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I. On the Dynamical Theory of Heat. 
By Joseru Gru, Esq.* 

de first law of thermodynamics enounces that heat and 
mechanical energy are mutually convertible. The direct 

conversion of mechanical energy into heat seems sufficiently ob- 
vious from various known phenomena of friction and percussion ; 
and the admirable experiments of Joule have shown, with an 
accuracy sufficient for all practical purposes, that in the process 
of friction mechanical energy is directly converted or transformed 
into heat in the proportion of 772 foot-pounds for each British 
unit of heat. The direct conversion of heat into work is not so 
obvious, and satisfactory experimental proofs of the fact are still 
wanting. 

Physically considered, the universe has been defined as matter 
and motion ; and, as far as human means are concerned, it is 
allowed that matter and motion can neither be created nor de- 
stroyed. In all the wonderful transformations of matter revealed 
by chemistry, it is well known that the quantities of the sub- 
stances acted on are absolutely constant; not an atom is de- 
stroyed or created; and physical science now demonstrates in a 
manner almost equally convincing that motion, or the free un- 
balanced action of force on matter, as well as force itself in a 
potential state, where it is counterbalanced by some equivalent 
resistance, is also absolutely constant in all the various transfor- 
mations through which it may be caused to pass. The genius of 
Lavoisier established the truth of the conservation of matter ; and 
many living authorities of the highest scientific standing have 
concurred in establishing the certainty of the conservation of 

* Communicated by the Author. 
Phil. Mag. 8. 4. Vol. 36. No. 240. July 1868. B 



2 Mr. J. Gill on the Dynamical Theory of Heat. 

force,—a theory which appears to shed a fresh hght upon almost 
every branch of physical inquiry, and to impart a new interest to 
subjects the study of which was already beginning to settle down 
into a quiet current of fixed opinions. 

The grand simplicity of the idea of the conservation of force, 
together with the tendency to generalize which mfluences most 
Inquirers in scientific matters, would naturally lead to the belief 
that if mechanical energy is directly convertible mto heat, heat 
should be also directly convertible into mechanical energy, and, 
of course, in the same proportion. Hence it is assumed that 
when a hot perfect gas performs work by expansion in a cylinder 
supposed to be neutral to the thermometric effects of heat, and 
haying a piston moving without friction, it must naturally lose 
as much heat in raising a weight of 772 pounds one foot as 
would raise the temperature of one pound of liquid water 1 de- 
gree of Fahrenheit’s scale. By the same reasoning, steam, in 
performing work in vessels supposed to be equally neutral to 
heat, should lose exactly the same quantity of heat in doing the 
same quantity of work; and as perfect steam (neither super- 
heated nor containing water in suspension) cannot lose heat 
without undergoing a corresponding amount of condensation, it 
is assumed that in the working of the steam-engine as much 
steam is condensed (theoretically) as corresponds to the amount 
of work performed im the proportion of Joule’s equivalent, and 
consequently that the quantitative heat of the steam passing into 
the condenser is by so much less than the total heat of the steam 
furnished by the boiler to the engine. 

More than thirty years ago Seguin, in his interesting work 
‘On the Influence of Railways,’ endeavoured to trace the dyna- 
mical relation which he saw must exist between the heat applied 
to the boiler and the energy developed by the engine; and it is 
remarkable that, in many experiments made by him on the actual 
working of steam-engines, with the express purpose of proving 
the disappearance of quantitative heat which he thought must be 
converted into the work done, he could not detect the expected 
disappearance of heat. 

Soon afterwards Mayer published some very interesting spe- 
culations on the mechanical equivalent of heat ; and, from theo- 
retical considerations on the effect of heat in increasing the elastic 
pressure of air, he deduced a numerical value of the dynamical 
equivalent, which agrees very closely with the result of Dr. Joule’s 
independent and highly philosophical experiments. These ex- 
periments proved indisputably that mechanical energy is directly 
convertible into heat; but so far no experiments seem to have 
proved with equal clearness that heat was directly convertible 
into mechanical work. More recently this part of the inquiry 
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was taken up by the distinguished engineer M. Hirn of Colmar, 
who, like M. Seguin at an earlier period, instituted a series of 
experiments on the actual working of large steam-engines, to as- 
certain, if possible, the disappearance of heat equivalent to the 
work done as assumed by the dynamical theory ; but he could 
not obtain satisfactory proof of the direct disappearance of quan- 
titative heat from the working steam as an equivalent of the work 
done. These negative results led to a controversy, in which the 
correctness of the dynamical theory was ably sustained by Pro- 
fessor Clausius; and at his suggestion M. Hirn made a fresh 
series of experiments on the large scale as before, from which he 
still could detect no disappearance of the heat supposed to be 
changed into the work done. His apparent facts were again 
ably combated by the supporters of the dynamical theory ; and 
finally, in 1862, M. Hirn published a work in which he admits 
that his former views were erroneous, and shows himself a con- 
vert to the dynamical theory, giving a fresh set of experiments 
on large engines, in which he shows that heat does disappear 
from steam in the act of performing mechanical work. He argues 
that it must be so, as work or heat would be produced from no- 
thing unless we allow that an equivalent of heat has been actually 
transformed into the work done, or reproduced in the heat deve- 
loped by friction—and consequently that, in all cases where work 
has been performed by a hot elastic fluid, the fluid must contain 
less heat after the work is done than it contained before, the heat 
which has disappeared being the equivalent of the work done, 
and in fact transformed into this work. Moreover, when a gas 
is compressed it becomes hotter ; when it expands against a mo- 
derated resistance its temperature falls. Ina simply dynamical 
point of view, this case is like the winding up and unwinding of 
a spring: force from some exterior source is transferred to the 
compressed fluid, which in expanding back against a moderated 
resistance to its initial tension, gives out the same amount of 
force. But how explain the heating and cooling of the gas? 
Formerly the explanation was easy, on the supposition that the 
specific heat of gases varied with the density, the capacity for 
heat increasing as the density decreased. Regnault’s experi- 
ments showed that the capacity of gases for heat is constant, or 
nearly so; consequently the facts of the heating and cooling of 
a gas by compression and expansion are inexplicable, and really 
without a cause, unless we allow a direct relation between the 
work expended or produced and the heating and cooling of the 
gas. 

It has been supposed that M. Hirn’s more recent experiments, 
described in his Hxposition Analytique et Expérimentale, prove an 
exact proportionality between the work performed by the engine 

| B 
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and the excess of heat supposed to exist in the steam as it leaves 
the boiler above the quantity of heat which it contains as it leaves 
the cylinder, which latter quantity is found in the condenser—in 
other words, that the work performed is proportional to the heat 
which disappears from the steam im its passage through the 
engine. After careful examination of the phenomena, I think it 
will be found that this statement, though on the whole undoubt- 
edly true, is not yet clearly established by direct experimental 
proof. 

The quantity of work performed was ascertained by a friction- 
brake ; but in these experiments it was of comparatively small 
importance to ascertain the exact quantity of work performed in 
each case, the object being rather to effect a constant amount of 
work with a variable consumption of steam. The tension of the 
steam in the boiler, its degree of superheat, and the quantity and 
temperature of the water injected into the condenser being all 
maintained constant, the external work performed by the engine 
may be modified in two distinct ways. 

(1) This work may be diminished or increased by opening 
more or less the steam admission-cock. 

(2) This cock being kept full open, and consequently a free 
passage of steam through it, the amount of work may be increased 
or diminished by cutting off the steam earlier or later during the 
stroke. Therefore, reciprocally, the work may be maintained 
constant if, while the amount of cut-off is diminished, the steam- 
admission is also diminished by “ wire-drawing.” 

By carefully clothing the cylinder, the loss of heat from exterior 
cooling may be reduced to a very small quantity. The propor- 
tion of work lost in friction and other resistances cannot be 
avoided to the same extent, nor is it easy to calculate it with even 
approximate exactness. But if the amount of work done by the 
engine is maintained constant while the consumption of steam is 
varied, as above mentioned, it may be supposed that the amount 
of work lost in friction &c. of the moving parts of the machine 
is also constant (or nearly so); so that the total quantity of ex- 
ternal work performed by the steam may be supposed to be equal 
in each case. And as the consumption of steam to produce this 
constant amount of work may be caused to vary considerably 
(more than one-third in these experiments) by varying the mode 
of its admission to the cylinder, if still we find in each case that 
the disappearance of heat is the same in quantity, notwithstand- 
ing the variation in the quantity of steam consumed, it may be 
fairly deduced that the loss of heat in the steam is in all cases 
proportional to the amount of work performed. 

To ascertain the amount of heat which disappears (or is changed 
into work) in each case, it is requisite, first, to know the quantity 
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of heat given to the steam before its admission to the cylinder, 
and, secondly, the quantity of heat given out by the steam in the 
condenser ; the difference should obviously be the heat consumed 
in performing the work. 

The quantity of heat required to evaporate a given weight of 
water under given conditions is known by Regnault’s formule. 
Its value is complex; but this consideration does not greatly 
affect the present inquiry, as we are certain that the steam would 
give out in condensing all the heat it had previously absorbed for 
its formation, provided none of it be lost by any intermediate 
process—such, for instance, as the performance of external work 
at its expense. 

In these recent experimental researches of M. Hirn, the steam 
on leaving the boiler was always more or less superheated, with- 
out change of pressure. This condition is indispensable for ob- 
taining correct results, because ordinary steam generally carries 
into the cylinder a certain quantity of water, necessarily variable 
in amount, and very difficult to measure or estimate; conse- 
quently it is impossible in these circumstances to value correctly 
the quantity of heat furnished by the boiler. 

The additional amount of heat required to superheat the steam 
a given number of degrees is also ascertained by a corresponding 
formula. We can thus ascertain the number of thermal units 
in the steam furnished to the cylinder in a given time; and, 
theoretically, this same quantity of heat should be found in the 
condenser, provided that none of it were lost during its passage 
through the engine by being changed into the work done. 

The quantity of heat passing out from the engine in a given 
time can be easily ascertained by noting the quantity of water 
heated a certain number of degrees in the condenser during the 
same time. ‘The difference between this quantity of heat and 
the total heat of the steam as it leaves the boiler in the same 
time should be the equivalent of the work done in that time. 

In all these experiments the pressure in the boiler was main- 
tamed nearly constant, not varying more than one-tenth of an 
atmosphere ; the temperature of the saturated steam was there- 
fore known from the tables of tension. The temperature of the 
superheated steam was ascertained by a thermometer in the steam- 
pipe close to the cylinder, where the pressure was nearly the same 
as that in the boiler. The temperature of the condenser-water 
was taken every minute while the engine was in regular action, 
and was represented in each case by the mean of thirty obser- 
vations. 

To ascertain with accuracy the respective quantities of the 
steam and the injection-water employed in given times under 
the varying circumstances of the experiments was a task of great 
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difficulty. The quantity of steam furnished to the engine per 
second with the throttle-valve full open, and consequently the 
maximum amount of cut-off to produce the given constant 
amount of work, was ascertained by keeping the engine in con- 
stant action during a whole day ; and the number of strokes made 
by the engine during this period was taken by a counter. By 
dividing the whole quantity of water by the whole number of 
strokes of the engine, the weight of steam for each stroke was 
ascertained. 

It was much more difficult to ascertain the quantity of steam 
furnished to the engine in a given time while working with- 
out cut-off, and regulated to the same constant rate of work 
by throttling or ‘‘ wire-drawing” the steam. In this case the 
consumption of steam, and consequently the consumption of fuel, 
increased ; the furnace adapted for the more limited rate of com- 
bustion which sufficed for the more economical mode of working 
was not sufficient for the larger consumption; and under these 
circumstances the difficulty of maintaining the conditions of the 
supply of steam constant during a whole day’s work was so great 
as to render it almost impossible to ascertain accurately by the 
former method the quantity of steam supplied; consequently an- 
other method was adopted for the purpose. The quantity of cold 
water supplied to the condenser, and the tepid water discharged 
from the air-pump ina given time, were each accurately gauged, 
the respective temperatures being taken into account; and the 
excess of the latter quantity over the former, representing the 
steam passing through the engine, being divided by the number 
of strokes in the given time, showed the weight of steam used 
per stroke. 

The first series of experiments described by M. Hirn were made 
with a large engine making twenty-seven strokes or revolutions 
per minute, and producing the constant work of 150 horse-power, 
as shown by a friction-brake. Under the most economical con- 
ditions of the action of the engine this work was produced from 
k. 0°34554 of steam per second, representing 228:16 French 
thermal units or calories; and under the least economical condi- 
tions the steam used was k. 0°46927 per second, equal to 286°38 
calories. In the former case a disappearance of 40°34: calories 
was observed ; and in the latter case heat equal to 38-08 calories 
disappeared. 

A second set of experiments with the same engine, producing 
work equal to 116 horse-power, showed a consumption of 
k, 0°23548 of steam per second in one case, and k. 0°32307 in 
another—the observed loss of heat being 80°51 calories in the 
first case, and 32°18 calories in the second case. 

Another set of experiments with a smaller engine, making 
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ninety-three revolutions per minute, and producing the constant 
work of 90 horse-power, showed the steam used to be k . 0°1902 
per second in one case, with an observed loss of heat equal to 
21°5 calories; and in another case the consumption of steam 
was k, 0°229 per second, with a loss of heat equal to 22°58 
calories. 2 

In the most economical of the above experiments a constant 
amount of work equal to 116 horse-power was obtained from 
k, 023548 of steam per second, the steam, of five atmospheres’ 
pressure, being superheated 93° C. (from 152° to 245°) and 
cut off early, so that the expansion was as6:1. In another ex- 
periment, the steam being equally superheated and cut off near 
the end of the stroke, so that the expansion was only as 1:15:1, 
the rate of work being kept constant by throttling or wire-draw- 
ing the steam, the same 116 horse-power required the con- 
sumption of k. 0°32307 of steam per second, being 36 per cent. 
more than in the former case. Now, everything else being 
equal, the furnace must furnish in the second case one-third 
more heat than in the first case. If, therefore, reasons M. 
Hirn, we find in the condenser-water also one-third more heat, 
we may fairly deduce that the amount of heat consumed in its 
passage through the engine depends entirely on the quantity of 
external work produced; for by this mode of experimenting, the 
quantity of work obtained being constantly 116 horse-power, 
the proportion of loss from friction &c. should be the same in 
all cases, and therefore need not be calculated. Now the heat 
which disappeared was nearly equal in both experiments, being 
30°51 calories in the first case, and 32°13 in the second; and 
the mean of all the experiments showed a still nearer approach 
to equality. It was therefore deduced that in all cases an exact 
proportionality exists between the work produced by the engine 
and the difference between the quantity of heat furnished before 
the steam enters the cylinder and the quantity of heat remain- 
ing in the steam as it leaves the cylinder. 

As a result of my own experiments, and from what I have 
understood of the experimental investigations of Seguin and of 
Hirn on the working of steam-engines, I have for many years 
entertained the opinion that the direct change of heat into work 
has not been satisfactorily shown by experiment; and it still 
appears to me that when the heat employed in working the en- 
gine 1s supposed to be merely the heat of the steam as it enters 
the cylinder (whether saturated or superheated), and when the 
steam works at full pressure throughout the whole stroke, none of 
this heat should disappear theoretically in the production of 
work, as in this case all the heat of the steam which passes 
through the cylinder should be found in the condenser., Con- 
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sequently, as regards tangible proof from direct experiment, M. 
Hirn’s earlier opinion that heat did not disappear from the 
steam in the production of work may have been really in accord- 
ance with facts as far as they were perceived, though at variance 
with the whole truth ; and I would submit that the conclusions 
arrived at from his more recent experiments, as above quoted, 
though in accordance with truth, may be questioned as to their 
satisfactory proof by experiment. In short, I now imagine that 
our investigations on the subject by experiments on the actual 
working of steam-engines have not been conducted on really 
correct grounds, and that the results have therefore been ano- 
malous. It is no doubt true that the heat furnished by the fire 
is in all cases more than the heat which passes into the con- 
denser; and if no heat were otherwise lost, this excess would 
correspond to Joule’s equivalent; but when the engine works 
with the full boiler-pressure throughout the whole stroke, it 
seems evident that the whole work 1s in effect done in the boiler 
by the expansion of the water into steam, and is merely trans- 
mitted by the steam to the piston; so that the heat equivalent 
to the work done disappears from the boiler, and is locally made 
up by the fire directly without any indication of these pheno- 
mena being perceptible in the subsequent parts of the process 
of working the engine. If this view of the subject is correct, 
it is difficult to perceive how M. Hirn’s deduction of an exact 
proportionality between heat lost and work done could be fairly 
proved from the experiments (though doubtless the law is true); 
for with a cut-off at one-sixth of the stroke, about two-thirds of the 
work would be done by the expansion of the isolated steam im the 
cylinder, with a corresponding disappearance of heat in the con- 
denser, which should be very perceptible; while in proportion 
as the engine worked with steam approaching to full pressure, 
the proportion of work actually done by the steam in the 
cylinder would become less and less, until the disappearance of 
heat from the working steam might become inappreciable. 

In order to maintain the work of the engine constant with a 
variable consumption of steam, throttlmg or wire-drawing was 
used more as the expansion from cut-off became less; and as 
the process of wire-drawing increases the heat of the working 
steam at the expense of the heat in the boiler, the quantity of heat 
passing into the condenser would be affected also by this 
cause. 

It is certain that the performance of work by the expansion of 
isolated steam drawing solely on its own self-contained sources 
of energy must cost to the steam a full equivalent of force in 
some shape; and as in this case no other form of force can be 
directly detected except heat (or molecular motion, as it is now 
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defined), and it is mathematically demonstrated that heat should 
disappear in such cases and might be transformed into the work 
done, it may be freely admitted that the work performed by the 
expansion of isolated steam is accompanied by a corresponding 
disappearance of heat. This disappearance of heat, if the steam 
is saturated, should cause a corresponding condensation of part 
of the mass, or an equivalent amount of cooling if the steam is 
sufficiently superheated to bear abstraction of heat without con- 
densing. Ifa reservoir of saturated steam be put in free com- 
munication with a cylinder and loaded piston, the piston’s out- 
ward motion would be accompanied by an expansion of the 
whole mass of steam, and a condensation of steam-particles 
throughout the mass equivalent to the amount of work done by 
the piston. If, now (the communication with the working cylin- 
der being closed), fresh steam from some other source be forced 
into the reservoir until its original pressure is recovered, the 
compression thus effected should reevaporate the liquid particles 
of condensed steam, and the general mass of steam should be- 
come again dry, or merely saturated. If yet a further quantity 
of steam equal to a stroke of the working piston be injected into 
the reservoir, the mass of steam should become superheated ; and 
the fall of temperature and pressure consequent on the succeed- 
ing stroke would now bring back the steam to its initial state 
of saturation. Thus it would seem that heat should equally 
disappear from an isolated mass of steam doing work by expan- 
sion, whether the steam be saturated or superheated ; but in the 
case here imagined the disappearance of heat would be from the 
whole mass in the reservoir and cylinder together. 

In the circumstances above imagined, the source of a conti- 
nuance of work would be the injection of a continued supply of 
steam into the reservoir; and the operations of injecting and 
withdrawing steam being intermittent and occurring at alterna- 
ting intervals, a corresponding fluctuation of density and tem- 
perature would occur in the whole mass, with periodic superheat- 
Ing or condensation, as the case might be, but without perma- 
nent disappearance of heat except in the cylinder, the contents 
of which formed part of the general mass during the working 
stroke, and participated in the general loss of heat assumed to 
be transformed into the work done. Thus, if the cylinder be 745 
of the volume of the reservoir, the disappearance of heat from 
the cylinder itself would be 7) of the whole heat supposed to 
disappear ; the remaining 75 would be replaced in the reservoir 
by the succeeding stroke of the injecting pump, while the con- 
tents of the cylinder would be discharged into the condenser in 
the state in which the fluid remained at the end of the work- 
ing stroke. 
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If the steam supplied to the reservoir were injected at the 
same time and at the same rate as the steam is withdrawn in 
giving motion to the working piston, so that the density and 
pressure in the reservoir should remain constant, it would appear 
that the whole work would be done directly by the injecting 
piston, and merely transferred to the working piston by means 
of a moveable plug of steam at constant pressure and tempera- 
ture. In this case no heat should disappear either from the 
reservoir or from the cylinder ; and the contents of the cylinder 
at the end of the working stroke should be identical with an 
equal mass of steam of corresponding pressure and temperature 
from any common source. 

The formation of steam from the water in a boiler may be 
considered equivalent to the injection of steam ready formed from 
some other source ; and during the whole stroke, if at full pres- 
sure, or the full-pressure part of the stroke if working expan- 
sively, only a small fraction of the heat assumed to be commented 
into work would disappear from the cylinder itself, being in the 
proportion of the contents of the cylinder to the whole contents 
of the steam-space in the boiler, and smaller as the fluctuations 
of pressure in the boiler due to the intermittence of supply to the 
cylinder are bounded by narrower limits. On the other hand, 
all the loss of heat which corresponds to the work done by ex- 
pansion in the cylinder after the cut-off should take place in the 
cylinder itself. Hence, in experimental researches on the assumed 
disappearance of heat from the steam in the act of doing external 
work, we should not expect to find tangible proof of this pheno- 
menon by comparing the quantity of heat in the steam working 
at full pressure in the cylinder during the whole stroke with the 
amount of heat found in the condenser ; for theoretically these 
quantities may be nearly equal, if, as supposed above, the work 
given out by the piston is virtually done in the boiler; and the 
steam which fills the cylinder at the end of a working stroke 
may differ but shghtly from an equal weight of common satu- 
rated steam of the same pressure taken directly from a boiler. 
If such be the case, it were useless to search in this part of the 
process for a loss of heat equivalent to the work done; for the 
exhaust-steam dashing tumultuously into the vacuous condenser 
should produce there as much heat as there is cold produced in 
the cylinder by the expansion which drives out the steam—as 
in Joule’s experiment of causing compressed air to expand into 
a vacuous receiver, by which process the total quantity of heat 
remains unaltered. This view of the case may help to account 
for the apparently anomalous results obtained by Seguin and by 
Hirn in their researches on this subject ; and as in my own ex- 
periments sufficient account was not taken of the influence of 
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expansion from cut-off, I think I can now detect sufficient cause 
why I could not discover the disappearance of heat which might 
be fairly attributable to a transformation into the work done by 
the engine. 

On the other hand, if an isolated mass of steam, for example 
the steam which fills the full-pressure portion of the stroke at 
the moment of cut-off, be caused to produce work by its own 
expansion during the remainder of the stroke, it must lose some- 
thing equivalent to this work—apparently a proportional quan- 
tity of its own heat; and as saturated steam cannot part with 
any of its heat without suffering a condensation of some of its 
particles, it should follow that the moderated expansion of steam 
in the act of doing work should be accompanied by the con- 
densation of steam-particles throughout the mass, representing 
an aggregate amount of heat equivalent tothe work done. Thus 
the steam working expansively in the cylinder isolated from ex- 
terior sources of heat or cold, should assume the condition of 
a mist from the formation of numerous minute water-particles 
throughout its mass; and as the heat which had previously 
maintained these particles in the state of vapour no longer 
exists in the cylinder, having, in fact, been transferred or trans- 
formed into the work done by the expansion, the remaining 
mass of expanded steam must contain so much less heat, and 
should accordingly show less in the condenser. 

The grand principle of the Conservation of Energy indicated 
with indisputable certainty that the work done by a steam-engine 
must cost its full equivalent to the fire; but in the absence of any 
direct proof of the disappearance of this equivalent of heat from 
the steam in its passage through the engine, I was fain to suppose 
that the heat in passing into the boiler might undergo a transfor- 
mation into some form of repulsion in the vapour-particles cor- 
responding in intensity to the temperature and pressure of the 
steam—and that the work done might be attributed to an equi- 
valent disappearance of this repulsion with a fall of temperature 
and tension in the steam, but without loss of its quantitative heat, 
considered simply as molecular motion. It will perhaps be 
allowed that this hypothesis was not altogether unreasonable so 
long as there was no satisfactory experimental proof of the direct 
disappearance of heat from the steam in its passage through the 
engine; and even if I had proved this disappearance of heat, 
I might still have remained in doubt as to the mode of the 
change of heat into work so long as I was uncertain whether 
this process might take place simply on mechanical principles 
applied to molecular action, as shown in Professor Rankine’s 
hypothesis of molecular vortices. This uncertainty has been 
removed by the complete confirmation of the results of Regnault’s 
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experiments, showing a constant specific heat of air at different 
densities which I have recently obtained from a repetition of some 
of his experiments in a different shape; and I hope to be able 
soon to complete some experiments which should furnish addi- 
tional proof of the actual disappearance of heat in the produc- 
tion of work in the steam-engine. The want of such direct 
proof is acknowledged ; and its importance is evident when we 
consider how intimate is the connexion between a more exten- 
sive knowledge of this subject in a practical point of view and 
the improvements to be made in the wide field which still re- 
mains open for effecting economy of fuel in the working of our 
thermic prime movers. 
Palermo, April 10, 1868. 

Il. On Vortex-rings in Air. 
By Professor Robert Batt. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, 
ae production of vortex-rings in air is experimentally shown 

by the interesting phenomena produced by Professor Tait. 
These are described by Sir Wiliam Thomson in the Philosophical 
Magazine for July 1867. I repeated these experiments with the 
kind aid of Dr. Emerson Reynolds; in doing so an interesting 
variation of them presented itself which renders the air-rings ac- 
tually visible. 

While engaged on this subject, Mr. Yeates suggested to me to 
try the effect of discharging an air-ring at a column of smoke; 
this was done, and a most curious and unexpected appearance 
was the result. The box employed was a 2-feet cube, and had 
a hole 8 inches in diameter, the side opposite having a piece of 
stout sacking strained over it. A blow on the sacking causes an 
air-ring to dart from the hole. Two large flasks containing re- 
spectively hydrochloric acid and ammonia were arranged with 
their mouths in close proximity and their contents vigorously 
boiled ; from the union of their vapours a dense column of the 
fumes of chloride of ammonium ascended. This apparatus was 
placed about eight or ten feet im front of the box. An air-ring 
on first leaving the box was of course invisible; when it reached 
the column of smoke it could be seen to force its way through it ; 
but when it left the column and during its subsequent existence 
its appearance was very remarkable. At first the idea suggested 
itself that the single air-ring had formed two concentric smoke- 
rings; but closer examination and an improved column of smoke 
showed what had really occurred. The air-ring had penetrated 
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the smoke quite uninjured ; it had not apparently left any of its 
particles behind, nor had it admitted an atom of smoke into it ; 
but it had drawn with it sufficient of the smoke to form a com- 
plete shell, which enclosed it, and thus rendered the air visible. 
The phenomenon is quite in accordance with that conservative 
tendency which theory shows must belong to a vortex-filament. 
The appearance is one of great beauty, and suggested the name 
* negative smoke-ring.” 

It was considered desirable to make these experiments before 
an evening scientific meeting of the Royal Dublin Society. 
Smoke-rings are seen to greatest perfection when directed along 
a sunbeam admitted into an otherwise darkened room; and 
though they can be seen beautifully in ordinary diffused sunlight, 
by gaslight they make a very poor show; special means of illu- 
mination are therefore necessary. The following arrangement 
is found to succeed admirably. By a simple optical contrivance 
the radiation from a brilliant lime-light is concentrated into a 
slightly conical beam, all other light in the room being extin- 
guished. The box is placed in the beam, the orifice facing the 
lamp, and from twenty to thirty feet distant from it ; at the box 
the diameter of the circular section of the luminous cone is from 
3 to 4 feet. A smoke-ring driven from the box will, if suitably 
directed, traverse the beam through its entire length until it 
reaches the lamp; and as it is brilliantly illuminated throughout 
its path, the appearance presented is of great beauty. A second 
box can be placed at the lamp end of the beam, so as to show the 
effect of the collision of rings. The fumes produced by burning 
a small piece of phosphorus developes an ample supply of smoke 
in the interior of the box. This mode of producing smoke was 
suggested to me by Dr. William Barker; it is simpler to manage 
inside the box than the apparatus necessary for forming chloride 
of ammonium. By the introduction of coloured glasses various 
pleasing effects can be produced. If a sheet of tissue-paper be 
very lightly attached to a frame and interposed in the beam, a 
vigorously sent smoke-ring will sweep it away in a striking 
manner. 

To exhibit the air-rings, the column of smoke already described 
is placed so as to ascend through the beam, and rather nearer the 
box than the lamp. An air-ring from the box is, of course, invisible 
till it reaches the column, while in its passage from the column to 
the lamp the curious phenomenon already mentioned is most beau- 
tifully shown. The negative smoke-rings are much better seen 
when thus illuminated than by ordinary daylight. <A box of the 
dimensions previously given, viz. a 2-foot cube with a hole of 
8 inches diameter, was found to answer better for this purpose 
than a somewhat smaller box with a hole of 6 inches aperture. 
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The column of smoke may perhaps serve as a test for the 
existence of vortex-rings in other cases, when, produced in air, 
they are invisible. This was tried in one instance. It is acom- 
mon trick to blow out a candle by the puff of air from the muzzle 
of a gun when a percussion-cap 1s exploded on the nipple. This 
puff is probably a vortex-ring. Owing to the high velocity with 
which it moves, it is difficult to trace the effect produced by the 
column of smoke. One person, however, firing from an elevated 
position and at a distance of fifteen or twenty feet from the flasks 
down upon the column, and another watching against a dark 
background, a distinct ring was occasionally seen to dart from 
the column after the percussion of a cap; but whether these 
were “negative rings,” as was expected, or ordinary ‘ smoke- 
rings,” was not easy to determine. 

I remain, Gentlemen, 
Yours &c., 

Royal College of Science for Ireland, RoBert Batu. 
Dublin, May 28, 1868. 

P.S.—Since writing the foregoing, it occurred to me to fill the 
box with ammoniacal gas and to discharge rings from this at a 
column of the vapour of hydrochloric acid. In this case the ring, 
before reaching the column, is perfectly invisible, and the exist- 
ence of the column is only seen by slight traces of partially con- 
densed vapour. As was expected, a beautiful ring appeared, from 
the combination of the two gases, when the ammoniacal ring 
reached the column. 

June 16, 1868. 

III. On C. 8. Lyman’s new form of Wave-apparatus*. 

apee theory of waves that has been generally taught since 
the days of Newton is that which represents wave-motion 

as consisting in the alternate rising and falling of the parts of a 
liquid in vertical lines, as in the two branches of a U-shaped 
tube; this is usually cited as Newton’s theory of waves. There 
is to be found, indeed, m the Principia the hypothesis of vertical 
oscillations, and also the cut of the bent tube, so persistently 
copied by subsequent writers; yet it is evident that Newton 
adopted the hypothesis rather as an expedient for a special pur- 
pose (that of finding approximately the relation of a wave’s 
length toits period) than as strictly true to nature; for he con- 
cludes his investigation with the remark, “These things are 
true, upon the supposition that the parts of water ascend or de- 
scend ina right line; but, in truth, that ascent and descent is 
rather performed in a circle [verius fit per circulum]; and there- 

* From Silliman’s American Journal for January 1867. 

| 
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fore I propose the time defined by this proposition as only near 
the truth.” This important qualifying clause seems to have been 
quite overlooked by those who have professed to give Newton’s 
theory of waves. 

The modern theory, which teaches that in wave-motion all the 
particles of a liquid are revolving synchronously in vertical circles, 
though so broadly hinted at by Newton himself as the true one, 
in the words italicized above, has nevertheless been developed 
for the most part only within the present century. It was first 
clearly stated and ably advocated by Gerstner in 1804. More 
recently it has been satisfactorily established as accordant with 
observed facts and the laws of mechanics, by the experimental 
researches of Weber and Scott Russell, and the mathematical in- 
vestigations of Stokes, Rankine, and others. A concise exposi- 
tion and demonstration of the theory may be found in a paper 
by Professor Rankine, in the Philosophical Transactions for 1863. 
Though but just beginning to find its way sparingly into the 
text-books, it has become the generally accepted theory among 
men of science; and having in reality supplanted the old hypo- 
thesis as an expression of scientific truth, there is no good reason 
why it should not also supplant it in the lecture-room. 

In teaching this theory, however, it is often found difficult to 
make pupils understand how the infinitude of simultaneous revo- 
lutions, which it supposes, can take place without mutual interfe- 
rence, and in such a way as to produce the observed phenomena. 
It was to obviate this difficulty, and illustrate, as far as practicable, 
the modus operandi in question, that the piece of mechanism was 
devised which is the subject of this article. It presents to the 
eye not merely the surface contour of a wave with its undulatory 
motion (which to some extent other forms of wave-apparatus also 
do), but, besides doing this im a more exact and satisfactory 
manner, it exhibits the motions also that are at the same time 
taking place below the surface in the whole mass of liquid 
affected. This completeness of illustration is due to the circum- 
stance that in the apparatus the elementary motions are the same 
essentially as in actual waves; hence the leading points, geome- 
trical and dynamical, of the theory of waves are presented natu- 
rally and in their true relations. 

The construction of the apparatus will be readily understood 
from a brief description and the accompanying woodcut. 

In front of a plane surface are two series of revolving arms or 
cranks, the length of the lower ones being half that of the upper. 
Two elastic wires connect the crank-pins of each series; upright 
wires also connect each pair of cranks, and pass down through a 
plate ito the base. The cranks all revolve synchronously ; they 
thus keep their relative position, and come into any given position 
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successively, each in itsturn. The relative position of the cranks 
of each horizontal series is such that the directions of any two, in 

oe | 

regular oot differ arene the same fraction of a whole revolution 
that the distance between their axes is of a whole wave-length. 
Thus in the apparatus the wave-length is supposed to be divided 
into eight equal parts; and hence the common difference between 
the directions of adjacent crank-arms is one-eighth of a circle, 
as shown in the figure. The cranks in each vertical set have 
their positions always alike. The number of cranks, whether 
taken horizontally or vertically, is arbitrary—a matter of conve- 
nience in construction. ‘The synchronous revolution of the 
cranks is effected by means of any suitable mechanism—such as 
equal toothed wheels on the several axes, with alternate idle 
wheels connecting them ; or equal rag-wheels, with endless chain 
or metallic ribbon; or equal cranks, with a rigid connecting 
frame or plate. The first method is used in the original machine, 
the third in the model for the Patent-Office, the second and third 
in the larger and smaller sizes respectively for the market. 

The crank-pins represent as many liquid particles, the circles 
on the background their orbits. The transverse wires represent 
continuous lines of particles, which at rest would be horizontal, 
and be represented by the lines on the background drawn just 
below the centres of the orbits—the upper one of these being 
the surface-line, the lower a lime of particles one-ninth of a 
wave’s length down. The upright wires represent lines of par- 
ticles which at rest would be vertical. Every point in these mo- 
ving lines describes its own distinct orbit. 

The apparatus is constructed to a scale, and so represents a 
wave of given length, height, and period; but equally represents 
also a wave of any other length and proportionate height, though 
of period proper to its length, according to the law of that rela- 
tion, as stated further on. In the original instrument, for ex- 
ample, the wave-length is 36 inches, height from trough to 
crest 4 inches, and period for that length 0°76 second; but it 
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equally represents a wave whose length is 36 feet and height 
4: feet, with period 2°63; and similarly for other proportional 
dimensions. 
Among the particular points in wave-phenomena which are 

elucidated by this apparatus may be enumerated the following :— 
1. The undulating surface-profile.—This is shown in the mo- 

tion of the upper flexible wire, which presents a continuous 
contour-line, of the exact curvature throughout of a true normal 
wave—ainstead of a broken contour of arbitrary form, by means 
of rising and falling balls, as in the ordinary wave-apparatus. 

2. The undulatory motion of all subprofiles, or lines of equal 
pressure down to still water.—The representative of such lines is 
the lower transverse wire, which moves similarly to the upper 
one, but with a less curvature. Hvery such line of equal pres- 
sure is a continuous one, composed of particles in a state of dy- 
namical equilibrium, and constituting an ideal moving wave 
exactly as if at the surface, the corresponding phases of ail such 
waves being on vertical lines. 

3. The genesis of the undulatory motion from the circular motion 
of revolution.—This is seen in the mode in which the crank-pins, 
in each transverse series, or the particles which they represent, 
come in regular succession into a given position as they revolve 
synchronously in their orbits. 

4. The equality of the height of a wave from trough to crest, 
with the diameter of the orbits of the surface particles.—This is 
obvious in the apparatus, and follows directly from the mode in 
which the wave-surface is generated. 

5. The direction of motion of particles of water in the different 
phases of a wave.—A glance at the motion of the crank-pins shows 
that a particle at the wave’s crest is moving forward, or in the 
direction in which the wave is propagated, and a particle at the 
trough in the reverse direction, or backward, that a particle on 
the forward slope is rising, and one on the back slope descending. 
The same is true of particles in all the subwaves, or surfaces of 
equal pressure, down to still water. 

6. The length of a pendulum keeping time with the wave.—This 
is equal to the radius of a circle whose circumference is the 
wave’s length. Such a circle is the large one drawn on the 
background, as shown in the figure. Its radius is to that of a 
particle’s orbit (or length of a crank-arm) as the particle’s 
weight is to its centrifugal force. Or putting R and r for these 
radii respectively, and ¢ for the time of revolution, we make 

Resa: g:: ani , 
ta 

whence pay R, 

g 
Phil. Mag.8. 4. Vol. 36. No. 240. July 1868. C 
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which is the period of a revolving pendulum, or the time of a 
double oscillation of a simple pendulum whose height is R. 
Compare (10). 

7. The dependence of a wave’s period on its length alone, not on 
its height.—This is a corollary from the preceding. The period 
varies as the square root of the length, and is the same for all 
subwaves as for the surface-wave, the length being the same for 
all. The height, within certain limits, is independent of the 
length, as appears in the apparatus, and as may be inferred from 
the formule given further on. It depends on the centrifugal 
force of the particle, and this ultimately on the external forces 
generating it. 

8. The varying direction and intensity of the resultant force 
acting at each instant on a given particle in a wave.—The compo- 
nent forces are two—the particle’s gravity and its centrifugal 
force. The former is represented by the vertical radius of the 
large circle, the latter by the radius vector of the revolving par- 
ticle ; their resultant, then, is represented by the third side of 
the triangle of forces, or the side formed by the wire pendulum. 
This resultant must be always normal to the wave-surface, as the 
wire pendulum is seen to be always at right angles to the elastic 
wire representing that surface. 

9. The condition of a wave’s rupture at the crest.—When 
the centrifugal force becomes equal to gravity (or the radius of 
the orbit to that of the large circle), the resultant force for a 
particle at the highest point of its orbit or crest of the wave must 
be zero, and the particle consequently fly from its orbit, or the 
crest break in foam. 

10. The trochoidal form of the wave-curve.—The point of 
suspension of the pendulum, that is, the upper extremity of the 
vertical radius of the large circle, may be regarded as the in- 
stantaneous centre about which an element of the wave-curve at 
the point of normality of the pendulum is described. Conse- 
quently, if this circle be rolled under a horizontal straight line, 
a point within it distant half the height of a wave from the centre 
will trace the wave-profile, which therefore is a trochoid. The 
rolling circle is the same for all wave-profiles down to still water, 
the lengths of the tracing-arm only differmg. The circumference 
of this circle equals, of course, the wave’s length. 

11. The greater sharpness of the crests than of the troughs 
of waves.—This follows from the preceding, and is shown in 
the relative positions of the crank-pins—nearer together at the 
crests, further apart in the troughs. The trochoids become 
necessarily sharper at the upper bend, and less so at the lower, 
as the tracing-arm approaches to an equality with the radius of 
the rolling circle; until, when that equality occurs, the trochoid 
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passes into the cycloid, which has sharp cusps. The cusp of the 
inverted cycloid, then, is the limit of sharpness of a wave’s crest. 
The equality above named is equivalent to that of the centrifugal 
force of a particle with its gravity (9). When the latter condi- 
tion occurs, the wave-curve is cycloidal, and only then. 

12. The limits of possible curvature of waves.—That curvature 
must always lie between the cycloid at the one extreme, and the 
straight line at the other, embracing trochoids of every possible 
variety. 

13. The greater elevation of the crests above the level of still 
water, than depression of the troughs below it.—The difference be- 
tween this elevation and depression is equal to twice the height 
due to the orbital velocity of the particles—that is, to twice the 
height from which a body must fall to acquire that velocity—or 
is a third proportional to the radius of the rolling circle and that 
of the particle’s orbit; that is, putting R and r for these radu 

respectively, v for the orbital velocity (= aa) , and D for the 

difference in question, 
ae Oe: eee oe 
Rog 

When r equals R, then D=r, or half the height of the wave. 
14. The elevation of the centres of the orbits of particles above 

the positions of the same particles at rest.—This is shown in the 
distance of the axes above the corresponding lines on the back- 
ground. ‘These lines show the positions of lines of particles at 
rest, which in motion form the wave-profiles represented by the 
transverse wires. ‘The elevation in question is equal to the height 
due to the particle’s orbital velocity, or is a third proportional to 
the diameter of the rolling circle and the radius of the orbit, or 
is equal to the area of the orbit divided by the length of the wave ; 
that is, putting H for this elevation, / for the wave’s length, and 
the other symbols as before, 

Hae). gy Re 2 

Tol 2am 
When r equals R, H= S or one-fourth the height of the wave. 

To this elevation is due one-half the mechanical energy of a wave, 
the other half to the motion of its particles. That energy is, in 
other words, half potential, half actual. 

15. The decreasing diameter of the orbits with depth.—This is 
seen in the shorter crank-arms below, and the decreasing ampli- 
tude of sway of the upright elastic wires down to their points of 
rest, which mark the depth of still water. The decrease of the 
orbits in diameter takes place in a geometrical ratio, and is ap- 
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proximately one-half for each increase of depth equal to one-ninth 
of a wave-length; vr imore exactly, putting 7 and 7’ for the radi 
respectively of a surface-orbit and of one whose middle depth is 
k, it 1s ke 

7 = ene 

R being, as before, the radius of the rolling circle, and e the base 
of the Napierian logarithms. 

16. The peculiar swaying motion of continuous lines of particles 
of equal pressure which at rest are vertical.—These lines are alter- 
nately lengthened and shortened, and bent to right and left, as 
represented by the upright elastic wires. 

17. The varying distortions undergone by blocks or sections of 
water originally rectangular, or rectangular when at rest.—Such 
sections are represented by the spaces between the wires, and 
their distortions by the distortions of these spaces. 

18. The fact of sensibly still water at half a wave’s length 
below the surface-—This is exhibited in the absence of lateral 
motion at the lower extremities of the upright wires, and is a 
necessary result of the law of diminution of orbits with depth, 
as given above (15). 

19. The varying strain in wave action on floating bodies.— 
This is seen in the varying angle made by the upright wires 
with the upper transverse wire: the latter shows the position of 
a raft, for example, lying on the wave-surface ; the former, that 
of a long thin body, as a board floating end down; hence the 
varying relative direction of the wires shows the strain to which 
a body is subjected, having both breadth and depth, as the hull 
of a vessel. 

Many other points besides the above may be studied to advan- 
tage in connexion with this apparatus, but it is not important to 
specify them here. Knough has been stated to illustrate its 
utility, and indicate in what respects it differs from every other 
form of wave-apparatus. 

For convenience of reference and for the sake of completeness, 
a few formulz are added, expressing other relations among wave- 
phenomena not so directly exhibited by the instrument, but im- 
portant to be presented in connexion with it. Putting V for the 
velocity of propagation of a wave, and the other symbols as before, 
the length of the wave is 

its period 
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the velocity of a particle in its orbit, or at the crest of the wave, 

om rg /L ary /?79 = we = 2mrV se ed 
t R 1 R i V l 

the velocity of propagation of the wave 

wg ot. | ae 
ear V/V see 

the sine of the angie of steepest slope of surface is 

mai ee 
sin 0 = = Ie 

It will be understood that the normal wave, to which the 
theory applies, and which the apparatus illustrates, is the wave 
on deep water, or water a wave’s length at least in depth. In 
shallow water the orbits are no longer circles, but ovals, or ap- 
proximate ellipses of less height than length, according to the 
degree of shallowness. 

When waves pass from deep into shallow water, as toward a 
beach, they become gradually shorter, their total energy is im- 
parted to a less and less mass of liquid, and the extent of the 
motion of the particles is proportionately increased. The crests 
also travel faster than the troughs; so that the front of each 
wave becomes by degrees steeper than the back, and at length 
curls forward and falls over, exhibiting the well-known roll of 
surf. The formule for waves in deep water, therefore, require 
modification to adapt them to waves in shallow water, where 
depth of liquid and ellipticity of orbit enter as elements. 

It has been necessary, in order properly to explain the appa- 
ratus and its uses, to give more fully the leading points of the 
theory of waves than would be required, were the works con- 
taining it more generally accessible. For these points the papers 
of Professor Rankine have been chiefly consulted. It is hoped 
that this outline of the theory, thus incidentally given, will prove 
not unacceptable to such instructors as may not have at hand 
the original works, and that this new piece of apparatus may 
contribute somewhat toward imparting a clearer understanding 
of the phenomena of waves. 

The apparatus has been patented, and is manufactured by 
Messrs. EK. 8. Ritchie and Son, the well-known philosophical-in- 
strument makers, of Boston, Massachusetts. 
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IV. On the Velocity of Sound in Tubes. 
By A. Kunpr*, 

fig O years ago the author laid before the Academy a method 
of determining the velocity of sound in elastic fluids, 

which consists in setting in vibration the column of air enclosed 
in a longitudinally vibrating tube. These vibrations may be 
made visible by light powder strewed im the tube; and by mea- 
suring the resultant dust-figures, the wave-lengths of the same 
exciting tone in different gases, and therewith the corresponding 
velocities of sound, may be readily found+. 

Since it is not always certain in these experiments that the ex- 
citing tone of the longitudinally sounding glass tube remains in 
successive experiments exactly the same, the apparatus was first 
of all so altered that not only did one end of the longitudinally 
vibrating tube produce dust-figures in an enveloping tube, but 
also the other end in a second tube. If then the tube on one 
side was filled with the gas to be investigated, and that on the 
other with air, and the dust-figures were produced, the wave- 
lengths measured in the gas and in air, belonging to precisely 
the same tone, gave the exact ratio of the velocities of sound 
in the gas and in air. 

When, however, the velocities of sound in the simple gases 
were examined by this method, it was observed that, in spite of 
the utmost care in purifying and drying the gases, and im spite 
of frequent endeavours, discrepancies were met with in the deter- 
minations, which seemed to indicate that sources of error as yet 
unknown influenced the result. 

It was, moreover, ultimately found that these sources of error 
are not specially incident to the method used, but under certain 
circumstances always occur when sound is transmitted through 
tubes. The author accordingly subjected toa minute examination 
all the circumstances which might influence the velocities of 
sound in elastic fluids in tubes. At first, for the sake of simpli- 
city, only air was used. | 

The mode in which the experiments were made was as fol- 
lows :—The tube on one side of the apparatus was always un- 
changed, so that the dust-figures were always produced in it 
under the same conditions, and their length could therefore be 
taken as the normal length; on the other side were placed the 
tubes to be investigated, in which the velocity of sound was to be 
determined under varied conditions; and the dust-figures were 
simultaneously produced in the two. The ratio of the wave- 

* Translated from the Berlin Monatsbericht for December 1867. 
+ Phil. Mag. January 1868, p. 41. 
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lengths of the two sides gives directly the ratio of the velocities 
of sound in the air in the two tubes. 

The results of the investigation are as follows :— 
(1) The velocity of sound in air is diminished when the dia- 

meter of the tube is decreased. The diminution, however, only 
becomes perceptible below a certain diameter ; in all wide tubes 
the velocity of sound is equal. A decrease in the velocity is 
sometimes perceptible when the diameter of the tube 1s equal toa 
quarter wave-length of the tone used. The amount of the dimi- 
nution of velocity with a decreasing diameter may be seen from 
the Table under (2). 

(2) The diminution of the velocity of sound in air in tubes in- 
creases with the wave-length of the tone used. The following 
Table gives the velocities of sound of the air in five tubes of dif- 
ferent diameters with three different notes, whose semiwave- 
lengths are as 90, 45, and 30 millims. The velocity of sound 
in the widest tube is equal to that in the open air =3382°8 metres. 

Velocity of Sound for various Notes in glass tubes of varying 
diameter. 

Prueiea == o0 aplitene: ya5 millims. = 80 millims. 

Diameter of the | Velocity of sound, that in the widest tube being 
tube. =332°8 metres. 

millims. metres. metres. metres. 
55:0 332°80 332°80 332°80 
26:0 332°73 3932°66 333°45 
13-0 329-47 329:°88 330:87 
6°5 323°00 327°14 328°14 
3°93 305°42 318°88 

(3) Powder strewed in a tube leaves the velocity of sound un- 
altered in wide tubes ; in narrow ones it diminishes it the more the 
greater its quantity. This diminution may amount to 10 metres*. 

(4) The influence of the powder is increased when it is very 
finely divided and is violently moved by the motion of the sound 
—as, for instance, when silicic acid is used. 

(5) If the wall of the tube is roughened on the inside, or if a 
larger or a rougher surface is exposed to the air by means of 
paper or metal sheets inserted and fitting as close as posible the 
wall of the tube, the velocity of sound in narrow tubes is thereby 
materially diminished ; and this diminution is considerably more 
than could be produced by the mere diminution in the section 

* In the above experiments the quantity of powder used was so small 
that it could not appreciably influence the results. 
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of the tube by the interposed septum. In very wide tubes an 
alteration in the velocity of sound when the wall of the tube is 
altered is everywhere not perceptible. “ 

(6) The velocity of sound in air is not appreciably dependent 
on the intensity of the note. — | 

It follows from these results, that in all those cases in which 
it cannot be certainly established that the tubes are so wide as 
not at all to influence the velocity of sound, the value obtained is 
too small. In all the ordinary musical instruments, the diameter 
of the sounding columns of air, as compared with the wave-length, 
is small; and there must therefore be a diminution of the velocity 
of sound in all. The attempts to make the observed tones of 
stopped and of open pipes accord with theory are fruitless, if the 
velocity of sound in air is taken as a basis and not that in the 
pipe, which must always be first specially ascertained. 

It has been already observed by Dulong that, apart from all 
corrections for the ends of tubes, the velocity was found to be too 
small, though this was not ascribed to the influence of the wall of 
the tube. 

Two modes of explaining the changes observed in the velocity 
present themselves :— 

Friction of the air in the tube might first of all diminish the 
velocity of sound. But it has already been proved elsewhere 
that the internal friction of air cannot diminish the velocity of 
sound in the open air; and from several reasons it is probable 
that in a tube (in which, certainly, the density of air increases 
towards the sides) the amplitude, but not the velocity, may be 
altered by friction. It is true that the friction in a tube has not 
been demonstrated to be without influence on the velocity. 

Yet the origin of the discrepancies observed may probably be 
sought in an exchange of heat which takes place between the air 
which propagates the sound and the wall of the enveloping tube. 
Since part of the heat produced im the motion of sound is given 
to the wall, and an equal part of that consumed at another instant 
is replaced by the wall, the produced and consumed heat are not 
entirely used, as Laplace assumes, for the acceleration of sound. 
Hence the velocity of sound must be smaller. The factor which 
Laplace introduces into the formula no longer corresponds to 

—= 141, but, imasmuch as heat is exchanged, is smaller. If 
1 

all the produced and consumed heat were imparted and restored, 
we should have k=/; that is, the velocity would sink from 
332°8 to 280 metres, Newton’s value. <A diminution of one- 
half is in fact evident from the Table. 

Since all the circumstances which imerease the surface of the 
sounding column of air, as compared with its volume, favour an 
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exchange of heat between air and wall, it is clear that the velocity 
of sound, if an exchange of heat everywhere takes place, must be 
the smaller the narrower the tube, the rougher its wall, or the 
larger and rougher the surface of a second tube inserted. In 
like manner powder must have greater influence the finer it is 
and the narrower the tube ; for it is then better distributed in the 
sounding air*. 

The greater, finally, the duration of the oscillation of a tone, or 
its wave-length, the more considerable is the exchange in the 
longer time; hence the diminution of velocity must, under the 
same circumstances, be greater. 

» Since, as has been said, all the influences of the wall, of the 
powder, and so forth are infinitely small in their action on the 
velocities when the diameter of the tube reaches a certain mag- 
nitude, the method, notwithstanding the discrepancies observed, 
may be used for exact determinations of wave-lengths, and there- 
fore of velocities of sound, if the tubes for the dust-waves are wide 
enough. The author had proposed, in the next place, to test 
more extensively than was hitherto possible two deductions from 
the theory—that is, that the velocity of sound under different 
pressures is the same, and that its variation by the temperature 

is expressed by the factor /1+ at. 
The velocity of sound in air was determined in wide tubes be- 

tween pressures of 400 and 1760 millims. Within these limits 
of pressure, which correspond to a difference in pressure of nearly 
two atmospheres, the velocity of sound remained quite constant. 

To ascertain whether the influence of the diameter of the tubes, 
when narrower ones are used, is the same under different pres- 
sures, the velocity was determined in some narrower tubes under 
a pressure of from 4 to 2$ atmospheres. Using a note whose 
semiwave-length was 45 millims. in a tube of 3°5 millims. dia- 
meter, the velocity of sound under a pressure of 24 atmospheres 
was about 4 metres greater than under a pressure of half an 
atmosphere. 

The author refers this to the circumstance that, with air at 
greater density, the greater quantity of heat produced and con- 
sumed is not exchanged with the wall in the same ratio as the 
smaller quantity of heat with a smaller density. 

The velocity of sound at O° and 100° was then determined, 
and in tubes which were so wide that their walls had no influence. 
One side of the apparatus with one dust-wave tube being im- 
mersed in melting ice, the other with its dust-wave tube was 

* Powder, by its increasing the mass to be moved, might somewhat im- 
pede the velocity. I have convinced myself, however, by experiments 
which will be discussed in the complete paper, that this circumstance is in- 
adequate for the explanation of the considerable variations. 
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heated in steam, and the wave-lengths of the same tone deter- 
mined at 0° and 100°, which thus gave the ratio of the velocities 
of sound. 

The following Table gives, as the result of seven experiments, 
the velocity of sound for 100°, taking the velocity at 0° as 332°8 
metres :— 

Metres. 

1; ; VEAPERHS38:°20 

23 2 EO S8SS4, 
3. 889°15 

4. 388°47 

Bi 389:°02 

6. 389°64 

Ws 388:°60 

Mean Ten eco oie 

Calculating the value from the formula 332°3V71+100a 
(a =0:003665), we get 389°03. The-difference of the observed 
and of the calculated value amounts therefore to 0°04 metre. 

It is therefore proved that up to 100° C. the change in the ve- 
locity of sound is accurately expressed by the factor /1+<at, 

and therefore that Laplace’s factor a the ratio of the specific 
1 

heats of air, is constant within very narrow limits. 
As this constancy is thus experimentally proved, observations 

of the velocity of sound at 100° may conversely be used to de- 
termine a, the coefficient of expansion of air. 

Although « is not obtained with excessive accuracy from a 
single determination, the deviations of « in various observations 
are not too far apart; and from the mean of the seven observa- 
tions we get 

a=0:003662. 

We see from this that, in spite of the considerable changes in the 
velocity of sound in tubes, the method in question with a suitable 
choice of apparatus yields very accurate determinations ; and, in 
the future, accurate values for the velocities of sound of different 
gases, and therewith of the ratios of their specific heats, may be 
expected from it. < 

if 
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V. On the Theory of Pressure in Fluids. By R. Moon, M.A., 
Honorary Fellow of Queen’s College, Cambridge*. 

| DESIRE to commend the following points in the theory of 
pressure in fluids to the attention of mathematicians. 

I. Suppose that we have a closed cylinder filled with air, and, 
for the sake of precision of statement, suppose the axis of the 
cylinder to be horizontal. Suppose also that at the time ¢ every 
particle of the air is destitute of velocity, while the density of 
the air varies on this wise; viz., the air to the left hand of a ver- 
tical plane which bisects the axis of the cylinder has the uniform 
density D, while the air to the right of the same plane has the 
density oD. 

Under these circumstances, according to the received slicer 
with regard to the law of pressure in fluids, the air in the right- 
hand half of the cylinder will exert on the air in the left-hand half 
exactly double the pressure which the air in the left-hand half 
exerts on the air in the right-hand half ; that is, the law of pres- 
sure of the received theory contradicts, in this case, the universal 
principle that action and reaction are equal and opposite. 

II. Suppose that we have a vertical cylinder closed at its 
lower end, and having an air-tight piston capable of moving 
freely in the upper part of it. Below the piston the cylinder is 
filled with air, which is kept in equilibrium by means of a weight, 
W, resting on the piston, above which there is a vacuum. 

If a second weight, W, be placed upon the piston, we know 
that the equilibrium will be destroyed. Let us see, however, 
how, according to the received theory of pressure, a thin stratum 
of air immediately beneath the piston will comport itself under 
these circumstances. 

The pressure of the piston upon this lamina and the pressure 
of the lamina upon the piston must under a// circumstances be 
equal and opposite. 

Consequently, if the principle of the received theory be true 
(viz. that the pressure varies only with the density), the pres- 
sure of the air upon the piston (and therefore the pressure of 
the piston upon the air) must remain unaltered until a change 
has taken place in the density of the air in the lamina. 
Now to a change in the density of the air in the lamina one 

thing is essential, viz. relative motion of the particles of which 
the lamina is composed; and to such motion of the particles 
two things are requisite, viz. :— 

(1) A preexisting variation of pressure in the lamina, through 
the operation of which relative motion of its particles may be 
generated. 

* Communicated by the Author. 



28 Mr. R. Moon on the Theory of 

(2) An interval of time during which such variation of pres-— 
sure may act. 

But while it has thus been seen that variation of density in 
the lamina must be preceded by variation of pressure in and 
upon the lamina, the received theory asserts that these two things, 
viz. variation of density and variation of pressure, are necessarily 
coexistent. 

Hence in the case just stated, since at the time ¢, when the 
second weight is introduced, there is no variation in the density 
of the air in the lamina immediately beneath the piston, it fol- 
lows, according to the received theory, that when the second 
weight is introduced there will be no variation of pressure in the 
lamina, and therefore nothing to generate that which, according 
to the received theory, is the essential mark and test of a change 
of pressure, viz. variation of density. According to the received 
theory, therefore, the equilibrium will be maintained after the 
second weight has been introduced, which is absurd. 

It is clear that in the case just considered, the effect of the 
introduction of the second weight will be to propagate instanta- 
neously into the air beneath the piston a pressure of finite amount, 
extending to a finite distance below the piston—such additional 
pressure having its maximum immediately below the piston, and 
thence diminishing gradually till, if the portion of the cylinder 
below the piston be long enough, it will finally vanish. If the 
portion of the cylinder below the piston be small, as compared 
with the magnitude of the weight resting upon the piston and 
with the density of the air, such additional pressure will extend 
throughout the entire mass of air beneath the piston; and we 
shall have, besides, an additional pressure of finite amount ex- 
erted simultaneously upon the base of the cylinder. 

III. Suppose that we have a vertical cylinder having its lower 
end closed and resting upon a solid pier, and having, as before, 
an air-tight piston capable of moving freely in the upper part of 
it. Above the piston is a vacuum, while below it the cylinder is 
filled with air which at the time ¢ is destitute of velocity, but of 
which the density varies according to the following law, viz. 

p Eee 

where x denotes the vertical distance from the base of the tube. 
Gravity is supposed not to act; but a constant downward pres- 
sure is exerted upon the piston equal m amount to the pressure 
which, according to the received theory, would be due to the air 
immediately beneath the piston at the time ¢. 

Under these circumstances the effective force which, according 
to the received theory as to the pressure in fluids, will be exerted 
upon each particle of the air at the time ¢ will be uniform. As- 

a ne oe 9" os 
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sume this force to be f, then at the end of the time ¢+d¢ each 
particle of the air will have acquired a velocity fdt, and will have 

oa {2 

Moreover, since a motion during the time d¢ (being such as 
has been described) can in no way have altered the density, it is 
clear that at the end of the second interval d¢ each particle will 
have acquired a velocity 2fdt, and will have described a space 
2fdi?, the density remaining unaltered. 

Reasoning from step to step in the same manner, at the end 
of the finite time ¢,, each partiele will have acquired a velocity f¢,, 

aS 

It is obvious, however, that no a effects as those above de- 
scribed, and which, if the received theory of pressure be univer- 
sally true, must necessarily take place, can occur in the case we 
are considering. At the end of the time ¢+4¢,, equally as at the 
end of the time¢+ df, the particles in contact with the base of the 
cylinder will have described no space, they can have acquired no 
velocity. 
It is clear, in fact, that any theory of pressure oe under 

described a space 

and will have described the space 

the above circumstances, would render the value Ofc” other than 
dx 

zero, as the received theory on the subject does render it, must 
be erroneous. 

IV. Suppose that we have a vertical cylinder, closed at both 
ends and resting on a solid pier, filled with air which is in equi- 
librium, gravity being supposed to act. 

Suppose that at the time ¢ a second force begins to act, which 
is equal to the force of gravity and acts in the same direction. 

Under these circumstances, either the law of pressure in the 
air in the cylinder will be instantaneously altered or it will not. 

If it be instantaneously altered, the received theory as to the 
law of pressure is contradicted ; for it is impossible that the den- 
sity of the air in the cylinder can be altered instantaneously, 
change of density implying motion, for which lapse of time is in- 
dispensable. 

But if the pressure throughout the air be not instantaneously 
altered, the followimg consequence will occur; viz. each particle 
of the air will be acted upon (1) by the forces which acted upon 
it before the time ¢, which forces destroy each other, since before 
7 the air was in equilibrium; (2) by the constant force g. Hence 
at the end of the time ¢+ dt each particle will have acquired the 

no change 
2 

velocity gdt, and will have described the space = 

taking place in the density of the air. 
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And, reasoning as in the last case, at the end of the time 
t+, each particle will have acquired the velocity gt, and will 

: lee : Wie ; 
have described the space —_ results which, it is obvious, are 

wo 

not true as regards the particles at the base of the cylinder. 
In this case also, therefore, it is evident that the adoption of 

the received theory of pressure has led us to untrue results*. 

6 New Square, Lincoln’s Inn, 
June 10, 1868. 

VI. Description of a new Thermostat. By Freperick GUTHRIE, 
PhD., F.RS.H., Professor of Physics and Chemistry, Royal 
College, Mauritius +. 

| physical and chemical research, and also in the arts, the 
problem of maintaining a constant temperature frequently 

presents itself. To this end Bunsen constructed his ingenious 
thermostat, whose action depends upon the expansion of mercury. 
For many purposes Bunsen’s thermostat answers admirably ; but 
in cases where a perfectly constant temperature is required, I 
have not found it sufficiently nimble in its action of adjustment. 

Requiring, for some experiments on heat, to maintain water for 
many hours at a temperature approaching to absolute constancy, 
I constructed the thermostat here figured, and have found it to 
answer very satisfactorily. 

As others may have experienced the same want, and as I am 
not able to find any description of a similar instrument, I beg to 
submit the following description to the readers of the Philoso- 
phical Magazine. 

I may state at once that, with ordinary care and by using the 
“ distributor ” afterwards described, I have no difficulty in keep- 
ing a temperature constant to 0°:2 Fahrenheit for six hours, in- 
cluding the time when, towards evening, an additional pressure 
is applied through the service-pipe. The gas from the service- 
pipe enters at g,, passes through gg, and is conducted by the 
flexible tube ¢ to the lamp which heats the reservoir of water, w. 
The tubes g, and g, join to form the tube &. The lower extre- 

* In the above case we must have a =0 at the base of the cylinder at the 
fe 

time ¢ when the second force begins to act, the value of ue taken without 
is 

regard to sign increasing as we ascend. The action of the second force 
will also cause an instantaneous increase of finite amount in the pressure 
on the base of the cylinder. 

+ Communicated by the Author. 
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mity of 4 passes into the water le 
and carries a bulb, c. The tube : 
b also carries a branch, ¢, the up- 
per end of which carries a cork 
through which works very stiffly 

Sy s 

ss al 

$ 

the solid plug p. The cork in OY tile 
¢ is provided with a small hole to 2a 
allow air to pass. Mercury is =a 
poured into ¢ until it rises to a 
convenient height ind. The plug 

Ww p is adjusted and the whole held 
very firmly in aclamp. The action 
is obvious. Ata certain tempera- 
ture the air in ¢ will occupy such 
a volume that the mercury will be 
forced up 6 until its surface, a, 
begins to shut off the gas. The 
flame of / will thereupon diminish 
in size. By pushing the plug p 
further down mercury will beforced (re) 
up 5, and a consequent lowering of GES 
the temperature will follow. By 
this means the instrument can be set for any temperature with- 
out disturbing the mercury. 

To avoid the necessity of constant 
stirring, and to disperse the currents 
of heated water rising from below, a per- 
forate cone of sheet iron, as shown in 
the accompanying figure, is supported 
upon the bottom of the vessel containing 
the water*. 

OTT TOT EETT Y 
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VII. On the Expansion of Solids by Heat. 
By M. H. Fizzavt. 

i ta the new research which I have the honour of laying before 
the Academy, I propose to present the continuation of my 

researches on the expansion of solids by heat, and especially of 
crystallized bodies. 

Having observed a great number of new bodies, and having in- 
vestigated them in various directions with a view to make evident 

* Since the above was in type, I have been informed that Bunsen also 
has employed the expansion of air in his thermostat. There remains, 
therefore, so little originality im my form of the apparatus, that the incon- 
venience which would ensue to the printers of the Magazine alone prevents 
the suppression of the above.—F. G. 

+ Translated from the Comptes Rendus, May 25, 1868. 
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a general law which appears to rule these phenomena, having, 
moreover, lately succeeded, thanks to the able advice of M. Des 
Cloiseaux, in observing with certainty some more complex crystals 
belonging to the oblique system, I may now attempt to develope 
with more detail, and with the sanction of experiment, the theo- 
retical views laid down in my first memoir*. 

Some remarks may first be made and some principles laid 
down with the view of removing objections which might be 
raised relative to the regularity and constancy of the pheno- 
mena in question. 

All observations agree in showing that the phenomenon of the 
change of volume of a body by heat, whether it be an expansion 
or a contraction, is produced in a continuous manner and with 
a regularity perfectly similar to that of the changes in tempera- 
ture—the same volumes corresponding constantly and identically 
to the same temperatures. 

Any idea of sudden and accidental, and, so to say, capricious 
variations may then be rejected in this class of phenomena, as 
well as the existence of slow variations which in the course of 
time might occur in the numerical value of the coefficients of 
expansion. 

I may cite, in support of the invariability of these coefficients, 
two determinations made with great care, at an interval of a year, 
on the same quartz crystal supported on the same platinum tri- 
pod,—this latter having during this interval undergone scveral 
hundred alternations of temperature between 7° and 80°. These 
two coefficients correspond to the direction of the axis of the 
crystal. 

First determination . «=0:0000078118, 
Second determination «=0-:0000078117. 

When, in my former memoir, | endeavoured to coordinate the 
phenomena then known regarding the expansion of crystals be- 
longing to the various crystalline systems, the limited number 
of the observations might indeed indicate a simple and general 
law, but did not permit its bemg established with sufficient 
precision ; yet, guided by the analogies which were already 
manifest between the principal characters of these phenomena 
and those which the phenomena of luminous and calorific pro- 
pagation present in their relations to the general symmetry of 
crystals, | have entered upon the path which for some time has 
been opened to us by Fresnel’s celebrated researches on the pro- 
pagation of light in crystals—a path which has been successfully 
followed by Senarmont in his discoveries of the unequal propa- 
gation of heat in the same bodies. And just as these two classes 

* May 21 and 28, 1866. 
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of facts have been connected by very general geometrical consi- 
derations, in like manner for the phenomena of expansion we 
may, by analogous considerations, express the law of the varia- 
tions met with in the numerical values of the expansions when 
they are considered according to different directions. There are 
then three distinct physical phenomena which may be connected 
with analogous theoretical views ; these are the propagation of 
light and of heat through crystals, and the expansion by heat 
of the crystal itself; and these theoretical views are precisely 
of the nature of those which geometricians use when they in- 
vestigate ellipsoidal surfaces. In fact, one and the same prin- 
ciple serves as a common starting-point in the theoretical ex- 
planation of these three orders of phenomena—that is, the consi- 
deration of the three principal directions or rectangular axes 
endowed with well-defined physical and geometrical properties, 
and around which are attached as rigorous consequences the 
totality of these phenomena in their most varied manifesta- 
tions. 

I must here simply attempt to define the action of these axes 
relatively to the phenomena of expansion with which we are oc- 
cupied; and I shall adduce a certain number of experiments 
which clearly prove that these axes correspond to real and 
distinct physical properties, which prevent us from regarding 
them as a mere geometric fiction sufficient to group empirically 
the data of observation. For the future they will be desig- 
nated as axes of expansion. ‘The expression axes of elasticity 
used in my first paper having become inadequate owing to the re- 
sults observed in oblique crystals, we shall see in the sequel 
that in these crystals the three kinds of axes are no longer 
superposed as in other crystalline systems, but are really sepa- 
rated from each other by angular distances which are frequently 
considerable. 

It has been shown in the first memoir that, if it be attempted 
to express in a general manner the value of the expansion of 
a crystal in any direction referred to three rectangular axes, 
a yery simple formula is obtained, merely containing the squares 
of the cosines of the angles made with the three axes, as well 
as the three principal coefficients of expansion corresponding to 
these axes. 

But it is important to remark that the reasoning which has 
led to this result depends really on the following principle :— 

However complex be the crystalline form, however varied the 
expansions observed in the various directions, be they even in 
one case expansions, in another contractions, there are only three 
primitive expansions distinct and independent of each other, and 
solely manifested in three fixed directions at right angles to each 

Phil. Mag. 8.4. Vol. 36. No. 240. July 1868. D 
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other; these are the three axes of expansion. In any other di- 
rection than those, there will be observed only the simultaneous 
effects of these three primitive expansions, which will always 
manifest themselves individually, according to their intensities 
and their own directions, and constant for the unit of length. 

It may be added that, all the elementary parts of the crystal 
being identical among themselves, these axes are not represented 
by three lines having a determinate position in the interior of the 
erystal, but really by three rectangular systems of parallel lines 
taken at each of the internal points. 

To complete the enunciation of what appears essential in these 
singular properties, which in some sense seem to indicate a tri- 
nary arrangement in the elements of the crystallized substance, 
it remains to be stated in what each of the principal expansions 
must differ from any other resultant expansion, or, in other words, 
what is the distinctive character of an axis of expansion. 

Suppose a sphere isolated in the body of the erystal at a cer- 
tain temperature; if it be heated, the sphere will expand un- 
equally in the direction of its different radii, and in the most ge- 
neral case its form will be ellipsoidal; but there will always be 
three diameters rectangular to each other, at the ends of which 
the displacement of a point on the surface of the sphere will be 
in a radial direction—that is to say, in the prolongation of the 
radius itself and without any lateral deviation. 

That is the true character of axes of expansion, and the 
principle of the geometrical construction from which, in the first 
memoir, we have deduced the formula which we here examine. 

I shall now give the results of experiments made with a view 
of controlling the accuracy of the general formula in many of 
its most important consequences, by trying to find in the various 
crystalline systems the most decisive phenomena and those most 
accessible to observation. 

Denoting by D the coefficient of expansion im any direction 
whatever, determined by the angles 6, 6’, and 6! which this direc- 
tion makes with the three axes of expansion, and ealling a, @!, 
and a" the three coefficients of expansion along the three axes, we 
have the following relation, 

D=a cos? 6+ ae! cos?d'-+ al! cos? Os)... 
but we have at the same time the known relation which expresses 
that the three angles 6, 6’, and 6" are referred to three rectan- 

gular’ axes, cos? 6--coste' cos? OJ = 1... bee) 

Cubical System. 

The general characters and the properties of this crystalline 
system lead us to consider the three principal expansions equal 
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to each other ; that is to say, 
oe see! = oes 

equation (1) then becomes 
D =a (cos* 6+ cos? d! + cos? 6"), 

and, by equation (2), 

that is to say, the expansion is constant, independent of the di- 
rection in question, and always equal to that which takes place 
along the axes, the position of which cannot be revealed by any 
difference in the expansions, and which must be regarded as inde- 
terminate. The following are some observations which refer to 
crystals of this system. These numbers and the following re- 
present the linear expansion for the unit of length for 1 degree 
at the point 6=40° of the thermometric scale. 

Fluor-spar.—Normal to a face of octahedral cleavage, 

a=0:00001911, 

a=0°00001910 ; 

on a face of the cube (another crystal), 

a=0:00001910 ; 

on a face cut at an angle of 5° to a face of the cube (another 

erystal) «= 0-00001915. 
Galena.—At right angles to a face of cubic cleavage, 

a=0'00002014:; 7 
on a cut octahedral face, 

«= 0:00002014. | 
Cubic pyrites.—At right angles to a natural face of the cube, 

| a= 000000907 ; 
on a face cut in a group of Peruvian crystals without any. com- 
mon direction, «—0:00000908. 

Suboxide of Copper —At right angles to a face of the rhom- 
boidal dodecahedron, 

a = 000000098 ; 

on a face situated at 90° from the foregoing, 
a= 000000098 ;gx 

on a face cut in a group of crystals without any common di- 

aeclion, a= 0:00000093. 
Dimetric and Hexagonal or Rhombohedric Systems. 

__ These two systems, distinct in crystallographic relations, merge 
into each other in their optical phenomena, their conductivity for 
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heat, and their mode of expansion, which appears to depend on 
their symmetrical structure about a principal crystallographical 
axis. The expansions are here different in different directions ; 
and reasons deduced from the symmetry of the structure show 
that one of the axes of expansion must coincide with the principal 
crystallographical axis, the two others being perpendicular to it. 
If we assume, by the same reasons of symmetry, equality in the 
coefficients corresponding to these two latter axes of expansion, 
where a! =«', equation (1) will become 

D=zc cos? 6 + a! (cos? 6! + cos? 6!) ; 

but equation (2) gives 

cos? 6! + cos? 6!’ = 1— cos? d= sin? 6; 

we shall then have (# being the expansion for the former axis) 

D=2 cos?0--a'sin?®.. « « «07 ae) 

Taking any direction at right angles to the first axis, which gives 

o— 90" c0sqo—On Sinco— 1. 

the equation is reduced to 
D=da' ; 

that is to say that, in any direction at right angles to the first 
axis, which coincides with the axis of symmetry, the expansion is 
constant, and that it is impossible to distinguish the axes of ex- 
pansion. 

In any direction making with the first axis the same angle 
6=54° 44!, we have 

cos?6=4 and sin? 6=2, 

and equation (3) becomes 
De at2e! 

Ie S 

which is precisely the expression for the mean linear expansion 
of the crystal. 

Varied experiments have been made on various kinds of erys- 
tals with a view of verifying the accuracy of the following remark- 
able property, which is deduced from theory :—All crystals which 
have the form of right prisms, of rhombohedra, of regular hexa- 
gons, or forms derived from these, present a certain angular 
direction (the same for all crystals) which makes with the prin- 
cipal crystallographical axis an angle of 54° 44! (an angle for which 
cos*d=1); and along this direction we ought to find exactly 
the third of the cubical expansion, or the mean linear expansion 
for each crystal. 

It has been seen before that in the most general case this con- 
dition must be satisfied by the normals to the faces of a regular 

3 



M. H. Fizeau on the Expansion of Solids by Heat. 37 

octahedron suitably arranged ; but in the present case this octa- 
hedron of mean expansion must be conceived as having one axis 
coinciding with the principal axis of the crystal, while the two 
others may be arranged in any manner whatever. 

To make this decisive comparison between experiment and the 
result deduced from theory, three expansions must evidently be 
measured, a, a’, «™, in the three following directions: the first 
parallel, and the second perpendicular to the principal erystallo- 
graphical axis, the third making an angle of 54° 44! with this 
axis ; while the two latter directions may be in any azimuth what- 
ever around the same axis. 

Under these circumstances the cubical expansion will be 

acu —¢%-+ Qa! ; 

the mean linear expansion, 
! iy ee as 2a .; 

and the theory will only be satisfied provided this latter valuc 
coincide with the value found directly for «™—that 1s, if we have 

qm — lin, 

The following are the results of these observations :— 
a is the expansion along the principal crystallographic axis. 
a' along the normal to this same axis. 
ain the mean linear expansion deduced from & and from a’. 
a™ the expansion in the direction of the angle 54° 44!, with a 

possible error of 5’ to 10! in the cutting of the crystal*. 

Siberian Zircon. (Prism with square base.) 

Gea. 2 = 000000443 
et wre 1 = 000000233 

» . =0-:00000303 
» =0°00000304 

Emerald (Beryl). (Hexagonal.) 

a . =—0-00000106 
a! = 0:00000137 

qin = 0:00000056 
oe =~ O-O000005i7 

Iceland Spar. (Rhombohedral). 

a = 0:00002621 
a! = —0:00000540 
qin = 0:00000514 
am ~ = 0:00000507 

* T must here render fresh testimony to the remarkable skill and the in- 
telligent zeal with which M. Henri Soleil has cut the crystals used in 
these researches. 
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Quartz. (Rhombohedral.) 
we 5... ee 00000751 
a = OOOO IANS 
gu... ee OUUULZ OO 
qe OOOO L2G 

Bismuth. (Rhombohedral.) 
ial See emer == 1040 0,00 6A 
Ace. ok Se OUOUL 2 Oe 

The third observation was made at right angles to a natural 
face of the rhombohedron—that is, at an angle of 56° 24’ with 
the principal axis. ‘The corresponding calculation was made by 
means of forraula (8) : | ) 

Calculation . . . a=0'00001334 
Observation . . . «e=0:00001338 

Rhombie System. 

As the situation of the axes of expansion is always subordi- 
nate to the crystalline structure, it must be admitted that to 
identical directions, as regards symmetry of faces, there corre- 
spond identical expansions—a principle which leads directly to 
fixing the situation of the three axes of expansion in this system 
parallel to the three crystallographical axes. 

Suppose, in fact, a rectangular parallelepipedon constructed on 
the three crystallographic axes as edges; it will be at once seen 
that during the expansion of this solid the displacement of an 
point upon one of its faces can only take place parallel to the 
edge at right angles to this face and without lateral deviation, 
which is the character of the axial expansion ;’ for if it were other- 
wise, and if the displacement took place along a certain inclined 
direction, it would be sufficient to turn the crystal through 180° 
in the plane of the face in question to find another direction in 
which the erystallographical relations would be the same, and 
along which, consequently, the same inclination would be pro- 
duced. 

The same kind of considerations may be employed to deter- 
mine the position of the first axis m the dimetric prism previously 
considered, as well as in the hexagonal prism. For the case of the 
rhombohedron an analogous conclusion is reached by attributing 
to the crystal two successive rotations of 120°. 

A subsequent communication will be devoted to completing 
the subject of the right rhomboidal system, and to considering 
the oblique rhomboidal system. 
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VIII. On the comparative Efficiency of different Forms of the 
Spectroscope. By Knowarp C, PickERING*. 

1% is the object of the present paper to furnish a means of 
comparing with accuracy spectroscope prisms of different 

forms, and to determine what must be their refracting angle to 
produce the greatest dispersion with the least loss of light. We 
have then to consider the dispersion, the loss by reflection, and 
that by absorption. 

1. Dispersion.—The dis- 
persion of any part of the 
spectrum is proportional to 
the angular interval between 
two rays of nearly equal re- 
frangibility as the two parts 
of a double line. 

Let a be the refracting 
angle of the prism ABC, 
n the index of refraction of 
the less refrangibleray. For minimum deviation, 

al 

. oN! 

Ae ‘ “ * 

ee: _ & 
r= 5, sini=nsin5. « ae Tien ce ay Pe) 

If dn be the difference of the indices of refraction of the two 
rays, di will be their angular divergence. Differentiating (1), 

sin 
a ee De ay poleryasny at (2 ) 

COS 1 n 

in which 7 tan? serves as a measure of the dispersion under dif- 

ferent angles of incidence. It differs essentially (when the angle 
of incidence is large), from the deviation, which is commonly, but 
incorrectly, assumed as the measure. 

Comparative Dispersion and Deviation of a Ray entering a me- 
dium in which n=1°5. 

Angle ey 0°/ 15° | 30° 45° 156° 19" 60° 45° 80° 85° 90° 

Dispersion f 
LE Pee, ‘0/179 | -385 | -667 | 1-000! 1:1565| 2°488| 3°781| 7:620| a 
n 

Deviation i—r...|0°15° 4’110° 32"16° 53/122° $8'124° 44'134° 55'138° 58'43° 23' 48° 11! 
Deyiation re- 

duced to same | |. |.93) | -4g5 | -746 | 1-000| 1-093! 1:543| 1-720! 1-917! 2-121 
unit as disper- 

* From the American Journal of Science and Arts, vol. xlv. (May 1868). 
Communicated by the Author. 
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The dispersion then increases much more rapidly than the 
deviation ; hence in spectroscopes whose deviation is the same, 
that one will disperse most, in which 7 and therefore e is the 
greatest. 

The above discussion applies strictly only to the emergent 
ray ; butin the position of minimum deviation, the dispersion of 
a prism is just double this, as may be seen from the general for- 
mula for dispersion (Radicke’s ‘Optics, vol. 1. p. 179). I pro- 
pose hereafter to discuss the question whether greater dispersion 
with the same loss of light could not be obtained by some other 
position of the prism. 

2. Reflection —In estimating the loss by reflection, it is usual 
to assume that the same proportion of the incident lght is lost 
at each successive refraction. But in reality the light so refracted 
is partially polarized, and in this state another law determines 
the amount reflected. Fresnel showed that of a ray polarized 
in the plane of incidence, the proportion reflected 

__ tan? (i—7) 

~ tan? (¢+7) 
i 3 

while a ray polarized in a plane perpendicular to the first, would 
lose by reflection 

Regarding common light as composed of two beams of equal 
intensity polarized at right angles, the amount reflected would 
be 4A'+ 4B’, and that transmitted $[(1—A')+(1—B/)]. On 
meeting a second surface inclined at the same angle of incidence, 
the amount transmitted would be $[(1—A’)?+ (1—B’)?], and 

after passing m surfaces $[(1—A’)”"+(1—B/)”]. 
This formula can be applied directly to the m surfaces of the 

prisms of a spectroscope, since in the position of minimum de- 
viation 7 and 7 are the same for all, and therefore the amount 
transmitted is the same, whether the passage is from glass to air 
or from air to glass. 

The formule of Fresnel are used in preference to those of 
Cauchy, although the latter have been proved by Jamin and 
others to be more correct. But the coefficient of ellipticity 
which they involve is neither so commonly nor so easily found 
as the index of refraction. Furthermore, for glass the difference 
would probably be so small that it could be neglected. 

3. <Absorption.—The average length of glass traversed by the 
light is one-half the base AB, multiplied by N the number of 
prisms; and the amount escaping absorption is proportional to 

"9 
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the logarithm of this distance, or to log Nx BC sn$a, or in 
prisms admitting the same amount of light (that is, in which BD 

Se BD 
is the same) to log BD x N ae since BO= are but the dis- 

sin 4 
persion is proportional to N ; hence in spectroscopes dis- 

persing equally, and composed of prisms of the same material, 
the loss by absorption will be the same in all; so that, as far 
as the absorption is concerned, it makes no difference whether 
a spectroscope is composed of a large number of very acute- 
angled prisms, or of a Jess number in which the angle is more 
obtuse. 

Thus we avoid the difficulty which seemed at first sight in- 
surmountable, since the actual amount of light absorbed varies 
not only with the material, but with the refrangibility of the 
rays, and according to laws not yet discovered. 

The following Tables give the deviation, dispersion, and 
amount of light escaping reflection, of spectroscopes composed 
of from one to ten prisms of indices of refraction 1:5, 1:6, 
and 1:7. 

Table I. applies to prisms of 45°, Table II. to those of 60° 
(these being the forms in general use), and Table III. where the 
angle is such that the reflected light would be totally polarized 
(a being 67° 22!, 64°, and 60° 56! in the three cases respectively). 
This form of prism appears to present great advantages for large 
spectroscopes, since at most but one-half of the hght can be 
reflected, while one prism disperses as much as two of 45°, 

TasLE 1.—45° Prisms. 

Hs 1 sur- ] 2 3 4 | 5 10 

"| face. | prism. prisms.) prisms. | prisms. | prisms. | prisms. 

Deviation [ 1:5 |12° 82125° 4'50° 8'| 75° 12'100° 16'125° 20'250° 40’ 
1:6 {15° 15'30° 80''61° 0’) 91° 80')122° 0'152° 30''305° 0’ 
1:7 (18° 5'86° 10'72° 20'|108° 30'1144° 40')180° 50'561° 40’ 

Dispesson 15 | -467 | -935| 1-870! 2-804 | 3-739 | 4674 | 9-348 
sin & 5 16 | °484 ‘968 | 1:936| 2:904 | 3°872 | 4:840 9-680 

Aad 504 | 1:008| 2:016} 3:023 | 4:081 | 5:°039 | 10-078 

cos 7 
Transmitted 1°5 957 916 *84] 774 *724 ‘661 “461 

2f(1—A')m 16 | :9438 *892| -799) °719 651 592 391 
+(1— y mn] 1-7 | -926 °859| °745| °653 578 516 324 
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TasiE II.—60° Prisms. 

| Lsut-| 1 2 Bo Clea 5 10 
face. | prism. | prisms. | prisms. | prisms. | prisms. | prisms. 

| 1:5|18° 35’ 37° 10’| 74° 20’\111° 30’ 148° 40’|185° 50’'371° 40’ 
Deviation ...4 | 1°6|23° 8/\46° 16’| 92° 32'|138° 48/185° 4’|231° 20/ 462° 40/ 

| 1-7/28° 13/56° 261112° 52’)169° 24’ 225° 44’\282° 10’\564° 20’ 

1-5) -756 | 1512) 3:023 | 4-535 | 6-046 | 7-558 | 15°116 
Dispersion .:. 4 | 1-6] -833 | 1-667) 3-334 | 5-000 | 6-667 | 8334 | 16°668 

1:7| 949 | 1:899| 3:797 | 5:696 | 7:594 | 9-493 | 18986 

1:5) °945 895} °811 742 “686 "641 509 
Transmitted . 4 | 1:6, -920 *853 | 748 672 “618 578 AS] 

| 1-7) °888 ‘861; -681 “608 565 538 305 

Tasxe I1I.—Angles of Prisms 67° 22', 64°, and 60° 56. 

i lsur-| 1 2 3 4 5 10 
‘| face. | prism. prisms. | prisms. | prisms. | prisms. | prisms. 

1°5|22° 38/|45° 16’| 90° 82’|185° 48’|181° 47/226° 20’/452° 40’ 
Deviation ...4 |1°6/26° (52° 104° 156° |208° (260° |520° 

1-7/29° 4/58° 8/\116° 16/1174° 24’|232° 32/1290° 40’|\580° 20’ 

15 
Dispersion ... 4 | 1°6) 1 2 4 6 8 10 20 

Lif 

1°5| °9238| °863) -°763 691 635 ‘600 520 
Transmitted .< | 1:6; °899| °818) -702 629 582 552 505 

134) 28/4) 780) 657 588 549 023 ‘S01 

To apply these Tables to an example, let us compare three 
spectroscopes of ten prisms each, of angles 45°, 60°, and 64°, the 
index of refraction being 1°6. 

10 prisms of | Deviation. | Dispersion.| Transmitted. | Trans. x cos 7. 

——— —— 

48 305 6 9-680 ‘3911 308 
60 462 40 | 16-668 4912 294 
64 520 505 268 20-000 

Again, comparing spectroscopes producing equal deviation, 

Deviation. | Dispersion.) Transmitted. |Trans. X cos 7. 

12 prisms of 45| 366 0 11-616 339 268 
8 nf 60; 370 8 13334 532 319 
7 y 64, 364 14 52] 276 
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From the first example we see that by using 64° prisms in- 
stead of 45°, we obtain more than double the dispersion, with 
even less loss of light, while in the second case seven 64° prisms 
prove much more efficient than twelve of 45° 

All these calculations seem to point to the superiority of 60° 
prisms over those of 45°. A much greater angle is objection- 
able from the increased distortion produced by the slightest im- 
perfection in the refracting faces. 

In prisms admitting the same amount of light, the more acute 
the angle the less is the quantity of glass and the less the area 
of each face. The ground might be taken that a45° prism could 
be made larger than one of 60° at the same expense, and thus 
the difference in light remedied. In this case, however, it would 
be necessary to enlarge the telescope, number of prisms, and in 
fact the whole instrument. Even supposing this change made, 
the prisms of larger angle preserve their superiority, though not 
in so marked a degree. ‘The calculation is readily made by mul- 
tiplying the transmitted light by cos2z, as is done in the above 
examples. 

The index of refraction varying with the refrangibility of the 
rays, the dispersion, loss of hght, &c. would vary in different 
parts of the spectrum. The change would, however, be small, 
and could be determined, if necessary, by merely altering n. 

Institute of Technology, Boston, 
February 29, 1868. 

IX. An Optical Experiment. By Joun C. Dovetas, Hast-India 
Government Telegraph Department*. 

HE following experiment (or rather experiments) furnishes 
a new means of demonstrating experimentally several laws 

of vision, particularly such as relate to visual direction; and, 
suitably modified, may possibly be of some practical value. Pre- 
pare a rather thick looking-glass by sprinkling its surface with 
prepared chalk or other fine powder, shaking off the superfluous 
powder so that the glass be covered with a thin coating of pow- 
der, through which the reflected image of the face may be seen 
with tolerable distinctness. If the glass so prepared be held 6 
to 8 inches from the face of the observer, and.so that he can see 
a reflection of his own features, on shutting one eye the powder 
will no longer appear equally distributed, but will appear arranged 
in lines radiating from a point on the lass i in front of the refiected 
image of the pupil of the eye used in observing the phenomenon. 

* Communicated by the Author. 
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If (the appearance described above being visible) the observer 
move his head with relation to the glass, “the centre from which 
the lines appear to radiate and the whole system of lines move. 
If, however, the observer move his eyeball in its orbit, the glass 
and his head being stationary, the centre and system of radiating 
lines do not appear affected. On regarding the prepared elass 
with both eyes, he will sce two centres, from which radiate two 
systems of lines, one centre being opposite to the image of the pupil 
of each eye. ‘The appearance is not so distinctly seen, however, 
with two eyes as with one; and if one eye be stronger than the 
other, 7. e. more effective for purposes of vision when both are 
open, the system of lines appertaining to the weaker eye is less 
distinct than that appertaining to the stronger. The superior 
distinctness of the appearance when one eye only is used 1s due 
to the fact that the eyes mutually interfere when used together ; 
for it is not necessary to shut one eye, but merely to interpose a 
sheet of card or other opake body between it and the mirror. I 
have never failed to distinguish the radiating appearance in my 
own case, nor in the many cases in which [ have endeavoured to 
show it to unscientific persons; and I believe, if only one eye be 
used at first, and the instructions given above be strictly adhered 
to, the appearance may be readily : seen by any person; but as I 
have heard of an instance in which the phenomenon could not 
be distinguished, I have thought it necessary to give rather mi- 
nute instructions*. 

The phenomenon is so easy of explanation that it is not neces- 
sary I should explain it, I will therefore confine myself to point- 
ing out that the lines seen represent the apparent directions of 
the lines joining the particles of powder and their images, and it 
is evident that the centres of the systems of lines are in the per- 
pendiculars to the surface of the mirror drawn through the 
centres of visual direction. The apparatus may be modified in 
accordance with the wants of each observer, the principle upon 
which its construction is based remaining the same; the glass 
may be of any attainable thickness ; a glass plate may be placed 
in front of the mirror at various distances from it to carry the 
powder; engraved lines, dots, &. may be employed in lieu of 
powder ; figures or other characters may be written on the mirror 
or glass plate if required; and the whole instrument may be 
suitably mounted. 
The applications of the instrument described appear numerous ; 

a few are given below:—Experimental proof is afforded of the prin- 

* The effect was most striking when the powder was very thmly and 
uniformly spread over a piece of plane g glass placed before the mirror, at 
such a distance that the powder was rather less than half an inch from the 
reflecting surface. 

LOE Mtg De Acorn, 
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cipal laws of linear perspective—as the existence of vanishing 
points, that they are in a line drawn through the centre of visual 
direction parallel with the vanishing lines, that vision with one 
eye only can be considered in perspective, &c.; the coincidence 
of the centre of visual direction and the centre of motion of the 
eyeball is proved by the immobility of the radiating lmes when 
the eyeball only is moved, and their movement when the head is 
moved with relation to the mirror; a means 1s afforded of finding 
a point on a looking-glass, a perpendicular to the surface drawn 
through which would pass through the centre of visual direction ; 
a principle is afforded on which an instrument may be con- 
structed for measuring the distance between the centres of motion 
of the eyes. The instrument I used for this purpose consisted of 
a card divided along one edge by lines drawn on both sides of 
it, and as nearly as possible coincident; this card being held in 
front of a mirror and viewed obliquely, so that the divisions on 
the card and on its image might be seen at the same time (the 
ecard being held with the divided edge horizontal), two lines on 
the card were seen to coincide with the images of two lines cor- 
responding to them on the other side of the card ; and the dis- 
tance between the two lines so coinciding with reflected lines 
being read off on the card, gave the distance between the centres 
of motion of the eyeballs. This instrument admits of great im- 
provement; and it will be evident that its delicacy may be increased 
by increasing the proportion the distance between the image and 
object bears to the distance of the mirror from the eyes. It has 
‘been stated that, if no apparent motion could be produced in a 
distant object by closing one eye after having covered that object 
by another nearer the eye, the eye so closed must be inoperative 
when both eyes are used, the greater perfection of the one eye ob- 
scuring altogether the effect of the weaker organ. And so far as 
apparent direction is concerned the experiment scems conclusive. 
But this view appears to need modification ; for in a case in which 
both systems of lines were distinctly visible simultaneously, pro- 
ving both eyes were employed, no apparent motion could be 
produced by closing the left eye; and although the left system 
of lines was fainter than the right, and the left eye was undoubt- 
edly weaker than the right, the fact that the system appertaining 
to the left eye was distinctly visible when both eyes were used 
simultaneously proves that, in regarding the mirror, both eyes 
were effective. 

It appears, therefore, that the powdered mirror affords a deli- 
cate means of detecting the share each eye has in vision, of ex- 
posing their inequalities of strength, and of detecting if both are 
actually effective when used together—in the last, being more 
delicate than the apparent-motion test. 
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Sir David Brewster (Optics, p, 294) has stated that the centre 
of visual direction coincides with the geometrical centre of the 
eyeball; but it has been objected to this, that Volkman’s experi- 
ment on visual direction proves that the lines of visual direction 
cross each other in a point anterior to the geometrical centre, and 
that calculation will show this is inconsistent with the curvatures 
and refractive powers of the humours composing the refractive 
media of the eye; but as, in the powdered-mirror experiment, 
the grain of powder seen singly and forming the centre of the 
system of lines marks the point through which a perpendicular 
to the surface of the mirror represents “the line of visual diree- 
tion, and as this line is immoveable when the eyeball is moved, 
it follows that this line passes through a point in the eyeball sta- 
tionary with regard to the eyeball, notwithstanding the motion 
of the eyeball; 7. e. wherever the centre of visual direction may 
be, it is the centre of motion, if not the centre of figure, of the 
eyeball. 

Madras, May 20, 1868. 

X. On Purification of Sewage. 
By G. W. Wienzn, F.R.A.S.* 

A NEW wmode of purification of sewage by the addition of 
chemical agents has been introduced by Mr. Sillar and 

myself, and some experiments have been tried on a large scale 
at Tottenham. The process is a cheap one, and, as far as can be 
judged from the Tottenham experiments, is very successful. The 
time occupied in precipitation is very short, and the proportion 
of impurities removed is large. 
A tank holding 5000 gallons was filled with sewage and clarified 

eight times m succession, the average time occupied in filling 
and settling being less than twenty minutes. The supernatant 
water was clear, and almost free from either taste or smell. The 
analyses below show that more than 80 per cent. of the ammonia 
originally present in the sewage was carried into the sediment. 
The produce of the 40,000 gallons was about 8 ewt. of manure, 
closely resembling guano in appearance. A large tank, holding 
40,000 gallons, was afterwards filled and pr ecipitated with equally 
satisfactory results. 

Some more experiments are to take place shortly; and if these 
are successful, the details of the process will be published. 

* Communicated by the Author. 
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Abstract of Analyses of Sewage &c. 
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XI. Notices respecting New Books. 

A Dictionary of Chemistry and the Allied Sciences. By Henry 
Warts, B.A4.,F.R.S. 5vols.8vyo. London: Longmans(1863-68), 

‘HE special literary form in which a science shall find appropriate 
expression is not by any means a matter of indifference. A body 

of truth which is replete with laws, the meet reward of meritorious 

centuries, may indeed, like a wealthy individual of high birth and 
long descent, assume the most varied exterior without discredit; but 

should it be scarcely yet provided with definitions, it has, like some 
struggler of recent lineage and narrow means, merely a single guise, 
which it would be impossible to improve without an awkward be- 
trayal of the peculiar manners and partial education of the wearer. 
This single guise is known to literature as the dictionary; and in 
it are most fitly adduced, as belonging to a primitive epoch, the facts 
and circumstances on which the inductive method is to proceed. In 
the course of time, as hypothesis and verification mingle with their 
predecessors and result in law, it becomes allowable to discard in form 

many of the original details (whose accurate ascertainment had been 
nevertheless important), and to state deductively the substance of 
much that has been achieved. When such a period has been fairly 
reached, the manual is its legitimate exponent. Eventually, as col- 
lateral branches spring from the parent stock, a science divides itself 
into large (but peculiar) subjects of inquiry, and in each case the 
treatise exhibits the final results or total issue of such a proceeding. 

These being, as far as we have been able to gather, the functions 
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which have been generally assigned to the literary forms in question, 
there are probably but few instances in which they have been appro- 
priately exercised. Among very early writers the treatise is in reality 
a fragment of a dictionary; the manual appears too soon; and all 
three are confounded in a spurious “‘ system.”’ In modern times, the 

treatise partly maintains its true position and has partly degenerated 
into the ‘‘ paper”’ (which is a small contribution to knowledge); the 
dictionary comprehends everything; and the manual is an abstract 
of the dictionary. It is indeed not an uncommon circumstance to 
find the deductive method now excluded, as far as possible, from a 
chemical manual; while the author introduces in its place small 
portions of physics, physiology, geometry, geology, or theology, 
which much resemble, in their mutual disconnexion and worthless- 

ness, the scraps of information which precede a diary. 
Considerations such as these cannot have escaped the learned and 

distinguished editor, who is in great part author, of the chemical 
dictionary now before us; and if he has bestowed upon his labours 
a collective name which we are disposed to think unsuitable, this 
must be attributed rather to the faults and mistaken demands of the 
times than to any misconception of a term. 

It will be evident to anyone who will take the trouble to make the 
inquiry, that our English chemical dictionaries (to say nothing of 
those published in foreign languages) have successively exceeded 
their office to a continually increasing extent. Thus, in the preface 
to Nicholson’s dictionary (to which we more especially refer, inas- 
much as it was the grandparent of the present work), it is laid down, 
with much truth, that ‘“‘ when a subject does not, in itself, demand 
much arrangement, or if the natural arrangement be such as not to 

be apprehended but by those who have made considerable advances 
in that department of knowledge, it is evident that the utility ofa 
dictionary to the Learner will more than compensate for the offence 
given to the Masters of the Science. And accordingly it is found 
that no systematical arrangement of mere words or terms, with their 
explanations, can possess so much utility as that which follows the 
order of the alphabet. When Macquer’s Dictionary first appeared, 
the author remarked that Chemistry was little more than a collection 
of facts, scarcely entitled to the name of Science, or capable of either 
synthetic or analytic explanation. Whence he drew a just conclusion 
in favour of the Dictionary form.” Nicholson proceeds to show that, 
even at the time he writes (1795), the argument for this form is as 
cogentas ever. Ure’s dictionary (1821) was the immediate succes- 
sor of Nicholson’s. But it may be seen from the titlepage, and 
still more from the contents of that work, that it was the intention 

of the writer to diverge much from the plan adopted by his prede- 
cessor; and we are led, in somewhat fulsome phraseology, to expect 
‘the principles of the science investigated anew, and its applications 
to the phenomena of nature, medicine, mineralogy, agriculture, and 
manufactures detailed.’” We have also an ingenious novelty in this 
book, in the shape of ‘‘an introductory dissertation containing in- 
structions for converting the alphabetical arrangement into a syste- 
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matic order of study.’’ It was attempted to carry out all these am- 
bitious intentions in the compass of a single volume; but the profes- 
sions of the author were very incompletely realized in the product of 
his pen. The fourth and last edition of Ure’s dictionary appeared 
during the years 1831 and 1835, and exhibits most of the faults and 
merits of the first. No further edition was published; and during 
the last thirty years English chemical students have been accustomed 
to consult ill-advised “‘ systems” of chemistry, small (and for the most 
part spurious) manuals, and Mr. Watts’s excellent translation of 
Gmelin’s ‘ Handbook’ (which, its first volume excepted, is really a 
dictionary). ‘There was undoubtedly a general desire that a new 
dictionary should be written, having the same general scope as that 
of Ure; andthe long and arduous task has been most zealously un- 
dertaken and ably accomplished by Mr. Watts. His aim has been, 
we believe, to give to a reader already somewhat versed in the sub- 
ject a succinct account of modern scientific chemistry and those other 
sciences which are situated in its immediate vicinity. Applied 
science constitutes no part of his design, save in its theoretical bear- 
ings; general theory and laboratory operations receive very full 
attention; and the editor consistently avails himself of every mode 
of exposition. 

While we have deemed it our duty to recall the attention of 
authors to the formal functions of the three typical modes of scientific 
publication, and especially with reference to so important a work as 
the present, we have to regret that we are unable to give so much re- 
lative space to the discussion of its substance as has been the case 
with its form. 

Mr. Watts’s dictionary suffers little from the circumstance that 
its publication has extended over a series of five years, and that (as 
the preface to the fifth volume informs us) its preparation has been 
the labour of nine. Thus, for example, Dr. Odling’s article <‘ Ato- 
mic Weights,” which occurs among the first, and would probably 
have failed, in less able hands, to indicate the transition period of 
chemical notation, is an excellent judicial statement of the arguments 
in favour of the modern principles of chemistry ; and while these are 
illustrated with great firmness and perspicuity, the reader is very 
properly left to decide for himself on several points which had been 
raised. Neither, again, is it of very material importance that the 
symbolic values proposed by Gerhardt and Cannizaro have been suc- 
cessively employed in these pages ; and careis taken to prevent any 
mistake on the part of the student by making at the outset a distinc- 
tion in the symbol itself. If we add to this that the nomenclature 
keeps pace with the notation, and is nowhere allowed to be obscure 
or doubtful, we have said enough to convince those for whom these 
volumes are intended of the editor’s caution with respect to minor 
but significant particulars. 

One of the most striking features in this dictionary is the atten- 
tion which has been paid to chemical theory. Not only is this evi- 
dent in the article to which we have but recently alluded, but in 
Professor G. C. Foster’s treatment of Classification, Acid, Alkali, and 

Phil. Mag. 8. 4. Vol. 36. No. 240. July 1868. E 
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under other titles the historical development and present position. 
of our modern hypotheses are portrayed with equal fidelity. The 
wisdom of such a course is sufficiently obvious, and is perfectly in 
accordance with the rest of the editor’s plan. Good theories are 
now more required than the class of facts with which we are accus- 
tomed to deal. ‘The law of multiple proportions has, fortunately for 
numerous investigators, enabled us to correct and employ in logic 
experimental results of comparatively inferior value ; and it is begin- 
ning to be felt that with the accumulated labours of the last half 
century, some of us ought to examine anew the fundamental concep- 
tions of chemistry. It is quite time to dispute afresh the manifold 
assumptions of the atomic theory, to discuss the minuter pheno- 
mena of chemical reactions, to test with rigour the philosophical 
stability of our definitions and notation. Few among those who, 
amidst the turmoil of often too hasty experiments, really care to re- 
flect upon, and to stand face to face with, the full logical conse- 
quence of their results, will be disposed to doubt that the whole aspect 
of chemical theory is destined to at least as great a revolution as it 
has yet witnessed—a revolution in which the gross prevailing mate- 
rialism will probably have to succumb, when we may expect to 
enjoy the freedom and purity of exact science. It is, then, most 
gratifying to find not only that a work like the present, whose au- 
thoritative influence will not be disputed, contains several special 
theoretical treatises, but that a great portion of its contents discloses — 
quite as much theoretical as practical discussion. 

Although it formed no part of Mr. Watts’s plan (nor indeed 
would it have been desirable) to record in detail the operations of 
applied chemistry, there are cases in which he has very properly 
relaxed a rule whose rigid enforcement might have disappointed 
some of his readers. Gun-cotton, iron, copper, bleaching, for ex- 
ample, are subjects which could not be well treated at all without 

some reference to the manufactory ; and while the student will pro- 
bably learn from such articles quite as much of processes on the 
large scale as he desires to know, the manufacturer will find abstracts 
of and references to all the important memoirs which bear upon the 
principles he carries out. 

Another point which we must not omit to notice is the fulness 
with which laboratory operations are described. ‘This is particu- 
larly the case with the various branches of qualitative and quantita- 
tive analysis, the description of whose methods has been entrusted 

to chemists such as Mr. Conington, Drs. Dittmar and Russell, who 
have made this department their peculiar study. Here and there 
we have observed an article somewhat too compressed—that on Spe- 
cific Gravity, for example; and we have noticed some omissions. 
We can, however, have no hesitation in attributing such deficiencies 

to the absolute necessity, beginning to be generally felt, that the 
whole should be brought to a conclusion as soon as possible; for it 
had been found unavoidable to depart from the original plan, which 
only included three volumes, and also to extend the time of publica- 
tion. ‘lhe mature judgment of the editor is nowhere better displayed 
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than in the care with which he has condensed the concluding matter 
and rejected the less important topics or laborious trivialities which 
we have noticed in other dictionaries. 

In this brief review of the most extensive and valuable production 
of its kind which has yet appeared in the English language, the 
nature of our task has precluded the detailed observations which we 
might have felt it our duty to make in reference to a smaller book. 
Anything which Mr. Watts undertakes is invariably executed in so 
thorough, clear, and direct a manner, that his editorship and prin- 
cipal authorship are sufficient recommendations to any one who is 
acquainted with chemical literature. He has, moreover, been for- 
tunate in obtaining the services of several distinguished chemists 
and physicists, who have contributed articles on subjects to which 
they have paid special attention. The whole work has thus the 
completeness and authority which are due to a well-organized literary 
plan well executed in all its parts; and it will probably be for many 
years the chief standard of reference in this country. 

We venture to make, in conclusion, a recommendation which we 
are sure will meet with the approval of the majority of our readers. 
Mr. Watts’s dictionary contains several distinct treatises, which have 
already assumed a high and distinct rank. When business require- 
ments may permit of such a course, we shall be glad to see such 
articles as Heat, Electricity, and Analysis published in a separate 
form. Many persons who, for various reasons, do not intend to be; 
come possessors of the entire dictionary, would desire to possess one 
or more of those treatises, which, from their size, portability, and 

special character, are so very commodious for laboratory use. We 
are indeed persuaded (and the opinion is perhaps gaining ground) 
that chemistry ought earnestly to commence making the treatise its 
more customary form ; but if this work should prove to be the last, 
it will certainly have been the best of its race. 

Celestial Objects for Common Telescopes. By the Rev. T. W. Wess, 
M.A., F.R.A.S. Second Edition, Revised and Enlarged. Tone : 
Longman and Co. 1868 (pp. 318). 

The title of this work sufficiently indicates that the suthion S 
subject is not the aspects of the heavenly bodies collectively, nor 
their relative motions, but their aspects individually as seen through 
a ‘‘common telescope.’ A “common telescope” is defined to be 
one not exceeding about 5 feet in length and 4 inches in aperture. 
The chief contents of the work area descriptive account of the solar 
system, and a list of double stars and nebule. In both of these divi- 
sions, the author, while freely mentioning what others have made out 
by the use of higher powers, has kept very fairly within his limit of 
acting as a guide to those possessed of ‘‘ common telescopes.’’ Thus, - 
in drawing up the list of double stars, he examined in succession 
with a 3°7-inch aperture all the objects in Admiral Smyth’s Bedford 

Catalogue that there was any prospect of reaching, and retained 
those only “‘ which ‘seemed to possess sufficient general as well as: 
scientific interest’ (p. 170). To the list thus selected were added. 

EK 2 
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several objects which, though unexamined, appeared to be certainly 
worthy of notice; and these are very properly distinguished by 
being placed between brackets. The article on the moon deserves 
particular notice. It comprises just a fifth part of the whole work, 
and is an excellent sketch of ‘‘selenography.’’ It is accompanied 
by an elaborate map, slightly exceeding 12 inches in diameter, exhi- 
biting the chief objects on the moon’s surface that common tele- 
scopes can be expected to reach. The writer has given, by way of 
introduction, a few remarks on the telescope, and some rules for using 

it, which cannot fail of being serviceable to beginners. 

XII. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

[Continued from vol. xxxv. p. 465.] 

May 7, 1868.—Dr. W. B. Carpenter, Vice-President, in the Chair. 

rIXHE following communication was read :— 
“On Waves in Liquids.”” By W. J. Macquorn Rankine, C.E., 

LL.D., F.R.S. 
(1) Object of this Paper.—It has long been kuown that in a 

uniform canal filled with liquid, the speed of advance of a wave in which 
the horizontal component of the disturbance is uniform from surface 
to bottom is equal to the velocity acquired by a heavy body in falling 
through half the depth of the canal. But, so far as I know, it has 
not hitherto been pointed out that a similar law exists for waves 
transmitting a disturbance of any possible kind in a liquid of limited 
or unlimited depth, provided only that the upper surface of the 
liquid is a surface of uniform pressure. The object of this paper is 
to demonstrate that law, and to show some of its applications. 

(2) Velocity of Advance defined.—Throughout this investigation 
the velocity of advance of a wave will be defined to be the mean be- 
tween the velocities with which the shape of the wave advances, rela- 
tively to a surface-particle at the crest and to a surface-particle in 
the trough respectively. In ordinary rolling waves the velocities of 
particles in those two positions are equal and contrary, so that the 
speed of advance as above defined is equal to the speed of advance 
of the wave relatively to the earth. A wave of translation in which 
the velocities of particles at the crest and hollow are not equal and 
contrary, may be regarded as produced by compounding the motion 
of a rolling wave with that of a current whose velocity is half the 
difference of the velocities of those particles. 

(3) Relation between height of wave and horizontal disturbance at 
the surface.—The following relation between the height of a wave and 
the horizontal disturbance of the surface-particles has already been 
proved and made use of by various authors ; and it is demonstrated 
here for convenience only. Let +, and —-w, be the velocities of a 
surface-particle at the crest and trough of a wave respectively. Let a 
be the velocity of advance of the wave as defined in article 2. Con- 
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ceive a horizontal current with the uniform velocity —a to be com- 
bined with the actual wave-motion ; the resultant motion is that of 
an undulating current, presenting stationary waves in its course; and 
the forces which act on the particles are not altered. The resultant 
velocity ofa particle at the crest becomes —a+vu,; and the resultant 
velocity of a particle in the trough becomes —a—w,. Let the height 
from trough to crest be denoted by Az; then, since the upper surface 
of the liquid is supposed to be a surface of uniform pressure, the 
principle of the conservation of energy gives the following equation : 

gh2z=3{(a+u,)’—(a—u,)?}=2an,. . . ~ i . GC) 

(4) Virtual Depth of Uniform Horizontal Disturbance.—By the 
phrase “virtual depth of uniform horizontal disturbance,’’ or, for 
brevity’s sake, vzrtwal depth, I propose to denote the depth in the 
liquid to which a uniform horizontal disturbanee would have to 
extend, in order to make the amount of horizontal disturbance equal 
to the actual amount. ‘That is to say, conceive that a pair of vertical 
planes normal to the direction of advance, and each of the breadth 
unity, coincide at a given instant, one with the trough-line or furrow, 
and the other with the crest-line or ridge, which bound one of the 
slopes of a wave. We will suppose this to be the front slope, merely 
to fix the ideas; for similar reasoning applied to the back slope 
leads to the same results. Ata given depth z below the surface, let 
—u' be the horizontal velocity with which particles are in the act of 
passing backwards through the plane at the trough, and +4! the ve- 
locity with which particles are passing forwards through the plane at 
the crest ; then the rate by volume at which liquid is passing into 
the space between those two planes is 

\\ u'dz+ j u'dz,— 

the integrations extending from the surface to the bottom. Let & 
denote the virtual depth; then 

u'dz+\u'dz 

ia ated (2) 
u, 

(5) Relation between Virtual Depth and Speed of Advance.—In 
an indefinitely short interval of time dt, the volume of liquid which 
passes into the space between the two vertical planes mentioned in 
article 4 is 

2khu,dt ; 

and in order to make room for that volume of liquid, the front slope 
of the wave must sweep in the same interval of time through an 
equal volume. But the volume swept through by the front of the 
wave is 

adthz ; 

so that, cancelling the common factor dt, we have the following 
equation : 

adz=2ku, ; 

x—oEOoOEOoEOoOoOoEOEOeeeeEeEeeeeeee eee 
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; 2au 4 : : 
but, according to equation (1), mi which value being subati- 

tuted in the above equation, gives 

20°u, 2598, 
1) 

, g 
and therefore 

° 

Te and a=Vgk; + + + * (3) g 

so that the velocity of advance of a wave (defined as in article 2) is 
equal to that acquired by a body in falling through half the virtual 
depth; and this is true for all possible waves in which the upper sur- _ 
face is a surface of uniform pressure. 

(In article 6 of the paper, the speed of advance of a wave of trans- 
lation is expressed by combining the speed of a rolling wave, V gk, 
with that of a supposed current, as stated in article 2. 

In articles 7, 8, and 9 the law which connects the speed of advance 
of a wave with the virtual depth is compared with the already known 
laws of the transmission of rolling waves in water of limited or unli- 
mited depth. ‘The principal results may be summed up as follows. 

rpy2 se Ryan . I : 
Let T be the periodic time of a wave, in seconds; h = = the equi- 

Ar 

valent pendulum—that is, the height of the pendulum whose period 
Jength is the Same ; c= the rolling radius, being the radius of a 

us 

circle whose circumference is equal to a wave-length ; ~, the greatest 
horizontal velocity, and w, the greatest vertical velocity of a surface- 
particle ; @ the velocity of advance; then 

ma Py fal T 
a= gk= (J eae Wha BE, 

Uy u, u, 

and 

(10) Oblique Advance of Forced Waves.—Let s be the velocity 
with which a floating solid body is driven horizontally ; the wave 
which that solid body pushes or drags along with it is forced to 
advance at the velocity s also; while the virtual depth of disturb- 
ance, k, bears some relation to the depth of immersion and figure of 
the solid body. If the speed of advance corresponding to that depth, 
a= /ghk, is less than s, a pair of wave-ridges diverge obliquely from 
the path of the floating body towards opposite sides ; and the sine of 

the angle which each of those ridges makes with that path is“. Such 
s 

is the mode of formation of the obliquely spreading waves which travel 
along with ships*. 

* See Watts, Rankine, Napier, and Barnes, ‘On Ship-building,’ Division I. 
Article 156, p. 79. 
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When the velocity of the floating body is less than the speed of 
advance corresponding to the depth to which it disturbs the liquid in 
its immediate neighbourhood, it is probable that the virtual depth of 
disturbance of parts of the liquid beyond the immediate action of the 

2 

floating body adjusts itself to the velocity, and assumes the value 

11. Possibility of Obliquely Advancing Tidal Waves.—lIt is pos- 
sible that instead of a depth less than the virtual depth corresponding 
to the speed of advance of a tidal wave, the ridge of that wave may 
place itself in a position oblique to the parallels of latitude, accord- 
ing to the principle stated in article 10. It still remains to be ascer- 
tained, by the study of tidal observations, whether such phenomena 
take place in the tides of the ocean. é; 

12. Terminal Velocity of Waves.—It is known that in deep water’ 
all waves left free from the action of disturbing forces tend ultimately 
to assume the condition of free rolling waves, whose velocity of ad- 
vance depends en their periodic time, and is expressed by the equation 

T : ; 
a= = This, then, may be called the terminal velocity of a wave 

Tv 

of a given period. It follows that if a wave is raised through the 
disturbance produced by a solid body, that wave will at first travel 
with a speed depending on the virtual depth of the original disturb- 
ance; but as it advances to a greater and greater distance from the 
disturbing body, the velocity of advance will gradually approximate 
to the terminal velocity corresponding to the periodic time, and the 
virtual depth will continually adjust itself to the changing velocity, 
and approximate gradually to the equivalent pendulum corresponding 
to the periodic time. Such is the cause of the forward curvature of 
the ridges of the obliquely diverging waves which follow a ship*. 

May 14.—Lieut.-General Sabine, President, in the Chair. 

The following communications were read :— 
‘*‘ Further Observations on the Spectra of the Sun, and of some of 

the Stars and Nebule, with an attempt to determine therefrom 
whether these Bodies are moving towards or from the Earth.” By 
William Huggins, F.R.S. 

§ I. Introduction. 

The author states that at the time of the publication of the ‘‘ Obser- 
vations on the Spectra of the Fixed Stars,”’ made jointly by himself 
and Dr. W. A. Miller, Treas. R.S., they were fully aware that the 
direct comparisons of the bright lines of terrestrial substances with 
the dark lines in the spectra of the stars, which they had accom- 
plished, were not only of value for the more immediate purpose for 
which they had been undertaken, namely, to obtain information of 
the chemical constitution of the investing atmospheres of the stars, 
but might also possibly serve to reveal something of the motions 

* This is explained in greater detail in a paper read to the Institution of Naval 
Architects on the 4th of April 1868. 
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of the stars relatively to our system. If the stars were moving to- 
wards or from the earth, their motion, compounded with the earth’s 
motion, would alter to an observer on the earth the refrangibility of 
the light emitted by them, and consequently the lines of terrestrial 
substances would no longer coincide in position in the spectrum with 
the dark lines produced by the absorption of the vapours of the 
same substances existing in the stars. 

The method employed by them would certainly have revealed an 
alteration of refrangibility as great as that which separates the lines D. 
They had, therefore, proof that the stars which they had examined, 
among others Aldebaran, a Orionis, 3 Pegasi, Sirius, a Lyre, Ca- 
pella, Arcturus, Castor, Pollux, were not moving with a velocity 
which would be indicated by such an amount of alteration of position 
in a line. 

Since, however, a change of refrangibility corresponding to that 
which separates the components of D would require a velocity of 
about 196 miles per second, it seemed to them premature to refer to 
this bearing of their observations. The earth’s motion, and that of 
the few stars of which the parallax has been ascertained, would make 
it probable that any alteration in position would not exceed a frac- 
tion of the change which would have been observed by them. 

The author has since, for several years, devoted much time and 
labour to this investigation, and believes that he has obtained a satis- 
factory result. 

He refers to Doppler, who first suggested that the relative motion 
of the luminous object and the observer would cause an alteration of 
the wave-length of the light; and to Ballot, Klinkerfues, Sonnche, 
Fizeau, and Secchi, who have written on the subject. 

The author is permitted to enrich his paper with a statement of 
the influence of the motions of the heavenly bodies on light, and of 
some experiments made in an analogous direction, which he received 
in June 1867 from Mr. J. C. Maxwell, F.R.S. 

It is shown that if the light of the star is due to the luminous 
vapour of sodium or any other element which gives rise to vibrations 
of definite period, or if the light of the star is absorbed by sodium- 
vapour, so as to be deficient in vibrations of a definite period, then 
the light, when it reaches the earth, will have an altered period of 
vibration, which is to the period of sodium as V+ is to V, when V 
is the velocity of light and v is the velocity of approach of the star to 
the earth. Equal velocities of separation or approach give equal 
changes of wave-length. 

§ II. Description of Apparatus. 

A new spectroscope is described, consisting in part of compound 
prisms, which gives a dispersive power equal to nearly seven prisms of 
60° of dense flint glass. Various methods were employed for the 
purpose of ensuring perfect accuracy of relative position in the in- 
strument between the star spectrum and the terrestrial spectrum 
to be compared with it; a new form of apparatus, which appears 
to be trustworthy in this respect, was contrived. Many of the ob- 
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servations were made with vacuum-tubes or electrodes of metal, placed 
before the object-glass of the telescope. 

§ III. Observations of Nebula. 

The author states that he has examined satisfactorily the general 
characters of the spectra of about seventy nebulz. About one-third 
of these give a spectrum of bright lines ; all these spectra may be re- 
garded as modifications of the typical form, consisting of three bright 
lines, described in his former papers. 

Some of these nebulee have been reexamined with the large spec- 
troscope described in this paper, for the purpose of determining 
whether any of them were possessed of a motion that could be de- 
tected by a change of refrangibility, and whether the coincidence 
which had been observed of the first and the third line with a line 
of hydrogen and a line of nitrogen would be found to hold good 
when subjected to the test of a spreading out of the spectrum three 
or four times as great as that under which the former observations 
were made. The spectrum of the Great Nebula in Orion was very 
carefully examined by several different methods of comparison of its 
spectrum with the spectra of terrestrial substances. 

The coincidence of the lines with those of hydrogen and nitrogen 
remained apparently perfect with au apparatus in which a differ- 
ence in wave-length of 0°0460 millionth of a millimetre would have 
been detected. These results increase greatly the probability that 
these lines are emitted by nitrogen and hydrogen. 

It was found that when the intensity of the spectrum of nitrogen 
was diminished by removing the induction-spark in nitrogen to a 
greater distance from the slit, the whole spectrum disappeared with 
the exception of the double line, which agrees in position with the 
line in the nebulee ; so that, under these circumstances, the spectrum 
of nitrogen resembled the monochromatic spectra of some nebule. 
It is obvious that if the spectrum of hydrogen were greatly reduced 
in intensity, the strong line in the blue, which corresponds to one of 
the lines of the nebular spectrum, would remain visible after the line 
in the red and the lines more refrangible than F had become too 
feeble to affect the eye. 

It is a question of much interest whether the few lines of the spectra 
of these nebulze represent the whole of the light emitted by these 
bodies, or whether these lines are the strongest lines only of their 
spectra which have succeeded in reaching the earth. Since these 
nebulze are bodies which have a sensible diameter, and in all proba- 
bility present a continuous luminous surface, we cannot suppose that 
any lines have been extinguished by the effect of the distance of the 
objects from us. If we had reason to believe that the other lines 
which -present themselves in the spectra of nitrogen and hydrogen 
were quenched on their way to us, we should have to regard their 
disappearance as an indication of a power of extinction residing in 
cosmical space, similar to that which was suggested from theoretical 
considerations by Chéseaux, and was afterwards supported on other 
grounds by Olbers and the elder Struve. 
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It is also shown that at the time of the observations this nebula 
was not receding from us with a velocity greater than 10 miles per 
second ; for this motion, added to the earth’s orbital velocity, would 
have caused a want of coincidence of the lines that could have been 
observed. If the nebula were approaching our system, its velocity 
might be as much as 20 or 25 miles per second; for part of its 
motion of approach would be masked by the effect of the motion of 
the earth in the contrary direction. 

~§ LV. Observations of Stars. 

A detailed description is given of the comparisons of the line in 
Sirius corresponding to F, with a line of the hydrogen spectrum, 
and of the various precautions which were taken against error in 
this difficult and very delicate inquiry. The conclusions arrived at 
are:—that the substance in Sirius which produces the strong lines 
in the spectrum of that star is really hydrogen; further, that the 
aggregate result of the motions of the star and the earth in space, at 
the time the observations were made, was to degrade the refrangibi- 
lity of the dark line in Sirius by an amount of wave-length equal to 
(0-109 millionth of a millimetre. 

If the velocity of light be taken at 185,000 miles per second, and 
the wave-length of F at 486°50 millionths of a millimetre, the ob- 
served alteration in period of the line in Sirius will dicate a mo- 
tion of recession between the earth and the star of 41°4 miles per 
second. 

