, Carbon ... 15*69

Nitrogenous^ H d V95 v>

ingredients.
]

*

yge|j ... 6 .39

LSulphur ... 0-14.

XT .,
f Carbon ... 29-381

Non-mtrogenous I H d 4 .68 L = 66 .7o
ingredients. \ xygen . . . 32-64J

Ashes = 4-38

99-72

According to the analysis oflegumine by Dumas and Ca-

hours, the estimate gives 102-99.

Dried at 100° C Fresh.

Nitrogenous ingredients = 28-54 24-71

Inorganic ingredients . . = 4*38 3'79

Woody fibre = 3' 86 3-34

Starch, sugar, &c = 63'22 54*75

Water 13-41

100-00 10000

Large Field-beans (Vicia fabajjfrow Giessen.

White, plump and sound. 10 weigh 5-289 grms.
I. 7-4054 grs. lost at 100° C. 1-1705 gr.
II. 2-7950 grs. of substance dried at 100° C. gave 0-1150

gr. ashes.

III. 0-4987 gr. gave 0*8255 gr. CO2 and 0-3053 gr. HO.
IV. .0*7238 gr. gave 0*5291 gr. ammonio-chloride of plati-

num.
V. 44*5335 grs. gave, by the method already described,

1*9680 gr. hulls.

VI. 0*8335 gr. of the hulls dried at 100° C. gave 0*0624

gr. ashes.

These, expressed in 100 parts, correspond to—
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I.

Carbon 45*18

Hydrogen ... 6-80

Nitrogen . . . 4*59

Ashes 4*01

Water 15-80

Hulls 4-44

Hull- ashes . . . 7*48

Woody fibre 4-09

Estimated in 100 parts, the above determinations give the

following numbers :
—
'•Nitrogen . . .

4*59"]
i T ., Carbon ... 16*11 l

ing^edTe

g
nts°

US

i
Hydrogen 2 .00 I = 29*31

ingreaients.
Oxygen . . . 6*47

|

^Sulphur . .

xt •». f Carbon
Non-nitrogenous J u , ca.i^r

ingredients 1
Hydrogen 4*80 i- = 66*17

mgieaients.
[Oxygen . . . 32*30j
Ashes = 4*01

99*49

According to Dumas' and Cahours' analysis of legumine,
the estimate from the above determinations gave 102*73.

Dried at 100° C. Fresh.

Nitrogenous ingredients = 29*31 24*67

Inorganic ingredients
= 4*01 3*37

Woody fibre = 4*09 3*44

Starch, sugar, &c = 62*59 52*72
Water 15*80

100*00 100*00

Lentils (Ervum lens)from Vienna.

Grains bright and sound.

I. 9*3074 grs. lost at 100° C. 1*2108 gr.
II. 2*1669 grs. pulverized lost at 100° C. 0*2820 gr.

III. 1*4724 gr. of the substance dried at 100° C. gave
0'0102 gr.

IV. 0*3511 gr. gave 0*5813 gr. CO2 and 0*2122 gr. HO.
V. 0*3863 gr. gave 0*6452 gr. CO2 and 0*2362 gr. HO.
VI. 0*6797 gr. gave 0*5198 gr. ammonio-chloride of plati-

num.
The above, expressed in 100 parts, correspond with—

2 D2
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Carbon . . ,

Hydrogen
Nitrogen
Ashes • .

Water

I. II.

45-15 45-55

6-71 6-79

4-77

2-60

13-01 13-01

Estimated in 100 parts, the above determinations give the

following numbers :
—
rNitrogen . .

XT . I Carbon . .

Nitrogenous
^ Hydrogen
Oxygen . .

.Sulphur . .

XT . f Carbon . .

JNon-nitrogenous J u i

,.
*

«< Hydrogen
l_Oxygen ..

Ashes

ingredients.

ingredients.

.111

S- = 30-46

= 65-06

= 2-60

98-12

According to Dumas' and Cahours' analysis of legumine,
the estimate gave 101*34.

White Potatoes (Solanum tuberosum)from Giessen.

I. 1-1455 gr. lost at 100° C. 0-8586 gr.

II. 3-2201 grs. substance dried at 100° C. gave 0*1163 gr.

ashes.

III. 0-5814 gr. gave 0*9351 gr. CO2 and 0*3139 gr. HO.
IV. 1*1530 gr. gave 0*2843 gr. ammonio-chloride of plati-

num.

These, expressed in 100 parts, give
—

Carbon... 43*86

Hydrogen 6*06

Nitrogen 1-56

Ashes ... 3-61

Water ... 74-95
'

m
Estimated in 100 parts, the above determinations give the

following numbers :
—
fNitrogen .

vTi. I Carbon .

Nitrogenous^ H d
ingredients. , Q

'

yge
*

J

•-Sulphur .

Non-nitrogenous J Hyd
'

ingredient

f Carbon

[Oxyo-en

Ashes

86-36

99-93
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Blue Potatoes (Solanum tuberosum) from Giessen.

I. 2-8369 grs. lost at 100° C. 1-9558 gr.
II. 3-6446 grs. of substance dried at 100° C. gave 0*1226

gr. ashes.

III. 0-8315 gr. gave 1*3260 gr. CO2 and 0-4711 gr. HO.
IV. 0-7625 gr. gave 1*2030 gr. CO2 and 0*4345 gr. HO.
V. 1*3485 gr. gave 0*2587 gr. ammonio- chloride of plati-

num.

Corresponding in 100 parts to—
I.

Carbon . . .

Hydrogen
Nitrogen
Ashes . . .

Water ...

43-49

6-29

1*20

3*36

68-94

II.

43*02

6*33

Nitrogenous

ingredients.

ingredients.

.

1-20-j
. 4*21

0-52 y - 7*66

. 1-65

. 0*08

. 39*041

5*79 >

. 43-37J
88*20

= 3-36

Estimated in 100 parts, the above determinations lead to

the following numbers :
—

rNitrogen .

|

Carbon .

< Hydrogen
Oxygen .

LSulphur .

XT . fCarbon .

Non-nitrogenous ./ u ,

,.
fo < Hydrogen

LOxygen .

Ashes ....

99*22

Ca?Tots (Daucus carota) from Giessen.

I. 2*6735 grs. lost at 100° C. 2*3021 gr.
II. 1*6379 gr. of substance dried at 100° C. gave 0*0946

gr. ashes.

III. 0-6668 gr. gave 1-0597 gr. CO2 and 0-3736 gr. HO.
IV. 0-6797 gr. gave 0-1885 gr. ammonio-chloride of plati-

num. *

V. 0*7043 gr. of the same gave 0*1790 gr. ammonio-chlo-

ride of platinum.

Expressed in 100 parts, these correspond to—
II.

1*59

Estimated in 100 parts, the above determinations give the

following numbers :
—

Carbon . . .
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Nitrogenous
ingredients.

Non-nitrogenous
ingredients.

Nitrogen . . .

Carbon . . .

Hydrogen
Oxygen . . .

.Sulphur . . .

Carbon . . .

Hydrogen
Oxygen. . . 41*63

Ashes

1-67^
5-87

0*73
J>
= 10-66

2-27

= 84-59

= 5-77

101*02

Red Beets (Beta vulgaris rapacea)jrrom Giessen.

I. 1-6173 gr. lost at 100° C. 1*3200 gr.
II. 2*3399 grs. of substance dried at 100° C. gave 0*1505

gr. ashes.

III. 0*4875 gr. gave 0*7525 gr. CO2 and 0*2512 gr. HO.
IV. 0*5505 gr. gave 0*2152 gr. aramonio-chloride of plati-

num.

Corresponding in 100 parts to—
Carbon . . . 40*99

Hydrogen 5*72

Nitrogen
Ashes .

Water .

2*43

6*43

81*61

Estimated in 100 parts, the above determinations give the

following numbers :
—

Nitrogenous
ingredients.

Non-nitrogenous
• ingredients.

"Nitrogen .

Carbon .

Hydrogen
Oxygen .

.Sulphur .

Carbon .

Hydrogen
Oxygen .

Ashes . . .

2*43"

8*53

1*06 \ = 15*50

3*31

0*1 7J

32*46

4*66

36*06

= 73*18

6*43

Peligot found in this beet—
10*6 per cent, sugar ; add to this

2*8 ... nitrogenous ingredients,
1*1 ... inorganic matter,

81-6 ... water, and there remain,
3-9 ... woody fibre, &c. in

100*0 parts.

95*11
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Yellow French Beet (Beta cicla)from Giessen.

I. 1*8545 gr. lost at 100° C. 1*5255 gr.
II. 2-2840 grs. of substance dried at 100° C. gave 0*1148

gr. ashes.

III. 0-4530 gr. gave 0-6853 gr. CO2 and 0-2587 gr. HO.
IV. 0-4057 gr. gave 0-6165 gr. CO2 and 0-2202 gr. HO.
V. 0*5660 gr. gave 0*1635 gr. ammonio-chloride of plati-

num.

Corresponding in 100 parts to—
I. II.

Carbon ... 41*25 41*45

Hydrogen 6*34 6*03

Nitrogen 1*81

Ashes . . . 5*02

Water . . . 82*25

Estimated in 100 parts, the above determinations give the

following numbers :
—
"Nitrogen . . .

Nitrogenous

ingredients.

Carbon

Hydrogen 0*79
)>
= 11*54

Oxygen
.Sulphur

XT .. f Carbon ... 34*74]
Non-nitrogenous I H d 5 *15 ^

= 78*49
ingredients. \ xygen . .. 38*6oJ

Ashes = 5*02

99*05

Ruta Baga (Brassica napo-brassica) from Giessen.

I. 2*2981 grs. lost at 100° C. 1-9139 gr.
II. 2-5171 grs. of substance dried at 100° C. gave 0*1010

gr. ashes.

III. 0-6762 gr. gave 1*1226 gr. CO2 and 0'3665 gr. HO.
IV. 0*6122 gr. gave 1*0180 gr. CO2 and 0*3306 gr. HO.
V. 0*7625 gr. gave 0*1765 gr. ammonio-chloride of pfati-

num.

Corresponding in 100 parts to—
I. II.

Carbon ... 45*27 45*35

Hydrogen 6*02 6*00

Nitrogen 1 *45

Ashes ... 4*10

Water ... 83*28

Estimated in 100 parts, the above determinations give the

following numbers:—
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rNitrogen...
vis. I

Carbon ...

Nitrogenous J
„ ,

,.
°

. < Hydrogen
ingredients. ] r\

J °
& Oxygen ...

^Sulphur ...

XT . f Carbon ...
Non-nitrogenous J „ ,

,.
° < Hydrogen

ingredients. l r\& I Oxygen ...

Ashes ....

1*45"*|
5'09

0-63 >
1-97

0*10

40-23

5-38

44-71

= 9-24

= 90-32

= 4-01

103-57

White Turnips (Brassica rapa) from Giessen.

I. 0-8742 gr. lost at 100° C. 0*7674 gr.
II. 1*7487 gr. of substance dried at 100° C. gave 0-1229

gr. ashes.

III. 0-4376 gr. gave 0-6953 gr. CO2 and 0-2225 gr. HO.
IV. 0-2831 gr. gave 0*4472 gr. CO2

.

V. 0*5976 gr. gave 43-42 per cent. C. and 5*91 per cent. H.
VI. 07969 gr. gave 0*2523 gr. ammonio-chloride of plati-

num.

Corresponding in 100 parts to—

Carbon ...

Hydrogen
Nitrogen
Ashes ...

Water

I.

43*33

5*64

1*98

7*03

87*78

II.

43-08

6*04

III.

43*42

5*91

Estimated in 1 00 parts, the above determinations give the

following numbers:—
rNitrogen...

xri Carbon ...

Nitrogenous J u ,

j. =\ < Hydrogen
ingredients. \ r\

&
°

Oxygen ...

Lsuiilphur ..

XT fCarbon ...

Non-nitrogenous J n i

,.
&

. < Hydrogenlnorrpnipnt?.
\ 7Z*
LOxygen ...

Ashes ....

1*98

6-95

0-86

2*69

0-14

36*24

4-82

40-27

> = 12-62

= 81*33

= 7*02

100*97

White Onionsfrom Giessen.

I. 4*3169 grms. lost at 100° C. 4*0478 grms.
II. 0*6775 gr. of substance dried at 100° C. gave 0'0578

gr. ashes.
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III. 0'672G gr. gave 0*1272 gr. ammonio-chloride of plati-
num.

These determinations correspond in 100 parts to—
Nitrogen... 1*18

Ashes 8-53

Water ... 93*78

Hulls.

Common Winter Barley
Tartarian Buckwheat
Panicled Oats

Table Peas
Field Peas
Table Beans

Large Field-beans

Undissolved re-

sidue in 100

parts (hulls ?)

dried at 100° C.

5-40

22-67
16-66

765
611
401
4-41

Ashes of
the hulls.

1-90

0-08

3-35

2-47
1-86

3-84

7-48

Woody
fibre.

5-30

22-66
1610
7-47

600
3-86

409

Relative worth of the individual

and per-centage
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Tabular Results of Analysis.

Name.
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Tablefor the Nitrogenous Ingredients (continued).

Name,
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The last column in the preceding table contains the average
results of experiments made to ascertain the practical equiva-
lents, as they are given in Boussingault (Landwiflhschaft^Germ.
ed. p. 292-295). One of the results with wheat was neglected,
its variation from the others being so great

By comparing the results of the above investigation with
each other, and with those previously known, the following
conclusions have been arrived at :

—
That the same species of cereal grain grown on different

soils may yield unequal per-centages of nitrogen.
That one-seventh of fresh ripe cereal grains is moisture,

which may be expelled at a temperature of 100° C. (212° F.).
That wheat- and rye-flours, which to the eye and sense of

feeling are undistinguishable from each other, may differ by
from one to three-tenths of their whole quantity of nitrogen.
That root-crops grown on different soils may yield unequal

per-centages of nitrogen.
That the per-centage of moisture in edible roots of the same

species is, in the fresh condition, a constant quantity.
That beets, carrots and turnips, have a larger per-centage

of moisture than potatoes.
That the nutritive values of peas, beans and lentils, corre-

spond with each other.

That more aliment is contained in a given weight of peas,
beans or lentils, than in an equal weight of any other kind of

vegetable food analysed.
That in several of the grains and roots analysed there are

organic bodies beside those identical in composition with glu-
ten and starch.

That the ashes of carrots, beets, turnips and potatoes, as

Prof, von Liebig has already remarked, contain carbonates.

That iron is present in the ashes of all the grains and roots

analysed.
That the differences between the theoretical equivalents, as

estimated from the per-centages of nitrogen and those ascer-

tained by the experiments of stock-growers, and particularly
the differences between the results of the different stock-

growers, may be attributed to the following reasons :
—

Because the per-centages of nitrogen and carbon in fodder

grown on different soils are unequal.
Because the prominent test has been the increase or dimi-

nution in weight of the animal fed. Increase in weight may
arise from secretion of fat, derived from the sugar and starch

of the plants. Diminution in weight may follow unusual ac-

tivity, increasing the consumption of fat already present.
Because the experiments, in but few instances, were under-
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taken with substances whose per-centages of water and nitro-

gen had been ascertained.

Because theoretical equivalents have been employed in con-

ditions unequally suited to digestion. The same food, coarse

or fine, fresh or prepared for easy digestion, yields unequal
measures of nutrition.

Because the conditions, whether exposed to the open air or

protected in stalls, whether subjected to labour of uniform

severity, or allowed the free range of pastures, have not been

made alike.

Finally, because, as above intimated, some animals by na-

ture differ greatly from others, in the facility with which fat

and muscle are developed, even when the circumstances are

precisely the same.

LVIII. Microscopic Observations on the Perforation ofthe Ca-

pillaries by the Corpuscles of the Blood, and on the 0?igin

ofMucus and Pus-globules. By A ugustus Waller, M.Z>.*

[Continued from p. 287-]

IN
the preceding Number of this Journal I have already given

a brief outline of some observations respecting the manner
in which the white corpuscles of the blood are seen to leave

the interior of the capillary vessels. As this subject is inti-

mately connected with the formation or origin of the globules
found in mucus and purulent matter, it deserves a close and
strict investigation.

In the first place, we must bear in mind that the blood con-

sists of transparent fluid parts containing two kinds of particles
in suspension ; the one of a red colour and a flattened disc-like

shape, and the other nearly transparent and spherical. The
examination of the tongue of the frog, or of any other trans-

parent part of a living animal, shows these globules and cor-

puscles generally circulating together through the capillaries.
The examination of mucus and purulent matter shows that

they contain great quantities of globules, which are exactly
similar to the spherical corpuscles found in the blood. In all

these instances these particles are of a spherical form, trans-

parent or whitish, granulated, and about the size of t^q th of a

millimetre. In acetic acid they contract, in the alkalies they
are quickly broken up, in water they swell and are disaggre-

gated into separate minute granules.
The corpuscles of blood in the mammiferae and in the frog

are found to be of about the same size as in man.
In proof of what I have stated respecting the similarity of

* Communicated by the Author.



398 Dr. Waller on the Origin of Mucus and Pus-globules.

these bodies in pus, mucus and in the blood, I may mention
that I have before me drawings of mucus and purulent glo-
bules, and of the corpuscles obtained from man and from some
of the cold-blooded animals. All these drawings have been

carefully executed under the camera lucida, at different times;
and they resemble each other so closely as to render it impos~
sible to give any distinctive character to recognise one from
the other.

In consequence of this striking resemblance, observers have

already supposed that the corpuscles of the blood give rise to

those found in mucus and pus, and that these are simply cor-

puscles extravasated or filtered from the blood. An important
observation has moreover corroborated this theory, namely
that of the accumulation of the corpuscles at the inner sides

of vessels which are subjected to any prolonged irritation.

This theory has principally been known in this country from
the talented observations of Mr. W. Addison.

On the other hand, it has appeared to other physiologists
so improbable to suppose the perforation of the capillary ves-

sels by the corpuscles, that they have come to the conclusion

that they are not derived from the blood, but, like semen or

milk, are formed on the secreting surface, in virtue of some

plastic power of the fluids which are effused upon it. This

opinion is maintained, with some modifications of
trifling im-

port, by Muller, Autenreith, Donne, &c.

My observations respecting the almost exclusive accumu-
lation of the corpuscles in the vessels of the frog's tongue
which are most exposed to irritation, was already an advance
in the inductive proof of the first theory; but it is especially
the observations at the end of the preceding paper which give
the crowning evidence in its favour. I have already had the

satisfaction to find that they have been confirmed by other

observers to whom I have shown them. On my own part, I

have repeated them in very numerous instances with invariable

success.

Let us now examine the admirable manner in which nature

has solved this apparent paradox, of eliminating, from a fluid

circulating in closed tubes, certain particles floating in it, with-

out causing any rupture or perforation in the tubes, or allow-

ing the escape of the red particles, which are frequently the

smaller of the two, or that of the fluid part of the blood itself.

In order to allow less latitude to the imagination, I will in the

first place describe faithfully, from a number of others, one or

two complete observations, as I have noted them down at the

time of experimenting.
Obs. 1.—A frog's tongue was secured in the usual manner.
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The capillaries became rapidly distended with blood, and the

colour of the entire organ was darker from this injection.
After exposure to the air for two or three hours it was again
examined : the appearance presented by its inferior surface is

represented in Plate II. fig. 1. The capillaries were so forcibly
distended that they attained double their ordinary calibre, and

by their numerous swellings and contractions resembled a knot-

ted stick. The blood was generally stagnant, and the outlines

of the separate particles could not be distinguished : the cor-

puscles could only be known from the discs by their white-

ness. Over the whole surface of the tongue were numerous

corpuscles outside of the vessels, and occasionally a few scat-

tered discs. The extravasated blood-discs were rapidly altered:

they appeared to lose their redness, and to become broken

up into granules which soon disappeared. The corpuscles

appeared to retain their form much longer. The engorged
vessels became rapidly very irregular in their calibre, by the

formation of numerous indentations or concavities throughout
their length. Opposite these concavities were found one or
more corpuscles which had escaped. The upper surface of
the vessel likewise presented numerous dark spots of an irre-

gular shape with very distinct dark edges. These were evi-

dently small depressions or foramina seen in full, while the

former were viewed in profile. In some instances, the manner
in which the corpuscle escaped from the interior of the tube
could be distinctly followed : that part of the tube in contact
with the external side of the corpuscle gradually disappeared,
and at nearly the same time might be seen the formation of a

distinct line of demarcation between the inner segment of the

corpuscle and the fluid parts of the blood in contact with it.

Any slight agitation then was capable of disengaging the cor-

puscle from the vessel to which it was now external, and in its

place a concave depression remained, which appeared suffi-

ciently protected by some membrane, as to oppose effectually
the exit of the discs and the fluid parts of the blood. In rare

instances the blood-discs and corpuscles might be seen sepa-
rate and distinct within the tube, while occasionally some of
the latter were seen to escape through the sides; the contents

of the tube oscillating synchronously with the increased action

of the blood in the surrounding vessels. In general, it is ob-
served that the corpuscles escape more frequently at a bend
or angle where there is a subdivision of the tube : those in the

interior are also observed to collect there in greater numbers.
In some places, the indentures formed by the extravasated

corpuscles were so deep that the vessel appeared to be quite
disconnected ; and such was sometimes really the case

; but
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generally the diameter was only much decreased without being

entirely disconnected, so as to interrupt the course of the

blood. I have sometimes seen vessels of considerable size

with an internal rapid current, the tubes of which at some

places were contracted to one-fifth of the size which they

presented elsewhere. It is easy to explain this, if we suppose
that on some occasion they had been perforated by corpuscles
and narrowed as I have described.

The corpuscles do not escape merely from vessels desti-

tute of internal current. Capillaries with a most rapid current

are often seen to be uneven, with slight indentations along
their sides, and at a short distance external corpuscles which
are more numerous opposite the indentations. In these cases,
the various analogies visible with regard to the indentations

and the corpuscles situated directly opposite to them outside

the vessel, show that the vessel must have given them pas-

sage in the same manner as when the blood is stagnant or in

a state of feeble oscillation. The larger trunks never present

any distinct indentations to mark the passage of the corpuscle

through them; but at their exterior corpuscles are fre-

quently seen collected in abundance, which renders it pro-
bable that the parietes of these also may be dissolved to allow

of the passage of these particles, which, however, must not be

confounded with that condition which I have termed extra

fibrination. A careful observer will easily distinguish the glo-
bular particles of what is probably condensed or coagulated
fibrine, from the corpuscles, as they are much more minute

and have no granular structure.

The results of other experiments performed in the same

way are so similar to the above, that it would be a needless

repetition to detail them. When an animated being is the

subject, there must necessarily be some slight variation in the

results. Thus in some of my observations I find a difference

in the period which elapses before the injection and engorge-
ment takes place, and the succeeding phenomena are likewise

affected in proportion. I will briefly mention another obser-

vation, as it was attended with a loss of blood, and may serve

in some respects to elucidate the influence of depletion on ca-

pillary circulation.

Obs. 2.— While the tongue of the frog was being secured, one

of the trunks of the lingual vessel was ruptured near the jaw-
bone and the blood escaped in abundance : from its dark co-

lour and the continuous manner in which it flowed, a vein pro-

bably had been torn. The depletion thus produced represented
on a small scale the operation of bleeding, to which we have

such frequent recourse in medicine. To the naked eye the dis-
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tended membrane presented but a slight appearance of injec-

tion, in comparison to that which is exhibited by it in ordi-

nary instances. The microscope showed that there existed

scarcely a vessel containing stagnant blood. The venous and
internal trunks were all considerably paler and more transpa-
rent than I had ever before seen them, and their outlines were

distinctly marked, instead of that dull and indistinct appear-
ance produced in ordinary cases by the extra fibrination or

transudation of the liquor sanguinis. The circulation of the

blood was extremely rapid in the trunks and capillaries, so

much so as to render it impossible to detect the separate par-
ticles during their course. After the lapse of three or four

hours the capillaries had become in a measure engorged with

stagnant blood, but to a much less extent than usual. Many
of the circulating papillae were found to contain a central nu-

cleus, completely black and opake, occupying the whole in-

ternal area, generally containing the vascular coil. Within
this dark nucleus there appeared no circulation. In one of

them, the passage of the blood particles could be traced from
the point of entrance on one side to the dark nucleus, and from
thence to the opposite extremity of the vessel. Most of the

papillae in this subject presented this appearance ;
in a few

other papillae the vascular coils existed as usual. I have
met with papillae of the same appearance in numerous other

instances. After the engorgement of the capillaries had con-

tinued some time, the usual signs of the escape of the cor-

puscles were to be detected, and they were seen diffused over

various parts of the membrane mingled with blood-discs,

arising from the ruptured vessel. In other experiments, where
no such loss of blood occurred, the tongue became entirely
covered with corpuscles, without any admixture of blood-

discs.

While engaged in the examination of the same animal I

made a few observations upon the muscular striae, which I

here mention, as they were very distinctly seen without any
further preparation of the organ. The fibres of the genio-

glossus appeared perfectly round and cylindrical, with very

perfect transverse markings, the direction of which varied in

the same fibre on altering slightly the focus of the instrument,

thereby indicating that at different depths the striae had differ-

ent directions. At the extremity of the tongue the fibres no

longer presented this rounded appearance, but seemed per-

fectly flat. The transverse striae at this place did not appear
to be confined within separate cylinders, but the whole sur-

face was covered with muscular striae and with dark parallel

lines, indicating the presence of muscular fibres. The entire

Phil. Mag. S. 3. Vol. 29. No. 195. Nov. 1 846. 2 E
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surface thus appeared to be of a muscular nature. The most

ready and correct representation of these diffused stride, is by
covering a piece of paper with prints of the papillae of the top
of the finger, which has been previously rubbed over with a

little printer's ink, in other words, making finger-marks on

the paper; when, by drawing parallel lines among these

printed papillae, a most faithful image is obtained.

With regard to other appearances presented by the capil-

laries, they will be found described in my former communica-
tion.

Those who have patience to watch for several hours the

phaenomena which occur in the capillaries, will perceive the

great increase that takes place in the diameters of those under

the influence of prolonged irritation, particularly at the edges
nearest the irritating agents employed to secure the organ.
After watching these changes, it will be seen how slight a cause,

such as a temporary obstruction of a vessel by a few globules,
is sufficient to determine whether the increase in volume shall

be confined to one vessel or be divided among two or more.

Therefore we can readily comprehend how the same causes

in operation on the embryo may create all those anomalies

observed in the distribution of the aortic trunks in the adult,

which may be found represented in Bonrgery's plates.
In endeavouring to account for the fact of the passage of

the corpuscles through the vessels we find considerable diffi-

culties. It cannot be referred to the influence of vitality, as

it is observed likewise to take place after death. It may be

surmised, either that the corpuscle, after remaining a certain

time in contact with the vessel, gives off by exudation from

within itself some substance possessing a solvent power over

the vessel, or that the solution of the vessel takes place in

virtue of some of those molecular actions which arise from

the contact of two bodies ; actions which are now known as

exerting such extensive influence in digestion, and are referred

to what is termed the catalytic power.
While advancing these hypotheses we must not omit to bear

in mind, that corpuscles are constantly seen adherent, for a

long space of time, to the inner sides of a vessel without

altering their appearance in the least*.

Mucus.—In ordinary circumstances, the mucus which is

formed on the tongue of the frog contains no particles in sus-

pension, but entirely consists of a thick viscous substance,

* Acetic acid applied to an engorged vessel on the living tongue will

dissolve the outer vesicle of the blood-disc and leave the nucleus com-

pletely uncovered, in the same way as when the blood is out of the vessels.

The action of the acid is almost immediate.
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completely transparent. After prolonged irritation, however,
as in the above-mentioned experiments, when corpuscles are

seen diffused over the tongue, such is no longer the case; and
numerous corpuscles are then found in the mucus which ex-

ists there, and which then possesses all the characters of the

substances which are thrown off from the irritated mucous
membranes of the human subject. It would be unnecessary
to adduce any further evidence of the common origin of these

two kinds of mucus, or rather of the globules which they con-

tain.

Purulent matter.—Although the formation of purulent mat-
ter itself has not been included in the present observations,

(this subject requiring a separate examination, which I will

defer to a future occasion,) the presence of its most general
and constant ingredients, viz. the purulent globules and the

fibro-albuminous fluid which contains them, may easily be

explained by the preceding observations, in which the extra

fibrillation, corpusculation, and the extra corpusculation of

the vessels, represent on a small scale all the principal phe-
nomena accompanying its formation.

Absorption.—After having shown the manner in which the

capillaries, engorged with stagnant blood, give off the cor-

puscles which they contain, it now remains to examine how

they are enabled to discharge the rest of their contents. When
these contents consist of blood in a fluid state, we can readily
understand how, after the removal of the irritation, the en-

gorgement would gradually cease, as is constantly observed with

regard to vessels in this state. But many of these vessels,

particularly those which have given off corpuscles, contain

blood which appears to consist of a gelatinous mass, and is

probably in a state of coagulation. The most simple notion

of hydrodynamics shows the difficulty of driving a material of
a semi-solid consistency through a delicate elastic tube. The
question then arises as to the process by which these vessels

discharge their contents and become again capable of con-

veying the blood to the parts which depend upon them for

their nutrition. The following observations will in a great
measure answer this question.
The frog of Obs. 1, after being kept twenty-four hours in

water, was examined. The tongue, at first of its natural co-

lour, became gradually injected, and presented the same ap-

pearances as were observed on the preceding day, with respect
to the circulation and the escape of the corpuscles from the

vessels. But in addition tubes were perceived in numerous

places, containing an amorphous, colourless and nearly trans-

parent substance, incompletely rilling the cylindrical cavity
2 E2
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which contained it. Many of these tubes appeared inter*

rupted, and their course could only be traced by means of

disjointed fragments containing the amorphous matter, which,
under the highest magnifying power, appeared to consist of

numerous irregular fragments loosely packed, and presenting
a very considerable surface. Capillaries which contain re-

cently coagulated blood are known to present a granulated,
uneven appearance, caused by the irregular arrangement of

the blood within them. The tubes were therefore the en-

gorged capillaries ofthe previous day, which had been deprived
of their colouring matter and some of their fluid contents by
a chemical action, which is generally termed absorption;
while other parts, not quite so easily acted upon, were not yet
removed. The size of these granular tubes corresponded
with the ordinary diameters of the capillary vessels and their

trunks. Their direction likewise was the same as that pur-
sued by vascular trunks and capillaries. Blood-vessels of

about the same size could generally be seen at their sides, with

an internal current of blood : some of these were probably of

recent formation. The other tissues were in their usual con-

dition : thus the muscles presented their characteristic striae

very distinctly; the nervous trunks and fibres were unimpaired;
and the ramifications of the cellular fibres were also intact.

The subject of Obs. 2 was examined after the same lapse of

time; the organ had nearly recovered its natural colour previous
to this second examination. Numerous tubes with their amor-

phous contents were seen at different parts in exactly the same
condition as mentioned above. The papillae with the dark

centre, as before described, were in the same state as the day
before : small portions of muscular fibre were perceived, with

their striae lacerated and broken. The other tissues were un-

altered.

Kensington, Oct. 15, 1846.

EXPLANATION OF PLATES.
PLATE I.

Fig. 1. Represents the dorsum of the frog's tongue covered with nume-

rous papillae, two of which are circular, and contain vascular coil

connected with capillary vessels. These papillae are intimately

connected with the perception of taste, and are analogous with

the fungiform papillae of the mammiferae. The other papillae re-

presented are destitute of internal circulation, and much more

irregular in form, and correspond to the filiform or conical pa-

pillae of the mammiferae. The whole drawing is covered with

scales of epithelium, amongst which are occasionally seen what

appear to be small foramina, but which did not exist in this case.

Fig. 2. A fungiform or neuro-vasctilar papilla, as seen under a higher mag-

nifying power. Within it is the vascular area. The external

zone presents the radiated appearance which is sometimes seen.
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Fig. 3. Blood-discs and corpuscles with a capillary ; some of the latter near

the sides were inspected for a long time, and remained fixed in

the same situation, while a rapid current was traversing the vessel.

Fig. 4. Corpusculation of a vessel towards the end of the tongue. This

vessel was traced for a considerable distance and contained no
blood-discs.

jFVg'.
5. Extra fibrination of a vessel. The smaller globules are probably

globular particles of fibrine, the others are extravasated corpus-
cles.

Fig. 6. Varicose swelling of a ruptured capillary giving passage to the

blood. In the same subject were perceived similar swellings, but

without a rupture, in which the blood circulated.

PLATE II.

Fig. 1. Represents vessels of the inferior surface of the tongue as they ap-

pear after the escape of the corpuscles, filled with stationary

blood, deformed and indented at the points of escape, near

which the corpuscles are generally found. A portion of a vessel

with an internal current is likewise seen with discs, and internal

and external corpuscles. No indentations are seen near these,

probably from the force of the current, which directly restored

the form of the vessel. The remainder of this figure was covered
with membranous muscular striae, which to avoid complication
are not represented.

Fig. 2. Shows the process of absorption of stagnant blood. In this case

the vessels themselves still remain, while their contents are un-

equally absorbed. Tortuous vessels ramify among them.

LIX. Proceedings of Learned Societies.

ROYAL SOCIETY.

[Continued from p. 133.]

Juno 18, 'TpiHE Electric Fluid." Bv W. F. Stevenson, Esq.,
1846. J. F.R.S.

The author denies the existence of two electric fluids, and main-

tains that all the phenomena are explicable on the hypothesis of a

single fluid ; which when present in a conducting body renders it

positive, and in a non-conducting body, negative ; but a body which
is naturally a conductor, may, he asserts, be rendered otherwise, by
changing its form.

" Observations of the Heights of the Thermometer and Barometer
made at Lenham Lodge, near Maidstone, Kent, during the first nine

days of the month of June 1846." By George Hunsley Fielding,

M.D., F.R.S.

On Sunday the 7th of June 1846, the thermometer in the shade

rose to the extraordinary height of 94° Fahr., exceeding by one de-

gree the heat of the 13th of July 1808, which was considered to be
the highest on record in this country.

" On the relative dynamic value of the Degrees of the Compass ;

and on the Cause of the Needle resting in the Magnetic Meridian."

By Sir Graves C. Haughton, K.H., M.A., F.R.S., Foreign Associate
of the Institute of France.
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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 caused the needle to assume the position in which
its axis was in the same line with that of the magnet, the author

found that these points of distance form a peculiar curve, which was
nearest to the centre 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 than at the south azimuths.

From this and other experiments he infers that the value of every

degree of the compass is inversely as the square of the length of the

ordinate or co-ordinate passing through it, the abscissa being con-

sidered as zero ; and that the magnetic needle does not rest in the

magnetic meridian in consequence of polar attraction, but is im-

pelled in that direction by the effect of repulsion, from the east or

west, and that its natural position is the result of an equilibrium
between the eastern and western repulsions. On the other hand,
the return of the needle, when it is placed in the reverse position,
that is, when made to deviate 180° from its natural position, is the

result of an attraction towards the east and west positions ; the force

of attraction in that case being quadruple the force of repulsion in

the former case. He is consequently led to the conclusion that the

operation of terrestrial magnetism is totally different from that of an

artificial magnet, in which latter case the attractive and repulsive
forces are exactly equal.

" Remarks on the Extractive Material of Urine, and on the Ex-
cretion of Sulphur and Phosphorus by the Kidneys in an unoxidized

state." By Edmund Ronalds, Ph.D., Giessen. Communicated by
Golding Bird, M.D., F.R.S.

In the course of an experimental inquiry in which the author

was engaged with a view to ascertain whether larger quantities of

carbon were discharged by the kidneys in cases in which the func-

tions of the lungs or liver were imperfectly performed, he was led

to the result, that sulphur, not combined with oxygen in the form of

sulphuric acid, existed in the urine to the amount of from three to

five grains in the course of a day ; and also that phosphorus, not in

the state of phosphate, was in the same period excreted by the same

channel, to the extent of nearly six grains.
" On some peculiarities of Foetal Digestion." By George Robin-

son, M.D. Communicated by William Bowman, Esq., F.R.S.

The author endeavours to show, contrary to the assertions of Dr.

Robert Lee, that the human foetus, in common with that of all the

higher animals, invariably contains, during the latter periods of

intra-uterine life, albuminous or nutritious matter, which undergoes

digestion in the small intestines. He finds that the nature of this

substance varies very much in different animals. In the earlier

periods of foetal life, the stomach contains very little, if any, nutri-

tious matter. He is disposed to consider the salivary glands as the

source of the albuminous matter found in the stomach at later

periods.
" Extracts of Letters from Captain Williams, first Assistant to the



Royal Society. 407

Commissioner of Arracan, and from Ensign Haukeu and Mr. Howe,
Marine Assistant Commissioner, giving details of a curious pheno-
menon seen at sea off Ilyook Phyoo." Communicated by Viscount

Mahon, F.R.S., Pres. S.A.

The appearance in question, seen between five and six o'clock in

the evening of the 2nd of December 1845, was that of a large flame

far out at sea, flickering several times for fifteen and twenty minutes,

and suddenly ceasing. It was conjectured to have been either a

large ship on fire, or a volcanic eruption ; but no positive data exist

for determining the question.
" On the Fossil Remains of the soft parts of Foraminifera dis-

covered in the Chalk and Flint of the South-east of England." By
Gideon Algernon Mantell, Esq., LL.D., F.R.S.

By subjecting small portions of calcareous rock to the action of

diluted hydrochloric acid, the calcareous earth and the shells it had

enveloped were removed ; the residue consisting of particles of

quartz and of green silicate of iron ; and also numerous remains of

the soft parts of animalcules, chiefly Xanthidia and Rotaliae. The

organization of the latter appears, from the observations of Ehren-

berg, to be very simple, and to have no relation with the Cephalo-

poda, as was formerly imagined. The body is enclosed within the

shell, which is polythalamous, and it occupies not only the outer cham-

ber, but also all the cells contemporaneously, and the shell is pierced
all over with minute pores, through which tentacula protrude; and

there are also several soft transparent feelers, or pseudopodia, which

are instruments of locomotion. When the shell is removed by acid,

the soft body is exposed, and is seen to extend to the innermost

chamber ;
and there is a connecting tube occupying the place of

the siphuncle of the nautilus, but which is the intestinal canal ; for

the cells are the receptacles of the digestive sacs or stomachs, in

which monads, naviculse, and other minute infusoria, which the ani-

mal had swallowed, may sometimes be observed. In the fossil re-

mains, the appearance of the parts which the author supposes to be

the digestive organs, is that of a series of bladders or sacs, composed
of a tough flexible integument, and connected by a tube. These

organs are more or less filled with a dark substance ; those which

are distended are always well-defined, while the empty ones are col-

lapsed and disposed in folds, just as membranous pouches would

appear under similar conditions. The sacs regularly diminish in

size from the outer to the innermost cell, and vary in number from

fourteen to twenty-six. In some instances, small papillae are ob-

servable on the external surface of the integument, which are pro-

bably vestiges of the bases of the pseudopodia or tentacula.

Drawings of the various specimens described by the author ac-

company the paper.
"
Experiments relative to Animal Temperature, showing that there

must be some source of animal heat besides the combustion of the

Carbon and the Hydrogen contained in the Food of Animals." By
Robert Rigg, Esq., F.R.S.

The subject of these experiments was a labouring man in the em-
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ployment of the author, living on his ordinary food, and working
at his usual employment. A strict examination was instituted into

the quantity and chemical constituents of the ingesta and egesta

during ten days ; at the end of which time he had gained one pound
in weight. He infers from the results of this experiment, that the

carbon and hydrogen contained in the food of animals, which enter

into combination with the respired oxygen, forming carbonic acid

and water, do not generate sufficient heat for the purposes of animal
life ; and that consequently there must be some other sources of

heat in the animal economy, one of which he believes to be the

secretion of carbon.
"

Electro-Physiological Researches.—Fourth Memoir. On the

Physiological Action of the Electric Current." By Charles Mat-
teucci. Communicated by Michael Faraday, Esq., LL.D., F.R.S.

In the prosecution of his inquiries on the physiological action of

electric currents, the author found it necessary to employ an appa-
ratus, which was expressly made for him by M. Breguet, adapted
to the delicate appreciation of the intensity of the force of the mus-
cular contractions excited by those currents ; of which apparatus
he gives a minute description, illustrated by a drawing. He was
thus enabled to institute an exact comparison between the contrac-

tions caused by the direct, and those by the reverse currents, both

at the commencement and at the termination of their action. The

following are the general conclusions he deduces from the experi-
ments thus conducted.

1. The passage of the electric current through a mixed nerve pro-
duces a variation in the excitability of the nerve, differing essen-

tially in degree, according to the direction of the current through
the nerve. This excitability is weakened and ultimately destroyed ;

and this takes place more or less rapidly according as the direct

current, that is, a current circulating through the nerve from the

centre to the periphery, is more or less intense. On the other hand,

by the passage of the same current in the contrary direction, that

is, from the periphery to the centre, or the inverse current, the ex-

citability is preserved and increased.

2. The variations in the excitability of the nerve produced by
the passage of the current, tend to disappear more or less rapidly on

the current ceasing. If the nerve be taken from a living animal, or

from one in which life is but just extinct, so that its excitability is

very great, these variations last only as long as the current con-

tinues to circulate; while, if the nerve has already lost some of its

excitability, they survive the cessation of the current by a period
of from one to ten or fifteen seconds.

3. If the same current be made to act upon a mixed nerve, the

contraction which occurs on the first moment of its introduction is

very different according to its direction ; the direct current always

occasioning a stronger contraction than that produced by the in-

verse current.
" On Phlogiston and the Decomposition of Water." By W. F.

Stevenson, Esq., F.R.S.



Intelligence and Miscellaneous Articles. 409
'to

The author is of opinion that the evidence on which the modern

theory of the composition of water is founded, is fallacious ; and

believing water to be a simple body, he conceives that it forms

hydrogen by combining with the electric fluid, which he imagines
to be identical with the phlogiston of former chemists. He cites

the opinions of Priestley, Cavendish and Watt, as corroborating his

views, and interprets their experiments in conformity with the hypo-
thesis he has adopted.

"
Suggestion intended to confirm Franklin's Theory of Electro-

statics, by explaining the phenomena of Repulsion between bodies

negatively electric." By James A. Smith, Esq. Communicated by
S. Hunter Christie, Esq., Sec. R.S., &c.

The author conceives that in negatively electrified bodies, or

bodies having less than their natural quantity of electricity, the re-

dundant matter must have a tendency to escape, and thus the equi-
librium of its cohesion is destroyed ;

and that two bodies in such a

condition must mutually repel each other.
" On Sir Isaac Newton's Method of Finding the Limits of the

Roots of Equations." By Herbert Panmure Ribton, Esq. Com-
municated by John George Children, Esq., F.R.S.

The author states that he has reason to believe that by general-

izing from successive inductions of equations, a formula more uni-

versal than Newton's Binomial could be found.

LX. Intelligence and Miscellaneous Articles.

ON A NEW METAL, PELOPIUM, CONTAINED IN THE BAVARIAN
TANTALITE. BY PROF. H, ROSE.

TN a former paper, on the composition of the so-called tantalic acid
-*- which occurs in the columbite of Bodenmais in Bavaria, I showed
that it consisted of two acids, one of which differs so decidedly from
all known metallic oxides, that I did not hesitate to regard it as the

oxide of a new metal, which I named niobium *. I did not then enter

into a description of the second acid, which occurs in company with

the niobic acid, but merely observed that it possessed great simi-

larity to the tantalic acid procured from the Finland tantalites.

The separation of the two acids according to the method I for-

merly described was exceedingly troublesome and tedious. After I

had suspected a peculiar substance in the so-called tantalic acid from

columbite, and had vainly attempted in various ways to isolate it, I

succeeded in effecting this only approximatively on converting the

acid into chloride, by mixing it with charcoal and passing a current

of chlorine over the heated mixture. I obtained a yellow, readily
fusible and very volatile chloride, and a white, infusible, less volatile

chloride. Both were converted by water into metallic acids, which
were not dissolved by the hydrochloric acid formed, but separated
on boiling, and could easily be freed by washing with water from

* The paper here referred to will be found at p. 35 of the third volume of the

Chemical Gazette.
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every trace of acid ; but when the acid from the white infusible

chloride, after I had separated it as well as possible from the yellow
one, was again mixed with charcoal and treated with chlorine, I

constantly obtained yellow and white chloride ; less, it is true, of the

first than when the mixture of the two acids as they occur in the

mineral was employed ; but even when the operation was very fre-

quently repeated with the acid from the white chloride, it was not

possible to obtain by this method a pure white chloride free from

yellow. I observed however that the white chloride was only par-

tially sublimed. When it was separated as much as possible from

the yellow chloride, and by sublimation also from a white non-vola-

tile residue, it at last afforded an acid, which on treatment with

charcoal and chlorine yielded a tolerably pure, white, wholly vola-

tile chloride, the chloride of niobium. The white fixed residue

yielded with charcoal and chlorine a large quantity of yellow chlo-

ride ; and after removing this by sublimation, again left a white non-

volatile residue, which, on being again subjected to a similar treat-

ment, afforded the same products.
On comparing this behaviour of the yellow chloride with that

observed on treating a mixture of pure tantalic acid and charcoal

with chlorine, I obtained a perfectly similar yellow chloride and a

white non-volatile residue ; but the quantity was far smaller, and its

production could be entirely avoided if, in the preparation of the

chloride of tantalium, every trace of humidity and atmospheric air

had been carefully excluded. Moreover, the sublimed yellow chlo-

ride from the Bavarian mineral very much resembled the chloride

of tantalium. This similarity likewise extended to the acids pre-

pared from the two chlorides ; they behaved so much alike, that it

was only after long-continued investigation properties were disco-

vered by which they might be separated.

Both in the preparation of chloride of tantalium with the tantalic

acid from the Finland tantalite, but especially in that of the yellow
chloride from the Bavarian mineral, I frequently obtained consider-

able quantities of a red chloride, which was still more volatile than

the yellow one, and proved on examination to be chloride of tung-
sten. When the chlorides are exposed for some time to the air, the

tungsten can be removed by digestion with ammonia as readily
soluble tungstate of ammonia.

Sometimes chloride of tin and chloride of titanium were obtained

in preparing the chloride; they could be readily distinguished, by
their fluid state of aggregation, from the other chlorides.

The formation of the chlorides of tungsten and tin was in so far

remarkable, as the acids from which the chlorides were prepared
had been kept in a moist condition for a long time in contact with

sulphuret of ammonium. I draw especial attention to this circum-

stance, because, unless perfectly freed from these impurities, the

chlorides and the acids prepared from them are obtained with very
different properties.

The yellow chloride from the Bavarian mineral differs therefore

principally from the chloride of tantalium by its leaving a white
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non-volatile residue on its production, or rather on its volatilization,

at a high temperature. This residue consists principally of the acid

which may be obtained from the yellow chloride by decomposition
with water.

In the preparation of the yellow chloride from the columbite of

Bodenmais, there is formed along with it an oxychloride, which is

decomposed by heat into chloride and acid, just like the tungstate

of the chloride of tungsten. The formation of the oxychloride can

be prevented by placing a long layer of charcoal in the anterior

portion of the glass tube, in which the mixture of acid and charcoal

is to be treated with chlorine. While the chlorine is passing through
the tube, this charcoal is first raised to a strong red heat, and then

the mixture.

The acid of the yellow chloride from the Bodenmais mineral, which

is contained in it along with the niobic acid, I have named Pelopic

acid, and the metal Pelopium, from Pelops the son of Tantalus and

the brother of Niobe ; to point out, at the same time, by this name,
not only its simultaneous occurrence with the oxide of niobium, but

more particularly the very great resemblance of pelopic acid to the

tantalic acid from the Finland tantalites. This similarity is indeed

more perfect than exists between the combinations of any other two

simple metals ; it is so great, that it was only after a long-continued
and most minute investigation that I could decide upon publishing

the results I had obtained. The combinations of niobium are, on

the contrary, very different from those of pelopium or tantalium.

I will here describe the most important properties by which the

compounds of tantalium differ from the corresponding compounds
of pelopium, and at the same time enumerate those of niobium.

In its properties pelopic acid is intermediate between tantalic and

niobic acids, just as strontia between baryta and lime. And in the

same way as we are able to explain many properties of strontia, by

assuming it to be a mixture of the two last-mentioned earths, we
are able to determine a priori most of the properties of pelopic acid,

by admitting it to be a mixture of a large proportion of tantalic acid

with a small quantity of niobic acid ; and as was the case with

bromine, which, on its discovery, was considered to be a combi-

nation of chlorine and iodine, I myself was long of opinion that the

pelopic acid was nothing more than tantalic acid still contaminated

by a certain quantity of niobic acid, which I had not succeeded in

separating. It was only by an uninterrupted investigation of this

subject for several years that I became convinced of the distinctness

of pelopic acid.