At the time of observation, that part of the earth’s motion which 
was in the direction of the visual ray was equal toa velocity of about 
12 miles per second from the star. 

There remains unaccounted for a motion of recession from the 
earth amounting to 29°4 miles per second, which we appear to be 
entitled to attribute to Sirius. 

Reference is made to the inequalities in the proper motion of 
Sirius; and it is stated that at the present time the proper motion 
of Sirius in declination is less than its average amount by nearly the 
whole of that part of it which is variable, which circumstance may 
show that a part of the motion of the star is now in the direction of 
the visual ray. 

Independently of the variable part of its proper motion, the whole 
of the motion which can be directly observed by us is only that 
portion of its real motion which is at right angles to the visual ray. 
Now it is precisely the other portion of it, which we could scarcely 
hope to learn from ordinary observations, which is revealed to us by 
prismatic observations. By combining both methods of research, it 
may be possible to obtain some knowledge of the real motions of the 
brighter stars and nebulez. 

Observations and comparisons, similar to those on Sirius, have 
been made on a Canis Minoris, Castor, Betelgeux, Aldebaran, and 
some other stars. The author reserves the results until these ob- 
jects have been reexamined. _ It is but seldom that the atmosphere 
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is favourable for the successful prosecution of this very delicate 
research, 

§ V. Observations of the Sun. 

The author has observed the sun with three distinct objects in 
view :— 

1. He has sought to discover if the spectrum of the hght from 
the less luminous part of the sun near the limb, differs in any respect 
from that of the light from the central parts of his disk. 

2. He hoped to obtain a view of the red prominences visible 
during a solar eclipse by reducing the light from our atmosphere by 
dispersion ; for, under these circumstances, if the red pron:inences 
give a spectrum of bright lines, these lines would remain but little 
diminished in brightness, and might become visible. 

His observations in these two directions have been hitherto unsuc- 
cessful. 

3. He proposed to seek to gain, from an examination of the spectra 
of the umbree and penumbre of solar spots, some information as to 
the nature of these phenomena. He has successfully applied the 
large spectroscope, already described, to the light from the umbra of 
a spot. 

His observations are in accordance generally with those communi- 
cated by Mr. Lockyer to the Royal Society. 

The author describes the examination of a spot on April 15th, 
1868. He shows that about three-fourths of the apparent light of 
the umbra came from that region of the sun, and the remaining 
fourth from the intervening illuminated atmosphere of the earth. 
He observed an increase of width in most of the dark lines of the 
solar spectrum. ‘The lines C and F, due to hydrogen, did not ap- 
pear stronger in the spectrum of the umbra. No new lines were 
detected, nor were any of those of the normal solar spectrum observed 
to be wanting, in the spectrum of the light from the umbra. No 
bright lines were seen. 

Some of the conditions of the solar surface are considered which 
the phenomena observed may be supposed to indicate. 
A cooler state of the heated vapours by which the lines of ab- 

sorption are produced would diminish the radiation from the gas 
itself, and so leave more completely uncompensated the absorption 
by the gas of the light from behind it. Though in this way an 
apparent increased intensity of the dark lines would result, the obser- 
vations seem to suggest a state of the vapours, connected with ten- 
sion and temperature, in which their power of absorption for each 
Jine embraces an increased range of wave-length. Some of the con- 
ditions under which this state of things may be brought about are 
discussed. 

The absence of bright lines is not considered conclusive of the 
complete absence of light in the umbra from luminous gas; for if 
there existed in the spot or above it the same vapours in a cooler 
state, the light would be almost wholly absorbed, and the feebler ema- 
nations of the cooler vapour might not do more than render less 
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intense the dark gaps produced by the vapours in the stronger light 
of all refrangibilities which is evidently present. 

What is the source of the light in the umbra which gives the con- 
tinuous spectrum? May the dense and intensely heated gases, which 
probably form the inner substance of the sun, emit, in some cases, 
lines so greatly expanded as to form, when numerous spectra are 
superposed, a sensibly continuous spectrum? Dr. Balfour Stewart 
has suggested that, as gases possess a power of general absorption 
of light, a heated mass of gas, if sufficiently dense to be opaque or 
nearly so, would give a continuous spectrum as well as the spectrum 
of bright lines peculiar to it. 

‘‘On the Spectrum of Brorsen’s Comet, 1868.” By William 
Huggins, F.R.S. 

In January 1866 I communicated to the Royal Society the result 
of an examination of a small comet visible in the beginning of that 
year*. I examined the spectrum of another small and faint comet 
in May 1867. The spectra of these objects, as far as their very feeble 
light permitted them to be observed, appeared to be very similar. In 
the case of each of these comets, the spectrum of the minute nucleus 
appeared to consist of a bright line between 6 and F, about the po- 
sition of the double line of the spectrum of nitrogen, while the ne- 
bulosity surrounding the nucleus and forming the coma gave a spec- 
trum which was apparently continuous. 

Unfavourable weather prevented me from obtaining an observa- 
tion of Brorsen’s comet, at its present reappearance, before April 29. 
Since that evening I have examined it on May 2, 4, 6, 7, 12, 13. 
As I have not noticed any change in its spectrum during this time, 
I will put together the results of my observations on different nights, 
in order to avoid the repetition which would occur if the observa- 
tions were arranged in the order in which they were made. 

I tried various spectroscopes upon this object. The best views 
of its spectrum were obtained with a spectroscope of the form already 
described in my former papers’, and furnished with one prism of very 
dispersive flint glass, with a refracting angle of 60°. Some measures 
were taken with a similar spectroscope with two prisms of 60°. 

The comet appears in the telescope as a nearly round nebulosity, 
in which the light increases rapidly towards the centre, where on 
some occasions I detected, I believe, a small stellar nucleus. Gene- 
rally this minute nucleus was not to be distinguished from the bright 
central part of the comet. I suspected two or three bright points in 
the coma. May 7, I perceived a small extension of the faint sur- 
rounding nebulosity in a direction opposite to the sun, so as to form 
a short tail. 

The spectrum of this comet consists for the most part of three 
bright bands. The length of the bands in the instrument shows that 
they are not due alone to the stellar nucleus, but are produced by 
the light of the brighter portions of the coma. 

* Proceedings of the Royal Society, vol. xv. p. 5 
+ Philosophical Transactions, 1864, p. 415, &c. 
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I took some pains to learn the precise character of these luminous 

bands. When the slit wus wide they resembled the expanded lines 
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seen in some gases—for example, the line F in the spectrum of hy- 
drogen at the atmospheric pressure. As the slit was made narrow 
the two fainter bands, namely the one in the yellow and the one in 
the blue, appeared to fade out without becoming more defined. I 
was unable to resolve these bands into lines. In this respect they 
are very different from the bright lines of the nebule, which become 
narrow as the slit is made narrow. 

The middle band, which is so much brighter than the others that 
it may be considered to represent probably three-fourths, or nearly so, 
of the whole of the light which we receive from the comet, appears 
to possess similar characters. In this nebulous band, however, I 
detected occasionally two bright lines, which appeared to be shorter 
than the band, and may be due to the nucleus itself. This suspl- 
cion seems to be strengthened by the circumstance that when by 
moving the telescope the image of the comet was made to pass _be- 
fore the slit, these brighter lines were only observed when the middle 
of the comet was upon the slit; while the nebulous band continued 
as long as any part of the comet, except its extreme margin, was upon 
the slit. 

Besides these three bright bands there was a very faint continuous 
spectrum. This spectrum is omitted in the diagram, as it could 
scarcely be represented without making it appear too strong rela- 
tively to the bright bands. 

The position in the spectrum of the bands was determined by 
micrometrical measures, and also by simultaneous comparison of the 
bands with the bright lmes of magnesium, sodium, hydrogen, and 
nitrogen. The brightest band, which is in the green part of the 
spectrum, is nearly in the position of the brightest line of the nebule, 
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which coincides with the double line of the spectrum of nitrogen ; 
but, as the diagram shows, the band in the comet is in a small de- 
gree less refrangible than the line of nitrogen. This difference of 
refrangibility cannot be attributed to the comet’s motion, since at the 
time the observations were made the comet was approaching the 
earth. 

The band in the blue is considerably more refrangible than F, and 
is nearly as refrangible as the group of bright lines in the air-spec- 
trum which have the numbers 2642, 2669 in the map and tables 
of my paper ‘‘On the Spectra of the Chemical Elements” *. 

The least refrangible of the bands occurs in the yellow part of the 
spectrum, at about the distance from E of one-third of the interval 
which separates E from D. 

The spectrum of this comet resembles the diagram given by Do- 
nati of the spectrum of Comet I., 1864+. The positions of the three 
bands seen by him appear to agree with those which the bright bands 
of this comet occupy. 

This comet differs remarkably.from the two small comets which _ 
I examined, in the much smaller relative proportion of the light which 
forms acontinuous spectrum. In Brorsen’s comet, as it now appears, 
the bright middle part of the nebulosity seems to have a constitu- 
tion analogous at least to that of the nucleus, and to be self-lumi- 
nous; in the other comets the coma, which surrounded a distinctly 
marked nucleus, gave a continuous spectrum. The three comets 
resemble each other in the circumstance that the light of the bright 
central part was emitted by the cometary matter, while the surround- 
ing nebulosity reflected solar light. 

The telescopic observations of the heads of Donati’s comet and of 
other large comets have shown that the luminous material is not at. 
once driven off into the outer portions of the coma and the tail, but 
usually forms in front of the nucleus a dense luminous cloud, which: 
for a time seems to be identical in the character of its light with 
that of the nucleus. It is, I believe, the outer portions only of the 
coma (which are frequently separated by dark spaces from the nu- 
cleus) and the tail which the polariscope has shown to shine by re- 
flected light. 

The positions of the bands in this comet would seem to indians a 
chemical constitution different from that of the nebule which give a 
spectrum of bright lines. It will be seen in the diagram that, though 
the brightest of the bands in the spectrum of the comet differs but 
little in position from the brightest line of the nebule, the other bands 
are found in parts of the spectrum widely removed from those in 
which the other lines of the nebulee occur. The suggestion presents 
itself whether the broad, nebulous bands may not indicate conditions 
of temperature and molecular state different from those which occur 
in the gaseous nebule. Plucker has shown that nitrogen and some 
other substances give totally different spectra under different condi- 
tions of temperature and tension. The spectrum of this comet, hows 

* Philosophical Transactions, 1864, p. 158. 
+ Astronomische Nachrichten, No. 1438. 
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ever, does not resemble the other spectrum of nitrogen, which Plucker 
distinguishes as the spectrum of the first order*. 

June 11.—Lieut.-General Sabine, President, in the Chair. 

The following communication was read :— 

“On the Occlusion of Hydrogen Gas by Metals.’ By Thomas 
Graham, F.R.S., Master of the Mint. 

In my experiments, already published, on the occlusion of hy- 
drogen by the metals palladium, platinum, and iron, the absorption 
of the gas was observed to be of uncertain occurrence at low tempe- 
ratures, but was ensured by heating the metal, whether in the form 
of sponge or aggregated by hammering, and allowing it to cool 
slowly and completely in a hydrogen atmosphere. This fact was 
referred to the condition of absolute purity of the metallic surface 
being essential to the first absorbing action, as it is to the action of 
platinum-foil or wire in determining the combustion of the gaseous 
mixture of oxygen and hydrogen, as observed by Faraday. A new 
method of charging the metals with hydrogen at low temperatures 
has lately presented itself, which is not without interest. . 
When a plate of zinc is placed in dilute sulphuric acid, hydrogen 

is freely evolved from the surface of the metal, but no hydrogen is 
occluded and retained at the same time. A negative result was 
indeed to be expected from the crystalline structure of zinc. But 
a thin plate of palladium immersed in the same acid, and brought 
into metallic contact with the zinc, soon becomes largely charged 
with the hydrogen, which is then transferred to its surface. ‘The 
charge taken up in an hour bya palladium plate, rather thick, at 12° 
amounted to 173 times its volume. ; 

The absorption of hydrogen was still more obvious when the pal- 
ladium plate was constituted the negative electrode in acidulated water. 
to a Bunsen battery of six cells. The evolution of oxygen gas at 
the positive electrode continuing copious, the effervescence at the ne- 
gative electrode was entirely suspended for the first twenty seconds, 
in consequence of the hydrogen being occluded by the palladium. 
The final absorption amounted to 200°4 volumes, and was greater in 
amount than the volume of hydrogen occluded by the same plate 
heated and cooled in an atmosphere of the gas, which did not ex- 
ceed 90 volumes. 

_ It is worthy of remark that, although the hydrogen enters the 
palladium and no doubt pervades the whole mass of the metal in 
such circumstances, the gas exhibits no disposition to leave the metal 
and escape into a vacuum, at the temperature of its absorption. 
Thus a thin plate of palladium, charged with hydrogen in the man- 
ner described, was washed, dried by a cloth, and then sealed up 
in an exhausted glass tube. On breaking the tube under mercury 
after two months, the vacuum was found perfect. No hydrogen had 
vaporized in the cold (about 12°); but on the application afterwards 
of a heat of 100° and upwards, 333 volumes of gas were evolved from 
the metal. | ‘eid 

* Philosophical Transactions, 1865, p. 9. - 



64. Royal Soctety :— 

A similar result was obtained on making a hollow palladium cy- 
linder, of which the length was 115 millimetres, diameter 12 milli- 
metres, and thickness 1 millimetre, the negative electrode in an acid 
fluid, while the closed cavity of the cylinder was kept exhausted by 
means of a Sprengel aspirator. No hydrogen whatever passed 
through into the vacuous cavity in several hours, although the gas 
was no doubt abundantly absorbed by the outer surface of the cylin- 
der and pervaded the metal throughout. 

It appears, then, that when hydrogen is absorbed by palladium the 
volatility of the gas may be entirely suppressed ; and hydrogen may 
be largely present in metals without exhibiting any sensible tension 
at low temperatures. Occluded hydrogen is certainly no longer a 
gas, whatever may be thought of its physical condition. The same 
conclusion was indicated by another series of experiments, in which 
it was found that, to be occluded by palladium, and even by iron, 
hydrogen does not require to be applied under much pressure, but, 
on the contrary, when highly rarefied is still freely absorbed by these 
metals. 

The occluded hydrogen is readily extracted from palladium by re- 
versing the position of the latter in the decomposing cell of the 
battery, so as to cause oxygen to be evolved on the surface of the 
metal. ‘The hydrogen is then drawn out as rapidly as it had pre- 
viously entered the palladium, and the metal is exhausted in a com- 
plete manner by such treatment. When palladium charged with 
hydrogen is left exposed to the atmosphere, the metal is apt to be- 
come suddenly hot, and to lose its gas entirely by spontaneous oxi- 
dation. 

Platinum may be charged with hydrogen by voltaic action, as 
well as palladium, but with the usual inferior proportion of gas. The 
charge of hydrogen taken up in a decomposing voltaic cell by old 
platinum in the form of a tube, of the thickness of a small crucible, 
was 2°19 volumes. This absorbed gas was also readily withdrawn 
from the platinum and oxidized on reversing the place of the metal 
in the decomposing cell. The platinum acquired its well-known po- 
larizing-power in virtue of the occluded hydrogen. This power was 
retained by the metal after being washed with pure water and wiped 
with a cloth, and was brought into action on placing the metal in 
dilute acid. The temperature required to expel the hydrogen so ab- 
sorbed by platinum was found to be little short of a red heat, 
although the gas had entered the metal at a low temperature. 

Soft iron, left some time in a dilute acid, occluded 0°57 volume 
of hydrogen. This charge of gas was also retained at low tempera- 
tures, and did not escape into a vacuum till the temperature was 
raised nearly to redness. This proves that, like platinum, iron is not 
penetrated through in the cold by hydrogen, the temperature of emis- 
sion being elevated considerably *. 

* In M. Cailletet’s experiment of exposing a thin sheet of iron to an acid, the 
metal is no doubt penetrated through by hydrogen in the cold, but apparently 
from the penetrating agency of the acid which is insinuating itself into the 
metal at the same time,— Comptes Rendus, 4 Mai 1868 
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While hydrogen was absorbed freely by palladium and platinum as 
negative plates, no oxygen whatever was absorbed by plates of the 
same metals in the position of positive electrodes. Oxygen gas was 
disengaged freely on the surface of the latter without being con- 
densed. A platinum plate which had acted for several hours as a 
positive electrode, gave afterwards, when submitted to heat with ex- 
haustion, a small trace of carbonic acid but no oxygen. 

The familiar igniting-power of platinum sponge (or clean plate) 
upon a jet of hydrogen in the air seems to depend solely upon the 
influence of the metal upon its occluded hydrogen. The hydrogen 
appears to be polarized, and to have its attraction for oxygen greatly 
heightened. I beg to offer the following representation of this phe- 
nomenon, with an apology for the purely speculative character of the 
explanation. The gaseous molecule of hydrogen being assumed to 
be an association of two atoms, a hydride of hydrogen, it would fol- 
low that it is the attraction of platinum for the negative or ‘“‘ chlo- 
rylous”’ atom of the hydrogen molecule which attaches the latter to 
the metal. The tendency, imperfectly satisfied, is to the formation 
of a hydride of platinum. The hydrogen molecule is accordingly 
polarized, ortenté, with its positive or ‘‘ basylous”’ side turned out- 
wards, and having its affinity for oxygen greatly enlivened. It is 
true that the two atoms of a molecule of hydrogen are considered to 
be inseparable ; but this may not be inconsistent with the replace- 
ment of such hydrogen atoms as are withdrawn, on combining with 
oxygen, by other hydrogen atoms from the adjoining molecules. It 
is only necessary to suppose that a pair of contiguous hydrogen 
molecules act together upon a single molecule of the external oxygen. 
They would form water, and still leave a pair of atoms, or a single 
molecule of hydrogen, attached to the platinum. 

The oxidation of alcohol, ether, and similar hydrocarbons, through 
the agency of platinum, likewise appears to be always an immediate 
consequence of a similar polarization of the hydrogen of those sub- 
stances, or of some other oxidable constituent. 

As has already been remarked, it does not follow that, because a 
gas is occluded by a metal, under the pressure of the atmosphere, 
at a low temperature, the gas will also escape from the metal into 
avacuum atthe same temperature, a much higher temperature being 
often required for the expulsion of the gas than for its first absorption. 
This is particularly true of carbonic oxide occluded by iron. Cast 
iron is much too porous for such experiments, and allows carbonic 
oxide, equally with other gases, to pass through abundantly by the 
agency of gaseous diffusion. Even with malleable iron there is a 
difficulty in observing, owing to the long time during which that 
metal continues to discharge carbonic oxide from its own store of 
that gas. Buta malleable iron tube, first thoroughly deprived of 
its natural gas, was found to allow carbonic oxide to pass through it 
into a vacuum very slowly compared with hydrogen, although the 
volume of carbonic oxide which the metal is capable of absorbing is 
very sensible, amounting to 4 volumes, and more considerable than 
the volume of hydrogen which the same metal can occlude. Car- 
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bonie oxide did not sensibly pass through iron of 1*7 millimetre in 
thickness till the temperature was greatly elevated; and then the 
passage of gas was, in a minute— 

Of carbonic oxide, at a full red heat, 0°284 cub. centim. per 
square metre of surface. 

Of hydrogen oxide, at a full red heat, 76°5 cub. centims. per 
square metre of surface. 

The condition of hydrogen as occluded by a colloidal metal may 
be studied with most advantage in its union with palladium, where 
the proportion of gas held is considerable. In the pulverulent 
spongy state, palladium took up 655 volumes of hydrogen; and so 
charged it gave off no gas 7m vacuo at the ordinary temperature, 
nor till its temperature was raised to nearly 100°. Hammered 
palladium foil has been observed to take up quite as much gas. But 
the condition in which palladium appears to be most absorptive is 
when precipitated from a solution of about 1°6 per cent. of the chlo- 
ride, by the action of a voltaic battery, in form of a compact metal. 
Palladium is not one of the metals readily thus precipitated ; but it 
may be thrown down upon a thin platinum wire, in brilliant lamine, 
by the action of a large single cell. The palladium after a time 
detaches itself from the wire, exhibiting a bright white metallic sur- 
face where it had been in contact with the platinum, and a dull 
surface, suggesting metallic arsenic, on the side exposed to the acid. 
As so prepared, it does not contain any occluded hydrogen. But the 
metallic films, when heated to 100° in hydrogen, and allowed to cool 
slowly for an hour in the same gas, were found to occlude 982°14 
volumes of gas, measured with thermometer at 11°, and barometer 
at 756 millimetres. This is the largest absorption of hydrogen 
observed. From palladium so charged there was a slight indi- 
cation of the escape of hydrogen into a vacuum, with extreme 
slowness im the cold. This charged palladium is represented by 
weight as 

Palladium 1:0020 grm........... dice '99°277 
Hydrogen 0°0073 ermi 2322523302 922. A728 

100-000 
It is in the proportion of one equivalent of palladium to 0°772 

equivalent of hydrogen*, or there is an approximation to single 
equivalents Pd H. But the idea of definite chemical combina- 
tion is opposed by various considerations. No visible change is 
occasioned to the metallic palladium by its association with the 
hydrogen. Hydrides of certain metals are known, as the hydride 
of copper (Wurtz) and the hydride of iron (Wanklyn) ; but they are 
brown pulverulent substances with no metallic characters. Indeed a 
hydride of palladium itself can be formed, but not preserved, on ac- 
count of its great instability. Following the process of M. Wurtz 
for the hydride of copper, nitrate of palladium was boiled with 
sulphuric acid, and the sulphate of palladium (a red crystalline salt) 

* Ha) Pa= 1065: 

eg a 
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prepared. A solution of this salt, with an excess of sulphuric acid, 
was precipitated by the hypophosphite of soda; a black powder fell, 
which speedily underwent decomposition at 0°, evolving copious 
volumes of hydrogen gas. The final residue appeared to be pure pal- 
ladium, of its usual black amorphous appearance, and with no trace 
of crystallization. Itis singular that this palladium precipitate con- 
tained no occluded hydrogen; and even when heated, and after- 
wards exposed to an atmosphere of hydrogen in the usual manner, 
the palladium black so prepared condensed no sensible quantity of 
that gas. 

I am inclined to conclude that the passage of hydrogen through a 
plate of metal is always preceded by the condensation or occlusion 
of the gas. But it must be admitted that the rapidity of penetra- 
tion is not in proportion to the volume of gas occluded ; otherwise 
palladium would be much more permeable at a low than at a high 
temperature. A plate of that metal was sensibly exhausted of hy- 
drogen gas at 267°, but continued permeable, and in fact increased 
greatly in permeability at still higher temperatures, and without 
becoming permeable to other gases at the same time. In a striking 
experiment, a mixture of equal volumes of hydrogen and carbonic 
acid was carried through a small palladium tube, of which the 
internal diameter was 3 millimetres, and the thickness of the wall 
0°3 millimetre. From the outer surface of this tube gas escaped 
into a vacuum, at a red heat, with the enormous velocity of 1017:54 
cub. centims. per minute for asquare metre of surface. This gas did 
not disturb baryta-water. It was pure hydrogen. 

A still more rapid passage of hydrogen was observed through the 
substance of a hollow cylinder of palladium 1 millimetre in thick- 
ness, at a higher temperature, approaching the melting-point of 
gold. The palladium cylinder being enclosed in a porcelain tube 
charged with pure hydrogen, was exhausted as usual, and gave 105°8 
cub. centims of gas in five minutes ; measured with bar. 753 millims., 
therm. 10°. As the external surface of the palladium tube amounted 
to 0°0053 square metre, the passage of gas was 

3992:22 cub. centims. from a square metre of surface, per minute, 
The rate of penetration of hydrogen through the same paliadium 

tube, at the lower temperature of 265° C., was previously observed 
to be 

327 cub. centiims. from a square metre of surface, per minute. 
The velocity of penetration thus appears to increase in a rapid ratio 

with the temperature. 
When carbonic acid was substituted for hydrogen, at the same 

high temperature, a very minute penetration was perceived, amount- 
ing to 

1°86 cub. centim. from a square metre of surface, per minute. 
This gives for carbonic acid one twenty-thousandth part of the 

rate of hydrogen. Whether it is a penetration of the same sort, 
although greatly less in degree, or rather the consequence of a 
sensible porosity in the palladium (of which it would become the 
measure), remains uncertain, 

F2 
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The quantity of hydrogen held by the metal at these high tem- 
peratures may become too small to be appreciated; but I presume 
it is still present, and travels through the metal by a kind of rapid 
cementation. ‘This extreme mobility is a singular property of hy- 
drogen, which was involved in the fundamental discovery, by MM. 
H. Sainte-Claire Deville and Troost, of the passage of that gas through 
plates of iron and platinum at high temperatures. 

The marked rapidity of the passage of the same gas through 
a thin sheet of caoutchouc appears to be more capable of explana- 
tion on known principles. Caoutchouc of less than 0°1 millimetre in 
thickness, if impregnated with hydrogen, loses its gas entirely by 
the most momentary exposure to the air. A tube of 2 millimetres in 
thickness, through which hydrogen and carbonic acid were singly 
passed, each for an hour, was found to retain— 

Of hydrogen © .\. Saar ee reteton 0:01135 volume. 
Of'carbonicacdae 4 eee 0:22004 

The absorption, then, is in the proportion of 1 hydrogen to 20 car- 
bonic acid, but the comparative rate of penetration of the two gases 
through a sheet of caoutchouc is as 1 hydrogen to 23 carbonic acid ; 
or the hydrogen moves eight times as rapidly as the density of its 
solution would indicate. But these gases differ m diffusibility as 
carbonic acid 1 to hydrogen 4:7. The rapid passage of hydrogen 
through caoutchouc is thus partly explained by the rapid manner in 
which that gas is brought to one surface of the sheet and conveyed 
away from the other by gaseous diffusion. Again, both substances 
travel through the substance of the caoutchouce by their diffusibility 
as liquids. Suppose hydrogen in that form to be nearly as much 
more diffusive than the other substance as it is when both are gaseous, 
then the observed rapid passage of hydrogen through caoutchoue 
would appear to be fully accounted for. 

Liquid diffusion has also a bearing upon the rapid dissemination 
of hydrogen through a soft colloid metal, like palladium or plati- 
num, at a high temperature. The liquid diffusion of salts in water 
is known to be six times as rapid at 100° as at 0°. If the diffusion 
of liquid hydrogen increases with temperature in an equal ratio, it 
must become a very rapid movement at a red heat. Although the 
quantity absorbed may be reduced (or the channel narrowed), the 
flow of liquid may thus be increased in velocity. The whole phe- 
nomena appear to be consistent with the solution of liquid hydrogen 
in the colloid metal. The “solution affinity” of metals appears to 
be nearly confined to hydrogen and carbonic oxide, so that metals 
are not sensibly penetrated by other gases than these. 

ROYAL INSTITUTION OF GREAT BRITAIN. 

May 22, 1868.—‘‘On some Effects of the Heat of the Oxyhy- 
drogen Flame.” By William Qdling, M.B., F.R.S. 

I, 

Chemical changes, whether of combination or decomposition, 
result in the production of new bodies which, under the conditions 
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of the change, have for the most part a greater stability than the 
original bodies. 

One evidence of this greater stability is afforded by the develop- 
ment of a quantity of heat (the heat of chemical action) from the 
produced bodies having a smaller potential heat than the originalones. 

It results, both from reason and experiment, that in order to undo 
or reverse any definite chemical action, just so much heat must be 
directly or indirectly expended as was evolved by the original action. 

For the same quantity of heat evolved, the resulting temperature 
varies with the mass and kind of matter heated, and with the rapid 
or gradual evolution of the heat. 
When the evolution of heat is instantaneous, the resulting tempe- 

rature may be calculated from the quantity of heat evolved and the 
mass and specific heat &c. of the matter heated. 
By a unit of. heat is meant the quantity of heat necessary to raise 

the temperature of one kilogramme of water one degree Centigrade, 
or, more accurately, from 0° to 1°, 

II. 

Every 18 grammes of water is a combination of two 1-gramme 
proportions of hydrogen H, with one 16-gramme proportion of oxy- 
gen O; and by the combination of 2 grammes of hydrogen with 16 
grammes of oxygen, there are developed 68 units of heat. 

Of these 68 units of heat, however, little more than 57 units are 
really due to the chemical action, nearly 11 units of heat being 
evolved by the contraction of the original mixed gas into two-thirds 
its volume of steam, and by the further condensation of the resulting 
steam into 18 cubic centimetres of water. 

While the quantity of heat evolved by the combination of a given 
quantity of oxygen and hydrogen is invariable, the intensity of the 
heat may vary from a scarcely recognizable rise of temperature up 
to the highest temperature of the oxyhydrogen blowpipe flame, ca- 
pable of fusing platinum and silica. 
A most remarkable effect of the intense temperature resulting from 

the combination of oxygen and hydrogen into water, is the partial 
decomposition of water into oxygen and hydrogen, discovered by 
Mr. Grove in 1846. 

At this high temperature hydrochloric acid and carbonic anhydride 
gases also undergo partial decomposition, into hydrogen and chlorine 
and into carbonous oxide and oxygen respectively. 

Upon what do these singular decompositions by heat, of bodies _ 
formed with great evolution of heat, depend? or with what class of 
chemical phenomena may they be associated ? 

Il. 
Under certain familiar conditions, chemical action seemingly takes 

place to its utmost possible extent in a single direction only, with 
production of a maximum amount of the substance that is formed 
with maximum evolution of heat. 

For example, taking atomic proportions in grammes, the heat of 
formation of chloride of zinc, ZnCl’, is 101 units; and the heat of 
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formation of chloride of copper, CuCl’, is 60°5 units. Hence, with 
chlorine in solution and excess of both copper and zinc, there is 
finally produced the maximum possible amount of chloride of zinc 
and no chloride of copper. 

Again, on addition of sufficient zine to solution of chloride of cop- 
per, there is complete combination of chlorine with zinc and complete 
separation of chlorine from copper, 7. e. complete burning of the one 
metal and complete unburning of the other. 

IV. 
But under simpler though less familiar conditions, chemical action 

habitually takes place in more than one direction simultaneously, 
with production of correlative products in varying proportions. 

Thus, with hydrogen and excess of both chlorine and oxygen, 
although the heat of formation of oxide of hydrogen, H*O, is 57 
units, and the heat of formation of chloride of hydrogen, 2 HCl, is 
only 47°5 units, yet in this case the hydrogen does not combine with 
the oxygen to the exclusion of the chlorine, but divides itself between 
the oxygen and the chlorine in proportions which vary with the con- 
ditions of the experiment. 

In accordance with this result it is found that, at the same red 
heat, excess of chlorine will effect the partial decomposition of water 
with extrusion of oxygen, and, conversely, that excess of oxygen 
will effect the partial decomposition of hydrochloric acid with extru- 
sion of chlorine. 

So that, beginning with the two chemical substances water and 

chlorine, or beginning with the two chemical substances hydrochloric 
acid and oxygen, or beginning with the three chemical substances 
hydrogen, chlorine, and oxygen, there exist at a full red heat the four 

chemical substances, water, hydrochloric acid, chlorine, and oxygen— 
the proportions of the four substances depending certainly upon the 
relative quantities present of the elements concerned, and most pro- 
bably also upon the temperature of the experiment. 

Similarly, beginning with the one chemical substance water 
(Grove), or beginning with the two chemical substances oxygen and 
hydrogen (Bunsen), there always exist at a sufficiently high tempe- 
rature the three chemical substances water, oxygen, and hydrogen. 

Although, by exposure to a red heat, the electrolytic mixture of 
oxygen and hydrogen gases becomes completely combined or trans- 
formed into water, yet, as recently shown by Bunsen, at the high 
temperature of 2024° only one-half, and at the still higher tempera- 
ture of 2844° only one-third of the mixture undergoes combination, 
the other one-half or two-thirds remaining in the state of mixed gas. 

Vi 
Chemists are acquainted with many reciprocal actions comparable 

with those of chlorine upon water, and of oxygen upon hydrochloric 
acid, the most familiar instance being probably the decomposition of 
ignited oxide of iron by hydrogen with extrusion of iron, and the 
converse decomposition of oxide of hydrogen by ignited iron with 
extrusion of hydrogen, 
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Similarly, sodium will decompose the oxides of carbon, while carbon 
will decompose oxide of sodium; and just as a sufficient excess of 
chlorine may be made to effect the almost complete decomposition 
of a given quantity of water, so may a sufficient excess of carbon (or 
carbonous oxide) be made to effect the almost complete decomposition 
of a given quantity of sodium-oxide or zinc-oxide, as in the ordinary 
processes for obtaining the two metals, notwithstanding that, for 
an equal consumption of oxygen, the respective combination heats 
of sodium and zinc exceed by far the combination heat of carbon or 
carbonous oxide. 

Again, although the combination heat of oxygen and carbonous 
oxide is 68 units, while that of oxygen and hydrogen is only 57 
units, yet, as was shown by Bunsen many years ago, upon exploding 
a mixture of oxygen with a joint excess of carbonous oxide and hy- 
drogen, the oxygen does not attach itself exclusively to the carbonous 
oxide, but divides itself between the carbonous oxide and hydrogen 
in a ratio determined by their relative proportions. 

GEOLOGICAL SOCIETY, 

[Continued from yol. xxxv. p. 399. | 

March 25th, 1868.—Prof.T. H. Huxley, LL.D., F.R.S., President, 
in the Chair. 

The following communications were read :— 
1. “On some new species of Palzozoic Crustacea from the 

Upper Silurian rocks of Lanarkshire, &c., and further Observations 
on the Structure of Pterygotus.” By Henry Woodward, Esq., 
F.G.S., F.Z.58. 

The nature of the remains which have been referred by Mr. 
Salter to Hurypterus (Pterygotus) punctatus was first discussed by 
the author, who came to the conclusion that the Lanarkshire spe- 
cimens belong to a new species—LHurypterus scorpioides,—while the 
chelate antennz and the detached lip-plate must have belonged to 
other species. 

Eurypterus scorpioides is the first of the new forms now described 
by Mr. Woodward, and is represented by a specimen exhibiting an 
almost entire individual, and certain other fragments. The punc- 
tate ornamentation of this species may be readily distinguished from 
the scale-like markings of Pterygotus and Slimoma. ‘The second new 
form, Hurypterus obesus, is remarkable for the great obesity of the 
thoracic somites; it is represented by the impression and counter- 
part of an entire specimen. Its small size suggested to the author 
the possibility of its being the young of some larger species. ‘'he 
third new species, Pterygotus raniceps, is at present known only by 
a single example; its head is remarkable on account of its obtusely 
pointed triangular form and prominent marginal eyes. 

In conclusion the author made some observations on the structure 
of Pterygotus, showing that it possessed a series of branchial plates 
—leaf-like bodies presenting a highly vascular and delicate struc- 
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ture, arranged in a linear series of from 6 to 8 in each row, and 
appearing to have occupied a position beneath the thoracic plate on 
the ventral surface of the body, as seen in Limulus at the present 
day. He also suggested that Pterygotus perornatus and P. crassus 
are both varieties of P. bilobus. 

2. “*On the Coniston Group.” By Prof. R. Harkness, F.R.S., 
F.G.S., and Dr. H. A. Nicholson, F.G.S. 

The object of this communication was to record the occurrence of 
a new and unique horizon, containing a rich Graptolite-fauna, in 
that portion of the Silurian series of the Lake-district termed the 
Coniston-flags by Professor Sedgwick. ‘The authors also gave a 
detailed description of these flags, and pointed out their physical 
and paleontological relations with the Coniston Limestone below 
and the Coniston Grits above them. 

The paleontological relations of the Coniston Limestone and of 
the underlying green slates and porphyries have been previcusly 
shown to be those of the Bala and Caradoc group. The mudstones 
succeeding to the Coniston Limestone yield an entirely new fauna, 
including six species of Diplograpsus, all of which, with one excep- 
tion, are in Britain characteristic Upper-Llandeilo forms; and the 
evidence of the other species is in the same direction, In Ireland, 
however, many of these species have been obtained from strata of 
Caradoc age. ‘The fossils of the Coniston Grits have very little 
afhnity with those of the Kendal Flags, nor do they exhibit such a 
facies as would connect them with the lower members of the Upper 
Silurian series. Palzontologically, therefore, this Coniston series 
must be looked upon as a continuous group of rocks; and the phy- 
sical evidence leads to the same conclusion. ‘There is thus, in the 
Lake-district, a greater development of Caradoc and Bala rocks than 
is to be found elsewhere in the British Islands, as we are now re- 

quired to adda great thickness of strata, possessing, on the whole, 
a decidedly Lower-Silurian fauna, but containing some new forms 
of life in its higher portions. 

3. ‘Death of Fishes on the coast of the Bay of Fundy.” By Dr. 
A. Leith Adams, F'.G.S., 22nd Regiment. 

On the 24th of September, during a heavy gale from the west, 
impinging almost straight on to the entrance of the Lagoon, known 
as Anderson’s cove, enormous numbers of fish were observed floating 
dead upon the surface of the water, and thrown up in quantities by 
the waves. On the gale subsiding, the whole surface of the lagoon 
and its bauks were covered with dead fish, to the depth of a foot in 
some places. It was evident that the shoal had been literally ground 
to pieces against the rocks by the force of the waves. In conclusion 
the author referred to the vast quantities of fossil fish found in the 
Devonian and other strata, which suggested catastrophes allied to 
the above incident. 

4. ‘©On Volcanoes in the New Hebrides and Banks Islands.” 
By R. Atkins, Esq., of the ‘ Southern Cross.’ 

The author described the islands of Tanna, Lopevi, and Ambrym, 

. 

: 
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in the New Hebrides, and Santa Maria and Great Banks Islands, 
among the Banks-Island group, as being now active volcanoes, and 
gave an account of a visit to the Hot Springs of Great Banks 
Island. These springs deposit quantities of almost pure sulphur. 

April 8th, 1868.— Prof. T. H. Huxley, LL.D., F.R.S., 
President, in the Chair. 

The following communications were read :— 
1. “ On the Affinities and probable Habits of the extinct Austra- 

lian Marsupial, Zhylacoleo carnifez, Owen.” By W. H. Flower, 

Esq., F.R.S., F.G.S., &c. 
Thylacoleo was first described by Prof. Owen in the Philosophical 

Transactions for 1859, from an imperfect skull, the characters of 

which led to the conclusion that it was ‘‘one of the fellest and 
most destructive of predatory beasts,” having its nearest affinities 
among existing marsupials with Dasyurus ursinus, although the 
interval be still very great between them. In a subsequent de- 
scription of a more perfect skull, Prof. Owen’s views of the afh- 

nities, though not of the habits and food of the animal, were modi- 
fied. It was stated to be more nearly related to the Diprotodons, 
Nototheres, Koalas, Phalangers, and Kangaroos, but at the same 

time to exemplify ‘‘ the simplest and most effective dental machinery 
for predatory life and carnivorous diet known in the Mammalian 
class.”’ 

The author of the present paper, while entirely concurring with 
Prof. Owen in his later views of the affinities of Thylacoleo, and 
pointing out in detail its relations, especially with the Rat Kan- 
garoos (Hypsiprymnus) and the Phalangers (Phalangista), demurred 
to the soundness of the conclusion as to its predaceous habits. He 
remarked that as the greater number, if not all, of the known animals 

of the group to which Thylacoleo undoubtedly belongs are either 
vegetable or mixed feeders, the probabilities would be that this 
creature conformed with its congeners in this respect, unless it 

possessed any such striking adaptive modification of the normal 
typical dentition of the group as to lead to a directly opposite 
conclusion. 

He then proceeded to discuss this question, showing that in its 
rodent-like incisors, rudimentary canines, and hypsiprymnoid pre- 
molars it presents no sufficient approximation to any of the true 
predaceous carnivores, either placental or marsupial, as in his 
opinion to justify the inference as to its habits which is expressed 
in the name bestowed upon it. 

2. “On the Thickness of the Carboniferous Rocks of the Pendle 
Range of Hills, Lancashire.” By E. Hull, Esq., B.A., F.R.S., 
F.G.S., of the Geological Survey of Scotland. 

This paper was supplementary to a former communication by the 
author, in which he endeavoured to prove the south-easterly attenua- 
tion of the Carboniferous sedimentary strata of the North of England, 
while the calcareous member (the Mountain-limestone) attained its 
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greatest vertical development in Derbyshire, and thence thinned 
away northward and westward. ‘The author now gave the results 
of his subsequent investigations while engaged in the survey of the 
Pendle Range and the neighbourhood of Burnley and Blackburn, 
which have shown that the increase in the thickness of the sedi- 
mentary deposits is continued into that district, the aggregate thick- 

ness of the Coal-measures, the Millstone-grit, and the Yoredale 
series being in the Burnley district 18,635 feet, while in Leicester- 
shire it has dwindled down to 3100 feet. In discussing the ques- 
tion of the source of these sediments, the author came to the con- 
clusion that they were derived from a primeval Atlantis,—a view 
which he considered to be strengthened by the fact that the Carbo- 
niferous sedimentary strata of North America also swell out towards 
the north-east, and become attenuated towards the south and west. 

3. ‘Observations on the relative Ages of the leading physical 
Features and Lines of Elevation of the Carboniferous district of 
Lancashire and Yorkshire.’ By E. Hull, Esq., B.A., F.R.S., of 
the Geological Survey of Scotland. 

The author first described the Pendle Range as a great arch of 
Carboniferous rocks, bordered on the north and south by a succes- 
sion of parallel (W.S.W. to E.N.E.) arches and troughs, to all of 
which he assigned a Preepermian age. He regarded them as be- 
longing to the earliest of three consecutive periods of disturbance, 
to which all the principal flexures and faults of the district may be 
referred. The Pennine Chain, which runs nearly north and south, 

he believed to have been upheaved during a later period, namely, 
the close of the Permian, while the numerous north-west faults of 
the district under consideration he referred to the close of the 
Jurassic period. Mr. Hull described in detail the evidence upon 
which these conclusions rested, observing that immediately upon the 
close of the Carboniferous period the northern limits of the Lanca- 
shire and Yorkshire coal-fields were determined by the upheaval 
and denudation of the beds along east and west lines, the coal-fields 
themselves retaining their original continuity across the region now 
formed of the Pennine Hills, from Skipton southwards. At the 
close of the Permian period these coal-fields were dissevered by the 
uprising of the area now formed of the Pennine range, by lines of 
upheaval ranging from north to south, nearly at right angles to the 
former, this fact being of itself an evidence of difference of age. In 
conclusion the author pointed out that the denudation of the rocks 
of the district may be referred to seven periods, beginning with the 
commencement of the Permian and ending with the Postglacial; he 
defined the duration and effect of each of these periods, and stated 
the evidence on which his conclusions rested. 
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XIII. Intelligence and Miscellaneous Ariicles. 

ON THE SPECTRUM OF BRORSEN’S COMET. 

BY FATHER SECCHI. 

EAHING advantage of a few tolerably bright evenings, I have ex- 
amined the prismatic spectrum of Brorsen’s comet, which is 

now tolerably visible. 
The spectrum is not visible enough with compound spectroscopes 

with a slit, the light being too feeble; I therefore used a simple 
spectroscope with direct vision. To fix the position of the lines, I 
first used the direct image of the comet seen with its spectrum; but 
as the light was still too faint, I determined the relative positions of 
the lines by comparing them with those of Venus, placing the comet 
and the planet successively in the same position on the finder. 
Both methods gave identical results, but the latter gave most light. 

The spectrum of the comet is discontinuous; it consists at first of 
feeble light, filling the field of view, in which three zones stand out 
with sufficient distinctness to appear more expanded than the rest. 
The brightest is the middle zone, which occupies the green colour, 
and corresponds to the region comprised between the magnesium (6) 
and the hydrogen (F), but much nearer the former; the breadth of 
this zone is very restricted, and does not exceed one-fifth of the dis- 
tance of the two lines. When the atmosphere is particularly favour- 
able, it is almost reduced to a single bright line, about as broad as the 
nucleus of the comet. Another brilliant zone, though far less intense, 
is met with in the greenish yellow, in the middle of the distance be- 
tween the sodium (D) and the magnesium (6). Another band in 
the red is sometimes met with, but it is fixed with difficulty. The 
third zone of luminous intensity, about halfway between the two 
former, is on the side of the blue, at about one-third of the dis- 
tance from F to G, starting from F. This band is brilliant enough 
to be well measured, and produces by scintillation the appearance of 
a line. 

The following is the relative position of these bands referred to the 
spectrum of Venus in terms of the micrometer :— 

Sedimm (DD). cess vias se dass. o 5:13 
Comet, first luminous band......... 5°92 

Magnesium (0) . 6°83 
Comet, second, very “prillians herd 7:07 

lydromen\ GE) ci iers a see ae ee es 7°94 
Comet plastenosy line #.)tey 294% ay: Sea2 
ie Ga earn cs en, bahia we ee OES 

These measurements are as exact as the feebleness of the comet's 
light permits, which is scarcely that of a star of the seventh mag- 
nitude. 

These observations lead us to interesting results. It seems at 
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first that we are justified in concluding the light to be formed solely 
of reflected solar light ; now that which comes from the sun would 
perhaps only constitute the diffused basis of the field of vision. 
The comet would then have a light of its own, the tint of which 
very much resembles that of the nebule, but its position greatly 
differs from that of the nebular lines, one of which coincides with f. 
The other line of the comet is also different in position, and is on 
the further side, nearer magnesium than the nebular ray. It is thus 

proved that the displacement does not result from motion, but 
is due to the nature of the cometary matter. As these bands are 
more luminous than those of a star of equal magnitude, we are led to 
the assumption of a special light emanating from the comet. The 
measurements are not close enough to justify our comparing these 
spectra with those of other known spectra; and we now know, more- 
over, that this comparison would be illusory, for the visibility of the 
spectra in gases depends on numerous circumstances which we can- 
not determine. 

In the second place, this spectrum strongly resembles that which 

other astronomers besides myself have observed in other comets. 
We may thus generalize these results by induction; and that 
would furnish an argument for the extraplanetary origin of these 
bodies. 

Taking Venus near its greatest digression, and analyzing it with a 
spectroscope with angular vision with two prisms, I observed that the 
light indicated traces of atmospheric action at a height above the 
horizon too great for the influence of the terrestrial atmosphere to 
be perceptible. ‘This must then be referred to the atmosphere of 
Venusitself. It is wellseen in the region of Brewster, named ¢, and 
in the other region in front of the sodium. ‘These bands are due to 
aqueous vapour. The lines of nitrogen of the air near F are also 
greatly strengthened, which proves the presence of an atmospliere 
about this planet analogous to our own. 

These observations have been confirmed on the simple spectro- 
scope made with Merz’s and with Hofmann’s prisms, using eyepieces 
formed with cylindrical lenses, which were sent me by M. Merz, and 
which possess a high degree of perfection. 
Now that with such powerful means we can penetrate into the 

constitution of the stars, I have put the question to myself whether 
the diversity of the spectra in certain types of stars does not rather 
arise from differences in the proportions of substances which consti- 
tute them, than from an absolute diversity in the substances them- 
selves. I have commenced this investigation in detail by comparing 
stars of the second type (yellow stars like our sun) and red stars of 
the third type. 

Comparing the two stars « Orionis and Arcturus, a surprising 
identity is found between the principal lines and those of our sun. 
More than thirty lines were found to be identical with those of 
Fraunhofer’s map, which by its size is better fitted for these com- 
parisons than Kirchhoff’s large map. ‘The fundamental difference 
appeared to consist in the strongest lines being more intense in 
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a Orionis than in Arcturus; andallare less so thanin the sun. It 
might, moreover, be asked whether even in our sun the intensity of 
these lines is constant; and this we are led to doubt when we com- 
pare Fraunhofer’s figure with that of Van der Willigen, in which 
fainter lines are met with than those marked by the first observer. 
The group which stands out the best is that of iron; @ Orionis has, 

moreover, systems of gaseous absorption analogous to those of our 
atmosphere. But this kind of investigation is only just sketched out, 
and much time is required to arrive at definite results. 

Unfortunately this investigation cannot be accelerated, owing to 
the small number of nights without any moon, and suitable for it 
in other respects, and to the danger of fatiguing the sight too much. 
A phenomenon is in fact frequently met with which shows how an 
observer must be somewhat on his guard. When, after having 
kept the eye fixed on a star for some time, we look into the finder 
of the large telescope for several seconds, a perfectly dark band of 
the same size as the spectrum is seen across the field itself. The 
eye is thus paralyzed by the decomposed light far more than by a 
white light of equal intensity. Inversely, on putting the eye to the 
telescope, for the first few moments scarcely any of the numerous 
details are observed, which begin to come out little by little until 
complete definition is attained. ‘These phenomena show that the 
eye must be spared, and that without care it might be injured in 
these researches. 

But at the same time we see what an intensity the system of cy- 
lindrical ocular lenses can retain. Some time ago it could scarcely 
have been suspected that the eye could be fatigued by the light of 
the spectrum of a star.—Comptes Rendus, May 11, 1868. 

ON GILDING GLASS FOR THE PREPARATION OF OPTICAL MIRRORS. 

BY W. WERNICKE. 

In the last ten years various methods of silvering glass for the pre- 
paration of optical mirrors have been described, which have been 
successfully applied in practice. In order also to enfeeble the action 
of the sun’s rays in solar observations, it is usual now to coat the 
object-glasses of telescopes with thin layers of silver—a method first 
proposed by Foucault, and now introduced into several observatories. 
The nature of silver is opposed to a continued use of the metallic 
mirror; for when exposed to the air it loses its lustre after no great 
length of time, owing to the foreign gases present in the air. 

Hence it has been frequently proposed to replace silver by gold 
for the above purposes; but the methods published have turned out 
to be of little use when tried. In vol. cxl. of Liebig’s Annalen, 
Liebig has described a method based on the reduction of a specially 
prepared alkaline solution of gold by a mixture of alcohol and ether. 
The success of this method depends, however, on points not fully 
understood ; and it is therefore inapplicable on a large scale. 
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Engaged on optical experiments, I have recently found a method 
which never fails and can always be easily and conveniently exe- 
cuted. For the preparation of a brilliant and firmly adhering layer of 
gold three solutions are prepared, which are kept separate, and when 
used need only be mixed in definite proportions :— 

1. A solution of chloride of gold in water containing 1 grm. gold 
in 120 cubic centims. ‘The gold is dissolved in the smallest quantity 
of aqua regia, the excess of acid evaporated on the sand-bath, and the 
solution diluted 120 cubic centims. It is not necessary to heat the 
hydrochloric acid solution until protochloride is formed ; for the pre- 
sence of a small trace of free acidis unimportant in the formation of a 
good mirror. ‘The solution of gold must, however, be absolutely free 
from such metals as are deposited in the metallic form by the redu- 
cing-liquid, and more especially from silver. If the chloride of gold 
contains traces of chloride of silver, most of the gold is deposited in 

the metallic form, and the thin badly coloured mirror is soon de- 
tached from the glass. 

2. Soda-lye of the specific gravity 1:06. This need not be pure; 
in my experiments I have used commercial soda (containing chlorine 
and sulphuric acid) made caustic by ordinary lime, with the same 
success as chemically pure caustic soda. 

3. The reducing-liquid. 50 grms. of sulphuric acid are mixed 
with 40 germs. of alcohol and 35 grms. of water ; and after the addi- 
tion of 50 grms. of finely powdered manganese, the mixture is distilled 

at a gentle heat on the sand-bath, and the vapours passed into a flask 
containing 50 grms. of cold water. ‘The distillation is continued 
until the volume of the water is doubled; the liquid obtained, which 
contains aldehyde along with some formic and acetic ether, is mixed 
with 100 cubic centims. of alcohol and 10 grms. of sugar converted 
by means of nitric acid. The change ofthe sugar is effected by dis- 
solving 10 grms. of ordinary cane-sugar in 70 cubic centims. of water, 
adding 0°5 grm. of nitric acid of the specific gravity 1°34, and boil- 
ing for a quarter of an hour. This reducing-liquid, preserved in 
well-corked bottles, may be used for several months with the same 
success. 

In order to prepare a plane or a concave mirror, one part of the 
soda-lye is mixed in a suitable vessel with four times its volume of 
the solution of gold, and a quantity of reducing-liquid amounting to 
sx or at most =|, of the whole is added. The mixture is rapidly co- 
loured green, owing to the liquid separated; it is immediately 
brought in contact with the surface to be gilded, and in such a 
manner that the gold can deposit from the top downwards. ‘The 
rapidity of the gilding depends on the temperature. With a mean 
temperature of 18° C. the mirror begins to form in 80 minutes, in 
13 hour it is transparent with a splendid green colour, and in 2: to 
3 hours it is so thick that it is only translucent with a dark-green 
light. At a temperature of 50° to 60° C. the same effect takes place 
in 20 to 25 minutes, and at a temperature of 75° even more rapidly ; 

it is not desirable to use a higher temperature, for the gold appears 
then to adhere less firmly to the glass. Within the limits mentioned, 

Deeks eee 
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the excellence of the mirror is the same as regards lustre and dura- 
bility; but it may sometimes happen that at a high temperature the 
air contained in the water ascends in small bubbles and thus causes 
fine holes in the mirror, which are not visible in reflected, but are so 
in transmitted light; for this reason, when a high temperature is used, 
it is convenient to raise nearly to boiling the alkaline solution of 
gold before the addition of the reducing-liquid, and before bringing 
it in connexion with the glass to be gilded. 

The mirror, when ready, is carefully washed with water, leaned 
against the wall with the bottom resting on bibulous paper and the 
coated side underneath, and dried in the air at the ordinary tempera- 
ture; it exhibits then a perfect polish. 

In preparing the glasses for gilding, it is in most cases sufficient 

to clean the surface with soda-lye and alcohol. Care must be taken 
not to use an acid for cleaning; the layer of gold in this case sub- 
sequently becomes detached from the glass—Poggendorff’s Annalen, 
January 1868. 

ON SOME SPECIAL ELECTROMAGNETIC PHENOMENA, AND ON WE- 

BERS HYPOTHESIS ON ELECTROMAGNETISM. BYE. VILLARI. 

The author has investigated the influence which the initial mag- 
netic state of a bar of iron or of steel exerts on induced magneto- 
electrical currents excited in an adjacent conductor by any modifica- 
tion whatever, be it increase or diminution, in the magnetic condi- 
tion of the bar. His object was to verify Weber’s theory, which was 
also proposed by De la Rive, and which is only a complement of 
that of Ampere, according to which, molecular currents preexist in 
magnetic bodies, and are merely directed by the action of magneti- 
zation, carrying along with them in this motion the particles of the 
body. He thinks that if there is molecular motion, the rapidity 
with which it is effected must depend on the initial magnetic con- 
dition, like the magneto-electrical currents which result from it, 
and which themselves depend on the rapidity of the magnetic modi- 
fication. 

The apparatus he used consisted of a bar of steel or iron, round 
which were coiled two conducting wires; through the outside one 
a first current passed, which magnetized the bar, and then other 

weaker ones, direct or inverse, which more or less modified the ori- 

ginal magnetism ; in the other, the inside, which was connected with 
a galvanometer, the breaking of the outside coil and the alteration 
in the magnetism produced induced currents, which were to be 
measured. 

The author himself gives the following summary of his researches, 
which, in his view, fully confirm Weber’s theory :— 

(1) Magnetization and demagnetization are accompanied by mole- 
cular movements. 

(2) The rapidity with which these molecular motions are effected 
depends cn the initial molecular condition of the iron or the steel. 
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(3) The magneto-electrical current is not always proportional to 
the increase or diminution of the magnetic moment of the magnet ; 
it depends not only on this quantity, but also on the rapidity with 
which the magnetic modification is effected. : 

(4) This modification is not always proportional to the intensity 
of the current which produces it, even taking into account the mag- 
netic capacity of the steel or iron bar in which it is produced. — Pog- 
gendorff’s Annalen, vol. cxxxiii. p. 233; Bibliotheque Universelle, 
May 15, 1868. 

APPLICATION OF THE VIBRATIONS OF COMPOUND BARS TO DE- 

TERMINING THE VELOCITY OF SOUND. BY J. STEFAN. 

The method introduced by Chladni of determining, from the lon- 
gitudinal tones of bars, the velocity of sound in these bars, is not 
applicable to those bodies which have not the form of long bars, 
or cannot by friction be made to sound. For such cases the new 
process serves. 

The body to be investigated is constructed in the shape of a small 
bar, and fastened on a longer bar of wood or glass, which can itself 
be readily made to sound. This compound bar may now be made 
to sound by friction, and thus the number of vibrations of the fun- 

damental note or of a higher tone be determined. Kuowing, then, 
the velocity for the longer bar, that for the smaller one may be de- 
duced by a formula which, it is true, is somewhat complicated. 

By this method the following observations, among others, were 
made:— : 

The velocity of sound in wax = 730 metres, and is thus a little 
more than twice as great as in air. This number refers to the tem- 
perature 20° C.; with increase in temperature the velocity of sound 
decreases so much that a decrease of 40 metres corresponds to an 
increase of 1°, and at 30° the velocity of sound in wax and in air are 

the same. 
The velocity of sound in grease is at 20° C. only half as great as 

in wax, and with an increase in temperature diminishes somewhat 
more quickly than in wax. 

For the velocity of sound in caoutchouc, values were found which 
fall between 30 and 60 metres; the softer the caoutchouc, the 
less the velocity of sound. 

These results recall those of Helmholtz on the velocity of the pro- 
pagation of nervous excitation, which are within the same limits as the 

velocity of sound in soft caoutchouc, and suggest the thought that 
the velocity of nervous excitation coincides with that of sound, and 
that nervous excitation can be propagated in longitudinal waves. 
—Berichte der Kaiserlichen Akademie in Wien, April 30, 1868. 
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§ 3. On the Electric Condition of the Terrestrial Globe, and on 
the Absolute Character of the Law of Definite Electrolysis. 

86. i a former paper, which I had the honour of communi- 
cating to the Royal Society+, reference was made to a 

certain class of phenomena in which, when presented to the mind 
for the first time with the view of predicting the magnitude of 
any effect which would be produced in a body by the addition of 
proportionate increments of a given force, the results exhibited 
by experiment are altogether different in magnitude from those 
which ordinary analogical reasoning would have led to, and con- 
sequently produce in the mind the idea of paradox. 

87. In that paper several prominent instances of this relation 
between the quantitative properties of things and the mind of the 
observer, in new and untried conditions, are also given; and 
among them perhaps the most interesting are those shown in 
Tables I. II. III. LV., wherein equal increments of magnetism 
induce quantities of this same force much greater than those ma- 
nifested in the original magnet. And, further, a quantity of 
magnetism or of electricity indefinitely small is demonstrated to 
be capable of inducing, or making manifest, quantities of these 
same forces indefinitely great. 

88. Another class of phenomena, no less interesting than the 
one above mentioned, is that in which, by the continued addition of 

* Communicated by the Author. 
+ Philosophical Transactions, 1867, p. 89. Philosophical Magazine, 

August 1867. 
Phil. Mag. 8. 4. Vol. 36. No. 241. Aug. 1868. G 
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equal increments of a given force to a body, the effects produced 
are entirely the reverse of those which, without experiment, 
would have been predicted; and it is only by the employment 
of a peculiar order of analogies, drawn from a wide range of phy- 
sical phenomena, that the appearance of these effects in any new 
condition of things can even be suspected. A remarkable in- 
stance of the principle of inverted action here alluded to is that 
in which a thin plate or disk of metal, when presented to a jet 
of air escaping under strong pressure from an orifice in a 
plane surface, is attracted to, instead of being repelled from, 
the flat surface from which the air issues*. The continued ad- 
dition of equal increments of heat to a body likewise furnishes 
many examples of these inversions; but it will be sufficient to 
mention the spheroidal condition of water in relation to evapora- 
tion to indicate the bearing which these remarkable facts have 
upon the phenomena to be hereafter described. 

89. A consideration of many such examples of inverted action 
as those above referred to led me to suspect that similar actions 
might exhibit themselves in those departments of electrical 
science which have hitherto only been explored with apparatus 
of a limited range of power. In this expectation I have not 
been disappointed ; for, with the powerful electromotors which I 
have had the good fortune to command, I have not only suc- 
ceeded in clearing up several points of doubtful knowledge re- 
specting the electric condition of the earth, and of electrolytic 
action generally, but I have also discovered some new electro- 
chemical facts in connexion with the electrolyzation of water 
which must ultimately lead to an important modification of our 
present ideas on the nature of that substance. 

90. The experiments which I now purpose to give an account 
of were made in the course of an inquiry into the possibility of 
transmitting electric signals through metallic cables submerged 
without an insulating envelope. This inquiry involved, as a 
preliminary investigation, a consideration of the function which 
the earth performs as a conductor of electricity when employed 
for telegraphic purposes; but before giving an account of this 
investigation, I will briefly state the opinions respecting the elec- 
tric condition of the earth as already put forth. 

91. At the time when voltaic electricity was first employed 
for transmitting intelligence to distant places, it was generally 
believed that a complete metallic circuit, involving the use of 
two line wires, was absolutely necessary for that purpose, until 
Steinheil, in 1837, made the discovery that one of these wires 
might be dispensed with, provided each extremity of the other 

* Manchester Memoirs, new series, vol. v. p. 208. Philosophical Maga- 
zine, S. 2. vol. v. p. 250. 
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wire was terminated with a metal plate inserted in the moist 
ground. This physicist also pointed out that the resistance 
offered by the earth to the propagation of the current along the 
wire might be reduced to such an extent as to be quite insensible 
when compared with that of the double metallic circuit ; so that 
not only was one-half of the wire economized, but even the re- 
sistance that such a mixed circuit of earth and wire presented 
was diminished by one-half. 

92. The explanation of this singular and important fact, as 
given by Steinheil, was that the conducting-power of the earth, 
though very inferior when compared with that of the metals, yet 
its bad conductivity was more than compensated for by the im- 
mensity of its section. ‘This interpretation of the earth’s action 
naturally led to the opinion that the electric current, after tra- 
versing the whole length of the telegraph-wire, returned through 
the earth back to its origin at the battery, in the same manner 
as if the chain of earthy particles extending between the distant 
electrodes had been confined in an insulated tube of large dimen- 
sions. The difficulties, however, which encumbered this hypo- 
thesis when the distance between the electrodes became consi- 
derable, have led many physicists to abandon it as being incon- 
sistent with certain well-ascertained facts. 

93. The present view of the earth’s action in relation to tele- 
graphic circuits, as supported by Gauss*, De la Rivey, Walker, 
and many others, is, not that the earth conducts the electricity 
from the distant end of the wire back to its origin at the battery, 
but that the earth acts as a vast reservoir of neutral electricity, 
into which the positive and negative currents from each of the 
insulated wires are absorbed, in the same manner as a discharge 
of static electricity is received into the ground. 

94. In the course of an elaborate series of experiments on the 
propagation of electric currents in the earth, M. Matteucci made 
the curious observation that, when the distance between the elec- 
trodes at each extremity of the insulated wire was very small, the 
resistance of the terrestrial bed increased, up to a certain point, 
in proportion to its length, according to the recognized law for 
ordinary conductors; but when the distance between the elec- 
trodes exceeded thirty yards, the resistance of the earth gradually 
diminished until at a distance of a few miles it finally became null. 

95. The only explanation which I have as yet met with of this 
singular limitation of the earth’s resistance is that of De la Rive, 

* Traité de Télégraphie Electrique, by M. ’Abbé Moigno: Paris, 1852, 
chap. 3. | 

+. Treatise on Electricity, by A. De la Rive, vol. i. p. 446. 
~ C. V. Walker’s ‘ Electric Telegraph Manipulation,’ p. 37. 
§ Annales de Chimie et de Physique, 1851, vol. xxxii. p. 248. 
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who thinks that the anomalous results obtained by Matteucci 
may be accounted for by supposing that the molecules interposed 
between the two electrodes, not being so numerous when the 
latter are near together, may constitute the electric chain by the 
mutual neutralization of their opposite electricities, which is pre- 
ceded by their polarization; but when the electrodes are very 
distant from each other this communication can no longer take 
place, and they are then discharged, by means of the bed with 
which they are in contact, into the entire mass of the terrestrial 
globe*. From this explanation it will be seen that De la Rive, 
in common with Matteucci, holds the opimion that a diminution 
of the distance between the electrodes in contact with the earth 
is attended with an increase of resistance to the passage of the 
current from the electromotor. 

96. This brief historical sketch of the present state of know- 
ledge on the function which the earth performs as a conductor 
of electricity, as made known by those physicists who have pre- 
ceded me in this research, will, I think, lead to a full compre- 
hension of my own experiments in the same direction, and of the 
new phenomena which form the subject of this paper. 

97. The principal electromotors which I employed were the 
machines described in the First Series of these researches, and 
consisted (1) of a 24-inch magneto-electric machine (58) worked 
by hand. This machine would melt four inches of iron wire ‘025 of 
an inch in diameter in short circuit, 7. e. when the iron wire was 
directly interposed between the polar terminals of the machine. 

98. (2) A 5-inch electromagnetic machine excited by a 24-inch 
magneto-electric machine (63).—This machine was furnished 
with two armatures, one for the production of “ quantity,” and 
the other for the production of “intensity ” effects. The quan- 
tity-armature would melt fifteen inches of iron wire 075 of an 
inch in diameter, and the intensity-armature thirty-six inches of 
iron wire ‘035 of an inch in diameter, in short circuit. 

99. (3) A 10-inch electromagnetic machine (66) excited bya 
34-inch magneto-electric machine.—This machine was provided 
with the quantity- and intensity-armatures before described (70), 
(71), (72). The quantity-armature of this machine, when ex- 
cited by the 34-inch machine, would melt about fourteen inches 
of iron rod } of an inch in diameter, and the intensity-armature 
seven feet of iron wire 54 of an inch in diameter. 

100. (4) A well-excited Grove’s cell, the platinum of which was 
634 x3 inches.—This electromotor would melt (making allowance 
for the heat abstracted by the polar conductors) seven-eighths of 
an inch of iron wire ‘035 of an inch in diameter. Two, three, 

* Treatise on Electricity, by Aug. De la Rive, vol. 111. note to p. 448. 
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and four of the same cells, in series, would melt two, three, and 
four times the length of wire of the same diameter that one cell 
would melt. Two, three, and four of the same cells, arranged 
for quantity, would melt a 2-, 3-, and 4-fold strand of the same 
wire and of the same length that one cell would melt. 

101. I have chosen to adopt the melting of a given quantity 
of wire as the measure of the magnitude of the current from the 
electromotors above mentioned, because I have not yet found any 
other method which can at all compare with it in expressing 
easily and without ambiguity the associated properties of quan- 
tity and intensity, especially when dealing with currents of such 
maguitude as those evolved from the 5- and 10-inch machines. 
By comparing the absolute quantity of wire melted by a standard 
Grove’s cell with that melted by the machines, under the differ- 
ent conditions to which attention will be directed, a tolerably 
good idea of the magnitude of the forces brought into operation 
may be obtained. 

102. The other electromotors employed in these experiments 
were:—(5) a weakly charged battery of thirty-three Daniell’s cells, 
such as are commonly used by the Electric Telegraph Company 
for signalling-purposes. This battery was arranged in three 
troughs of eleven cells each. (6) A large well-excited Daniell’s 
cell; and, lastly, a single pair of zinc and platinum plates excited 
by dilute sulphuric acid, spec. grav. 1:110. 

103. The building which contained the various electromotors 
is situated about 100 feet from the edge of the basin of a navi- 
gable canal, in which most of the following experiments on the 
electric condition of the earth have been made. Connexion 
between the various electromotors and the electrodes and other 
conductors submerged in the canal was made by means of two 
lengths of copper-wire rope, each 140 feet in length and nearly 
half an inch in diameter. These wire-rope connexions consisted 
of seven thick copper wires twisted togther, and were supported 
through the air and insulated from one another by means of a 
pole fixed upon the bank of the canal. 

104. The conductors to be submerged, which also served the 
purpose of electrodes, consisted of two lengths of naked copper- 
wire rope, each 169 feet long, and of exactly the same diameter 
and construction as those used for the aérial connexions (103). 

105. Two other lengths of copper rope, of the same length 
and diameter as the preceding (104), were each carefully wrapped 
with a double covering of linen tape, in the manner adopted for 
insulating the coils of the large electromagnet of the 10-inch 
machine (68). These two lengths of tape-covered copper rope 
were laid parallel with each other and then bound tightly 
together with string wound round them in a spiral direction, so 
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that though the conductors were in close proximity to each other, 
yet no metallic contact between them was established. The in- 
tegrity of the insulation of these double or twin conductors (as 
I propose to call them) was examined in air with the powerful 
current from the 10-inch intensity-armature, and was found to 
be perfect. These double or twin conductors are represented in 
fig. 11, Plate I., with the ends A, B and C, D carefully separated. 

106. Owing to the great size and good conducting-capacity 
of the aérial connexions, and of the naked and the tape-covered 
conductors to be immersed in the canal, the whole of the 618 
(2 x 14042 x 169=618) feet of copper rope, when formed into 
a complete metallic circuit in air, did not greatly diminish the 
power of the current from any of the electromotors, except that 
from the 10-inch quantity-armature, which current, however, 
after passing through the 618 feet of conductor spread out ona 
dry boarded floor, was still sufficiently powerful to melt twelve 
inches of iron wire ‘095 of an inch in diameter when introduced 
into the circuit; while the currents from the 5- and 10-inch 
intensity-armatures, after passing through the same length of 
conductor, would melt nearly the same quantity of wire as they 
would in short circuit; and the currents from the 24-inch ma- 
chine and the single Grove’s cell, after passing through the 618 
feet of wire rope, would still melt, the former 4 inches, and the 
latter # of an inch of iron wire ‘016 of an inch in diameter. 

107. As this size of iron wire (‘016 of an inch in diameter) 
will be frequently referred to hereafter, it will be more conve- 
nient to speak of it as the thin wire. 

108. The two naked copper ropes (104) were each coiled into 
a ring about 2 feet in diameter, with their several convolutions 
in close metallic contact. The rings were then placed in metallic 
connexion with the respective ends of the aérial conductors and 
immersed in the canal, with the planes of the rings opposite to each 
other, about three feet apart, and perpendicular to the surface of 
the water. 

109. The disposition of the agrial conductors and electrodes in 
relation to each other and to the electromotors will be better un- 
derstood on reference to Plate I. fig. 12, in which H represents the 
electromotor, I, Gits polar terminals, H, I the aérial conductors 
for establishing connexion between the electromotor and the ring- 
electrodes K, L immersed in the canal M. The respective ends 
of the naked copper ropes will be indicated, when necessary, by the 
same ietters(A, B and C, D) as those of the twin conductors, fig. 11. 

110. A tangent galvanometer, or pieces of iron wire of differ- 
ent lengths and diameters, could be introduced at pleasure at the 
point N, between the pole G and the conductor H, for the pur- 
pose of indicating, by galvanometric deflection, or by the heat 
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produced in the iron wires, the passage of a current through the 
conductors into the earth. 

111. The current from the battery of thirty-three Daniell’s cells 
in series was first transmitted through the tangent galvanometer 
in short circuit, when the needle stood permanently at 10°. 

112. When the same battery-current was transmitted into the 
canal, through the conductors and electrodes arranged as in 
fig. 12, the galvanometer introduced at N still indicated 10° of 
current, thereby showing a null resistance on the part of the 
water in the canal to the passage of the whole amount of current 
which the battery was capable of producing. 

113. But on attempting to transmit the powerful alternating 
currents from either the quantity- or the intensity-armatures of 
the 5- and 10-inch machines into the canal through the same 
arrangement. of conductors and electrodes as in the preceding 
experiment, the amount of current actually transmitted was not 
sufficient to make three inches of the thin iron wire (107) intro- 
duced at N sensibly warm to the fingers, the result now indica- 
ting an almost ¢etal resistance to the passage of the current which 
the electromagnetic machines were capable of producing. 

114. On uncoiling the two rings of copper rope and extending 
them in straight lines, about twenty feet apart, along the bottom 
of the canal towards the points O, P, with the distant ends C, D 
of the conductors entirely disconnected, the current from the 
5-inch intensity-armature made two feet of iron wire ‘085 of an 
inch in diameter bright red-hot at N, and the current from the 
10-inch intensity-armature melted four feet of wire ‘050 of an 
inch in diameter, the result now indicating a great diminution 
of the apparent resistance of the earth to the passage of a pow- 
erful electric current. 

115. But on attempting to transmit the current from the 5- 
and 10-inch quantity-armatures through the conductors extended 
in the canal, the amount of current now transmitted was only 
sufficient to make fifteen inches of the thinner wire used in the 
preceding experiment (114) sensibly warm to the fingers, the 
result again exhibiting an increase of the earth’s resistance 
similar to that observed when the conductors were coiled up into 
rings. 

LG: Similar effects of resistance to the passage of the current 
into the earth, as indicated by the non-heating of the thin wire 
at N, were also obtained when the 24-inch machine, or the single 
Grove’s cell, was connected with the submerged conductors in 
their extended form. 

117. That this resistance to the passage of the current from 
the 5- and 10-inch quantity-armatures and that from the single 
Grove’s cell was not due to the resistance of the copper conduc- 
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tors themselves (106), or to any fault in the connexions, was at 
once made evident by joining together the distant ends C, D of 
the extended conductors, when the iron wires introduced at N 
were immediately melted. 

118. In order that a discharge of electricity through the ex- 
tended conductors K, L might be obtained, it was essential that 
the connexion between the ends A, B and the aérial connexions 
H, I, although immersed in the water, should be entirely me- 
tallic; for when one of these ends, A, was separated from the 
other end, I, by only the thickness of a piece of tape, no heating 
effects sensible to the touch were produced in the thin iron wire 
at N by the powerful current of the 10-inch intensity-armature, 
even when the distant extremities C, D of the conductors were 
joined together. 

119. Though the current from a single Grove’s or Daniell’s 
cell was not powerful enough to heat sensibly any thin wire at 
N when either of these cells was placed in connexion with the 
extended conductors with their ends C, D disconnected, yet an 
amount of current was always found passing through the con- 
ductors sufficient to produce a deflection of the galvanometer 
at N. Moreover, when contact between the Grove’s or Daniell’s 
cell (or one formed of zinc and platinum, excited by dilute sul- 
phuric acid) and the extended conductors was maintained for a 
few moments and then broken, the galvanometer always indicated 
a counter current from the extended conductors about half the 
strength of that previously passing from the electromotor. 

120. That none of the effects of conduction and resistance of 
the terrestrial bed, as manifested by the heating or non-heating 
of the wires at N, were brought about by the exercise of any 
mutual influence of the conductors upon each other through the 
intervening body of water, or, again, by any change in the elec- 
tric condition of the earth taking place by reason of a change in 
the linear distance of the electrodes from each other, was proved 
by the following experiments (122, 123) (187-189). 

121. One of the aérial copper-rope conductors, H, was extended 
upon insulated supports along the side of the canal to a point 
300 feet beyond where the other aérial conductor, I, entered the 
canal, so that the electrodes or conductors in the canal might 
now be 800 feet instead of a few feet from each other. In con- 
sequence of the great thickness and good conducting-capacity of 
the aérial connexions, they offered, practically, no resistance to 
the passage of the currents from any of the electromotors used 
in the experiments. 

122. On repeating, in the same order, all the preceding ex- 
periments with the submerged conductors, both in their coiled 
and extended form, results were obtained from the electromotors 
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identical in every respect with those observed when the electrodes 
were only a few feet apart. Thus a series of thirty-three Daniell’s 
cells indicated 10° of current on the galvanometer at N, whether 
the distance between the ring-electrodes was 3 feet or 300 feet ; 
while with the quantity- and intensity-currents from the 5- and 
10-inch electromagnetic machines the opposite effects of resist- 
ance, as manifested by the non-heating of thin wire at N, were 
obtained, whether the ring-electrodes were at the greater or at 
the less distance (113). 

123. Again, when the conductors were uncoiled and extended 
in the canal 300 feet from each other, the currents from the 5- 
and 10-inch intensity-armatures melted and made red-hot the 
same lengths and thicknesses of wires at N as when the conduc- 
tors were extended in the canal 9 feet apart ; while, on the other 
hand, the currents from the 5- and 10-inch quantity-armatures 
encountered the same resistance, as manifested by the non-heating 
of the wires at N, at the greater as at the less distance (115). 

124, The following Table contains the results of a carefully 
made series of experiments with different numbers of similar 
Daniell’s cells, when the ring-electrodes were immersed in the — 
canal at distances of 3 and 300 feet from each cther. | 

TABLE V. 

Deviation of gal- | Deviation of gal- |Deviation of galva- 
No. of Daniell’s vanometer with ; vanometer when | nometer when dis- 
cells in series, battery inshort | distance between |tance between elec- 

circuit. electrodes = 3 feet.) trode =3800 feet. 

1 9:5 3°75 3:75 
2 10:0 5°75 5:75 
5 10:0 7°50 7:50 

11 10:0 8°75 8:75 
22 10:0 9°75 9°75 

| 33 10-0 10:0 10-0 

125. The results contained in columns 3 and 4 of the above 
Table prove conclusively that no change whatever occurs in the 
electric condition of the earth in consequence of a mere change 
in the distance of the electrodes from each other. It will also 
be evident that variations in the intensity of the battery-current 
are sufficient to produce corresponding changes in the resistance 
of the earth similar to those produced by the quantity- and in- 
tensity-currents from the electromagnetic machines when the 
conductors were extended in the canal (114, 115). 

126. Returning to a consideration of the effects produced by 
the alternating current from the 5-inch intensity-armature when 
the ring-electrodes were connected with the aérial conductors of 
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equal length (113):—Although, when the electrodes were three 
feet apart, a sufficient amount of current was always passing into 
the canal to produce a spark and shock on breaking contact at 
N, yet it was insufficient, as we have seen, to heat sensibly wire 
so thin as ‘016 of an inch in diameter. When, however, the 
electrodes were made to approach so as to be within one inch of 
touching each other, a length of three inches of the above-men- 
tioned wire was made red-hot. 

127. In order that this mutual influence which the electrodes 
exercised on each other, to promote an increase of discharge 
from the electromotors, might be more closely investigated when 
the distance between the electrodes was still further reduced, 
the tape-covered twin conductors were submerged in the canal 
in their extended form, as shown in fig. 11, with the ends AB 
connected with the respective ends of the aérial conductors, and 
the distant ends C, D entirely disconnected. From the porous 
nature of the tape-covering with which the conductors were en- 
veloped, it will be obvious that this covering, though a good in- 
sulator in air, would, when saturated with water, offer little or 

_ no obstruction to the passage of an electric current either into 
the earth or between the conductors. 

128. When the current from the 5-inch intensity-armature 
was transmitted through the submerged twin conductors, 2 feet 
of the same-sized wire which was made red-hot at N when the 
naked conductors were extended in the canal (114) was now 
melted. And the current from the 5-inch quantity-armature, 
which previously only made 15 inches of wire ‘021 of an inch 
in diameter warm to the touch, now melted this same wire, and 
also made red-hot 15 inches of thicker wire, ‘050 of an inch in 
diameter. 

129. On coiling the twin conductors into a double ring about 
2 feet in diameter and immersing it in the canal in the place 
previously occupied by the separate ring-electrodes of naked 
copper rope, the 15 inches of thicker wire (:050 of an inch in 
diameter), which was only made red-hot by the 5-inch quantity- 
armature in the last experiment, was now melted, thereby indi- 
cating the passage of a more powerful current from the electro- 
motor when the twin conductors were coiled into a ring than 
when they were extended along the bed of the canal. With 
this arrangement of the double coil, the current from the 
10-inch intensity-armature melted 6 feet of wire ‘065 of an inch 
in diameter. 

130. That the increased quantity of current passing through 
the twin conductors, above that transmitted through the naked 
conductors, whether in their coiled or extended form, was due 
to the direct influence which the twin conductors exercised on 
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each other, and is an effect entirely distinct from that which the 
earth produces when receiving into itself a discharge of electri- 
city, was at once made evident by lifting the saturated double 
coil out of the Cae and suspending it in the air, when the cur- 
rent from the 5-inch quantity-armature was still sufficiently 
powerful to ae bright red-hot, at N, 15 inches of the same 
wire which was only made warm to the touch when the naked 
conductors were extended separately in the canal (115). 

131. That the resistance which the naked ring-electrodes 
presented to the passage of the current from the 5-inch and 
10-inch intensity-armatures did not arise from the circumstance 
of their convolutions being in close metallic contact with each 
other, was proved by the fact that the same resistance to the 
passage of the current from these armatures (as shown by the 
non-heating of thin wire at N) was experienced when the tape- 
covered conductors were coiled up into two separate rings and 
immersed in the canal at the same distance from each other as 
were the naked ring-electrodes. 

132. Suspecting that the resistance which the two tape- 
covered coils when separated offered to the transmission of the 
current into the earth was due to an inductive action set up 
among the several convolutions of each coil and operating to 
produce a repulsion of the current on itself, the following expe- 
riments were made for the purpose of testing the accuracy of this 
view. 

133. Each length of the tape-covered conductors was, in the 
first place, uncoiled, and extended in a straight line along the 
bottom of the canal, with a lateral distance between them of about 
20 feet. On transmitting the current from the 5-inch inten- 
sity-armature through the conductors, a length of 2 feet of iron 
wire ‘035 of an inch in diameter was made bright red-hot at N, 
showing the passage of the same amount of current as when the 
naked conductors were extended in the canal under like circum- 
stances. 

134, Each of the conductors was then bent backwards and 
forwards along the bottom of the canal in three lengths of 56 
feet, so that the conductors were each of them in the form of an 
elongated letter N. On transmitting the current from the same 
armature through this arrangement of conductors, the 2 feet of 
wire at N was made somewhat less bright red than in the pre- 
vious experiment. 

135. Again, on binding the three lengths of each of the con- 
ductors together with string, and immersing each of the con- 
ductors thus folded in the canal, as shown in fig. 13, the 2 feet 
of wire at N, though hotter than could be endured by the touch, 
was not made visibly red-hot. 
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136. From a consideration of the opposite effects of resistance 
and conduction exhibited when the tape-covered conductors were 
arranged separately in the canal in the several ways described 
(131, 138, 1384, 135), it is evident that the transmission of the 
current from the electromotor is preceded by an inductive action 
upon the liquid particles in contact with the conductors, which 
action, according as it is adverse or favourable, retards or acce- 
lerates the discharge of the current into the earth. The increased 
quantity of electricity discharged into the earth from the three- 
fold conductors, above that from the same conductors when coiled 
into separate rings, is not surprising, as we have already seen 
that in the case of the coiled twin conductors the inductive 
action of a number of convolutions in contact with each other 
on every side was much more perfect (as shown by the melting 
of thick wires at N) than when these same twin conductors were 
extended in the canal (128, 129). 

137. To recapitulate what has already been advanced in proof 
of the action of the electrodes bemg independent of any mutual 
influence which they might be supposed to exercise on each 
other through the intervening body of water when transmitting 
a current of electricity into the earth :—-We have seen that 
the same effects of conduction and resistance were produced, and 
equal amounts of current were transmitted into the earth from 
the same electrodes, whether the distance between them was 3 
feet or 800 feet—a result altogether incompatible with the well- 
ascertained laws which have been determined in connexion with 
the transmission of electric currents through liquids contained 
in insulated vessels. 

138. That the distance between the electrodes does, under 
certain circumstances, exercise an influence on the quantity of 
electricity transmitted from the electromotors was evident from 
the heating and fusing of wires at N when the conductors were 
brought into close proximity to each other by the contrivance of 
the twin conductors. But that this influence operates within 
limits extremely small was also evident from the fact that, when 
the ring-electrodes were only 3 feet apart, none of the electro- 
motors would heat the thin wire at N. Moreover, that the mu- 
tual influence of the electrodes upon each other when in close 
proximity is an action entirely distinct and separable from 
the influence which these electrodes exercise upon the earth is 
shown by the heating of wires at N when the saturated coil of 
twin conductors was lifted out of the canal and suspended in 
the air (180). 

139. This distinction between the two inductions becomes 
still more obvious from the fact that, when the twin conductors 
were extended in the canal, the inductive influence of the con- 
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ductors upon each other acted in conjunction with the normal 
inductive action of the earth to promote an increase of discharge 
from the electromotors above that observed when the naked or 
the tape-covered conductors were extended separately in the 
eanal (114, 115, 128). On the other hand, when the tape- 
covered threefold conductors were extended separately in the 
canal (fig. 13), the inductive influence of each conductor upon 
itself acted tn opposition to the normal action of the earth, so as 
to diminish the amount of discharge from the electromotor below 
what was observed when the same conductors were extended in 
straight lines, or arranged in the form of the letter N. 

140. Reverting to the fact that when contact was made be- 
tween the 5- and 10-inch intensity-armatures and the conduc- 
tors extended separately in the canal, the heating and melting 
of wires at N indicated the passage of a powerful current into 
the earth (114, 123) :—A question of great importance now 
arose as to whether this current was transmitted in consequence 
of a physical conductivity of the terrestrial bed, or by the elec- 
trolyzation of the liquid in contact with the conductors. Hitherto 
electricians have been content to affirm that the earth absorbs or 
drinks up the electricity transmitted from the electromotors. 
Matteucci had indeed found that when the electrodes were 
plunged into the soil impregnated with sulphate of copper or 
sea-water, the quantity of electricity discharged from the elec- 
tromotor was increased; but, beyond this fact, no experiments 
have yet been recorded with the view of establishing the abso- 
lute dependence of the transmission of the current into the earth 
upon the electrochemical properties of the liquids incorporated 
with it. 

141. One important step towards the establishment of this 
dependence was the dinunution of the earth’s resistance observed 
when the tension of the current transmitted along the conduc- 
tors was increased (114, 115)—a result entirely in accordance 
with what is observed in the electrolyzation of water in insulated 
vessels. Moreover we have also seen that though the discharge 
of the current into the earth from the extended naked conduc- 
tors was distinct from, as well as less in amount than, the dis- 
charge between the twin conductors extended in the same liquid, 
yet it was of the same kind and in the same direction in the one 
case as in the other. The difference, then, between the discharge 
of the conductors into the earth and into each other being one 
of degree only, it seemed to me that some advantage might be 
derived from the study of the action of the naked and tape- 
covered conductors upon each other when coiled and immersed 
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in insulated vessels, for the purpose of comparing the results 
with those obtained when the same conductors were immersed 
in liquids in contact with the earth. 

142. A large wooden tub, partially filled with the same canal- 
water as that in which the previous experiments were made, was 
insulated from the ground by means of three fireclay bricks 
(fig. 14) ; and in this tub the two ring-electrodes of naked cop- 
per rope were immersed with the planes of the rings about 3 
inches apart. 

143. On making contact between the 5-inch intensity-arma- 
ture and the coils immersed in the tub, a resistance to the pas- 
sage of the current (as manifested by the non-heating of thin 
wire at N) was experienced, similar to that which was observed 
when the same electrodes were immersed in the canal (113). 
On diminishing the distance between the electrodes from 38 inches 
to 1 inch, the 3 inches of thin wire ‘016 of an inch in diameter 
was now made red-hot, as was the case when these coils were 
immersed at the same distance from each other in the canal (126). 

144. Similar effects of resistance to the passage of the current 
from the 5-inch intensity-armature to those obtained with the 
naked ring-electrodes were also experienced when the tape- 
covered ring-electrodes were immersed separately in the tub at 
the same distances from each other as in the preceding expe- 
riment. 

145. Again, no transmission of the current sufficient to heat 
thin wire at N occurred when contact was made between the 
coiled electrodes, when 3 inches apart, and the 24-inch machine, 
or a single Grove’s cell—the results agreeing in this respect also 
with those obtained in the canal. 

146. The tape-covered conductors were now rearranged in the 
tub as a double coil of twin conductors, bound together with 
string, with the ends C, D disconnected. 

147. On transmitting the current from the 10-inch intensity- 
armature through the immersed coil, 5 feet of wire ‘065 of an 
inch in diameter was melted at N, while the current from the 
5-inch quantity-armature made 15 inches of wire ‘050 of an 
inch in diameter bright red-hot, whereas the current from the 
same armatures melted respectively 6 feet and 15 inches of the 
same-sized wires when the double coil was immersed in the 
canal (129)—a result which again shows, but im a converse man- 
ner, that the mutual influence of the conductors upon one another 
was supplemented by the inductive influence of the earth, as in 
the case where the conductors were extended jointly and sepa- 
rately in the canal (114, 128). 

148. Contact was now made between the double coil and a 
single Grove’s cell; but although the galvanometer indicated 
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the passage of a tolerably strong current through the coil, yet it 
was not sufficiently powerful to make the thin wire red-hot 
at N. 

149. When contact was made between the double coil and 
the single pair of zinc and platinum plates contained in a glass 
vessel (102), the passage of a current through the water in the 
tub was indicated by the liberation of bubbles of hydrogen from 
the platinum plate, as well as by the deflection of the galvanometer 
at N. This result was also obtained when the current from the 
same pair of plates was transmitted through a small double coil 
of twin conductors (165) immersed in a glass of distilled water. 

150. When the ends A, B of the double coil in the tub, or of 
the coil in the glass vessel, were connected with the respective 
terminals of the galvanometer, after all contact with the voltaic 
couples had been broken, the galvanometer always indicated 
a strong secondary current from the coils, similar to that 
observed when the conductors were extended separately in the 
canal (119). 

151. A quantity of common salt was now dissolved in the tub 
of fresh water, sufficient to make the solution as nearly as pos- 
sible of the same specific gravity as sea-water. On repeating 
the experiments with the naked and tape-covered coils immersed 
separately in the tub with the planes of the coils 3 inches apart 
(142), the currents from the 5- and 10-inch intensity-armatures 
which, when the coils were at the same distance apart in fresh 
water, would not melt any thin wire at N, now melted 30 inches 
of iron wire ‘035 of an inch in diameter, and 6 feet of wire 065 
of an inch in diameter respectively ; and the current from the 
3-inch machine now melted 4 inches of the thin wire (107). 
152. When the tape-covered conductors were again arranged 

as a double coil of twin conductors, so little resistance was 
offered to the transmission of the alternating current through 
the liquid, that the 5- and 10-inch intensity-armatures now 
melted the maximum quantity of wire at N that they were ca- 
pable of melting in short circuit ; and the current from a single 
Grove’s cell would now make ? of an inch of the thin wire 
red-hot. 

158. Instead of the bright flash and combustion of the cop- 
per, which accompanied the interruption of the current from the 
10-inch intensity-armature on making and breaking contact be- 
tween the ends C, D of the double coil while dry and suspended 
i air, a small spark only was visible when it was immersed in 
salt water, and the thin wire, when introduced between C and D, 
was not made red-hot. 

154. On substituting dilute sulphuric acid, spec. grav. 1/110, 
for the salt water in the tub, and transmitting the alternating 
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current from the 10-inch intensity-armature through the coil, 
so perfect was now the communication between the conductors 
through the electrolyte, that not the smallest spark could be ob- 
obtained on making and breaking contact between the ends 
C and D. 

155. A phenomenon already observed, on a small scale, by 
De la Rive* when engaged in transmitting the alternating cur- 
rents from a magneto-electric machine through dilute sulphuric 
acid by means of platinum electrodes, was here reproduced in a 
most remarkable manner. When the coils were immersed in 
the tub of fresh or salt water, or in dilute sulphuric acid, it was 
observed that not a single bubble of gas arose to the surface of 
the liquids, no matter for how long a time the powerful alter- 
nating currents from the 5- and 10-inch intensity-armatures 
were transmitted. 

156. That these currents were capable of producing energetic 
electrochemical effects, simultaneously with the non-appearance 
of gas in the tub, was proved by introducing into the circuit at 
N a pair of large platinum plates plunged in a glass vessel con- 
taining dilute sulphuric acid, when an abundant hberation of 
the mixed gases from each of the plates occurred, while at the 
same time no gas was liberated from the coils in the tub. Hence 
it seemed as though the alternating current could be transmitted 
through the same kind of liquid, either with or without electro- 
lyzation, by simply varying the arrangement of the electrodes. 

157. When, however, the direct current from any of the 
armatures was transmitted through the double coil, the passage 
of the current was in all cases accompanied by the liberation of 
hydrogen from the liquid in which the coil was immersed. 

158. That the absence of any appearance of electrolyzation of 
water in the tub, when the alternating currents of the 5- and 
10-inch intensity-armatures were transmitted through the coils, 
was due to the recombination of the electrolytic products formed 
by each alternation of the current, was made evident in the fol- 
lowing manner. 

159. The double coil of twin conductors was immersed in the 
tub of salt water, and the ends C, D (fig. 14:) were connected by 
means of a short piece of the thin iron wire. One of the other 
ends, A, was connected directly with the zinc of the single 
Grove’s cell, while contact with the other end, B, and the pla- 
tinum was established at N by means of another short piece 
of iron wire somewhat thicker than that which joied the 
ends C, D. 

160. When the current from the Grove’s cell was transmitted 
through the coil, the thin wire at C D, after a few moments, gra- 

* Comptes Rendus, 1837, vol. iv. p. 837. 
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dually became red-hot, while the thicker wire at N, though 
hotter than could be endured by the finger, was not made 
visibly red during the maintenance of the battery-contact. 

161. On reversing the battery-connexions, by joining the end 
A to the platinum and the end B to the zinc by means of the 
thicker wire at N, this wire immediately became bright red-hot, 
while the thinner wire at C D remained cold; but on continu- 
ing the battery-contact for about a minute, the thicker wire at 
N gradually became less bright, until it finally ceased to be 
visibly red, when the thin wire at C D again became red-hot ; 
and as often as the battery-connexions were reversed, so often 
did the wires at the battery and distant ends of the coils become 
alternately, but never simultaneously red-hot. 

162. Another phenomenon attending the alternate heating of 
the iron wires was the liberation’ of hydrogen from the double 
coil only during such time as the thin wire at C D was main- 
tained at a red heat, but never while the thicker wire at N was 
heated ; for as often as the battery-connexions were reversed, 
the liberation of hydrogen from the coil immediately ceased, and 
did not reappear until the thin wire at C D was reheated. 

163. Moreover, on making and breaking contact between the 
ends A, B of the double coil after they had been maintained in 
connexion with the Grove’s cell for a short time with the ends 
C, D disconnected, sparks could be obtained from the coil for 
more than five minutes after all connexion with the electromotor 
had been broken ; the galvanometer, as might have been expected, 
always indicated a strong secondary current from the coils, in 
the reverse direction to that transmitted by the electromotor. 

164. From a consideration of the foregoing experiment, made 
with the view of explaining the absence of any appearance of 
electrolyzation of the water im the tub by the alternating currents 
from the electromagnetic machines, it will be evident, from the 
heating of the thin wire at C D when contact was first made 
between the battery and the double coil, that the hydrogen 
evolved by the electrolyzation of the water formed an insulating 
envelope surrounding one of the conductors, which thereby 
enabled a considerable portion of the current from the electro- 
motor to traverse the conductors instead of being transmitted 
through the water. But when the battery-contacts were re- 
versed, the cessation of the stream of hydrogen from the coil, 
and the non-heating of the thin wire at C D, indicated the re- 
union of the hydrogen envelope with the liquid in contact with 
the conductor; while the hydrogen evolved by the new current 
on the other conductor did not become visible until its affinity 
for the oxide produced by the previous current had been satis- 
fied. But by continuing the battery-contact, a new hydrogen 
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envelope was formed, which enabled the comparatively feeble 
current from a single Grove’s cell to exhibit, by its prolonged 
action, electrodynamic ‘effects at C D which the powerful, but 
momentary, alternating currents from the 10-inch intensity- 
armature were unable to produce. 

165. Proceeding from the liquids in the tub which offered 
the least to those which presented the greatest amount of resist- 
ance to the passage of an electric current, a small double coil 
of twin conductors was immersed in a large glass jar of Gallipoli 
oil with the ends C,D disconnected. This coil was formed of 
two separate lengths of cotton-covered copper wire, each 150 feet 
long and ‘050 of an inch in diameter. 

166. On making and breaking contact between the ends A, B 
of the double coil and the polar terminals of the 10-inch inten- 
sity-armature while the coil was immersed in the jar, not the 
slightest spark, nor any other indication of the passage of a cur- 
rent through the oil, was obtained—the result being, in this 
respect, the same as if the ring of twin conductors had been 
suspended in the air. 

167. That the peculiar arrangement of the double coil was 
eminently favourable for exhibiting the transmission of a current 
through a conducting liquid was evident from the fact that 
when the same coil was immersed in the jar filled with dilute 
sulphuric acid instead of oil, so powerful was the current trans- 
mitted through the liquid, that a length of 2 feet of each of the 
ends A, B, extending from the surface of the liquid to the termi- 
nals of the electromotor, was made red-hot. This experiment, 
besides exhibiting the greatest possible difference between the 
conducting-power of liquids under conditions eminently favour- 
able for obtaining an electrolytic discharge, also shows with what 
enormous rapidity the liberation and recombination of the elec- 
trolytic products takes place; for during the whole time that 
the ends A, B of the copper wires were maintained at a red heat, 
not a single bubble of gas made its appearance in the dilute acid 
in which the double coil was immersed. 

168. I have said that when an electromotor consisting of a 
single pair of zinc and platinum plates, excited by dilute sulphuric 
acid, was placed in connexion with a double coil of twin conduc- 
tors immersed in a vessel of distilled water, the transmission of 
the current through the water was attended by the hberation of 
hydrogen from the platinum in a visible manner (149). 

169. As this result has never, to my knowledge, been obtained 
before by a current of so low an intensity as that from a single 
pair of zinc and platinum plates, it seemed to me that the anoma- 
lous exception which Faraday thought he had discovered to his 
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own law of definite electrolysis, when experimenting with a similar 
pair of plates, had no real existence. Nevertheless, as exception 
might probably be taken to the fact that the coil was made of an 
oxidizable metal (though I have no doubt that a coil of platinum 
wires would behave in precisely the same manner), and in order 
that a question that has excited so much discussion amongst 
physicists, and is still regarded by some as an undetermined 
point in electrical science, might be definitely settled, I was in- 
duced to repeat Faraday’s experiment as nearly as possible in 
the manner in which he himself conducted it*, but with certain 
variations which suggested themselves to me while observing the 
effects produced by “the alternating current from the single 
Grove’s cell upon the double coil when immersed in the tub of 
salt water. 

170. Two glass vessels, Q and R, fig. 15, were filled with the 
same dilute sulphuric acid, spec. grav. 1°25. The vessel Q con- 
tainedasingle pair of amalgamated zinc and platinum plates, which 
were connected respectively, by means of thick copper wires, 
with two platinum plates immersed in the vessel R. On introdu- 
cing a very sensitive galvanometer, or a bit of bibulous paper 
saturated with a solution of iodide of potassium, into the circuit 
of one of the connecting wires, the deflection of the needle or the 
evolution of iodine indicated the passage of an electric current 
through the liquids in both vessels; but no matter for what 
Jength of time connexion was maintained between the electro- 
motor Q and the electrodes in R (by means of the thick wires), 
no liberation of gas appeared on the platinum plates in either of 
the vessels. Hence it was that Faraday inferred that a feeble 
eurrent might be transmitted from an electromotor without the 
electrolyzation of the liquids in contact with the electrodes. So 
convinced, however, was I that the absence of any appearance of 
electrolyzation in this case was due to the resistance and reac- 
tions of the nascent gases enveloping the platinum plates in Q and 
R, that it only appeared necessary for me to alternately invert 
the direct current from the electromotor Q, before it arrived at 
the electrodes in R, in order that the same recombination of gas 
on the electrodes and increased discharge from the electromotor 
might be brought about as when the alternating current from 
the Grove’s cell was transmitted through the coil immersed in 
the tub of salt water. 

171. This alternation of the direction of the current was 
effected by means of a commutator, S, fig. 15, placed between the 
vessels Q and R. Care was taken that the alternating metals 
of the commutator were separated from each other by a sufficient 
thickness of insulating material to prevent the metals which re- 

* Philosophical Transactions, vol. exxiv. p. 448. 
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ceived the inverted current from bridging across or makmg a 
short metallic circuit between them and the plates in the vessel 
Q, as, otherwise, deceptive results would have been obtained. 

172. When the commutator was at rest, but arranged so that 
the zinc and platinum plates in Q should be in metallic communi- 
cation with the electrodes in R, no liberation of gas appeared on 
the platinum plates in either of the vessels. But on making the 
commutator revolve at such a velocity that the current, after 
leaving Q and before arriving at R, should be alternately in- 
verted about 1000 times per minute, the whole surface of the 
platinum plate in Q gradually became covered with bubbles of 
hydrogen, which finally detached themselves from the plate and 
escaped through the liquid in the same manner as when the same 
pair of zinc and platinum plates were connected (without the inter- 
vention of a commutator) with the double coil of wire immersed 
in distilled water (149). 

173. The proof that the passage of an electric current through 
the vessels Q and R was accompanied by the electrolyzation of 
the liquid in Q was therefore full and complete. Now Faraday 
has shown (Experimental Researches, 809,991) that when several 
electrolytic cells, containing the same dilute sulphuric acid, are 
arranged in the same circuit, the amount of electrolytic action is 
absolutely equal in each cell; consequently whatever be the 
amount of electrolytic action in the vessel Q, an equal amount 
of the same kind of action, whether visible or invisible, must 
inevitably take place in the vessel R. It is therefore demon- 
strated, both by experiment and by the law of simultaneous 
definite action, that the transmission of an electric current 
through an electrolyte is invariably attended by the electrolyzation 
of those sections of it which are in contact with the electrodes ; 
and, consequently, without electrolyzation the passageof an electric 
current from an electrode into an electrolyte does not occur (166). 

174. Before dismissing this part of my researches on the 
transmission of electric currents through liquids contaimed in 
insulated vessels, which have been made with the view of compa- 
ring the results with those obtained with similar liquids when 
forming part of the terrestrial bed, I must not omit to make 
reference to the important discoveries of Ritter, Faraday, Grove, 
De la Rive, and others, on the influence which metallic surfaces 
exercise In producing gaseous combination, and of the secondary 
currents attending such combination, all of which are connected 
more or less intimately with the experiments which I have de- 
scribed. To De la Rive especially belongs the merit of effecting 
the transmission of a current through a liquid without any ap- 
pearance of electrolyzation, by employing the current from a 
voltaic battery of considerable intensity, alternated by means of 
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a commutator, instead of that from a magneto-electric machine. 
He also found that an alternating current meets with less resist- 
ance when transmitted through an electrolyte than does the 
direct current from the same voltaic battery, and rightly conjec- 
tured that the non-appearance of the gases liberated by the 
alternating current was due to their recombination on the surface 
of the electrodes. Moreover De la Rive, in common with many 
other physicists, has maintained that the transmission of the 
current, and the electrolyzation of the liquid in contact with the 
electrodes, are inseparably connected. I do not, however, find 
that any one has yet given a direct proof, or one free from am- 
biguity, that the transmission of a current of so low an intensity 
as that used in Faraday’s experiment is dependent upon the elec- 
trolyzation of the liquid through which such current is trans- 
mitted. Hence it is that up to the present time the absolute 
generality of the law of definite electrolysis has been doubted 
by some philosophers, and has never acquired more than a high 
degree of probability with others. 

175. Returning to the phenomena exhibited by the conduc- 
tors when in contact with the terrestrial bed:—It has been shown 
that all the effects of resistance and conduction produced by the 
naked and tape-covered coils immersed in the tub of fresh water 
were identical with those exhibited when these same coils were 
immersed in the canal (118, 14:3), (131, 144), (129, 147), (119, 
150). We have also seen that the current from the 24-inch 
machine, which would not heat thin wire when the conductors 
were coiled up separately in the canal or in the tub of fresh 
water, would nevertheless melt four inches of this wire at N 
when the coils were immersed in the tub of salt water at a dis- 
tance of 3 inches apart (151). Hence it seemed highly probable 
that similar differences of resistance to the passage of the cur- 
rent would also be found between the fresh and salt water in con- 
tact with the terrestrial bed. 

176. Two of the copper-rope conductors used in the canal 
experiments were therefore extended separately in the sea, on the 
coast of Lancashire, in about one fathom of water. On trans- 
mitting the current from the 24-inch machine through the ex- 
tended conductors, the same quantity of thin wire (four inches) 
was melted at N as when the conductors were coiled up sepa- 
rately in the tub of salt water (151). 

177. But when the submerged conductors were placed in 
connexion with the single Grove’s cell, the current which 
made three-quarters of an inch of thin wire red-hot at N when 
the double coil was immersed in the tub of salt water (152) was. 
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now insufficient to make the same length of thin wire hotter than 
could be endured by the finger, the result thereby indicating a 
greater amount of resistance to the passage of the current mto 
the earth than that which the salt water im the tub presented to 
the passage of the current between the same conductors when in 
the form of a double coil. This difference of resistance to the 
passage of the current, according as the conductors were extended 
in the sea or coiled up together in the tub of salt water, coincides 
with the difference which we have already observed when the 
same conductors were coiled up in the tub of fresh water and 
extended separately in the canal (115, 147). 

178. To sum up the results of these experiments, as far as we 
have gone, on the transmission of electric currents through 
liquids contained in insulated vessels, and those forming part of 
the terrestrial globe :—By operating in both cases with the same 
electromotors and arrangement of conductors, all the various 
phenomena of conduction and resistance obtained in the tub of 
fresh and salt water were identical in kind with those obtained 
in the canal and in the sea, the difference in degree being due to 
the close proximity of the twin conductors when in the form of 
a double coil in the tub, which, as we have seen, augmented the 
amount of discharge from the electromotors above that which 
the normal action of the earth induced when these same conduc- 
tors were extended separately in contact with it. From the in- 
ereased amount of discharge obtained from the 10-inch intensity- 
armature when the double coil was immersed in dilute sulphuric 
acid (154), and the absolute stoppage of the current when a 
similar double coil was immersed in a vessel of oil (166), we may 
justly infer that similar extremes of conduction and resistance 
would manifest themselves if these hquids formed part of the 
terrestrial globe, so that the earth would consequently become 
either a conductor or an insulator, according to the nature of the 
hiquids incorporated with its substance. Again, the resistance 
which the earth, whether forming the bed of the sea or of the 
canal, presents to the passage of a current of low intensity, and 
the diminution of this resistance by an increase of the intensity 
of the current, coimcide with the same order of resistances and 
intensities of the current observed in the electrolyzation of liquids 
in insulated vessels. We have also seen that the transmission of 
the current from even the most feeble of the electromotors used 
in these experiments, either through dilute sulphuric acid or dis- 
tilled water, was in every case attended by the electrolyzation of 
the liquids into which the electrodes were plunged. Hence we 
may justly conclude, even without the exhibition of the electro- 
lytic products themselves (which will, however, be shown in ex- 
periments to be hereafter adduced (198-205)), that the transmis- 
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sion of an electric current from a conductor into the earth is 
invariably accompanied by the electrolyzation of the liquids in 
contact with this conductor, and that without such electrolyza- 
tion transmission of an electric current from an electrode into 
the earth does not occur. 

179. For this reason I have not thought it necessary to make 
any experiments upon the electric condition of the earth by in- 
serting electrodes in the ground at different distances from each 
other, as, owing to the varying degrees of moisture on different 
parts of the earth’s surface, arising from differences of elevation, 
of climate, and of geological structure, it would be impossible 
by such means to arrive at any general law on the subject. 
Moreover, as the normal inductive action of the earth at any 
given point is, as we have seen, dependent upon the facility with 
which the liquids in contact with it can be electrolyzed, it follows 
that the electrolyzation of any liquid artificially mtroduced into 
the earth at that point cannot truly represent the amount of dis- 
charge which the earth is capable of inducing from a given elec- 
tromotor (116,176). We can easily understand, therefore, how 
Matteucci, by establishing communication between his electrodes 
and the earth by means of a solution of sulphate of copper or 
other liquids with which he impregnated the ground, and also 
by a variable degree of saturation of the soil, might obtain those 
anomalous variations of the earth’s resistance which he attributed 
to differences in the length of the terrestrial matter extending 
between the electrodes, but which anomalous variations I have 
not met with in the course of my investigations. 

180. Hitherto all the phenomena which we have observed to 
attend the passage of an electric current into the earth have been 
manifested by the heating of wires and by other effects produced 
at the electromotor ends of the submerged conductors, while the 
distant ends of the latter were disconnected. I will now proceed 
to describe some of the effects produced at the distant ends C, D 
of the conductors when extended separately in the canal and in 
the sea. 

181. The two naked copper conductors (104) were extended 
along the bottom of the canal at a sufficient distance from each 
other to prevent any lateral discharge from taking place between 
them. A length of about 3 feet of each of the distant ends C, D 
of the conductors was allowed to project out of the water for the 
purpose of introducing iron wires or a tangent galvanometer into 
the circuit. The other ends, A, B, were joined on to the respective 
polar terminals of the electromotors. 

182. When the current from a single Daniell’s cell, or that 
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from a pair of zinc and platinum plates excited by dilute sulphuric 
acid, was transmitted through the submerged conductors, the 
ealvanometer at -C; D indicated the same degree of current as 
when these conductors were extended in the air, thereby show- 
ing that the current had sustained no appre eciable loss in conse- 
quence of the non-insulation of the conductors. 

183. On transmitting the current from the single Grove’s 
cell through the submerged conductors, 2 of an inch of the thin 
wire was melted at the distant point C,D, being nearly the 
same quantity as was melted by the same cell when the conduc- 
tors were extended in the air (106). 

184. On transmitting the current from the 24-inch machine 
through the submerged conductors, the quantity of thin wire 
melted at C, D was 3 inches, whereas 4 inches of the same wire 
was melted when the conductors were extended in the air,—the 
result indicating, as in the experiment with the single Grove’s 
cell, that an increase in the electric intensity was attended by a 
diminution of the amount of current which arrived at the distant 
ends of the conductors. 

185. This diminution of the amount of an intensity-current 
arriving at the point C, D, reached its maximum when the cur- 
rent from the 10-inch intensity-armature was transmitted through 
the submerged conductors, as in this case the current arriving 
at C, D, though very considerable, was only sufficient to melt 4 
feet of wire ‘050 of an inch in diameter instead of 6 feet of wire 
‘065 of an inch in diameter, which the machine would melt 
when the conductors were in air. In this experiment it will be 
seen that the quantity of wire melted at C, D is the same as that 
melted at N by the current from the same armature when the 
ends C, D were disconnected (114). From other experiments 
made with the 5-inch quantity- and intensity-armatures, 1t ap- 
peared that just as the amount of electrodynamice effect at N was 
augmented by increasing the intensity of the current when the 
ends C, D were disconnected, so also was this augmentation of 
the electrodynamic effect at N attended by a reciprocal diminu- 
tion of the amount of current arriving at C,D. On the other 
hand, just as the electrodynamic effects at N were diminished by 
lowering the tension of the current when the ends C,D were 
disconnected, so also was this diminution of the electrodynamic 
effect at N attended by a reciprocal increase of the amount of 
current arriving at C, D. 

186. I have already said that when the two copper conduc- 
tors were extended in the sea with the ends C, D disconnected, 
the current from the 24-inch machine was sufficient to melt 4 
inches of thin wire at N; whereas the current from a single 
Grove’s cell, connected with the same arrangement of conduc- 
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tors, would not make the shortest length of the same wire red- 
hot (176, 177). 

187. That the increase of discharge from the 24-inch machine 
into the sea above that which was transmitted into the canal 
from the same electromotor, under like conditions, should be 
attended by a corresponding diminution of electrodynamic effect 
at the distant point C,D, was only what might have been ex- 
pected from the results already obtained in the canal: thus, 
when the current from this machine was transmitted through 
the conductors extended in the sea, the amount of current ar- 
riving at C, D would only make # of an inch of the thin wire 
red-hot ; whereas when the conductors were extended in the 
canal, the current from the same machine would melt, at C, D, 
3 inches of this same wire. When, however, a single Grove’s 
cell was connected with the conductors extended in the sea, the 
current arriving at the distant point was, owing to its compara- 
tively low intensity, so little diminished that it would make $ an 
inch of the thin wire red-hot. 

188. The similarity of the results exhibited at the distant 
ends of the conductors when extended in the sea and in the 
canal with those obtained with the double coil immersed in the 
tub of salt water, affords another illustration of the dependence 
of the phenomenon of the earth’s conductivity upon the electro- 
chemical properties of the liquids in contact with the conductors, 
and leads me to think that currents of electricity of great quan- 
tity, but of an intensity below that which is required to effect 
the electrolyzation of the liquid in which the conductors are 
submerged, might be transmitted to considerable distances with- 
out the necessity of surrounding the conductors with an insu- 
lating envelope. How far it may be practicable, under the most 
favourable circumstances, to transmit to distant places electric 
currents sufficiently powerful to be made available for any useful 
purpose under conditions so anomalous as those above men- 
tioned, it is impossible to say without further experiments with 
conductors of much greater length than those which I have em- 
ployed. I will, however, just mention that in a series of expe- 
riments made with two lengths of the same copper rope as that 
used in the preceding experiments, each 750 feet long, extended 
in the canal, while a marked diminution of electrodynamic effects 
was observed at C, D when currents of high tension were trans- 
mitted through these conductors, yet currents of low tension 
arrived at C, D with but little diminution of their primitive in- 
tensity. Hven with a current of so great an intensity as that 
from the 10-inch intensity-armature it was very interesting to 
witness the powerful electrodynamic effects produced at the ends 
C, D of the naked conductors ; for after the current had passed . 
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through a body of water 750 feet in length, a sufficient quantity 
still remained to produce a brilliant electric light, and to melt 
22 inches of iron wire ‘050 of an inch in diameter. With the 
current of lower intensity from the 5-inch quantity-armature, 
which melted at C, D 12 inches of iron wire ‘085 of an inch in 
diameter when the two 750-feet lengths of conductor were ex- 
tended in air, a sufficient quantity of the current still remained 
to melt 7 inches of the same wire (-035 of an inch in diameter) 
at C, D after it had traversed a body of water 750 feet in length. 

§ 4. On the Transmutable Nature of Water. 

189. In everything but the exhibition of the electrolytic pro- 
ducts themselves, we have seen that all the phenomena attend- 
ing the discharge of the electromotors through liquids contained 
in insulated vessels were identical in kind with those exhibited 
in similar liquids in contact with the earth, but with the remark- 
able difference before treated upon, viz. that while in the former 
case the electrolyzation of the liquids is dependent upon the 
mutual action of the electrodes on each other through the inter- 
vening electrolyte, in the latter case no mutual action of the elec- 
trodes is necessary for the electrolyzation of these same liquids 
when in contact with the terrestrial bed. Now the establish- 
ment of this distinction between the two actions completely 
overturns those electrochemical theories which make the trans- 
mission of an electric current through an electrolyte dependent 
upon a series of decompositions and recompositions of the liquid 
extending all the way between the two electrodes. 

190. Noristhe phenomenon of the independent action of the 
electrodes, when in contact with the terrestrial bed, less fatal to 
the generally received doctrine of the atomic composition of 
water than it is to the electrochemical theories above referred to. 
For if the oxygen evolved at one electrode be independent of the 
hydrogen evolved at the other, then would it appear that water 
is the ponderable base of both oxygen and hydrogen, and might 
therefore be transformed either into oxygen or into hydrogen 
alone. 

191. Consequences of such vital importance to chemical 
science as those which I have just indicated rendered it impera- 
tively necessary that the fact of the evolution of the electrolytie 
products at the electrodes in contact with the earth should not 
rest on an inference only, so long as the proof was within the 
reach of experiment. I therefore made an arrangement by 
which the electricity in its passage into the earth should electro- 
lyze the water in contact with it in a visible manner, and at the 
same time enable me to collect the electrolytic products for the 

- purpose of examination. 
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192. The principal electromotor used in these experiments 
was the 10-inch intensity-armature, the currents from which 
were turned all in the same direction by means of a commutator. 
The current from this armature, as I have already said, would 
melt in short circuit 7 feet of iron wire ‘065 of an mch in 
diameter. 

193. About 300 feet of naked copper rope, T, fig. 16, such 
as was used in the previous experiments (103), were extended 
in the canal in a single length, and connected with the aéria. 
conductor I, for the purpose of obtaining a good discharge from 
the pole F of the machine. 

194, The other aérial conductor, H, connected with the pole 
G, instead of terminating in the canal in the same manner as 
the conductor I, terminated in a pool of fresh water, U, formed 
in the ground about 200 feet from the canal. This pool was 
about 30 inches in diameter and 10 inches deep. 

195. A thin deal box, V, 1 foot square and 8 inches deep (into 
the construction of which no metal was allowed to enter), was 
fitted up as a pneumatic trough for the purpose of collecting the 
electrolytic products in tubes or jars. This trough was floated 
in the pool and then filled with fresh water. 

196. The free extremity of the aérial conductor H was termi- 
nated with a piece of thick copper wire well insulated with gutta 
percha, and the end of this copper wire was again terminated 
with a strip of platinum 33 inches long and 4 an inch wide. The 
strip of platinum was introduced into the open end of a eudio- 
meter-tube 18 inches long and 4 an inch internal diameter, 
graduated on its outer surface into hundredths of a cubic inch. 

197. When contact was made between the poles of the elec- 
tromotor and the arrangement of conductors above described, so 
long as the platinum termination of the aérial conductor H was 
not allowed to touch the earth or the water in the pool, no indi- 
cation of the passage of a current appeared on the galvanometer 
at N, norin anyother manner. But directly the platinum elec- 
trode touched the water, either in the pool or in the pneumatic 
trough, the galvanometer indicated the passage of a current 
into the earth, while a stream of small bubbles of gas rose 
from the electrode to the upper end of the inverted eudiometer- 
tube, which had been previously filled with water. These bubbles 
of gas, when collected in sufficient quantity, were examined and 
found to be hydrogen. : 

198. On reversing the polar connexions at the machine, so 
that the platinum termination of the conductor H formed a posi- 
tive instead of a negative electrode, the gas which collected at 
the top of the eudiometer-tube was now found to be oxygen. 

199. A few measures of sulphuric acid were now mixed with 
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the water in the pool and in the trough for the purpose of in- 
creasing the conductivity of the water, and thereby facilitating 
the discharge of the electromotor into the earth. 

200. When contact with the electromotor was made in such a 
manner that the platinum termination of the conductor H formed 
a positive electrode, 0:36 of a cubic inch of oxygen was generated 
in the eudiometer in one minute. 

201. On reversing the polar connexions at the electromotor, 
so that the platinum should now form a negative electrode, 0°73 
of a cubic inch of hydrogen was generated in the eudiometer in 
one minute. 

202. A large platinum plate was now substituted for the small 
strip of platinum at the extremity of the conductor H, and the 
eudiometer-tube was replaced by a glass jar, into which the pla- 
tinnm plate was introduced. 

203. On transmitting the current from the machine into the 
earth so that the platinum plate formed a positive electrode, the 
magnitude of the current was sufficient to melt 3 feet of iron 
wire ‘035 of an inch in diameter at N, and to generate, in six 
minutes, 20 cubic inches of oxygen, which represent the trans- 
routation of 6°92 grains of water into the same number of grains 
of gaseous oxygen at the ordinary atmospheric pressure and 
temperature. 

204. On reversing the polar connexions, so that the platinum 
now formed a negative electrode, 20 cubic inches of hydrogen 
were generated in three mimutes, which volume of gas repre- 
sents the transmutation of 0°43 of a grain of water into the 
saine weight of gaseous hydrogen. 

205. These experiments, besides exhibiting in the most stri- 
king manner the electrolyzation of water when in contact with the 
terrestrial bed, also show, by the volumes of oxygen and hydro- 
gen generated in equal times, and by the times occupied in the 
evolution of constant volumes, that these gases were evolved at 
the electrodes in the proportions in which they enter into com- 
bination to form water. 

206. In order that no reasonable doubt may be entertained 
that the oxygen or hydrogen evolved from the electrode in the 
pool had no relation whatever to the oxygen or hydrogen libe- 
rated on the surface of the conductor extended in the canal, I 
will just add another observation to those already made in proof 
of the independent action of the electrodes when plunged into 
masses of liquid of planetary dimensions. In the summer of 
1861 I had the good fortune to witness, near Manchester, the 
effects of a discharge of lightning on a piece of copper wire 
which had been used by my direction for the purpose of esta- 
blishing a connexion between a line of telegraph and the signal- 
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ling-instruments. One part of the copper wire happened to be 
placed in close proximity to the copper lightning-conductor of a 
factory chimney, while another part of the same wire passed 
within an inch or so of touching a thick iron gas-pipe connected, 
of course, with the underground mains. The lightning, it would 
seem, in its passage between the clouds and the earth, finding a 
much easier path by way of the copper wire and gas mains than 
by way of the lower extremity of the lightning-rod terminating 
in the moist earth, melted and volatilized a length of about 15 
feet of that portion of the copper wire which extended between 
the lightning-conductor and the gas-pipe. 

207. Now the power which atmospheric electricity, or elec- 
tricity of tension, possesses of effecting the electrolyzation of 
water is so well established* that no reasonable doubt can be 
entertained that the fusing of the copper wire in the instance 
above mentioned was attended by the electrolyzation of the water 
in contact with the metal gas mains, in the same manner as the 
current from the 10-inch intensity-armature, which fused 3 feet 
of iron wire at N also, simultaneously electrolyzed the water in 
the pool. But in the case of the electrolyzation of water at the 
lower extremity of a lightning-rod, the very foundation of any 
mutual action which might be supposed to exist between the 
positive and negative electrodes of an electromotor discharging 
itself into the earth is entirely removed. 

208. Moreover, as the electrolyzation of the water in contact 
with the inferior extremity of a lightning-conductor is indepen- 
dent of the length of conductor extending upwards above the 
surface of the earth, it would follow that if it were possible to 
prolong this conductor through space to a planetary body (Mars, 
for example) containing the same electrolyte as that forming 
part of the terraqueous globe, or if such a line of metal were 
extended between two aqueous spheres of planetary dimensions 
(fig. 17), then would a current of electricity traversing this line 
of metal (according to the polarity of the electrodes) transmute 
the water of each of these spheres either into oxygen or into 
hydrogen alone. 

209. Though I have been at considerable pains to prove ab- 
solutely that the passage of an electric current from a conductor 

* M. Van Troostwyk, ‘‘ Sur la résolution de ’eau en gaz oxygéne et hy- 
drogéue par l’étincelle électrique,” Annales de Chimie, tome v. p. 276, 1790. 
Barry, ‘“‘ On the Chemical Action of Atmospheric Electricity,” Phil. Trans. 
1831, p. 165. Faraday, ‘‘ Electrochemical Decompositions by Common 
Electricity,” Phil. Trans. 1833, pp. 34-676. Andrews, “ On the Polar 
Decomposition of Water by Common and Atmospheric Electricity,” 
British Association Report, 1855. 
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into water is in every case accompanied by electrolyzation, yet I 
have nowhere ventured to affirm that it is impossible for water 
to conduct an electric current without electrolyzation when no 
electrode is present; since it is only at the surfaces where the 
electrode and the electrolyte touch each other that the electro- 
lytic phenomena are really manifested, and, so far, the presence 
of an electrode composed of a substance heterogeneous to that 
which is in course of electrolyzation is essential to the absolute- 
ness of the law of definite electrolysis. Now there is no evidence 
whatever to show that water, whether in insulated vessels or in 
contact with the earth, conduets an electric current after it leaves 
the electrode in any way different from that in which the current 
is propagated in solid bodies such as metals ; and consequently 
no hypothesis founded upon a contrary assumption has any 
claim to be admitted. When, therefore, the positive or negative 
electrode of an electromotor is plunged into a body of water in 
contact with the earth, it seems to me that the corpuscular motion 
of the electrode, by the very act of communicating itself to the 
molecules of water in immediate contact with it, transforms them 
into molecules of oxygen or hydrogen, the electric impulse (after 
leaving the electrode) being then received into the entire mass of 
the terraqueous globe by a physical conductivity similar to that 
by which the current is propagated in metallic bodies. 

210, It is evident that the ¢onclusions which I have arrived 
at respecting the transmutation of water, either into oxygen or 
into hydrogen, when this liquid is in contact with the earth, and 
also with regard to the mode in which the current is propagated 
after leaving the electrode, must extend to the mode of propa- 
gation of the current and to the electrolyzation of water con- 
tained in insulated vessels. 