The chlorides of the three metals dissolve in cold concentrated sul-

phuric acid without any evolution of heat, but with disengagement
of hydrochloric acid ; but if the solution of the chloride of tantalium

and pelopium is boiled, it solidifies to a jelly. Water then does

not dissolve any of the tantalic acid, but a large quantity of the

pelopic acid. The solution of the chloride of niobium in sulphuric
acid is not rendered turbid by boiling ; it even remains clear on

dilution with water, but if it be now boiled, the whole of the niobic

acid is precipitated from the solution.
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Chloride of tantalium dissolves in hydrochloric acid in the cold to

a turbid liquid, which after some length of time forms an opaline
jelly, from which cold and boiling water dissolve only traces of tan-

talic acid. But if chloride of tantalium is treated with boiling hy-
drochloric acid, it does not dissolve entirely, and on cooling it does not
form a jelly, but water now dissolves the whole of it to an opaline
liquid, which is not rendered more turbid by boiling. Sulphuric
acid produces in it, after some time, a voluminous precipitate even
in the cold. The chloride of pelopium behaves in a similar manner,
except that sulphuric acid does not produce a precipitate in the cold
in the solution obtained by boiling and diluted with water, but only
on boiling. Chloride of niobium does not dissolve in cold hydro-
chloric acid ; scarcely anything is dissolved on the addition of water ;

when however chloride of niobium is boiled with hydrochloric acid,
it does not dissolve in it, but on diluting with water the whole
dissolves, and the niobic acid is not even precipitated from the solu-

tion by boiling. When however sulphuric acid is added, a turbid-
ness results even in the cold, and the whole of the niobic acid is

precipitated by boiling. When, on the other hand, but a small

quantity of hydrochloric acid is placed in contact with the hydrates
of the acids, the result is quite a different one. The same is the
case when the chlorides of the three metals are treated with much
water. The niobic acid is then completely separated on boiling from
the chloride of niobium, and also the pelopic acid from the chloride
of pelopium ; but tantalic acid does not separate quite so completely
from the chloride of tantalium.

Chloride of tantalium, heated with a solution of hydrate of pot-
ash, is partly dissolved ; but a solution of carbonate of potash does
not dissolve any tantalic acid even on boiling. Chloride ofpelopium
is dissolved in large quantity by solution of caustic potash, and even
carbonate of potash dissolves it in tolerable abundance on boiling.
Chloride of niobium is dissolved even in the cold by a solution of

potash, and also by boiling in a solution of carbonate of potash.
Tantalic acid remains white on being heated to redness ; pelopic

acid is rendered slightly yellowish ; niobic acid, dark yellow. On
cooling, both again become as white as before ignition.

All three acids exhibit, when their hydrates are heated very
strongly, the phenomenon of incandescence. This however is not
the case when the compounds with sulphuric acid are treated with

ammonia, and then heated to redness. •

Tantalic acid, exposed in a current of hydrogen to a strong red

heat, remains white ; pelopic and niobic acids become black ; but
the reduction which these acids undergo is quite inconsiderable,
for very doubtful traces of water are perceptible, and the blackened
acids quickly become white when heated with access of air, without

experiencing any perceptible increase in weight. When tantalic acid
is heated to redness in a current of gaseous ammonia in a brisk

charcoal fire, it is turned gray, with the formation of but slight
traces of water. Pelopic and niobic acids become black, and are

reduced, with the production of a considerable quantity of water.

When tantalic acid is heated in a brisk charcoal fire, and sulphu-
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retted hydrogen gas passed over it, it becomes slightly gray, but no
trace of water is perceptible. Pelopic and niobic acids are converted

by the same treatment slowly but entirely into sulphurets, with for-

mation of water and separation of sulphur.
Metallic pelopium can be prepared from the chloride by treat-

ment with ammonia, in the same way as the metals from the chlo-

ride of tantalium and chloride of niobium. It has the greatest re-

semblance to tantalium.

When the ignited acids, which are insoluble in almost all reagents
in the moist way, are fused in a silver crucible with hydrate of pot-
ash, they dissolve in it. The fused mass is soluble in water. Hy-
drate of soda behaves in a different manner. When the ignited acids

are melted with it, the fused masses obtained are not clear ; but an
insoluble sediment is formed, which does not dissolve in any excess

of the alkali. If the fused mass be treated with a moderate quantity
of water, the excess of soda is removed, and a white insoluble mass
remains. If, after removing the free soda, a large portion of water
be poured over the insoluble mass, it dissolves, and most com-

pletely when niobic acid has been employed.
The insolubility of the three acids in excess of soda, while the

potash compounds are soluble in excess of potash, essentially cha-

racterize them. In this they differ from similar acids, especially
from tungstic acid. When the solutions of the soda salts are mixed
with concentrated solutions of hydrate of soda, they immediately
become turbid ; if the mixture was made very slowly and carefully,
all three soda salts may be obtained in crystals, which are deposited
on the sides of the vessel. But crystals only of the niobate of soda
can be easily obtained of any size. I succeeded in obtaining them
half an inch and more in size, but in general they are much smaller.

They are sparingly soluble in cold, more readily soluble in hot

water
; the solution may be boiled without becoming turbid ; it can

be evaporated, and the niobate of soda deprived of its water of cry-
stallization without being decomposed. The salt is only rendered

insoluble in water by being heated to redness.

The pelopate, and especially the tantalate of soda, are less stable ;

when their solutions are boiled, an insoluble white precipitate sepa-

rates, which is an acid salt of soda.

When the niobate of soda is exposed to a red heat, and a current

of dry sulphuretted hydrogen passed over it, a dark black crystalline
mass is obtained, from which water removes hydrosulphated sul-

phuret of sodium, while crystalline sulphuret of niobium remains

undissolved.

When pelopate of soda is treated in the same manner, there is

also no sulphosalt formed, but only sulphuret of pelopium. The
tantalate of soda remains white on treatment with sulphuretted hy-

drogen, but its soda is converted into sulphuret of hydrogen and

sodium.

When niobic acid is fused with an excess of carbonate of soda

until the fused mass no longer decreases in weight, the amount

of oxygen in the expelled carbonic acid is twice that in the niobic
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acid employed. The results obtained on fusing pelopic and tan-

talic acids with carbonate of soda did not agree. By long-con-
tinued fusion of tantalic acid with carbonate of soda, so much car-

bonic acid is expelled that its amount of oxygen was equal to that

of the tantalic acid employed, and finally exceeded it. But never-

theless this basic salt does not dissolve undecomposed in water, but

leaves a considerable residue of acid tantalate of soda. Something
similar takes place with pelopic acid, only the basic pelopate of

soda formed dissolves entirely in water.

When the three acids are fused with carbonate of potash, they
exhibit similar properties ; but the potash salts are as soluble

in the excess of carbonate of potash as in hydrate of potash. In

this way we obtain compounds which are soluble in water and cry-
stallize ; but they contain carbonate of potash, which cannot be

separated in any manner.
The combinations of tantalic acid with the alkalies are charac-

terized by their passing on all occasions into insoluble acid salts,

especially on boiling and evaporating their solutions. The solutions

of the alkaline pelopates exhibit this property in a far less degree,
those of the niobates not at all. Insoluble acid niobates of potash or

soda can only be produced by not fusing the acid a sufficient time

with the carbonates.

Tantalic acid is soon and entirely precipitated from its alkaline

solutions by carbonic acid as an acid salt ; the same is the case with

pelopic acid, but with greater difficulty and far more slowly. It is

, owing to this that the neutral solution of tantalite of soda becomes
turbid even by exposure to the air, while that of the pelopate of

soda does not become turbid even after long exposure, which is

characteristic of it. Carbonic acid produces a precipitate in the

solution of alkaline niobate only after a considerable length of time,

which however is again dissolved by much water.

When the solutions of the alkaline tantalates and pelopates are

treated with an excess of hydrochloric acid, the eliminated acids

dissolve to faintly opaline liquids. Sulphuric acid produces in these

solutions precipitates, and separates the acids on boiling ; however,

only the pelopic acid entirely, and not so the tantalic acid. Hydro-
chloric acid precipitates the acid from the solutions of the alkaline

niobates in the cold, and still more so on boiling; an excess of hy-
drochloric acid merely dissolves slight traces. This behaviour is

in so far interesting, as we have seen that under other circumstances

niobic acid may be wholly soluble in hydrochloric acid. Sulphuric
acid precipitates niobic acid from its alkaline solutionseven inthecold.

From the solutions of the alkaline tantalates the acid is entirely

precipitated, without the assistance of heat, by chloride of ammo-
nium, pelopic acid less perfectly, and niobic acid still less.

When the solutions of the alkaline tantalates are rendered acid

with hydrochloric or sulphuric acid, a pale yellow precipitate is pro-
duced in them by tincture of galls. An orange-yellow precipitate
is formed, under similar circumstances, in solutions of the pelopates,
and a dark orange-red in those of the niobates.
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Fcrrocyanide of potassium produces in solutions of the tantalates

of the alkalies, when they have been rendered slightly acid, a yellow

precipitate ; in those of the pelopates, a brownish-red ; and in those

of the niobates, a red one.

When the three acids are fused with bisulphate of potash, they
dissolve in it. Niobic acid alone solidifies with it to a crystalline
mass. Water removes sulphate of potash from the fused masses,
and leaves compounds of sulphuric acid with the metallic acids,

from which however the sulphuric acid can be removed by very long
treatment with water.

When hydrochloric or sulphuric acid is added to the solution of

the niobate of potash or soda, and then a bar of zinc immersed in

it, the separated niobic acid soon assumes a very beautiful pure blue

colour. It gradually becomes dirtier, and finally brown. The blue

colour is produced, in the solutions of the alkaline pelopates, only
on the addition of sulphuric acid ; but not even then is a blue colour

produced in the alkaline tantalates, which however takes place when
the solution of the chloride of tantalium in sulphuric acid is treated

with water and zinc.

Tantalic acid yields before the blowpipe colourless pearls with the

fluxes even in the inner flame ; pelopic acid gives with the microcosmic
salt in the outer flame a colourless, in the inner one a brown pearh
Niobic acid colours the microcosmic salt in the inner flame of a

beautiful blue
; the pearl can be easily blown colourless in the outer

flame.

These are the most important differences between pelopic acid

and tantalic acid on the one hand, and niobic acid on the other. To
ascertain accurately the behaviour of these acids and their combina-
tions is one of the most difficult tasks, as all three acids frequently
exhibit highly anomalous properties. We have seen, for instance,
that the niobic acid is readily dissolved, under certain circumstances,

by hydrochloric acid, when separated from its combinations, while

under not very dissimilar circumstances it is almost entirely precipi-
tated by it. This is owing to the acid assuming different isomeric

modifications.

The three acids resemble in this respect uilieic acid, the behaviour

of which towards reagents is frequently remarkable, and only excites

less surprise from our having been long acquainted with this acid,

and its properties having been thoroughly examined.

This tendency of the three acids to assume different isomeric

modifications is connected with the great variability which they
exhibit with respect to their specific gravity. My experiments on
this subject have led me to the most unexpected results ; although
I have not terminated my investigations, I will nevertheless commu-
nicate at present some of the most important.
Some time ago I drew attention to the fact, that in the artificially

prepared titanic acid the specific gravity gradually increases by
long-continued ignition, until it attains that of rutile. In the same

way the modifications of titanic acid which occur in nature, anatase

and brookite, may be converted by continued ignition into rutile.

I thought that the publication of these facts would have induced
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chemists to examine the specific gravity of other oxides at different

temperatures, since these changes have an important influence on

the atomic volume. This however has not happened, with the ex-

ception of a very interesting investigation of Count Schafgotsch, on

the specific gravity of silicic acid, in which he has shown that opal
heated to redness has so low a specific gravity, that it floats on oil

of vitriol ; but that the specific gravity is so increased by heating to

redness, that it equals that of chemically-prepared silicic acid (2*2),
but which is still considerably lighter than quartz and rock-crystal

(2-6).
The changes which the three metallic acids under consideration

experience by heating to redness are far more remarkable. When
the hydrate of pelopic acid is deprived of its water by a gentle red

heat over a spirit-lamp, just sufficient to produce the phenomenon
of incandescence, and then exposed to a strong red heat in a

charcoal fire, its specific gravity is considerably increased. If we
examine the ignited acid under the microscope, we see that it con-

sists for.the greater part of amorphous granules, in which some small

crystals are perceptible. The ignited acid was then exposed to the

most intense, and at the same time continuous heat that a platinum
crucible is capable of bearing, that of tne porcelain furnace of the

Royal Berlin Manufactory. The acid was not melted by it, but was

converted into a coarse sandy powder, which, examined under the

microscope, consisted of large perfect crystals. The specific gravity
of the acid however was thereby considerably diminished ; curious

enough, it had become still lower than that which the acid pos-

sessed after the hydrate had been exposed to a gentle heat over a

spirit-lamp in order to expel its water.

On repeating this experiment, the specific gravity of the crystal-

lized acid, which had been ignited in the porcelain furnace, was

found to be constant, while by no other temperature could the acid

be brought to a constant specific gravity.
These experiments are in so far remarkable as they prove pre-

cisely the contrary of what has hitherto been frequently admitted.

. Crystalline bodies, such as vesuvian, epidote and garnet, fuse at a

high temperature, become amorphous, but of lower specific gravity.

It is evident that what applies to these substances cannot be advanced

as a general rule.

Niobic acid has a far lower specific gravity than pelopic acid.

It exhibits a similar behaviour. The acid, exposed to the tempera-
ture of the porcelain furnace, appears under the mici'oscope per-

fectly crystalline.
Tantalic acid behaves very different to the other two acids. It is

the heaviest of all, and, by heating to redness in a charcoal fire, in-

creases considerably in specific gravity, from 7*0 or 7"1 to 8*2. In

the fire of the porcelain furnace it is likewise converted into a coarse

powder, but which does not appear distinctly crystalline under the

microscope. Its specific gravity is thereby only slightly lessened.

In all these experiments no alteration in the absolute weight was

perceptible.
—From the Chemical Gazette for September 15, 1846.
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ON ILMEN1UM—A NEW METAL.

This new metal was discovered by M. Hermann in a mineral which
he supposed at first to be yttro-columbite, which he now proposes to

call yttro-ilmenite, since it contains no columbic acid. The ilme-

nium which occurs in this mineral is in a form that has many cha-

racters in common with columbic acid, but is distinguished from it by
several others ; for example the density of ilmenic acid is much less

than that of columbic acid ; it becomes very yellow by calcination ;

its hydrate, moistened with hydrochloric acid, assumes a blue colour

when in contact with zinc ; and it expels when fused with carbonate
of soda a much larger proportion of carbonic acid. In the same way,
ilmenic acid is distinguished from niobic acid, by the perfect insolu-

bility of its hydrate in concentrated hydrochloric acid, and by its

giving no colour to glass by the blowpipe.
A characteristic property of ilmenic acid is, that a solution of il-

menate of soda gives with a mixture of hydrochloric acid and tinc-

ture of galls, or ferrocyanide of potassium, precipitates which are of

a much deeper brown colour than hydrate of iron
; neither columbic

nor niobic acid gives a precipitate of so deep brown a colour. The
atomic weight of ilmenium is not so great as that of columbium and
niobium. If it be admitted that ilmenic acid contains two atoms of

oxygen, the atomic weight of ilmenium will be 753 -0=Il2
.

The preparation of ilmenic acid from yttro-ilmenite is effected by
reducing the mineral to fine powder and fusing it with six times its

weight of bisulphate of potash, till a limpid solution is obtained ; this

is to be treated with boiling water, so as to leave an insoluble sub-

sulphate of ilmenium.

To be sure that none of the mineral remains undecomposed, the

subsulphate of ilmenium is to be again fused with bisulphate of potash
and treated as before. After having well-washed the subsulphate, it

is to be moistened, without drying, with hydrosulphate of ammonia,
and digested with it ; it is then to be washed, boiled with concentrated

hydrochloric acid, again washed and dried. These operations yield

subsulphate of ilmenium, which when heated in a forge, gives pure
ilmenic acid.

Metallic ilmenium is obtained by calcining in an atmosphere of

ammonia, the ammonio- chloride of ilmenium, in the same manner as

employed in reducing niobium. It forms porous particles or cohering
leaves having the black appearance of soot, or of the charcoal pro-
duced by the burning of sugar. Ilmenium does not decompose water ;

neither nitric nor hydrochloric acid nor aqua regia, even when boiling,
acts upon ilmenium ; when heated in the air it takes fire, burns and

yields white ilmenic acid.

Ilmenic acid is therefore obtainable by three processes,
—by the

combustion of ilmenium, the calcination of hydrate of ilmenium, and
the calcination of subsulphate of ilmenium in a forge. When obtained

by the first or third method, it has the form of perfectly white frag-

ments, with an earthy fracture ; these fragments possess but slight

cohesion, for bv the slightest pressure, or by moistening with water,

Phil. Mag.'S. 3. Vol. 29. No. 195. Nov. 1846. 2 F
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they are reduced to a soft powder. The acid prepared by the second

process forms white firm masses which have a conchoid al fracture

and no lustre.

During calcination, ilmenic acid assumes a fine golden tint; and
the acid obtained" from the hydrate becomes, under these circum-

stances, of a deeper colour than the acid prepared by calcining the

subsulphate. On cooling, the ilmenic resumes its white colour per-

fectly. Its specific gravity is from 4*10 to 4 -

20.

Hydrate of ilmenium is precipitated when excess of hydrochloric
acid is added to a solution of ilmenate of soda ; it is a white, dia-

phanous and gelatinous precipitate, which dries in opake compact

pieces.
Ilmenic acid does not dissolve in concentrated sulphuric acid, but

at a red heat it fuses readily with bisulphate of potash or soda, yield-

ing a limpid product which is yellow while hot and becomes colour-

less on cooling. After washing this product, the ilmenic acid re-

mains perfectly insoluble, in combination with sulphuric acid, forming
a thick white precipitate, which leaves on drying white pieces of an

earthy fracture.

Ilmenic acid has but slight affinity for sulphuric acid ; by long-
continued washing it separates from it perfectly, and is converted

into hydrate.
A portion of sulphate of ilmenium, the last washings of which still

retained traces of sulphuric acid, was dried at 122° F. ; and was then

found to consist of ilmenic acid 77*63, sulphuric acid 7'69, water

14'68.

Subsulphate of ilmenium even while moist is totally insoluble in

hot concentrated hydrochloric acid ; this property distinctly marks

the difference between ilmenic and niobic acid. Subsulphate of il-

menium readily loses the whole of its sulphuric acid at a red heat.

Chloride of ilmenium is prepared like the chloride of columbium
;

it is deposited in the cold part of the porcelain tube like hoar-frost,

composed of yellowish translucent prisms ; in a moist atmosphere
this salt exhales hydrochloric acid vapours ; it then becomes white

and opake; when thrown into water it is decomposed, with the

evolution of much heat, and with the production of hydrochloric acid

and diaphanous colourless flocks of hydrate of ilmenium. It absorbs

ammonia with great avidity and the disengagement of considerable

heat ; a yellow mass is also produced, which by calcination in vacuo

is converted into hydrochlorate of ammonia and ilmenium.

Equal parts of ilmenic acid and dry carbonate of soda, heated

strongly to redness, lost carbonic acid equal to 29*1 per cent, of the

weight of the ilmenic acid.

Ilmenate of soda is a gray mass with an earthy fracture ; when
boiled in water it is decomposed into soluble subilmenate of soda and

a superilmenate which is deposited in the state of a white powder.
Excess of either nitric or hydrochloric acid completely precipitates

the ilmenic acid from ilmenate cf soda ; this circumstance distin-

guishes it essentially from columbic and niobic acids, which remain

partly in solution.

A concentrated solution of ilmenate of soda does not yield cryste
1 *
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by spontaneous evaporation ; the solution becomes gradually turbid

by the action of the carbonic acid of the air, and deposits a white

powder of acidulous ilmenate of soda.

When ferrocyanide of potassium, and afterwards hydrochloric acid,

are added to a solution of ilmenate of soda, a precipitate of a deeper
brown colour than hydrate is produced; tincture of galls acts similarly.

Hydrate and subsulphate of ilmenium do not dissolve in acids ;

acid solutions of ilmenic acid cannot therefore be prepared for the

purpose of acting upon zinc ; but if the hydrate or subsulphate re-

cently precipitated be moistened with hydrochloric acid, and then

exposed to tlie action of zinc, a grayish-blue colour is produced.
With borax and with a phosphate, ilmenic acid produces glass

both in the interior and exterior flame of the blowpipe, which appears
to be yellow, but which becomes colourless on cooling. This metal is

so named from the Ilmen mountains near Miask, in which the mineral

containing it is found.—Journ. de Pharm. et deCh., Octobre 1846.

[It is very probable that this new metal may prove to be nothing
more than pelopium described in the preceding paper. In a commu-
nication with which we have been favoured, Prof. Rose states " that

he cannot venture to decide in what relation the ilmenic acid stands

to pelopic acid, from the few properties which M. Hermann has

described. According to him, ilmenic acid acquires a golden-yellow
colour on ignition, while pelopic acid, according to my experiments,

only becomes yellowish. The most important character of ilmenic

acid, by which it differs essentially from tantalic and niobic acid, is

said to be that it is precipitated entirely by hydrochloric acid from the

solution of its soda salt ; while pelopic acid, according to my experi-
ments, when precipitated by hydrochloric acid from a solution of the

pelopate of soda, is dissolved in an excess of the acid to an opalescent

liquid, in which no precipitate is formed by boiling. According to

Hermann, the solution of the ilmenate of soda is rendered turbid by
the influence of the carbonic acid of the atmosphere, which I have
not observed to be the case with the pelopate of soda. The quantity
of carbonic acid which, according to Hermann, is expelled from the

carbonate of soda by fusion with ilmenic acid, is entirely different

from that which is expelled under similar circumstances by pelopic
acid. Tincture of galls produces, according to Hermann, in a solu-

tion of the ilmenate of soda to which some hydrochloric acid has been

added, a brown precipitate ; that formed under similar circumstances
in pelopate of soda, according to my observations, is orange-yellow.
The beads produced in the inner and outer flame before the blow-

pipe, by ilmenic acid with borax and microcosmic salt, are yellow
while hot and become white on cooling, which does not agree with
the behaviour of pelopic acid towards the same reagents. Lastly, the

specific gravity of ilmenic acid, as stated by M. Hermann, does not

agree with thatwhich I havefound for pelopicacid."
—Ed. Phil. Mag.]

ON XANTHIC OXIDE.
MM. Einbrodt and linger notice an error committed by MM.

Wcehler and Liebig respecting the composition of xanthic oxide.

2 F 2
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It appears to result from the observations of MM. Einbrodt and

Unger, that the substance lately found in guano by the latter is not

identical with xanthic oxide ; according to them xanthic oxide is

OH.4N4 2
; and guanine, which was mistaken for the same substance,

is C 5 H 5 N*0.
M. Unger also observes that guanine yields, by nitric acid, an acid

which crystallizes in small regular prisms, which are but slightlv
soluble in water, and possess the composition of uric acid, plus oxygen
and the elements of water. M. Unger confines himself to indicating
C 10 H 10 N 8 O9

, which probably relates to the anhydrous and hypo-
thetical acid ; to this must be added H~ O in order to designate the

real and free acid, that is C 10 H 12 N s O 10
, or rather O H6 N* O 5 in

M. Gerhardt's notation.—Journ. de Pharm. et de Ch,, Septembre
1846fj[B .jX{j \ -IQ3&W mil dJivr gnL
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TINCTURE OF LOGWOOD AS A TEST FOR BICARBONATE OF LIME.

M.Dupasquier states that he employs spirituous tincture of logwood
to discover bicarbonate of lime in spring water ; according to this

chemist the tincture should be prepared, either cold or with heat,

with logwood recently cut and divided. The tincture has a brownish

colour, and three or four drops being added, instantly communicates
a fine violet colour to water which contains the least trace of bicar-

bonate of lime. In a water which contains "any other salt of lime,

it occasions only a pale yellowish colour.

Selenitic waters, containing bicarbonate of lime, give the former

appearance when cold, whereas after being boiled so as to decompose
the last bicarbonate, the second reaction ensues from the sulphate
of lime.

f0fl 9Jj| Tjr oisdi ^jlTsmai buollnO .M
According to M. Dupasquier, the bicarbonate of lime, which is

held in solution either in spring or river water, acts upon the colour-

ing principle of the logwood in the same manner as the alkalies or

the soluble neutral alkaline carbonates.—Journ. de Chim. Mid.,

Septembre 1846. ,Qb byraici 9J«Jiqh>an
aoia

ON THE TREATMENT OF OSMIURET OF IRIDIUM.

Instead of acting upon the osmiuret of iridium by calcination with
common salt in a current of chlorine, M. Fritzsche prefers fusing
this mineral with a mixture of chlorate and caustic potash.

For this purpose he fuses over a lamp, in a capacious porcelain
crucible, equal parts of the chlorate of potash and caustic potash,
and introduces the osmiuret of iridium. If the heat be continued,
the oxygen which is set free attacks the mineral, which is soon ob-

servable by the yeilowish-brown colour of the mass; this swells

considerably and becomes gradually thicker ; as soon as the action

is over the product is black and sinks. During this operation no

vapour of osmium is disengaged ; but some is produced if the heating
of the mass is continued ; this is, however, useless as soon as the

action is complete and the mass has become soluble in water. Sixty

-email brtfi bha ohiio i
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parts of osmiuret of iridium require ten parts each of chlorate and

hydrate of potash, and the operation may be conveniently performed
over a lamp in a porcelain crucible ; it requires about half an hour.—
Journ. de Pharm. et de Ch.„ Septembre 1846. ,,m; i

ANHYDROUS ALCOHOL.

A I. Casoria proposes to employ perfectly dry sulphate of copper
to render alcohol anhydrous, and also to employ it as a test for as-

certaining that it is perfectly free from water. For these purposes
he saturates alcohol, of 83° by the instrument of Gay-Lussac, with

fused chloride of calcium : he distilled one-third of the liquid, and
to about 7500 grains he added a small quantity of the anhydrous sul-

phate, and kept the mixture in a well-closed bottle which was shaken

occasionally. The salt, by combining with the water of the alcohol,

resumes its blue colour, and fresh portions of the salt are to be added

till the blue colour ceases to be produced : the alcohol after distilla-

tion may then be considered anhydrous.
To determine the absence of water from alcohol, a small quantity

of dry sulphate of copper is to be put into a glass tube and the alco-

hol poured upon it : if no colour be generated the alcohol may be

regarded as anhydrous. In performing this experiment it is requi-
site to keep the tube closed, as the moisture of the atmosphere
would interfere with the accuracy of the result.—Journ. de Chim.

Med., Juillet 1846.
..-moloo dsjmolisrr obsq a vino ano

laono'i sdt avis ,9mil *to olsh^
— "

ACTION OF FERROCYANIDE OF POTASSIUM ON THE TARTRATE
, -fa r AND CITRATE OF IRON, ETC. I iejsL

M. Calloud remarks, that on examining the action of ferrocyanide
of potassium on the tartrate and citrate of iron, some remarkable

reactions occur, which are not common to all the salts of iron .

The neutral tartrate of iron, like the neutral citrate, is precipitated

by the alkaline ferrocyanides, like all the other persalts of iron; but

the precipitate formed does not possess all the appearances of com-
mon prussian blue ; its colour is often much modified, without its

being occasioned by an excess of either of the salts employed. Tar-

trate of iron with excess of tartaric acid, on the contrary, does not

precipitate the solution of ferrocyanide of potassium ^'but the liquor
becomes immediately blue and remains clear. After a considerable

time has elapsed a slight precipitate is formed, which is hot dense,
like prussian blue ; the liquor remains nevertheless bright and blue.

The properties of the blue liquor, obtained by evaporating to dry-
ness the mixture of tartrate of iron with excess of acid with ferro-

cyanide, are not altered by evaporation to dryness. It is concen-
trated by heat without being decomposed : the product of the eva-

poration remains of a fine deep blue colour, and redissolves in water ;

ammonia however destroys its colour ; this effect is explained by the

immediate formation of the double tartrate of iron and ammonia,
which, like the other double tartrates of iron and alkalies, does not
act upon the ferrocyanide of potassium.

Citrate of peroxide of iron with excess of citric acid and ferro-
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cyanide of potassium form the soluble blue, also decomposable by
ammonia. The author did not examine the action of ferrocyanide
of potassium on any other salts, but thinks it probable that it would

be similar upon all the series of salts of iron with organic bases.

The prussian blue precipitated from a persalt of iron, with the

sulphate, nitrate or chloride, is not dissolved by tartaric acid alone,

nor is it at all modified by it ; but on adding ammonia to the mixture,

it is converted from blue to white, and presents phases of colour ac-

cording to the quantity of ammonia added. Thus it becomes violet,

purple, amethystine, rose-red, pale red, and then white. This white

precipitate becomes blue again by the addition of a fresh quantity of

tartaric acid, and passes again to white by ammonia; when exposed to

the air and under water, it remains white, and becomes blue by drying.
The interesting point in this reaction is, that it differs entirely

according as a solution of tartrate of ammonia, ready prepared, is

poured on the prussian blue, or tartaric acid first and ammonia after-

wards. In the first case, the prussian blue dissolves, and the solu-

tion is of a magnificent violet colour
;
in the second, the precipitated

prussian blue is not dissolved, and from blue it soon becomes white.

The vegetable salt modifies the prussian blue also, but it does not

entirely change the colour unless employed in excess.

Tartrate of ammonia, as first mentioned by M. Monthiers, pos-
sesses the property of dissolving prussian blue. M. Calloud states

that he had also observed this fact, and had noted it for future ex-

amination.—Journ. de Pharm. et de Ch., Septembre 1846.

PREPARATION OF VALERIANATE OF ZINC.

M. Lefort remarks that it is perfectly demonstrated, by the nu-

merous experiments which have been undertaken to discover an

oeconomical mode of preparing valerianate of zinc, that valerianic acid

results from the oxidizement of the oil of valerian.

M. Gerhardt has also found that oil of valerian exposed to the air

yields valerianic acid, and it is upon this observation that the new

process indicated by M. Brun-Buisson is founded, who remarked

that, by exposing the distilled water of valerian for a month to the

air, he obtained about 230 grains of valerianate of zinc with about 2

pounds of valerian root ; and M. Lefort states that he has repeatedly
obtained nearly the same proportion.
M. Lefort having however examined whether it was not possible

to achieve a much more rapid oxidizement than that effected by the

air, gives the following as the best process attained :
—

Take of Valerian root . , 2 pounds [av.]

Water 10 pounds [av.]

Sulphuric acid 1540 grains
Bichromate of potash . . 930 grains

Powder the root coarsely and macerate it for about twenty-four

hours with the sulphuric acid and bichromate in a distillatory ap-

paratus and then distil ; the first quarter of water distilled, as it still

contains a considerable quantity of oil of valerian, is to be returned

to the retort ; the distillation is then to be continued as long as the

product acts upon litmus paper.
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The distilled product is then put into a porcelain vessel with ex-

cess of hydrated carhonate of zinc, and digested on a sand-bath for

two or three hours at a temperature of 1 94° Fahr. ; the liquor, fil-

tered while hot, is evaporated over the naked fire until there remains

about a pint of it ; and the evaporation is to be continued to dryness
on plates in a stove.

By this process M. Lefort obtained at three different times 262,

277, and 284 grains of valerianate of zinc from about two pounds of

valerian root.

When it is intended to employ valerian root for the preparation
of valerianate of zinc, it is requisite to have it fresh dried

; the author

obtained considerable difference of product when using the recently
and long-dried root.

It is even probable that valerian root does not always contain the

same proportion of oil at different times of the year, it being well

known that the leaves of the lauro-cerasus yield different quantities
of hydrocyanic acid at different seasons.—Journ. de Pharm. et de Ch.,

Septembre 1846. nI •"

; to ei noii

METEOROLOGICAL OBSERVATIONS FOR SEPT. 184G.

Chiswick.—September 1. Cloudy. 2, 3. Cloudless and hot. 4. Foggy: fine.

5. Very fine. 6. Cloudy. 7. Foggy : dusky haze. 8. Overcast. 9. Very fine.

10. Cloudy. 11—14. Very fine. 15. Slight fog : very fine. 16, 17. Exceed-

ingly fine. 18. Cloudy. 19. Foggy : very fine. 20. Clear and dry air. 21,
22. Cloudy. 23. Heavy rain. 24. Uniformly overcast : cloudy : overcast. 25.
Fine : cloudy : clear and fine. 26. Overcast : slight drizzle. 27. Cloudy and
fine: rain. 28. Rain. 29. Clear and cool : rain. 30. Slight fog : cloudy:
clear.

Mean temperature of the month 60°-79
Mean temperature of Sept. 1845 ,„,m..j,im,„,„. 52 '60

rjr
Mean temperature of Sept. for the last twenty years ... 57 '22

Average amount of rain in Sept 2-73 inches.
Boston.—Sept. 1—3, Fine. 4, 5. Cloudy. 6. Cloudy : rain, with thunder

and lightning p.m. 7. Cloudy : 2 o'clock, thermometer 77°. 8. Cloudy. 9.

Cloudy: rain p.m. 10. Cloudy. 11. Fine. 12. Cloudy. 13—15. Fine.

16,17. Foggy. 18,19. Fine. 20,21. Cloudy. 22. Fine. 23. Cloudy : rain

early a.m. : rain a.m. 24. Foggy. 25,26. Cloudy. 27. Fine : rain p.m. 28.

Cloudy. 29, 30. Fine.

Sdnilwick Manse, Orkney.
—

Sept. 1 . Cloudy : rain. 2,3. Cloudy. 4. Hazy:
cluu.iy. 5. Cloudy : fog. 6. Bright : fine. 7. Bright : fog. 8. Bright: clear :

aurora. 9. Bright : clear. 10. Bright : cloudy. 11. Drizzle: damp. 12. Fine:
cloudy. 13. Fog: drizzle. 14. Drizzle: damp. 15. Cloudy : drizzle. 16. Rain :

cloudy. 17. Clear: cloudy. 18. Bright : clear. 19. Bright: cloudy. 20. Bright :

cloudy: clear. 21. Bright : clear: aurora. 22. Bright: hoarfrost: clear • aurora S.
23. Bright : cloudy. 24. Rain : cloudy : fog. 25. Clear : cloudy. 26. Cloudy.
27. Clear : cloudy : aurora. 28. Clear. 29. Cloudy : rain. 30. Bright :

cloudy.

Applegarlk Manse, Dumfries-shire.— Sept. 1, 2. Very fine harvest day. 3. Very
fine harvest day, but threatening. 4. Very fine harvest day : still cloudy. 5. Very
fine harvest day. 6. Very fi ne harvest day : thunder. 7. Very fine harvest day.
8. Rain a.m. : cleared p.m. 9— 11. Fair and fine. 12. Fair and fine : thunder.
13. Fair and fine. 14,15. Fair and fine : fog. 16. Dull day : fog. 17. Dull
and threatening : fog. 18. Still fair, but cloudy. 19. Gentle rain p.m. 20.
Rain am. 21. Fair. 22. Fair, but dull. 2:!. Wet a.m.: lightning. 24. Rain.
25, 26. Showers. 27. Rain all day. 28. Showers : thunder. 29. Wet all day.
30. Fair and clear.

Mean temperature of the month 59°6
Mean temperature of Sept. 1845 52 '4

Mean temperature of Sept. for 23 years 53 -O fttsboii

Mean rain in Sept. for 18 years 3-25 inches.
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LXI. Remarks on some Points of the Reasoning in the recent

Discussions on the Theory of the Aberration of Light. By
the Rev. Baden Powell, M.A., F.R.S., F.G.S., F.R.A.S.,
Savilian Professor of Geometry in the University of Oxford*.

THE explanation of the phenomenon of the aberration of

light, as given in most of the established treatises on astro-

nomy, seems for at least a long time past, to have been generally

acquiesced in ; until at the meeting of the British Association,

1845fj the subject was stirred anew by the announcement of
the investigations of Prof. Challis and Mr. Stokes, the discus-

sion of which has been continued in so many numbers of the

Philosophical Magazine (vols, xxvii. xxviii.),and which seemed
to open a new epoch in the history of the question.
The first impressions taken, and the reports which obtain

currency in such a case, are not always to be trusted. But
we were given to understand that we had hitherto been all

along under an entire mistake with regard to aberration ; that

all the existing interpretations of it were unsatisfactory ; that

it in fact remained to this day wholly unexplained ; that all

previous writers had failed in showing the modus operandi',
and that (in the nomenclature of Dr. Whewell)

" the appro-
priate idea" was wholly wanting, until now for the first time

supplied. Some again understood it to have been asserted,
that we were now to believe no object really to lie in the di-

rection which the ray coming from it seemed to indicate;
that all objects, terrestrial as well as celestial, are subject to

aberration ;
and that the astronomer, referring the star to the

cros3 wire of his telescope, sees the wire out of its true place
and not the star.

* Communicated by the Author,

t See Report, Sectional Proceedings, p. 9.

Phil. Mag. S. 3. Vol. 29. No. 196. Dec. 1816. 2 G
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Again, the question was mixed up with the undulatory

theory. It seemed to be considered, at least by some, that a

lengthy and abstruse analytical investigation was now neces-

sary for anything like a complete explanation of what our

predecessors thought sufficiently made out by a short popular
illustration, or at most a simple geometrical construction.

On some of these points the two very able mathematicians

who first started the question were themselves at issue : and

though some other points, at first involved in paradox and

mystery, were in some degree cleared up in the course of

the discussion, yet it cannot be denied that much still re-

mained which called for further elucidation ; and even yet it

cannot be said that the minds of the scientific world in ge-
neral have been brought to any agreement, or perhaps any
such clear and definite view of the real state of the case as to

be able to come to a final decision, or to render useless an

attempt to divest the question of some of the ambiguity and

difficulty in which it has been involved.

I trust then it will not be deemed superfluous if, at a period
when the immediate controversy seems to have arrived at a

termination, I offer a few remarks which may assist in forming
a dispassionate judgement on the merits of the discussion ;

and in doing so I will premise that the chief point really at

issue seems to me to lie rather in the general nature of the

reasoning and the principles of philosophical logic involved,

than in those details to which the controversialists have more

immediately addressed themselves.

I will then first advert to the question respecting the exist-

ing explanations of the facts, and afterwards to that respecting
theories of light.

If we look to past times, from the date of the discovery of

aberration, there certainly appears to have prevailed some

little hesitation and difference of opinion as to the precise
mode of viewing and explaining it.

Bradley himself seems to have felt an anxiety to dwell on

any circumstance capable of aiding the better conception of

his idea. Indeed, in the manner of his whole discussion we

may acknowledge the justice of a remark made by Prof. Ri-

gaud* on one portion of it, viz. that it "conveys the strong

impression of its being the result of an inquiry which was new
to the writer of it ;

and shows an evident unwillingness to

omit anything which might bear upon the subject." Bradley's

original ideat (as is well known) was suggested by the chance

* Prof. Rigaud's Memoir and Miscellaneous Works of Bradley, p. xxxiv.

Oxford, 1832.

f Rigaud's Memoir, p. xxx. Thomson's History of Royal Society, 346.
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observation that the vane at the mast-head took a direction

intermediate to that of the wind and of the boat: and the

analogy was obvious between the direction in which the wind
seemed by this index to come to the boat in motion, and that

in which the light from a star seems to come to the earth in

motion
; the illustration however is but vague and general.

And in the explanations thus adopted generally, that there was
still something wanting to give a firm grasp to the apprehen-
sion, appears clearly, as well from the loose and wavering con-

ceptions betrayed in some of the speculations of that time con-

nected with the subject, as in the partial endeavours made by
others to fix the view of it more precisely.

It is perhaps a proof of the defective ideas prevalent on
the subject, that on the occasion of the transit of Venus, 1769,
Bliss and Hornsby should both have calculated the effect of

aberration as accelerating the phases of the transit ; while

Prof. Winthorp of Cambridge, United States*, contended by
means of a detailed illustration (imagining balls fired at a ship
in motion), that the effect ought to be that of retardation, in

which he was supported by Dr. Pricef.
A question somewhat of the same kind was also debated

among the French astronomers
; Monnier, Bailly and Cassini,

contending that in a transit of a planet it was only necessary
to consider the aberration of the sun

;
while Lalande intro-

duced the difference of the aberrations of the sun and planet:
and the former principle was defended by M. Jeaurat, on the

ground that the planet was dark, and its existence only shown

by the light of the sun surrounding it %.

The elaborate discussion of Euler§ contributes little perhaps
to the precise explanation. He treats the whole subject in a

geometrical form; considering the various cases of a luminous

body seen by an observer in motion later in time than the

truth, even if the observer be at rest, and different in direction

if one or both be in motion : but in constructing for the com-

position of motions he makes no reference to any further essen-

tial conditions.

Even at a much later period, Dr. Young observed
||,
"some

mistakes appear to have been made respecting this subject ;

they may be avoided by attending to one general principle;
that is, when a body moves uniformly forwards, the relative

situation of another body, whether quiescent or in motion,

appears at all times to be such as it really was at the moment
of the emission of the light of the second body ;

in other words,

*
Philosophical Transactions, 1770, p. 359. f Ibid, p. 536.

% Mem. Acad. Paris, 1786, p. 572. § Comment. Petrop. xi. 150. 1739.

||
Natural Philosophy, ii. 294.

2 G 2
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neglecting the changes in the earth's motion during the pas-

sage of light, the apparent place of the sun, or of any star

or planet, is its true geocentric place for the instant at which
the light was emitted by the sun or star, or reflected by the

planet."
This explanation appears to me, I must confess, itself in-

volved in no inconsiderable obscurity. It may however indi-

cate the kind of notions which were commonly prevalent, and
which called for such an answer; and at any rate, the precise

point of view in which the distinguished author, thus placed
the subject, will be at once seen to be quite distinct from that

taken in the recent investigations.
Other writers seem to have felt in like manner the defective

notions which prevailed, and sought to aid the more correct

conception by various analogies. Lalande* illustrated the

case by supposing a carriage with a front window open while

rain falls vertically ;
when at rest no rain will enter, but when

in motion it will. Maupertuis referred to the instance of hit-

ting a bird flying, by aiming at a point in advance of its true

place ; and others have imagined various like cases.

But these popular illustrations fail in conveying precisely
the idea of which we are in quest. The light from the star

after all comes directly to us in the position where the earth is

for the instant of observation ; and that it is not the same ray
which would have come to us at a previous instant, though it

is one parallel to it (or in the case of a nearer body, differing

only by its parallax), is indeed evident, but does not explain
the fact, that the point indicated by the telescope differs from
the real place of the star; and where and how, it would still

be asked, does the deviation take place ? It is probable that

the more discerning students would have been led to some
answer to this question, from considering attentively the ne-

cessity which obviously exists, and indeed on which the whole

turns, for referring the star to some fixed •point, that is to a

point fixed relatively to the observer, though really in motion
with him and the earth, such as the cross wire of the tele-

scope.
Now in some even of the earliest explanations offered, it is,

I think, clear that at least a near approach to a more precise
statement of the case, including this essential idea, is distinctly
made. In Bradley's original paper f it is worthy of notice

that he specially introduces the consideration of the direction

of the tube of the telescope, and the light passing along its

axis, as essential to the conception of the case (p. 647). But
besides this, in his lectures at Oxford (which commenced in

* Astron, § 2831. f Philosophical Transactions, 1728.
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1729), he employed a small model (still preserved among the

apparatus of the experimental lecture-room), which consists

of a board or ruler made to move parallel to itself, while,

by means of.the same motion, a mark on a thread moves pa-
rallel to th'e ruler over pulleys attached to the fixed part,
and consequently describes the diagonal while the ruler moves
along the base*.

That this contrivance may be spoken of as showing in ge-
neral the apparent direction in which the light would enter

the eye, is indeed obvious. But the question still remains,
xv/tat light is itVhich thus seems to come out of its real direc-

tion ? and it would seem impossible to consider Bradley's
model without perceiving that the mark passing down the

diagonal must represent the ray passing down the tube of' the

telescope, which is itself in motion with the observer ; and it is

essentially this light which is the medium of the deception,
since by composition of motions the diagonal actually coincides

with another direction in space, viz. the direct course of the

ray from the star: or to recur to the case of the boat, what is it

which corresponds to the misleading vane ? the answer could

only be—the telescope.
The fuller discussions given in the most approved elemen-

tary treatises, in pointing more precisely to the difference be-

tween the real place of the star at the instant, and that shown

* As it may not be uninteresting to preserve some notice, even of the

slightest ideas, of so great a man as Bradley, I subjoin a rough sketch ex-

hibiting the essential part of the little instrument referred to above. The
top and side of the box are omitted to give a view of the interior ; and it

will be seen at a glance that the axis (a a
t ),

which at once carries the screw

(s) (working in the teeth (qqt) fixed to b), and on which the two ends ofthe
thread (t t,)

wind in opposite directions, will by the same motion cause that

thread to move over the pulleys (pp.), and give the sliding-board (b) a
lateral motion. On its lower side (which is the part to be exhibited to the

spectator) is drawn a parallelogram, and its diagonal divided into equal

parts, so that the longitudinal motion of a mark upon the thread may be

clearly traced upon the diagonal as the parallelogram moves laterally.
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by the direction of the telescope, manifestly implying that the

light which comes down the telescope in motion coincides with

that from the star at rest, it must be allowed, approach much
nearer to a complete explanation, though they do not expli-

citly give it. It is true, several of these writers refer to specu-
lations of another kind, which would maintain the same con-

clusion with regard to the naked eye, by supposing two im-

pacts upon it, respectively proportional to the velocities of

light and the earth, the resultant of which coincides with the

direction of the ray. But they give such reasoning as entirely

separate from the former: and Vince (p. 199, 8vo.) in par-
ticular censures those writers who would confound the two.

Such reasonings are obviously insufficient as explanations of

the aberration, as well from the uncertainty of the analogy
assumed between the effects of light and those of mechanical

impact, as on other grounds.
But by far the most lucid and satisfactory was the view of

the subject taken by Clairaut*. In his memoir he gave per-

haps the first complete investigation of the astronomical

theory, leading to formulas for the aberration, not only in de-

clination but in right ascension also, Bradley having originally
considered only the former f : and it is as the foundation of this

investigation that he introduces his well-known illustration, so

deservedly adopted by most subsequent writers, and which is

peculiarly worthy of consideration in relation to our present

object.

Fig. 1. Fig. 2. *

* Mtm. Acad. Paris, 1737, p. 205. + Rigmid's Memoir, p. xxxiii.
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" In what direction must a tube be held by a person in

rapid motion so as to catch at its bottom a drop of rain falling

vertically?" (See fig. 1.) The answer to this question, if put
into more geometrical language, would be simply the con-
struction of a parallelogram whose diagonal is the vertical di-

rection of the drop, and whose side and base are respectively

proportional to the velocities of the drop and the tube, which

consequently give its inclination ; and the drop which was at

the top of the tube at the beginning of the motion will be at the

bottom of it at the end. It is but to translate this into the

language of the actual case, to say that the light which comes
down the tube of the telescope in the time in which the earth

moves through the proportional space, will by composition of

motions in the same time come down the vertical or diagonal.
in which the light from the star comes directly, and with

which it will thus coincide.

Clairaut, it is true, speaks explicitly only of the light from
the star; but the essential reference to the tube, which he ex-

pressly points out* as representing the direction of the tele-

scope, is surely equivalent to the consideration of the light
which comes along the telescope, or more precisely from its

wire, to the eye. And in Sir J. Herschel's description of
Clairaut's method t I conceive this is the interpretation im-

plied ; and hardly less distinctly* I think, in the same author's

account of aberration in his treatise on Light (§ 10), as well as

ih the more elaborate discussion of Professor WoodhouseJ.
Still that these writers fail in giving the idea its due promi-
nence and full import, by explicit andformal statements, and
the degree in which this affects the strict character of the in-

vestigation, will be best seen by a comparison with the pro-*

fessedly exact explanation as put forth by Prof. Challis.

That explanation, in the form in which it was stated in the

course of the discussion referred to, was misunderstood
; but

it appeared to me that it readily admitted of being put under
a slightly different form, by which means the essential prin-

ciple (divested of all irrelevant and extraneous considerations

with which it had been sometimes mixed up) might be at once
rendered more perspicuous, and guarded against the possibility
of misconception. As the shortest mode of stating it so as

to obviate ail objections, I would propose the following:
—

1. Let / and e (see fig. 2) respectively be proportional to

the known velocities of light, and of the earth in its orbit; let

d be the diagonal of a parallelogram of which I and e are

* Mem. Acad. Paris, 1737, p. 208. \ Astron. pp. 177, 178.
+ Ibid. i. 253.
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respectively the side and base
;
and let a /3 be respectively the

angles which d forms with / and e ; so that we have

I _ sin &
e
~~

sin a"'

or if a be very small, a—j SU1 &•

Also let /2 be the side opposite and parallel to /.