211. The possibility of generating and conducting an electric 
current in a closed ring or circuit of water without the interven- 
tion of electrodes of any kind by a physical conductivity similar 
to that by which a current is generated and propagated in a 
circuit entirely metallic has already been proved by Faraday, 
who, by coiling an india-rubber tube filled with acidulated water 
round the armature of an electromagnet, and then magnetizing 
and demagnetizing the armature, succeeded in generating alter- 
nate induction-currents in the aqueous circuit, just as if the 
armature and helix of water formed part of a magneto-electric 
machine*. 

212. MM. Van Breda and Logeman have pointed out that, 
even in this case, when the generating aqueous circuit was com- 
pleted by the wire of a galvanometer as described by Faraday, 
electrolyzation occurs at the extremities of the wire in contact 

* Philosophical Magaziue, S. 4. vol. vi. p. 265. 
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with the liquid coil*; and since the arrival at the galvanometer 
of the induction-current must necessarily have been preceded by 
its generation in the convolutions of the aqueous conductor 
surrounding the armature, this experiment affords another proof 
that the presence of an electrode, whether employed in transmit- 
ting or in receiving an electric current, is essential to the pro- 
duction of electrolytic phenomena. But in a modification of 
this experiment which I have made with a water helix formed 
in an india-rubber tube 37 feet in length, 20 feet of which were 
coiled round the electromaguet, while the other 17 feet were 
used simply as a conductor, after removing the galvanometer- 
wires which had first indicated the generation of the induction- 
current, and plunging the ends of the india-rubber tube into a 
glass vessel containing the same acidulated water as that which 
filled the tube, in order that the induced current should now be 
generated and propagated in a closed homogeneous circuit of 
water returning into itself, it is manifest that though the in- 
duced current would be generated and conducted as certainly as 
when the galvanometer formed part of the circuit, yet, owing to 
the absence ef electrodes, there could be no electrolyzation of 
the water in any part of the circuit. Hence, if Faraday failed 
to prove that a feeble electric current could be transmitted from 
an electrode into an electrolyte without electrolyzation, this great 
philosopher has at any rate the rare merit of having indicated the 
only method by which a current can be generated and propa- 

_ gated in an electrolyte without the intervention of electrodes, 
and consequently without electrolyzation. 

213. From a further comparison of the phenomena attending 
the propagation of an electric current in an aqueous circuit with 
those observed in a metallic one (both closed and interrupted), 
it would appear that the electrolytic products which make their 
appearance at the point of interruption of an aqueous circuit 
such as we have just considered (212), are the result of the dis- 
ruptive discharge of the electrolyte against the electrode, just as 
the spark or the electric light is the result of the disruptive dis- 
charge from metallic or graphite conductors through air,—the 
principal difference between the two discharges (and one which 
exhibits in a remarkable manner the transmutations of matter 
and force) being this, that whereas the ponderable particles of 
matter which are projected from solid conductors (such as metals 
or graphite) by the disruptive discharge give out the whole of 
their specific energies in the form of heat and light at the moment 
of discharge, the specific energies of the ponderable particles of 
matter which are projected from the water by the electrolytic 
discharge, on the contrary, remain suspended until they are 

* Philosophical Magazine, S. 4, vol. viii. p. 465. 
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made to develope themselves at the will of the experimenter, 
either suddenly, by explosion, or gradually, in the form of the 
oxyhydrogen-flame. 

214. As the electrolytic products, as we have seen, are only 
manifested and obtained at the point where the generating or 
conducting aqueous circuit is interrupted by an electrode, just 
as the spark only occurs at the point of interruption of the me- 
tallic circuit in air, so a theory framed upon the supposition 
that the transmission of an electric current through a closed 
metallic circuit depends upon a succession of invisible sparks 
following each other through the solid portions of the conductor, 
might be supported with the same amount of plausibility as an 
hypothesis based upon the assumption that the propagation of 
an electric current through a closed aqueous circuit (212), or 
through the homogeneous portions of a liquid, after the current 
leaves the electrode, is dependent upon a series of imperceptible 
decompositions and recompositions of the whole of the electro- 
lyte traversed by the current. 

215. That the evolution of electrolytic oxygen and hydrogen 
from water is an operation of transmutation, and not one of de- 
composition, was further shown by the converse experiment of 
the reconversion of oxygen or hydrogen alone into water. The 
strip of platinum terminating the conductor H (197) was intro- 
duced into an inverted test-tube 44 inches long and 4 an inch 
internal diameter, the upper half of which was filled with hydro- 
gen and the lower half with acidulated water. The lower end 
of the tube was then immersed in the pool of acidulated water 
(199); and the platinum electrode, exposed to the hydrogen and 
water in the tube, was made positive, by placing the conductor 
H in permanent connexion with the platinum terminal of a single 
cell of the nitric-acid battery; while the zinc terminal of the 
same cell was connected with the conductor extended in the 
canal. 

216. After connexion between the battery-cell and the elec- 
trode in contact with the hydrogen and water in the pool had 
been maintained for about five hours, the water had risen in the 
tube one inch anda half, thereby indicating the transmutation 
of a corresponding volume of hydrogen into water. 

217. On substitutimg an equal volume of oxygen for the hy- 
drogen in the tube, and making the platinum electrode negative 
by a much more feeble current than that used in the preceding 
experiment, the water completely filled the tube in about thirty 
hours, thereby indicating the transmutation of the whole of the 
oxygen into water. 

218. From these experiments we may justly infer that if a 
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feeble electric current were generated m any manner in a me- 
tallic conductor extending between two aqueous spheres of pla- 
netary dimensions, and if one of these spheres were surrounded 
by an atmosphere of oxygen and the other sphere by an atmo- 
sphere of hydrogen, then would the negative and positive elec- 
trodes terminating the extended conductor transmute the oxygen 
envelope of one sphere and the hydrogen envelope of the other 
sphere into water. 

219. That the views which I have enunciated respecting the 
transmutation of water into oxygen or into hydrogen, and the 
new facts which I have adduced in support of them, should not 
have been previously touched upon in some way, would indeed 
have been surprising, considering the number of powerful intel- 
lects which have been engaged in the field of electrochemical 
science during the present century. Thus we find Davy, in the 
course of some experiments on the electrolyzation of water in 
contact with globules of mercury on which oxide was formed 
without the apparent liberation of free hydrogen, suggesting the 
same idea which J have been engaged in demonstrating, viz. that 
water might be the ponderable basis of both oxygen and hydro- 
gen*; but he hesitates to adopt so formidable a conclusion, as 
in no other case could he obtain one gas without the correspond- 
ing quantity of the other, or without some product into which 
the other gas might be supposed to enter. Subsequent re- 
searches on the power which hydrogen in the nascent state 
has to combine with the oxides, have fully justified this suspense 
of judgment. But in following up this speculation in the case 
of the electrolyzation of water when the positive and negative 
electrodes of the powerful battery of 2000 double plates of the 
Royal Institution were plunged into separate vessels of water, 
connexion between them being established through the human 
body by inserting a finger in each vessel, this philosopher would 
hardly seem to have been just to his original conception ; for 
had he not attempted to account for the phenomena by the 
theory of transfer, or been hampered with the hypothesis that 
the liberation of the oxygen and hydrogen in the separate ves- 
sels depended upon a series of decompositions and recomposi- 
tions of the liquids extending all the way between the two elec- 
trodes, no other conclusion. could have been arrived at but that 
which he hesitated to adopt. 

220. Another natural philosopher, whose researches would 
seem to have led to results intimately connected with some of 
those which I have obtained, is Mr. Grove, who has pointed out, 
in the most forcible manner an insuperable objection which the 

* Elements of Chemical Philosophy, by Sir Humphry Davy, LL.D., 1812, 
vol. i. pp. 172, 485-488. 

Phil. Mag. 8. 4. Vol. 36. No. 241. Aug. 1868. I 
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action of his gas battery presents to the electrochemical theory 
of Grothuss, which makes the propagation of the current between 
two electrodes dependent upon a series of decompositions and re- 
compositions of the water through which the current is transmit- 
ted*. Grove’s objection to the theory is this :—In a single pair of 
the gas battery we must, according to the theory of Grothuss, 
suppose that oxygen and hydrogen in their separate states tear 
asunder oxygen and hydrogen already united—the force which 
produces the composition of water being in fact regarded by the 
theory as sufficiently strong to overcome the force by which its 
constituents are already held together. Grove also points out that 
the gas battery presents cases in which, according to this theory, 
a more feeble affinity overcomes a more powerful one, as when 
water is the electrolyte, and binoxide of nitrogen and oxygen are 
the gases. 

221. Now the action of the gas battery, while altogether inex- 
plicable by the theory of Grothuss, is very simple when viewed 
in connexion with the new results which I have obtained, and 
with the dynamical theory of gases which has recently made 
such advances through the labours of Joule, Clausius, and others. 
For if free oxygen and hydrogen may now be !ooked upon merely 
as the same ponderable matter, separated into molecules of greater 
and less weight in a state of rapid motion, the hghter molecules 
(hydrogen) moving at a much greater velocity than the heavier 
molecules (oxygen), in order that equal volumes of these gases 
may produce equal pressures, it is no longer surprismg, now 
that the influence which platinum exercises in inducing gaseous 
combination is known, that the molecules of gas should be able 
to communicate their motion to the comparatively inert mole- 
cules of water which are in contact with the surface of the pla- 
tinum, in a similar manner to that in which the translatory motion 
of inelastic bodies is by collision transformed into the motion of 
heat, that portion of the water extending between the electrodes 
but not m immediate contact with them being not electrolyzed, 
but simply completing the circuit in the same manner as an ordi- 
nary metallic conductor. 

222. That the conclusions which I have arrived at respecting 
the nature of water will escape the penalties usually visited upon 
opinions which run counter to established ideas, whether true or 
false, is hardly to be expected on a subject on which such strong 
views are held as on the composition of water. But for the 
benefit of those who, like myself, refuse to accept the explanation 
of any phenomenon as being absolutely true, without first con- 
sidering it in relation to the mind of the individual who essays to 
interpret it, I will just observe that, in a critical examination of 

* Philosophical Magazine, S. 3. vol. xxvii. p. 348. 
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the various notions which have up to the present time been held 
on the nature of water, it is highly important that a proper esti- 
mate should be taken of the powerful influence which the chro- 
nological order in which some discoveries in physical science are 
made has in establishing in the minds of philosophers of one 
generation ideas of causation and composition which are looked 
upon as absurd by philosophers of another. Thus we find that 
water, up to the time of Cavendish and Watt *, was considered to 
be an element, simply on account of the inability of chemists to 
convert it into anything else; while the present notion of the 
compound nature of water rests entirely on the inability of mo- 
dern chemists to obtain water from oxygen or hydrogen alone, 
or to obtain either of these gases alone from water. 

223. Now, had the chronological order in which the experi- 
ments described in this paper and those of Cavendish and Watt 
were made been reversed, the doctrine of the transmutable na- 
ture of water would at once have been accepted, as agreeing 
strictly with observation and experiment. But the theory of the 
atomic composition of water, if broached for the first time at the 
present day, would be summarily rejected as not accounting 
either for the evolution of oxygen or hydrogen from water form- 
ing part of the terraqueous globe (200, 201), or for the recon- 
version of either of these gases alone into water (216, 217). 

224. Nor would the theory of Grothuss under these altered 
circymstances meet with any better reception at the present day 
than would be accorded to the theory of the composition of water, 
because the former theory, as we have seen, breaks down com- 
pletely when called upon to account for the electrolyzation of pla- 
netary masses of water by means of a single electrode, or when 
the distance between the two electrodes is considerable ; and yet, 
although the theory of Grothuss was invented solely for the 
purpose of reconciling the phenomenon of the electrolyzation of 
water with the theory of its composition +, and therefore ought not 
to be used in any manner to support the latter theory, there will 
not be found wanting some minds in which these two theories 
are so confusedly mixed together that Grothuss’s theory will be 
brought forward to explain and support the theory of the com- 
position of water, while the latter theory will, in its turn, be 
adduced as proof sufficient of the truth of the theory of Grothuss. 

225. It is to philosophers of a breadth and liberality of mind 
sufficient to realize the full force of the accidental influences 
which I have just indicated that 1 look for an impartial conside- 
ration of this great question—to philosophers who are so far 

* Philosophical Transactions, 1784, pp. 130, 329. 
+ “Théorie de la décomposition des liquides par l’électricité galva- 

nique,” par C. J. D. de Grothuss, Annales de Chimie, vol. lyin. p. 64 (1806). 

[2 
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faithful to the evidence of their own senses and to their own un- 
derstandings as not to be unduly influenced by the truth as it 
appears to this man or to that, but who, with a singleness of 
purpose which is regardless of all consequences, seek to behold 
the truth only as it is in nature. 

[ Our correspondent’s concluding paragraphs (222, 225) have in- 
duced us to publish his statements regarding the transmutable nature 
of water, although we do not agree with him, and believe that the 
results of his experiments will bear a very different interpretation. We 
are of opinion that the supposed conversion of water into oxygen or 
hydrogen (197 et seq.) is simply a decomposition of water, the oxygen 
being evolved in the one pool, the hydrogen in the other, the earth 
acting as the conductor between the two pools. The large surface of 
the conducting wire in the one pool would naturally make the amount 
of gas evolved at that pole appear very small. We also think that 
the conversion of hydrogen or oxygen into water admits of a different 
explanation ; it seems to us that the author has simply formed a gas 
battery.—W. F. ] 

XV. On the Theory of Pressure in Fluids. By R. Moon, M.A., 
Honorary Fellow of Queen’s College, Cambridge*. 

i a former papery I treated of four cases of pressure, in the 
first of which the received theory as to the law of pressure 

in elastic fluids was shown to contradict a universally received 
principle, viz. the principle that action and reaction are etjual 
and opposite. In the second case considered, the assumption of 
the truth of the same law was shown to lead to an absurd result ; 
while in the two remaining cases the same assumption was shown 
to lead to results which are palpably erroneous. 

If we inquire into the evidence upon which the received law 
of pressure in elastic fluids rests, it will, I think, be found that 
the law having been proved experimentally to hold in the case of 
equilibrium, it was assumed, in the absence of any obvious reason 
to the contrary, to hold generally ; and certain illustrious ana- 
lysts having shown that its adoption led to some striking and 
beautiful results, suspicion was lulled, and acquiescence in the 
correctness of the theory became general. 

The cases considered in my former paper establish conclusively 
that the law which has thus been assumed is not universally true. 
A further inquiry into the subject therefore becomes necessary ; 
and such an inquiry, so far as the case of motion in one direction 
is concerned, I propose to institute in the present paper. It will 
be found, if I mistake not, to lead to conclusions of the greatest 
interest, simplicity, and value. 

* Communicated by the Author. 
+ See Philosophical Magazine, vol. xxxvi. p. 27. 
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Suppose that we have a cylindrical tube of indefinite length 
filled with air; and let zw be the ordinate of the position of rest 
of a lamina made by planes perpendicular to the axis of the tube ; 
y the same ordinate at the time ¢,—the whole motion being sup- 
posed parallel to the axis of the tube, to which the ordinates are 
measured parallel. 

Let p, v, p denote respectively the density, velocity, and pres- 
sure at the time ¢ at the point whose ordinate at that timeis y. 

If D be the density of equilibrium, we shall have the following 
equation of motion, viz. 

OS se gmat oe Er a SLE) 

an equation which holds without reference to any hypothesis as 
to the nature of the law of pressure, resting on the simple as- 
sumption that the fluid is a continuous substance. 

It is obvious that in any particular case of motion each of the 
quantities p, p, v must be capable of being expressed in terms of 
x and ¢, 2. e. that we may assume 

p=f,(#t), 

p=fo(xt), 

v=fs(at). 

From the last two, eliminating 2, we may obtain 

t=f,(p, v) ; 

and eliminating ¢, we may obtain 

2=f,(p, ») 
Substituting these values in the equivalent of p, we shall obtain 

— tune ba (o5.2))k 

We may hence perceive the gigantic character of the assumpe 
tion made in the received theory by taking, under all cireum- 
stances, p=a’p. 

All that we know of the pressure @ priori is that p is a func- 
tion of p and v, or, as we may put it, that 

p=, (p) + Fo(p, ») 5 
where F,, is some function of p and v which vanishes when v=0. 
Now, even if Mariotte’s law established (which it does not*) 

* Mariotte’s law has only been proved to hold when the air is in equili- 
brium. In the last three cases of my former paper it is clear that the air 
is not in equilibrium at the time when we have v=0 throughout the entire 
mass, at which time it is shown in each case that Mariotte’s law does not 
hold. 
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that under all circumstances when v=0 we have p=a’p, that 
would only entitle us to assume that 

p= a*p als F,(p, v), 

where F, is some unknown function of p and v which vanishes 

when v=O, the making F,=0 when v does not =0 being to 
be regarded as a pure unqualified assumption. 

Returning from this digression—since p may be regarded as 
a function of p and v, we shall have 

wD dpdp , dpdv _ dp dv 
= ap da de dada + V gy SUPP, 

where R and V are functions of p and v only; and substituting 
this value in (1), observing that 

dy dy|~" 
y= dt? p=D.7, 5) 

we get 

poy, Vida 
7 ai? Dede @ ¢az| ae 

in which, by virtue of the above equivalents for p and v, V and 

Ri, may be considered as functions of wf J and 7 Only. 
dt 

In treating of the integration of this ene I shall assume 
that V and R are definite functions, 7. e. that they contain neither 
arbitrary constant nor arbitrary function. If, by reason of the 
expression for p in terms of p and v (and therefore in terms of 

ai = involving arbitrary constants or arbitrary functions, such 

or the like constants or functions enter into the composition of 
(2) when exhibited in its most general form, I shall assume that 
definite values have been assigned to such constants and func- 
tions; so that it is only to the equation (2) when modified in the 
manner just indicated that the remarks immediately following 
must be conceived to apply. 

Thus much being premised, I shall simply assume that (2) is 
integrable by Monge’s method, and shall follow out some of the 
consequences of that assumption. 

One consequence of that assumption will be that (2) is capable 
of being derived from a single partial differential equation of the 
first order, of the form 

F (ayt 4 ae )=of,( Cie. 
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where ¢ is arbitrary ; whence it follows, putting ¢=«, where 
is any constant, that (2) 1s capable of being derived from an 
equation of the ‘form 

dy YY F (ay ee |. ee. 8) 

where a is an arbitrary constant independent of the value of any 
constant appearing in F. 

Differentiating (3), we get 

d d 2y dy\ d?y 0=P(o) + Py) +8 (FS +5 BB) : 
nee dadt ce teh 

ay ! (@ d*y 
dzdt 

d O=F'(t) + By) 2 Tey ot) og +B (GS 
dx 

By hypothesis, (2) is derivable from these last two equations 
and from (8) ; and since « appears in (3) and does not appear 
in (2) or in either of the equations (4), it is clear that (2) must 
be derivable from equations (4) alone, without taking account 
of (8). 

Hence the right side of (2) must be identical with the right 
side of the following ae viz. 

dy\ a? dy dy o= AL Pe) 2) +) +B (LYSE 4 (D) Se 7 
dx) dx dt / dadt 

iy a ay (a2 “EY I ! ! 
+B4 PO+EW) F CE ae) dedthe Nat) de 

where A, B are functions of tay 2 a Therefore, comparing the 

coefficients of corresponding terms, we must have 

1=BF (4 HY, 

V _pw (Y ! p =BP(Z) +4F (#) 

dy\* _ aw (YY =e] =AP(7) 

I 1/,,\ ! 17) 2 \. (8 P+ WG + +4 E'(2) + Py) & bs 

whence we have, eliminating A and B, 
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| 
P\ae)| VUNG) La 

O= oe): ae . —R#) 
(ay » Pr (2) oll = | 

ke ‘ oo 9) 

W(%) ga PerPn® i dx} _,dy|~* W) de 

the first of which gives us 

d PENN 2 

Pz) ver/ vey anpe 
HN Rae OER MONE 60°01 os 

FE’ v(@) 2D 
dt 

yt 

Let 

F (aye aw) =F (at v) =flwylpr), dx dt (2 

p (40) =P a aes ay 

(Gj) =F 

then 

Fy =f\(x), Fy=fy), FO=fO; 

therefore (6) gives us 

V/V? +4Rp? : 
O=f"(p)+ ap? fe); 2. oe 

while from (5) we get, reducing, 

D 
f (2) +f"y) p D ie ed 

FOF Ue — aR VE V+ AR 
ta 2D 

VE V/V?2+4Rp? 
or 

oo Se eae +f"(t) 
# ee. re 

VE ama § + 4Rp? +0) MW); 

2p 
f must satisfy (7) and (8) simultancously. 
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If o,=C, andw,=C, be the respective integrals of the equa- 
tions 

2p” 

Cosa MVE +aRGE 
2p” 

we shall have in w,, w, two values for f, since they obviously 
satisfy (7) and also, "being free from x, y, and ¢, satisfy (8). 

Again, we have for the integration of (8) the following auxi- 
hary equations, viz. 

Dendy: Vast aR pF | 
(3 a) 

Gees os V VEER 
2D 

O=dy— Ce VV? +4Rp? +0) dt, 
2p 

O=dp, 

O=db. 

Hence we shall have the two following additional values for f, viz. 

= (/ VAR? 71 |p. E \ize SN TEE | 

os Mt : : Sh corny cee 
| Ee ans VV?2+4Kp +0) |, 

2p 

where ¢ is arbitrary, provided these values satisfy also equa- 
tion (7). 

But if (9) satisfies (7), the latter will be satisfied by 

f=¢ 4 v— Ver Oe ah, 

in order to which we must have 

Cp ES i a 
aa VV?+ 4Rp?) 

TOME > (10) 
VtV/V?+4Rp? d Ip) hen mealies EE 

ae 2p? oh (V+ PS TEES 

or, which is the same thing, 

Senne a 
== (i! ae VV? + 4Rp") 7, (V+ VV?24 4Rp?2) } 

d ie Se OG) 

—2R (VE VV? 44Rp?), 
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which, taking alternately the upper and lower signs, constitutes 
a pair of equations of condition which must be satisfied when 
f is susceptible of both the values (9). 

Moreover, since if (9) satisfies (7) the latter will be satisfied 

By 
poo {y— (CELE 491, 

L 2p 

we have the further equations of condition, 
— 

Oe (+ / V? + 4Rp? a v) 
dp 2p 

Viv V?+4Rp? po Cena ese ar ane to) b, 
2p” “dv 

which reduce to the following, viz. 

2/V24Re2 a ihe Seren 
Qa ce es Gea tee V V?+44Rp?) 

p 

Vice VESEAIR Gs de — Wadi (AVE Q 2 sf Fe oak + VV244R op). 

Hence if (10) hold, we must have 
V?+4Rp*=0, 

a conclusion which may be rejected on account of defect in 
generality*. Therefore when equations (10) hold, (9) must 
reduce itself to 

f=o4 (e- Wer ieee 1), 0, ot, Say 

and we shall thus have for f four values in all, viz. those given 
by the last equation together with those previously found, viz. 
@), Wo. 
"Now it will be remembered that the original integral which we 

assumed for (2) was (2 a), or, which is the same thing, 

f(aytpr) =x 4 f,(zytpr)t. 6 6. (12) 

It is clear, however, that this last equation may be put under the 
form 

Salvytpr) =X_,  fleytpr)§ , 
where XSi denotes an arbitrary function ; and if we treat this 
equation in the same way in which we Hane treated (12), w 
shall arrive at precisely the same formule for the deter inate 

* The grounds upon which I rest this conclusion will hereafter be more 
distinetly pointed out. 
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of f, as those at which we have already arrived for the determi- 

nation of f. 
Thus the occurrence of two of the four values of which f has 

been shown to be susceptible is at once accounted for ; and if we 
reflect that almost universally when an equation of the second 
order is integrable by Monge’s method, there are two equations 
of the first order of the form (2a) from each of which it is sepa- 
rately derivable, there cannot, I think, be a doubt that the four 
values above derived for f must be attributable to the values of f 
and f, in equation (12), and to the corresponding functions in 
the other first integral of (2). 

Acting from this clue, we shall be justified in assuming, and 
we shall find it to be the fact, that when the equations of condi- 
tion (LO) are satisfied, (2) will be susceptible of the two following 
integrals, from each of which separately it is capable of being 
derived, viz. 

2 2 
m= gq ase +4Rp at 

V+ anne } 
= FS ee Sl ae sears DON Sy A 

2 vy 2D 
If we now recur to the equations of condition (10) or (10a), 

or, as they may be written, 

(13) 

0=P oars 

a, 9, 4 te 
a Ane 

where 
Bey: V4 apt, (PL V— v-Vit Ane 

the form of the equations leads us to conclude that, if neitherof 
the quantities P, P, vanishes (as for instance P,) so as to render 

dP, _ aP, =0, we shall have 
dp “ae 

ee ee 

which implies that we have VV? + 4Rp?=0,—a conclusion which 
I have aleady pointed out as one to be rejected as deficient in 
point of generality*. 

* This may be seen more distinctly as follows. In the case supposed, 
(13) become 

a= je— sil, m= fe 3 ay aa 

whence we get o1= funct.,; and therefore we must have p = funct. of v, 
since @; #, involve p and v only. Now not only is this conclusion, viz. that 
p = funct. v, clearly defective in point of generality, but, if it were true, we 
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But if one of the quantities P,, P, is constant—for instance, if 
we have 

V+ VWV2+4KRp?= 2a, 

where « is constant, we shall have 

Rp? =a?—a«V, 
or 

dp dp ne 2 O=p a Teer a, 

which gives us 

a value which, it will be found, satisties both the equations of con- 
dition (14). 

In this case equations (8 a), from which @,,@, are to be de- 
rived, become 

. a 

p 
d 

O=dv— { (w+ “Jab oar al hate (15) x p p? 

, and equations (13) become 

x'(o+ *\— 

p le 
ee 

+ Spf eye 
o=y{a— Sih, 

where w= const. is the integral of (15). 

a 
ae @,=vU+ — 

If we put wu=v+ =, the three equations which determine the 

circumstances of the motion, z. e. the pressure, density, and ve- 
locity, become 

Re gts 8 | 8) 

J 

D 

1 du a 

5 \ gees =¥42- pep 
might assume p= a function of p only-—an assumption which is open to all 
the objections which in my former paper have been shown to apply to the 
law of the received theory, viz. p=a’p. 
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results which have been evolved from the general equation (2) 
without the aid of any subsidiary hypothesis with regard to the 
nature of the law of pressure, by the simple application to (2) of 
the ordinary process for the integration of partial differential equa- 
tions of the second order involving two independent variables*. 

If the fact of the expression for the pressure contaming an 
arbitrary function, thus causing three arbitrary functions to enter 
into the complete solution of the problem, occasions surprise, I 
may observe that it may be shown @ priori that such must be the 
case. 

6 New Square, Lincoln’s Inn, 
July 7, 1868. 

XVI. On the Diammonic Carbonate, or Normal Carbonate of Am- 
montium. By Kowarp Divers, M.D., F.C.S., Lecturer on 
Natural Philosophy, Charing Cross Hospitalt. 

c is now nearly thirty years ago since H. Rose wrote, in his 
classical memoir on the compounds of ammonia with car- 

bonic acid{, “the neutral anhydrous carbonate of ammonia 
cannot be combined with the quantity of water sufficient to con- 
vert the ammonia into oxide of ammonium.” The carbonates 
of ammonia have since been reinvestigated by Deville§ ; and he 
admits the existence of only two crystalline combinations—the 
tetrammonic dihydric tricarbonate (or true sesquicarbonate), and 
the ammonic hydric carbonate (or bicarbonate). 

Resting on the authority of these distinguished chemists, the 
text-books tell us that the carbonate of ammonium cannot be 
isolated. I have now to announce that the normal or diammonic 
carbonate can be prepared in the simplest manner imaginable. 
I must say that, with the above assertions before me, I was much 
pleased to succeed very easily in my efforts to form this body ; 
but I certainly was not astonished, because comparatively recently 
it has been shown by Dr. Hofmann that two bodies whose place 
is little beyond the threshhold of chemistry (formic aldehyde and 
formamide), and which it was said could not be produced, are 
actually to be prepared in the most ordinary manner. 

Diammonic carbonate is formed by treating the commercial 

* The truth of equations (16) may be readily verified, observing that, in 
virtue of the value there given for p, (2) can be put under the form 

on M4 xu) du % dp, a? dp. 
dt DY deep? dt Wee az 

ommunicated by the Author. TC 
t Pogg. Ann. vol. xlvi. p. 373. 
§ Ann. de Chim. 8. 3. vol. xl. p. 87. 
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carbonate with a solution of ammonia. Some of this substance 
dissolves in the ammonia-water ; the rest remains, as a skeleton 
of the original solid, in the condition of a soft mealy semicrys- 
talline mass. This is the normal carbonate. If it be digested 
for some days in a closed vessel with the ammoniacal liquor 
after this has had its free ammonia renewed in it by the passage 
of some ammonia gas through it while kept cool by external 
means, a remarkable phenomenon is observed. Even when the 
solid is at first in such quantity as to leave the mixture only 
semifluid, the whole will gradually, particularly when occasion- 
ally agitated, become a solution. Warming the vessel in the 
early period of the digestion seems to have little effect in has- 
tening this peculiar solution; while cooling it in ice has little 
effect (if any) in increasing the solidification of the mixture. 
This interesting occurrence of the slow disappearance of the solid 
carbonate I shall not in the present paper attempt to explam 
(though I am quite satisfied that I ain able to do so) ; for my 
experiments in this direction are, as yet, complete. If now 
to the clear liquid more of the commercial carbonate be added, 
further solution of it occurs; and now a gentle heat seems 
favourable to this process. Hither on cooling after warming, or 
by the action of applied cold, fine spicula fill the liquid, almost 
solidifying it from the commencement of their formation, though, 
somewhat like the potassic silicofluoride, they do not much 
diminish the transparency of the whole. These minute crystals, 
which are identical in composition with the mass left when 
the commercial carbonate is treated with ammonia, rapidly in- 
crease in quantity, but not materially in individual size. They 
are not grouped in stars or bundles, but diffused uniformly 
through the liquid. By jolting the vessel, the crystals, if not 
too numerous, may be shaken together so as to form a shrunken 
mould, as it were, of the inside of the vessel. Removed from their 
mother-liquor, or, more correctly, drained from and squeezed 
free of their mother-liquor, they begin to decompose. But with 
proper precautions to prevent this decomposition, they can be 
exhibited in soft masses of minute crystals of brillant silky lustre. 
They smell most intensely of ammonia. ‘They dissolve very 
freely in water, but require about seventy measured parts of or- 
dinary rectified spirit to dissolve them. In strong ammonia 
solution they dissolve at first very sparingly ; but solution con- 
tinues to go on slowly, as I have above described it doing 
in the case of the carbonate in the mealy condition. Exposed 
freely to the air, the salt entirely loses its lustre in a few mo- 
ments, evolving torrents of ammonia, and becoming at the same 
time damp from the liberation of water. After a while (very 
rapidly if disturbed and repeatedly pressed between fresh bibu- 
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lous paper) it becomes a white powder of the acid carbonate, 
weighing little more than half the original substance—the mat- 
ters volatilized, therefore, being not only ammonia and water, 
but also a good deal of the entire salt or its constituents. Not 
only do the crystals become damp in the open air, but also, and 
rapidly, when they are in closed vessels. 

The diammonic carbonate in the same crystalline condition 
may also be obtained by dissolving the commercial salt to satu- 
ration im water and then passing ammonia gas through the so- 
lution kept cool. A moderately strong aqueous solution of the 
new salt, cooled in ice, does not crystallize ; but when treated with 
ammonia gas, the salt crystallizes out from it. By digestion after- 
wards in the ammoniacal liquor the crystals gradually disappear, 
and do not return when the liquid is cooled again to 0° C. Gently 
heated in a closed tube, the crystals melt to a transparent liquid, 
which volatilizes and forms a semicrystalline moist sublimate. 
If the fused mass be cooled, it gradually solidifies to a mass of 
prisms; this mass, and most of the sublimate, spontaneously 
volatilize when the tube is kept open; at least they did so on 
the occasion in which they were thus tried. 

To prepare the salt for analysis, it was rapidly deprived of the 
bulk of the mother-liquor by draining on bibulous paper, and 
then submitted to moderate pressure between fresh layers of 
paper. In the case of sample [., after draining the crystals on 
paper, they were enclosed in a small close glass chamber (ex- 
temporized for the purpose) and packed tightly between bibulous 
paper, and the whole was then left for some time surrounded with 
ice. The vessel had to be opened from time to time to renew the 
paper and break down the flakes of crystals ; but these operations 
were performed with all possible expedition. When the drying 
appeared to be complete, the soft crystalline cake of still lustrous 
crystals was removed, pressed for a moment firmly between a 
fresh fold of paper (no distinct damping of which was observed), 
and then rapidly transferred to weighing-tubes and forthwith 
analyzed. By the time the substance was in the tubes it had 
lost much of its crystalline lustre, and began to be slightly adhe- 
rent from acquired dampness, so rapidly does the salt change. 

Sample II. was not enclosed in the glass chamber and kept 
cool by external cold; but the active volatilization of its highly 
ammoniacal mother-liquor maintained for a time a sensibly low 
temperature in the mass. Some difference in behaviour during 
the drying was observed, in consequence of this different arrange- 
ment. After a few changes of paper little progress seemed to 
be made in the drying ; and besides, the paper began to adhere 
somewhat closely to the cake, which also lost most of its lustre. 
The cause of these phenomena was undoubtedly the decomposi- 
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tion of some of the salt, attended with the liberation of water, and 
a deposition of the little-soluble acid carbonate on the surface of 
the cake and in the pores of the paper. Not to lose too much 
ammonia, the salt was collected in a slightly damp condition. 
Sample III. was the same preparation as II., but was subjected to 
a much longer process of drying, with, however, little apparent ad- 
vantage. 

The substance IV. was the semicrystalline solid which is left 
when the commercial carbonate is first treated with ammonia so- 
lution. It was dried as was II., and behaved similarly, except 
that it had no lustre to lose. Lastly, V. was the crystalline form 
of the carbonate obtained by dissolving the commercial carbonate 
(freed from adhering acid carbonate) to saturation in water 
mixed with some strong solution of ammonia, and then keeping 
the solution cool for a couple of hours in ice. It was not pre- 
pared with much dispatch for analysis; and the numbers ob- 
tained show evidence of marked decomposition having occurred. 
In sample I., which appears to have contained over 2 per cent. 
moisture, the ammonia will be seen to have been almost exactly 
in quantity equivalent to that of the carbonic anhydride. The 
portion of II. destined for the determination of the ammonia was 
spoiled. 

If either of the forms of the carbonate be leisurely pressed 
with free exposure, so long as it damps fresh paper it becomes 
the dry hydric ammoniec (or acid) carbonate. One specimen 
thus obtained was analyzed. 

The ammonia was determined by standard solutions of sul- 
phuric acid and soda, the carbonate being dropped from the 
weighing-tube into a flask contaming a small excess of the acid 
diluted, the solution boiled and shaken to get rid of all carbonic 
anhydride, and then the soda added to neutralization. The 
carbonic anhydride was estimated in the direct way, after its ex- 
pulsion by hydrochloric acid and passage over fused calcic chlo- 
ride and blue-vitriolized pumice, by combining it with soda-lime 
ina U-tube. The apparatus was arranged and the operation 
performed with the precautions prescribed in Fresenius’s ‘ Quan- 
titative Analysis.’ 

Sample I.—:7877 grm. gave °2948 grm. carbonic anhydride ; 
‘74565 grm. gave °21318 grm. ammonia. 

Sample I1.—-70638 grm. gave °2715 grm. carbonic anhydride. 

Sample II].—-7172 grm. gave ‘2857 grm. carbonic anhydride; 
5483 grm. gave ‘1547 grm. ammonia. 

Sample I1V.—1:05965 grm. gave -4042 grm. carbonic an- 
hydride ; 4627 grm. gave *12886 grm. ammonia. 
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Sample V.—-85645 germ. gave °3353 grm. carbonic anhydride ; 
"08245 grm, gave ‘1411 grm. ammonia. 

These data give the following percentage composition for the 
five several preparations :— 

I II. III. TV. Vi 
Carbonic anhydride. 37°43 38:44 39°84 38:15 39°15 
mamonia 6, lg Cg 28HQ SC, 28:21 27°85 26:50 

The formula of the diammonic carbonate with one atom of 

water of crystallization, 

CO? (NH*)?, OH?, 

gives the following numbers :— 

Carbonic anhydride . . 38°60 
PRUMMOMIR. +4) 01s yp opin eolOe 
\N IGT at eGR ZA RAR tenner Lays: 

The powder into which the diammonic carbonate passes on ex- 
posure gave 21°66 per cent. ammonia, determined in ‘671 grm. 
‘Theory requires for-CO? H (NH*) the number 21°52. 

XVII. On a modified Spectroscope for use in the examination of 
Minerals. By J. EMerson Reynoups, Member of the Royal 
College of Physicians, Edinburgh, Keeper of the Minerals and 
Analyst to the Royal Dublin Society*. 

HE modified spectroscope presently to be described was 
arranged some time ago by me, for the purpose of supply- 

ing a deficiency long felt in using the ordinary form of spectrum- 
apparatus. 

I believe all who have much employed the delicate and beau- 
tiful mode of investigation afforded by the method of spectrum- 
analysis, will agree with me that the ordinary single-prism 
arrangement is by no means well suited for use in the routine 
work of a chemical laboratory. When the eye of the operator is 
applied to the telescope of the instrument, the slit and the flame 
in which the test-specimen is being ignited are out of view and 
beyond easy control. Practice will, of course, overcome much 
of the difficulty attendant upon this circumstance; but for rapid 
and satisfactory work it is always necessary to obtain the aid of 
an assistant. The same objection applies with equal force to the 
direct-vision spectroscope of M. Hofmann, excellent though this 
instrument is in other respects. Hvery chemist knows how ad- 
vantageous it is to have his apparatus entirely under bis own 

* Communicated by the Author, having been read before the Royal 
Dublin Society, December 16, 1867. 

Phil. Mag. 8. 4. Vol. 86. No. 241. Aug. 1868. K 
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control; hence I set to work to remedy the defect above referred 
to, and have succeeded in arranging the spectroscope so as to 
admit of its use in ordinary analysis with great facility and com- 
fort to the operator. ) 

The accompanying woodcut represents the spectroscope as seen 
from above. Meer yy 

A is a circular table of 
brass surmounting a_ pillar 
and heavy foot, not shown in 
the drawing. In the centre 
of the table and on a raised 
metal disk the prism B is 
fixed securely, but the small 
carrier-plate admits of slight 
rotation round its centre in ~ 
order that the adjustment of -°¢ 
the prism may be easily ef- ~ 
fected; the latter is a glass 
cell filled with bisulphide of 
carbon, the refracting angle 
being 59°. The tube D is : 
fitted to the table, and carries de 
at one end the sht S and ad- 
justing-screw, and at theother 
the collimating lens. On a little stage is fixed the reflecting 
prism g, the use of which will presently be shown. T is the 
observing-telescope, which has a magnifying-power of about 6; 
this tube is carried by a stout arm, which latter permits consi- 
derable angular motion of the telescope. K is a short tube, also 
moveable round the centre of the table; at one end of the tube 
is placed a photographed scale, and at the other a lens, with the 
scale in its principal focus. 

In using this instrument, light from any source, after passing 
through the slit S and the plano-convex lens, instead of being 
allowed to fall directly on the first face of B, as in the ordinary 
instrument, is reflected ata right angle to its first path by means 
of the little prism g, and then passes through the prism B, suf- 
fering refraction and dispersion; the spectrum so produced is 
then observed with the telescope T. In accurate experiments, 
of course, it is necessary to measure the distances which inter- 
vene between the lines produced by any flame under examination : 
this is easily effected by adjusting the tube K ; and when a candle 
is placed behind the photographed scale, a bright image of the 
latter is thrown into the telescope T by reflection from the second 
face of B. When in use, the instrument is covered with a japanned 
tin cap blackened inside, with slits cut in the sides to admit of 

ssS22: 
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the passage of the tubes D, T, and K; by this means all extra- 
neous light is prevented from reaching the mstrument. 

The point of novelty in this spectroscope is, in addition to 
some minor mechanical details, the reflection, by means of the 
prism g, of the bundle of rays transmitted by the slit at right 
angles to their former path, with a minimum loss of light and 
without the annoyance of secondary spectrum. The advantage 
gained is an important practical one. While using but one 
prism for dispersion, the eyepiece of the observing-telescope and 
the slit S are brought close together, so that the analyst, having his 
eye at the former, still has the slit, the gas-flame, and the plati- 
num wire carrying the substance to be examined perfectly under 
his own control. The approximate position of the slit in the 
ordinary instruments is shown by the dotted line H, in which case 
it is scarcely within easy reach if the apparatus be of large size. 
By thus increasing the facility with which the spectroscope may 

be used in the examination of minerals, I hope it may duce 
many mineral-chemists to employ it in their investigations, and 
thus render their observations on the constituents of minerals 
more accurate and in every way satisfactory. 

I may conclude with afew hints as to the method which expe- 
rience has shown me is most satisfactory in testing minerals with 
the spectroscope when the colourless flame of the Bunsen burner 
is used as the source of heat :— 

1. Moisten the finely powdered mineral with pure water, take 
up some of the paste on a loop of platinum wire and slowly in- 
troduce into the flame, observing the spectrum produced, if any. 

2. Moisten the same portion, or a fresh quantity if the first 
be lost, with a drop of pure hydrochloric acid; again subject the 
test-specimen to the heat of the flame, and observe. Most sili- 
cates yield up their bases easily by this treatment. 

3. To the same test add a drop of a mixture of hydrofluoric 
and hydrochloric acids, allow the liquid to act for a few minutes, 
and then heat as before. 

By adopting this systematic treatment, no substance which 
gives a characteristic spectrum under these circumstances can 
escape detection; and if the three tests be applied to the same 
specimen, the first one, by causing the volatilization of the greater 
part of the most volatile constituents, renders the succeeding 
stages more clear and precise. 

Finally, in examining sulphides, it is necessary to heat a por- 
tion of the substance in a small closed tube; in the sulphur sub- 
limate thallium is easily detected if it be present in the ore; and 
the residue needs but to be moistened with hydrochloric acid, and 
heated, for the detection of the presence of such metals as admit 
of easy recognition by the method of spectrum-analysis. 



XVIII. The Internal Motions of Gases compared with the Motions 
of Waves of Light. By G. Jounsvone Stoney, M.A., F.R.S. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, Dublin, July 14, 1868. 
HE following pages are a collateral inquiry in a memoir on 
the Constitution of the Atmospheres of the Sun and Stars, 

which was sent to the Royal Society im May of last year. They 
are now separated, as it has appeared desirable to shorten that 
memoir. Could you spare space for them in the Philosophical 
Magazine? Their aim is to make quantitative estimates in regard 
to the internal motions of gases, which, though rough, may suf- 
fice for a preliminary comparison of these motions with the mo- 
tions of the waves of light. 

For the sake of perspicuity and to avoid wearisome periphrases, 
free use is made of the hypothesis that the lines of motion within 
gaseous molecules are or resemble orbits. Allthat we really know 
about them is that they are periodic, and that their periods are 
the same as those of the waves of light to which they give rise. 
But there is the same convenience in thus speaking in the lan- 
guage of adefinite hypothesis, which has been provisionally 
adopted for the sake of this convenience, as there is when we 
speak of waves of light, its transverse vibrations, and the lumini- 
ferous ether, although we know from Lorenz’s and Riemann’s 
investigations that hght may be an electrical phenomenon, to 
which the language of the wave-theory is very imperfectly apphi- 
cable. And it should be distinctly kept in view that the nume- 
rical estimates at which we arrive, and which are our principal 
aim, are independent of this hypothesis. 

The second part of the inquiry, in which the conditions which 
limit the extent of an atmosphere are sought out, will be found 
in the memoir spoken of above. 

I am, Gentlemen, 
Your obedient Servant, 

G. JOHNSTONE STONEY. 

1. The only class of bodies about the molecular constitution 
of which we have any satisfactory* information is gases. These 

* The dynamical theory of the molecular constitution of gases, which, if 
I mistake not, may be ranked in point both of importance and probability 
along with the wave-theory of hght, does not appear to have yet met with 
that general attention and acceptance which it seems to deserve. It may 
not be out of place, therefore, to add to the numberless proofs which have 
been drawn from its interpreting the phenomena of gases by many writers, 
but especially by Clausius, the following negative proof, which demon- 
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appear to consist of molecules moving about actively and irregu- 
larly in all directions, the path of any one being for the most 
part rectilinear, or, in other words, most of its motion being exe- 
cuted at a sufficient distance from the neighbouring molecules 
to be beyond the reach of sensible influence from them. Livery 
now and then, however, each molecule comes sufficiently near 
some other molecule to have its course bent, on which occasions 
it darts off in a new direction. Moreover many facts in physics 
and chemistry lead irresistibly to the conclusion that the mole- 
cules are resolvable into simpler elements ; and the probability 
distinctly is that each in most gases is a highly complex system. 
When a body so constituted is enclosed, the molecules by fling- 
ing themselves against the walls of the containing vessel produce 
the pressure of the gas. If the enclosure be at the same tem- 
perature as the gas, they do so without gain or loss of vis viva. 
But if the wall be at a higher temperature, the activity of those 
molecules which strike it is increased, and vice versd. The 
altered activity is shared with the rest of the gas by conduction 
and convection—or, more slowly, by conduction only, if the cir- 
cumstances do not admit of convection ; and so the temperature 
of the whole becomes changed. 

2. If the temperature of the gas be raised while the gas_is 
kept within a confined space, the vivacity of all the motions will 
be thus increased ; but this will not affect d, the mean distance 
at which the molecules are spaced, and scarcely affect /, the ave- 
rage length to which a molecule can travel before it becomes 
engaged with another molecule. If, on the other hand, the gas 

strates that no statical theory, whether on the hypothesis of a continuous 
substance or of distinct particles, 1s possible. 

A gas is susceptible of enormous dilatation and compression without an 
abrupt change in the laws upon which its pressure depends; hence, if it 
consist of particles at rest, the force which acts in any direction on any one 
must be the result of forces emanating from many others, no one contribu- 
ting more than a share, which may be regarded as infinitesimal. Hence it 
is easy to see that if the density be changed, the pressure will vary as the 
square of the density; for the force in any direction on any one particle 
will increase as the number of the particles on that or the opposite side 
(according as the elementary forces are attractive or repulsive) near enough 
to act on it, 7. e. will increase as the density ; and the number of particles 
subjected to this augmented force which are found within each element of 
volume will also have-increased in the same proportion. Hence the pres- 
sure per square millimetre across any surface within the gas will increase 
as the square of the density ; and as this is a law which does not exist in 
gases, it follows that no gas consists of distinct particles atrest. ‘The same 
proof applies, by the principles of the Differential Calculus, to the hypo- 
thesis of a continuous and homogeneous substance. For this proof, given 
more at large, see Proceedings of the Royal Insh Academy, vol. vi. (1858) 
p. 37. 
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be allowed to expand without a change of temperature, d and / 
become larger, while the velocities are but little changed from 
what they were before*. If the gas be changed for another, for 
instance if hydrogen be substituted for oxygen at the same tem- 
perature and pressure, the number of molecules remains the 
same, d also remains the same, / is probably a little altered. 
But the mass of each molecule is now but one-sixteenth of the 
mass of each molecule of oxygen; and to compensate for this, 
the velocities with which the molecules move are 167 or upwards 
of 250-times as swift. i 

3. The molecular motions consist of two very distinct parts— 
the motions of the molecules among one another, and the mo- 
tions in the interior of each molecule. In an eminentiy gaseous 
body the former of these classes of motion engrosses a large part 
of the vis viva +; but the motions are irregular, and on this 
account, as well as probably because they are too coarse, they 
are unfitted to absorb or develope vibrations in the luminous 
ether, except possibly in a very small degree, just as the wa- 
ving of the hand may produce a slight sound. So far, there- 
fore, as the rectilinear motions of the molecules are concerned 
the gas will be eminently transparent. But each molecule is also 
a little separate system, the constituent parts of which are m 
energetic motion among themselves. These minuter motions 
are interfered with by the neighbouring molecules only during 
the instants when the path of a molecule is being deflected upon 
its close approach to another molecule; and as the imtervening 
times when the path is rectilinear are long in comparison with 
these brief instants, the internal motions of each little system 
will be for the most part undisturbed and therefore regular. 
And accordingly we must presume that it 1s they which influence 
the ether, producing those bright lines which constitute nearly 
the whole spectrum of an incandescent gas, and are in a corre- 
sponding degree influenced by the ether, absorbing these same 
rays. How wonderfully regular the internal motions of the 
molecules are, and at the same time how complex, appear to be 

* That the velocities will be somewhat altered seems evident when we 
Lear in mind the great change which, when a gas expands, has been effected 
in the ratio of the periods of perturbation to the whole time (see next sec- 
tion). But it seems equally plain that the alteration of the velocities will 
be but small except at high temperatures, and im such gases as have lines 
which are much dilated by the perturbations at high temperatures. This 
is in conformity with the comparative fixity of the two specific heats of a 
gas, within the limits to which experiments have been pushed. 

1 Nearly two-thirds in those simple gases in which the two specific heats 
bear to one another their usual ratio. Considerably less than two-thirds 
in most compound gases, in all which suffer condensation in the act of 
combining. See a memoir by Clausius in the Philosophical Magazine for 
1857, vol. xiv. p. 125. : 

om owt 
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revealed to us by the fixity of the rays in the spectrum of each 
gas, and by their number within the limits of the visible spec- 
trum and the doubtless greater number that exist beyond. That 
the motions are, however, not altogether free from perturbation 
is made clear by such cases as that of the lines corresponding to 
D in the sodium spectrum, which are not linear except at low 
temperatures, but of a breadth increasing with the temperature, 
and ill defined at the edges. This suggests a perturbation of 
motions that would otherwise be regular. by the disturbing influ- 
ence exerted by other molecules when they are near enough. If 
during some of the appulses the period of a vibration be some- 
what accelerated, by others somewhat retarded, and if in all cases 
the vibration tend to settle down from the constrained towards its 
normal period during the undisturbed intervals between con- 
tacts, then will the effect be such as we see. If the irregu- 
larity fade away so readily as to last but a trifling part of the in- 
terval between the collisions, the line in the spectrum will be 
sharply ine in a spirit-lamp, or the 
thallium-line in the flame of a Bunsen’s burner. If it continue, 
though with a marked decrease of intensity, through a consider- 
able part of the time during which the molecule is pursuing a 
straight course, the spectral line will have a sensible breadth and 
hazy edges, asin the sodium-line of a Bunsen’s burner. And if 
the commotion be so violent that but little restoration can be 
effected before a fresh contact and afresh perturbation, the spec- 
trum of a gas may even become continuous. All the stages up 
to that of a continuous and nearly uniform spectrum can, for 
example, be produced in hydrogen. It has been observed, too, 
that rays of high refrangibility are more easily dilated into 
spectral bands of the class with which we are here dealing than 
rays of low refrangibility*. Perhaps this may arise from the 
circumstance that a ray of high refrangibility is due to an atom 
of the molecule the periodic time of whose motion is shorter 
than those of other motions which give rise to rays of low 
refrangibility ; this atom, therefore, goes through many more 
of its little evolutions in the instant while a passing mole- 
cule is near enough to affect it, and is likely to suffer a propor- 
tionately more serious disturbance. If we have been right in 
assigning the cause of this class of dilated spectral lines, it is im- 
possible to resist the impression that cases will sometimes arise in 
which the periodic time of an atom of a molecule will yield to a 
force tending to disturb it more freely in one direction than in 
the other, and will thus produce a ray expanding on one side 

* This, however, is far from being uniformly the case; and there are 
even instances of gases, as, for example, oxygen, in which the dilatation 
first takes place at the red end of the spectrum. 
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only, or more on one side than on the other—such as is the 
wing on one side only of the narrowest of the magnesium lines 
which form the group 0 in the solar spectrum. 

4. Another and quite different case which probably exists is 
where, in virtue of forces acting within the molecule, the periodic 
time of a motion within it is subject to fluctuation, gomg through 
a regular cycle of changes over and over again. Insuch a case, 
instead of a line in the spectrum we should find a band of defi- 
nite breadth, and usually with well-defined edges, as in the 
spectra of silicon and zinc. It may be observed that this kind 
of fluctuation, unlike that which is attributable to a disturbing 
agent external to the molecule, seems quite as likely to affect 
motions of long as motions of short period; and accordingly the’ 
species of bands of which it is probably the cause are met with 
indifferently in all parts of the spectrum. Such bands are not 
unfrequent ; and, in fact, the motions within a molecule are 
usually so multifarious that we often find evidence in the spec- 
trum of a single gas of the coexistence of all the various classes 
of motions. 

5. It is a consequence of the laws that regulate the exchange 
of heat, that the undulations of the ether excited by the motions 
of any one particular range of periods within a body can only at 
most appropriate to themselves a definite amount of vis viva, which 
amount is a function of @ and 7, where @ is the temperature of 
the body, and r the period of vibration. Its symbolical expres- 
sion would be of the form Nh) (@r)drdt, where dé is the element 

of time, @ constant, and 7 to be taken between the limits corre- 
sponding to the breadth of the spectral line or band under con- 
sideration. This puts a major limit beyond which the bright- 
ness of any particular ray of a gas at a given temperature cannot 
pass. But the intensities of the vibrations corresponding to the 
bright rays may, and generally do, in various degrees fall short 
of the maximum values thus fixed ; or, in other words, the quan- 
tity of gas experimented on is usually too small to be absolutely 
opaque in reference to any of its rays, and is commonly very un- 
equally opaque in reference to the several rays. This opacity, 
and consequently the energy of the orbital motions upon which 
it depends, is often very disproportionately affected by changes 
in the general vis viva of the system—so much so that rays which 
are inconspicuous as compared with others in their neighbour- 
hood at one temperature, may become the most prominent rays 
at a more elevated temperature, as in iron. It sometimes hap- 
pens, too, that under circumstances which have not yet been 
sufficiently studied, and which are but little understood, but of 
which temperature is one, the whole character of the motions 
changes—so that below a particular temperature they give rise to 
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one system of rays, and above that temperature to a wholly dif- 
ferent system, as, for example, in nitrogen*. 

6. When we compare different gases, we find that their mole- 
cules differ both in mass and in the motions that prevail within 
them. That the internal motions differ is abundantly testified 
by the amazing variety in the grouping of the spectral lines to 
which the various gases give rise. And asthe number of mole- 
cules per cubic millimetre is known to be the same in all perfect 
gases when taken at the same temperature and pressure, it fol- 
lows that the masses of the molecules are in most simple gases 
proportional to what chemists call their atomic weights, and, in 
those instances in which this is not the case, that they stand in 
the same simple relation to these atomic weights as the densities 
of the gases nearly do. 

7. Very accurate measures have been effected of several of the 
minute magnitudes concerned in the phenomena of light ; but 
these are the only determinations yet made in molecular phy- 
sics upon which we can fully rely. Nevertheless we are not left 
to mere conjecture in regard to the other quantities with which 
we have to deal; for by many indirect methods it is possible to 
estimate their dimensions, not indeed with precision, but yet so 
as to indicate unmistakeably whereabouts they le, and, as it 
were, to introduce us into their neighbourhood. Such loose de- 
terminations are of great use, from their enabling us to form 
just conceptions of the kind of magnitudes of which we talk, and 
so guarding us against many errors. 

8. The molecules of a gas are darting about with very differ- 
ent velocities; but at each temperature there is a certain mean 
velocity towards which the collisions that prevail within the gas 
tend to bring velocities which deviate from it+, and round which 
accordingly the innumerable velocities existing at any moment 
group themselves. This mean velocity Clausius succeeded in 
estimating at about 

3 T 
485 A 273.0 metres per second ft, 

where T' is the absolute temperature estimated in Centigrade de- 
grees, and p the relative specific gravity of the gas compared 

* The phenomena of nitrogen very explicitly declare that temperature is 
but one condition, and that it may be overruled by other circumstances. 
The lines withdrawn from the solar spectrum by the cold nitrogen of our 
atmosphere all (so far as they are known) belong to the nitrogen spectrum 
“‘of the second order,” as it is called by Pliicker—that spectrum which, in 
his experiments, was only obtained at the higher temperatures. 

+ The mean velocity so defined is not the arithmetic mean of the values 
of v, but the square root of the arithmetic mean of the values of v. 

t Phil. Mag. 1857, vol. xiv. p. 124. 



1388 Mr. G. J. Stoney on the Internal Motions of Gases 

with air. Again, Professor Maxwell has deduced from observa- 
tions on the viscosity of gases, and also from the rate of diffu- 
sion of olefiant gas into air, the mean length of the path which 
a molecule of air r describes between successive collisions. It is, 
at the temperature of 15° C. and the pressure of an atmosphere, 
about 

7 eighth-metres*, 

une the term eighth-metre as a convenient abbreviation of the 

oath part of a metret. This is about the ninth part of the 

* The length of the mean excursions of the molecules deduced by Max- 
well from a determimation of the coefficient of viscosity of air which Stokes 
obtained from Baily’s pendulum-experiments is 5:7 VIIIth-metres (Phil. 
Mag. 1860, vol. xix. p. 32). 

From an experiment of Grahain’s on the rate of the diffusion of olefiant 
gas (a gas of nearly the same specific gravity as air) into air, he deduces 
the value 6°5 VIIIth-metres (Phil. Mag. 1860, vol. xx. p. 31). 

Recent experiments by Maxwell himself on the viscosity of air (Phil. 
Trans. 1866, p. 258) assign the value 10°6 VITIth-metres. 

These determinations are very different; but even greater discrepancies 
would be of little moment where our object is merely to gain some insight 
into the order of magnitudes with which we are dealing. 
The mean of the values obtained by the two methods is 7°3 VIIIth-metres. 
+ I here venture to employ a nomenclature for large multiples and sub- 

multiples which I have found so convenient that I think I may safely re- 
commend it. 

In this nomenclature the successive decimal subdivisions of the metre 
are :— 

the decimetre, 
the centimetre, 
the millimetre, 
the fourth-metre, IVth-metre, or I1Vth m. 
the fifth-metre, Vth-metre, or Vth m. 
and so on; 

a fourth-metre meaning a metre divided by 10', and so of the others. Thus 
microscopical quantities can be conveniently measured in fifth-metres, the 
Vth-metre or metre divided by 10” being rather more than the diameter of 
a corpuscle of human blood ; the wave-lengths of hght in VIIIth-metres, 
as they all lie between 39 and 77 VIlIth-metres ; and so on. A fourth- 
metre is about the thickness of a sheet of medium writing-paper. 

Again, a sixteenth-second of time is to be understood to mean a second 
divided by 10'°. This is the period in which the visible vibrations of light 
are to be measured—the shortest violet double vibration occupying rather 
more than 13 XVIth-seconds, and the longest red about 25°6 XVIth- 
seconds. 

So, again, decimals may be conveniently spoken of as fifth-units, ninth- 
units, &e., or, as I would suggest, for euphony, and since there is so fre- 
quently occasion to speak of decimals, as fifth-eins, ninth-eims, &c., using 
the affix -e7 as equivalent to unit. ‘Thus the coefficient of the dilatation of 
platinum is 8°56 VIth-eins, that of zinc 29°4 VIth-eims, and those of most 
other metals between these limits, These measures are equivalent to 
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wave-length of the ray D. From this value and from the mean 
velocity* of the molecule, it follows that its path is deflected 
about 

7 unit-nines of times in a second, 

and accordingly that the mean duration of each of its little rec- 
tilinear excursions is about 

14. eleventh-seconds,— 

meaning by a unit-nine a unit multiplied by 10°, and by an 
eleventh-second a second of time divided by 10". 

This fragment of time, tiny as it is, is nevertheless more than 
50,000 times the vastly shorter period that suffices for a double 
vibration ef red light, and than 100,000 times the duration of a 
double vibration of the extreme violet ray. And as the periods 
of all the motions within a molecule which give rise to visible 

0:000,008,56 and 0:000,029,4. They may be further abbreviated into 
8°56 Vith and 29'4 VIth. 

A similar and equally convenient nomenclature for multiples is found in 
the use of affixes. Thus the decimal multiples of the metre are— 

the decametre, 
the hectometre, 
the kilometre, 
the metre-four, metre IV, or m. IV, 
the metre-five, metre V, or m. V, 
and so on; 

a metre-five meaning, of course, a metre multiplied by 10°. 
Thus the mean distance of the sun is 14°74 metre-tens, which is equiva- 

lent to 147,400,000,000 metres. The distances of the fixed stars are to be 
measured in metre-sixteens, the distance corresponding to a parallax of 1” 
being 3°04 m. XVI, which means the same as 30,400,000,000,000 kilo- 
metres. Light takes about 1°06 year to travel a metre-sixteen, using 
Foucault’s determination of the velocity of hight, viz. 29°8 m. VII. (metre- 
sevens) per second. 

So, again, using the term ohmad to designate the absolute electromag- 
netic unit of electrical resistance referred to the metre and second, the B.A. 
unit is the ohmad-seven, or ohmad multiplied by 10°. Resistances will be 
conveniently measured in ohmad-sevens or ohmad-nines, insulation in 
ohmad-XIII or ohmad-XV._ If this nomenclature were adopted, it would 
keep constantly in view how the measures we may in practice find it most 
convenient to use are related to one another and to the absolute unit. 

So, again, high numbers may be as conveniently dealt with as ordinary 
numbers. Thus the eye receives per second: 5 unit-fourteens, or 5. XIV, 
of waves of yellow light. This number ts the same as 5 x 10". 

It is an advantage of this nomenclature that it is equally adapted to any 
language, and is equally intelligible in all. 

* The mean velocity for this purpose ought to be the arithmetic mean of 
the values of v, which would be somewhat less than the mean given above; 
but the ratio of the two means is such (nearly 11 to 12 according to Max- 
well, see Phil. Mag. 1860, vol. xix. p. 23) that to use one for the other can- 
not prejudice an inquiry like the present, which does not admit of or 
attempt exactness. 
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spectral rays must lie between these limits, we are forced to con- 
clude that, on the average, something like from fifty to one hun- 
dred thousand of these lttle* orbital revolutions are executed 
between two consecutive collisions. It is now no longer surpri- 
sing that the temporary perturbation caused while two molecules 
are whirling past each other, has, in many instances, had abundant 
time to pass away early in the interval between two collisions, 
so as to leave the greater part of the minute internal motions to 
be executed in the undisturbed manner which the definiteness of 
the spectral lines attests to us. We come also to see how the 
motions with which the molecules dart about amongst one an- 
other cannot produce or intercept light; in fact they are far 
too sluggish—yjust as the motions of our fingers, or a very gentle 
waving of the hand, do not produce sound. 

9. Again, Clausius has showny that it is consistent with what 
we know of the most perfect gases to suppose d, the mean dis- 
tance between the molecules, to be about ;), of J, the length of 

* It is very difficult, and at the same time it is of importance, because it 
guards us from error, to appreciate in some degree such amazingly minute 
intervals of time as those with which we are here concerned. 

The double vibrations of visible light are executed in periods of time 
which range from 1°3 to 2°6 XVth-seconds. These swift little motions are 
accordingly related to a fifteenth-second in somewhat the same way as the 
motions of our limbs are to a second of time. Now the XVth-secoud is 
the same portion of a second that a second is of upwards of thirty millions 
of years. Hence the motions of hight bear the same relation to one second 
of time which the motions of our limbs bear to that almost inconceivable 
cosmical period—a vast succession of geological ages, during which several 
races of animals, culminating in man, have appeared, have lasted long, and 
have finally perished upon our globe. 
When the study of nature has guided our thoughts into sucha region as 

this, our minds can searce resist the impulse to wander outside the domain 
of science into the adjoining precincts of imagination, and to speculate that 
if there were sentient beings with bodies that move as deftly as this ether, 
and with thoughts and perceptions as quick as their bodies are active, there 
would be sufficient time for them within a small fragment of one second to 
live the lives of all the generations of men that have dwelt upon this earth, 
thinking all their thoughts and doing all their acts. The mind is almost 
carried beyond itself in the contemplation of such periods. 

It is from the vastness of a second in reference to light, that with its little 
waves light can travel such an immense distance as 298 inillions of metres 
in that period of time. It puts a strain upon the mind to form a concep- 
tion of the mere moment of time that suffices for the hght of a candle, at 
this unheard-of pace, to travel one hand-breadth from the flame; but brief 
as this instant is, it corresponds to what several weeks would be in refer- 
ence to our movements: the light has had time to execute hundreds of 
thousands of its tiny vibrations ; and it 1s no wonder if it has already lost all 
trace of everything that is fleeting or irregular in the disturbance originally 
created by the meandescent matter of the flame. Accordingly man has 
never detected any peculiarity in the vibration when examimed in a situation 
which he calls close to its origin. 

t Pogg. Ann. 1858, vol. iii. p. 2515 or Phil. Mag. 1859, vol. xvii. p. 89. 
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the mean excursion of a molecule between its collisions; and it 
is, at all events, not likely that it is much more than J, in the 
gases experimented on by Professor Maxwell. Hence the mean 
distance at ordinary temperatures and pressures is probably of 
the same order as a ninth-metre, which is the millionth part of 
a millimetre. It is therefore probable that’ there are not fewer 
than something like a unit-eighteen of molecules in each cubic 
millimetre of a gas at ordinary temperatures and pressures*, 

XIX. On Geological Time, and the probable Date of the Glacial 
and the Upper Miocene Period. By Jamus Crouu, of the 
Geological Survey of Scotland. 

[Continued from vol. xxxv. p. 384.] 

T will not do, however, to measure marine denudation by the 
rate at which the sea is advancing on the land. There is 

no relation whatever between the rate at which the sea is advan- 
cing on the land and the rate at which the sea is denuding the 
land. For it is evident that as the subaérial agents bring the 
coast down to the sea-level, all that the sea has got to do is 
simply to advance, or at most to remove the loose materials 
which may lie in its path. The amount of denudation which 
has been effected by the sea during past geological ages, compared 
with what has been effected by subaérial agency, is evidently but 
triflimg. Denudation is not the proper function of the sea. The 
sreat denuding agents are land-ice, frost, rain, running water, 
chemical agency, &c. The proper work which belongs to the 
sea is the transporting of the loose materials carried down by the 
rivers, and the spreading of these out so as to form the stratified 
beds of future ages. 
We have thus seen that geology, alike with physics, is opposed 

to the idea of an unlimited age to our globe. And it is perfectly 
plain that if there be physical reasons, as there certainly are, for 
limiting the age of the earth to something less than 100 millions 
of years, geological phenomena, when properly interpreted, do 
not. offer any opposition. 

Perhaps one of the things which has tended to mislead on this 
point is a false analogy which is supposed to subsist between 

* Hence we may see how entirely remote from a state of emptiness that 
which usually passes under the name of a vacuum chamber really is. If 
there be a unit-eighteen of molecules in every cubic millimetre of the air 
about us, there will remain a unit-XV in every cubic millimetre of the best 
vacuums of our ordinary air-pumps. The molecules are still closely packed, 
within about an eighth-metre of one another ; 1. €, there are about sixty 
of them in a wave- length of orange light. 
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astronomy and geology, viz. that geology deals with unlimited 
time, as astrovomy deals with unlimited space. A little consi- 
deration, however, will show that there is not much analogy be- 
tween the two cases. 

Astronomy deals with the countless worlds which lie spread 
out in the boundless infinity of space; but geology deals with 
but one world. No doubt both reason and analogy are favour- 
able to the idea that the age of the material universe, like its 
magnitude, is immeasurable—although, however, we have no 
reason to conclude that it is eternal, any more than we have to 
conclude that it is infinite. But when we compare the age of 
the material universe with its magnitude, we must not take the 
age of one of its members (say, our globe) and compare it with 
the size of the universe. More than this, we must not take the 
age of all the presently existing systems of worlds and compare 
their age with the magnitude of the universe ; but we must take 
the past history of the universe as it stretches back into the infi- 
nity of bygone time, and compare it with the presently existing 
universe as it stretches out on all sides into the infinity of space. 
For worlds precede worlds in time as worlds lie beyond worlds in 
space. Each world, each individual, each atom is evidently 
working out a final purpose, according to a plan prearranged 
and predetermined by the Divine Mind from all eternity. And 
each world, like each individual, when it serves the end for which 
it was called into existence, disappears to make room for others. 
This is the grand conception of the universe which naturally im- 
presses itself on every thoughtful mind that has not got ito 
confusion about those things called in science the Laws of 
Nature. se 

But the geologist does not pass back from world to world as 
they stand related to each other in the order of succession in time, 
as the astronomer passes from world to world as they stand re- 
lated to each other in the order of coexistence in space. Be- 
sides, the researches of the geologist: are not only confined to 
one world, but it is only a portion of the history of that one 
world that can come under his observation. The oldest of 
existing formations, so far as is yet known, the Laurentian 
Gneiss, are made up of the waste of previously existing rocks, 
and these, again, probably of the waste of rocks still prior. Re- 
garding what succeeds these old Laurentians, geology tells us 
much ; but regarding what preceded, we know nothing whatever. 
For anything that geology shows to the contrary, the time which 
may have elapsed from the solidifying of the earth’s crust to the 
deposition of the Laurentians—an absolute blank—may have 
been as great as the time that has elapsed since then till the 
present day. Physical science limits the age of the globe to a 
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period not exceeding something like 100 mullious of years. 
Taking the age of the earth’s crust at 100 millions of years, 
which probably is a high estimate, how long is it since the mate- 
rials which now form these Laurentian rocks were laid down in 
the ancient sea-bottom in the form of sand and mud? This is a 
question which no one can answer; for we have no means of 
knowing how much of the 100 millions of years were exhausted 
before the Laurentian age. At all! events, it must be very consi- 
derably less than 100 millions of years simce the commencement 
of the Laurentian period. 

Sir Wilham Logan thinks that the time which separated the 
limestones containing the Hozoon Canadense from the Upper- 
Cambrian period may be as great as the time which elapsed be- 
tween the Upper Cambrian and the nummulitic limestones of the 
Tertiary period. If this conjecture be anything lke correct, 
then it is hardly possible that 50 millions of years can have 
elapsed since the Cambrian period. Assuming that the glacial 
epoch began about a quarter of a million years ago, and that the 
rate at which species change is uniform, we found that, adopting 
Sir Charles Lyell’s mode of calculation, 60 millions of years have 
probably elapsed since the beginning of the Cambrian period. 
But I presume little or no weight can be placed on this mode of 
calculation ; for it is based upon an assumption for which there 
is, I fear, very little warrant, viz. that the rate at which species 
change has been anything like uniform during geological ages. 
If any very great amount of time elapsed between the solidifying 
of the earth’s crust and the Laurentian period, the probability is 
that the commencement of the Cambrian period does not date. so 
far back as 60 millions of years. 

Table I. shows the excentricity of the earth’s orbit and longi- 
tude of the perihelion for 3 millions of years back, and 1 million 
of years to come, at periods fifty thousand years apart. From 
what we have already seen, it is very evident that 3 millions of 
years must stretch a considerable distance back into the geolo- 
gical history of our globe. And if geological climate depends 
upon, or is much affected by, the condition of the earth’s orbit 
as regards excentricity, we have in this Table, combmed with 
the other three, the means by which a rough idea of the cha- 
racter of the climate during at least a considerable portion of 
the Tertiary period may be arrived at. 
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—1,650,000) 0-0035 168 23 ||+ 350,000) 0-0098 201 40 

—1,600,000) 0:0305 158 42 |+ 400,000) 00429 6 9 

—1,550,000 00239 225 57 |+ 450,000) 0-0231 98 37 

—1,500,000) 0-0430 303 29 |+ 500,000) 0-0534 157 26 

—1,450,000 0-0195 57 11 | + 550,000) 90-0259 287 31 

—1,400,000  0-0315 97 35 | + 600,000) 00395 285 43 

—1,350,000) 0:0322 293 88 || + 650,000) 0-0169 144 3 

—1,300,000 0-0022 048 | + 700,000) 0-0357 17 12 

—1,250,000) 0:0475 105 50 || + 750,000} 0-0195 0 53 
-- 

+- 

+ 

isF 
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On looking over Table I., it will be seen that there are three 
principal periods when the excentricity rose to a very high value, 
with a few subordinate maxima between. It will be perceived 
also that during each of those periods the excentricity does not 
remain at the same uniform value, but rises and falls, in one case 
twice, and in the other two cases three times. About 2,650,000 
years back we have the excentricity almost at its inferior limit. 
It then begins to increase, and fifty thousand years afterwards, 
namely at 2,600,000 years ago, it reaches ‘0660 ; fifty thousand 
years after this period it has diminished to ‘0167, which is about 
its present value. It then begins to increase, and in another 
fifty thousand years, viz. at 2,500,000 years ago, it approaches 
to almost the superior limit, its value bemg then °0721. It 
then begins to diminish, and at 2,450,000 years ago it has dimi- 
nished to ‘0252. These two maxima, separated by a minimum and 
extending over a period of 200,000 years, constitute the first 
great period of high excentricity. We then pass onwards for 
upwards of a million anda half years, and we come to the second 
great period. It consists of three maxima separated by two 
minima. The first maximum occurred at 950,000 years ago, 
the second or middle one at 850,000 years ago, and the third 
and last at 750,000 years ago—the whole extending over a pe- 
riod of nearly 300,000 years. Passing onwards for another 
million and half years, or to about 800,000 years in the future, 
we come to the third great period. It also consists of three 
maxima one hundred thousand years apart. These occur at the 
periods 800,000, 900,000, and 1,000,000 years to come, respec- 
tively, separated also by two minima. Those three great periods, 
two of them in the past and one of them in the future, included 
in the Table, are therefore separated from each other by an in- 
terval of upwards of 1,700,000 years. 

In this Table there are three periods when the excentricity 
approaches to about its inferior limit, and the orbit becomes 
almost circular. The first is 2,650,000 years ago, when the ex- 
centricity was ‘0053 ; the next is at 1,300,000 years ago, when 
it was only ‘0022; and the next will occur in about 24,000 
years hence, when its value will be ‘0088. There is, there- 
fore, an interval of 1,350,000 years between the minima in 
the one case, and an interval of 1,324,000 years in the other 
case. : 

The Table shows also four subordinate periods of high excen- 
tricity, of which the one that I have supposed corresponds to the 
glacial epoch is the chief. Three are in the past, and one in the 
future. 

If the glacial epoch resulted from a high state of excentricity, 
there must have been at least five ice-periods, including the gla- 

Pluil. Mag. 8. 4. Vol. 36. No. 241. dug. 1868. L 
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cial epoch, during the past three millions of years—two as severe, 
and two much less severe than the glacial epoch. 

It may be thought that so many as four or five ice-periods in 
the course of 3 millions of years past is inconsistent with the 
evidence of geology on that point. This, however, is at least 
very doubtful. It is quite possible that these three millions of 
years may embrace the greater part of the Tertiary period. Now 
we have evidence of at least three ice-periods since the beginning 
of the Tertiary period—one about the middle of the Hocene 
period, another during the Upper Miocene period, and the third 
and last the well-known glacial epoch* ; and it is quite possible 
that the evidence of more may yet be found. 

But before discussing the nature of the evidence which geo- 
logy affords of the existence of former glacial periods, we shall 
turn our attention briefly to Tables IL., III., and IV. These 
three Tables embrace the three periods of greatest excentricity 
during the past 3 millions of years. The excentricity, longitude 
of the perihelion, &c. are given at periods of ten thousand years 
apart. 

There are still eminent astronomers and physicists who are 
of opinion that the climate of the globe never could have been 
seriously affected by changes in the excentricity of its orbit. 
This opinion results, no doubt, from viewing the question as a 
purely astronomical one. Viewed from an astronomical stand- 
point, as has been already remarked, there is actually nothing 
from which any one could reasonably conclude with certainty 
whether a change of excentricity would seriously affect climate 
or not. By means of astronomy we ascertain the extent of the 
excentricity at any given period, how much the winter may 
exceed the summer in length (or the reverse), how much the 
sun’s heat is increased or decreased by a decrease or an increase 
of distance, and so forth; but we obtain no information what- 
ever regarding how these will actually affect climate. This 
must be determined wholly from physical considerations, and it 
is an exceedingly complicated problem. An astronomer, unless 
he has given special attention to the physics of the question, 
is Just as apt to come to a wrong conclusion as any one else. 
The question involves certain astronomical elements ; but when 
these are determined, everything then connected with the 
matter is purely physical. Nearly all the astronomical. ele- 
ments of the question are comprehended in the accompanying 
Tables. 

In Tables II., III. and IV., column I. represents the dates 
of the periods, column II. the excentricity, column III. the 

* See Lyell’s ‘ Principles,’ vol. i. chap, x. (tenth edition). 
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longitude of the perihelion. In Table IV. the excentricity and 
the longitude of the perihelion of the six periods marked with 
an S are copied from a letter of Mr. Stone to Sir Charles Lyell, 
published in the Supplement of the Phil. Mag. for June 
1865 ; the eight periods marked L are copied from M. Lever- 
rier’s Memoir in the Connaissance des Temps for 1843. For 
the correctness of everything else, both in this Table and in the 
other three, I alone am responsible. 

Column IV. gives the number of degrees passed over by the 
perihelion during each 10,000 years. From this column it will 
be seen how irregular is the motion of the perihelion. At four 
different periods it had a retrograde motion for 20,000 years. 
Column V. shows the number of days by which the winter ex- 
ceeds the summer when the winter occurs in aphelion. Column 
VI. shows the intensity of the sun’s heat during midwinter, 
when the winter occurs in aphelion, the present midwinter 
intensity being taken at 1000. These six columns comprehend 
all the astronomical part of the Tables. Regarding the correct- 
ness of the principles upon which these columns are constructed, 
there is no diversity of opinion. But these columns afford no 
direct information as to the character of the climate, or how 
much the temperature is increased or diminished. To find this 
we pass on to columns VII., VIII. and IX., calculated on 
physical principles. Now, unless the physical principles upon 
which these three columns are calculated be wholly erroneous, 
undoubtedly change of excentricity must very seriously affect 
climate. Column VII. shows how many degrees Fahrenheit the 
temperature is lowered by a decrease in the intensity of the 
sun’s heat corresponding to column VI. For example, 850,000 
years ago, if the winters occurred then in aphelion, the direct 
heat of the sun during midwinter would be only 7435 of what 
it is at present at the same season of the year. Column VII. 
shows that this decrease in the intensity of the sun’s heat would 
lower the temperature 45°°3 F. 

The principle upon which this result is arrived at is this :— 
The temperature of space, as determined by Sir John Herschel, 
is —239° F. M. Pouillet, by a different method, arrived at 
almost the same result. Taking the midwinter temperature of 
Great Britain at 39°, consequently, 239° + 39°=278° represent 
the number of degrees of rise due to the sun’s heat at mid- 
winter; in other words, it takes a quantity of sun-heat which 
we have represented by 1000 to maintain the temperature of 
the earth’s surface at Great Britain 278° above the temperature 
of space. Were the sun extinguished, the temperature of our 
island would sink 278° below its present midwinter temperature, 
or to the temperature of space. But 850,000 years ago, if the © 

L2 
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winters occurred in aphelion, the heat of the sun at midwinter 
would only equal 837 instead of 1000 as at present. Consequently, 
if it takes 1000 parts of heat to maintain the temperature 278° 
above the temperature of space, 837 parts of heat will only be 
able to maintain the temperature 232°°7 above the temperature 
of space; for 232°7 is to 278 as 837 is to 1000. Therefore, 
if the temperature was then only 232°7 above that of space, it 
would be 45°°3 below what it is at present. 

This method of caleulatmg how much the temperature is 
lowered by a given reduction of the sun’s heat is that given by 
Sir John Herschel in his ‘ Outlines of Astronomy,’ § 369 a. 
About three years ago, in an article in ‘ The Reader, I endea- 
voured to show that this method is not rigidly correct. It 
results from the principles of the dynamical theory of heat, 
and is also supported by experiments made by Professor Draper, 
of New York, and others, that the rate at which a body radiates 
its heat off into space is not directly proportionate to its abso- 
lute temperature. The rate at which a body loses its heat as 
its temperature rises, increases more rapidly than the tempera- 
ture. As a body rises in temperature, the rate at which it 
radiates off its heat increases; but the rate of this increase is not 
uniform, but increases with the temperature ; consequently the 
temperature is not lowered in proportion to the decrease of the 
sun’s heat. But this error is probably neutralized by one of an 
opposite nature, to which I shall now refer. 

We know that absolute zero is at least 493° below the melt- 
ing-point of ice; consequently, if the heat derived from the 
stars is able to maintain a temperature of —239° or 222° of 
absolute temperature, then nearly as much heat is derived from 
the stars as from the sun. But if so, why do the stars give so 
much heat and so very little light? If the radiation from the 
stars could maintain a thermometer 222° above absolute zero, 
then space must be far more transparent to heat-rays than to 
light-rays, or else the stars give out a great amount of heat but 
very little light, neither of which suppositions is probably true. 
The probability is, I venture to presume, that the temperature 
of space is not much above absolute zero. In this case, by 
adopting — 239° as the temperature of space, we make the 
values given in column VII. too small. But as the two errors 
tend to neutralize each other, these values may in the meantime 
be accepted as not very far from the truth, or at least as near 
as can be arrived at in the present state of science on this point. 
But whether these values be too high or too low, one thing is 
certain, that a very slight increase or a very slight decrease in the 
quantity of heat received from the sun must affect temperature to 
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a considerable extent. The direct heat of the moon, for ex- 
ample, cannot be detected by the finest imstruments which we 
possess ; yet from 238,000 observations made at Prague during 
1840-66, it would seem that the temperature is sensibly affected 
by the mere change in the lunar perigee and inclination of the 
moon’s orbit*. 

Column VIII. gives the midwinter temperature. It is found 
by subtracting the numbers in column VII. from 39°, the mid- 
winter temperature. Column IX. shows the midwinter tempe- 
rature of the centre of Scotland, on the supposition that the 
Gulf-stream was diminished in volume in proportion to the ex- 
centricity. In former papers it was explained how a change of 
excentricity must affect ocean-currents y. 

I have not given a Table showing the temperature of the 
summers at the corresponding periods. This could not well be 
done ; for there is no relation at the periods in question between 
the intensity of the sun’s heat and the temperature of the 
summers. One is apt to suppose, without due consideration, 
that the summers ought to be then as much warmer than they 
are at present, as the winters were then colder than now. Sir 
Charles Lyell, in his ‘ Principles,’ has given a column of summer 
temperatures calculated upon this principle. Astronomically the 
principle is correct, but physically it is totally erroneous, and 
calculated to convey a wrong impression regarding the whole 
subject of geological climate. The summers at those periods, 
instead of bemg much warmer than they are at present, would 
in reality be far colder than they are now, notwithstanding 
the great increase in the intensity of the sun’s heat resulting 
from the diminished distance of the sun. If a country 1s 
free from snow and ice, then no doubt the temperature will rise 
during summer as the intensity of the sun’s heat increases ; but 
when such a country is enveloped in perpetual snow and ice, 
the temperature of the summers will never rise much above the 
freezing-point, no matter what the imtensity of the sun’s heat 
may be. The physical reason of this was explained on a former 
occasiont. In a country covered with ice, the direct heat of 
the sun is often very intense, in fact scorching. It will raise 
the temperature of the mercury in the thermometer exposed to 
the direct rays of the sun, but it fails to heat the air. Captain 
Scoresby, for example, when in lat. 80° 19! N., found the side 
of his ship heated by the direct rays of the sun to about 100°, 

* See Professor C. V. Zenger’s paper “ On the Periodic Change of Cli- 
mate caused by the Moon,” Phil. Mag. for June 1868. 

+ Phil. Mag. for August 1864 and February 1867. 
i Phil. Mag. for February 1867. 
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while the air surrounding the ship was actually 18° below the 
freezing-point. On another occasion he found the pitch melt- 
ing on the one side of the ship by the heat of the sun, while 
water was freezing on the other side from the intense coldness 
of the air. 

The mean temperature of Van Rensselaer Harbour, in lat. 78° 
37'N., long. 70° 53! W., was accurately determined from hourly 
observations made day and night over a period of two years by 
Dr. Kane. It was found to be as follows :— 

Winter . . —28°59 

Spring. . . —10°59 
Summer . . +99°'38 

Autumn . . — 403 

But although the quantity of heat received from the sun at that 
latitude ought to have been greater during the summer than in 
England*, yet, nevertheless, the temperature is only 1°38 above 
the freezing-point. 

The temperature of Port Bowen, lat. 73° 14! N., was found to 
be as follows :— 

Winter .. — 25-09 
Spring. . . — 5:77 
Summer . . +34°40 

Autumn . . +10°58 

Here the summer is only 2°4: above the freezing-point. 
If we go to the Antartic regions, where the influence of ice is 

still more felt, we find the summers even still colder. Capt. Sir 
James Ross found, when between lat. 60° and 77° S., that the 
mean temperature never rose even to the freezing-point during 
the entire southern summer; and when near the ice-barrier on 
the 8th of February, 1841, a season of the year equivalent to 
August in England, he had the thermometer at 12° at noon, and 
so rapidly was the young ice forming around the ships that it 
was with difficulty that he escaped being frozen in for the 
winter. And on the February of the following year, when he 
again visited that place, he had the thermometer standing at 19° 
at noon, and the sea covered with an unbroken sheet of young 
ice as far as the eye could reach from the mast-head. This 
extraordinary low temperature at that season of the year was 
wholly owing to the presence of the ice. Had there been no ice 
on the Antarctic continent, Sir James would have had a summer 

* Sce Mr. Meech’s memoir “ On the Intensity of the Sun’s Heat and 
Light,” Smithsonian Contributions, vol. 1x. 
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hotter than that of England, instead of one actually below the 
freezing-point. 

Now, during the glacial epoch, when Europe was almost 
covered with snow and ice, the summers could not possibly have 
been much warmer than they are at present in Arctic and Ant- 
arctic regions. In other words, during the glacial epoch the 
mean summer temperature would be very little above the freez- 
ing-point. 

[To be continued. | 
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May 28, 1868.—Lieut.-General Sabine, President, m the Chair. 

NUE following communication was read :— 
“On the Impact of Compressible Bodies, considered with refer- 

ence to the Theory of Pressure.’ By R. Moon, M.A., Honorary 
Fellow of Queen’s College, Cambridge. 
‘Suppose that we have two r7g?d cylinders of equal dimensions, which 

have their axes in the same straight line; suppose, also, that one of 
the cylinders is at rest while the other moves towards the first with 
the velocity V in a direction parallel to both the axes; the conse- 
quence of the collision which under such circumstances must take 
place, will manifestly be that half the momentum of the moving cy- 
linder will be withdrawn from it, and will be transferred to the cy- 
linder which originally was at rest. 

The mode in which velocity or momentum will thus be collected 
from the different parts of the one cylinder, and distributed amongst 
those of the other, is obvious. Exactly the same amount will be 
withdrawn from the velocity of each particle of the impinging cylinder, 
and exactly the same amount of velocity will be impressed on each 
particle of the cylinder struck. 

And the reason of this is equally obvious, since, uf such were 
not the case, the particles of each cylinder would cont:act—a suppo- 
sition which is forbidden by the very definition of rigidity. 

But if, instead of being perfectly rigid, each cylinder is in the 
slightest degree compressible, a variation in the effect will occur. 

As before, momentum of finite amount will be transferred from 
the one cylinder to the other, but the mode of collection of the velo- 
city withdrawn from the one, and the mode of distribution of that 
injected into the other, will no longer be the same as before. 

In order that the moving cylinder may not be reduced to absolute 
rest by the collision, it is obvious that the cylinder originally at 
rest, or a portion of it, must be moved out of the way, so as to 
allow of the continuance, even in a modified degree, of the other's 



Mr. R. Moon on the Impact of Compressible Bodies. 155 

motion; and this can only be effected on the terms of a transference 
of velocity or momentum taking place from the one cylinder, or part 
of it, to the other cylinder, or part of it. 

But when the cylinders are compressible, we are freed from two 
conditions which obtain when the cylinders are rigid. 

In the first place, it is no longer necessary to suppose, neither 
should we be justified in assuming, that the velocity abstracted from 
each particle of the impinging cylinder, or transferred to each par- 
ticle of the cylinder struck, is the same; on the contrary, all expe- 
rience tells us that, in bodies susceptible of compression, compression 
is always produced by collision—in other words, that variation of | 
velocity, in the parts about which the collision takes place, is the 
immediate and invariable concomitant of collision. 

In the second place, when the cylinders are compressible, it is no 
longer essential to suppose that the effect of the collision will be 
to withdraw velocity from every particle of the impinging cylinder, 
and to impart velocity to every particle of the cylinder struck. 
Undoubtedly such may be the case if the cylinders are short, if they 
are possessed of only a moderate degree of rigidity, and if the velocity 
before impact of the impinging cylinder is considerable. But if the 
cylinders be long, while the velocity of the impinging cylinder is of 
moderate amount, the contrary may occur. ‘lhe condition that the 
cylinder originally at rest shall not oppose an immediate insurmount- 
able barrier even to the modified motion of the other may, obviously, 
be sufficiently satisfied if a motion of contraction is imparted by the 
collision to a definite portion of the second cylinder. 

But when the cylinders are compressible, equally as when they are 
rigid, the collision must cause the instantaneous abstraction of ve- 
locity or momentum, either from the whole of the impinging cylinder, 
or from a definite part of it, and the instantaneous communication 
of the velocity so withdrawn, either to the whole of the cylinder 
struck, or to a definite part of it. 
We have hitherto assumed the velocity of each particle of the im- 

pinging cylinder to have been originally uniform. Let us now sup- 
pose, however, that immediately before impact a counter velocity of 
variable amount is impressed on the different parts of the impinging 
body, so that, at the instant of impact, before taking account of the 
effect of collision, the velocity at any point of the impinging body 
may be expressed by V—V,,—where V is constant, but V, has the 
value zero at the surface of collision, and thence gradually increases 
as we recede towards the other extremity of the cylinder, so that 
V—V,, which expresses the velocity of the impinging cylinder before 
impact, has its greatest value at the surface of collision, and dimi- 
uishes as we recede therefrom. 

It is clear that, in the case we are now considering, the collective. 
momentum abstracted from the impinging cylinder by the collision 
will be less, and finitely less, than that which was abstracted by the 

collision in the former case, in which the velocity of each particle 
of the impinging cylinder was supposed uniform and equal to V. 



156 Royal Society. 

For, if M be the momentum lost by collision when the velocity 
before impact is uniform and equal to V, it is clear that when the 
velocity before impact is represented by V—V,, the quantity V, may 
be such that the momentum before impact may be finitely less than 
M; from which it follows inevitably that the amount of momentum 
lost by collision in this latter case must be less than M. 

Let us now vary the data by supposing that the velocity before 
impact increases instead of diminishes as we recede from the surface 
of collision, so that at the moment of impact, before taking account 
of the effects of collision, the velocity at any point of the impinging 
cylinder is represented by V+ V, instead of V—V.. 

It is clear that the momentum abstracted by the collision in this 
latter case will be greater, and finitely greater, than in the case 
where the velocity before impact is uniform and equal to V. Let the 
additional momentum abstracted in this case be M,, the whole mo- 
mentum so abstracted being represented by M+M.. 

Let us now make a final variation in the conditions of the problem, 
by supposing that at the moment of impact, and irrespective of the 
impact, a velocity equal and opposite to V is communicated to each 
particle of the impinging cylinder, so that at that instant, without 
taking account ot any action of the one cylinder upon the other, 
the velocities of the two cylinders along their surfaces of contact 
will be equal, or, rather, will be alike zero, at the same time that 
at every other point of the impinging cylinder there will be a vari- 
able velocity V, increasing in amount as we recede from the surface 
of contact. 

In estimating the effect of the cylinders being in contact under the 
circumstances last described, it is clear that the abstraction from each 
particle of the impinging body of the velocity V can only be regarded 
as preventing the transference to the second cylinder of so much 
of the momentum M+ M, as that velocity, if it had constituted the 
entire velocity before impact of the impinging body, would have 
given rise to, viz. M,—and that the momentum M,, whose appearance 
in the expression M-+M, is due to the fact of the first cylinder 

having been originally endowed with the variable velocity V, in ad- 
dition to the constant velocity V, will still continue to be transmitted 
to the second cylinder from the first. 
We are thus led to this singular and, doubtless, pregnant conclu- 

sion, that in a continuous material system in which there is neither 
discontinuity of velocity nor discontinuity of density, all the con- 
sequences of collision may occur, viz. the instantaneous transmission 
of a finite amount of momentum from one part of the system to an- 
‘other, provided we have discontinuity in the tendency to compression 
in the different parts of the system. 

The author has endeavoured, in former communications to the 
Royal Society, to show that when the velocity in a fluid diminishes 
in the direction to which the motion tends, the slower particles will 
offer a resistance to the motion of the faster particles, which the 
received theory fails to take into account. ‘The foregoing speculation 
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goes to prove that the circumstance of the surfaces of contact of con- 
tiguous elements of the fluid having the same velocity constitutes 
no objection to the reality of such resistance. 

es 
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April 15th, 1868.—Sir R. I. Murchison, Bart., K.C.B., F.R.S., &c., 
Vice-President, in the Chair. 

The following communications were read :— 
1. “On the Disposition of Iron in variegated Strata.” By 

George Maw, Esq., F.G.S. 
In this paper the author gave detailed descriptions of the pheno- 

mena of variegation in rocks of various ages and composition, with 
numerous analyses of the differently coloured portions. ‘The con- 
clusions at which he had arrived were the following :—(1) That 
the assumed production of the colouring-matter of red beds from the 
decomposition of Iron Pyrites appears untenable. (2) That the 
bleaching of red beds by the reducing action of fossil carbonaceous 
matter will not account for the facts of variegation. (3) That this 
bleaching and nearly every form of variegation of red beds are caused 
by the passage of iron from the discoloured areas, unaccompanied 
by any change of combination, excepting the invariable conversion 
of the anhydrous into the hydrated peroxide. (4) That the arrange- 
ment of the iron has not been produced by solution. (5) That it 
has in some cases been produced by a variety of evident conditions 
independent of mere chemical reaction, while in other cases it seems 
to have occurred arbitrarily. (6) That it is unaccompanied by any 
other change in the combination or position of the constituents of 
the stratum, and appears to be wholly independent of its chemical 
constitution, any simple chemical theory being, in short, insufficient 
to account for the movement of the iron. (7) That the motion has 
sometimes taken place centripetally and sometimes centrifugally. 
(8) That the partial conversion of the carbonate of protoxide of 
iron into hydrated peroxide is one of the most frequent purely 
chemical causes of variegation. Other causes are the conversion of 
the red anhydrous into the yellow hydrated peroxide, the secondary 
formation of the bisulphide and the several stages of its decomposi- 
tion in mechanical association with the peroxide, and, lastly, the 
infiltration of lime and magnesia into red beds. (9) That some of 
the more complicated forms are due partly to segregation, and partly 
to changes of combination. (10) That the ferruginous banding of 
yellow sandstones is the result of the segregation of the hydrous 
peroxide of iron into lines, which are invariably adjacent to a 
bleached part of the stratum, over which they appear to have ad- 
vanced, gathering up the peroxide of iron in their course, and leaving 
behind them a depleted area. 
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2. “© On the older Rocks of South Devon and East Cornwall.” 
By Harvey B. Holl, M.D., F.G.S. 

The author divided the rocks of the district to which the com- 
munication referred into a Lower, Middle, and Upper South-Devon 
Group, and stated that the lowest beds were brought up along a 
line of country extending from Dartmoor by Kingston Down to the 
Brown Willey granite, where they formed a broad anticlinal axis. 
These rocks are unfossiliferous, and may not be lower in the series 
than the base of the Ilfracombe group of North Devon, or the highest 
part of the group immediately below it, the latter being more pro- 
bably represented by some still lower beds of red and greenish grits 
brought up to the surface in the anticlinal axis of St Broeck’s Down 
further to the west. 

The Middle South-Devon Group comprises at its base the discon- 
tinuous calcareous range of the Looe River, St. Germans, Brick fort- 
leigh, Ashburton, and Bickerton, above which is a mass of blue and 

claret-coloured slates, which separate it from the Plymouth or Tor- 
bay Range. 

This calcareous and fossiliferous group is succeeded by higher 
beds of blue and claret-coloured argillaceous slates, followed by 
hard, red, dark, micaceous schists, and purple and greenish grits, 

which constitute the author’s Upper South-Devon Group. These 
rocks are very sparingly fossiliferous, and probably correspond to the 
upper and Morthoe portions of the Ilfracombe series of North 
Devon. 

The unconformable position of the Culm-measures is seen in the 
circumstance that they rest upon different parts of the underlying 
Devonian rocks—sometimes on the limestones of the Torbay range, 
sometimes on the slates, at others on the volcanic rocks. This 

entirely separates the South-Devon rocks from the Carboniferous 
system. 

The occurrence of the genus Péeraspis, and probably Cephalaspis 
with Phyllolepis concentricus and (?) Holoptychius, and other fish- 
remains, appeared to the author to goa good way towards identifying 
these Cornish and South-Devon beds with the Old Red Sandstone 
of Scotland. These fossils range up to the very base of the Torbay 
limestones. 

The author referred the whole of the rocks treated of, with the ex- 
ception of the purple and greenish grits of St. Broeck’s Down, to the 
Middle Devonian system, and considered that if the lower or Linton 
rocks were to be met with at all on the south side of the Culm- 
trough, it would be in the high ground which forms the watershed 
of West Cornwall. 

In the concluding portion of the paper Dr. Holl entered upon the 
paleontological relations of the different South-Devon groups, and 
especially those of the Petherwyn beds. 
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XXI. Intelligence and Miscellaneous Articles. 

ON SECONDARY CURRENTS AND THEIR APPLICATIONS. 
BY M. G. PLANTE. 

BSERVATIONS of the intensity of the secondary current deve- 
loped in a voltameter with lead electrodes induced me, in 1860, 

to construct a pile or secondary battery by which, within certain 
limits, the work of the voltaic battery could be accumulated*. I 
have now to describe a new mode of arranging the apparatus, as 
well as the effects of quantity and of tension which can be obtained by 
its means. 

The instrument, which I designate secondary quantity battery, con- 
sists of a rectangular gutta-percha vessel provided with a number of 
lateral grooves very close to each other, and containing a number of 
lead plates immersed in water acidulated by sulphuric acid. The 
odd-numbered plates are all joined, and may be connected with one 
of the poles of a battery ; the even plates are also joined, and may be 
connected with the other pole, so that all the plates form one single 
secondary element of large surface. 

When, on such an apparatus constructed with six lead plates 
20 centims. square, the current of two small nitric-acid couples is 
allowed to act, and when the circuit is broken by means of the com- 
mutator so as to close the secondary one, temporary incandescence 
is obtained of a platinum wire 1 millim. in thickness and 8 centims. 
in length—a result which would otherwise be impossible with the 
feeble source which furnishes the principal current. 

To obtain more powerful effects, [have constructed batteries of from 
twenty to forty lead plates united together; these batteries produce 
very intense calorific effects, such as the fusion of iron or steel rods, 
when they have been charged by two or three Bunsen’s elements 
from 15 to 20 centims. in height. | 

In the production of many of the effects of voltaic electri- 
city, the quantity of electricity furnished by the current would be 
insufficient if it were not associated with a certain fension. M. 
Thomsen of Copenhagen described, in 1865, a polarization battery 
based on the current produced by platinized platinum electrodes, and 
by means of which he obtained a series of secondary currents sufhi- 
ciently close to form a continuous series having higher tension than 
the principal one. 

I thought that the intense current furnished by lead electrodes 
might be used for producing temporary effects of great tension, and 
I have attaimed this object by arranging the secondary couples so 
that they could be charged simultaneously in quantity and then dis- 
charged in tension. 

The secondary tension battery which I have constructed consists of 
forty secondary couples, each formed of a very narrow gutta-percha 
vessel containing two lead plates, 20 by 20, immersed in dilute acid. 
The poles of all the couples contained in the same box terminate in 
a commutator so constructed that it can joi them either in surface 
or in tension. 

If this battery be charged by the aid of three Bunsen’s elements 

* Phil. Mag. S. 4. vol. xix. p. 468. 
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of mean size, and the commutator be so turned as to close the se- 
condary circuit, a platinum wire more than 2 metres long and 3 
millim. thick can be made incandescent for a few instants. Che- 
mical decompositions requiring great tension may also be shown, 
as well as physiological effects and a voltaic are of short duration. 
In fact, we obtain for a brief “space the same effects as are produced 
by a battery of fifty-five to sixty elements arranged in a series. 

The calorific effects produced by this apparatus might be used for 
firing mines, and the physiological effects for medical purposes. 

In short, the secondary battery with lead electrodes enables us te 
obtain either powerful temporary effects of quantity from a conti- 
nuous source of electricity of small quantity, or powerful temporary 
effects of tension from a continuous source of small tension. 

This concentration of the work of the battery is doubtless only 
obtained through the intervention of a chemical action, and is 
effected with the losses inevitable in every organ of change. There 
is not, as in the case of induction for instance, the direct production 
of one physical effect by another physical action ; but the final result 
is none the less an accumulation or a modification of electrical force 
which can be utilized in certain circumstances. 

These facts show, moreover, the importance of the part which 
secondary currents must play in electrochemistry, and the applica- 
tions which may result therefrom.—Comptes Rendus, June 22, 1868. 

ON THE FORMATION OF PEROXIDE OF SILVER BY OZONE. 

BY F. WOHLER. 
If, through water feebly acidulated by sulphuric acid, the current 

from a few Bunsen’s elements be passed, and if a silver plate be used 
as the positive electrode, it immediately begins to be covered with a 
black substance. This substance is peroxide of silver, easily recog- 
nizable by its property of dissolving in ammonia with a brisk evo- 
lution of nitrogen. Thus prepared it forms black amorphous crusts, 
unlike the beautifully crystallizing peroxide which separates from a 
dissolved silver-salt at the positive pole. 

This mode of formation is interesting, inasmuch as it probably 
takes place directly from the ozone at the positive pole; for it was 
long ago observed by Schénbein, and noted as one of the charac- 
teristic properties of ozone, that bright silver is superficially changed 
into peroxide by ozonized oxygen. In the experiments the current 
was strong enough to form ozone when platinum was used as an 
electrode ; but when silver was used no trace of any odour of ozone 
could be perceived; and it must therefore be assumed that ail the 
ozone is used for the oxidation of the silver. 

After a certain quantity of peroxide has been deposited on the 
silver, it begins slowly to disengage oxygen; and simultaneously 
there is deposited on the negative pole a small quantity of grey amor- 
phous metallic silver. At the same time there is always a small 
quantity of silver in solution. ‘These are probably secondary pheno- 
mena, arising from the action of the sulphuric acid collected at the 
positive pole, which decomposes the peroxide.—Liebig’s Annalen, 
May 1868. 
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XXII. On the Polarization of Heat at 100° C., and on the Mo- 
tion accompanying Heat-conduction. By Professor Macnus*. 

N a former essay on the polarization of heat, and on its pas- 
sage through parallel platest+, it has been already shown 

that the heat radiated from a red-hot plate of platinum at an ob- 
lique angle only comes in part from the surface, another portion 
being radiated from the interior. This fact was deduced as a 
consequence of the polarization of the heat radiated from such a 
surface. For since the plane of polarization has the same posi- 
tion as that of light refracted at a certain angle, we are com- 
pelled to assume that, at all events, one portion of the emergent 
rays suffers a refraction at the surface; and in order that this 
may be the case, the heat must come from the interior of the 
plate. Since, however, this polarization takes place according 
to the same laws as that of light, we are further compelled to 
conclude that the propagation of the heat in the interior takes 
place in the same manner as that of light, namely in transverse 
oscillations. In the above-mentioned publication it was asserted 
that the conduction of heat depends upon this species of motion. 
This assertion, however, was only based upon the fact that the 
motion which is called heat cannot be of two kinds, and that, if 
its propagation through air, vacuum, or any other diathermanous 
substance takes place by means of transverse oscillations, its pro- 
pagation in the interior of such bodies as are not diathermanous, 
which propagation we call conduction, must be of the same 
nature. 

This conclusion could not be drawn with certainty, because it 
* Monatsbericht der kiniglich preussischen Akademie der Wissenschaften 

zu Berlin. Marz 1868. 
+ Monatsbericht, 1866, p. 62. 

Phil. Mag. 8. 4. Vol. 36. No. 242, Sept. 1868. M 
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was still possible that it was only the luminous portion of the 
heat which was polarizable. If, on the contrary, we could prove 
that the heat which is radiated at an oblique angle from bodies 
of any temperature, and therefore at a very low one, is also partly 
polarized, it would be proved that in the case of dark bodies the 
heat which they radiate comes in part from their interiors, and 
is propagated in them by transverse undulations. I think, then, 
we should be justified in asserting that the conduction of heat, 
or its propagation m athermanous bodies, also depends upon 
transverse oscillations. 
MM. La Provostaye and Desainsstate that they obtained polar- 

ized heatfromaplatinum plate whose temperature was below incan- 
descence. Their experiments were made with platinized plates at 
a temperature of between 330° and 360° C. ; and with these they 
say they have obtained very distinct polarization, though to a less 
degree than with smooth plates. It was shown in the above- 
mentioned experiments with incandescent plates that these do not 
show any polarization if they are perfectly platinized. The plates 
used by MM. Provostaye and Desains, therefore, could not have 
been fully platinized. These experimenters do not enter into any 
explanation of the polarization of the heat radiated from these 
plates. It is also clear that by the employment of rough plates 
they were not in a position to arrive at the conclusion that the 
polarization depended upon the refraction of the heat issuing 
from the interior. For the same reason, their results, although 
very interesting, determine nothing in regard to the point at 
issue. It was therefore necessary to undertake new experiments, 
in order to decide whether the heat which is radiated from bodies 
of a lower temperature (say, 100° C.) is polarized. 

The means hitherto employed for the investigation of the po- 
larization of heat depend upon its passage through double-re- 
fracting plates or through columns of mica plates. Neither of 
these could be here employed, because they do not allow the 
passage of the dark heat. There only remained, therefore, to 
make use of reflection for this purpose. Since, however, as is 
well known, only a small portion of the heat falling upon a mirror 
is reflected, especial precautions and arrangements had to be made 
in order to measure the reflected heat. 

The essential portion of the apparatus was a reflecting mirror, 
65 millims. wide and 130 millims. long, of black polished glass. 
This was placed at the end of a horizontal tube cf 60 millims. 
diameter and 120 millims. length. This tube was made of stout 
pasteboard, in order to prevent heat reaching the mirror by con- 
duction. Both ends of the tube were closed by plates having 
eircular openings of 35 millims. diameter. The axis of the tube, 
or the line joining the centres of the openings, passed, when pro- 
duced, through the centre of the mirror, which could receive any 
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inclination required towards the axis. In the following experi- 
ments the two always made an angle of 35° with one another. 
The thermo-electric pile with its cone was so fastened to the 
mirror by means of an arm, that the rays falling upon the mirror 
in the direction of the axis of the tube were reflected into the 
cone of the pile. The entire arrangement could be turned with 
the tube and its axis so that the mirror and thermo-pile could 
be brought into all azimuths. To protect them from external 
influences, they were surrounded by a large pasteboard. box, 
which was further protected by thick hanging covers. Only a 
small part of the tube extended beyond the box, and by this 
means the mirror and thermo-pile could be turned from the out- 
side without opening the box. An index fastened to the tube 
showed the position in the interior. Between the box and the 
source of heat another large screen was erected, in which there 
was an opening of the same size as those at the two ends of the 
tube. As the rays passed through these three openings, they 
reached the mirror in almost parallel directions. For the source 
of heat a tin-plate vessel was employed, which could be main- 
tained at 100° C. by means of a current of steam. This steam- 
box was so fastened upon astout wooden slab that it could 
be turned upon a horizontal axis whose continuation passed 
through the centre of the mirror. The face of this vessel, which 
radiated upon the mirror, made an angle of 35° with the hori- 
zontal. Other plates could be fastened upon the steam-box, so 
as to serve as radiating surfaces. The. steam entered the vessel 
ont of a large glass bolt-head, and left it by means of a tube 
which led into a large flask containing many litres of cold water. 
In order to remove the water condensed in the vessel which 
served as the source of heat, the tube which led off the steam 
was so bent in the inside of the box, that its opening always 
reached down to the lowest part. When, therefore, the water 
had reached this point, it was forced out of the box by the 
freshly arriving steam. A moveable screen of double metal 
plates stood between the radiating vessel and the fixed screen, in 
which the first diaphragm was situated. It was removed when- 
eyer an observation had to be made, and replaced as soon as the 
needle had completed its deviation. 

The observation was made by observing the first displacement 
of the needle. It may, it is true, appear that it would be prefer- 
able to wait until the needle had assumed a constant position. 
But the results are then less sharp and exact. During the long 
continuance of the radiation the pile becomes, in fact, warmed, 
and consequently the position of the needle never remains quite 
constant. At the same time the space in the inside of the box 
becomes warmed, and the same value is not always obtained on 
repeating the same experiment. Accordingly the method of 

M 2 
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observing the first deviations was retained, since, as appears from the 
numbers given below, the values obtained on repeating the same 
experiment agree as closely with one another as can be expected 
in such experiments. The vessel serving as source of heat was, 
in the first place, so turned that the radiating surface was ver- 
tical and turned to one side (say, to the left). It was then 
turned horizontally towards the ceiling, then vertically towards 
the other side, and finally horizontally towards the floor. For 
each of these positions the magnitude of the deviation was de- 
termined by turning the reflecting mirror in succession vertical 
towards one side, then horizontal towards the ceiling, and ver- 
tical towards the other side. The construction of the apparatus 
did not allow of its being turned horizontally downwards. 

For each of these positions the observation was repeated three 
times, and the mean of these observations, taken immediately one 
after the other, was adopted. When the radiating surface is di- 
rected upwards or downwards, we should have expected equal 
values for similar positions of the mirror. Nevertheless, in spite 
of all care to avoid the introduction of errors through variations 
in the adjustment, the values obtained were invariably higher 
when the radiating surface was turned upwards than when it was 
directed downwards. ‘The cause of this 1s evidently the superior 
warmth of the roof of the room in these experiments above the 
floor. The former was, in fact, warmed by the air ascending 
from the radiating vessel and from the neighbouring bolt-head 
of boiling water. The roof accordingly radiated more heat than 
the floor or the walls of the room, which was not artificially 
heated; and a portion of this heat, reflected by the radiating 
surface itself, reached the pile along with that directly radiated. 
Hence also the fact is accounted for, that the difference found 
on turning the radiating surface upwards and downwards was 
greatest when the radiating surface was of polished metal; for 
in such surfaces the radiating-power is very small, while the 
reflection is greater than from any others. Since through the 
wintery cold during which these experiments were conducted the 
window-side and the back of the room had sometimes different 
temperatures, large screens: were set up to diminish this injurious 
influence, at half a metre on both sides of the radiating vessel. 
In observations such as these, indeed, the greatest care is requi- 
site. The galvanometer used was the very sensitive one con- 
structed for former experiments, and since improved. 

Iftheheat radiated at 100°C. had not been polarized, the values 
must have been the same at every position of the radiant surface 
for each of the positions mentioned of the reflecting surface. 
The numbers yiven below, however, prove that the deflections 
of the galvanometer were smaller at every position of the radiant 
surface when its plane of reflection. coincided with that of the 
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mirror, than when the two formed a right angle with one another. 
Hence it follows that the radiant heat is partly polarized, and 
that, as with incandescent platinum plates, its plane of polariza- 
tion is perpendicular to the plane of reflection. Starting from 
the hypothesis that the deflections of the galvanometer are pro- 
portional to the quantities of heat, the values found give the 
relation between the polarized and the entire amount of radiated 
heat. For, assuming that the mirror in both positions reflects 
only polarized heat, the entire radiated heat is proportional to 
the sum of the reflected quantities in the two positions of the 
mirror, and the difference of these quantities is proportional to 
the polarized portion. 

In the first place, experiments were made in which the polished 
face of the radiating vessel made of tinned iron-plate sent its 
heat against the reflecting mirror. In the following Table are 
contained three series of experimental numbers obtained in this 
manner. In the first the original observations are given, in 
order to show how far these agree with the mean values; in the 
remainder the mean values alone are given. A polished copper 
plate was then fastened upon the tin plate, and this again was 
afterwards replaced by a polished plate cf aluminium. The 
latter was used to decide whether metals of very different speci- 
fic gravity might show differences in the polarization, and conse- 
quently in their refractive powers. 

TABLE I.—Radiating surface :—polished metal. 

Tinned-iron plate. i inium. Radiating Maeineine ned: iron plate Gane Aluminium 

Se ee Series of experiments I. | II. | III. al al II. 

mean.|mean./mean.|mean. vee mean. 
: Betts gs8 O88 9 85 | 9 8:75| 74 | 9 9-2 3 176 

Monzontal || Horizontal ...| 45/5 [5 |48 37 65/68 |4 | 41 
P : ight )..2%: Sere 7620) OMe Soe 725192) 8C-7e || QU G6 

Miele. sasucnoe ss: 3 3°75 | 4 NP agate 3 2°38.) 1-6 | 2:25 
To the ef Horizontal ...| 5 5 5 5 SA Ol alan | orden E45 

RUIN re ica 45 | 5 AS ales ee I Sh | CPG Nl | OR) 
; Meh st ieciceee =. 6°25 | 6 OD) O20 |e: D2) Sree Aco el 4-3 

daozontal }| Horizontal .... 4 | 4 (4 |4 | 275/3 | 21°] 28 | 27 
Soil bRighitr s<.cde.. 55 | 6 | 5-75|5:75| 5:2 |6 | 3-75| 49 | 4-6 

biG Hania aaasand 3°25 | 3 35 | 325/45 | 2:6 | 26 | 2:8 | 3:2 
To the right. ; | Horizontal ...| 5 AS | 5 48 | 46 | 5 a1 | 4 3°9 

Right .........| 4:25 | 3:25] 3:25| 3:6 | 2:3 | 2:8 | 2:75) &1 | 2:8 

Mean of ‘all ,values ‘with perpendicular planes ] | ¢, : el a : : ; i Y i 
OIBVEHCCEOME sccceens iaeet sae sae sant tn eeer ewan std PED) OE) OC CME Gre | ae 

Mean of all values with parallel planes of || o.9¢| 9. : : 
REMC CIOMe Grae. Sse uana. Sin sau eiactedocencts i BND) GAN | ON) BEC) A 

PRGIpRe AG Ol SUM ec testacc ses cestetec ects voce sauess 10-42 | 8-64 |10°23| 8:43} 7-9 | 8&3 
Polarized portion or difference ............... scenes 2°50 | 2°50} 3°07} 1:89} 2:3 | 2-3 

fee ot teenporn of Heese eg sy “ho pea fas 
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Upon the radiating surface of the tinned-iron vessel a transpa- 
rent glass plate of 1 millim. thickness was now fastened. It is 
clear that the temperature assumed by the outer surface of this 
glass plate was lower than that of the metallic face upon which 
it was fastened, and from which it derived its heat. Nevertheless 
the quantities of heat which it delivered are much greater than 
those radiated from the metal plate. This superior action of the 
glass cannot be due to its sending out heat from its entire mass ; 
for it is known from Melloni’s researches that glass does not 
allow heat of 100° C. to pass through. Consequently the su- 
periority of the glass must be entirely owing to its greater ra- 
diating-power. 

Tasie I1.—Radiating surface :—transparent glass. 

sa | 
pee ne oe Ne Series of experiments I. II, TL, 

mean. | mean. | mean 
ae ouital NCE seisaue ona ae 44 43°5 | 43:25 | 43-6 | 39°3 | 47-25 

d Horizontal 35 35 34:75 | 34:9 | 33 36°25 
Baa ll Righty. euiciee 42 | 42-5 | 42 . | 49-2 | 49:7 | 45-25 

Lefties s2idst.: 35 35°25 | 35 35'1 | 30:2 | 36:3 
To the left.< | Horizontal ...| 42 425 | 42 42:2 | 36°5 | 45°3 

IBY ol tall odaoad 34:5 | 34-25) 34°5 | 34:4 | 32-7 | 35-2 
Hasoutal Lb(shilieasborcdons 44 43°75 | 44 43°9 | 89:5 | 45:41 
ae eka Horizontal ...) 85:5 | 35°5 | 35 35'°3 | 33D | 36°8 

PAvraadlrontrcatel WERE de cde coc 43. |,43. | 48 | 48°" | 40>) Aa5 
To the heftiesssessccss 35°25 | 36 34:5 | 385°6 | 31-3 | 385°7 
ee : Horizontal ...| 42:75 | 42 A2 42-2 | 3771 | 43 
icala Rightees 39°5 | 35 | 35:5 | 35-5 | 31-8 | 357 

Mean of all values with perpendicular surfaces of 42-8 | 39-5 | 44-95 
TEMECTION cei cirastkerstl Geb sioneeesseeseecessose veges i 

Meanof all values with parallel surfaces of reflection.| 85°1 | 32:1 | 35°99 
Total MeatiOTr Sumas... 662 ho Ge ak ihi be qe beeeics beaMete oa 77:9 | 71:6 | 80:94 
Folarized portion or differehce «......:.....-.15.4.-05. “Et VA 8°96 
Pertentagé of polarized portion .............i.c..s.00: 9:9. 1039 Le 

The numbers show that the heat radiated from the glass at an 
angle of 35° is also polarized, and indeed perpendicularly to the 
plane of reflection, exactly as with metals: In order, however, 
to get rid entirely of the notion that radiation had taken place 
through the substance, the transparent plate was replaced by one 
made of black perfectly opaque glass. With this the following 
values were obtained .— 
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TasxE III.—Radiating surface :—black glass. 

oe eee ee Series of experiments I. Le III. 

pb fey mean. | mean. | mean. 
(2) 5 eee ; 46:25 | 45 45:2 | 36 42-1 

Horizontal || Horizontal ...| 34-7 | 35 | 35 | 35 | 27-7 | 347 
P Right hha 44 | 445 | 44:5 | 44:3 | 83:8 | 45 

Teeftins Wssat. 34 34 33 33°7 | 28 34:5 
To the left. 4 | Horizontal 44 435 | 44:25 | 44 34:5 | 42 

AAG Foi stk: 34°75 | 35 34 34:6 | 26 35°7 
Weft) Bsc 45 45 45 45 35°5 | 42 

daomzontal J | Horizontal...) 34. | 85. | 34° | 343 | 275 | 355 
Pe Ga ere cweiaes 44:5 | 45°5 | 44 44:7 | 336 | 45:2 

To the Mett,  tecccsyes 35 35°5 | 36:5 | 85°6 | 27-5 | 33-7 
BORE Horizontal ...| 44 43'5 | 44:25] 44 34:2 | 42:3 
Sah Right (...0.. 34:75| 845 | 35 | 34-75| 26:8 | 363 

Mean of all values with perpendicular planes of E J , 
POUPELIOMOU Ny cates cess sah eteecsch sscnceeonecesnenns EAE SMO eal 

Mean of all values with parallel planes of re- 34-6 | 27-2 | 35-1 
BIB IRE eS ret s/o 8c v dsicisraibeie s seibie avai Renae ees vs 

PPOUAM MG AGIOL SUD tecates.ssecesstsceeceeseacesveccece 794 | 618 | 78:2 
Polarized portion or difference.................006 10°2 74 8:0 
Percentage of polarized portion ..............0005 12°9 | 12:0 | 10:3 

The agreement of these values with those given by the trans- 
parent plate is a new proof that the transparent glass is no more 
diathermanous for heat of 100° C. than the black opaque glass, 
and that both kinds of glass possess radiating-powers for heat 
which are very nearly equal. 

If the polarization of the radiated heat depended upon the 
partial emergence of the heat from the interior and its refraction 
on leaving the surface, then with a perfectly rough surface the 
refraction must take place in all directions, and consequently no 
polarization at all should be observable*. It appeared, there- 
fore, of interest to try how the polarization was affected by using a 
dull, ground glass plate in place of the polished one. The rough 
glass plate was of the same kind of glass and of the same thick- 
ness as the smooth one before used. As 1s seen from the follow- 
ing numbers, the polarization was much less than with the 
smooth plate; but still polarization did occur. Hence the sug- 
gestion immediately offered itself that the glass was not suffi- 
ciently rough. Accordingly a perfectly rough substance, namely 

* «*Wenn die Polarisation der ausgestrahlten Warme davon herrihrt, 
dass die Strahlen zum Theil aus dem Innern kommen und beim Austreten 
an der Oberflache gebrochen werden, so miisste fir den Fall, dass die Ober- 
flache vollkommen rauh ware, die Brechung nach allen Richtungen stattfin- 
den und daher gar keine Polarisation zu beobachten sein.” As the above 
appears ambiguous, I give the text literally.—F. G. 
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black cloth, was chosen, and stuck for this purpose upon a tin 
plate and fastened upon the radiating vessel. 

The cloth, as is shown by the following numbers, exhibited 
no polarization at all; and herein lies a further proof that the 
radiant heat comes in part out of the interior of the body, and 
is polarized at its surface by refraction. 

Taste [V.—Radiating surfaces :—rough glass and black cloth. 
) 

Radiating Analyzing Rough glass. Black cloth. 

surface. mirror. | 
I. II. Hea IS it: 

| 

mean. mean. || mean. mean. 
a TEL escnelesmesiseeites | ear e 44:8 || 41°5 A2°5 

Honigontw..("Morizontal «0s 353 | 387 || 41-7 | 415 
P aTalMiRiphteeca sec 28-3 42:3 || 39:8 41-5 

(CIMT Re Soonasencecbpec 34°8 38°] 39°7 42:9 
To the left. { | Horizontal ......... 375 42°6 39°7 418 

Right estou: 345 | 371 || 392 | 41-4 
: Teftcnneeccoveessecer: 38°8 43 40 43-4 

sree Horizontal ......... 34:5 37-4 39-2 41:8 
(ieRighe meen cones 38:7 | 41-6 40 42:3 

To the { | Lett.......ssseseeeeee 34:3 37°38 || «405 42°25 
ane Horizontal ......... 38 42-2 | 388 | 41 
are Rightiows,sccevene. 34-2) || 38 el eAO 41:4 

Mean of all values with perpen- aot oe ao é 
dicular planes of reflection... } Bo a Bo) aoe 

Mean of all values with peat 34-6 37-7 40-05 41-9 
planes of reflection ......c0+.0. 

Motalineatiteasccscssenccrssccesecse: 73°2 80:4 80:02 84:0 
Polarized portion rceiecsscse icicles 4:0 5:0 1:92 0:2 
Percentage of polarized portion...| 5°5 6:2 

The propagation in the interior of a body to the surface 
may be regarded as radiation; but then we must admit that 
such a radiation takes place in all parts of the inside of ather- 
manous bodies. It is in fact known that the metals, such as gold 
and silver, are diathermanous in very thin sheets. This has been . 
shown by M. Knoblauch for solar heat. For heat of 100° C. 
and lower temperatures, such as here employed, no observations 
had been previously made. 

It follows from this investigation, that when heat is propa- 
gated in the interior of bodies, transverse oscillations take place 
at every temperature. Or if such oscillations be not linear, they 
are yet such motions as to have components perpendicular to the 
see cign of propagation, which produce the same effect as rays of 
eat. 
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XXIII. On the General Solution of Algebraic Equations. 
By Tuomas P. Krrxman, M.A., F.RS.* 

LL algebraic equations can be solved as clearly as the cubic 
and the quartic, that of the (n+1)th degree after that of 

the nth, by the use of the following theorem, and of familiar 
aleebraic operations. 
“Let any of the various ways of writing the group © of In 

substitutions made with the n elements 1, “2, 3,++-,(n—1), n, as 
a product of n—1 groups, be this, 

OG ere Gye Cee rye On, 

where G, is a group of the rth order, in which the n—r final 
elements are undisturbed. 

Let H, be any given asymmetric function of the n variables 
Ly, Loy Ugy +++ yn Which has IIn values by their permutations. 

Let G,.H’ be the sum of the n values of H; made by the 
substitutions of G,,, and let 

Ga J 5 

be the ath power of that sum. It is here convenient to write 
the exponent a in an algebraical sense over G,; and it can ob- 
scure nothing, since G;, considered as the group product G,.G,, 
is simply G,. 

Also let 3 

Gre 1 Gi 2 WG). J; 

be the bth power of the sum of n—1 values of J; which are 
made on the group G,_,; and so on. 