2. Then conceiving / /2 to be the successive positions of a

telescope moving parallel to itself along with the earth through
e, light coming from the top of I to the observer's eye at the

bottom, (or, more precisely, from some determinate point as

the cross-wire,) relatively to the tube and the observer, will in

the same time come down the diagonal d relatively to space,

by composition of motions.

3. If at the same time light from a star come directly in

the direction d, this will coincide with the former; it will pass
down the telescope as it moves, and the two objects will be

referred by the eye to the same direction, and will appear to

coincide though really separated by the angle «, which is

called the aberration.

4. Since the same inferences would apply also if another

parallelogram be similarly constructed on the same diagonal,
in like manner it will be seen that two objects moving with

the observer would be referred to the same direction (in which

they really are), though seen by light which really moves in

the diagonal by composition of motions.

In this sense the aberration of terrestrial objects is spoken
of; though it cannot be determined by terrestrial observations.

5. In this investigation it is assumed that the light from

the star comes in its original rectilinear course, and with the

same velocity, equally whether the observer be at rest or in

motion. It is also assumed that the velocity of light is that

given by independent observations, and comparable in a

known ratio with that of the earth in its orbit.

6. Thus, referring essentially to the light coming with the

same velocity from the wire to the eye, it is shown that the

aberration is explained by a vera causa ; and from the ex-

treme accuracy* with which the amount of aberration thus

calculated agrees with that directly observed, it follows that

the aberration is completely accounted for, and that there is no

residual phenomenon. Ifthere were any, then indeed recourse

* The mean of the direct observations, including the latest, given in

Capt. Smyth's Cycle (ii. 401), is « = 20"43. The result of calculation,

taking the velocity of light from observation of Jupiter's satellites at 82
min. in traversing the radius of the earth's orbit, gives « = 20""2.
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must be had to other principles on which to find a complete

explanation.
7. On this view the assumption of the rectilinear course is

justified; and the explanation being complete, it is wholly

superfluous to refer to the undulatory or any other theory of

light, for an explanation of the phenomenon.
Upon this review of the principles ofthe explanation, it must,

I think, be fully admitted that its most essential and character-

istic feature is prominently brought out by Prof. Challis with

far more distinct and systematic precision than by any of his

predecessors in the inquiry : and from what has been remarked

on their explanations, it will be judged to what extent we can

consider them to have really implied the more precise prin-

ciple, though they confessedly did not explicitly or systema-

tically enunciate it. I may also here add, that perhaps it

would render the matter still plainer to many apprehensions,

if, instead of the telescope and its wire, we were to substitute

the idea of a lamp elevated so as to appear against the sky to

an observer below, and in coincidence with a star. Here
then would be distinctly two rays ; one from the star at rest,

another from the lamp moving with the observer, apparently

coinciding but really differing in direction.

There is perhaps one point on which it may be necessary to

add a remark. In the above explanation it appears that the

course of a ray propagated directly (as from the star) coincides

with that given to another (propagated directly in a different

course, as from the wire to the eye) by the motion ofthe object
from which it originates along with that to which it comes ;

and

it is hence inferred, that the two objects will be referred to the

same direction as if the light from both were naturally propa-

gated in the same direction. In other words, the course by
which the star's light actually comes to the eye, relatively to the

observer in motion^ can be no other than the axis of the tele-

scope, in which direction, the eye moving along with the light

from the wire, at every instant receives an impression from

it, along with one from the star ; the one as truly comes down
the tube as the other. But then, it may be asked, when we
consider the very different modus operandi by which they
each respectively take this direction, can we be sure that the

effect ought to be the same ?

This question may, I conceive, be answered by the consi-

deration (quite independent of any theory of light), that as the

light from the star comes down the tube only by virtue of the

tube's motion, the whole effect of the ray still continues to be

in its own direction ; but the actual result must be estimated

by resolving it, only that part of it which is in the direction of

the tube being really effective on the eye.
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But this question may appear to some perhaps superfluous;
the above explanation, it may be said, only requires to have it

shown that the two rays do actually assume the same direction

in space by whatever means; and this is all that is necessary to

support the inference that the two objects must be referred to

the same direction. Those who agree in this view will then

merely consider any further discussion of this particular ques-
tion as irrelevant to the complete explanation of the fact,

though they may admit it as a question of curiosity.
Others however may not be satisfied without a further ex-

planation ;
and whether that just offered be considered fully

satisfactory or not, I confess it appears to me that some con-

siderations of the kind are necessary for showing that the star

and wire ought to be referred to the same direction.

The question raised as to what that direction is, also seems

to be answered at the same time, if the foregoing view be ad-

mitted.

The impression produced is clearly that which results from

the concurrence of two impressions, the one of the ray from

the wire, the other of that from the star
;
the one simple, the

other arising from its motion of propagation together with a

motion of translation in the eye, but whose effect coincides

with the former: and a Keries of such compound impressions
come in succession continuously in the direction of the axis of

the tube to the eye. 'this circumstance appears to me deci-

sive of the question, that both objects must be seen in the

direction of the axis.

The explanation however was held to be independent of

this question. It was said it would be equally valid should it

be contended (as, for example, on any physiological or other

grounds) that the eye received the impression not in the di-

rection of the axis, but in some other, as for instance that of

the diagonal.
And when such a doubt was started, and when it was con-

tended that the above explanation was independent of any such

question, or that the introduction of it was superfluous, a diffi-

culty was raised in many minds; it was construed as if it tended

to overset all the received notions as to the direction of vision,

and to substitute something of an abstruse and theoretical

kind ;
and the question raised, whether the star or the wire is

seen displaced, led to serious objection, especially as coupled
with the use of the term aberration applied to terrestrial

objects.
But on the above view of the matter, the direction of vision

does not appear an irrelevant consideration ;
and the question

seems clearly answered/ Thus I conceive we arrive at a pre-

cise statement of the case, and at the same time cut off a con-
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siderable source of cavil. The point determined by the posi-
tion of the telescope and its wire is that to which the eye refers

the start which is consequently seen out of its true -place by
the amount of aberration, while the wire is seen in its true

direction. The precise explanation then may be stated in all

its essential particulars, divested of the mystery and obscurity
which was sometimes found in it, and rendered at once simple,

exact, and relieved of all perplexity from appearing at vari-

ance with received notions as to the direction of vision.

But a material part of the question before us relates to the

investigation of the aberration in connexion with theories of
the nature of light. A considerable portion of the existing

controversy (we may observe) has arisen not only on the

question of the details of such theoretical analysis, but also on
the more general logical question of the grounds on which

any such investigation should be undertaken at all.

As to the actual application of theory to the explanation of

the phenomenon, Euler long since, adopting for simplicity
the emission theory, admitted that some difference in the view

taken of the case would result according to the hypothesis of

light adopted*. He more particularly notices (§ 7) the ob-

jection which might arise on the emission theory, that light
would partake in the velocity of the body from which it was

projected, which would not be the case on the undulatory.
This is further discussed (§ 24, 25, 28).

In the present state of the question it seems on all hands to

be admitted that the point at issue is a very simple one. It

in fact reduces itself ultimately to this: whatever theory we

adopt, will it account for the uninterrupted maintenance of

the law of the rectilinear propagation of light from a star to

the earth in motion, at all parts of its course, but especially
near the earth, with the same velocity ?

The emission theory obviously fulfills this condition; as does

also the undulatory, if the aether be at rest. But one of the

greatest difficulties attending that theory, as formerly delivered,
was the conception of the aether pervading all bodies and the

interior of the earth yet remaining at rest, a passage being
afforded to it through the interstices of the densest matter, in

the words of Dr. Youngf?
" as freely as the wind passes

through a grove of trees/' while the earth was in rapid mo-

* Comm. Petrop. xi. 150.

f Phil. Trans., 180.2, Experiments and Calculations on Physical Optics,

§ iv . It is remarkable that the author says he was led to this idea chiefly
from considering the aberration of the stars.
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tion. This and other attendant objections, have at the pre-
sent day led to the general admission of the aether being set

in motion by the passage of the earth through it.

On this hypothesis the conclusion does not obviously or di-

rectly follow, but it may be shown to do so by an analytical

investigation. That the theoretical investigations on the un-

dulatory hypothesis, supposing the aether in motion, given
both by Mr. Stokes and Prof. Challis, are of the highest value

and importance, as evincing the capability of the undulatory

theory to surmount the difficulty here presented, must be on
all hands allowed, whatever may be thought of the points on
which the two distinguished mathematicians differ.

The principle of Mr. Stokes's investigation is, in a word,
the analogy between sound and light; and the object is to

show that the luminiferous waves are propagated through cether

in motion, just as those of air constituting sound are propa-

gated through a mass of air in motion, and that in both cases

alike the impression reaches the organ just in the same man-
ner as if the medium were at rest. Hence some limitations

are introduced in the analysis ;
the very natural supposition

that the aether near the earth acquires the same velocity as the

earth, and thus remains, relatively to it, at rest, involving the

condition that a certain expression {udx + vdy + wdz) is an

exact differential.

Prof. Challis, on the other hand, discards these restrictions,

allowing this expression to be an exact differential or not, and
the motion of the aether any whatever: thus giving a greater

degree of generality to the investigation.
But on the question whether we can legitimately infer that

the motion acquired by the aether must be precisely equal
to that of the earth, and whether, consequently, the more ge-
neral assumption be necessary for a completely satisfactory

conclusion,
—

or, on the other hand, whether the restrictions in

the analysis are such as, without impairing its full applica-

bility to the case, are more simple and natural, as well as on

other minor points, I do not here enter: the main question
with which we are at present concerned, is that which refers

to the necessity for such theoretical investigation at all, as re-

gards the complete explanation of the phaenomenon : on which

point also the two eminent disputants are at variance.

If what has been before advanced be assented to, I conceive

while we deny the necessity for such an investigation as regards
the explanation of the facts, we must at least fully admit its

importance as regards the credit of the theory.
We may illustrate the subject by taking a parallel case:

granting the laws of reflexion and refraction, and the unequal
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refrangibility of light, the ravibow \s perfectly explained with-

out reference to the undulatory or any other theory of the

nature of light. Yet it is material to the truth of that theory
that it should 'explain the dispersion; and if it did so, as it

confessedly explains the laws of reflexion and refraction, it

would Explain the rainbow, which is a mere consequence from

them.

In other words, the aberration is not an independent pro-

perty of light, like refraction or polarization, which require a

theory to explain them, but the result (if the above principles
be admitted) ofsimpler known causes. Any theory which ex-

plains these causes explains the aberration. But it is a mat-

ter of importance for the credit of any theory, that it should

be able to explain them. Thus, more precisely, the question
is not whether any theory explains the aberration, but whether
it accounts for the facts from which the aberration is a conse-

quence.
On the other hand, there are some, who, not entirely falling

in with the above explanation, may view the whole matter

under a different aspect, and may ask, before coming to any
explanations, does not the naked fact of the aberration stand

out as a prima facie exception to the strict universality of the

law of rectilinear propagation ? and they may argue, as we
are quite ignorant of the cause of the rectilinear motion of

light, or the modus operandi which produces it, we cannot as-

sume that as light approaches the earth in motion, it may not

in some way be influenced, or a deviation caused : and it is

only so far as we assume some theory of the nature of light
that we can form any conception which may guide us to a

conclusion on this point : and assuredly a theoretical invests

gation would in this point of view be not only desirable for

the theory, but necessary for the explanation of the fact.

Those then who contend for the necessity for a theoretical

investigation to explain the aberration, appear implicitly to

assume that we cannot infer the absolute universality of the law

of rectilinear propagation of light at all parts of its course to

the earth in motion
; though the result of the investigation on

the undulatory hypothesis, with the aether in motion, is to

establish it.

The question then is, whether this assumption be really
called for in the nature of the reasoning : Is our ignorance of

the nature and propagation of light so entire, that, for anything
we know to the contrary, the mere circumstance of the rapid
motion of the observer may in some unknown way act upon
the ray of light as it approaches him and divert its course
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"ten thousand leagues away
Into the devious air

"
?

or is such an idea so wholly improbable and unsupported
by analogy that all consideration of it may be discarded, and
the question rather put, What should lead us to imagine such
an exception? ov the quus probandi be thrown on the side

of those who would assert it ?

On this question I would only observe that every inductive

law is essentially open to exceptions which may call for some
modification of it, but any such exceptions must be substan-

tiated on the most unequivocal evidence, before they can be

admitted as influencing the universality of the law. If this be

accepted as a fair rule of inductive logic, it will follow that we
need not trouble ourselves with imagined or possible excep-
tions to the general law of rectilinear propagation, which may
conceivably be occasioned by causes wholly unknown. If in-

deed we had any reasonable ground for suspecting that any
known cause, such as e. g. terrestrial magnetism or electricity
or heat, might act upon light as it approached the earth, then

it would be a perfectly reasonable demand to see whether those

causes produced any deviation, before we assumed the per-

fectly rectilinear course of the rays.
But without insisting on such considerations as those just

referred to, it will I think be agreed on all hands, that, admitting
the aberration to be wholly accounted for by the known facts

relative to the motion of light and the earth, still the explana-
tion cannot be called a perfect or philosophical one until those

facts themselves are completely explained by a theory con-

necting them, and consequently the aberration, with the whole

assemblage of laws and phaenomena of light: and therefore

that, an appeal to the undulatory (or whatever is the best-

established) theory is in this sense a necessary part of the inves-

tigation. Yet we should bear in mind that it is not more

peculiarly essential in this case than in many others; such as

e.g. the case of the rainbow before adverted to.

As another parallel case we might refer to the polarized

rings. Granting ihe facts of polarization, and of the interfe-

rences of polarized light, the formation of the rings is completely

explained without reference to any theory of the nature of

light. It is a question for the credit of any theory, whether it

will account for the laws of polarization and the interferences

of polarized light: if it does so, it explains the rings; and the

undulatory theory alone has been shown to do so. At the

same time had we no theory explaining and connecting the

laws of polarization and interference, we should certainly feel

our views of the whole subject very unsatisfactory.
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In the case of aberration, the only difference perhaps is that

the facts which explain the aberration are so much more simple
and familiar that we feel satisfied almost without any theory
of them at all.

Or again:
—the retardation owing to light entering a denser

medium, as the humours of the eye, and the question of

its influence on the aberration, were discussed at an early

period by Melvill (1753) and Wilson (1782) on the theory of

emission and attraction ; who for a long time did not perceive
the compensation effected by the greater refraction*: this is

in itself independent of theory. Yet the theoretical investiga-
tion was not unimportant.

Boscovichf also had maintained that an object viewed

through a refracting medium in motion with the observer, will

change its apparent place; and both he and Prof. Wilson had

proposed to try it by means of a telescope filled with water.

But Mr. Robisonj;, besides pointing out the impracticability
of this project, showed on theoretical grounds an oversight in

the reasoning (though he had himself for a time embraced the

idea), and concluded by establishing, on the emission theory,
this proposition :

—" If a ray of light moving in any direction,
and with any velocity, meet with the surface of a refracting
medium while it is in motion, its final relative motion will be
the same as if the medium had been at rest, and the light had

approached it with the same initial relative motion." (P. 106.)
And questions somewhat akin to these have occupied the at-

tention of more recent inquirers in connexion with the prin-

ciples of undulations; and especially the conclusion that the

laws of reflexion and refraction in general are uninfluenced by
the motion of the aether along with the earth, has formed the

subject of one portion of Mr. Stokes's investigations. And
that such investigations are requisite for a complete and satis-

factory theoretical view of the case, must on all hands be ad-

mitted.

Or to take a different illustration ;
—when the composition of

forces and the experimental law of falling bodies were known,
the explanation of the pendulum was complete, without any
reference to the theory of universal gravitation. But it was
incumbent on that theory to explain the law of falling bodies:

and when it did so, it explained the pendulum. No one how-
ever doubts that it is highly valuable and satisfactory thus to

connect the pendulum with universal gravitation. Here, in-

deed, the case is far stronger than in those of light, since we
* See Rigaud's Memoir of Bradley, p. xxxiii. and 483.

t Miscell. Works, vols. ii. and iv. 1785. % Ed. Trans, ii. 83, 1788.
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can here appeal to a vera causa of the highest and most

comprehensive kind, whilst, however exactly the undulatory
theory may explain any or all phaenomena, it still does not

carry us up to any vera causa, the existence of the aether

having no independent proof, and being thus altogether hy-
pothetical, as there is no more proof that the medium which
resists Encke's comet is the same with the luminiferous aether,

than there would be that atmospheric air is the same with

inflammable gas.

LXII. llemarkable Solar Halos seen on the 19th of October

1846. By Edward Joseph Lowe*.

f\N Monday, October 19, 1846, remarkable solar halos
^-^ were observed at Highfield House, Nottinghamshire.
The morning was fine with linear-cirri at a great altitude and
cumuli floating beneath. The upper current drove the clouds

from south, the lower from south-west.

At 22h the phaenomenon might
^''-"""""

:
^Viv he said to have commenced, for the

sky had assumed a hazy appear-
ance, and a halo (I.) of 22° 30'

radius had become visible: this

was of a pale straw colour and
soon became bright. The sky
within the halo was considerably
darker than that without.

22h 10m. An inverted arc of

another halo (II.), of(apparently)
33° radius, also of a pale straw

colour, formed at the vertex of

the other halo, appeared.
At 22h 15m the halo (II.) had

assumed a brilliant yellow colour,
and the portion (IV.) which

joined the halo (I.) a flame-like

^Vj-j^V-*--*' appearance, having widened con-

siderably, being now about 3° in

width and 6° in length. This brilliant parhelion, as I shall

call it, became in a few minutes intense in brilliancy, vieing
with the sun, for that luminary had been deprived of his

usual brilliancy by haze, and had its rays carried out con-

siderably. No change took place until 23h 30m, when a third

* Communicated by the Author.
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halo (III.), of 33° radius, and also ofa straw colour, was visible.

This circle touched the halos (1 and 2 at IV.), and its centre

was 11° below the true sun. The upper half of the halo (III.)
was bright; but the lower portion^which is marked by the

dotted lines, was not visible, owing to cumuli being very
abundant on the south horizon. The lower portion of the halo

(I.) was also at this time nearly invisible, but the parhelion
(IV.) was even more brilliant than before.

This appearance continued until h 10m, then the halo (III.),

together with the lower portion of the halo
(I.), vanished. The

parhelion (IV.), with the halo (II.) and upper half of the halo

(I.), was still very bright.
At h 40m the whole of the halo (I.) was again very bril-

liant, as also was the halo (II.) and parhelion (IV.). The
upper half of the halo (III.) had again become visible, and a
new feature to the phsenomenon occurred, to describe which
it will be necessary to continue the arc of a halo (II.) so as to

describe a circle, which we will do with dotted lines, to show
that that portion was imaginary.

In a horizontal line with the centre of the circle (II.) on
the north-east side, and at a distance of 34° from the centre,
was formed an arc of another circle (V.), inverted with regard
to the halo (II.), of (apparently) 33° radius. This was of a

pale silvery hue. The arc of a halo (V.) was formed touching
the imaginary part of the halo (II.) on a horizontal level with

the centre of the halo (II.). This was very apparent, though
not very brilliant.

At h 45m halo (V.) disappeared, together with halo (III.)
and the lower part of the halo (I.).

l
h m

. All the circles had disappeared, and the sky was
scattered over with cumuli.

lh 5m. The halo (II.) and the upper portion of the halo (I.)

and parhelion (IV.) were again visible and brilliant.

]h >jm m AH had again disappeared.
l
h llm . The halo (I.) again visible, but the parhelion (IV.)

was not formed, although the halo was visible where it was
before formed.

l h 12m. Halo (II.) faintly visible.

l h 13m . All had again disappeared, and cumuli had be-

come very abundant.
l
h 30m . The halo (II.) and upper portion of the halo

(I.) together with the parhelion (IV.) were once more formed.

The parhelion was very brilliant. Much linear cirri was

visible, with cumuli beneath moving rather rapidly. A cu-

mulostratus also was moving on the south-east horizon and
another on the east horizon.

Phil. Mag. S. 3. Vol. 29. No. 196. Dec. 1846. 2 H
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l h 45m. The phenomenon had finally disappeared, and the

haze in which these halos were formed had passed away and
the sun again shone brightly.
From 2h till 3h a rain-cloud passed along the south-east

horizon, but it never rose higher than 15°.

At 4h much cumuli passed over together with some scud,
and a few drops of rain fell. In a few minutes the sky was
clear with the exception of iew cumuli. Starlight night until

ll h
, then overcast. A near resemblance to this phenomenon

was noticed at Derby on the 16th of June 1843. (See page 32
of Lowe's Atmospheric Phenomena.)
The 1 8th had been a thorough rainy day, and l'fVuo" mcn

fell ; the wind was from the south-east, with the barometer

stationary at 29*296 inches* until 8h when it began to rise;

at 9h it had reached 29*307 inches ; it continued to rise all

night, and at 21 h of the 1 9th was 29*426 inches. At h
it had

fallen to 29*424 inches
; it remained then stationary until 8h .

At 9h it had again fallen to 29*401 inches.

The wind on the 19th was south-west all day, and the mi-

nimum temperature (seven feet from the ground, N.N.E.

aspect) was 48°; on grass 41°, the maximum temperature

(seven feet N.N.E.) 58°*5. The mean temperature during
the time the phenomenon was visible was 57 0,

5, and the

hygrometer 53°*5. The halos were all of the same width,
viz. 1°.

This phenomenon was formed in a haze decreasing in den-

sity: line weather therefore followed this appearance.

LXIII. A Simple Demonstration of a remarkable Proposition
relative to Polyhedrons f .

THE proposition expresses the relation between the num-
ber of faces, the number of corners, and the number of

edges of a polyhedron.
It was first demonstrated by Euler in the Transactions of

the Petersburg Society for the year 1758. Legendre has

given a demonstration of it ill his Elements of Geometry
(English translation, p. 180). His demonstration is quite

satisfactory, but it is founded on the rule for finding the area

of a spherical polygon, which is not very easily reached ;

whereas the demonstration which is now submitted to the

reader, rests entirely on the definition of a polyhedron, and

can be followed with the greatest ease.

* The barometric observations are corrected and reduced to 32°.

f Communicated by the Author.
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Proposition.

In any polyhedron, the number of corners, together with

the number of faces, exceeds the number of edges by two.

Or, symbolically, let

c — the number of corners,

y= the number of faces,

and e = the number of edges,
then c+/=*?+ 2.

Demonstration.

1. We shall demonstrate that when you increase c by 1,

then the increase upon c +yis equal to the increase upon e.

Let ABDGHKbea face in the original

polyhedron, and L the additional corner,

which, by drawing L A, L B, &c, forms the a<
new polyhedron, in which c is greater by 1.

Suppose that L is not in the plane pro-
duced of any of the faces that meet A D in

the edges A B, B D, &c. Let n = the num-
ber of sides in the polygon A D.
Then it is evident that n faces, with their common vertex

L, are added, while A D ceases to be a face, or 1 face is sub-

tracted, so that the real increase in the number of faces or in

f'\s
—n— 1, and since there is the additional corner L, the

total increase on c -rf\s = 1 +n— l=7i.

Again, all the lines L A, L B, &c. form new edges, so that

the total increase in the number of edges or upon e is = n.

Hence the increase upon c +J"is = the increase upon e.

Suppose now that L is in the plane of the face produced
that intersects A D in K H.
Then L K H ceases to be an additional face, and is only

part of a face of the original polyhedron ;
hence the number

of faces added, instead of », is only »— 1, while, as before, A
D ceases to be a face, or 1 face is subtracted, so that the real

increase in the number of faces is =n— 2. Hence the increase

on c +f'\s =l+n—2= n—\.
Again, the number of edges added is, as before, = n ; but

K H, which was an edge in the original polyhedron, ceases

to be an edge in the new polyhedron, or 1 edge is subtracted,
hence the actual increase on e is =n— 1.

Hence, as before, the increase on c +,/is = the increase

on e.

2. It follows that, if the proposition be true, or if c +f
=e+2 in the original polyhedron, it must also be true in the

new polyhedron.
2 H 2
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3. The proposition evidently holds when the solid is a te-

trahedron, or has 4 corners, the smallest possible number.
Thus let A B D G be the solid.

By supposition, c=4,
it is evident that /=4,
and e— 6.

Now 4 + 4= 8= 6 + 2,
or c +/=<?+ 2.

n '

4. The proposition being true when c=4, it must be true,

as above demonstrated, when c= 5.

In the same manner, the proposition being true for 5 cor-

ners, must be true for 6.

Being true for 6, it must be true for 7, and so on for any
number of corners.

St. Andrews.

LXIV. On the Constitution of Aqueous Solutions of Acids and
Alkalies. By John Joseph Griffin, Esq.

[Continued from p. 310.]

Table X.—Anhydrous Potash.

KO= 589*916 "grs. Temperature 62° F.

Specific

gravity
of the
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Observations on the Table of Anhydrous Potash.

The strongest solution of potash that I could prepare at

the temperature of 62° F. had the sp. gr. of 1*5607. Its che-

mical strength was 810°. This was determined by neutrali-

zation with pure sulphuric acid of 100°. Its formula is

KO, 6|H
20. According to Karsten the specific gravity of

anhydrous potash is about 2*656, which gives 31*73 septems
for the volume of the test atom ; but Dalton's specific gravity
of the hydrate of potash gives the very same number for the

volume of anhydrous potash. As it is improbable that pot-
ash and watefTwould combine to form the first hydrate with-

out condensation, I conclude that Karsten has merely calcu-

lated 'the specific gravity of anhydrous potash from the

specific gravity of the hydrate.
The condensation effected by potash is considerable, nearly

approaching to that effected by sulphuric acid. In a solution

of 1° the condensation per atom is 93 septems, being three

times the measure of the anhydrous potash which causes it.

The fraction which + 1 indicates the mean specific gravity
of 100° of potash is (l-656-^31'516= ) -052545.

Table XI. Showing the increase of Specific Gravity occa-

sioned in Solutions of KO by condensation.

Atoms of

KO.
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Table XII.—Carbonate of Potash.

KO
J)
C02= 886-354 grs. Temperature 62° F.

Specific

gravity
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1° the atomic measure is diminished to — 27*66 septems, the

condensation effected by 1 test atom being 82*32 septems.
According to Messrs. Playfair and Joule (Phil. Magazine,

vol. xxviii. p. 506), the atomic measure of carbonate of pot-
ash in solution is equal to that of water [namely, 16*07

septems] . This is correct when the strength of the solution

is about 70°, but not under any other circumstances ; since

at 400° the measure is twice as much, at 10° the measure is

nothing, at 3° it is minus one volume, and at 1° it is minus
two volumes.

The fraction which + 1 indicates the mean specific gravity
of 100° of carbonate of potash is (1'2643-f- 18*295= ) -069106.

Table XIII.—Anhydrous Soda.

NaO =390*897 grs. Temperature 62° F.

Authoritic
for the
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Observations on the Table of Anhydrous Soda.

The strongest solution of anhydrous soda, prepared at 62°

F., has a chemical strength of 700° and a density of 1*4. Its

formula is NaO + 9H 20. The greatest condensation occurs
in this solution, where the test atom of soda effects at once
a condensation exceeding its own volume. The atomic mea-
sure of the uncombined soda is 19*91 septems, and that of

the soda in the strongest solution is — 1*30 septem. Hence
a decigallon of this solution contains seven times 391 grs. of

anhydrous soda, in addition to more water than would fill the

vessel if no soda was present. It is impossible to obtain

any solution of soda at 62° F., a decigallon of which does not
contain more than a decigallon of water. I have already
noticed the fact, that 1000 septems of water, when saturated

with anhydrous sulphuric acid, produce 5227 septems of so-

lution. By way of contrast, I may state that 1000 septems
of water, when saturated with 140 septems of anhydrous
soda, produce only 991 septems of solution

;
and yet the con-

densation effected by 1 test atom of soda in a solution of this

kind, is only one-third part of that which it effects in a solu-

tion of 1°. At that stage of dilution the condensation effected

by 140 septems of anhydrous soda amounts to about 400

septems.
The fraction which + 1 indicates the mean specific gravity

of 100° of soda is (1*805-^-50*231 = ) '035934.

The specific gravity of the saturated solution of 700° or

specific gravity 1*4 may be explained thus:—
1*000000= specific gravity of water.

•251538 = '035934 x 7 atoms, for mean specific gravity.

•148470= 21'21 x 7 atoms, for effects of condensation.

1*400008= real specific gravity of solution of 700°.

In a solution of 300° the density caused by condensation

equals that which is produced by the replacement of water

by the anhydrous alkali, and in weaker solutions the density
induced by condensation is much greater than that occasioned

by the replacement of water by alkali, although the uncom-
bined alkali possesses nearly three times the density of water.

When a test atom of caustic soda dissolves in a minimum
of water (say 9 test atoms), the condensation it effects is 21

septems ; but when it dissolves in a maximum of water (say
6226 test atoms), the condensation effected is three times as

much. Those chemists who consider that hydrate of soda
dissolves in water without combining with it chemically, will,

it appears to me, not easily account for this condensation.
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Table XIV.—Carbonate of Soda.

NaO, CO2 = 667*335 grs. Temperature 60° F.

449

Specific

gravity
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Observations on the Table of Carbonate of Soda.

The strongest solution of carbonate of soda prepared at

62° F. has the sp. gr. of 1*166, and a chemical strength of

185°. Its formula is nearly NaO, C02+ 33H20. A solution

of sp. gr. 1*16657 deposited crystals while weighing at 62° F.

The solution of sp. gr. 1*166, if cooled a little below 62° F.,

also deposits crystals. The exact point of saturation is diffi-

cult to hit. I made many trials with perfectly pure materials,

and always weighed a quantity that filled a bottle of the

capacity of 3000 grs. of water. I believe that the sp. gr. 1*166

is very near the truth. It differs considerably however from

the usual quotations. Dr. Thomson states the specific gra-

vity of a saturated solution at 58^° F. to be 1*07516. This

is no doubt a misprint for 1*17516. Dr. Henry quotes the

specific gravity at the temperature of the atmosphere to be

1*26. This also seems to be a misprint for 1*16.

The greatest amount of condensation occurs in the solution

of sp. gr. 1*166, coincident with the greatest chemical strength
and greatest density, as is the case with solutions of all the

fixed alkalies described in this memoir.

The measure of the test atom of anhydrous carbonate of

soda is 38*66 septems, or a little above that of anhydrous

sulphuric acid. The measure diminishes rapidly as the salt

combines with water, and in a solution of 1° the atomic volume

is reduced to —70*38 septems, showing a difference of 109

septems. The condensation produced by the combination of

carbonate of soda with water exceeds that produced by the

hydration of sulphuric acid. Thus, 1 test atom of each sub-

stance, combined with different proportions of water, effects

the following condensations, expressed in septems :—

Atoms of

water.
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If, to the same quantity of salt, less water be taken, there

will be an expansion of the volume of the water
;
but if more

water be taken, there will be a visible condensation.

Messrs. Playfair and Joule place carbonate of soda among
the substances that dissolve in water without changing the vo-

lume of the water, and they give an experiment to prove its

possession of this property. (Phil. Magazine, xxviii. 506.) But
the experiment proves nothing beyond the fact mentioned

in the last paragraph. It shows a property characteristic of

a particular solution, but not a property manifested by the

salt in all its solutions. Instead of being a general character

it is only a speciality.

I may perhaps be permitted to make here a passing remark

on the theory of the aqueous solution of hydrates advanced

by M. Gay-Lussac (Ann. Chim. Phys. t. lxx. p. 426) :
—

" As it is of interest to know whether a salt, susceptible of

forming a hydrate, dissolves in water hydrated or anhydrous,
I will cite a fact which appears to me sufficient to destroy the

uncertainty. It is, that whenever an anhydrous salt, or any
other body not having the property to form a hydrate, dis-

solves in water, there is always a production of cold, and that,

on the contrary, whenever the salt can form a hydrate, there

is a production of heat. When the hydrate is completed,

previous to the solution in w?

ater, the case is the same as when
the salt cannot form a hydrate. It is conceivable that it might
sometimes happen, that the heat produced by hydration was

less than the cold produced by the change of state, but I have

not yet met with an exception."
The remark I wish to make on this passage is, that it is

fallacious in ascribing the production of heat and cold (mean-

ing thereby such as can be detected in the solutions by the

thermometer), each to a single reaction. There is, according
to my observations, always a double reaction, and it is for

want of noticing the double reaction that the "
exceptions

"

alluded to in the last sentence of the extract were never de-

tected. It is due to this eminent philosopher to offer suffi-

cient reasons for my objections to his opinions.
When a test atom of anhydrous carbonate of soda is dis-

solved in water much heat is disengaged. 38*66 septems of

the salt combine with 160*7 septems of water, and produce
179*91 septems of hydrated carbonate of soda. Here there

is a loss of volume equal to 19*45 septems, and this condensa-

tion is the source of the heat produced. But there is another

reaction also to be taken into consideration : the 38*66 sep-
tems of dry salt, in combining with the 160*7 septems of
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water, pass from the solid state to the liquid, and must ab-
sorb as much heat as is necessary to give them fluidity. The
thermometric heat is the difference between the heat produced
by condensation and the cold produced by change of state,
and in the present example the heat predominates.
But when 179*91 septems of hydrated or crystallized car-

bonate of soda are dissolved in water, much cold is produced,
though not in consequence of the occurrence of the single

phenomenon of change of state from solidity to fluidity. It

is true, that the liquefaction of 179*91 septems of crystals,
and their dispersion through 23*29 atoms

(
= 374*27 septems)

of additional water, producing a liquid compound of the bulk
of 540*54 septems, occasions the production of much cold,

yet it must be observed that the crystallized hydrate, in

forming this second hydrate, causes a condensation equal to

13*64 septems, which must unquestionably produce heat. But
since in this experiment the mass of matter to be liquefied is

almost five times greater than in the former example, while
the amount of condensation is one-third less, the single ther-

mometric result of the solution is a fall in temperature. Here
then we have evidently that "exception" which M. Gay-
Lussac was unable to find, that, namely, where " the heat

produced by hydration is less than the cold produced by
change of state." And this exception, so far from being a

rarity, must occur in every case where the atomic measure of
the substance to be liquefied is large, and its power of con-
densation but small. Without multiplying examples, I think
I may safely assume, that in all cases of solution the thermo-
metric heat or cold produced is not the effect of a single re-

action, but is the difference between the heat disengaged by
hydration and condensation, and the heat absorbed by lique-
faction or expansion.

Upon this principle, it is easy to explain the heat produced
when strong sulphuric acid and potash-ley are diluted with

water, for as in these cases the substances are already liquid,
the effect caused by condensation is predominant. We can
also easily comprehend the cause of the great degree of cold

produced by dissolving sal-ammoniac in water. I shall show,
in a subsequent section, that 62*23 septems of anhydrous sal-

ammoniac, on being dissolved in 256*70 septems of water,

equal together to 318*93 septems, actually produce 326*80

septems of solution. Here the cold produced by the lique-
faction of 62*23 septems of the solid salt is added to the cold

produced by the expansion of 318*93 septems of solution to

326*80 septems, being an expansion of 7 '87 septems
—

equal
to one-eighth part of the bulk of thcsalt. And as in this
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case no heat is disengaged, the whole effects of the cold are

thermometric.

Gay-Lussac's idea, that the production of cold on solution

is evidence that the substance dissolved cannot form a hy-
drate, or'becdme any further hydrated, appears to me to be
erroneous. How is it possible to account for the expansion
which occurs on dissolving sal-ammoniac in a minimum of

water, except by admitting the exercise of chemical action ?

or how account for the condensation it effects with a maximum
of water, except by admitting the same agency ? It seems to

me, that hydration is evident in both cases, notwithstanding
the production of cold. What other explanation also shall

we give of the phaenomena attending the solution of crystal-
lized carbonate of soda ? While in the very act of dissolving,
under production of considerable cold, this salt simultane-

ously combines with an additional quantity of water, and
causes a large amount of condensation. The heat disen-

gaged by this condensation, being spent in liquefying the

crystallized hydrate, is not sensible to the thermometer, which

only detects the cold that remains in excess. But since the

condensation certainly takes place and can be measured, it

proves the thermometer to be a very fallible and incompetent
guide in this field of research. .

Table XV.—Ammonia.

N2 H6 = 214-47 grs. Temperature 62° F.

Authorities
for the

specific

gravity.
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Observations on Table XV.—Ammonia.

The measure of the test atom of ammonia, as existing in

various solutions, varies from 44*20 septems to 43*26 septems.
The mean of 14 examples is 43*73 septems. The differences

among the determinations are all so small and so irregular as

to be apparently mere errors of experiment. Ammonia there-

fore differs from the fixed alkalies, and from the acids, in

having a fixed atomic volume in solution. If we compare this

volume with the measure of the test atom of anhydrous liquid
ammonia condensed by 6i atmospheres, we find an apparently
constant expansion of about 3^ septems ;

but of this expan-
sion we have no corroborative evidence. It may occur, or it

may not.

Reflecting upon the causes that could give to ammonia
this peculiar property of a fixed atomic volume in solution, it

occurred to me that there might be some relation between
the corpuscular constitution of ammonia and that of water.

The number of ultimate atoms in an equivalent of ammonia

being 8, and those in an equivalent of water being 3, these

numbers bear a near proportion to the apparent atomic mea-
sure of ammonia, 43*73, and the atomic measure of water,

16*07, the last of these two numbers being very nearly three-

eighths of the preceding number. I thought it possible that

solutions of ammonia might consist of compounds in which
water and ammonia were united in the proportions indicated

by those numbers. I tried to construct a table of solutions

of ammonia on that principle, using the atomic numbers of

Berzelius both for water and ammonia, but I did not succeed

by this means in obtaining consistent results, and I consi-

dered the hypothesis to be untenable. Yet, previous to

abandoning it, I thought it proper to try whether better re-

sults would ensue if the same principle was applied to the

atomic numbers for water and ammonia that have been pro-

posed by Thomson and Dumas. It gratified me to find that

this threw a new light on the difficulty, and enabled me to

calculate the following Table :
—
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Table XVI.—Ammonia.

N2 H6 = 212-5 grs. Temperature 62° F.

455

Specific
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of solution of 100°, or 1 test atom of ammonia per decigallon,
is calculated thus :—

42-857143 septems=bulk of 1 test-atom of N2 H6
.

957*142857 ... = water required to complete 1000 sept.
6700* grs.

= weight of that measure of water.

212-5 ... = weight of 1 test atom of N2 H6
.

6912-5 ... = weight of 1000 septems of solution.

6912*5
Corresponding specific gravity = -987500.

The ratio of N2 H6
by weight is

212 '5 = -030741.oy i — *«>

We have thus the weight and the volume of the water, the

weight and the volume of the ammonia, and the weight and vo-

lume of the resulting solution : in short, all the details neces-

sary to give a complete knowledge of the physical constitu-

tion of the compound.
The other solutions were all calculated in the same way.
The weight of 1°, the hundredth part of a test atom, of

ammonia, is 2-125 grs. ; its volume at 62° F. is precisely

equal to that of 3 grs. of water. Every degree of ammonia,
added to an aqueous solution, displaces 3 grs. of water, re-

duces the weight of a decigallon of solution to the extent of

3 —2*125 m *875 grs., and lessens the specific gravity by
•000125. From this principle proceed two important prac-
tical rules :

—
I. Given, the specific gravity of a solution of ammonia, to

find its chemical strength.
Deduct the specific gravity from 1*000000, and divide the

remainder by -000125. The product is the chemical strength

expressed in degrees.
II. Given, the chemical strength of a solution of ammonia,

to find its specific gravity.

Express the chemical strength in degrees ; multiply it by
•000125, and deduct the product from 1*000000. The re-

mainder is the required specific gravity.
The four solutions at the head of the list, separated from the

others by a horizontal line, are such as do not exist at the

temperature of 62° F. The first line is anhydrous ammonia,
assumed to retain its usual volume at 62° F. though free

from water. The second line is the supposititious oxide of

ammonium=N2H 80. The third line is the hydrate of that

assumed oxide = N2H8
4- H2

0, corresponding to caustic

potash. The fourth line represents the last compound with
an additional atom of water=N2H sO + 2H20. The chemical

strength of this third hydrate is 1098°. Now I have procured
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at 42° F. a solution of the chemical strength of 1120°, so

that this third hydrate is easily obtainable at a temperature
between 42° F. and 62° F.

;
and the preparation of even the

second hydrate (N
2H sO -f H2

0) is perhaps possible at a lower

temperature. At 62° F. however, the solution of 1000° was
the strongest I could prepare.
An examination of this table leads naturally to the ques-

tions, how far is it to be relied on ? how nearly does it

agree with the results of experiment ? I cannot answer these

questions better than by giving an abstract of a series of ex-

periments made expressly to test the validity of the hypo-
thesis. These experiments are embraced in Table XVII.

Table XVII.—Ammonia.

Experiments on the Specific Gravity of Solutions ofAmmonia,
of known chemical strength. Temperature 62° F.

Chemical

strength
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The chemical strength of the solutions that were examined

was determined by neutralization with pure muriatic acid,

the strength of which was ascertained by means of carbonate

of soda and nitrate of silver. The specific gravities were

determined by weighing the liquors in stoppered glass bottles

at the temperature of 62° F. I have placed side by side the

theoretical densities and those determined by experiment, and

I have added a column of differences, to show in what cases

and to what extent the experimental specific gravity indicated

a greater or lesser chemical strength than the theoretical

specific gravity. If in any of these solutions there had oc-

curred either condensation or expansion, it would be shown
in this column, where however are also shown all the errors

of experiment. These errors are very great in the experi-
ments on concentrated solutions, and they are unavoidable.

A solution of ammonia of 1000° effervesces when a warm fin-

ger is applied to the bottle containing it. In general the

specific gravity determined by experiment is too high, for

this reason, that when a concentrated solution is prepared
and adjusted to the required temperature it takes but little

time to transfer a graduated pipetteful of it into a stoppered
bottle containing water to dilute it for chemical examination ;

whereas, the transferring of a quantity of the undiluted so-

lution to a weighing bottle, the adjustment of the measure,
and the accurate weighing, occupy much time, occasion con-

siderable exposure to the air, and permit a large escape of

gas. Below 800° this difficulty is much less, and the differ-

ences are probably errors of experiment. There is however
one part of the Table in which the differences between the

computed and experimental specific gravities seem to indicate

the occurrence of expansion. This is between 500° and 100°,
and it is among solutions of this strength that Dr. Ure found

similar differences to exist between experimental and com-

puted densities ; from which differences he drew the conclu-

sion, that solutions of ammonia expand when they are diluted.

I subjoin his experiments :
—

Computed or

mean specific

gravity.

•90452
•90901)

•91838

•9278

•9375

Specific

gravity by
experiment.

•9045

•909

•9177

•9275
•9363

Computed or

mean specific

gravity.

•94737
•95744

•9G774
•97826
•989

Specific

gravity by
experiment.

•9455

9561
•9662

•9768

•9887

•Tilloch's Philosophical Magazine, vol. lvii.
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The approximate coincidence of my experiments with Dr.
Ure's will perhaps be held to prove the correctness of his

opinion ;
and I must admit that there is some appearance of

the occurrence of a slight expansion at about 300°. Yet this

apparent expansion is so small, and the figures that indicate

it are so likely to be merely the expression of errors of ex-

periment, that I consider the expansion, though possible, not

by any means proved. The evidence tending to prove that

ammonia has a fixed atomic volume in solution, seems to me
greatly to preponderate over that which indicates expansion.

My doubts respecting the occurrence of expansion were fur-

ther strengthened by the results of the following experi-
ment.

Into a long narrow graduated bottle I put 500 septems of

strong commercial ammonia, the degree ofwhich was 810°. Its

specific gravity was 0*898572 by trial. By means of a bottle

so graduated as to deliver 500 septems of water, I added that

quantity to the ammonia. The bottle was stopped, wrapped
in a thick towel, and briskly shaken for about a minute.

Each liquor previous to the mixture was brought to the

temperature of 51° F. Immediately after the shaking, the

temperature was found to be 54° F. Here was a rise of 3°,

indicating, not expansion, but condensation. When the li-

quor had returned to 51° F. its volume was examined. There

certainly was no expansion. I think there was a slight con-

densation, but it was scarcely measurable. The chemical

strength of the diluted liquor was found to be 406°. This
indicated condensation. Its specific gravity was '950600,
and since (-898572 + \)\+ 2 = -949286, this also indicated

condensation.

The results which in this experiment indicate condensation

are, I believe, as remote from the truth as those which in

other experiments seemed to indicate expansion. One of these

results is remarkable, namely, the rise in temperature which

apparently results from the combination of the two liquids.
If water and liquid ammonia combine without change of vo-

lume, there should be no change of temperature. To what
cause then shall we attribute the rise of 3° F. ? To agitation
alone ? That, I think, is sufficient to account for it.

I cleaned the bottle from ammonia, put into it a deci-

gallon of distilled water, and shook it for one minute. The

temperature rose from 49° to 49^° F. Half a gallon of water

shaken in a larger bottle rose from 43|° to 44^°. 3000 sep-
tems rose from 49|-° to 50^°. A solution of pure carbonate

of potash rose from 50£° to 51£°. A solution of pearlash
2 I 2
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from 50|° to 51^°. A solution of bicarbonate of potash from

50±° to 5 If°. Oil of vitriol from 51£° to
52^°.

These experiments show how difficult it is to determine

the amount of heat that is disengaged when liquors are mixed,
since the agitation necessary to effect the mixture can of

itself produce part of the rise of temperature which is attri-

buted wholly to the chemical action of the substances mixed

together.
I shall conclude this notice of ammonia by referring to a

fact of considerable importance which is disclosed in Table

XVI. This is, that it is impossible to state accurately the

specific gravity of solutions of ammonia with less than six

places of decimals, since the effect of every chemical degree
on the specific gravity is '000125. Thus while a solution of

800° is accurately expressed by '9 or '900000, a solution of

799° requires "900125, and a solution of 801° requires

•899S75. This peculiarity ought to be attended to in future

researches on aqueous solutions.

This observation leads me to make another which may be

interesting to practical men, who are accustomed to estimate

the value of ammonia and similar liquors after the indications

afforded by hydrometers that have scales with large divisions—TwaddelFs, Baume's, and the like. Now 40 chemical

degrees of ammonia, or § of a test atom, affect the density of

the liquor only so much as answers to 1 degree of the scale

of TwaddelFs hydrometer. Such an instrument therefore, if

perfect in construction, and used with unerring skill, is unfit

to tell the strength of solutions of slight density, such as those

of ammonia and acetic acid : methods of chemical testing are

greatly preferable.

Since the preceding section on ammonia was written, I have
seen an abstract of Dr. Faraday's recent researches concern-

ing condensed gases. In that it appears that his present
estimate of the specific gravity of condensed liquid ammonia
at 60° F. is 0*731. His former estimate was 0*76. The
specific gravity which theoretical considerations led me to

adopt for anhydrous liquid ammonia at 62° F. is 0*708333.
This differs from Dr. Faraday's new experimental determina-
tion by only 0*022667. The number of test atoms ofammonia
contained in a decigallon is, according to Dr. Faraday's spe-
cific gravity, 24*08, according to mine 23*33. The difference

is only f of a test atom per decigallon. The atomic measure
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of a test atom of ammonia, according to Dr. Faraday's spe-
cific gravity, is 41*5282, according to mine 42*8571 septems.
The difference is 1*3289 septems. Hence my assumptions
are almost confirmed by Dr. Faraday's experiments.

Table XVIII.—Sal-Ammoniac.

IPC12+N2H6= 667*63 grs. Temperature 62° F.

[H
2CI2=455*13 +N2H6

=212*5.]
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Observations on the Table of Sal-Ammoniac.

I have adopted for the weight of the test atom of sal-am-

moniac Berzelius's number for muriatic acid, added to Thom-
son's number for ammonia; my object being to afford a

means of comparing solutions of sal-ammoniac at given

strengths with those of muriatic acid and ammonia at the

same strengths, quoted in other sections of this memoir.

The strongest solution of sal-ammoniac at 62° F. has the

specific gravity of 1*077333 and the chemical strength of

306°. Its formula is probably H2C12, N2H6+ 16H20. This

solution gives a considerable deposit of crystals when cooled

to 59° F. The measure of the test atom of the anhydrous
salt is 6223 septems. When existing in the solution of 306°

its measure is increased to 70* 10 septems. When in a solu-

tion of 1° its measure is diminished to about 50 septems. At
an intermediate point, somewhere about 12°, the measure of

the atom in solution is the same as that of the anhydrous
atom. Hence sal-ammoniac has no fixed volume in solution,

but possesses the property of causing expansion in strong so-

lutions and condensation in weak solutions.