And let T’,, be the group of the m cyclical permutations of the 
first m elements, the remaining n—m being undisturbed. 

We can construct without any difficulty, except tedious alge- 
braic routine, the function following, for any given system of 
positive exponents that we desire, 

ee oP Pe GaG. Gy. .sGa0,Ge G4. He, 

which is the sum of z given values of the 6th power of 

LN NG 

which is the sum of n—1 given values of the yth power of 

Ve Pe eX ace. 

till we come to read the function 

Iyer 

* Communicated by the Author. 
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the sum of four given values of the pth power of 

Sin = G, Ry, 

the sum of two given values of the mth power of 

the sum of three given values of the /th power of Q;, and thus 
finally to read the function 

the sum of the n values of the asymmetric H} which we choose 
to construct on G,. 

Our theorem is: 
(1) The first sum of values so read, but the last in construc- 

tion, viz. 

is a given rational and symmetric function of the # variables 
21) Lo «++ Lng Whatever be the positive exponents 8, y, ...,0,a,1. 

(2) Every one of the succeeding sums of values, viz. 

Viens Vip oy Ke 5 See Te Oe Re ee Gage 

is a given irrational and symmetric function of those variables, if 
the solution of equations of the nth and inferior degrees 1s known. 

The demonstration is very simple. 
(1) It is evident that 

Sn= RY + RP = (Qe + Qi. +2Qi)” + (Qi + Qe + sQi)” 
is invariable by I’,. l'3, which represents all the six permutations 
Of X,,L_, #3: It follows that 

ase, on aon: 

whatever be the integers mw and p, is a function invariable by the 
114 permutations of x), %, #3, 4; whence of necessity 

1 eee 
is invariable by the II5 permutations of 2), 2, #3, %4, #5; and so 
on, till we see that 

Se=T, Zi 
is invariable by the permutations of 2, %o, %3,..., #3 1. é. the 
function %, is rational and symmetrical in these n variables, 
whatever be the positive exponents. 

It will be here useful to make a distinction between the roots 
Qj) Mg) ++ +5 4, Of the equation 

(@—,)(@— Ag) (V—dg) +.» (@—An—1) (4@—a,) =O=U, 

or the entering roots of U=O (as I call them), all asymmetric 
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functions of the n elements a, dg,..+ 4», and the roots 

{Qh3 {ao}, {Agts+++ {Ants 

which we obtain by solution of U=O: these I call the issuing 
roots of U=0. They are all irrational functions symmetric in 
the n elements 4, d,... dn, Or in any set of m elements of 
which Sa” is a symmetric function. 

I denote by a bracketed function {R} always a symmetric 
irrational function of our variables 2, %,...,%n, the issuing 
root ofa given equation which we are supposed to have solved. 

(2) As our rational symmetric function 2, can be formed, 
and is supposed to be formed, for every system of exponents that 
we require, we can write for any system in which @ only is vari- 
able the n equations 

Z, ar {Ly + eZ, + ee gee ae 

Zi +L) + Ly + ai tna Ly = Zo, 

Ly + Ly + oly tee tna ih = ly 

where Z’, ,Z’, ,Z’,...,-iZ' are ~ values of Z’ made on J,. 
From these n conditions we obtain 

{Z,5 =V,-1Y5, 

the issuing root of a given equation of the nth degree, having 
for coefficients rational and symmetric functions of 2, %,... Xn. 
This symmetric and irrational function {Z,\} can be written for 
every system of exponents y, 6,...c,0,a,2, in which ¥ only is 
variable; that is, we have 

EA Ate eas 
Vs? $4Y9? +0Y?7. tars tno¥? ={Z5}, 

Mee 40Y eve Fath. 
Hence 

$Y bee Deg Xe 

is the issuing root of a given equation of the (n—1)th degree, 
whose coefficients are irrational and symmetric functions of our 
n variables, And by the same certain process which has trans- 
formed the asymmetric sums I’,,_,Y} and ipo Xcontorthe sym- 
metric irrational functions {Z,} and {Y,}, we can go on through 
the entire list of asymmetric sums of values for every system of 
exponents, transforming each sum into the issuing root of a given 
equation, till finally we obtain the system 
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H,+H,+H,+...+H,={J,} 

A 4 He Sees SEE a 
and the 7 asymmetric values of H, made on G, are thus finally 
transformed, by the solution of a given equation of the nth de- 
gree, into the irrational shapes 

tHys, (H,}, {Hs},... {H,}, 
which are all symmetric fUMCHIOMS Of W741, oy ene 

From this position to the solution of the general equation 
©=0 of the (n+1)th degree, there is but one, little, easy step. 

If @ be any imaginary root of y”*1=1, and if 2,121, aan 
be the roots of ©@=0, we have 

Lye Dat(atartaF+...+al*”)(@,+x¢ot+agt...+an)3 

or, which is the same thing, 
1 n+1 1 n+l n+l 

ee eiaome ae Pe md P meee hi eral i ees 

om Plan | at te n + 
where 

Pi =a t aa + 07% 4- a3 xg+...+0"2n, 

Pi=&ytatyotarvs+a%vy+...+ ax, 

Py=Xot aayt aa, ta2ts+...+a"%o, 

rn + a2n+ Ow, + RAR tee ft aXn_15 

P,, Ps, P.,..+)Pn bemg here formed with P, on G,=I, by the 
cyclical permutations of 2), %,...,%,, While % and a, a’... are 
undisturbed. 

This expression of 7 becomes, after raising P,,.Po,..., Pr 
each to the (n+ 1)th power by ordinary involution, 

giles 1 Be (S+H)i + — (S+0,)9 70 np n+ 1 

ar ee (6 aE eee ei 

where 8 is a symmetric function of 2%, 2), @,-.-) Zn, and there- 
fore a rational function of the coefficients of @=0, and where 
H, is a function of the same n+ 1 variables which has In values 
by their permutations. And since H, is invariable by the cyclical 
permutations of Z, @,,2,,..+, Hh; because Pet} = (a7P)"*!, what- 
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ever 7 may be, it receives all its values by the permutations of 
Eee mvariables 2,5, 255 Bay0 «<5 Ln 

Wherefore, by what precedes, the n values of H,, 

EH; iB Tae lola! ee be ) He 

can be transformed into the issuing roots 

{Hy}, {H}, tosh. 5 4 

which are symmetric irrational functions of 2, @, 3,.++2n,and 
also of necessity symmetrical irrational functions of the n+ 1 va- 
riables 2, %,,..-,%n- These functions {H} are consequently 
transformable into given irrational functions of the coefficients 
of ©=0, and the algebraic solution of ©@=O is infallibly com- 
pleted by the substitution of these issuing roots so transformed, 
for the n asymmetric functions H,, H,,...,H, in our value of 
%o. All this can be verified for the simple cases of n+1=3, 
n+1=4, andn+1=5. 

It may be supposed that these processes will be encumbered 
with hopeless ambiguity by the multiplicity of values of the 
issuing roots 

{Zr}s (Yeh, {Xohs- ee tbs 
which appear in the coefficients of the equations of the mth and 
lower degrees which have to be solved. 

But the truth is that there is no ambiguity at all, if we take 
care that the issuing roots 

{Zi}, {Zo}, 0+ {Zn-r5 
are all corresponding roots (that is, if we read them all with the 
same radicals affected by the same signs and imaginaries), and 
if we take care that the issuing roots 

iY, hs ore 200 WG oy. 

as well as 

{Tihs {Jos ---tIn}, ; 
are in each set of solutions a set of corresponding roots. For 
the rest, it matters not which of the n issuing roots we take for 
{Z.,}, nor, after that, which of n—1 issuing roots we take for 
{Ys} &e. By whatever path we choose to march, we shall assu- 
redly arrive at the symmetrical expression of {J;} the sum of n 
values of H}, formed either on G,, or on one of its II(n—1) 
—1 derivatives; and 2, is correct if expressed in 7 values of 
the H, above found, which are formed on any one of those deri- 
vatives. In other words, we may write for P,, P,,..., P, in our 
expression of x the z results of operation on them by any sub- 
stitution, not in G,, made with the n elements 1, 2,3,..., 2. 
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We have, in our expression of the values of H, taken G, iden- 
tical with I’, which is a course by no means necessary. It sim- 
plifies our view of the group © of IIn substitutions to suppose 
G,, everywhere identical with I°,,; and if be constructed even 
in this unskilful way, the theorem will support us and bring us 
safely to our goal. 

No selection of a form for Q can save us from the necessity of 
constructing the symmetric function &, for every combination of 
the positive exponents a, b,c,...,4,m,p that satisfies 

ax<xn+lb<n,c<n—l,...1<5,m<4,p <3; 

but the Greek exponents need not always all be positive, as for cer- 
tain systems Xg is symmetrical when one or more or all of them 
are zero, which reduces the I’ carrying the zero to a factor unity. 
The best choice of form for © will introduce in X, the greatest 
number of zeros among the Greek exponents, and thus cause an 
enormous reduction of the algebraic labour. This labour will be 
abridged by the computer in proportion to his command of the 
theory of groups. 

I have thus the pleasure of accomplishing a reasonable number 
of demonstrated impossibilities, mingled with regret at the ruin 
of one of the most charming of ancient mysteries. It is a comfort 
to know that no true Briton for the next twenty years will so far 
sin against all that is dignified and venerable in mathematics as to 
suffer himself either to understand or to believe one word of this. 
To the scientific reader who thinks of taking some day a second 
peep at this paper, I would say—don’t ; you will only step out 
of that enchanted fog of analytical sublimity into a boundless 
and commonplace bog of algebraic inutility, There is nothing 
here which adds to my right or to my wish to detain the philo- 
sopher. I am quietly satisfied, but far from being elated, by 
these results. In the opinion of myself and of my respected 
friend Posterity (the only section of the scientific public in these 
practical islands whose mathematical reading will ever qualify 
them to form anything like a judgment on the precise points of 
comparison), this finishing contribution to the rich theory of 
equations isa trifle compared with my extensive additions to the 
skeleton theory of groups, which are again a trifle compared with 
my creation of the entire theory of the polyedra. How saga- 
ciously amused our profundities will find themselves, if ever they 
hear of these burrowings of a country mouse ! 

Croft, near Warrington. 
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XXIV. On certain Objections to the Theory of the Equivalent of 
Refraction. By Dr. Atsrecut Scuraur, Custodian of the 
Imperial Mineralogical Cabinet of Vienna *. 

Q* a cursory examination of the optical literature of the past, 
we find numerous essays, of various dates, which, being 

based upon the theory of emission, have denied the correctness 
of the hypothesis of vibration. The idea of refractive power in- 
troduced into optics by Newton appears to have the same pur- 
port (Schicksal). Besides these older investigations, the most 
recent work of Rtihlmann+ are intended to show the inapplica- 
bility and incorrectness of the refractive power. Since in the 
above-named investigation several of my previously published 
conclusions on this subject are declared to be erroneous, I take 
this opportunity of placing these objections in their proper light. 

I imagine, moreover, that there are many assertions in M. 
Ruhlmann’s criticism which he would not have published if he 
had not ignored, for reasons unknown to me, my later investiga- 
tions—both those on “ Equivalents of Refraction” = (1865), and 
my “Studies ’§ published in December 1866. These two in- 
vestigations, compared with my former publications (1862), con- 
tain many new points of view, and precisely in that very field 
which M. Rithlmann has chosen as the starting-point of the 
discussion. It appears, indeed, that the doubts now published 
by M. Ruhlmann concerning the theory of refractive power were 
considered and explained by me in the course of the preceding 
ear. 

: If we examine the results of M. Ruhlmann’s important work 
on the Thermo-optical Constants of Water, the first point which 
demands some attention is the sentence on page 202]||, “That 
the magnitude M given by Schrauf is by no means a constant, 
but continually varies with the temperature.” 

The variation of the refractive power with the temperature, 
however, is not unknown to me, and received my mature 
consideration long’ ago. In my “Studies,” p. 69, I stated 
a year previously, “A uniform result of the calculation, 
however, is that the values of M (refractive power) diminish 
with increasing temperature. The obvious obiection here 
arises, that, im consequence of this observation, the function 

* Translated by Frederick Guthrie, F.R.S.E., from a separate impres- 
aye Sguniesies by the author, from Poggendorff’s Annalen, vol. exxxiii. 

- 479. 
r + Poggendorff’s Annalen, vol. exxxii. p. 193. 

{ Schrauf, “ Die Refractionsaequivalente und optischen Atomzahlen der 
Grundstoffe,” Sitzungsb. der Wien. Akad. 1865, vol. lu. (2) p. 176. 

§ Schrauf, Physikalische Studien tiber die gesetzmassigen Beziehungen 
von Materie und Licht. Wien, Gerold, 1867, p. 249. 

|| Pogg. Ann. vol. cxxxii. Phil. Mag. 8. 4. vol. xxxv. p. 395. 
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of the dependence of the refractive imdex upon the density of 
the body is not absolutely exact. To this objection it must, 
however, be replied that this chapter (‘the Variation of the Den- 
sity with increasing Temperature’) is not by itself sufficient to 
determine the correctness or incorrectness of a function: the 
variations of the density of the body and its index of refraction 
are nearly of the same order; consequently the most diverse 
formule may be proposed, which may give almost the same 
results: but reference must be made to the results of the fol- 
lowing chapter.” 
My expression at this place, that, in spite of the recognized 

diminution of M, the refractive index remained constant, is ex- 
plained in the sentence (Studies, p. 63), “that the forces X, re- 
tarding the light are functions of the temperature, and diminish 
with its increase.” 

In fact, I have (1865, 1866) derived the following successive 
formulee for the indices of refraction. 

ORO 

y?=1+VDX, <5, “ Sinh boute ca 

=i vs? ae Op =2Gk —, =M= 5: (I1.) 

a E7ew [a+c(3) | pops ya 
in which— 

ps is the index of refraction, 
V is the volume, 
D is the density, 
Z,G are the number and magnitude of the optical atoms, 
M is the refractive power, 
N is the dispersive power, 
P is the chemical equivalent, 
WW is the Newtonian equivalent of refraction, 
X,, is a symmetrical function of the forces retarding the light 

in the body, 
v*, s*, X* are the constants of the phase of the incident light. 

The constancy of the refractive power rests accordingly upon 
the atomic arrangement of the molecules and upon the constancy 
of the retarding forces X,. That the latter diminish with in- 
crease of temperature, I have, as above stated, already mentioned 
in my “Studies” (1866), and I examined the matter more closely 
as soon as an opportunity presented itself for treating conducted 
heat. 

In my text-book (finished in the autumn of 1867) the Ange- 
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wandte Physik der Krystalle*, I have in Chap. XIX. § 131, dis- 
cussed the action of conducted heat upon light. 

The developments carried out on pp. 852-354 are based essen- 
tially on the following fundamental propositions, 

On the accession of free external heat, an alteration takes 
place in the length of the molecular paths and the rate at which 
they are traversed; hence an alteration in the volume and 
temperature. The changes in these two (length and rate), how- 
ever, do not take place symmetrically, and they may have the 
same or opposite signs. In the latter case a contraction may 
take place on increasing the temperature of a body, or an expan- 
sion on cooling it. 
We are taught by Fizeau’s observations that in the case of 

certain solid bodies the indices of refraction increase even when 
the temperature mcreases. My calculations of the refractive 
power of liquid bodies show that the refractive indices diminish 
more rapidly than is due to the alteration in volume indicated 
by the temperature. 

For the explanation of this fact we must assume that the 
amount of heat entering the body has a twofold effect. The 
change of volume corresponds to a change in the index of re- 
fraction, which corresponds to the alteration in density (formula 3). 
An increase of the temperature (that is, an alteration in the mean 
molecular velocity), will, by increasing the molecular velocity +, 
cause a diminution in the usual retardation of the luminous im- 
pulse in those cases where (asin gases and liquids) the molecules 
are in unstable equilibrium. In support of this is the fact that, 
according to my calculations in liquid bodies, the refractive power 
diminishes with an increase of temperature. This action of the 
temperature on the retarding force appears to be proportional 
to the variations of temperature, and the light-retarding forces 
X, of the substance. (Compare my Lehrbuch der Physik der 
Krystalle.) 

In contradistinction to gases and liquids, the molecules of solid 
bodies have no free motion, but are bound together in constant 
equilibrium. An elevation of temperature and increase of mole- 
cular velocity cannot, therefore, in all cases be regarded as assist- 
ing the work and motion performed by the rays of light. 

Although, on the one hand, in part an increase and in part a 
decrease of the light-retarding forces X, of the solid body may 
correspond to an increase of temperature, still, on the other 
hand, from the fact that in Iceland spar the one index of refrac- 

* Sehrauf, Lehrbuch der physikalischen Mineralogie, vol. 1. Lehrbuch 
der angewandten Physik der Krystalle. Wien, Braumuller, 1868, p. 426. 
+ Compare Schrauf, Physik der Krystalle, p. 145. The propagation of 

the wave impulse. 
Phil. Mag. 8. 4. Vol. 86. No. 242. Sept. 1868. N 
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tion diminishes, while the other increases with elevation of tem- 
perature, it follows that the influence of heat is considerably 
influenced by the internal grouping of the atoms around the 
axis. 

Although, however, this secondary influence of temperature 
has Jong been known to me, I do not feel on this account in the 
least compelled to regard the theory of refractive power as in- 
correct. The following are, amongst others, my reasons :— 

In my “ Studies” (p. 115) I have said, ‘‘ Many hypotheses are 
possible with regard to the variations of the magnitudes ZG X,. 
The first is that the forces X, are dependent upon the chemical 
properties. More attentive consideration, however, shows that 
there can be no physical reason why a little mass of O should 
act differently upon the light to an equal mass of H. We are 
hence led to the hypothesis that the retarding forces X, are 
equal for different elements—an assumption which is rendered 
more than probable by the results obtained by it.” 

This hypothesis may be retained for the first approximation, 
which suffices in exactness for all hitherto performed investiga- 
tions, even when we allow that X, is a function of the tempera- 
ture. The abnormal variation of the refractive power M remains 
within very narrow limits if all possible errors are eliminated. 
It is further to be remarked that we are always at liberty, by 
dint of comparing the refractive equivalents of various sub- 
stances, to limit the constancy of X, to the ordinary tempera- 
tures of observation. This I did in my “ Studies.” 

Such comparison of the retarding forces, X.,, is possible under 
all circumstances, and must take place under exactly the same 
points of view under which the temperatures of the different 
bodies are themselves measured. Even for the latter we are 
accustomed to consider as equal the temperatures, and therefore, 
unplicitly, the molecular-path velocities of various bodies in dif- 
ferent thermal states, although we know little about the law 
of increase of temperature in bodies and the expenditure of free 
heat necessary to effect it. 

In comparimg the optical relations of various bodies, we can 
therefore still use the theory of the refractive equivalent, mas- 
much as for this theory the proportion 

X (a) 

X,,(d) 

is a constant for the same temperature. 
If, on the other hand, we compare the refractive indices of a 

body for different temperatures, the twofold action of the influx 
of conducted heat is clearly distinguishable. The overpowering 



ive 

action of the change of volume declares itself in the law of the 
refractive power ; the change in the molecular path has, on the 
other hand, a secondary, very insignificant positive or negative 
influence upon the function X,, of the luminous propagation. 

The proof of these statements is given by the numerous data 
in my “ Studies.” However, I may here collect the most im- 
portant facts to prove that, by comparing different bodies for 
equal temperatures, even of the most diverse volumes, we may 
look upon the retarding forces X, as constant, or even as equal. 
According to formula (II.), the constancy of M proves the con- 
stancy of X,. 

Theory of the Equivalent of Refraction. 

D. fl M. N2. 

AMURYACIEE <......%.':-: 1-4 1:720 0:001809 
Be eemem NS Tyiningnd .s.....5.0. 0 5 2-434 | — -001820 
b. Water Bee Hasey. eiacsibiie.s: 0:9181 1:3089 00010046 

St Ce tp Wilton eetes ce-2ls.0.<: 1-0 13330} — 0-0010048 
eats: IANIAGASG jo sed cseeh acne 3°95 |mean2°499 | mean 00017167 

 eemericicitss { Fertile ee ee Lek, 4-20 2-560 0-0017098 
d. Carbonate of f Iceland spar ......... 2°73 |mean1-5801 0:0007185 

calcium ... | Arragonite ............ 2°94 1:6178 0:0007115 
le. C2 H602 UP Propionic ACIG 2.55 32 0-996 1:376 0:001160 | 0:01266 

o> ae Formate of ethyle ...| 0°940 1:357 0001157 | 0:01271 
f. Ci H*02 (inanthylic acid...... 0917 1-409 0:001391 | 0:01584 

ry Te ae Acetate of amyle...... 0:863 1-390 0:001898 | 001559 
g. C? H*O, ANGE E . sec ccc s dees. 0-781 1-322 0:001239 | 001416 

Ee HO) | Butyric acid i...:.1. 0:961 1°387 - 0:001243 | 0:01376 
h. C’ H°O Waleral. ..... 6c 3i4 debt: 0°799 1:377 0:001451 | 0-01672 

2(C° H!°O) | Valerianate of amyle. | 0°858 | 1-400 0-001450 | 0-01680 

These examples will certainly amply suffice to prove that we 
may consider the function X, as constant as soon as the bodies 
are compared at the same temperature. Hxamples g and / even 
show that, for the polymers of optically identical elements, X, is 
not merely a constant but has the same value. 

In regard to the polymers of optical allomeric elements, I 
must refer to my “ Studies” +. 

In view of the examples given, it may fairly be doubted 
whether new analytical! formule are necessary to establish the 
relation between density and the indices of retraction. 

Moreover I did not satisfy myself with the above-mentioned 
facts alone before I decided upon the assertion that the retarding 
forces X, always bear the character of constants for equal tem- 
peratures. A further proof, for instance, is possible, based upon 
formula II. If we multiply both sides of this equation (II.) with 
the chemical equivalent P, we obtain on the left the Newtonian 

* For the calculation of M, the density of air is taken =1. 
+ Compare Schrauf, ‘Studies,’ p. 215; Schrauf, Physik der Krystalte, 

p- 310. 
N 2 
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refractive index Yt, and on the right the product PVX,. Since 
V represents the atomie volume of the unit of mass, PV cor- 
responds to the so-called specific volume (Sp V). Accordingly 

p(He ~\=PVX; or =X. (SpV). .. . alee 
Tf the derivation of this equation be ‘correct, and if, further, as 
above assumed, the function X, has the character of a constant, 
then for substances of analogous construction the following equa- 
tion will be true :— 

=1), 

ine BENE 2 2 
WM, SpVz 

The agreement of the observed values with this equation is 
complete and indeed almost surprising. In the examples given 
below, I may remark that the refractive equivalents YY? refer to 
the density of air as unit, while the specific volumes are derived 
by taking the density of wateras 1. The proportionality of the 
two fanehions is not hereby disturbed; on the contrary, it be- 
comes more manifest, since for the followine series of analogous 
substances the proportionality becomes numerical identity *, as 
is shown in ([V.). Of course for the verification of (V.) only 
substances of analogous formation can be employed. 

M. SpV. 
a. Propionic acid. C2 HoA@2 0:0855 85°4 

Valerianic acid . . C> H!'° QO? 0:1333 lone? 
(Knanthylic acid. C’ H!2 02 0:1810 1736 

b. Aldehyde C2 H* O 0:0545 56:0 
iDityric acid. Ct H® ©? 0:1093 107°8 

c. Acetone C2 H® O 0:0774 Vico 
Caproic acid . Co HI2@ 0:1568 148°7 

d. Valeral C2 HO 0:1248 120°3 
Valerianate of amyle C10H 7002 0:24.94. 24.4] 

e. Acetate of ethyle Ce lel OF 0:1077 L075 
Carbonate of ethyle C® H!9 03 0:1382 138°8 

f. Anhydrous acetic acid . C*H® O03 0:1101 LEO 

g. Methylic alcohol C*H* O 0:0387 40°8 
Ethylic aleohol C2 He O 0:0617 61°8 
Amylic aleohol . C° H!2O 0:13807 128°8 

These examples abundantly prove that for equal temperatures 
we are justified in considering X, as constant, and that, further, 
the formule which I have deduced are sufficient. 

* Compare Schrauf, “ Ueber die gesetzmassigen Beziehungen der Atom- 
Volumina und Refractionsaequiv alone 
demie, 1866; 

Sitzungsber icht der Wiener Aka- 
also Physik. Studien, p. 119. 
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To conclude my proof, I must consider yet another possible 
objection—namely, it is possible that we might wish to make 
use of a second hypothesis for the explanation of the secondary 
abnormal variations of the refractive power, and to derive these, 
not from the variation of X,, but from an alteration in the num- 
ber and magnitude of the atoms, making use of the equation 
M=ZGX,. Imyself should assent to such an explanation if it were 
possible to reconcile an alteration of the atoms with the hitherto 
conceived notion of conducted heat. The nature of heat compels 
us rather, as before, to consider length and rate in relation to 
the paths of the molecules. 

The above developments are essentially based upon the Studies 
published by me at the end of the year 1866. As the latter 
contain so many improvements and additions to my former pub- 
lications, I cannot discuss the latter. They fulfilled their purpose 
of directing the attention of physicists to a hitherto neglected 
field, and they started the conviction that we cannot, as was for- 
merly the case, regard hght and matter as being without direct 
mutual relations. 

The relations and fundamental propositions first advanced by 
me (1862) I have entirely reconsidered, as just mentioned, in 
my work ‘ Equivalents of Refraction,’ 1865, and ‘ Studies,’ 1866. 
I have even retracted in the latter publications many of my 
former conclusions. This is notably the case with my former 

formula, >, (compare formula II.). Accordingly I consider it 

superfluous to reply to M. Ruhlmann’s remarks on this subject ; 
for I can only explain M. Ruhlmann’s remarks by supposing 
that he neglected my later publications, or was ignorant of their 
existence. 

The dispersive power adopted* by me in my “ Studies,” for- 
mula (II.), shows no well-marked relation to temperature ; and as 
far as the observations hitherto extend, the variations of the dis- 
persive power are, in liquid bodies, partly positive, partly negative, 
in relation to the normal value. 

Having in the above paragraphs endeavoured to place the ob- 
jections against my theory in their true light, I must in this 
place call attention to certain further facts in confirmation of 
Newton’s equivalent of refraction. 

Of late a second formula has been advanced to represent the 
relation between density and index of refraction. This formula, 

rate =o Cosimo ce ee 1") 
D 

* PN=% is called the equivalent of dispersion. 
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is based upon the data of Biot and Arago, which are to the effect 
that the variation of the indices of refraction is proportional to 
the increase of density. They say, “La réfraction d’un méme 
gaz quelconque est toujours rigoureusement proportionelle @ sa den- 
sité”*, Biot and Arago nevertheless decide to retain the New- 
tonian refractive power, since for gases, as is well known, 

pe —1=2(u—1), 
and hence the investigations on gases do not make manifest any 
distinction between formule (II.) and (VI.). 

Beer, in his ‘Introduction to Higher Optics’ (p. 36), has 
again brought forward this formula (VI.). In a similar manner 
it has been recently employed by Dale and Gladstone, Landolt 
and Haagen. 

In my ‘ Equivalents of Refraction’ (1865) I have submitted 
this formula to an examination. ‘To distinguish it from New- 
ton’s refractive power, I called formula (VI.) Biot’s refractive 
power, and denoted it by the letter m. In the same manner I 
determined for a great number of substances, not only the New- 
tonian refraction-equivalents })t, but also those values correspond- 
ing to the formula 

p(#>*) =Pm=m. Se ae 

These values may also claim to be considered refraction-equiva- 
lents. I distinguish them by the name “ Biot’s refraction-equi- 
valents ” (formula VII.). These latter values, however, in accord- 
ance with chemical usage, may be called “ little refraction-equi- 
valents,” since invariably Yt > im. 

The values of 3 relate to a unit such that Yi(H)=0-004. 
In order to facilitate a comparison of the numerical values, I in- 
troduced another unit which is so chosen that [Mt] (H)=1-0, and 
I call the value of [9] the reduced refraction-equivalent. In 
these last-mentioned values, which are simply relative, we get 
rid of every assumption concerning the unit of density used. 
The other values of YY and 9 are calculated on the base of the 
density of the air being unity. To convert these into numbers 
corresponding to the density of water considered as unity, we 
have merely to multiply by 773°45. 

From what has been above said, it is very clear that I have 
attached proper importance to Biot’s formula (VI.). But yet I 
am still compelled to profess my adherence to Newton’s refrac- 
tive power. 

The reasons for this are in part theoretical and in part prac- 
tical. I shall mention several in the sequel. 

* Meém. de l Inst. Paris, 1806, vol. 1. p. 322. 
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The conceptions and propositions of the undulatory theory are 
fully in accord with the Newtonian refractive power. hus 
Lorenz finds* 

2=-1+De—-D— 4 
is 14+Da 

a formula which also involves the idea of the refractive power. 
Secondly, the previous formula (I.) agrees with the deductions 

in the chapter on dispersion. According to Cauchy, to whom 
we owe our present theory of dispersion, 

v= A) + Ugh? + eee 

For empty space, in which we must assume the dispersion to 
be a minimum, | 

Ue Oye 

For every other medium in which there is dispersion the ve- 
locity diminishes ; the velocity a,, for so-called empty space, is 
diminished. Accordingly 

Pp 2 
Vv) =, — aigk e 

By means of 

w?=1- const. (52); 

we obtain a formula agreeing with the formula (I.) used by me. 
Apart from these theoretical propositions, the relations demon- 

strable numerically appear to speak in favour of Newton’s refrac- 
tive power. 

In consequence of the equations 

we—1L=2(u—1)+(u 1)? 
and M=2m-+ Dm?, 

m=4M—1DM2+... 
The two formule (I.) and (V.) are inseparably connected, inas- 
much as the values of Newton and Biot’s refractive powers form 
mutually sums and differences which are influenced only in a se- 
condary degree by the variable element, the density. Hence it 
is easy to perceive that the constancy of the one formula partly 
involves the constancy of the other. In all cases im which, asin 
gases, the density is small, mand 4M coincide. A similar agree- 
ment is shown in those cases where the variation of density 1s 
very trifling throughout the members. of long series of bodies. 
For the latter reason, which must by no means be neglected, the 
homologous series in organic chemistry will not serve to deter- 
mine between the above formule. as 

In order, however, to determine whether the one or the ‘other 

* Poggendorff’s Annalen. 
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of these formule (I.) and (VI.) is better in accord with the facts, 
I sought to compare widely different modifications of the ele- 
ments, since we may presume that these are subject to much less 
variations than complicated combinations. Calculation gives: — 

Pees poe say M. ya 

ea Diamond . . 0:001820 0:000529 
* | Anthracite < . 0:001829 0:000664: 

Vapour . . . 0:000492 0:000246 
Sulphur ° Solid ee 2 0:002 017. 6:000659 

Ppa Vapour . . . 0:000626 0:0003138 
Ospaorus) Solid... .. 01002487 7 Ou0mug a 

i Goet JG Vapour 2s) 0:000217 0 000108 
rsenic . e | Solid ; : , ; 0:000650 0:00024:7 

The comparison of these numbers leads us to maintain the 
Newtonian refractive power M, since the latter are either equal 
or simple multiples. In the Biot’s formula m no such uncon- 
strained agreement can be seen. LEven the law of s¢mple factors 
is here of no avail, although it is evident that undetermined 
factors are also necessary for m. 

The law of simple factors, however, is a universally valid one 
for all physical properties of the elements; for the consideration 
of the atomic volumes, specific heats, &c. always leads us to the 
distinct proposition, ‘The functional values of analogous ele- 
ments are either equal or simple multiples of one another.” — 

Apart from the above examples, the values of the Newtonian 
refractive powers [(#?—1)V] for the elements show in the clear- 
est manner the law of the homologous series. 

In the following Table these values are given side by side with 
their factors :— 

peed Pigeons =p =M. D al 

O77. i == 0:000489 5 (1) As, . =0:000216 27a) 
S, - . =0:000492 . (1) | N  . =0:000596. (8) 
Se . . =0001589 . (3) | P, . =0:000602. (3) 
S, . . =0:002016 . (4) | Asy . =0-000641 . (3) 

Al . . =0:000846 . (1) | Sn . =0-:000652. (1) 
Zr . . =0:000854 . (1) | Si . =0:001247. (8) 
Be . . =0-:001640 . (2) | Ti . =0-002520. (4) 

Tl . . =0-0003824 . (2) | Ba . =0-000832. (2) 
Ka. . =0-:000488 . (3) | Ph . =0-000479 . (3) 
Na. . =0-000670 . (4) | Ca . =0:000664. (4) 
Li . . =0-:001646 . (10) | Mg . =0-001290. (8) 
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In contradistinction to this series of M, the Biot’s refractive 

powers = *) show, on the other hand, no such regular se- 

quence of values. I shall here disregard the numbers which I 
have reckoned for m, and give below the numbers [D(I? 0)=1] 
given by Haagen* :— 

m= eek n= pol 

Oxygen . 01813 | Phosphorus . 0°4710 
palpi: .” 04006 | . Arsenic hy. * O-25T0 

No agreement can be perceived from these numbers between 
the optical values of these substances (which are so nearly allied 
chemically), although such agreement was clearly manifested in 
the above comparison of the values of M. 

There are some who certainly will not fail to poimt to the 
small deviations of M from the absolute values of the multiples. 
But I think that every one who considers the matter impartially 
will recognize the law of multiples as that which determines, in 
the first approximation, the numerical values of the elements. 
And hence I consider that the above comparison has sufficiently 
proved that the optical function of the elements shown by the 
Newtonian refractive power M follows the law of serial factors. 

I consider that such a regularity, when we fully consider the 
analogous chemical series, furnishes a further proof of the cor- 
rectness of the views which I have hitherto held. 

Finally, I must mention the important fact that I have suc- 
ceeded, by means of the optical atomic numbers (also a conse- 
quence of my equation J.), in deriving the crystalline form of 
compounds from the volumetric values of the elementary atoms 
occurring in the compoundy. 

Thus one relation follows another in an unconstrained man- 
ner, and no one is in contradiction with the facts. The hypo- 
theses which have been hitherto forced simplify themselves in 
many respects, and unexpected new relations appear at every 
step. 

In the preceding I have declared my adhesion to the hypo- 
thesis of simple factors, and I even consider such an hypothesis, 
similarly to the method of volumetric calculation, necessary to 
establish the truth and possibility of an optical function. 

I must here add that the defenders of the formula (w—1)V 

* Pogg. Ann. vol. cxxxi. p. 127. 
t+ Schrauf, Physikalische Studien, pp. 240-248. Poge. Ann. vol cxxx. 

p. 433. Physik der Krystalle, chap. x1. pp. 160-172. 
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cannot avoid a similar assumption. To prove this I will adduce 
the following examples. 

From the latest treatise by Descloizeaux* (kindly sent to me) 
I select the observations for octahedral arsenious acid, As? O%. 
In this, 

p= 1748, d=—3'693,, F—198, 2D(H? 0) 

He—* = 0:2022, plea} — 1] — 41) -0: 

Now according to Haagen (doc. cit.), referred to the density of 
water m1;(As) =20°02 and m,(O)=3:00. Hence, by calculation 
from the elements}, we get for arsenious acid, 

2m(As) + 3 (O) = m'(As? 03(= 49°44), 

a number which differs from the observed one to the amount of 
20 per cent. 

If, going further, we reckon the indices of refraction from the 
pleneae Teale tom ee 198, d=3:'698, m’=49°4, that the 
coefficient of refraction p/ (As? G8) == 16; while direct observa- 
tion gives w= 1'748. 

The hypothesis of factors, or, as I call it, condensation, is 
therefore not superfluous. 

Another example, which is at the same time of importance for 
the derivation of the elements, may be found in the terchloride 
of phosphorus, PCI. 

I have (1865) given D(H?0)=773, m(PCI®) =0:0576, 
m(P) =0:0243, m(Cl)=0'0110; these numbers being derived 
from direct observation. If now we reckon the value of the 
compound from those of the elements, we find at once 

m(P) + 31(Cl) =m (PCI?) =0°0573. 

The difference between observation and calculation scarcely 
amounts to} percent. If we put D(H*O)=1, my data change 
to m(P)=18°81, m(Cl)=8'58, and for chloride of phosphorus 
we should get from observation m(PCI?) =44°52, and from cal- 
culation m’= 44°55. 

It is seen that no better agreement can be imagined between 
direct observation and calculation by means of the elements. And 
yet this very body (PCl°) induced M. Haagen (loc. cit.) to derive 
for phosphorus in combinations the value m’/( P) = 14:6, a number 
which departs considerably from that obtained by the direct ob- 
servation of free phosphorus, m=18°8 [if D(H? O)=1]. The 
reason of this deviation is to be sought for in the fact that 

* “ Nouvelles recherches sur les propriétés optiques des Cristaux,” 
Mémoires de l Académie, vol. xviii. Paris, 1867. 
+ The functions derived from direct observation are denoted in the sequel 

by m, those obtained by calculation by 1’. 
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M. Haagen takes for chlorine a value 1:2 higher, m'(Cl) =9°79, 
than corresponds to the observation of the isolated element. 

Haagen, it is true, by means of this higher value for chlorine, 
gains the power of deriving the refractive equivalents of the chlor- 
hydrocarbons under the assumption of a small mean error, But 
the above example of terchloride of phosphorus shows that the em- 
ployment of mean yalues may easily lead to mistakes. I myself 
in my “Studies,” in considering the organic series, could have 
adopted many more simple derivatives for MY, if I had neg- 
lected the consequent great differences in the equivalent of 
dispersion 9}. Ifthe dispersion be neglected, the mean differ- 
ences for the refraction between observation and calculation 
from the elements are certainly small, and mm many cases a very 
simple derivation from the elements is possible. But such a 
procedure is still one-sided. 

Indeed the numbers for the compounds of chlorine give, as it 
appears, a very easy proof of the necessity of factors, namely :— 

The difference between the observed values for chlorine and 
hydrogen (here, and afterwards, D(H? O)=773) is 

n1(Cl) —(H) =0:011—0:002 = 0:009 ; 

and this difference (CL—H) appears on deriving many of the 
chlorhydrocarbons. 

If we compare such substitution-products (compare my “ Stu- 
dies ”’), 

(a) Chloride of ethylene, C? H*CIl?, n=0-0410 
Bichloride of ethylene, C? H® Cl, 0:0557 

(6) Chlorobenzol . . . C° H°Cl, m=0:0646 
Trichlorobenzol. . . C®H?CIS, 0-0869 

the differences A derived from the observations for (C1—H) differ 
considerably from the former number, 0°09. In the first case 
Vv =0:0057, in the second y'=0:0021. If in this calculation 
D(H? O)=1, then y=4°40, a deviation which attains almost 10 
per cent. of the value of the observation itself. 

Similar facts and the necessary consideration of the dispersion 
have caused me in my “ Studies ” to retain the theory of simple 
factors, and to fit this as closely as possible to the molecular 
processes of chemical substitution. If in this investigation it has 
appeared that all the atoms of an element which occur in a com- 
pound are not of equal value, andif, further, the theory of New- 
ton’s equivalents of refraction leads to the assumption of several 
modifications of the elements, both of these are in accordance 
with modern chemistry ; for chemistry already recognizes four 
modifications of carbon, distinguished by their atomicity. 

A=0-:0147. 

A=2(0-0112), 
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XXV. On the Experiment of Mahomet’s Coffin. 
By G. Jounstone Stoney, M.A., FR.S. 

To the Editors of the Philosophical Magazine and Journal. 

GENTLEMEN, Dublin, August 12, 1868. 

Me W. F. BARRETT, during a visit to Dublin last spring, 
showed an uncommonly beautiful electrical experiment, 

which I understood him to say was described in the older trea- 
tises on electricity, but appeared to have since dropped out of 
recollection. I do not find any reference to it in such books as 
I have access to. You may perhaps, then, not deem it a waste 
of your space to recall attention to it, and imsert an explanation 
of a phenomenon which at first sight seems very marvellous. 

The experiment is easily made. Raise the knob of a Leyden 
jar to a considerably greater height than is usual. This may be 
done by boring a hole in the top of the ordinary knob of the jar 
and inserting into it a stem 3 or 4 decimetres long, carrying an- 
other knob, Charge the jar, and then drop down a little strip 
of gold-leaf towards the knob from a height of a couple of deci- 
metres. The strip may be from 3 to 5 centims. long, and an 
attempt shonld be made to cut it into a form somewhat sharper 
at one end than the other. This is best done by heating a sharp 
penknife so as thoroughly to dry it, and then cutting the gold- 
leaf with tolerable pressure, and by a motion resembling minute 
strokes of a saw. All that need be aimed atis that the fragment 
have either more or sharper jags at one end than the other. If, 
when it is dropped towards the knob, the sharper end happens to 
be directed downward, the strip of gold will touch the knob and 
immediately dart away again; but if it be dropped with the 
blunter end downwards, it will approach without touching the 
knob and take up a position in its vi- 
cinity apparently without any support. 
There it will continue in mid air so 

long as the jar remains sufficiently 
charged. 

The explanation may be conveniently 
divided into two parts—one respecting 
the distance at which the fragment of 
gold-leaf will establish itself, and the 
other explaining how its weight is sup- 
ported. 

At all distances the strip is charged 
by induction, electricity unhke that of 
the jar (which we shall suppose positively 
charged) being driven to the further 
and sharper end, while like electricity 
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is drawn to the nearer end, precisely equal quantities of both 
kinds being simultaneously evolved. Now, if the strip be far off, 
in which ease the positive electricity of the knob will act with 
very nearly equal effect upon the two ends of the strip, positive 
electricity will escape from the sharp end more freely than nega- 
tive from the blunter end. The strip will therefore become ne- 
gatively charged and be attracted. On the other hand, if the 
strip be very near the knob, the difference between the forces 
with which the electricity of the knob acts upon the nearer and 
further ends will become so great that the negative electricity 

_ will be made to flow inwards, in spite of the bluntness of the 
inner end, more copiously than positive electricity escapes out- 
wards. Here, then, the strip would become positively charged 
and be repelled. There is therefore an intermediate distance at 
which neither the repulsion nor the attraction preponderates; and 
at this distance the strip in the first instance places itself, or at 
least would place itself if it were devoid of weight. 

The gold-leaf may be regarded as acted on by three forces :— 
the relief of atmospheric pressure due to the attraction of the 
electricity of the knob upon the negative electricity of its nearer 
end (this is a force directed towards the knob) ; the similar relief 
of atmospheric pressure due to the repulsion of its positive elec- 
tricity, which is a force acting outwards from the knob; and the 
weight of the gold acting downwards. If the two former forces 
lay in a right line, the weight of the gold-leaf could not be sup- 
ported. We must therefore inquire into the disposition of the 

_ lines of force in the neighbourhood of the knob of a charged jar. 
This may be done by first considering the form of the equi- 

potential surfaces*, to which, as is known, the lines of force are 

* Tf an electrified body were brought near the knob of a charged jar, it 
would by induction alter the distribution of electricity in the jar. But we 
may conceive a Leyden jar to be first charged, and that then the coatings, 
stem, and knob become perfect non-conductors. In this hypothetical case 
the approach of other electrified bodies would not alter the charge in the 
jar. Let us suppose that the charge in the jar is positive, and that a par- 
ticle charged with one unit of positive electricity 1s taken from a position 
in which it is not acted on by any electrical forces, and brought up to a 
point P in the neighbourhood of the knob. The repulsion of the char ge 
in the jar of course opposes this motion; and it will therefore require the 
expenditure of a certain amount of mechanical energy, or, as I should prefer 
to call it, Jabour, to overcome the electrical repulsion. This labour may 
be expressed in foot-pounds, kilogrammetres, or other more convenient 
units. The number which expresses the amount of labour that we must 
apply in order to carry the particle up to the point P is what is called the 
potential at that point of the electricity in the jar. 

If all the points be found which require the same expenditure of inner 
as P does to carry the unit particle of electricity from a neutral position up 
to them, they will all lie on a surface which is called the equipotential sur- 
face passing through P. 
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everywhere perpendicular. The charge on the ball of a Leyden 
jar is evidently most intense on the top of it, and gradually 
feebler down its sides. Hence the force exerted on a molecule 
of free electricity close to the knob is greater if the molecule of 
electricity be above the ball than if it be at the same distance 
beside it. And accordingly, if the equipotential surfaces corre- 
sponding to the potentials V, V—a, V—2ea, &c. be drawn, V 
being the potential of the inside coating of the Leyden jar, and 
a being a small quantity, the first of these surfaces will be the 
surface of the ball and stem, and the others of the form repre- 
sented by the unbroken lines in the diagram, since it is a pro- 
perty of these surfaces that 
the interval between them 
at any point of space is in- 
versely as the intensity of 
the force at that point, so 
that they lie closest to one 
another above the ball, 
where, as we have seen, elec- 
trical attraction and repul- 
sion are most intense, and 
further asunder at the sides, 
where the electrical force is 
feebler. Having now as- 
certained the general form 
of the equipotential surfaces, we have only to draw perpendiculars 
to them everywhere in order to have the directions of the lines 
of force. It thus appears that these latter are curved upwards, 
as represented by the dotted lines in the figure, and that the re- 
pulsive force acting on the further end of the gold-leaf is accord- 
ingly more steeply inclined to the horizontal than the attractive 
force acting on its nearer end. Hence they have a resultant 
acting upwards, which may balance the weight of the gold-leaf. 

If this resultant be too strong, it will draw the gold-leaf up 
into a higher position, in which the lines are less curved. If, on 
the other hand, the weight preponderate, it brings the gold-leaf 
into a lower position, in which the electrical forces acting on it 
become more inclined to one another. Now the effect of the in- 
creased inclination of these forces in the lower position, which 
tends to increase their upward component, may or may not pre- 
ponderate over the reverse tendency of their diminished strength. 
This will depend on the size of the knob, and on its elevation 
above the outer coating of the Leyden jar; for the smaller the 
knob, the more intense will the accumulation of electricity on its 
top be as compared with that on its sides, and, accordingly, the 
more will its lines of force be bent upwards. And, again, since 
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all the lines of force must ultimately find their way to the outer 
coating or some other neutral position, those which begin by 
curving upwards must after a time incline in the opposite direc- 
tion; and this will take place nearer to the knob the shorter the 
stem is which raises it. But if the knob be not exorbitantly 
large, and if it be sufficiently stilted up above the jar, the vertical 
component of the electrical forces acting on the strip will go on 
increasing from the top of the ball and for some distance down 
its sides; so that if the gold-leaf be not too heavy, it will find a 
position of stable equilibrium. 

Again, if the resultant of the electrical forces be not directed 
through the centre of gravity of the gold-leaf, a couple will be 
formed which will incline the strip of gold-leaf so that, instead of 
lying along one of the lines of force, it will lie in some degree 
athwart them. But the new directions of the electrical forces 
will manifestly produce an opposing couple which will bring about 
equilibrium. 

And, again, if the electrical forces produce. a horizontal as well 
as a vertical component, this will cause the slip of gold-leaf 
somewhat to approach or withdraw from the knob. In either 
case its position may, and probably will, be different from that 
in which it discharges positive and negative electricity from its 
two ends in equal quantities, and in which alone its own electrical 
condition can remain constant. If, then, when the strip is in 
this position of constant charge, it happen that all the forces 
acting on it produce e. g. an inward resultant, it must approach 
the ball and thus come into a position in which it quickly be- 
comes positively charged, from which it is therefore again driven 
outwards beyond the position of constant charge into a situation 
in which it becomes negative, from which it is therefore drawn 
in again. It thus flutters between two positions on either side 
of the position of constant charge. I have not seen this motion 
in the main body of the strip, although it certainly exists; but. 
I have seen a fragment which happened to be slenderly attached 
to the side of a strip quivering with a motion which was no doubt 
due to it. 

It now only remains to notice some minor details. I have 
seen the strip spim on its longer axis. This was doubtless 
because the jags, which it is difficult to avoid in cutting gold- 
leaf, happened on that occasion to turn upwards along one side 
of the strip and downwards along the other, so that it was moved 
like the electrical fly-wheel. Similarly, if the jags along one side 
allow a freer escape of electricity than those along the other, as 
often happens, the little strip traverses horizontally in a cone 
round the vertical jine through the knob; for the little strip of 
gold commonly assumes a position in which its transverse dia- 
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meter is horizontal. If one side of the strip were lower than 
the other, it would be in a situation in which the electrical 
forces are both feebler and more horizontal. The attractive 
forces therefore tend to restore the transverse diameter to its 
horizontal position, the repulsive forces tend to draw it from it; 
and which of them it will obey depends on whether the attrac- 
tive or repulsive forces have the greater moment round the longer 
axis of the strip. But if the moment of the repulsive forces pre- 
ponderate, the plane of the strip becomes vertical, and any in- 
equality of the jags along its sides will carry it up or down from 
its position of equilibrium, so that it probably soon flies off. It 
appears, therefore, to be only in those cases in which the moment 
of the attractive forces preponderates that the experiment is likely 
to succeed. Hence it would seem that a good shape for the strip 
would be that of an arrow-head with a sharp point and two blunt 
barbs. Finally, I have seen the strip take up a position several 
centimetres below the knob, showing that even lines of force 
which started from the stem curved upwards. 

I am, Gentlemen, 
Your obedient Servant, 

G. JoHNSTONE STONEY. 

XXVI. A New Theory of Vision. 
By Samus. Row.tey, M.A.* 

M* purpose in the following communication is to offer a 
theory of vision which I believe has not been heretofore 

advanced, and which I venture also to believe to be the true one. 
But before entering upon its consideration it may be proper 
briefly to state, with reasons for rejecting them, the theories 
hitherto advanced. 

The theory of Aguilonius supposes that all the images im- 
pressed on the retine at any given instant are seen in a plane 
perpendicular to the plane of the optic axes at their point of 
convergence, and parallel to the line joining the cenires of the 
two pupils—and consequently that the two images of any object 
situated in this plane, occupying, as they necessarily do, one and 
the same place, are seen single with two eyes. 

If any person, whom a little practice has fitted to make such 
experiments, will place at some short distance (say, 3 inches), 
in a line parallel to the eyes two small objects, one directly 
before the central point of the interval between the eyes, and 

* [Weare indebted to the author for proof-sheets of this paper in advance 
of the issue of the September Number of Silliman’s Journal, to which it 
was first communicated, Eps. | 
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the other at a distance from this, say, 3 of an inch, and direct 
his optic axis to the former, he will not see the two images of 
the latter as one, though their object is situated in the plane 
mentioned, but as two distinct images, the one beyond the 
other. ° 

Experiments to the same effect might easily be multiplied ; 
but the one given abundantly demonstrates the inaccuracy of 
the theory of Aguuonius. 

The theory of corresponding poznts, so called (as held on phy- 
siological grounds by Galen, Alhazen, and Newton), cannot be 
denominated a theory of vision. It is directed to the accounting 
for but one of the phenomena of vision, that of single sight with 
two eyes. It does not deal with visible direction and distance, 
whereas these conditions, governing, as they do, external visible 
position, include the result of single sight with two eyes as a 
necessary consequence. 

The theory of vision propounded by Dr. Smith in his ‘ Opties,’ 
and that by Dr. Wells, from which he derives his explanation of 
the phenomenon of single vision with two eyes in his ‘ Essay on 
Single Vision with Two Eyes,’ are practically (as I trust will 
satisfactorily appear hereafter) merely attempts to formulate the 
misapprehensions by consciousness of true visible distance which 
take place under the influence of habit. A simple experiment 
subversive of both these theories may be made thus. Let two 
small objets, as pins in a board, be placed directly in front of the 
middle point between the eyes, the one at some short distance, 

- say, 6 inches, and the other at some more considerable distance, 
say, 18 inches, and let other two small objects be placed on on- 
posite sides of the near one in lines between the eyes and thie 
far object, and the optic axes be directed to the near object ; then 
the two images of the remote object will be found at no greater 
distance from each other than the images of the objects at the 
sides of the near one, or all will be apprehended as lying in the 
figure of a rectangle. 

But by the theory of Dr. Wells* the two images of the remote 
object (since this object lies in the direction which he has named 
the common axis) are seen in the optic axes, the right eye’s image 
in the left eye’s axis, and vice versd, and at a distance from each 
other (if located at the same distance from the eyes as the ob- 
ject){ of 4,5, inches, whereas the images of the two lateral near 
objects, since these occupy the line named horopter, will be seen, 
in the places of the objects, at a distance from each other of 1,°, 
inch f. 

As to the two images of any object more or less distant than 

* Essay upon Single Vision with Two Eyes, p. 38. London, 1818. 
+ Ibid. page 27. t Ibid. pages 5 and 46. 

Phil. Mag. 8. 4. Vol. 36. No. 242. Sept. 1868. O 
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the convergence of the axes, the theory of Smith places them 
in lines drawn from the eyes to the object somewhere between 
the place of the object and the point of convergence, “ but not 
very far from the real place,” 2. e. the place of the object*. 
Hence, while the two images of the object on either side of the 
point of convergence will be seen coincident with their object at 
a distance of 155; inch from the two images (seen in like man- 
ner) of the object on the other side, the two images of the re- 
mote object will be seen at a much less distance from each 
other, or, following the proportions of the construction given us 
by that author, at a distance of 7 or 7% inch. 

Aguilonius is the only author who, meeting the question in 
its full extent, undertakes to assign for each image both the line 
of visible direction and the absolute visible distance from the 
retina on the line of visible direction. 

Sir David Brewster indeed gives both conditions of external 
visible position for the images falling on the vertices of the retine. 
But for every other image he merely assigns Kepler’s line of 
visible direction, being silent regarding the visible distance— 
the essential complement of the former in determining visible 
position. | 

I will now propose and proceed to put to the test of experi- 
ment what I believe to be the true theory of vision—premising 
the remark that in establishing its existence it will not render 
the proof offered less exact if I do not undertake to determine 
the precise point where a given ray? strikes the retina, nor the 
precise point at which the line of visible direction crosses the 
optic axis, provided we admit (what I think will not be disputed) 
that where the angles with the optic axes of two rays falling one 
on each cornea are equal, the distances of the images on the re- 
tine from the extremities of the axes are equal, and provided we 
admit (what I also think will not be disputed) that where the 
angle with the axis of one of the rays is but very slightly in- 
creased, the angle formed after decussation is not appreciably 
unequally increased—and further premising that I will neglect 
any effect of refraction, and also suppose a coincidence of the 
line of the ray with the line of visible direction. 

All the component points of the total impression on the retina of 
either eye, before becoming cognizable mental phenomena, are si- 
multaneously, and in lines drawn from them through a point situ- 
ated, say, a little behind the centre of the crystalline lens, referred 
outward to a surface parallel to the impressed surface of the retina 
concewed to be simply expanded coextensively with the impression 

* Smith’s ‘Complete System of Optics,’ art. 137. 
+ Here, and wherever in this paper the word ray is used, it is intended 

to signify the central or axial ray of the pencil. 
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as expanded by outward reference, and cutting at right angles the 
optic axis of that eye at the point where it intersects the optic axis 
of the other eye. 

Or, to change the form of statement, the entire impressions on 
the retine, before becoming objects of consciousness, are projected in 
space upon surfaces bisecting each other (perpendicularly to the 
plane of the axes) at an angle greater or less according to the dis- 
tance—the component points of each impressionbeing simultaneously 
referred outward in lines passing from them through a point a little 
behind the centre of the crystalline lens, but, excepting the expan- 
sion and the inversion resulting from the crossing in the eye of the 
directions of outward reference, undergoing no change of relative 
position—the distance between the planes passing at right angles to 
the optic axis through any two of the successive concentric zones of 
points which make up the retinal impression continuing the same. 

I do not mean here to assert that an outward projection actu- 
ally takes place, but that the effect of such a projection produced 
by an intermediate process of mind is presented to the consci- 
ousnesss. 

On a suitable plane surface take two points, C, C (fig. 1), 

Fig. 1. 
PR B 

x 

Cc Cc’ 

274; inches apart, and in a line bisecting at right angles one 
O02 
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joining these points take other two points, A, B, distant re- 
spectively from the point of bisection 6 and 18 inches. Draw 
the straight lines CA, C’ A, and perpendicular to them at A 
the two lines EG, IK. Through the points F, F’, taken 
in the lines C A, C’ A, 7> inch from C, C’ draw the lines F B, 
I’ B, intersecting EG, IK, at 0,0. Through the points ¥’ and 
d (a point n IK where a line passing through b perpendicular 
to CC! intersects it) drawa line. In this line, where a line 
passing through B parallel to C C’ intersects it, take the pomt D. 
The distance of this point from B will be 4%, mches. 

Now suppose the points C, C! to represent the centres of the 
eyes; points I’, F’ the focal centres; A, B, D the situations of 
luminous points; the lines C A, C’ A the optic axes produced ; 
the lines EG, IK lines of intersection where two surfaces slightly 
convex toward the eyes, perpendicular respectively to the optic 
axes at their point of meeting, cut the plane of the axes; BF, 
B F’ lines of luminous rays passing from the point B through 
the points F, I’; DF’ the line of a ray passing from D through 
F’ to the retina; 5 the point where the line BF intersects the 
line EG; and d the point of intersection of DF’ with IK. 
Then, if the above-enunciated proposition be true, to wit, that 
an impression made by a luminous point on the retina of the 
right or left eye becomes visible and is seen where a line drawn 
from it through a point a little behind the centre of the erystal- 
line lens pierces a slightly convex surface perpendicular to the 
optic axis of that eye at the place of its meeting with the axis of 
the other eye, the image of the point at B will be seen from the 
left eye at b, and the image of the point at D from the right eye 
at d, both in the same perpendicular of no variation*, or the 
image of the point at B will be seen by the left eye a little be- 
hind the place in which the image of the point at D will be seen 
by the right eye. 

The experiment may be made thus:—Take a thin rule (as a 
plane scale) 12 inches in length with the right hand, and another 
rule with the left hand. Hold the rule in the right hand with 
its wide sides perpendicular to the plane of the horizon, in a line 
running away from the middle point between the eyes so that 
the near end shall be distant 6 inches, and the remote end rest 
upon a horizontal bar ofa well-lighted window at right angles to 
the rule, and parallel to the eyes. 

To obtain the former distance with accuracy, it is necessary to 
have two small objects, as two pins, placed equidistantly on op- 
posite sides of the point of imtersection of the bar by the rule, 
distant from each other 4,8, inches; and when these shall be 

* By perpendicular of no variation is meant a line perpendicular to the 
base of vision, for the definition of which see note, p. 203. 
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seen across (or lie in the axes exactly fixed upon) the near end 
of the rule, that distance for eyes 2,4, inches apart will be accu- 
rately found. Now fix the axes of the eyes on the near end. 
The images of the remote end will appear as two at the sides, 
that of the left eye at some unknown distance on the left, and 
that of the right eye in ike manner on the right. Holding the 
rule in the left hand in the same position with respect to the 
plane of the horizon as the other, apply its remote end on the 
window-bar to the left of the remote end of the rule in the night 
hand, so that the right eye’s image of the former will cover the 
left eye’s image of the latter. Now measure the distance between 
the far endson the bar. If all the conditions of the experiment 
shall have been exactly complied with, the distance found will be 
4.9. inches, as predetermined in the diagram. 

The experiment, then, 
shows that the geome- 
trical consequence of the 
principles of the propo- 
sition, as illustrated in 
the diagram, holds good 
in actual practice, and 
that when the axes are 
fixed upon the images of 
an object placed as a lu- 
minous point at A, the 
left eye’s visible image 
of an object placed as a 
point at B in the line 
FB, is seen a little be- 
yond where the right 
eye’s visible image of an 
object placed as a point 
at D in the line drawn 
through F and d is seen, 
both in the same line of 
no variation. It is ob- 
vious by the proposition 
that it ought not to affect 
the “conjunction” of the CRrny ria Cs 
images, wheresoever in 
the line passing through F’ and d the object might be placed 
and this will be found to be the fact. It was placed opposite B 
at D merely for convenience of applying the diagram in actual 
experiment, and to procure a correct appreciation of the interval 
between the images. 

Suppose, in the second place, the axes represented by C B, 
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C’B, fig. 2. Then by my proposition the left eye’s visible image 
of the luminous point at A should be seen at a’ in a surface cut- 
ting the axis }' B at right angles in B (and the plane of the axes 
in the line HG), and the right eye’s image at a. 

But if the left eye’s image of the point at A is seen at a’, then 
by the same proposition the right eye’s image of the point at H/ 
opposite A in a line between FP and e, a position in IK directly 
beyond @ should be seen in the same ‘line of no variation a little 
beyond a’ ate. Ifthe experiment be made, it will be found that 
the right eye’s visible image of an object placed as a point at Ht’, 
nearly, 1,%y inch from A, will be seen a little behind the place 
where the left pies image of an object placed as a point at A is 
seen. 

So the two middle images of the pins placed as a test of dis- 
tance in the first of these experiments are seen united at the in- 
tersection of the surfaces of vision. 

If the surfaces of vision were planes, since their line of inter- 
section would then coimcide with the line of intersection of the 
vertical planes of the axes, it 1s evident that the images of these 
pins longitudinally bisected by the latter pianes would exactly 
coincide. But, owing to the slight curvature of the surfaces of 
vision, the line of intersection of these surfaces immediately 
begins very gradually to recede from that of the vertical planes 
of the axes, and the longitudinal axes of the images of the pins 
to cross over and fall on opposite sides, thereby preventing a 
mathematical coincidence of the images. 

This effect of the departure of the intersection of the surfaces 
of vision (supposing the optic axes parallel to the horizon, to 
which the pins are perpendicular, to be directed to the bottoms of 
the images) may be counteracted and a mathematical coincidence 
of the images nearly produced by inclining the pin whose image 
is seen by the left eye a very little to the left, and the other duly 
to the right. Should this small inclination be given with such a 
curve that a line drawn from any point of the axis of the pin to 
the focal centre of the eye would intersect the line of intersection 
of the surfaces of vision, then an exact mathematical coincidence 
of the images would be secured. 

The approximate result may be obtained if two rulers*, or the 
legs of a pair of compassest, be so placed that their longitudinal 
axes shall lie in the vertical planes of the optical axes. 

It is evident that for the two objects in the vertical planes of 
the axes, we may put a single object at the intersection of these 
planes f. 

But to make the accurate performance of these experiments 

* See Wells, p. 36. + Smith’s ‘ Optics,’ art. 977. 
+ Wells; p. 49. 
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easy, some special instrument must be provided. A picce of 
pine board whose opposite great surfaces are rectangles parallel 
to one another, 13 inches long and 8 inches wide, with five pins, 
furnishes the means for obtaining accurate results where the 
distance between the near and far points does not exceed 12 
inches*, 

To use this contrivance (supposing the distance from the 
middle of the line between the centres of the eyes to the near ob- 
jective point to be 6 inches, and from the near to the far ob- 
jective poimt 12 inches), in the surface SREC (fig. 3), $ an 
inch from the short side SR, and 5 inches from the long side 
RF, take the point A. Through this point and at right angles 
to the side SR draw a line NO. In 
this line, 12 inches from the point 
A, take the point B. Through this 
point, and at mght angles to this line, 
draw another line PL. Im this latter 
line take the two points T, T’, each dis- 
tant 254, inches from the point B, and 
4.8, ches from the other ; and finally 
4°, inches from the point 5 take the 
nai D. At each of the points so 
taken set a pin. Now place the board 
in a horizontal position a little below 
and parallel to the plane of the axes, 
with the pin at A 6 inches from the 
middle of the line joining the centres 
of the eyes, and, together with the pin 
at B, in the vertical plane which bisects 
this line at right angles; which disposition of the pins is had 
when, looking at the images of the pin at A, the left eye’s image 
of the pin at T’ and the right eye’s image of that at T are found 
lying in the axes. 

When now the axes are fixed upon the images of the pin at A, 
the right eye’s image of the pin at B will be seen in the same 
line of no variation as the left eye’s of the one at D, and at a 
point a little beyond where the latter is seen; and glen they are 
fixed upon the images of the pin at B, the left eye’s image of that 
at A will be seen im a position alittle before where the right eye’s 
image of a pin, set nearly 1,% inch directly to the right of A, 
will be seen, the distance between these being sensibly less than 
that between the images received from B and D when the axes 
were converged toward A, 

* Another board of the same width and 18 inches long, serving as a 
support to this, to be held with one end against the nose by the hands 
pressing both pieces at the sides, will be found serviceable for maintaining 
steadiness of position. 
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A still better instrument is a small wooden cross consisting 
of a slender bar and sliding transverse piece, which may be any 
slip of wood (as a piece of common lath) notched at the centre 
so as to receive the longitudinal bar in its full thickness at right 
angles, and also capable of being shifted and fixed by wedging 
at any point. 

For all experiments in which the distance of the remoter of 
the two stations designated A and B, figs. 1 and 2, is not greater 
than 18 inches, the length of the bar should be 18 mches, and 
that of the transverse piece 12 inches. 

To apply this mstrument, instead of the window-bar and rulers 
in the first of the examples taken, fix the transverse piece at the 
distance of 17 inches from one end of Fie. 4 
the shaft, and laying the cross on a Se 
table with its level side upward, draw 7 
on the upper side of the shaft length- 
wise the bisecting line N O, and length- 
wise ou the upper side of the transverse 
piece the bisecting line PL. At B, 
the point of intersection of these hnes, 
set a pin, and at the point A, 12 inches 
from the point 3B, in the line N O, also 
one, “At the pomts (1) Tim thesime 
PL, each distant 2,4, inches from B, 
set two other pins, and at D, 4°, inches 
from B, another. Then placing the cross N 
so as to lie with the extremity N of the 
shaft against the upper part of the nose, and its upper surface a 
little below and parallel to the plane of the axes, and keeping 
the head fixed, look with each eye in rapid succession at its image 
of the pin at A. Ifthe right eye’s image of the pin at T, and 
the left eye’s of that at ‘I’, be seen in these directions of the 
axes, the pins at A and B are 6 and 18 inches distant from the 
middle point of the line joing the centres of the eyes. But if 
they should fall within or without the axes thus directed, then 
the transverse piece, together with the pins at A and B, 12 
inches apart, must be shifted slightly forward or backward until 
the requisite position is found. 

Holding this mstrument in the same position with respect to 
the eyes as that just above given to it for ascertaining distance, 
turn it toward a strongly illuminated white wall or sheet of white 
paper, or (which is better) the clear sky. If now the axes be 
fixed upon the images of the pin at A, the right eye’s image of 
the pin at B and the lJeft-eye’s of that at D will be seen lying in 
the same line of no variation, the former a little beyond the 
latter. But if, having transferred the transverse piece to the 
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distance of A, the axes be fixed upon the images of the pin at B, 
then the image of the pin at A seen by the left eye, and that of 
a pin placed nearly 1,6 inch directly to the right of A seen by 
the right eye, will be found lying in the same perpendicular of 
no variation, the latter beyond the former, the distance between 
the two images being less than in the first case. 

In experimenting with this instrument, the position of the 
image of the pin at B seen by the left eye im a surface at right 
angles to the optic axis of that eye is visibly realized. For when 
the axes are fixed toward A (as in the first instance), the image 
of the transverse piece seen from the left eye visibly has a posi- 
tion at right angles to the axis of that eye, and intersects the 
corresponding image of the right eye, in a hne of common inter- 
section crossing each image where that image, whether referred 
back to the retina or to the distance of the transverse piece itself, 
would be pierced by the optic axis. 

In making these experiments, care should be taken not to 
turn the axes into the oblique directions, to do which there is 
always a strong inclination; for then the images which were 
seen in those directions as described, the one before or behind 
the other, would be seen coincident. 

I will now proceed to answer an apparent objection. In the 
first demonstration under my proposition, I undertake to show 
that the impression on the left eye from B becomes visible and 
is seen at 6, by showing that it is seen a little behind where the 
impression on the right eye from an object placed at D is seen 
by the right eye, arguing that nothing else than a projection in 
the manner described can account for the local relationship in 
which these impressions are seen. The evidence of conscious- 
ness, then, that these impressions are seen in a certain local 
relationship, is made the groundwork of my argument. Now it 
may be urged that the evidence of consciousness is equally 
strong that the impression from the object at B on the left eye, 
when seen, lies in the axis of the right eye at the actual distance 
of the object itself at B*. 

In the first place, let us determime whether consciousness, 
when carefully examined, does really continue to find this im- 
pression elsewhere than at 6. ‘To reveal in consciousness the 
true distance in a lateral direction of the visible image at 6 of an 
object at B (fig. 1), employing the pins and board, place a pin 
at 6. The left eye’s image of the pin at B willnot be recognized 
to the left of the left eye’s image of it. 

Again, take three equal small rings of pasteboard. Attach to 
each, in the direction of a radius produced, a pin, by cementing 
with a dropof sealing-wax the head of the pintotheedgeof the ring. 

* See Wells, pp. 38 & 27. 
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At B, fig. 3 (the board duly widened), at a point 4.8, inches 
to the right of B, and a point of 4,5, inches to the left, station 
these pins, so that the rings shall be parallel to the eyes of the 
observer. At the points A, T, T’, set simple pins. Now on 
converging the axes toward A, till the right eye’s image of the 
pin at T’ and the left eye’s of the pin at T’ are hidden in the 
combined images of the. pin at A, the images of the rings will be 
apprehended in their true visible places. 

To make another experiment of the kind to which the last be- 
longs, on a glass of a window situated at a convenient height 
stick a number of w afters, placing their centres in a horizontal 
line and separating the adjacent centres by a distance less than 
that between the centres of the eyes, but being extremely careful 
to make all these distances exactly equal. Direct the axes 
through the centres of two adjoming wafers, each axis through 
that centre lying on its own side, and presently all the visible 
images (except usually the left terminal image of the right eye’s 
series and the right terminal one of the left eye’s) will be recog- 
nized by consciousness in their true visible positions. 

if the adjoining Genie €< of the wafers are very close to each 
other (as a little over 4 inch, supposing the wafers to be 4 inch 
in diameter) and the eyes at a short distance, say, 4: inches, the 
curvature of the surface of vision will be plainly appreciated, and 
if the plane of the axes be turned on the line joming the inter- 
section of the axes to the centre of the interval between the eyes 
from a coincidence to an angle with the horizontal plane passing 
through the centres of the wafers, the curvature of each eye’s series 
will be separately appreciated. 

An experiment of the same kind may also be made by means 
of the similar figures lying at equal distances in the surface of a 
papered wall. 

If the experimenter will station himself facing such a wall 
and converge his optic axes so that the axis of his left eye shall 
pierce the centre of some figure in front of him, and that of his 
right eye the centre of the next one to the left of the other, 
then shortly each eye’s image of the papered wall will, to his 
consciousness, take its true visible position at the distance of the 
convergence of the axes—the images of the figures appearing 
smaller ar larger, according as the “distance of the point of con- 
vergence is less or greater. A variation (from the standard) of 
the distance between the centres of the figures of the wall will 
produce a seeming elevation or depression of the visible images. 
‘The cause of this last, as well as that of the principal phenome- 
non, will be explained when it shall have been explained why the 
lateral images of an object which is at a greater or less distance 



Mr. S. Rowley on a New Theory of Vision. 208 

than that of the convergence of the axes are not apprehended in 
their true visible positions in the surfaces of vision. 

Why, then, does consciousness mistake, precisely as we find 
it doing, the true place of the visible image of any object, lying 
not at the point of intersection of the axes, nor at any point 
equally distant with this from the base of vision ? 

My answer is, that under tendencies resulting from experi- 
ence, consciousness apprehends erroneously the distances really 
presented for its action according to the laws of vision, and with 
respect to each lateral image apprehends the distance of the sur- 
face of vision from the base of vision, and the distance in the 
surface from the image at the centre, for the distances that would 
exist between these surfaces and these images if the given 
image now laterally and obscurely seen were, with its corre- 
sponding image of the other eye, directly and distinctly exa- 
mined at the centre. 

Hence the place in which such an image seems to be seen. 
For example, let the axes be turned to the images of an ob- 

ject at B (fig. 2). They will be seen at B, the left eye’s 2,45 
inches to the left from its image at a! of the object at A, and the 
right eye’s 2;4; inches to the right from its image at a of the 
object at A, een in a surface of vision measuring, from the apex, 
18 inches from the base of vision. 

Let, now, the axes be turned to the images of the object at A 
(fig. 1). These will now be seen at A, that of the left eye’s +8 
inch to the pent from its image at 0 of the object at B, and 
the right eye’s 8; inch to the left from itsimage at 0! of the ob- 
ject at B, each in a surface measuring, from the apex, 6 inches 
from the base of vision. 

At first, then, the left eye’s image of an object at B, when par- 
ees examined, will aiways be apprehended at the distance 
of 2-4, inches to the left from the image at a! of an object at A 
in the surface of vision 18 inches from the base. Hence, after 
due experience, will arise a tendency of mind to apprehend this 
image ata distance of 2;4, inches to the left from the image of 
the ‘object at A in the surface of vision 18 inches from the base. 
Therefore, when the axes are turned toward the images of the 
object at A, the mind will be influenced by this tendency, with 
respect to the left eye’s image at 0 of the object at B, to appre- 
hend 6 inches, the distance of the surface of vision from the 
base, as 18 inches, and 5, inch, the distance in the surface from 
the image at A of the object at A, as 2,4, inches. 

Again, the effect of experience in regarding directly the 1mages 

* By base of vision | mean a plane cutting perpendicularly, at the centre 
of the imterval between the eyes, a line drawn through this poimt and the 
point of convergence of the optic axes. 
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of the object at A will be a habit whereby, when the axes are 
directed to the images of the object at B, the mind will be led 
to mistake ato, inghes (the distance in ne surface of the left 
eye’s image at a! of the object at A to the right of its image at 
B of the object at B) for =, inch, and 18 inches (the distance 
of the surface of vision from the base) for 6 inches ; and 2,45 
inches (the distance of the surface of the right eye’s image at a 
of the object at A to the left of its image at B of the object at 
B) for 8, inch, and 18 inches (the distance of the surface of 
vision from the base) for 6 inches. 

Thus, since the more remote parts of a solid object will seem 
to be seen at equally more remote distances in the image, and 
the entire image at a distance equal to that of the object, the 
image will seem to be seen with the same form and magnitude 
as really pertain to the object*. 

We are now also prepared to explain the cases in which the 
visible image, though the object be situated at a greater or less 
distance from the base of vision than the point of convergence 
of the axes, 1s accepted by consciousness in its true place, as in 
the experiments with the equidistant pins, with the wafers upon 
glass, and the figures on the papered wall. 

In these cases it will be perceived that any two images seen 
as one, though proceeding from two different objects, have the 
same positions im the surfaces of vision as they would if they 
proceeded from a single object placed at the intersection of 
the lines drawn from the two different objects to the eyes. 
Further, so great is the propensity to appreciate singly, that 
any slight discrepancy between these images and those produced 
by one “and the same object will not prev vent an acceptance of a 
correspondence; and since all the equivalent single objects would 
lie at the same distance, no habit can exist to influence the mind 
with respect to any images to locate the surfaces of vision at a 
greater or less distance from the base of vision than the true. 
Hence all the images will be apprehended in their true visible 
places. But if the mterval between any two objects of such a 
series should differ from the other intervals, then for the two (of 
the four images presented) which are accepted as corresponding, 
or capable of being scen singly in direct vision, if these should 
be lateral (or if central, then for all the rest), from the necessary 
principle of babit above laid dow n, the surfaces of vision, mea- 
sured from the common centre, will seem to exist at such a dis- 

* Tn ordinary lateral vision (@. e. vision had at the sides of the line of in- 
tersection of the surfaces of vision) two corresponding images, or the cor- 
responding parts of two complex images, at the concurrence of the axes 
a appreciated singly by reason of imattention to, or neglect of, one of 
them. 
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tance from the base of vision as that at which they would if these 
images were directly seen in the axes. 

In this experiment with the papered wall, with every move- 
ment of the head a movement of all the images in the same 
direction takes place ; because with the eyes fixed toward any 
two figures, a movement of the head in any direction will carry 
in the same direction all the points of intersection of the lines 
of direction, and consequently all the images in the two surfaces. 
So when the axes are made to pass through any two of a series 
of equal and equidistant objects to a point beyond, as in the 
case of the experiment with the wafers upon glass, a move- 
ment of the head in one direction will produce a movement of 
the images in a contrary direction. 

There are other circumstances incident to a lateral image 
in the surface of vision, besides distance from its twin, which 
will produce habits operating to defeat a correct appreciation 
of the two distances. 

Such a circumstance is the visible magnitude. 
Thus, whatever the visible magnitude of an aggreate lateral 

image, which has been often seen in direct vision, this magni- 
tude will be taken for that found on particular examination, 
and the visible distance for that corresponding to that magni- 
tude. But since lateral images in the surface of vision not 
distinguishable from each other by consciousness may result 
from objects of very different magnitudes placed at suitably 
different distances, a given magnitude of image will not always 
excite the same tendency of mind. 

To illustrate this, take the board with pins placed at A and 
B (fig. 3), depress the far end till the surface is hidden by the 
near end, and stopping the lhght flowimg from the near pin to 
one of the eyes by interposing near the eye an adequate object, 
fix the axes of both toward the remote pin. As soon as the eye 
has ceased its alternations of adjustment (which have been per- 
formed so rapidly as to keep up a sensibly sustained distinct- 
ness of both images), and no longer experiences the sensation 
of focal adjustment to the near pin (which has excited a ten- 
dency of mind to mistake the image at the distance of the ob- 
ject), the now shadowy image of this pin will take its position 
heside that of the far pin. This it will generally do slowly, be- 
cause the image in the surface might have resulted from a pin 
of due dimensions situated at every intermediate point, but in 
continuous succession giving up every intermediate position, 
it will finally come to rest in its true visible place. Occasionally, 
owing to the dominancy of some habit, it will seem to take a 
place at a greater or less distance than the true. 
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But habits created by magnitude may cause mistakes of vi- 
sible distance involving also the amage in the axis. 

Thus, for example, if the mind has been accustomed to ap- 
preciate the images of mountains of moderate magnitudes, thereby 
tendencies will be impressed upon it to appreciate moderate di- 
mensions with images of this class. Hence, when the image 
of a mountain of extraordinary magnitude is presented (in an 
ordinary state of the atmosphere), consciousness will be influ- 
enced to appreciate the dimensions as less than they really are, 
and, in order to this, the distance from the base of vision as a 
duly less one. And the effect on any concomitant images, as of 
trees or animals, would be a like seeming diminution of their 
visible magnitudes. For it is plain that if consciousness makes 
a mistake of distance, then, in obedience to the law of habit, it 
will assign that size which the image would really have at that 
distance, or that effect of lateral distance, or resulting expansion, 
which the divergence of the lines of direction would give at that 
distance. 

Dr. Abercrombie relates the following instance as having oc- 
curred in his own experience. “I remember,” he says, ‘‘ once 
having occasion to pass along Ludgate Hill when the great 
door of St. Paul’s was open and several persons were standing 
in it. They appeared to be very little children ; but, on coming 
up to them, were found to be full-grown persons.’ 

The theory which I have thus advanced, taken in connexion 
with the mistaking practice of consciousness, will, I believe, 
furnish a satisfactor y explanation of all the phenomena of vision, 
some of the more interesting of which phenomena, as well as 
the subject of monocular vision, I propose in a future paper to 
consider. 

Hastings-upon-Hudson, New York. 

XXVII. On Sources of Error in Determinations of the Absorption 
of Heat by Liquids. By W. Finrcuer Barrert, Lecturer on 
Physical Science at the International College, &c.* 

URING the autumn of 1865, whilst engaged in determi- 
ning for Professor Tyndall the absorption of heat by various 

liquids, I observed that under certain conditions the more dia- 
thermic lquids exhibited a remarkable and anomalous deport- 
ment towards radiant heat. This observation led me to make a 
subsequent investigation, the results of which are given in the 
followmg paper. 

* Communicated by the Author, having been read at the British Asso- 
ciation, August, 1868. 

———— eS — ee | 
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The general outline of the apparatus employed is shown in 
fig. 1. The instruments were Professor Tyndall’s, who kindly 
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allowed me their use, and also opportunity for making the expe- 
riments. The source of heat, 8, was a platinum spiral raised to 
bright meandescence by an electric current, and surrounded by 
a glass globe having an aperture in front. Before this was a 
cell, C, with moveable rock-salt sides to contain the liquid under 
examination. Before this, again, and precisely opposite, was a 
thermo-electric pile, P, fitted with its conical reflector and 
attached to a very delicate galvanometer. The rock-salt ceil 
was supported on a little shelf behind a perforated metal screen, 
D, from which the pile was distant some 18 inches. The rock- 
salt walls of the cell, in the experiments first to be described, 
were separated by a partition formed of an annular plate of mica 
0:02 inch (4 millimetre) thick : this thickness determined that of 
the liquid layer under examination. The heat from the spiral was 
sometimes concentrated by the use of a rock-salt lens (not shown 
in the figure) which was placed between the source and the cell. 
To obtain greater sensitiveness, in most of the experiments the 
* compensating ”” arrangement was adopted. A _ blackened 
canister, H, filled with boiling water, was placed before the oppo- 
site face of the pile. By adjusting a screen, T, between the 
canister and the pile, the deflection of the galvanometer, caused 
by the radiation from 8S, could be exactly neutralized. The 
needle was thus brought to zero and maintained in its most sen- 
sitive position. 

The empty cell having been mounted on its support in 
the path of the rays, the screen was moved until the needle 
stood precisely at zero. A liquid (disulphide of carbon) was 
now poured into the cell through a fine funnel, and the needle 
of the galvanometer immediately observed through a telescope. 
Instead of moving in the direction of absorption, a marked de- 
flection took place on the opposite side of zero, the needle finally 
coming to rest at 15° on the side of increased heat from the 
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source; that is, the introduction into the cell of the bisulphide 
of carbon augmented the heat fallmg on the thermo-pile. When 
the source of heat was cut off by a metal screen, the needle moved 
swiftly back to zero and then rapidly up to 67° on the opposite 
side. From this deflection the absolute imcrement in the trans- 
mission caused by the liquid could at once be calculated. And 
the mean of eight closely concordant experiments showed that 
when bisulphide of carbon was poured into a rock-salt cell, so as 
to form a layer 2,5 of an inch thick, 9 per cent. more heat 
reached the pile through such a layer than through the emptycell. 

Before passing on to further experiments, I will reply at once 
to two inquiries which may suggest themseives in explanation of 
this phenomenon. ‘The one is that the temperature of the bisul- 
phide of carbon might be higher than that of the cell, and that 
hence its introduction would produce the effect noticed. The 
other is that the exterior surfaces of the plates of rock-salt might 
be partially rounded by the frequent polishing which they re- 
ceive, so that when the bisulphide of carbon was introduced the 
combination might have acted as a liquid lens. But direct ex- 
periments instituted for the purpose of testing these and other 
possible experimental errors show that they play no part in the 
phenomenon observed. 

Other liquids beside bisulphide of carbon were now tried in 
layers of equal tenuity; and I was surprised to find a liquid 
which even surpassed the bisulphide of carbon im this apparently 
anomalous action on radiant heat. ‘This was the case with b7- 
chloride.of carbon. When this liquid was poured into the rock- 
salt cell so as to fill the space ‘02 inch thick, the needle moved 
from zero to 16° on the side of heat—equal te an increased trans- 
mission of 12°4 per cent. At the same thickness bisulphide of 
carbon increased the transmission 9 per cent. But the fact has 
now, | believe, been well established that the bichloride of carbon 
is the most diathermic liquid as yet known. Of chloroform, a 
liquid considerably less diathermic than bisulphide of carbon, the 
same film of half a millimetre gave an increased transmission of 
4-5 per cent. With this hquid (among those examined at this 
thinness) the effect ceased ; for benzole, a more powerful absorbent 
than chloroform, gave an absorption of 20 per cent. Of Sulphu- 
ric ether, a still more energetic absorbent, the same thin layer of 
half a millimetre absorbed 80 per cent. of the total emission from 
a red-hot spiral. 

These experiments show that, in passing from feebler to more | 
powerful absorbents, the increased transnission, most strikingly 
observed in the case of bichloride of carbon, becomes more and 
more disguised until finally it disappears and absorption predo- 
minates. <A similar effect, as might be anticipated, takes place 
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by increasing the thickness of a diathermic liquid. With chlo- 
roform the addition of ;}, of an inch (4 of a millimetre) to the 
thickness of the liquid film changed the increased transmission 
of 44 per cent., that it previously gave, toan absorption of 8 per 
cent. In order to follow this change more closely, and to observe 
where the reversal takes place, 1 made a series of experiments 
with bichloride of carbon, gradually augmenting the thickness of 
the liquid layer until absorption became marked. These results 
I state at once in a tabular form. For the sake of clearness and 
brevity I have omitted the deflections, which gradually became 
less till zero was crossed, when they then increased on the side 
Indicating absorption. Taking the transmission through the 
empty cell as equal to 100, the figures in the second column 
show the transmission by the layers of liquid of the thickness 
given in the first. 

Radiation through Bichloride of Carbon enclosed between 
Rock-salt plates. 

Source :—platinum spiral at a low white heat. 
Thickness of liquid layer Transmisssion 

in parts of an inch. per 100. 
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The singular fact is here brought out, that at a thickness of 
14 of an inch the transmission through the bichloride was the 
same as through the empty cell. Eighteen months after this 
some of these determinations were repeated, and no appreciable 
difference from the above Table was discovered. 

In connexion with past and future determinations of the ab- 
sorption of heat by liquids, I need hardly point out the influence 
of the fact here established, and the conclusions to which I shall 
allude in the sequel. 

The foregoing experiments were made with a cell having rock- 
salt ends, and they show that absorption becomes manifest after 
a certain thickness in a diathermic liquid is obtained. This is 
not the case, however, when glass instead of rock-salt cells are 
employed to contain the same liquids: here the anomaly is still 
more striking. 

The first experiment in the next series was made with a cell 
having plane and pavallel glass ends 1-2 inch diameter. Repre- 
senting by 100 the transmission through the empty glass cell, 

Phil, Mag. 8.4, Vol. 36. No, 242. Sept. 1868, Nee 
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filling the cell with bisulphide of carbon increased this number to 

106. 

The experiment was twice repeated with the same result ; and 
the effect was not uncertain or transitory, but a steady perma- 
nent augmentation. 

I next tried a series of cells with parallel glass ends of varying 
distances asunder, ranging from 0-1 of an inch to 3 inches, bi- 
sulphide of carbon being used in each case. The source and the 
disposition of the apparatus were the same throughout, and the 
result of all the experiments showed that increasing the depth of 
the cell did not, as was the case with rock-salt cells, reverse the 
effect, but rather augmented the increased transmission—the 
transmission through an empty glass cell 38 inches deep bemg 
raised 9 per cent. by filling it with bisulphide of carbon. 

Returning to rock-salt plates, for the sake of comparison a 
cell 2 inches deep was tried. As anticipated, instead of increased _ 
transmission, considerable absorption was now observed when the 
bisulphide of carbon was poured into the cell. Another similar 
rock-salt cell, 0°38 of an inch deep, was also tried, with the same 
result. In fine, with cells having rock-salt ends, after a thick- 
ness of 0°2 of an inch had been attained, absorption invariably 
was found on the introduction of bisulphide and bichloride of 
carbon ; but with cells having glass ends, augmented transmission 
was always observed with both liquids, the bichloride of carbon 
having always a slight advantage. 

There can therefore be no doubt about the fact that the ab- 
sorption of the more diathermic liquids is entirely disguised 
when glass cells and a source of rays of the character here used 
are employed in their examination. Moreover the effect was 
found to remain the same when the nature of the source was 
altered, or its temperature raised or lowered, or when the cell 
was moved nearer to or further from the source of heat: nor was 
the result changed by causing the diaphragm in the screen (D, 
fig. L) to be larger or smaller than the diameter of the aperture 
in the cell. The same result was also obtained whenever the 
experiments were made. For example, I here collate a number 
of determinations, some made at an interval of twelve months 
apart. The radiation through an empty glass cell 1:2 inch deep 
being taken as 100, the numbers 

106-2, 1069, 104:6, 106, 106, 

or a mean of 6 per cent., expressed the increased temperature 
noticed when the cell was filled with bisulphide of carbon. Ne- 
vertheless the result is just as certain that when the walls of the 
cell are of rock-salt this increase is not shown ; numerous experi- 
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ments, which it would be tedious to record, have established this 
fact. 

Although the comparison between the rock-salt and glass cells 
was attended with so uniform a result, yet it is open to the ob- 
jection that the walls of the two kinds of cells were of different 
thicknesses ; for, from its friability, it is necessary to use rather 
thick plates of rock-salt. A stricter comparison was therefore 
instituted. ‘T'wo plates of glass of exactly the same thickness as 
the plates of rock-salt, 0°3 of an inch, were cut from a slab of 
the so-called patent plate—a glass perfectly colourless when 
looked at edgewise. ‘Two thinner plates, 0:1 of an inch, of the . 
same glass were also procured to compare with the thick plates. 
The same moveable cell was employed for both the rock-salt and 
the glass, so that in both cases the diameter of the cell and the 
position which determined the depth of the liquid layer were the 
same. The source of heat was the same as in the former experi- 
ments, and nothing intervened between it and the cell. The 
conditions of the experiment being thus exact, I sought at the 
same time to determine more precisely the difference between 
the deportment of bisulphide and bichloride of carbon. The 
results of these experiments are given in the iiosian Table :— 

Source :—bright-red platinum spiral. 
Layer of liquid ;4, of an inch thick. 
Free radiation through Transmission. 

I Empty cell, thin glass plates . . . 1000 
Filled with bisulphide of carbon . . 103°5 
Filled with bichloride of carbon . . 1040 

If. Empty cell, thick glass plates . . . 1000 
: Filled with bisulphide of carbon . . 109°5 

Filled with bichloride of carbon . . 111°2 

III. Empty cell, rock-salt plates. . . . 1000 
Filled with bisulphide of carbon . . = 97°5 
Filled with bichloride of carbon . . J101°5 

Here, the liquid layer remaining the same, the thick glass 
plates, it will be seen, instead of reversing the action, actually 
increase the transmission 6 per cent. over and above that which 
occurs when ¢hin glass plates are used. The objection alluded 
to is thus not only removed, but the above result afforded a clue 
by which a solution of the enigma was finally obtained. The 
bichloride of carbon, it will also be observed, under all circum- 
stances surpasses the bisulphide in augmenting the transmission. 

An interesting result occurred in the course of the experiment 
with the glass cells. In place of the transparent bisulphide 
and bichloride of carbon, I tried the same liquids saturated with 

P2 
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iodine and thus rendered opaque. Notwithstanding the aug- 
mented absorption by the iodine, I still found a larger amount 
of heat fall on the pile in both cases on pouring the opaque 
liquid into the cell. When a glass cell $ an inch deep was used, 
the heat falling on the pile was raised 3 per cent. by the opaque 
liquid. When a glass cell 1:2 inch deep was employed, a similar 
increase of fully 5 per cent. was produced, and this by the intro- 
duction of a liquid so opaque that at this thickness it intercepted 
all the light of the brightest sun. 

What, now, is the explanation of this singular action? Review- 
ing the experiments detailed in the foregoing paper, they are 
seen to divide themselves into two groups :— 

First. Those where an increased transmission attended the 
introduction of moderately diathermic hquid films between plates 
either of rock-salt or of glass ; and 

Second. Those where this increase occurred with considerable 
thicknesses of the same liquids as before, but only when the 
liquids were enclosed between glass plates. 

The most probable explanation of the first group of facts at 
once suggests itself—namely, that the troduction of the liquids 
diminishes the reflection taking place from the inner surfaces of 
the walls of the cell. In the empty cell a double reflection takes 
place when a pencil of rays passes from one plate of the cell to 
the other through the intervening space of air. If the cell be 
filled with a liquid whose refractive index is the same as that of 
the walls of the cell, this loss by reflection from the inner sur- 
faces will be abolished; hence such a liquid, if its absorbent 
power were ni/, or extremely low, would increase the transmis- 
sion when replacing air in the interior of the cell. In the foi- 
lowing Table are given the refractive indices of the substances 
employed; as these were not determined from the specimens 
used, they can only be regarded as approximately correct ; that of 
glass is especially doubtful. The indices for rock-salt and bichlo- 
ride of carbon were kindly furnished me by Dr. Gladstone, and 
are from his own recent determinations :— 

Index of Refraction for the line A. 

Plate-glass (mean) . « « «© 1:525 
Rock-salticecieen tae ene oy oe TREO. 
Bisulphide of carbon (mean) . 1°646 
Bichloride of carbon ... . 1:456 
Chloroform ~¢ @ (2 «@) ws= 1:44) 

From this Table it will be seen that the index of refraction of 
bichloride and bisulphide of carbon is sufficiently near to rock- 
salt to greatly diminish the reflection from the interior of the 
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cell, whilst, further, bichloride and bisulphide of carbon are two 
of the most diathermic liquids known. The index of the bichlo- 
ride is nearer that of glass and rock-salt than the index of the 
bisulphide, just as might be expected. Melloni has stated that 
77 per cent. of the incident rays are reflected from a single 
polished plate of rock-salt*. Although this figure is probably 
rather too high, still there can be no doubt that any moderately 
transcalent liquid, when poured into a cell whose walls were suffi- 
ciently near together, would, by its optical density, increase the 
transmission more than it would intercept it. And this is ex- 
actly what has been found in the experiments described in the 
early part of this paper As, moreover, this abolition of reflec- 
tion of the inner surfaces of the cell will take place at all thick- 
nesses of the liquid layer, the absorption hitherto attributed to 
the majority of liquids must be too low on account of this oppo- 
sing effect—an effect as yet disregarded, but here shown to be 
very sensible. 

The foregoing explanation, however, 1s quite incompetent to 
explain the seccnd group of facts—the augmented heat observed 
when certain liquids were enclosed in vessels with glass ends. 
For here the augmentation continued until the thickness of the 
liquid was increased to the limits of experiment; and in this 
ease the loss from absorption by the liquid must have been greater 
than the gain, even if the interior reflection had been entirely 
abolished. 

Here the cause is, I believe, mainly due to a well-known effect 
of plane surfaces on the refraction of divergent rays. This will 
be clear if we consider the case represented in fig. 2. Let 8 be 
a source of rays diverging Rion: 
till they meet the cell C, ‘ 
and let P be the surface of 
the thermo-pile. If, now, 
the vessel C be empty, 
the rays, after passing 
through its sides, will 
move in the direction of 
the dotted lines. Now let this vessel be filled with a liquid whose 
density is approximately the same as the walls of the cell, the rays 
will then take a course indicated by the continuous lines. In the 
latter case the angle of the rays emerging from the cell will be 
more acute. The distance of the divergent point S from the pile P 
has thus virtually been diminished, and, in consequence, many 
rays which, when the cell was empty, escaped the pile, now fall 
on its surface. To obtain this action it is not, of course, neces- 
sary that the refractive power of the liquid should be the same 

* Loe Thermochrose, p. 195. 
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as the walls of the cell; for a similar effect will take place, in a 
ereater or less degree, if the density of the body introduced ex- 
ceed that of the medium it replaces. 

It was easy to see the truth of this reasoning by tracking the 
course of a pencil of luminous rays through the empty and full - 
cell. The hght of the red-hot spiral that formed the source of 
heat was received on a semitransparent screen placed behind a 
glass cell half an inch deep. The beam was seen on the screen 
as a luminous circle 1:7 inch in diameter. Filling the cell with 
bisulphide of carbon, the diameter of this circle contracted to 
1:6 inch. When the cell was half full, the effect of the compa- 
rison between the upper and lower half of the 
circle was very striking; this is shown in __ 
fig. 3: With the cell 3 inches’ deep) the 
luminous circle ¢ ¢ was diminished from 2:4 | 
inches, when the cell was empty, to 1°8 
inch, when it was filled with bisulphide of | 
carbon. 

This observation explains the effect no- 
ticed when bisulphide or bichloride of carbon. 
was poured into deep glass cells ; for though 
sometimes concentrated by a rock-salt lens, the rays from the 
source were always more or less divergent, and overlapped the 
area of the pile. Lessening the divergency of the incident rays 
ought to diminish the effect ; and this, by experiment, was proved 
to be the case. Hence also with parallel rays no concentration 
of the beam could take place on the introduction of the liquid, 
and with convergent rays a decreased amount of heat should 
reach the pile when a dense medium occupies the cell. 

But why should not an increase occur with rock-salt as well as 
with glass cells? This anomaly puzzled me a good deal at first ; 
for, on consulting the Table of refractive powers, there does not 
appear to be any reason why such a difference should exist. 1 
think, however, the answer to this question is mainly to be found 
in the difference between the diathermancy of rock-salt and 
glass. Rays of heat pass through the former substance with 
but little alteration in their quality or quantity; but im passing 
through the latter, their character is changed as well as their 
amount lessened ; after passing through one plate of glass they 
traverse a second plate with less absorption. It may be that the 
bisulphide of carbon absorbs somewhat the same class of thermal 
rays as glass ; the heat-tint or thermochrose of the two bodies is 
possibly alike. Assuming this to be the case, when a cell with 
glass sides is used, the absorption of the liquid would be so far 
reduced that the action of the causes tending to increase the 
transmission would become evident.’ On the other hand, witha 



Determinations of the Absorption of Heat by Liquids. — 215 

rock-salt cell the heat-rays would not be sifted in any sensible 
degree, and hence the absorption by the deep layers of liquid 
which were employed would be sufficient entirely to mask the 
opposite effect observed with a glass cell. I regret that when 
making these experiments it did not occur to me to try how far 
the foregoing assumption is true, by causing the beam to pass 
through a plate of glass before it entered the rock-salt cell ; 
and now I have not the opportunity of making this crucial test. 
But the following experiment, which strikingly shows the influ- 
ence of sifting, may be taken in support of the view here stated. 
The divergent rays direct from the source of heat used through- 
out these experiments were caused to pass through an empty 
glass cell $ an inch deep. Falling on the pile, they gave a de- 
flection represented by 100. Filling the cell with bisulphide of 
carbon augmented this number to 110, or an increased heat of 
10 per cent. The cell was emptied, replaced, and a second cell 
3 inches deep, already filled with bisulphide of carbon, was inter- 
posed in the path of the rays from the source. The beam had thus 
to traverse 3 inches of bisulphide of carbon before it reached the 
empty cell, so that on passing through an additional § inch of the 
same liquid, but little or no further absorption would take place; 
and the action of the liquid in concentrating the rays should thus 
be more pronounced. Representing by 100 the radiation through 
the 3-inch stratum of liquid and the empty 4-inch cell, filling 
the latter with bisulphide of carbon raised this figure to 120, or 
an increased heat of 20 per cent. Compared with the former 
observation, this experiment shows that even in a glass cell at 
least 10 per cent. of the total radiation is absorbed by a layer 
% an inch thick of bisulphide of carbon; much more likely, 
therefore, is it that in a rock-salt cell the absorption by deep 
layers of liquid should disguise the causes tending to augment 
the transmission. 

Finally, it may be asked if pouring the bisulphide of carbon 
into a glass cell increases the heat reaching the pile, how is it 
that Melloni, who, as is well known, used glass cells in his experi- 
ments on the diathermancy of liquids, does not mention the fact ? 
This is accounted for, I believe, by Melloni’s method of experi- 
ment: he did not determine the transmission through his empty 
glass cell first, and then through the liquid added to the cell; but 
noting only the free radiation to his pile, he then introduced the 
cell and liquid at once. Consequently he assigned an absorption 
to some liquids which probably was wholly due to the glass walls 
of his cell. Hence it is that whilst Melloni states a layer of bi- 
sulphide of carbon ‘36 inch deep absorbs 37 per cent. of the heat 
from an argand lamp, Dr. Tyndall, who used a rock-salt cell and 
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a better method of experiment, finds the absorption by a corre- 
sponding thickness of liquid under 20 per cent.* 

Summing up the results of this inquiry, the main points are 
as follows. :—When the more diathermic liquids are introduced 
between two plane parallel plates of rock-salt separated by a very 
small interval, the rays from an artificial source are found to be 
more freely transmitted than when air intervenes between the 
plates. For a space ‘02 inch wide the increased transmission 
amounts with bichloride of carbon to about 12 per cent., with 
bisulphide of carbon to 9 per cent., and with chloroform to 4°5 
per cent. This effect disappears and less heat is transmitted (1) 
when the transcalency of the liquid diminishes; e. g. the same 
thickness of sulphuric ether intercepts 30 per cent. of the heat 
previously passing through the empty cell ; (2 Ne when the distance 
between the plates is increased beyond, s ay, 7 of an inch im the 
case of bisulphide, and 325 of an inch in the case of bichloride of 
carbon. The increased “NESS by these liquids reappears, 
however, in thicker layers when plane parallel glass plates are 
substituted for rock-salt, and continues, apparently indeed aug- 
menting, as the depth of the cell increases, so far as the experi- 
ments were carried. Bisulphide of carbon, poured into a cell 
with glass sides 1:2 inch apart, increases the heat falling on the 
pile 6 per cent., and bichloride of carbon a still larger amount. 
Altering the temperature or nature of the source, the size of the 
aperture in a screen behind the cell, or the position of the cell, 
makes no material change in these results. But altering the 
character, or augmenting the thickness, of the walls of the cell 
has considerable influence. For example, if the cell-walls be of 
glass, increasing their thickness from one- to three-tenths of an 
inch raises the heat falling on the thermoscope 6 per cent. when 
equal depths of the selfsame liquid are poured into the cell. 
Again, by merely changing the parallel sides of the same cell 
from rock-salt to precisely ‘similar plates of glass, the very same 
liquid can be shown to intercept a certain quantity of the heat 
falling on the thermo-pile in the one case, and to augment that 
quantity in the other—the difference amounting to upwards of 
10 per cent. of the total radiation through the empty cell. 

* Dr. Tyndall has pointed out (Phil. Trans. 1864, p. 328; Phil. Mag. 
vol. xxv. p. 439) how seriously the glass cells used by Melloni must have 
influenced the results of his experiments. Melloni, indeed, saw this him 
self, but endeavoured to prove, by trying two of his liquids between rock- 
salt plates, that the error vanished in the thickness of hquid he empleyed ; 
(La Thermochrose, pp. 163 and 199). The liquids chosen were colza oil 
and water—the worst he could have selected; for had Melloni made the 
comparison with more diathermic liquids, he ‘would have discovered his 
error. 
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The explanation of the foregoing facts may be traced to two 
main causes. The increased transmission noticed with films of 
the more diathermic liquids chiefly arises from the reduction or 
abolition of the reflection taking place from the interior surfaces 
of the walls of the cell, owing to the optical density of the hquid 
introduced being nearer to the cell-walls’ than that of the medium 
it replaces. But in glass cells of considerable depth, retaining 
the former explanation, the augmented heat there observed is 
probably mainly due to an effect of the refraction of divergent 
rays by plane surfaces ; this gives rise to a concentration of the 
beam, which becomes sensible when accompanied by a great 
transcalency of the liquid in the cell. In similar cells with 
rock-salt ends the effect is not observed, probably on account 
of such cells sifting the beam far less than glass, and thus 
permitting a higher absorption of the liquid. Nevertheless 
even with rock-salt cells the causes alluded to must necessarily 
render, to a certain extent, incorrect the precise absorption 
hitherto attributed to liquids. These sources of error in de- 
termining the true absorption by a liquid or solid can, how- 
ever, be avoided by employing truly parallel rays; and these 
are best obtained from the sun. 

In conclusion I would add that I do not pretend the observa- 
tions contained in the foregoing paper can in any material way 
affect any portion of the celebrated researches on radiant heat 
which Professor Tyndall has so long conducted. On the con- 
trary, to my mind, they add lustre to that research, by showing 
in some degree the difficult and delicate nature of the inquiry. 
In fact this little investigation of mine 1s not of such importance 
as to merit even this reference, were it not that I speak from 
the sincere and jealous attachment of a disciple to his master. 

XXVIII. On a Simple Method of Exhibiting the Combination 
of Rectangular Vibrations. By W. FretcHer Barrett, 
Lecturer on Physical Science at the London International 
College, &c.* 

HYSICISTS are well acquainted with the elegant experi- 
ments of M. Lissajous, in which the vibrations of two 

tuning-forks, placed at rectangles, are optically combined by 
viewing a ray of light successively refiected from a mirror attached 
to each fork. A regular series of curves is thus obtamed which 
give a perfect optical expression to each of the musical intervals, 
the curves augmenting in complexity as the dissonance between 
the forks increases. 

* Communicated by the author, having been read at the British Asso- 
ciation, August, 1868. 
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Instructive and beautiful as are these experiments, the ex- 
treme costliness of the apparatus necessary for their proper ex- 
hibition has hitherto debarred many from repeating them. 

A more simple method of combining rectangular vibrations 
was long ago devised by Mr. Wheatstone, who employed for 
this purpose a slender prismatic rod of steel, fixed at one end, 
and free to vibrate at the other. Oue of the sides of the rod 
was filed away, until the vibrations were quicker in one direction 
than the other by a certain definite ratio. When pulled aside 
the rod compounded these vibrations, and the resultant motion 
became apparent by the movement of a silvered bead attached 
to the free extremity of the rod. The labour of filmg away the 
steel, and the necessity of having a separate rod for each com- 
bination, has practically prevented this instrument coming into 
use. Beyond a most ingenious mechanical contrivance for re- 
presenting the combination of vibrations, I am not aware that 
Mr. Wheatstone has designed any simple instrument for eff, 4_ 
ing this purpose **. 
Upwards of two years ago I found a method of obtaining any de- 

sired combination by an extremely simple arrangement. A piece 
of straightened steel wire, about No. 16 gauge and some 12 or 
18 inches long, is first well softened in a flame at a point 6 or 
8 inches from the end, which length is then bent downwards. 
The extremity of the longer portion 1s fixed in a vice, a silvered 
bead is cemented by marine glue on to the summit of the 
bend, and the instrument is complete. The whole system 
is thrown into vibration by smartly tapping the wire near 
the point held in the vice, and i a direction oblique to the 
plane of the two wires. ‘The vibration travels up the wire, 
rounds the bend, and throws the inclined arm into motion. The 
latter, bemg free, vibrates more easily than the portion which is 
fixed at one extremity ; a compound motion is thus the result, 
and the spot of light, reflected from the bead, describes a curve 
expressing the resultant action. 

The ratio between the vibrations of the two parts of the wire 
can evidently be adjusted, or altered, by raising or lowering the 
point clamped in the vice. The same end may also be obtained 
by loading the free portion of the wire bya little sliding weight. 
Both these means of adjustment I have tried with some success. 
I was not, however, prepared to find that an alteration in the 
angle of the bent wire would yield a more satisfactory result ; but 
so it is. When the wires are parallel + and even in length, a 

* May I here be allowed to express a wish that Mr. Wheatstone would 
collect and republish his numerous papers? So scattered are they, that 
I have searched in vain for the original description of the Kaleidophone. 

T That is, nearly parallel, which is obtained by making a round bend. 
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combination of 1 to 1 is obtained, and the bead describes a circle 
passing into an oblique line; but on opening the free limb to 
an angle of about 30°, the figure changes into the complex curve 
given by the ratio of 4 to 5. Opening the angle still further, 
the curve expressing the ratio of 3 to 4 is obtained; then at 
45° 2 to 8; and atan angle of 75° the figure of 8 comes out, ex- 
pressing the ratio of 1 to2. In fact, by varying the angle an 
entize series of combinations, more or less perfect, can be pro- 
duced at will. 

In order to avoid the probable breaking of the wire by re- 
peated bendings, I had a light hinge joint made at the bend; 
but it was less satisfactory than the simple bent wire, which, if 
well annealed, will bear innumerable bendings, and can be re- 
newed in a moment if broken. To obtain a steady figure, it is 
better to make the final adjustment by slightly raising or de- 
pressing the fixed wire. 

Fig. 1. Fig. 2. 
fo} 

Figure 1 shows the instrument. The wire is capable of being 
firmly fixed at any height in a support which is attached to a 
heavy stand, more convenient in use than a vice. 

Not only may this arrangement be used for exhibiting the 
combination of vibrations, but it also shows very prettily the for- 
mation of nodes and ventral segments. Placing a piece of white 
paper behind the instrument, or casting its shadow on a screen, 
the vibration of the wire may be distinctly seen by a great 
number of people. The fixed arm will then be noticed always 
to vibrate as a whole, and the bend always to be a ventral 
segment. : 

But on the free arm an instructive change is seen to take place 
in the position of a node which is there formed. When the 
arms are equal and parallel, and a ratio of 1 to 1 obtained, the 
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node is near the free extremity of the bent wire; as the wire is 
raised and the angle increases, the node rises nearer to the bend. 
It is also worth observing that, in any combination, the distance 
of the node from the free extremity of the wire, compared with 
its distance from the bend, is approximately the same as the 
ratio of the interval depicted by the figure. 

I have now, in conclusion, to refer to another arrangement for 
effecting the combination of rectangular vibrations, which though 
rather less simple than the one just described, has the merit of 
bemg more easily adjusted and more permanent in character. 
This arrangement, shown in figure 2, has been adapted by Mr. 
Ladd from an instrument devised by Professor Helmholtz. 

Two flat pieces of steel are here welded at right angles to each 
other into a single rod. The upper part (a) 1s tapering, and on 
its summit is fixed a polished silver bead. The lower part (4) is 
capable of being firmly fixed in a suitable support. According 
to the height at which J is clamped, so a corresponding portion 
is allowed to enter into vibration. A combination of the vibra- 
tion of @ with that of 5 can thus be obtained in any given ratio. 
Complete command of any figure can be had by marking its 
position on the lower strip of steel ; and so nice an adjustment is 
possible, that an almost absolutely steady figure can be secured 
with a little care. 

If I may presume to suggest a name, I propose to call the 
instrument described in this paper a Tonophant. 

XXIX. Notices respecting New Books, 

A Manual of Inorganic Chemistry, arranged to facilitate the Hxperi- 
mental Demonstration of the Eacts and Principles of the Science, 
By Cuarues W. Exior and Franx H, Storer. Second Edition. 
London: Van Voorst. (Pp. 605 and lix.) 

ae a time when the attempt has become general in this country 
to elevate natural science to the rank of a branch of education, 

even the minutest incident of the transition may be considered im- 
portant. If report be correct, we are about to be rescued from the 
hands of the popular lecturer and placed under the regimen of the 
schoolmaster; and even those by whom the advantages and func- 
tions of science are but little understood manifest an earnest interest 
in every symptom of the change. 

The number of chemical manuals which haye been published du- 
ring the last three years, for the most part somewhat hastily, are a 
suflicient proof that chemists expect a new epoch in national educa- 
tion. We have now in common circulation thrice the average 
amount, perhaps, of such works; and new ones, as well as new 

editions of old ones, are announced as preparing for the press. Most 
of these books are literary experiments, and it is very unlikely that 
more than one or two of them will achieve a lasting reputation. Not 
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unfrequently an author, unable to guess what will be the forthcoming 
educational plan, writes without a definite idea of any kind to guide 
him, unless it be that of addressing some particular class of students 
at a given school; and if one insists wholly on the inductive me- 
thod, another asserts the necessity of much deductive preface, while 
a third is lost in transcendental speculation. A great deal of this 
confusion might have been avoided by assuming the independent 
attitude and occupying the lofty position of the older writers. At 
the end of the last and beginning of the present century, for example, 
it was no doubt the intention of such chemists as Macquer, Lavoisier, 
Davy, and Thénard to place within the student’s reach a manual 
which should exhibit chemistry as a whole; it is, in the main, works 
of such a nature that were then most extensively read. Even where 
detail was avoided rather than given, the reader could never have 
felt the impression from sucha book to be fragmentary. He resem- 
bled an observer with the microscope viewing an object with a low 
power. He might see chemical facts brilliantly illuminated by in- 
ductive light, deduction proffered by a master mind, and, naming 

(according to custom) every chemist a philosopher, might perhaps 
imagine himself a witness of the golden age. ‘The subsequent pro- 
gress of science has, indeed, pointed out deficiencies in that epoch ; 

but it has never made a general improvement on the foremost 
manuals which then appeared. ‘They still remain as models of com- 
pleteness ; anda strong deductive tendency (sometimes latent, some- 
times in bold relief) is one of the noblest characteristics they display. 

The manual of Professors Eliot and Storer is evidently intended 
chiefly for laboratory use, and is designedly much more practical 
than theoretical in its tone. With its aid, a teacher might possibly 
dispense with lectures to a great extent—a course which the book 
itself may almost be said to suggest. ‘The authors seem to use it as 
an aid to ‘‘classes in the laboratory ;’’ and, from the appearance of 

two editions in the course of one year, it may be inferred that their 
plan has been favourably receivedin American schools. It is highly 
probable that some such scheme will be adopted among ourselves if 
chemistry really becomes an element of our national education. It 
would indeed be a misfortune if the lecture system should be 
wholly abolished; for we should thereby lose one of the principal 
means of retaining pure science among us. But good lecturers will 
never be numerous, certainly never in proportion to the general 

demand in the case supposed. Most of the students will be com- 
mitted to the care of comparatively young instructors, whose slight 
theoretical attainments will inspire respect much more slowly than 
their practical gifts. Under these circumstances chemistry, if it is 
to be taught at all, will have to be taught partially—that is, for the 
most part in a practical way ; and some work like the present will 
doubtless be in general use. 

While decidedly of opinion that the partial teaching of a subject 
is rather a mitigated evil than an undoubted blessing, we have 
noticed with pleasure or interest that, of the very few chemical ma- 
nuals which make strong inductive professions, not one can escape 
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the charge of being somewhat deductive or speculative. A well- 
marked instance appears in the present work. The following pas- 
sage occurs at p. 605 :—‘ The existence of atoms is itself an hypo- 
thesis, and not a probable one; all speculations based on this hypo- 
thesis, all names which have grown up with it, allideas which would 
be dead without it, should be accepted by the student provisionally 
and cautiously, as being matter for belief but not for knowledge.” 
Yet the entire volume is provided with the dicta and terminology of 
the atomic theory, and even contains discussions of ‘‘ true molecular 
formule.’’ Such an inconsistency (or perhaps inadvertence) is the 
more to be regretted, since any allusion to the atomic theory in the 
systematic teaching of chemistry is quite unnecessary. ‘The authors 
themselves evidently regard Daltonism with disfavour ; and it is to 
be hoped that, for ordinary school-purposes, it may ere long cease to 
be regarded at all. 

The matter of this work gives us great satisfaction. It is well 
arranged, drawn from good sources, and very correct. Many of the 
experimental illustrations are new, and upon all of them that we 

have examined a large amount of judgment and thoughtfulness have 
been expended: they are, moreover, sufficiently numerous for a 
lengthy course of instruction. Professors Eliot and Storer have 
therefore achieved, and very well achieved, the object they had in 
view. ‘Their manual would no doubt have read more agreeably if 
the Berzelian nomenclature had been employed and multiplied for- 
mule (such as H?N*O° for hydric nitrate) had been omitted ; but 
these may be matters of local and temporary expediency, which time, 
we trust, will remove. We should also recommend the enlargement 
of the appendix (on Chemical Manipulation), its present dimensions 
being somewhat disproportionately small. 

The publication of an American manual of chemistry in England 
is a rare circumstance, and would in itself be of interest to our 

readers ; but the intrinsic merits of the book constitute a more legi- 
timate claim on their attention. Its unique character will also 
commend it to the perusal of every one whom the results of the 
present educational crisis may nearly affect. 

XXX. Proceedings of Learned Societies. 

ROYAL SOCIETY. 

(Continued from p. 157.] 

May 28, 1868.—Lieut.-General Sabine, President, in the Chair. 

Rae following communications were read :— 
“On Supersaturated Saline Solutions.’ By Charles Tom- 

linson, F.R.S. 
This memoir is divided into six parts. ‘The firs¢ part contains a 

definition of the subject; the second an historical sketch ; the third 
is on the action of nuclei in inducing crystallization,-and the effect 
of low temperatures on a number of supersaturated solutions con- 
tained in chemically clean vessels; the fourth is on the formation of 
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a modified salt, as in the ease of zinco-sulphate and sodic sulphate ; 
the fifth contains an inquiry as to whether anhydrous salts form 
supersaturated solutions; and the sewth and last part is a summary, 
with a classified list of the salts examined. 

1. Definition When water at a high temperature is saturated 
with a salt, and, on being left to cool in a closed vessel, retains. in 
solution a larger quantity of the salt than it could take up at the 
reduced temperature, the solution is said to be supersaturated. 

2. History.—During many years the phenomena of supersatura- 
tion were studied with reference to solutions of Glauber’s salt. In 
1809, Ziz of Mayence* showed that the sudden crystallization of 
these solutions is not due to agitation; that the vessels containing 
the solutions do not require to be hermetically sealed, but if put 
under a beil-glass, or loosely covered (as with a capsule), they can be 
preserved during a long time; that solids brought into contact with 
the solutions act as nuclei and produce instant crystallization, but 
that such solids act best as nuclei when dry; if wet or boiled up 
with the solution, they become inactive. The most efficient nucleus 
is a crystal of the salt itself. Air, if artificially dried, ceases to be a 
nucleus. Three varieties of the sodic sulphate are noticed, 7. e. the 
anhydrous and the ordinary 10-atem hydrate, and also a peculiar 
salt formed when supersaturated solutions in closed vessels are left to 
cool down. This zw salt, as it is termed, contains less water of crys- 
tallization than the ordinary salt, and is more soluble. If the vessel 
in which it is formed be suddenly opened, or the mother-liquor 
touched with a nucleus, the mother-liquor instantly solidifies into 
the 10-atom hydrate, and the 2 crystals become opaque, like the 
boiled white of an egg. 

In 1819 Gay-Lussac+ referred the state of supersaturation to the 
inertia of the saline molecules, the molecular condition of the sides of 
the vessel, and other causes. He also showed that solutions of some 
other salts exhibit the phenomena of supersaturation. In 1832 the 
number of such salts was shown by Dr. Ogden { to be not less than 
twenty-one, 

In 1825 Faraday§ published some experiments on the supersa- 
turated solutions of Glauber’s salt. Graham||, Turner], Ure, and 
others also contributed new facts; but the most elaborate inquiry 
was by M. Lowel between the years 1850 and 1857, the results of 
which are contained in six memoirs**. According to this writer, the 
ordinary 10-atom sodic sulphate increases in solubility from 32° to 
93°°2 F., at which latter temperature it begins to fuse in its water of 
erystallization, and to deposit the anhydrous salt. This salt follows 
an inverse order of solubility as compared with the 10-atom hydrate, 
its solubility diminishing as the temperature rises; or, what is the 

* Schweigger’s Journal, 1815, vol. xv. 
{+ Annales de Chimie et de Physique, 2nd ser. vol. xi. 
+ Edinb. New Phil. Journ. § Quarterly Journal of Science, vol. xix. 
|| Trans. Roy. Soc. Edinb. § Elements of Chemistry. 
** Annales de Chimie et de Physique, 3rd ser. vols, xxix., xxxiii., xxxvii., xliii., 

xliv., xlix. 
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same thing, from 218°, the boiling-point of a saturated solution, 
down to 64° the solubility increases; but at 64° the solution under- 
goes a new molecular modification, and begins to form crystals of the 
7-atom hydrate (the w salt of Ziz). This salt is much more soluble 
at ordinary temperatures than the 10-atom hydrate, its maximum so- 
lubility being at 80°°6. ‘Thus the sodic sulphate has three maxima 
of solubility, viz. 93°°2 when it is under the molecular constitution 
of the 10-atom hydrate, 78°°8 to 80°°6 when it is under the mole- 
cular constitution of the 7-atom hydrate, and 62°-6 to 64°-4 when 
it is under the molecular constitution of the anhydrous salt. At 
these three maxima the saturated solutions are about equally rich 
in salt. The 7-atom hydrate and the anhydrous salt can only main- 
tain their molecular constitution when in contact with the mother- 
liquor in closed vessels, in which they are sheltered from the air 
and from other bodies that act upon them as nuclei. No sooner are 
they exposed to the air than they become opaque and warm, and as- 
sume the molecular constitution of the 10-atom hydrate, as well as its 
solubility. Hence the conclusion is that supersaturated solutions of 
the sodic sulphate are not really so, since they hold a salt of much 
greater solubility at ordinary temperatures than the normal 10-atom 
salt. Lowel extends his inquiry to sodic carbonate and magnesia 
sulphate, and endeavours to show that in their supersaturated solutions 
salts of a lower degree of hydration and of greater solubility than the 
normal salts are formed; and his general conclusion is that all cases 
of supersaturation are in appearance only, and not in fact. As to 
the function of nuclei and the inner sides of the flasks in determi- 
ning crystallization, he regards it as the effect of one of those mys- 
terious contact actions known as catalytic, of which science has not 
yet been able to give a satisfactory explanation. Bodies that appear 
to be active in inducing crystallization are designated as catalytic or 
dynamic, while bodies that are apparently inactive are termed non- 
catalytic or adynamic. ‘It appears certain,” he says, ‘ that but for 
the mysterious action which the air and other bodies exert on su- 
persaturated solutions, we should obtain sulphate of soda only in the 
modified state—that is, crystallized with seven equivalents of water, 
and possessing at ordimary temperatures of the air a much greater 
solubility than that of the normal 10-atom salt.” 

Later inquirers have endeavoured to explain the nature of the 
force exerted by nuclei in inducing crystallization under certain con- 
ditions, and their passivity under others. Gernez* tried no less than 
220 solids, and of these he selected 39 that were active in inducing 
crystallization: 18 were insoluble; these were carefully washed in 
distilled water, and dried out of contact with air. When dry they 
were found to be without action on the solutions they had previously 
caused to crystallize. The 21 soluble substances were purified by 
recrystallization, and they all became inactive. Hence it is concluded 
that sulphate of soda is the only nucleus for solutions of the same salt. 
That is to say, whenever a glass rod or other body acts as a nucleus, 

* Comptes Rendus, vol. lx. p. 833. <A similar method was adopted by Schiff, 
Ann. der Chem. und Pharm. vol, exi. p. 68. 
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it is contaminated with minute portions of the salt itself, which M. 
Gernez believes to exist in the air, not only of towns, but in the coun- 
try. According to this view, the supersaturated solution of any other 
salt can only be crystallized by a saline nucleus of its own kind. But, 
as M. Jeannel* has pointed out, if this theory be true, we must have 
floating in the air specimens of all kinds of salts that form supersatu- 
rated solutions, and crystallize by the introduction of a solid nucleus ; 
whereas there are some such salts which cannot exist in the presence 
of the oxygen or of the ammonia of the air. M. Jeannel shows that 
a few drops of an ordinary solution of a salt will induce crystalliza- 
tion in a supersaturated solution of the same salt without contact 
of air. 

3. On the Action of Nuclei.—With respect to the action of nuclei 
on saline supersaturated solutions generally, the author refers to a 
theory of his+ which seems to account for the liberation of gases 
from their supersaturated solutions (soda-water, seltzer-water, cham- 
pagne, &c) when a solid nucleus that had been exposed to the air is 
immersed in them; while such nucleus becomes inactive if kept long 
in water, or passed through flame &c., and dried or cooled out of 
contact with air. The action of nuclei is referred to adhesion. Nuclei 
are active in inducing crystallization, or they are inactive, according to 
the state of chemical purity of their surfaces. In the case of a su- 
persaturated saline solution, the sides of the vessel may act as nuclei, 
or any solid, and some liquid, bodies brought into contact with it. 
Now suppose the inner surface of the vessel to be made chemically 
clean, either by well washing it with strong sulphuric acid, or caustic 
alkali, or spirits of wine, or, as often happens, by boiling the saline 
solution in the vessel in which it is tended to be kept. In such 
cases there is perfect adhesion between the sides and the solution, and 
no salt will be liberated; the sides may in fact be regarded as merely 
a continuation of the liquid itself, and no salt can be formed there, any 
more than in the central parts of the liquid. But suppose the sides 
to be not chemically clean—to be more or less dirty, im fact ; in such 
cases adhesion is diminished or destroyed, and the surface of the liquid 
next to such sides is virtually as free as its upper surface. Salt will 
be deposited there, other circumstances being favourable, really from 
want of adhesion between the side and the liquid that holds the 
salt in solution. Now apply this to the case of a so-called “ady- 
namic,” ‘ non-eatalytic,”’ or “inactive’’ glass rod, or coin, or frag- 
ment of glass or of flint, &c. <A glass rod placed in the solution does 
nothing more than form new sides, as it were, to the vessel; and its 
effect is merely that of the sides. If chemically clean, the rod will 
form no crystals about it, and hence it is ‘inactive’? because its 
adhesion is perfect. If dirty, the surface of the solution in contact 
with it will be as free, or almost so, as the upper surface. It requires 
special means to produce a chemically clean surface ; and when pro- 
duced, it is not easy to maintain it. A short exposure to the air, or 
a mere touch, will suffice to cover it with an organic film, or with 

* Ann. de Chim. et de Phys. 4th ser. vol. vi. p. 166; and Comptes Rendus, Jan. 
2, 1365. 

+ Phil. Mag. July and August 1867. 
Phil, Mag. 8. 4, Vol. 36. No. 242. Sent. 1868. Q 
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motes or dust that prevent or lessen adhesion between it and the 
aqueous part of the solution, and apparently render an inactive solid 
active. When a glass rod &c. has been kept in water or passed 
through flame and dried, or cooled out of contact with the air, it is 
more or less chemically clean, and remains so while sheltered. When 
Ziz found a knitting-needle active on one solution, and by pass- 
ing it through the cork which confined a similar solution it became 
inactive, he simply made the wire chemically clean by the friction. 
Air is not a nucleus, and when it appears to act as such, it is simply 
as a carrier of some solid particle not chemically clean. Hence 
narrow-necked flasks when opened retain their solutions liquid longer 
than wide-necked ones, as the former are less likely to catch motes 
&c. from the air than the latter. Supersaturated solutions are best 
preserved by plugging the necks of the flasks &c. with cotton-wool, 
since in cooling down the air is filtered in passing through the plug, 
and motes and dust are thus kept back. 

Tubes made chemically clean by the action of strong sulphurie acid 
may be filled with a strong solution of sodic sulphate, and when cold 
the tubes may be placed in a freezing-mixture at 10° F. without any 
separation of the salt. Hence the author differs from M. Lowel’s 
theory, which supposes a molecular change to take place when strong 
solutions of the salt are cooled down below 60°. Supersaturated solu- 
tions of various salts were cooled down to various temperatures from 
32° to 0° F. without crystallizing. Sodic acetate, for example, was 
kept for some hours at 14°, when on touching it with a wire it became 
solid, and the temperature rose to 104°.. Sodic arseniate, sodie suc- 
cinate, sodic borate, sodio-potassic tartrate, potash alum, and other 
saline solutions’ were treated in this way. Some of these solutions 
become viscid at a low temperature, and do not immediately erys- 
tallize on removing the cotton-wool plug. If they be touched, or 
the side of the flask scratched with a chemically clean wire, there 
is no action; but if the wire be not chemically clean, the scratches 
immediately become chalky white by being covered with minute erys- 
tals of the salt, and the action then spreads until the solution becomes 
solid. 

Some salts that are not very soluble in water, such as the plumbic 
acetate, form highly charged supersaturated solutions, and retain 
their liquid state below ordinary atmospheric temperatures. When 
at a certain point they suddenly solidify. Other solutions merely 
deposit the excess of salt above the condition of supersaturation, 
leaving the mother-liquor saturated; the cupric sulphate is an ex- 
ample of this. 

The memoir contains a number of details respecting the action of 
nuclei, whether derived from the air, from the flask, from the salt 
itself, from the filter, or the cotton-wool used in closing the vessels. 
Ifthe solution touch the wool, crystallization immediately sets in; or 
if the upper part of a chemically clean tube be touched with a finger 
slightly greasy before filtering into it the hot solution, the latter will 
cool down to the temperature of the air without crystallizing, nor will 
there be any effect if the tube be inclined so as to touch the clean 
portions of the inner surface; but the moment the solution comes 
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upon the edge of the finger-mark, crystallization sets in, and the 
solution becomes solid. Solutions not filtered that begin to crystal- 
lize at above 100° in open vessels, or even in closed flasks, may by 
filtration be freed from nuclei, and so cooled down in the latter to low 
temperatures without any separation of the salt. 

4. On the formation of a modified salt-—The readiness with 
which sodic sulphate parts with its water of crystallization, and two 
or three other considerations, make it more than probable that a solu- 
tion of sodic sulphate at high temperatures is really a solution of the 
anhydrous salt. But M. Lowel supposes that a supersaturated solu- 
tion in cooling down below 60° assumes a new molecular constitution, 
viz. that of the more soluble 7-atom hydrate which it then holds in 
solution. The author gives an experiment to show that such cannot 
be the case, but that the sclution continues to hold the anhydrous 
salt until a portion of it actually separates. Ifa boiling solution of 
two parts salt to one part water be filtered into vessels made che- 
mically clean by being washed out with spirits of wine instead of 
sulphuric acid, and if these vessels, when cold, be placed in water 
at 32°, or from that to 40°, a few octahedral crystals of the anhy- 
drous salt will be thrown down. The temperature will slightly rise; 
and if the tube be now set aside in a moderately warm air, the anhy- 
drous salt will enter into solution, forming a dense lower substratum, 
from which the 7-atom hydrate will be produced in small quantity, 
there not being sufficient water present to form the ordinary 10-atom 
salt. The rest of the solution is still supersaturated; and if the plug 
be removed from the vessel, crystallization will set in from the sur- 
face and proceed rapidly downwards, carrying down enough water to 
convert the whole solution, as well as the 7-atom, into the 10-atom 
hydrate. 

This process may be conveniently watched in the case of the zine 
sulphate. Whena saturated solution of this salt cools down from the 
boiling-point to about 70°, the monohydrated salt is thrown down 
in quantity, and, as the solution cools, a portion of this dissolves and 
a crop of acicular crystals is produced which readily melt down at 
about 100°. On removing the cotton-wool from the tube, crystalli- 
zation sets in from the surface, and the ordinary 6-atom hydrate is 
produced. 

The author examines M. Lowel’s experiments on solutions of the 
sodic carbonate in which two modified hydrates are pointed out, viz. 
the 7H Oa and the 7H O 0, which differ in solubility from each other 
and from the 10-atom salt; but as M. Lowel attaches great import- 
ance to the peculiar catalytic properties of the sides of his vessels in 

determining the formation of these salts, the author cannot help 
thinking that M. Lowel’s results were due to portions of the sides of 
his vessel, not chemically clean, acting as nuclei. In chemically 
clean vessels M. Lowel’s results have not been reproduced ; for on 
reducing the temperature to a certain point depending on the strength 
of the solution, the whole became suddenly solid, with a rise in tem- 
perature of 35° or 40°. M, Lowel also points out two modifications 
produced from supersaturated solutions of the magnesia sulphate. 
The author has placed boiling saturated solutions, when cold, in 
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freezing-mixtures at 10° without producing any separation of the 
salt. 

The ammonia phosphate throws down from its supersaturated so- 
lution an anhydrous powder, which, again entering into solution, 
forms a dense lower stratum in which a modified transparent crystal- 
lized salt is formed in small quantity. 

The strontic nitrate also deposits an anhydrous salt in cooling 
down to about 62°; but as this salt is not soluble in the solution, 
the modified salt is not formed. 

Some solutions en being cooled down in freezing-mixtures sud- 
denly become solid; others freeze and sometimes thaw again without 
any separation of the salt, as in the case of the cupric sulphate ; 
but if a boiling saturated solution of this salt be prepared with strict 
attention to chemical purity, it may be cooled down to near 0° F. 
without any separation of the salt. 

5. Anhydrous Salts.—The method adopted to ascertain whether 
an anhydrous salt forms a supersaturated solution was to make a 
solution of known strength, as indicated by some good Table of so- 
lubilities, raise it to the boiling-point, and then note whether salt 
began to be thrown down when the solution cooled down to the tem- 
perature indicated by the Table. For example, according to Pog- 
giale’s Table, 100 parts of water at 158° will dissolve 129°6 of sodic 
nitrate. This is the same thing as 622°22 grains of the salt in 1 ounce 
water. Such a solution on cooling down from the boiling-point began 
to deposit salt at 160°. 

In like manner, according to Gay-Lussac’s Table, 100 parts of 
water at 150° F. contain 125 of potassic nitrate. A solution of 125 
parts salt to 100 of water began to deposit salt at about 149°. The 
deposit first began to be made on the side nearest the window, or the 
coldest side, when the flask was suspended in air; but if the flask 
were placed on metal, or any other good conductor, a ring of salt was 
first formed at the bottom, some 6° or 8° earlier than if the flask stood 
on a block of wood. 

It has been frequently stated that the potassic bichromate forms a 
supersaturated solution. According to Kremer, 200 of water at 
140° F. dissolve 100 parts of the salt. Such a solution, on cooling 
from the boiling-point, began to throw down crystalline flakes at 
138°. The remarkable deepening in colour of this solution under the 
influence of heat is pointed out. 

Sal-ammoniac, potassic chlorate, and some other salts were also ex- 
amined, the conclusion being that anhydrous salts do not form su- 
persaturated solutions. 

6. Conclusion and Summary.—The author refers to the prevailing 
theory that supersaturation exists in appearance only and not in fact, 
since it is supposed to be the modified and more soluble salt that is 
in solution. If this were true, it ought to apply to all cases of su- 
persaturation ; and it has only been claimed in the case of a very few 
salts, and in them much importance has been attached to the active 
or the inactive condition of the sides of the vessels containing the 
solutions. 

The author, while admitting, in the case of a very few solutions, 
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that a modified salt may be deposited, denies that it is due to any 
molecular change that takes place in the solution, either from reduc- 
tion of temperature or any catalytic property of the sides of the 
vessel. His theory is that, when these modified salts are formed, it 

is the anhydrous salt that is held in solution, a portion of which is 
thrown down as the temperature falls; and this anhydrous deposit, 
entering again into solution, forms a dense substratum containing less 
water than the upper portions, so that when the modified salt forms 
in it, it is out of the reach of sufficient water to form the normal 
salt. When, on the contrary, under the influence of a nucleus, 

crystallization sets in from the surface, the normal salt is formed, and 
the crystals carry down sufficient water to convert the whole into the 
ordinary hydrated salt. 

As to the action of nuclei or the sides of the vessel, when che- 
mically clean the solution adheres to them as a whole, and there is 
no separation of the salt ; when not chemically clean there is a stronger 
adhesion between the salt and the nucleus than between the salt and 
the solvent, and there is a separation of salt; and the action of sepa- 
ration once begun, may be rapidly propagated throughout the whole 
solution. Boiling saturated solutions may be cooled down in chemi- 
cally clean vessels and kept for any length of time, not because they 
undergo any molecular change or hold a salt cf greater solubility 
than the normal salt in solution, but they retam their fluid form 
simply from the absence of a nucleus. 
The salts examined in this memoir are arranged into five groups 

according to their behaviour. 
I. Salts of which the supersaturated solutions remain liquid at 

low temperatures. 
Examples :— 

Sodic sulphate. Potash alum. 
Sodic acetate. Magnesia sulphate. 
Sodic arseniate. Baric acetate. 
Sodic succinate. Calcie chloride. 
Sodic borate. Cupric sulphate. 
Sodio-potassic tartrate. 

II. Salts of which the supersaturated solutions suddenly solidify 
at low temperatures. 

Examples :— 
Sodic carbonate. Sodic hyposulphite. 
Sodic phosphate. Strontic chloride, 
Plumbic acetate. 

III. Salts of which the supersaturated solutions deposit their excess 
of salt at low temperatures or under the action of a nucleus, leaving the 
mother-liquor saturated. 

Kixamples :— 
Zinco-acetate. | Potassic arsentate. 
Cupric sulphate. | Antimonio-potassic tartrate. 
Baric chloride. Citric acid. 

IV. Salts of which the supersaturated solutions form modified 
salts of a lower degree of hydraticn. 
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Examples :— 

Zinco-sulphate. Magnesia sulphate. 
Sodic sulphate. Ammonia phosphate. 

It will be seen that the sodic sulphate and the magnesia sulphate 
also occupy a place in Class I. 

V. Anhydrous salts examined in this memoir that do not form 
supersaturated solutions :— 

Potassic nitrate. Potassic ferrocyanide. 
Potassic bichromate. Baric nitrate. 
Sal-ammoniac. Plumbic nitrate. 
Sodic nitrate. Ammonium nitrate. 
Potassic chlorate. 

“On the Tides of Bombay and Kurrachee.”’ By William Parkes, 
M. Inst. C.E. 

The object of this paper is to exhibit the phenomena of diurnal in- 
equality in the tides on the coasts of India, and describe the mode 
adopted by the author for obtaining formule based on astronomical 
elements for predicting them. It is accompanied by the following 
records of observations, given in a diagram form :— 

Kurrachee, 1857—8, December to March. 
ie 1865, March to August. 
Nt 1867, ©The whole year. 

Bombay 1867, February to May. 

The height and times predicted by the author for 1867, and 
published by the India Office, are given on the diagrams for that 
year, so that they may be compared with actual observation. 

The continuous curves of the height of the water taken at Bom- 
bay, at every ten minutes for the four months above named, are also 
given. 

By the rotation of the earth every meridian-line is brought twice 
a day under the influences which ultimately result in the well-known 

semidiurnal tidal movements—once when in the position nearest to 
the attracting body, and once when in that furthest from it. But 
the actual point in that meridian which is in the centre of those in- 
fluences will be alternately north and south of the equator, to the 
extent of the declination of the attracting body. This alternation 
of the position ef the centre of attraction from the northern to the 
southern hemisphere produces a diurnal tide, and that diurnal tide 
produces a diurnal inequality in the semidiurnal tide. 

The character of the diurnal tide and the highly complex con- 
ditions under which its constantly varying solar and lunar component 
parts are combined are then traced. Being entirely dependent on 
the declinations of the sun and moon, the solar element vanishes 
twice a year, and the lunar element twice a month, each reappearing 
after the solar or lunar equinox, with its times of high and low water 
reversed. 

The diurnal tide produces a diurnal inequality in height and time 
of high and low water, affecting simultaneously respectively high- 
water time and low-water height, and high-water height and low- 
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water time. In particular cases, the actual values of height and time 
of diurnal tide may be directly deduced from the values of diurnal 
inequality. From these it was found that diurnal tide follows the 
moon’s movements at a much shorter interval than semidiurnal, the 
retardation of the former being from two to three hours only, while 
that of the latter is from thirty-four to thirty-six hours. 

The mode adopted for identifying the varying values of diurnal 
inequality with their physical causes was then explamed. A hypo- 
thetical series of diurnal tides, based on the varying values of the 
declination of the sun and moon, was calculated, the necessary local 
constants being deduced from the particular cases in which their 
values could be directly obtained. ‘These hypothetical diurnal tides 
bemg combined with a series of semidiurnal tides deduced from the 
diagram of observations, the diurnal inequalities so obtained were com- 
pared with the actual diurnal inequalities. It was then found that a 
further element was wanting, which was approximately and provi- 
sionally obtained by the introduction of a second empirical diurnal 
lunar tide of twelve inches maximum half-range at Bombay, and 
six inches at Kurrachee. This tide was assumed, like the first and 
principal diurnal tide, to be dependent on the moon’s declination, 
but to vanish at intervals of two or three days, before the moon 
crossed the equator. The author expresses an opinion that this em- 
pirical correction might probably be superseded by one more con- 
sistent with physical causes, if more extended and more correct 
observations were subjected to investigation. 

Lastly, the comparison of calculated heights and times with the 
records of observations for four months at Bombay and eight months 
at Kurrachee were given. ‘This showed that three calculated tides 
out of four were correct within three inches in height and fifteen 
minutes in time, the errors of the remainder ranging up to nine 
inches in height, and thirty minutes in time. 

Since receiving the observations made at Bombay and Kurrachee 
in the year 1867, the author has subjected them to another process 
for obtaining the actual times and heights of diurnal tide, which 
has been more successful than that described in the paper. 

The only data made use of were the diurnal inequalities in height 
at high and low water—the range of semidiurnal tide and the diurnal 
inequality in time, which were necessary to the previous process, 
being now altogether disregarded. 

The diurnal inequalities in height were obtained by measuring the 
widths of the brown spaces where they were crossed by the vertical 
limes representing noon on successive days. The two daily values 
thus obtained are respectively the sine and cosine of an angle which 
represents the difference in time between semidiurnal and diurnal 
tide. Dividing the low-water by the high-water value gives the 
cotangent of that angle, and thence the angle itself. ‘Thus the time 
of actual diurnal tide (first in relation to the time of semidiurnal low 
water, and then in relation to solar time) was obtained. 

The actual range of diurnal tide was obtained by adding together 
the squares of the high-water and low-water values (sine and cosine), 
and taking the square root of the sum. 
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With these two series of results as ordinates, curves were drawn 
representing times and ranges of actual diurnal tide, which were thus 
presented in a convenient form for comparison with the diurnal tide 
which had been previously calculated. 

The comparison confirmed the previous conclusion that the tide 
based on the simple declination theory was insufficient ; and the em- 
pirical correction which had been adopted seemed to provide an ap- 
proximation to the required addition to it, both in time and height. 
But it appeared that a better coincidence in time would have been 
obtained by assuming the diurnal tide at Kurrachee to be forty 
minutes earlier. ‘This supposition was tested by treating the obser- 
vations of 1865 in a similar manner, and also by recalculating a 
portion of the tides of 1867 with the earlier diurnal tide. In both 
cases the supposition was confirmed, a better agreement being ob- 
tained. 

On treating the Bombay observations in the same manner, a fair 
general coincidence with the calculated diurnal tides was found to 
exist; but it was further found, on comparing together the Kur- 
rachee and Bombay curves of actual diurnal tide (thus for the first 
time recorded for the same period), that the times were nearly iden- 
tical at the two ports, and the range at Bombay about one-tenth 
greater than that at Kurrachee. 

The tables for the four months over which the Bombay observa- 
tions extend were recalculated with the diurnal tides which had been 
calculated for Kurrachee (but made forty minutes earlier, and in- 
creased in range by one-tenth); and the result was quite as good as 
that shown by the original tables. This fact would seem to point 
to ‘the possibility that the diurnal tide is a vertical undulation, 
acting simultaneously, or nearly so, over a large area. 

GEOLOGICAL SOCIETY. 

[Continued from p. 158. ] 

May 6th, 1868.—Prof. A. C. Ramsay, LL.D., F.R.S., Vice- 
President, in the Chair. 

The following communication was read :— 
“On the Quaternary Gravels of England.” By Alfred Tylor, 

jsq., L.L.S., F.G.S. 
Mr. ‘Tylor first compared, by means of sections and models, the 

gravels of the Aire Valley at Bingley, of the Taff Vale between 
Quakers’ Yard Junction and Aberdeen Junction, and of the Valley 
of the Rhonda near its junction with the Taff. He then described 
the cave-section of Bacon Hole, Gower, and the sections exposed at 

Crayford, Erith, and Salisbury, comparing the angles of deposition 
of gravel-beds concealing the escarpment of the chalk in these last 
three localities with the same conditions at Brighton and Sangatte. 

By comparing the gravel-beds at different levels, and upon strata 
of different age and configuration, he shawed in what respect they 
differ from each other. The bulk and height of the Quaternary de- 
posits had strengthened the conviction which he expressed in his 
previous paper (on the Amiens gravel), that there was a long period, 
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reaching nearly to the Historical epoch, in which the rainfall was 
excessive, and which he termed the ‘“ Pluvial period.” 

These sections also led the author to the following conclusions :— 
(1) That the débris was deposited by land-floods, and that the mode 

of deposition was quite distinct from that of moraines produced by 
the melting of ice. (2) That the character of the deposits in the 
valleys of the Aire, Taff, and Rhonda proves that they were formed 
under similar conditions. (3) That these gravel-beds point toa 
Pluvial period of great intensity and duration. (+) That the ice- 
action of which there is evidence was subordinate to the aqueous 
action. (5) That the fossiliferous Quaternary deposits have been 
best preserved where they have been formed in cavities lying be- 
tween the edge of the bank of a river, estuary, or sea, and an 
escarpment running parallel with it at no great distance. (6) That 
the immediate source of the gravels was the high land adjoining the 
rivers, whence they had been washed down by rain, with the assist- 
ance of lateral streams, to the lower ground, where they had come 
into contact with larger quantities of running water, had been mixed 
with rolled materials, and spread in thick beds over the bottoms and 

slopes of valleys or the sides of escarpments. (7) That the surface of 
such a deposit rarely slopes at more than 2° or 4°, while the slope 
of the beds lower in the series near the escarpment averages 12°. 
The escarpment is usually concealed under a coating of gravel or loess. 

Mr. P;restwicu dissented from the view of the author, that the 

valleys had been excavated to their present depth before the gravels 
were deposited; and, with reference to a former paper, explained 
that Mr. Tylor and himself had taken different points of observation 
near Montiers, and that his own views as to the separation which 
in some cases may be shown to exist between the high- and low- 
level gravels were correct. 

Mr. Evans also combated Mr. ‘Vylor’s views, and pointed out 
the difficulty of accounting for deposits of gravel such as are at 
present found in valleys already excavated to their present depth. 

Mr. W. Boyp Dawkins objected to calling in hypothetical 
causes to account for effects when existing causes are sufficient, and 
cited the sudden melting of snow as a sufficient cause, as had 
already been suggested by Mr. Prestwich. 

Sir Cuaries LyEeiy supported the same view, and mentioned a 
case which had occurred at Salisbury some few years ago as an 
instance of the effects of such floods. He also cited the existence 
of flint implements in the gravels on either side of Southampton 
Water as evidence of the existence of man during a long period of 
excavation of valleys. He also mentioned the discovery by Dr. 
Harris of flint gravel identical with that of the present valleys be- 
neath the basalt of Miocene date in Antrim. 

Mr. Szartes V. Woop, Jun., insisted on the impossibility of even 
an enormously increased rainfall filling the valleys as suggested by 
Mr. Tylor, and pointed out the influence which such an accession 

of fresh water must have had cn the animal life in the estuaries. He 
also mentioned tidal action as an excavating agent in valleys. 
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Prof. Anstep showed, by calculation, that even a vast increase in 

the rainfall would not suffice to fill the valleys so as to deposit the 
gravels as at present found. 

Mr. Wuirsker quoted the existence of distinct terraces of gravel 
one above the other in the Thames Valley as proving the gradual 
excavation of the valley. 

Prof. Morris doubted as to the precise character and age of the 
deposits in the valleys in South Wales having been accurately 
ascertained. 

Mr. Tytor briefly replied. 
Prof. Ramsay made some concluding remarks, expressing his 

disagreement with the views of the author as to the enormous 
magnitude of the ancient rivers. 

XXXI. Intelligence and Miscellaneous Articles. 

ON THE PREPARATION OF CARBON TUBES, CRUCIBLES, ETC. 

BY G. GORE*. 

Eanes had occasion to require small rods and vessels of carbon, 
free(ornearly so) from silica, for experiments with hydrofluoric acid 

and with fused fluorides, I have been induced to devise the following 
method of obtaining them. Articles and vessels of the desired shape 
(but of sufficient dimensions to allow for shrinkage) were formed of 
different kinds of wood &c.; they were then allowed to dry in a 
warm place with occasional turning, then enclosed in a copper tube 
retort provided with two exit-tubes for the escape of gas, the tube 
placed horizontally between fire-bricks and heated with extreme 
slowness at first, and finally to bright redness, by means of a row of 
Bunsen’s burners. It was necessary to continually turn the retort, 

and so to distribute the heat during the burning-process that none of 
the evolved tarry matter condensed upon the articles; otherwise it 
altered their form and dimensions in a remarkably curious and fan- 
tastic manner. ‘The red heat was continued until gas ceased to be 
evolved. If the burning was too rapid, the articles fell to pieces or 
cracked very much. 

The articles:formed by this process consisted chiefly of rods, cru- 
cibles, boats, and tubes (the longest tubes made being 67 imches 
long, after burning) ; and the materials experimentally employed 
for their construction consisted of lignum vite, boxwood, beech, 

kingwood, ebony, ironwood, mahogany, zebra-wood, Memel oak, 
English oak, rosewood, “bastard rosewood,” maple, lancewood, 
walnut wood, Norwegian pine, partridge-wood, ‘‘ Braziletta,”’ cocoa 
wood, vegetable ivory (or taqua-nut), coquilla-nut, and the hard 
shell of the cocoa-nut. ‘The articles usually shrunk about one-fourth 
of their original dimensions during the process; but the amount of 
shrinkage varied with the different kinds of wood &c.; even with 
the greatest care many of them became twisted and shapeless during 
the process. 

The best kinds of these various materials were found to be lignum 

* Communicated by the Author. 
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vitze, kingwood, ebony, and beech: rods made from most of these 

Gf free from cracks) had a remarkably clear metallic ringing sound 
when struck; those made from lignum yitee were very hard and of 
exceedingly close texture ; those from beechwood best retained their 
form, but differed from all others in contracting unequally in the 
two directions across the grain of the wood, and, in consequence of 
this, round tubes and crucibles became oval during the burning-pro- 
cess. Rods made from lignum vite and the other denser kinds of 
material conducted electricity most admirably, and would probably 
serve well for carbon pencils for the electric arc; but if they had 
been burned too rapidly their electric conducting-power was much less. 
Of the four materials above mentioned, lignum vite was the best. 

The following were found to be the chief conditions of success in 
the process :—(1) vegetable materials of the hardest kind and closest 
texture ; (2) wood of the straightest grain, free from knots and splits ; 
(3) very slowly dried and heated; (4) the heat very uniformly dis- 
tributed ; (5) prolonged high temperature at the last; and (6) gra- 
dual cooling. 

Lignum vite evolved a very large amount of oily and tarry matter 
during the burning-process. . The charcoal from it had a remarkably 
hard and shining surface, and two pieces of it rubbed together seemed 
like too smooth stones; it was also very heavy, and its texture was 
so extremely close as to make it apparently quite impervious to 
liquids ; even after immersion in the strongest hydrofluoric acid its 
surface had no acid taste; it was feebly electro-positive to platinum 
in strong nitric acid, and therefore would not equal platinum, if 
substituted for it in a Grove’s battery. 

By the appearance of each kind of charcoal, the kind of wood 
from which it was formed could be distinctly determined, each wood 
retaining its usual superficial markings. Some kinds cracked trans- 
versely (for instance, boxwood and maple), others longitudinally 
(thus ironwood and partridge-wood); others twisted; some kinds 
of charcoal were very hard (coquilla-nut, lignum vite, kingwood, 
and ebony); those of ebony and kingwood acquired a purple colour 
in places; charcoal of beech and lancewood assumed a gentle curva- 
ture ; those of walnut and maple were easily broken across; those 
of mahogany, pinewood, and walnut were soft; those of English and 
Memel oaks were porous, &c. 

ON MAGNETO-ELECTRICAL MACHINES. 

BY MM. JAMIN AND ROGER. 

In this research we have investigated, and believe we have suc- 
ceeded in establishing, the laws of the production of electricity in 
magneto-electrical machines. ‘These machines may be characterized 
by saying that they borrow from a motor, in the form of force, a 
given quantity of heat, and that they reproduce it, through the in- 
tervention of an electric current, in internal and external resistances. 
The question to be solved was to find the laws which regulate the 
quantity of heat borrowed on the one hand, and reproduced on the 
other. 
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Our machine consisted of six rotating plates, each provided with 
sixteen bobbins joined in tension and forming a total resistance R of 
twelve turns of the rheostat. ‘These plates are joined in quantity, so 
as to form an electromotor of six independent machines sending their 
electricity into a common external circuit. The resistance of the whole 
is then equal to R divided by 6, or to two turns of the rheostat. In 
each series of experiments the velocity remained constant; it varied 
in the different series from 350 to 550 turnsin a minute. The ma- 
chines were driven by a Hugon’s gas motor, the regularity of which 
has been proved to be perfect. By means of a brake on the principal 
shaft, the force, and therewith the heat imparted to the machine, 
could be regulated and measured. ‘The heats regenerated in the ex- 
ternal resistances were measured under the usual conditions. 

All the experiments showed that the number C of thermal units 
thus regenerated in an external resistance increases as this resistance 
increases, diminishing then to zero when it becomes infinite. It 
attains a maximum for a value of 2 equal to R, or to twelve turns of 
the rheostat ; it is exactly represented by the formula 

(R+a)* 
But we know that in an external circuit 2 of a battery whose elec- 
tromotive force is A and the internal resistance R, the heat regene- 
rated is expressed by Joule’s formula, 

=a. 

or by 
»A2 

G2 tar ie 
(R42) 

The magneto-electrical machine behaves, then, as this battery 
would—with, however, an essential difference, which is that R 

e . . . e e R 

does not represent its real internai resistance, which is ze but that 

of each of the plates or of each of the electromotors which concur in 
producing the total current. We may say, then, that Olim’s law 
applies to the magneto-electrical machine with an essential modifi- 
cation, by supposing that each of the various plates is independent, 
and that its currents accumulate on the external circuit. 

There is an important difference between the battery and the ma- 
chine. ‘The quantity of heat C, furnished by the battery in a given 
time is proportional to the electromotive force and the weight of zinc 
dissolved—that is, to the intensity of the current; so that we have 

C= Le 
Ree a 

which shows that this heat varies as the ordinates of an equilateral 
hyperbola. But the magneto-electrical machine seems to be only a 
battery which borrows its heat from a motor instead of taking it from 
a chemical action, and we might be led to suppose that the quantity 
of heat furnished should vary according to the same law. ‘his is 
not the case. ‘The quantity is represented by the empirical relation 
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Gr a (w—a)A° 
eo (RESP “y 

for v=0; thatis, when the external circuit is zero ; it gradually in- 

A? 

a(R a) 
« tends towards infinity, which is the case when the circuit is open. 
It follows thence that, if the brake be not touched, the working of 

the machine is progressively retarded as the resistance increases up 
to a value of « equal to R+ 2a, resuming then increasing velocities 
when the external circuit continues to increase. 

These laws may be demonstrated in another way. Experiment 
2 

, in which @ and fj areconstants. It isa minimum 

creases till it equals —— forw=R+2a; it decreases to 9 when 

aes , then the increase of work 
(R+2) 

T—T’ which the motor furnishes to the machine when, the circuit 
being first open, the resistance 2 is introduced. T—T,, divided by 
the mechanical equivalent of heat E, represents the heat imparted by 
the motor or y—(; we have therefore 

ial ee me 
Evita (R+2)" 

By this formula E may be calculated. 
Our experiments have given us more than fifty values for k, which 

agree virtually with those found by other methods. 

first measures the quantity C or 

The heat taken from the motor $+ lear reproduces in the 

circuit a quantity C= Tee Qe According to Joule’s law, it should 

reproduce in the internal circuit a number of thermal units equal to 

ae 
a Oe whence it follows that the difference between these quan- 
(Rf) 

tities, that is, 

represents the quantity of heat uselessly expended. Our experi- 
ments have shown that it is equal to two-thirds of that borrowed 
from the motor. 

The discrepancies we have indicated between the laws of the mag- 
neto-electrical machine and those of the pile may be explained by an 
hypothesis which appears very probable. One portion of the heat 
C’ which is not utilized will be employed in overcoming passive re- 
sistances ; it is constant; let us callit M. A second part will be 
employed in producing a reaction in the fixed magnets which cannot 
be experimentally valued, but which necessitates an absorption of 
heat; it is variable; let us call it C’'”; we have 

Ry 42 (2+ 5)S 
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This reaction must then increase with the value of a, and attain its 
maximum when the circuit is open. 

These laws being recognized and verified, we investigated the 

only application yet made of these machines, the electric light. 

Whenever a regulator is interposed in the path of the current, the 
velocity of the machine is diminished, as it would be by the interpo- 

sition of a metal wire. The arc exerts a resistance v which can be 
determined by ascertaining how many turns of a rheostat must be 
introduced into the circuit to produce an equal retardation in the 
velocity of the machine. That being done, we have compared the 
heat disengaged by this are with that reproduced in the resistance, and 
we have found that both are exactly equal. We have then been led 
to the conclusion that the are only acts as a metal wire, either by 
the heat it regenerates, or by the diminution it produces in the in- 
tensity of the current. 

This heat of the are is very weak, scarcely equal to that produced 
by a gas jet burning a litre ina minute. ‘To obtain this result, 100 
litres of gas were consumed in Hugon's motor; and the heat repro- 
duced does not exceed the hundredth of that consumed. But 
though small, as it is concentrated on a very narrow space on 
charcoal-points, it developes there an enormous temperature, and 

an intensity of light almost twice as ‘much as would be obtained 
by directly burning the 100 litres of gas expended in its produc- 
tion, and four times as much, even, if the carbons are prepared by 
Carré’s process. 

There is thus an enormous loss of heat on the one hand, a re- 
markable gain of light on the other. 

There is nothing paradoxical in this result. The magneto-elec- 
trical machine only utilizes a small portion of the heat absorbed ; 
but it collects it disseminated over a large space, and concentrates 
it in a small volume; it takes it at a low temperature to pro- 

duce an enormous heating of the carbons; it finds it as obscure 
heat to change it into light; it diminishes its quantity, and trans- 
forms its nature; it expends calorific radiations which are cheap, 
and makes them into luminous radiations which are dear; and it 
finally gives them at a cheaper rate than any other source of 
light.—Comptes Rendus, June 1, 1868. 

ON THE EXPANSION AND COMPRESSION OF SATURATED VAPOURS. 

BY M. CAZIN. 

I beg to communicate the result of researches on saturated vapours 
on which I have been engaged for the last two years. ‘The question 
was this—to observe under what circumstances a vapour is partially 
condensed when its volume is changed without either addition or 
loss of heat. 

At the sitting of the Academy, January 25, 1866, I communicated 
a first series of experiments, on expansion alone. Since then I have 
constructed an apparatus by which the expansion or compression of 
vapours at high temperatures may be effected at pleasure. 

A horizontal copper cylinder, closed by parallel glass plates and 
heated by the aid of an oil-bath, contains vapour in a state of satu- 
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ration; its capacity is 6 litres, and its length 60 centims. A vertical 
cylinder of a litre capacity, communicating at its lower end with 
the preceding, is immersed inthe same oil-bath ; it contains a piston 

of the same metal, which by being moved augments or diminishes the 
volume of the vapour. ‘The rod of this piston passes through a 
stuffing-box at the top of the cylinder; and the vapour can act upon 
the two faces of the piston. ‘This vapour is supplied from a boiler 
containing the liquid, and which on the one hand communicates with 
the horizontal cylinder, and on the other with the upper part of the 
piston-cylinder. 

When the oil-bath is at the desired temperature, the boiler is 
raised to the same point; then the stopcocks are opened, so that the 

vapour is simultaneously admitted into the two cylinders. ‘The two 
faces of the piston are then under the same pressure, and it can be 
moved without any great effort. 

To effect a compression, for instance, communication is cut off 
between the boiler and the glass-plate cylinder; a certain quantity 
of vapour is thus isolated in the apparatus. But the vapour is 
allowed to act on the upper face of the piston. ‘The piston is then 
rapidly lowered, and the volume of isolated vapour is thus momenta- 
rily reduced, which is sufficient for observing the phenomena which 
take place in this vapour when it is compressed without either ad- 
dition or subtraction of heat. The construction of the piston offers 
no difficulty, for it is not necessary that it perfectly retain the vapour. 

The pressure of the vapour is given by a manometer fitted to the 
boiler and containing a column of liquid from the mercury to the 
boiler. By heating the tubes which conduct the vapour into the two 
cylinders, condensation is prevented and the vapour reaches the 
elass-plate cylinder dry and saturated. 

The difficulties of construction have been very skilfully surmounted 
by M. Golaz; and I have been able to observe the vapours of water, 
ether, chloroform, and benzine as high as ten atmospheres. The 
partial condensation of vapour produced by a sudden change of 
volume is manifested by a mist of very brief duration; the action of 
the sides makes it at once disappear. When the mist is very dense, 
it is seen without difficulty when a mirror reflecting the light of the 
clouds is looked at through the glass plates ; but when very feeble, 
it has the appearance of a slight fume which undulates in the cy- 
linder: the glass plates must in this case be very bright. There is 
one casein which this is impossible; and thatis, when the vapour is 

compressed. ‘The action of the sides quickly brings the vapour to 
its initial temperature, and then a portion of this vapour is necessarily 
condensed. ‘l'his condensation produces no mist; but it dims the 
glasses, and thus observation is rendered difficult. 

This inconvenience has been remedied by looking at the vapour 
through a telescope applied against the glass, which gives a sharp 
image of the central parts of the cylinder; the glass plates are not 
seen, but the slightest mists which sudden change of volume in the 
vapour may produce are readily discriminated. 

The following are some of the results of my experiments :-— 
Aqueous vapour is always rendered dull by expansion; the mist 
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presents beautiful shades, according to its intensity. It is never 
rendered turbid by compression. 

The vapour of ether has presented the reverse effect; it becomes 
turbid by compression and remains transparent by expansion. 

These two results confirm those of M. Hirn, to whom the first 
observations on this subject are due. 

The following are the new results which were the object of this 
research :— 

The vapour of chloroform gave a mist when expanded up to 130°. 
At this temperature it was very feeble and was not easily obtained ; 
the vapour remained transparent by compression. Above 136°, 
compression was accompanied by a very perceptible mist. The 
higher the temperature the more intense the mist, which was never 
observed with expansion. Experiments were made from 80° to 150°, 
and therefore up to nine atmospheres. 

The vapour of benzcle behaved like chloroform. There was mist 
by expansion alone up to 115°, and by compression alone above 130°. 
Observations between these temperatures were interrupted by an 
accident. 

Jt has thus been experimentally proved that for these two liquids 
there is a temperature of énversion, below which the expansion of 
dry and saturated vapour, without either addition or subtraction of 
heat, is accompanied by a partial condensation, while above this tem- 
perature compression determines condensation. 

There is thus verified a consequence of the formule of thermody- 
namics at which several authors have arrived by different methods. 

The temperatures of inversion which I have calculated from these 
formule are 520° for water, 118° for ether, 123° for chloroform, 100° 

for benzole. ‘The first of these numbers was found by Mr. Rankine 
in 1854; MM. Dupré and Combes have made analogous calcula- 
tions for other liquids; and the differences of results are explicable 
by the choice of data, which are not accurately determined. 

To give an idea of the degree of accuracy which my experiments 
present, I have calculated from thermodynamic formule the weights 
of chloroform vapour precipitated under the circumstances in which 
I worked :— 

Original Original Final | Condensed Thermometric’ 
temperature. | volume. volume. | vapour. effect. 

" velit. ht. | ‘, 
100 | 5844 6862 | 0-174 —6°8 
OE eG al § cteecte setae all Gn aa ode 0-123 —73 
D2 iy Voi tedesatecteco | Sue tana |  0:070 —7°6 
130 6-862 | 5:844 | -0518 +8:5 
Ie CURA a seis tame hus Apne 0:644 +9:0 
DO ROE Beatie ital eaten an yene 0815 +9°6 

The agreement between theory and experiment is as close as could 
be expected when we consider the want of purity in the liquids, and 
the uncertainty in regard to some of the data on which the calcula- 
tions are based.— Comptes Rendus, June 8, 1868. 
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XXXII. On Some Effects of a Chemically Clean Surface. 
By Cuarres Tomutnson, F.R.S.* 

ee supersaturated solutions of a number of salts contained 
in chemically clean vessels can be kept during along time 

without crystallizing, and even be reduced to temperatures much 
below the freezing-point of water, provided they are protected 
from the motes and dust of the air, and other chemically unclean 
bodies, which act as nuclei. For this purpose it is sufficient to close 
the mouths of the tubes and flasks with cotton-wool, which filters 
the air as it enters the vessel during the period of a rising baro- 
meter. When, however, the barometer falls, a portion of the 
air escapes from the tube, and carries with it some of the aqueous 
moleculesof thesolution; and the effect of this action often repeated 
is to lower the surface of the liquid and to deposit all along the 
width of the depression a crystalline crust of the salt. This 
crust is formed with singular facility in supersaturated solutions 
of magnesic sulphate; it may often be noticed in similar solu- 
tions of sodic sulphate, ammonia phosphate, and some others. 

Many persons will think it a remarkable fact that this erys- 
talline crust does not act as a nucleus to the solution itself when 
this is brought into contact with it. Nor does the solution dis- 
solve it, even though the tube be kept inclined for days together 
so as to immerse a portion of the crust. It cannot do so, since 
its high state of saturation has more than satisfied its solvent 
powers. I say more than satisfied, because the water contains 
a much larger quantity of salt than it can take up at the tem- 

rature of the air. 

* Communicated by the Author. 

Phil. Mag.8. 4. Vol. 36. No. 243. Oct. 1868. R 
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The reason why this crystalline crust does not act as a nucleus 
to the rest of the solution is, that, being chemically clean, there 
is perfect adhesion between it and the solution as a whole, and 
hence there can be no separation of the salt from the water of the 
solution. 

An objection to this theory has been put :—In ordinary crys- 
tallization, as in nursing a crystal of alum, are we not dealing 
with chemically clean surfaces ? 
My answer is a decided negative. The evaporating-dish that 

contains the solution is not chemically clean ; the solution itself, 
exposed as it is to the air, is not chemically clean; nor is the 
hair by which the crystal is suspended ; nor is the crystal itself, 
for this is frequently taken out and exposed to the air and 
handled, and abnormal growths chipped off with the thumb- 
nail. Under such conditions of chemical impurity the crystal 
acts as a powerful nucleus; and if the fresh crystalline deposits 
made upon it are chemically clean, they do not long remain so. 
A chemically clean octahedron of alum is transparent ; a nursed 
crystal is opake, (as I believe) in consequence of the multitude 
of minute crystals formed upon the impurities of the surfaces. 

The general opinion is that the most powerful nucleus for 
the crystallization of a saline solution is a crystal of the salt 
itself. It is nevertheless possible, with strict attention to che- 
mical purity, to introduce a crystal into a highly supersaturated 
solution of the same salt, and yet the crystal shall not act as a 
nucleus, the solution remaining perfectly liquid as before. 

For this purpose a solution of two parts by weight of mag- 
nesic sulphate and one of water was boiled and filtered into a flask 
made clean by means of strong sulphuric acid, and rinsing with 
water; the solution was again boiled in the second flask; and 
while steam was issuing from the neck, a short tube, suspended 
by a wire, full of crystals of magnesic sulphate (all previously 
dipped in sulphuric acid and rinsed with water), was held in the 
neck, and secured there by putting in the plug of cotton-wool at 
the same time that the spirit-lamp was removed. The flask was 
left to cool during about fifteen hours, and then, without dis- 
turbing the cotton-wool, the tube with the crystals was lowered 
into the solution: there was no crystallization ; and during forty 
hours, though the flask was shaken several times, the solution 
remained unchanged. 

A similar solution was filtered into clean tubes, which were 
closed with cotton-wool, and when nearly cold were put into 
strong sulphuric acid, covered with a receiver, and the air ex- 
hausted. In the course of twenty minutes a crystalline crust 
formed on the surface ; and this, during the shaking of the pump, 
fell to the bottom of the solution; but it did not induce crystal- 
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lization. After some hours the tubes were taken out, the cot- 
ton-wool removed, when the solution in one tube immediately 
became solid, and that in the other tube did the same the mo- 
ment it was touched with a bit of wire. 

I sent in a note of these experiments to the Royal Society by 
way of addendum to a paper “‘On Supersaturated Saline Solu- 
lutions” which [ had the honour of submitting to that body on 
the 28th of May last*. I also brought the substance of that 
note before the Chemical Section of the British Association at 
Norwich on the 20th ult. The subject excited some interest, 
and several gentlemen who spoke on the occasion called for a 
definition of a chemically clean, in contradistinction to a dirty 
surface, one gentleman quoting the adage that dirt is something 
in the wrong place. 

As a suggestion from any one of the distinguished obser- 
vers who spoke on this occasion must be highly prized by me, 
and as all of them seemed to think I had not sufficiently defined 
the basis of my theory, I adopt the course recommended by no 
less a man than Descartes—that is, not to. answer an objection at 
the time it is made, but to carry it home, consider it well, and 
then reply to it in writing. I therefore suspend for a short time 
the further prosecution of this subject m order to define more 
precisely what I mean by chemical purity, and to illustrate that 
definition by briefly recapitulating the work that has been done 
by means of chemically clean surfaces. The work that remains 
to be done seems to me to be as important as any that has 
yet been accomplished. There are several sets of phenomena at 
present wrapped up in vague molecular theories, which I am 
presumptious enough to think admit of simple explanation under 
the theory I am advocating. 

In the first place, what is a chemically clean surface ? 
A chemically clean surface is one that has on it no film or 

coating of any substance whatsoever foreign to its own compo- 
sition. As oxidation by the air, organic matter, and floating 
motes are the most usual forms of films, we might say loosely, 
that any substance which has been exposed for some time to the 
air is chemically unclean; but speaking strictly, a film of any 
foreign matter will render a surface unclean for some conditions 
or other in the experiments in hand. 

A chemically unclean surface, then, may be generally defined 
as anything that is exposed to the products of respiration or of 
combustion, or to the touch, or to the motes and dust of the 
air, and so becomes covered witha film more or less organic. So 

* Proceedings of the Royal Society, vol. xvi. p. 403. See also ‘ Che- 
mical News’ for July 3rd, 1868, and the Philosophical Magazine for Sep- 
tember 1868. 
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also any vessel or surface wiped with a cloth that has been ex- 
posed to the air is chemically unclean. In some cases bodies that 
have been exposed to the oxidizing influences of the air become 
chemically unclean. 

A good test of the chemical purity of the surface of water is 
afforded by camphor. If afew fragments be scraped from a fresh 
cut surface with the point of a knife, and be allowed to fall upon 
water, they rotate with amazing velocity, and sweep over the 
surface, if the water be chemically clean ; but if not, the frag- 
ments lie on the surface perfectly motionless. 

The morning of September Ist was sunny and bright and 
the air dry, conditions highly favourable to the camphor-mo- 
tions, which depend as much on evaporation as on solution. 
On this occasion I washed four shallow glasses, A, B, C, D, 
each 34 inches in diameter, with strong sulphuric acid, rinsed 
them out with water, and then filled them with water from the 
cistern-tap. Camphor was very active on all four surfaces. I 
now put my finger into A, my tongue into B. Fresh fragments 
were inert upon A, but as active as before upon B—showing that 
the finger was chemically unclean, and that the tongue was 
clean, or rather that, instead of depositing a film on the water, 
it absorbed water and any possibile film with it. The water was 
emptied from C, and the glass filled up from a so-called clean 
jug from the kitchen filled from the same tap that had been used 
for the glasses ; but the camphor fragments on C were motionless, 
showing that the jug had imparted a film to the water in C 
which prevented adhesion. The water from D was also thrown 
out and the glass rubbed and polished with a dry cloth. On 
again filling up the glass from the tap, the camphor fragments 
were motionless on the surface of the water, showing that the 
glass-cloth, commonly called clean, had imparted a film to the 
water. 

It will be seen from these experiments how easily a chemi- 
cally clean glass or a water-surface may become contaminated 
and rendered chemicaily unclean. In some cases mere expo- 
sure to the air during a few minutes is sufficient to convert 
a clean into an unclean surface, and to arrest processes which 
appear to be going on with great vigour. In other cases these 
very processes provide for and maintain the conditions of che- 
mical purity, as, for example, in the camphor-wheels and _cur- 
rents which I have elsewhere described ~ A stick of camphor, 
held by forceps, is lowered so as just to dip below the surface of 
water which has been very hghtly dusted with lycopodium 
powder. As soon as the camphor touches the surface, a clear 

* © Experimental Essays,’ published in Weale’s Series, p. 38, figs. 9, 10, 
and 11. 
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space of about two inches in diameter is formed as by a flash, 
arising from the production of a film of camphor, which, being 
instantly disposed of by solution and evaporation, makes way 
for another film, which disappears in like manner; and by this 
very process the surface is kept clean for further action. The 
solution travels on in lines corresponding with the faces of the 
stick of camphor, and as the lines reach the side of the glass 
they divide right and left, and are reflected inwards in curves, 
the effect of which is to form the lycopodium into pairs of re- 
volving wheels, the two members of each pair revolving in op- 
posite directions. I have had this effect in active operation 
during fifty hours, merely taking the precaution to lower the 
camphor as it became cut through at the surface of the water. 

Another remarkable continuous action is maintained by cam- 
phor in what I have named “camphor pulsations”*. If a stick 
of camphor be lowered into shallow water, contained in a flat 
glass dish 6 or 7 inches in diameter, so that the camphor may 
touch the bottom of the vessel, the water will be thrown into 
rapid pulsations. On a fine bright day I have counted as many 
as. 240 per minute; but the number rapidly declines to about 
80, and the pulsations may continue at that number during some 
hours. So regular is the beating, that on one occasion a medical 
friend who came in while the experiment was going on instinc- 
tively took out his watch and counted the beats, which he said 
were exactly like those of the pulse. The effect is, indeed, merely 
a case of capillarity: the water rises some way up the camphor 
and detaches a film, which spreads by the adhesion of the water- 
surface; while spreading, the water sinks about the camphor- 
stick ; but as soon as the film is disposed of by solution and eva- 

poration the water rises again, detaches another film, which is 
disposed of as before ; and thus the surface is kept clean for con- 
tinuing the action. As the water becomes more and more im- 
pregnated with the camphor, the action slackens; and as succes- 
sive films are detached all round the camphor-stick both above 
and below the level of the water, the action becomes more and 
more striking. 

Of course in all these experiments, if the finger or other che- 
mically unclean body be made to touch the water, the actions are 
brought to an end. 

But it has been said, during the last century and longer, that 
if, while the camphor is rotating, the surface of the water be 
touched with an oil or anything oily or greasy, the camphor 
motions are instantly and permanently arrested. This statement 
requires considerable limitations. I have already showny that 

* Chemical News for 1863, vol. vii. p. 37. 
+ Phil. Mag. for September 1863. 
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if turpentine and other essential oils be newly distilled, a film of 
any one of them on the surface of water does not arrest the mo- 
tions of the camphor; the fragments skate through the film and 
cut it up in all directions. Turpentine and similar oils by ex- 
posure or long keeping become oxidized; and such products 
of oxidation, being neither soluble nor volatile, form over the 
surface of the water a delicate but permanent network which pre- 
vents the adhesion of the camphor fragments. 

Creosote behaves in many respects like camphor on the sur- 
face of water. I described its motions some years ago*; but in 
order to observe them the surface of the water must be chemi- 
cally clean. If not, there is no adhesion, and the drop of creo- 
sote delivered to the surface from the end of a glass rod forms 
an inactive double-convex lens with well-defined edges. I have 
more recently shown} how strong is the adhesive force of creo- 
sote for the surface of clean water, as measured by its power of 
displacing the films of various oils, fixed as well as volatile, and 
of resuming its actiyity when it has been temporarily invaded by 
an essential-oil film. For example, a drop of castor-oil on water 
forms a beautiful cohesion-figure; but if a drop of creosote be 
placed by the side of it, the active creosote figure shuts up the 
oil figure into a lens and chases it about. When the creosote 
has disappeared, the oil flattens out into a large film covering 
nearly the whole surface. A second drop of creosote will plough 
through it, turning over and thickening the edges of the severed 
portions. The creosote will in like manner repel and cut up 
films of whale-oil, fish-oil, nut-oil, and several other fatty oils, 

' showing how superior is its adhesion to the water as compared 
with theirs. The effects of many of the essential oils also afford 
some remarkable illustrations of adhesion. While the creosote 
figure is in rapid vibration, sailmg about over the surface of 
the water, if this be touched with a drop of turpentine-oil, oil 
of cajeput, &c., the drop will flash into a film and cover the sur- 
face, suddenly arresting the motions of the creosote. Butas the 
oil-film becomes thinner by evaporation, the creosote starts into 
life and repels or cuts through what may be left of the oil-film. 
When the volatile oil has disappeared, a second drop will form a 
film that will again arrest the creosote; but as the film gets 
thinner, the creosote begins to show twitches at the edge, and 
suddenly it becomes active and begins to sail about. This re- 
markable effect may be repeated a number of times on the same 
water-surface before the creosote has entirely disappeared. 

In like manner a comparative Table of the adhesion of liquids 
to liquids may be formed by showing what films will displace 

* Phil. Mag. for August 1861. 
ft Ibid. for June 1867. 
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other films. For example, oleine of fish-oil will displace castor- 
oil, pale seal-oil will displace oil of nutmegs, and so on. 

In all these cases, although dealing with essential and fatty 
oils, strict attention must be paid to chemical purity. If the 
vessel or the water-surface be not chemically clean, the oils will 
form lenses and not films. But if clean, the oils, in being shut 
up or in moving about, leave no trails on the surface, and the 
creosote is as free and active in its motions asif no fatty oil were 
present. It is, in fact, a case of adhesion, in which the attraction 
between water and creosote is superior to that between water and 
the oils: even where an essential oil like turpentine arrests the 
motions of the creosote for a time, 1t does not displace the creo- 
sote; for this retains its hold on the water, and, when the adhe- 
sion of the oil-film has become weakened by evaporation &c., the 
creosote reassumes its rule over the whole surface. 

There are, however, some liquids which carry with them cer- 
tain purifying influences of their own, and impart them to the 
water and the vessel. Such are ether, absolute alcohol, wood- 
spirit, &c., which most readily form cohesion-figures, as noticed 
in my first paper on this subject*. There is also a phenomenon 
that may be noticed every time a glass of wine is drunk—known, 
I believe, as the “ weeping of the wine,” or “tears in the cup,” 
and may possiviy explain a passage in the Book of Proverbs (xxiu. 
31) as to when wine “ moveth itself aright”? in the cup. When 
a glass is filled with wine (the stronger the better), the alcohol 
and vinic ether make the glass chemically clean; a sip is taken 
and the glass one third or one half emptied. The part of the 
glass between the original level and the reduced level is com- 
pletely wetted by the wine, and there is a strong capillary action 
between the reduced level and the plate of liquid left on the glass. 
But the supply of liquid above the surface of the wine in the 
glass is kept up by a twofold action. In the spaces between 
the tears will be seen an ascending wavy current of liquid which 
rises (1) by the adhesive action of capillarity, (2) by the forma- 
tion of a back current in consequence of the downward flow of 
the tears, just as a backwater is formed at the place where two 
currents of a river meet; and this action, in the case of a glass 
of wine, will be rendered more apparent, in the same way as we 
see it in a river, if there are any specks or floating particles 
moving on the surface to show its direction. 

The motions of eugenic acid on the surface of watert form a 
kindred phenomenon on a horizontal plane, to the tears in the 
wine-glass on a vertical one. But in some cases tears are due 

* Phil. Mag. for October 1861. 
+ See Phil. Mag. for July 1864 (Suppl.). This experiment also requires 

a clean water-surface. 
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to the evaporation and condensation of the liquid in the glass. 
This effect may be well shown by putting a little pyrolig- 
neous ether or wood-spirit into a deep glass, covering it with 
areceiver and exhausting the air. Under these circumstances 
it readily boils, and the vapour condenses at various pots of 
the surface so as to form tears. The same effect may be 
shown by filling a long tube with spirits of wine, and then 
nearly emptying it, so as to clean the surface. If the tube be 
now fixed vertically and the flame of a spirit-lamp be applied 
below for a short time, tears will form during the cooling at dif- 
ferent heights above the liquid. If spirits of wine be poured 
into a glass and a portion be then turned out, tears will form, 
but not nearly so well as in the case of wine. A little ether 
added to the spirit improves the effect. The explanation in this 
case 1s the same as in that of wine. Ether alone, or bisul- 
phide of carbon alone, will not form tears, as the plate of liquid 
instantly evaporates. Benzole does not act well; naphtha acts 
tolerably well. 

I have noticed tears formed by a very strong solution of the 
sodic acetate (5 parts salt to 2 water), which was boiled at 
264° F., and filtered into a chemically clean flask, in which it was 
boiled again. It was then plugged with cotton-wool and left to 
cool. At about 90° the flask was put into water at 40°, and 
then into water at 82° containing snow. The glass above the 
solution now began to weep, the ascending and descending cur- 
rents being well marked on the chemically clean surface. 

The care bestowed by me upon chemically clean surfaces in 
studying the phenomena of supersaturated solutions seems to 
have greatly simplified what was a very complicated subject. 
Take the case of supersaturated gaseous solutions, such as soda- 
water, Seltzer-water, champagne, &c.* If any cne of these be 
poured into a chemically clean glass no bubbles of gas will form 
on the sides, because the adhesion between the sides and the 
solution is perfect, and the sides may be regarded as a continua- 
tion of the liquid itself. A clean glass rod placed in the liquid does 
nothing more than form new sides, as it were, to the vessel, and 
its effect is merely that of the sides. In such case the rod 
will form no bubbles around it, and hence it is “inactive,” 
because its adhesion 1s perfect. If dirty, the surface of the liquid 
surrounding it will be free; that is, there will be little or no adhe- 
sion between the water of the solution and the dirty surface ; but 
there will be an adhesion between the gas of the solution and the 
unclean surface, and hence there will be a liberation of gas. All 
bodies that have been exposed to the air or to the touch are che- 
mically unclean: they are covered with an organic film, as already 

# Phil. Mag. for August and September 1867. 
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noticed, and act as nuclei in liberating gas, because such film 
prevents the adhesion of water, but does not prevent the adhesion 
of gas. 

A precisely similar explanation may be applied to supersatu- 
rated saline solutions. In chemically clean vessels many of them 
may be preserved unchanged during a long time, and their very 
existence as supersaturated solutions depends in many cases on 
the absence of nuclei. Previous observers remark how sensitive 
some of these solutions are to cold; solutions that could be kept 
during the summer months begin to deposit crystals when the 
first touch of winter’s cold is felt. I have kept such solutions 
unchanged during winter, and have put them into freezing- 
mixtures at 20°, 10°, and even at O° F., and have frozen some 
of them without any separation of the salt. Previous observers 
are constantly referring to the supposed molecular changes un- 
dergone by the solution, or by the sides of the vessel containing 
it, when many of the results thus obtained are traceable to un- 
clean tubes and flasks and thermometers. It seems to me to be 
impossible to study fairly or with profit the phenomena of super- 
saturation without reference to chemically clean conditions ; and 
I believe the time is not far distant when such conditions will 
be considered essential in various chemical and physico-chemical 
inquiries. 

Take a case of clean as compared with unclean. Five parts of 
sodic acetate and one part of water were boiled, filtered, and 
boiled again at 240° F. in a flask containing a thermometer 
which passed through a plug of cotton with which the flask was 
closed when the lamp was removed. The solution was left in a 
cold room during twenty hours, and then placed in a freezing- 
mixture during some hours. The solution had been some time 
at 14°, when, the thermometer being gently lifted up without 
being taken from the flask, the solution ran off from the bulb 
like a thickish syrup. On touching the solution with a wire it 
immediately solidified, and the thermometer rose from 14° to 
104° F. 7 
Such a solution as is here described erystallizes.at 150° in an 

open evaporating-dish ; and yet by observing the conditions re- 
quired for chemical purity it may be cooled down to 14°, and 
probably to 0°, without crystallizing. It may be cooled at least 
140° below its point of crystallization and yet not crystallize, 
simply because there is no nucleus to start the action. In the 
open evaporating-dish, on the contrary, no sooner is the boiling 
solution in contact with the air than its surface becomes dotted 
here and there with some of the specks and filaments that are 
floating about. If these be watched, one or more of them will _ 
be seen to increase in size by the aggregation of saline particles 
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about it, and suddenly from this point fans of crystals begin to 
radiate. In the meantime the sides of the vessel are active in 
separating the saline molecules, and the more so in proportion 
to the absence of chemical purity. 

If the thermometer be taken out of the flask that contains a 
supersaturated solution and held in the air for a moment, it will 
catch some of the aérial motes, so that, on returning it to the so- 
lution, crystallization immediately sets in. 

Air is not a nucleus ; for it may be drawn through or shaken 
up with a highly supersaturated solution without any separation 
of the salt. The “mysterious action of the air,” that several 
observers refer to, resolves itself into this,—that it acts the part 
of a carrier of some unclean mote or speck of dust which is the 
real nucleus. It had been noticed that supersaturated solutions 
can be kept longer in the liquid state in narrow-necked vessels - 
han in wide ones; and the reason is obvious: the floating nuclei 
have a less chance of entering a narrow than a wide aperture. 
But even in such a case the locality of the experiment is of im- 
portance. Ifa flask containing a supersaturated saline solution 
be opened in a room, the solution will most likely crystallize the 
moment it 1s opened; but if taken intoa field in the country, it 
may be kept for hours uncovered without crystallizing. LHven 
so sensitive a solution as that of sodic sulphate I have kept 
in an open flask in the garden of my house without its erystal- 
lizing. 

It is to my present purpose to notice in this place a fact com- 
municated to me by Mr. Wentworth Scott after the reading of 
my paper at the last Meeting of the British Association, namely, 
that, on crystallizing saline solutions on a large scale in chemical 
manufactories (chlorate of barium for example), the workmen 
sometimes stretch clean white strings across the large enamelled 
vessels into which the solution is to be poured; and they find, 
practically, that the strings act best as nuclei when they draw 
them through their hands, “ which,’ as my informant remarked, 
“are not particularly clean.” 

I might here introduce a number of facts respecting the boil- 
ing of water in vessels of different material, and the action of 
solid fragments in preventing jumping ebullition; but the sub- 
ject is so extensive that I have included all I have to say respect- 
ing it in a separate memoir. | may merely mention here what 
is, I believe, a matter of common experience, that in introducing 
fragments of platinum, glass, &e. into retorts to prevent bump- 
ing, the fragments soon cease to be of any use. ‘The reason is 
that they become chemically clean, and the liquid adheres to 
them with as much force as to the sides of the retort. 

Dr. Faraday’s experiment of firing the mixed gases by means 
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of clean platinum-foil is one of a large class of facts which also 
require special treatment. 

There is a curious example of the production of chemically 
clean lines on the surface of glass by the discharge of a Leyden 
jar ; a square of window-glass, four inches to the side, that has 
been exposed to the air so as to contract the organic film so often 
referred to, or dipped into a strong aqueous solution of soap and 
rubbed dry with a cloth so as to leave an invisible film of soap 
on the surface, will answer the purpose. If such a pane be pre- 
sented to the knob of a charged Leyden jar (not a large one) and 
the discharging rod be placed with one knob on the outer coat- 
ing and the other on the glass pane, the discharge will be made 
first on the glass next the knob of the jar, and it will pass round 
the edge and so get to the discharging rod. On holding the 
elass up to the light no electrical effect will be seen; but on 
breathing upon the glass, a remarkable tree-like figure will be 
traced out by the breath condensing in liquid lines wherever the 
electricity has burnt away the film and left the glass chemically 
clean, whereas on other parts of the glass, not touched by the 
discharge and where the glass is not clean, the breath will be 
deposited in minute beads of dew*. 

{ have already pointed out in this Journal} that the texture 
of dew depends greatly on the condition of the surface which 
receives it as to chemical purity. If chemically clean bottles, 
containing water and air or some gas, be placed near the window, 
we do not get deposits of dew, but weeping tears trickling down 
over sheets of water and leaving no furrows. In the article in 
the English Cyclopeedia just referred to, [ wind up with the fol- 
lowing ‘remarks :—“It is curious to notice the various modes in 
which the breath condenses on the glass plates, according to the 
temperature of the air and the amount of humidity or dryness, 
the tension of the electricity, and the state of health of the 
experimentalist. During the warm humid weather which oc- 
curred on certain days at the end of May and the beginning of 
June 1859, it was almost impossible to produce these hghtning- 
figures. Then, again, in breathing on the plates a quantity of 
organic matter is deposited, which varies with the kind of food, 
the time that it has been taken, and the state of health of the 
individual. The breath, moreover, is differently deposited when 
projected by different individuals. The state of the breath is 
known to have a considerable influence in photography, and it 

* J have named these figures “ Lightning-figures:” see Edinb. New Phil. 
Journal for October 186] and January 1862. See also the article “ Breath- 
figures’ in the English Cyclopedia, Arts and Sciences division, vol. i. 
col. 313. See also letter to the ‘ Times’ newspaper, September 10, 1866. 

+ Phil. Mag. for May 1863. 
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has been noticed in other arts. In an old French treatise on 
enamel-printing (Dict. des Arts et Métiers, Lyons, 1801) the 
artist is cautioned not to let any one approach his work who has 
been eating garlic or taking mercurial medicines.” 

Variations in the amount of adhesive force, and distinctions be- 
tween chemically clean and unclean surfaces, are constantly 
being met with on the great scale of nature. Water does not 
adhere to an oily or greasy surface; but air does so abundantly ; 
and it seems necessary that 1t should do so in order to carry on 
the fermenting processes by which offensive organic matter is 
got rid of. For an opposite reason, salt will adhere to fatty 
matter, and so prevent those chemical changes which produce 
fermentation. It is seldom that we get perfect adhesion be- 
tween water and a natural organic solid; mere exposure to the 
air prevents it more or less from retaining a chemically clean 
surface, even if it had one on its first appearance, as in the case 
of the young leaf or blade of grass. If the surface were chemi- 
eally clean, the rain and the dew would completely wet it, eva- 
poration would be more difficult, and there would be danger, 
from frequent soaking, of organic injury and even decay. But, 
in consequence of imperfect adhesion, and the presence also of a 
downy, powdery, oily, varnished, or rough irregular structure in 
foliage and flowers, and in the natural coverings of animals, the 
moisture forms in globules, which refresh the plant &c. while 
they remain, but are quickly dispersed by the wind or the heat 
of the sun. Inorganic matter, on the contrary, is rendered 
more or less chemically clean by every shower, and is more or 
less completely wetted; so that the roots of plants, or those 
parts which require most moisture, obtain it by a simple varia- 
tion in the adhesive force of the constituents of the soil for water 
as compared with the living structures that grow out of it. The 
roots also are more readily wetted than the foliage or parts ex- 
posed to the air. 

It is highly probable that all healthy animal and vegetable se- 
cretions are chemically clean, as well as the surfaces that secrete 
them. I have found that camphor will spin upon two or three 
such fluids when perfectly fresh ; but they almost immediately 
change by exposure to the air, and then the camphor fragments 
are inactive. 

There are various modes of obtaming chemically clean sur- 
faces in flasks and other apparatus. Washing out with strong 
sulphuric acid, or with a strong solution of caustic potash, or 
with spirits of wine, and then rinsing with water, is generally 
sufficient. Soda-water poured into a test-glass thus prepared 
will not part with a smgle bubble of gas to the sides. -When 
flasks are cleaned for highly saturated solutions of salts which 
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are to be heated or boiled again, it is well to rmse out the flask 
in which the solution is to be kept fluid with the acid of the 
salt, such as a little strong acetic acid for an acetate, nitric 
acid for a nitrate, and so on. For ammoniacal salts, a little 
solution of ammonia should be used. In this way, not only 
is the surface cleaned in the best manner, but any loss of 
acid or of ammonia during the heating is compensated. The 
flame of a spirit-lamp may often be used in cleaning such sur- 

_ faces as those of platinum wire and foil, or of a glass rod, &e. 

Highgate, N. 
September 3, 1868. 

XXXII. On Rhodium. By R. Bunsen*, 
[ With a Plate. | 

i working platinum ores on a manufacturing-scale, three 
products are obtained, which are principally used for the 

preparation of the other metals occurring along with age 
These are :— 

(1) The residues which remain after extracting the ores with 
aqua regia; they are rich in osmium and iridium, and are there- 
fore especially fitted for the preparation of these metals. 

(2) Osmium-iridium, which is obtained from these first residues 
by lixiviation, and which serves best for the preparation of ru- 
thenium. 

(3) The residues of the mother-liquors, which have been re- 
duced by iron from the aqua-regia solution from which the pla- 
tinum has been removed; being especially rich in palladium 
and rhodium, they are most conveniently used for obtaining 
these metals. 

The following investigation was made with a material of this 
kind, which was supplied to me with the utmost lberality from 
the Imperial Mint in Petersburg. A kilogramme was used for 
each operation. ‘These Petersburg residues contain all the pla- 
tinum-metals with the exception of osmium, and are especially 
interesting owing to the large quantity of rhodium they contain. 
Claus, who worked on this subject, has endeavoured, if not to 
eliminate, at any rate to diminish the great difficulties incident 
to their preparation. The method he adopted, however, is ex- 
tremely tedious, and scarcely practicable without sacrificing a 
great part of the valuable platinum-metals which accompany 
rhodium. In separating rhodium from iridium he used Wol- 
laston’s original process, which is based on the solubility, in 
chloride of ammonium, of the ammonium and potassium double 

* Translated from Liebig’s dnnalen, June 1868. 
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salts of sesquichloride of rhodium. ‘The circumstance that, as 
I have found, the bichloride of potassium and iridium is dissolved 
toa considerable extent by a solution of sal-ammoniac, or chloride 
of potassium saturated with rhodium-salt, must excite a reason- 
able doubt whether the metal thus prepared, and which has 
hitherto been regarded as the purest rhodium, and to which 
Claus, like Berzelius, assigned the atomic weight 52, does not 
contain considerable quantities of iridium. Hence it seemed ne- 
cessary to forsake the old way and attempt a more exact method, 
so as to settle the doubts which the various and frequently dis- 
cordant statements about rhodium still leave. 

1. Separation of Platinum and Palladium. 

The separation from platinum and palladium of rhodium, iri- 
dium, and ruthenium, which are insoluble in aqua regia, by di- 
gestion with this mixture, does not succeed with the residues i in 
question ; for a considerable portion of the latter metals is pre- 
sent partly in a finely divided state, partly in the form of hy- 
drated sesquioxides, and consequently is dissolved m large 
quantities with the former metals—apart from the circumstance 
that the residue is filtered with extreme difficulty. But it is easy 
to extract platinum and palladium almost completely from the 
other metals by mixing the original material with one-third to 
one-half its weight of sal-ammoniac and heating the mixture 
gently ina Hessian crucible until the sal-ammoniac is completely 
volatilized and only vapours of chloride of iron are seen; the 
residue is then heated im a large porcelain dish with two to three 
times its weight of crude commercial nitric acid, and evaporated 
to the consistence of syrup. By ignition with sal-ammoniac, the 
metals not belonging to the platinum group are partially con- 
verted into ahleneess ; iridium, rhodium, and ruthenium are 
rendered insoluble, and the gelatinous silica present in the 
original material transformed into a pulverulent condition, so 
that it can be readily filtered. The chlorides formed from the 
sal-ammoniac yield, when digested with nitric acid, just as much 
hydrochloric acid as is sufficient for dissolving the platimum as 
bichloride ; at the same time the copper and iron present reduce 
the palladium dissolved in nitric acid to such an-extent that it is 
contained in the solution, not as bichloride, but as monochloride, 
which is not precipitated by chloride of potassium. Hence the 
mass, after treatment with nitric acid, need only be digested with 
water, filtered, and saturated with chloride of potassium, to ob- 
tain at once the greater part of the platinum as very pure bright 
yellow potassiochloride of platinum. This 1s washed with chlo- 
ride of potassium and then with spirit, and the latter must not 
be mixed with the solution. The platinum precipitate weighed 
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62 grammes. The filtrate is introduced into a large stoppered 
flask, which must not be more than half full; if chlorine is passed 
into the flask which is shaken from time to time until no more 
absorption of the gas in the space above the liquid ensues, all 
the palladium is separated as a vermilion-red precipitate con- 
sisting of bichloride of palladium and potassium contaminated 
by platinum and some rhodium and iridium, This weighed 
157 grammes. The liquid from which these precipitates are 
obtained is evaporated with hydrochloric acid not quite to dry- 
ness. On the addition of as much water as was necessary, by 
rubbing with a pestle, just to dissolve the chloride of potassium 
and the other soluble salts, a dirty chamois-yellow precipitate 
was left; this was separated by filtration, boiled for a short time 
with soda-lye and a few drops of alcohol, then mixed with hy- 
drochloric acid until the precipitate at first formed was redis- 
solved. After saturating the filtered solution with chloride of 
potassium, 13°5 grammes of chemically pure bichloride of plati- 
num and potassium were obtained. The mother-liquor from 
which all these metals were separated, when tested with zinc and 
hydrochloric acid, indicated the presence of copper, but no pla- 
tinum-metals. The separation of the vermilion-red palladium 
precipitate was effected as follows :—It was dissolved in boiling 
water, by which part of the bichloride of palladium was reduced 
to protochloride with disengagement of chlorme. After evapo- 
rating the solution with 60 grammes of oxalic acid and redissol- 
ving it in solution of chloride of potassium, 42 grammes of bi- 
chloride of platinum and potassium remained, which were yellow, 
and almost completely free from foreign admixtures. The wash- 
ing was effected as before. The brown filtered liquid, which was 
somewhat evaporated in the water-bath, deposited on cooling 19 
grammes of large and very beautifully formed transparent pea- 
green crystals of protochloride of palladium and potassium, which 
contained an admixture of chloride of potassium, but were found, 
on testing, to be free from other platinum-metals. 

The liquid poured off from these crystals, carefully neutralized 
with soda, gave a slight precipitate of sesquioxide of iron and 
oxide of copper, which was removed. On the addition of iodide 
of potassium in the cold, all the palladium was separated as iodide. 
As iodide of palladium is soluble in iodide of potassium, an excess 
of the precipitant must be carefully avoided. This is readily 
effected if from time to time a little drop is taken from the outer 
edge of the liquid by means of a capillary tube*: as long as the 
precipitation is not complete, the drops brought against a white 
ground appear brown; when the precipitation is just complete, 

* By this little device almost every constituent of a liquid which gives 
an insoluble precipitate may be volumetrically determined in a short time. 
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they are colourless ; the least excess of iodide of palladium makes 
them appear wine-red. 77 grammes of iodide of palladium were 
obtained. 
A specimen of the precipitate left on ignition pure metallic 

palladium, which dissolved readily and completely im nitric acid. 
The whole of the iodine used in the precipitation may be readily 
obtained in the form of chemically pure hydriodiec acid, and be 
used for fresh precipitations. For this purpose the iodide is in- 
troduced into a tubulated retort, the neck of which is drawn out 
and bent down at right angles, and 1s fitted into a flask close over a 
layer of water. Into the tubulure is fitted a glass tube bound round 
with asbestos and cemented by gypsum, through which a slow 
current of hydrogen passes from a Dobereiner’s apparatus to the | 
iodide placed on the bottom of the retort. The retort is heated 
in a magnesia-bath (to be afterwards described) so strongly that 
almost only hydriodic acid and very little free hydrogen emerges 
from the drawn-out end. As the metal thus reduced retains 
very small particles of subiodide of palladium with great persist- 
ence, which render it partially imsoluble in nitric acid, it must 
be strongly heated once more m a current of hydrogen. 

The mother-liquor of this vermilion precipitate, which has 
thus been worked up for platinum and palladium, may still con- 
tain rhodium and iridium. It is evaporatéd to dryness with a 
little iodide of potassium, whereby a mixture of iodide of rhodium 
and iodide of iridium is separated ; this is dissolved in aqua regia, 
and is separated by bisulphite of soda, as will afterwards be de- 
scribed—or, still better, is mixed with the material to be after- 
wards worked by this process. 

2. Separation of Ruthenium, and parting of Iridium and Rhodium. 

The residue, after treating with nitric acid a kilogramme of 
material, weighed 04 kilogramme. The platinum-metals had 
to be extracted in a form suitable for further operations. Hess’s 
method of extraction by fusion with zinc alone is very imperfect, 
and attended with considerable loss. The following method, 
which depends on the deportment of zine and chloride of zine, 
is, I think, preferable to all others previously used. 

If a small piece of zinc be melted in a porcelain crucible over 
a lamp, we know that it becomes covered with a coating of oxide. 
If iridium or any of the platium-metals be added, this coating 
of oxide prevents any contact of the metal with the fused zine, 
even if the metal be dipped in; but if a few grains of sal-am- 
moniae be thrown on the fused zinc, ammonia, hydrogen, and 
chloride.of zine are formed, and the latter at once dissolves the 
layer of oxide with the formation of basic chloride, The zinc at 
the same time closely resembles pure mercury in its lustre and 
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mobility, and in the readiness with which the small globules 
coalesce to larger ones. When the chloride has taken up as 
much of the oxide as it can, the layer of oxide reappears; but by 
being again sprinkled with sal-ammoniac this disappears. The 
fused zinc strewed with sal-ammoniac has another property in 
common with mercury—that of instantaneously adhering to 
many other metals, and, in case they form alloys with zine, of 
rapidly dissolving them. When the sal-ammoniac is strewed on 
the surface, the chloride of zinc bubbles up, in consequence of the 
ammonia and hydrogen liberated by the zinc. Several oxides 
and chlorides, especially those of the platmum-metals, on coming 
into this layer of chloride, which is kept in rapid agitation by 
reducing gases, are reduced and rapidly dissolved by the zine. 
On this reaction a very simple process is based of quantitatively 
separating platinum-metals from all substances which are neither 
reduced nor dissolved by zinc. If, for instance, osmium-iridium 
is immersed in the layer of chloride of zine, in a few minutes it 
is completely dissolved by the zinc regulus at a temperature not 
much above that of the fusing-point of zinc, especially if the 
porcelain crucible, which is being heated by a Bunsen’s burner, 
is kept for a few minutes in rotation. The gangue mixed with 
the grains of osmium-iridium is left in the basic chloride of zine. 
If the regulus, after it has just solidified, be lifted out of the still 
liquid layer of chloride of zinc, and if together with the contents 
of the crucible it be rinsed in a porcelain dish with acetic acid 
just sufficient to dissolve the basic chloride, the gangue can be 
separated by filtration and quantitatively determined. In this 
operation the crucible is not in the least attacked; but if the 
regulus be not removed immediately after solidifying, the cru- 
cible is generally broken in cooling, owing to the unequal con- 
traction of the metal and of the porcelain. When the operation 
is properly conducted, there is no trace of metallic globules m 
the slag. In order that the experiment may be made at as low 
a temperature as possible below the boiling-point of chloride of 
zinc, the alloy of zinc formed must not be too difficultly fusible, 
which is attained by having from twenty to thirty parts of zinc 
to one of the platinum-metals to be expected. 

For the extraction of platinum residues which have been pre- 
viously exhausted with nitric acid this method 1s admirably suited. 
By one fusion for two or three hours all the platinum-metals 
were extracted to the last trace. The details of the process are 
as follows:—From 8 to 3°5 kilogrammes of commercial zinc 
waste are fused in a Hessian crucible holding 2 litres, sal- 
ammoniac being occasionally added; the residue, weighing 0-4 
kilog., which has previously been gently ignited with sal-am- 
moniac, is projected into it, and the mixture kept for two to 

Phil. Mag. 8. 4. Vol. 86. No. 243. Oct. 1868. S 
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three hours at a temperature not much above the melting- 
point of the alloy to be formed, while from time to time, as - 
the mass becomes too viscous, some dry sal-ammoniac is thrown 
upon it. The contents of the cooled crucible consist of three 
layers: the higher one, which is readily removed by the blow 
of a hammer, contains no platmum-metals; the second one 
(which is inconsiderable in quantity) contains a few porous diffi- 
cultly fusible crumbs of‘an alloy of zinc and platinum-metals 
imbedded in the slag of chloride of zinc; the bottom one con- 
sists of what is often a very beautifully crystallized regulus. 
The second layer is coarsely powdered, softened with water, and 
the metallic crumbs separated by levigation and united with the 
principal one. To free this as much as possible from all adherent 
and enclosed impurities, it is once more fused with 0:5 kilog. of 
zinc, sal-ammoniac being added, granulated inwater, and dissolved 
in hot fuming hydrochloric acid, which takes place with violent 
disengagement of gas, and scarcely requires half an hour. The 
chloride of zinc is used for the next operation. The platimum- 
metals, which settle as a heavy powder like metallic gold, may be 
washed by decantation without loss in the course of a few minutes. 
They are not pure, but contain considerable quantities of lead, 
copper, and iron, with traces of zinc, arising from the zinc as well 
as the platinum-metals used. They cannot be separated by 
means of nitric acid or of aqua regia ; for a considerable portion of 
the platinum-metals dissolves up, while another is converted into 
insoluble oxides which are filtered and washed with difficulty. 
But, curiously enough, the platinum-metals may be almost com- 
pletely freed from those impurities by digestion with hydrochloric 
acid. Not merely iron and zinc, but also fead and copper are 
thereby easily dissolved with disengagement of hydrogen. This is 
due to the electric current which is set up from the positive 
metals of the precipitate to the negative platinum-metals through 
the hydrochloric acid, by which electrolytic hydrogen is libe- 
rated on the platinum-metals, while the positive metals combine 
with the liberated chlorine. This reaction may be easily recog- 
nized by adding a few drops of solution of iridium to hydro- 
chloric acid in which is a strip of copper, and which is heated 
to 100° C. The disengagement of hydrogen and solution of 
the copper commence as soon as it begins to be covered with 
iridium. The solubility of many metals is increased under 
these circumstances to a remarkable extent, as indicated by the 
following experiments made with moderately concentrated hydro- 
chloric acid. The second column gives the volume of hydrogen 
which the same surface of the metals of the first column disen- 
gages alone, in twenty minutes, at a temperature of 100° C 
The third column gives the quantities of hydrogen which are 
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given off under the same circumstances after the addition of 
potassiochloride of iridium. 

I. II. ERE. 

Palladium +. «2 « 0:0 ee 
Bppes is wait tian is: (OO 18:4: 
eaten rates 6. i le) Bore 58:0 
INicisel® aid Loar FOS 242°4. 
PEt eeeber. tse es) 4° BOO §20:0 
Cadmium ..: 9°] 1040:0 

The metallic mass separated from the zinc regulus, and alter- 
nately digested with hydrochloric acid and water, forms a fine 
dusty black powder, and, together with some admixed grains of 
sand arising from the crucible, weighed 65 grms*. It has the 
property of softly exploding with the appearance of fire when 
gently heated. The ignited and cooled powder, when brought 
in contact with cold unexploded powder, at once explodes the 
latter. If the explosion 1s effected by heating in an hermeti- 
cally closed tube, either exhausted or filled with carbonic acid, 
neither hydrogen, nor chlorine, nor nitrogen, nor oxygen, nor 
aqueous vapour is liberated. From the method of preparation, 
these are the only bodies which could be present absorbed or in 
combination ; it must therefore be assumed that all, or part, of 
the metals separated from the zinc are in a peculiar allotropic 
condition, which by heating, or by contact with non-allotropic 
metals, is got rid of with development of heat. The black powder 
which exhibits these explosive properties consists essentially of 
rhodium and iridium, with more or less considerable quantities 
of the platinum-metals originally present, as well as traces of 
lead, copper, iron, and zinc. 

It is most intimately mixed with three to four times its 
weight of finely powdered perfectly dehydrated chloride of barium, 
and heated in a current of chlorine at a temperature which effects 
no disengagement of the gas. 

The apparatus used for this purpose was arranged as follows. 
In the sheet-copper capsules, c, c, Plate II., provided with slides, 
d, and of which five or six could be arranged in a series, flasks 
of from 160 to 250 cubic centims. capacity were placed half 
full of the above mixture, and surrounded on all sides by ignited 
magnesia. Hach flask is provided with a double-bored caout- 
choue stopper, ee, and with two glass tubes; one of these tubes, 
through which the gas enters, passes to the bottom of the 
flask, the other, by which the gas emerges to enter the next 
flask, terminates just below the cork. The glass tubes are con- 
nected by india-rubber tubes, and are provided with bulbs 

* A kilogramme of residues from other parts of the Petersburg stocks 
gave more than 120 grammes of this powder. 

S82 
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for the reception of any moisture that may pass over. In the 
flask a chlorine is disengaged, and is dried by passing through 
sulphuric acid in 0 ; after passing through the series of flasks, 
it terminates in the chlorine-condenser, f, which 1s filled with 
wood-charcoal and solid hydrate of lime. Under each copper 
capsule is a single burner with a good draught, or, what is 
better, a three-jet Bunsen’s burner. When all atmospheric air 
is expelled, all the burners are lit, and a brisk, but not violent, 
disengagement of chlorine is kept up for about three hours. 
The chlorine is at first so completely absorbed, that no bubble of 
gas escapes from the tube leading into the condenser when it 
dips under water. The successive action in the individual flasks 
is manifested by a deposition of perchloride of iron in the neck, 
and may be considered finished when this sublimate has about 
the same amount and appearance in each. On taking the appa- 
ratus to pieces, there is found in the flasks (the necks are cleaned 
from perchloride by bibulous paper) a dark rusty-brown mass not 
much agglomerated, which dissolves on the addition of water 
with great disengagement of heat. In six of the flasks, which 
may be used six or eight times for the same purpose, 100 to 120 
grms. of platinum-metals may be attacked at once. The residue 
which remained unattacked weighed 13°7 grms., and after reduc- 
tion with hydrogen 11:4. grms. By means of zine, 4°5 grms. pla- 
tinum-metals was extracted, which were insoluble in nitric acid, 
and which contained all the ruthenium present in the original 
material. Hence, of 65 grms. of platinum-metals in three 
hours, and by means of four ordinary non-luminous three-jet 
burners, 57 grms., or 93 per cent., was attacked by a current 
of chlorine, in the production of which 415 grms. pyrolusite of 
of 85 per cent. was dissolved in hydrochloric acid. 

The mass attacked by chloride of barium and dissolved in 
water contains, besides rhodium and iridium, chiefly copper, 
lead, iron, zinc, and small quantities of the other platmum-me- 
tals. The liquid is boiled, and the baryta removed by means of 
sulphuric acid. If specimens are taken by means of a capillary 
tube from the edge of the heated liquid in the manner mentioned 
under palladium, in a few minutes, by alternate addition of sul- 
phuric acid and chloride of barium, any excess, either of barium 
or of acid, may be removed to within a hundred-thousandth of 
the entire saline mass. 

In order to obtain the platinum-metals free from any impuri- 
ties present in the solution, they are precipitated by hydrogen. 
For this purpose about a litre of the liquid is brought into a flask 
of twice the capacity, boiled for a time, and, after removing the 
Jamp, the aqueous vapour is displaced by a rapid current of hy- 
drogen; for this purpose it enters from a Dobereiner’s apparatus 
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through a tube just projecting below a perforated cork, and 
emerges through a delivery-tube which is just over the layer of 
liquid. When the air has been completely expelled the exit- 
tube is closed, and the flask filled with hydrogen is connected, 
by means of a piece of thick caoutchouc tubing, with the Do- 
bereiner’s apparatus for the whole duration of the reduction. 
The temperature of the flask is kept Just below 100° C. by placing 
it in a large iron pot which is heated by a small flame day and 
night. A water-bath at a constant level is better. The re- 
duction begins at once, and is completed in five or six days if 
the quantity of metal amounts to about 100 grms. The first 
deposit consists principally of platinum and palladium ; in the 
succeeding one rhodium preponderates; and the last parts are par-~ 
ticularly rich im iridium. It is best to stop the reduction as soon 
as the liquid has assumed a greenish-yellow colour. The last 
traces of iridium which it still contains are obtained by evapo- 
rating the contents of the flask, igniting them with carbonate of 
soda, and afterwards exhausting the fused mass with aqua regia, 
so as afterwards to add them to another operation with chloride 
of barium. The reduction may be still more accelerated, if the 
liberated hydrochloric acid is removed from time to time by 
evaporation, care being taken to displace each time the hydrogen 
by aqueous vapour or carbonic acid before allowing air to enter, 
so as to avoid dangerous explosions. The palladium-metals se- 
parated consist of lustrous spangles, foil, and dendrites. Pla- 
tinum and palladium are extracted by aqua regia, and, after 
treatment with soda, separated by chloride of potassium and 
iodide of potassium in the manner indicated above. The mother- 
liquor still contains some rhodium and traces of iridium, which 
are precipitated as iodide by repeated boiling with solution of 
iodide of potassium. These are dissolved in aqua regia and 
added to the subsequent separation of these metals. 

The metals thus treated with aqua regia, and partially oxi- 
dized, are reduced by hydrogen at a temperature just below red- 
ness, and again converted into chlorides by being treated with 
chloride of barium in a current of chlorine. Iffrom the solution 
of these metals the last traces of platinum and palladium are 
also removed by boiling with soda, and precipitation with chlo- 
ride and iodide of potassium, there only remains the separation 
of iridium and rhodium. For this purpose the reddish-brown 
liquid is evaporated with hydrochloric acid, filtered, mixed with a 
great excess of bisulphite of soda, and left to stand in the cold for 
several days. Rhodium slowly deposits as an amorphous lemon- 
yellow soda double sulphite, while the solution becomes yellow 
and finally decolorized. With this change of colour, the rhodium 
precipitate also becomes brighter. The precipitate, well washed 
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out with water, contains the rhodium almost entirely free from 
all impurities. If the solution be warmed on the water-bath in 
a loosely stoppered flask, a fresh precipitate is formed, which is 
yellowish white and consists mainly of the above- mentioned 
rhodium-salf mixed with a greater or less quantity of the corre- 
sponding iridium salt. If, after filtering off this precipitate, the 
filtrate be evaporated to a small volume, two precipitates are 
formed: one is floceulent and of a yellowish white, which con- 
tains almost exclusively iridium with small traces of rhodium ; 
the other consists of heavy crystalline scales which speedily fall 
to the bottom. This latter may be readily separated by washing 
and decantation ; it weighed 16 grms. Whether this salt, which 
in general behaves like an iridium compound, contains a new 
metal I shall afterwards attempt to decide. The precipitates 
produced by sulphite of soda in the cold and on warming weighed, 
excluding that 16 grms., altogether 99°5 grms. In the mother- 
liquor, after adding hydrochloric acid and partial evaporation 
with zine, traces only of platinum-metals could be detected. 

The complete separation of iridium from rhodium is readily 
effected by merely treating the yellow precipitates with concen- 
trated sulphuric acid. The precipitate is added in small por- 
tions to concentrated sulphuric acid, heated in a platinum cru- 
cible until sulphurous acid is disengaged, and the crucible heated 
in a sand-bath until all free sulphuric acid is volatilized and bi- 
sulphate of soda has been formed. On boiling out the contents 
with water, iridium is dissolved out as a sulphate with a deep 
chrome-green colour, while sulphate of rhodium is left im combi- 
nation with sulphate of soda asa flesh-coloured double salt. It 
rapidly settles as a heavy powder, which must be boiled out with 
water and aquaregia, and washed by decantation. WhenI come to 
the determination of the atomic weight of rhodium, I shall dwell 
more fully on the constitution of this remarkable double salt, 
which is insoluble in hydrochloric or nitric acid or in aqua regia, 
can be heated to 250° without any change, and on ignition de- 
composes into metallic rhodium and sulphate of soda. The 
total quantity of this double salt obtained from a kilogramme 
of material amounted to 33°2 grms. 

The first precipitates obtained by sulphite of soda in the cold 
ylelded the rhodium almost entirely pure when treated in this 
way; the subsequent precipitates are very rich in iridium, and 
yield rhodium which is far purer than that prepared by previous 
processes, but not quite free from iridium. Hence these products 
obtained by sulphuric acid, which are not yet quite pure, and 
are recognized by their brownish tint, are collected, the rhodium 
separated by ignition, and the metal obtained heated once more 
with chloride of barium in a current of chlorine to purify it a 
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second time by the method already described. The green solu- 
tion free from rhodium, but containing all the iridium, is freed 
from sulphuric acid by heating it, first in a platinum dish over 
the open fire, and then at a gradually increasing temperature in 
a porcelain crucible in a sand-bath; the porcelain crucible with its 
contents is finally strongly heated in a charcoal fire, by which 
neutral sulphate of soda and sesquioxide of iridium are formed. 
The latter remains as a black powder, after boiling out the 
fused mass, and is easily washed by decantation. It weighed 
9°1 grms. 

According to these experiments, there were thus obtained 
from a kilogramme of residue :— 

. orms. 
Chloride of potassium and platinum . . 117°5 
Hodidesot palladium) 256 os) ale 04.0 
Chloride of potassium and palladium. . 19°0 
Sulphate of rhodic oxide and soda. . . 33:2 
SesquioxtCerOmintGinamy | A ous i We (a), ou ee 
Iridium containing ruthenium . . . . 49 

The whole of the mother-liquors and residues from these pre- 
parations gave, when tested by zinc, inconsiderable traces only of 
platinum-metals. 

In a subsequent memoir { shall recur to the constitution of 
the new compounds on which the method described is based, as 
well as to the atomic weight and properties of the chemically 
pure metal and some of its compounds. I will merely remark 
that working up 5 or 6 kilogrammes of crude material requires 
very little time, especially if all the filtrations are effected by a 
method which I introduced some time ago into my labora- 
tory, and which consists in filtering in ordinary glass funnels 
with ordinary filter-paper under the pressure of a column of 
water of 25 to 30 feet. This pressure is produced by means of 
a water air-pump, on Sprengel’s principle, which works day and 
night with a jet of water scarcely as thick as a straw, when by 
simply opening a tap it is connected with the water supply of 
the laboratory. The length of time required for washing preci- 
pitates is diminished to + or 1, especially in quantitative work, 
and the quantity of wash-water required is not more than from 
qo to 1; immediately after filterimg, the paper can be removed 
(even from gelatinous precipitates) like the skin of a boiled potato, 
so clean and completely, that the same filter may be used a second 
time ; and the precipitates are obtained in such a form that they 
may be directly ignited without any further drying. 

A minute description of this method, which, as regards cer- 
tainty, precision, and rapidity, brings analysis by weight very 
near volumetric methods, I must defer to another communication. 



[ 264 J 

XXXIV. Note on the Resolution of Algebraic Equations. 
By Tuomas P. Kirkman, .A., F.R.S.* 

HE function %, of my communication in the preceding 
Number is needlessly complex. If H, be any asymmetric 

function of the n+ 1 variables a, 2,,..., %,, which is invariable 
by the cyclical permutation of all those variables, and which con- 
sequently receives all its values, suppose [In values, by the per- 
mutations of z,, #,,..., 2n—1,£n, and if I’, denote the group ot 7 
cyclical permutations of the first r of 1, 2, 3,..., ”, the remain- 
ing n—r being undisturbed, and if 

P,Ai=Hi+H2+He+ ...+b=Ji 
ee the m values of H; made by the substitutions of T,, then I say 
that 

pay Way Ags) Oy) Ws WDA Ee DADDIES? 
is a rational and symmetrical function of #,, x,,...,%n, Whatever 
be the positive integers B,y, 6,...,v, &,a,%. Here, as before, 
the exponent over I’, is intended to be written over the sum of 7 
values made by its substitutions. This theorem is sufficiently 
proved in my paper of last month, and can be made further evi- 
dent thus. 

If P=G+G,+G6,+ ...+Gn 

be any group consisting of a group G of any order followed by 
m—1 derivates of G, and if @ be any substitution of P, the ope- 
ration OP can change nothing in the right member except the 
order of the terms G, G,,..., Gn. If (P) be any rational function 
invariable by the substitutions of the group P, we can write it 

(P) =(G) + (G,) + (G,) +... + (Gn), 
where (G,) is the value of (G) which is formed on G,. It 
follows that if (P), denote the sum of the zth powers of the m+ 1 
values (G,), we have 

(P),=(G)'+ (G,)'+(G,)'+ ... + (Gn) 
a function invariable by the substitutions of the group P. ‘For 
as the operation @(P) can do nothing more than change the 
order of the m+1 functions (G,), and as the substitution which 
changes (G,,) into (G,,) will change 

(G,)(G,,) into (G;,) (G,,.), (Gz) (Ga)(G,) ito: (G;,)(G7) (G7, bese 

the operation @(P), can make no algebraic change in the right 
member of (P),; that is, 

{(G)'+(G)'+(G,)"+ -.. + (Gn) P= (Pe 
* Communicated by the Author. 
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whatever be the integers 7 and /, is invariable by the substitu- 
tions of the group P. 

Now the function 

Tt=(It+,J)'=Ké 
is invariable by the substitutions of the group I',; and as 

PH=P3;P,=P,+ P+ ho=G+G, + Go, 
the function 

Py 05 J7=(Ki+ .Ki+ Ki) =L 
is invariable by the six substitutions of the group [',I,, what- 
ever be the integers v, &, a,7. Again, writing G=I'T,, 

P= —G-+-G,+G,--G,; 
whence 

| De VsViJi= (Ly +,Lf +,L¢+h)*=Me 
is a function invariable by the twenty-four substitutions of 
P— rt. Precisely m the same way, writne IP, P,=G, 
we prove that N*, the Ath power of the sum of five values of M?, 
is invariable by the IL5 substitutions of P=P51,0,1,, and 
finally we see that 

>= 

is invariable by the [In substitutions of 

ee, 6G, apts oon, Beles 

Hence the sum of @th powers 2g 1s a rational and symme- 
trical funetion of the » variables z,, %,, %, ... »@n 3 the sum 
of yth powers Z, is the issuing root. Us, } of a given equa- 
tion of the nth degree; the sum of oth powers Y, is the issuing 
root {Y,} of a given equation of the degree n— a . the sum 

of vth powers M, is the issuing root {M,} ofa tee quintic ; 
the sum of &th powers L, is the root {L,} of a given quartic 
obtained by using v=], v=2, v=3, v=4; the sum of ath 

powers K, is the issuing root {K,} of a given cubic, obtained by 

using £=1,€=2, F=3; the sum of ith powers J; is the issuing 
root {J;} of a given quadratic, got by using a=1 and a=2; 
and from {Jj}, using n values of z, we obtain, by solving a given 
equation of the nth degree, the required expression 

dete elec one: sHelit 

of H,, H,,..., H,, as irrational functions symmetrical in the 
n Pe ables De 2, Divs Laphcrer 5 Ghee 

This restatement and proof of the theorem of my former paper 
is, I believe, all true, and in part, 1 hope, new. The application 
that I made of it to the solution of equations of the (n+1)th 
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degree, if n> 3, is, alas! allnew and not true. My friend Pro- 
fessor Harley has shown to me that the irrationals {H,'.. . 4H,} 

are not symmetrical functions of then + 1 variables 2,2 1,z,,..., ae 
although the values of H, are invariable by their cyclical permu- 
tation. I hope the scientific reader will pardon the nonsense of 
the latter part of my preceding communication, and I wish that 
he may live to confess, like myself, that his mathematical powers 
are the worse for wear. 

P.S.—Let me venture one word more. All that is required 
for the solution of @=O of the (n+1)th degree, is the trans- 
formation of H,, H,,..., H, in the expression for 2 in my pre- 
ceding paper, into symmetrical functions of the n+1 variables 
xa. By writing Hf instead of Jj in Xg first above written, we 
can obtain, by solution of a given quadratic, {H,' instead of 
{J;' and we can write this 

H= fol 
showing that a is transformed into an irrational symmetric in 
the n variables Sx —&. But the Hn values of H, are obtain- 
able by the permutations of any m of the n+1 ereiblee- We 
have got {,H,! by permuting all but x, which is undisturbed in 
the above process. We can repeat the process, permuting the 
n, YL—2X,, x, being now undisturbed. The result will be 

H,= 4,H,}, 

an irrational symmetric in the n roots Sa—a,. In the same 
way we can transform H, into the irrational {,H,!, symmetric 
in the m roots 2#—a. And thus we transform H, into $,H,t, 
symmetric in the n roots 2v—w,, whatever r may be obtaining 
the n+1 results 

y= {oH,}, H,= {,H,}, H,= {H,},...H,={,H,}. 

From these it follows that 

Hit" = {olla} {14)} {oH} {oH}... {8} = [Aa, 
which is symmetrical in all the n+1 roots 2#; and 

1 

H,=(H,)5 
is the required transformation of the rational asymmetric H, 
into an irrational symmetric in all the roots, and therefore : 
function of the coefficients of O =O. 

If the reader will assist me so to handle the ambiguities of the 
implicated surds that we may be quite sure of all this (and if we 
can do it with H, we can do it with all the x H’s in the expres- 
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sion for %)), then, after enjoying his laugh at my battle with 
the demonstrated impossibilities, he may come to think that we 
have beaten them after all. 

The n groups of [In which we use for the irrationals 
{,H,}... {,H,} are obtained from that which gives {,H,} by 
the cyclical permutations of xvw,...2,, and complete with it 
the whole group of II(n+1). Then-+1 tactical values of {)H,}, 
being numerically equal, depend on a binomial (n + 1)tie. 

XXXV. On the Capillary Constants of Solid Bodies. 
By Professor G. QuincKx®. 

oa phenomena presented by liquids in contact with capil- 
lary surfaces may either be referred to so-called molecular 

forces (that is, to attractive forces which the smallest particles of 
the bodies exert on each other at infinitely small distances), or 
they may be deduced from a tension which the surface of a liquid 
exerts like a stretched membrane, and which has the same value 
over the entire surface if the liquid is bounded by the same body. 

Though the first point of view may be better suited for the 
accurate mathematical treatment to which it has been subjected 
by Laplacet and Poisson{—to whom Gauss may perhaps be 
added, for his treatment § combines both points of view—yet the 
second has the advantage of introducing a definite physical idea 
instead of the unknown molecular forces or molecular functions. 
With its aid Young'||, by developing Séguin’s# theory, has found 
the three fundamental principles of capillarity. MM. Hagen** 
and Plateauy++ have more recently repeatedly called attention to 
the tension of the surfaces of liquids ; and the experiments of the 
latter [{, as well as those of Van der Mensbrugghe §§, on thin 
liquid membranes are especially suited for demonstrating this 
tension in the surface of liquids. 

Young |||| first showed that the attractive forces exerted between 

* Translated from the Berliner Berichte, February 1868. 
+ Mécanique Celeste, vol. iv. p. 389 (1805). 
{ Nouvelle Théorie de l’ Action Capillaire, 1831. 
§ Principia Generalia Theorie Figure Fluidarum in statu Atquilibrii, 

1830. 
|| Phil. Trans. 1804. Lecture on Natural Philosophy, vol. ii. p. 649. 
€| Comment. Soc. Gott. vol. 1. p. 301 (1751). 
** Abh. der Berl. Akad. 1845 & 1846. 
tt Mém. de Acad. de Belgique, vel. xxxui. (186]). Phil. Mag. S. 4. 

vol. xx. p. 286. 
tf Ibid. vols. xvi., xxill., XXX., XXXI., XXXill., xxxvi. (1842-66). 
§§ Bull. de PAcad. Roy. de Belgique, vol. xxii. No. 11 (1866), vol. xxiii. 

No. 5 (1867). Phil. Mag. vol. xxxui. p. 270, and vol. xxxiv. p. 192. 
\|\| Miscellaneous Works, vol. i. pp. 455 et seq. & p.463 (1816). 
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the particles of a liquid produce an increase in the density on 
the surface of a liquid, and at the same time a tension on the 
free surface where it is bounded by a vacuum. He has then 
extended these considerations to the other surfaces of a liquid, 
which are bounded by other liquids or solids, and has shown 
that here also, for all points of tue same limiting surface, there 
must be a constant tension, which, however, is smaller than at 
the free surface of the liquid. 

On account of his extraordinary conciseness he is frequently 
obscure; and he has changed in the course of years ; for from 
time to time he assigns the difference in the deportment of 
various substances solely to their different density. 

But, from whatever point of view we start, we are always led 
to the conclusion that the phenomena of capillarity must occur 
not only with liquids but also with solids, provided they are not 
absolutely rigid but permit a displacement of their smallest particles. 
The author was originally led to this principle by the observation 
that fused substances, such as cement or glass, which when soft 
could form a surface of equilibrium, exhibit an unusual stability ; 
and it seems in fact that a series of surprising phenomena may be 
unconstrainedly explained by assuming a tension on the surface 
of solids, whether they have a free surface (that is, bounded by 
air), or a surface in common with some other solid or liquid. 

If the free surface of a solid is the same as that of a liquid 
upon which the same external forces act, its free surface must 
have a definite tenacity, measured by the pull exerted upon the 
unit of surface. 

It must therefore be possible to express the tenacity of round 
metal wires by two numbers, the first of which is proportional to 
the section, and the second to the periphery of the wire. As the 
author was about to make experiments as to the validity of this 
law, his attention was drawn to a memoir by Karmarsch, which 
appears but httle known*. Karmarsch, by numerous experi- 
ments on the tenacity of metal wires, arrived at exactly the same 
law which the author, without knowing those experiments, had 
deduced by theoretical calculations. 

Karmarsch expresses the tenacity of metal wires thus, . 

F=4D?46D;> 007). 
where D is the diameter of the wire, and a and 8 are constants. 
The validity of this expression has been demonstrated in wires of 
gold, steel, iron, German silver, silver, brass, copper, platinum, 
and zine from the most various sources, and in both annealed and 
unannealed condition. The difference between the observed 
tenacities and those which can be calculated from the values 

* Mittheilungen des gew. Ver. fiir Hannover, 1858, pp. 138-155. 
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found for a and } does not, with individual exceptions, exceed a 
few per cent., which may be considered surprising when the 
possible sources of error are taken into account, and we remember 
the difficulty of obtaiming constant results for similar determi- 
nations in the case of liquids. 

As the formula holds for annealed wires, the author does not 
think with Karmarsch that the metal is first condensed on the 
surface by the pressure in the draw-plate and its texture advan- 
tageously altered. Jt does not follow thence that the increase in 
the density of the metal necessitates an increase of those con- 
stants a and b. On the contrary, the theory says that this in- 
crease must be greater for 6 than for a, in accordance with ex- 
periment. 

Karmarsch gives the thickness of wires in millimetres, the 
tenacity in pounds. Taking fas the tenacity m grammes for 
wires of the diameter 7 in millimetres, or 

f=22ar 4+ brr?, 
we have 

b 4, 
= = — 5 = e e ° 2 a= 500, B=a— 500; . (2) 

and the values of the constants « and @ are then easily deduced 
from the values of a and 6 given by Karmarsch. The following 
Table gives some values of «, where « is the constant of capil- 
larity of solid metals at ordinary temperature (15°), and mea- 
sures the pull exerted upon 1 millim. of surface. The numbers 
inay be readily compared with the ordinary capillarity-constants 
of liquids, which are usually given in milligrammes. (Vide fort- 
schritte der Physik, 1863, vol. xix. pp. 68-74.) 

Capillarity-constants of solid Metals. 
Hard-drawn. Annealed. 

gr. er. 
One een Hie LOL 1592 
mlatmum =... 3d020 2388 
Copper ray 01-5 coos 
NIVEL BM eed Comte ee OOO 478 
GOlditan ieey aey a lOOe 478 
PAIN Cas teal se ea OE 

Steelitemn atsgene |, OOO5 955 
Ei oentaninwele -) OOS 1114 
SUVer ere at a OO 2547 
Gold (14: carats) . 3661 2228 
Brass (wire) . . 2547 1751 
Brass (string)... 1751 637 

The values thus found are very great if compared with the 
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constants for liquids like water (0-008 gr.) ormercury(#=0:055 er.), 
Yet, as Laplace has shown, these constants must increase with 
the square of the density if the function of attraction remains the 
same; and it is even possible that they experience a sudden in- 
crease near the change of condition, just as the density or the 
electrical conductivity suddenly changes. Experinient has also 
shown that, as the temperature of water and other liquids sinks, 
the constant increases. The author has observed the same fact 
in the case of mercury, in opposition to the statement of M. 
Frankenheim*. 

Near their melting-points the capillarity-constants have com- 
parable values, as will presently be shown. Hence metals with 
a high melting-point, apart from other differences, must indicate 
a high value for ordinary temperatures, as is seen from the 
above Table. 

As a layer of liquid near the surface acts like a stretched mem- 
brane, the surface must offer to external impressions a resistance 
which is greater the greater the capillarity-constant. Hence the 
metals must be ranged according to the value of «in the same 
order as that of their hardness. Karmarsch’s experiments7, 
in fact, as well as those of Calvert and Johnson{, on the hard- 
ness of metals, give values in accordance with this relation which 
agree as well as can be expected in such determinations. 

It might be thought that wires of the same section with a 
larger surface must exhibit greater tenacity. The author has 
made experiments in this direction with round and flattened 
silver and copper wires, and he has found that the tenacity with 
a flattened wire is almost the sameas in the case of a round wire 
of the same section and the same material. It must at the same 
time be remembered that in flattening, not merely the density 
but the continuity of the surface is altered, as microscopic inspec- 
tion shows, and the wire acquires cracks hike flattened dough. 
Moreover the surface of such a flattened wire is not a surface of 
equilibrium, and other forces (the difficult displaceability of the 
particles) prevent the formation of the surface of equilibrium 
towards which the capillary forces tend. In the different parts 
of the surface there will be different tension. As, moreover, the 
section of the flattened wire is very irregular, a more accurate 
calculation would only afford interest in case we could make 
experiments between drawn wires having an elliptical and those 
having a circular section. 

Gold and silver leaf have not a continuous surface, but are per- 

* Poge. Ann. vol. lxxv. p. 26. 
+ Mit. des gew. Vereins fiir Hannover, 1858, p. 178. 
t Ibid. p. 175, taken from the Memoirs of the Literary and Philoso- 

phical Society of Manchester. 
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forated by holes; otherwise the tenacity of a piece of gold leaf 
must be greater than experiment shows to be the case. If we 
take care that these holes are wanting, or are present in small 
quantity, the tenacity is very great. The author has deposited 
thin layers of platinum, silver, or gold upon plane glass surfaces, 
and is astounded at the tenacity possessed by layers of 0:01 mil- 
lim. thickness. A suitably formed piece of steel planes regular 
shavings in sucha layer. Copper deposited upon the silver layer 
gives, together withthe silver, a very firm membrane. On tear- 
ing from the glass, the side turned towards the glass is convex, 
the other is concave. The author thinks it probable that it is 
chiefly the tension on the free metallic surface (which, according 
to theory, must be greater than at the limit of glass) that pro- 
duces this curvature. Hence a metal with a high capillarity- 
constant, like platinum, does not adhere to glass surfaces when 
it is deposited upon them in the cold, but acquires cracks and 
peels off. It is only after the tension on the surface has been 
diminished by strong heating that the metal adheres more firmly. 
If by the pressure of polishing the density and therewith the 
capillary tension of the metallic surface are increased, metallic 
layers become detached from the glass, which would otherwise 
adhere firmly. Measurements of the tenacity of such thin layers 
were not made by the author, owing to the difficulty of fastening 
and loading them. 

If thin metallic laminz like gold leaf be raised to a higher 
temperature, by which the mobility of the individual particles is 
increased, they curve in consequence of the superficial tension 
(just as liquid drops form from a thin layer of liquid), and the 
pores of the thin metallic lamine become larger. This explains 
the phenomena observed by Faraday in thin metallic lamine*. 

The principle adduced above, that in the common surface of 
two solids there is a capillary tension, renders it possible to 
foresee the explanation of a few other known but hitherto unex- 
plained phenomena. 

Two plates adhere more firmly the thinner the layer of liquid 
between them. In like manner, two solids stick the more closely 
the thinner the layer of cement or glue between them. 

The tenacity of damask steel or rolled iron depends on the 
circumstance that in the manufacture care is taken to produce a 
great capillary-surface—the junction of heterogeneous substances. 
Different kinds of iron are packed over each cther and joined 
by rolling and welding; it is not improbable that they remain 
separated by an extremely thin layer of oxide or of slag. Heated 
afresh between each welding, the soft masses may arrange their 

* Phil. Trans. 1847, p. 145. Faraday, ‘ Experimental Researches,’ 
vol. iv. pp. 401 e¢ seq. 
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common surface in such a manner that the capillary tension on 
them is constant and attains the maximum value which is pos- 
sible for the common limiting surface of the two bodies. 

If this arrangement be changed, by the force of ecrystalliza- 
tion for instance, the fibrous structure changes into a crystal- 
line one, and the solidity must become much smaller. 

In drawing wire, hollow cylinders of metal of differing density 
glide over each other. The heat developed by the drawing con- 
tributes to render the metal particles more readily displaced, so 
that on the common surface of two such hollow cylinders the 
capillary tension is a maximum. ‘The tenacity of hard-drawn 
wires must be greater than that of annealed ones. In physical 
mixtures of heterogeneous substances (alloys, steel) wire-drawing 
must favour the formation of capillary surfaces more even than 
in the case of homogeneous metals; so that in these the decrease 
of the capillarity-constant is most marked. All this agrees with 
observation. 
The great tenacity of bodies which are built up of thin systems of 

tubes, like bones, the tenacity of organic substances which consist 
of individual cells with large capillary surface, are explained by this 
capillary tension. If these solids have been originally formed 
from soft masses, on their solidifying there has been a constant 
tension in the entire capillary surface as great as was possible 
under the given circumstances. The changes which this tension 
of the surface subsequently undergoes in consequence of altera- 
tions in temperature or of the form of the surface, will in general 
be small in comparison with the whole value on solidification. 

The alteration in the measures used for geodetic purposes, 
which have recently been demonstrated by M. Beyer*, may 
partially arise from the usual prismatic form, which agrees so 
little with a surface of equilibrium. In spheres, solid as well 
as hollow, there is little reason to apprehend changes of this kind. 

The difficulty of assuming forces near the surface of solids 
which depend on the form of the surface, in oppositien to tradi- 
tional ideas, is not in fact so great as might at first sight appear. 
Displacements of the molecules of what are called solids have 
long been known. The plasticity of ice+, the phenomena of re- 
gelation {, the experiments of M. Tresca on the efflux of solids §, 
the different deportment of the same substance according as it is 
in the crystalline or the colloid condition, indicate a more or 
less prominent community of properties in solids and liquids. 

A rigidly theoretical treatment of the capillary phenomena of 
solids is rendered more difficult by the circumstance that the 

* Berliner Monatsberichte, 1867, p. 1. 
+ Forbes, Phil. Trans. 1846, p.143. Tyndall, Phil. Trans. 1857, p. 327. 
{ Faraday, Phil. Mag. vol. xvii. p. 162 (1859), vol. xxi. p. 146. 
§ Comptes Rendus, vol. lix. p. 754 (1864); vol. lx. pp. 398 & 1226 (1865). 
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surfaces are not surfaces of equilibrium, as in the case of liquids, 
that therefore, as in these too, we are ignorant of the nature of 
the molecular forces and the distance at which they act. 

For this reason the author has directed his attention for the 
present to actual liquids, and has endeavoured to determine the 
capillarity-constants of fused bodies, especiaily metals, of which 
hitherto little was known. His expectation, that the capillarity- 
constants of metals near their solidifymg-point must have com- 
parable values, he has found confirmed. From the nature of the 
case these determinations must be considered not more than 
approximations to the true value, and indicate greater discrepan- 
cies than is the case with the determinations of liquids at ordi- 
nary temperature, like water, mercury, alcohol, &e. 

The noble metals, in the form of vertical wires, were melted in 
a flame at as low a temperature as possible, until the suspended 
drop fell. Neglecting the small quantity of fused metal adhering 
to the thin wire, the weight P of the drop is the greatest weight 
which the fused vertical mass can support, or 

ceo arise Men eeNt Vatiiyck 4 9h arte ee (@) 
where 2r is the diameter of the wire in millimetres, # the capil- 
larity of the fused metal. 

In the same manner were heated glass threads which had been 
drawn out of the same glass rod at the blowpipe-table. 

The flame used was generally a small coal-gas one, of 10 mil- 
lims. height and 3 millims. diameter. Only in the case of pla- 
tinum was a current of oxygen passed into this flame from an 
ordinary blowpipe. Special experiments with gold wires showed 
that flames at high temperature give drops which are compara- 
tively smaller only because the highest layer of the surface of the 
drop touches solid metal, and must therefore be near the fusing- 
point of the metal. In thick wires the influence of the high 
temperature of the flame.must have least play, and hence these 
give in general the highest values of the constants «. In this 
arrangement of the experiment the author thought the highest 
values of @ to be the most trustworthy. 

The following are measurements on a series of platinum wires 
in confirmation of the relation expressed by equation (3) :— 

Phil. Mag. 8. 4. Vol. 36. No. 2438. Oct. 1868. 

Diameter of the Weight of the Capillarity- 
wire. drop. constant, 
7A ‘ a. 

millim. er. mer. 
0:5675 0:2912 163 
0:°3689 0°2055 177-4 
0°1921 0:0996 165°1 
0:0993 00530 169°8 
0:0767 0:04.10 169°9 

169:04: 
T 
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The other metals dropped out of a glass funnel which termi- 
nated below in a vertical tube of the diameter 27 in the clear. 
The magnitude of the drop is then also determined by equa- 
tion (3) ; yet it is far more difficult to obtain concordant results 
than by the above method, even if the velocity of efflux of the 
fused metal (which determines the size of the drop) is made as 
small as possible. 

The capillarity-constants of fused metals « thus determined 
are collated in the following Table, and, as a comparison, the 
values found for mercury* and water+ are added. The values 
of « are given in milligrammes. The constant a, by which 
Poisson designated the height to which a liquid rises against a 
vertical side that it moistens, may be calculated by the aid of the 
equation 

im which o is the specific gravity of the metal in question as 
compared with water. 

Capillarity- Fusing- 
constant. point. 

a. 

mer. a 
Platimumy P08). 69:04: > 1600 
Goldie sk anOO 1200 
CD ina ess io OW OES 230 
ead Sia ele eon ee (Oe y) 330 
Mercury: ti) ccna ooo — 40 
SilVierae aie eer) OZ: 1000 

Glassy iia eel OeO9 (1100 ?) 
Water: (esigauwc wine 8 O 

XXXVI. On certain Silicie Acids and the Anhydrous Mineral 
Srlicates. By J. Emerson Reynoups, Member of the Royal 
College of Physicians, Keeper of the Minerals and Analyst to 
the Royal Dublin Society f. 

HE recent changes which have taken place in the modes of 
viewing chemical reactions and the constitution and me- 

tamorphoses of the products of our laboratories, have hitherto 
exercised but little influence upon the study of mineralogy. 
Efforts have been made, as will presently appear, to replace the 
old equivalent formule of minerals by the atomic notation now 

* Pogg. Ann. vol. cv. p. 33 (1858). 
+ Forischritte der Physik, vol. xxxi. (1867) p. 107. 
{~ Communicated by the Author. 
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generally employed in expressing chemical changes. But little 
attention has hitherto been given to these attempts to bring 
mineral chemistry into accordance with other branches of the 
science. This indifference may have resulted, on the one 
hand, from a dislike to alter conventional modes of expression, 
and on the other from the consciousness that the new formule 
were less simple, though perhaps more accurate, than those written 
according to the old plan. Whatever the causes may have been, 
the fact is that few use the “new system” in writing the formule 
of minerals. That a change is most desirable I think few will 
deny; the question really is how such can be advantageously 
effected. ‘The adaptation of the old formule of the mineral 
oxides, hydrates, sulphates, carbonates, phosphates, sulphides, 
arsenides, &c. to those of the new system is a very easy matter. 
But the alteration in the case of the silicates 1s very considerable ; 
and since these bodies constitute nearly two-thirds of the solid 
crust of the globe, it is of great importance that any formule by 
which their composition may be represented should be capable 
of exhibiting the natural relations of individuals. 

We have already had the advantage of ascertaining the views 
of Dr. Odling * on this subject, of Dr. Frankland+, Mr.Wattst, 
M. Adolphe Wurtz§, M. Naquet||, and others; but it must be 
confessed that we have not yet arrived at a satisfactory mode of 
expressing the constitution of the silicates, notwithstanding the 
amount of ingenuity and chemical ability which has been brought 
to bear upon the question. 

Professor Dana, with his usual care and the clear appreciation 
of scientific truth which marks his works, has entered largely 
into the subject of the unitary formule of minerals in the new 
edition of his ‘ Descriptive Mineralogy, just issued from the 
press. In most cases he gives the formule of minerals on both 
systems; but in writing those of the silicates he departs to some 
extent from the ordinary rules even of the new system, and adopts 
the notation proposed by him in his recent papers on the sub- 
ject4]. Whether the change is an advantageous one or the reverse 
remains to be decided; but since the new formule, as given by 

* Philosophical Magazine, 1857. 
+ Lecture Notes, 1866, pp. 97 & 175. 
{ Watts’s ‘Dictionary of Chemistry,’ 1863, especially vol. v. pp. 240-263. 
§ Modern Chemical Philosophy. The valuable translation of this work 

by Mr. William Crookes, F.R.S. 1867, p. 157. 
|| Principles of Chemistry: founded on modern theories, translated by 

W. Cortis: 1868, p.135. In Naquet’s work, only the hydric silicates are 
treated of; but these are regarded as types of the native metallic silicates ; 
hence the views of this chemist on the constitution of most of the latter 
salts can be inferred from his statements in reference to the former bodies, 
q American Journal of Science, vol. xliv. pp. 145, 252, 398. 

T 2 
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Dana, do not appear to contrast favourably as regards simplicity 
with the older ones, I venture to bring forward some views which 
I have long held on the symbolic notation for the anhydrous si- 
licates and on some points in their constitution. These views 
were expressed in substance at one of the meetings of the Royal 
Geological Society of Ireland last session ; and the present junc- 
ture seems a favourable one for discussing them and exhibiting 
some advantages derivable in practice from their application. 

In the following observations it will be understood that the 
new atomic weights for the elements are those employed, unless 
otherwise specified. 

It is usual at the present time to represent the silicates as 
constructed on the type of water; thus the normal* hydrate of 
Si0? is 

os 4 
is FOS the type being nf Oo: 

A normal silicate is therefore 

Re rs and a metasilicate a O%. 

This, as we all know, is the genera! plan adopted by modern che- 
mists for expressing the composition of these salts, variously 
modified, however, by each author to suit his idea of the mode of 
representing the constitution of the molecule. Thus Odling or 
Wurtz would represent Willemite as 

OA! 

0 
O 3 

O Zn" 

Frankland, Si ZnO*”; and Dana, Si||Q*|| Zn?. 
On ordinary grounds there can be no objection to the use of 

the formule just given; but practically they all have the very 
serious defect of hiding the ‘‘ oxygen ratio” of the compound, 
and we shall see presently that this defect 1s exaggerated as 
we ascend in the series. It is difficult to understand how 
mineralogists can do without the aid which this ratio affords in 
the determination of species; and it appears to me to be of the 
utmost importance for the interests of practical mineralogy, that 
any formule now employed should be capable of exhibiting the 
above ratio as clearly as those written in the old way did. I 
am well aware that in order to do this it would appear to be ne- 
cessary to surrender typical formulz altogether; but it will be 

; Fat yO%s Neamey, Soe 

* In the following pages I have adopted, for the sake of harmony, the 
nomenelature and order of description of the silicates which Professor Dana 
employs in the new edition of his ‘ Mineralogy.” Dana calls the normal 
salt a wnisilicate, and the second compound a disilicate. 
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presently seen that no such sacrifice is really needed. I have 
little doubt that if a reasonable compromise could be effected, the 
transition from the notation of the old to that of the new system 
would become so easy that many mineralogists might be induced 
to adopt the latter who are now opposed tothe change. I hope 
to show presently that this may be done in a satisfactory manner. 

It might be objected that the exhibition of the oxygen ratio of 
a Silicate by a formula is not an accurate statement of fact—that 
the oxygen acts merely in binding together the acidific and basic 
elements of the compound, and that the amount of oxygen em- 
ployed in this way can be only measured by the atomicities of 
the principal constituents of the salt. To this it might be fairly 
replied that but little is real/y known of the function of the oxygen 
contained in a silicate; and though the above statements may 
be true, all the decompositions with which the mineralogist is 
acquainted lead him to the general conclusion that each atom of 
silicon (=28) in a silicate has two of the atoms of oxygen more 
intimately associated with it than the next one. As a striking 
example of such a decomposition, we might instance the direct 
liberation of SiO? on fusion of an anhydrous silicate with the 
residue of the ignition of microcosmic salt. It appears to me to 
be quite as reasonable to separate the oxygen of a silicate into 
two sections in accordance with such a decomposition, as to di- 
vide the oxygen into portions according as part may be supposed 
to bind together the molecular edifice, and the residue not to be 
so engaged*. In the absence of distinct proof to the contrary, 
the utility of the former course would appear to render its adop- 
tion preferable. 

Accepting SiO? (Si =28) instead of SiO? (Si =21) for silica 
as the constitution of that body, which has been established 
beyond a doubt by the recent admirable researches of MM. 

Friedel and Craftst+, I take, in a restricted sense, the view now 
generally admitted by chemists, viz. that silicic anhydride is 
capable of almost indefinite polymeric modification; that is to 
say, we may have not only Si0%, but Si?O*, Si® O° Sit O08, 
&e., all being simple multiples of the primary Si0?. The 
chief evidence in favour of this theory is afforded by the com- 
position of some of the silicic hydrates, the constitution of 
which can only be satisfactorily explained on the above view. 