The atomic measure of sal-ammoniac is never the same as

the joint measure of muriatic acid and ammonia. The differ-

ences at different stages of dilution are as follow :
—

Chemical
strength
of the

solutions.
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The fraction which+ 1 indicates the mean specific gravity
of 100° of sal-ammoniac is (•53257-r-16'07l=) '033150.

It follows from what has been stated, that the real specific

gravity of solutions of sal-ammoniac must be less than the

mean specific gravity when the chemical strength is above

12°, and greater than the mean specific gravity when the

chemical strength is below 12°.

Examples :
—

Mean sp. gr.
Deduct . .

Real sp. gr. . 1-028660

100°

1-033150
0-004490

Mean sp. gr.
Add . . .

Real sp. gr. . 1-003515

10°

1-003315

0-000200

The following experiments were made to determine the

correctness of the number assumed for the atomic weight of

sal-ammoniac.
1. A solution of 66- 763 grs. of sal-ammoniac mixed with a

solution of 212*864 grs. of crystallized nitrate of silver, re-

quired half a septem of solution of nitrate of silver of 10° to

complete the precipitation.
2. A solution of 66*96 grs. of sal-ammoniac (Berzelius's

number) mixed with a solution of 212*864 grs. of nitrate of

silver, required 3 septems of solution of nitrate of silver of 10°

to complete the precipitation.
These experiments tend to prove that, taking for granted

the accuracy of Berzelius's number for nitrate of silver, his

number for sal-ammoniac is too high. But if, as the above

experiments seem to show, 667*63 is the correct number for

sal-ammoniac, then 212-5 is the correct number for ammonia,
as I have assumed it to be in Table XVI.
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Table XIX.—Sugar.

C 12 H22 Ou = 2154 grs. Temperature 62° F.

Authorities
for the
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sugar is 192*32 septems, or equal to that of 12 test atoms of

water. Its measure in solution varies from 194*24 septems
to 176*02 septems. Hence, in one very dilute solution of

sugar, its atomic volume, as stated by Dalton and by Messrs,

Playfair and Joule (Phil. Magazine, vol. xxviii. page 470),
is equal to that of 1 1 atoms of water, but, in highly concen-

trated solutions, its atomic volume, according to the experi-
ments both of Dr. Ure and of Messrs. Playfair and Joule, is

equal to more than that of 12 atoms of water. Sugar, there-

fore, has no fixed atomic volume in solution. It does not

uniformly add to the bulk of the water of solution, a volume

equivalent to its own oxygen and hydrogen estimated as water.

Nor does its carbon cease to occupy space in solution. In

short, Dalton's experiments on this subject are incorrect, his

hypothesis is untenable, and the application of this method of

analysis to organic bodies is impossible. Witness, acetic acid.

Table XX.—Sulphate of Magnesia.

MgO, S03= 759*518 grs. Temperature 62° F.

MgO, SO3+ 7H2 = 1546*878 grs.

Authorities
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As I also find that this fact is capable of experimental proof,
it is necessary to inquire how it happens that the fact is true

while the hypothesis that has been founded upon it is falla-

cious. The matter is not mysterious.
One test atom of anhydrous sulphate of magnesia measures,

in round numbers, 42 septems. When this combines with

7 atoms of water to form the crystallized salt, it condenses
22 septems, and retains 20 septems as its measure in com-
bination. These facts result from the experiments of Karsten,

Kopp, and Holker, cited in the Table.

In the year 1810 Dalton published some experiments
on solutions of this salt, of which, as they are inaccurate, I

have only quoted two, the first and the last. According to

these, when the solution has a specific gravity of 1'30, the

measure of the test atom of anhydrous salt is 25 septems ;

but when the specific gravity is 1*05, the measure of the test

atom is only 18 septems. These experiments, if correct,
would prove three interesting points:

—1. That the salt ex-

pands 5 septems per test atom on being liquefied by solution.

2. That it possesses a considerable volume in solution. 3. That
the volume in solution is variable. These results are in direct

opposition to Dalton's recent speculations.
Anthon's experiments show that the test atom of anhydrous

sulphate of magnesia occupies about 9 septems in a solution

of sp. gr. 1*27; that it gradually diminishes in bulk with the

progress of the dilution, becomes nothing in a solution of

sp. gr. 1*05, and in still weaker solutions effects great con-

densation, which in the last solution of sp. gr. 1*006, amounts
to no less than 66 septems, or § of the volume of the anhy-
drous salt. Anthon's experiments were made with the cry-
stallized salt; but since the measure of 7 atoms of water is

1 1 2*48 septems, the reduction to the anhydrous salt is easy
and obvious. Anthon's Table is contained in Gmelin's Hand-
buch der Chemie, vierte Auflage, t. ii. p. 235 *.

Holker's experiment corroborates the experiments of An-

thon, as far as a single experiment can serve as evidence in a

case of this nature.

These researches show that anhydrous sulphate of mag-
nesia, contrary to Dalton's late assumption, does occupy space
when in strong solutions ;

that in weak solutions it occasions

a condensation greater than its own volume; and that, at a

certain intermediate point, it effects no condensation and oc-

* It is due to Professor Gmelin to state, that I am indebted for many
facts and authorities quoted in this memoir to the new edition of his

JIandbuch der Chemie, the most comprehensive, accurate, and convenient

systematic work on Chemistry that ever issued from the press.
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cupies no space in solution. The solution which corresponds
to this turning-point has a chemical strength of about 50°,

and a specific gravity of nearly 1*05. Were a solution of sul-

phate of magnesia to be carefully made with proportions of

salt and water corresponding to this stage of dilution, the re-

sult would appear to corroborate the late experiments of

Dalton and of Messrs. Playfair and Joule, and thus a very
accurate experiment might be made to support a very falla-

cious theory.
This last remark applies equally to many other substances

whose examination is described in this memoir, and it shows

the danger of drawing a sweeping conclusion from the results

of any single experiment, however accurately performed.

Thus, in the case of sulphuric acid, if we were to adopt the

rash principle of deciding upon the atomic measure from the

results of a single experiment, we could prove the atomic

measure of that acid to be 2 volumes, or 1 volume, or nothing,
or less than nothing ;

in short, anything we pleased between

plus 34 septems and minus 68 septems; for we could pick
out an accurate experiment to yield any numerical product
that best suited a given purpose within those limits.

LXV. Observations on a Paper entitled " Some Points in the

Meteorology ofBombay
" read by Colonel Sabine to the Bri-

tish Association in 1 845, and published in the Philosophical

Magazinefor January 1846. By Thomas Hopkins, Esq.*

"Y/I7TTH our imperfect knowledge of the influences which

7,y determine the general movements of the atmosphere,
the semi-diurnal fluctuations of the barometer become inter-

esting objects of study, as it appears not improbable that

the causes which produce the daily alterations of that instru-

ment may determine its casual and irregular fluctuations, as

well as the general movements of the atmosphere itself.

That the diurnal fluctuations of the barometer are in some

way connected with alterations of temperature, is apparent
from their relation to the daily variation of solar influences ;

but the precise way in which these influences operate is not

equally clear. A rise of temperature, such as that which lakes

place in the morning, there can be no doubt tends in some

degree to lighten the atmosphere, and to produce a fall of the

barometer in the part ; but at the same time it increases eva-

poration of aqueous vapour from wet surfaces, the effect of

which is to add to the weight of the whole atmosphere in the

locality, to the extent of the addition of the vapour that is

* Communicated by the Author.
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thereby produced. Thus through solar influence two ca-ises

are brought into operation at the same time, which produce

opposite effects on the pressure of the atmosphere,
— the one

tending to make it lighter, the other heavier.

By a careful registration of the hourly alterations of both

the wet and the dry-bulb thermometers, we may obtain,
—

first,

a knowledge of the daily changes of temperature near the

surface of the earth
;
and secondly, of the extent to which eva-

poration keeps down the temperature in the wet-bulb thermo-

meter: and from the extent to which temperature is thus

kept down in the wet-bulb thermometer, we may infer the

energy with which vapour is produced from wet surfaces,

and thrown into the air to increase the aggregate atmospheric

pressure. If the daily fluctuations of the barometer were pro-
duced by these two influences alone, those influences might,
without much difficulty, be traced to their results, and their

separate as well as their joint effects might be exhibited in

the movements of the barometer.

But in most of the cases where registrations of the two in-

struments have been furnished, the barometric fluctuations

have not been found to accord with the increase of vapour

produced by evaporation. From sunrise until about ten

o'clock in the morning evaporation generally proceeds with

considerable energy, and a consequent increase of vapour

pressure may be traced in a rise of the barometer ;
but after

that time any increase of vapour pressure on the barometer

ceases : yet that evaporation continues active afterwards is

shown by the effect that is produced by it on the wet-bulb

thermometer. What then becomes of this additional vapour ?

Or why does it not further raise the mercury ofthe barometer ?

About ten o'clock in the morning the barometer ceases to

rise, and shortly afterwards begins to fall, and it continues

falling until four in the afternoon, although the cooling of the

wet-bulb thermometer by evaporation shows that from ten

until one or two o'clock, the time of the highest temperature,

vapour must be passing into the atmosphere in increasing

quantities ! and the vapour must be presumed to accumulate

in the atmosphere until four o'clock, as the evaporation gene-

rally continues active up to that hour, and no decline of the

dew-point indicates the condensation of any portion of the

vapour thus produced. Now if increase of vapour had raised

the barometer up to ten o'clock, why should not a further

accumulation of vapour after that hour raise the barometer

still higher? The fall of the barometer after ten o'clock, it is

evident, cannot be accounted for from the operation of the

causes named.
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That mere alterations of thermometric temperature and of

vapour pressure, either jointly or separately, do not produce
the fall of the barometer from ten in the morning to four in

the afternoon, may be proved by facts when the registration
of the wet-bulb thermometer is given ; but unfortunately this

is seldom done. In the Plymouth report by Mr. S. Harris

that registration is to be found ; and there it may be seen that

the temperature theory does not harmonize with the facts.

But in the account of the meteorology of Bombay, as given

by Colonel Sabine, there is no notice of that instrument. Va-

pour pressure, as ascertained by the dew-point, is there ex-

hibited as one of the two causes which determine barometric

fluctuation,
—thermometric temperature being considered the

other; and these two causes are by him represented as suffi-

cient to account for the facts and form the basis of his theory,
which for convenient reference I have called " the temperature

theory."
In remarking at present on the Bombay report, I propose

to confine myself principally to objections to the theory ad-

vanced to account for the phasnomena, and do not intend to

show in a detailed form what were the real causes in operation,

seeing that all the facts required are not furnished. Had an

account of the evaporation that took place been given, I would

have attempted to trace the vapour that was produced after

ten o'clock, until it was condensed in the higher part of the

atmosphere and converted into cloud, with the effects of that

conversion on the barometer ; but without the registration of

the wet-bulb thermometer this cannot be satisfactorily done.

In the report the facts contained in the following table are

given for Bombay in 1843,—of mean temperature, mean ba-

rometric pressure, mean tension of vapour, and mean gaseous

pressure at every second hour.

Hour of mean
Bombay time.

Astronomical

reckoning.
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This table commences at four o'clock in the morning, that

hour being generally one of the turning-points in the semi-

diurnal movements of the barometer. From four to ten that

instrument rises from 29*778 to 29852 inches. Now this

rise, on the temperature theory, must be considered to have
been produced either by a reduction of temperature, as mea-
sured by the thermometer near the surface of the earth, or by
an increase of the pressure of aqueous vapour, as ascertained

by the dew-point; or by both those influences acting together,
and producing the rise of the barometer, as a general result.

We find, however, that during the first two hours, that is

from four to six o'clock, the thermometer fell from 78
c
*9 to

78°*4, being a fall of *5 ; and the tendency of this fall most

undoubtedly was to produce a rise of the barometer
;
but at

the same time the pressure of vapour, as indicated by the

dew-point, declined so much as from *761 to "750, or "Oil.

Now this comparatively large reduction of vapour pressure is

evidently the greater of the two disturbing forces, and the re-

sult of the action of both the forces, according to the theory,

ought to be a fall of the barometer. But instead of falling the

barometer rose during the two hours from 29*778 to 29*805,
or *027 ; showing that the movement of that instrument in

this time was the reverse of what would have occurred if the

temperature theory was true.

From six to ten o'clock, the remainder of the first period of

six hours, the barometer continued rising, and passed from

29*805 to 29*852, making a rise in these four hours of '047,

whilst the thermometer rose from 7S n,4 to 81° #

8, or 3°*4, and
the dew-point increased from *750 to *771, or *021. Thus of

the whole six hours we find that, during the first two,
a fall of temperature of . . *5 f*produced a rise of

"j ^
and a fall of the dew-point of *0ll\ the barometer ofj
which would appear to prove, and as far as the facts given go,
do prove, that the small fall of temperature had the greater
influence on atmospheric pressure, as the barometer rose *027

while both influences were in operation.
But in the following four hours, from six to ten o'clock, a

rise of the thermometer of 3°*4 and a rise of the dew-point of

•021, were accompanied by a rise of the barometer of *047 ;
or

put into tabular form, say that

a rise of temperature of 3 0,4 fproduced a rise of~1 .

?
and of the dew-point of *021

\_
the barometer ofJ

that is between four and six o'clock, when the fall of the dew-

point is great compared with the fall of temperature, and the

two acting together ought to produce a fall of the barometer,

that instrument rises ! But between six and ten the tempera-
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ture increases greatly, as much as nearly seven times the

amount that it previously fell, whilst the dew-point, although
it also rises, does not rise to quite double the extent that it

fell in the two hours ; yet notwithstanding these great altera-

tions, amounting to complete reversals of the two influences

that are in operation, the barometer continues to rise, and

attains an increase of "047. These facts, however, taken

together, show that temperature, as measured by the thermo-

meter near the surface of the earth, produces little comparative
effect on the amount of atmospheric pressure; and that the

alteration of vapour pressure must have had much greater in-

fluence than alteration of temperature as measured by the

thermometer, and must have produced the rise of the baro-

meter from six to ten o'clock.

Proceeding to the next six-hour stage of the daily fluctua-

tions of the barometer, we find that from ten to two o'clock,

the first four of these six hours, temperature advances 2°*3,

and reaches its highest point for the day at the last-named

hour
;
and the dew-point, indicating vapour pressure, also

rises as much as '024. Here it appears that vapour pressure
increases so much as *024, whilst temperature advances only

2°*3; alteration of vapour pressure therefore should, in ac-

cordance with what had occurred previously, be now more

powerful than alteration of temperature, and should further

increase the whole atmospheric pressure, and cause the baro-

meter to rise higher than the point it had previously reached,

as the theory we are examining teaches it ought to do; but

instead of rising the barometer falls no less than *076; so that

from six to ten o'clock, whilst

a rise of temperature of 30, 4
("jointly produced al

and a rise of the dew- < rise of the baro- > "047

point of . . . . •021^ meter of J
in the following four hours, from ten to two o'clock,

a rise of temperature of . -2
0,3 /"produced a fall of1^„

and a rise of the dew-point of *024 \_
the barometer ofJ

Thus, where the vapour pressure is relatively weak, we see

that the barometer rises; and where it is relatively strong the

barometer sinks,
—

being the reverse of that which must have

taken place if the temperature theory were correct.

Again, from two to four o'clock p.m. the temperature sank

•2 and the dew-point rose "005. Thus during these two hours

the alterations which took place in both the temperature and
the dew-point were such as from the operation of each of

their influences ought, on the temperature theory, to have

caused the barometer to rise. But it did not rise; on the

contrary it fell,
—no less than *021. These facts prove most
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conclusively, that the fluctuations of the barometer in the

times named were not produced by alterations of temperature
and of vapour pressure, as they are exhibited to us by the

thermometer and the dew-point.
It should be borne in mind, that it is the fall of the baro-

meter from ten in the morning to four in the afternoon while

evaporation, as shown by the wet-bulb thermometer, is active,

for which we have particularly to account. Temperature
rises while vapour augments up to ten o'clock in the morning,
and at the same tir. .e the barometer rises ; but after ten, though
the same two causes continue in operation, yet the barometer

falls, and continues falling until four in the afternoon. Now
why should the same causes be supposed to produce one effect

up to ten o'clock, and another, of an opposite character, for

six hours after that time ? This is the question that has to be

answered. The temperature theory, so far from accounting
for the occurrence of these phenomena, is directly opposed to

them, and utterly fails to account for the fall of the barometer

from ten to four o'clock.

The alterations which took place in the subsequent twelve

hours present additional evidence of the inadequacy of the

temperature theory to account for the semi-diurnal fluctuations

of the barometer ; but as they are not equally palpable with

those already examined, it is unnecessary to go into a consi-

deration of them.

In furnishing such accounts as those of the meteorology of

Bombay, that which is required in order more fully to eluci-

date the subject is, that in addition to the usual registrations
the temperature of the wet-bulb thermometer should be given.
This would enable us to trace the vapour that is thrown by

evaporation into the atmosphere in the hottest part of the day.
Could we do tW*% there seems no doubt that it would be found

ascending in the atmosphere until it became condensed and

formed cloud ; and the heat liberated by this condensation,

as I have elsewhere explained, is the real cause of the dimi-

nished pressure of the atmosphere in the locality during the

six hours that the barometer falls.

In a note appended to the paper published in the Philoso-

phical Magazine for January 1846, Colonel Sabine gives an

extract from a paper received from M. Dove, which is stated

to have been read in the Academy at Berlin, in which it is said

that "at Catherinenbourg and Nertchinsk, on the mean of

several years, and at Barnaoul, in the years 1838 and 1840,

the mean diurnal barometric curve itself exhibits but one

maximum and one minimum in the twenty-four hours
;
the

maximum coinciding nearly with the coldest and the minimum
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with the hottest hours of the day." But the Colonel after-

wards shows from other accounts, that there is a very small

morning maximum in the locality named, which occurs between

the hours of eight and eleven a.m. This he attributes to the

pressure of additional aqueous vapour, and he seems to think,

such a fact confirmatory of the correctness of his views. If

however an increase of vapour up to eleven o'clock could

raise the barometer, why should not that instrument rise fur-

ther after that hour? Had we a registration of the wet and

dry-bulb thermometers and of the dew-point, it is to be pre-
sumed that proof would be furnished that evaporation was

more active after eleven than it had been before that hour,
and that there was no decline of the dew-point until a much
later period of the day. The vapour that must be presumed
to have passed into the atmosphere in the hottest part of the

day, must either have added to the previous pressure on the

barometer and raised it, or it must have been condensed, and

warmed the higher part of the atmosphere. As it did not

produce the former effect, in the absence of information we

may assume that it produced the latter.

In the extract given from M. Dove's communication we
have no account of the daily range of the barometer, or of the

extent of its fall during the day, though that is the most inter-

esting fact to be ascertained; this is to be regretted. If a

sun-heated surface is the cause of the atmosphere becoming
so much lighter in the day than it is in the night, the atmo-

sphere at the places named by M. Dove ought to be rendered

much lighter every day than it was in the previous night,

seeing that the temperature of the day is raised greatly above

that of the night ;
the daily range of the barometer should

consequently, on the Colonel's theory, be extensive. Is it so?

If it is not, it is so far evidence against the tht^y.
It is stated in the Russian account that in the places pointed

out there is one maximum and one minimum, the maximum

nearly coinciding with the coldest, and the minimum with the

hottest hours of the day. And the conclusion drawn seems to

be, that alteration of surface temperature is the sole cause of

the movement of the barometer : hence the desirableness of

showing the extent of that movement. If it be great, it will

so far show that the heating of the surface of the earth by the

sun could materially diminish atmospheric pressure. But if

the daily movement of the barometer is found to be small, it

will present presumptive evidence that daily surface-heating
has no important local effect on the weight of the atmosphere.
A full account of the registrations in this part of the world

Phil. Mao-. S. 3. Vol. 29. No. 196. Dec. 1846. 2 K
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might furnish the means of proving either the correctness or

the fallacious nature of the temperature theory, to which ob-

jections have been advanced in this paper.

LXVI. Note on the Bandsformed by Partial Interception in

the Prismatic Spectrum. By Professor Powell.*

IN
a communication to the Physical Section of the British

Association at its last meeting, I offered some remarks on
the question relative to the above-named singular phaenomena;
in particular stating one experimental result, originally an-

nounced by Sir D. Brewster, which I had fully verified, and
which had appeared to him at variance with the theory of

Mr. Airy, along with another fact of my own detection, viz.

that when the aperture was contracted the bands became more
vivid. No one, I trust, was led, from the manner in which my
remarks were reported, to imagine that I brought this forward

in any spirit of hostility to the theory. On the contrary, I never

entertained a doubt (and I believe I expressed this at the

meeting) that upon every ground of analogy and probability
the theory would still be found adequate to the solution of the

difficulty : I fully expected that it wanted only the introduc-

tion of some further condition or modification, though, as it

appeared, no such condition bad yet been pointed out. It

seems that this essential condition, now first brought to notice

by the Astronomer Royal in his paper in the last Number of

this Journal, had in some way escaped the attention of all

those who had read his previous papers in the Philosophical

Transactions, ever since the first announcement of Sir David
Brewster's objection at the British Association at Manchester,

1842f, and notwithstanding that his detailed repetition of that

objection was fully discussed at the Cambridge meeting in

1845. And I am anxious to seize this opportunity of ac-

knowledging and recording my conviction, that it entirely

supplies what was wanting to relieve the theory of the objec-
tion which seemed to beset it; and that this has proved but

one more of those already numerous and striking instances,

in which what seemed a most formidable difficulty in the un-

dulatory theory of light has been converted into one of its

strongest points of support.

Oxford, November 2, 1846.

* Communicated by the Author.

f See Report, Sectional Proceedings, p. 12.
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LXVII. On Palmic Acid, a Fat Acid related to the Margaryle
Series. By Lyon Playfair, Esq., Ph.D.*

"DOUDETf has shown that castor oil is solidified by nitric
*-* acid containing peroxide of nitrogen (N04), and that the

latter is itself sufficient for this purpose. He described the

solid fat thus procured under the name ofpalmine, and the fat

acid obtained by the decomposition of its soap as palmic acid.

Palmic acid is stated to have a fusing-point of 50° C, al-

though described as usually having it a few degrees lower ;

but I have never succeeded in procuring it of a higher melt-

ing-point than 45° to 46° C. (113° to 114° F.). Boudet did

not analyse this acid, nor has it, as far as I am aware, engaged
the attention of any other chemist. The singular nature of

the compound formed merits a careful examination; so with-

out assigning to myself the task of determining at present the

reason of the transformation, I propose to examine the com-

position of palmine and palmic acid.

Palmine, as well as castor oil, contains glyceryle, as has pre-

viously been asserted by Bussy, Lecanu and Boudet, but the

solidification of the oil is not due to the presence of this com-

pound. In order therefore to be more assured of the purity
of the acid formed, I operated principally upon the acids of

castor oil. For this purpose, castor oil is saponified by caustic

soda and the soap separated by common salt. The soap re-

moved from the liquor is redissolved in pure water and again

separated by salt; and this operation is repeated until the

excess of caustic soda is removed. The soap is now quite
Avhite and readily soluble in hot water, from which solution

the fatty acids are separated by the addition of muriatic acid.

They are of a pale-olive colour, and are purified from adhering
muriatic acid by repeated washings with water.

The acids thus procured are mixed with diluted nitric acid,

through which is passed a stream of peroxide of nitrogen, made

by the action of nitric acid on starch. The acids, which are

previously fluid, soon become solid, and finally acquire the

colour and consistence of pale yellow bees'-wax. This solid

substance is washed with hot water till all the nitric acid is

removed, the washing being performed by melting it in hot

water, and drawing off the latter by ft siphon. This fat is not

palmine, but the acid contained in that substance ;
it differs

from palmine by not containing glycerine. Thus prepared, it is

* Communicated by the Chemical Society; having been read May 18,

1846.

f Annates de Chimie et de Physique, 1. 1. p. 411.

2 K 2
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readily soluble in alcohol, which on evaporation yields palmic
acid of a yellow colour and still very impure. It is purified

by repeated crystallizations and pressure, and when quite

pure has a melting-point between 113° to 114° F. There re-

mains in the alcohol an uncrystallizable yellow oil, which be-

comes red on being saponified with caustic potash.
Palmic acid, procured as described, is readily soluble in al-

cohol, from which it crystallizes, the crystals generally being

grouped together into clumps. From a fused state it solidi-

ties into stars, consisting of small crystals radiating from a

centre. The acid was burned with oxide of copper, and gave
the following results :

—
I. 0*074 grm. gave 0*2005 grm. carbonic acid, and 0*079

water.

II. 0*128 grm. gave 0*3455 grm. carbonic acid, and 0*1365

grm. water.
I. II. Mean.

Carbon. . . . 73*89 73*61 73*75

Hydrogen . . 11*86 11*84 11*85

Oxygen . . . 14*25 14*55 14*28

100*00 100*00 100*00

In order to determine the atomic weight of the acid, the

silver salt was prepared in the following manner :
—The pure

acid was boiled with a strong solution of pure carbonate of

potash, which it readily decomposes : on cooling, the soap se-

parated and was removed
;

it was then dried and dissolved in

alcohol
; the solution of soap, after being separated from the

carbonate of potash, was filtered and evaporated to dryness in

a water-bath ;
it was then dissolved in warm water and pre-

cipitated by an excess of nitrate of silver, the precipitate being
washed in the dark.

Thus prepared, palmate of silver is a light white powder,
insoluble in alcohol and aether, but readily soluble in ammonia.
The following determinations of the amount of silver give the

data for estimating the atomic weight.

I. 0*994 grm. salt left on ignition 0*271 silver.

II. 0*315 grm. salt left 0*0855 grm. silver.

III. 0*3195 grm. salt left 0*0885 grm. silver.

I. Silver = 27*26 per cent.

II. ... 27*14
III. ... 27*69

Mean . . . 27*36

This makes for the atomic weight of the silver salt 4937, and

for that of the acid contained in it, 3486.
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The silver salt burned with oxide of copper gave the follow-

ing results :
—

I. 0*395 grm. gave 0*751 carbonic acid, and 0*303 water.

II. 0*2590 grm. gave 0*5005 carbonic acid, and 0*192

water.

III. 0*2990 grm. gave 0*5770 carbonic acid, and 0*2190

water.
I. II. HI.

Carbon. . . . 51*64 52*66 52*64

Hydrogen . . 8*52 8*23 8*12

Oxygen . . . 12*48 11*75 11*88

Silver .... 27*36 27'36 27*36

From these data the following theoretical composition is

calculated :
—

In 100 Parts.

34 Carbon .... 2550 52*05

32 Hydrogen . . 400 8*16

6 Oxygen ... 600 12*26

1 Silver .... 1349 27'53

4899

Hence the theoretical composition of the anhydrous acid

is,
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In 100 Parts.

Carbon. . . . 58-04 34 2550 57*86

Hydrogen . . 9-09 33 400 9*08

Oxygen ... 11-42 5 500 11-35

Barytes . . . 21-45 1 957 21*71

100-00 4407 100-00

Palmic Mther.—This aether was prepared by dissolving

hydrated palmic acid in hot alcohol and then passing through
the solution a stream of hydrochloric acid gas. Water is

then added, and the aether washed with hot water. When the

aether is thoroughly washed, the water is allowed to cool, and
the aether solidifies into a crystalline mass which is easily
removed. It fuses "at 61° F., and is very soluble in hot alco-

hol, but sparingly so in cold. Burned with oxide of copper
it gave the following results :

—
I. 0-126 grm. substance gave 0-335 carbonic acid, and

0-1385 water.

II. 0*070 grm. substance gave 0-1855 carbonic acid, and

0-076 water.

III. 0*129 grm. gave 0'345 carbonic acid, and 0*141 water.

The specimen analysed in this case was further purified by
crystallization in alcohol.
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This empirical formula leads us to the following rational
one:—

C. H. O.
Palmic acid 34 32 5

Oxide of lipyle ... 3 2 1

Palmine .... 37 34 6

Had this acid possessed one atom more hydrogen, that is, if

the analyses warranted us in assuming 33 atoms of hydrogen
instead of 32, the acid would have become one of the mem-
bers of the margaryle series, assuming as correct the formula

given to it by Redtenbacher.

Margaric acid C^ H33 Oa

Palmic acid (assumed formula) CS4 H^ Os

Stearic acid 2(03^33)05
But the analyses do not warrant us in this assumption ;

and
we are therefore compelled to adopt C^ H32 Os as the formula
of palmic acid.

Now Berzelius, Dumas and Mulder argue that margaryle,
the radical of margaric and stearic acids, possesses another

equivalent of hydrogen, being in fact C^ H34 . In this case,

palmic acid connects itself with margaric acid in a very in-

teresting way. Palmic acid, C^ H 32 5, may in fact be viewed
as margaric acid, C^ H^ 3,

in which two atoms of hydrogen
have become replaced by two atoms of oxygen.

Margaric acid . . . C34 H32 H2 3

Palmic acid .... Cg4 H32 2 Os

I previously pointed out a similar case of substitution in

cenanthic and myristic acids*.

Myristic acid . . . C23
H

27 3

GEnanthic acid . . . C28 H 2G 4

The substitution in this case of an equivalent of oxygen for

one of hydrogen is exactly the same as with palmic and mar-

garic acids, and seems to show that such relations are not

merely fortuitous.

LXVIII. Researches upon Cumarine.

By Hermann Bleibtretj-j*.

rP,HE attention of chemists has long been attracted to the
-*-

Asperula odorata, a plant well-known in Germany under
the name of i

Waldmeister/ (' Woodruff') and which in many
districts, particularly on the Rhine, is employed in the prepa-
ration of the favourite e Maitrank '

or ' Maiwein/

* Annalen der Chemic, vol. xxxvii. p. 155.

t Communicated by the Chemical Society; having been read May 4,
1846.
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Many experiments have been made for the purpose of sepa-

rating and investigating the volatile substance contained in

the *
Woodruff/ to which the * Maiwein 5 owed its agreeable

odour and flavour.

Many years ago Voget
*

occupied himself with this sub-

ject, and obtained from the * Woodruff ' a crystalline sub-

stance, which he described as possessing the same odour as

the Tonka bean and Melilotus, and which his experiments

proved to be benzoic acid.

More lately Kosmann f has published some experiments,
which led him to the conclusion that the principle contained

in this plant was cumarine, the stearoptine of Tonka beans.

By treating the dried plant with alcohol and aether, driving
off these solvents and boiling the syrupy residue in water,

and evaporating, he obtained a crystalline mass, whose agree-
able odour and piquant taste were exactly similar to cumarine

prepared from the Tonka beans.

The experiments of Kosmann were however purely qua-
litative. No analysis was made of the crystals obtained from

the Woodruff, which alone could determine the point; nor

was the experiment tried as to the ready transformation of

cumarine into salicylic acid, so easily recognised by its action

with the salts of the sesquioxide of iron, and from which a

tolerable conclusion could have been drawn.

It hence appeared to me desirable to establish by a more

exact investigation the observations of Kosmann.
The following experiments instituted for this purpose, and

including a revision of the investigation of cumarine by Dela-

lande, were commenced in the laboratory of my friend Pro-

fessor A. W. Hofmann in Bonn, and finished in that of the

Royal College of Chemistry in London, to which I accom-

panied him in the capacity of assistant on his election as

Professor to the latter.

I have much pleasure in embracing this opportunity to

express my thanks to Dr. Hofmann for his instructions in

organic investigations generally, and more particularly for his

assistance in the present memoir.

Investigation of the Crystalsfrom Asperala odorata.

For the preparation of this substance I proceeded in the

following manner :
—

A quantity of Woodruff, collected shortly before and

* Generalberickt des Konig. Preus. Rhehi. Medlcinalcol. Uber das Jahr

1835. Coblenz bei Kehr, page 240.

f Journ. de Pharm., 3 ser. t. v. p. 393. Ann, der Chem. u. Pharm.,
vol. Hi. p. 387.
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during flowering, was dried in the air and digested for some
time with spirits of wine ; the alcohol was distilled from the

dark greenish-brown solution in a water-bath, and the dark

brown residue evaporated to the consistency of syrup. The
distilled alcohol had an aromatic odour, and from the last

more watery portion small crystalline plates were gradually

deposited.
The syrup, boiled with water, and the brown solution se-

parated by filtration from the insoluble matters, consisting of

chlorophylle, &c, were agitated with aether. On distilling off

the aether there remained a yellow substance, possessing the

appearance and odour of honey, from which, after some time,
a considerable quantity of yellow crystalline needles sepa-

rated, which on heating with water to 50° C. collected at the

bottom of the vessel into a melted mass, and were dissolved

on raising the temperature to the boiling-point. From this

solution, which on cooling became milky, crystals of an inch

in length were gradually deposited, 'which were purified by
repeated crystallizations. After being thrice recrystallized
the crystals were of a pure white colour, but deposited some
brownish flakes after melting at a gentle heat. On repeating
the recrystallizations a few times more, the substance re-

mained quite unchanged in colour after fusing, and could

now be considered as quite pure and proper for analysis.
Before proceeding to the analysis I endeavoured to convert

a small portion of the substance into salicylic acid. A few

crystals were dissolved in strong potassa ley, evaporated till

the yellow colour at first produced had disappeared, and then

heated somewhat stronger. The solid residue was saturated

with hydrochloric acid and agitated with aether. The aethereal

solution, evaporated to drive off the aether, gave with sesqui-

chloride of iron the beautiful violet colour so characteristic

of salicylic acid.

Analysis of the Crystalsfrom Asperula odorata.

The analysis of the fused crystals, in one case with oxide

of copper, in the other with chromate of lead, gave the fol-

lowing results :
—

I. 0-3276 grm. gave 0-8821 carbonic acid and 0*1267
water,

II. 0*2607 grm. substance gave
#

7l05 carbonic acid and

0-1043 water.

From which the following per-centage is calculated :
—

I. II.

Carbon . . . 73*63 74*33

Hydrogen . . 4 31 4*44
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According to the experiments of Delalande the formula of

cumarine is C 18 H7 4, giving the following per-centage, which
I compare with the mean of his analyses calculated with the

new atomic weight of carbon :
—

Theory. Mean of Delalande's

,

*
1 experiments.

C 18
= 1350-00 73*47 72-91

H
7
= 87*50 4-76 4'73

4
= 400-00 21-77

1837-50 100-00

The results of my analyses approach near enough to those

of Delalande to prove the identity of cumarine and the sub-

stance obtained from the Asperula odorata. A comparison
however of the amount of carbon and hydrogen shows, par-

ticularly in the former, a sufficient deviation to throw a doubt
on the absolute number of equivalents. The circumstance

likewise of the near agreement, nay even of the excess of the

quantity of hydrogen calculated over that obtained in the

mean of Delalande's experiments, whilst in analysis the re-

verse is always the case, gave me grounds to doubt the cor-

rectness of his formula, and induced me to repeat the inves-

tigation of cumarine obtained from the Tonka beans.

Preparation of Cumarinefrom Tonka Beans.

The following appeared to be the best method of preparing
cumarine from the Tonka beans.

The beans, finely cut or pounded, were digested for some
time with strong alcohol. The syrupy mass remaining after

distilling off the alcohol, becomes on cooling for the most

part a solid magma of crystals of cumarine, which can be

easily purified by treatment with animal charcoal and repeated

crystallizations. By proceeding in this manner it is more

easy to separate a fatty oil, which is contained in considerable

quantity in the Tonka bean. This body is colourless, and
without any characteristic odour, soluble in aether, insoluble

in alcohol and water, and possesses the property of dissolving
cumarine in considerable quantity.
The process of treating the beans with aether, or directly

extracting the cumarine by boiling in water, is much inferior,

as the greater part of the oil is also removed with it, and can
afterwards only be separated with difficulty. In the fresh

bean the cumarine appears to be contained in solution in this

oil, from which it gradually separates in the form of pure
white crystals, and is found collected particularly between
the cotyledons and on their surfaces under the skin.
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Composition of Cumarine.

Two combustions of cumarine from the Tonka beans gave
the following results :

—
I. 0*4870 grm. substance gave 1*3209 carbonic acid and

0*1882 water.

II. 0-6423 grm. substance gave 1*7361 carbonic acid and
0*2416 water.

These numbers correspond in per-centage to

I. II.

Carbon . . . 73*97 73*72

Hydrogen . . 4*29 4*18

These two analyses correspond exactly with that of the

cumarine obtained from the Asperula. In all there is a larger
amount of carbon and a smaller quantity of hydrogen than
in the analyses of Delalande.

The expression corresponding to the mean of my experi-
ments is C 18 H6 4, which contains 1 equivalent of hydrogen
less than in Delalande's formula, as is seen in the following

scheme, in which the experimental and theoretical numbers
are compared.

Theory. Bleibtreu. Delalande.

18 Carbon . 1350 73*97 73*91 72*91
6 Hydrogen 75 4*11 4*30 4*73
4 Oxygen . 400 21*97

1837 100*00

These experiments leave no doubt as to the identity of the

crystalline principle of the Asperula and the stearoptine of

the Tonka bean.

The delightful aroma which characterizes e Maiwein' is en-

tirely due to this substance. A liquor artificially prepared
writh the stearoptine of the Tonka bean met with the warmest

approbation from a number of the younger teachers in the

University of Bonn.

Products of Decomposition of Cumarine.

The new formula for cumarine I endeavoured to control

by investigating its products of decomposition.
Delalande obtained on heating cumarine with concentrated

potassa a peculiar acid, HO, C
x%
H

7
Os ,

which he described

under the name of cumaric acid. According to him, by the

continued action of the potassa a further transformation of

the latter is effected into that remarkable acid first obtained

by Piria as a product of the decomposition of salicine, and to

which the attention of chemists has more lately been in the
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most lively manner attracted by the investigations of Cahours
on the " Oil of the Gualtheria procumbens."

Delalande expresses these transformations by the following
formula :

—
C

18
H

7 4+ 2HO = HO,C 18
H 7 6+H

'

,
' •

,
'

Cumarine. Cumaric acid.

HO, C I8
H7 3

= HO, C 14
H 5 Os + C4 H,.

v
•

, ,

;
,

Cumaric acid. Salicylic acid.

On repeating the experiments of Delalande I arrived at

the following results.

Cumarine dissolves readily in potassa and forms with it a

yellowish solution, from which acids precipitate cumarine

again unchanged. It is only attacked by heating with con-

centrated ley, to which pieces of solid caustic potassa have
been added. From this solution hydrochloric acid precipi-
tates a substance totally differing in its character from cuma-

rine, and which is evidently the acid described by Delalande.

By careful treatment of cumarine however by potassa, I
have never been able to observe a disengagement of hydrogen.
The acid prepared in the above manner may contain traces

of salicylic acid. After removal of the chloride of potassium
and the excess of hydrochloric acid, and dissolving in water,
it gave indeed, with salts of the sesquioxide of iron, the violet

colour so characteristic of salicylic acid. Delalande however
states expressly in his memoir, that this reaction is not only
characteristic of salicylic but also of cumaric acid. This re-

mark is evidently erroneous, for on washing with water the

acid once crystallized, this reaction became weaker and weaker,
and finally totally disappeared on a second crystallization.
The violet colour produced by the sesquichloride of iron

was consequently due to the presence of a small quantity of

salicylic acid, the formation of which cannot easily be pre-
vented.

The acid prepared in the above manner, and freed from

salicylic acid as much as possible by repeated recrystalliza-

tions, may still contain traces of undecomposed cumarine,
from which it must be separated ; for this purpose it was
dissolved in ammonia. From the yellow solution the excess

of ammonia was expelled by boiling, and the yellowish-white
silver salt produced by the addition of nitrate of silver was
collected on a filter and washed with water, and then with

alcohol, and finally aether. After such a treatment the silver

salt cannot contain any trace of cumarine, and the acid now

separated by hydrochloric acid, extracted by aether, and re-
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crystallized from boiling water after distilling off the aether,

may be regarded as pure cumaric acid.

With salts of sesquioxide of iron it now produces no colour

whatever, and possesses the following properties. It is rea-

dily soluble in alcohol and aether, and crystallizes from boil-

ing water in white brittle crystals. It possesses a decidedly
acid reaction, and expels carbonic acid from its salts. Its

point of fusion is near 190° C. If more strongly heated, it is

partly decomposed into white shining crystals, which sub-

lime, and a brownish residue.

The cumarate of ammonia is not precipitated by a salt of

baryta ;
but a white powdery insoluble precipitate is obtained

by the addition of acetate of lead.

A combustion with chromate of lead of cumaric acid dried
at 100° C. gave the following results :

—
0-3415 grm. of substance gave 0*8215 carbonic acid and

0-1532 water.

In per-centage,
—

Carbon 65-61

Hydrogen .... 4 -98

These numbers correspond exactly to the formula of De-
lalande for this acid, HO, C

18
H

7 5.

The following are the experimental and theoretical num-
bers :

—
Theory. Bleibtreu. Delalande,

18 Carbon .
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In per-centage,
—

Carbon 40*00

Hydrogen .... 2*64

II. 0-8237 grm. of the salt gave 0-3287 silver.

III. 0-5181 grm. salt gave 0*2049 silver.

In per-centage,
—

II. Silver . . . 39-90
III. Silver .... 39'55

Mean number . 39*72

These results correspond exactly with those of Delalande
and give the following formula, AgO, C

18
H

7 5 . The calcu-

lated and experimental numbers are as follows :
—

Theory. Experimental.

18 C .
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acid. There however in this latter case always remains, even

after long treatment, a large portion of cumarine undecom-

posed.
The evolution of hydrogen mentioned by Delalande, and

which, as already stated, I never observed in a well-conducted

experiment, arose evidently from the formation of salicylic

acid by the further action of the potassa on the cumaric acid.

This view is supported by the violet-coloured reaction of ses-

quichloride of iron described by him, and which, as I have

shown, does not belong to cumaric acid. His cumaric acid

evidently contained a small quantity of salicylic acid.

From the aforesaid grounds, the view taken by Delalande

on the transformation of cumaric into salicylic acid must also

be modified. According to him, no evolution of hydrogen
takes place in this formation, but an aromatic gas is disen-

gaged burning with a coloured flame, and which he regarded
as a carbo-hydrogen C4 H2, representing the difference of

constitution between the two acids—
HO,C,8 H7 Q, - C4 H2

= HO, C 14 H5 6.

Hydrated cumaric acid. Aromatic gas. Hydrated salicylic acid.

This manner of viewing the reaction is evidently incorrect.

If pure cumarine is fused with hydrate of potassa, the latter

is almost entirely transformed into carbonate after the forma-

tion of the salicylic acid. The carbon therefore separates in

the form of an oxygenated compound.
I have made no quantitative experiment on this point ; but

all my observations tend to prove that the formation of the

salicylic acid may be represented by the following equations :
—

HO,C 18 H7
O5+8HO=HO,C 14

H5 O5+4CO2 + 10H.
v

I
. v

y
/

Cumaric acid. Salicylic acid.

As to the aromatic gas burning with a brilliant flame, which

is evolved in the latter stages, it is no carbo-hydrogen, but

the oxide of a carbo-hydrogen, viz. hydrate of phenyle, arising
from the further loss of carbonic acid from the salicylic acid

already formed,—
HO, C 14 H6 Os

- 2C02
= HO, C 12 Hs O.

V .,
,

» <

y -J

Salicylic acid. Hydrate of phenyle.

Nitrocumarine.

Delalande has studied the action of nitric acid on cuma-

rine. The correction of the formula of the latter body made
it desirable to repeat this experiment also, as it was probable
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that a corresponding change would likewise require to be

made in that of the product of decomposition.
Cumarine dissolves without almost any evolution of red

fumes in cold fuming nitric acid, and with considerable ele-

vation of temperature. On addition of water a white cheesy

precipitate is obtained, which quickly settles to the bottom.

The fluid possesses a deep yellow colour. After washing
with cold water, the precipitate was dissolved in boiling al-

cohol, from which, on cooling, white shining silky crystals

separated. In this treatment with nitric acid a strong heat

is to be particularly avoided, as the whole of the cumarine is

converted into nitropicric acid if the fluid is allowed to boil.

The formation of a small quantity of the latter acid can never
be completely avoided, and from this cause arises the yellow
colour of the mother-liquor.
To the above product of decomposition Delalande gave the

name nitrocumarine, and the following formula derived from
his view of the composition of cumarine :

—

C]8\N04/
U

4-

It is scarcely necessary to remark that this formula must
be changed into

^18\N04 / U4J

as is shown by the analysis of the fused crystals with oxide

of copper.
0-5675 grm. of substance gave 1-1657 carbonic acid and

0-1348 water.

In per-centage,
—

Carbon 56-02

Hydrogen .... 2*64

which, compared with the per-centage calculated from the

new formula, is

Theory. Experiment.

(
*~

\

18 Carbon . 1350-00 56-54 56-02

5 Hydrogen 62-50 2-62 2-64

1 Nitrogen . 175-25 - 7'34
8 Oxygen . 800-00 33-50

2387*75 100-00

Delalande's formula requires the following per-centage :
—

Carbon .... 56-24

Hydrogen ... 3*12

Phil. Mag. S .3. Vol. 29. No. 1 96. Dec. 1 846. 2 L
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The determination of the hydrogen, on which the formula

more directly depended, leaves no doubt as to the choice

of the two. The formation of nitrocumarine is analogous to

that of nitrobenzole, nitrostyrole, &c. :
—

C ]8 H6 4+HO,N05=C ]8|^5jo4 + 2HO.

Cumarine. Nitrocumarine.

I have but little to add to Delalande's description of the

properties of this body. Nitrocumarine dissolves with diffi-

culty in water, alcohol and aether, and crystallizes in fine

needles from these solvents as soon as the temperature falls

a little below their boiling-point. Its point of fusion is about

170° C.
;
heated beyond this it sublimes without decompo-

sition in the form of large white crystals of the lustre of

mother-of-pearl.
Nitrocumarine forms with alkalies a solution of a deep

yellow, almost red colour, which disappears on the addition

of an acid, with separation at the same time of a white cry-
stalline matter. This reaction was further examined in the

hopes of obtaining an acid corresponding to nitrocumarine,
viz. the nitrocumaric acid.

For this purpose nitrocumarine was boiled for some time

in an alcoholic solution of potassa; the potassa compound
formed, decomposed by hydrochloric acid, and the precipitate
after removal by washing of the chloride of potassium, re-

crystallized from boiling alcohol.

To free the crystals (which I regarded as nitrocumaric acid)

from any nitrocumarine which might still be mixed with

them, they were dissolved in ammonia, and on boiling, to re-

move any excess of the latter, a portion of the substance was

deposited in the form of white crystalline flakes. That these

crystals were only cumarine was proved by the absence of

any trace of ammonia on heating with potassa.
The filtered solution, which was neutral, gave with nitrate

of silver a beautiful orange-yellow colour, with acetate of

lead an orange precipitate. Both compounds were soluble in

a considerable quantity of water, forming a lightish yellow

solution, but less so in alcohol and aether; so that they could

be purified by boiling in these menstrua. I have analysed
these compounds as well as the substance separated from

them by acids.

The lead and silver precipitates are direct compounds of

nitrocumarine with the oxides of the metals, and the electro-

negative bodies obtained from them is pure nitrocumarine.
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The combustion of this substance with oxide of copper
gave the following results :

—
0-2567 grm. of substance gave 0*5338 carbonic acid and

0-0672 water.

In per-centage,
—
Carbon .... 56-71

Hydrogen ... 2-90

Nitrocumarine, C 184 N^ V04 , contains, as before stated,

Carbon .... 56*54

Hydrogen . . . 2-62

whilst nitrocumaric acid, HO, C
18
<

-^£v
>05 , correspond-

ing to cumaric acid, ought to contain the following widely
differing per-centage,

—
Carbon . . . . 51-67

Hydrogen . . . 3*35

The lead compound was dried at 100°, decomposed by ni-

tric, and precipitated by dilute sulphm-ic acid.

0*6557 grm. substance gave 0*5548 sulphate of lead.

In per-centage,
—oxide of lead 62*27, which would give a

formula approaching nearly to

3PbO,C 18{^5jo4 ,

of which the calculated per-centage of lead is 63*66.

The silver compound being decomposed by the temperature
of the water-bath was dried in vacuo.

A determination of the silver made by burning the com-

pound, in which however a slight loss was incurred through
deflagration, gave in 0*3037 grm. of substance 0*1526 silver.

In per-centage,
—oxide of silver 53*97, which corresponds

to a compound for nitrocumarine and 2 equivalents of oxide

of silver,

2AgO,C l8{^Jo4

of which the per-centage of oxide of silver calculated would be
54*83.

From these experiments it is evident that nitrocumarine

undergoes no decomposition on boiling in an alcoholic solu-

tion of potassa. The same lead and silver compounds are
also obtained by adding a lead or silver salt to nitrocumarine

simply dissolved in ammonia. Further experiments must
2 L2
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decide whether nitrocumaric acid can be obtained by careful

fusion with caustic alkalies, or directly from cumaric acid,

by proper treatment with nitric acid.