* Tt is necessary to state distinctly here, that in taking this view of the 
matter I in no way seek to represent that the molecule, in its normal state, 
is made up of a metallic oxide and silica according to the plan of Berze- 
linus; and it will be seen that I guard against such an idea in the construc- 
tion of the formule adopted, which shows the mutual dependence of the 
elements constituting a compound. 
+ Ann. de Chim. et de Phys. (4) vol. ix. p. 5. 
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In addition to this, a simple explanation is also afforded of the 
causes of the great variation in the characters of silica, whether 
obtained native or prepared artificially. I would further suggest 
that the recent researches of M. Debray* on the phospho-molybdie 
acids bear very strongly upon the same point. But very recently 
some particularly well-defined and crystallized compounds of 
phosphoric and molybdic acids have been discovered by M. De- 
bray, the composition of which shows that molybdic acid is 
capable of undergoing an amount of molecular condensation of 
which we had previously no conception. This is best illustrated 
by the formule of the silver-salts of two of these phospho- 
molybdic acids. The old notation is that employed by the 
author. 

(1) 7AgO, (PO®, 20 MoO?) +24HO, 

2AgO, (PO°, 20Mo00?)+ 7HO. 

(2) 6AgQ, (2P0°, 1OMo0O?) +14H0. 

It would thus appear that we have not only MoO, but at least 
two other polymers of this—Mo? O!° and Mo” 0%. It is well 
worthy of remark that the first of these two bodies can be ob- 
tained only from alkalime solutions, and the second only from 
acid liquids, and one modification can be speedily changed into 
the other by simply realizing either condition. Tungstic acid 
has been found to possess similar power of atomic condensation. 

Molybdic, tungstic, and silicic anhydrides and acids are well 
known to present many chemical analogies; the proof of this 
power of condensation in the cases of molybdic and tungstic 
acids, combined with our previous knowledge of the silicic hy- 
drates and of silica itself, warrants us in attributing the same 
power to silicic acid, more particularly when we shall find the 
composition of the silicates and their relations to be easily exph- 
cable on such a view. In reality, however, this is nothing more 
than the adaptation of one of the well-known principles of organic 
chemistry relating to the condensation of radicals—the mode of 
generation of compounds of this order being thus precisely stated 
by M. Wurtz+ to be “ based on the one hand upon the principle 
of the accumulation of polyatomic radicals, and on the other hand 
upon the successive dehydration which may be undergone by hy- 
drates containing polyatomic radicals.” 

The plan upon which I construct the formula of the silicates 
is as follows :—Instead of writing a unisilicate or a bisilicate 

he POF and Re }O? with Odling or Wurtz, 

* Chemical News, vol. xvi. p. 183. 
+ Crookes’s translation of Wurtz’s ‘Modern Chemical Philosophy.’ 
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OR Ql 

a 2a oie 5740 R with Naquet, 

Si || 04]| R¢ and SiO || 02|) R2 with Dana, 
I employ the following form, constructed, as will be readily seen, 
on a mnouried water-type, 

or 

ia es oe aban Hé and H2“o* = He A and H2<0O, nxe ON WA 
1:1 and 1: 2 being the oxygen ratios. 

The use of this construction enables me to avoid the anomaly 
already referred to. This plan is also adopted in order to show 
the mutual dependence of the elements constituting the mole- 
cule of a silicate, the mode in which it is capable of breaking up 
under the influence of certain reagents, and the oxygen ratio of 
the compound, and, further, for the purpose of clearly exhibiting 
the relations of the salt of a condensed acid to its analogues 
amongst the lower terms of the series. It appears to me that 
these advantages are gained by the above construction, without 
involving our acceptance of any particular theory as to the abso- 
lute structure of the molecule. 

In adopting this plan in the cases of the silicates the formule 
of which are given below, I seek to show much more than the 
mere composition of some of the minerals belonging to the 
several groups. If we disregard the minor subdivisions, it is 
shown that all the anhydrous mineral silicates may be divided 
into two great classes—(1) the silicates which contain in each 
molecule the elements of SiO? only, and (2) those which contain 
but 3(Si0?) =Si?+ O®, or a multiple of this quantity. 

When the force of this division is realized, | believe that much 
of the difficulty at present attending the study of the mineral 
silicates will be found to have disappeared; moreover the relae 
tions of groups of minerals become quickly evident when their 
formule are constructed in accordance with the principles above 
stated. 

* It is obvious te this is equivalent to writing the first hydrate HY 
Ot 

and the second H? eZ, but by the construction adopted in the text it 

becomes possible 3 eee the “‘ harmonies of variations ” of the molecule. 
+ Hereafter in the text Si (=28) is used to represent the silicon as it oc- 

curs in $10’, and Si(=84) as in $10°, the condensed anhydride. The 
convenience of this distinction is very considerable. 



280 Dr. J. E. Reynolds on certain Mineral Silicates. 

I am well aware that the mode of regarding the native silicates 
proposed in this paper is not likely to be considered with much 
favour by those chemists who, with Von Kobell*, dislike the 
idea of innovation, or others who, with Naquet+, appear to be 
disposed to place no limit to the power of condensation and suc- 
cessive dehydration of the polysilicic acids. I have therefore 
sought for such experimental evidence as might be expected to 
throw any light upon the subject, and hope soon to be able to 
communicate the results of some experiments in a new direction 
which promise to give a clue to the modes to be adopted in dis- 
tinguishing the different conditions of Si0? throughout some of 
their compounds. Much independent evidence, however, is 
forthcoming ; and I will now proceed to show that the composi- 
tion of the natural and artificial hydrates of SiO? can be easily 
and simply explained in accordance with the principles already 
stated—and then, that the relations of the native anhydrous salts 
become apparent when their formule are treated in a similar 
manner, - 

SrLticic HypRATEs. 

1. Hydrates of SiO*.—Frankland{ states that the normal hy- 
drate (1) is the body separated from a soluble silicate by treat- 
ment with a stronger acid. Professor Graham’s compound (2) 
corresponds well to the formula of the dibasic acid. 

Si 7 Si 7 

(1) x and (2) ms<o 
iO? ye LOVIN 

In the absence of distinct evidence to the contrary, we may 
regard the above as silicic hydrates uncondensed. All the 
salts of the uncondensed 810° are formed on one or the other of 
the above types. 

We have now the second great division of the silicic hydrates 
and metallic salts, 2. e. that comprising the hydrates of Si0° 
== (S107), .0r a simple multiple of this. 

2. Hydrates of SiO°.—(a) First amongst these hydrates stands 
that prepared and analyzed by Doveri||, and which may be well 

Si / 

represented by the formula P<. This corresponds precisely 
C 

to Graham’s hydrate of the uncondensed acid. 

* Journal fiir praktische Chemie, 1859, p. 168. Tn Oper 
+ Lecture Notes, p. 101. 
§ Philosophical Transactions, 1861, p. 204. 
\| Ann. de Chim. et de Phys. (3) vol. Xvi. p- 1129) 
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(4) The next hydrates are those of 2Si0°; and Salvetat’s 

\8i7/ 
mineral, Randanite*, H? xO) exactly corresponds to one hydrate 

MOIS 

of this body. Fuchs’s compound + is probably another hydrate 
SP? 

of the same acid, viz. H® 0° ; and we may have Ebelmen’s 
MOTE 

NS 4 
compoundy as a third of the series, FEO 

Oe 

(c) In this subdivision we have the hydrates of 3S10°, 
which are fewin number. Some varieties of semiopal appear to 

consist of the first hydrate, H? <0. It will be seen further on 
One 

that orthoclase can be best represented as constructed on the 
NW 

type of the hydrate H® <0*%. 
AON 

It is a singular fact, and one well worthy of remark in this 
connexion, that the proportion of water found in all the native 
hydrates of silica hitherto analyzed is such that the specimens 
containing most water would be best represented by the formula 

Si / 

m<, and those containing least water fall mto the c series 
A-OP 

\8i7 
above, as H? <0, while Randanite, eG is the intermediate 

Jo JOX 

term required. It is quite true that we know litle of the func- 
tion of the water in these compounds; but the above proportion 
would appear to be the result of more than mere accident, espe- 
cially when viewed in connexion with the relations exhibited be- 
low between some of the silicic hydrates and their corresponding 
metallic salts. 

* Quoted in Dana’s ‘ Descriptive Mineralogy,’ new edition, 1868, p. 200. 
The above is the formula of the mineral dried at 100° C. 

+ Ann. der Chem. und Pharm. vol. xxxu. p. 119. 
t Ann.de Chim. et de Phys. (3) vol. xvi. p. 129. 
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GENERAL CLASSIFICATION OF THE ANHYDROUS SILICATES. 

Acid or Bisilicates. 

New atomic Old atomic Oxygen 
weights. welghts*. ratio. 

Sy ne WA 

Class 1. Type of class . 1X0 = HXoO 122: 
yz yaee 

Ney Si / 

Class 2. Pe Bo = TEE Oise 
FAO’ yO) 

Nae, sry Giase shits mo" = xo rat 
AONE yAOke 

All the acid silicates can be well represented on either of the 
above three types. 

Normal or Unisilicates. 

Sig7, NSi 7 

Class Us Types iia Ht 07) = ee 0 |e 
FAOZIN VAMOS 

NY Si / 

Class 1251.3; Seuate a H2X< 08 == HS X08 py aieein 
Yar ZAOUN 

Sry NSi27 

Class’3. 4035 si aah HE >< 08 = EI) <8 l 23 
AUN 7 OY 

\ Sit \ Si8/ 
Class Ace eee Cos (oe) ik 2 Si, 

Vo NON 

Basic Silicates. 

NESiy7Z Si / 

Classalie 2 iy eigen iis He x = H® X05 4:3. 
OPN A OS 

Des Ya \ 8.7 
Class°2. 5. Oe Son HX 0° = eR oe 

ZAOIN GEN 

\ Si Si / 

Classyour ut, oe Hee OR = Bee On eon 
YOLEN 7 eOmN 

* By contrasting the old and new type-formule, when constructed on 
the plan proposed in this paper, it will be seen how very easy the transition 
from the equivalent to the atomic notation really is. 
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I am well aware that modern views on the molecular construc- 
tion of condensed compounds would oblige us to deny the possi- 
bility of obtaining some of the above hydrates in the free state. 
It need scarcely be remarked that though this is admittedly the 
case with such unstable bodies as the polysilicic hydrates, yet it 
is well known that the metallic salts of condensed acids may exist 
though the isolation of their corresponding hydrates would be a 
matter of doubt, or (according to present ideas) an impossi- 
bility. Whatever views on the subject may ultimately obtain 
acceptance, they are not likely to alter the above general modes 
of expression for the atomic ratios of the best-known native sili- 
cates. In the cases of the basic or subsilicates, it is shown above 
that they correspond to one or other of three hydrates of the 
first stage of condensation of SiQ? dealt with in this paper, viz. 
S$i0®. In this way their relations can be clearly brought out, 
though the cause of the peculiar ratio of R(=H) to S1is difficult 
to understand. The normal or unisilicates ought to be the most 
highly basic of these salts; and yet we find the subsilicate of 
Class 3 containing twice as much basic element as an unisilicate. 
According to Dr. Odling this anomaly may be explained thus :— 
“If we consider alumina as always basic, then there are sili- 
cates ” (such as those above typified) “in which the basicity ex- 
ceeds that of the tetrabasic group; but the basic or acidulous 
function of alumina is yet sub judice; and if we exclude alumi- 
nous minerals, we shall find that the tetrabasic are the most 
highly basic of all known silicates, natural or artificial.” These 
remarks are specially directed to the proof of the conformity of 
silicic to other acids; but they obviously apply forcibly to the 
question of the constitution of the subsilicates on the types I 
have given above. | 

Bisilicates. 

Class 1. 

" \8U7Z 
Mstavices sete) oe Mig0 <0 yin 

= §10 || O?|| Mg” (Dana*). 

NL 
Hypersthene (Mg, Fe)” XO 

Ze ORS 

Si 7 

Wollastonite . . ca 0 
/ O02 

* With each class I give Dana’s new formula for the first member of the 
group. 
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Si 

Pyroxene (ais) 1). We S<o 
O27 \ 

YZ 

Rhodonites Mee 
O02 \, 

Si 

Amphibole sey ites) <<O 

\ 81 

Anthophyllite. . .($Mg+2¥Fe)” xo 
OON 

Class 2. 
NS 

Aigirite A ea (3R°+4Fe) X08 

VAOPIN 

=$i0|| O*|| (5 (Na’,R) +5 8Fe) (Dana). 

\S817 
PNCTONUE airs (qs 3) 0? 

ON 

\ Si/ 
Babingtonite (#R°+1¥Fe) < 0? 

/ 0° 

\ Siz 
Beryl. lar 6 : 

O° NK 

NUDli 

Pollucite . . (Cs°+.A1) X08 
OPO 

Si / 

Spodumene . (Res ga C0" 
YaAOrRN 

Class 3. 

\ Sts 
Petalite . . 4R°44Al) X 0° 

7 OLN 

The last is the only member of Class 3 occurring in this divi- 
sion. The relation of petalite to spodumene and other members 
of the section is thus clearly shown by the formule. 
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Normal or Unisilicates. 

Class 1. Si/ 

orsterite:. % «>.> ’s MgO 
9/10 

= Si||O*|| Mg’? (Dana). 

NB 

Maydiite: Gu + = +. He xO 
02 

Si 

Monticellite . ace" +e <O 
2 O2 

O02 \. 

Si 

Wallenmten... is te. anes x O2 

iPhrenacite:-, <2. «=. Be’? < 0? 

Class 2: Si 

Garnctu ste ge anes Cor 
Of&\ 

= Si || O4|| (4 R"+26R)? (Dana). 
\S8iy 

Grossularite. . (4Ca/”?-3.A1)2 X 08 
J Oe 

Si / 

Pyrope . (4(Mg", Fe", Reys-+ 4A C08 

Ye o8\ 

Si 

Almandine . . eq or 
! VON 

\ Si7 
Epidote. . (4Ca"+2(Fe, Aly)? < 0° 

(OP. 

NEW, 

Zoisitee. = sa Gale eea2) Os 
J OP 

’ \ Si 
Phlogopite mica(2(Mg’K2)?+4Al)? X 08 

ON 

ma \, Si 

Biotite mica (4(Mg”, KP4 2a SCs 
LOON 

285 
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\ Siz 
Sarcolite (4(2,Ca"" + a,Na®)?-++ 41)? < 08 

xo O8x 

\ si 
Paranthite . . (4Ca’®+3Al? S<os 

7 O8%. 

Si 

Anorthite . . Scant 
yi Oe 

Class 3. \ si2/ 

Lieucite, / 20). G+ BAD <0" 
OP\ 
Ss? hi 

Andesite. (4(CaNa'y" +42? 50 
or aS 

Se Wil 

Hyalophane (4(Ba”, K2)?+3 Anes vx 08 
Qi2- \ 

\S8ie7 
Oligoclase .  (4(Ca’ Na2)§+ +34 X60" 

oN 

Class 4. Si8/ 

Allbitemennacs oun. Na? + ga s<o° 
YON 

Si? 

Orthoclase . . (Kk Hao 
ON 

As these lists of minerals are only intended to illustrate the 
application of the principle of classification proposed in this 
paper, I have carefully avoided entering upon doubtful questions 
by expressing the constitution of silicates which have been hi- 
therto insufficiently examined. 

The above arrangement of the formule renders remarkably 
evident the relations existing between the members of the felspar 
and other families. This group of minerals illustrates the mode 
of accumulation of the anhydride Si0® upon itself without other- 
wise disturbing the arrangement of the molecule; and the com- 
position of these silicates appears to me forcibly to testify that 
the normal rate of condensation of the molecule of SiO? is three, or 
some simple multiple of that number. 

[t is a well-known fact that anorthite and leucite are two im- 

. 

: 
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portant felspars of the volcanic rocks, just as albite and ortho- 
clase are of the granitic rocks. Of these four (and other inter- 
mediate compounds), however, leucite and orthoclase are the 
most directly comparable, being both potassium and aluminium 
felspars, evidently formed on precisely the same type, yet differ- 
ing by the compound molecule Si0®. It now becomes a matter 
of much interest to attempt an explanation of this remarkable 
and yet methodic variation in the acidific portion of these felspars. 
With the assistance derived from some known properties of the 
silicic hydrates, and the Rev. Professor Haughton’s valuable 
translation of Durocher’s memoir on Comparative Petrology*, I 
think it is possible to understand the conditions under which 
one or other of these felspars can be formed, and the mode of 
production of either. We are already well aware of the fact that 
leucite is convertible into orthoclase by removal of potash and 
alumina by aqueous action; but this information gives little aid 
in the direction we require. 

It has been already stated that the silicic hydrates are very 
\ 3i 

unstable bodies, desiccation of a hydrate, mx, at 100° C. 

\Si7 
being sufficient to convert it into the polysilicic hydrate Om 

YEON 

Again, the mineral Randanite of Salvetat, already several times 
referred to, when dried completely at ordinary temperatures has 

Si 

its composition represented by the formula <O ; on drying 
A OEN 

at 100° C. for a long time, however, its composition then is 
\ SE 
aN . Possibly, on still further heating, another compound 
0% 

would be obtained. It is easy to understand, therefore, how a 
silicic acid may yield a polysilicic acid by the simple loss of 
water. But the metallic base of a silicate cannot be got rid of 
so easily. Heating of the compound alone cannot alter it, not- 
withstanding the marked tendency of a silicate of a low type to 
pass into a polysilicate ; for as the temperature increases, this ten- 
dency likewise grows. Assuming that a typical silicate is ca- 
pable of existing in a semifused magma, and that its formula is 

\ Si / 
(2KS+ 2Al)2 <0, it obviously cannot lose its basic elements, 

j7 Wer 

* Haughton’s ‘ Manual of Geology,’ 1866, p. 16. Durocher’s important 
essay is here given in full, and contributes probably the best aid to be found 
to the study of the paragenesis of minerals. 



288 Dr. J. E. Reynolds on certain Mineral Silicates. 

unless some stronger affinity than that of the SiO0® comes into 
play; yet its tendency is to pass into leucite, which mineral 
would result from the addition of SiO® to the above group. 
Though it cannot undergo the change by Joss of base, it can, and 
no doubt does, by increment of acidulous radical; it will seize any 
silica which the necessity of the compound molecule enables it 
to displace from feeble combinations. The result of this is that 
the Si0° is, or its elements are, condensed within the molecule 
of the silicate, the tendency to accumulation of the polyatomic 
radical is partially satisfied, and deucite is the result. Yet this 
is supposed to take place in the magma which on cooling gives 
the volcanic rocks; and Durocher tells us, and numerous ana- 
lyses prove amply, that these rocks are essentially basic, and 
comparatively poor im silica. It would appear, then, that the 
tendency of the acid radical of the ideal silicate to reach the second 
stage of condensation is sufficient to enable it to overcome the 
opposing influences around it in order that leucite may be pro- 
duced; but the cumulative power is not enough to enable it to 
pass into orthoclase by the appropriation and condensation of 
the silica of other compounds. When we come to the granitic 
rocks, however, no such paucity of silica is observed; on the 
contrary, we have this body largely in excess, and the necessary 
consequence is, that in these acid rocks we meet with orthoclase, 
a mineral in which the acid radical appears to have reached its 
greatest proportion, and the silica to have completely satisfied its 
tendency to accumulation within the molecule. 

In concluding this section, I may remark that the third stage 
of condensation of Si0® is the highest which appears to have 
been reached in any mineral. Dana* regards the presence of 
potassium and sodium in a felspar as the condition which deter- 
mines the greater or less proportion of silicain such a compound. 
There appears to be much truth in this; but I think the 
genesis of a mineral, as instanced above in examining the rela- 
tions of leucite and orthoclase, should also receive full attention. 
When this important point is weighed in connexion with the 
explanation above offered of the causes which have probably 
operated in the production of one or other mineral, we see still 
more clearly than before the profound isotypism of the felspar 
family ; and not only this, but we have distinctly brought out 
the peculiar rate of condensation of silicon within the molecule 
of some silicates which it has been the object of the present 
paper to call attention to as affording a simple means of classi- 
fying the salts of normal and polysilicic acids. 

* American Journal of Science, vol. xliv. p. 401. 
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Basic or Subsilicates. 
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Probably the composition of datholite and tourmaline can 
be also best exhibited on a similar plan, if we regard the boric 
anhydride as a basic constituent. It need scarcely be said that 
this is a very doubtful point. 

. Si / 
Class 3. Staurolite . . (H®,R/?R)4 xO” 

VALORN 

It will have been already noticed that I have rarely dealt with 
the formule of hydrous metallic silicates. So little is really 
known of the function of the water contained in them, that it 
seemed undesirable to dwell upon their atomic formule at pre- 
sent; at the same time it is necessary to say that the composition 
of large numbers of them can be easily represented in accordance 
with the plan proposed in this paper. This is especially the 
case with the interesting family of the zeolites, the relations of 
which to that of the felspars can be then clearly traced. 

In the preceding pages I have done little more than note down 
the main points which I sought to give prominence to. In every 
section numerous cases occur which admit of extended treatment, 
yet these have not been dwelt upon, nor have more formule been 
given than were absolutely necessary to facilitate explanation. 
This course seemed preferable, as it then became possible to give 
an outline of the subject without extending this paper beyond 
due limits. 

In conclusion, I may sum up the main points of this paper 
Phil, Mag. 8. 4. Vol. 36. No, 248. Oct. 1868. U 
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in the following terms. Some evidence has been brought for- 
ward to show :— 

(1) That by an alteration in the construction of formule, the 
atomic ratios of the silicates may be easily expressed in accord- 
ance with the principles of modern chemistry, while some prac- 
tical advantages are gained, and those attending the use of the 
old formule are retained. 

(2) That the constitution and relations of the silicic hydrates 
and salts are best understood by regarding them as (a) containing 
the elements of the Pa) S102, or (d) a polymer of this. 

(3) That the rate of condensation of SiO? within the mole- 
cule of a native anhydrous salt 1s represented by the number 3, 
or a multiple of this by 2 or 8 only =S8i0?, Si0®, 28108, 38i08; 
that this alteration can take place without interfering with the 
general type of the compound, and thatthe passage from one 
stage of accumulation to another can be easily explained by re- 
ference to the known properties of normal and polysilicie hy- 
drates. 

It is also shown that the silica, hitherto regarded either as 
basic or as accessory in such minerals as the felspars, is present 
really as the result of the partial or complete satisfaction of the 
tendency of SiO® to pass successively into 2810° and 3810°, the 
chemical conditions of the mass in which the mineral may have 
been formed determining the degree of condensation within the 
molecule. 

XXXVIL. Limited Oxidation of Ethyl-crotonic Acid. 
By Exnest Tororuron Cuapman and Mies H. Smiru*. 

fi De ethyl-crotonie acid employed in the following experi- 
ments was prepared from diethoxalate of ethyl in the 

manner described by Frankland and Duppa. The process con- 
sists in adding trichloride of phosphorus to the diethoxalic 
ethert. The ether loses one atom of water, thus :— 

Diethoxalic ether. spss crotonic ether. 

C(C? H°)?OH fae Want G2 He oy 803 4 

At the same time red amorphous en is deposited. This, 
we suppose, owes its origin to an action between the phosphorous 

* Communicated by the Authors. 
tT For the preparation of this ether see ‘‘ Synthetical Researches on Acids 

of the Lactic Series,” by Frankland and Duppa, Phil. Trans. for 1866, 
p- 309; and also Journal of the Chemical Society, April 1867, where an 
improved method of preparing the ether is described by us. 
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acid and the excess of trichloride of phosphorus. The phospho- 
rous acid has a tendency to split up into phosphuretted hy- 
drogen and phosphorous acid, thus :— 

4, PH? 0? = PH’ + 3 PH? O*. 

And P H?, acting on trichloride of phosphorus, is known to yield 
phosphorous acid and hydrochloric acid, thus ;— 

PH? + PCBh=2P+3HCl. 

At any rate more than the theoretical quantity of trichloride 1s 
required to convert the ether into the new compound. 

Kthyl- or ethocrotonic* ether and acid have been so fully de- 
scribed that we have little or nothing to remark with regard to 
them. We titrated the ether with the following result :— 

4-263 grms. required alcoholic potash equivalent to -964.23 of 
potassium. Therefore 100 parts of the ether neutralized 27°31] 
parts of potassium ; theory requires 27:53. The ether was there- 
fore pure. 

The acid was prepared from the ether, and subjected to the 
action of bichromate of potash and sulphuric acid. An experi- 
ment on an unknown quantity of substance proved that acctic 
and carbonic acids were the sole products of the oxidation. This 
determination was made by methods which have been fully de- 
scribed elsewhere+. 

The only point remaining to be ascertained, therefore, was, 
Does the ethyl-crotonic acid split up into two atoms of acetic 
acid and two of carbonic, or into one atom of acetic acid and four 
of carbonic? To ascertain this, and at the same time to check 
the non-quantitative portion of the work, a determination of the 
amount of oxygen required to effect the change was made by the 
method already described by one of ust. If the decomposition 
took place so as to yield two atoms of acetic acid and two of car- 
bonic acid, seven atoms of oxygen only would be required, whereas 
the other decomposition would require eleven atoms. 

(1) C® H!°Q?407=2C? H40?+2C0?+ H?0. 

(2) C®°H!00?4 0!'=C? H40?+4C0?4 3H? 0. 

A known weight of the acid was sealed up with a known quan- 
tity of a standard solution of bichromate m dilute sulphuric acid. 
The tube was heated for some hours in the steam-bath. It was 
then cooled and opened, and its contents transferred to a small 
flask. The tube was washed out, and the washings also poured 
into the same flask. The flask was heated in the water-bath, and 

* Frankland and Duppa, Chem. Soc. Journ. 1865, p. 133. 
+ Chapman and Thorp, Journ. of Chem. Soe. p. 477 (1866). 
{ Chapman, Journ. of Chem. Soc. 1867, p. 227. 

U2 
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then, whilst still hot, placed under the receiver of the air-pump. 
Of course this caused the contents of the flask to boil, and 
thereby effectually expelled any carbonic acid that might be dis- 
solved in the liquid. The strength of the standard chromic so- 
lution had previously been ascertained by causing it to act on 
excess of oxalic acid. The carbonic acid so liberated was dried, 
absorbed by potash, and weighed. Two equivalents of carbonic 
acid correspond to one of available oxygen. 

The chromic acid which had not been reduced by the ethyl- 
erotonic acid was now estimated in the same way, and the car- 
bonic acid so obtained deducted from the amount which the 
known quantity of chromic solution would have liberated had no 
portion of it been reduced. From the difference it is easy to 
calculate how much oxygen the acid had consumed. 

The details of the operation ate as follows :— 
Strength of chromic solution. 100 grms. of the solution libe- 

rated 7°5182 grms. of carbonic acid from oxalic acid. 
Amount of chromic solution employed 51:02 grms. 
Kthyl-crotonic acid employed -4316 grm. 

Solutrom wy sof Ply eM, Pi ie We eo ae aera rt 

Carbonic acid obtained after digestion . . . 1°4496 

Ditference, due to oxygen consumed...) J): 2°3862 

Carbonic acid obtainable from unaltered me 3.9958 

Two equivalents of carbonic acid correspond to one of oxygen. 
Therefore 2CO?=88 : O=16: : 2°3862: a, 

= "433854. 

Dividing this by the substance taken, we learn the percentage 
Of, Oxyeenycomsumed, ViZegl-)- G1)tis te) aaa OO 

Theory for seven equivalents . . 98°24 

Theory for eleven equivalents . . 154°38 

Therefore equation (1) is evidently correct. 
The above work was the first step in a proposed investigation, 

by oxidation, of the acids of the acrylic series. It was intended 
to collect these acids and treat them in a similar manner; but 
the difficulty of obtaiming any of these acids, excepting those 
which could be formed synthetically from the corresponding 
secondary lactic acids, proved so great that the mvestigation was 
temporarily abandoned. Should opportunity offer we intend to 
resume it. 

Laboratory, London Institution. 
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XXXVIII. On the Polarization of Heat radiated from the Sur- 
faces of Liquids. By Professor Macnus*. 

vies my communication of March 5 last+, contaiing the 
results of an investigation on the polarization of the heat 

radiated by solid bodies when heated to 100° C., I have been 
occupied with the examination of the heat radiated by liquids. 
In these experiments it was impossible to employ the same form 
of apparatus as for solids, because it was necessary for the ra- 
diating surface to be horizontal. The whole portion of the ap- 
paratus containing the reflecting mirror, and the box containing 
it, was therefore placed upon a plane inclined at an angle of 35° 
to the horizon. The radiating vessel consisted of a completely 
closed box 12 centims. broad, 21 centims. long, and 4 centims. 
high, which was maintained at a temperature of 100° C. by a 
current of steam. This box was placed in a horizontal position ; 
and upon it was fastened a tray of sheet iron of equal length and 
breadth, but only 1 centim. deep. The radiating hquid was 
placed in this tray. 

In order to test this arrangement, a plate of polished tin plate 
was first introduced into the tray instead of the hquid. The 
polarization of the heat radiated by this plate was found to be 
almost exactly the same as when the former arrangement was 
employed {, namely 25°8 and 26:0 per cent. in two experiments. 
Also when a plate of transparent glass was placed im the tray 
instead of a liquid, almost the same value for the polarization 
was found as previously §, namely 11:9, 11°7, and 9°82 per cent. 
in three experiments. Consequently this modification of the 

apparatus gave results as trustworthy as those given by the 
former one. Such verification of the apparatus was essential, 
because it was not possible to give the radiant surface various 
azimuths as with radiating solids. 

Only such liquids could be used as boil at a temperature above 
100° C.; and there are only a few of these which do not, at this 
temperature, evaporate rapidly and give rise to clouds in such a 
manner as to obstruct the radiation. Consequently the number 
of liquidswhich could be employed was exceedinglysmall. Neither 
amyl-alcohol, boiling at 120° C., nor aniline, boiling at 180° C., 
could be used, on account of the formation of these clouds. The 

* Translated by Frederick Guthrie, F.R.S.E., from the Monatsbericht 
der kéniglich preussischen Akademie der Wissenschaften zu Berlin. April 
1868, p. 249. 

+ Phil. Mag. September 1868. : 
¥ Ibid. § Ibid. 
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experiments were therefore confined to mercury, fatty oils, gly- 
cerine, melted resins, paraffine, and such like. 

Liquids present also an especial difficulty in consequence of 
their surfaces, when the liquids are warmed, not being so flat 
as they are at ordinary temperatures. In all cases when we 
examine a liquid which is of a somewhat higher temperature 
than the surrounding air, we find the image reflected from 
it to be no longer completely well defined. Heat, in fact, is 
continually given off from the surface, the cooler portions sink 
to make room for the warmer portions which rise; and hence 
are produced movements, small indeed, but which, in conse- 
quence of their taking place to a greater extent at one part than 
at another, give rise to different motions of the surface at differ- 
ent places, and do not allow it to retain its smoothness. 

Consequently too much reliance must not be placed upon the 
numbers. Nevertheless it was found that a portion of the heat 
radiated from all the liquids examined was polarized. Mercury 
showed a polarization of 32:0 and 32°2 per cent., a value at 
least as great as that found for solid metals*. Other liquids, 
on the contrary, gave less values. 

6°17 per cent. 
Rape-oll . . .4 594 

PP] 

Colophomy, o/s tava) ones 
W bite swe xan cu ai ae 
GIVERRINEE., 15 enOl, same, 
Parathine::. yaa ae, 050 - 

In order to see if the diathermancy of the liquid had influ- 
enced the results, the bottom of the tray containing the liquid 
was covered with a bright metal plate, with a blackened metal 
plate, and with lampblack, m succession, before pouring in the 
liquid. Under each of these conditions the same values were 
found for the same liquids. It hence appears that the radiating- 
power of the bottom of the tray has no influence im these expe- 
riments, and that consequently the liquids examined are ather- 
manous for heat of the low temperature here employed. 

The followimg is a Table of the values for all the substances 
hitherto examined :— 

* Phil. Mag. loc. cit. 
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From these results we are justified in concluding that all sub- 
stances, whether solid or liquid, radiate from their flat surfaces 
heat which is partly polarized when it makes an angle of about 
35° with the surface. 

XXXIX. Note on Successive Involutes to a Circle *. 
By J. J. SYLVESTER T. 

T is surprising that the families and groups of families of forms 
capable of being educed by successive involution from a 

circle should not have attracted the attention of geometers. I 
find, if any, not more than a passing allusion to their existence in 
Dr. Salmon’s ‘ Higher Plane Curves,’ in the ‘Integral Calculus’ of 
Mr. Todhunter, or in the memoirs of the late Dr. Whewell in the 
Cambridge Philosophical Transactions( vols. vii and ix.), although 
these latter are exclusively devoted to the study of various curves 
of mechanical and kinematical origin by aid of the so-called in- 
trinsic equation, which is in fact the natural expression of, and key 
to, the properties of such like curves. And yet this form of equa- 
tion almost instantaneously furnishes the general polar equation 
to the entire system of circular involutes, and exhibits at once 
their leading properties f. 

* The germ of this Note was communicated to the Mathematical Sec- 
tion of the British Association at the Norwich Meeting. 

+ Communicated by the Author. 
+ Professor Rankine and Mr. Merrifield have made a useful application 

of the second involute of the circle to the calculation of the stability of the 
finite solution of vessels. Inthe Turkey carpet under my eyes whilst this 
is being written, I perceive graceful and complicated figures of winding 
and intersecting scrolls and convolutions, which render it, I think, not at 
all improbable that the successive involutes of the circle would furnish 
or suggest many patterns available for decorative purposes: the enormous 
variety of each kind of involute, which of course increases with the order 
of derivation, adds to the probability of this conjecture. 
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Foremost amongst these stands the algebraical form of equa- 
tion (and that a quantic), which connects not only the are, but 
also the squared radius vector with the angle of contingence, and 
consequently the two former with one another. In a marvel- 
lous and, so to say, transcendental fashion, these curves partici- 
pate in the nature of algebraical curves—their apses, cusps, and 
points of retrocession beg counted by the order of the involu- 
tion, and becoming imaginary in pairs. 

I need hardly say that by a second involute I mean an in- 
volute of the first by a third, an involute of a second, and so 
on in continual progression. To any given curve all its first 
involutes form a system of parallel curves, so that in general 
the number of form-parameters to a curve will be augmented 
by 7 when we pass to its general involute of the zth order. 
In the case of the circle, however, owing to its homogeneity, the 
first mvolute, like the curve itself, contains only one form-para- 
meter (it being, in other words, a property of the first mvolute, 
that when rotated round a certain point, the curves so generated 
continue always parallel to each other); and so the number of 
form-parameters in the general zth involute will contain 7, and 
not 2-+ 1 parameters, as the general formula would require. 

I shall use ¢, s, 7, 6 to denote the angle of contingence, arc, 
radius vector, and vectorial angle of the curves under conside- 
ration. 

Starting from the circle s=ad, a set of corresponding succes- 
sive involutes will, as is well known, be represented by 

3 bd? 

8, =ah,*+b¢ ; = oe Oe + cd, 

and so on, according to the obvious law 

s,=\ dp oSi-1- 

Now in general for any curve whatever, if we call p the per- 
pendicular on the tangent from an arbitrary pole, q the projec- 
tion of the radius on the tangent, we have 

ea D 
q dd ’ e (1) 

also 
ap ands a 

+ ape = ag’ oa 
HONS 

p+ Ca i (3) 

These equations are of course not new*; they are given by 

* We have only to take P, P’, two consecutive points, and on PP’, P'T, 

—— a a 
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Mr. Todhunter in the later editions of his ‘ Integral Calculus,’ 
accompanied with a reference to another English treatise, from 

the tangents at P, P', draw perpendiculars from an arbitrary point O, and 
we obtain at once, by inspection, 

dp=— oh, d¢+6s=pddg, 

d, d° ds q=— ie ae ae 

Or, again, proceeding analytically, we have 

z—A= fdscos , y—B= fds .sin d; 

whence, integrating by parts, 

x—A=Gcosg¢—G'sin , 

y-B=Gsin $+G' cos 9, 

whence 

where 
GR Si—— ste Gr Sh retar 

whence 
ds =a UP) ce aaeae r=G?+G” and G+G dd 

From which also.we may deduce 

7—s, = =G’, p=r’—g’=G’. 
| | d 

This last demonstration would at first sight seem to be only valid for the case 

of the G series coming to an end, 7. e. of = being a rational integral function 

in @; but it would be quite legitimate to infer at once from it the univer- 
sality of the equations above written connecting r? with s and @; for we 
may write down the general differential equation of the second order 

dr 
—1 = — d cos ds dé=dd9, 

UP é. 

pe AN EG 
ds V ds*—dr? _ 4 

SSE SEE Qs 

V (ds)?— (dr)? r 
= S: ds © . . 

in which ae be considered as given, and r or r? to be determined. 

The equations in question, having been shown to be true for a form = con- 

taining an indefinite number of arbitrary constants, evidently can only 
amount to a transformation of, and may be used in supersession of the 
equation last written. It may be worth while to set out this latter under 
a more familiar form of notation. If, then, we use y for r and 2 for ¢, 

and call =X (any function of x), it becomes 

x, 72,18 XyNtXy' ys VP Ry ey 
Me =O) MMS 

an apparently very complicated form of equation, but admitting of the 
simple solution y°=u>+u”, where wu satisfies the linear differential equa- 
tion u+-u'"'=X. 
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which he has taken them; but in themselves, easily as they 
can be obtained, they contain the whole theory of the remark- 
able curves to which this note refers. In the case before, 
ds 

db 
tion of @. Hence we have for the solution of (1), 

p= —F"+EF"”...+Acos6+Bsnd, 

p=k"—F"+ .....—Asin$+Beos¢; 

=F¢, where F is (a quantic in, 7. e.) a rational integral fune- 

wherefore 7? is known in terms of F and the arbitrary constants 
A and B, whose values depend on the position of the origin 
from which 7 is reckoned, by a due choice of which they may be 
made to vanish. One will readily suppose that this eligible po- 
sition of the pole must be the centre of the generating circle ; and 
the proof is as follows :— 

If 7), 7,,.-.7; be any radii vectores corresponding to s, So, « « -Si, 
it is well known, and follows from the definition of the involute, 
that 

7? pa le Snr) Cie) 2 
Si 

Now, suppose that for any number 7 the origin has been so 
chosen that 

7? = (8,21 Sins 4: 6 eo)? (Gee Seg Fae 

then 
: dr; aes 1 (Sj—1 =O ughiatlele ) (Si-e —Sj-gieee e 
= == 
ds; Sj-] +(s;_5 ——/ Spo Ateiiele \(si—3 TCL OC ) 

= Sj_g —Sj—4 + @ee 

Hence 

7 =(8=Si_a + Sj 4 Stents )? (Si) OA enG F288 )? 

and the supposed relation, if true for any value 2, is true for all 
superior values ; but when the origin is at the centre, s,=ad, 
r,°=a"; and consequently the equation (4) is true universally*. 

* The above result might have been deduced more directly from the 

equation anh =pi—1, which is true for any curve and its evolute. In fact 
dp 

this paper need never have been written (for all that it contains is a straight- 
forward inference from four equations which may be found scattered up 
and down in elementary treatises), had it been the custom to regard those 
equations as forming collectively a connected apparatus. I mean the four 
following, where the unaccented and accented s and p refer to any curve and 
its evolute respectively, @ being the angle of contingence common in mag- 
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Thus, then, when the origin is at the centre, whilst for the 2th 
involute to a circle the are is any quantic J dpF of degree 
(1+1) in @, r? is a quantic in ¢ of degree 2i of the particular 
form (Gd)?+ (G'f)?, where G(¢) may be supposed, if we please, 

to be any quantic of the order zor ¢* ; and then 7th radius of 

curvature at s, @, is expressed by Gd + G' prt. 
it may be here noticed that substituting for 6, 6+A, where 

X is arbitrary, amounts only to a rotation of the curve through 
the angle i, so that, as regards the intrinsic form of the curve, 
no generality is sacrificed by imposing one condition upon the 
coefficients in Gq, or, if we please, im making any of the coeffi- 
cients in it except the first to vanish. 

nitude to the two :— 

ds d*p (2 Ir 
] — pea Ss 2 2 — a2 hod sh 

ds d 
3 f=, 4 1. Op : 03) Ds “ (4) Laer 

the last of them more familiarly known under the form 

pr= 2 =p. 

The third and fourth equations show respectively that s and p are each 
quantics in ®; the first gives the connexion between the constants which 
enter into these quantics,and the second, combined with the first, the relation 
between s and r (in other words, the rectification of the curve), that between 
r and 6 (where @ is the vectorial angle) being contained in a fifth equation, 

6=+ sin-12, 
r 

* Accordingly we see that the spiral of Archimedes, as is well known, is 
the locus of the feet of the perpendiculars upon the tangents to the first in- 
volute from the centre of the circle; and, much more generally, if we substi- 
tute for each radius vector in this spiral any given quantic thereof, we obtain 
the corresponding first pedal to an involute whose order of derivation is 
the degree of the quantic. Ex. gr. hy squaring or cubing the radius vector of 
the spiral of Archimedes (of course leaving the vectorial angle unchanged), 
we may form the pedal to particular species of the second and third invo- 
lutes respectively. 

+ Since the radius of curvature, radius vector, and perpendicular on the 
tangent are are all known rational integral functions of the same quantity, 
it becomes a simple problem of elimination to determine the central force 
competent to make a body describe an involute of any order to a circle. 
Thus it will be found that the half-pitch second involute may be described 
under the action of a central force varying as the verse cube of the short- 
est distance from the generating circle. So, again, the first involute may 
be described under the action of a central force, the component of which in 
the direction of the tangent to the generating circle (or say the centrifugal 
force) varies as the inverse cube of this tangent, the centre of force in each 
case being of course situated at the centre of the circle. 
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From what precedes, and from the general theory of elimination, 
it follows that in general the relation between ;* and s is expressed 
by a rational integral equation of the degree (i+ 1) in the former 
and 27 in the latter. But this is subject to an obvious exception 
in the case of 2=1; for then, calling Gd=ad, we have 

ds ap? 
ig =ag, s= > +6, and r?=a*p?+ a? =2as + (a?—2ab) ; 

so that the degrees in 7? and s are here 1 and 1 in lieu of 2 and 
2, as given by the general rule. 

As regards the polar equation to the general involute, 

r= (Gh)’ + (G'd)?, 
it is obvious that, agreeable to the well-known case for the first 
involute, 

ee ar cat 
O==\site: ra +o= sin! a + *, 

where G! and @¢ are given by the solution of an algebraical equa- 
tion of the 27th degree, and which will therefore usually be 
incapable of expression in finite terms beyond the second inyo- 
lute. In the case of this involute the reducing equation is nota 
general biquadratic, but a form involving only square and no cube 
roots—being in fact reducible to a quadratic in @, as will at once 
be seen from the fact that we may write (ad? + y)*+40*¢?=7?. 

Since os , i.e. G+G", is a quantic of the degree 7 or ¢, we 
dg 

* gand G’ will form 27 systems of values. Will they be all applicable to 
the true involute, and how about the sign to be giventor? It must, I 
think, be a matter of some delicacy and difficulty to answer these ques- 

a PE a 
tions. For take even the first involute, where d=sin—? . = ie NA arate) TE 

we know, as a matter of fact, that if the first term is made to decrease as 
r increases, the positive sign of the square roots only must be employed, and 
of course the negative sign if the first term mereases with r. Were we to 
reverse this rule, instead of the mvolute we should obtain what may be 
termed the counter-involute ; 7. e. a figure formed by points, each the op- 
posite of every point in the involute in respect to its centre of curvature. 
Or, again, if a pair of parallel rulers were made always to touch a circle at 
opposite points, and the under parallel to ro// round the circle, whilst 
each point in this lie describes an involute, each point in the one above 
would describe a counter-involute. Or, again, if a string, by aid of a pin, 
were unwrapped back upon itself from a circle, the extremity would describe 
the extraneous curve. From this last observation it would seem as if the 
forced intrusion of a foreign curve into the polar equation of the involute 
resulted from the impossibility of affixing an absolute sign to the length of 
an are—the condition of drawing a tangent always equal in length to the 
varying are of a curve admitting of satisfaction without breach of continuity - 
in two distinct modes. 
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learn that there may be 7 cusps to the 7th involute, or any less 
uae 
ds = 

the number of apses (in regard to the centre) may be any num- 
ber inferior to and differing from z by an odd integer*. Also, 
since G represents the perpendicular on the tangent, the number 
of points where the tangent passes through the centre will follow 
the same law (although, of course, the two numbers need not be 
equal) as the number of the cusps; at such points the curve, 
after winding round the centre (it may be through one or more 
complete revolutions and a part of a revolution, or through only 
a part), will change its curve and wind round in the opposite 
direction ; for it is clear that there can be no points of inflexion, 

number differing from 7 by an even integer. Also, since 

uit aS SRA 
since 7, can never become infinite. These points last named 

may be termed points of retrocession. The cusps, of course, can 
only exist at points where the involute meets the parent curve. 

Between any two cusps of an involute evidently must be 
comprised an odd number of the cusps of its parent curve; 
but, of course, not wice versd; thus, e. g., in the second invo- 
lute, if there are no cusps, it will easily be seen that the curve 
possesses a simple loop enclosing the cusp of the first involute (its 
evolute), and consequently cutting the two branches of the latter, 
and so in general the disappearance of consecutive cusps in any 
involute will give rise to loops enclosing those cusps of the 

- parent curve on the branches adjoining to which (on each side) 
cusps of the derived curve are wanting ; (by a branch, I mean, of 
course, the portion of curve included between any two cusps, or 
between either of the two terminal cusps and infinity ;) whether 
the absence of cusps of the involute on 22 consecutive branches 
of the parent curve implies the necessary existence of 7 distinct 
loops, one round every alternate one of the 22—1 cusps in which 
those branches meet, requires further consideration, It is clear 
that in an analytical sense the length of the are of the parent 
curve included between any two cusps of the second curve must be 
taken as zero; the correct view (at least, for the purposes of this 
theory) being that the angle of convergence continually increases 
or decreases up to positive or negative infinity as we pass in one 

* Thus we see that the apsidal distances from the centre are the arithme- 
tical magnitudes of the roots of the equation formed by equating to zero 
the discriminant of G+r=0, which is of course of the degree (¢—1) in +. 

If we consider the apses and cusps of any involute to form a combined 
group, an odd number of the poits of this group will always be included 
between any two intersections of the curve with a circle concentric with the 
parent circle; for the limiting equation to G*+ G’”—7°=0is G'(G+G")=0. 
Every point in this combined group is a point of maximum or minimum 
elongation from the centre. 
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direction from point to point in a curve. Accordingly we ought not 
to say, as is usually done, that at a cusp the tangent is suddenly 
reversed in direction, but, rather, that the increment of the are on 
passing through a cusp changes sign, as it ought to do according 
to first principles ; for the flow of the incremental arc, from being 
concurrent with, becomes opposite to that of the rotating tangent 
line which carries it, or vice versd. Thus in the common cycloid (a 
curve of infinite length to the eye and with an infinite number of 
cusps) we have s=c cos q, which, subject to this interpretation, 1s 
perfectly true and self-consistent for the whole extent of the curve 
from infinity to mfinity. In that case we have a visible repre- 
sentation of quantity undergoing an infinite number of periodic 
changes, although the subject matter of the quantity is continually 
changing and never recurs. In the case of the involutes of the 
circle, the number of those periodic changes 1s of course finite and 
equal to the number of the cusps. If A, B,C, D,..., L be the 
cusps in natural order on the curve whose involute is to be found, 
and if we call # the radius of curvature of the point of the involute 
corresponding to A (a# being taken positive when this radius 
is in the position into which it would be brought by unwind- 
ing a string from the infinite branch adjacent to A), and if we 
form the series e—AB+BC—CD...+KU, where AB, BC,... 
are the arithmetical lengths of the branches, it is clear that at 
each term of this series in which a change of sign in the sum 
takes place the involute will have a cusp; if the number of 
banches is odd and # is negative, the sum may remain negative 
at whatever term we stop, and then there will be no cusp mm the 
involute so engendered ; but when the number of points A, B, 
C,..., Lis even, then it is easy to see that one of the infinite 
branches must contain a cusp of the involute and the other be 
vacant. The second involute, whether cusped or not, manifestly 
consists of two parts symmetrically arranged about its apse. If 
we form a third involute by unwinding from this apse as origin, 
the figures so formed will again be symmetrical, and the cusps 
will lie at the vertices of an isosceles triangle ; and now every in- 
volute of this symmetrical third involute will again be symme- 
trical, and so on continually, the number of conditions imposed 
on the parameters in order to ensure symmetry in the inyolute 

of the 7th order being thus the integer part of a - When this 

symmetry obtains, the algebraical equation requisite for deter- 
mining the polar equation depends on the solution of an equation 
of only the 7th instead of the 27th degree ; for it is clear that in 
this case the functions G* and G'* may be made to contain only 
powers of ¢?. Thus we may very easily write down the general 
polar equation to the absolutely general second involute, and 
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might, if it were worth while, do as much for the symmetrical 
class of third and fourth involutes, of which the former will con- 
tain two and the latter three arbitrary parameters, by solving a 
cubic and biquadratic equation in these two cases respectively. 

It is easy to see also that the arco-radial equation to the symme- 
trical volute of an odd order is of only half the degrees in s and 
r? that it is of in the general case, and for the symmetrical invo- 
lute of an even order, although of the same degrees in 7? and s as 
in the general case, involves only the even powers of s. 

A few words upon the second involute, and I have done; for 
it is difficult to deal with theory in any detail so as to be intel- 
hgible, or even safe, without the suggestive and regulative aid of 
drawn figures, which I have not yet been able to obtain in a form 

fit for use. 
The two principal classes to distinguish in the second invo- 

lute are the cusped and uncusped species. The cusped second 
involute winds round the parent curve upon which the extremities 
of its finite branch rests. The uncusped species crosses itself, 
and intersects each branch of the first involute of which it en- 
closes the cusp, its node being on one side of it and its apse on 
the other. The transition case is when the unwinding begins 
from the cusp of the first involute; the second involute so ob- 
tamed has a very singular point at that cusp, which may be re- 
garded either as an abortive loop, or as a coimceident pair of cusps*. 

The general connecting equations for this involute may be 
put under the form 

en G ot b) + a2’, 

CG 
dd aa a b+ (a+5), 

@=sin~! = +d, 

where a is the radius of the circle; and there will be a loop or 
cusps according as a+0 is positive or negative; when b=—a, 

* Mr. Crofton has noticed, in an ingenious paper published in the 
‘Mathematical Messenger,’ that this volute is the locus of the centres of 
all the circles cutting orthogonally the origmating circle and the parent 
first involute. This is seen very easily as follows. 

aia (P ) Fay ghee p=o(% —l}, s=p+p moe 

2 

r=p+p?=a = +a, or r°—a?=s”, 

showing that the tangents to the arcle and first involute from any point in 
the second are equal to one another. 
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we have the transition case, for which 

2 NOt a eiee @ 43 
a q? +a ) $= 6 cH) P 

and the arco-radial equation becomes 

81 Roe ABs aed Gee 
Another and more remarkable case occurs when G? + G!? becomes 

a perfect square, for then the degrees in s andr will sink to 
a heres 

half their usual values: this occurs when b= — 9? which is the 

case of a looped curve bisecting at its apse the radius drawn 
from the centre of the circle to the generating first involute. 

We have in that case 

7 nO I G=$(g?-), 

r= 8 (p41) o p= a / aS, 
_ 4 (P° +36 
aan) 

whence 

9as? = (2r—a) (r +a)”, 
and 

6=sin7! cm Poy (ee = vers. 14 24) oe 

a form even ae than that of the first ee 
We may write this equation under the form 

G=—2e05-.4 / 2 + Nee 

or, turning round the line from which @ is reckoned through a 
quarter of a revolution, 

o= asin /42 4 ye 

Let now 

(which is the same thing as if for 2 and y we substituted 2?—y? 
and 2ay), then 

a), 2 a\? 

meh Me ae a aie Rate seas _\e a 
a > [tol 
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This is the polar equation to a known curve (of the kind used 
by Captain Moncrieff in his barbette gun-carriage). It is of the 
class of curves generated by a fixed pot on a wheel rolling on 
a plane. Sucha curve may be termed the convolute of a circle of 
a pitch denoted by the ratio of the distance of the fixed point 
below the centre to the radius of the revolving circle; thus a 
convolute of zero-pitch is the spiral of Archimedes, a convolute 
of unit pitch the first involute to the circle: the general 
equation to a convolute, when the distance below the centre is d 
and the radius a, is given by the Rev. James White in the last 
September Number of the Educational Series, and is easily 
shown to be 

Sen, os Uae 
a 

Similarly, we may define the pitch of the second involute to be 
the ratio of the distance of its apse from the centre to the radius ; 
and then we are conducted to the observation that whilst the 
convolute of full pitch is the first mvolute, the convolute of half 
pitch, on applying to it one of the simplest forms of M. Chasles’s 
or Mr. Roberts’s method of transformation (given in Dr. Salmon’s 
‘ Higher Plane Curves,’ p. 236), viz. doubling the vectorial angle 
and squaring the radius vector, becomes converted into the second 
involute of half pitch. Since for this curve 

ds 
dp 

we see that it may be completely defined, without reference to 
any theory of involutes, as the curve whose radius of curvature 
at any point is equal to its radius vector reckoned from a given 
origin. It is the curve which completely satisfies the equation 

eas (eras ice 

dr ; 
rd cos—* a =s, the two arbitrary parameters which the complete 

integral of this equation should contain being furnished by the 
linear magnitude and angle of swing of the curve round the given 
origin®. 

* This evolute possesses the property, which serves to characterize it 
completely, of cutting the originating circle (its second evolute) orthogo- 
nally. For when r?=a’, G?=0, 7. e. the tangent to the curve passes through 
the centre. Moreover, since G=0 gives d=1, it follows that the curve 
cuts out of the circle an are equal in length to the diameter. Summarizing 
such of its principal properties as have fallen im our way, we see that it 
bisects the line joining the centre of the originating circle and the cusp of 
the first volute; that it cuts the said circle orthogonally; that its radius 

Phil. Mag. 8.4. Vol. 36. No, 248. Oct. 1868. X 
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I conclude with the remark that if we regard the s and 7? of 
the successive involutes as rectilinear coordinates to a variable 
point, the arco-radial equation will represent a peculiar class of 
unicursal algebraical curves. Thus the first involute will repre- 
sent a pair (one for each branch of the curve) of compidens right 
lines, and the general second involute (taking r? and s? as the 
coordinates) a pair of coincident semicubical parabolas. 

In making s vary continuously on passing a cusp, the corre- 
sponding abscissa from increasing must begin to decrease, or vice 
versa, according to the principles previously noticed. 

Thinking of the recovery of the cusps and apses from the arco- 
radial equation, I have been led to consider a morphological 
property of a more general class of unicursal equations, which I 
think is likely to bear valuable fruit, and may possibly form the 
subject of another communication. 

Athenzeum Club, 
September 1868. 

of curvature is everywhere equal to its elongation from the centre; that it 
is a trajectory to a central force varying as the verse cube of the shortest 
distance from the periphery of the origmating circle; that its-arco-radial 
equation is of only half the number of dimensions of the general involute of 
the same order; and that by the simplest form of quadratic transformation 
(viz. that which leaves unaltered the inclination of the tangent to the radius 
vector) it changes into the half-pitch circular convolute ; not to add that its 
polar equation is even simpler than that of the first mvolute. Certaily, 
then, as it seems to me, it ought to take permanent rank among the spirals 
which have a specific name on the geometrical register; and for want of a 
better, with reference to the place where its properties first came into 
relief, it might be termed the Norwich spiral. Where it meets the first 
involute we have 

2 

(y= —=¢7-+1, 
2 ar 

or 

(PP+1)(g?-3)=0 
so at the real intersections the radius vector is 2a, and the perpendicular 

p> —] 
on the tangent, viz. ( a) , 18 a, Showing that the tangent and radius 

vector at those points are inclined to each other at an angle of 30°. 
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May 28, 1868.—Lieut.-General Sabine, President, in the Chair. 

FHXOE following communication was read :— 
“Observations of the Spectra of some of the Southern Ne- 

bule.’’ By Lieutenant John Herschel, R.E. 
| Lieutenant Herschel, to whom the observations of the solar eclipse 

of August next have been entrusted by the Royal Society, has already 
employed the instruments, placed in his hands by the Royal Society 
for the observations of the eclipse, to good account by commencing 
an examination of some of the brightest of the nebule of the southern 
heavens. ‘The first results of this examination, which are contained 
in the present paper, were obtained at Bangalore, Madras Presidency, 
during the months of March and April 1868. The instruments con- 
sist of an equatorially mounted telescope of 5 inches aperture, driven 
by a clock furnished with a pendulum governor by Cooke and Sons, 
and a spectroscope by Messrs. Simms furnished with one prism of 
dense flint glass, and with a micrometer-screw and photographic’ scale 
for measuring the lines. The nebule No. 4390 and No. 2102 have 
been described by me, Phil. Trans. 1864, p. 439, and Phil. Trans. 
1866, p. 383. —W. H.] 

Naz cosl. [AL 13" 19™: N.P.D. 136° 37!:\!!; globular cluster 
of stars; w Centauri. | 

March 25. A large cluster visible to the naked eye, oval-shaped, 
brighter towards the central part. Spectrum an indefinable haze ; 
no lines. 

No. 2197. [AX 16°40": N.P.D. 148° 57’: great nebula in Argus. ] 

Spectrum: lines distinctly visible, but not clear enough to be 
separated ; approximate position D+1°8+°3 (D=2°30, H=3-68, 
6=3:97, F=5:03). An unsatisfactory observation: to be locked 
for again. 

No: 2017. [AX 1021": N.P.D. 129° 47’: !!; planetary nebula, 
very bright, very large, little extended, * 9M. | 

March 31. Found with difficulty in the spectroscope. After a 
minute or two’s examination the tube was accidentally disturbed ; and 
before direction could be again obtained, clouds had gathered and 
work was stopped. Appearance in telescope a nebulous-looking 
star ; under a higher power a nebulous-looking object with a much 
brighter nucleus or centre. In spectroscope a continuous streak with 
a blotch of light nearly in the middle of its length two-fifths, by esti- 
mation, from the red end; slit quite wide. 

No. 2581. [AM 11" 44"; N.P.D. 146° 27’: a planetary nebula, 
small, round; blue=*7M.| 

X 2 
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April 2. A pretty well defined and bright short line was dis- 
tinctly visible in the spectroscope, accompanied by a considerably 
fainter and more refrangible companion. Principal line measured 
with the wires and found to be D+2°1=4°4 (6=3:97, F=5:03), 
Pe.0-0°4. 

No. 4083. [AR 15> 12™: N.P.D. 87° 25':!!; globular cluster, very 
bright, large, extremely compressed in the middle. | 

April 5. Seen in telescope as a slightly oval nebulous ball, easily 
seen but not very bright (perhaps owing to moon, nearly full); found 
with some difficulty in spectroscope; a faint continuous spectrum of 
considerable width ; xo trace or suspicion of lines. 

No. 4173. (Seen easily in telescope; but looked for in spectro- 
scope for two hours in vain. ) 

No. 4390. [A 18" 6™: N.P.D. 83° 10’: planetary nebula; very 
bright, very small, little hazy. | 

April 6. Scarcely recognized as anebulain the telescope. Seen in 
spectroscope: a short bright line with a fainter one on the more 
refrangible side, and a third strongly suspected. (Knowing so well 
the relative positions of the “usual” lines, it is impossible that an 
unprejudiced corroborative opinion can be offered on such slight 
foundation as I have.) <A very slight extension laterally was given 
in this instance with the cylindrical lens. 

No. 2102. [AM 10°18": N.P.D. 107° 59’: !!; planetary nepula, 
very bright, little extended. ] 

April 9. Seen at once in telescope with low power; and seen dis- 
tinctly in the spectroscope as a bright and a faint line (the third 
line not seen); principal line measured with the wires and found 

=D+ [3 1g=215 |, or 040-48, F=b+1-06. 

No. 1179. Nebula in Orion. Examined for comparison. The 
spectrum of this nebula shows the three lines distinctly, and three 
only ; they were measured (with the wires), and the results were :— 

2G, 
D+ 4 2°20 =2°19 } =b+ 0°52, 

2°21 

Deon uieersy mys ; D+ {349 = 2°96 | =0+0-69, 
and 

D+ 2°78 =—=6-- 1-11. 

The places and descriptions of the objects enclosed within brackets 
are taken from Sir John Herschel’s ‘General Catalogue of Nebulz ”’ 
in the Phil. Trans. for 1864. 

P.S.—The other day a storm passed over us. As there was agood 
deal of lightning, I took the opportunity to examine its spectrum. 
I saw, as I expected, numerous bright lines; the blue nitrogen one, 
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[I suppose, much the brightest. A suspicion also of the red hydrogen- 
line C. I was much surprised at the brightness of the continuous 
spectrum, in which all the principal prismatic colours were brilliant. 

June 11.—Lieut.-General Sabine, President, in the Chair. 

The following communication was read :— 
“On the Combustion of Hydrogen and Carbonic Oxide in Oxygen 

under great pressure.’ By E. Frankland, F.R.S., Professor of 
Chemistry in the Royal Institution and in the Royal School of Mines. 

In a former communication to the Royal Society* I described some 
researches on the effect of a diminution of pressure on some of the 
phenomena of combustion, and deduced therefrom the law that the 
diminution in illuminating-power is directly proportional to the di- 
minution in atmospheric pressure. 

Further experiments, made more than a year ago, on the nature 
of the luminous agent in a coal-gas flamey, led me to doubt the cor- 
rectness of the commonly received theory first propounded by Sir 
Humphry Davyf, that the light of a gas-flame and of luminous 
flames in general is due to the presence of solid particles. In refer- 
ence to gas- and candle-flames, it is now well known that the fuligi- 
nous matter produced when a piece of wire-gauze is depressed upon 
such flames, and the sooty deposit which coats a piece of white por- 
celain placed in a similar position, are not pure carbon, but contain 
hydrogen, which is only completely got rid of by prolonged expo- 
sure to a white heat in an atmosphere of chlorine. On pursuing the 
subject further, I found that there are many flames possessing a 
high degree of luminosity which cannot possibly contain solid par- 
ticles. ‘Thus the flame of metallic arsenic burning in oxygen emits a 
remarkably intense white light; and as metallic arsenic volatilizes 
at 180° C., and its product of combustion (arsenious anhydride) at 
218° C., whilst the temperature of incandescence of solids is at least 
500° C., it is obviously impossible here to assume the presence of 
ignited solid particles in the flame. Again, if carbonic disulphide 
vapour be made to burn in oxygen, or oxygen in carbonic disulphide 
vapour, an almost insupportably brilliant light is the result. Now 
fuligmous matter is never present in any part of this flame, and the 
boiling-point of sulphur (440° C.) is below the temperature of incan- 
descence, so that the assumption of solid particles in the flame is 
here also inadmissible, If the last experiment be varied by the sub- 
stitution of nitric oxide gas for oxygen, the result is still the same ; 
and the dazzling light produced by the combustion of these com- 
pounds is also so rich in the more refrangible rays, that it has been 
employed in taking instantaneous photographs, and for exhibiting the 
phenomena of fluorescence. 

Many other similar cases of the production of brilliant light from 
incandescent, gaseous, or vaporoas matter might be cited; but I will 

y Phil. Trans. vol. cli. p. 629 (1861). 
Lectures on Coal-gas, delivered at the Royal Institution in March 1867. 

Journal of Gas-lighting. { Phil. Trans. for 1817, p. 75. 
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mention only one other. Amongst the chemical reactions celebrated 
for the production of dazzling light, there are few which surpass the 
active combustion of phosphorus i in oxygen. Now phosphoric an- 
hydride, the product of this combustion, is volatile at a red heat ; 
and it is therefore manifestly impossible that this substance should 
exist in the solid form at the temperature of the phosphorus-flame, 
which far transcends the melting-point of platinum. For these 
reasons, and for others stated in the lectures above quoted, I consider 
that incandescent particles of carbon are not the source of light in 
gas- and candle-flames, but that the luminosity of these flames is due 
to radiations from dense but transparent hydrocarbon vapours. As 
a further generalization from the experiment above mentioned, I was 
led to the conclusion that dense gases and vapours become luminous 
at much lower temperatures than aériform fluids of comparatively 
low specific gravity, and that this result is to a great extent, if not 
altogether, independent of the nature of the gas or vapour, inas- 
much as I found that gases of low density, which are not luminous 
at a given temperature when burnt under common atmospheric pres- 
sure, become so when they are simultaneously compressed. ‘Thus 
mixtures of hydrogen and carbonic oxide with oxygen emit but little 
light when they are burnt or exploded in free air, but exhibit intense 
luminosity when exploded in closed glass vessels, so as to prevent 
their expansion at the moment of combustion. 

I have recently extended these experiments to the combustion of 
jets of hydrogen and carbonic oxide in oxygen under a-pressure 
gradually increasing to twenty atmospheres. ‘These experiments 
were conducted in a strong iron vessel, furnished with a thick plate 
of glass of sufficient size to permit of the optical examination of the 
flame. The results are so remarkable that, although still far from 
being complete, I venture to communicate them to the Reyal Society 
before the close ofthe Session. The appearance of a jet of hydrogen 
burning in oxygen under the ordinary atmospheric pressure is too 
well known to need description. On increasing the pressure to two 
atmospheres, the previously feeble luminosity is very visibly aug- 
mented, whilst at ten atmospheres’ pressure the light emitted by 
a jet about 1 inch long is amply sufficient to enable the observer 
to read a newspaper at a distance of 2 feet from the flame, and this 
without any reflecting surface behind the flame. Examined by the 
spectroscope, the spectrum of this flame is bright and perfectly con- 
tinuous from red to violet. 

With a higher initial luminosity, the flame of carbonic oxide in 
oxygen becomes much more luminous at a pressure of ten atmo- 

spheres than a flame of hydrogen of the same size and burning under 
the same pressure. The spectrum of carbonic oxide burning in air 
is well known to be continuous ; burnt in oxygen under a pressure 
of fourteen atmospheres, the spectrum of the Haiey is very brilliant, 
and perfectly continuous. 

If it be true that dense gases emit more light than rare ones 
when ignited, the passage of the electric spark through different 
gases ought to produce an amount of light varying with the density 
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of the gas; and this is in fact the case, for electric sparks passed as 
nearly as possible under similar conditions through hydrogen, oxygen, 
chlorine, and sulphurous anhydride emit light the intensity of which 
is very slight in the case of hydrogen, considerable in that of oxygen, 
and very great in the case of chlorine and sulphurous anhydride. 
When liquefied sulphurous anhydride is sealed up in a strong tube 
furnished with platinum wires, and the temperature then allowed to 
rise until the internal pressure amounts to three or four atmospheres, 
the passage of induction-sparks through the enclosed gas is attended 
with very brilliant flashes of light. Further, if a stream of induc- 
tion-sparks be passed through air confined in a glass tube connected 
with a condensing syringe, and the pressure of the air be gradually 
augmented to two or three atmospheres, a very marked increase in 
the luminosity of the sparks is observed, whilst on allowing the con- 
densed air to escape, the same phenomena are observed in the reverse 
order. 

The electric are from fifty cells of Grove’s battery is incomparably 
more brilliant when mercury vapour, instead of atmospheric air, is 
interposed in the path of the discharge between the carbon points. 
The gases and vapours just mentioned have the following relative 
densities :— 

Evaro cen: Biviat hs ead eS le LO 
EN Tie AUC TE LC URL rER ER AS PRR Raat RoR gree Eee 14°5 
Drae ra ate Nate edly eld. wed 16°0 
Sulphurous anhydride ........ «Mera se 32:0 
Wino pimres + Vp a | AY Hatta ott Pe Spiced Greg 35°5 
Mercury: 2... . spate kta helenae Sa aCe 100-0 

It is obvious that the above results have a very direct bearing upon 
the views now generally held regarding the constitution of the sun, 
stars, and nebule ; but I refrain from making any such application 
of them until I have the honour of laying before the Royal Society 
a complete account of these experiments. 

June 18.—Lieut.-General Sabine, President, in the Chair. 

The following communications were read :— 
‘“Researches on Refraction-equivalents.”’ By J. H. Gladstone, 

Ph.D: F.B.S. 
Since the paper of the Rev. T. Pelham Dale and myself ‘‘On the 

Refraction, Dispersion, and Sensitiveness of Liquids”’*, our re- 
searches have been continued from time to time, and a good deal of 
attention has been paid to the subject in Germany. The permanence 
of the specific refractive energy of a body, notwithstanding change of 
temperature, ageregate condition, solution, or even chemical combi- 
nation, has been confirmed, and upon this has been built the doc- 
trine of Refraction-equivalents. 

Our “ specific refractive energy ’’ is the refractive index of any sub- 
stance minus unity, divided by the density—in symbolic language 

* Philosophical Transactions, 1863, p. 317. 
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a Professor Landolt’s “ Refraction-equivalent ” is the same 

. : —1 
multiplied by the chemical equivalent, or P — . 

The largest generalization arrived at is that the refraction-equiva- 
lent of a compound is the sum of the refraction-equivalents of its 
constituents. This has been sufficiently proved in a multitude of 
instances among the compounds of carbon, hydrogen, and oxygen, 
and it has been shown, or assumed to be the case, in the combi- 
nations of many other elementary bodies*. 
My more recent researches have branched off into several lines ; 

but an especial attempt has been made to answer the following ques- 
tions. Have any of the elements more than one definite refraction- 
equivalent ? and what are the refraction-equivalents of the metallic 
elements? A large mass of observations bearing on these points 
has been gathered together, and more or less collated ; but it is yet 
imperfect, and my present object is rather to indicate the principal 
method of inquiry than to publish the actual results. 

As the metals are opaque, their refractive indices cannot be deter- 
mined in a direct manner as those of gaseous hydrogen, liquid phos- 
phorus, crystallized carbon, and other transparent elements have 
been. An attempt must therefore be made to determine their 
effect on the rays of light by examining their compounds; but their 
crystalline salts are very frequently doubly refracting, owing to some 
peculiarities of internal structure, and, where they give only one 
spectrum, there are practical difficulties about the experiment that 
are not encountered in dealing with liquid bodies. The solutions 
of these salts have only one refraction; and it occurred to me that 
they might afford an easy means of determining the refraction-equiva- 
lents, first, of the compounds themselves, and, secondly, of their 
metallic and other constituents. In practice, many sources of error 
presented themselves, all of which tell upon the ultimate result, and 
which necessitated improved apparatus, and great care both in pre- 
paring the solutions and in taking the observations. 

The method generally adopted was as follows :—An amount of 
salt representing the chemical equivalent was dissolved in 2 equiva- 
lents of water, and the refractive index and density of the solution 
were taken. From these was reckoned the refraction-equivalent ; and 
subtracting from this 2 times the refraction-equivalent of water for 
the solar line A, there remained the refraction-equivalent of the dis- 
solved salt for that part of the spectrum. ‘That this fairly repre- 
sents the action exerted on light by the chemical compound itself is 
supported by several considerations. Ist. In the few cases (such as 
chloride of sodium and sugar) where the refraction-equivalent of the 

* See Brit. Association Report, 1863, Transactions of Sections, p. 12. Ibid. 
1866, p. 87. Journal of the Chemical Society, ser. 2, vol. 11. p. 108. Landolt, 
Pogg. Annalen der Physik und Chemie, vols. cxyil., cxxii., and exxiii, Ketteler, 
Ueber die Farbenzerstreuung der Gase, 1865. Haagen, Pogg. Annalen, vol. 
exxiil. p. 125. Schrauf, Pogg. Annalen, vol. cxxvil. p. 344. Willner, Pogg. 
Annalen, vol. exxxiii. p. 1. 
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substance has been obtained both in the solid and dissolved con- 
dition, it is found to be the same. 2nd. Solutions of several organic 
substances, such as formic and citric acids, give the theoretically 
correct equivalent for these substances. 3rd. The refraction-equiva- 
lent of a salt seems to be the same, whether it be dissolved in water 
orin alcohol. 4th. The refraction-equivalent of a salt in solution is 
not affected by altering the amount of water in which it is dissolved. 
5th. The numbers reckoned for these salts in solution bear such a 
remarkable relation to one another as to force the conviction that 
they are made up of two components, the one depending on the 
metal, the other on the substance combined with it. To exhibit the 
nature and force of this argument, it would be necessary to tabulate 
a long series of results; but for the present I shall confine myself 
to the salts of potassium and sodium, with the corresponding hydro- 
gen compounds. 

Refraction-equivalents.| 294 | § B= 
Oo r= w) 3 
BTS ETO 

: Common : : > g & S 8 é el 
Dissolved compound. formula, | ¢ = Me ane 2 g gd |e s 8 
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(CLUES Se had ines eee nn MCl PAs seh ile eet 33 4:0 
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ILOCUIG > nodal OUR ORAneacE eee MI 35°33 | 31°59 | 31:17 oT 4-2 
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Sulphocyanide ............... MSNC Sod ON ES Pen ruccce Pe egch ote” “cae 
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From the above numbers several conclusions may be safely drawn. 
First, it is evident that the refraction-equivalents of the compounds 
of potassium differ very widely according to the nature of the electro- 
negative constituents ; again, that the refraction-equivalents of the 
compounds of sodium differ part passu with those of the potassium 
compounds, being always less by a number varying from 3:0 to 3:9. 
From this it may be fairly concluded that the electro-negative con-~ 
stituent has the same effect on hight, whichever metal it is united with, 
and that the refraction-equivalent of potassium exceeds that of sodium 
by 3-4, or thereabouts. But does the Table afford the data for de- 

* This number seems to be too high, but it is the mean of fairly accordant 
results. It is rejected in the caiculation of average difference between potassium 
and sodium. 



314 Royal Society :— 

termining the absolute equivalent of one or other of these metals ? 
It was at first thought that this would be arrived at by a comparison 
of the metal with hydrogen, the refraction-equivalent of which has 
hitherto been estimated at 1°3 (or 1°5 im the case of water) ; but the 
last column showsthat the difference between potassium and hydrogen 
is not always the same, the differences being greater than can be attri- 
buted to errors of observation. Indeed the numbers seem to fall into 
two groups: with the mineral acids the differences lie between 4:0 
and 4°7, while with water, alcohol, and the organic acids, they are 
always upwards of 6, varying indeed from 6:2 to 6°8, the average 
being 6°55. But it is in these last-mentioned compounds that the 
equivalent of hydrogen is believed to be 1:3. Assuming this, we 
may reckon the refraction-equivalent of potassium to be about 
6°55+1°3, that is, 7°85. We have, however, other means of arri- 
ving at an estimation. Chiorine, in such bodies as chloroform or 
tetrachloride of carbon, is represented by 9°8. Again, cyanogen, from 
the experiments of Dulong on the gas itself, may be taken at 9°2. Sul- 
phur has a refraction of 16:0; hence sulphocyanogen may be reck- 
oned as 16°0+9°2, that is, 25°2. Subtracting these numbers from 
those of the respective potassium salts, we obtain the equivalent of 
the metal. Thus from different sources we may calculate for the 
value of potassium :— 

Piom the chloride 2302 ce. ee ene nO 
Spe OMEN E NCIS seh Mopac olan Agia Gio od 79 
5»  Sulphocyanide 8°2 
ost) pabiyliratier secant asc. ployee ae ener 8°3 
» alcoholate 8:1 
ss. formiate <2. 227 7°38 
Seni acetuaue ei 
seth, CANERALE) inet s beaars Foe 

These numbers are tolerably close, though the equivalent of po- 
tassium deduced from its morganic, would, on the whole, be higher 
than that deduced from its organic compounds. ‘The mean of the 
first four computations is 8°2, that of the last four 7°8. Perhaps, 
pending further researches, it will be best to assume the mean of 
these numbers, 

Potassiuin sls sieht. ==0)0) 8 

and since a sodium salt has a refraction-equivalent generally 3°4 
lower than the corresponding potassium salt, we may reckon 

So Gina ih Gach eee 
: ; , ; —l 

If, instead of taking the refraction-equivalent P seria we reckon fo) q d 

= 
the specific refractive energy Neos, we obtain the following values :— 

ROtaASSruM sce ec he oe ee OG 

Sodaumay dicey eaccs Reel ee OR, 

This implies that equal quantities of these two analogous metals 
* Haagen, from the crystalline chloride, determined the refraction-equiva- 

lent of sodium for the hydrogen line d at 4°89. 
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exert very nearly, if not precisely, the same effect on the velocity of 
the rays of light. 

Another deduction from the above Table is that already alluded 
to in regard to hydrogen ; while in the organic acids it probably has 
the known refraction-equivalent 1°3, it would seem that in the others, 
viz. hydrochloric, hydrobromic, hydriodic, nitric, metaphosphoric, 
and sulphuric acids, it has a very much higher refraction-equivalent, 
one in fact which is little less than sodium, and falls short of potas- 
sium by only about 4°3. Hence we may we deduce— 

Hydrogen in organic compounds ...... =1°3 
Eivanaeentim mineral acids, 1...) .52)0-1a-=ao0F 

How far this conclusion may hold good throughout, and whether 
one number should be an exact multiple of the other number, must 
remain to be determined by future observations. It appears, how- 
ever, to answer in the affirmative the question whether an element 
can have more than one definite refraction-equivalent. 

Of course, from the Table given above, it would be easy to 
deduce values for each of the electro-negative constituents; but it 
would be safer to generalize from a larger number of instances. 

The series of observations on potassium and sodium salts are the 
most complete and the most carefully revised of any which have yet 
been made; but if their refraction-equivalents are fixed, it becomes 
a much simpler matter to determine those of most other metals. 
Thus, of lead the nitrate and acetate have alone been examined; but 
as the refraction-equivalents reckoned for these salts differ from 
those of the corresponding potassium compounds in each instance 
by 4:1, the presumption is great that the refraction-equivalent of 
lead is very near 8°0+4°1, or 12°1. 

The following are numbers deduced from two or more salts of 
each metal. They must be looked upon only as approximately true ; 
and any subsequent modification of the value 8°0 for potassium 
must lead to a corresponding modification of the whole series. 

2 > Specific 
Chemical Refraction- pecs 

Metal. equivalent. | equivalent. refractive 
energy. 

Potassium 2225. 00h es ek eee 39 8:0 0:205 
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These numbers are suggestive in many ways; but I will only 
remark the very high refractive energy of lithium, the practical iden- 
tity of nickel and cobalt, and the remarkable fact that the specific 
refractive energy of the metals are (with one or two exceptions) in 
the inverse order of their atomic weights. 

«©On a Method of making a Direct Comparison of Electrostatic 
with Electromagnetic Force; with a Note on the Electromagnetic 
Theory of Light.” By J. Clerk Maxwell, F.R.SS.L. & E. 
The experiments described in this paper were made in the laboratory 

of Mr. Gassiot, who placed his great battery of 2600 cells of bichlo- 
ride of mercury at the disposal of the author. Mr. Willoughby Smith 
lent his resistance-coils of 1,102,000 Ohms; Messrs. Forde and 
Fleeming Jenkin lent a sensitive galvanometer, a set of resistance- 
coils, a bridge, and a key for double simultaneous contacts; and 
Mr. C. Hockin undertook the observation of the galvanometer, the 
adjustment of the resistances, and the testing of the galvanometer, 
the resistance-coils, and the micrometer-screw. ‘The electrical ba- 
lance itself was made by Mr. Becker. 

The experiments consisted in observing the equilibrium of two 
forces, one of which was the attraction between two disks, kept at a 
certain difference of potential, and the other was the repulsion be- 
tween two circular coils, through which a certain current passed in 
opposite directions. For this purpose one of the disks, with one of 
the coils attached to its hinder surface, was suspended on one arm 
of a torsion-balance, while the other disk, with the other coil behind 
it, was placed at a certain distance, which was measured by a micro- 
meter-screw. The suspended disk, which was smaller than the fixed 
disk, was adjusted so that in its position of equilibrium its surface 
was in the same plane with that of a “ guard-ring,” as in Sir W. 
Thomson’s electrometers, and its position was observed by means of 
a microscope directed on a graduated glass scale attached to the disk. 
In this way its position could be adjusted to the thousandth of an 
inch, while a motion of much smaller extent was easily detected. 

An exactly similar coil was placed at the other end of the torsion- 
balance, so as to get rid of the effects of terrestrial magnetism. 

It was found that though the suspended disk and coil weighed 
about half a pound, a very slight want of equality between the op- 
posing forces could be detected, and remedied by means of the mi- 
crometer. 

The difference of potential between the disks was maintained by 
means of Mr. Gassiot’s great battery. To measure this difference of 
potential, it was made to produce a current through Mr. Willoughby 
Smith’s resistance-coil, and the primary coil of the galvanometer 
shunted with a variable resistance. 

The current in the coils was maintained by a Grove’s battery, and 
was led through the secondary coil of the galvanometer. 

One observer, by means of the micrometer-screw, altered the dis- 
tance of the disks till the suspended disk was in equilibrium at zero. 
At the same time the other observer altered the shunt till the gal- 
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vanometer-needle was also in equilibrium. The micrometer-reading 
and the resistance of the shunt were then set down as the results of 
the experiment. 

The mean of twelve satisfactory experiments, at distances varying 
from *25 to °5 inch, gave for the ratio of the electromagnetic to the 
electrostatic unit of electricity— 

v=27°79 Ohms, or B. A. units. 

=277,900,000 metres per second. 

=174,800 statute miles per second. 

This value is considerably lower than that found by MM. Weber 
and Kohlrausch by a different method, which was 310,740,000 metres 
per second. Its correctness depends on that of the B. A. unit of 
resistance, which, however, cannot be very far from the truth, as it 
agrees so well with Dr. Joule’s thermal experiments. 

It is also decidedly less than any estimate of the velocity of light, 
of which the lowest, that of M. Foucault, is 298,000,000 metres per 
second. 

In a note to this paper the author gave his reasons, in as simple a 
form as he could, for believing that the ratio of the electrical units 
and the velocity of light, are one and the same physical quantity, 
pointing out the difference between his theory and those of MM. 
Riemann and Lorenz, which appear to lead to the same conclusion. 

XLI. Intelligence and Miscellaneous Articles. 

SECOND NOTE ON THE LAWS OF INDUCTION, 

BY MM. JAMIN AND ROGER. 

[ a previous communication we announced that the heat developed 
in the external circuit of a magneto-electrical machine, working 

with a constant velocity, was governed by the same law as in the case 
of an ordinary battery. Our machine consisted of six rotating plates, 
each provided with sixteen coils mounted in tension. ‘The plates 
themselves were united in quantity ; thatis, the similar poles of each 

of them terminated in two common points, with which were connected 
the external circuit. Since then the machine has been arranged 
afresh, so as to combine the various plates in all possible manners. 
We will now give the results obtained by associating 1, 2,...6,..2” 
plates in quantity. 

By joining in the same manner 7 piles, each having the electro- 
motive force A and the resistance 7, we have a single electromotor 

of the force A and resistance _; the intensity i of the current with 
a 

an external resistance 7 will be 

= 
A 

LL 

nN, 
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and the quantity of heat regenerated under these circumstances will 
be 

Sy Ges 

Now, working with 1, 2...6,...m plates, we have found that the 
machine verified this formula, taking for A* and r the values 813712 
and 100. 

The following are some of the results :— 

Thermal units reproduced in the circuit. 

Resist- l 
ae zv.| Two plates. Three plates. | Four plates. | Five plates. Six plates. 

Obs. | Calc. | Obs. | Cale. | Obs. | Cale. | Obs. | Cale. | Obs. | Cale. 

F(OROM ID SAa7/ | 1°56) 2:72 | 8:14 |) 4:75) 4°98" 6:20) 7-OL itso oe eects 
15:04| 2:30 | 2:48 | 4:55 | 458 | 6°65 | 6:77 | 9°05 | 8-91 | 1085 | 11:00 
92-56] 2°86'| 38:05 | 5:18 | 5°24 | 7-45 | 7-32 | 9°57 | 9-24 | 10 7D ane39 
30:08| 3:26 | 3°37 | 5:62) 5:50 | 7:35 | 7:37 | 9:30 | 9:02) 10:51) 11045 
46:40| 3:69 | 3°67 | 5:66 | 5-47 | 7:00 | 6°91 | 8:20 | 8:02; 9-05 | 9-01 
69:60; 3-81 | 3:65 | 5-338 | 5:02 | 5:90 | 6:00 | 6:76 | 6:74 | 7:40 | 7°32 
92:08; 8°70 | 3-41 | 4:49] 4:50; 5:09 | 521 | 560] 5°81 | 560} 613 

The laws we have established are not to be considered special to 
the instrument which we have used; we consider that they apply to 

all electromotors of the same kind, and express the general laws of in- 
duction. 

For the future it will be possible to calculate the work of these 
machines just like that of batteries, by which their use may be better 
regulated; it will be necessary for this purpose to determine the 
constants A andr. We have obtained an insight into the ae 
of these constants, on which we will make a remanke 

In the case of a constant battery, the internal resistance is that of 
the liguid in the troughs. This is not the case with our machine: 7 
is merely a coefficient which satisfies the forrnula, it is equal to 110 

turns of the rheostat; and this resistance is only equal to 16. 
Hence, for the very short and inverted currents which are developed 

in the plates when the induced currents pass, the bobbins have a very 
great resistance, much greater than that found with prolonged cur- 

rents—than that, in short, which enters into Ohm’s formula. 
This circumstance alone characterizes induction, since it is the only 

change which is introduced into the formula; but it alone is sutiicient 
to explain the observed effects. If, in fact, the magneto-electrical 
machine had no other resistance than that of its wires, six plates 
together would represent more than six metres of normal copper 
wire; it would act like a thermo-electric pile, and, having no resist- 
ance, would produce effects neither of light nor tension. 

Tension, on the other hand, is the Escorial feature of induction ; 
it can only be produced by an electromotor of great resistance ; and 
by finding that this great resistance exists in the bobbins at the no- 
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ment they become the seat of induction, we explain effects which 
are otherwise inexplicable, and show how dynamic electricity may 
be changed into electricity of tension.—Comptes Rendus, June 22, 
1868. 

THIRD NOTE ON THE LAWS OF INDUCTION, 

BY MM. JAMIN AND ROGER. 
If n' batteries, of the force A and: the resistance 7, are united in 

tension, they constitute a single one having the force v/A and the 
resistance n'7; and, finally, if 2 of these mixed batteries were jomed 
in parallel order, they would constitute a single one the constants of 

] nr 
which would be n'A and—-. ‘The heat reproduced in the external 

n 
circuit zw will be 

LA: 
= _———_ 

nr 
—+27 

n 

We have connected our plates in couples of two, or in groups of 
three, or we have joined them all in tension; the results of ex- 
periment have confirmed the formula, as is proved by the following 
Table :— 

Plates grouped. 

One couple. | Two couples. |Three couples. Deolerpaps of |S eon lates an 
three. tension. 

Resist- | --— |——— —_—_——— —- ——__—_— 
ances. |Thermal units. |Thermal units. |Thermal units. |Thermal units. | Thermal units. 

@Ohs |) Cale. | Obs. | Gale. | Obs. | Calc. | (Obs, | Cale.) -@bs: | Cale. 

58 2:95 | 2:44 6°80 | 6°67 | 10°52 | 10°93 | 7:27 | 8-05 
92 2°92 | 3:06 | 7:97 | 7:32 | 10:99 | 10°93 | 9-12 | 9°51 

144 300 | 3:5) 743 | 7:25 | 9:80 | 9:99 | 11-05 | 10-98 
173 3°98 | 3:64 | 7:05 | 6°99 | 9:22 | 9:24 | 10°93 | 11-08 
239 3:86 | 3:69 | 627 | 6°37 | 7:90 | 7:97 | 10:35 | 10-88 
303 3:63 | 3°60 | 6:30 | 5:76) 7:19 | 6:96 | 8:93 | 9°51 
452 3°38 | 3°25 | 4:59 | 465 | 5-26.| 5:33 | 7:40! 8-63 
612 2-36 | 2°86 | 3°87 | 3:81) 4525 | 4:23 | 7-02 | 7-32 | 11-32) 11:08 

Our experiments may be thus generalized :— 
Whenever bobbins in any number pass with a constant velocity at 

the same distances in front of magnets, they act like the elements of 
a constant battery. Notwithstanding interruptions or inversions of 
the current, the quantity of electricity produced is governed by Ohm’s 
law, and the heat regenerated in the external circuit by that of Joule. 
These laws apply to all modes of grouping bobbins. ‘The electro- 
motive force of each bobbin varies with the velocity, and with all 
the circumstances of the construction. 

The same is the case with the resistance p of this: couple ; it is 
always greater than the resistance of the wires composing the bobbin. 

a and p had still to be measured—that is, compared with the con- 
stants of a known element. For this purpose we measured with 
twenty Bunsen’s elements the heat produced in the external circuit r ; 
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it is given by the formula 
_ _(20a')*« 

(209! +)?” 

By these experiments a! and p! could be measured. We had 

For one bobbin.. ...... a@ =1'78 p =6°87 
For a Bunsen; 238 2 es 0-758 pa—1:00 

Ratios 2c a oon © =2'37 E == (Fsi7/ 
a p 

With its 96 plates in tension our machine was equal as force to 
925, and as resistance to 655 Bunsen’s elements. In quantity it is 
only equal to 38 elements of the resistance 18. With other group- 
ings we had the following results :— 

Value of the machine in Bunsen’s 
elements. 

oe er ee —— 

ea omen Recietinees 
orce. 

Mensiong. awerspue aia: eee eo 655 
Two groups of three.... 1138 163°6 
Three groups of two.... 75 72°3 
Quantity es ee 37°9 18°0 

In all cases the effect of the machine and its arrangement might be 

so modified as to produce in a given position of the circuit the maxi- 
mum calorific effect.—Comptes Rendus, July 1, 1868. 

ON THE DIATHERMANCY OF CHLORIDE OF POTASSIUM. 
BY G. MAGNUS*, 

There are now found at Stassfurt large crystals of perfect trans- 
parency to which mineralogists have given the name sylvine. I 
have ascertained that sylvine has the same properties as rock-salt 
as regards its transparency for heat. A plate of sylvine 26 millims. 
in thickness allows 76 per cent. of the incident heat to traverse it, 
which is the same proportion as a plate of rock-salt of the same 
thickness from Stassfurt. 

Melloni found that a plate of rock-salt of 2°6 millims. (that is, a 
tenth of the thickness of my plate) allowed 92°3 per cent. of the in- 
cident heat to traverse it; another plate, which he calls imperfectly 
transparent (douche), only allowed 62 per cent. to pass. Thus 
sylvine and Stassfurt rock-salt, with ten times the thickness, possess 
a diathermancy which is the mean of those which Melloni found for 
plates of rock-salt. 

I had occasion to try a plate of rock-salt from Wiurtemberg, which 
gave 92:6 for a thickness of 26 millims. 

The diathermancy of sylvine resembles that of rock-salt in another 
respect: it does not vary with the temperature of the source. I 
have found it the same for heat emitted by a lamp and for that arising 
from a vessel heated to 100°. Rock-salt has hitherto been the only 
substance known to be endowed with this property.—Comptes 
Rendus, June 29, 1868. 

* Extract from a letter to M. Regnault. 
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XLII. Notes on the Chemical Geology of the Gold-fields of 
California. By J. AntHUR PHILLIPS*. 

URING three separate visits to the Pacific coast of North 
America I have had numerous opportunities of studying 

the geology of the Californian gold-fields, and of investigating 
the circumstances attending the chemical and physical changes 
which have formerly occurred and which, to a certain extent, are 
still taking place in those regions. Whilst carrying out these 
researches, various facts have come under my notice which appear 
to throw some light on the formation of auriferous veins, as well 
as on the distribution of the precious metal in the rocks in which 
it is found. 

I have endeavoured to embody in the following paper some of 
the results of my inquiries, in the hope that, should the con- 
clusions to which I have arrived be shown to be fallacious, the 
facts which have been collected may nevertheless assist other in- 
vestigators in arriving at a correct interpretation of the pheno- 
mena attending the formation of auriferous veins. In doing 
this, I propose to first give a short description of the gold regions, 
and subsequently to treat of their quartz veins, alluvial deposits, 
hot springs, and salt lakes, all of which are intimately connected 
with the chemical geology of the districts in which they occur. 

Rocks of the Gold-Region of California. 

The great sedimentary metalliferous belt of California lies on 
the western slope of the Sierra Nevada, beginning in the neigh- 

* Communicated by the Author, being the substance of a paper read 
before the Royal Society, March 12th, 1868. 

hil. Mag. 8. 4. Vol. 36. No. 244. Nov. 1868. ¥ 
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bourhood of the Téjon Pass, and extending through the State to 
its northern limit. In consequence, however, of various local 
circumstances, different portions of this band are of very unequal 
importance as gold-producing districts. 

The principal auriferous region may be said to occupy the 
western portions of the several counties of Mariposa, Tuolumne, 
Calaveras, Amador, El Dorado, Placer, Nevada, Sierra, and 
Plumas, with portions of the eastern sides of Yuba and Butte 
counties. 

The apparently limited extent of the auriferous belt towards 
the north, in the counties of Plumas and Butte, is, according to 
the State Geological Survey, not owing to the thinning out of 
the gold-bearing formation in these localities, so much as to its 
being here, as well as in Shasta and Siskiyou counties, in a great 
measure covered by large masses of lava of very recent origin. This 
has been poured forth from Lassen’s Butte and other volcanic 
cones in its vicinity; and, overflowing the older slates, it has 
covered them to a great depth with a non-metalliferous and 
almost indestructible capping. 

Beyond Mariposa, in the southern portion of the gold-region, 
the slates are narrower and subject to interruption, and, from 
being more frequently and more extensively encroached on by 
the granite, they almost cease to form a continuons belt. This 
gradual decrease in the width of the auriferous formation from 
north to south, and the continuously mcreasing amount of me- 
tamorphism displayed, are very marked, since the granite progres- 
sively occupies a relatively larger portion of the Sierra, and by 
degrees descends lower down its flank. 

The slates of the auriferous belt of California have been satis- 
factorily shown by Professor Whitney * to belong, for a great 
extent, to the Jurassic period, although the occurrence of nume- 
rous Triassic fossils in the gold-bearig rocks of Plumas county 
and elsewhere renders it more than probable that no imconsi- 
derable portion of the slates in the heart of the gold-region are 
of that age. ‘The sedimentary rocks of the great auriferous belt 
lying on the western slope of the Sierra Nevada principally con- 
sist of various slates and schists, sometimes containing nodules 
of white felspar, which is generally more or less decomposed. 
Among them are also found sandstones of various degrees of 
fineness (often transformed into quartzites), black talcose schists, 
with slates exhibiting a well-defined cleavage and silky structure, 
together with bands of crystalline limestone. 

The rock constituting the principal mass of the Sierra Nevada 
is a granite containing only a small proportion of quartz, and in 
which but one species of felspar (oligoclase) is generally found. 

* Geological Survey of California. 
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In addition to quartz, felspar, and mica, the latter of which is 
well crystallized and often of a brilliant black colour, this rock 
encloses titaniferous iron, and occasionally crystals of sphene of a 
light yellow colour. Magnetic oxide of iron is also present in 
notable quantities, and consequently imparts this property to the 
enclosing granite. The granite of the Sierra appears to retain 
its peculiar characteristics throughout a great portion of its ex- 
tent ; but towards the southern extremity of the chain hornblende 
begins to make its appearance as one of the constituents of the 
rock ; the mica at the same time becoming less plentiful, and 
losing its brilliancy and dark colour. 

Lying between the band of metamorphic slates and the great 
central granitic mass forming the more elevated portions of 
the chain, are found various eruptive rocks, such as syenites, 
diorites, and porphyries. The first of these pass into granites 
by almost imperceptible gradations, and appear to belong to the 
same geological period. ‘The diorites, on the contrary, are of 
more recent origin, and contain neither sphene nor titaniferous 
iron, although they enclose a considerable amount of magnetic 
oxide of iron. In many places diorite is observed to traverse the 
granite in the form of distinct dykes. The porphyries are com- 
paratively of small extent, and contain crystals showing the 
usual strize, indicating the presence of plagioclastic felspars. 

Quartz Veins. 

All the crystalline rocks in the vicinity of the sedimentary 
deposits contam numerous veins of quartz, which traverse the 
granite and diorites near their point of junction with the slates, — 
and, in addition to gold, enclose crystals of iron pyrites and 
other metallic sulphides. 

These quartz veins of the crystalline rocks are comprised 
within a narrow zone running from south to north, along the 
western flank of the mountains above the great band of meta- 
morphie slates forming the mest productive portion of the gold- 
region, and extend, in the vicinity of the line of junction, nearly 
throughout its whole extent. 

The quartz veins of the band of metamorphosed slates occu- 
pying the western slope of the Sierra, and lower on its flank 
than the crystalline rocks above described, are numerous and 
important. ‘They are not, however, by any means equally dis- 
tributed throughout the region of slates, but are chiefly con- 
centrated in a belt having a width from east to west of some 
twelve or fifteen miles, and extending from south to north 
throughout the whole length of the formation. These veins, 
for the most part, follow the general direction of the strata 
in which they are enclosed. This parallelism, however, is not 
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absolute, since in many instances a vein, besides having a 
somewhat different direction from that of the bedding of the en- 
closing rock, throws off branches cutting the slate at consider- 
able angles. 

One of the most remarkable gold veins in California is that 
extending from Mount Ophir, in Mariposa county, to Mokelumne 
Hill in Calaveras, a distance of over mae miles, This lead*, 
which frequently crops boldly out above the surface of the ground, 
and varies in thickness from six to sixty feet, may in some places 
be traced for many miles across the country, and often presents 
an outcrop like an immense white wall. Although by no means 
continuous, this may be considered as an axis with regard to the 
other veins of the region, which have generally an almost similar 
direction, and are most frequently grouped at no very consider- 
able distances from it. 

The gangue of the auriferous veins of California is invariably 
quartz, which is generally crystalline in its structure, or partially 
vitreous and semitransparent. In the majority of cases the 
quartz constituting an auriferous veinstone is ribboned in such 
a way as to have the appearance of a succession of layers parallel 
with the walls of the lead; and some one or more of these 
laminz are not unfrequently far more productive of gold than 
the others. 

In some instances these parallel bands are separated from 
each other by a thin layer of quartz, shghtly differimg, either in 
colour or structure, from that forming the seams themselves ; or 
they may be only distinguished by a difference of the colour or 
structure of two adjoming members of the series. 

In many cases, however, lamine of the enclosing slates divide 
the vein into distinct bands ; and in such instances it will be ob- 
served that the thickness of the interposed fragments of slate is 
sometimes not greater than that of a sheet of the thinnest paper. 
Cavities or druses containing crystals of quartz sometimes occur 
in all the auriferous veins of the country ; and a certain amount 
of crystallization may also not unfrequently be remarked along 
the lines of junction of the several bands of which a vein is com- 
posed. In such cases crystallization appears to have been set 
up on the surface of the last-deposited stratum, which has in- 
duced the formation of a similar crop of crystals on the layer 
subsequently formed on its surface. Quartz crystals, however, 
rarely occur in notable quantities in any of the most productive 
veins; and when the structure of a lead is highly crystal- 
line, and the quartz more than ordinarily transparent, it 1s con- 

* In California a quartz vem is called a “lead,” and in Australia a 
“reef.” In the gold-regions of the latter country the term dead is applied 
to the deposits of the “ deep placers.”’ 
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sidered an unfavourable indication with regard to its auriferous 
character. 

The quartz considered by miners as most “ favourable for 
gold” is seamy, stained by oxide of iron arising from the decom- 
position of pyrites, mottled, and somewhat marble-like in ap- 
pearance. In addition to ordinary quartz in a more or less crys- 
talline form, amorphous hydrated silica, or semi-opal, and chal- 
cedony are occasionally met with: and in some instances the opal 
is interfoliated between layers of true quartz, and is sufficiently 
auriferous to repay the expenses of treatment. 

Generally the walls of auriferous veins are smooth and well 
defined, often affording evidence of a considerable amount of 
dynamic action; and in the case of the lead being divided into 
bands by interfoliations of slate, these, to a less extent, are some- 
times marked by groovings indicative of mechanical motion. 
Between the vein and the enclosing rock there is sometimes, 
but not always, a thin stratum of clay, which occasionally en- 
closes small particles of gold. 

The metallic minerals enclosed in the gangue of auriferous 
veins are ordinary iron pyrites, blende, and galena, and, less fre- 
quently, arsenical pyrites, magnetic and copper pyrites, and cin- 
nabar. These sulphides invariably contain gold; aud veins in 
which some one or more of them does not occur in consider- 
able amounts, are not regularly and lastingly productive. Inthe 
earlier days of quartz-mining these sulphides were allowed to 
escape, and the “free gold” was alone obtained; but at the pre- 
sent time they are all carefully collected, and form an important 
addition to the profits of the miner. 

Near the surface the iron pyrites and other sulphides become 
decomposed by the action of air and the percolation of meteoric 
water through the mass, staining the quartz of a red or brown 
colour, and leaving the gold in a form highly favourable for 
amalgamation. Under such circumstances numerous cubical 
moulds of iron pyrites are found in the veinstone; and although 
this mineral has been entirely removed by chemical action, the 
cavities left contain finely divided gold, obviously liberated by 
the decomposition of pyrites. 

Beneath the line of natural drainage of the country the 
sulphides remain undecomposed, and the extraction of gold be- 
comes more difficult ; butif “rock” containing crystals of pyrites 
be placed in nitric acid and allowed to remain for a few hours 
in a warm place, the sulphide becomes dissolved and finely di- 
vided, or filiform gold will partially occupy the resulting cavities. 

In addition to the gold thus enclosed in the metallic sulphides, 
grains and small plates of that metal are disseminated through- 
out the veinstone; and this is particularly the case in the vici- 
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nity of certain coloured streaks, generally nearly parallel with 
the apparent lines of deposition of the quartz. When gold is 
found lining a cavity in a lode, or is enclosed in plastic clay, it is 
often in the form of crystals, which are usually either octahedrons 
or cubes modified by planes of the octahedron or rhombic dode- 
cahedron. When crystallization takes place in a narrow fissure, 
the crystals are much flattened. 

In one of the detrital beds in the vicinity of the village of 
Volcano, in the county of Amador, a distinctly marked quartz 
vein may be observed cutting through the gravel, and evidently 
formed by the action of water holding silica in solution. The 
mass of this lode consists of agate and chalcedony, portions of 
which are coloured by ferruginous stains. In speaking of this 
vein, Professor Whitney says, “This is not by any means an 
isolated case; other localities have been noticed where all the 
conditions necessary to the formation of quartz veins, similar in 
their general features to those in the auriferous slates, must have 
existed during the most recent geological epoch.” 

With reference to this subject, Dr. Oxland* writes me as fol- 
lows :—“ The recent quartz vein containing argentiferous pyrites, 
of which I spoke to you when we met in California, is situated 
at Sulphur Springs, Bear Valley, about ten miles north-east of 
Borax Lake. ‘This locality is resorted to by invalids for the pur- 
pose of bathing in the hot waters, which are supposed to possess 
medicinal properties, and which flow in very considerable quan- 
tities out of the foot of a hill on the north side of the creek. 

“‘This water, which contains carbonate of soda, chloride of 
sodium, and a little borax, is perfectly bright and clear, but so 
hot, that it has to be conducted into a large reservoir to cool 
before it can be admitted into the tubs provided in the wooden 
bathing-sheds. 

“The hill out of which this hot water flows rises about 400 
feet above the cahon through which the waters make their escape, 
and near its summit a deposit of sulphur has been opened 
upon. ‘This has been covered toa depth of several feet by vege- 
table mould, and Manzanita bushes are now growing luxuriantly 
upon it. In cutting a roadway from the valley to the sulphur 
deposit, a vein of friable quartz, evidently due to the action which 
has produced the solfatara, was cut through. This silica is 
banded in the direction of the vein, and contains finely divided 
iron pyrites. I took what I considered a fair sample of this 
quartz, which afforded me 16 ounces of silver per ton. Many 
of the nuggets of gold obtained in this immediate neighbourhood 
have been found with large pieces of cinnabar adhering to them.” 

* Formerly of the Toland Medical College, San Francisco, but now of 
Plymouth, 
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Some attention has also been recently directed to bands of 
auriferous slate found in the copper-bearing band west of the 
main gold-belt of the State, and in the foot hills of the Sierra. 
Of the deposits of this description, those near Lincoln, in 
Placer county, and at Quail Hill, in Calaveras, are the most re- 
markable. 

In these localities the gold, instead of being obtained from 
well-defined veins chiefly composed of ordinary quartz, is en- 
closed in bands of siliceous slaty rock, extending north-west and 
south-east, and dipping in conformity with the other strata of 
the district. At the surface the Lincoln deposit is chiefly dis- 
tinguished from the other slates of the neighbourhood by being, 
in places, deeply stained by oxide of iron, and forms a low out- 
crop of about 3000 feet in length and 200 feet in width. 

Where this has been cut into, it has been found to consist of 
alternating bands of clay-slate stained by oxide of iron, and of a 
friable sandy quartz still retaining distinct evidences of stratifi- 
cation, and which under the microscope presents the appearance 
of a siliceous skeleton from which the more soluble constituents 
have been removed by aqueous agencies. 

Through these bands, and running parallel with their strati- 
fication, dykes of felspathic rock make their appearance, and 
contain small opaque white crystals too much decomposed to 
admit of identification. These, like the slate itself, contain gold, 
but, in the case of the felspathic rock, in very small quantities 
only. In the slate are also found lenticular masses of blende 
and iron pyrites, both auriferous, with stains of carbonate of 
copper. The whole mass of the stratified rock contains a cer- 
tain amount of “free gold,” although the seams vary consider- 
ably in their yield; some of them affording mere traces, whilst 
others assay as much as 3 oz. per ton. The whole of the gold 
in the portions of the deposits as yet worked is in a “ free” 
state; but it is probable that below the water-level it will be 
found associated with various sulphides, by the decomposition of 
which in the upper portions the precious metal has become libe- 
rated. The pyrites and blende, in addition to gold, afford by 
assay a small quantity of silver per ton; and particles both of 
native silver and native copper may be extracted by washing the 
decomposed slates. 

As a general rule, the quartz lodes of California have not been 
found to be more subject to impoverishment in depth than other 
mineral veins, some of them having been worked on their dip for 
a distance of above 1200 feet without any diminution of their 
yield having taken place. 

In order to determine the chemical and physical composition 
of quartz forming the gangues of some of the principal auri- 
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ferous veins of California, I have made analyses of the veinstones 
from several of the most productive mines, and have examined 
under the microscope thin sections from a great number of 
others. My experiments have, however, been chiefly confined 
to various lodes in the vicinity of Grass Valley, in the county 
of Nevada, with which I have had numerous opportunities of 
making myself acquainted, and among which are comprised some 
of the most productive veins of the country. 

In preparing thin sections for examination I have carefully 
avoided the use of any kind of polishing- powder; and the arrange- 
ment made use of for examining them has generally been a } 
objective, by Ross, with draw- tube and eyepiece magnifying 
about 400 linear. In some cases, however, a magnifying-power 
of above 1000 linear was employed. 

Examination of Quartz from the Kate-Hayes Vein.—Fragments 
of quartz taken from near the surface at the Kate-Hayes vein, 
Grass Valley, and having aspecific gravity of 2°59, gave the fol- 
lowing results :— 
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This vein is composed of parallel bands, some of which con- 
tain small quantities of chlorite and iron pyrites. The quartz 
of which it consists is of a greyish colour, not very distinctly 
crystallized, has a peculiar greasy appearance, and contains cavi- 
ties, on the surfaces of which have been deposited guttate silica 
of a chalcedonious description. This rock contaims gold in the 
form of large scales and plates. 

When examined under the microscope with a low power, this 
quartz presents in some places a cloudy appearance, and is found 
to contain a few small cubical crystals of iron pyrites, together 
with cavities filled by chalcedonious matter. Under a higher 
power it is seen to contain fluid-cavities of about one-thousandth 
of an inch in diameter, and in which the ratio of the vacuity 
to the cubical content of the cavity is about 1 : 10. 

This veinstone also encloses small cavities which appear to be 
lined with clay, and in which no vacuities can be seen. It like- 
wise contains gas-cavities and markings very similar in appear- 
ance to the “ glass-cavities ” described by Mr. Sorby as occurring 
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in porphyritic pitchstone, in the leucite of the lava of Vesuvius, 
and in the augite of some trappean rocks. In the case of quartz 
from the auriferous veins of California, I am, however, inclined to 
believe that they are due to crystallization only, since I have 
never been enabled to discover globular vacuities in any of them, 
and precisely similar markings may be observed on many quartz 
erystals on examining their surfaces by the aid of an ordinary 
lens. Should a fresh deposit of silica immediately take place on 
the planes of a crystal thus marked, an appearance not unlike 
glass-cavities would be the result; and if the depressions on the 
original crystal should become coated with clay, by deposition 
from turbid water, before the formation of the succeeding stra- 
tum of quartz, a certain degree of opacity, hke that observed in 
the quartz of many auriferous veinstones, would be caused. It 
is also obvious that crystallizations of other minerals might take 
place in such depressions; and these, becoming covered by the 
succeeding deposit of quartz, would have, to a great extent, the 
appearance of having been formed from a slag or glass in the act 
of cooling from a state of fusion. 

That crystalline quartz is frequently produced by successive 
depositions we have abundant evidence from specimens in which 
a crystal is seen to enclose others, each successively smaller 
than that which immediately surrounds it. Clay and oxide of 
iron are also in this way deposited on the surfaces of crystals 
during the interval which elapses between the formation of 
two distinct layers, as may be observed at the tin mines of 
Schlackenwald and in other localities, where crystals are obtained 
of which the various layers are so separated from each other by 
a clayey deposit as to admit of being readily divided into a series 
of cup-like envelopes, finally enclosing a central nucleus. 

Examination of Quartz taken from the Norambagua Mine.— 
Specimens of quartz taken from a depth of 500 feet at the No- 
rambagua mine, situated about four miles south of Grass Valley, 
and having a specific gravity of 2°60, were selected for analysis 
and afforded the following results :— 
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The Norambagua vein is enclosed in a crystalline rock locally 
known as syenite ; but in some parts of the hill its composition 
would rather entitle it to be classed as a diorite. This vein, 
which is seldom more than a foot in thickness, is divided by 
headings into thin lamine parallel with its walls, and is chiefly 
composed of greasy-looking quartz, showing rather faint indica- 
tions of crystallization. Between the several lamin of silica 
there are not unfrequently thin deposits of blue slate, which have 
evidently been subjected to considerable pressure, and which 
cause the veinstone to be easily separated into parallel bands. 
In some places iron pyrites and arsenical pyrites are abundant ; 
but in selecting specimens for analysis those portions of the vein- 
stone containing a visible amount of sulphides &c. were avoided. 

A microscopical examination of sections cut from this vein 
showed that it contains fluid-cavities of about =55 of an inch 
in diameter, in most of which vacuities could be observed. It 
also encloses a few gas-cavities and some apparently containing 
clay, together with markings like those observed in the quartz 
from the Kate Hayes. 

Examination of Quartz from the North-Star Mine.—Some of 
the ordinary white quartz from the North-Star mine, near Grass 
Valley, having a specific gravity of 2°61, was next subjected to 
analysis, and gave the following results :— 

Water lostiatec lochs te een 77 
Water lost by subsequent ignition . 0:03 
SilGa ze woke As nee ee . 98°61 
Autre ee ee ey an eee met 
Peroxide of iron) 250. ga) oa ee aces 
Potashy iy cet) ee ee ee ee oe 
SOGdawid-: cael ee tine | ac re eons Pe ALO CES 

99877. 

This vein, which sometimes thins down to a mere seam, and 
at others has a width of 6 feet, is one of the most productive in 
the district, and has been worked to a depth, on the inclination 
of the lode, of 750 feet. All the specimens were taken from near 
the bottom of the workings. 

The quartz, of which it is principally composed, is of a milky 
colour, and presents indistinct crystalline faces in whatever di- 
rection it may be broken. Like nearly all the auriferous veins 
of the country, it exhibits a tendency to an arrangement accord- 
ing to bands parallel to the walls of the enclosing fissure, and, 
wherever it is most productive, contains iron pyrites and other 
sulphides. 

Thin sections of this vemstone, examined under a high power, 
show a few minute fluid-cavities with vacuities, numerous small 



of the Gold-fields of California. 331 

cavities apparently containing clay, some larger ones in which 
the clay appears coloured by oxide of iron, and a ereat number 
of the markings before referred to, and which are believed to be 
due to er ystallization. 

The most remarkable circumstance in connexion with this vein 
is the occurrence within it of large quantities of hydrated silica 
of a bluish-grey colour: this has a resinous lustre, and possesses 
a distinct conchoidal fracture, but exhibits well-defined lines 
showing layers of deposition parallel with the other bands of 
which the lode is made up. It is found in the form of a series 
of lenticular deposits, often several fathoms in length, interla- 
minated with the ordinary crystalline quartz, from which it is 
separated by a thin heading of unctuous clay. This substance, 
which has the appearance of semi-opal, is frequently 6 or 8 inches 
in width in its thickest part, and gradually tapers off in all direc- 
tions in such a way as to assume a lens-like form. ‘This 
hydrated silica sometimes encloses iron pyrites, and contains a 
sufficient amount of the precious metal to render its treatment 
commercially advantageous. 

Examination of Semi-opal from the North-Star Mine.—A spe- 
cimen of this substance submitted to analysis had a specific 
gravity of 2°01, and afforded the following results :— 
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This substance, at a temperature of 212° F., lost water slowly 
during several days, and, placed under a bell-glass over fused 
chloride of calcium, continued to lose weight after 300 hours, 
when the loss amounted to 5:11 percent. Under these circum- 
stances no attempt was made to determine separately the water 
lost at 212° F.; but the amount of hygrometric moisture present 
must have been exceedingly small, as this specimen was taken at 
the same time and kept in the same cabinet with the crystallized 
variety, which lost only 0:07 per cent. of moisture at 212° F. 

Examined by polarized light this mineral does not show any 
evidence of crystallization ; but when a high power is employed, it 
appears full of small elliptical cavities in which no vacuities were 
observed. 

Examination of undecomposed Auriferous Slate from Lincoln. 
—A specimen of the undecomposed auriferous slate from the 
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neighbourhood of Lincoln in Placer county, had a specific gravity 
of 2°55, and yielded the following results : 
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When examined under a low power, this slate is seen to be 
made up of angular fragments of quartz connected together by 
clayey matter, their largest planes being parallel to the lines of 
cleavage. It also contains numerous spots of peroxide of iron, 
which in many instances still retain the cubical torm of iron 
pyrites. By the aid of a high power the quartz fragments are 
seen to enclose a few small gas-cavities ; and one or two fluid- 
cavities, with distinctly visible vacuities, were observed. 

EHxamination of decomposed Auriferous Slate from Lincoln.— 
The decomposed siliceous matter before referred to, somewhat 
resembling chalk im appearance, was found to have a specific 
gravity of 2°50, and on being analyzed gave the following 
results :— 
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When examined under the microscope, this substance appears 
to consist of the siliceous skeleton of the auriferous slate from 
which the aluminous and ferruginous matters have been almost 
entirely removed. The angular fragments of quartz, being thus 
deprived of the cementing material which originally bound them 
together and gave solidity to the mass, remain in a disintegrated 
and friable state, although stiil retaining distinct indications of 
stratification. 

The number of well-defined fluid-cavities in the veinstones of 
the auriferous lodes of California is exceedingly limited; and in 
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order to obtain sections affording good examples, even of smal 
size, it is necessary to select such bands as may be more than 
ordinarily crystalline, or to operate on thin fragments of crystals 
sometimes found lining the interior of drusy cavities. 

In the more opaque and generally most auriferous portions of 
veins, the cavities are numerous but exceedingly small, and are 
often so opaque (apparently rendered so by being internally 
eoated by a lining of clay) that no vacuities can be distinguished. 
Some of the bubbles, contained in cavities requiring an arrange- 
ment magnifying a thousand linear to be distinctly seen, were 
observed to move freely about. 

Out of more than sixty sections of veinstone examined, only 
some six or eight were found to contain fluid-cavities of sufficient 
size to admit of any attempt at accurate measurement; but in 

all cases there appeared to be considerable differences in the 
relative dimensions of the vacuities and the enclosing cavities, 
and I consequently ascertained by direct experiment the tempe- 
ratures at which they severally became filled. For this purpose 
a small bath, made of sheet brass with a piece of microscopic glass 
fitted into each side, was employed. The section to be examined 
was clipped on the inside of one of the small panes of thin glass, 
and the bath filled with spermaceti into which the bulb of a ther- 
mometer was inserted. By attaching this apparatus to the stand 
of a microscope, of which the body was fixed horizontally, heat- 
ing the bath, and throwing the light of an oil-lamp on the object 
by means of a condenser, it was easy to study the appearance of 
the different cavities under various conditions of temperature. 

The magnifying- power employed was in this case about 275 
linear, and consequently only such sections as contained tolerably 
large cavities could be satisfactorily examined. In every instance, 
however, they were found to require very different degrees of 
temperature to become full, since in the same specimens some 
of the vacuities disappeared at 180° F’., others filled at tempera- 
tures slightly above that of boiling water, whilst many, though 
much reduced in size, remained perfectly visible at 365° F.* 

Alluvial Deposits. 

Although a very large amount of the gold annually obtained 
was no doubt originally derived from auriferous ves, not more 
than about one-third of the precious metal now collected is pro- 
cured directly from that source. The larger proportion of the 
gold brought into the market is derived from alluvial diggings, 

* As an illustration of this fact, the results obtained by heating the sec- 
tion of a crystal of quartz from the great Mariposa vein may be given. Six 
several vacuities disappeared at the following temperatures, 250°, 260°, 
280°, 290°, 310°, and 320° F. Others were not nearly full at 362° F. 
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in which it is associated with clay, sand, and gravel, from which 
it is separated by washing. 

These gold-bearing drifts belong to at least two geological 
epochs, both comparatively modern, although the later period is 
distinctly separated from the earlier, its materials being chiefly 
derived from the disintegration and redistribution of the older 
deposits. 

In California the more ancient deposits, or deep placers, are 
probably referable to a river-system different from that which 
now exists, flowing at a higher level or over a then less elevated 
continent, and frequently nearly at right angles to the direction 
of the main valleys of the present period. 

The sources from which the supply of gold is derived are 
therefore the following :— 

(1) Auriferous veins, most frequently enclosed in metamorphic 
slates. 

(2) The distribution of gold by ancient river-systems, giving 
rise to deep diggings. 

(3) The redistribution of placer gold by the present river- 
system, forming accumulations known as shallow diggings. 

The deep placers are in many localities covered by a thick 
capping of lava; and in some places the eruptive matters cover- 
ing the auriferous deposits occur in the form of basaltic co- 
lumns, beneath which are found the layers of sand, gravel, and 
boulders with which gold is associated. The wood which occurs 
in these gravel-beds 1s either beautifully silicified, or is replaced 
by iron pyrites. In such localities it not unfrequently happens 
that a piece of wood will be observed of which one end had been 
converted into lignite, whilst the other remained unaltered; but 
the whole having subsequently become silicified, now presents 
the appearance cf a combination of alabaster and jet, each por- 
tion still retaining the structure of the original wood. 

In the more clayey strata of these sedimentary deposits, leaf- 
beds and impressions of leaves are not unfrequently found; and 
an examination of these made by Dr. Newberry authorizes the _ 
conclusion that the auriferous deposits lying beneath the lava 
are of tertiary age, and that mm all probability they generally 
belong to the later Phocene epoch*. 

In many localities, and particularly between the south and 
middle forks of the Yuba River, these auriferous gravels have 
frequently, where exposed to denudation, a thickness of 120 feet, 
and of more than 250 feet where they have been protected by a 
volcanic capping. ‘These vast auriferous beds are composed of 
rounded masses of all the eruptive and metamorphic rocks which 
occur above them in the Sierra. As a general rule, the lower 

* Geological Survey of California, pp. 250 & 251. 
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portions consist of larger boulders than the upper; but this does 
not exclude the occasional appearance of large rounded masses 
of rock among the middle or upper members of the series. 

Water-worn gold is, to a greater or less extent, disseminated 
throughout the whole mass of these deposits ; not, however, with 
uniformity, but always with greater abundance near the bottom, 
and more particularly im direct contact with the bed-rock, which 
is invariably grooved and worn by the action of water. The 
materials of which these deep placers are composed are frequently 
consolidated into a sort of hard concrete by being firmly bound 
together by crystalline iron pyrites ; and sometimes this cement- 
ing material partially consists of carbonate of lime and amor- 
phous silica. In many cases, as at some places in the county of 
Nevada, the sand, gravel, and boulders are firmly held together 
by a material consisting almost entirely of silica, in such instances 
giving rise to an exceedingly hard conglomerate. 

When in the deep placers this consolidation of the materials 
of which they are composed has taken place, it is known by the 
name of cement, and often necessitates the employment of large 
quantities of gunpowder for its removal. 

The silica forming one of the ingredients of the auriferous 
conglomerates is rarely met with in a crystalline form; but near 
Kenebeck Hill I found a cavity, resulting from the junction of 
several pebbles, completely lined with well-defined crystals of 
quartz. One of these, on being sufficiently reduced in thickness 
by grinding, did not show under the microscope the usual fluid- 
cavities of the quartz of the ordinary veins of the country. In 
some localities the silicified wood is found in the form of large 
trees, of which the entire mass has become replaced by a siliceous 
deposit ; whilst in others this transformation has taken place to 
a limited extent only, and on breaking up a large trunk the cen- 
tral portion still retains the structure and properties of the 
original wood. 

Where the cementing material of the conglomerate chiefly 
consists of pyrites, the enclosed trunks of trees are usually re- 
placed by that mineral, although, of two pieces of wood lying in 
close proximity to each other, one may have become silicified, 
whilst the other is replaced by iron pyrites. On examining 
under the microscope the leaves which often form thin beds in 
the sands and clays of the tertiary auriferous river-beds of the 
gold-regions, they are seen to be covered by small guttate depo- 
sits of semitranslucent silica; and on burning some leaves found 
in these drifts in the county of Nevada, I found that, after long 
digestion in hydrochloric acid, they afforded 25°21 per cent. 
of a siliceous ash. 
A specimen of silicified wood (coniferous) fron: French Corral 
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lost in the water-bath 0°59 per cent. of moisture ; and by subse- 
quent ignition the further loss amounted to 8°46 per cent., thus 
making the total loss 9°05 per cent. Another piece of wood 
from the same locality lost 0°56 per cent. at 212°, and 8°43 per 
cent. by subsequent ignition; in this case, therefore, the total 
amount of water contaimed was 8°99 per cent. 

The assay of several specimens of the cementing pyrites showed 
that it invariably contained a small but very variable amount of 
gold. In order to ascertain whether this exists in the form of 
water-worn grains mechanically enclosed within the sulphides, or 
in the form of spongy and filamentary particles similar to those 
met with in the pyrites of auriferous veins, I dissolved various 
samples in nitric acid, and afterwards subjected the residues to 
microscopical examination. In this way I detected granules cf 
the precious metal which had evidently been worn by the action 
of water, whilst others appeared not to have been subjected to 
such attrition. However, on examining pyrites forming the 
substance of various fossilized trees, I was unable, when the 
samples were taken from the inside of the trunks in order to 
avoid the possibility of accidentally attached particles, to detect 
an appreciable amount of gold, even when the assays were made 
on several hundred grains of the material; but my experi- 
ments were conducted on specimens from one locality only 
(French Corral), and in Austraha very different results appear to 
have been obtained. Mr. Ulrich states that “in the gold-drifts 
pyrites is often found incrusting or entirely replacing roots and 
driftwood; such specimens very quickly decompose on exposure 
to the atmosphere, and samples have, on assay by Messrs. Dain- 
tree, Latta, and Newberry, yielded from a few pennyweights to 
several ounces of gold per ton.” According to Mr. H. A. 
Thompson, “a beautiful specimen of crystallized iron pyrites, 
deposited on a piece of wood taken from the drift immediately 
below the basalt at Ballarat, gave, by assay, 40 oz. of gold per 
ton; and in another case, where only the pyrites from the centre 
of an old tree-trunk was examined, the yield was over 30 dwt. 
of gold per ton. Some of the fine dust obtained in washing out 
the gold at the Royal Saxon claim, Ballarat, yielded, by assay, over 
15 oz. of gold per ton. When placed under the microscope, this 
dust was seen to be composed of minute crystals of pyrites ag- 
eregated into round pellets from =4, to ;) 4 of an inch in dia- 
meter, the surfaces being roughened by the projecting angles of 
the crystals, and unwater-worn ”’*. 

[To be continued. | 

* Notes on the Physical Geography, Geology, and Mineralogy of Vic- 
toria. By Alfred R. C. Selwyn and George H. F. Ulrich. Pp. 36. (Mel- 
bourne, 1866.) 
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XLIII. On Discontinuous Movements of Fluids. 
By Professor Hetmunourz*. 

_* is well known that the hydrodynamic equations give exactly 
the same partial differential equation for the interior of an 

incompressible fluid free from friction, and the particles of which 
do not rotate, as obtains for stationary currents of electricity or 
heat in conductors of uniform conductivity. It might be ex- 
pected, therefore, that, for the same shape of the space traversed 
and for like conditions of boundary, the form of the stream for 
fluids would be the same as that for electricity and heat, with 
the exception of trifling differences caused by secondary condi- 
tions. In fact, however, the differences in many cases are very 
evident and profound between the arrangement of the current of 
a fluid and that of the above-mentioned imponderables. 

Such differences are especially obvious if the current enters 
through an opening with sharp edges, into a wider space. In 
such cases the radiant lines of electricity separate from one an- 
other in all directions immediately on passing the opening; while 
a fluid current, whether water or air, moves forwards at first 
from the orifice in a compact stream, which is then usually dis- 
sipated in gyrations at a greater or less distance. The parts of 
the fluid of the larger vessel which he in the neighbourhood of 
the orifice, but at the sides of the current, may, on the contrary, 
remain completely at rest. Every one is acquainted with this 
sort of motion, which is shown clearly by a current of air im- 
pregnated with smoke. In fact im these phenomena the com- 
pressibility of the air is of little influence; and air shows, with 
very few deviations, the same forms of motion as water. 

Such great differences between what actually takes place and 
the deductions from the theoretical analysis hitherto accepted, 
must cause physicists to regard the hydrodynamical equations as 
a practically very imperfect approximation to the truth. The 
cause of this discrepancy might be supposed to he in the internal 
friction of the fluid, although the divers strange and saltatory 
irregularities which every one has encountered who has experi- 
mented upon the motions of fluids can in no wise be accounted 
for by the continuous and uniform action of friction. 

The investigation of the case where periodical motions result 
from a continuous air-current, as, for instance, in organ-pipes, 
convinced me that such an action could only arise by a discon- 
tinuous motion of the air, or at least by an approximately dis- 
continuous one. Hence I was led to the discovery of a condi- 

* Translated by Frederick Guthrie, F R.S.E., from the Monatsbericht 
der kiniglich preussischen Akademie der Wissenschaften zu Berlin. April 
1868, p. 215. 

Phil. Mag. 8. 4. Vol. 36. No. 244. Nov. 1868. LZ 
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tion which must be taken into account in the integration of the 
hydrodynamic equations, and which has, as far as I am aware, 
been hitherto neglected. By taking this condition into account, 
on the other hand, where the calculation can be carried out, 
forms of motion are obtained such as are observed in reality. 
The circumstance in point is the following :— 

In the hydrodynamic equations the velocity and the pressure 
of the current-particles are treated as continuous functions of 
the coordinates. But, on the other hand, if we consider a per- 
fect liquid (that is, one not subject to friction), there is nothing 
essential in its nature to prevent two immediately neighbouring 
liquid layers from slipping past one another with finite velocity. 
At all events, those properties of fluids which are considered in 
the hydredynamic equations, namely the constancy of the mass 
in all units of volume and the equality of the pressure in all di- 
rections, clearly offer no obstacle to the occurrence of tangental 
motions of finite difference of magnitude on both sides of a plane 
passing through the interior. The components perpendicular to 
the surface of the velocity and the pressure must, on the other 
hand, of course be equal on both sides of sucha surface. In my 
work on gyratory movements*, I have already pointed out that 
such a case must occur if two previously separated masses of 
water come into superficial contact when they have different 
motions. In my above-mentioned work I was led to the idea 
of such a surface of separation, or, as it was then called, “ gyra- 
tion-surface,”’ by the conception of lines of gyration arranged 
continuously alony a surface, the mass of which may be vanish- 
ingly small, while its moment of rotation remains finite. 

Now, in a fluid which at first is at rest, or in continuous mo- 
tion, a finite difference of motion between immediately neigh- 
bouring particles can only be brought avout by a moving force 
which acts discontinuously. Of external forces, we here only 
consider the force of impact. 

But there exists also in the interior of the fluids a cause which 
may give rise to discontinuity in the motion. Pressure, indeed, 
may assume any positive value, and the density of the fluid will 
vary continuously with the pressure. But the moment the pres- 
sure passes zero and commences to become negative, a disconti- 
nuous change in the density takes place, the fluid is broken 
asunder. 

Now the magnitude of the pressure in a moving fluid depends 
upon the velocity, and, indeed, in incompressible fluids the dimi- 
nution of the pressure under otherwise similar circumstances is 
directly proportional to the vs viva of the moving particles. If 
the vis viva exceeds a certain amount, the pressure must in fact 

* Journal fir reine und angewandte Mathematik, vol. 1x. 
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become negative, and the fluid must be torn apart. At sucha 
place the accelerating force which is proportional to the differ- 
ential coefficient of the pressure becomes, of course, discontinuous, 
and consequently the condition is fulfilled which is necessary to 
bring about a discontinuous motion in the fluid. The motion 
of the fluid in passing by such a place must be of such a nature 
that a surface of separation is there formed. 

The velocity necessary to bring about the rupture of the fluid 
is that which the fluid would assume if it were to flow into 
vacuum under the pressure which the fluid would have at the 
same place whenat rest. This is certainly a comparatively con- 
siderable velocity ; but we must bear in mind that if fluids are 
to flow continuously like electricity, the velocity at every sharp 
edye around which the current turns must be infinitely great*. 
It consequently follows that every perfect geometrically sharp edge 
by which a fluid flows must tear it asunder and establish a surface 
of separation, however slowly the rest of the liquid may move. 
When the edges are imperfectly formed, and rounded, such a 
separation requires a certain increased velocity. Pointed projec- 
tions on the side of the orifice must actin the same manner. 

In regard to gases, the same condition obtains with them as 
with liquids, with the exception that the vis viva of the motion 
of a particle is not directly proportional to the diminution of the 
pressure p, but to the quantity p™, where, taking into account 

the cooling of the air by expansion, m=1— a y being the ratio 

between the specific heat with constant pressure and that with con- 
stant volume. For atmospheric air, the exponent m has the value 
0-291. Since this is positive and real, p” and p can only decrease 
to nothing, and not become negative as the velocity becomes high. 
It would be otherwise if gases simply followed Mariotte’s law, 
and did not suffer any change of temperature. The value log p 
would then enter instead of p”; and this value may become in- 
finite and negative without p becoming negative. Under this 
condition, a tearing asunder of the mass of air would not be 
necessary. 
We may satisfy ourselves of the actual existence of such dis- 

continuities by allowing a stream of air impregnated with smoke 
to flow through a round hole or cylindrical tube with mode- 
rate velocity so that no hissing ensues. Under favourable cir- 
cumstances thin streams may in this way be obtained of a line 
in diameter and several feet long. Within the cylindrical 

* At the very small distance ¢ from a sharp edge the faces of which are 
imelined at an angle «, the velocity becomes infinite with e-™, where 

Ta 
m= 

Q2r—a 

Z 2 



340 Prof. Helmholtz on Discontinuous Movements of Fluids. 

surface the air is then in motion with constant velocity; but 
outside the stream, even quite close to it, the air is not at all, 
or scarcely at all, moved. This sharp separation may also be 
seen very distinctly if a calmly flowing cylindrical current of air 
be led through the apex of a flame. A sharply bordered piece 
of the flame is cut out, while the rest of it remains quite undis- 
turbed, or at most a very thin sheet, corresponding to the boun- 
dary layers caused by the friction, is carried along a little way 
with the air-current. 

With regard to the mathematical theory of these motions, I 
have already given the limiting conditions for an internal surface 
of separation of the liquid. These conditions are, that the pres- 
sure on both sides of the surface must be the same, as also must 
be the components of the velocity in a direction perpendicular to 
the surface of separation. Since, now, the motion throughout 
the interior of an incompressible fluid, the particles of which 
have no rotary motion, is fully known when the motion of its 
entire surface and its interior discontinuities are given, it follows 
generally that when a fluid is rigidly enclosed, we have only to 
consider the motion of the surface of separation and the changes 
in the discontinuity. 

Such a surface of separation can be treated mathematically 
exactly as if it were a surface of gyration—that is, as if it were 
completely covered with lines of gyration (Wirbelfdden) of infi- 
nitely small mass, but finite moments of rotation. In every sur- 
face unit of such a surface of gyration there is one direction in 
which the components of the tangental velocities are equal. This 
gives at once the direction of the lines of gyration at the corre- 
sponding place. The moment of these lines must be made pro- 
portional to the difference shown by the perpendicular compo- 
nents of the tangental velocity on both sides of the surface. 

The existence of such lines of gyration for an ideal fluid with- 
out friction is a mathematical fiction which facilitates the inte- 
gration. In an actual liquid subjected to friction this fiction is 
quickly realized, because the bordering particles are set in rota- 
tion by the friction, and then immediately are formed lines of 
gyration of finite gradually mcreasmg mass, while the disconti- 
nuity of the motion is thereby at the same time equalized. 

The motion of a surface of gyration, and of the lines of gyra- 
tion lying in it, are to be determined according to the rules 
established in my work on gyratory motion. The mathematical 
difficulties of this problem can only, it is true, be overcome in a 
few of the more simple cases. But in many other cases we may 
at least draw conclusions concerning the direction of the changes 
by means of the method of viewing the matter just described. 

It is especially to be remarked that, according to the laws 
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established for gyratory motions, the lines, and with them the 
surfaces of gyration, can neither originate nor disappear in the 
interior of a fluid free from friction, but that, on the contrary, 
every line of gyration must retain the same moment of rotation 
constant. It is further clear that the lines of gyration upon a 
eyration surface must advance with a velocity which is the mean 
of the velocities existing on both sides of the surface. It hence 
follows that a surface of separation can only be elongated in that 
direction in which the stronger of the two contiguous currents 
in it moves. 

I sought, in the first place, for examples of persistent sur- 
faces of separation in stationary currents which would allow 
of integration, in order to test whether the theory gives forms of 
currents which correspond better with experiment than when the 
discontinuity of the motion is neglected. If a surface of sepa- 
ration which divides flowing from still water has to remain sta- 
tionary, the pressure along the surface must be the same in the 
moving layer as in the stationary one; whence it follows that 
the tangental velocity of the particles of water throughout the 
whole extent of the surface must be constant. So also must be 
the density of the fictitious lines of gyration. The beginning 
and end of such a surface can only lie at the side of the vessel, 
or at an infinite distance. In the first case they must be tan- 
gental to the side of the vessel, provided that the latter be con- 
tinuously bent, because the component of the velocity perpen- 
dicular to the side of the vessel must be equal to nothing. 

The stationary forms of the surfaces of division are distin- 
guished, as experiment and theory alike indicate, by a remark- 
ably high degree of alterability when subjected to the least dis- 
turbance, so that they comport themselves in some degree like 
bodies in unstable equilibrium. The remarkable sensitiveness to 
sound of a cylindrical current of air impregnated with smoke has 
already been described by Dr. Tyndall. I have verified Dr. 
Tyndall’s experiments. This is clearly a property of the surfaces 
of separation, which is of the greatest importance in sounding 
musical pipes. 

Theory points out that, wherever an irregularity is formed on 
the surface of an otherwise stationary current, this must give 
rise to a progressive spiral unrolling of the corresponding part 
of the surface; the corresponding portion, moreover, advances 
along the current. This endeavour towards spiral unrolling at 
every interruption is also easily recognizable on observing the 
currents. According to theory, a prismatic or cylindrical cur- 
rent could be infinitely long. But in practice such a current 
cannot be formed, because in an element which is so easily moved 
as air it is impossible entirely to avoid small disturbances, 
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It is easy to see that the conditions of the state of rest are 
satisfied by such an infinitely long cylindrical current which, 
issuing out of a tube of the same diameter, enters into a still 
external fluid, and contaims throughout fluid which moves pa- 
rallel to its axis with uniform velocity. 

I shall here merely give a sketch of the mathematical treat- 
ment of a case of the inverse kind, where the current passes out 
of a wide space into a narrow channel, in order at the same time 
to give an example of a method by which certain problems can 
be solved in the doctrine of potential functions which have 
hitherto presented difliculty. 

I confine myself to the case where the motion is “ stationary,” 
and depends alone upon two rectangular coordinates a, y, and 
where, further, in the frictionless fluid there areno rotating par- 
ticles, and consequently none such can arise. For the particle 
of fluid at the pomt (a, y), let us denote by w the component 
velocity parallel to w, and by v that parallel to y. Then two 
functions of # and y may, as is well known, be found such that 

db ay 
w= = 

dx dy 1) 
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By means of these equations the condition is at once fulfilled 
in the interior of the fluid, that the mass remains constant for 
every unit of volume, namely 

du dv _d*h  d*h_d*p_ d* an (1a) 
de “dy des dy* dat aay ee 

With the constant density , and when the power of the external 
force is represented by V, the pressure in the interior of the fluid 
is given by the equation 

v—? .0=4[(%)'4 (#4 
h x lx dy (1 b) 
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The curves 

vr= const. 

are the current lines of the fluid, and the eurves 

= const. 

are orthogonal to them. The latter are the curves of equal power 
in the case of electricity, or of equal temperature in the case of 
heat, flowing in a stationary current in conductors of constant 
conductivity. 

ee a 
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From equation (1) we get as integral equation that the value 
+i is a function of 2+yi (where i= “—1). The solutions 
hitherto found generally express @ and Was a sum of terms 
which are themselves functions of z and y. But, inversely, we 
may regard z+yi as a function of 6+ and develope. In 
problems dealing with currents between two rigid walls, > is 
constant along the borders; so that if @ and wy be laid down as 
rectangular coordinates in a plane, we have, in a strip of this 
plane bounded by two parallel straight lines \y=c, and wW=c,, 
to seek the function z=y2 so that it may correspond at the edge 
to the equation of the wall, and in the interior assume the given 
discontinuities. 
A case of this kind is when we put 

Te YET A yo 18 ee 
or 

x=Ad-+ Ae? cos vy, 

y=Ayp+Aesiny: 

for the value ~= +7, y is constant, and 

x=Adb—Ae?. 

If @ varies from —2 to +a, x changes at the same time 
from —o to —A, and then back again to —#. The current- 
curves w= +7 correspond, therefore, to the current along two 
straight walls, for which y= tA7z, and 2 varies between —oo 
and —A. 

If, therefore, we use to express the current-curves, equation 
(2) corresponds to a current which flows into infinite space from 
a canal bordered by two parallel planes. At the edge of the 
canal, however, where y=—A and y=+Azm, and, further, 
where 6=0 and yw=-+7, 

(5) == 
()+ (ie) ae 

Electricity and heat may flow in this manner ; liquids would be 
torn asunder. 

If from the edge of the canal there should proceed stationary 
lines of division, which of course would be continuations of the 
current-lines y= +a passing along the wall, and if exteriorly 
to these lines of division which border the current fluid there 
should be rest, then the pressure must be the same on both sides 
of the lines of dvision. ‘That is, along those portions of the 
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lines Y= +7 which correspond to the independent divisional 
lines we must have, according to (10), 

al + (SF) = const ht ea 

In order now to maintain the chief features of the motion 
given in equation (2), let us add to the above expression for 
x+yi another term o+77, which is also a function of + i. 

We have then 

x=Ad-+ Ae? a ee 

y=Arw+ Ae? sin +7; 

and we must determine o +77 so that, along the free portion of 
the divisional surface y= ay we may have 

(a- Act + 6 ae 5) = const. 

This condition is fulfilled a in the same place, we make 
E 

db 
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76 = +A /2e0 23. 2. oer 
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and 

Since yf is constant along the wall, we can integrate the last 
equation in regard to ¢, and convert the integral into a function 
of 6+ by putting @+7(%+7) everywhere in place of ¢. 
We thus, after properly determining the constants of integration, 
get 

a feel 
=i (3d “5 ec) 

The points of divergence of this expression are where 
ef tvi— —2, that is, where r= -+ (2a+1)7 and ¢=log2; so 
that none of them lie in the interval from w= +7 to p= —z. 
The function +77 is here continuous. 

Along the wall 

hg Maye ee ] 
Cae Aid V/ 2% —e?? —2 arc sin le" ie 

If vr < log 2 the whole value is purely imaginary, so that c=0, 

e+ri= Ai) V/ —AeFtVi— e26420i 1 Yare sin 

while ae assumes the value given in (3c). This portion of 

the lines xr= +77, therefore, sormespends to the free portion of 
the stream. 
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If d>log 2, the whole expression as far as + Aim becomes real, 
which latter belongs to the value of 72 through its relation to yi. 

The equations (3a) and (3d) correspond, therefore, to a pouring 
out of a boundless trough into a canal bordered by two planes, 
the breadth of the canal being 4A7, and the length of its walls 
being from w= —c to r= —A(2—log2). The free divisional 
line of the current liquid is at first bent from the edge of the 
orifice a little towards the side of the positive value of x, where 
for ¢=0, v=—A, and y= +A(37+1) it attains its greatest 
a-value. It then enters the interior of the canal, and at last ap- 
proaches the two lines y= Az asymptotically ; so that, finally, 
the breadth of the stream as it flows out is only equal to half the 
breadth of the canal. 

The velocity along the divisional surface and at the straight 
os ek 

end of the stream flowing out is —. 
7X 

in the interior of the liquid, the velocity is always less than 

Along the rigid wall, and 

= so that this form of motion may take place with all values of 

velocity of efflux. 
One especially remarks in these examples how it is shown that 

the form of the liquid current in a tube may be determined for 
a long way by the shape of the first portion. 

Addition, relative to electrical dispersion.—lIf in equation (2) 
we look upon the value J as the power of the electricity, we get 
the distribution of the electricity in the neighbourhood of the 
edge of two plane and almost touching screens under the condi- 
tion that the distance between the two may be considered vanish- 
ingly small compared with the radius of curvature of their curved 
edges. This is a very simple solution of the problem which 
Clausius* has discussed. The same distribution of electricity is 
obtained as was found by Clausius, as far, at least, as it is in- 
dependent of the curvature of the edge. 

I may add that the same method suffices to determine the 
distribution of the electricity on two parallel infinitely long 
plane strips whose four corners (in section) form the points of a 
rectangle. The potential function W is given by an equation of 
the form 

1 Tee su 

where H(u) represents the function developed by Jacobi in the 
Fundamenta Nova, p. 172, of the numerator of sinamu. The 

x2+yi=A(h+wW) +B 

* Poge. Ann. vol. lxxxvi. 
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strips correspond, according to the system there adopted, to the 
values b= +2K, where v= +2AK gives half the distance of the 
strips, while the breadth of the strips depends upon the relation 
between the constants A and B. 

From the form of the equations (2) and (4) we may see that 
g@ and can only be expressed as functions of xz and y by ex- 
ceedingly complicated serial development. 

XLIV. On Unitation ; a novel Arithmetical Operation. 
By W. H. Warenn, F.C.8.* 

T has long been known that the remainder to the division of 
any number by 9 may be determined by dividing the sum 

of its digits by 9. The following theorem is a generalization and 
explanation of this property, and establishes a similar operation 
for all other divisors less than 10. 

The theorem is, that if ¢ be the tens’ and w the units’ digit of 
a two-figure number, and 6 be any integer less than 10, then 

10—odt+u 

has the same remainder to 6 as 10¢-+ u. 

For 10—é¢+u=10¢+u—86¢é, and the latter expression is only 
different from 10¢+u by an exact number of times 6. 

Further, if the digits be s, ¢, uw, the same is true of 

10-—5 54 10=dt4, 

andso on. For, each time 10 occurs as a factor in any term, it 
must be treated in the way above indicated, and 

10—6’s + 10— 8¢ + u=10—5 10—8s + 10—S t+ wu. 

These formulz show the means of determining the remainder 
to any digit without knowledge of any multiple of that digit, 
inasmuch as the operation shown by the formula 10 —6¢+u only 
involves multiplication and addition (when 6=9, addition only) ; 
instead of dividing the result of the said operation by 6 to obtain 
the final result, the operation is repeated until only one digit, 
necessarily one or more units, 1s obtained. The fitness of regard- 
ing this method of obtaining the remainder to 6 as an operation 
totally distinct from that of division, and the fact of single digits 
only being used, make it convenient to call the said operation 
“ynitation,” the remainders being ‘ unitates,” and the divisor 
the “ base.” 

In practice, unitation itself may be simplified by commencing 

* Communicated by the Author. 
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at the left hand and reducing the result of the operation to a 
single figure as soon as any number higher than 9 arises; for 
instance, to unitate 34567 to the base 8, or, as it might be ex- 
pressed, to find U, 34567, the work 1s 6+4=10, 44+5=9, 
2+6=8, 7; .. U, 34567=7. 
Regarding unitation in connexion with the well-known fact that 

all direct operations upon the remainders to divisors are respec- 
tively analogous to the same operations upon the dividends, also 
taking into account the periodicity of series of unitates—the ve- 
rification of direct arithmetical operations and of formule invol- 
ving them (with a certain degree of accuracy) becomes very easy ; 
also the unitate of any unknown number may be calculated from 
a known number with which it is connected by a known direct 
operation, or by some inverse operations. 

In the following examples, Ux= the unitate of a to the base 9. 
Examples :—\. 2=25(2558?— 187) =104025. 

Ur=U $7(2?—U7*)! =U47(4—1)} =U(7 x 3) =5. 

aT, #=537°2 x 238=12355°6. 

w7—U (Sx 5) —4. 

log =2°7301360 + 1°36172738 =40918638. 

U (log v) =U(44 8) =3. 

36326599 1 

we—7=6- 1; 

or, proving by multiplication, 

2, = 386326599 = (27069 x 1342) +1. 

wz —7— (6x1) 1. 

IV. Zoo, une, Ur. Wa and U_x: 

In this case U2¥=U{Uzr"’}, for the series of the powers of 
U58, =4, has 3 (a divisor of 9) as its repeating period; 

247 

oS 
U,{Uz’} being true for U,587", U,z = U,2’=8, that is, 
5847 is divisible by 8 without a remainder. U,72=2!=2, for 
the series of the powers of U,58 has 6 for its repeating period. 

V. 2=47"; find Ur, U,e, and U,z. The series Ux?, 
Ur", Urt?, &c. repeats after 6 terms; except when Uz,=2, 
5, or 8, the same series repeats after 9 terms. U47=2, it 
therefore repeats after 6 terms, and Ur=2!=2, U,wz=U,7°=7, 
eZ — 0. 

gives 4. as a remainder. U,a#Y= 
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VI. The series Uz?, giving a the successive values 1, 2, 3, 4, 
5, 6, 7, 8, 9,is 1, 4,9, 7, 7,9, 4, 1, 9. This series enables Tables 
of squares to be verified within certain limits of correctness. 

VII. A similar series for Uz? is 1, 8, 9, 1, 8, 9, 1, 8, 9- 
VIII. A similar series for Ux-1is (excluding the values of 

v=8, 6, and 9) 1,5, —, 7, 2, —, 4,8, —. This series enables 
unitates to be assigned to such circulating decimals as 4. 

The operations U,gr, Ur, Uv, U7, Ugov, and Ungov are the 
most useful and easily performed. 
When any series of numbers, the powers of natural numbers 

for instance, is to undergo examination by unitation, it is useful 
to make a rectangular Table with the unitates of the powers in 
vertical columns; each vertical column belonging to one power 
—the square for instance. The unitates of the powers of the 
roots are in horizontal columns, each horizontal column referrmg 
to the powers of the same root—2 for instance. 

XLV. On Riccati’s Equation. By A. Cayuny, F.R.S.* 

HE following is, it appears to me, the proper form in which 
to present the solution of Riccati’s s equation. 

The equation may be written 

ay 
da + ye =a", 

which is integrable by algebraic and exponential functions if 
(2¢+1)¢g= +1, 2 being zero, or a positive integer. To effect the 

on 1 du 
integration, writing y= —- —, we have 

u da’ 

2 

fe : = may 
Ws 

The peculiar advantage of this well-known transformation has 
not (so far as lam aware) been explicitly stated ; it puts in evi- 
dence the form under which the sought-for function y contains 
the constant of integration. In face if w= P, w=—Q be two par= 
ticular solutions of the equation in w, then the general solution 
is u=CP+ DQ; and denoting by Pr Q' the derived functions, 
the value of y is 

_ CP+ DQ 
ean 

* Communicated by the Author. 
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showing the form under which the constant of integration C+D 
is contained in y. ‘To complete the solution, assume 

we find 

considering first the particular integral of the form 

z=A+ Bet4+a0%+4+ Da*t+ &e., 

we find that the equation will be satisfied if 

(q—1)A+ g (g—1)B=0, 
(8¢—1)B+2¢(29¢—1)C=0, 

(6q—1)0 +3¢(3¢—1)D=0, 
(7¢g—1)D +4q¢(4qg—1) E=0, 

&e. 

if A=1, this is 

ae 

Se io: 
ag) 

(1 )eg— 8) 
C== 5) 

q(¢—1)2¢(2¢—1) 

ee CC) (Or a) 
q(¢—1)29(2¢—1)3¢(3¢—1) 

Ci, 

where it is to be noticed that the series may be considered to stop 
so soon as there isin the numeratora factor =O. For instance, 
if 5g—1=0, then if the particular integral had been assumed to 
be z= — Rae the only eondicians to be satisfied by the 
coefficients are the first and second equations giving the foregoing 
values of A, B, C. It is immaterial that the analytical expres- 
sions of F and the subsequent coefficients contain in the denomi- 
nators the evanescent factor 5g—1; the coefficients after C do 
not ever come into consideration. 

Thus if (22+1)qg=-+1, the series terminates, and we have for 
u the finite particular solution 

g—-1__,, (-1)@8¢-])_, Le 
Sp ee Ce q— &ec, \er 

v= P=( qq—)) * q—1)292q—1)” e) 

a ee ee ee 
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and it is easy to see that we may herein change the sign of 2%, 
thereby obtaining another finite particular solution, 

Bie q—1 _(g=1)89-1) | 1.4 
u=Q—(1+ ay ™* ag—1)29(2q—1) ot &e.)e = 

Reverting to the equation in z, we have next a particular so- 
lution of the form 

z=Az+ Bat*! 4 Cx1t14 Da %t14+ &e., 

giving between the coefficients the relation 

(g+1)A+ (g+1)g B=0, 
(8¢+1)B+4+ (2¢4+1)2¢C=0, 

(5¢+1)C+ (8¢+1)3qD=0, 

(7¢+ 1)D+ (4g +1)4qh=0, 
&e. 

If A=1, we have 

Atel 

Ne Wie OP 
(g+l)q 

(¢+1)(3q¢4+1) 

(¢+ La(eg+ leg 

eis Clue Cia reso 
(g+1)q(2¢4+1)2¢(8¢4+ 1)3¢ 

(O55 

C=+ 

where, as in the former case, the series is considered to terminate 
as soon as there is an evanescent factor in the numerator, with- 
out any regard to the subsequent coefficients which contain in 
the denominators the same evanescent factor. 

Hence if we have (21+ 1)q=—1, the series terminates, and 
we have for u the finite particular solution, 

q+] G+ ISI on fe eee ui 4+ —*-__ 4 4 — &e., Jeg 
(g+l)g° * (9+1)g¢+1)2¢ 

from which, changing the sign of x’, we deduce the other finite 
particular solution, 

q+l1 
(q+ l)q 

u=P=a(1— 

#4 + 
1 

CDE UI 4 se. Je" Ge 
u=Q=af1 i (q+ Da(2q+1)2¢ 
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Hence, in the equation 

where g(22+1)= +1, we have (writing D=1) 

a Cpl+ Q! 

a ORzay 

where C is the constant of integration, P,Q are finite series as 
above, and P’, Q! are the derived functions of P and Q. Writing 
successively 2=0, 7=1, 1=2, &c., we may tabulate the solutions 

dy 2 — pt —p-2 
dx Ty =1, P=e 2 Q=e 3 

Ph: pits mete 
ay ee ey ae Q=we-, 

0 a P } \ 303 re ae ree = (1— 32° )e%" , Q=(143x3)e—*", 

= +p=a-%, P=ax(1+3a-Se* %, Q=a(1—32-3)e% > 

d:; 6 3 25 2 ee 1 25 o 1 
= +y?=2-5. P=(1—5a?+ aa le ; Q=(1 +59 + Bee 

It is hardly necessary to make the final step of calculating P! 
and Q! and substituting in 7; but, as an example, take the above 

equation - +y2=a-? : we have 
at 1 

—3x—3(Cee*® + e-3*°) 
Ui are mae eG aar 

C1 — 3x2) e323 + (1 + 323) e—323 

which is readily identified with the solution, p. 98 of Boole’s 
‘ Differential Equations’ (Cambridge, 1859). 

Cambridge, September 29, 1868. 
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XLVI. On the New Electromotive Force in the Voltaic Are. 
By HE. Epitunp*, 

HEN a luminous arc is formed between two charcoal 
points by means of a powerful voltaic battery, and the 

circuit is broken in any place on one side of the are so that the 
current ceases, and if the circuit be completed after a brief in- 
terval, the luminous arc is not extinguished, though the current 
was interrupted for a short time. The time during which the 
current may be thus interrupted without extinguishing the are 
depends upon the intensity of the current. With a strong cur- 
rent the time may be longer; with a weak one the time must be 
reduced if the arc is to continue. If the same experiment be 
made with a luminous are between silver instead of carbon poles, 
the light is extinguished at the moment of interruption, and 
does not spontaneously reappear when the circuit has again been 
restored. This deportment of the light between carbon poles 
doubtless indicates that the conduction in the arc lasts a short 
time after the cessation of the current, by which it is possible 
that the current, when the break on the side of the luminous are 
has been restored, can reproduce the are. If the conduction 
had been quite destroyed during the short break, the incipient 
current would not be able to traverse the path between the car- 
bon poles and renew the light. But the conduction in the lu- 
minous arc is principally produced by detached particles which 
are carried by the current from one pole to the other. It must 
hence be assumed that in the first moment after the break in the 
conduction the particles of carbon are being continually detached 
and carried from one pole to the other. 

In a previous investigation I have proved that the mechanical 
work which the current consumes in order to disintegrate the 
poles gives rise to an electromotive force which sends a current 
in the opposite direction to the principal current. If, now, this 
disintegration lasts for a short time after the cessation of the 
principal current, it may be possible to separate the current 
resulting from this electromotive force from the principal one, 
and measure it free from all action of the latter. With this 
design I have made the following experiments in common with 
Dr. Lemstrém, of Helsingfors. 

2. To break the circuit on the side of the arc, a commutator 

* Translated from a separate copy communicated by the Author, having 
been read before the Royal Academy of Sciences at Stockholm, January 
1868. 
+ Phil. Mag. S. 4. vol. xxxv. p. 103. 
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of the following construction was Bio! 1, 
used. Infig. 1, n, n! and J, / re- 
present four mercury-cups bored | 
in a mahogany base, in which the \ | 
various parts of the commutator 
were fastened. In the middle was 
a horizontal axis to which a lever 
was fastened, both whose ends 22 
were forked, and these forks were ae 
bent downwards at right angles 
to the longitudinal direction of Pp 
the lever. When the one half of | 
the lever was depressed, the cups y : 
n and n! were connected with each pw) U (ip i! 
other, because the forked points < | 
at the end of the depressed lever oY OX) 
were dipped in these cups. If | 
the other half of the lever was 
lowered, the cups Z and /’ were 
connected, and the connexion between n and n’ ceased. By 
means of a copper wire, p, the cups 7’ and /! were connected. The 
negative pole of the battery was connected with the cup 2, 
and a wire went from /’ to 6, where the arc was formed. The 
wire bq7 led to the positive pole of the battery. From q a wire 
led to the magnetometer g; and the other end of the magneto- 
meter-wire was in connexion with the cup /. When 2 and n! 
were connected with each other by the forked lever, a luminous 
are was formed at 6. If the lever was reversed, the connexion 
between ” and n! was broken and the current ceased, upon which 
the cups / and /' were connected. By this means, one end of 
the magnetometer-wire was connected with each side of the lu- 
minous are &._ Hence if, after the cessation of the principal cur- 
rent, there were any residual electromotive force, this would send 
a current through the magnetometer and produce a deflection. 
The magnetometer was the same as that I had used in previous 
researches. If a thermo-couple consisting of a German-silver 
and an iron wire was connected with the magnetometer, an in- 
crease of 1 degree in the temperature of the soldermg produced 
a deflection of 54 divisions. 

It is of course important that the connexion between / and / 
ensue as rapidly as possible after the cessation of the connexion 
between nm and n’. But, on the other hand, care must be taken 
that, in reversing the lever, n and n! are not connected with each 
other for a brief space as well as/and /'. If this is the case, 
part of the principal current passes during the simultaneous 
closing through the galvanometer-wire, and the magnetic needle 
gives In consequence a deflection which is due to the principal 

Phil. Mag. 8. 4. Vol. 36. No. 244. Nov. 1868. 2A 
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current. When in reversing the lever the fork-points n and n’ are 
raised, the surface of the mercury rises about the points, owing 
to adhesion ; and therefore the contact between them lasts longer 
than if the surface of the mercury remained unchanged. If the 
current is passing, a formation of spars ensues as soon as con- 
tact between the mercury and the fork-points ceases; and as 
long as the formation of sparks lasts, the current continues. 
This retardation in the cessation of the current, due to the forma- 
tion of sparks, increases with the intensity of the current. The 
reversal of the lever was effected by means of a falling weight, in 
order that it might always take place with the same speed. The 
time which elapsed from the moment in which the forked points 
left the mercury in the cups 7 and 7 to the moment in which the 
points at the other end of the lever touched the mercury in the 
cups / and /', was calculated to amount to ,', of a second. Yet, 
owing to the formation of sparks and the adhesion of the mercury, 
the time that elapsed between the cessation of the current and 
junction between J and /! was much shorter. That in this rapid 
reversal the junction between n and n’ was not simultaneous 
with that between / and /', was proved in the followimg manner. 
The pole-points at b were pushed together, the conducting-wire 
p taken away, and in its place a German-silver wire of consider- 
able resistance was interposed between n’ and /. This resist- 
ance, however, was so arranged as to produce a smaller diminu- 
tion in the intensity of the current than the luminous are when 
this existed and nx’ was connected with /’ by p. Thereupon 
the magnetometer-wire g ¢ was detached from g and joined with 
n'. If, now, the closing had been simultaneous on reversing the 
lever, part of the principal current must have gone through the 
magnetometer and have produced a deflection ; in the opposite 
case the needle must have remained at rest. In this experiment 
the intensity of the current was greater than in the following, and 
accordingly the formation of sparks more intense. Yet notwith- 
standing this, there was no simultaneous closing. In order to 
diminish in any possible way the formation of sparks, the mer- 
cury in the cups m and mn! was covered with a thin layer of oil. 
That there was no simultaneous closing follows also from another 
experiment, which will be mentioned afterwards. 

3. We pass now to the actual observations, which, kowever, 
are not adduced in the order in which they were made. As the 
resistance in the luminous arc is great and increases with its length 
(other things remaining the same), the deflection must have been 
smaller in proportion as the length of the arc increased. Hence 
it was important to have the same length of arc in the various 
experiments. Jor this purpose one carbon point was moveable, 
and might be pushed backwards and forwards by means of a 
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micrometer-screw. Notwithstanding this, the length of the are 
was not the same in all the experiments, in consequence of which 
the deflections varied not inconsiderably. It was necessary, 
therefore, to make a greater number of experiments and take 
the mean. To give an idea of the magnitude of the variations, 
with the mean numbers adduced below are given both the pro- 
bable errors and the number of observations. 

Experiment 1. The battery consisted of fifty Bunsen’s ele- 
ments with carbon and nitric acid. The trough described in 
my former investigations was placed in the circuit, and, as 
before, was partially filled with solution of sulphate of copper. 
The distance between the copper disks was 5 inches. By this 
resistance the intensity of the current was materially diminished. 
The luminous are was formed between carbon points. When 
the magnetometer-wires were connected in the above manner 
with the path of the circuit, on reversing the lever there was 
always a deflection in the galvanometer, which indicated a cur- 
rent between the points in the opposite direction to the principal 
eurrent. As the mean of ten observations, this deflection 
amounted to 18°7 divisions, with a probable error of +1°24. 

When the carbon points were replaced by similar ones of silver 
and the same experiment repeated, the magnetic needle remained 
completely at rest. When, therefore, the luminous arc was 
formed between silver poles, there was no subsequent action 
after the are was extinguished. This deportment proves that 
the cause of the current which produces the deflection is to be 
sought in the luminous arc itself, because the deflection depends 
upon the quality of the pole-points. This proves at the same 
time that there was no simultaneous closing between n, n! and J, l'. 

The mean deflection, =18°7, adduced above gives of itself no 
idea of the magnitude of the electromotive force by which the 
current is produced. The deflection depends not merely on the 
delicacy of the instrument and the resistance between the poles, 
but also on the time during which the current acts, and on the 
electromotive force. Without information on this point, it cannot 
be determined beforehand whether the electromotive force is 
most nearly equal, say, to that of 0-1 of an element, or of from 
ten to fifteen such elements. In order to determine the force 
in question the following method was pursued. 

Experiment 2. The connexion between the principal current, 
the magnetometer, and the commutator was altered, as repre- 
sented in fig. 2. The mercury-cup 7 was joined with the wire 
from the positive pole of the battery, and the magnetometer- 
wire gg connected with the same wire. The conducting-wire 
from the negative pole of the battery as directly connected with 
one carbon point. When n and nm’ were connected by the 

ee 
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fork-shaped lever, the current formed a Fig. 2. 
luminous are at 0; when, on the con- 
trary, the lever was reversed by the 
falling weight, contact between x and n! rt 
ceased, the luminous are was extinguish- 
ed, and the current passed through the 
ealvanometer so long as the conduction 
lasted through the extinguishing lumi- 
nous are. The deflection obtained was 
produced by the electromotive force of 
the battery, diminished by the electro- 
motive force in the extinguishing lumi- 
nous are. The battery consisted of the 
same fifty elements as im experiment 1, 
and with the same resistance in the 
solution of sulphate of copper. When 
this resistance was not introduced, the 
current was so strong that the luminous 
are, as mentioned before, was not extinguished when the lever 
was reversed. 

As the mean of ten observations, a deflection of 27°9 divi- 
sions was obtained, with a probable error of +148. With a 
luminous are between silver pots no deflection was obtained, 
the needle was quite stationary. Hence between the silver poles 
there was no conduction when the luminous are was extinguished. 
From the deflections obtained (18°7 and 27:9) the clectromotive 

force in the disappearing are cannot be directly calculated, because 
the resistance 1s unequal 1 in the two cases. In the first case it 
consists of that in the are, together with ‘that of the magneto- 
meter. In the latter case there is in addition the resistance of 
the battery and the solution of sulphate of copper. Calling the 
first m and the latter m’!, the electromotive force of the battery ki, 
and the electromotive force in the extinguishing luminous are @, 
we have 

K es Be v MA , 27-9: 18-7 
222 D2 

In the following experiments a determination is obtained of 
the ratio between m! and m, by the aid of which the caleulation 
can be executed. . 

Experiment 3. The battery consisted of twenty-six elements, 
and ‘the sulphate solution was not interposed im the cireut. 
When the observations were made as in experiment 1, a deflee- 
tion of 40 divisions was obtained as the mean of fifteen observa- 
tions, with a probable error of +3°5. When afterwards a 
German-silver wire 18°8 feet long was introdueed, a deflection 
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of 34 divisions was obtained as the mean of fifteen observations, 
with a probable error of +3°7. From this the resistance in 
the disappearing Juminous are may be calculated. If the re- 
sistance in the German-silver wire is p, and that in the luminous 
are and the magnetometer together is called B, we have 

B:B+p=84: 40, 
from which B=5'67 p. 

Experiment 4. With thirty elements, but without introducing 
the sulphate of copper into the circuit, fifteen observations were 
made asin experiment 2. The battery was increased from twenty- 
six to thirty elements, because the luminous are was so feeble with 
twenty-six elements that it was often spontaneously extinguished, 
in consequence of which the experiments had to be frequently 
repeated. The mean of these fifteen observations was 64 divi- 
sions, with a probable error of +6°5. The resistance in the 
battery was found on measurement toamount tol:7p. The re- 
sistance in the luminous are with the use of twenty-six elements 
was found to be 5:67; when thirty elements are used the resist- 
ance becomes somewhat smaller, for it diminishes as the inten- 
sity increases. ‘The resistance in the entire circuit was somewhat 
smaller than 1°79 +5°67p=7'37p. If the resistance had been 
equal to that in experiment 3, the deflection of the magnetometer 
would at most have been 

64 x 7°37 i ae 
Rea = 83 2 divisions. 

Hence we have 
83°2 :40=H—z2: 2, 

from which =9°7 elements. 
We see from this that the electromotive force in the extinguish- 

ing luminous are between carbon points cannot be less than that 
of 9:7 Bunsen’s elements. 

The data furnished by this and by previous experiments may 
be used to calculate the electromotive force of the luminous are 
from experiments 1 and 2. 

If the resistance in 30 elements 1s 1°7 p, 
It may be assumed that in 50 elements it is 39 1°7p, or 2°83 
If the resistance in one inch of the solution of sulphate 

of copper be called 7, a special investigation showed 
that p =2°06r ; 

Hence in five inches of the solution of sulphate of | 
2°43, 

CONMeL Ue MesIstameceswaSis atime mete: 

Hence the total resistance in the battery and in the rheostat 
together is 5°26. Assuming that the resistance in the lumi- 
nous arc and in the magnetometer, as in experiment 3, amounts 
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to 5°67 p, the entire resistance in the battery, in the rheostat, in 
the arc, and in the magnetometer together amounts to 10°93 . 

If the resistance in experiment 2, as in experiment 1, had 
been equal to 5°67 , the deflection of the magnetic needle must 
have been 

on x 27-9=53°8 divisions 
Hence we have 

53°8 :18:°7=50—2: 2, 

from which v=12°9 elements. 
Experiment 5. The battery consisted of fifty elements; and five 

inches of the solution of sulphate of copper were introduced intothe 
circuit. The resistance of the battery was found to be397 p, which, 
together with the resistance in the circuit, makes 6-49. When 
the galvanometer circuit surrounded the luminous are, the deflec- 
tion on reversing the lever was 11:7 divisions as the mean of ten 
observations, with a probable error of +0°85. When thereupon 
a resistance =12-9p was introduced into the circuit, the deflec- 
tion was equal to 6°5 divisions as the mean of ten observations, 
with a probable error of +0°37. From this it may be calculated 
that the resistance in the luminous are and the magnetometer 
together was equal to 16:lp. The great increase in the resist- 
ance of the luminous are was probably due to a smaller intensity 
of the current. 

Experiment 6. The battery and the interposed resistance were 
the same as in experiment 5. The magnetometer-wire was con- 
nected with the commutator and the principal circuit as repre- 
sented in fig. 2. When the lever was reversed, a deflection was 
always obtained amounting to 19:2 divisions as the mean of fif- 
teen observations, with a probable error of +1°35. The resist- 
ance in this case was =22°5p (=6'4p+161p). Ifthe resist- 
ance had been equal to 16:1), as in experiment 5, the deflection 
would have been =26°83 divisions. We have thus 

26°33 : 11°7=50—2: 2, 

from which v= 15-2 elements. 
Hence the mean of the three determinations adduced of the 

electromotive force of the vanishing lumimous are amounts to 
12°6 elements. The probable errors adduced above show that 
this determination can lay claim to no great accuracy. It is 
possible that the true value may be a few units above or below 
the one adduced ; but this is immaterial for our immediate object. 
The experiments adduced prove that, in the voltaic arc between 
earbon points, during the first moment after extinction there is an 
electromotive force comparable in magnitude to that of from ten to 
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fifteen Bunsen’s elements. It is moreover to be remarked that the 
numbers obtained are the means of the electromotive force. This 
is doubtless strongest during the first moment after the extinction 
of the luminous arc, and then diminishes in intensity till it quite 
ceases. If the lever could be more quickly reversed than has 
been heretofore possible, and thereby let the closing of the mag- 
netometer circuit follow more rapidly the opening of the principal 
circuit and the extinction of the luminous arc, a higher value 
would be obtained for the electromotive force of the luminous are. 

4. The source of electricity im the disappearing luminous 
arc cannot be of the nature of an electromotive force due to 
contact. There are indeed two contacts between carbon and 
gas; but these act in opposite directions and neutralize each 
other. It is possible that when the experiments are made in alr, 
the moisture present is decomposed and produces a polarization 
of the carbon points; but even if this were the case, it would 
only explain an insignificant part of the electromotive force found. 
Just as little can the force be an induction-phenomenon ; for the 
conditions for the production of such a one do not exist in the lumi- 
nous arc. It also seems to have nothing in common with the elec- 
tromotive force discovered by Quincke to accompany the passage of 
liquids through porous diaphragms. The only supposition which 
might possibly be made is that the force is of thermoelectric 
origin. ‘The positive pole is considerably more heated than the 
negative ; and we have thus in the luminous are two contacts 
between carbon and gas, of which one has a considerably higher 
temperature than the other. But it appears improbable that this 
thermoelectric force could have obtained so considerable a value 
as that we have observed*. In order to ascertain with certainty 
he real state of the case, the following experiments were made. 
Ifthe force in question is of thermoelectric origin, and caused 

by the circumstance that the positive pole has a higher tempera- 
ture than the negative one, the current observed must disappear 
when the temperature of the negative pole is raised to the same 

* Mr. Wilde, in Pogg. Ann. vol. exi., has communicated a paper in which 
it is demonstrated that a delicate magnetometer gives a considerable 
deflection if it is connected with a battery of twenty Bunsen’s elements as 
in fig. 1. Mr. Wilde does not mention any precautions which he used to 
convince himself that in his experiments there was no simultaneous closing 
on opening the principal current and introducing the magnetometer circuit. 
If there is a simultaneous closing, deflections of the galvanometer are 
always obtained; but these are then caused by the principal current itself. 
Mr. Wilde has made no experiments with the view of measuring ihe strength 
of the current or the intensity of its electromotive force. Hence Mr. Wilde 
did not hesitate to assume that the deflections obtained were caused by a 
thermoelectric current which resulted from the contact of the pole points 
(heated to unequal temperatures) with the interjacent gas. 
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height as that of the positive. If, also, the temperature of the 
negative pole be only so much raised that the difference between 
the poles is decreased, the thermoelectric current must be dimi- 
nished; or it might even be possible that it would sink to zero, and 
then acquire an opposite direction, before the temperature of the 
negative pole attained that of the positive. Ifthe statement that 
the current decreases when the temperature of the negative pole 
is increased is perfectly correct under all circumstances, the are 
must of course retain its conductivity unchanged. Yet this de- 
pends principally, if not exclusively, on the quantity and con- 
dition of the transported particles, and not on the temperature of 
the gas. On the contrary, it is by no means certain & priori that 
the current will increase if the temperature of the positive pole be 
raised, and thereby the difference between the temperature of the 
poles become greater, because it is possible that the greatest 
electromotive force corresponded to a certain temperature of the 
positive pole, and that the force would become less at a higher 
temperature. It is also important to be able to show that in- 
crease in temperature in the negative pole produces no diminu- 
tion in the intensity of the currrent. 

To effect this, a Bunsen’s burner provided with a bellows was 
used. When the flame was directed against carbon of the same 
quality as that used in the experiments, the carbon began to ig- 
nite, and a thin wire coiled round it melted. The temperature, 
at any rate on the side of the carbon turned towards the flame, 
was 1000° or more. Upon this the following experiments were 
made, partly without heating by the burner, partly with the ap- 
plication of heat to the positive or negative pole as near as 
possible to the are. 

Experiment 7. The battery consisted of fifty elements; but the 
current, probably owing to imperfect conduction, was not parti- 
cularly strong. The magnetometer was connected with the 
principal circuit as shown in fig. 1; that is, the electromotive 
force in the luminous arc caused the deflection. 

The mean of ten observations, when there was no heating, and 
when the negative pole was heated to strong ignition, gave :— 

Without heatme | -1.24 #,)-)) -30;8idivisions: 
the probable errors ere. eats oaOe 

Heating the negative pole . 40°8 divisions. 
ithetprobable errors. ei tao 

On heating the negative pole, therefore, and diminishing thus 
the difference in temperature between the poles, the current was 
stronger—quite opposite to what should have been the case if the 
current had been of thermoelectric origin. In the subsequent 
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experiments the positive and negative poles were alternately 
heated. 

Experiment 8. With a somewhat stronger current than in the 
previous experiments, there was obtained as the mean of ten ob- 
servations, on 

Heating the positive pole . 40 divisions. 
rabable error 9. 66 1. |. teonls 

Heating the negative pole . ‘54: divisions. 
Rrooableterrors: ‘see! =.) e3:8! 

The current was also greater in this case when the difference 
in temperature was diminished. 

Experiment 9. 'The battery consisted of thirty elements with- 
out any introduced external resistance. There was obtained as 
the mean of fifteen observations, 

NVvithout heats = "8.2 46 divisions: 
Probable error Ben ao NENA OS 

Heating the positive pole . 36:5 divisions. 
iEnobableverror =. ean 8 cos)’ 

Heating the negative pole . 45:3 divisions. 
HenoWablenernor 2%) 5 + - eee 2. 

Experiment 10. The battery consisted of fifty elements, with 
no other resistance than that afforded by the thick conducting- 
wires. The current was strong and the deflections great; but 
the difficulty of obtaining constant deflections increased in the 
same proportion. There was obtained as the mean of fifteen 
observations, | 

Heating the positive pole . 78 divisions. 
Rrobableerror | “52 805). ae 737. 

Heating the negative pole . 73 divisions. 
Prolalole exer 6 62 6 4 ae 7Al 

Although, as the probable errors adduced indicate, the sources 
of error are great, the preceding experiments justify the conclu- 
sion that the current in question does not decrease when the dif- 

ference in temperature between the poles is less, owing to the 
heating of the negative pole, which it ought to do if the current 
were of thermoelectric origin. To this may be added that this 
diminution of the difference of temperature 1s very considerable, 
although it certainly does not entirely disappear. 

When the positive pole is heated, the deflection seems to be 
somewhat less—though this cannot be considered to be made 
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out, for the experiments which speak in its favour are not more 
numerous or more accurate. 

Moreover the result which these heatings of the poles give is 
nothing more than a confirmation of the conclusions which I 
have drawn from my earlier investigation on the voltaic are. 
No one will doubt that the electromotive force which, from the 
experiments adduced, is met with in the just-extinguished are is 
the same as that which, from my former investigations, occurs in 
the luminous are during its existence. But it has been shown* 
in regard to this force, that it is independent of the intensity of 
the current. It is only when the intensity approaches the mini- 
mum with which aluminous arc can be produced, that a decrease 
in the magnitude of the force begins to be seent. But the tem- 
perature of the pole-points is dependent on the intensity of the 
current, and the same is also obviously the case with their differ- 
ence in temperature. The force found is thus independent of the 
heating of the poles, and therefore cannot be of thermoelectric 
origin. 

XLVII. On Geological Time, and the probable Date of the Glacial 
and the Upper Miocene Period. By Jamus Crotiu, of the 
Geological Survey of Scotland. 

[Continued from p. 154.] 

S has already been remarked, if the glacial epoch resulted 
from a high state of excentricity there must, according to 

the foregoing Tables, have been at least five ice-periods during the 
last three millions of years, viz. the glacial epoch, two as severe, 
and two much less severe. The question which now remains to 
be discussed is whether this conclusion is consistent with the 
facts of geology or not. Can it be shown from geological evi- 
dence that there have not within the past three millions of years 
been two ice-periods as severe as the glacial period? In other 
words, do the testimony of geology and the testimony of physics 
agree in regard to this point ? 

From what has already been shown respecting the limit to 
geological time, I presume we may reasonably conclude that three 
millions of years may probably embrace the greater portion of 
the Tertiary period. Now, as has been stated, we have good 
evidence of at least three ice-periods since the beginning of the 
Tertiary period—one about the middle of the Kocene period, an- 
other during the Upper Miocene period, and the third and last 
the well-known glacial epoch. 

* Phil. Mag. S. 4. vol. xxxv. p. 103. 
+ Gfversigt af K. Vet. Akad. Forhandl. December 1867. 



Date of the Glacial and the Upper Miocene Period. 363 

Let it be observed that it is not essential to the object in view 
to be able to show from the facts of geology that former cold pe- 
riods, such as those of the Eocene and the Miocene, were as severe 
as that of the glacial epoch. All that is required is simply to show 
that, for anything that geology can prove to the contrary, those 
cold periods may have been as severe as the glacial epoch. What 
I wish to show is, that although the conclusions derived from 
astronomical and physical considerations regarding the severity 
of former ice-periods may not at present be fully borne out by 
geological science, the imperfection of geological records upon 
this point is such that the absence of direct geological evidence 
cannot reasonably be regarded as sufficient proof that the phy- 
sical conclusions arrived at are improbable. But this is not all; 
I shall endeavour to show that the records of geology in regard 
to former glacial epochs are not only imperfect, but that this 
imperfection follows as a necessary consequence from the principles 
of geology itself—that there is not simply a want of records, but 
a reason in the very nature of geological evidence why there is 
such a want. 

Geological evidence in reference to past glacial epochs is evi- 
dently much more imperfect than many suppose. 

It is on a land-surface that the principal traces of the action 
of ice during a glacial epoch are left; for it is there that the 
stones are chiefly striated, the rocks ground down, and the 
boulder-clay formed. But where are all our ancient land-sur- 
faces? They are not to be found. The total thickness of the 
stratified rocks of Great Britain, according to Professor Ramsay, 
is nearly fourteen miles. But from the top to the bottom of this 
enormous deposit there is hardly a single land-surface to be found. 
True, there are patches of old land-surfaces of a local character, 
such, for example, as the dirt-beds of Portland ; but, with the ex- 
ception of the coal-beds, every general formation from top to 
bottom was formed under water, and none but the under-clays 
ever existed as a land-surface. And it is here in such a forma- 
tion that the geologist has to collect all his information regard- 
ing the existence of former glacial epochs. The entire strati- 
fied rocks of the globe, with the exception of the coal-beds and 
under-clays (places where no one would expect to find traces 
of ice-action), consist almost entirely of a sertes of old sea-bottoms, 
with here and there an occasional freshwater deposit. Bearing 
this in mind, what is the sort of evidence which we can now 
hope to find in these old sea-bottoms of the existence of former 
ice-periods ? 

Every one, of course, who has ever reflected on the matter ad- 
mits that the stratified rocks are not old land-surfaces, but a 
series of old sea-bottoms formed out of the destruction of old 
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land-surfaces. And it is true that all land-surfaces once existed 
as sea-bottoms; but the stratified rocks consist of a series of old 
sea-bottoms which never were land-surfaces. Many of them no 
doubt have been repeatedly above the sea-level, and may once 
have possessed land-surfaces; but these, with the exception of 
the under-clays of the coal-measures, the dirt-beds of Portland, 
and one or two more patches, have all been annihilated. The 
important bearing that this consideration has on the nature of 
the evidence which we can now expect to find of the existence 
of former glacial epochs has certainly been very much over- 
looked. 

When we examine the matter fully, we find that the transfor- 
mation of a land-surface into a sea-bottom will probably com- 
pletely obliterate every trace of glaciation that may have existed 
on that land-surface. [or example, we cannot expectto find the 
polished and striated stones belonging to a former land-glacia- 
tion ; for stones are not carried down by our rivers and deposited 
in the sea. They are first disintegrated by subaérial agency into 
sand or clay, as the case may be, and then carried down by our 
rivers and deposited as such on the sea-bottom. But supposing 
striated stones were carried down by our rivers out of the boulder- 
clay, they could not retain their ice-markings, for they would 
soon become waterworn in their passage seawards. 

Neither can we expect to find boulder-clay in the stratified 
rocks, for boulder-clay 1s not carried down as such and deposited 
in the sea. The boulder-clay is washed off the land and car- 
ried down as soft mud, clay, sand, and gravel. Patches of 
boulder-clay may have been now and again forced into the sea 
by means of the ice and become covered up; but such cases are 
wholly exceptional, and the absence of examples of this sort in 
any formation cannot fairly be adduced as a proof that that for- 
mation does not belong to a glacial period. 

The only evidence which we can now reasonably expect to find 
in the stratified rocks of the existence of land-ice of former epochs, 
is the presence of erratic blocks which may have been transported 
by icebergs and dropped into the sea. But unless the glaciers 
of that epoch reached the sea or the sea was frozen, we could not 
possibly have even this evidence. ‘Traces in the stratified rocks 
of the effects of land-ice of former epochs must, from the very 
nature of things, be rare indeed. The only sort of evidence which, 
asa general rule, we may always expect to find is the presence of 
large blocks of older rocks found imbedded in strata which, we 
know from their constitution, must bave been formed in still water. 
But this is quite enough ; for it proves the existence of ice at the 
time that the deposit containing the blocks was being formed as 
conclusively as though we saw the ice floating with the blocks 
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upon it. This sort of evidence, when found in low latitudes, 
ought to be received as conclusive of the existence of former gla- 
cial epochs, and, no doubt, would have been so received had it 
not been for the idea that, if these blocks had been transported 
by ice, there onght in addition to have been found striated 
stones, boulder-clay, and other indications of the agency of 
land-ice. 

The reason why we now have, comparatively speaking, so little 
direct evidence of the existence of former glacial periods will be 
more forcibly impressed upon the mind, if we reflect on how 
difficult it would be ina million or so of years hence to find any 
trace of what we now call the glacial epoch. The striated stones 
would by that time be all, or nearly all disintegrated, and the 
till washed away and deposited in the bottom of the sea as stra- 
tified sands and clays. And when these became consolidated 
into rock and were raised into dry land, the only evidence that 
we should probably then have that there ever had been a glacial 
epoch would be the presence of large blocks of the older rocks, 
which would be found imbedded in the upraised formation. We 
could only infer that there had been ice at work from the fact 
that by no other known agency could we conceive such blocks 
to have been transported and dropped in a still sea. 

Probably few geologists believe that during the Middle Eocene 
and the Upper Miocene periods our country passed through a 
condition of glaciation as severe as it has done during the Post- 
pliocene period; yet when we examine the subject carefully, we 
find that there is actually no just ground to conclude that it has 
not. For in all probability, in the strata formed out of the de- 
struction of the now existing land-surfaces, evidence of ice-action 
will be as scarce as in the Kocene or Miocene strata. 

If the stratified rocks forming the earth’s crust consisted of a 
series of old land-surfaces instead (as they actually do) of a series 
of old sea-bottoms, then probably dozens of glacial periods might 
be detected. 

Nearly all the evidence which we have regarding the glacial 
epoch has been derived from what we find on the now ex- 
isting land-surfaces of the globe. But probably not a trace of 
this will be found in the stratified beds of future ages, formed 
out of the destruction of the present land-surfaces. Even the 
very arctic shell-beds themselves, which have afforded to the geo- 
logist such clear proofs of a frozen sea during the glacial epoch, 
will not be found in those stratified rocks ; for they must suffer 
destruction along with everything else which now exists above 
the sea-level. There is probably nota single relic of the glacial 
epoch which has ever been seen by the eye of man that will be 
found in the stratified rocks of future ages. Nothing but what 
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lies buried in the deep recesses of the ocean will escape com- 
plete disintegration and appear imbedded in those formations. 
It is only those objects which lie in our existing sea-bottoms that 
will remain as mouuments of the glacial epoch of the Postter- 
tiary period. And, besides, it will only be those portions of the 
sea-bottoms that may happen to be upraised into dry land that will 
be available to the geologist of future ages. The point to be deter- 
mined now 1s this :—ZIs zt probable that the geologist of the future 
will find in the rocks formed out of the now existing sea-bottoms more 
evidence of a glacial epoch during Posttertiary times than we now 
do of one during the Miocene, the Hocene, or the Permian period? 
Unless this can be proved to be the case, we have no ground 
whatever to conclude that the cold periods of the Miocene, 
Hocene, and Permian periods were not as severe as that of the 
glacial epoch. This is evident; for the only relics which now re- 
main of the glacial epochs of those periods are simply what hap- 
pened to be protected in the then existing sea-bottoms. very 
vestige that lay on the land would in all probability be destroyed 
by subaérial agency and carried into the sea im a sedimentary 
form. But before we can determine whether or not there is 
more evidence of the glacial epoch in our now existing sea- 
bottoms than there is of former glacial epochs in the stratified 
rocks (which are in reality the sea-bottoms belonging to ancient 
epochs), we must first ascertain what is the nature of those marks 
of glaciation which are to be found in a sea-bottom. 
We know that the rocky face of the country was ground down 

and striated during the glacial epoch ; and thisis now generally 
believed to have been done by land-ice. But we have no direct 
evidence that the floor of the ocean, beyond where it may have 
been covered with land-ice, was striated. Beyond the limits of 
the land-ice it could be striated only by means of icebergs. But 
do icebergs striate the rocky bed of the ocean? Are they adapted 
for such work? It seems to be almost universaily assumed that 
they are. But I have been totally unable to find any rational 
grounds for such a belief. Clean ice can have but little or no 
erosive power, and never could scratch a rock. To do this it must 
have grinding materials in the form of sand, mud, or stones. 
But the bottoms of icebergs are devoid of all such materials. 
Icebergs carry the grinding materials on their backs, net on 
their bottoms. No doubt, when the iceberg is launched into the 
deep, great masses of sand, mud, and stones will be adhering to 
its bottom. But no sooner is the berg immersed, than a melt- 
ing process commences at its sides and lower surface in contact 
with the water ; and the consequence is, the materials adhering 
to the lower surface soon drop off and sink to the bottom of the 
sea. The iceberg, divested of these materials, can now do very 
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little harm to the rocky sea-bottom over which it floats. It is 
true that an iceberg moving with a velocity of a few miles an 
hour, if it came in contact with the sea-bottom, wonld, by the 
mere force of concussion, tear up loose and disjointed rocks, and 
hurl some of the loose materials to a distance; but it would do 
but little in the way of grinding down the rock against which it 
struck. But even supposing the bottom of the iceberg were 
properly shoed with the necessary grinding materials, still it 
would be but a very inefficient grinding agent ; for a floating ice- 
berg would not be in contact with the sea-bottom. And if it 
were in contact with the sea-bottom, it would soon become 
stranded and, of course, motionless, and under such conditions 
could produce no effect. 

It is perfectly true that although the bottom of the berg may 
be devoid of grinding materials, yet these may be found lying on 
the surface of the submarine rock over which the ice moves. But 
it must be borne in mind that the same current which will move 
the icebergs over the surface of the rock will move the sand, 
mud, and other materials over it also; so that the markings 
effected by the ice will in all probability be erased by the current. 
In the deep recesses of the ocean the water has been found to 
have but little or no motion. But icebergs always follow the 
path of currents; and it is very evident that at the comparatively 
small depth of a thousand feet or so reached by icebergs the mo- 
tion of the water will be considerable ; and the continual shift- 
me of the small particles of the mud and sand will im all proba- 
bility efface the markings which may be made now and again by 
a passing berg. 

Much has been said regarding the superiority of icebergs as 
grinding and striating agents in consequence of the great velo- 
city of their motion in comparison with that of land-ice. But 
it must be remembered that it is while the iceberg is floating, 
and before it touches the rock, that it possesses high velocity. 
When the iceberg runs aground, its motion is suddenly arrested 
or greatly reduced. But if the iceberg advancing upona sloping 
sea-bottom is raised up so as to exert great pressure, it will on 
this account be the more suddenly arrested, the motion will be 
slow, and the distance passed over short, before the berg becomes 
stranded. If it exerts but little pressnre on the sea-bottom, 
it may retain a considerable amount of motion and advance to a 
considerable distance before it is brought to a stand; but, exert- 
ing little pressure, it can perform but little work. Land-ice 
moves slowly, but then it exerts enormous pressure. A glacier 
1000 feet in thickness has a pressure on its rocky bed equal to 
about 25 tons on the square foot; but an iceberg a mile in 
thickness, forced up on a sloping sea-bottom to an elevation of 
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20 feet (and this is perhaps more than any ocean-current could 
effect), would only exert a pressure of about half a ton on the 
square foot, or about ;!5 part the pressure of the glacier 1000 feet 
in thickness. A great deal has been said about the erosive and 
erushing-power of icebergs of enormous thickness, as if their 
thickness gave them any additional pressure. An iceberg 100 
feet in thickness will exert just as much pressure as one a mile 
in thickness. The pressure of an iceberg is not lke that of a 
glacier, in proportion to its thickness, but to the height to which 
it is raised out of the water. An iceberg 100 feet in thickness 
raised 10 feet will exert exactly the same pressure as one a mile 
in thickness raised to an equal height. 

To be an efficient grinding agent, steadiness of motion, as well 
as pressure, 1s essential. A rolling or rocking motion is ill-adapted 
for grinding down and striating a rock. A steady rubbing 
motion under pressure is the thing required. But an iceberg is 
not only deficient in pressure, but also deficient in steadiness of 
motion. When an iceberg moving with considerable velocity 
comes on an elevated portion of the sea-bottom, it does not move 
steadily onwards over the rock, unless the pressure of the berg 
on the rock be trifling. The resistance being entirely at the 
bottom of the iceberg, its momentum, combined with the pres- 
sure of the current, applied wholly above the point of resistance 
tends to make the berg bend forward, and in some cases upset 
(when it is of a cubical form). The momentum of the moving 
berg, instead of being applied in forcing it over the rock against 
which it comes in contact, 1s probably all consumed in work 
against gravitation in raising the berg upon its front edge. 
After the momentum is consumed, unless the berg be completely 
upset, it will fall back under the force of eravitation to its ori- 
ginal position. But the momentum which it acquires from gra- 
vitation in falling backwards carries it beyond its position of re- 
pose in an opposite direction. It will thus continue to rock 
backwards and forwards until the friction of the water brings it 
to rest. ‘The momentum of the berg, instead of bemg applied 
to the work of grinding and striating the sea-bottom, will chiefly 
be consumed in heat in the agitation of the water. But if the 
berg does advance, it will do so with a rocking unsteady motion, 
which, as Mr. Couthouy* and Professor Danat observe, will tend 
rather to obliterate striations than produce them. 

A floating berg moves with great steadiness ; but a berg that 
has run aground cannot advance with a steady motion. If the 
rock over which the berg moves offers little resistance, it may 

* Report on Icebergs, read before the Association of American Geologists. 
Silliman’s Journal, vol. xl. p. 163 (1842). - 

+ Manual of Geology, p. 677. 
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do so; but in such a case the berg could produce but little effect 
on the rock. 

Dr. Sutherland, who has had good opportunities to witness the 
effects of icebergs, makes some most judicious remarks on the 
subject. ‘It will be well,” he says, “to bear in mind that when 
an iceberg touches the ground, if that ground be hard and resisting, 
at must come to a stand, and, the propelling power continuing, a 
slight leaning over in the water, or yielding motion of the whole 
mass, may compensate readily for being so suddenly arrested. 
If, however, the ground be soft, so as not to arrest the motion 
of the iceberg at once, a moraine will be the result; but the 
moraine thus raised will tend to bring it to a stand ”’*. 

There is another cause referred to by Professor Dana, which, 
to a great extent, must prevent the iceberg from having an op- 
portunity of striating the sea-bottom, even though it were other- 
wise well adapted for so doing. It is this: the bed of the ocean 
in the track of icebergs must be pretty much covered with stones 
and rubbish dropped from the melting bergs. And this mass of 
rubbish will tend to protect the rocky. 

If icebergs cannot be shown @ priori, from mechanical consi- 
derations, to be well adapted for striating the sea-bottom, one 
would naturally expect, from the confident way in which it is 
asserted that they are so adapted, that the fact has been at least 
established by actual observation. But, strange as it may ap- 
pear, we seem to have little or no proof that icebergs actually 
striate the bed of the ocean. This can be proved from the di- 
rect testimony of the advocates of the iceberg theory themselves. 

We shall take the testimony of Mr. Campbell, the author of 
two well-known works in defence of the iceberg theory, viz. 
‘Frost and Fire’ and ‘A Short American Tramp.’ Mr. Camp- 
bell went in the fall of the year 1864 to the coast of Labrador, 
the Straits of Belle Isle, and the Gulf of St. Lawrence, for the 
express purpose of witnessing the effects of icebergs, and testing 
the theory which he had formed, that the ice-markings of the 
glacial epoch were caused by floating ice and not by land-ice, as 
is new generally believed. 

The following is the result of his observations on the coast of 
Labrador. 

Hanly Harbour, Strait of Belle Isle :—‘“ The water is 37° F. 
in July.... As fast as one island of ice grounds and bursts, an- 
other takes its place ; and in winter the whole strait is blocked 
up by a mass which swings bodily up and down, grating along 
the bottom at all depths. ... Examined the beaches and rocks 
at the water-line, especially in sounds. Found the rocks ground 

* Quart. Journ. Geol. Soe. vol. ix. p. 306. 
+ Dana’s ‘Manual of Geology,’ p. 677. 

Phil. Mag. 8.4. Vol. 36. No. 244, Nov. 1868. 2B 
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smooth, but not striated, in the sounds.’’—Short American Tramp, 
pp. 68; 107. 

Cape Charles and Battle Harbour :—“ But though these har- 
bours are all frozen every winter, the rocks at the water-line are 
not striated”’ (p. 68). 

At St. Francis Harbour :—“ The water-line is much rubbed, 
smooth, but not striated” (p. 72). 

Cape Bluff :—“ Watched the rocks with a telescope, and failed 
to make out strie anywhere; but the water-line is everywhere 
rubbed smooth” (p. 75). 

Seal Islands :—‘“‘No strie are to be seen at the land-wash in 
these sounds or on open sea-coasts near the present water-line” 
(p. 76). 

He only mentions having here found striations in the three 
following places along the entire coast of Labrador visited by 
him ; and in regard to two of these, it seems very doubtful that 
the markings were made by modern icebergs. 

Murray’s Harbour :—“'This harbour was blocked up with 
ice on the 20th of July. The water-line is rubbed, and in some 
places striated” (p. 69). 

Pack Island :—‘ The water-line in a narrow sound was po- 
lished and striated in the direction of the sound, about N.N.W. 
This seems to be fresh work done by heavy ice drifting from 
Sandwich Bay; but, on the other hand, stages with their legs in the 
sea, and resting on these very rocks, are not swept away by the ice” 
(p. 96). Ifthese markings were modern, why did not the “ heavy 
ice ” remove the small fir poles supporting the fishing-stages ? 

Red Bay :—“ Landed half-dressed, and found some striz per- 
fectly fresh at the water-level, but weathered out a short distance 
inland” (p. 107). The striations “ imland ” could not have been 
made by modern icebergs; and it does not follow that because 
the markings at the water-level were not weathered they were 
produced by modern ice. 

These are the evidences which he found that icebergs striate 
rocks, on a coast of which he says that, during the year he visited 
it, “the winter-drift was one vast solid raft of floes and bergs 
more than 150 miles wide and perhaps 5000 feet thick at 
spots, driven by a whole current bodily over one definite course, 
year after year, since this land was found ” (p. 85). 

But Mr. Campbell himself freely admits that the floating 
ice which comes aground along the shores does not produce 
strie. “It is sufficiently evident,” he says, “that glacial strie 
are not produced by thin bay-ice” (p. 76). And in ‘ Frost and 
Fire,’ vol. ii. p. 237, he states that, “ from a careful examination 
of the water-line at many spots, it appears that bay-ice grinds 
rocks, but does not produce striation.” 
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“ Tt is impossible,” he continues, “ to get at rocks over which 
heavy icebergs now move; but a mass 150 miles wide, perhaps 
3000 feet thick in some parts, and moving at the rate of a mile 
an hour or more, appears to be an engine amply sufficient to ac- 
count, for striz on rising rocks.” And in ‘American Tramp,’ 
p. 76, he says, “strie must be made in deep water by the large 
masses which seem to pursue the even tenor of their way in the 
steady current which flows down the coast.” 

Mr. Campbell, from a careful examination of the sea-bottom 
along the coast, finds that the small icebergs do not produce striz, 
but the large ones, which move over rocks impossible to be got 
at, “must” produce them. They “appear” to be amply suffi- 
cient to do so. Ifthe smaller bergs cannot striate the sea-bot- 
tom, why must the larger ones do so? There is no reason why 
the smaller bergs should not move as swiftly and exert as much 
pressure on the sea-bottom as the larger ones. And even sup- 
posing that they did not, one would expect that the light bergs 
would effect on a smaller scale what the heavy ones would do on 
a larger. 

I have no doubt that when Mr. Campbell visited Labrador he ex- 
pected to find the sea-coast under the water-line striated by means 
of icebergs, and was probably not a little surprised to find that it 
actually was not. And I have no doubt that were the sea-bottom 
in the tracks of the large icebergs elevated into view, he would 
find to his surprise that it was free from striations also. 

So far as observation is concerned, we have no grounds from 
what Mr. Campbell witnessed to conclude that icebergs striate 
the sea-bottom. 

The testimony of Dr. Sutherland, who has had opportunities 
of seeing the effects of icebergs in Arctic regions, leads us to the 
same conclusion. ‘Except,’ he says, ‘‘from the evidence 
afforded by plants and animals at the bottom, we have no means 
whatever to ascertain the effect produced by icebergs upon the 
rocks*. In the Malegat and Waigat I have seen whole clusters 
of these fioating islands, drawing from 100 to 250 fathoms, 
moving to and fro with every return and recession of the tides. 
I looked very earnestly for grooves and scratches left by icebergs 
and glaciers in the rocks, but always failed to discover any ” +. 
We shall now see whether river-ice actually produces stria- 

tions or not. If floating ice under any form can striate rocks, 
one would expect that it ought to be done by river-ice, seeing 
that such ice is obliged to follow one narrow definite track. 

St. John’s River, New Brunswick :—‘ This river,’ says Mr, 
Campbell, “is obstructed by ice during five months of the year, 

~*® Quart. Journ. Geol. Soc. vol. ix, p. 306. 
+ Journal, vol. 1. p. 38. 
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When the ice goes, there is wild work on the bank. Arrived at 
St. John, drove to the suspension-bridge. . . . At this spot, 
if anywher ‘e in the world, rviver-ice ought to ‘produce stria- 
tion. The whole drainage of a wide basin, and one of the 
strongest tides in the world, here work continually in one rock- 
groove ; and in winter this water-power is armed with heavy ice. 
There are no strie about the water-line ”*. 

River St. Lawrence :—“ In winter the power of ice-floats driven 
by water-power is tremendous. The river freezes and packs ice 
till the flow of water is obstructed. The rock- -pass at Quebec is like 
the Narrows at St. John’s, Newfoundland, in the frontispiece. 
The whole pass, about a mile wide, was paved with great broken 
slabs and round boulders of worn ice as big as small stacks, piled 
and tossed, and heaped and scattered upon the level water below 
and frozen solid.... This kind of ice does Nor produce striation at 
the water-margin at Quebec. At Montreal, when the river ‘ goes,’ 
the ice goes with it with a vengeance. ... The piers are not yet 
striated by river-ice at Montreal. . . . The rocks at the high-water 
level have no trace of glacial striae. ...The rock at Ottawa i is 
rubbed by river-ice every spring, and abbeys in one direction, but 
it is not striated....The surfaces are all rubbed smooth, and the 
edges of broken beds are rounded where exposed to the ice; but 
there are no strie”’ +. 

When Sir Charles Lyell visited the St. Lawrence in 1842, 
at Quebec he went along with Colonel Codrington “‘and searched 
carefully below the city in the channel of the St. Lawrence, at 
low water, near the shore, for the signs of glacial action at the 
precise point where the chief pressure and friction of packed ice 
are exerted every year,” but found none. 

“ At the bridge above the Falls of Montmorenci, over which 
a large quantity of ice passes every year, the gneiss is polished, 
and kept perfectly free from lichens, but not more so than rocks 
similarly situated at waterfalls in Scotland. In none of these 
places were any long straight grooves observable ”’ }. 

The only thing in the ‘shape of modern ice-markings which 
he seems to have met with in North America was a few straight 
furrows 4 an inch broad in soft sandstone, at the base of a cliff 
at Cape Blomidon in the Bay of Fundy, at a place where 
during the preceding winter * packed ” ice 15 feet thick had been 
pushed along when the tide rose over the sandstone ledges §. 

The very fact that a geologist so emiment as Sir Charles Lyell, 
after having twice miiee North America, and searched spe- 
cially for modern ice-markings, was able to find only two or 

* Short American Tramp, pp. 168, 174. t Ibid. pp. 239-241. 
{ Travels in North America, vol. u, p. 137. 
§ Ibid. vol. ii. p, 174. 
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three scratches, upon a soft sandstone rock, which he could 
reasonably attribute to floating ice, ought to have aroused the 
suspicion of the advocates of the iceberg theory that they had 
really formed too extravagant notions regarding the potency of 
floating i ice as a striating “agent. 

There is no reason to believe that the grooves and markings 
noticed by M. Weibye and others on the Scandinavian coast 
and other parts of northern Europe were made by icebergs. 
Mr. Geikie has clearly shown, from the character and direction 
of the markings, that they are the production of land-ice*. 
If the floating ice of the St. Lawrence and the icebergs of 
Labrador are unable to striate and groove the rocks, it is not 
hkely that those of northern Europe will be able to do so. 

It will not do for the advocates of the iceberg theory to as- 
sume, as they have hitherto done, that, asa matter of course, 
the sea-bottom is being striated and erooved by means of ice- 
bergs. They must prove that. They must either show that, 
as a matter of fact, icebergs are actually efficient agents in stria- 
ting the sea-bottom, or prove from mechanical principles that 
they must be so. The question must be settled either by obser- 
vation or by reason; mere opinion will not do. 

The transporting of boulders and rubbish, and not the grind- 
ing and striating of rocks, is evidently the proper function of 
the iceberg. But even in this respect I fear too much has been 
attributed to it. 

In reading the details of voyages in the Arctic regions one 
cannot help feeling surprised bow seldom reference is made to 
stones and rubbish being seen on icebergs. Arctic voyagers, 
like other people when they are alluding to the geological effects 
of icebergs, speak of enormous quantities of stones being trans- 
ported by them; but in reading the details of their voyages, 
the impression conveyed is that icebergs with stones and blocks 
of rock upon them are the exceptions. The greater portion of 
the narratives of voyages in Arctic regions consists of interesting 
and detailed accounts of the voyagers’ adventures among the 
ice. The general appearance of the icebergs, their shape, their 
size, their height, their colour are all noticed; but rarely is 
mention made of stones being seen. That the greater number 
of icebergs have no stones or rubbish on them is borne out by 
the positive evidence of ss who have had opportunities of 
seeing icebergs. 

Mr. Campbell says :— It is remarkable that up to this time 
we have only seen a few doubtful stones on bergs which we 
have passed... . Though no bergs with stones on them or in them 

* Proceedings of the Royal Society of Edinburgh, Session 1865-66, 
page 537. 



374 Mr. J. Croll on Geological Time, and the probable 

have been approached during this voyage, many on board the 
‘Ariel’? have been close to bergs heavily laden...... A man 
who has had some experience of ice has never seen a stone on a 
berg in these latitudes. Captain Anderson of the ‘ Huropa,’ 
who is a geologist, has never seen a stone ona berg im crossing the 
Atlantic. No stones were clearly seen on this trip’ *. Captain Sir 
James Anderson (who has long been familiar with geology, has 
spent a considerable part of his life on the Atlantic, and has 
been accustomed to view the iceberg as a geologist as well as 
a seaman) has never seen a stone on an iceberg in the Atlantic. 
This is rather a significant fact. 

Sir Charles Lyell states that, when passing icebergs on the 
Atlantic, he “was most anxious to ascertain whether there was 
any mud, stones, or fragments of rocks on any one of these 
floating masses; but after examining about forty of them with- 
out perceiving any signs of frozen matter, I left the deck when 
it was growing dusk”+. After he had gone below, one was 
said to be seen with something like stones upon it. The 
Captain and officers of the ship assured him that they had never 
seen a stone upon a berg. 

There is still another point connected with icebergs to which 
we must allude, viz. the opinion that great masses of the boulder- 
clay of the glacial epoch was formed from the droppings of ice- 
bergs. It is perfectly obvious that unstratified boulder-clay 
could not have been formed in this way. Stones, gravel, sand, 
clay, and mud, the ingredients of boulder-clay, tumbled all to- 
eether from the back of an iceberg, could not sink to the bottom 
of the sea without separating. The stones would reach the bot- 
tom first, then the gravel, then the sand, then the clay, and last 
of all the mud, and the whole would settle down in a stratified 
form. But, besides, how could the c/ay be derived from icebergs ? 
Icebergs derive their materials from the land before they are 
launched into the deep, and while they are in the form of land- 
ice. The materials which are found on the backs of icebergs are 
what fell upon the ice from mountain tops and crags projecting 
above the ice. Icebergs are chiefly derived from continental ice, 
such as that of Greenland, where the whole country is buried 
under one continuous mass, with only a lofty mountain peak 
here and there rising above the surface. And this is no 
doubt the chief reason why so few icebergs have stones upon 
their backs. The continental ice of Greenland is not, like the 
elaciers of the Alps, covered with loose stones. It is perfectly 
plain that clay does not fall upon the ice. What falls upon the 
ice is stones, blocks of rocks, and the loose débris. Clay and 

* Short American Tramp, pp. 77, 81, 111. 
t Second visit, vol. 1. p.367. - 
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mud we know, from the accounts given by arctic voyagers, are 
sometimes washed down upon the coast-ice; but certainly very 
little of either can possibly get upon an iceberg. Arctic voyagers 
sometimes speak of seeing clay and mud upon bergs ; but it is pro- 
bable that if they had been near enough they would have found 
that what theytook for clay and mud was merely dust and rubbish. 

Undoubtedly the boulder-clay of many places bears unmis- 
takeable evidence of having been formed under water ; but it does 
not on that account follow that it was formed from the drop- 
pings of icebergs. The fact that the boulder-clay in every case 
is chiefly composed of materials derived from the country on which 
the clay lies, proves that it was not formed from matter transported 
by icebergs. The clay no doubt contains stones and boulders 
belonging to other countries, which evidently have been trans- 
ported by icebergs ; but the clay itself has not come from another 
country. But if the clay itself has been derived from the coun- 
try on which it lies, then it is absurd to suppose that it was 
deposited from icebergs. The clay and materials which are 
found on icebergs are derived from the land on which the ice- 
berg is formed ; but to suppose that icebergs, after floating about 
upon the ocean, should always return to the country which gave 
them birth and deposit their loads is rather an extravagant sup- 
position, And if they did not do that, then how could the 
boulder-clay always be derived from the country im which it is 
found? 
Boulder-clay, whether formed on dry land or under water, is evi- 

dently the product of land-ice. Boulder-clay will be formed under 
land-ice whether the ice be moving on dry land or along the sea- 
bottom. In many parts of England, as at Norwich for example, 
the boulder-clay contains huge blocks which have evidently come 
from Scandinavia and other distant parts on the back of icebergs. 
These have been dropped among the clay then being brought 
down under the land-ice. In fact durmg the glacial epoch, 
unless the seas around a country were completely blocked up by 
land-ice, it would be impossible to prevent icebergs from coming 
and discharging their loads occasionally amongst the clay forced 
from under the land-ice. Few Scandinavian or other far trans- 
ported blocks are found in the lower boulder-clay of Scotland ; 
and this is owing, no doubt, to the fact that the seas surrounding 
that country during the elacial epoch were so completely blocked 
up by land-ice that no berg could possibly approach near to the 
coast. 

If we simply admit (what follows from theory) that as the ice 
began to accumulate on the land the sea began to rise, and that 
the time of the greatest extension of the ice was also the time of 
the greatest submergence, many a difficulty will disappear. 
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The view which at one time prevailed in regard to this point 
was, that at the period of continental ice the land stood much 
higher than at present, and that as the cold began to abate, the 
land began slowly to sink and went down under the sea covered 
with ice. The land, after remaining for a long course of ages 
under water, ultimately emerged still covered with ice; but, the 
cold continuing to abate, the general covering of ice began to 
break up, and then followed the period of local glaciers. 

I have never been able to find any proof given, either geological 
or physical, that at the time that the country was enveloped in ice 
the land stood higher. Instead of a greater elevation of the land 
during the period of ice, geological facts seem to prove the reverse; 
for in every country where we have evidence of glaciation, we 
have also evidence of a corresponding submergence of the land. 
The two so constantly accompany each other, that many geolo- 
gists have been led to suspect the existence of some physical 
bond of connexion between them. We have good evidence, no 
doubt, that the land in relation to the sea must have stood much 
higher as well as much lower than it does at present, but we have 
no evidence that the country was at that particular time covered 
with ice. On the contrary, geolegical facts go rather to show 
that the land was then covered with forests and peat-bogs, and 
possessed an abundance of animal life. 

It follows from theory, as has been shown on former occa- 
sions*, that during the cold periods of the glacial epoch the sea 
must have stood much higher than at present, and during the 
warm periods much lower. When certain considerations are 
taken into account which were overlooked on former occasions, a 
submergence to the extent of at least 500 feet may be accounted 
for. Although the repeated submergence and emergence of the 
land during Posttertiary times were probably due to oscillations 
of the sea rather than of the land, still we have evidence that 
there must have been local elevations and depressions of the land 
during the glacial epoch; for we find in some places that the 
land was submerged to the extent of upwards of 1000 feet, while 
in other parts it remained above water altogether. ‘The oscilla- 
tions of the sea-level resulting from cosmical causes would not 
in any way interfere with upheavals and depressions of the land 
resulting from volcanic or other agencies. 

It was evidently not the facts of geology, but the notion that 
the cold of the glacial epoch must have resulted from a greater 
elevation of the land, which gave rise to the opmion that the 
country stood much higher than at present at the time that it 
was covered with ice. In order to account for the cold of the 

* Phil. Mag. April 1866. ‘ Reader,’ September 2 & 14, 1865; Novem- 
ber 27, 1865. 
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elacial epoch and the general covering of ice, the land was first 
elevated; and then to make matters harmonize with the facts of 
geology, the land was submerged. 

There is no necessity for this hypothesis in order to account 
for the cold of the glacial epoch ; and even supposing that there 
was, it would not suit. The cold and ice of the glacial epoch 
were too general to be accounted for upon the hypothesis of 
elevation of the land. It is the elevation of a part zm relation to 
the surrounding continents that can cool the climate of that part 
and cover it with ice. A general elevation would produce but 
httle effect ; for m such a case the atmosphere would to a con- 
siderable extent rise along with the land, and no very sensible 
change would result. We shall have to return to this part of 
the subject on a future occasion. 

From the facts and considerations adduced we are, I would 
venture to presume, warranted to conclude that, with the excep- 
tion of what may have been produced by land-ice, very little in 
the shape of boulder-clay or striated rocks belonging to the gla- 
cial epoch he buried under the ocean—and that when the 
now existing land-surfaces are all denuded, probably scarcely 
a trace of the glacial epoch will then be found, except the huge 
blocks that were transported by icebergs and dropped into the 
sea. It is therefore probable that we have as much evidence of 
the existence of a glacial epoch during the Miocene, Hocene, and 
Permian periods as the geclogists of future ages will have of the 
existence of a glacial epoch during the Posttertiary period, and 
that consequently we have no warrant whatever to conclude that 
the glacial epoch was a something unique in the geological his- 
tory of our globe. 

It might be thought that if glacial epochs have been so nume- 
rous as Table No. I. represents, we ought to have abundance of 
paleontological evidence of their existence. I do not know if 
this necessarily follows. Take the glacial epoch itself, quite a 
modern affair. Here we do not require to go and search in the 
bottom of the sea for the evidence of its existence; for we have 
the surface of the land in almost identically the same state in 
which it was when the ice left it, with the boulder-clay and all 
the wreck of the ice lying upon it. But what geologist, with all 
these materials before him, would be able to find out from pale- 
ontological evidence alonethat there had even been such an epoch? 
He might search the whole, but would not be able to find fossil evi- 
dence from which he would be warranted to infer that the country 
had ever been covered with ice. We have evidence in the fossils of 
the Crag and other deposits of the existence of a colder condition 
of climate prior to,the true glacial period, and in the shell-beds of 
the Clyde and other places of a cold condition of climate after the 
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true glacial period. But in regard to the period of the true 
boulder-clay or till, when the country was enveloped in ice, all 
is almost, comparatively speaking, a perfect blank so far as 
paleontology is concerned. ‘“ Whatever may be the cause,” says 
Sir Charles Lyell, “‘the fact is certain that over large areas in 
Scotland, Ireland, and Wales, I might add throughout the north- 
ern hemisphere on both sides of the Atlantic, the stratified drift 
of the glacial period is very commonly devoid of fossils ”’*. 

In the “ flysch ” of the Hocenes of the Alps, in which the huge 
blocks are found which prove the existence of ice-action during 
that period, few or no fossils have been found. So devoid 
of organic remains is that formation, that it is only from its 
position, says Sir Charles, that it is known to belong to the 
middle or ‘“nummulitic” portion of the great Eocene series. 
Again, in the conglomerates at Turin, belonging to the Upper- 
Miocene period, in which the angular blocks of limestone are 
found which prove that during that period Alpine glaciers 
reached the sea-level in the latitude of Italy, not a single orga- 
nie remain has been found. It would seem that an extreme 
paucity of organic lifeis a characteristic of a glacial period, which 
warrants us to conclude that the absence of organic remains in 
any formation otherwise indicative of a cold climate cannot be 
regarded as sufficient evidence that that formation does not 
belong to a cold period. 

But if there is a deficiency -of direct positive evidence of a 
general glaciation of the northern hemisphere during the Middle- 
Hocene, Upper-Miocene, and other periods similar to what we 
know took place during the Postpliocene period, there is, how- 
ever, abundance of indirect evidence in favour of it. 

Those facts to which I allude that appear to lead indirectly to 
theconclusion that a general condition of glaciation must have pre- 
vailed during the Upper-Muiocene and other periods, are, strange 
to say, the very facts which have all along been adduced asa 
reason against the possibility of a cold condition of climate at 

have that the Alps and the Pyrenees+ must have possessed 
enormous glaciers during that period, those of the former reach- 
ing the sea-level in the latitude of Italy. 

Ifa cold and glacial condition of climate prevailed at those 
periods, we may be perfectly certain that a very warm and equable 
condition of climate must have also prevailed immediately before 

* Antiquity of Man, p. 268 (third edition). 
+ For an account of the evidence of a glaciation of the Pyrenees during 

the Miocene period, see a paper ‘*‘ On the Glacial Phenomena of the Pyre- 
nees,” by Mr. P. W. Stuart Menteath, read before the Edinburgh Geoio- 
gical Society, 1867. See also Bulletin de la Société Ramond, 1866. 
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or immediately after those periods, or perhaps both before and 
after the cold period. This follows as a necessary consequence 
from the cosmical theory of climate. For it is physically impos- 
sible that we can have a cold and Arctic condition of climate on 
the one hemisphere, resulting from a great increase of excentricity, 
without at the same time having a warm, equable, if not an 
almost tropical, condition of climate prevailing on the other 
hemisphere. Whether a high state of excentricity will produce 
im our northern hemisphere a cold and glacial condition of cli- 
mate or a warm and equable condition, depends solely upon the 
position of the winter solstice in relation to the perihelion at the 
time. But if the excentricity continues at a high value during 
a long course of ages, then, owing to the precession of the equi- 
noxes and motion of the perihelion, the conditions of climate on 
the two hemispheres will be reversed every ten or twelve thou- 
sand years. Consequently when we find, as we do in the Upper- 
Miccene period and Middle-Hocene period, evidence of a cold 
condition of climate, we may reasonably expect to find also evi- 
dence of a much warmer and more equable condition than now 
prevails. And this is actually what we dofind. ‘The Upper- 
Miocene flora and fauna of the whole of Central Europe,” says Sir 
Charles Lyell, “afford unmistakeable evidence of a climate ap- 
proaching that now only experienced in subtropical regions.” 
“In the present state of the globe the island of Madeira pre- 
sents the nearest approach to such a flora. The proportion of 
arborescent as compared to the herbaceous plants is very great ; 
and among the former the predominance of evergreens implies 
an absence of severe winter cold”*. Andin reeard to the con- 
zlomerates of the Superga, near Turi, in which the erratic 
blocks are found, “‘the fauna and flora both of the overlying 
and underlying rock,” says Sir Charles, “ have the same subtro- 
pical character as that of Miocene date in Switzerland and Cen- 
tral Kurope generally.” “ Hence,” he continues, “the hypo- 
thesis of the transport of such huge blocks by ice-action has | 
naturally been resorted to most unwillingly; but in the present 
state of our knowledge it is the only one which appears 
tenable.” 

Here is a case which, if found to be general, ought to settle 
the whole question of geological climate. Here is a bed of con- 
glomerate indicating a cold and arctic condition of things when it 
was formed, with icebergs floating around the place now occupied 
by the city of Turm, overlain and underlain conformably by 
strata indicating a subtropical condition of climate. But this 
is not all. This warm condition of things was not confined to 
Central Europe, but extended probably over the entire northern 

* © Principles,’ vol. 1. p. 200 (10th edition). 
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hemisphere, even up to the North Pole; for it has been proved 
that Greenland at this time must have been free of ice and covered 
with a luxuriant flora. (See Heer’s Flora Fossilis Arctica.) The 
facts are wholly inexplicable on the ordinary theories of climate. 
The cosmical theory, however, not only explains them, but they 
follow according to this theory as a necessary consequence ; for 
if it should actually turn out that there is no such thing asa 
warm and equable condition of climate somewhere about the 
time of an ice-period, then the whole theory would have to be 
given up, because a warm period, according to theory, is just 
as necessary a result of an increase of excentricity as a cold period. 

The occurrence of a warm condition of climate close beside a 
cold condition is not a mere accidental circumstance which has 
only been observed during the Upper-Miocene period. For 
when we go back to the Middle-Hocene period, we find the 
“ flysch,” which bears the marks of having been formed during 
an ice-period, closely associated with the nummulitie strata, in- 
dicating a warm condition of climate. ‘ It has always been 
objected,” says Sir Charles Lyell, ‘‘to the hypothesis that these 
huge masses were transported to their present sites by glaciers 
or floating ice, that the Hocene strata of nummulitic age in 
Switzerland, as well as in other parts of Europe, contain genera 
of fossil plants and animals characteristic of awarm climate. It 
has been particularly remarked by M. Desor that the strata 
most nearly associated with the flysch in the Alps are rich in 
echinoderms of the Spatangus family, which have a decidedly 
tropical aspect.”’ 

Passing back to the Cretaceous period, we find, closely asso- 
ciated with the floating ice in the sea of the White Chalk, fossil 
evidence of a warm condition of climate. And then, if we go 
back to the Permian period, we find glaciers reaching the sea- 
level in the very centre of England, and other indications of an 
age of ice, as has been clearly proved by Professor Ramsay. 
But the fossil remains of the Permian period declare emphati- 
cally the prevalence of a warm and equable condition of climate 
also during that age. 

Sir Roderick Murchison has done me the honour to refer, in 
the last edition of the ‘Siluria,? page 548, to my views on the 
occurrence of glacial epochs during past ages. He 1s opposed to 
the opinion held by many geologists and expressed in one of my 
papers, that there probably was ice-action during the Old-Red- 
Sandstone and other early periods. Supposing that it were 
proved that there was no ice during the Paleozoic age, this would 
not affect the cosmical theory in the least degree ; for it is quite 
possible, as has been already shown*, that the direct heat of the 

* Phil. Mag. S. 4. vol. xxxv. p. 373. 



Date of the Glaciai and the Upper Miocene Period. 381 

sun may have been greater during the earlier periods of the 
earth’s history. It must also be borne in mind that the simple 
fact of the fauna and flora of that age indicating a warm and 
equable condition of climate is not a sufficient proof that there 
were no cold periods ; for a warm and equable condition of climate 
is just as necessary a result of an increase of excentricity as a cold 
condition ; and the warm periods may be represented by organic 
remains, and the cold periods not. 

Returning to the Postpliocene period. If this period afforded 
no geological evidence of a warmer condition of climate in 
Europe than now prevails, it would be so far a presumptive 
evidence against the assumption that the glacial epoch resuited 
from cosmical causes. But we have undoubted evidence that 
the climate of Europe during a portion of that period was much 
warmer and more equable than at present ; for we find evidence 
of animals and shells existing in latitudes where they could not 
now live in consequence of the cold. The Cyrena fluminalis is a 
shell which does not live at present in any HKuropean river, but 
inhabits the Nile and parts of Asia, and especially of Cashmere. 
The Unio littorahs, extinct in Britain, is still abundant in the 
Loire. The Paludina marginata does not exist in this country, 
but inhabits the more southern parts of Europe. These shells 
have been found in Posttertiary deposits at Gray’s Thurrock in 
Essex, in the valley of the Ouse near Bedford, at Hoxne in Suf- 
folk, in the fluviomarine beds of the Norfolk cliffs, in the fresh- 
water formation at Mundesley, and other parts of England. 
Along with these shells of a southern type have been found the 
bones of the Hippopotamus, of a species closely allied to that now 
inhabiting the Nile, and the Llephas antiquus, an animal re- 
markable also for its southern range, and the Rhinoceros me- 
garlinus. But what is most remarkable, along with these have 
been found such animals of an arctic type as the Mammoth, the 
woolly Rhinoceros, andthe Reindeer. How these could all have 
lived under the same conditions of climate has long been a puzzle 
to geologists. But many geologists now, as Sir Charles Lyell* 
and Mr. Boyd Dawkins+, are inclined to believe that these did 
not all live under the same conditions of climate, but imply os- 
cillations of climate. During a cold condition of climate the 
Mammoth and other arctic animals would move southwards; and 
when the climate assumed a warm and equable condition, the 
animals and shells of a southern type would migrate northwards. 

This warm condition of climate was not confined to temperate 
regions, but extended to high northern latitudes; for we find all 
over the Arctic regions remains of ancient forests where now the 

* © Principles,’ vol.i. p. 193 (tenth edition). 
+ Quart. Journ. Geol. Soc. May 1867, p. 104. 
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entire country is covered with snow and ice. The trunk of a 
white spruce tree was dug up by Sir EH. Belcher near Wellington 
Sound, in lat. 75°32!’ N. The remains of an ancient forest were 
discovered by Captain M‘Clure in Bank’s Land in lat. 74° 48’. 
“This remarkable phenomenon,” says Captain M‘Clure, “ opens 
a vast field for conjecture ; and the imagination becomes bewil- 
dered in trying to realize that period in the world’s history, 
when the absence of ice and a milder climate allowed forest- 
trees to grow in a region where now the ground-willow and 
dwarf-birch have to struggle for existence.”” Evidence of ancient 
forests was found in Prince Patrick’s Island and in Melville 
Island, one of the coldest spots, perhaps, in the northern hemi- 
sphere. 

These phenomena have excited a very great amount of asto- 
nishment, and have been considered very puzzling ; but they 
need not be so regarded if it be the case that the climate of the 
globe is greatly affected by variations in the excentricity of its 
orbit ; for in such a case there could not possibly be a glacial 
epoch extending over a long course of time without the frequent 
recurrence of warm periods. From geological evidence alone, 
independently of cosmical considerations, we are warranted by 
analogy from the Posttertiary period to expect the existence of 
a glacial condition of things durmg the Upper-Miocene and 
Middle-Hocene period, from the fact that a warm condition of 
climate prevailed in Hurope and extended to high latitudes du- 
ring a part of those periods, similar to what we know occurred in 
the Posttertiary period. 

The occurrence of a warm condition of climate always along 
with a cold condition shows that the two are in some way or 
other physically connected, and that they are both related to a 
common cause. 

At one time I was under the impression that when the excen- 
tricity was near to its superior limit and the winter solstice im 
the perihelion, the mean annual temperature would not in the 
temperate regions be higher than it 1s at the present day, although 
in all probability at that time the winters would be as warm as 
the summers, the effect of this condition of things bemg to 
produce what Sir John Herschel has called a “ perpetual spring.” 
But after making calculations regarding the amount of energy 
in the form of heat that is being continually transferred from 
the tropical regions to the temperate and polar regions by ocean- 
currents, and to what extent the increase in the volume of 
those currents, which would result from that condition of things, 
would affect the climate, I felt persuaded that that opmion 
must be abandoned, and that a “ perpetual summer” would 
better represent the condition of climate which must then prevail. 

a 
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In the discussion of the subject of geological climate another 
point has been greatly overlooked, viz. the enormous influence 
that a mantle of ice continually lying on the continent of Green- 
land has upon the climate of the northern hemisphere. If we 
could by some means or other remove this cold mantle off that 
continent, though all things else should remain the same, the 
effect that its simple removal would have on the climate of the 
entire northern hemisphere would be quite magical. Ona former 
occasion we referred to the physical reason of this, but shall have 
occasion to return again to this part of the question. 

In looking over Table I., which, as has already been remarked, 
probably embraces the greater portion of the Tertiary age, the 
excentricity several times attained pretty high values, although 
it is only at the three periods embraced in Tables II., III., and IV. 
that the values reached would be likely to lead to a condition of 
things during the past three millions of years that might be pro- 
perly designated a glacial epoch. But as the excentricity during 
the greater part of that vast period was greater than it 1s at 
the present day (for we are just now much nearer to the infe- 
rior limit than we are to the superior limit), its effect on climate 
would be more marked than it is at present. The effect would 
be that, as a general rule, during the greater portion of the 
three millions of years past, the climate would be somewhat 
colder when the winters occurred in the aphelion than it 1s at the 
present day, and a good deal warmer when they occurred in the 
perihelion than at present. 

Judging from geological evidence alone, we naturally con- 
clude that, as a general rule, the climate of the Tertiary period 
was somewhat warmer than it is at the present day. It is from 
fossil remains that the geologist principally forms his estimate 
of the character of the climate during any period. Now, in re- 
gard to fossil remains, the warm periods will always be far better 
represented than the cold ; for we find that, as a general rule, those 
formations which geolegists are inclined to believe indicate a cold 
condition of climate are remarkably devoid of fossil remains. If a 
geologist does not keep this principle in view, he will be very 
apt to form a wrong estimate of the general character of the 
climate of a period of such enormous length as the Tertiary. 

Suppose that the presently existing sea-bottoms, which have 
been forming since the commencement of the glacial epoch, were 
to become consolidated into rock and then elevated into dry land, 
we should then have a formation which might be properly de- 
signated the Postpliocene. It would represent the time which 
has elapsed from the beginning of the glacial epoch to the pre- 
sent day. Suppose one to be called upon as a geologist to 
determine from that formation what was the general character 
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of the climate during the period in question, what would pro- 
bably be the conclusion at which he would arrive? He would 
probably find here and there patches of boulder-clay containing 
striated and ice-worn stones. Now and again he would meet 
with bones of the mammoth and the reindeer, and shells of an 
Arctic type. He would likewise find huge blocks of the older 
rocks imbedded in the formation, from which he would infer 
the existence of icebergs and glaciers reaching the sea-level. 
But, on the whole, he would find that the greater portion of 
the fossil remains met with in this formation implied a warm and 
temperate condition of climate. At the lower part of the for- 
mation, corresponding to the time of the true boulder-clay, 
there would be such a scarcity of organic remains that he 
would probably feel at a loss to say whether the climate at 
that time was cold or hot. But if the intense cold of the 
glacial epoch was not continuous, but was broken up by one 
or more warm periods*, during which the ice, to a conside- 
rable extent at least, disappeared for a long period of time (and 
there are few geologists who have properly studied the sub- 
ject that will positively deny that such was the case), then the 
country would no doubt during those warm periods possess an 
abundance of plant and animal life. It 1s very probable that it 
was during those periods that the Arctic forests flourished. It is 
quite true that we may almost search in vain on the present land- 
surface for the organic remains which belonged to those intergla- 
cial periods ; for they were nearly all swept away by the ice which 
followed. But no doubt in the deep recesses of the ocean, 
buried under hundreds of feet of sand, mud, clay, and gravel, 
he multitudes of the plants and animals which then flourished 
on the land, and were carried down by rivers into the sea. 
And along with these he the shells and other marine faunze 
which flourished in the warm seas of those periods. A geo- 
logist, thus judging from the great abundance of organic re- 
mains that this lower portion of the formation would contain 
indicating a warm condition of climate, and the almost total 

* For geological evidence of warm periods during the glacial epoch, 
see :—Mr. Geikie’s memoir “On the Glacial Drift of Scotland; ” M. 
Morlot ‘*‘ On the Posttertiary and Quaternary Formations of Switzerland,” 
Edin. New Phil. Journ., New Series, vol. nu. 1855; Lyell’s ‘Antiquity of 
Man,’ p. 321, second edition; ‘ Principles,’ vol. 1. p. 198, tenth edition ; 
Heer, Urwelt der Schweiz; Vogt’s ‘ Lectures on Man,’ pp. 318-321; Mr. 
Edward Hull ‘“‘ On the Drift-deposits in the Neighbourhood of Manches- 
ter,” Mem. Lit. and Phil. Soe. of Manchester, 1863. For some remarkable 
facts bearing on the subject, see a valuable memoir by Mr. James Bennie 
of Glasgow, “On the Surface Geology of the District round Glasgow,” 
Trans. of the Geol. Soc. of Glasgow, vol. ii. part 1. See also a paper by 
Mr. James Geikie “ On the Remains of the Bos primigenius found in an 
Interglacial Bed,” Geol. Mag. for September 1868. 
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absence of fossil remains corresponding to the glacial condition 
of things which we now know also did prevail at that epoch, 
would very likely come to the conclusion that the former part 
of the Postpliocene period was a warm period; whereas we, at 
the present day, looking at the matter from a different stand- 
point, declare that part to be a glacial epoch. No doubt, if the 
beds formed during the cold periods of the glacial epoch could be 
distinguished from those formed during the warm periods, the 
fossil remains of the one would indicate a cold condition of climate, 
and that of the other a warm condition; but still, taking the entire 
epoch as a whole, the percentage of fossil remains indicative of a 
warm condition would probably so much exceed that indicative 
of a cold condition, that we should come to the conclusion that 
the character of the climate, as a whole, during the epoch in ques- 
tion was warm and equable. 

As geologists we have, as a rule, no means of arriving at a 
knowledge of the character of the climate of any given period 
but through an examination of the sea-bottoms belonging to 
that period; for these contain all the evidence upon the subject. 
But unless we exercise caution, we shall be very apt, in judging 
of the climate of such a period, to fall into the same error that 
we have just now seen one would naturally fall into were he 
called upon to determine the character of the climate during the 
glacial epoch from the character of the organic remains which 
he buried in our adjoining seas. 

Tn conclusion, during the past three millions of years there were 
three periods when the excentricity attained a high value. These 
three periods are represented in Tables II., III., and IV. The 
first began about 2,630,000 years ago, and terminated about 
2,460,000 years ago. The second began about 980,000 years ago, 
and terminated about 720,000 years ago. The third began about 
240,000 years ago, and terminated about 80,000 years ago. 

The third period, for reasons which have now been considered 
at some length, I believe to have been that of the Glacial Epoch ; 
the second in all probability was that of the Upper-Miocene pe- 
riod; and the first might probably correspond to the glacial 
epoch of the Middle-Hocene period. 

From the commencement of the glacial epoch, 240,000 years 
ago, back to the close of the glacial epoch of the Upper- Miocene 
period, represented in Table III., there is an interval of 480,000 
years. Taking the ordinary rate of subaérial denudation, as in- 
dicated by the rate at which rivers carry the soil off the land, 
which we have already seen is not less than about one foot in 
6000 years*, it follows that about 80feet must have been removed 
off the face of the country during that long interval. It is there- 

* Phil. Mag. for May 1868, p. 379. Trans. of Glasgow Geol. Soc. 
vol. iii. part. 1. 

Phil. Mag. 8. 4. Vol. 36. No. 244. Nov. 1868. - 2C 
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fore probable that almost every trace of the ice of the Miocene 
period would be removed before the glacial epoch began. From 
the close of the glacial epoch of the Middle-Hocene period, repre- 
sented in Table II., to the commencement of the glacial epoch of 
the Miocene period, there is the enormous interval of 1,480,000 
years. During that time no less than 247 feet would be removed 
off the general level of the country. 

From the close of the glacial epoch of the Miocene period to 
the present day, 120 feet of rock must have been removed from 
the surface of the land and carried down in the form of sedi- 
ment into the sea. And since the glacial epoch of the Hocene 
period, no less than 410 feet must have been removed. We need 
not, therefore, wonder that so few traces of the ice of those periods 
remain. Remove 410 feet of rock off the surface of the present 
existing continents, and where should we then find our “‘ roches 
moutonnées,” striated rocks, boulder-clay, or im fact any evidence 
whatever on the land that there had been a glacial epoch during 
the Posttertiary period ? 

XLVIII. Note on the Solvibihty of Equations by means of Radi- 
cals. By Professor Cayiry, #.R.S.* 

i regard to the theorem that the general quintic equation of 
- the nth order is not solvible by radicals, I believe that the 

proofs which have been given depend, or at any rate that a proof 
may be given that shall depend, on the following two lemmas :— 
I. A one-valued (or symmetrical) function of n letters is a per- 

fect kth power, only when the Ath root is a one-valued function 
of the n letters. 
There is an exception in the case k=2, whatever be the value 

of n: viz. the product of the squares of the differences is a one- 
valued function, a perfect square ; but its square root, or the 
product of the simple differences, is a two-valued function. It 
is in virtue of this exception that a quadric equation is solvible 
by radicals; we have the one-valued function (#,—2,)*, the 
square of a two-valued function #,—2 , and thence the two roots 
are each expressible in the form 

242, +2%o+ VW (x, —a)?} : 
II. A two-valued function of n letters is a perfect Ath power, 

only when the Ath root is a two-valued function of the n letters. 

There is an exception in the case k=3, when n=8 or 4: viz. 
for n=8 we have (#,+ 2% .+ @*a)° (@ an imaginary cube root 
of unity) a two-valued function, and a perfect cube ; whereas its 
cube root is the six-valued function 2,+@#,+@*v;. And simi- 
larly for n=4: we have, for instance, 

1 @ @g+ yty+ @(X,%3 + Loy) + @*( 4,24 + ow gt ® 
a two-valued function, and a perfect cube, whereas its cube root 

* Communicated by the Author. 
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is a six-valued function. And it is in virtue of this exception 
that acubic or a quartic equation is solvible by radicals. But I 
assume that for 7 > 4 the lemma is true without exception. 

The course of demonstration would be something as follows :-— 
Imagine, if possible, the root of an equation expressed, by means 
of radicals, in terms of the coefficients; the expression cannot 

contain any radical such as ¥/X, p > 2, where X isa one-valued 
(or rational) function of the coefficients, not a perfect pth power, 
for the reason that, expressing the coefficients in terms of the 
roots, such function X«/X is not a rational function of the roots ; 
if it were so, by lemma I. it would be a one-valued (that is, a 
symmetrical) function of the roots; consequently a rational func- 
tion of the coefficients, or X expressed in terms of the coefficients, 
would be a perfect pth power. 

The expression may however contain a radical »/X, X aone- 
valued (or rational) function of the coefficients, not a perfect 
square ; viz. X may be any square function multiplied into that 
function of the coefficients which is equal to the product of the 
squared differences of the roots, or, say, multiplied into the dis- 
criminant X=Q2V, or \/X=Qv/y. 

We have next to consider whether the expression can contain 
any radical \/ X, where X, not being a rational function of the 
coefficients, is a function expressible by radicals. But the fore- 
going reasoning shows that if this be so, X cannot contain any 
radical other than the radical ./ Q?v or Qr/ V, as above; that 

is, X must be =P+Qy/vV, where P and Qare rational functions 

of the coefficients, and where we may assume that P+Q,/7 is 
not a perfect pth power of a function of the like form P! + Q'/y. 
But then, expressing the coefficients in terms of the roots, we 
have P+ Qs/yV, a (rational) two-valued function of the roots; 

and there is no radical </ P+ Q\/Vv, which is arational func- 
tion of the roots; for by lemma II., if such radical existed 

we should have V P+ Q./V, 2 (rational) two-valued function of 
the roots; that is, it would be =P!+ Q'/y, P!andQ! one-valued 
(symmetrical) functions of the roots, consequently rational 

functions of the coefficients; or P+Q/y would be a perfect 
pth power (P!+Q'x/Vv)?. 

The conclusion is that for n> 4 there is not (besides the 
function P-+Q/V) any function of the coefficients, expressible 
by means of radicals, which, when the coefficients are expressed 
in terms of the roots, will be a rational function of the roots, 
and consequently no possibility of expressing the roots in terms 
of the coefficients by means of radicals. 

Cambridge, October 1, 1868. 
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June 18, 1868.—Lieut.-General Sabine, President, in the Chair. 

r | es following communications were read :— 
«An attempt to apply Chemical Principles in explanation of 

the Action of Poisons.”” By W. H. Broadbent, M.D. 
The starting-point in the inquiry has been the two following pos- 

tulates :-— 
1. That there must be some relation between the substance admi- 

nistered and the animal organism, on which the effects depend. 
2. That, so far as the substance is concerned, the basis of the 

relation can only be its chemical properties, using the term in its 
widest sense. 

From these postulates follow certain corollaries :— 
1. That the physiological and therapeutic action of the same sub- 

stance must be similar in kind. 
2. That the action of food, remedies, and poisons must be capable 

of explanation on the same principles. 
3. That substances chemically allied should have similar physio- 

logical and therapeutic actions, or any diversity found to exist should 
be capable of explanation on chemical grounds. 

The second of these deductions is taken as a guide in the present 
inquiry. Something is known as to the uses of the various classes 
of foods in the economy, and of the mode in which they subserve 
these uses; this knowledge may be applied in the endeavour to as- 
certain the mode of action of poisons. 

The operations taking place in the animal organism may be di- 
vided into two great classes :—(a) for maintenance of structure, (() 
for evolution of force. While mutually interdependent, they are 
distinct, and in character essentially antagonistic—structural and 
chemical elaboration on the one hand, oxidation or disintegration on 
the other. 

The two great classes of food, organic and mineral, are in close 
relation with these. The organic foods build up the tissues, but ulti- 
mately undergo oxidation and yield force. The inorganic foods take 
a subordinate part in the composition of the textures; they do not 
yield force by oxidation, but they influence the nutritive processes. 
So also the organic remedies and poisons affect the evolution of force, 
mineral substances the organic processes. 

(The action of mineral matters has been noticed elsewhere.) 
The force evolved in the animal organism takes the form of heat, 

motion, and nervous action ; but there are very important points of 
difference between heat on the one hand and nervo-muscular action 
on the other, both as to the part they take in the vital processes, 
and in the conditions of their evolution. 

It is through their action on the nervous system that the power- 
ful organic poisons destroy life; and in order to understand this 
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action, it is necessary to consider closely the evolution of nerve-force, 
and to endeavour to realize the chemical conditions implied. 

In the first place, the source of nerve-force is oxidation, and the 
seat of the oxidation is the nervous structures. This is generally 
admitted, and seems to be conclusively established by an analysis 
of the phenomena observed in experiments with a prepared frog’s leg. 

This admitted, it is to be noted— 
1. That nerve-action is intermittent and of varying intensity, and 

that, in addition to the presence of the oxygen brought to the nerve- 
structures by the blood, an impulse from without, or from some 
other part of the nervous system, is necessary to determine the evo- 
lution of the force. 

2. Again, there is a storing up of potential energy in the nervous 
structures ; witness the necessity for sleep, &c. 

3. A due supply of oxygen is required. The phenomena of 
asphyxia show that the demand is most urgent in the hemispherical 
ganglia. 

These facts indicate that the constituent of the nervous structures 
by oxidation of which the force is yielded, possesses what I have 
ventured to call chemical tension, a property which does not belong 
to non-nitrogenized matter, or to all nitrogenized matter. It will 
be further explained later ; for the present, it is sufficient to refer to 
nitroglycerine as an extreme example. 

The protagon of Liebreich, and the neurine recently identified by 
Wurtz with hydrate of trimethyl-oxethyl-ammonium, have this cha- 
racteristic in a certain degree. 

Turning now to the poisons which kill by their powerful action on 
the nervous system. ‘They all contain nitrogen, and all possess che- 
mical tension; and these seem to be the only points common to the 
entire group. 

Nitrogen cannot be the poisonous element; it has no great che- 
mical energy, and it is present in large proportion in substances 
which are inert. It is nevertheless the pivot on which the deadly 
influence turns. Its affinity for H, O, and especially for C, is only 
feeble. When, therefore, in a molecule containing OC, H, and N, or 
C, H, N, and O, the elements are not so arranged that the mutual 
affinities of C, H, and O cooperate to maintain the integrity of the 
molecule ; there may bea more or less powerful tendency on the part 
of C, H, and O to rearrange themselves without regard to the N, or 
to combine with O or H, Oif presented. This is what is meant by 
the term chemical tension. In the example given, nitroglycerine 

{C, H,(NO,),0,', the dislocation is of O from N in favour of C and 
H. Equally striking examples of dislocation of N from C or H can- 
not be given, and it is not easy in all cases to point out the source of 
the tension. A very important method in which the balance of affi- 
nities is deranged and the condition of tension brought about, is by 
departure from a stable type, as, for instance, in the nitrite bases 
which are residues derived from ammonium-salts by dehydration.: 
To this class belong morphia, strychnia, brucia, and most poisonous 
alkaloids. Additional interest is given to these compounds by the 
fact that Dr. Crum Brown and Dr, Fraser have shown that, by in- 
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troduction into the molecule of methyl-iodide, carrying back the 
constitution a step in the direction of the ammonium type, the 
poisonous effects are greatly diminished, and entirely altered in cha- 
racter. 

Let the deduction as to the evolution of nerve-force be accepted, 
and we have in the introduction into the blood of substances having 
varying degrees and directions of tension an intelligible method of 
influencing its manifestations. 

Looking now upon nerve-action as a result of oxidation, in the 
various methods by which this oxidation may be influenced, analo- 
gies may be traced with conditions which affect ordinary combustion. 
These conditions are :— 

1. The supply of oxygen. 
2. The character of the combustible. 
3. The presence of products of combustion, or of bodies having a 

similar influence. 
It is of course necessary to bear in mind the peculiarities of the 

oxidation yielding nerve-force, the differences between combustion 
and oxidation in the moist state, and the special modifying condi- 
tions of the animal organism. For example, while in asphyxia the 
‘deprivation of oxygen arrests all nervous action, the respiration of 
undiluted oxygen does not intensify it, either because the blood will 
only take up a certain proportion of oxygen, or more probably be- 
cause the effects of the O are expended in altering the blood, which 
is thus oxidized instead of being oxygenated. 

The analogies to the above conditions found in the action of sub- 
stances on the nervous system are :— ~ 

1. The liberation in the nascent state in the nervous structures of 
C and H, which appropriate the O brought by the blood, and so pro- 
duce a result equivalent to the exclusion of O. The C and H are 
set free by the dislocating influence of N; and the example of this 
mode of action is furnished by prussie acid. 

The converse of this, the liberation of O by a similar process, is 
not likely to occur, as O is never present in an organic body in 
excess of the proportion which would fully oxidize the other ele- 
mentary constituents. 

2. The analogy to the influence on the energy of combustion by 
the character of the combustible, is found in the introduction into the 
blood of substances having chemical tension, holding different rela- 
tions to the tension of the nervous matter. 

3. The action of anesthetics on the nervous system furnishes a 
strict parallel to the influence of CO, on combustion. 

The rationale here given as to the action of anzesthetics is, for the 
purposes of the present paper, taken as established by the late Dr. 
Snow. Objections which have been made to it are capable of re- 
moval by experiments and considerations which need not here be 
adduced. 

Considerable importance is attached to the establishment of the 
explanation here given of the action of prussic acid. Stated more 
explicitly, this explanation is, that the prussic acid is carried by 
the blood to the nerye-centres, that, under the influence of the afii- 

a 
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nities thus brought to bear upon it (affinities which normally deter- 
mine the oxidation by which nerve-force is evolved), its elements 
are dislocated from each other; and the C and H, liberated in the 
latent condition, appropriate the O destined for the evolution of 
nerve-force, which is thus arrested. 

This explanation is suggested by the composition of hydrocyanic 
acid, H Cy. Cyanide of potassium KCy, again, is used as a power- 
ful reducing agent in chemical processes. Its liability to the change 
which will permit its elements to exercise their individual affinity for 
O is indicated by its spontaneous decomposition in water, by its po- 
sition as a nitrile (formio-nitrile). Corroborative evidence that it is 
by means of such a change that it acts, is furnished when the ele- 
ments are held together by some supporting affinity, as in ferro- 
cyanogen. But the best example is in sulphocyanogen and hydro- 
sulphocyanic acid, which of themselves are poisonous (7. e. cannot 
resist the dislocating influences), but reinforced by a base are in- 
nocent. [A parallel to this is seen in aniline, which is poisonous, 
and in sulphate of aniline, whichis not. See Lond. Hosp. Reports, 
Dr. Letheby. | 

The phenomena of poisoning by prussic acid are perfectly con- 
sistent with this view. All observers have noted their similarity to 
those of asphyxia. 

Still more striking is the fact that artificial respiration, and espe- 
cially with oxygen, is the great means of neutralizing the effects of 
this poison. 

Probably this chain of facts would be considered conclusive, were 
it not that the hypothesis as to the mode of death by H Cy is para- 
lysis of the respiratory movements. This hypothesis, however, still 
leaves unexplained the cause of the paralysis itself, and therefore the 
real mode of action of the poison. It is, moreover, inconsistent with 
certain of the phenomena; the respiratory nerve-centres are actually 
the last to be paralyzed, except those concerned in the action of the 
heart. 

Experiments, nevertheless, have been made for the purpose of as- 
certaining whether the previous respiration of undiluted oxygen would 
retard, or in any measure prevent the action of prussic acid. The 
results have been by no means uniform ; but instances have occurred 
(rats being the animals used) in which, after the injection of an 
overwhelming dose, the fatal effect has been delayed quite beyond 
the operation of accidental causes, and, again, in which a dose fatal 
to two rats, and barely survived (after a long train of symptoms) by 
one other, produced comparatively little effect on another after the 
respiration of oxygen. 

It has been found also that a proportion of prussic acid diffused 
in equal volumes of air and of oxygen, has a decidedly less powerful 
action on the animal in the latter case. 

With frogs the results were most contradictory and embarrassing, 
till it was discovered that prussic acid injected under the skin had 
scarcely any action on them; but if they were subsequently placed 
under a glass shade, or in some other confined atmosphere, into 
which the acid diffused, it would gradually affect them. It seems 
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probable that the affinities in operation in the nervous structures 
of the frog are not sufficiently energetic to determine the decompo- 
sition of the H Cy, which will then act upon this animal as an 
anzesthetic. 

Nitroglycerine was at first made the subject of experiment, under 
the idea that possibly oxygen might be evolved from the NO, which 
is substituted for three equivalents of H in the typical molecule. 
Subsequent reflection showed that this is not likely to oceur; but 
the fact remains, that it is a substance liable to change, and very 
highly charged with oxygen, as compared with the ordinary con- 
stituents of the body. 

It is a very powerful poison, having, however, entirely different 
effects on frogs and rats. 

In frogs it very speedily induces powerful tetanic convulsions: a 
single drop of a solution of one pint of nitroglycerine in four parts 
of methyl in alcohol placed on the back of a frog is followed in five 
or eight minutes by stiffness of movement, and in thirteen to sixteen 
minutes by most violent spasms. In rats an hour or more elapses 
before any symptom is manifest, and then death is by a gradually 
icreasing feebleness of movement, in two or three hours, without 
convulsion. 