The formation of this acid would have been of some inter-

est. The late investigations of Zinin have shown us that

acids of this class, under the influence of reducing agents, as

hydrosulphuric acid, &c, exchange 4 equivalents of oxygen
for 2 of hydrogen, or, to express it otherwise, 1 -equivalent of

hyponitric acid for 1 of amidogen.
Whilst bases are thus formed from nitro-carbohydrogens,

the electro-negative character of the nitro-acids remains un-

changed. Benzoic acid, for example, treated in the above

manner, gives the following series :
—

Benzoic acid . . HO, C 14
H5 3

Nitrobenzoic acid . HO,C 14-l^x >Os

Amidobenzoic acidH tj^ p J"^4\n
Benzamidic acid J

UU
'
U

i 4\AdJ Us

Were it possible to form from cumaric acid a similar series :

Cumaric acid . . HO, C 13 H7
Os

Nitrocumaric acid . HO, C 18< ^T^k
> Os

Amidocumaric acid HO, C
18 -^

.§ f05 .

it gave a hope of producing artificially hippuric acid, for

amidocumaric acid is, according to its formula, nothing but

hippuric acid :

HO, C 18{^*} 5
= HO, C 18

H 8 N05 .

.

,
p *

v
•

Amidocumaric acid. Hippuric acid.

Whether or not such a relation exists must be decided by
further experiments, which I intend still to make in this direc-

tion. In the following I will briefly state some experiments
made partly with the same intention, and which as yet have

not led to decided results.

It was not impossible that by the direct action of reducing

agents on nitrocumarine an amidocumarine could have been

formed, which by treatment with alkalies might have been

converted into the desired acid. For this purpose a quantity
of nitrocumarine was mixed with alcohol, into which ammo-
niacal gas was passed till the whole was dissolved, and then

submitted for a considerable time to a current of hydrosul-

phuric acid.
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The fluid, from which, even after several days, no sulphur
separated, was distilled in a retort till no more sulphide of

ammonia passed over. On exposure to the air in a flat vessel

it now deposited a yellow, slimy, tenacious mass, the cha-

racteristic garlic smell of which led to the suspicion of its

containing sulphur.

By longer exposure to the air the slimy mass assumed the

consistence of wax, and finally hardened into a resinous-like

body, insoluble in water, but tolerably soluble in alcohol and
aether.

Ammonia also dissolves this substance with separation of a

little sulphur. On boiling this solution a portion of the sub-

stance is again deposited as the ammonia is driven off.

The filtered solution, which is nearly neutral, gave on the

addition of hydrochloric acid a brown-coloured amorphous
precipitate, and with lead and silver salts light yellow com-

pounds.
Want of substance has as yet prevented me from making

a thorough investigation of these bodies. I will however here

only add, that the yellow lead compound gave 34*21 per
cent, of lead, and that the organic substance separated from it

contained 9*55 per cent, of sulphur.

Cumarine in Anthoxanthum odoratum.

The detection of cumarine in the Asperula odorata led to

the suspicion that this principle is probably also contained in

other plants in which benzoic acid has been hitherto sup-
posed to have been found.

Some time ago Guillemette * showed that the crystalline

principle of the Melilotus officinalis, which was formerly be-

lieved to be benzoic acid, Avas identical with cumarine.

This observation was completely confirmed by some expe-
riments made by me with the crystalline principle of this

plant, particularly by completely transforming it into salicylic
acid.

Of the other plants said to contain benzoic acid I have as

yet been able to obtain only Anthoxanthum odoratum, a grass
to which is attributed the agreeable smell of new hay, and

which, under the name of 4
"

Sweet Vernal Grass/ is to be found
in most meadows.
To detect the cumarine I proceeded in the same manner as

with the Asperula odorata, and obtained white crystals, which
in odour and taste, as well as in all other properties, were not

* Ami. der Chem. u. Pharm., vol. xiv. p. 324. Journ. de Pharm., 1835,

p. 172.
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to be distinguished from cumarine. On fusing these crystals
with hydrate of potassa and testing the product of decompo-
sition with sesquichloride of iron, the intense violet colour

produced by the salicylic acid which had been formed showed
with certainty the presence of cumarine in the original sub-
stance.

The hippuric acid found in the urine of graminivorous
animals has in various ways been supposed to be derived from
the benzoic acid imagined to exist in the Anthoxanthum odo-

ratum. The transformation experienced by that acid in the

animal oeconomy appeared in the highest degree to give sup-

port to this view.

It would be desirable to try if the same change takes place
with cumarine. The narcotic action of this substance on the

animal organism however prevented the making of any direct

experiments.

LXIX. On the Integration and Transformation of certain

Differential Equations. By the Rev. Brice Bronwin.*
r HAVE lately discovered a very simple method of integra-

*-
ting and transforming certain differential equations, which

I believe to be quite new. A similar method may be applied
to the solution of equations in finite differences. Brief illus-

trations of it have been transmitted to the Mathematician and
the Cambridge Mathematical Journal, but not yet published.
The present paper contains an extension of the method as

applied to differential equations. The following subsidiary
formulae will be required to facilitate the reductions. And it

must be observed that D always stands for -j- , and operates

upon the whole of the quantity which follows it.

xDn
y—

1Dn xy—7iDn~ 1

y ~]

xi j> y
— j> ^2 y__2 n Dn~ lxy + n(n—l) T>n

~2
y

xsDy=DVy— SnDn~ x

x*y + 3 n(n
— 1 )Dn~ 2

xy—

(n-l)(n-2)'D
n- 3

y

These will be verified by actually performing the differen-

tiations.

xT>- n
y=T)-

n xy + nT)-n
- l

y 1 «»

x* D~w
y—D~n

x*y + 2n D""" 1 x y + n{n+ 1 )T>-
n~ 2

y J

&c, which may be verified by successive differentiation.

We now proceed to give some examples.
* Communicated by the Author.

(a.)
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Let ,(g+i^) + 2^ =
,

where p is a positive integer. Make

2/=D
2«+F«=(D2 + ^)«.

Then, reducing by (a.), we have

(Pv
x-r\=x B4u +k^xDhi=B4xu-4!D3u +^D2xu-2^Du
ax1

= (D
2+ P)(D2 .™-4Dm) + 2PDz<.

In like manner

2pa%
= 2p D3 " + 2p *9 D M=

(
D2+ ^) 2P D w *

Also

^j/=FxD2 « +F^m=A2D2j;w-2FDm+ A4^k

Substituting these values in the given equation, it becomes

(D
2 + F) {D^«+(2jo-4)Da+ F«M}=0,

or D2
.rM-f- (2^-4)D7< + &2^= 0,

which is equivalent to

(d

2 u JO \ . J. du

an equation similar to the given one, p being changed into

p— 1. Hence, by continuing to repeat the same operations,
the last term may be taken away. If therefore y= {D

2+ k'
2
)puf

d*u
we shall have

-j—z2 + k* u = 0, the integral of which is known.

Again, let j^ + kx-^ -pky
= 0.

Here make y=T)u + k xu= (D + kx) u. As before, re-

ducing by (a.), we have

f|=D3 « +itD^M=D3 M+^D2a+ 2^D M=(D+ h')D2w
dxl v '

+ 2 k D u.

And
d xi t-v

kx -,— =&# D2 w+ F.rD xu = #D2 #w—2/f Dm + ^a'D.z?/
a.r

= (D + k x) A D x u— 2 ft D u.

Substituting these values in the given equation, it becomes

(D + k x) (D* u+ k D x u — pku)=0.
Or ~D2 u + k Dxu — p ku— 0,

which is equivalent to
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d2 u , du ,

-t—c> +KX-, (p— l)fcu= Q.dxl dx l '

This is similar to the proposed, p being diminished of unity.
By p operations, therefore, the last term will be taken away.
Hence if y— (D + k x)p u,

A d2 u k du
then + Jc 2 -o

dx1 d x
an integrable equation.
To take a third example, let

Make y=D3 u + k3 u = (D
3 + P) u.

We have

xj^
= x D6 u +^ x D3u=D6# ?/- 6D5w + FD3^- 3*3D2w

= (D
3 + F) (D

8 tf«-6D2 M
) +3FD2

«,
and

k3 x y=Is? x D3 u + k? x u= P D3 x a—3FD2 «+1^«
= (D

3 + F) F«M-3FD2 a.

With these values the given equation becomes

(D
3+ P) {D

3
.r u+ (3p-6) D2 u+A.3 x u}

=
;

or D3 ^w+ (3^— 6) D2
e< +F *?*=();

X
{d^ + Pu

)
+3 ^-^dx^ = °-

Therefore if y= (D
3 + /r*)£ u, the proposed reduces to

which we know how to integrate.

Next, let x -r^ + (
(

2p-\-2mx)(-^ + «V] = 0.
ax4 * M

\a.v /

Here we make y= (D
2 + 2 m D + 2 m2

) u.

dz v
Then # -^ =.r D4 m + 2 w.r D3 « + 2 ra2 .r D2 «

= T>4xu— 4 D3 «+ 2 »* D3
a? m— 6 m D2m+ 2m2D2^—4m2Du

= (D
2 +2mD+ 2m2

) (D
2 i«-iD«) +2mD2 «+l»!2 DM

2 m x -r- =2»2«;D3 « + 4 w2
.r D2 « 4- 4 w3

a? D w
dx

= 2mD3 x u— 6 mD^n +^m2 T)2xu— 8m2Dw + 4m3D#tt—4m3«

= (D
2+2OTD + 2m2

)(2»jD^w-6mw) +4m2 DM +8 m3 u



Transformation ofcertain Differential Equattm^., $£)%:**

2 m2 # y= 2 ;h
2 # D2 «+ 4 m3 xT)u + 4>m4 xu

= (D
2+ 2 m D + 2 ro

2
)
2 w2 x u— 4 w2 D u— 4 w3

ft.

Substituting these values in the given equation, and dividing
the result by D2

-f 2 m D + 2 nt
2
, a factor common to all the

terms, we have

&* x u + 2mD x u + (2p— *)Du + 2m2xu+ {2p— 4)ww =0;
d2 u ,_ _ _ . (du \

or x -r-a + (2 v— 2 + 2 m x) \ -. \- mu) = 0,dxz v \« /

which is similar to the given equation, p being changed into

p— 1. If therefore

y=(D2+2mD + 2 m2
)* m,

we shall have for the determination of u the integrable equk-
d*u „ du „

tion -r— +2m-7 \-2m /iu= 0.
ax* ax

We will now apply the transformation y=z(D + m)u to a

few examples at once. This gives

y5&* .rD3 w+ w.rD2
?<=D3 xu-3D2u+mT>2 xu-&mDu

ax* %

= (D+m)(D
2 xu— 3D«) +«D«

=s(D + m)(D .r ?*— 2 m) + w w

x-r- — xD^u + m xD u=D2 xu—2 D u + m Dxu—mu
ax

xy=xD m+ ?»tm=D j?m—M + wa?M=(D + ?w)a: w
— w.

Let

* {8 +(-
m+r^ +»»•*}+? (s+^) =o -

If the above values be substituted in this, the result will have

the factor D+ JW common to all the terms, and will reduce to

{:

Consequently, ifg= (D + my u, the proposed will reduce to

i
d?u , N du ~\ . ,. /du \

X
\dT* +{m

+ r) dx + m rUJ + {P
"

l) {dx
+ rV^

d2 u
,

, N
</«

Again, let* (g +
fc|g +pg + »y=0.

The same values substituted in this will give in like manner

(d2 u du\ . ,. du
,

* ( T-4 + »»-^)+(l»— 1) t- + ««=0.W#2 </#/
v dx

Therefore y — (D + ot)p w will reduce it to
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(d
z u du\X

\d^ + m
d~X) +nU= °>

which is more simple than the given equation.
The equation

d'
2
y /dy \

d^ +rx
{div

+ m
y)

+ry=°>

2 u
, (du \ n

reduces to

d*u

d.

wherey— (D-\-m)u.
With the same transformation we have

,r
2

-f^
= (D-\-m)(Dx

2 u— 4fXu) + 2mxu-^2u

x*y= (D + m) x
2 u — 2 x u

;

and we shall find

to transform immediately into

d2 u (du . \ _.

Or to take a more general example,
(

j^+(rx% + nx + k
)\j^

+ »*#)+ (2 r* + n),y=0

will transform to

^ + {r^ + n,+ k)(^
+m

u)=0.

In the two last examples, where y= (D + m) «, the trans-

formed are more simple than the given equations.
To give one more example of this sort of transformation,

(P 11 d y
let -y-4 + mx2

-y%
— 2my=0.d xd d x*

Here we shall make y—Xlu+ mx* u. Then

%£ =D4«+«D3^«= D4m + mx*TPu + QmxWu + 6?nDu
dx6

= (D +mxq)Ds u+ 6mx D2 u+ 6 mD w=(D + m #2
)D

3 u

4- 6 m D2 x u—6 m D u.

Also

#2^ = tf J)3 g + m x<2 D2 ^2 M = J)3^ w _ g Wan _|_ 6 D 8
rf.r

2

+ w#2 D2 #2m= (D + ?« x2
)
T)2 x-u-6 D*xu+ 6 D k.
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Substituting these values, the proposed equation becomes

{D + mx*) {D
3 u +mD2 x*u-2mu)= 0;

or D3 M+mD2 #2 «— 2 mu=Q;
dA u od2 u du

or -=—„ + m xl
-r-T. + 4 m x -7— =0.

Make -7- = 2, and the preceding becomes
</#

^2 a d z
-7—0 + »* ar -7—+ 4 ?» x z ss 0,or a .r

which is only of the second order. The integration of it will

gives. Then y= (D + mx'2
)
D -1 z.

Positive powers only of D have been used in these trans-

formations ; but it is obvious that we may employ negative
ones also, and may make such assumptions as j/

=D~ l u+ m u,

&c. We may also use higher powers of D, and we may ex-

press y by more terms than two or three. And it is plain that

we may apply a similar method to the transformation and in-

tegration of equations in partial differentials, and also to equa-
tions in finite differences. I shall close this paper with some

examples of a more simple transformation.

Let
(
1-^)^-i3 (^- 1)(^-2)^/=o.

Make y=Dp~ 3u.

Then Dp u-x3 Dp u—p(p—l)(p— 2)DP-
3u=0t

which by (a.) reduces to

Dp u-Dp X3 u+ 3 p Dp- 1 x*u—3p{p— 1)Dp-*xu= 0;

or

D2w—D*a?u+$pDx*u-3p (p-\) xu= D~p +2 = X
suppose, which is equivalent to

(1 -^ 5T2+(^- 6)*
2

Jx
" 3 C*- 1^- 2

)
xu = x '

which is only of the second order.

Let (1 -x3
)

d^ + p(p+]) (p + 2)y=0.

Make y
— D~P- 3 u.

Then D~p u-x3
D~Pu+p{p + l) (p + 2) D~P'

3 u=

by (b.) will reduce to

D-pu—D'Px3 u—3pD-P- xx*u— 5p (p+l)D-^-
2d:M=0;

or Di u-D2 x3 u-3pDxs U"3p {p+l)xu = 0;
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or

(l-x3)^-(3p + 6)a;*^-3(p+l)(p + >2)xu = Oi

an equation of the second order only.

If +*3)g + p (/>-!) (p-^^O,

£
,=D/'~ 3

tt will transform it to

(1+^)S- (^- 6)^ + 3^~ 1)(^" 2)^ ==D~;,+20=X -

And if (1 +*?) j2
- P (p + l) (p+ 2) y= 0,

i/=T>-p~
5u will transform it to

Gunthwaite Hall, October 20, 1846,
Near Barnsley, Yorkshire.

LXX. On the Electricity of Gun-Cotton. By Mr. J. E.

Bowman, Demonstrator of Chemistry, King's College.

To Richard Phillips, Esq.

Dear Sir,

SINCE every one appears to be more or less engaged in the

manufacture of the so-called "gun-cotton," it may be in-

teresting to some of your readers to know that it is capable of

being applied to a purpose different from any hitherto de-

scribed, viz. that of insulating an electrically charged body.
I was yesterday engaged in unravelling some cotton which

had matted together while in the acid, when I was struck with

the tenacity with which it adhered to my fingers; and on

lightly holding a small flock of it, and approaching a finger of

the other hand, or any foreign body, found that it was strongly
attracted towards it, thus differing essentially from the unpre-

pared cotton. I then subjected a little sewing cotton to the

action of the acid, with the view of obtaining it in a more con-

venient form for testing its insulating power, and suspended
from a brass rod two equally charged copper balls, one with

white silk and the other with the prepared cotton. By ex-

amining the two balls at short intervals of time by means of

a delicate gold-leaf electrometer, I found that the one sus-

pended by the cotton retained its charge considerably longer
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than the other ; thus proving the cotton to be a more perfect
insulator than the silk, which has hitherto been chosen as best

adapted for the purpose of insulation.

The acid employed was a mixture of equal parts of nitric

acid, sp. gr. 1*46, and sulphuric acid, sp. gr. 1*83, and the

cotton was immersed for about five minutes. It was not

highly explosive, detonated only partially when struck with a

hammer, and required to be heated considerably to cause it

to explode *.

King's College, London,
Yours trulv>

November 13, 1846. J. E. BoWMAN.

LXXI. On a Common Origin of the Acids (CH)W 4 with

a Boiling-point under 300° Centigrade. By Dr Joseph
Redtenbacher. (Translated by E. F. TESCHEMACiiER.)t
TNDER this head I include not merely the volatile acids^ of butter, but also acetic acid, metacetonic acid, valeri-

anic acid, &c. ; and, in short, all those acids, according to the

above formula, beginning at n == 4 to n = 20, and including
all the intervening members whose values are even numbers
of n. These are acetic acid, metacetonic acid, butyric acid,

valerianic acid, caproic acid, cenanthylic acid, caprylic acid,

pelargonic acid (a new acid, n = 18), and capric acid.

By former examinations, it is known that they occur and
are formed under the most varying circumstances. They are

found partly in plants and in animals, in small quantities, as

mixtures of solid and fluid fats
;
their more immediate origin

in these cases has not yet been clearly shown. They may be

produced from bodies resembling aldehyd, (CH)„ 2, by sim-

ply withdrawing the oxygen. The similar theoretical origin
of acetic acid, metacetonic, butyric, valerianic and cenanthylic
acids has been already proved. That the same has not been

accomplished with capric, caprylic and pelargonic acids, is

owing to the want of a sufficient quantity for examination. It

is not probable that the origin would be found in the organ-
ism of the corresponding aldehydes. The different aldehydes

by decomposition have been heretofore represented by com-

plex atoms ; they have been produced from organic bodies,

but not found in them, although the possibility cannot be

denied that they may be formed by organic bodies. Another
*
[In agreement with the above statement, I may mention that Mr. Reeks,

of the Museum of Economic Geology, when drying some of the substance

in question, and drawing it out, heard a crackling noise, which induced him
to present it to the gold-leaf electrometer, when it instantly caused strong

divergence of the leaves.—R.P.]

t Communicated by the Chemical Society; having been read May 18,

1846.
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mode of origin has been made known by Pelouze, namely the

production of butyric acid by the decomposition of the hy-
drate of carbon, of decayed cheese, and of similar bodies ;

and
the production of butyric acid has been detected by Marchand
in sour-krout and in cucumber-water

;
and also by Wurz in

tainted meat.

Iljenko and Laskowsky, in Liebig's laboratory, have found
a considerable quantity of valerianic acid in half-decayed
cheese. Cheese which consists of the ingredients of the milk
contains only fat and caseine

;
the valerianic acid could only be

formed out of these two ingredients. Fresh butter contains

no valerianic acid
; Liebig has however obtained by the action

of caustic alkali on cheese valerianic and butyric acid. But
these last two modes cannot be the ordinary way in which
these acids exist in organic bodies. It is not especially to be
referred to putrefaction or to cheese.

It is probable that nature follows a more general course in

producing so great a variety of the easily volatile fatty acids.

They are combined with the base oxide of lipyle, the constant

companion of all the fixed and volatile fatty bodies of the ve-

getable and animal kingdom. The different fatty bodies may
be submitted to the same process by which the volatile acids

are separated from butter, but in every case a very small

quantity of these acids is found.

It is very possible that they proceed either from the fixed

acids or from the oily acids of the fat.

The solid acids, stearic, margaric, palmitic, cocinic, myristic,
contain carbon and hydrogen in the same proportions ; they

may merely combine with oxygen in order to be converted, in

several equivalents, into acids volatile under 300° Centig.,

(CH)»04 .

But these solid acids are in themselves permanent, and do
not undergo change by exposure to the air

;
on the contrary,

oleic acid is by the action of the oxygen of the atmosphere,
and also by other oxidizable agents, a body subject to changes.

According to the formula C36 H^ 4 of Gottlieb, two atoms
of carbon must be given off in order that it may be converted

into the acid (CH)„ 4 .

Laurent and Bromeis having examined the oxidizing action

of nitric acid on the oily acids, the one considered he had
found in them cenanthic acid, the other that he had found

butyric acid. Tilley, by the action of nitric acid on castor oil,

also produced an acid of this class
;
and still later, Gottlieb,

by dry distillation, which is partly an oxidizing process, ob-

tained capric and caprylic acids from oleic acid.

The foregoing considerations have induced me to study the
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oxidizable products arising from the action of nitric acid

upon oleic acid, but not with the view of repeating or con-

trolling the experiments of Laurent and Bromeis : I have not

occupied myself with the products which these two chemists

have obtained, but only examined the volatile substances

given off on oxidation by the action of nitric acid ; I have

discovered the before-mentioned series of acids volatile under
300° Centigrade. The oleic acid which served for my expe-
riments was obtained from the stearine factory of this place ;

it is exclusively obtained from the fat of oxen. It contained

some tallow and margaric acid, which did not essentially in-

terfere with the following experiments. When pure stearine

is acted upon by soda, and the solution very much concen-

trated, the decomposition, which is subsequently effected by
an acid, gives off" the smell of butyric acid

; the separated
oleic acid melts under 70° C, so that there remains no doubt
that even the fixed acids by oxidation give off acids volatile

at 300° C, (CH)n 4.

I made use of a very spacious tubulated retort to effect the

oxidation of about 10 gallons contents, the neck of which
was furnished with a cooling apparatus. 5 lbs. of the strong-
est brown fuming acid were poured in, and a funnel provided,
whose lower opening dipped into the nitric acid. The acid

was slightly warmed, and the oil carefully introduced in small

portions at a time. Upon each addition of oil a violent action

took place ; it was necessary to wait until the previous action

had subsided before any fresh addition of oil was made. The
thick brown fumes condensed partly in the water of the re-

ceiver through which it passed. Sometimes drops of oil ap-

peared on it, and the passing nitrous gas smelt strongly of

volatile fatty acids. After 2 or 3 lbs. of oleic acid had been

added, the further oxidation was assisted by heat. When,
after long heating, a quantity of oil remains on the surface,
a fresh portion of nitric acid may be added, using the same

precautions as when the oil was added. In this way I have

digested 3 or 4 lbs. of oleic acid for several days with nitric

acid. At last I obtained, by the addition of water and redi-

stillation, all the volatile products contained in the retort. The
products of the distillation were partly saturated with potash
and subjected to a fresh distillation. In the retort there re-

mained nitrate of potash ;
strata of volatile fatty acids floated

upon the surface of the colourless distilled product, and
the easily soluble acids were dissolved in the water. The oily

portion was drawn off by a siphon and neutralized by baryta
water, the different acids separated by crystallization. It con-
tained all the acids, from the valerianic to the capric. The
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solution of the easily soluble acids was neutralized by car-

bonate of soda and evaporated to a syrup. Acetate of soda

first crystallized out. The mother-liquor was decomposed by
sulphuric acid, the floating oily stratum drawn off, and the

acetic, metacetonic and butyric acids were partly separated
from one another by their boiling-points ; the acetic acid and
the metacetonic were determined by a silver salt, and the bu-

tyric acid by a barytic salt. It may be conceived that the

separation of these nine acids, possessing such similar pro-

perties, was effected with much difficulty. It is already trou-

blesome to separate the four volatile acids of butter by means
of the crystallization of the barytic salts

; nearly one-third of

the barytic salts remain as an inseparable mixture. The vo-

latile acids of butter differ in the amount of the factor n,

but not more than 4, while the series with which I was oc-

cupied differed only 2. The similarity of the properties of

the barytic salt, or, what is the same thing, the difficulty of

their separation, was therefore twice as great, I had there-

fore a large quantity of the mixed barytic salts which was unfit

for examination ;
it would have been impossible to exhibit

separately all the acids unless I had had 4 oz. of the mixed

volatile acids.

Before I made use of the barytic salts I tried the separa-
tion of the hydrated acids by means of their boiling-point.

According to recent experiments of Kopp and Fehling, it ap-

pears that the hydrated acids (CHn) 4 increase in their boil-

ing-point about 20° C. when the factor n is augmented by 2.

But when I undertook the distillation, the thermometer rose

so regularly from degree to degree that I soon discovered the

futility of this mode of separation. A portion of the acid hy-
drates which came over at the boiling-points of butyric acid,

164° C. and about 4° lower, were converted into silver salts;

they proved to be upon examination a mixture of three acids,—the butyric acid, the next lower, the metacetonic, and the

next higher, the valerianic acid. Therefore, as a complete

separation could not be effected by distillation of the hydrated
acids, I did not attempt the separation by means of the ethyle

compounds, which would in all probability have acted in the

same manner.
For the less volatile acids, from valerianic to capric acids,

I had recourse to the barytic salts. By gentle evaporation
and crystallization I obtained a series of about twenty cry-

stallizations, and by means of an examination according to

their known atomic weights, I was enabled to refer the sepa-
rate crystallizations to their different acids, and by subsequent

recrystallization of the different portions to separate them
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perfectly from one another}- taking only the middle portion of
each.

I had originally intended only to undertake the examina-
tion of the volatile acids of butter, but the form of the barytic
salts led me to the expectation and to the discovery of the

intervening acids. If the crystallization of the four volatile

acids of butter be compared, it is found that they all crystal-
lize in forms which are only of different sizes and differently

grouped. The prisms of caprate of baryta are microscopi-
cal, and appear like fine powder. Those of caprylate of ba-

ryta are united in small grains ;
the groups of the caproate

of baryta are much larger ;
and the baryta salts of the butyric

acid crystallize in groups as large as hazel-nuts. The other
three intervening acids, whose factor n is not divisible by 4
but by 2, crystallize in scaly clusters of a pearly lustre, as is

already known to be the case with valerianic acid and cenan-

thylic acid.

I will now give the analytical results of the series, begin-

ning with the lowest. It is to be observed, that in the ana-

lysis of bodies presenting so many difficulties, the results

cannot be expected to agree perfectly with the theory.
1. Acetic Acid.—The silver salts were formed from crystal-

lized acetate of soda; it gave 69*19 per cent, of oxide of sil-

ver
; theory requires 69*46 -per cent.

2. Metacetonic Acid.—As before mentioned, the mother-

liquor, from which the acetate of soda was crystallized, was

decomposed by sulphuric acid. An oily stratum was pro-
duced, which was distilled over. It began to boil at 110° C.

;

what came over from 120° to 140° was neutralized by ammo-
nia and precipitated with nitrate of silver, then boiled until

completely dissolved. On cooling, the silver salt was depo-
sited in small hard grains and druses, which blackened at

100° C, and at a higher temperature fused and decomposed.
It had all the other properties of metacetonate of silver.

0*242 grm. dried in vacuum gave 0*144 grm. silver; and fur-

ther, 0*203 grm. gave 0*1525 grm. carbonic acid and 0*057

grm. water.

Theory. Experiment.
6 eqs. Carbonic acid . . . . 450*0 19*89 20*49
5 ... Hydrogen 62*5 2*76 3*12

3 ... Oxygen 300*0 13*26 12*47
1 ... Oxide of silver . . . 1450*0 64*09 63*92

1 ... of Metacetonate of silver 2262*5 100*00 100*00

3. Butyric Acid.—The oily acid just mentioned under
metacetonic acid as passing over at 140° to 164° C. was sa-

turated with baryta and crystallized. The first two crystal-
Phil. Mag. S. 3. No. 197. Suppl. Vol. 29. 2 M
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lizations still contained valerianic acid
;
the third and fourth

crystallizations had all the properties of butyric acid, and
were again crystallized ; upon analysis it gave the following
result. This, as well as all the following analyses, was made
with chroraate of lead.

0*415 grm. butyrate of baryta gave 0*261 grm. carbonate of

baryta; 0*4697 grm. of the same salt gave 0*5265 grm. car-

bonic acid and 0*1955 grm. water.

Calculated. Found.

8 eqs. Carbonic acid. . 600*0 30*86 30*57

7 ... Hydrogen . . . 87*5 4*50 4*62

3 ... Oxygen. . . . 300*0 15*43 15*95

1 ... Baryta .... 956*9 49*21 48*86

1 ... Butyrateofbarytes 1944*4 100*00 100*00 '

As already stated, the oily stratum which floated on the

liquid in the receiver, and which contained the less soluble

acids, was saturated with caustic baryta, and a series of cry-
stallizations of the baryta salts thus produced.

4. Valerianic Acid.—The soluble salts below crystallized
in clusters of large plates, with the known properties of vale-

rianate of barytes.
0*268 grm. valerianate of barytes gave 0*154 grm. carbonate

of barytes; 0*394 grm. gave 0*506 grm. carbonic acid and
0*1935 grm. water.

Calculated. Found.

10 eqs. Carbonic acid . . . 750*0 35*38 35*03

9 ... Hydrogen .... 112*5 5*31 5*46

3 ... Oxygen .... 300*0 14*15 14*87
1 ... Baryta 956*9 45*1 6 44*64

1 ... Valerianate of baryta 2119*4 100*00 100*00

5. Caproic Acid.—The foregoing second and third cry-
stallizations of the valerianate of baryta appeared in small

semiglobular druses, which were made up of small prismatic

crystals. These were now recrystallized, and had then all the

appearance and properties of caproate of barytes.
0*282 grm. gave 0*149 carbonate of barytes; 0*5085 grm.

gave 0*7255 carbonic acid and 0*270 grm. water.

Calculated. Found.

12 eqs. Carbonic acid . . . 900*0 39*22 38*92

11 ... Hydrogen .... 137*5 5*99 5*90

3 ... Oxygen 300*0 13*08 14*14

1 ... Baryta 956*6 41*71 41*04

1 ... Caproate of barytes . 2294*4 100*00 100*00

6. (Enanthylic Acid.—Between the crystallization of ca-
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proate of baryta and the foregoing fine granular crystals of

caprylate of baryta, there appeared crystals in large plates,
with a mother-of-pearl lustre, which recrystallized several

times in the same form. It appeared from analogy that it

could only contain an acid whose composition was between
the caproic and caprylic acids, or it rather was presumed to

be with certainty the cenanthylic acid discovered by Tilley.
The quantity of the salt obtained was very small, Only a few

grammes, nevertheless it was necessary to recrystallize it in

order to take only the middle portions. I obtained only about
400 milligrammes of the pure salt for examination, of which
a part was used for qualitative analysis. The properties how-
ever agreed in every respect with the cenanthylate of baryta
of Tilley. There remained only sufficient for the determina-
tion of the atomic weight of the salt.

0*3273 grm. cenanthylate of baryta gave 0*162 grm. car-

bonate of baryta ;
this gave cenanthylate of baryta :

—
Calculated. Found.

Atomic weight ..... 2469 2489

Anhydrous acid . . . . 1413 1413
In 100 parts,—Baryta . * 38*73 38*45

7. Caprylic Acid.—The before-mentioned very small fine

granular crystals from cenanthylate of baryta were decom-

posed by sulphuric acid
; they gave out the odour of sweat,

and formed the known properties of caprylic acid. I have
obtained crystals of caprylate of baryta in other forms. I

left a cold saturated solution of this salt for eight months
in a glass vessel covered with blotting-paper to spontaneous
evaporation. During this time the solution had evaporated
to three-quarters of its former bulk, and at the bottom were

deposited prismatic crystals, above one-quarter of an inch in

length, very hard, with a waxy lustre. The atomic weight
showed me that they were pure caprylate of baryta.
Of the above fine granular crystals, 0*493 grm. gave 0*229

grm. carbonate of baryta ; 0*3265 grm. gave 0*545 grm. car-

bonic acid and 0*212 grm. Mater.

Calculated.

16 eqs. Carbon .... 1200*0
15 ... Hydrogen . . . 187*5
3 ... Oxygen .... 300*0

7 ... Baryta .... 956*9

1 ... Caprylate of baryta 2644*4 100*00 100*00

8. Pelargonic Acid.—Between capric and caprvlic acids no
2M2

1.
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other acid was previously known to exist. When the cry-
stallizations of the mixed barytic salts were made, crystals of

caprylate of baryta formed on the powder of the caprate.
I have already mentioned in my work upon the products of

the oxidation of choloidic acid, that a barytic salt in large

plates, with a mother-of-pearl lustre, was formed between the

caprate and caprylate of baryta, which, from its variable com-

position, I considered as a mixture of the two salts. But

during my proposed examination I obtained between caprate
and caprylate of baryta, in the third and fourth crystalliza-

tions, a salt of barytes in large plates, which remained the

same after repeated crystallization ; they were purified in the

same manner as the other salts, by taking only the middle

portions of the crystals. I consider I am not hasty, even

with so imperfect a knowledge, to admit the existence of a

new acid, and which analysis confirms to contain the factor

w=18. I name it, upon grounds which I shall subsequently
state, pelargonic acid.

Pelargonate of baryta crystallizes, as I have already stated,

similarly to valerianate and cenanthylate of baryta, but is

much less soluble in water and in alcohol ; it is considerably
more soluble than caprate of baryta, and, as it crystallizes
out before caprylate of baryta, it is therefore less soluble than

this latter salt. It has properties between these two salts.

In its other properties it naturally corresponds with the ba-

rytic salts of all the volatile fatty acids. It gave out at 100° C.

a very small quantity of water, so that its crystals are anhy-
drous.

0*3395 grm. gave 0*148 grm. carbonate of baryta; 0*316

grm. gave 0*5485 grm. carbonic acid and 0*212 grm. water.

Calculated. Found.

18 eqs. Carbon 1350*0 47*88 47*34

17 ... Hydrogen .... 212*5 7*54 7*46
3 ... Oxygen 300*0 10*64 11*34

1 ... Baryta 946*9 33*94 33*86

1 ... Pelargonate of baryta 2809*4 100*00 100*00

The mother-liquor from which the above barytic salts were

crystallized, and which doubtless still contained caprylic acid,
as a trial of it proved, was precipitated by nitrate of silver.

A white curdy precipitate fell, which was with difficulty so-

luble in hot water. The precipitate was dried at 100° C.
0*198 grm. pelargonate of silver gave 0*0815 grm. silver;

0*3845 grm. of the salt gave 0*5635 grm. carbonic acid and
0*219 water.
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Calculated. Found. Plcss*.

18 eqs. Carbon 1350*0 40*75 39-98 40*88

17 ... Hydrogen. . . . 212*5 6*42 6*33 6*46

8 ... Oxygen .... 300*0 9*06 9*48 8*89
1 ... Oxide of silver . . 1450*0 43*77 44*21 43*77
1 ... Pelargonate of silver 3312*5 100*00 100*00 100*00

A small quantity of caprylic acid contained in it decreased
the carbon and the water, but increased the quantity of oxide
of silver.

9. Capric Acid.— Of all the foregoing acids, the action of
nitric acid upon the oily acids produces the smallest quantity
of this acid, it being the strongest combination, and contain-

ing the smallest quantity of oxygen ; and also from possess-

ing the highest boiling-points, during the distillation with the

nitric acid and water, the smallest quantity is distilled over.

Having dissolved all the barytic salt in water, the first cry-
stallization had all the appearance of caprate of baryta. The
atomic weight was considerably higher than that of the pe-

largonate of baryta, but not so high as that of the caprate
of baryta. By means of crystallization, redissolving the first-

formed crystals and recrystallizing, I at last raised the atomic

weight to 2950
;
but pure caprate of baryta possesses an

atomic weight of 2990. Although I had not enough of the

substance to submit it to combustion, still there is no doubt
that capric acid had been formed. With this is closed the

series of the volatile fatty acids, which are obtained by the

action of nitric acid upon the oily acids. The largest in quan-
tity formed are the caproic, valerianic and acetic acids

; the

next in quantity are caprylic, butyric and metacetonic acids
;

and the least in quantity formed are the capric, pelargonic

* H. Pless undertook some time ago the examination of the volatile in-

gredients of the plant Pelargonium roseum, (so called from the known
scent of the rose), but could not complete it for want of sufficient material.

He distilled the plant with water
;
the product had the scent of the plant,

and an oil swam at the top. The liquid had a sour reaction. It was neu-
tralized by baryta water, and the neutral, strongly-scented oil was distilled

over. The solution evaporated to dryness contained fatty acids. It was
boiled in alcohol, and the first product precipitated by nitrate of silver.

0284 grm. gave (H 157 grm. silver
;
another portion of 0354 grm. gave

0*5305 grm. carbonic acid and 0-2058 grm. water.

The calculation of this analysis is given above under the head of Pless.

This is the reason, for want of a better, that I gave it the name pelargonic
acid. Respecting the properties of the hydrates of pelargonic acid, I have
little to notice, as the quantity of it I possessed was too small. It is an oily,

greasy acid, slightly soluble in water, but easily soluble in alcohol and aether.

With regard to its other properties, as far as experiments lead, it may be
considered to hold a middle place in the hydrates between the capric and

caprylic acids.
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and cenanthylic acids. Before I make any further observa-

tions in connection with these acids, I will refer to a non-vo-
latile body, which is also obtained by the oxidation of the

oily acids, and which appears as a middle member that first

originates from oily acids and then changes, on the one hand,
into suberic and pimelic acids, and, on the other, by the

presence of water into the volatile fatty acids. If the oxida-

tion is not carried so far that the last trace of the fatty stra-

tum in the retort does not disappear, there floats on the sur-

face of the water on cooling an oily stratum of an unguent
consistency, which, after washing with water, possesses a

strong odour of sweat. This unctuous body is heavier than

water, easily soluble in alcohol and aether, but not capable of

being distilled over. If heated to above 100° C, a kind of

combustion takes place of its elements, giving out an odour
of cinnamon and nitrous acid

; volatile fatty acids distil over,
and the remainder becomes quite black and tough ; suberic

acid may be detected in it ; when acted upon by an alkali it

is dissolved with a blood-red colour, and can be again sepa-
rated unchanged by an acid. When boiled with water in a

retort it undergoes decomposition, and volatile fatty acids

distil over into the receiver ; suberic and pimelic acid re-

main dissolved in the water in the retort, and the first acid

may be crystallized out. These bodies therefore appear to

consist of that portion of the atom of the oily acids combined
with nitrous acid which produce suberic and pimelic acids,

(CH)w 4.

As it was not possible to obtain it free from mixture, I did

not submit it to any further examination. The common ori-

gin of the volatile fatty acids from the oily acids clearly ac-

counts for the wide-spread occurrence of these with the oily
acids in all fat.

As before stated, I have for many years examined, partly

myself and partly by means of others, the volatile aeids con-

tained in animal fat, namely, the fat of fowls, of geese, snakes,

badgers, hares, particularly human fat, and several others,
and in every one, without exception, I have discovered small

portions of volatile fatty acids. The most common appear
to be the caprylic, caproic and valerianic acids.

Human fat, which M. Lerch very carefully examined, and
in large quantities, gave, with the known margaric and oleic

acids, a considerable quantity of volatile fatty acids besides

caprylic acid, so that the barytic salt of the latter could be

clearly established. As before stated, the weakened odour of

caprylic acid brings to my mind the ordinary odour of the

perspiration of a healthy man
j and it is therefore probable
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that this acid passes off with the perspiration of the body
after strong exercise and heating.

According to the knowledge we possess concerning the fat

of plants and of animals, the combinations of the volatile and
non-volatile acids are with oxide of lipyle. A person the least

accustomed can with ease distinguish by their smell the dif-

ference between the fat of oxen, of pigs, or of fowls, particu-

larly when the fat is heated to the melting-point, but still the

composition of them all is the same. If the fat is washed
and the acids separated, it is no longer possible to distinguish
between them (butter is an exception). During the washing
the substances disappear which are characteristic of the dif-

ferent fats ; they appear to have volatilized or to be decom-

posed. The substance to which the peculiar smell of the fat

is due has not yet been isolated. It is possible that it is the

corresponding oxide of lipyle combination of the volatile fatty
acids.

LXXII. Account of some Circumstances historically con-

nected with the Discovery of the Planet exterior to Uranus.

By G. B. Airy, Esq., Astronomer Royal*.

JT has not been usual to admit into the Memoirs of this
A

Society mere historical statements of circumstances which
have occurred in our own times. I am not aware that this is

a matter of positive regulation: it is, I believe, merely a rule

of practice, of which the application in every particular in-

stance has been determined by the discretion of those officers

of the Society with whom the arrangement of our Memoirs
has principally rested. And there can be no doubt that the

ordinary rule must be a rule for the exclusion of papers of

this character; and that if a positive regulation is to be made,
it must absolutely forbid the presentation of such histories.

Yet it is conceivable that events may occur in which this rule

ought to be relaxed ;
and such, I am persuaded, are the cir-

cumstances attending the discovery of the planet exterior to

Uranus. In the whole history of astronomy, I had almost

said in the whole history of science, there is nothing com-

parable to this. The history of the discoveries ofnew planets
in the latter part of the last century, and in the present cen-

tury, offers nothing analogous to it. Uranus, Ceres and Pallas

were discovered in the course of researches which did not

contemplate the possible discovery of planets. Juno and
Vesta were discovered in following up a series of observations

* From the Proceedings of the Royal Astronomical Society for No-
vember 13, 1846.
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suggested by a theory, which, fruitful as it has been, we may
almost venture to call fanciful. Astraea was found, in the

course of a well-conducted re-examination of the heavens, ap-

parently contemplating the discovery of a new planet as only
one of many possible results. But the motions of Uranus,
examined by philosophers who were fully impressed with the

universality of the law of gravitation, have long exhibited the

effects ofsome disturbing body : mathematicians have at length
ventured on the task of ascertaining where such a body could

be; they have pointed out that the supposition of a disturbing

body moving in a certain orbit, precisely indicated by them,
would entirely explain the observed disturbances of Uranus :

they have expressed their conviction, with a firmness which I

must characterise as wonderful, that the disturbing planet
would be found exactly in a certain spot, and presenting ex-

actly a certain appearance ;
and in that spot, and with that

appearance, the planet has been found. Nothing in the whole

history of astronomy can be compared with this.

The principal steps in the theoretical investigations have

been made by one individual, and the published discovery of

the planet was necessarily made by one individual. To these

persons the public attention has been principally directed ;

and well do they deserve the honours which they have received,

and which they will continue to receive. Yet we should do

wrong if we considered that these two persons alone are to be

regarded as the authors of the discovery of this planet. I am
confident that it will be found that the discovery is. a conse-

quence of what may properly be called a movement of the

age; that it has been urged by the feeling of the scientific

world in general, and has been nearly perfected by the colla-

teral, but independent labours, of various persons possessing
the talents or powers best suited to the different parts of the

researches.

With this conviction, it has appeared to me very desirable

that the authentic history of this discovery should be published
as soon as possible; not only because it will prove a valuable

contribution to the history of science, but also because it may
tend to do justice to some persons, who otherwise would not

receive in future times the credit which they deserve. And
as a portion of the history, I venture to offer to this Society
a statement of the circumstances which have come to my own

knowledge. I have thought that I could with propriety do

this, not because I can pretend to know all the history of the

discovery, but because I know a considerable part of it ; and
because I can lay claim to the character of impartiality to this

extent, that, though partaking of the general movement of the
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age, I have not directly contributed either to the theoretical

or to the observing parts of the discovery. In a matter of

this delicacy I have thought it best to act on my own judge-
ment, without consulting any other person ;

I have, however,
solicited the permission of my English correspondents for the

publication of letters.

Without pretending to fix upon a time when the conviction

of the irreconcilability of the motions of Uranus with the law
of gravitation first fixed itself in the minds of some individuals,
we may without hesitation date the general belief in this irre-

concilability from the publication of M. Alexis Bouvard's
Tables of Uranus in 1821. It was fully shown in the intro-

duction to the tables, that when every correction for pertur-
bation indicated by the best existing theories was applied, it

was still impossible to reconcile the observations of Flamsteed,
Lemonnier, Bradley and Mayer, with the orbit required by
the observations made after 1781, and the elements of the

orbit were adopted from the latter observations, leaving the

discordances with the former (amounting sometimes to three

minutes of arc) for future explanation.
The orbit thus adopted represented pretty well the obser-

vations made in the years immediately following the publica-
tion of the tables. But in five or six years the discordance

again growing up became so great that it could not escape no-
tice. A small error was shown by the Kremsmiinster Obser-
vations of 1825 and 1826: but perhaps I am not in error in

stating that the discordance was first prominently exhibited

in the Cambridge Observations, the publication of which from
1828 was conducted under my superintendence.
While still residing at Cambridge, I received from the Rev.

T. J. Hussey (now Dr. Hussey) a letter, of which the follow-

ing is an extract. It will be considered, I think, as honour-
able to that gentleman's acuteness and zeal. I must premise
that the writer had lately passed through Paris.

No. 1 . The Rev. T. J. Hussey to G. B. Airy.

[Extract.]
"
Hayes, Kent, 17 November 1834.

" With M. Alexis Bouvard I had some conversation upon
a subject I had often meditated, which will probably interest

you, and your opinion may determine mine. Having taken

great pains last year with some observations of Uranus, I was
led to examine closely Bouvard's tables of that planet. The
apparently inexplicable discrepancies between the ancient and
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modern observations suggested to me the possibility of some

disturbing body beyond Uranus, not taken into account be-

cause unknown. My first idea was to ascertain some approxi-
mate place of this supposed body empirically, and then with

my large reflector set to work to examine all the minute stars

thereabouts : but I found myself totally inadequate to the

former part of the task. If I could have done it formerly, it

was beyond me now, even supposing I had the time, which
was not the case. I therefore relinquished the matter alto-

gether, but subsequently, in conversation with Bouvard, I

inquired if the above might not be the case: his answer was

that, as might have been expected, it had occurred to him,
and some correspondence had taken place between Hansen
and himself respecting it. Hansen's opinion was, that one

disturbing body would not satisfy the phsenomena, but that he

conjectured there were two planets beyond Uranus. Upon
my speaking of obtaining the places empirically, and then

sweeping closely for the bodies, he fully acquiesced in the pro-

priety of it, intimating that the previous calculations would be

more laborious than difficult; that if he had leisure he would
undertake them and transmit the results to me, as the basis

of a very close and accurate sweep. I have not heard from
him since on the subject, and have been too ill to write.

What is your opinion on the subject ? If you consider the

idea as possible, can you give me the limits roughly between
which this body or those bodies may probably be found during
the ensuing winter? As we might expect an eccentricity

[inclination ?] approaching rather to that of the old planets
than of the new, the breadth of the zone to be examined will

be comparatively inconsiderable. I may be wrong, but I am

disposed to think that, such is the perfection of my equatorial's

object-glass, I could distinguish almost at once the difference

of light of a small planet and a star. My plan of proceeding,

however, would be very different: I should accurately map
the whole space within the required limits, down to the mi-

nutest star I could discern ; the interval ofa single week would

then enable me to ascertain any change. If the whole of this

matter do not appear to you a chimera, which, until my con-

versation with Bouvard, I was afraid it might, I shall be very

glad of any sort of hint respecting it."

My answer was in the following terms :
—

No. 2. G. B. Airy to the Rev. T. J. Hussey.

[extract.]
"
Observatory, Cambridge, 1834, Nov. 23.

" I have often thought of the irregularity of Uranus, and
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since the receipt of your letter have looked more carefully to

it. It is a puzzling subject, but I give it as my opinion, with-

out hesitation, that it is not yet in such a state as to give the

smallest hope of making out the nature of any external action

on the planet. Flamsteed's observations I reject (for the pre-

sent) without ceremony ; but the two observations by Bradley
and Mayer cannot be rejected. Thus the state of things is

this,
—the mean motion and other elements derived from the

observations between 1781 and 1825 give considerable errors

in 1750, and give nearly the same errors in 1834, 'when the

planet is at nearly the same part of its orbit. If the mean
motion had been determined by 1750 and 18 34, this would
have indicated nothing; but the fact is, that the mean
motions were determined (as I have said) independently.
This does not look like irregular perturbation. The obser-

vations would be well reconciled if we could from theory

bring in two terms, one a small error in Bouvard's excen-

tricity and perihelion, the other a term depending on twice

the longitude. The former, of course, we could do; of the

latter there are two, viz. a term in the equation of the centre,

and a term in the perturbations by Saturn. The first I

have verified completely (formula and numbers); the second

I have verified generally, but not completely: I shall, when
I have an opportunity, look at it thoroughly. So much for

my doubts as to the certainty of any extraneous action. But
if it were certain that there were any extraneous action, 1

doubt much the possibility of determining the place of a planet
which produced it. I am sure it could not be done till the

nature of the irregularity was well determined from several

successive revolutions."

It will readily be understood that I do not quote this letter

as a testimony to my own sagacity ; but I think it deserving
of production, as showing the struggle which was made twelve

years ago to explain the motions of Uranus, and the difficulty
which seemed to envelope the subject. With regard to my
last sentence, I think it likely that the same difficulty would
still have been felt, if the theorists who entered seriously upon
the explanation of the perturbations had not trusted more

confidently to Bode's law of distances than I did myself.
In the year 1836, having quitted the Observatory of Cam-

bridge, I completed the reduction of the planetary observa-

tions made there during the years 1833, 1834, 1835, in such

a form as to exhibit the heliocentric errors of the tabular

places of Uranus, together with theeffect of errors of the tabular

radius vector. The memoir containing these reductions was



516 Prof. G. B. Airy on the History of the Discovery of

subsequently printed in the Memoirs of this Society. The
progress of the errors of the tables of Uranus was here clearly
marked.
'In 1837, 1 received from M. Eugene Bouvard a letter, from

which I trust I may be permitted to make an extract. It will,

I am certain, be received as creditable to the intelligence and

industry of the astronomers of the Observatory of Paris.

No. 3. M. Eugene Bouvard to G. B. Airy.

[extract.]
"
Paris, ce 6 Octobre, 1837-

"Dans le peu de moments de loisir que me laissent mes

fonctions, je m'occupe d'un travail que je crois n'etre pas sans

importance. Mon oncle [M. Alexis Bouvard] travaille a re-

faire ses tables de Jupiter et de Saturne, en se servant des

corrections apportees recemment aux elemens astronomiques.
II m'a cede les tables d'Uranus a reconstruire. En consultant

les comparaisons que vous avez fait des observations de cette

planete avec les calculs des tables, on voit que les differences

en latitude sont tres-grandes et qu'elles vont toujours en aug-
mentant. Cela tient-il a une perturbation inconnue apportee
dans les mouvemens de cet astre par un corps situe au-dela ?

Je ne sais, mais c'est du moins l'idee de mon oncle. Je re-

garde la solution de cette question comme fort importante.

Mais, pour reussir, j'ai besoin de reduire les observations

avec la plus grande precision, et souvent les moyens me raan-

quent."

The remainder of this letter relates principally to the re-

duction of observations.

The following are extracts from my answer :
—

No. 4. G. B. Airy to M. Eugene Bouvard.

[extract.]

"Royal Observatory, Greenwich, 1837, Oct. 12.

" I think that, probably, you would gain much in the accu-

racy of the reduced observations by waiting a short time be-

fore you proceed with that part of your labour. Some time

ago, I presented to the Astronomical Society of London a

very complete reduction of the observations of all the planets
made at Cambridge in the years 1833, 1834, 1835. This

paper will, as I expect, very shortly be printed. I have re-

duced the observations made at Greenwich in 1836 in the

same manner : the volume containing these reductions will

very soon be published.
* * * You may also know that
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I am engaged upon a general reduction of the observations of

planets made at Greenwich, from the commencement of Brad-

ley's observations to the present time. It may perhaps be a

year before I can furnish you with the places deduced from
these observations. * * * With respect to the errors of

the tables of Uranus, I think you will find that it is the lon-

gitude which is most defective, and that the errors in latitude

are not at present increasing. To show this, I set down a

few of my results. * * * You will see by this statement

that the errors of longitude are increasing with fearful ra-

pidity, while those of latitude are nearly stationary.
* * *

I cannot conjecture what is the cause of these errors, but I

am inclined, in the first instance, to ascribe them to some
error in the perturbations. There is no error in the pure
elliptic theory (as I found by examination some time ago).
If it be the effect of any unseen body, it will be nearly im-

possible ever to find out its place."

On the 24th of February, 1838, I addressed a letter to M.
Schumacher, which is printed in the Astronomische Nachri'ch-

ten, No. 349. In this letter it is shown, by treatment of the

results of the reduced observations of 1833, 1834, 1835, 1836

(to which allusion was made in my letter to M. Eugene Bou-

vard), that the tabular radius vector of Uranus was consider-

ably too small. This deduction (which has been confirmed

by the observations of all the subsequent years) has always

appeared to me to be very important. It is perhaps worth
while here to point out that the detection of this error arose,
in the first place, from the circumstance that my observations

of Uranus had not been confined to the mere opposition (as
had too often been done), but had been extended, as far as

possible, to quadratures; and, in the next place, from my
having so reduced the observations as to exhibit the effect of

error of the radius vector.

On the 14th of May, 1838, I transmitted to M. Eugene
Bouvard the reduced observations of 1833, 1834, 1835, 1836;
and referred him to the paper in the Astronomische Nachrich-

ten, which I have cited.

The following letter from M. Eugene Bouvard will show
how vigorously the attention of the astronomers of Paris was
still directed to Uranus:—

No. 5. M. Eugene Bouvard to G. B. Airy.

[extract.]

"Paris, ce21 Mai, 1844.

tt # * * Je viens aujourd'hui vous prier de me communi-

quer, si c'est possible, Ies ascensions droites et les declinaisons
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d' Uranus depuis 1781 jusqu'en 1800. * * * J'ai reduit

moi-meme toutes ces observations en m'en tenant aux elemens

imprimes, mais je crains qu'il n'y ait quelques erreurs. II y a

surtout line telle incertitude sur les erreurs de collimation du

quart de cercle depuis 1785 jusqu'en 1800, qu'il est presque

impossible d'avoir une grande confiance dans les observations.
* * * Mon travail est fort avance. Je suis arrive a des

resultats fort bons deja, puisque je satisfais aux observations

actuelles et aux premieres de 1781, 1782, &c, a 15" de degre
pres en longitude : tandisque d'apres les tables de mon oncle

les erreurs sont de pres de 2' de degre actuellement. Si je
mettais de cote les observations de Maskelyne faites depuis
1785 jusqu'a 1796, mes tables pourraient satisfaire aux obser-

vations a 7" ou 8" pres. Mais je crains que cette periode ne

m'empeche d'y parvenir; et malheureusement c'est dans cette

intervalle que les observations sont le plus defectueuses. * * *

D'apres mes calculs, il faut changer considerablement les ele-

mens elliptiques d'Herschel, surtout le moyen mouvement et

le perihelie. J'ai determine aussi la masse de Saturne, et je
la trouve tres differente de celle que Ton admet

;
il faut l'aug-

menter beaucoup. Mais j'attendrai une nouvelle approxima-
tion pour etre tout a fait sur de ma determination."

After some further correspondence, I transmitted to M.
Eugene Bouvard, on June 27, 1844, the proof sheets of the

Planetary Reductions, containing the Right Ascensions and
North Polar distances of Uranus

j
and M. Bouvard, in ac-

knowledging the receipt of them, on July 1, 1844, pointed
out an error in the refraction for June 15, 1819. I mention
this to show the extreme care with which M. Bouvard's col-

lateral calculations had been conducted.

Although no allusion is made in the last letter to the possi-
ble disturbing planet, it would be wrong to suppose that there

was no thought of it. In fact, during the whole of these efforts

for reforming the tables of Uranus, the dominant thought was,
" Is it possible to explain the motions of Uranus, without ad-

mitting either a departure from the received law of attraction,
or the existence of a disturbing planet?" 1 know not how
far the extensive and accurate calculations of M. Eugene
Bouvard may have been used in the subsequent French cal-

culations, but I have no doubt whatever that the knowledge
of the efforts of M. Bouvard, the confidence in the accuracy
of his calculations, and the perception of his failure to reconcile

in a satisfactory way the theory and the observations, have
tended greatly to impress upon astronomers, both French and

English, the absolute necessity of seeking some external cause

of disturbance.
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I have departed from a strictly chronological order for the

sake of keeping in connexion the papers which relate to the

same trains of investigation. Several months before the date

of the last letter quoted, I had received the first intimation of

these calculations which have led to a distinct indication of

the place where the disturbing planet ought to be sought.
The date of the following letter is Feb. 13, 1844:—

No. 6. Professor Challis to G. B. Airy,

[extract.]
"
Cambridge Observatory, Feb. 13, 1844.

(i A young friend of mine, Mr. Adams, of St. John's College,
is working at the theory of Uranus, and is desirous of obtain-

ing errors of the tabular geocentric longitudes of this planet
when near opposition in the years 1818-26, with the factors

for reducing them to errors of heliocentric longitude. Are

your reductions of the planetary observations so far advanced

that you could furnish these data? and is the request one
which you have any objection to comply with ? If Mr. Adams

may be favoured in this respect, he is further desirous of

knowing, whether in the calculation of the tabular errors any
alterations have been made in Bouvard's Tables of Uranus
besides that of Jupiter's mass."

My answer was as follows :
—

No. 7. G. B. Airy to Professor Challis.

[extract.]
*'
Royal Observatory, Greenwich, 1844, Feb. 15.

"I send all the results of the observations of Uranus made
with both instruments [that is, the heliocentric errors of Uranus
in longitude and latitude from 1754 to 1830, for all those days
on which there were observations, both of right ascension and
of polar distance]. No alteration is made in Bouvard's Tables

of Uranus, except increasing the two equations which depend
on Jupiter by j^ part. As constants have been added (in the

printed tables) to make the equations positive, and as jy part
of the numbers in the tables has been added, j^ part of the

constants has been subtracted from the final results."

Professor Challis, in acknowledging the receipt of these,

used the following expressions :
—

No. 8. Professor Challis to G. B. Airy.

[extract.]
"
Cambridge Observatory, Feb. 16, 1844.

"I am exceedingly obliged by your sending so complete a
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series of tabular errors of Uranus. * * * The list you
have sent will give Mr. Adams the means of carrying on in

the most effective manner the inquiry in which he is engaged."

The next letter shows that Mr. Adams had derived results

from these errors.

No. 9. Professor Challis to G. B. Airy. /

"Cambridge Observatory, Sept. 22, 1845.

" My friend Mr. Adams (who will probably deliver this

note to you) has completed his calculations respecting the

perturbation of the orbit of Uranus by a supposed ulterior

planet, and has arrived at results which he would be glad to

communicate to you personally, if you could spare him a few

moments of your valuable time. His calculations are founded

on the observations you were so good as to furnish him with

some time ago ; and from his character as a mathematician,
and his practice in calculation, I should consider the deduc-

tions from his premises to be made in a trustworthy manner.

If he should not have the good fortune to see you at Green-

wich, he hopes to be allowed to write to you on this subject."

On the day on which this letter was dated, I was present at

a meeting of the French Institute. I acknowledged it by the

following letter :
—

No. 10. G. B. Airy to Professor Challis.
"
Royal Observatory, Greenwich, 1845. Sept. 29.

" I was, I suppose, on my way from France, when Mr.
Adams called here: at all events, I had not reached home,
and therefore, to my regret, I have not seen him. Would

you mention to Mr. Adams that I am very much interested

with the subject of his investigations, and that I should be de-

lighted to hear of them by letter from him?"

On one of the last days of October, 184-5, Mr. Adams
called at the Royal Observatory, Greenwich, in my absence,

left the following important paper:
—

No. 11. J. C. Adams, Esq. to G. B. Airy.
"
According to my calculations, the observed irregularities

in the motion of Uranus may be accounted for by supposing
the existence of an exterior planet, the mass and orbit of

which are as follows :
—

Mean distance (assumed nearly in accordance

with Bode's law) 38'4

Mean sidereal motion in 365-25 days l°30'-9

Mean longitude, 1st October, 1845 323 34

Longitude of perihelion 315 55

Excentricity 0-1610

Mass (that of the sun being unity) 00001656.
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Uranus. This error is now very considerable, as you will be
able to ascertain by comparing the normal equations, given in

the Greenwich observations for each year, for the times before

opposition with the times after opposition."

I have before stated, that I considered the establishment of

this error of the radius vector of Uranus to be a very import-
ant determination. I therefore considered that the trial, whe-
ther the error of radius vector would be explained by the same

theory which explained the error of longitude, would be truly
an expcrimcntum crucis. And I waited with much anxiety for

Mr. Adams's answer to my query. Had it been in the affirma-

tive, I should at once have exerted all the influence which I

might possess, either directly or indirectly, through my friend

Professor Challis, to procure the publication of Mr. Adams's

theory*.
From some cause with which I am unacquainted, probably

an accidental one, I received no immediate answer to this in-

quiry. I regret this deeply, for many reasons.

While I was expecting more complete information on Mr.
Adams's theory, the results of a new and most important in-

vestigation reached me from another quarter. In the Comptes
Rcndus of the French Academy for the 10th of November,
1845, which arrived in this country in December, there is a

paper by M. Le Verrier on the perturbations of Uranus pro-
duced by Jupiter and Saturn, and on the errors in the ellip-
tic elements of Uranus, consequent on the use of erroneous

perturbations in the treatment of the observations. It is im-

possible for me here to enter into details as to the conclusions

of this valuable memoir: I shall only say that, while the cor-

rectness of the former theories, as far as they went, was gene-

rally established, many small terms were added ;
that the ac-

curacy of the calculations was established by duplicate inves-

tigations, following different courses, and executed with ex-

traordinary labour
;
that the corrections to the elements, pro-

duced by treating the former observations with these corrected

perturbations, were obtained
;
and that the correction to the

ephemeris for the present time, produced by the introduction

of the new perturbations and the new elements, was investi-

gated, and found to be incapable of explaining the observed

irregularity of Uranus. Perhaps it may be truly said that

the theory of Uranus was now, for the first time, placed on a

satisfactory foundation. This important labour, as M. Le Ver-

rier states, was undertaken at the urgent request of M. Arago.
In the Comptes Rendus for June 1, J 846, M. Le Verrier gave
* Here the Astronomer Royal explained to the meeting, by means of a

diagram, the nature of the errors of the tabular radius vector.
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his second memoir on the theory of Uranus. The first part
contains the results of a new reduction of nearly all the exist-

ing observations of Uranus, and their treatment with reference

to the theory of perturbations, as amended in the former

memoir. After concluding from this reduction that the ob-

servations are absolutely irreconcilable with the theory, M. Le
Verrier considers in the second part all the possible explana-
tions of the discordance, and concludes that none is admissible

except that of a disturbing planet exterior to Uranus. He
then proceeds to investigate the elements of the orbit of such

a planet, assuming that its mean distance is double that of

Uranus, and that its orbit is in the plane of the ecliptic. The
value of the mean distance, it is to be remarked, is not fixed

entirely by Bode's law, although suggested by it: several

considerations are stated which compel us to take a mean di-

stance, not very greatly differing from that suggested by the

law, but which, nevertheless, without the suggestions of that

law, would leave the mean distance in a most troublesome

uncertainty. The peculiarity of the form which the investi-

gation takes is then explained. Finally, M. Le Verrier gives
as the most probable result of his investigations, that the true

longitude of the disturbing planet for the beginning of 1847
must be about 325°, and that an error of 10° in this place is

not probable. No elements of the orbit or mass of the planet
are given.

This memoir reached me about the 23rd or 24th of June.

I cannot sufficiently express the feeling of delight and satis-

faction which I received from it. The place which it assigned
to the disturbing planet was the same to one degree as that given

by Mr. Adams's calculations, which I had perused seven

months earlier. To this time I had considered that there was

still room for doubt of the accuracy of Mr. Adams's investi-

gations ;
for I think that the results of algebraic and nume-

rical computations, so long and so complicated as those of an

inverse problem of perturbations, are liable to many risks of

error in the details of the process : I know that there are im-

portant numerical errors in the Mecanique Celeste of Laplace ;

in the Theorie de la Lune of Plana ; above all, in Bouvard's

first tables of Jupiter and Saturn
;
and to express it in a word,

I have always considered the correctness of a distant mathe-

matical result to be a subject rather of moral than of mathe-

matical evidence. But now I felt no doubt of the accuracy of

both calculations, as applied to the perturbation in longitude.
I was however still desirous, as before, of learning whether

the perturbation in radius vector was fully explained. I there-

fore addressed to M. Le Verrier the following letter:—
2 N 2
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No. 13. G. B. Airy to M. Le Verrier.

"Royal Observatory, Greenwich, 1846, June 26.

" I have read, with very great interest, the account of your

investigations on the probable place of a planet disturbing the

motions of Uranus, which is contained in the Comptes llendus

de VAcademic of June 1
;
and I now beg leave to trouble you

with the following question. It appears from all the later

observations of Uranus made at Greenwich (which are most

completely reduced in the Greenwich Observations of each

year, so as to exhibit the effect of an error either in the ta-

bular heliocentric longitude, or the tabular radius vector),

that the tabular radius vector is considerably too small. And
I wish to inquire of you whether this would be a consequence
of the disturbance produced by an exterior planet, now in the

position which you have indicated.
" I imagine that it would not be so, because the prin-

cipal term of the inequality would probably be analogous to

the moon's variation, or would depend on sin 2 (v— u) ; and

in that case the perturbation in radius vector would have the

sign
— for the present relative position of the planet and

Uranus. But this analogy is worth little, until it is supported

by proper symbolical computations.
"
By the earliest opportunity I shall have the honour of

transmitting to you a copy of the Planetary Reductions, in

which you will find all the observations made at Greenwich

to 1830 carefully reduced and compared with the tables."

Before I could receive M. Le Verrier's answer, a transac-

tion occurred which had some influence on the conduct of

English astronomers.

On the 29th of June a meeting of the Board of Visitors of

the Royal Observatory of Greenwich was held, for the con-

sideration of special business. At this meeting Sir J. Her-

schel and Professor Challis (among other members of the

Board) were present ; I was also present by invitation of the

Board. The discussion led, incidentally, to the general ques-
tion of the advantage of distributing subjects of observation

among different observatories. I spoke strongly in favour of

such distribution
;
and I produced, as an instance, the extreme

probability of now discovering a new planet in a very short

time, provided the powers of one observatory could be directed

to the search for it. I gave, as the reason upon which this

probability was based, the very close coincidence between the

results of Mr. Adams's and M. Le Verrier's investigations of

the place of the supposed planet disturbing Uranus. I am
authorized by Sir J. Herschel's printed statement in the
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Athenaeum of October 3, to ascribe to the strong expressions
which I then used the remarkable sentence in Sir J. Her-
schePs address, on September 10, to the British Association

assembled at Southampton.
" We see it [the probable new

planet] as Columbus saw America from the shores of Spain.
Its movements have been felt, trembling along the far-reaching
line of our analysis, with a certainty hardly inferior to that of

ocular demonstration*." And lam authorized by Professor

Challis, in oral conversation, to state that the same expres-
sions of mine induced him to contemplate the search for the

suspected planet.
M. Le Verrier's answer reached me, I believe, on the 1st

of July. The following are extracts from it:—
No. 14.. M. Le Verrier to G. B. Airy.

[extract.]
"Paris, 28 Juin, 1846.

H * * * II a toujours ete dans mon desir de vous en ecrire,

aussi qu'a votre savante Societe. Mais j'attendais, pour cela,

que mes recherches fussent completes, et ainsi moins indignes
de vous etre offertes. Je compte avoir termine la rectification

des elements de la planete troublante avant Popposition qui va

arriver ; et parvenir a connaitre ainsi les positions du nouvel

astre avec une grande precision. Si je pouvais esperer que
vous aurez assez de confiance dans mon travail pour chercher

cette planetedans le ciel, je m'empresserais, Monsieur, de vous

envoyer sa position exacte, des que je Paurai obtenue.

"La comparaison des positions d'Uranus, observees dans ces

dernieres annees, dans les oppositions et dans les quadratures,
montre que le rayon de la planete, calcule par les tables en

usage, est effectivement tres-inexact. Cela n'a pas lieu dans

mon orbite, telle que je Pai determinee; il n'y a pas plus
d'erreur dans les quadratures que dans les oppositions.

" Le rayon est done bien calcule dans mon orbite ; et, si je
ne me trompe, M. Airy desirerait savoir quelle est la nature

de la correction que j'ai fait subir a cet egard aux tables en

usage.
" Vous avez raison, Monsieur, de penser que cette correc-

tion n'est pas due a la perturbation du rayon vecteur produite
actuellement par la planete troublante. Pour s'en rendre un

compte exact, il faut remarquer que Porbite d' Uranus a ete

calculee par M. Bouvard sur des positions de la planete qui
n'etaient pas les 'positions elliptiques, puisqu'on n'avait pas pu

* This sentence is copied from the written draft of the speech. Sir J.

Herschel appeared to suppose that the sentence had not been reported in

the public journals as spoken. I did however see it so reported in an

English newspaper, to which I had access on the continent.
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avoir egard aux perturbations produitesparlaplanete inconnue.
Cette circonstance a necessairement rendu les elements de

l'ellipse faux, et c'est a l'erreur de l'excentricite' et a l'erreur

de la longitude du perihelie qu'il faut attribuer l'erreur ac-

tuelle du rayon vecteur d'Uranus.
" 11 resulte de ma theorie que l'excentricite donnee par M.

Bouvard doit etre augmentee , et qu'il en est de meme de la

longitude du perihelie ; deux causes qui contribuent, a cause
de la position actuelle de la planete dans son orbite, a aug-
menter le rayon vecteur. Je ne transcris pas ici les valeurs
de ces accroissements, parceque je ne les ai pas encore avec
toute la rigueur precise, mais je les aurai rectifie avant un mois,
et je me ferai un devoir, Monsieur, de vous les transmettre

aussitot, si cela vous est agreable.
" Je me bornerai a ajouter que la position en quadrature,

deduite en 1844 des deux oppositions qui la comprennent, au

moyen de mes formules, ne differe de la position observee que
de 0"'6 ; ce qui prouve que l'erreur du rayon vecteur est en-
tierement disparue.

" C'est meme une des considerations qui devront donner

plus de probabilite a la verite de mes resultats, qu'ils rendent
un compte scrupuleux de toutes les circonstances du probleme.
Ainsi, bien que je n'aye fait usage dans mes premieres re-

cherches que des oppositions, les quadratures n'ont pas laisse

de se trouver calculees avec toute l'exactitude possible. Le
rayon vecteur s'est trouve rectifie de lui-meme, sans que l'on

l'eut pris en consideration d'une maniere directe. Excusez-

moi, Monsieur, d'insister sur ce point. C'est une suite du desir

que j'ai d'obtenir votre suffrage.
" Je recevrai avec bien du plaisir les observations que vous

voulez bien m'annoncer. Malheureusement le temps presse ;

l'opposition approche; il faut de toute necessite que j'aye fini

pour cette epoque. Je ne pourrai done pas comprendre ces
observations dans mon travail. Mais elles me seront tres-

utiles pour me servir de verifications; et c'est ce a quoi je les

employerai certainement."

It is impossible, I think, to read this letter without being
struck with its clearness of explanation, with the writer's ex-

traordinary command, not only of the
physical theories of

perturbation, but also of the geometrical theories of the de-
duction of orbits from observation, and with his perception
that his theory ought to explain all the phaenomena, and his

firm belief that it had done so. I had now no longer any
doubt upon the reality and general exactness of the predic-
tion of the planet's place. My approaching departure for the

Continent made it useless for me to trouble M. Le Verrier
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with a request for the more accurate numbers to which he

alludes; but the following correspondence will show how

deeply his remarks had penetrated my mind.

About a week after the receipt of M. Le Verrier's letter,

while on a visit to my friend, the Dean of Ely, I wrote to

Professor Challis as follows :
—

No. 1 5. G. B, Airy to Professor Challis.

"The Deanery, Ely, 1846, July 9.

" You know that I attach importance to the examination of

that part of the heavens in which there is * * * * reason

for suspecting the existence of a planet exterior to Uranus. I

have thought about the way of making such examination, but

I am convinced that (for various reasons, of declination, lati-

tude of place, feebleness of light and regularity of superin-

tendence) there is no prospect whatever of its being made
with any chance of success, except with the Northumberland

telescope.
" Now I should be glad to ask you, in the first place, whe-

ther you could make such an examination?
"
Presuming that your answer would be in the negative, I

would ask, secondly, whether, supposing that an assistant were

supplied to you for this purpose, you would superintend the

examination ?

" You will readily perceive that all this is in a most un-
formed state at present, and that I am asking these questions
almost at a venture, in the hope of rescuing the matter from
a state which is, without the assistance that you and your in-

struments can give, almost desperate. Therefore I should be

glad to have your answer, not only responding simply to my
questions, but also entering into any other considerations

which you think likely to bear on the matter.
" The time for the said examination is approaching near."

In explanation of this letter, it may be necessary to state

that, in common, I believe, with other astronomers at that

time, I thought it likely that the planet would be visible only
in large telescopes. I knew that the observatory of Cam-

bridge was at this time oppressed with work, and I thought
that the undertaking

—a survey of such an extent as this

seemed likely to prove
—would be entirely beyond the powers

of its personal establishment. Had Professor Challis assented

to my proposal of assistance, I was prepared immediately to

place at his disposal the services of an efficient assistant; and
for approval of such a step, and for liquidation of the expense
which must thus be thrown on the Royal Observatory, I

should have referred to a Government which I have never
known to be illiberal when demands for the benefit of science
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were made by persons whose character and position offered a

guarantee that the assistance was fairly asked for science, and
that the money would be managed with fair frugality. In the

very improbable event of the Government refusing such in-

demnity, I was prepared to take all consequences on myself.
On the 13th of July, I transmitted to Professor Challis

'• Suggestions for the Examination of a Portion ofthe Heavens
in search of the external Planet which is presumed to exist

and to produce disturbance in the motion of Uranus," and I

accompanied them with the following letter :
—

No. 16. G. B. Airy to Professor Challis.

"Royal Observatory, Greenwich, 1846, July 13.

" I have drawn up the inclosed paper, in order to give you
a notion of the extent of work incidental to a sweep for the

possible planet.
" I only add at present that, in my opinion, the importance

of this inquiry exceeds that of any current work, which is of

such a nature as not to be totally lost by delay."

My "
Suggestions

"
contemplated the examination of a part

of the heavens 30° long, in the direction of the ecliptic, and
10° broad. They entered into considerable details as to the

method which I proposed ;
details which were necessary, in

order to form an estimate of the number of hours' work likely
to be employed in the sweep.

I received^ in a few days, the following answer:—
No. 1 7. Professor Challis to G. B. Airy.

[extracts.]
"Cambridge Observatory, July 18th, 1846.

"I have only just returned from my excursion. * * * I

have determined on sweeping for this hypothetical planet.
* * * With respect to your proposal of supplying an
assistant I need not say anything, as I understand it to be
made on the supposition that I decline undertaking the search

myself.
* * * I purpose to carry the sweep to the extent

you recommend."

The remainder of the letter was principally occupied with

the details of a plan of observing different from mine, and of

which the advantage was fully proved in the practical obser-

vation.

On August 7, Professor Challis, writing to my confidential

assistant (Mr. Main) in my supposed absence, said,
—

No. 18. Professor Challis to the Rev. R. Main.

[extract.]
"
Cambridge Observatory, August 7, 1846.

" I have undertaken to search for the supposed new planet
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more distant than Uranus. Already I have made trial of two

different methods of observing. In one method, recommended

by Mr. Airy
* * * I met with a difficulty which I had

anticipated.
* * * I adopted a second method."'

From a subsequent letter (to be cited hereafter), it appears
that Professor Challis had commenced the search on July 29,

and had actually observed the planet on August 4, 1846.

Mr. Main's answer to the other parts of this letter, written

by my direction, is dated August 8.

At Wiesbaden (which place I left on September 7), I re-

ceived the following letter from Professor Challis:—
No. 19. Professor Challis to G. B. Airy.

[extract.]
"
Cambridge Observatory, Sept. 2, 1846.

"I have lost no opportunity of searching for the planet;
and the nights having been generally pretty good, I have

taken a considerable number of observations : but I get over

the ground very slowly, thinking it right to include all stars

to 10-1 1 magnitude ; and I find that to scrutinize thoroughly
in this way the proposed portion of the heavens will require

many more observations than I can take this year."

On the same day on which Professor Challis wrote this

letter, Mr. Adams, who was not aware of my absence from

England, addressed the following very important letter to

Greenwich :
—

No. 20. J. C. ddams, Esq. to G. B. Airy.
"St. John's College, Cambridge, Sept. 2, 1846.

" In the investigation, the results of which I communicated
to you last October, the mean distance of the supposed dis-

turbing planet is assumed to be twice that of Uranus. Some

assumption is necessary in the first instance, and Bode's law

renders it probable that the above distance is not very remote

from the truth : but the investigation could scarcely be con-

sidered satisfactory while based on anything arbitrary ; and I

therefore determined to repeat the calculation, making a dif-

ferent hypothesis as to the mean distance. The excentricity
also resulting from my former calculations was far too large
to be probable; and I found that, although the agreement
between theory and observation continued very satisfactory

down to 1840, the difference in subsequent years was be-

coming very sensible, and I hoped that these errors, as well

as the excentricity, might be diminished by taking a different

mean distance. Not to make too violent a change, 1 assumed
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this distance to be less than the former value by about 7\,th
part of the whole. The result is very satisfactory, and appears
to show that, by still further diminishing the distance, the

agreement between the theory and the later observations may
be rendered complete, and the excentricity reduced at the

same time to a very small quantity. The mass and the ele-

ments of the orbit of the supposed planet, which result from

the two hypotheses, are as follows :
—

Hypothesis I. Hypothesis II.

(S=M) G= '515
)

Mean longitude of planet, 1st Oct. 1846 325° 8' 323° 2'

Longitude of perihelion 315-57 299'11

Excentricity 016103 0*12062
Mass (that of sun being 1) 000016563 0-00015003

" The investigation has been conducted in the same manner
in both cases, so that the differences between the two sets of

elements may be considered as wholly due to the variation of

the fundamental hypothesis. The following table exhibits the

differences between the theory and the observations which

were used as the basis of calculation. The quantities given
are the errors of mean longitude, which I found it more con-

venient to employ in my investigations than those of the true

longitude.
Ancient Observations.

DatP (Obg.—Theory.) „ . (Obs.-Theory.)uale -

Hypoth. I. Hypoth. II.
^ate -

Hypoth. I. Hypoth. II.

1712 +67 +6"3 1756 — 4: — 4-0

1715 —6-8 —6-6 1764 — 5-1 — 4-1

1750 —1-6 —2-6 1769 + 0-6 + 1-8

1753 +5-7 +5-2 1771 +H-8 +12-8

Modern Observations.

1780 +027 + 054 1810 + 0-56 +0-61
1783 —0-23 —0-21 1813 —0-94 -1-00
1786 —096 —1-10 1816 —031 —046
1789 +1-82 +1-63 1819 —200 —2-19
1792 —0-91 —1-06 1822 +0-30 +0-14
1795 +0 09 +004 1825 +1-92 +1-87
1798 —0-99 —0-93 1828 +225 +2-35
1801 —0 04 +0-11 1831 —1-06 —0-82
1804 +1-76 +1-94 1834 —1-44 —1-17
1807 -0 21 —0 08 1837 —1-62 —1-53
1810 +0-56 +0-61 1840 +1-73 +1-31

" The greatest difference in the above table, viz. that for

1771, is deduced from a single observation, whereas the dif-

ference immediately preceding, which is deduced from the

mean of several observations, is much smaller. The error of

the tables for 1780 is found by interpolating between the
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errors given by the observations of 1781, 1782, and 1783, and
those of 1769 and 1771. The differences between the results

of the two hypotheses are exceedingly small till we come to

the last years of the series, and become sensible precisely at

the point where both sets of results begin to diverge from the

observations
; the errors corresponding to the second hypo-

thesis being, however, uniformly smaller. The errors given

by the Greenwich Observations of 1843 are very sensible,

being for the first hypothesis 4- 6"'84, and for the second

+ 5"*50. By comparing these errors, it may be inferred that

the agreement of theory and observation would be rendered

very close by assuming
—= 0*57, and the corresponding mean

longitude on the 1st of October, 1846, would be about 315°

20', which I am inclined to think is not far from the truth.

It is plain also that the excentricity corresponding to this value

of —j would be very small. In consequence of the divergence

of the results of the two hypotheses, still later observations

would be most valuable for correcting the distances, and I

should feel exceedingly obliged if you would kindly commu-
nicate to me two normal places near the oppositions of 1844
and 1845.

"As Flamsteed's first observation of Uranus (in 1690) is a

single one, and the interval between it and the rest is so large,
I thought it unsafe to employ this observation in forming the

equations of condition. On comparing it with the theory, I

find the difference to be rather large and greater for the se-

cond hypothesis than for the first, the errors being + 44"*5 and

4- 50"'0 respectively. If the error be supposed to change in

proportion to the change of mean distance, its value corre-

sponding to —j-=0*57, will be about +70", and the error in

the time of transit will be between 4s and 5 s
. It would be de-

sirable to ascertain whether Flamsteed's manuscripts throw

any light on this point.
"The corrections of the tabular radius vector of Uranus,

given by the theory for some late years, are as follows :
—

Date.
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rapid than the observations appear to give it; the second hy-
pothesis, however, still having the advantage.

" I am at present employed in discussing the errors in lati-

tude, with the view of obtaining an approximate value of the

inclination and position of the node of the new planet's orbit;
but the perturbations in latitude are so very small that I am
afraid the result will not have great weight. According to a

rough calculation made some time since, the inclination ap-

peared to be rather large, and the longitude of the ascending
node to be about 300°; but I am now treating the subject
much more completely, and hope to obtain the result in a few

days.
" I have been thinking of drawing up a brief account of my

investigation to present to the British Association."

Mr. Main, acting for the Astronomer Royal in his absence,
answered this letter as follows :

—
No. 21. The Rev. R. Main to J. C. Adams, Esq.

"
Royal Observatory, Greenwich, 1846, Sept. 5.

" The Astronomer Royal is not at home, and he will be

absent for some time; but it appears to me of so much im-

portance that you should have immediately the normal errors

of Uranus for 1844 and 1845, that I herewith send you the

former (the volume for 1844 has been published for some

time), and I shall probably be able to send you those for 1845
on Tuesday next, as I have given directions to have the com-

putations finished immediately. If a place (geocentric) for

the present year should be of value to you, I could probably
send one in a few days."

In acknowledging this letter, Mr. Adams used the following

expression :
—

No. 22. J. C. Adams, Esq. to the Rev. R. Main.

[extract.]
"St. John's College, Cambridge, 7th Sept., 1846.

M I hope by tomorrow to have obtained approximate values

of the inclination and longitude of the node."

On the same day, Sept. 7, Mr. Main transmitted to Mr.
Adams the normal places for 1845, to which allusion was
made in the letter of Sept. 5.

On the 31st of August, M. Le Verrier's second paper on
the place of the disturbing planet (the third paper on the mo-
tion of Uranus) was communicated to the French Academy.
I place the notice of this paper after those of Sept. 2, &c. be-

cause, in the usual course of transmission to this country, the

No. of the Comptes Rendus containing this paper would not
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arrive here, at the earliest, before the third or fourth week in

September; and it does not appear that any earlier notice of

its contents was received in England.
It is not my design here to give a complete analysis of this

remarkable paper; but I may advert to some of its principal

points. M. Le Verrier states that, considering the extreme

difficulty of attempting to solve the problem in all its gene-

rality, and considering that the mean distance and the epoch
of the disturbing planet were determined approximately by
his former investigations, he adopted the corrections to these

elements as two of the unknown quantities to be investigated.
Besides these, there are the planet's mass, and two quantities
from which the excentricity and the longitude of perihelion may
be inferred

; making in all, five unknown quantities depending
solely on the orbit and mass of the disturbing planet. Then
there are the possible corrections to the mean distance of Ura-

nus, to its epoch of longitude, to its longitude of perihelion,
and to its excentricity ; making, in all, nine unknown quan-
tities. To obtain these, M. Le Verrier groups all the ob-

servations into thirty-three equations. He then explains the

peculiar method by which he derives the values of the un-

known quantities from these equations. The elements ob-

tained are,
—

Semi-axis major 36*154 (or— =-.0*531.
)

Periodic time 217y*387

Excentricity 010761
Longitude of perihelion 284° 45'

Mean longitude, 1 Jan. 1847 ... 318 47

Mass -J-—0-0001075
9300

True heliocentric longitude, 1 Jan. 1847 326° 32'

Distance from the sun 33*06

It is interesting to compare these elements with those ob-

tained by Mr. Adams. The difference between each of these

and the corresponding element obtained by Mr. Adams in his

second hypothesis is, in every instance, of that kind which

corresponds to the further change in the assumed mean di-

stance recommended by Mr. Adams. The agreement with

observations does not appear to be better than that obtained

from Mr. Adams's elements, with the exception of Flamsteed's

first observation of 1690, for which (contrary to Mr. Adams's

expectation) the discordance is considerably diminished.

M. Le Verrier then enters into a most ingenious computation
of the limits between which the planet must be sought. The

principle is this : assuming a time of revolution, all the other

unknown quantities may be varied in such a manner, that
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though the observations will not be so well represented as

before, yet the errors of observation will be tolerable. At last,

on continuing the variation of elements, one error of observa-

tion will be intolerably great. Then by varying the elements

in another way, we may at length make another error of ob-

servation intolerably great; and so on. If we compute, for

all these different varieties of elements, the place of the planet
for 1847, its locus will evidently be a discontinuous curve or

curvilinear polygon. If we do the same thing with different

periodic times, we shall get different polygons: and the ex-

treme periodic times that can be allowed will be indicated by
the polygons becoming points. These extreme periodic times

are 207 and 233 years. If now we draw one grand curve,

circumscribing all the polygons, it is certain that the planet
must be within that curve. In one direction, M. Le Verrier

found no difficulty in assigning a limit; in the other he was

obliged to restrict it, by assuming a limit to the excentricity.
Thus he found that the longitude of the planet was certainly
not less than 321°, and not greater than 335° or 345°, accord-

ing as we limit the excentricity to
- 125 or 0*2. And if we

adopt 0*125 as the limit, then the mass will be included between

the limits 000007 and 0'00021
;
either of which exceeds that

of Uranus. From this circumstance, combined with a proba-
ble hypothesis as to the density, M. Le Verrier concluded that

the planet would have a visible disc, and sufficient light to

make it conspicuous in ordinary telescopes.
M. Le Verrier then remarks, as one of the strong proofs of

the correctness of the general theory, that the error of radius

vector is explained as accurately as the error of longitude.
And finally, he gives his opinion that the latitude of the dis-

turbing planet must be small.

My analysis of this paper has necessarily been exceedingly

imperfect, as regards the astronomical and mathematical parts
of it: but I am sensible that, in regard to another part, it fails

totally. I cannot attempt to convey to you the impression
which was made on me by the author's undoubting confidence

in the general truth of his theory, by the calmness and clear-

ness with which he limited the field of observation, and by the

firmness with which he proclaimed to observing astronomers,
"Look in the place which I have indicated, and you will see

the planetwell." Since Copernicus* declared that, when means

should be discovered for improving the vision, it would be

* I borrow this history from Smith's Optics, sect. 1050. Since reading
this Memoir, I have, however, been informed by Professor De Morgan,
that the printed works of Copernicus do not at all support this history, and

that Copernicus appears to have believed that the planets are self-luminous.

—G. B. A.
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found that Venus had phases like the Moon, nothing (in my
opinion) so bold, and so justifiably bold, has been uttered in

astronomical prediction. It is here, if I mistake not, that we
see a character far superior to that of the able, or enterprising,
or industrious mathematician; it is here that we see the philo-

sopher. The mathematical investigations will doubtless be

published in detail
;
and they will, as mathematical studies, be

highly instructive: but no details published after the planet's

discovery can ever have for me the charm which I have found
in this abstract which preceded the discovery.

I understand that M. Le Verrier communicated his prin-

cipal conclusions to the astronomers of the Berlin Observatory
on September 23, and that, guided by them, and comparing
their observations with a star- map, they found the planet on
the same evening. And I am warranted by the verbal assu-

rances of Professor Challis in stating that, having received the

paper on September 29, he was so much impressed with the

sagacity and clearness of M. Le Verrier's limitations of the

field of observation, that he instantly changed his plan of ob-

serving, and noted the planet, as an object having a visible

disc, on the evening of the same day.

My account, as a documentary history, supported by letters

written during the events, is properly terminated : but I think

it advisable, tor the sake of clearness, to annex extracts from
a letter which I have received from Professor Challis since

the beginning of October, when I returned to England.

No. 23. Professor Challis to G. B. Airy.

[extract.]
"Cambridge Observatory, October 12, 1846.

"I had heard of the discovery [of the new planet] on Oc-
tober 1. * * * I find that my observations would have
shown me the planet in the early part of August, if I had only
discussed them. I commenced observing on July 29, attacking
first of all, as it was prudent to do, the position which Mr.
Adams's calculations assigned as the most probable place of

the planet. On July 30, I adopted the method of observing
which I spoke of to you

* * * In this way I took all

the stars to the 11th magnitude in a zone of 9' in breadth, and
was sure that none brighter than the 11th escaped me. My
next observations were on August 4. On this day

* * *

I took stars here and there in a zone of about 70' in breadth,

purposely selecting the brighter, as I intended to make them
reference points for the observations in zones of 9' breadth.

Among these stars was the planet. A comparison of this day's
observations with a good star-map would most probably have
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detected it. On account of moonlight I did not observe again
till August 12. On that day I went over again the zone of

9' breadth which I examined on July 30. * * * The space

gone over on August 12, exceeded in length that of July 30,

but included the whole of it. On comparing [at a later time]
the observations of these two days, I found that the zone of

July 30 contained every star in the corresponding portion of

the zone of August 12, except one star of the 8th magnitude.
This, according to the principle of search, which in the want
of a good star-map I had adopted, must have been a planet.
It had wandered into the latter zone in the interval between

July 30 and August 12. By this statement you will see, that,

after four days of observing, the planet was in my grasp, if

only I had examined or mapped the observations. I delayed

doing this, partly because I thought the probability of disco-

very was small till a much larger portion of the heavens was

scrutinized, but chiefly because I was making a grand effort

to reduce the vast number of comet observations which I have

accumulated
;
and this occupied the whole of my time when I

was not engaged in observing. I actually compared to a

certain extent the observations of July 30 and August 12, soon

after taking them, more for the sake of testing the two methods
of observing adopted on those days than for any other purpose ;

and I stopped short within a very few stars of the planet. After

August 12, I continued my observations with great diligence,

recording the positions of, I believe, some thousands of stars :

but I did not again fall in with the planet, as 1 took positions
too early in right ascension. * * * On Sept. 29, however,
I saw, for the first time, Le Verrier's last results, and on the

evening of that day I observed strictly according to his sug-

gestions, and within the limits he recommended ; and I was

also on the look-out for a disc. Among 300 stars which I

took that night, I singled out one, against which I directed my
assistant to note " seems to have a disc," which proved to be

the planet. I used on this, as on all other occasions, a power
of 160. This was the third time I obtained an approximate

place of the planet before I heard of its discovery."

This letter was written to me purely as a private communi-

cation, but I have received permission from Professor Challis

to publish it with the rest. Before terminating this account,
I beg leave to present the following remarks :

—
First. It would not be just to institute a comparison between

papers which at this time exist only in manuscript, and papers
which have been printed by their authors; the latter being in

all cases more complete and more elaborately worked out than

the former.
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Second. I trust that I am amply supported by the docu-

mentary history which I have produced in the view which I

first took, namely, that the discovery of this new planet is the

effect of a movement of the age. It is shown, not merely by
the circumstance that different mathematicians have simulta-

neously but independently been carrying on the same investi-

gations, and that different astronomers, acting without concert,

have at the same time been looking for the planet in the same

part of the heavens
;
but also by the circumstance that the

minds of these philosophers, and of the persons about them,
had long been influenced by the knowledge of what had been

done by others, and of what had yet been left untried, and

that in all parts of the work the mathematician and the astro-

nomer were supported by the exhortations and the sympathy
of those whose opinions they valued most. I do not consider

this as detracting in the smallest degree from the merits of the

persons who have been actually engaged in these investigations.
Third. This history presents a remarkable instance of the

importance, in doubtful cases, of using any received theory as

far as it will go, even if that theory can claim no higher merit

than that of being plausible. If the mathematicians whose

labours I have described had not adopted Bode's law of di-

stances (a law for which no physical theory of the rudest kind

has ever been suggested), they would never have arrived at

the elements of the orbit. At the same time, this assumption
of the law is only an aid to calculation, and does not at all

compel the computer to confine himself perpetually to the con-

dition assigned by this law, as will have been remarked in the

ultimate change of mean distance made by both the mathe-

maticians, who have used Bode's law to give the first approxi-
mation to mean distance.

Fourth. The history of this discovery shows that, in certain

cases, it is advantageous for the progress of science that the

publication of theories, when so far matured as to leave no

doubt of their general accuracy, should not be delayed till they
are worked to the highest imaginable perfection. It appears
to be quite within probability, thata publication ofthe elements

obtained in October 1845 might have led to the discovery of

the planet in November 1845.

I have now only to request the indulgence of my hearers

for the apparently egotistical character of the account which I

have here given; a character which it is extremely difficult to

remove from a history that is almost strictly confined to trans-

actions with which I have myself been concerned.

Phil. Mag. S. 3. No. 197. Suppl. Vol. 29. 2 O
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LXXIII. On the Luminous Phenomena ofthe Voltaic Battery.

By M. Van Breda. {Extract ofa Letter to M. Arago*.)

« # * * I SHOULD have preferred deferring the coramu-
•* nication which I have now the honour to lay

before you, of the results to which I have been led by the

study of the phsenomena accompanying the transfer of par-
ticles between metallic points, spheres or plates, by an ener-

getic galvanic current.
" The investigation of the molecular phsenomena, which I

have undertaken with the aid of the powerful apparatus in the

Teylerian Museum, is still far from being finished; but as I

find in the Comptes Rendus, tome xxii. p. 690, an extract of a

memoir by M. De la Rive on the same phsenomena, and that

its illustrious author there communicates some results which

appear to me not wholly to coincide with what my experi-
ments have indicated, I think it may be useful for science to

transmit to you some of the principal facts at which I have

arrived, deferring to give them more in detail when I shall

have finished several other experiments, the apparatus for

which is constructing.
" The battery, on Grove's construction, in the Teylerian

Museum, is composed of sixty pairs, the elements of which have

a surface of forty- five English square inches. 1 had first an

apparatus made by means of which I could produce the lumi-

nous arc at the focus of a microscope. I moved a metallic

point under the microscope, one while towards a similar point,

then towards a metallic plate. The movement was effected

by means of a screw micrometer, which enabled me to appre-
ciate the hundredths of a millimetre.

" I could never obtain the transfer of matter without a

previous contact, and in this I am in perfect agreement with

the illustrious Genevese professor. I held the two very elon-

gated points at a distance from one another, not exceeding

^uth of a millimetre, without ten elements of my large pile

being able to produce a commencement of transference. As
soon as contact has taken place the current passes ; but like-

wise instantly ceases when the points are very much attenuated

[effilees], because their ends are fused and repelled along the

electrodes,
—a phsenomenon connected with another, of which

I shall speak hereafter, and to which I shall return in a sub-

sequent memoir.
" When however I employed ten elements of ordinary

dimension, the current continued after the contact; and I

observed very well under the microscope what passes when
* From the Comptes Rendus for August 31, 1846.
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the two points are withdrawn from one another, or the point
from a plate. The repulsive force being less, I saw that as

soon as the contact took place the points fused ;
that the liquid

matter,—the melted metal, followed the receding movement of

the point, and remained adhering to the point and to the plate,
whilstitwas pushed from one of the poles to the other,—a move-
ment which was perceivable enough by means of the micro-

scope; at the same time the metal burnt, producing the well-

known light of the galvanic arc.
" This phenomenon is not that of the transfer of the matter

between two poles placed at a distance from one another.

You may, it is true, by suddenly withdrawing the points, break
the thread of melted metal by which the current is conducted
in this experiment, and the transfer of the matter will then be
made through the air ; but it seems tome that there will always
be some difficulty in ascertaining which of the two phaenomena
takes place. It cannot always be decided whether the transport
of the fused matter, forming an uninterrupted thread, takes

place, or if it is effected through theair without the points being
connected by any \continuous liquid?'] matter whatever.

" The phaenomenon which is observed after a previous con-

tact seems to me to be of a complex nature, and to lead ne-

cessarily to uncertain results.
"
Fortunately I could resort to a contrivance which enabled

me to establish the current with transfer of the particles, when
the electrodes were placed at a sufficient distance from one

another, and without there being the least contact. This con-

trivance consists in passing an electric discharge from point to

point, or from a point to a plate arranged previously at the

distance at which the action of the current permits the transfer.

As soon as the electric spark passes, either from the positive

pole to the negative pole, or in the opposite direction, the cur-

rent is immediately established, and the transfer of the particles
commences*.

" After having thus removed a first cause of error, which
the previous contact seemed to me liable to introduce into the

results, 1 observed that there still remained another, namely
the combustion of the metallic particles, the transfer of which

does not take place without a great development of heat.
" It was necessary for me to render this combustion impos-

sible by making my experiments in vacuo
;
an apparatus con-

structed for this purpose by one of our most skilful engineers,
M. Logeman, and which 1 shall describe in detail when my
experiments are completed, fully answered my wishes.

* This had been previously done by Sir J. Herschel. See a paper by
Mr. Daniell in the Philosophical Transactions.—Ed. Phil. Mag.

2 O 2
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"
By means of this apparatus, I could easily make the elec-

trodes approach and recede under a glass jar nearly void of

air ; by passing a discharge of a Leyden jar through electrodes

terminated by points, spheres or plates, I produced the transfer

of particles without contact and in vacuo.
" The transfer also took place when a plate of metal, and

even of a metal different from that of the spheres, was interposed
between two spheres.

" A most beautiful spectacle is seen in the vacuum. 1 doubt
not that it will soon be repeated in all lectures on physics,
where apparatus sufficiently energetic can be provided.

" The transfer not only does not take place, as in the air,

under the form of a flame or of a very intense light, but if the

distance be not too great, the particles are projected in the

form of sparks; the matter issues from the electrodes in red-

dened brilliant globules, which break up into sparks of fire

against the plate interposed between the two spheres.
"
By this means the question proposed by M. De la Rive

in his last memoir may be answered.
" * It is very difficult,' says this eminent philosopher,

* to

determine what is the state of the incandescent system of par-
ticles which are transported from one pole to the other. Is it

a liquid state, or a kind of gaseous state? Is it simply a state

of powder ? The mere inspection of the phenomenon cannot

decide this: the physical constitution of the deposit seems to

prove that the particles have passed, at least in some cases,

through a liquid or gaseous state.'

M There is no doubt that, in my experiments, the matter was

transported in a liquid state. Very considerable particles,
discernible by the naked eye, repelled by the surface of the

electrodes on which they were projected, may, after the expe-
riment, be gathered in a quantity at the bottom of the appa-
ratus in the form of small globules. They even fly out with

such force, that they are thrown, still liquid and melted, on
the sides of the jar in which the experiment is made; and in

their turn they melt the glass which they touch, and are found

incorporated in it.

" These particles are all spherical, they have been melted ;

the observer's eye can follow them from the electrode from
which they issue, towards the other electrode of the form of a

plate, which repels them [sous laforme deplaquequi les r(jltchit\,
and to the bottom of the jar in which they may be collected.

" When iron is employed, they are very attractable by the

magnet.
" Another important consequence appears to me to result

from these experiments ; namely, that the particles which are
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projected by the poles from which they issue are not at all

altered by the opposite poles. If this took place, would the

particles passing from a sphere to a plate be repelled and re-

jected from all sides?
" M. De la Rive, in his memoir, professes the same opinion

as his predecessors, with respect to the direction of the trans-

port of the matter. He supposes that this transfer only takes

place from the positive pole to the negative pole. I have reason

to think that, on repeating the experiments with the precautions

indicated, it will be found that this opinion requires a further

examination.
" All my experiments in vacuo exhibit the transfer taking

place from the two sides, from the positive pole to the nega-
tive pole, and at the same time from the negative to the posi-

tive. The quantity of matter transported depended on the

substance and on the form of the electrode.
" With a very delicate balance I weighed the two electrodes

before the experiment, and I again ascertained their weight
with the same accuracy after it was finished. The loss of

weight at the negative pole often exceeded that which took

place at the positive pole.
" There moreover appeared to me to be an inaccuracy in

saying that the matter is transported from one of the poles to

the other. My experiments seem to indicate, as I have just

said, that the particles of the electrodes are projected from

both sides into space: this does not prevent some of these

particles reaching the opposite pole and attaching themselves

to its surface, which is in a state of fusion.
*f The greater part however projected into space falls, and

may be collected at the bottom of the vessel in which the ex-

periment is made. This repulsion is above all visible when a

sphere and a plate are employed : the surface of the plate sends

the matter towards the opposite pole by reflecting it ; it does

not retain it, as it should do, if attraction had existed.

"The following is the detail of some of my experiments:
—

"
1. Two iron spheres terminate the electrodes; the experi-

ment is made in vacuo and without previous contact; the sphere
at the positive pole is weighed before and after the experiment.
It has lost by the effect of the current 309 milligrammes,
that of the negative pole 55 milligrammes. They are both

hollowed into a bowl.
" 2. Two copper spheres terminate the electrodes ; a thick

lamina of iron, isolated, is interposed between the two. The

experiment is conducted, like the preceding one, in vacuo. The
communication is established, as in that one, by an electric

discharge.
" The sphere at the positive pole has gained 63 milligrammes ;
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it is covered with iron. That at the negative pole has gained
360 milligrammes ; it is also covered with metallic iron. The
plate of iron interposed has lost 327 milligrammes, and traces

of copper are perceived in it.

" 3. An iron sphere at the positive pole ; a cone of coke,

prepared according to Bunsen's manner, at the negative pole.
The distance is 3 millimetres at the beginning of the experi-
ment : after it had been continued for 33 seconds the iron had
lost 32 milligrammes. The coke had lost 5 milligrammes,
and it was nevertheless covered with iron, or rather with

steel.
" 4. An iron sphere terminated the negative electrode ; a

Bunsen's cone of coke formed the positive. The iron had lost

in 33 seconds 80 milligrammes, nearly the same quantity as

in the preceding experiment, of which this is the inverse.

The coke at the positive pole had lost 25 milligrammes. The
margins of the excavation of the coke were remarkable for

their hardness ; they blunted the best files.

" It seems to me from all this, that there is no doubt that

the matter is projected from the two poles at the same time.
" It remains to be ascertained whether their quantity is the

same from both sides. The two following experiments appear
to me to render this equality doubtful ; but this point must be

decided by further experiments.
" 5. I terminate the positive pole with a plate of copper,

the negative pole with a point of the same metal. The cop-

per point melts and runs; the plate gains 22 milligrammes.
As soon as the electric spark has established the current, a

superb bluish flame is projected against the plate.
" 6. The copper plate forms the negative pole, the point

the positive pole: the point melts, and the plate gains 30

milligrammes ;
but the light is less intense, and the current

ceases when the distance between the electrodes is only slightly

augmented by the fusion of the point; whilst in the fifth ex-

periment, the current has not ceased to pass until the fusion

of the point has increased the distance between the electrodes

to two centimetres, a distance which, at the commencement of
the experiment, was only as many millimetres*.

i(
If, between two spheres or a plate and a sphere, I make the

distance small enough, I produce, without previous contact,

by means of a battery, a metallic wire which joins the two elec-

trodes to each other, and by which the current is continuedf.
"

Finally, I recommend one more experiment to your at-

tention. It appears to me to demonstrate the repulsion which
* An important point is not stated in this experiment, viz. whether the plate

were underneath, ahove, or laterally placed with regard to the point.
—Ed.

t This seems not to be consistent with the statement in paragraph 4.—Ed.
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exists between the particles of the metal which conducts the

current : it is as follows :
—

" If we make the current of the battery of sixty elements

pass through a platina, iron, copper, or any metallic wire, the

metal at first reddens, then it melts, and after some instants this

fused metallic wire, in which various movements are perceived,
breaks at an undetermined place, and the ends formed by the

rupture are projected far along the wire; this wire is, after

the experiment, terminated, at the spot where it has been
broken by the force of the current, by two globules. This

phenomenon is not accompanied by any evolution of light or

any combustion. The wire neither gains nor loses in weight
in this experiment ; there is only the ordinary spark which

appears at the moment when the repulsion produces its effect,

and when the wire is divided into two fragments."

Teylerian Museum, Haarlem,

August 20, 1846.

Note. On the subject of this Paper see Mr. Grove's Lecture on the

Voltaic Arc at the Royal Institution in February 1845, in the Literary
Gazette.—Ed.

LXXIV. On the Formation of Nitric Acid in Eudiometric
Combustions of Gases mixed with Nitrogen. By Dr. H.
Kolbe*.

T N an analysis of mixed gases, which contained 90 parts of
-*-

light carburetted hydrogen and 10 parts of nitrogen, I

have often found, that by the combustion in the eudiometer
more oxygen disappeared than in accordance with the calcu-

lation ought to have disappeared. The explosion caused

always such an elevation of temperature, that the mercury
sublimed and covered the inside of the eudiometer with a thin,

gray, metallic film. After the caustic potash-ball was intro-

duced into the eudiometer for the purpose of absorbing the

carbonic acid formed, and the residual volume of gas dried,
the diaphanous film of mercury was seen to be covered by
innumerable little white crystals, the behaviour of which with

water, muriatic acid and caustic potash, showed clearly that

they contained protoxide of mercury for their basis.

If these crystals consist of nitrate of protoxide of mercury,
as the well-known experiments by Cavendish on the forma-

tion of nitric acid render probable, then the before-mentioned
diminution of the volume is easily understood.

Therefore, trying at first whether this error was occasioned

only by the presence of nitrogen, I mixed a certain volume
of pure hydrogen with an excess of oxygen in an eudiometerf

* Communicated by the Chemical Society; having been read May 18,
1846.

•f In all these experiments I used an eudiometer which was furnished
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over mercury, and after having exploded the mixture, I ob-

served the diminution of the volume of gas.

[The volumes found by observation in this and the follow-

ing examples were saturated with the vapour of water.]
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Experiment IV.

Vol. obs. Temp.

Atmospheric air . . 79*2 8*4°C
AfteradmissionofH. 250*4 8*5

After admission ofO. 391*7 8*5

After combustion . 200*3 8*6

Hydrogen used . .

calculated

Barom.

773*O
mm

773*7

773-7

773*4

III.

104*9

106*8

Height of

mercury in

tube over

that in

trough. Corr.vol.

364*2mm 30-7
192*4

55*8

241*9

IV.

108*4

111-9

139*1

269*4

101*5

According to these experiments, it appears impossible to

determine accurately in the usual way, by combustion with

oxygen, the quantity of a combustible gas Avhen nitrogen is

present, on account of the simultaneous oxidation of the ni-

trogen producing from 2 to 3 per cent, more hydrogen, as

shown by the last two experiments, and which under more
unfavourable circumstances is liable to be still increased.

Notwithstanding the dilution with atmospheric air, the eleva-

tion of the temperature on combustion was so great, that the

inner surface of the eudiometer was covered with sublimed

mercury, upon which was deposited a number of microscopic

crystals ; they made their appearance as soon as the remaining

gas was dried by means of chloride of calcium.

One of the conditions which in the above case appears to

be absolutely necessary for the formation of nitric acid, is the

great elevation of temperature of the gas during combustion.

The lowering the temperature to a certain point is sufficient

entirely to prevent the oxidation of the nitrogen. This is best

accomplished by diluting the combustible gas with 1, 2 or 3

volumes of atmospheric air, by which means the accuracy of

the analysis is not in the least affected. The following ana-

lysis, where hydrogen was deflagrated with twice its volume
of atmospheric air mixed with the requisite quantity of oxy-

gen, will justify this assertion, besides which I have been able

to confirm it by a series of other experiments.

Vol. obs.

Atmospheric air . .212*3
AfteradmissionofH. 282*7
Afteradmission ofO. 321*6

After combustion

Hydrogen

Temp.
14*2°C.

15*1

15*4

221*7 14*7

Used.

51*6

Barom.

756*9
mm

757*4

758*3

758*5

Height of

mercury in

tube over

that in

trough. Corr.vol.

244*8mm 100*9

175*3

137*3
234*0

Calculated.

51*6

152*5

185*1

107*7
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88-56

99-19

99-97
99-99

100-10

100-36

100-79

Professor Bunsen has been so kind as to communicate to me
the following very interesting series of experiments relating

to this subject, proving clearly that the formation of nitric

acid is diminished in the combustion of explosive mixtures

according to the dilution with atmospheric air. He mixed a

constant quantity of atmospheric air with a decreasing quan-

tity of pure explosive gas formed by decomposing water by
means of electricity, and obtained the following results on

combustion :
—

Vol. Vol. Vol.

100 atmospheric air gave after combustion with 259-70 explosive gas 86-15

100 ... ... ... 226-80

100 ... ... ... 84-98

100 ... ... ... 63-21

100 ... ... ... 48-98

100 ... ... ... 40-

100 ... ... ... 36-39

100 ... ... ... 21-20

100 air mixed with 11 vols, of explosive gas did not ignite.

By this it is proved that the ignition of combustible gases

containing nitrogen must not be attempted at too far a limit

from the point at which the mixed gases are combustible.

This point may be ascertained with an unknown mixture by

previous experiment, as the gas before its separation from the

carbonic acid, &c. may be mixed with nearly double its vo-

lume of oxygen gas (which quantity is sufficient even if it

consisted of pure light carburetted hydrogen), and small por-
tions added by degrees to a known volume of atmospheric
air in an eudiometer until ignition by means of the electric

spark took place. For example, if it is found that 50 volumes

of such a mixture with 100 volumes of atmospheric air will

just ignite, then, according to the foregoing experiments,
treble the quantity of the former mixture may be ignited
without the formation of nitric acid. Therefore, in an eudio-

metrical analysis, the gas to be examined may be mixed with

twice its volume of atmospheric air, besides the requisite

quantity of oxygen gas. In this manner it is ascertained

Avhether the gas to be analysed requires still a dilution with

atmospheric air.

LXXV. On Tribasic Boracic JEther.

By J. E. Bowman, Esq.*

A FEW months ago M. Ebelmen published an account of

two compounds of silicic acid and aether, and announced

that by subjecting them to the gradual action of moist air, he

* Communicated by the Chemical Society; having been read May 18,

1846.
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had succeeded in obtaining specimens of hydrated silicic acid

perfectly hard and transparent.
This was the first time silica had been obtained artificially

in a state at all resembling quartz ;
and though it is anything

but probable that nature ever manufactured her rock-crystal
or hydrophane by the action of moist air on silicic aether, I

felt interested in the subject, and prepared a quantity of the

aether according to Ebelmen's directions, viz. by mixing to-

gether liquid chloride of silicon and absolute alcohol. I then

placed a little of the aether in some test-tubes, closed them
with corks having a small slit cut down the sides, to allow the

access of air, and put them, with a small pan of water, under

a bell-glass.
In the course of a couple of months a thin ring of trans-

parent silica was deposited round the inside of the tubes, an

inch or two from the surface of the aether, apparently at the

point where the aethereal vapour had come in contact with

the moist air. This silica, though hard, is extremely brittle,

and will scarcely bearj-emoval from the glass on which it is

deposited without injury. It appears destitute of crystalline

structure, and is wholly without action on polarized light.

It occurred to me as highly probable, from the analogous

properties of silicon and boron, that if chloride of boron were

carried into absolute alcohol, a boracic aether would be pro-
duced by a decomposition similar to that of the chloride of

silicon.

I passed pure and perfectly dry chlorine over an ignited
mixture of charcoal and boracic acid, and purified the gas
thus formed from the free chlorine with which it was mixed,

by passing it through two U-shaped tubes filled with copper

turnings. To the last of these I connected two of Liebig's

bulb-apparatus charged with absolute alcohol.

As soon as the gas began to fill the first bulb, a heavy li-

quid was deposited above the surface of the alcohol, through
which it sank and gradually mixed, forming a clear solution.

The temperature of the liquid rose considerably during the

formation of this heavy fluid, and to prevent it getting too

hot I immersed the bulbs in cold water.

After some time the liquid in the bulbs became turbid,

owing to the formation of minute globules of a new fluid im-

miscible with the first
;
this gradually increased considerably

in quantity, and at length occupied nearly as much space as

the other. This new fluid was considerably lighter than the

first, and the globules as they separated rose to the surface,

forming a distinct layer, similar to oil floating on the surface

of water.

During the formation of this second fluid the temperature
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did not sensibly change, though it had risen considerably
while the heavy one was forming. The weight of the liquid

in the bulbs increased during the operation about 50 per cent.

From the heavy fluid I have been unable to obtain, after

repeated distillations, a perfectly homogeneous compound. It

appears to consist chiefly of a chlorinated compound, and

gives on analysis
—

46-29 C
"j

11-86 H
\

32-32 O J
9-53 CI

nearly in the proportion of alcohol ;

and a trace of boracic acid.

100-00

When first distilled it gave off a large quantity of acid

fumes, consisting chiefly of hydrochloric acid and chloride of

sethyle. Its boiling-point appears to be about 190°, and its

specific gravity 0*901. Its smell is aromatic, its taste acid

and pungent. It fumes slightly in the air, and is miscible

with alcohol and aether. Ammonia decomposes it, with for-

mation of muriate of ammonia, and solution of potash pro-
duces chloride of potassium. It is very combustible, reddens

litmus, and turns turmeric brown.

Though the two fluids are apparently so completely im-

miscible, they nevertheless dissolve each other to a certain

extent, and retain that small quantity with very considerable

force
;
so that in almost every rectification of the heavy liquid

a few drops of the lighter one distilled over.

The lighter liquid has furnished more satisfactory results.

When first heated it gave off fumes of hydrochloric acid and
chloride of sethyle. It retained with considerable tenacity a

small portion of the heavy fluid, with which it evidently mixes

in small and definite quantity, and then refuses to dissolve

any more, as is the case with many other liquids, as water

and common aether.

In the fourth distillation I obtained a pure product, having
a specific gravity of -871 and boiling at 250°. It is curious

that though this is considerably the lighter of the two fluids,

its boiling-point is 60° higher than the other.

I first attempted its analysis with oxide of copper, but

found it impossible to obtain constant results. Four ana-

lyses with chromate of lead gave,
—

I.
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It is therefore clearly a tribasic aether, the carbon and hy-

drogen being in the proportions to form aether, and the boracic

acid being in slight excess. The calculated results would be,

Carbon ...... 49*34

Hydrogen 10*27

Oxygen 16*45

BOa
23*94

100*00

The density of the vapour confirms this view of its compo-
;ion :
—sition :

Weight of globe filled with air

Temperature of air

Pressure

Temperature of bath when sealed .

Weight of globe full of the vapour
Weight of air in globe (corrected)

Weight of vapour in globe at 278°

Weight of 100 cubic inches of vapour
at 60° and 30 inches . . .

Specific gravity of vapour . . .

Calculated specific gravity of vapour,

supposing it to consist of 3 equi-
valents of aether and 1 of B03

1550*93 gr.
58°

30-G1 inch.

278°

1573*14
8*068 gr.

30*278 gr.

164*81 gr.
5*31

5*05

condensed into 4 oxygen vols.

From this it appears that it has suffered the same amount
of condensation as most of the monobasic aethers, notwith-

standing it contains 3 equivalents of aether instead of 1. The

theory of its formation from alcohol and chloride of boron is

very simple :

BC13 , 3(C4 H6 2)
= 3HC1 + B03, 3(C4 H5 O).

Tribasic boracic aether is a colourless liquid, with a pun-
gent, slightly aromatic smell and acrid taste. It fumes when

exposed to moist air, owing to the decomposition of its va-

pour, and round the stopper of the bottle containing it, is ge-

nerally formed a downy deposit of boracic acid.

When a drop of water is added to it, boracic acid is imme-

diately precipitated, which is redissolved when more Mater is

added. A similar decomposition takes place when mixed
with solutions of ammonia and potash, borates of those bases

being formed. With alcohol and aether it is miscible in all

proportions. It burns with a bright green flame, giving off

white fumes of BOs, and leaving a residue of the fused acid.

The colours of dry litmus and turmeric are not changed by
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it, but when moist the first is reddened and the latter be-

comes brown, owing to the liberation of boracic acid.

I am now engaged in examining the effects of passing
some of the volatile metallic chlorides into absolute alcohol

;

and I am not without hope that I shall be able in this way
to form some metallic aethers.

Since writing the above, I have seen in the last number of

the Annates de Chimie, which has just reached us, a notice

that M. Ebelmen has also succeeded in forming the tri-

basic aether I have now described, and has also formed a

similar compound with oxide of methyle. Our results appear
to be almost identical, excepting that his numbers approach
the calculated ones somewhat more closely than my own.

LXXVI. Notices respecting New Books.

Guide to the Geology of Scotland. By James Nicol. Edinburgh.

SCOTLAND, regarded geologically and in a general view, may be

considered as a trough, one side of which consists principally of

mountains of primary, the other of mountains of transition rocks. This

trough is filled with strata of old red sandstone and coal-measures,

through which trap rocks intrude. Its axis is a line passing near

Irvine, Bothwell and St. Andrews, from W.S.W. to E.N.E. To
this axis its limits both above and below are parallel ; the one boun-

dary, viz. that on the north-western side, passing from Greenock to

Stonehaven, the other, viz. that on the south-eastern, from Girvan
to Dunbar. This trough contains the basins and friths of the Clyde,
the Tay, and the Forth, though not the higher valleys of these rivers,

as the sources of the Clyde are in the transition mountains on the

south-east, and those of the Tay and the Forth are in the primary
mountains on the north-west. Its surface is a gently undulating

plain, beneath which are the evidences of many long extinct animal

and vegetable creations, and which is now occupied by a vast popu-
lation, whose subsistence depends ultimately upon its peculiar mi-

neral and geological properties.
The primary mountains, which form the north-western side of

the trough, are the loftiest and the most rugged and barren in Great
Britain. Although they include vast beds of slate, together with

large and numerous patches of granite, and some rocks of very in-

ferior extent and importance, yet their most abundant constituent is

gneiss. The appearance of the country consisting of this rock,

which occupies more than a third part of the entire surface of Scot-

land, is described by Mr. Nicol in the following graphic terms :
—

"
Occupying large tracts of the central highlands, the characters

which gneiss impresses on the sceneiy are very distinctly seen. It

is the least picturesque and most monotonous of the primary rocks,
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the hills heing flat and shapeless, and their sides emhossed with small

round protuberances, between which the water stagnates and moss
accumulates. Most gneiss districts seem but a repetition of these

features on the great scale, the hills being seldom serrated in outline

or broken into rocky cliffs ; whilst the valleys or straths are wide and
flat, full of small lakes or pools, and disfigured by brown heaths and
dark morasses. It has altogether the aspect of a land newly raised

from the ocean, in which the rivers have not had time to hollow out
channels for themselves or to complete its drainage. In a word, all

who are in quest of the picturesque should avoid the pure gneiss
districts, as the few spots worthy of notice will be found separated

by long, dreary, uninteresting tracts." (Page 134.)
Another important substance in the formation of the Highlands is

quartz rock, and our author's description of the features which it

impresses on the scenery is no less felicitous than the preceding.
" The regions where it abounds have a very peculiar aspect, the

hills being in general conoidal, with a smooth flowing outline and
few asperities, though with numerous scattered fragments. The
soil that covers them is remarkable for sterility even in this land of

barrenness ; whilst their summits and declivities, refusing nourish-

ment to the humblest moss, shine with dazzling whiteness. Of this

kind is the conical stack Balloch-nan-fey, the last remarkable moun-
tain on the west coast, whose naked ridge of bright quartz shines in

the sun like snow, and was described by Pennant as marble."

(Pp. 135, 136.)
The above extracts may serve as specimens of Mr. Nicol's talent

in describing the general aspect of a country, as resulting from the

nature of its mineral constituents. It is greatly to his praise that

these large and extended views are introduced in connection with

the most minute and accurate descriptions of the rocks themselves.

The other side of the trough consists principally of transition

rocks, viz. clay-slate and graywacke, corresponding to the older Si-

lurian of Sir Roderick Murchison. In them fossils are exceedingly
rare, but they contain graptolites (p. 28). They are penetrated not

only by trap rocks, but also by granite and syenite.
In the work before us, Mr. Nicol, having briefly described the

physical geography of Scotland, proceeds to give an account of the

three great districts which have now been indicated. Under each

head we have first a general view of the geological constitution of the

country, and then a descriptive survey of its several localities. The
author thus introduces in their proper places all the most interesting

particulars, such as collieries, mines, medicinal waters, the ichthyo-
lites of the red sandstone and of the Burdie House limestone ; the

graphic granite and serpentine of Portsey, the evidences of changes
of level and of the elevation and depression of the country, earth-

quakes, parallel roads, the succession or superposition of the differ-

ent rocks, the destruction effected by moving sands, the principal

arguments in support of the Huttonian or metamorphic theory of the

origin of the oldest stratified rocks, and the experiments of Hutton
and Maskelyne made at Schiehallien relative to the density of the
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earth*. Among these more minute details the following are remark-

able. In the carboniferous strata the shale is often so bituminous

as to be used for fuel, as at Pitfirrane in Fife, and other places ;
and

it finally passes into coal. (P. 64.)
The shores opposite to the Isle of Mull consist partly of a sand-

stone, which is distinguished by particular qualities. Dunstaffnage
Castle stands on it. On the authority of Dr. Macculloch our author

states, that the doorway of the castle is
" of a calcareous sandstone,

exactly resembling the fatal stone on which the Scottish kings were

crowned, and which is said to have been carried from it to Scone by
Kenneth II., and four centuries after removed to Westminster Abbey
by Edward I." (P. 158.)

In speaking of the origin of the Glen More-na-Albin, or Great

Glen of Scotland, the author has occasion to remark that the depth
of Loch Ness is 810 feet,

" which is three times that of the sea be-

tween Scotland and Norway." (P. 197.)
The following passage is highly instructive. The author is de-

scribing Caithness, which consists in great part of secondary rocks

in uniform strata, unbroken by the irruption of igneous formations.
" That part of it," says he,

" which lies to the north and west of

Ulbster forms a monotonous undulating plain, almost devoid of run-

ning streams, and deformed by stagnant pools of water and dreary

mosses, in many places covered by a black rusty crust of the accu-

mulating bog iron ore. The only dry ground is along the edge of

the cliffs which rise precipitously from the ocean. The southern

part is more diversified with hills, rocks, and valleys, and is drained

by more numerous streams. The peculiar features of this district

are closely connected with its rock formations, which dip regularly
northwards at a low angle, and have been little disturbed by intru-

ding rocks. Nothing can more forcibly demonstrate the highly
beneficial effects of these igneous formations, which have some-

times been described as inconsistent with a scheme of perfect wis-

dom and beneficence, than the consequences seen to result from their

absence. Scarce a sixth of this country is cultivated, and nearly
two-thirds are regarded as unprofitable ;

whilst in Fife, where igneous
rocks abound, the cultivated ground is two-thirds and the unprofit-

able surface about a tenth. In Fife 250 individuals dwell on every

square mile ; in Caithness thev do not amount to fifty." (Pp. 205,

206.)
The style of Mr. Nicol's book is clear and elegant. His facts are

supported by numerous authorities with useful references. His com-

bination of general views with particular descriptions is most judicious
and philosophical. As a guide to the Scottish traveller his work

* We have noticed the omission of but one circumstance relative to the

geology of particular districts, viz. the recent floods in Morayshire, of which

a most distinct and minute, and consequently a very instructive account,

was published by Sir T. D. Lauder. The agency of running water, as de-

scribed by him and exemplified in the case referred to, must be taken into

account in all inquiries relative to the origin of sedimentary rocks, of

whatever age.
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must be of the greatest value. Happy may he be deemed who
draws from the study of geology the admirable inferences with which
the writer concludes,—" that past revolutions, guided by infinite

wisdom and beneficence, have produced a scene, not of confusion

but of order, and have been rendered conducive to the welfare of

man and of the whole animated creation." " A firm conviction,"

he adds,
" of the perfect wisdom of the scheme of creation is the

highest aim of science, and the chief benefit resulting from an en-

larged contemplation of the phenomena of nature. In order to at-

tain this, however, right feelings and principles, both moral and phi-

losophical, must be carried to the observation of the external uni-

verse." (P. 260.)

LXXVII. Intelligence and Miscellaneous Articles.

EXPERIMENTS ON COFFEE—CHLOROGENIC ACID.

M PAYEN finds the composition of coffee to be, approximately,
• as follows :

—
Cellulose 34-000

Fatty substances 10 to 13-000

Glucose, dextrine, and an undetermined ve- "1 , r.*™
getable acid J

Legumine, caseine (gluten) ? 10-000

Chlorogenate of potash and caffeine. . . . 3-5 to 5 -000
Azotized organic matter 3*000

Free caffeine 0-800
Concrete essential oil 0*001

Aromatic essential oil 0*001

Mineral bodies 6-997

Hygrometric moisture 12*000

100-299

According to M. Payen the formula of caffeine is C8 H10 N2 03.
A part of the caffeine may be obtained directly, by treating the coffee

first with aether and then with absolute alcohol : by afterwards treat-

ing it with alcohol of - 60 several substances are separated, among
which is a very important crystalline body, containing the remainder

of the caffeine in a state of combination. These crystals are formed
of a double salt, resulting from the combination of an organic acid

(chlorogenic acid) with two bases ; one of which is organic, and is

caffeine ; the other mineral, is potash.
This natural salt of coffee is then a double chlorogenate of potash

and caffeine : if it be rubbed after being dried at 212° on a sheet of

paper while hot, it is so electrical as to adhere to the blade of a knife

presented to it, and remains attached to it in bulky elongated floc-

culi. When exposed to heat it suffers no alteration from 212° F.

up to about 300°; but when heated to about 365° F. it fuses, be-
comes of a fine yellow colour, boils and swells to five times its ori-

ginal volume, and it remains spongy, yellowish, solid and friable ;

when heated to 450° F. it becomes brownish, and is partially de-

PJiil. Mag. S. 3. No. 197. Snppl. Vol. 29. 2 P



55i Intelligence and Miscellaneous Articles.

composed. The vapour which is disengaged yields, when condensed,
acicular crystals of caffeine : it is scarcely soluble in anhydrous alcohol,
even when heated; but a saturated boiling solution in alcohol of 95 de-

grees, yields on cooling prismatic crystals radiating from a common
centre ; it is more soluble in alcohol of 85 degrees, and the crystal-
lization is more abundant on cooling : the solubility always increases

with the proportion of water : pure water dissolves still more, and
a hot saturated solution becomes a mass on cooling. A cold solu-

tion, when slowly evaporated, gradually deposits a crown of very fine

crystals in mammillated groups. The aqueous solution while crystal-

lizing suffers more or less alteration by exposure to the air, and be-

comes yellow first, and afterwards greenish-brown.
The crystals of this double salt, when slightly heated with hydrate

of potash, become of a vermilion or orange-red colour ; heated more

strongly, the mixture melts, becomes yellow, yields abundant ammo-
niacal vapours, and becomes brown, &c. When this double salt is

heated with concentrated sulphuric acid, an intense violet colour is

produced, and a bronze-coloured pellicle. Hydrochloric acid pro-
duces a similar but less marked effect ; nitric acid produces an orange-

yellow colour.

When acetate of lead is added to the aqueous or alcoholic solution

of the double chlorogenate, a flocculent greenish-yellow precipitate
is formed : the trisacetate yields a pure yellow-coloured precipitate.
Nitrate of silver, alone, produces no effect ; but when previously mixed
with a very small quantity of ammonia, it produces a yellow colour

which becomes brown ; the liquid becomes turbid, and a pellicle of

reduced metallic silver floats upon it, and gradually extends over the

sides of the glass.

Chlorogenic acid is obtained separately by treating chlorogenate
of lead with sulphuretted hydrogen ;

the solution obtained, when

rapidly evaporated, yields a confused crystallization of chlorogenic
acid.

This acid, when purified by small quantities of anhydrous alcohol,

is white, soluble in anhydrous alcohol, and more so in diluted al-

cohol ; it is very soluble in water and difficultly crystallizable. The

aqueous solution, when nearly saturated at a boiling heat, crystallizes

very slowly in microscopic crystals, radiating from a common

centre, and yielding in twenty or thirty days numerous spherical

agglomerations of y^yth to
j gnth of an inch in diameter.

The aqueous solution of chlorogenic acid has a very decided acid

reaction ; it reddens litmus strongly ; it is the active principle of the

various colours produced and described in the original salt of coffee.

When heated in a tube, it fuses, becomes of a yellow colour, boils

and leaves a thin and brilliant stratum of charcoal : its vapour con-

denses into a brown liquid, which, when rapidly heated, leaves a

very thin stratum of charcoal, which is iridescent.

Ultimate analysis gave the following results :
—

Chlorogenic acid C14 H8 07.
Carbon 56"0

Hydrogen .. 5*6

Oxygen 38*4

100-
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The double chlorogenate contains—

Chlorogenic acid 63*5

Potash 7-5

Caffeine 29-

Too7
"

Caffeine therefore acts the part of a base in the composition of the

natural double salt. This new compound exists in its original state

in the perisperm of the coffee berry, from which it is readily extracted.

Among the curious properties of chlorogenic acid, the remarkable

power which it possesses of developing a very intense green colour,

adds interest to the discovery of the crystallizable compound, which
its rapid and variable transformations have hitherto prevented from

being observed.—Journ. de Pharm., Octobre 1846.

ANALYSIS OF TALC AND STEATITE.

M. Delesse observes that talc and steatite are common in nature,

but that mineralogists do not agree as to their composition. Ac-

cording to his analysis, the talc of Rhode Island in the United States

consists of—
Silica 61*75

Magnesia 31*68

Protoxide of iron .... 1*70

Water 483

99-96

The water exists so combined that it is impossible to expel it by
the heat of a spirit-lamp, as found by M. Marignac in operating
on the talc of Chamouny ; to expel the water perfectly the mineral

must be kept at a white heat in a calcining furnace.

The steatite examined by M. Delesse was of a milk-white colour,

and came from Nyntsch in Hungary ; it is the Speckstein of German

mineralogists ; the water is not expelled from it by the heat of a

spirit-lamp. It was found to consist of—
Silica 64-85

Magnesia 28*53

Protoxide of iron .... 1'40

Water 5-22

100*

Journ. de Pharm. et de Ch., Septembre 1846.

CAUSE OF THE EFFLORESCENCE OF LAUMONITE.

MM. Malaguti and Durocher state, that the efflorescence of lau-

monite is owing to the loss of a small quantity of water. This

mineral did not suffer the least alteration when kept for several

months in a moist atmosphere. Crystals of laumonite altered, re-

covered their original transparency and appearance by being im-

mersed in water ; and these same crystals, after drying and exposure
2 P2
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to dry air, behaved like crystals recently taken from their locality.
—

Journ. de Pharm. et de Ch., Septembre 1846.

ANALYSIS OF HEULANDITE. BY M. DAMOUE.

The difference between the analyses of this mineral by MM.
Walmstedt, Thomson and Rammelsberg, consists in the presence of

a small quantity of soda and potash. The analysis of Damour gave
Silica 59-64

Alumina 1633
Lime 7

-44
Soda 1*16

Potash 0-74

Water 1433

99-64

This composition indicates that heulandite should be ranked with
zeolites.—Journ. de Pharm. et de Ch., Septembre 1846.

EASY REDUCTION OF CHLORIDE OF SILVER.

M. Levol states that this chloride is decomposed by being boiled

in a solution of potash in which a little sugar is previously dissolved ;

the sugar gradually reduces the metal in a short time, carbonic acid

gas being disengaged : after due washing the metal is obtained in

the pulverulent state.—Journ. de Ch. Med., Novembre 1846.

ON THE CHEMICAL PROPERTIES OF RUTHENIUM AND SOME OF
ITS COMPOUNDS. BY DR. C. CLAUS.

Ruthenium occurs in the residues of the Russian and also of the

American platinum ores, but only to the small extent of 1-1^ per
cent. It is a constituent of osmium-iridium ; the varieties of this

mineral analysed by me contained, besides osmium and iridium, 3-6

per cent, ruthenium, 10 per cent, platinum, 1^-2 per cent, rhodium,
with traces of copper, iron and palladium. The mineral described

by Herman under the name of irite contains 3 per cent. Ru along
with Rh, Pt, Os, Ir, FeO, Cr°-Os, Ala

O>, SiO* and IrO*. The ru-

thenium does not occur in that portion of the platinum ore which
is soluble in aqua reyia ; it was discovered in the platinum residues,

because these always contain osmium-iridium.

The following is the method which I adopt at present for its pre-

paration :
—Osmium-iridium is powdered as finely as possible in a

cast iron mortar; the particles of iron removed from the mortar are

extracted with muriatic acid, and the powder mixed with chloride

of sodium treated at a faint red heat with moist chlorine gas. The

decomposed mass is extracted with cold water, and a few drops of am-
monia added to the concentrated brownish -red, almost opake solution,

which is then heated in a porcelain dish. A voluminous blackish-brown

precipitate, consisting of sesquioxide of ruthenium and oxide of os-
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mium, is thrown down. This, after edulcoration, is heated in a retort

with a sufficient quantity of nitric acid until the acid has passed over,

and the osmium removed as osmic acid. The residue in the retort

is removed, ignited with nitre and caustic potash which is free from

silica, in a silver crucible, for an hour, and the ignited mass softened

and dissolved in cold distilled water. The solution is left to clear

for 2 hours in a corked flask, the perfectly transparent, beautiful

orange-coloured solution removed with a siphon from the insoluble

portion, and the alkaline liquid neutralized with nitric acid ; this

produces a precipitate of velvety-black sesquioxide of ruthenium,
which after edulcoration and drying is reduced in a current of hy-

drogen. In this way perfectly pure metallic ruthenium is obtained.

This mode of separating it from the other platinum metals, with the

exception of osmium, is based on the behaviour of the solution of

the sesquichloride of ruthenium, which is decomposed by heat into

free muriatic acid and sesquioxide. The oxide of osmium is mixed
with the oxide of ruthenium, as the solution contains chloride of

osmium, which is likewise decomposed. The osmium-iridium is

only partially decomposed in the above treatment with chlorine, and

must therefore be treated with it three or four times.

Ruthenium thus prepared forms angular pieces, of metallic lustre,

which are porous, and very closely resemble iridium. Its specific

gravity is very low, viz. 8*6 at 61° F. ; but it is highly probable that

it is but little inferior in this respect to iridium, for some porous

iridium, which was prepared in a similar manner from the blue oxide

of iridium IrO2
,
had a specific gravity of 9*3. Ruthenium is very

brittle, does not fuse in the flame of the oxyhydrogen blowpipe, and

is almost insoluble in acids ; aqua regia dissolves mere traces of it.

After osmium, ruthenium has the greatest affinity for oxygen of all

the platinum metals, for it is very readily oxidized on heating to

redness. There are four oxides of ruthenium:—
I. Theprotoxide, RuO, is obtained when 1 equiv. Ru CI2 is heated

strongly with rather more than 1 equiv. NaO CO2 in a current of

carbonic acid, and then extracted with water. The protoxide is left

as a blackish-gray metallic powder, which is insoluble in acids, and

is reduced by hydrogen at the ordinary temperature. It is anhy-
drous, and contains in 100 parts 86*6 ruthenium and 13*4 oxygen.
The hydrate is still unknown, and will probably be as difficult to

prepare as the hydrate of the protoxide of iron.

II. Sesquioxide, Ru 2 3
. Anhydrous.

—When the pulverulent
metal is exposed to a bright red heat in a platinum crucible over

Piclet's glass-blower's lamp, it acquires a black colour, and very

quickly absorbs for every 100 parts 18 parts oxygen ; subsequently
the oxidation slowly proceeds further until the oxide becomes

blackish blue, and then contains 23-24 parts oxygen to 100 of

ruthenium. This oxide increases still more in weight when exposed
to a very long-continued red heat, but it could not be oxidized to

RuO 2
.

The hydrate, Ru2 O3
-j- 3aq, is obtained by precipitating the ses-

quichloride with alkalies. It must be well-washed, and nevertheless
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contains a few per cent, of the alkali. It forms a blackish-brown

powder, which dissolves with an orange colour in acids, glows sud-

denly when heated, and is not perfectly reduced at the ordinary tem-

perature by hydrogen. It is insoluble in alkalies.

III. Oxide of Ruthenium, RuO
2
. Anhydrous.—On roasting and

igniting RuS-, a blackish-blue powder, with a greenish play of

colours, is obtained, which is insoluble in acids, and contains 307

parts oxygen to 100 of metal. It is obtained when RuO 2
, 2S0 3 is

exposed to a strong red heat in small grayish particles of metallic

lustre, and with a beautiful blue and green iridescence.

The hydrate, RuO 2 + 2aq ?, has riot yet been analysed, but it will

undoubtedly possess the above composition; it is obtained as a

gelatinous yellowish-brown precipitate, when the solution of the

double chloride KC12 + RuCl 4 is mixed with NaO CO-, and evapo-
rated. It contains much alkali, dissolves with a yellow colour in

acids, and these solutions become of a rose-red on evaporation.
When heated in a platinum spoon it detonates with a lively incan-

descence, and is projected in all directions. In the dry state it has

the colour of impure oxide of rhodium.

IV. Ruthenic acid, RuO3
,

is not yet known in its isolated state.

It is most probably a very unstable compound, which is readily de-

composed into oxide and oxygen. It occurs as basic rutheniate of

potash in the solution of the ruthenium which has been ignited with

potash and saltpetre. The composition of the acid was ascertained

in the same way as H. Rose analysed the ferrate of potash. For

the analysis however a rutheniate of potash was employed, which

had been prepared by igniting the metal with potash and chlorate

of potash. The salt could not be obtained crystallized, as the solu-

tion is readily decomposed. The solution is of a beautiful orange

colour, is very astringent to the taste, like tannic acid, and is neu-

tral, if too much potash and nitre has not been used in its prepara-

tion ;
it colours organic substances black, owing to a deposition of

reduced oxide. Acids immediately precipitate from it a black oxide,

which contains potash if the solution had not been perfectly neu-

tralized with acid ; with a slight excess of acid however the precipi-

tated oxide contains some per cents, of .acid. When sulphuric acid

is used, a metal is obtained on reducing the oxide which contains

some sulphuret, and which it is very difficult to decompose at a

faint red heat in a current of hydrogen. I analysed the oxide con-

taining acid, especially that precipitated by nitric acid, and obtained

results which led me to believe that this oxide was RuO 2 + 2aq

(I was not then acquainted with the true hydrated oxide) ;
but it is

very probable that, on igniting it in a current of carbonic acid in

order to determine the water, the sesquioxide is converted by the

action of the nitric acid into oxide. At present I consider this black

oxide to be a hydrate of the sesquioxide, because it dissolves in mu-

riatic acid, forming sesquichloride*.

* Before I was acquainted with the true oxide and perchloride, I thought that

muriatic acid converted the hlack oxide with reduction into sesquichloride, espe-

cially as some chlorine was disengaged in the experiment.
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Chlorides ofRuthenium.

I. Protochloiide ofRuthenium, RuCl In my former experiments
it appeared to me as if ruthenium were little acted upon by chlorine.

1 subsequently observed however that after very long-continued
treatment the metal was converted at a faint red heat into proto-

chloride. When ruthenium is heated to redness in the bulb of a

reduction-tube over an Argand lamp, and dry chlorine passed over

it, yellow vapours (probably the highest and most volatile chloride)
are first disengaged and carried away by the current of gas ; the

metal seems not to change and to increase in bulk ; subsequently
some sesquichloride sublimes, and the metal becomes black ; after

2 hours it is converted into a black partially crystalline protochlo-
ride. It is however not always possible to saturate the ruthenium

perfectly with chlorine in one operation ; it is best to reduce the proto-
chloride formed to a fine powder, and to treat it again with chlorine.

In this way a combination is always obtained, yielding on analysis

numbers corresponding to the above formula. Water removes a

trace of sesquichloride from it ; otherwise it is insoluble in it and in

acids
;
a solution of caustic potash has little action upon it even

when evaporated with it to dryness,
Soluble Protochloride.—When the solution of the sesquichloride

is treated for a long time with sulphuretted hydrogen, a black-brown

sulphuret is precipitated, and the liquid acquires the well-known

beautiful azure-blue colour. The sulphuretted hydrogen can be

removed from this fluid by a current of atmospheric air, and in this

way a solutiou of the blue protochloride with muriatic acid obtained.

I regard this blue combination as the protochloride, although I can-

not vouch for the correctness of this view ; for it is not possible to

prepare it in a solid form or as a crystalline double salt, as it is very

readily decomposed, and passes into the orange sesquichloride.
I therefore attempted to obtain an idea of the composition of this

compound by precipitating the solution of the blue protochloride by
alkalies ; but the oxide thus obtained possessed the composition of

sesquioxide Ru° O3
. This negative result is no direct proof against

my view, for I have observed that, in the decomposition of the lower

chlorides of iridium by alkalies, the higher oxide IrO is constantly
formed. Ruthenium must behave similarly, as it exhibits a greater

affinity for oxygen than that metal. The reasons which have led

me to regard the blue compounds as the protochloride are,— 1st,

HS, in its action upon the perchlorides of the other platinum metals,

converts them into lower chlorides ; 2nd, the sulphuret which sepa-
rates on the formation of the blue compound does not contain, as it

should, 3 atoms of sulphur to 2 of metal, but 2 and more atoms of

sulphur to 1 atom of metal ; 3rd, other reducing agents, as zinc,

percyanide of mercury, &c, colour the sesquichloride blue; 4th, on

heating the evaporated solution of the sesquichloride, it becomes

green (a mixture of blue and yellow protochloride), and at some

spots blue ;
but it is not possible to prepare in this manner a pure

blue protochloride, because a portion of the salt is converted into a

basic compound.
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II. Sesquichloride ofRuthenium, Ru2 Cl3
,
is obtained by dissolving

the sesquioxide, precipitated from the rutheniate of potash, in mu-
riatic acid, and evaporating to dryness. It is deliquescent, has a very
astringent non-metallic taste, like tannic acid ; and dissolves, leaving
behind the yellow basic compound, with a beautiful orange-red
colour in water and spirit. When heated it acquires the above-
mentioned green and blue colour. One of its most remarkable pro-
perties is that its dilute solution is decomposed by heat into free

muriatic acid and hydrated sesquioxide. This decomposition takes

place likewise at the ordinary temperature in the course of a few

days.
Caustic and carbonated alkalies, as well as the tribasic phosphate

of soda, immediately produce in the solution of this salt a blackish-

brown precipitate of hydrated sesquioxide, which is not soluble in an
excess of the precipitant. Some unprecipitated metal is however
left in the solution. Solution of borax at first produces no precipi-
tate, but merely decolorizes the solution, which on the application
of heat deposits Ru 2 O 3 + 3aq. Formiate of soda does not reduce
the metal, but only decolorizes the solution ; the same happens with
oxalic acid. Ferrocyanide of potassium at first decolorizes the solu-

tion, which subsequently becomes green. Percyanide of mercury
colours the solution blue, with formation of a blue precipitate.
Nitrate of silver yields a black precipitate, which subsequently turns

white, while the liquid becomes rose-red. Chloride of potassium
and chloride of ammonium produce dark brown crystalline precipi-
tates only in very concentrated solutions. Sulphurous acid decolo-

rizes the sesquichloride only after long-continued action. Sulphu-
retted hydrogen produces the above-mentioned blue reaction, with

deposition of sulphuret. Sulphuret of ammonium throws down most
of the ruthenium from the solution as a blackish-brown sulphuret,
which is not perceptibly soluble in an excess of the precipitant.

III. Perchloride of Ruthenium, RuCl2
.—This compound is not

known in the isolated state ; it exists however in combination with
chloride of potassium. In the double salt described below it has the

rose colour of the salts of the perchloride of rhodium (Rh
2 Cl3

).

Double Salts.

I. Sesquichloride of Ruthenium and Potassium, 2KC1 + Ru2 Cl3
.

—From the composition of this salt the atomic weight of ruthenium
was ascertained, and found to be identical with that of rhodium.
The analyses of the other compounds of ruthenium have fully con-
firmed this determination. In the crystallized state it is perfectly
insoluble in alcohol of 0*863 spec, grav., and possesses in this respect
the properties of the double chlorides of all the other platinum
metals with potassium and ammonium. When however the salt is

in a concentrated solution, alcohol only throws down a portion ;

when the solution of the salt is mixed with the chloride of any other
metal soluble in alcohol, evaporated to dryness, and digested with

strong spirit, the salt of ruthenium dissolves in proportion to the

quantity of the other soluble chloride. This property is likewise
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possessed by the sparingly soluble double salts of other platinum
metals, among others by the sodiochloride of rhodium. The cry-
stallized sesquichloride of ruthenium and potassium is almost inso-

luble in a concentrated solution of chloride of ammonium, and I

have used this salt in washing the salt of ruthenium, to free it from

any admixture of chloride of potassium. This method is far more
certain than the employment of spirit, which only removes with dif-

ficulty the last traces of that admixture. It is scarcely necessary to

observe that the chloride of ammonium must be subsequently ex-

tracted with spirit, which however, from the great solubility of the

salt, is very readily and quickly effected.

II. Sesquichloride of Ruthenium and Ammonium, 2NH4 CI -f-

Ru2 CI3
, is very easily obtained by mixing the concentrated solution

of the black sesquioxide in muriatic acid with chloride of ammonium,
and concentrating by evaporation with the addition of a little nitric

acid. The salt cannot be distinguished in form and properties from
the potash salt ; it leaves, as required by the formula, 32*7 per cent,

metal when ignited in a current of hydrogen. Both these salts,

although more soluble than KC1 + IrCl2
,
do not dissolve easily in

the crystallized state in water ; notwithstanding they crystallize with

difficulty from their solutions, and only when these are highly con-

centrated.

III. Sesquichloride ofRuthenium and Sodium ?—This compound
could not be obtained crystallized and in a state fit for analysis. It

formed a semi-crystalline deliquescent mass, readily soluble in spirit,

which dried when strongly heated, but then became partly green
and blue, and behaved therefore like a mixture of chloride of sodium
and sesquichloride of ruthenium. A. solution of chloride of barium
and Ru'2 CI3 dried to a deliquescent mass, which resembled the pre-

ceding salt, but from which spirit extracted the sesquichloride of

ruthenium, leaving behind chloride of barium.

IV. Perchloride of Ruthenium and Potassium, KC1 + RuCl2
.—

The conversion of Ru2 CI3 into RuCl2 is very difficult. When treated

for a long time with nitromuriatic acid, only a very small por-
tion passes over into perchloride, and it is impossible to effect its

complete conversion. When heated with muriatic acid and chlorate

of potash, some of the salt is formed ; but the greater portion of the

ruthenium is lost, it being converted into a higher chloride (probably
RuCl3

), which is volatile and escapes with the aqueous vapours.
I unfortunately did not make this observation before I had already
consumed most of the ruthenium, and did not possess sufficient to

examine more closely this interesting compound.
I once obtained the perchloride accidentally, having added by

mistake too much nitric acid in precipitating the oxide from the

rutheniate of potash. The solution of the oxide in nitric acid fil-

tered from the precipitated oxide was brown, and yielded, on evapo-
ration with some muriatic acid, at first a considerable quantity of

crystallized saltpetre ; and on further concentration of the rose-

coloured mother-ley a red salt crystallized, which, washed first with

chloride of ammonium, then with spirit, was the compound in its
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pure state. The crystals of this salt are so minute that their form
cannot be recognised with the naked eye ; with a magnifying power
of 300 times diameter they appear as perfectly transparent red prisms
with pointed terminal surfaces, probably belonging to the rhombohe-
dral system. The salt is readily soluble in water, insoluble in spirit of

0*889, and scarcely soluble in a concentrated solution of chloride of
ammonium ; its solution is of a rose colour playing into violet, and
cannot be distinguished from that of the chloride of rhodium and
sodium ; it is scarcely affected by sulphuretted hydrogen, and only
deposits after some time a little yellowish-brown sulphuret, without
the liquid losing its red colour. If to the solution of this salt an
alkali is added, no precipitate results, but on evaporation a yellowish-
brown gelatinous hydrated oxide separates, which contains a con-
siderable quantity of alkali, and when heated on platinum explodes

slightly with a sudden glowing. A concentrated solution of this

salt in water is only partially precipitated by alcohol; the greater

portion remains in solution with a red colour, and is not reduced to

a lower chloride on evaporation. The blue reaction of the sesqui-
chloride of ruthenium cannot be produced in the solution of this

salt even when sulphuretted hydrogen is passed through it for six

hours. The metal reduced from this salt is ruthenium, for it yielded
on ignition with nitre rutheniate of potash, and this with muriatic

acid sesquichloride of ruthenium, in which the blue reaction could
be produced by sulphuretted hydrogen.

Sulphurets.

It is highly probable that as many combinations of ruthenium
with sulphur exist as this metal forms oxides, but their preparation
is accompanied with numerous difficulties. When, for instance, pow-
dered ruthenium is mixed with sulphur and heated in an atmosphere
of carbonic acid, there is no appearance of any chemical reaction,
the sulphur distils off, and the ruthenium increases but little in

weight. The precipitates obtained from the chlorides by sulphu-
retted hydrogen by no means correspond to those compounds ; they
always contain too much sulphur, and are very probably mixtures
of sulphurets with sulphur ; their analysis is very difficult, as they
easily become oxidized in drying, and are partially converted into

sulphate. When heated, in order to remove the water, they explode
faintly with incandescence; and when treated with fuming nitric

acid, they are likewise oxidized with a faint explosion and a shower
of sparks. They dissolve, it is true, in ordinary nitric acid very
easily, but the sulphuric acid formed cannot be precipitated pure
from this solution by a salt of baryta ; it is coloured yellowish, and

always contains some sulphate of ruthenium, which cannot be re-

moved by any solvent. When the sulphuret precipitated from the

sesquichloride is heated in a reduction -tube through which carbonic
acid is passed, water and sulphur are removed, accompanied by a

glowing and explosion, and the blackish-gray metallic powder left

yields results which correspond to the formula Ru2 S3
. The sul-

phuret which is precipitated when sulphuretted hydrogen is passed



Intelligence and Miscellaneous Articles. 563

for a short time through the solution of Ru9 CI3
, frequently contains

3 atoms of sulphur to 1 of ruthenium ; but if the gas has been passed

through for several hours, a sulphuret, RuS 9
, of yellowish-brown

colour, is obtained. Sulphuret of ammonium throws down a blackish-

brown sulphuret, Ru- S3
,
from the blue protochloride ; however, I

place little value on these analyses, as the difficulties render the re-

sults very uncertain.

Oxysalts.

I have little experience on this series of compounds, as their pre-

paration is very difficult, and my material was consumed ; I only
obtained the sulphate of ruthenium, RuO9 + 2S03

, from the sul-

phuret, which is formed on treating Ru2 CI3 with sulphuretted hy-

drogen by oxidizing it with ordinary nitric acid. An orange-coloured
solution is obtained, yielding on evaporation to dryness a yellowish
brown amorphous mass, which attracts moisture, deliquesces, and
has an acid astringent taste. The dry compound reduced to powder
resembles mosaic gold, dissolves readily in water, and is not preci-

pitated at first by alkalies ; but on evaporation the yellowish-brown

gelatinous hydrated oxide separates, which has the greatest resem-

blance to the impure oxide of rhodium, and explodes with incan-

descence when heated. Sulphuretted hydrogen does not produce
the blue reaction in the solution of this salt.—Liebig's Annalen for

August 184-6.

ON PHOSPHAM AND PHOSPHAMIDE.

M. Gerhardt observes that chemists admit of the existence of two

compounds of nitrogen and phosphorus ; one composed of 1 atom of

phosphorus and 2 atoms of nitrogen (PN
2
) is produced, according to

M. H. Rose, when the protochloride is heated with ammonia ; accord-

ing toMM.Liebig and Wdhler it is also formed by the action of heat

on the produce of the reaction of ammonia on perchloride of phos-

phorus.
The other compound of nitrogen and phosphorus has been described

by M. Liebig in his Annalen. It is considered by him as a compound
of the preceding phosphuret of nitrogen, and the elements of water

(PN-+H2
0) ; it is therefore a hydrated phosphuret of nitrogen.

The composition which is attributed to these two compounds by
the German chemists being different from those defended by MM.
Gerhardt and Laurent, the former has subjected them to fresh ex-

amination, and states as the result that no such compound as phos-

phuret of nitrogen exists; and that the two bodies improperly so named
are mixtures of three definite compounds, one of which he calls

phosphamide, containing phosphorus, hydrogen, nitrogen and oxygen ;

the second, which he names biphosphamide, contains phosphorus,

nitrogen and oxygen ; and the third, named phospham, consists of

phosphorus, nitrogen and hydrogen.

Phosphamide.
—When gaseous ammonia is passed over perchloride

of phosphorus contained in a long tube, the chloride becomes con-

siderably heated, fuses, gives out much hydrochloric acid gas, and

produces much hydrochlorate of ammonia. The product obtained
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is a white powder, which is to he mixed with water, in which a por-
tion only of it is dissolved and the water is rendered acid ; the inso-

luble portion is impure phosphatide ; it is to be purified by boiling
for some hours in dilute solution of potash until it ceases to dis-

solve any chlorine; then with weak nitric acid, and lastly with
water.

When dried at 212° its formula is [PH3 N2
0]. M. Liebig ob-

tained only 24* 2 7 per cent, of water by calcining this substance with
oxide of copper, whereas M. Gerhardt states that he has never ob-
tained less than 34 per cent. ; he also says that he obtained only
28'5 of nitrogen from 100, whereas M. Gerhardt procured 35'5.

Biphosphamide.—If instead of submitting humid phosphamide to

the action of heat, it be first dried by the water-bath, it loses all its

hydrogen in the form of ammonia ; the residue, instead of fusing as

in the preceding experiment, undergoes no change of appearance.
When submitted to analysis, it is found to have lost half of its nitrogen
and the whole of its hydrogen, so that it consists of equal atoms of

phosphorus, nitrogen and oxygen. In order to have this compound
entirely free from phosphamide, it must be kept for a considerable

time at a low red heat. The external characters of this substance do
not serve to distinguish it from the preceding ; like it, it is a white

powder, insoluble in any solvent : it also acts like phosphamide if

moistened with water and exposed to heat. When fused with potash,
ammonia is disengaged and common phosphate left. The formula of

biphosphamide is PNO.
Phospham.—When the product of the action of ammonia on per-

chloride of phosphorus free from water is calcined in close vessels,

hydrochloric acid and hydrochlorate of ammonia are disengaged and
a perfectly white residue is obtained, which, according to MM. Liebig
and W6'hler,is phosphuret of nitrogenPN

2
. According toM. Gerhardt

this statement is incorrect ; and it contains three things, if particular

precautions are not taken, viz. biphosphamide, a compound formed of

phosphorus, nitrogen and hydrogen, which M. Gerhardt calls phos-

pham, and a chlorinated compound which he has been unable to isolate,

but which is converted into phosphamide and hydrochlorate of am-
monia by contact with water.

In order to have a product free from chlorine and oxygen, it is re-

quisite to operate on perfectly dry substances, and to finish the ac-

tion of the ammonia at a very high temperature. M. Gerhardt,
when operating under the same circumstances as the German che-

mists, could never obtain a product free from chlorine, the presence
of which they attributed to hydrochlorate of ammonia ; but this is an

error, for it is derived from the incomplete action between the am-
monia and the perchloride of phosphorus.

Phospham contains 1*5 per cent, of hydrogen. MM. Liebig and
Wdhler attributed the water which they obtained to the humidity
of the oxide of copper which they employed.

Finally, no phosphuret of nitrogen is formed by the action of am-
monia or perchloride of phosphorus. When the action of the alkali

is complete, a substance remains containing phosphorus, nitrogen
and hydrogen, which M. Gerhardt represents by [PHN2

].
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Like the previously described compounds, phospham is a white

powder, insipid and insoluble in common solvents ; it also yields,

when fused with potash, common phosphate and ammonia.

In concluding, M. Gerhardt asserts that no phosphuret of nitrogen
is formed, as stated by M. Liebig, by the action of ammonia on per-
chloride of phosphorus, the result of their action containing 1*5 per
cent, of hydrogen ; and that no such compound as hydrate of phos-

phuret of nitrogen exists.—Journ. de Pharm., Septembre 1846.

ON ALOETINE. BY M. EDMOND ROBIQUET.

The author states that M. Chevallier has shown that Socotrine

aloes contain a great number of substances foreign to its composi-
tion, and which renders its purification a long process. The speci-

men which M. Chevallier examined contained about, in 100 parts-

Pure aloes 85-00

Ulmate of potash 2-00

Sulphate of lime 2*00

Carbonate of potash ~J

Carbonate of lime > traces.

Phosphate of lime J
Gallic acid 0-25

Albumen 8'00

97'25

In order to obtain aloetine, or the pure juice of aloes, the aloes

reduced to fine powder was exhausted with distilled water, in order

that, of all the salts which it contains, the filtered liquor should con-

tain only ulmate of potash, and a small quantity of sulphate of lime

and carbonate of potash. This solution was evaporated by the water-

bath till it had lost half its weight, and an excess of acetate of lead

was then added to it. A light flocculent precipitate was formed,
which was a mixture of gallate, ulmate, and albuminate of lead, con-

taining traces of carbonate and sulphate of lead.

The solution, besides the juice of aloes, contained acetate of pot-
ash and acetate of lime, formed by double decomposition, with

excess of acetate of lead ;
a sufficient quantity of ammonia was added

to it ; the oxide of lead precipitated carried with it all the aloes con-

tained in the solution, and thus formed a kind of lake of a rather

pure orange colour, becoming of a greenish yellow by a few minutes'

exposure to solar light. This lake, quickly separated and washed
with boiling water, was decomposed out of the contact of the air by
a current of sulphuretted hydrogen. This operation being finished,

the sulphuret of lead was covered by a stratum of a perfectly colour-

less liquid, which, carefully decanted and evaporated in vacuo,

yielded no trace of crystals, and merely dried into a kind of scaly
varnish of a very light yellow colour. The prqduct thus prepared
was employed by M. Robiquet to examine whether it contained

nitrogen, and for analysis by means of oxide of copper : and in order
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to distinguish it from the crude article of commerce, M. Robiquet
gave it the name of aloetine.

The properties of aloetine are that, when prepared out of the con-
tact of the air as much as possible, it is in the form of nearly colour-
less scales, which are very soluble in water and alcohol, slightly
dissolved by aether, and perfectly insoluble in fixed and volatile oils ;

when calcined in close vessels it leaves merely a bulky and brilliant

charcoal, which disappears entirely by calcination. Aloetine is not
coloured by the salts either of protoxide or peroxide of iron, and

gives no precipitate with acetate of lead ; in other respects it acts

upon reagents similarly to Socotrine aloes.

If aloetine be dried in contact with the air, the scales obtained,
instead of being nearly colourless, have an intense red colour derived
from a slight absorption of oxygen. Except this difference of colour,
aloetine altered by the air undergoes no change of chemical proper-
ties, and analysis scarcely shows any difference between them. The
purification of aloes may be much shortened by drying it by the
water-bath or exposure to the sun, when it is not required to be of
the utmost purity.
M. Robiquet gives the following as the results of his analysis of

aloetine, and also a formula, which, however, he states as an approxi-
mation only :

—
Weight of the

Theory. equivalent.
Carbon 27'69 450 C6

Hydrogen 1077 175 H 14

Oxygen 61-54 1000 O 10

100- 1625 C6 H I4 10

M. Robiquet states that aloetine possesses in the highest degree
the purgative property and bitter taste of common aloes : medici-

nally employed, 8 parts of aloetine represent 10 parts of Socotrine
and 50 parts of Cape aloes.—Journ. de Pharm. et de Ch., Septembre
1846.

WOHLER S PROCESS FOR THE PREPARATION OF PURE HYDRO-
CYANIC ACID.

Cyanide of potassium is prepared by fusing together 8 parts of

dry ferrocyanide of potassium and 3 parts of pure carbonate of pot-
ash containing carbon (ignited cream of tartar), and 1 part of char-

coal in fine powder in a covered crucible; the mass while still

warm is powdered, and placed in a stoppered bottle of such a capa-
city that when 6 parts of water are added the bottle is quite filled *.

When the cyanide of potassium is dissolved and the metallic iron is

all deposited, the clear solution is poured into the retort a. The

* The cyanide prepared by Liebig's process is less fit for the preparation of

prussic acid ; on account of the large amount of cyanate of potash it contains,
much carbonic acid is disengaged, which renders the condensation of the acid far

more difficult.
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retort is connected by means of a bent tube with the U-shaped tube
b c; each arm of this tube is about 18 inches long and £ to

f-
of an

inch wide. It is filled with small pieces of fused chloride of cal-

cium, with the exception of the first one-third of b, which contains

small pieces of the above-mentioned black cyanide of potassium.
This tube stands in a cylindrical vessel d of equal height ; from

the arm c proceeds a long and rather narrow conducting tube, bent
at a right, or any other convenient angle, into the vessel e

; by means
of the caoutchouc tubes ff, the apparatus is made more safe. When
the apparatus is thus disposed, and all the junctions and corks found
to be perfectly tight, the cylinder d is filled with ice-cold water, and
the small and narrow flask e, destined to receive the acid, is immersed
in snow or ice and salt up to the neck.

A cold mixture of equal part3 of sulphuric acid and water is now

poured through the funnel into the cyanide of potassium in the

retort in very small successive portions ; for 2 parts of the melted
mass of cyanide of potassium 1 part of oil of vitriol is taken ; the

mass in the retort is so highly heated by this addition of the dilute

acid as to begin to boil ; the acid must therefore only be added at

long intervals, taking care that no air enters with it. It is probable
that a concentrated solution of tartaric acid would be preferable to

the sulphuric acid. During the addition of the sulphuric acid a

considerable quantity of prussic acid is developed, which would be

carried out of the apparatus along with air ; to avoid this the chlo-

ride of calcium tube is placed in cold water and the recipient in ice.

When all the acid has been added, and the fluid in the retort no

longer boils, the cold water is removed from the cylinder d by means
of a siphon, and replaced with water at a temperature of 85° to 90° F.

By this means the prussic acid previously condensed in the chloride

of calcium tube is evaporated, and passes into the recipient e ; at the

same time the contents of the retort are brought to gentle ebul-

lition, which is continued as long as prussic acid is disengaged. The

tube/ may be surrounded with ice also, when conveniently bent, so
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as to render the condensation of the acid more certain. Without
the use of ice the preparation of the anhydrous acid should by no
means be attempted ; and even then, the operation, and all experi-
ments with this substance, should be conducted with the greatest
care and precaution.

—Handworterbueh der Chemie, vol. ii. p. 406 ;

and Chemical Gazette for Oct. 15, 1846.

PURIFICATION OF ZINC. BY M. DE SMEDT.

The author proposes the following process for obtaining zinc in a
state of purity :

—Treat the zinc of commerce with concentrated
nitric acid, which leaves the tin insoluble in the state of peroxide,
and the antimony in that of antimonious acid, while the arsenic be-

comes arsenic acid, and the zinc, cadmium and iron are dissolved ;

the solution is to be filtered to separate the oxides of tin and anti-

mony, and great excess of carbonate of ammonia is to be added to

it, which precipitates the iron, and the cadmium as a carbonate,
while the arsenic acid remains in solution. The solution is to be

poured off and evaporated to dryness, and the residue is to be cal-

cined to destroy the ammoniacal salt
; the oxide of zinc is to be dis-

solved in nitric acid, and carbonate of potash added to the solution ;

the zinc is precipitated and the arsenic acid remains in solution in

the state of arseniate. The carbonate of zinc is to be carefully

washed, in order to separate very small portions of arseniate which

may be mixed with it; it is then to be heated to redness in a cru-

cible to convert it into oxide, which is afterwards reduced to the

metallic state by means of hydrogen and heat ; for this purpose the

oxide is placed in a strong glass or porcelain tube, heated to redness,

and is to have a current of pure dry hydrogen gas passed over it.—
Journ. de Chem. Med., Aout 1846.

ACTION OF NITRIC ACID ON BRUCINE,—PRODUCTION OF
NITROUS .ETHER, AND CACOTHELINE.

M. Gerhardt states that M. Laurent has confirmed the accuracy
of his statement, that nitrous sether is developed when nitric acid is

made to act upon brucine. He operated on about 230 grains of bru-

cine, and after having passed the gas generated over lime, he con-

densed it by means of a mixture of common salt and ice. He obtained

about 15 grains of a very fluid liquid, lighter than water, and which

possessed the odour of nitrous aether : this liquid was distilled to

the last drop, without being made to boil, at a temperature of about

60°Fahr.
When nitric acid has ceased to act, at common temperatures, upon

brucine, this alkali is converted into an orange-red substance, which
M. Laurent succeeded in causing to crystallize. This new substance

he calls cacotheline ; analysis showed its formula to be C 21 H.'2 - N 4 O 10
.

If from 1 equivalent of brucine and 3 equivalents of nitric acid there
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be subtracted 1 equivalent of nitrous aether and 1 equivalent of water,
the remaining elements represent the composition of cacotheline.

When cacotheline is subjected to the action of ammonia it is con-

verted into various products, among which is an alkaline base pos -

sessing several remarkable properties. It contains the elements of

the vapour of nitrous aether, and acts, when heated, like substances

which have undergone substitution by hyponitrous acid. The small

quantity which M. Laurent possessed did not permit an analysis.
—

Journ. de Pharm. et de Ch., Aout 1846.

METEOROLOGICAL OBSERVATIONS FOR OCT. 1846.

Chiswick.—October 1. Foggy: fine: overcast. 2. Hazy: very fine: rain. 3,

4. Very fine. 5. Cloudy. 6. Overcast : rain. 7. Fine : rain. 8. Clear :

cloudy : rain. 9. Rain. 10. Boisterous : rain. 11. Fine: rain. 12. Foggy.
13. Slight rain : cloudy : clear. 14. Densely overcast : heavy rain. 1.5. Rain:

cloudy : clear. 16. Clear: fine: rain at night. 17. Slight fog. 18. Heavy
and continued rain. 1 9. Foggy : cloudy and fine : clear. 20. Hazy : very fine :

clear. 21. Heavy rain : boisterous. 22. Cloudy : boisterous. 23. Fine: clear:

slight frost at night. 24. Rain: fine: rain. 25. Cloudy. 26. Foggy. 27. Hazy:
fine : foggy at night. 28. Dense fog. 29. Cloudy : slight rain. 30. Hazy :

overcast: clear. 31. Foggy.
Mean temperature of the month 500,37
Mean temperature of Oct. 1845 49 *96

Average mean temperature of Oct. for the last twenty years . 50 '43

Average amount of rain in Oct 2*58 inches.

Boston.— Oct. 1. Fine. 2. Cloudy and foggy : rain a.m. and p.m. 3. Cloudy.
4. Fine. 5. Cloudy: rain p.m. 6. Fine. 7,8. Cloudy : rain early a.m. 9.

Rain : rain early a.m. : rain a.m. 10. Stormy. 11. Fine : rain p.m. 12. Cloudy:
rain p.m. 13. Windy. 14. Rain : rain a.m. and p.m. 15. Fine. 16. Fine:

rain early a.m. 17. Cloudy : rain early a.m. 18. Cloudy : rain a.m. and p.m

1*9. Fine. 20. Rain : rain early a.m. 21. Rain and stormy : rain early a.m. :

rain a.m. 22. Cloudy : rain p.m. 23. Cloudy. 24. Rain : rain early a.m.

25. Fine. 26—28. Foggy. 29. Cloudy. 30, 31. Foggy.—The past month
has been an extraordinary moist one.

Sandivick Manse, Orkney.
—Oct. 1, 2. Cloudy : clear. 3. Bright : clear. 4,

5. Bright : hazy. 6. Cloudy : rain. 7. Clear : hazy : aurora. 8. Bright : clear.

9. Bright: rain. 10. Rain: cloudy. 11. Bright: rain. 12. Cloudy: showers.

13. Cloudy. 14. Rain. 15. Rain : showers : aurora. 16. Bright : clear : aurora.

17. Fine: damp. 18. Bright: cloudy. 19. Rain: cloudy: aurora. 20. Bright:
cloudy. 21. Cloudy : rain. 22. Bright: showers: aurora. 23. Showers: cloudy.
24. CloHdy : showers : aurora. 25. Bright : clear : aurora. 26. Frost : cloudy.
27. Frost: bright : clear : aurora. 28. Cloudy. 29,30. Rain : drops. 31.

Showers : cloudy.

Applegarth Manse, Dumfries-shire.
—Oct. 1. Rain a.m.: cleared : fine. 2,3.

Fair and fine. 4. Fair, but raw : threatening. 5. Showers. 6. Violent showers

p.m. 7. Violent showers p.m. : thunder. 8. Violent showers p.m. 9. Rain all day.
10. Showers. 11. Rain p.m. 12. Showers. 1*3. Fine and fair. 14. Heavy
rain. 15. Fair and fine. 16. Rain p.m. : thunder. 17. Slight showers. 18.

Slight showers p.m. 19. Frequent showers. 20. Showers a.m. : cleared. 21.

Showers a.m. 22, 23. Fair. 24. Heavy rain. 25. Fair and clear. 26. Frost :

clear. 27. Frost : cloudy. 28. Fair and fine. 29. Slight showers. 30. Rain

a.m. : cleared. 31. Slight shower p.m.

Mean temperature of the month 490,5
Mean temperature of Oct. 1845 49 #6

Mean temperature of Oct. for twenty-three years 46 "4

Mean rain in Oct. for eighteen years 3 J inches.

Phil. Mag. S. 3. No. 1 97. Suppl. Vol. 29. 2 Q
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INDEX to VOL. XXIX.

ACIDS :—boracic, 78 ; digitoleic, 147 ;

erythric, 265
; roccellic, 270 ; choles-

teric, 330 ; chloric, 334
; larapic, 353 ;

pelopic, 409; tantalic, 412,417; nio-

bic, 413; ilraenic, 417; palmic, 475;

cumaric, 485; oleic, 501; metacetonic,
505

; butyric, ib.
; valerianic, 506 ; ca-

proic, ib. ; cenanthylic, ib. ; caprylic,

507 ; pelargonic, ib.
; capric, 509 ; chlo-

rogenic, 553
; ruthenic, 558.

Acids and alkalies, on the constitution of

aqueous solutions of, 289, 444.

Adams ^J. C.) on the irregularities in the

motion of Uranus and on the existence

of an exterior planet, 520.

Aerolites, on the satellitary nature of, 1.

jEther, luminiferous, on the constitution

of the, 6.

compounds of, with boracic acid, 75,
546.

Air, on the resistance of, to the motion
of railway trains at high velocities, 51.

Airy (G. B.) on the bands formed by the

partial interception of the prismatic

spectrum, 337 ; on some of the circum-

stances historically connected with the

discovery of the planet exterior to Ura-

nus, 511.

Alcohol, preparation of anhydrous, 421.

Algebra, on a new system of imaginaries
in, 26, 113, 326.

Alkalies and acids, on the constitution of

aqueous solutions of, 289, 444.

Aloetine, observations on, 565.

Alumina, improved method of detecting,
145 ; solubility of, in ammonia, 241.

Animals, microscopic examination of some
of the principal tissues of, 271.

Apatite, on the occurrence of, in lime-

stone, 245.

Aspcrula odorata, examination of, 481.

Astraea, observations on the newplanet,54.
Aurora borealis of Sept. 17 and Oct. 12,

1833, on the heights of the, 63.

Barlow (P. W.) on the power consumed
in overcoming the inertia of railway

trains, and of the resistance of the air

to the motion of railway trains at high
velocities, 51.

Barometric wave of November, on the,

356.

2Q

Becquerel (M.) on the magnetic condi-

tion of matter, 250.

Beke's (Mr.) travels in Abvssinia, account

of, 73.

Bingham (R. J.) on an improvement in

the Daguerreotype process, 287.

Birds, on motion in the lumbar division

of the spine of, 51.

Birt (W. R.) on the great symmetrical
barometric wave of November, 356.

Bishop (J.) on the physiology of the hu-

man voice, 132.

Bleibtreu (H.) on cumarine, 480.

J31ood, on the perforation of the capilla-

ries by the corpuscles of the, 397.

Boettger (M.) on the preparation of chlo-

ric acid, 334.

Bombay, on some points in the meteo-

rology of, 467.

Books, notice of new, 78, 229, 550.

Boracic acid, compounds of, with aether
j

75, 546.

Bouquet (M.) on the compounds of bo-

racic acid with aether, 75 ; on hydrated
boracic acid, 78 ; on sulphurous aether,

146.

Bowman (J. E.) on the electricity of gun-
cotton, 500 ;

on tribasic boracic aether,
546.

Boyle, Newton's letters to, concerning his

theory of light and colours, 185.

Breithaupt (A.) on a remarkable felsite

from Marienberg, 148
;
on loxoclase,

150.

Brewster (Sir D.) on a new property of

light, 331
; on the law of daily tempe-

rature, 341.

Bromine, action of hyponitric acid upon
aqueous solutions of, 227 ; on some
new compounds of, with lime, 287.

Bronwin (Rev.B.) on the integration and
transformation of certain differential

equations, 494.

Brougham (Lord), letter to, respecting
the discovery of the composition of

water, 36.

Brucine, action of nitric acid on, 568.

Brunner (C, sen.) on the determination of

carbonic acid in saline compounds, 328.
Buusen (Prof.) on a convenient instru-

ment for graduating glass tubes, 99.

2



572 INDEX.

Burnett (Sir W.) on the effects produced
by poisonous fish on the human frame,
128.

Cacotheline, en the properties and com-

position of, 568.

Calloud (M. C.) on protiodide of iron, 240 ;

on the action of ferrocyanide of potas-
sium on the tartrate and citrate of iron,

&c, 421.

Cambridge Philosophical Society, 60.

Carbonic acid, new method of estimating,
328.

Casoria (M.) on anhydrous alcohol, 421.

Chalk, on the fossil remains of the soft

parts of Foraminifera discovered in the,

407.

Chemistry:—chemical effects produced

by platinum, 40
; spontaneous nitrifi-

cation, 47 ; contributions to the che-

mistry of the urine, 53, 406
;
investi-

gation of the disease prevalent in the

potato, 65 ; compounds of boracic acid

with aether, 75, 546 ; gallo-nitrate of sil-

ver, 101
; luminosity of phosphorus,,

122; detection of alumina, 145; new
substance from cochineal, ?'#.; sulphurous
aether, 146; digitoleic acid and salts,

147 ; blue compounds of cyanogen and

iron, 156 ; action of hyponitric acid

upon aqueous solutions of bromine and

chlorine, 227 ; preparation of prot-
iodide of iron, 240

; solubility of alu-

mina in ammonia, 241 ; ammonio-arse-
niate of magnesia, 243 ; examination
of Roccella tinctoria, 261

; constitution

of aqueous solutions of acids and alka-

lies, 289, 444; nitraniline, 312; estima-

tion of carbonic acid, 328
; action of

nitric acid on cholic acid, 330 ; estima-

tion of tungstic acid, 333; value of dif-

ferent kinds of vegetable food, 365 ;

pelopium, 409; ilnienium, 417; xan-
thic oxide, 419 ; test for bicarbonate

of lime, 420
; decomposition of osmi-

uret of iridium, ib. ; anhydrous alco-

hol, 421
; action of ferrocyanide of

potassium on the tartrate and citrate

of iron, ib. ; preparation of valerianate

of zinc, 422 ; palmine, 479 ; cuma-
rine, 480 ; common origin of the acids

(CH)ji 4 ,
501

; formation of nitric acid

in eudiometric combustions, 543
; ex-

periments on coffee, 553 ; reduction of

chloride of silver, 556; ruthenium, ib.;

phospbam and phosphatide, 563; aloe-

tine, 565 ; preparation of hydrocyanic
acid, 566; purification of zinc, 568;
action of nitric acid on brucine, ib.

Chevallier (M.) on a fossil resin, 243.

Chloric acid, preparation of, 334.

Chlorine, action of hyponitric acid upon

aqueous solutions of, 227 ; on some
new compounds of, with lime, 287.

Chlorogenic acid, on the properties and

composition of, 355.

Cholesteric acid, on the formation of, 330.

Cholic acid, action of nitric acid on, 330.

Chondrodite, on the occurrence of, in

limestone, 245.

Chrysammate of potash, action of, on po-
larized light, 331.

Circle and hyperbola, on the connexion

of the ,88.
Claus (C.) on the properties of ruthe-

nium and its compounds, 556.

Cochineal, on a new substance from, 145.

Cockle (J.) on some formulae which serve

to indicate the limits of the application
of indeterminate methods to the solu-

tion of certain problems, 181.

Coffee, experiments on, 553.

Colours, Newton's theory of, 185.

Columbic acid, on some properties of, 412.

Comet of 1843, observations on, 57,59.

Compass, on the relative dynamic value

of the degrees of the, 405.

Conjugate points, on the theory of, 83,

175.

Connell (A.) on the nature of lampic acid,

353.

Copper blende, analysis of, 149.

Cryptolite, analysis of, 31.

Cumarine, researches on, 480.

Cundell (G. S.) on the gallo-nitrate of

silver and its action upon iodized paper,
101.

Cyanogen and iron, on the blue com-

pounds of, 156.

Daguerreotvpe process, improvements in

the, 101/287.
Damour (M.) on the composition of heu-

landite, 556.

Dana (J. D.) on the occurrence of fluor

spar, apatite and chondrodite in lime-

stone, 245.

De la Rue (W.) on a new substance

from cochineal, 145.

Delesse (M.) on the composition of talc

and steatite, 555.

Digitoleic acid and salts, 147.

Dinitrobenzole, on a new product of the

decomposition of, 312.

Dinornis, on the skeleton of the, 233.

Dodo, on the osteology of the, 234.

Drach (A. M.) on a practical extension of

the application of the law of mortality
announced by IB. Gompertz, 47.

Drach (S. M.) on the periods of the satel-

lites of Saturn, 57.

Dupasquier (M.) on the tincture of log-
wood as a test for bicarbonate of lime,

420.

J



Durocher (M. J.) on the solubility of alu-

mina in solution of ammonia, 241 ; on

the cause of the efflorescence of lau-

monite, 555.

Earth, on the secular and diurnal motions

of the crust of the, 67, 81.

Ebehnen (M.) on the compounds of bo-

racic acid with aether, 75 ;
on hydrated

boracic acid, 78 ; on sulphurous aether,

146.

Einbrodt (M.) on xanthic oxide, 419.

Electric current, on the physiological ac-

tion of the, 408.

Electrical endosmose, observations on, 10.

Electricity, galvanic, on the probable con-

duction of, through moist air, 361.

Electrolysis, on the theory of, 92.

Endosmose, observations on, 10; on the

cause of, 179.

Equations, on certain criteria of imagi-

nary roots of, 32; on the integration

and transformation of certain differen-

tial, 494.

Erythric acid, examination of, 265.

Eudiometric combustions, on the forma-

tion of nitric acid in, 543.

Faraday (M.) on the magnetic affection

of light, and on the distinction between

the ferromagnetic and diamagnetic
conditions of matter, 153, 249.

Felsite, analysis of, 148.

Fish, poisonous, effects produced by, on

the human frame, 128.

Fleming (Dr. G. 0.) on motion in the

lumbar division of the spine in birds,

51.

Flint, on the fossil remains of the Fora-

minifera discovered in the, 407.

Fluids in motion, on the theories of the

internal friction of, 60.

Fluor spar, on the occurrence of, in lime-

stone, 245.

Food, vegetable, on the value of different

kinds of, 365.

Foraminifera of the chalk and flint of the

south-east of England, 407.

Forbes (J. D.) on the viscous theory of

glaciers, 49.

Forces, analytical demonstration of the

parallelogram of, 223 ; on the compo-
sition and resolution of, 258.

Fritzsche (M.) on the treatment of os-

miuret of iridium, 420.

Frog, microscopical examination of the

tongue of the, 271.

Gallo-nitrate of silver, action of, on io-

dized paper, 101.

Geographical Society of Paris, proceedings
of the, 73.

Geological Society of Dublin, proceedings
of the, 67.

INDEX. 375

Geology of Scotland, Nicol's Guide to the,

reviewed, 550.

Geometry, on the symbol V— 1 in, 171.

Gerhardt (C.) on phospham and phos-

phatide, 563 ; on the action of nitric

acid on brucine, 568.

Glaciers, on the viscous theory of, 49.

Glass, improvements in the manufacture

of optical, 231.

Glass tubes, on the graduating of, 99.

Goodwin (Rev. H.) on the pure science of

magnitude and direction, 63.

Griffin (J. J.) on the constitution of aque-
ous solutions of acids and alkalies, 289,
444.

Guanine, on the properties and composi-
tion of, 420.

Gun-cotton, on the electricity of, 500.

Hail, microscopic observations on, 103.

Hamilton (Sir W. R.) on quaternions, 26,

113,326; on the secular and diurnal

motions of the earth's crust, 71.

Harcourt (Rev. W. V.), note to the letter

to Lord Brougham, 36.

Haughton (Sir G. C.) on the relative dy-
namic value of the degrees of the com-

pass, 405.

Hearn (G. W.) on a permanent state of

heat, 22 ; on the composition and re-

solution of forces, 258.

Heat, on the permanent state of, in a thin

uniform wire, 22
;
on a new theory of,

50.

, animal, on the source of, 407.

Henwood (W. J.) on the superposition of

certain minerals in some of the metal-

liferous deposits of Cornwall and De-

von, 359.

Hermann (M.) on the new metal ilme-

nium, 417.

Herschel (Sir J. F. W.) on the diminu-

tion in brightness of j8 Ursce minoris,
230.

Hculandite, analysis of, 556.

Hind (J. R.) on the elements of the planet

Astraea, 57; on the double stars 8 Cygni,

y Leonis, &c, 230.

Hofmann (A. W.) on nitraniline, a new
product of decomposition of dinitro-

benzole, 312.

Homology, on the use of the word, 35.

Hopkins (T.) on the meteorology of Bom-
bay, 467.

Horsford (E. N.) on the value of differ-

ent kinds of vegetable food, 365.

Hydrocyanic acid, on the preparation of

pure, 566.

Ilmenium, on the new metal, 417.

Iodine, on some new compounds of, with

lime, 287.

Iris, on the muscularity of the, 53.
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Iron, preparation of the protiodide of,
240

; action of ferrocyanide of potas-
sium on the tartrate and citrate of, 421.

and cyanogen, on the blue com-
pounds of, 156.

Isomorphism, on some remarkable disco-

veries in, 246.

Johnson (P. N.) on a process for extract-

ing the palladium which exists in com-
bination with the gold of the Gongo-
socho and other mines in the Brazils,
130.

Jones (Dr. II. B.) on the chemistry of
the urine, 53.

Kemp (Dr. G.), analytical investigation
of the potato disease, 65.

Kosmann (M. C. Ph.) on the preparation
and properties of digitoleic acid and its

salts, 147.

Kolbe (Dr.) on the formation of nitric

acid in eudiometric combustions, 543.

Lampic acid, on the nature of, 353.

Lassaigne (M.), analysis of a calcareous
rock on which fuci and varechs vege-
tate, 238

; on a fossil resin found near

Eu, 243.

Latham (Dr. R. G.) on the science of

phonetics, 183.

Laumonite, on the cause of the efflo-

rescence of, 555.

Laurent (M.) on the action of nitric acid
on brucine, 568.

Lee (Dr. R.) on the nervous system of

the uterus, 129.

Lefort (M.) on the preparation of vale-

rianate of zinc, 422.
Le Verrier (M.) on the existence of a

planet exterior to Uranus, 522.
Levol (M.) on the bibasic arseniate of

ammonia and magnesia, 243 ; on the

easy reduction of chloride of silver,

556.

Light, on the aberration of, 6, 62, 425 ;

on the magnetic affection of, 153, 249 ;

on the theory of, 185
; on a new pro-

perty of, 331 ;
on the modulatory theory

of, 337.

Lime, test for the bicarbonate of, 420.
Lowe (E. J.) on some remarkable solar

halos seen on the 19th of October

1816,440.
Loxoclase, description and analysis of,

150.

Ludersdorff (F. M.) on the nature of

yest, 334.

Magnesia, on the bibasic arseniate of am-
monia and, 243.

Magnetic affection of light, observations

on the, 153, 249.

Magnetic meridian, on the cause of the

needle resting in the, 405.

Magnetism, terrestrial, contributions to,

130.

Main (Rev. R.) on the reduction of the

sextant observations of the distance of

the great comet of 1843, 57.

Malaguti (M. J.) on the solubility of alu-

mina in solution of ammonia, 241
; on

the cause of the efflorescence of lau-

monite, 555.

Mallet (R.) on some secular and diurnal

motions of the earth's crust, &c, 67.

Mantell (Dr. G. A.) on the fossil remains
of the soft parts of Foraminifera disco-

vered in the chalk and flint, 407.

Marguerite {M.) on a method of deter-

mining the quantity of tungstic acid,
333.

Matter, on the ferromagnetic and dia-

magnetic conditions of, 153, 249.

Matteucci (C.) on the physiological action

of the electric current, 408.

. Meikle (H.) on the theory of parallel

lines, 112.

Metals, new, 409, 417, 556.

Meteorological observations, 79, 151, 247,

335,423,569.

Meteorology, observations on certain

points of, 467.

Meteors, on two extraordinary, 176.

Methylene, protoborate of, 77.

Mica, on a remarkable property of, 25.

Mineralogy :
—examination of cryptolite,

31; struvite, 124; felsite, 148; copper
blende, 149; loxoclase, 150 ; fossil re-

sin, 243; tantalite, 409; yttro-ilmenite,

417; talc, 555 ; steatite, ib.; laumonite,
ib. ; heulandite, 556.

Minerals, on the superposition of certain,

in some of the metalliferous deposits of

Cornwall and Devon, 359.

Mucus, on the origin of, 397.

Muspratt (J. S.) on nitraniline, a new
product of decomposition of dinitro-

benzole, 312.

Napier (J.) on electrical endosmose, 10
;

on the unequal decomposition of elec-

trolytes, and the theory of electrolysis,
92.

Nasmyth (J.) on the manufacture of opti-
cal glass, 231.

Negro, on the desquamation and change
of colour in a, 131.

Nesbitt (J. C.) on an improved method
of detecting alumina, 145.

Newton's letters to Oldenburg and Boyle

respecting his theory of light and co-

lours, 185.

Nicol's (J.) Guide to the Geology of Scot-

land, review of, 550.

Niobic acid, on the properties of, 412.

Nitraniline, on the composition of, 312.
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Nitrification, on spontaneous, 47.

Oldenburg, Newton's letters to, concern-

ing his theory of light and colours,
185.

Nitrous a:ther, preparation of, 568.

Ornithichnites, on some, 310.

Osmiuret of iridium, decomposition of

420.

Owen (Prof.) on the Dinornis, 233 ; on
the osteology of the Dodo, 234.

Page (Dr. C. G.) on the probable conduc-
tion of galvanic electricity through
moist air, 361.

Palladium, mode of extracting, from its

combination with gold, 130.

Palmic acid, researches on, 475.

Parallel lines, on the theory of, 112.

Payen (M.), experiments on coffee, 553.

Pelargonium roseum, on the volatile in-

gredients of the, 509.

Pelopium, on the properties of the new
-

metal, 409.

Peschel's Elements of Physics, reviewed,
229.

Phonetics, facts and observations relating
to the science of, 1 83.

Phospham and phosphamide, observa-

tions on, 563.

Phosphorus, influence of electricity, pla-
tinum and silver on the luminosity of,

122.

Picro-erythrine, on the composition of,

268.

Planet, new, account of the discovery of

the, 511.

Platinum, on some chemical effects pro-
duced by, 40.

Plattner (C. F.) on copper blende, 149.

Playfair (L.) on palmic acid, 475.

Pless (II.) on pelargonic acid, 509.

Polyhedrons, simple demonstration of a

remarkable proposition relative to, 442.

Porpoise, on the blow-hole of the, 50.

Potato, analytical investigation of the

disease prevalent in the, 65.

Potter (Prof.) on the heights of the au-

rora borealis of Sept. 17 and Oct. 12,

1833, 63.

Powell (Rev. B.) on the theory of the

aberration of light, 425
; on the bands

formed by partial interception of the

prismatic spectrum, 474.

Pring (Dr. J. H.) on the process of etch-

ing by means of voltaic electricity, 48.

Pus-globules, on the origin of, 397.

Quaternions, on, 26, 113,326.

Rainey (G.) on the anatomy and physio-

logy of the vascular fringes in joints,

and the sheaths of tendons, 130; on

the cause of endosmose and exosmose,
179.

Redtenbacher (Dr. J.) on the common
origin of the acids (CH)» 4 , 501.

Resin, fossil, examination of a, 243.

Respiration, on the mechanism of, 48.

Riess (P.) on a remarkable property of

mica, 25.

Rigg (R.) on the source of animal heat,
407.

Robinson (Dr. G.) on some peculiarities
of foetal digestion, 406.

Robinson (Rev. T. It.) on the annual mo-
tions of the earth's crust, 81.

Robiquet (M.) on aloetine, 565.

Roceella tinctoria, on the substances con-
tained in, 261.

Roccellic acid, on the properties and com-

position of, 270.

Ronalds (Dr. E.) on the extractive mate-
rial of urine, 406.

Rose (Prof. II.) on a new metal, pelopium,
contained in the Bavarian tantalite,

409
; observations on the new metal

ilmenium, 418.

Royal Astronomical Society, proceedings
of the, 54, 133, 229.

Royal Irish Academy, proceedings of the,
236.

Royal Society, proceedings of the, 47,

128, 405.

Ruthenium, on the chemical properties
of the new metal, 556.

Sabine (Lieut.-Col.) on terrestrial mag-
netism, 130.

Saturn, on the periods of the satellites of,

57.

Savage (T. S.) on the desquamation and

change of colour in a negro of Upper
Guinea, 131.

Saxby (S. M.) on the discovery of foot-

marks in the greensand of the Isle of

Wight, 310.

Schaitgotsch (Count) on the specific gra-

vity of silicic acid, 416.

Scheerer (M.) on isomorphism, 246.

Schlieper (A.) on the action of nitric acid

upon cholic acid, 330.

Schcenbein (C. F.) on some chemical ef-

fects produced by platinum, 40; on

spontaneous nitrification, 47 ; on the

influence exerted by electricity, plati-
num and silver upon the luminosity of

phosphorus, 122 ; on the action of hy-
ponitric acid upon aqueous solutions of
bromine and chlorine, 227.

Schunck (E.) on the substances contained
in the Roceella tinctoria, 261.

Scientific Memoirs, notice of, 247.

Shadow, on the symbol V— 1 in geome-
try, 171.

Shooting stars, on the satellitary nature

of, 1.
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Sibson (F.) on tbe mecbanism of respira-

tion, 48 ; on tbe blow-bole of the por-

poise, 50.

Silicic acid, on tbe specific gravity of,416.

Silver, on tbe easy reduction of the chlo-

ride of, 556.

Smedt (M. de) on the purification of zinc,

568.

Solar halos, on some remarkable, 440.

Solids, elastic, on tbe equilibrium and
motion of, 60.

Spectrum, prismatic, on tbe bands formed

by the partial interception of tbe, 337,

474.
St. Andrews on a remarkable proposition

relative to polyhedrons, 442.

Steatite, analysis of, 555.

Stokes (G. G.) on the aberration of light,

6, 62
;
on the theories of the internal

friction of fluids in motion, and of tbe

equilibrium and motion of elastic bo-

dies, 60.

Strickland (H. E.) on the satellitary na-

ture of shooting stars and aerolites, 1
;

on the use of the word homology in

comparative anatomy, 35.

Struvite, crystalline form and composi-
tion of, 125.

Sulphur, excretion of, by the kidneys, in

an unoxidized state, 406.

Sulphurous aether, notice respecting, 146.

Sun, ancient eclipses of the, 229.

Talc, analysis of, 555.

Temperature, on the law of daily, 341.

Tendons, anatomy and physiology of the

sheaths of, 130.

Tonka beans, examination of, 483.

Tungstic acid, method of estimating, 333.

Ulex (G. L.) on struvite, a new mineral,

124.

Unger (M.) on xanthic oxide, 419.

Uranus, history of the discovery of the

planet exterior to, 511.

Urine, on the variations of tbe alkaline

and earthy phosphates in diseased^ ;

on the extractive material of the, 406.

Uterus, on tbe nervous system of tbe, 129 .

Valerianate of zinc, preparation of, 422.

Van Breda (M.) on the luminous phamo-
mena of the voltaic battery, 538.

Varechs, on the origin of the iodine con-

tained in, 238.

Vegetation, influence of nitrous oxide on,

332.

Vogel (M., jun.) on the influence of ni-

trous oxide gas on vegetation, 332.

Voice, on the physiology of the human,
132.

Voltaic battery, on tbe luminous phaeno-
mena of the, 538.

Waller(Dr. A.), observations on hail, 103;

on some tissues of the' animal frame,

271 ;
on the origin of mucus and pus-

globules, 397.

Warner (H. S.) on conjugate points, 83
;

on the connexion of the circle and hy-

perbola, 88.

Wartmann (Prof. E.) on two extraordi-

nary meteors, 176.

Water, on the discovery of the composi-
tion of, 36.

Waterson (J. J.) on the physics of media

that are composed of free and perfectly

elastic molecules in a state of motion,
50.

Weddle (T.) on a new analytical demon-

stration of the parallelogram of forces,

223.

Williamson (A. W.) on the blue com-

pounds of cyanogen and iron, 156.

Wohler, Prof, on cryptolite, 31 ;
on the

preparation of pure hydrocyanic acid,

566.

Xanthic oxide, observations on, 419.

Yest, observations on, 334.

Young (J. R.) on certain criteria of ima-

ginary roots of equations, 32 ; on Mr.
Warner's paper on conjugate points,
175.

Zinc, on the purification of, 568.

Zoological Society, proceedings of the,
233.
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