It is unquestionable that this difference in the effects has a relation 
to the oxygen contained in the nitroglycerine. The contrast with 
prussic acid in the action on warm and cold-blooded animals is sug- 
gested. 

A very extended and comprehensive inquiry, both as to the con- 
ditions in the nervous system associated with convulsions, tetanus, 
delirium, &c., and into the relations and constitution of the poisons 
which give rise to these symptoms, is necessary before the second 
analogy can be followed out with any confidence. Experiments are 
being made with substances of known composition and constitution, 
with a view to elucidate this part of the question. 

Tn conclusion, two points are considered which cannot be passed 
over in any attempt to apply the principles of physical and chemical 
science to the case of poisons. 

The first is as to the minuteness of the fatal dose. Any expla- 
nation, before it can be accepted, must show that the cause is adequate 
to produce the effect. This is a difficulty in the path of any rational 
explanation. Itis attempted to meet it by showing, on the one hand, 
that the equivalency of nerve-force is extremely small, by reference 
to its analogy with electrical currents, and by other considerations, 
and that therefore the degree of chemical change involved in its 
evolution is also small; aud, on the other hand, the maximum of 
force to be obtained from an organic body is through the exercise 
of the affinities of its individual elements. 

The second point is as to the gpecial action of certain poisons on 
particular nervous centres—strychnia on the cord, morphia on the 
brain, &c., the substances being carried by the blood to all alike. It 
is as necessary to explain why no effect is produced on those centres 
or tracts which do not suffer, as to explain the action on the one 
which does. The explanation is sought in the fact that the differ- 
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ence in the functional activity of the brain and cord, the need for 
sleep by the brain, not experienced, at any rate in the same degree, 
by the cord, point to a difference of tension, and therefore of relation 
to the substances which act as poisons. This consideration will 
apply where the differences of susceptibility and of tension are not 
so marked. 

But this is only part of a still wider question—the different action 
of poisons on different classes of animals. The explanation is still 
the same. Difference in the functional energy or activity of corre- 
sponding nerve-centres implies difference of tension. 

The following facts bear strikingly on this point :— 
1. Aneestheties affect all classes of animals alike, 7. e. when the 

effect is a general arrest of oxidation. 
2. Strychnia, which acts on the cord, affects all animals alike. 

The spinal system is the centre which is most similar in its endow- 
ments in all classes of vertebrates. 

3. The poisons which have the most diverse action on different 
animals are such as in man act on the cerebral ganglia. 

“On the Spectrum of Comet II., 1868.” By William Huggins, 
F.R.S. 

The author describes the appearance of the comet in the tele- 
scope on June 22 to consist of a nearly circular coma, which became 
rather suddenly brighter towards the centre, where there was a nearly 
round spot of light. A tail was traced for nearly a degree. 

He found the light of the comet, when examined with a spectro- 
scope furnished with two prisms of 60°, to be resolved into three 
broad bright bands. 

The brightest band commences at about 6, and extends nearly 
to F. Another band begins at a distance beyond F rather greater 
than half the interval between 6 and F. The third band occurs 
about midway between D and E. In the two more refrangible of these 
bands the light was brightest at the less refrangible end, and gradually 
diminished towards the other limit of the bands. The least refran- 

- gible of the three bands did not exhibit a similar gradation of bright- 
ness. 

These bands could not be resolved into lines, nor was any light 
seen beyond the bands towards the violet and the red. 

_ The measures of these bands are given, and a diagram of their 
appearance. 

The author found this cometic spectrum to agree exactly with a 
form of the spectrum of carbon which he had observed and measured 
in 1864. When an induction spark, with Leyden jars intercalated, 
is taken in a current of olefiant gas, the highly heated vapour of car- 
bon exhibits a spectrum which is somewhat modified from that which 
may be regarded as typical of carbon. The light is of the same 
refrangibilities, but the separate strong lines are not to be distin- 
guished. The shading (composed of numerous fine lines) which 
accompanies the lines appears as an unresolved nebulous light. 

On June 23 the spectrum of the comet was compared directly 
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in the spectroscope with the spectrum of the induction spark taken 
in a current of olefiant gas. 

The three bands of the comet appeared to coincide with the corre- 
sponding bands of the spectrum of carbon. In addition to an appa- 
rent identity of position, the bands in the two spectra were very 
similar in their general characters and in their relative brightness. 

These observations were confirmed on June 25. 
The remarkably close resemblance of the spectrum of the comet 

to that of the spectrum of carbon, necessarily suggests the identity 
of the substances by which in both cases the light was emitted. 

The great fixity of carbon seems, indeed, to raise some difficulty 
in the way of accepting the apparently obvious inference from these 
prismatic observations. Some comets have approached sufficiently 
near the sun to acquire a temperature high enough to convert even 
carbon into vapour. 

In the case of other comets, the author suggests that the difficulty 
is one of degree only ; for the conditions are not known under which 
even a gas permanent at the temperature of the earth could maintain 
sufficient heat to emit light. 

The author states that some phosphorescent substances give spectra 
which are discontinuous, but he gives reasons which would scarcely 
permit us to consider cometary light to be of a phosphorescent cha- 
racter. 

The spectrum shows that the colour of this comet was bluish 
green. Considerable difference of colour has been remarked in the 
parts of some comets. Sir William Herschel described the head of 
the comet of 1811 to be of a greenish or bluish-green colour, while 
the central point appeared of a ruddy tint. The same colours have 
been observed in other comets. If carbon be the substance of some 
comets, this substance, if incandescent in the solid state, or reflecting, 
when in a condition of minute division, the hght of the sun, would 
afford a light which, in comparison with that emitted by the luminous 
vapour of carbon, would appear yellowish or approaching to red. 

The author refers to the bearing of these results on certain co- 
metary phenomena, and on the apparent identity of the orbits of 
the periodical meteors with those of some comets. 

L. Intelligence and Miscellaneous Articles. 

ON STELLAR SPECTRA. BY FATHER SECCHI. 

ph one of my previous researches on stellar spectra I pointed out 
that researches on coloured stars led us to admit a fourth type of 

stellar spectra, the standard of which might be the spectrum which 
I have published of the star 12561 of Lalande. Now (after having 
completed a review of the coloured stars) Iam absolutely certain of 
this fact. This type had escaped me in my previous researches ;_ for 
none of them exceeds the sixth magnitude; and it would not have 
been remarked without the introduction of the cylindrical eyepiece, 
which leaves to the spectra of these stars all their brilliancy. 
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The essential character of this type is to present a spectrum formed 
of three luminous bands separated by dark intervals. ‘The brightest 
band is in the green; it is generally strong, well marked, and very 
dilated. Another, much feebler band is met with in the blue; but 

this band is often very difficultly visible. The third band is found 
in the yellow, and expands towards the red; this, however, is divided 
into several others. 

All these bands have the characteristic that their light increases 
in the direction of the violet, and then suddenly ceases. On the 
contrary, towards the red they gradually shade into absolute black. 
There is thus a complete opposition between this type and the third ; 
for in this not only are the columns double in an equal space, but 
they present the maximum of light on the side of the red, and the 
minimum on that of the violet. The two spectra are therefore not 
a modification of one and the same type; they are evidently due to 
substances completely different. 

The feebleness of their light, which prevents us from using the 
spectroscope with a slit, hinders a rigorous definition of the sub- 
stances which produce these phenomena. It may, however, be said 
that there is great analogy with the reversed carbon spectrum. But 
I think any conclusion of this kind is premature. 

The following is a list of the principal stars of this type, and their 
position :— 

Number in : ; 
; Right eld be Magni- 

Rercecee Sth acasnatan: Declination. || ae. Notes. | 
gue. 

ho ms Ane 
Al, 4 36 2 +67 54 63 | Beautiful. 
43. 4 42 8 +28 16 8 
ae 458 1 + 0 59 6 
78. 6 26 9 +38 33 63 | Beautiful. 
89. hed death —11 43 Cs 

124. 9 44 6 —22 22 GShF) 
128. 10 58 —34 38 7 Doubtful. 
132. 10 30 7 —12 39 6 Beautiful. 
136. 10 44 8 —20 30 63 
152. 12 38 5 +46 13 6 Magnificent. 
159. 13 19 3 —1l1 59 54 
163. 13 47 3 +41 2 7 
229. 19 26 5 +76 17 63 
238. 20 86 —21 45 6 
249. 21 25 8 +50 58 9 
252 21 38 6 +37 13 83 
273 23 39 2 + 2 42 6 Beautiful. 

A description of these spectra, with figures, will be inserted in the 
memoir which is ready for publication; this memoir will comprehend 
the details of the third type, all the spectra of which present a superb 
colonnade. I will here restrict myself to giving the curve of the 
light of the 152nd, which is the most beautiful; the projecting lines 

resemble dazzling and very brilliant lines near the end of the lumi- 
nous band. 
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It is to be presumed that among the smaller stars some other 
spectrum will be found; but for this purpose I think it is indispen- 
sable to use a telescope with a greater power than that of nine inches, 
or a more delicate eye. Nearly all red stars have spectra with 
-bands; the small ones often present a continuous spectrum: this 
continuity might be merely apparent, and these stars would belong 
to the red type without bands, as is the case with Arcturus among the 
large ones. In my researches I have not limited myself to the stars 
of the catalogue, but each time I have traversed the surrounding 
heavens ; thus I have discovered some new stars, but in small num- 
ber, which leads me to believe that the greater number have been 
noted, at any rate for our hemisphere. A similar study would have 
to be undertaken for the southern hemisphere. 

Having at length been able to put up the complete apparatus for 
the absolute measurement of the lines and their comparison with 
chemical elements, I have confirmed that the rays of hydrogen coin- 
cide with the four black lines of a Lyre with surprising accuracy. 
I say the four lines; for even the most refrangible line of the violet 
is found in its place in the spectrum of hydrogen. The tube with 
which the observation was made was sent to me by M. Geissler of 
Bonn, who prepared it with chemically pure hydrogen. The spec- 
trum thus obtained agrees with that which has been given by M. 
Morren of Marseilles. Another secondary line of hydrogen appeared 
in the spectrum of the star, like that of the yellow. After thisit can 
no longer be doubted that this substance forms the absorbing atmo- 
sphere of this star, which was already known. But it is also evident 

that the star a Lyre has no appreciable motion of its own the velo- 
city of which is comparable to that of light, as I have said in another 
communication. The spectroscope used was made by M. Hoffmann 
of Paris. It was formed of two very dispersive prisms; and when it 
was directed towards the sun, it separated the two lines of sodium 
and the three lines of magnesium with great sharpness. 

The coincidence of the lines of hydrogen with those of the light of 
the sun reflected by the moon presented the same degree of precision 
and exactitude as for a Lyre. At the time of observation this star 
was almost on the zenith. The observation was made on the 2nd 
and 3rd of this month (August). It remains to be seen if, with this 
delicate means, we do not succeed in ascertaining the influence of 
the motion of the earth. Ido not think it is impossible to appre- 
ciate differences amounting to one-tenth the magnitude of the line f. 
—Compies Rendus, August 10, 1868. 

ON A THERMO-RHEOMETER. BY M. JAMIN. 

The instrument which I have the honour of submitting to the 
Academy is a water-thermometer. The reservoir is a long glass 
tube with a graduated stem which is bent downwards and termi- 
nates in a cup in which water can be placed to fill the instrument. 
The bottom of the reservoir is fastened in a mercury-cistern arranged 
as in a Fortin’s barometer. The mercury can thus be raised or lowered 
by a measurable amount, which diminishes or increases the quantity 
of water in the reservoir; and if its temperature be raised without 
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heating the mercury, the end of the column in the stem moves. The 
delicacy of the thermometer varies with the height of the mercury, 
but according to a simple law which is deduced from calculation or 
from observation. 

A very fine platinum wire is stretched in the reservoir from the 
top to the cistern; its ends are fused into the glass and connected 
with the poles of a battery; it transmits the current through the 
mercury without resistance ; offering through the water a resistance 
x, itdevelopes an amount of heat which only affects the water of the 
thermometer, which does not heat the metal, and which cannot be 

transmitted downwards owing to the feeble conductivity of the liquid. 
(1) By raising or lowering the mercury, the length and resistance 

x of the platinum wire are diminished or increased at pleasure. The 
apparatus thus becomes a rheostat analogous to that of Pouillet, but 
more convenient and better, inasmuch as the wire, being immersed in 
water, is but little heated, and serves for currents whether strong or 
weak. 

(2) The heat developed by the passage of a current may be mea- 
sured. It equals p(¢’—#), the product of the weight of water into 
the increase of temperature; the weight is svd. ‘The increase of 

temperature is measured by the variation of the volumes, or the num- 
ber 2 of divisions through which the thermometer-column has moved, 
divided by the volume sz, and by the coefficient of expansion 4. Then 

sxd d 

Be Or cA ae 
which signifies that the heat given up, apart from the corrections, 
which I here neglect, may be measured by the number of divisions by 
which the thermometer-column has moved; 7 is independent of the 
height of the mercury. A simpler result could not be arrived at. The 
measurement cf m is made with the ordinary precautions. 
(3) This heat n is proportional to the resistance x, which is deter- 

mined by the square of the intensity. We have then 

— We 

av 

The instrument may thus be used as a galvanometer; the smaller the 
ratio of the sections of the stem and of the reservoir, the more delicate 

itis. In fact it is a thermo-rheometer. 
(4) Replacing 2 by its value, we get 

TURES 

(R+<2)’ 
Making the determinations of m with different values of 2, A and R 
may be calculated ; that is, the electromotive force and the resistance 
of a battery may be determined without the aid of any other instru- 
ment than the thermo-rheometer. 

(5) What has been said applies to induction-currents as well as 
to the current of batteries. ‘The former have hitherto not been much 
investigated: as they are alternately contrary, it is impossible to se- 
parate them accurately ; and in general their effects neutralize them- 
selves. ‘The calorific effect alone is independent of the direction of 
the currents and unaffected by their interruptions; and, finally, the 
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sum of the heats observed by the thermo-rheometer is proportional to 
the square of the electricity put in circulation. 

In short, the thermo-rheometer is at once and of itself a rheostat, 
a galvanometer, and a measurer of electromotive forces; it is the 

only one of these various instruments which can be apphed to induc- 
tion-currents as easily as to ordinary currents.—Comptes Rendus, 
July 6, 1868. 

INVESTIGATIONS ON OBSCURE CALORIFIC SPECTRA. 
BY M. DESAINS. 

The whole of the researches relative to the calorific spectrum have 
long ago established that the heat of the luminous part of this spec- 
trum is more transmissible through water than are the mean obscure 
rays. Melloni has gone further, and, in a memoir presented in 1831 
to the Academy, announced that the least-refrangible parts of the 
obscure solar spectrum are completely destitute of the property of 
traversing a layer of water a few millimetres thick. These portions, 
from this point of view, would resemble the radiations from blackened 
bodies heated to temperatures below 300°. 

Whatever since Melloni’s time be the results which science has 
acquired relative to the properties of solar calorific radiations, I have 
thought it right to investigate again whether, in the spectra formed 
of these radiations, there really are rays analogous to those of sources 
at a very low temperature. 

The ideas recently acquired on the absorbing action of vapours 

made it little probable; and in fact I could never find, in the solar 
spectra I have investigated, rays completely deprived of transmissi- 
bility through water. These spectra were so pure that the eye could 
readily detect the principal lines; the luminous part was about 25 
millims. in extent, and their obscure part about the same. I exa- 
mined the different parts by the aid of a line pile, the breadth of which 
was scarcely a twenty-fifth of the whole breadth of the spectrum. In 
the maximum I had frequently a deviation of 30°, and sometimes 

much more ; but on removing the pile to the limits of the obscure, 
where there was only a deviation of one or two divisions, I found 
that the heat capable of producing these deviations was transmitted 
in considerable proportion through a layer of water of 2 millims. 
It is not, perhaps, superfluous to remark that these latter pencils of 
obscure heat did not in my experiments exceed the two-hundredth 

part of the total heat spread over the whole extent of the spectrum. 
Entirely different results are obtained on analyzing the spectra of 

terrestrial luminous sources, such as the flame ofa lamp without a 
glass, or an incandescent platinum wire, 

In one series of experiments a wire of this kind was kept ata 
cherry-red heat in a small gas-flame. Its radiation, confined by a 
suitable diaphragm, fell on a rock-salt lens with a focus of 15 cen- 

tims., which formed a well-defined image at a distance a little greater 
than 30 centims. With a fine prism of rock-salt, the rays were 
deviated and dispersed. The luminous portion of the spectrum was 
barely visible, and the calorific effects it produced of feeble inten- 
sity. The dark spectrum was at least as expanded as in the case 



Intelligence and Miscellaneous Articles. 399 

of the solar rays, and it exhibited a well-defined maximum ; in the 
position relative to this maximum, the pile received so much heat 
that the deviation obtained often amounted to 20°. On the dark 
side the spectrum extended to a distance at least equal to that which 
separated the maximum from the luminous region. ‘The whole of 
this second part of the spectrum was completely absorbable by a 
layer of water 2 millims. in thickness ; and the rays forming the maxi- 
mum were almost completely absorbed. Scarcely a third part of the 
rays escaped absorption, and it was necessary to approach the lumi- 
nous region to rediscover well-marked transmissions. ‘Thus in a 
spectrum formed by rays which have not had to traverse an absorb- 
ing layer of appreciable thickness, rays are found which are analo- 
gous to those ordinarily proceeding from the sides of heated en- 
closures. 

The apparatus I used in these spectrum-studies enabled me to 
measure to a quarter of a degree the deviation of the pencil by the 
prism of rock-salt, which was always placed in the position in which 
the deviation of the red was a minimum. In making these mea- 
surements I soon ascertained that pencils of the same breadth, and 
the same mean refrangibility, were very differently absorbable by 2 
millims. of water, according as I took them in the solar spectrum 
or in a spectrum formed by rays emanating from platinum. In this 
latter case the absorption is stronger than in the other. 

The differences are very precise, and cannot be attributed to the 
presence of rays quite absorbable coming from the extremities of the 
spectrum and which, owing to a defective arrangement of the appa- 
ratus, were mixed with the rays to be operated upon. If, in fact, 
there were such a flux of absorbable rays, there ought to be another of 

rays much more transmissible coming from the most refracted por- 
tion of the spectrum, and the effects would almost balance each 
other. Moreover the following new experiment could leave no 
doubt. A moderator lamp was taken as source of heat, and a very 

pure spectrum was formed with the rays proceeding fromit. Inone 
of my experiments the deviation of the red rays was 405, that of 
the violet 43°; and I obtained a few tenths of deviation by placing 
the index which supported my pile at a distance of 38° from the di- 
rect rays. When the alidade was 39°-9 from the incident ray, the 
pile received no luminous ray, but was covered by a luminous band 
near the extreme red. A trough of fluor-spar containing a layer of 
water of 2 millims. thickness allowed about a third of the rays form- 
ing this band topass. Thus, for instance, 33° of deviation were ob- 

tained with the direct, and 11° with the transmitted. Placing the 
index at 39°2 from the direction of the incident rays, strong deflec- 

tions in the direct were still observed; but the transmissibility through 

the same trough was singularly diminished; it did not amount to 
more than ;%),; that is, the mean deviation for the direct amounted 
to 19°, and for the transmitted to 3°°1. 

Having made these observations, I modified the nature of the rays 

by causing them, before falling on the prism, to pass through a layer 
of water of 0'003 metre in thickness contained between two glass 
plates. For the two positions which I have mentioned, the trans- 
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missibility through the trough of spar filled with water was remark- 
ably increased ; it became 4% in the first case, and 4% in the other. 

From these numbers a complete demonstration of the propositions 
previously enunciated appears to follow. In fact, if the trough filled 
with water only allows a third of the rays near the extreme red to 
pass, and far less of the other and less refrangible obscure pencils, 
it is impossible to assume that a mixture of rays so little transmis- 
sible could form a pencil capable of being transmitted in the propor- 
tion of 2 or 4. Yet this consequence must be admitted if it be 
allowed that the trough of water only modifies the incident pencils 
in the degree that it clears them by extinguishing rays of mean re- 
frangibility very different from those of the pencils investigated. 

It seems to me made out that if in very fine spectra, but of differ- 
ent sources, we isolate two layers of rays of the same mean refran- 
gibility, and the breadth of which (the same in both cases) is a very 
small portion of the total breadth of the spectrum, these two layers 
of rays may have very different properties. 

Without discussing here the various interpretations which might 
be proposed of this fact, I will restrict myself to the remark that it 
may be completely explained by the data which spectrum-analysis 
furnishes. In fact, if in a solar spectrum, whether luminous or che- 

mical, we consider a band the breadth of which is a fifteenth to a 

thirtieth of that of the spectrum, we know that this band is filled with 
a number of lines which correspond to rays that have been absorbed 
in passing through the solar or terrestrial atmosphere; and, though 
with considerable differences, absorbents conveniently chosen may 
produce analogous effects on spectra from terrestrial sources. Now 
the lines (the bands of absorption in question) being developed in a 
pencil of definite mean refrangibility, necessarily modify it, both as 
regards intensity and transmissibility, since obviously the rays which 
have disappeared were not the same as those which remained, though 

they had the same degree of refrangibility. 
In concluding, I beg to mention a fact which is directly connected 

with the study of calorific spectra. A body raised to a red heat 
emits both dark and luminous calorific rays. If it be heated from 
the point at which it becomes distinctly luminous, is the increase in 
the energy of its radiation restricted to the luminous part alone, or does 
it extend to both at once? The simple fact that the maximum heat is 
greatest in the dark part of the solar spectrum seems to indicate that 
the second hypothesis is true. It may moreover be verified in the 
following manner. We take as source of heat a plate of platinum 
forming a side of a small gas-furnace, in which gradually higher 
temperatures may be obtained by increasing the pressure of the air. 
When the plate is at a distinct cherry-red, part of the rays it emits 
are isolated and dispersed by a prism. ‘The pile, placed in the ob- 
cure part of the spectrum at a considerable distance from the lumi- 
nous part, remains fixed as long as the pressure of the air injected is 
the same; if the pressure be increased, the plate passes from cherry 
to white, and at the same time the thermoscopic indication is greatly 
increased, although the pile cannot receive any luminous ray.— 
Comptes Rendus, August 3, 1868. 
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N the first volume of the Transactions of the Cambridge 
Philosophical Society is a short paper by Professor John 

Leslie, “On Sounds excited in Hydrogen Gas,” in which the 
author mentions some remarkable experiments indicating the 
singular incapacity of hydrogen for becoming the vehicle of the 
transmission of sound when a bell is struck im that gas, either 
pure or mixed with air. With reference to the most striking of 
his experiments, the author observes (p. 267), “The most re- 
markable fact is, that the admixture of hydrogen gas with atmo- 
spheric air has a predominant influence in blunting or stifling 
sound. If one half ofthe volume of atmospheric air be extracted 
[from the receiver of the air-pump], and hydrogen gas be ad- 
mitted to fill the vacant space, the sound will now become 
scarcely audible.” 

No definite explanation of the results is given; but with refer- 
ence to the feebleness of sound in hydrogen the author observes, 
*‘ These facts, I think, depend partly on the tenuity of hydrogen 
gas, and partly on the rapidity with which the pulsations of 
sound are conveyed through this very elastic medium ;”” and he 
states that, according to his view, he “should expect the inten- 
sity of sound to be diminished 100 times, or in the compound 
ratio of its tenuity and of the square of the velocity with which 
it conveys the vibratory impressions.” With reference to the 
effect of the admixture of hydrogen with air he says, “ When 

* From the Philosophical Transactions for 1868, Part II., having been ~ 
read June 18, 1868. 
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hydrogen gas is mixed with common air, it probably does not 
intimately combine, but dissipates the pulsatory impressions 
before the sound is rigorously formed.” 

In referring to Leslie’s experiment in which a half-exhausted 
receiver is filled up with hydrogen, Sir John Herschel suggests 
a possible explanation founded on Dalton’s hypothesis that | every 
gas acts as a vacuum towards every other*. According to this 
view there is a constant tendency for sound-waves to be propa- 
gated with different velocities in the air and hydrogen of which 
the mixture consists, but this tendency is constantly checked by 
the resistance which one gas opposes to the passage e of another, 
calling into play something analogous to internal friction, whereby 
the sound-vibr ation, though at first produced, is rapidly stifled. 
Air itself indeed is a mixture; but the velocities of propagation 
of sound in nitrogen and oxygen are so nearly equal that the 
effect is supposed not to be sensible in this case. 

This explanation never satisfied me, believing, as I always 
have done, for reasons which it would take too long here to ex- 
plain, that for purely hydrodynamical phenomena (such as those 
of sound) an intimate mixture of gases was equivalent to a single 
homogeneous medium. I had some idea of repeating the expe- 
riment, thinking that possibly Leslie might not have allowed 
sufficient time for the gases to be perfectly mixed (though that 
did not appear likely), when another explanation occurred to me, 
which immediately struck me as being in all probability the 
true one. 

In reading some years ago an investigation of Mr. EKarn- 
shaw’s, in which a certain result relating to the propagation of 
sound in a straight tube was expressed in terms, among other 
things, of the velocity of propagation, the idea occurred to me 
that the high velocity of propagation of sound in hydrogen 
would account for the result of Leslie’s s experiment, though m a 
manner altogether different from anything relating to the propa- 
gation of sound im one dimension only. 

Suppose a person to move his hand to and fro through a small 
space. The motion which is occasioned in the air is almost 
exactly the same as it would have been if the air had been an 
incompressible fluid. ‘There is a mere local reciprocating motion, 
in which the air immediately in front is pushed forwards, and 
that immediately behind impelled after the moving body, while 
in the anterior space generally the air recedes from the encroach- 
ment of the moving body, and in the posterior space generally 
flows in from all sides, to supply the vacuum which tends to be 
created; so that in lateral directions the motion of the fluid is 
backwards, a portion of the excess of fluid in the front going to 

* Encyclopedia Metropolitana, vol. iv, art. Sound, § 108. 
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supply the deficiency behind. Now conceive the periodic time 
of the motion to be continually diminished. Gradually the alter- 
nation of movement becomes too rapid to permit of the full 
establishment of the merely local reciprocating flow; the air is 
sensibly compressed and rarefied, and a sensible sound-wave (or 
wave of the same nature, in case the periodic time be beyond the 
limits suitable to hearing) is propagated to a distance. The 
same takes place in any gas; and the more rapid the propaga- 
tion of condensations and rarefactions in the gas, the more nearly 
will it approach, in relation to the motions we have under consi- 
deration, to the condition of an incompressible fluid; the more 
nearly will the conditions of the displacement of the gas at the 
surface of the solid be satisfied bya merely local reciprocating flow. 

This explanation, when once it suggested itself, seemed so 
simple and obvious that I could not doubt that it afforded the 
true mode of accounting for the phenomenon. It remained only 
to test the accuracy of the assigned cause by actual numerical 
calculation in some case or cases sufficiently simple to permit of 
precise analytical determination. The result of calculations of 
the kind applied to a sphere proved that the assigned cause was 
abundantly sufficient to account for the observed result. I have 
not hitherto published these results; but, as the phenomenon 
has not to my knowledge been satisfactorily explained by others, 
I venture to hope that the explanation I have to offer, simple as 
itis in principle, may not be unworthy of the notice of the Royal 
Society. 

For the purpose of exact analytical investigation I have taken 
the two cases of a vibrating sphere and a long vibrating cylinder, 
the motion of the fluid in the latter case being supposed to be 
in two dimensions. The sphere is chosen as the best represen- 
tative of a bell, among the few geometrical forms of body for 
which the problem can be solved. The cylinder is chosen as the 
representative of a vibrating string. In the case of the sphere 
the problem is identical with that solved by Poisson in his me- 
moir “Sur les mouvements simultanés d’un pendule et de lair 
environnant”’ *; but the solution is discussed with a totally dif- 
ferent object in view, and is obtained from the beginning, to 
avoid the needless complexity introduced by taking account of 
the initial circumstances, instead of supposing the motion already 
golug on. 

A. Solution of the Problem in the case of a Vibrating Sphere. 

Suppose an elastic solid, spherical externally in its undisturbed 
position, to vibrate in the manner of a bell, the amplitude of vi- 
bration being very small. Suppose it surrounded by a homo- 

* Mémoires de ? Académie des Sciences, vol. xi. p. 521. 
2D2 
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geneous gas, which is at rest except in so far as it is set in 
motion by the sphere; and let it be required to determine the 
motion of the gas in terms of that of the sphere supposed given. 
We may evidently for the purposes of the present problem sup- 
pose the gas not to be subject to the action of external forces. 

Let the gas be referred to the rectangular axes of #, y, z, and 
let uw, v, w be the components of the velocity. Since the gas 1s 
at rest except as to the disturbance communicated to it from the 
sphere, w, v, w are by a well-known theorem the partial differen- 
tial coefficients with respect to x, y, z of afunction ¢ of the co- 
ordinates ; and if a? be the constant expressing the ratio of the 
small variations of pressure to the corresponding small variations 
of density, we must have 

aoe wea se). 3 Sa 
Cie iid ache. "Ure 

and if s be the small condensation, 

Lied MES 
havenracand 

As we have to deal with a sphere, it will be convenient to refer 
the gas to polar coordinates 7, 0, w, the origin being in the 
centre. In terms of these coordinates, equation (1) becomes 

dep _ I Sa wal S (sino) + : ro} df ) art a r dr * r2 sin 6 dé r?sin? 0d w 

and if u', v', w' be the components of the velocity along the 
radius vector and in two directions perpendicular to the radius 
vector, the first in and the second perpendicular to the plane in 
which @ is measured, 

1, aes 
fa oUt 

Fimde. 4 ‘fi psin© gene (3) 

Let ¢ be the radius of the sphere, and V the velocity of any 
point of its surface resolved in a direction normal to the surface, 
V being a given function of ¢, 0, and w; then we must have 

db es 7p = Y when r=c. «(ial ym a hte eae ee 

Another condition, arising from what takes place at a great 
distance from the sphere, will be considered presently. 

The sphere vibrating under the action of its elastic forces, its 
motion will be periodic, expressed so far as the time is concerned 
partly by the sine and partly by the cosine of an angle propor- 
tional to the time, suppose mat. Actually the vibrations will 
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slowly die away, in consequence partly of the imperfect elasticity 
of the sphere, partly of communication of motion to the gas ; but 
for our present purpose this need not be taken into account. 
Moreover there will in general be a series of periodic disturbances 
coexisting, corresponding to different periodic times; but these 
may be considered separately. We might therefore assume 

V=U sin mat+ U' cos mat ; 

but it will materially shorten the investigation to employ an 
imaginary exponential instead of circular frncione: If we take 

NU oe eae era Maen! t | (() 
where 7 is an abbreviation for /—1, and determine ¢ by the 
conditions of the problem, the real and imaginary parts of ¢ and 
V must satisfy all those conditions separately ; and therefore we 
may take the real parts alone, or the coefficients of i or VW —1 
in the imaginary parts, or any linear combination of these even 
after having changed the arbitrary constants which enter into the 
expression of the motion of the sphere, as the solution of the 
problem, according to the way in which we conceive the given 
quantity V expressed. 

The function ¢ will be periodic in a similar manner to V, so 
that we may take 

QV GO 5 ee Ns a EI] 

As regards the periodicity merely, we might have had a term 
involving e~™! as well as that written above; but it will be 
readily seen that in order to satisfy the equation of condition (4) 
the sign of the index of the exponential in ¢ must be the same 
as in V. 

On substituting in (2) the expression for @ given by (6), the 
factor involving ¢ will divide, and we shall get for the determina- 
tion of ya partial differential equation free from ¢. Now may 
be expanded in a series of Laplace’s Functions so that 

pabothiteten see ee 
Substituting in the differential equation just mentioned, taking 
account of the fundamental equation 

Lod gn GM 
sin 6 dO (sin 9 u ae) T cin? O deo? rg ERT 

and equating to zero the sum of the Laplace’s Functions of the 
same order, we find 

CIEE SSAC aps Aue) se ali 

dr? LerSuciiay Ve Nine 0: 

This equation belongs to a ele integrable form. The integral 
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is 
rastneninr 4 1 i n(n+1) * (n—1)n(n+1)(n+ 2) es M 

2.imr 2 . 4(amr)? 

eee _ n(n-+1) (n—1)n(n+1)(n+2) _ t 

piel if 2. imr 2 .4(¢mr)? es 

u, and uw’, being evidently Laplace’s Functions of the order n, 
since that is the case with w,. 

It will be convenient to take next the condition which has to 
be satisfied at a great distance from the sphere. When r is very 
large, the series within braces may be reduced to their first terms 
1, and we shall have 

rp — BAC) > Xp ik BAC Sy, 

The first of these terms denotes a disturbance travelling out- 
wards from the centre, the second a disturbance travelling 
towards the centre, the amplitude of vibration in both cases, for 
a given phase, varying inversely as the distance from the centre. 
In the problem before us there is no disturbance travelling 
towards the centre, and therefore Yw',=0, which requires that 
each function w’, should separately be equal to zero. We have 
therefore simply 

rap = U,e, 

{14 Ret, Oo) Lee. Sane p®) 

2. imr 2. 4limr)? °° 8,4.6...2n(amr) 
or, if we choose to reverse the series, 

1.33 794%. (2n—)) 
(amr)” 
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41 +7 ont 1 sen lent) OO} a oe f@). 
Putting for shortness f(r) for the multiplier of u,e-”” in the 

right-hand member of (8) or (9), we shall have 

r Ven = Wier 

p es . eim(at—r) Dnt alt) 

It remains to satisfy the equation of condition (4). Put for 
shortness 

ener te ene 
Ai cael @) t =_— aos i Re Gare 

so that 

FQ) = (1+ im) fr)—rfllt), 6 6. © (10) 
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and suppose U expanded in a series of Laplace’s Functions, 

U,+U,+U,4+...; 

then substituting and equating the functions of the same order 
on the two sides of the equation, we have 

Una= Ra Seek, (c Un 

and therefore 

ga — Lamers A). + (AY) 
This expression contains the solution of the problem, and it re- 
mains only to discuss it. 

At a great distance from the sphere the function f (7) becomes 
ultimately equal to 1, and we have 

o= = ce eim(at—r+c) De Un : 

: Bue) 

It appears from (3) that the component of the velocity along the 
radius vector is of the order 7—', and that in any direction per- 
pendicular to the radius vector of the order 7—?, so that the lateral 
motion may be disregarded except in the neighbourhood of the 
sphere. 

In order to examine the influence of the latasall motion in the 
neighbourhood of the sphere, let us compare the actual disturb- 
ance at a great distance with what it would have been if all lateral 
motion had been prevented, suppose by infinitely thin conical 
partitions dividing the fluid into elementary canals, each bounded 
by a conical surface having its vertex at the centre. 

On this supposition the motion in any canal would evidently 
be the same as it would be in all directions if the sphere vibrated 
by contraction and expansion of the surface the same all round 
and such that the normal velocity of the surface was ihe same as 
it is at the particular point in which the canal in question abuts 
on the surface. Now if U were constant the expansion of U 
would be reduced to its first term Uo, and seeing that fo(7)=1 
we should have from a) 

(12) 

g=—— CF imal oe runes 

Fo(c) 

This expression will He to any particular canal if we take U, 
to denote the normal velocity at the sphere’s surface for that par- 
ticular canal; and therefore to obtain an expression applicable at 
once to all the canals we have merely to write U for Up. To 
facilitate a comparison with (11) and (12) I shall, however, write 
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U,, for U. We have then 

3, UF, 
BG) a4, 

It must be remembered that this is merely an expression ap- 
plicable at once to all the canals, the motion in each of which 
takes place wholly along the radius vector ; and accordingly the 
expression is not to be differentiated with respect to @ or » with 
the view of applying the formula (3). 

On comparing (13) with the expression for the function ¢@ in 
the actual motion at a great distance from the sphere (12), we 
see that the two are identical, with the exception that U, is di- 
vided by two different constants, namely F,(c) in the former case 
and F,(c) in the latter. The same will be true of the leading 
terms (or those of the order r—!) in the expressions for the con- 
densation and velocity*. Hence if the mode of vibration of the 
sphere is such that the normal velocity of its surface is expressed 
by a Laplace’s Function of any one order, the disturbance at a 
great distance from the sphere will vary from one direction to 
another according to the same law as if lateral motion had been 
prevented, the amplitude of excursion at a given distance from 
the centre varying in both cases as the amplitude of excursion, 
in a normal direction, of the surface of the sphere itself. The 
only difference is that expressed by the symbolic ratio F’,,(c):Fo(c). 
If we suppose F,,(c) reduced to the form 2, (cos a,+ “ —I1sinz,), 
the amplitude of vibration in the actual case will be to that in 
the supposed case as fy to w,, and the phases in the two cases 
will differ by 4— ap. 

If the normal velocity of the surface of the sphere be not ex- 
pressible by a single Laplace’s Function, but only by a series, finite 
or infinite, of such functions, the disturbance at a given great 
distance from the centre will no longer vary from one direction 
to another according to the same law as the normal velocity of 
the surface of the sphere, since the modulus p, and likewise the 
amplitude a, of the imaginary quantity F,,(c) vary with the order 
of the function. 

Let us now suppose the disturbance expressed by a Laplace’s 
Function of some one order, and seek the numerical value of the 

Q 

d ies ee eim(at—r+c) 
r 

. a3 

* Of course it would be true if the complete differential coefficients with 
respect to 7 of the right-hand members of (12) and (13) were taken; but 
then the former does not give the velocity w' except as to its leading term, 
since (12) has been deduced from the exact expression (11) by reducing 
Ffn(r) to its first term 1; nor again is it true, except as to terms of the order 
r—1, of the actual motion of the unimpeded fluid that the whole velocity is 
m the direction of the radius vector. 
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alteration of intensity at a distance, produced by the lateral mo- 
tion which actually exists. 

The intensity will be measured by the vis viva produced in a 
given time, and consequently will vary as the density multiplied 
by the velocity of propagation multiplied by the square of the 
amplitude of vibration. It is the last factor alone that is dif- 
ferent from what it would have been if there had been no lateral 
motion. The amplitude is altered in the proportion of py to Ly 5 
so that if 

I,, is the quantity by which the intensity which would have ex- 
isted if the fluid had been hindered from lateral motion has to 
be divided. 

For the first five orders the values of the function F,(c) are as 
follows :— 

Pe Sume-- 1; 

Fi (c)=ime+ 2+ a hee 
amc 

Ree 4 
ime * (ime)? 
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If X be the length of the sound-wave corresponding to the 

period of the vibration, m= — ; so that me is the ratio of the cir- 

cumference of the sphere to the length of a wave. If we suppose 
the gas to be air and J to be 2 feet, which would correspond to 
about 550 vibrations in a second, and the circumference 27re to 
be 1 foot (a size and pitch which would correspond with the case 
of a common house bell), we shall have me=}. The following 
Table gives the values of the square of the modulus and of the 
ratio I, for the functions F,,(c) of the first five orders, for each of 
the values 4, 2, 1, 4, and 4 of me. It will presently appear why 
the Table has been extended further in the direction of values 
greater than % than it has in the opposite direction, Five sig- 
nificant figures at least are retained. 
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me.| n=0.| n=1. Sp n=3. n=4. 

4 17 16°25 14:879 13°848 20:177 oa 
2 5 5 9°3125 80 1495'8 ‘= 
1 2 5 89 3965 300137 a 
0:5 {1:25 16°25 1330°2 236191 72086371 i 
0:25 |1°:0625 |64:062 20878 14837899 18160 x 106 iS 

4 1 0°95588 0°87523 0°81459 11869 | 8 
2 1 1 1°8625 16 299'16 va 
1 1 2°5 44°5 1982°5 150068 2 
05 |1 es 1064:2 188953 57669097 = 
0:25 |1 60°294 19650 13965 X10? 117092 x 106 S 

When mc=o we get from the analytical expressions I,=1. 
We see from the Table that when me is somewhat large I, is 
liable to be a little less than 1, and consequently the sound to 
be a little more intense than if lateral motion had been prevented. 
The possibility of this is explained by considering that the waves 
of condensation spreading from those compartments of the sphere 
which at a given moment are vibrating positively, 7. e. outwards, 
after the lapse of a half period may have spread over the neigh- 
bouring compartments, which are now in their turn vibrating 
positively, so that these latter compartments in their outward 
motion work against a somewhat greater pressure than if each 
compartment had opposite to it only the vibration of the gas 
which it had itself occasioned ; and the same explanation applies 
mutatis mutandis to the waves of rarefaction. However, the in- 
crease of sound thus occasioned by the existence of lateral motion 
is but small in any case, whereas when mc is somewhat small I, 
increases enormously, and the sound becomes a mere nothing 
compared with what it would have been had lateral motion been 
prevented. 

The higher the order of the function, the greater will be 
the number of compartments, alternately positive and negative 
as to their mode of vibration at a given moment, into which the 
surface of the sphere will be divided. We see from the Table 
that for a given periodic time as well as radius the value of L, 
becomes considerable when n is somewhat high. However, prac- 
tically vibrations of this kind are produced when the elastic 
sphere executes, not its principal, but one of its subordinate vi- 
brations, the pitch corresponding to which rises with the order 
of the vibration, so that m increases with that order. It was for 
this reason that the Table was extended from mc=05 further in 
the direction of high pitch than low pitch, namely, to three oc- 
taves higher and only one octave lower. 

When the sphere vibrates symmetrically about the centre, 2. e. 
so that any two opposite points of the surface are at a given 
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moment moving with equal velocities in opposite directions, or 
(more generally) when the mode of vibration is such that there is 
no change of position of the centre of gravity of the volume, 
there is no term of the order 1. For a sphere vibrating in the 
manner of a bell the principal vibration is that expressed by a 
term of the order 2, to which I shall now more particularly 
attend. 

Putting, for shortness, m*c?=q, we have 
2 

Maal, w= (gi—9q74)? + (4- -) =q-24 7455, 
q Lane! 

g?—2q?+9¢+81. 

q°(q +1) 
The minimum value of I, is determined by 

gq? —6q* —84q —54=0, 

giving approximately 

G—2609, me=—3'b86, pe=13'S59, p2—12:049, 

I,=‘86941 ; 

so that the utmost increase of sound produced by lateral motion 
amounts to about 15 per cent. 

I come now more particularly to Leslie’s experiments. Nothing 
is stated as to the form, size, or pitch of his bell; and even if 
these had been accurately described, there would have been a 
good deal of guesswork in fixing on the size of the sphere which 
should be considered the best representative of the bell. Hence 
all we can do is to choose such values for m and ¢ as are compa- 
rable with the probable conditions of the experiment. 

I possess a bell, belonging to an old bell-in-air apparatus, 
which may probably be somewhat similar to that used by Leslie. 
It is nearly hemispherical, the diameter 1s 1:96 inch, and the 
pitch an octave above the middle C of a piano. ‘Taking the 
number of vibrations 1056 per second, and the velocity of sound 
in air 1100 feet per second, we have X=12'5 inches. To repre- 
sent the bell by a sphere of the same radius would be very greatly 
to underrate the influence of local circulation, since near the 
mouth the gas has but alittle way to get round from the outside 
to the inside, or the reverse. To represent it by a sphere of half 
the radius would still apparently be to underrate the effect. 
Nevertheless for the sake of rather underestimating than exag- 
gerating the influence of the cause here investigated, I will make 
these two suppositions successively, giving respectively c=°98 
and c=°49, mc='4926 and mc=°2468 for air. 

If it were not for lateral motion the intensity would vary 
from gas to gas in the proportion of the density into the velocity 

Q— 
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of propagation, and therefore as the pressure into the square 
root of the density under a standard pressure, if we take the 
factor depending on the development of heat as sensibly the 
same for the gases and gaseous mixtures with which we have to 
deal. In the following Table the first column gives the gas, the 
second the pressure p, in atmospheres, the third the density D 
under the pressure , referred to the density of air at the atmo- 
spheric pressure as unity, the fourth, Q,, what would have been 
the intensity had the motion been wholly radial, referred to the 
intensity in ai at atmospheric pressure as unity, or, in other 

words, a quantity varying as px (the density at pressure 1)?. 
Then follow the values of gq, I,, and Q, the last being the actual 
intensity referred to air as before. 

C="98. c="49. 
Gas. D- D. Qr. 

qe ls Q. q- I,. 

AUT erence ee sae: 1 1 1 ‘2427 11361 ‘06067 20890 1 
(Hydrogen. :.......: ] "0690 | +2627 |-01674 |284700) -001048 |-004186 |4604000) -001191 
| Air, rarefied ...... ‘Ol ‘Ol “Ol |-2427 1136) °C] 06067 | 20890) -01 
Air filled with H...|1 0783 | +2798 0190 |220600 -001440 | 004751 3572000) 001637 

| Airofsame density. 0783 | :0783 | :0788 |-2427 1136-0783 |-06067 20890) -0783 
Air rarefied 4 ...... oF) i) 9) *2427 1136) °5 06067 20890) °5 
| Air filled with H...|] 5345 | -7311 |:1297 4322) -1921 ‘|-0324 74890) :2039 

An inspection of the numbers contained in the columns headed 
Q will show that the cause here investigated is amply sufficient 
to account for the facts mentioned by Leslie. 

It may be noticed that while g is 4 times as small, and I, is 
16 or 18 times as large, for c='49 as for c='98, there is no 
great difference in the values of Q in the two cases for hydrogen 
and mixtures of hydrogen and air in given proportions. ‘This 
arises from the circumstance that q is sufficiently small to make 
the last terms in yw? and 3, namely, 1 and 8lqg~?, the most im- 

portant, so that I, does not greatly differ from 8lg-?. If this 
result had been exact instead of approximate, the mtensity in 
different gases, supposed for simplicity to be at a common pres- 

sure, would have varied as D?; and it will be found that for the 
cases in which p=] the values of Q m the above Table, especi- 
ally those in the last column, do not greatly deviate from this 
proportion. But the simplicity of this result depends on two 
things. First, the vibration must be expressed by a Laplace’s 
Function of the order 2; for a different order the power of D 
would have been different ; and this is just one of the points re- 
specting which we cannot infer what would be true of a bell of 
the ordinary shape from what we have proved for a sphere. 
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Secondly, the radius must be sufficiently small, or the pitch suffi- 
ciently low, to make g small; at the other extremity of the scale, 
in which ¢ is supposed to be very large, or X very small, Q varies 

nearly as D® instead of D? DP attaere be the order of the Laplace’s 
Function. Hence no simple relation can be expected between 
the numbers furnished by experiment and the numerical con- 
stants of the gas in such experiments as those of M. Perolle*, 
in which the same bell was rung in succession in different gases. 

B. Solution of the Problem in the case of a Vibrating Cylinder. 

I will here suppose the motion to be in two dimensions only. 
In the case of a vibrating string, which I have mainly in view, it 
is true that the amplitude of excursion of the string varies sen- 
sibly on proceeding even a moderate distance along it, and that 
the propagation of the sound-wave produced by no means takes 
place in two dimensions only. But the question how far a sound- 
wave is produced at all, and how far the displacement of the gas 
by the cylinder merely produces a local motion to and fro, is de- 
cided by what takes place in the immediate neighbourhood of 
the string, such as within a distance of a few diameters ; and 
though the sound-wave, when once produced, in its subsequent 
progress diverges in three dimensions, the same takes place 
with the hypothetical sound-wave which would be produced if 
lateral motion were prevented ; so that the comparison which it is 
the object of the investigation to institute is not affected thereby. 

Assuming, then, the motion to be in two dimensions, and re- 
ferring the fluid to polar coordinates, 7, 0, 7 being measured 
from the axis of the undisturbed cylinder, we shall have for the 
fundamental equation derived from (1), 

2 2 2 ee ee Sr ee als 
di — dr?" r dr OLE S| ee 

andif u!, v' be the components of the velocity along and perpen- 
dicular to the radius vector, 

De as 
ar r do 

If c be the radius of the cylinder, and V the normal compo- 
nent of the velocity of the surface of the cylinder, we must have 

be =V when r=c. 
dr 

As before, I will suppose the motion of the cylinder, and conse- 
quently of the fluid, to be regularly periodic; but instead of 

* Mémoires de V Académie des Sciences de Turin, vol. iii. (1786-7), Mém. 
des Correspondans, p. 1. 
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using circular functions directly, I will employ the imaginary 
exponential e”, i denoting as before #/—1, and will put ac- 
cordingly V=e”"“U, U being a given function of 6, andd=we'™™, 
For a given value of r, yr may by a known theorem be developed 
in a series of sines and cosines of @ and its multiples, and there- 
fore for general values of r can be so developed, the coefficients 
being functions of r. If yp, be the coefficient of cos 7 or sin n@, 
we find 

Ope hdr, «ine 
a ze r e Tg n tmp, =0. Aen (15) 

If we suppose the normal velocity of the surface of the cylinder 
to vary in a given manner from one generating line to another, 
so that U is a given function of 0, we may expand U in a series 
of the form 

U=U,+4+ U, cos 0+ U,cos204+... 
+U!';sin@4U,/sin 20+... 

On applying now the equation of condition which has to be sa- 
tisfied at the surface of the cylinder, we see that a term U, cos nO 
or U!,, sin n@ of the nth order in the expression for U will intro- 
duce a function fy, of the same order in the general expression 
ford. Now the only case of interest relating to an infinite cy- 
linder is that of a vibrating string, in which the cylinder moves 
as awhole. The vibration may be regarded as compounded of 
the vibrations in any two rectangular planes passing through 
the axis, the phases of the component vibrations, it may be, being 
different. These component vibrations may be treated separately, 
and thus it will suffice to suppose the vibration confined to one 
plane, which we may take to be that from which @ is measured. 
We shall accordingly have 

U=U cos @, 
U, being a given constant ; and the only function yf, which will 
appear in the general expression for @ will be that of the order 1. 
Besides this we shall have to investigate, for the sake of compa- 
rison, an ideal vibration in which the cylinder alternately con- 
tracts and expands in all directions alike, and for which accord- 
ingly U is a constant Uy. Hence the equation (15) need only 
be considered for the values 0 and 1 of n. 

For general values of n the equation (15) is easily integrated 
in the form of infinite series according to ascending powers of 7. 
The result is 

2.2 ee Des EN ere our erin. ~, aoe {2 2(2+2n) + 2.424 2n) 4+ 2n) F 
mr? mir4 i sae 

+Br-*4 1— 2(2—2n) oy A(2—2n)(4—2n) eh 
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When x is any integer the integral as it stands becomes illusory ; 
but the complete integral, which in this case assumes a special 
form, is readily obtained as a limiting case of the complete inte- 
gral for general values of 7. 

The series in (16) are convergent for any value of r however 
great, but they give us no information of what becomes of the 
functions for very large values of 7. 

When 7 is very large, the equation (15) becomes approximately 

d*r,, 
a + m2, = 0, 

the integral of which is W,—=Re-*”+ Rie”, where R and R! 
are constant. This suggests putting the complete integral of 
(15) under the same form, R and R/ being now functions of 7, 
which, when r is large, vary but slowly, that is, remain nearly 
constant when 7 is altered by only asmall multiple of X. Assu- 
ming for R and R! series of the form Ar*+ Br8+Cry..., where 
a, 8, y... arein decreasing order algebraically, and determining 
the indices and coefficients so as to satisfy (15), we get for an- 
other form of the complete integral 

— Clim) -tenimr £1. de®, (1249) (82°—4n8) . 
a= Off) bert) 1 OE Te 

_ OP Aa (= ton | 9 
1.2.38(8%m)? ee ' 17 

Jake aie (1?—4n?) (1? — 4?) (8? —4n?) 
+ D(amr)-2e {lt Tear Op emer 

(@ — An?) (3? —4n?) (5? — 4n?) | 

aa RECT Ta Waren eae 
These series, though ultimately divergent, begin by converging 

rapidly when vr is large, and may be employed with great advan- 
tage when 7 is large, if we confine ourselves to the converging 
part. Moreover we have at once D=O as the condition to be 
satisfied at a great distance from the cylinder. If me were large 
we might employ the second form of integral in satisfying the 
condition at the surface of the cylinder, and the problem would 
present no further difficulty. But practically in the case of vi- 
brating strings mc is a very small fraction, the series (16) are 
rapidly convergent, and the series (17) cannot be employed. To 
complete the solution of the problem, therefore, it is essential to 
express the constants A and B in terms of C and D, or at any 
rate to find the relation between A and B imposed by the condi- 
tion D=0. 

This may be effected by means of the complete integral of (15) 
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expressed in the form of-a definite integral. For 2»=0 we know 
that 

Tv 

A= {, " {E+F log (7 sin? £)! cos (mr cos ¢)df . (18) 

is a third form of the integral of (15). It is not difficult to de- 
duce from this the integral of (15) in a similar form for any in- 
tegral value of m. Assuming 

Y= re rey ar, 

and substituting in (15), we have 

d Pe 
jesane em (Qa + B+ 1)ret8- Vn + (a? —n?)r2—? | rey dr 

+ mre \ rey dr =0 : 

Assume 
a*—n?=0, Meee a (lS 

divide the equation by 7%, differentiate with respect to 7, and 
then divide by 78. The result is 

d? 2a+28+1d Xn 4 PAPER TT Xn 4 (2448 +1)(B—1) Xt +m2y,=0. 
dr ip dr Te 

This equation will be of the same form as (15), provided 

a+ B=0, 

which reduces the coefficient of the last term but one to — (2+ 1)*. 
In order that this coefficient may be increased we must choose 
the positive root of (19), namely n, which I will suppose positive. 
Hence 

5 at eh Wane A Cee ees ys (EL 
gives 

2 2 
Xn 4 2 On a Nag Daal 
HE Sales 

the same equation as that for the determination of yr,,,. Hence, 
expressing y, Im terms of {, from (20), writing n—1 for n, and 
replacing y,_1 by },, we have 

d 
vy =r dr Tee es 

a formula of reduction which, when x is integral, serves to ex- 
press p, in terms of ho. We have 

~,=r (Ca,) vo on a nc ar 

an equation which when applied to (18) gives the complete inte- 
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gral of (15) for integral values of n in the form of a definite 
integral. 

Let us attend now more particularly to the case of n=0. The 
equation (16) is of the form py, = Af(n) + B/(—n), f(n) contain- 
ing 7 as well as x. Expanding by Maclaurin’s theorem, we have 

v= (A+ B)f(0) + (A—B)/'(0)n + (A+ B)f"(0) ra ari 

Writing A for A+B, n-!B for A—B, and then making » vanish, 
we have 

Wo=A/(0) + BF), 
or 

mr? mirt my 
Wo= (A+B logr) )a- 92 ' 92427 924262 ) 

(22) 4.4 6,.6 
m? 7? mT mr 

+B("5 Sis 9242 Sot 924262 Ss3— ax 7 

where 
Sesssliet  atE Oars statin. 

The integral in the form (17) assumes no peculiar shape when n 
is integral, and we have at once 

' Hie: 12 152 
— »\ —3p—imr panes Mane resco We 

omen) *2 {1 1. 8mr a eye (Snen)2 

ESE } 
—~T.2.3(8imry3 7 0° 

1 1232 
gitar ite {4 v 1. 82mr + 1.2 (8¢mr)? 

123252 
1.2.3 (8imr) ne +t 3 

I have explained at length the mode of dealing with such 
functions, and especially of connecting the arbitrary constants in 
the ascending and descending series, in two papers published in 
the Transactions of the Cambridge Philosophical Society*, in 
the second of which the connexion of the constants 1s worked 
out in this very example. To these I will refer, merely obser- 
ving that while it is perfectly easy to connect A, B with H, EB, 
the connexion of C,'D with HE, F involves some extremely 
curious points of analysis. The result of eliminating H, F be- 

. (28) 

* «On the Numerical Calculation of a Class of Definite Integrals and 
Infinite Series,” vol. ix. p. 166, and ‘‘On the Discontinuity of Arbitrary 
Constants which appear in Divergent Developments,” yol. x. p. 105. A 
supplement to the latter paper has recently been read before the Cambridge 
Philosophical Society. 

Phil. Mag. 8.4. Vol. 86. No, 245. Dec, 1868. 2K 



418 Prof. Stokes on the Communication of Vibration 

tween the two equations connecting A, B with EK, F and the two 
connecting C, D with I, F is given, except as to notation, in the 
two equations (41) of my second paper. ‘To render the notation 
identical with that of the former paper, it will be sufficient to 
write A—B log (2m) + Blog (¢mr) for A+ Blogr, and a for imr. 
The equations ‘referred to may be simplitied by the introduction 
of Huler’s constant y, the value of which is °57721566 &e., since 
it is known that 

a1" (4) + log4+y=0, 

I"(v) denoting the derivative of the function T(x). Putting 

A—Blogim= A’, 

we have . equations (41) of the second paper referred to 

= (20) -# {iA' + [(log2—y)i—7] Bt, . . . (24) 

Baga +-(log2—y)Bt, . .° . Sie 

2 being written for 4 —1. It is shown in that paper that these 
values of C, D hold good when the amplitude of the imaginary 
variable w lies between the limits 0 and 7, or that of » (supposed 

Oe tee ieee T 7 ; 
to be imaginary) between the limits — 5 and 5, but im crossing 

~ 2 
either of these limits one or other of the constants C, D is 
changed. In the investigation of the present paper 7 is of course 

sal. 
We have now 

A'=A—B log im= (y— log 2)B 

for the relation between A and B arising from the condition 
that the motion is propagated outwards from the cylinder; and 
substituting in (22), we have for the value of No subject ts to this 
condition 

um mer? mtr parveme Ti MaF J] (26) 
Bm re mér* 9 

-}- Do Si 9242 Not oe. ) 

or expressed by means of the descending series, 

Qo 
ay oa ee Darren (oo 1° 1°S* 

Yo=—B(gia) U Tae eae we we he w 

. |. on 
1°8#52 i } 

1 2 Siar 
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We have from (21) 

i= es 

from which the complete integral of (15) for n=1 may be got 
from that for n=0. In the form (17) of the integral the parts 
arising from differentiation of the parts containing e-im and em 
respectively will contain those same exponentials ; ; and therefore 
the complete integral of (15) for n=1, subject to the condition 
that the part containing e”” shall disappear will be got by dif- 
ferentiating the complete integral for n=O subject to that same 
condition. The form of the integral i im the shape of a descending 
series is given at once by (17). Hence we get by differentiating 
(26) and (27), andat the same time changing the arbitrary con- 
stant by writing Bm! for B, 

a. 1 mer? my 7 
Y= a5 im Ge +—~=—s3-—... 

~ mo 22 , 4? 

| 

-y * alg Pla 
27.4 27. 47.6 

mr me, R m>;? S 
~ 92 A isis 42.6 Sis 

= a biota geben is ects 

= a. et 1 .2(8mr)? | 

ee } 

1.2.3(8mr)> oy! 

To determine the arbitrary constants B, and B, the first be- 
longing to the actual motion, the second to the motion which 
would take place if the fluid were confined by an infinite number 
of planes passing through the axis, we must have, as before, 

(29) 

9 Si— ag Set o2 gags 

10r 7 =, 

oy, Shov 
whence 

ee =a 1 Feo. 
mc? 5 _ mic! m&S g | (89) 

Sy (Tae 
= F)(me) +2 a Fp(me), suppose ; 
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BOs 1 3me Oe 11m?*e? 1d y 
ye une. . ees 92 42 92 42. 62 
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2 QRAr 98 1 220 ARNG 

= 241 Fy 4% flme) suppose = 4 Filme) iz Silme) fs suppose, | 
If I be the ratio of the intensities at a distance in the supposed 

and in the actual case, we see from (30) and (31) that I will 
be equal to the ratio of the squares of the moduli of B and B,, 
and we shall therefore have 

f4F, (me) }? +m? fy (me) }* hoe yas) 
aOR mec?[4 iF, (mc) }*-+ 1? } fo(me) ol 

For a piano-string corresponding to the middle C, ¢ may 
be about ‘02 inch, ‘ad 2 is about 25 inches. This gives 
me= ‘005027. For such small values of me I does not sensibly 
differ from (mc)—?, which in the present case is 89571, so that 
the sound is nearly 40000 times as weak as it would have been 
if the motion of the particles of air had taken place in planes 
passing through the axis of the string. ‘This shows the vital im- 
portance of sounding-boar ds in stringed instruments. Although 
the amplitude of vibration of the particles of the sounding-board 
is extremely small compared with that of the particles. of the 
string, yet, as it presents a broad surface to the air, itis able to 
excite loud sonorous vibrations, whereas, were the string supported 
in an absolutely rigid manner, the vibrations which it could ex- 
cite directly in the air would be so small as to be almost or alto- 
gether inaudible. 

I may here mention a phenomenon which fell under my notice, 
and which is readily explained by the principles laid down in this 
paper. As I was walking one windy day on a road near Cam- 
bridge, on the other side “at which ran a line of telegraph, my 
attention was attracted by a peculiar sound of extremely high 
pitch, which seemed to come from the opposite side of the road. 
On going over to ascertain the cause, I found that it came die 
rectly through the air from the telegraph-wires. On standing 
near atelegraph-post, the ordinary comparatively bass sound with 
which we are so familiar was heard, appearing to emanate from 
the post. On receding from the post the bass sound became 
feebler, and midway between two posts was quite iaudible. 
Nothing was then heard -but the peculiar high-pitched sound, 
which appeared to emanate from the wires overhead. It had a 
peculiar metallic rmg about it which the ear distinguished from 
the whistling of the wind in the twigs of abush. Although the 
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telegraph ran for miles, it was only at one spot that the peculiar 
sound was noticed, and even there only in certain states of the 
wind. The wires seemed to be less curved than usual at the 
place in question, from which it may be inferred that they were 
there subject to an unusually great tension. 

The explanation of the phenomenon is easy after what precedes. 
The wires were thrown into vibration by the wind, and a num- 
ber of different vibrations, having different periodic times, coex- 
isted. As regards the vibrations of comparatively long period, 
the air around the wires behaved nearly like an incompressible 
fluid, no sonorous vibrations of sensible amount were produced. 
These vibrations of the wires, however, were communicated to the 
posts, which being broad acted as sounding-boards, and thus 
sonorous vibrations of corresponding period were indirectly ex- 
cited in the air. But as regards the vibrations of extremely short 
periodic time, the wires in spite of their narrowness were able, 
by acting directly on the air, to produce condensations and rare- 
factions of sensible amount. 

The diameter of the telegraph-wire was about :166 inch; and 
if we take the C below the middle C of a piano for the represen~ 
tative of the pitch of the lower note, and a note five octaves 
higher for that of the higher, we have in the first case AX=50 
inches nearly, and in the second A=50x2-5, giving in the 
former case mc='01048, and in the latter mc=°3538. The 
former of these values is so small that we may take [=(mc)~?; 
in the latter case the formula (82) gives for I a valuea little less 
than (me)-?. We find in the two cases 1=9192 and 1=7-202 re- 
spectively; so that in the former case the sound is more than 
9000 times as feeble as that corresponding to the amplitude of 
vibration of the wire on the supposition of the absence of lateral 
motion, whereas in the latter case the actual intensity is nearly 
one-seventh of the full intensity corresponding to the amplitude. 

The increase of sound produced by the stoppage of lateral 
motion may be prettily exhibited A 
by a very simple experiment. 
Take a tuning-fork, and hold- 
ing it in the fingers after it has ¢ 
been made to vibrate, place a 
sheet of paper or the blade of a 
broad knife with its edge parallel 
to the axis of the fork, and as 
near to the fork as conveniently 
may be without touching. Ifthe 
plane of the obstacle coincide with either of the planes of sym- 
metry of the fork, as represented in section at A or B, no 
effect is produced; but if it be placed in an intermediate posi- 
tion, such as C, the sound becomes much stronger. 

——— B 



LII. Notes on the Chemical Geology of the Gold-fields of Cali- 
fornia. By J. Anruur Puixures. 

[Concluded from p. 336. ] 

Hot Springs. 

ee and boiling springs are exceedingly numerous through- 
out California ; and considerable accumulations of sulphur, 

together with evidences of extensive solfatara action, are met with 
in different sections of the State. ‘To attempt even a mere enume- 
ration of all the various localities where these phenomena have 
been observed would occupy more space than it is my intention 
to devote to the subject ; and I shall therefore confine myself to 
a description of two or three of the more remarkable examples, 
selecting such only as appear to have the most direct bearing on 
some of the chemical and geological changes which have been 
produced, and are, to a certain extent, still going on in this por- 
tion of the American continent. 

Borax Lake.—lying about a mile beyond the ridge which 
borders Borax Lake on the north-east is a locality in which sol- 
fatara action is still exceedingly active, and where a large amount 
of sulphur has accumulated. This is called the “Sulphur 
Bank,” and is of some six or seven acres in extent. It consists 
of a much decomposed volcanic rock traversed by innumerable 
fissures, through which steam and gas are constantly issuing, 
and over and through which large quantities of sulphur have 
been deposited in such a way that, ata little distance, the whole 
mass appears to consist of this substance. Into some of the ca- 
vities a pole may be inserted for several feet ; and they are often 
lined with stalactites and beautiful crystallizations of sulphur. 

This sulphur is beimg constantly deposited, and its deposition 
is attended by the evolution of aqueous vapour, carbonic and 
boracic acids; but this apparently takes place without the emis- 
sion of sulphuretted hydrogen. The gaseous matters issuing 
from the crevices have usually a temperature of about 95° F., 
and appear to be the agency by which various mineral substances 
now deposited in the cavities were brought to the surface. Sul- 
phur is deposited on the sides of the various fissures, either in 
groups of crystals, as stalactites, or in translucent amorphous 
masses of a beautiful yellow colour. It is sometimes intermixed 
with cinnabar, but more frequently with minute crystals of iron 
pyrites, and with pulverulent silica, blackened by the presence 
of a hydrocarbon having the appearance of coal-tar. With these, 
according to Dr. Oxland, are found silver and traces of gold*. 

“ Mining and Metallurgy of Gold and Silver, by J. Arthur Phillips, 
p- ll. E. and F. N. Spon: London. 
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On the sides of the cavities gelatinous silica is found coating 
chalcedony and opalescent silica in various stages of formation, 
from the gelatinous state to that of the hardest opal. ‘This indu- 
rated silica is sometimes colourless, but is more frequently per- 
meated by cinnabar and iron pyrites, or blackened by the tarry 
matter before referred to. Cinnabar is also found in striz, and 
occasionally even in veins and concretionary masses of conside- 
rable thickness; where the bituminous matter occurs in the largest 
quantity, and the mass consequently becomes black and friable, 
cinnabar is replaced by globules of metallic mercury. 

On the edge of Clear Lake near the sulphur bank is a hot 
spring, of which the outlet, even when the water is low, is par- 
tially beneath the lake, so that the amount which flows from it 
cannot be ascertained. Hot water, however, rises through the 
sand at various points, extending over a considerable area; and 
Mr. Moore, of San Francisco, who analyzed the water trom this 
locality, has found that, in addition to chloride of sodium and 
carbonate of soda, it contains a large quantity of borax, and 
above a hundred grains of ammoniacal salts per gallon. Lying 
immediately at the foot of the sulphur bank are several springs of 
cold water, some of which contain carbonate and sulphate of soda, 
whilst others yield boracic acid. All these springs evolve large 
quantities of carbonic acid. 

The chalcedony and semi-opal from this place, when examined 
under the microscope, are seen to enclose cubical pyrites, together 
with crystalline cinnabar; but the latter mineral appears to have 
been generally deposited in an amorphous state. Specimens of 
chalcedony taken from the fissures in the sulphur bank were, 
when first broken, so extremely soft as to readily receive an im- 
pression of the nail; but on reaching England they had become 
hardened, and had assumed the ordinary characteristics of that 
mineral. 

Thin sections of these specimens showed a structure like that 
of fortification-agate, and were traversed by numerous fissures 
parallel to lines of incipient crystallization, besides which they 
were in places stained by oxide of iron. 

Boiling Springs—About fifteen miles east of Little Lake, 
situated in lat. 85° 50! north and long. 18° 10! west from Green- 
wich, 200 miles north of Los Angeles, are numerous boiling 
springs. The first group covers several acres of the southern 
declivity of a granitic hill, and is no longer in a state of great 
activity, although numerous apertures are giving off an abun- 
dance of steam and acid vapours, and small quantities of sulphur 
are being deposited around the various openings. In the imme- 
diate neighbourhood of these springs the granite has been reduced 
to the state of a soft hot mud very dangerous to walk over ; and 
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a large area having become reduced to this pasty condition, it 
has flowed down the side of the elevation and become deposited 
in layers on the low ground near its base. It was also ob- 
served in one of the ravines that mud resulting from the upper 
springs had sometimes flowed over and choked those lower 
in the series; and this appears to have given rise to the forma- 
tion of fresh openings, and the progressive movement of the area 
of greatest activity up the side of the declivity. 

About a mile to the west of these springs a high granitic 
mountain is traversed by an immense dyke of obsidian, which, 
having broken through it, has flowed for a considerable distance 
into the valley. 

At the eastern foot of the hill on which is situated the first 
group of sprmgs are numerous others in a much more active 
state. Here the ground is covered over a large extent by innu- 
merable cones of plastic mud, varying from a few inches to three 
feet in height ; these rise above the surface of a barren steaming 
swamp, and sive issue to Jets of watery vapour and streams of 
boiling ws ater. In some cases these springs, instead of issuing 
from small cones as above described, evolve large quantities of 
steam and gas under the surface of water contained in basin- 
shaped reservoirs produced by their agency in the decomposed 
granite in which they are situated. By these means are formed 
a multitude of séething caldrons, in which the rapid ebullition 
of water keeps the mud in a constant state of suspension; and 
this is either white or of a reddish colour, in accordance with the 
amount of ferrugimous matters present. To the east, at a dis- 
tance of some three or four miles, were seen high ranges of evi- 
dently basaltic hills, the whole district being totally uninhabited 
except by a few Indians, some of whom were met with collecting 
oxide of iron to be employed as paint. 

The apphances at command in such localities are usually of a 
limited character; but I was enabled to ascertain by means 
of litmus-paper that the water of all the springs examined had 
an acid reaction; and having filled a pint bottle with water 
from one of the largest of the basins, it was brought to England 
for analysis. 

This amount, although manifestly too small to allow of a very 
accurate analysis, was sufficient to admit of the estimation of all 
the principal constituents. The following are the respective 
quantities of the different bodies present, calculated on an impe- 
rial gallon of the filtered water .— 
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The foregoing results may be rendered thus :— 

Contents per Imperial Gallon. 
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It is somewhat remarkable that this water, issuing from the 
ground in a boiling state, should at the same time contain chlo- 
rides and free sulphuric acid; but it must be remembered that 
the acid is in an exceedingly dilute state, and that the water was 
collected immediately at the mouth of the aperture from which 
it emerged. It is probable that potash and soda may exist 
in the form of the bisulphates of those bases, since an excess of 
sulphuric acid is present. 

It was observed that where these acid waters flowed away at a 
temperature of above 200° F. several low forms of vegetation 
(probably Confervaceze) appeared to flourish, but to become less 
abundant and less vigorous where the temperature had become 
considerably reduced. 

Steamboat Springs.—The most remarkable instance on the 
Pacific coast of the actual growth, on a large scale and at the 
present time, of mineral veins is probably that afforded by the 
boiling springs in Steamboat Valley, seven miles north-west of 
the great Comstock silver vein and Virginia city. 

These springs are situated at a height of about 5000 feet above 
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the level of the sea, at the foot of the eastern declivity of the 
Sierra Nevada. The rock in this locality presents several parallel 
fissures, either giving out heated water or simply ejecting steam. 
The first principal group of crevices comprises five longitudinal 
openings extending in a straight line for a distance of 3500 feet. 
Their general direction is north 6° west, and they are comprised 
within a band of about 600 feet im width. The fissures are se- 
parated from one another by intervals of from 40 to 60 feet, 
have each a thickness of about 12 inches, and are severally con- 
nected with each other by lesser openings, which intersect the 
first nearly at right angles. 

These crevices are often full of boiling water, which sometimes 
overflows and escapes in the form of a rivulet, whilst at others 
it does not flow over, but violent ebullition is heard to be taking 
place at a short distance below the surface. The fissures are par- 
tially filled by a siliceous incrustation which is being constantly 
deposited on the sides, whilst a longitudinal central crevice allows 
of the escape of boiling water or steam. On the most eastern of 
these lines of fracture are several active centres of eruption, from 
which boiling water is often ejected to a height of from 8 to 10 
feet. These waters are alkaline, and contain, in addition to car- 
bonate of soda, the sulphate of that base, with chloride of sodium. 
There is also everywhere an escape of carbonic acid, whilst from 
some places sulphuretted hydrogen is also evolved. These pro- 
ducts give rise to the deposition of sulphur, silica, and oxide of 
iron. The silica forms semicrystalline bands parallel with the 
walls of thefissures; and spongy deposits accumulate around some 
of the points of most active emergence in such a way as to form 
small circular basins, of which the edges go on continually in- 
creasing in height, so that each finally presents the appearance 
of a small volcano of boiling water. 

At a considerable distance to the west of these, a second group 
having the same origin is observed; but this is no longer tra- 
versed by hot water, although it still gives off steam and carbonic 
acid at various points. ‘This large dyke of quartz commences at 
its southern extremity by a number of fissures which subse - 
quently converge into a single crevice, of which the two walls 
are of silica, and extend a distance of considerably over a 
mile. At its northern extremity a central fissure still remains 
open ; but in other localities it is for the most part obstructed by 
siliceous concretions. ‘Towards the south the siliceous deposits 
extended beyond the edges of the cleft, and have accumulated on 
the surface of the ground to a thickness of several feet, and for 
a distance of from 80 to 90 feet on each side of the fissure. 
These deposits almost entirely consist of more or less hydrated 
silica. 
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This silica presents itself in the form of a compact rock, much 
resembling in appearance the quartz of ordinary veins, with 
chalcedony, and occasional nodules of hyalite. This rock is, to 
a certain extent, metalliferous, and, in addition to oxide of iron, 
contains oxide of manganese, together with iron and copper 
pyrites. M. Laur states that he discovered metallic gold in 
this deposit, although I was myself unable to detect its pre- 
sence. 

These phenomena of the Steamboat Valley appear to indicate 
that metalliferous veins may be produced by mineral waters, 
in the fissures through which they circulate. On taking into 
consideration the principal circumstances connected with these 
veins, it will be observed that their eruptive activity is by no 
means equal throughout their longitudinal extent. This ac- 
tivity is concentrated around certain points, which appear to 
be the sources from which are principally discharged the 
waters holding various mineral substances in solution, and 
whence they subsequently become distributed throughout the 
fissures existing in the rock. It bas been observed by M. 
Laur* that the slowness with which these incrustations are 
formed in the interior of the cavities, as compared with the 
great mass of mineral waters which escape over the edge of 
the various fissures, also shows that a large proportion of the 
metalliferous emanations may thus have been carried beyond 
them ; so that, should they contain a non-oxidizable metal, such 
as gold, the superficial deposits may occupy a considerable sur- 
face and contain a great amount of wealth, although the vein 
from which it originally issued may be small and comparatively 
unimportant. 
The rock enclosing the veins of Steamboat Springs 1s a granite, 

which in their vicinity is much decomposed, being often reduced 
to a cavernous skeleton of silica containing only a few scales of 
mica. ‘The granite in this locality is poor in quartz, and chiefly 
consists of oligoclase, but contains magnetic oxide of iron, titani- 
ferous iron, &c. 

This rock, forming the bottom of Steamboat Valley, is over- 
lain on its eastern and western flanks by a compact basalt con- 
taining magnetic oxide of iron together with various zeolitic 
minerals. 

Examination of the siliceous deposit at Steamboat Springs.—A 
specimen of the siliceous deposit taken from the side of a fissure 
from which steam and carbonic acid were issuing in considerable 
quantities had a specific gravity of 1:99, slightly scratched fel- 
spar (orthoclase), avd afforded by analysis the following re- 
sults :— 

* Annales des Mines, sixiéme série, tom. ill. p. 424. 
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This veinstone, which exhibited numerous parallel bands in 
the direction of the enclosing walls, was selected for analysis as 
having been most recently formed. On boiling 85°18 grains of 
this substance in a finely divided state during eight hours in 4 oz. 
of a strong solution of caustic potash, only 2°35 grains, or 6°68 
per cent., of the silica present was dissolved. 

A section of this substance examined under the microscope 
showed the reniform structure of chalcedony, together with 
patches of amorphous silica and small crystals of iron pyrites ; 
but no other appearance of crystallization could be detected. ‘This 
specimen contained a well-defined fluid-cavity, in which the va- 
cuity occupied about one-tenth of its total volume. Another 
portion of the deposit, which, from being further removed from 
the sides of the fissure, must have been of older date, afforded 
only 4°72 per cent. of water, and distinctly showed the presence 
of crystalline silica. On carefully examining the great western 
vein before alluded to, considerable quantities of chalcedony were 
found ; and in one of the cavities a few small perfectly defined 
crystals of quartz were discovered. 

Alkaline Lakes. 

In that portion of California lying on the east of the Sierra 
Nevada are Mono Lake and Owen’s Lake, both considerable 
sheets of water highly impregnated with alkaline salts. Owen’s 
Lake, at the southern extremity of which I was for some weeks 
encamped during the fall of 1865, les im lat. 36° 20! south, 
long. 118° west from Greenwich, is about twenty miles in length 
and eight in width. Owen’s Valley is a narrow basin enclosed be- 
tween high mountains, and has a length of about 140 miles, and 
an average width of 10 miles. On its western side it is bordered 
by the Sierra Nevada, which opposite the lake rises m peaks 
fourteen thousand feet in height. On the eastern side the 
mountains are more broken, although of nearly equal height, 
but nothing like a complete exploration of this region has yet 
been attempted ; besides which it is so utterly barren and for- 
bidding that the Indians, whose stronghold it still remains, are 
not likely for some time to be much interfered with by the in- 
defatigable mining “prospecter.’ These mountains are bare, 
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and no stream of any importance flows from them into the val- 
ley, which is almost exclusively supplied by the melting of the 
snows which during the winter months accumulate in the upper 
portions of the Sierra. 

This range, on the eastern side of the valley, is towards its 
southern extremity called the Inyo Mountains, whilst further 
north they are known as the White Mountains. Owen’s River 
rises not far from the head of the San Joaquin, and near the 
southern extremity of the valley flows into Owen’s Lake, which 
has no visible outlet, and whose banks are in many parts thickly 
coated by an alkaline incrustation. No fish inhabit its waters ; 

_ but at certain seasons of the year it is resorted to by myriads of 
waterfowl attracted by the grub-like larvee of a fly which depo- 
sits its eggs on the surface. 

These grubs are about the length of a small grain of rice, but 
somewhat less in diameter, and are thrown on the lake shores 
by the waves in such vast quantities that they are collected by 
the Indians as an important article of food. In addition to 
these there are large quantities of minute crustacea resembling 
the Artemia salina. 

Waters of Owen’s Lake.—A sample of water taken January 3, 
1866, from opposite Franklin’s Ranch, had a specifie gravity of 
1-076, and on analysis afforded the following results :— 

In an Imperial Gallon. 
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The above results may be expressed as follows :— 

In an Imperial Gallon. 

Chloride of sodium . . . 2942-05 
Sulphate ofsoda. . . . (906780 
Carbonate of soda . . . 291443 
Sulphate of potash . . . 122-94 
Phosphate of potash. . . 35°74: 
Silicate of potash. . . . 189°34 
Orcanicunmaver 6s. jl: 16:94: 

7128°24 



430 Mr. J. A. Phillips’s Notes on the Chemical Geology 

Jn addition to the substances above enumerated minute traces 
of iodine were found, but in such small proportions that its pre- 
sence could only be detected when large quantities of water were 
Operated on. 

As the samples employed for analysishad, before bemg brought 
to this country, been concentrated by boiling, it is evident a loss 
of carbonic acid would have taken place had any admixture of 
sesquicarbonate been present. 

The incrustations, which at certain seasons of the year are 
found to the extent of hundreds of tons on the lake-shores, 
chiefly consist of carbonates of soda in which the proportion of 
sesquicarbonate is variable; and specimens were examined in | 
which monocarbonate only was present. Besides the carbonates 
of soda, these deposits contain 3 per cent. of chloride of sodium 
and about 5 per cent. of sulphate of soda, together with a trace 
(0°22 per cent.) of silica. 

Summary. 

The following are some of the more important facts observed 
on a careful examination of the gold-regions :— 

(1) The quartz veins of California almost uniformly exhibit 
evidences of having been formed by successive siliceous deposits 
parallel to the walls of the enclosing fissure ; and when fragments 
of exfoliated slaty rock become enclosed, their planes are usually 
parallel to those of the quartz in which they are imbedded. 

(2) All remuneratively productive gold veins contain notable 
quantities of iron pyrites and other metallic sulphides; and the 
association of these bodies is so constant and remarkable, that 
it is probably the result of some chemical action regulating the 
distribution of the precious metal. 

(3) The auriferous quartz of the Pacific gold-fields invariably 
contains a certain quantity of potash together with a small amount 
of water which is not eliminated at a temperature of 212° F. 
Under the microscope it only exhibits well-defined fluid-cavities 
in specimens that are more than usually crystalline; and these, 
even in the same crystal, when heated, become full at by no 
means uniform temperatures. 

(4) Mineral veins of evidently very recent date are met with 
in various localities on the Pacific coast ; and some of these con- 
tain both gold and silver. 

(5) In addition to the gold found in quartz veins, this metal 
occurs in certain bands of metamorphosed slates. The outcrops 
of these, like those of ordinary veins, are frequently coloured red 
or brown by the decomposition of pyrites. 

(6) The old Tertiary river-beds constituting the deep diggings, 
and frequently overlain by a volcanic capping, contain large 
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quantities of fossil wood, and are often hardened into a compact 
conglomerate by a cement consisting either of finely crystallized 
iron pyrites or of silica. This iron pyrites encloses gold which 
is sometimes water-worn, and at others is in a crystalline or fili- 
form state, showing that it has not been subjected to attrition. 
In Australia, pyrites replacing the woody constituents of the 
stems of trees found in similar positions has been shown by va- 
rious chemists to contain large quantities of the precious metal. 
The siliceous cement of the ancient river-beds of California has 
sometimes, but rarely, been deposited in a crystalline form, and 
on examination such crystals have not been found to contain 
fluid-cavities presenting the usual vacuities. 

(7) Mineral springs are exceedingly numerous, and their 
waters generally escape from the ground in a state of ebullition, 
These springs deposit silica, sulphur, iron pyrites, &c., whilst 
in some instances cinnabar is brought to the surface in large 
quantities by solfatara action ; occasionally the deposited silica 
takes the form of an ordinary auriferous vein, and gold is stated 
on good authority to have been found in quartz so produced. 
At the surface the silica of such deposits contains a larger amount 
of water than that of the older quartz veins of the country, but 
appears gradually to lose it, and, although generally amorphous, 
is sometimes met with in a crystallized state. 

(8) In the districts abounding in mineral springs are lakes 
of which the waters are highly alkaline, and which, in addition 
to carbonates and sulphate of soda, contain large quantities of 
chloride of sodium. These have no visible outlets, and act as 
vast evaporating-pans, in which the waters of the various streams 
flowing into them are being concentrated by the action of the 
sun’s rays. The incrustations deposited on the shores of Owen’s 
Lake contain a much larger proportion of carbonate of soda than 
the salts obtained by direct evaporation of the lake-waters. 

In the present state of our knowledge, the foregoing facts 
would appear to lead to the following conclusions :— 

(a) Quartz vems have been produced by the slow deposi- 
tion from aqueous solutions of silica on the surfaces of the enclo- 
sing fissures**. 

(6) From the general parallelism with its walls of the planes 
of any fragments of the enclosing rock which may have be- 
come imbedded in a vein, it is to be inferred that they were 
mechanically removed by the growth of the several layers to 

99 
* By “aqueous solution.’’ it is not intended to convey the idea that 

silica has been dissolved in pure water, but rather in waters containing 
various acids, alkalies, salts, &c. 
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which they adhered, and that a subsequent deposition of quartz 
took place between them and the rock from which they had 
become detached. In this way were introduced the masses of 
rock known as “ horses.” 

(c) The formation of quartz veins is often due to hydrothermal 
agencies, of which evidences are still to be found in the hot 
springs and recent metalliferous veins to be met with in various 
parts of the Pacific coast. 

(d) From the presence of gas-cavities and the variable tem- 
peratures at which the vacuities in their fiuid-cavities become 
filled, it may be inferred that they are the result of an intermit- 
tent action, and that the fissures were sometimes traversed by 
currents of hot water, whilst at others they gave off aqueous va- 
pour or gaseous exhalations*. 

This is precisely what is now taking place at Steamboat 
Springs, where the formation of a vein is in progress, and from 
which currents of boiling water are often poured forth, whilst 
at other times the fissures only give off currents of steam and 
heated gases. 

(e) That gold may be deposited from the same solutions which 
give rise to the formation of the enclosing quartz, would appear 
evident from the presence of that metal in pyrites enclosed in 
siliceous incrustations near Borax Lake, in the semi-opal of the 
North Star vein &c., as well as from the fact of gold having been 
found in the interior of the stems of trees which in deep dig- 
gings are often converted into pyrites. 

(f) The constant presence of iron pyrites in auriferous veins, 
and when so occurring its invariably containing a certain 
amount of gold, suggests the probability of this sulphide being 
in some way necessarily connected with the solvent by which the 
precious metal was held in solution. Without considerable ad- 
dition to our present limited knowledge of the subject, it would 
be impossible to explain the exact process by which the solution 
of gold was effected. It has, however, been shown by Wurtz+ 
(who has since suggested the probability of ferrugimous salts 
being the means employed by nature for effecting the solution 
of gold{) that finely divided gold is soluble in the sesquichloride 
of iron, and more sparingly in the sesquisulphate of that metal. 
It is also well known that iron pyrites sometimes results from 
the action of reducing agents on the sulphates of iron. 

* Sorby, “On the Microscopical Structure of Crystals. § 1. Crystals 
formed from solution in water,”’ Quarterly Journal of the Geological So- 
ciety, vol. xiv. pp. 453-500. 

+ American Journal of Science, vol. xxvi. p. 51. 
t Memoir read before the American Association for the Advancement 

of Science, August 1, 1866. 
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If, therefore, sulphate of iron, in a solution containing gold, 
should become transformed by the action of a reducing agent 
into pyrites, the gold, at the same time being reduced to the 
metallic state, would probably be found enclosed in the resulting 
crystals of that mineral*. 

(g) Yhe silica and other substances forming the cementing 
material of the ancient auriferous river-beds have probably been 
slowly deposited from comparatively cold solutions. 

(hk) The connexion existing between the decomposition of 
felspar by the agency of boiling springs, the existence of alka- 
line plains, and the formation of lakes containing various salts 
of soda and potash will be at once obvious to the geologist. 

LIIL. Chemical Notices from Foreign Journals. 
By i. Atkinson, PA.D., FCS. 

[Continued from vol. xxxv. p. 461. ] 

CHRODER VAN DER KOULK published shortly before 
his death two articles in Poggendorff’s Annalem, vol. cxxxi., 

of which the following is an abstract taken from the Zeitschrift 
fiir Chemie. 

If a body be heated from zero to a given temperature, it takes 
up a certain quantity of heat which is consumed in increasing its 
temperature and for internal and external work. If, from the heat 
taken up, heat which has been transformed into external work be 
subtracted, the remainder represents the heat contained in the 
body after the process ; and this quantity is called the mechanical 
energy of the body in this condition. Hence, ina definite con- 
dition, every body possesses a certain quantity of energy; the 
absolute quantity of energy is always unknown. 

* From a somewhat lengthy investigation of the subject, I am induced 
to believe that gold invariably occurs in pyrites and other sulphides in the 
metallic form. Tarry matter, hke that found in the solfatara at Borax 
Lake, has occasionally been met with in the quartz veins of California; and 
although the protosulphate of iron, resulting from the decomposition of the 
sesquisulphate, would, under certain circumstances, have the effect of pre- 
cipating gold from solution, it would probably not do so in the presence of 
large quantities of the persalts of that metal. A discovery, made by Mr. 
Daintree, of the fact that a speck of gold lying in a solution of the chloride of 
that metal may be increased to several times its original weight by the action 
of a small piece of cork introduced into the solution, is recorded by Mr. 
Ulrich. Mr. Wilkinson’s experiments further prove that, besides gold itself, 
iron, copper, and arsenical pyrites, galena, blende, &c. likewise form fa- 
vourable nuclei, which, if immersed in weak solutions of chloride of gold, 
receive a solid coating of metal by the agency of organic matter, such as a 
chip of wood floating im the solution.— Notes on the Physical Geography, 
Geology, and Mmeralogy of Victoria’ (ante cit.), p. 44. 

Phil. Mag. 8. 4. Vol. 36. No. 245. Dec. 1868. 2k 
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In the following considerations two principles are used :— 
I. When mechanical work is performed an equivalent quantity 

of heat disappears, and conversely ; the same is presupposed with 
regard to chemical work. 

II. Heat cannot of itself pass from a warmer to a colder body. 
In due connexion with this is the principle that mechanical or 

chemical work can of itself be spontaneously transformed inte 
heat; but heat can never be changed into work without the si- 
multaneous occurrence of a compensating action—for instance, 
when a quantity of heat passes from a higher to a lower tem- 
perature. 

Most important in these determinations is the heat of combi- 
nation, the determinations of which were mostly made by Favre. 
He expresses the numbers in thermal units, and refers them to 
equivalent quantities if the equivalent of hydrogen is taken =1 
gramme. The two constituents of a compound unite at a de- 
finite temperature ; if, then, the compound formed be cooled to 
the original temperature of the constituents, the heat developed 
during the operation is the number given by Favre. This tells 
how much more energy is accumulated in the components in the 
original condition than in the combination in its final stage. Of 
course the constituents and the combinations must be in the 
same state of aggregration, or otherwise the latent heat must be 
taken into account. If ¢ is the initial and final temperature, 7 
that at which combination takes place, the quantity of heat A is 
absorbed in raising the body from ¢ to 7; the heat of combination, 
W, is disengaged at 7, as well as the quantity of heat B if the 
product is cooled down fromrtoé. Favre’s number F=W+B—A 
gives us the difference in energy; the real heat of combination 
is W. The number W gives us the chemical work consumed in 
the combination. 

The author applies these considerations to chemical actions. 
Chemical combinations may be divided into two classes, accord- 
ing as the compounds have less or more energy than the consti- 
tuents. Water may be taken as atype of the first; heat is libe- 
rated during combination and absorbed in decomposition. For 
the second class, of which protoxide of nitrogen is the represen- 
tative, the phenomena are reversed. Moreover all bodies are 
decomposed at a sufficiently high temperature. 

The compound gases may be formed as follows :— 
(1) On bemg passed through a heated tube. Both kinds of 

the gases as above distinguished may thus be formed. In his 
considerations the author takes the following division as a basis. 

A. The gases have less energy than their components, and 
are formed on simple heating. 
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B. The gases have less energy than their constituents, and are 
not formed on simple heating. 
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C. The gases have more energy than their components. 
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The numbers are the heats of combination according to Favre 
(energy of the constituents minus energy of the combination). 
Only the gases A are all formed on being passed through a heated 
tube: of the gases B and C only CS? is formed under these 
circumstances. The action in the heated tube may be twofold. 
Hither heat becomes free in the formation of the compound, in 
which case the action excited in portions of the mass will be pro- 
pagated through the entire mass, and if this takes place rapidly 
explosion will be the result; or the action is accompanied by an 
absorption of heat; the action is then restricted to the place where 
it is commenced, and the combination is then more complete. 
In decomposition, of course the reverse takes place. When, as in 
the case of water and carbonic acid, the compound explodes, the 
decomposition must be incomplete; the gases C, on the con- 
trary, such as nitrous oxide and hypochlorous acid, must be 
completely decomposed, sometimes explosively, as in the case of 
hypochlorous acid. The latter depends on the temperature 
chosen, and on the velocity with which the action is propagated 
in the gases. 

(2) Compound gases may be formed by catalytic action. 
As the exciting body here remains unchanged, it can deve- 

lope no energy, and can only produce changes in which no heat 
is absorbed. The gases C can never be formed by catalytic action; 
itis only possible in the case of the gases A and B. 

(3) Compound gases can be formed by the action of the elec- 
trical spark. 

The action of the electrical spark is essentially thermal. By 
sparks of adequate strength all combinations can be decomposed. 
If the sparks are less powerful, phenomena of combination may 
occur. At the same time the spark effects a change in the affi- 

2F2 
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nity of the components. The gases A are formed by a single 
spark. Ifonly a few atoms of the components are united by the 
electric spark, the heat which thereby becomes free is sufficient 
to propagate the action throughout the entire mass, and no ex- 
plosion can in this case occur. The gases B can only be formed 
gradually by repeated passage of the spark, and only along its 
path. It here acts especially by alterations of affinity ; the heat 
which becomes free in the action cannot form the compound. 
The gases. C can also only be formed in the path of the spark ; 
for here, besides the affinity, this must also furnish the necessary 
heat. Of course, im the decomposition of the gases by the elec- 
trical spark the inverse phenomena are observed. The gases 
which the spark can form with explosicn are slowly decomposed 
by the electrical spark, and conversely. 

(4) Compound gases can be formed by combustion. 
Combustion is a chemical action which takes place with the 

development of heat; and this action itself developes an amount 
of heat sufficient to keep it up when once started. The gases C 
can therefore never be formed by combustion ; and as, moreover, 
the gases B cannot be formed by simple heating, they can never 
result from combustion. The gases A alone can be formed by 
combustion, and even here those only in which the heat developed 
is adequate for further combustion. The same phenomena occur 
in the combustion of compound gases. These also can only burn 
with other gases, provided the heat developed is sufficient for the 
further combustion. The followmg gases contaming hydrogen 
develope the corresponding quantities of heat for 1 equiv. H=1 
erm., where heat absorbed is designated as negative. The second 
series refers to one equivalent of oxygen, or 8 grms:— 

OR hi 294138 HO}. 2). 204e 
CLE Eek, 28783 1(CO2). . 4 24240 
Bib, .) 20822 1(S02) ... .. dg7eu 

1(NH3) . . 7578 CO. 4. lees 
1(O2H4)\\.8 2) 5500 ClO.) ee 

SH @. O74d NOs “taco ene 
1(C4H4). . —2000 

CH 2 = 3606 
Each succeeding gas cannot possibly be formed by combustion 

from a preceding one. Of the preceding gases, only the gases A 
can be formed by combustion ; that is, only HO, CO, CO?, SO?, 
C1H, BrH: water is formed by the action of O on all the above 
hydrogen compounds, HCl by heating Cl with the following hy- 
drogen compounds, &c. In like manner HO is formed by heat- 
ing H with all the above-named oxygen compounds; CO? results 
from heating C with SO?, CO, NO, &c. In this connexion some 
interesting cases occur: thus the reaction 2CO+S=S0?+4C 
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must be possible ; the action 2CO + C =CO?+C has already been 
observed by Deville, who obtained carbonic acid when he passed 
carbonic oxide over red-hot charcoal. 

The author obtains the following numbers for the oxides of 
nitrogen, which express in thermal units the excess of the energy 
of the compound over that of its constituents :— 

RO Ot rai Liss OA 
Ry PTs HT LO IOGS 

INOS yh. Big te Rs, eS boa 4 
INOS ar ee oe ee BH AGS 

NO ee HORI ROT aA BO So 
Here NO? and NO® are assumed to be in solution. It follows 

from these numbers that the aqueous NO? is the most stable— 
moreover, that NO* is far more permanent than NO?. Anhy- 
drous NO® has a different deportment; it dissolves in water 
with considerable disengagement of heat, and therefore has more 
energy than aqueous NO®. Hence also NO* could never form 
NO® with oxygen except in presence of water; NO? and O can 
only form one product of less energy. Such a case is the NO* 
here formed. 

The sudden ignition of many bodies when heated, for instance 
chromic oxide, Gadolinite, Samarskite, &c., the author explains on 
the supposition of a sudden change in the energy. Many bodies 
occur in two conditions with different energy. Yellow iodide of 
mercury passes into red with disengagement of heat. Ifa body - 
has been transformed from one state into another by heat, it 
stops in it, and on cooling does not again absorb heat. 

Many phenomena which have hitherto been ascribed to greater 
or less chemical affinity, the author thinks he can explain by his 
theorem of mechanical energy. Thus sulphuric acid is not a 
stronger acid than hydrochloric because it forms a precipitate in 
chloride of barium and expels hydrochloric acid. A solid body 
is here formed under disengagement of heat. In nature a ten- 

* dency prevails to transform chemical work into heat; and that 
may be the cause of the formation of a solid body. 

M. Becquerel has published* a series of researches on the 
chemical effects produced in capillary spaces. The following 
account of them has been taken, with occasional abridgment, 
from a paper by Professor De la Rive in the Biblicthéque Univer- 
selle de Genéve. 

M. Becquerel’s first series of experiments were executed by 
means of a slightly cracked tube. The cracks are made by tra- 
cing one or two longitudinal lines with a diamond on the surface 
of the tube, and then applying in any part of these lines the 

* Comptes Rendus, May 13, June 17, and November 4, 1867; and 
January 13 and April 20, 1868. 
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point of a small tube heated to redness. The crack must not be 
allowed to become too large; it is merely necessary that it shall 
allow the solutions, or at any rate one of them, to enter by ca- 
pillary attraction. 

One of the most remarkable effects is obtained by filling such 
a cracked tube with a concentrated solution of nitrate of copper, 
then introducing this tube into a test-glass containing a solution 
of monosulphide of sodium which marks 12° to 15° of the areo- 
meter, the two liquids being at the same level, so that the pres- 
sure is the same on the two sides. By simply mixing the two 
solutions, black sulphide of copper and nitrate of soda should be 
formed. This, however, is by no means the case; a short time 
after the experiment had been arranged, a very brilliant deposit 
of metallic copper with a crystalline texture began to be perceived. 
Little by little the deposit increased, the crack enlarged, and the 
tube ultimately broke. Small cylinders of copper 2 millims. in 
diameter could then be withdrawn. 
With several other solutions of copper the effects are the same, 

but less rapid. Similar results are also obtained with concen- 
trated solutions of silver, lead, gold, tin, cobalt, and nickel. 

It is very difficult to obtain reduction effects with those of iron 
and zine. 

The author used several kinds of capillary spaces besides 
that above mentioned—such, for instance, as the interval be- 
tween two glass or quartz plates pressed more or less closely 
together, the porosity of the parchment-paper used for dialysis, 
the capillary intervals between grains of glass or of quartz, un- 
baked porcelain or sandstone, tubes drawn out at one end. 
The first method gave good results; by its means the reduction 
could be effected of gold, copper, lead, nickel, cobalt, and that of 
platinum, which could not be accomplished by using the cracked 
tube. 

M. Becquerel in his first memoir, after having investigated 
the influence of the various kinds of capillary spaces, and de- 
scribed a great number of cases of reduction effected by electro- 
capillary, or rather chemico-capillary actions, cites imstances of 
the formation of insoluble compounds by the effect of these 
same actions. In conclusion, he observes that there is now a 
whole series of facts to be added to those he has observed, 
such as the phenomena due to the properties of spongy platinum 
and of porous bodies, to the effects of diaphragms, and those of 
dyeing, all of which may be classed as an important part of 
chemistry under the name of capillary chemistry. 

In his second and third memoirs M. Becquerel endeavours, 
while increasing the number of facts, to analyze the physical 
and chemical causes which come into play in the phenomena of 
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metallic reductions which he has described. Before examining 
the explanations he has given and the experimental proofs on 
which he rests them, it will be convenient to dwell on some facts 
of detail which he developes in various parts of his investi- 
gation. 
Among these may first be noticed the effects produced by dif- 

ferent kinds of diaphragms, such as bruised quartz and glass in 
thin layers, fine sand, and hardened mortar, the interstices of 
which are capillary spaces. ‘To examine the effect of fine sand, 
he introduces a certain quantity into tubes closed with a piece of 
sackcloth bound by means of a wire on the outside, thus forming 
diaphragms of 4 to 5 centims. in height; he then places suc- 
cessively various metallic solutions in the tube, and the solution 
of monosulphide of sodium in the test-glass, taking care that the 
sand is fine enough and the height of the column sufficient to 
allow the liquids only to mix slowly. Most metals are thus re- 
duced from their solutions; it is thus with copper, silver, gold, 
eobalt, nickel, &e. A solution of equal parts of nitrate of cop- 
per and of silver first gives the silver in dendrites or in plates; 
then comes the copper, but after a considerable interval. With 
hardened mortar the reduction of platinum, cobalt, &c. is effected. 
M. Becquerel has also endeavoured to replace, in his old experi- 
ments on simple electrochemical apparatus, the kaolin which he 
used as a diaphragm by cracks in tubes. Thus in the couple 
which is called the oxygen one, he substituted for the tube filled 
with kaolin, which separated the solution of caustic potash from 
nitric acid, a slit tube closed by the lamp at one end, and he ob- 
tained the same effects. The same result was obtaimed in other 
analogous cases, in which he used simple electrochemical appa- 
ratus for obtaining simple and double sulphides and iodides. 

M. Becquerel thinks the reduction of metals in capillary spaces 
cannot be explained, as has been attempted, simply by reference 
to molecular attraction, but that it is due to the combined actions 
of affinity, molecular attraction, and electricity. 

In order to show the influence of electricity in the production 
of the phenomenon, M. Becquerel uses the apparatus consisting 
of acracked glass tube filled with a solution of nitrate of copper, 
which is immersed in a test-glass containing a solution of mono- 
sulphide of sodium; he then connects these two solutions by a 
platimum or copper wire, which by completing the circuit forms 
a simple electrochemical couple, which gives rise to a current 
which is indicated by the galvanometer. In a short time the 
solution of nitrate of copper is decomposed, and the end of the 
wire which is immersed im this solution is covered with metallic 
copper. Durimg these reactions the crack only acts by making 
contact between the two solutions; no trace of metallic copper 
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is observed in the interior of the crack on the imner surface of 
the tube ; but if the copper wire be removed, which suppresses any 
metallic contact, the fissure fills with small crystals of metallic 
copper, as well as the inside of the tube. In this case, according 
to M. Becquerel, the liquid lodged in the fissure acts as the cop- 
per wire which has been suppressed; and there are two currents, 
which add on to each other, for they are in the same direction— 
one due to the reaction of the liquids, the other arising from the 
oxidation of the reduced metal. When the fissure is filled with 
metal, it may happen that there is no direct contact between the 
two liquids, and the couple then ceases to act. The same results 
are obtained with other metallic solutions, such as nitrate of 
silver. It may be remarked that, capillary spaces of the same 
section being far more imperfect conductors of electricity than 
the metallic wires whose functions they perform, the electroche- 
mical effects should also be feebler. 

M. Becquerel assumes that liquids enclosed in capillary spaces 
play the part of solid conductors. This he finds supported by 
the circumstance that, from M. HE. Becquerel’s experiments, the 
conductivity of liquids in capillary tubes is greater than is due to 
the section of the liquid column. This important fact would tend 
to prove that the increase in density of the liquid layer retained 
on the surface of the glass by molecular attraction comes into 
play to form a voltaic circuit consisting solely of liquids. 

1 shall not dwell on the various improvements successively 
made by M. Becquerel in the construction of these apparatus, 
nor on the numerous experiments made to replace monosulphide 
of sodium by other solutions. Before concluding I will restrict 
myself to remarking upon a few points which appear to me more 
important. 

I will first call attention to a series of facts which would seem 
to prove the production of electric currents in the fissures of 
cracked glass vessels without the apparent intervention of che- 
mical actions. In all the phenomena previously described, the 
fissures of cracked vessels, though very narrow, nevertheless 
enable the two liquids which moisten the sides to react chemi- 
cally upon each other in the capillary spaces and to give rise to 
electrochemical effects. Now observe what takes place if the 
magnitude of the fissures be varied. If the size 1s relatively 
great, the solutions mix more or less rapidly, giving rise to the 
ordinary precipitates which result from a double decomposition. 
With a smaller size the electro-capillary phenomena of metallic 
reduction which we have described are obtained. At a lower 
degree there is an electrical current without any apparent che- 
mical action—a current which has the same direction as if the 
reaction took place. The cracks may finally be so narrow that 
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there is neither metallic reduction nor electrical current. In 
this case evidently the liquids no longer communicate. 

To obtain an electric current without apparent chemical action, 
fissures having the shape of a star are made in a small cup by 
touching it with a slightly moistened glass after having heated 
it. The cracked beaker is then filled up to the star with a solu- 
tion of nitrate of baryta, and is placed im another vessel contain- 
ing weak sulphuric acid. Two platinum plates, each immersed 
in one of the lquids, are connected by the wire of a galvanome- 
ter; and an electric current is obtained without any appearance 
of chemical action ; that is to say, there is no deposit of sulphate 
of baryta. Associating in the same manner a solution of chro- 
mate of potash with one of nitrate of lead, or a solution of ferro- 
cyanide of potassium with a solution of protosulphate of iron, 
no precipitate is obtained, which proves that there is no apparent 
chemical action, although an electric current is produced. On 
the other hand, working with solutions of nitrate of copper and 
of monosulphide of potassium and the same vessel which served 
for former experiments, a strong current is obtained, and some 
time after there is a deposit of metallic copper in the fissure. It is 
true that the electromotive force which takes place in the contact 
of these two latter solutions is far more considerable than that of 
the other solutions which had been submitted to experiment. 
M. Becquerel remarks that it is possible that with these latter so- 
lutions, the chemical reactions being extremely feeble, an electric 
current is produced, though the effects resulting from the chemical 
action which has produced it are not perceived for a long time. 

In this part of his researches M. Becquerel dwells on what he 
calls the polar properties of the sides of the fissures of cracked 
vessels, acting like electrodes when these fissures furnish the 
passage of a current. This 1s also an interesting point, on which 
I will delay for a moment, inasmuch as it seems to me con- 
nected with a more general law discovered by Faraday. ‘The 
following is M. Becquerel’s experiment. 
When we decompose a solution of nitrate or sulphate of cop- 

per partly contained in a cracked vessel and partly in a sound 
one in which the former is immersed, and if by means of a pla- 
tinum electrode placed in each of these vessels the current 
from a battery composed of several couples be passed, a decom- 
position is obtained in which the negative electrode becomes co- 
vered with metallic copper; the current, however, has but small 
intensity, owing to the thin layer of liquid found in the crack, 
which in this case plays no part. It is not the same if the 
cracked vessel contains a solution of caustic potash and the ne- 
gative electrode while the other vessel contains the metallic so- 
lution and the positive electrode. In this case water alone is 
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decomposed, and not the metallic solution, so long at least as 
the two solutions are not mixed. 

If, now, two cracked vessels be taken containing acidulated 
water and immersed in a solution of nitrate of copper, the sides 
of the fissures act in that case like intermediate conductors ; the 
outside of the positive vessel becomes covered with metallic 
copper, while the acid is given off on the negative electrode. 
The part of the narrow fissures is here that of preventing the 
mixture of solutions; they act then like intermediate conduc- 
tors; the two plates of platinum are in conducting non-metallic 
solutions, which do not mix with the metallic one, though they 
are in contact with it. 

The phenomenon we have described is quite analogous to an 
experiment of Faraday, mm which that illustrious physicist passes 
an electrical current through a concentrated solution of sulphate 
of magnesia in contact with a certain quantity of pure water 
placed above, and arranged so that the two liquids cannot mix. 
Putting the positive electrode in the sulphate of magnesia and 
the negative one in water, the magnesia, instead of being depo- 
sited on the surface of the negative platimum electrode, stops in 
the water at the boundary of it and the sulphate. This fact, 
which is easily explained on Grothiiss’s theory, is owing to the 
fact that the molecule reaching the water no longer finds a mo- 
leeule of acid with which it can combine, which would not be 
the case if the water and the sulphate could have become mixed 
even in small proportion. It is probably a phenomenon of the 
same kind which occurs in Becquerel’s experiment, and that the 
fact he has observed is due to the circumstance that, the solution 
of nitrate of copper only being connected with the two acid so- 
lutions by the intervention of the capillary fissures, there can 
be no mixture between them. But when there is no mixture 
in more or less considerable proportion between two adjacent 
solutions, there can be no ordinary electrolysis. 

In his fourth memoir, M. Becquerel describes a very ingenious 
method of M. E. Becquerel of measuring capillary spaces, and 
especially the magnitude of fissures, and even the dimensions of 
the pores of vegetable or animal membranes. The method in 
question consists in comparing the conducting-power of a liquid 
enclosed in the capillary space to be measured with the conduct- 
ing-power of the same liquid placed in a capillary tube, the dia- 
meter and length of which are exactly known. This method is 
extremely delicate, and by its means intervals of a few thou- 
sandths of a millimetre may be measured; yet it requires in its 
application some precautions and certain preliminary deter- 
minations, 

Measurements made by this method have shown that when 
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the interval between the plates is only a few hundredths of a 
millimetre, most of the metals are reduced; while when it is 
only a few thousandths of a millimetre, silver and gold are easily 
reduced, but the others only slowly and with difficulty. 

Using as a capillary space the interval between two plane 
glass plates kept pressed against each other by a ligature, so that 
there is only a very small capillary interval, the effects obtained 
are much more regular than with slit tubes, which have not 
everywhere the same width. ‘The liquid, which is a solution of 
a metal, is introduced between the plates by means of a small 
reservoir at the top, and the supply is so arranged that the 
exit of the liquid by the edges is inappreciable, which is easily 
effected. The system of two plates between which is the liquid 
is then immersed in an outer vessel containing the other solu- 
tion, that of the monosulphide for instance. 

It sometimes happens that the metallic deposits formed be- 
tween glass plates merely separated by an interval of a few hun- 
dredths of a millimetre, between which is a band of filtering- 
paper, and kept firmly bound, exert such an expansive force that 
even when the bands are not broken one of the platesis. From 
this it is readily seen how rocks through which various solutions 
infiltrate, and in which are produced capillary effects resembling 
those we have described, may crack or even burst. 
We shall not follow M. Becquerel in the applications which 

he makes of his new researches to explain various natural phe- 
nomena, either in inorganic or in organic nature. It is, in fact, 
readily understood that, as soon as we are concerned with cases 
im which capillarity plays an important part, this application is 
a natural consequence. In inorganic nature the infiltrations 
which take place in the slits of rocks ought to produce effects 
resembling those of which we have spoken, and, especially under 
favourable circumstances, produce a reduction of metals. In 
organic nature it is easy to understand the important part which 
the porous tissues and narrow vessels of vegetables and animals 
necessarily play. M. Becquerel has endeavoured to establish 
relations between endosmose, exosmose, and dialysis and elec- 
tro-capillarity, of which, in his opinion, the former phenomena 
are only particular cases. 

In conclusion M. De la Rive sums up the results of these re- 
searches as follows :— 

The fundamental point is the influence exerted on the pheno- 
mena which occur in the contact of the two hquids by the fact 
that this contact takes place through a very narrow space, in other 
words, a capillary one. Is this influence merely negative ? that is, 
does it simply arise from the fact that the two liquids being sepa- 
rated by a narrow space cannot mix, being all the while in contact? 
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We think that this is sometimes the case, as, for example, in the 
electrolysis of two liquids piaced end to end in the path of the 
current, so as only to communicate by the intervention of capil- 
lary spaces, and therefore without being able to mix. But, fur- 
ther, the phenomena of exosmose, of endosmose, and dialysis 
show that there may be a positive influence arising either from 
the fact that the liquids are only in contact by very small sur- 
faces, or from the nature of the solid which serves as envelope 
for the capillary spaces. 

The phenomena which M. Becquerel has observed seem also 
to indicate that the relative nature of the solution and of the 
porous solid is not without influence, and in general he attri- 
butes the effects he has perceived to the production of electricity. 
According to him, when the two solutions are not united by a 
solid conductor, a case in which obviously a couple is formed, 
the small layer or the liquid column contained in the capillary 
space acts as this solid conductor ; or at all events the sides of 
the insulating material (generally glass) of the capillary space 
perform the function when they are moistened by a liquid which 
is itself a conductor. In this manner we should explain the 
reduction against the sides of those metals whose solutions are 
in contact with them. M. Becquerel, among other proofs im 
support of this explanation, mentions that, according to M. EH. 
Becquerel’s researches, the liquid columns contained in capillary 
spaces conduct better than corresponds to the law of diameters. 

We must confess to some hesitation in admitting the prece- 
ding explanation. We shall first ask whether, in the case in 
question (that is, when there is a chemical action between two 
solutions separated from each other, either by diaphragms or by 
capillary spaces which enable them to be in contact without 
mixing), electricity does really come into play. That electricity 
really does intervene when the two solutions thus arranged are 
connected by an external metallic conductor cannot be doubted ; 
for then a couple is formed, and the ends of the conductor are 
true electrodes, which receive the deposits arising from the elec- 
trolytic decomposition. But when the two solutions are merely 
in contact without mixing, being separated by a porous dia- 
phragm or by a capillary space, electromotive force is un- 
doubtedly developed in the two liquid surfaces in contact, a de- 
velopment followed by a chemical action, and by the production 
of an electrical current ; but the current is in this case molecular 
or local, and can only be perceived when the two liquids are 
united by a solid conductor; it would seem to us to be rather 
the result than the cause of the chemical action which takes place. 
Instead, then, of assuming that the liquid enclosed in the capil- 
lary space acts as a solid conductor, it would seem more natural 
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to suppose that the effect observed is only the result of the che- 
mical action, more or less modified by the fact that the space is 
capillary—and in particular that the action can only take place 
on a small number of molecules at a time and successively, in- 
stead of acting on the whole of the two solutions at the same time. 
This is evidently an important point to investigate. It is very 
probable that the chemical action is modified by the so-called 
molecular attraction to which capillarity is attributed. It is also 
possible that this so-called molecular attraction is only one form 
of affinity—or rather that the two forces are only one, so that in 
the capillary spaces the liquid is not in the same conditions, 
physical or chemical, which it presents when itisin mass; thus 
the action of another liquid on the capillary layer would be quite 
different from that which it exerts in its ordinary state. It would 
be an action of the same kind as those of contact, the so-called 
capillary ones. 

The greater the advance in the study of chemistry the more 
insufficient do we find the explanations of chemical phenomena 
that are merely based on the exercise of the force called affinity 
as hitherto understood. As I have already said, a host of cir- 
cumstances demonstrate this inadequacy. One of the most re- 
markable of the phenomena is the modification which the pre- 
sence in a liquid or a gas of an apparently imert solid brings 
about in the chemical relations of this gas with others. And, 
in fact, the limiting surface ofa liquid or a gas should have dif- 
ferent properties from the rest of the layer. Now the charac- 
teristic of liquids placed in capillary spaces is that of being 
exclusively formed of limiting surfaces; and therefore it is not 
very surprising to find that in these conditions their proper- 
ties become quite different from what they are in their natural 
state. Considering Clausius’s theoretical ideas on the constitu- 
tion of liquids and gases, those of Deville on dissociation, of 
Graham on dialysis, and those of Bunsen on the combination of 
ceftain gases, without taking into account the older ones of Ber- 
zelius on catalysis, of Dutrochet and so many more on endosmose 
and exosmose, we come to the conclusion that we have an entirely 
new force of chemistry to deal with. It seems therfore premature 
to endeavour to give a rational explanation of the phenomena re- 
cently discovered by M. Becquerel by ascribing them to an elec- 
tro-capillary effect. They are probably only one of the numerous 
forms of chemico-melecular actions in which the physical con- 
stitution of the body plays as important a part as its chemical 
constitution. And even if we rejected all M. Becquerel’s theore- 
tical ideas on this subject, this illustrious physicist would none 
the less have rendered a great service to science by directing the 
attention of men of scieiice to these phenomena. 
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LIV. On the Relation of Mechanical Strain of Iron to Magneto- 
Electric Induction. By G. Gores, Esq., F.R.S.* 

OR making experiments on this subject I have constructed 
the following apparatus :—A A’! is a strong base or plank 

of oak about 120 centims. long, 18 centims. wide, and 7:5 cen- 
tims. thick (the thinner part of which, marked A, may with ad- 
vantage be left of the same thickness as that of A’). B is an iron 
lever about 72 centims. long, and 1:5 centim. thick at its lower 
end, capable of moving in a vertical plane upon a strong hori- 
zontal rod or axis of steel C, about 2 centims. diameter, driven 
tightly ito a hole in the wooden base; the lever has a piece of 
iron D (shown in section in fig. 2) welded upon its upper sur- 

Rigs 2. 

face, with a hole 6 millims. in diameter drilled through it for the 
reception of one end of the iron wire. E isa slot cut in the 
wood for the reception of the lever. The wire to be strained 
cannot be shown in fig. 1, because it liesin a narrow groove FF, 
about 8 millims. wide and 3 centims. deep, cut in the base-board, 
the wire being at a distance of about 1:5 centim. below the sur- 
face of the board ; its position is shown by the horizontal dotted 
line in fig. 2. G is a coil of insulated copper wire; it is about 
18 centims. long and 4°3 centims. in diameter, with a hollow axis 
of glass tubing of about 8 millims. internal diameter ; it contains 
about 3295 turns of wire 0°54 millim. thick (=No. 26 Bir- 
mingham brass wire-gauge), the two ends of the wire being 
attached to the binding-screws H, H. The coil hes tightly fixed 
by wedges of wood in a rectangular space in the wood, with its 
axis coincident with that of the iron wire. The iron wire is kept 
in the same horizontal plane by passing over two brass rollers 
(without axles) I, I, shown in section im fig. 2; these rollers 
are about 2°5 centims. long and 1:5 centim. in diameter, and lie 
upon the bottom of the hollow rectangular spaces in the wood 
shown at J, J. K, K are two moveable rectangular pieces of 
oak which slide vertically and tightly in narrow grooves formed 

* Communicated by the Author. 
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in the sides of the rectangular space in the base-board; they 
have fixed to them two small vertical plates or armatures of soft 
iron, the lower edge of each of which has a small notch filed in 
it which fits and presses upon the iron wire; and when the appa- 
ratus is going to be used, a permanent bar-magnet L is placed 
with its poles resting upon the upper ends of these armatures. 
The iron wire employed is usually about 4 millims. in diameter, 
and the apparatus is sufficiently powerful tu readily elongate iron 
wire of that size. Misa rectangular or T-piece of wrought iron 
of the form and dimensions indicated by the figures ; it is move- 
able, and may be readily taken off the end of the base-board by 
removing the screws N (of which there is one on each side). The 
ends of the wires require to be held very securely during the 
strain; this is perfectly effected by having nm D and in M two 
steel screws each 6 millims. diameter. The level of the top sur- 
face of the small brass rollers is slightly above that of the ends 
of the iron wire. 
By means of this apparatus I have repeatedly verified the fact 

that a magnetized soft iron wire, during the act of being stretched 
(either with temporary or permanent elongation), zncreases in mag- 
netism, and produces a current of electricity in the coil of wire 
G in acontrary direction to that of the hands of a watch, 2. e.in 

the direction of 6 , when we are looking at its south pole, cor- 

responding to that of the north pole of the magnet above it. 
With a galvanometer of moderate sensitiveness, the amount of 
deflection of the needles was generally about 14 degrees on one 
side by a single stretch of the wire, or 17 degrees on each side by 
repeated synchronous stretches. No deflections were obtained 
by stretching thick wires of zinc or copper. The apparatus was 
placed in a direction of east and west during the experiments. 

The results obtained with iron agree with the fact discovered 
by Mr. Joule, that straining an iron wire lowers its temperature, 
and also with the well-known fact that lowering the temperature 
of a piece of iron increases its magnetic capacity. 

LY. On the Bearing of Recent Observations upon Solar Physics. 
By G. Jounstone Stoney, M.A., F.R.S., &c.* 

97. Gi iaes main difficulty in dealing with solar and stellar 
physics arises out of the scantiness and fragmentary 

character of our data. This makes the inquiry a very treacherous 
one—so much so, that some of the most eminent men have gone 

* Communicated by the Author. 
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astray in attempting it, and no one that has ventured upon the 
enterprise can deem himself secure. For, on the one hand, that 
which at any stage of information appears the most obvious ac- 
count of a phenomenon is often not the true one; and the meagre 
knowledge we have of solar phenomena seldom suggests much 
beyond the obvious account of them; and, on the other hand, 
if we are led astray on any point, we have little to set us 
right, as we cannot select our test; and all we can do is to lay 
down correct principles of interpretation, to bring to bear from 
every quarter such shreds of knowledge or information as can be 
laid under contribution, and to review all, from time to time, in 
the most cautious and painstaking manner. 

We may therefore well hail with satisfaction the additional 
news of the sun which the late eclipse has brought us. These 
fresh items of intelligence are chiefly two :—that the light of the 
corona, so far as it was examined (that is, in its upper regions), is 
much of it polarized in planes passing through the centre of the 
sun; and that the spectrum of the prominences which were ex- 
amined contained bright lines. It is with these particulars that 
I wish at present to endeavour to deal. 

98. The protuberance upon which all the observers*, except 
Captain Haig, appear to have bent their chief attention was an 
unusually brilliant and lofty one on the eastern limb of the sun, 
nearly opposite to a solar spot}. It emitted five bright lines, 
and apparently four fainter ones not seen by most of the obser- 
vers. Major Tennant satisfied himself that the hydrogen line C 
was one of the bright lines, the sodium line D another, and 
the magnesium line J a thirdt. He had not time to measure 
more; but his estimate of the positions of the two other lines 
which he saw suggests their being the two other principal hy- 
drogen lines, viz. F and the hydrogen hne close to G. Lieutenant 
Herschel’s measures identify one lme with D, and place another 
near F§. Mr. Lockyer, examining another prominence since 
the eclipse, has satisfied himself that he saw as bright lines C, 
F, and a line near D||.. M. Rayet, who records nine lines, sup- 
posed the brightest lines to be B, D, H, F, and G, “judging 

* There is some uncertainty whether this was the prominence examined 
by Major Tennant, since he speaks of the prominence he examined as being 
on the preceding, @. e. the west, side of the sun. But his description of its 
aspect does not seem to accord with the appearance of any other than the 
great flame seen on the eastern limb, and he refers to its being conspicuous 
immediately before the sun reappeared as evidence of its great height, 
which also seems to imply that it was on the eastern side. 

+ Proceedings of the Royal Society, vol. xvi. p. 79. 
* Monthly Notices of the Astronomical Society, vol. xxviu. p. 240. 
§ See ‘The Engineer’ of November 6, 1868, p. 346. 
|| Proceedings of the Royal Society, vol. xvu. p. 91. 
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from their arrangement in the field of view, the intervals between 
them, their colour, and general aspect””*. To bring this into 
harmony with the preceding determinations in which measures 
were made, we must suppose that M. Rayet’s B and E were in 
reality C and 6. It is to be observed that the intervals between 
B and C, and between E and 4, are the two smallest of the in- 
tervals between lines lettered by Fraunhofer, and therefore that 
these rays are the most liable to be confounded in such eye-esti- 
mates as M. Rayet made. The details of M. Janssen’s obser- 
vations have not reached Europe; but he describes hydrogen as 
detected in the principal protuberance; and therefore his report 
also inclines in favour of C. On the whole, then, we may with 
most safety conclude that the lines seen were probably C, D, 8, 
F, the hydrogen line near G, and four other very faint lines. 
Those which seem to be identified are the principal lines of hy- 
drogen, sodium, and magnesium—the three gases in the solar 
atmosphere which, as I have elsewhere shown, project far beyond 
all other known constituents. 

99. The most probable account to be given of this great pro- 
minence would appear to be that which I ventured to advance in 
a paper which was presented a year and a half ago to the Royal 
Society (see Proceedings of the Royal Society, vol. xvu.). [Hor 
convenience of reference the paragraphs of this paper are num- 
bered in succession after those of the paper in the Mroceedings of 
the Royal Society.] There is a low-lying shell of attenuated clouds 
outside the photosphere, at a distance from it of somewhat more 
than one semidiameter of the earth. Now, in the memoir already 
referred to, I have shown (§ 68) that if a disturbance in the 
lower parts of the outer atmosphere heave a part of this shell of 
cloud above its natural level into a cooler region, it will, from 
its continuing to be exposed to the unmitigated glare of the 
photosphere, import an enormous amount of heat into its new 
neighbourhood, which will have the effect of so heating the air 
through which the mist is dispersed, that the entire mass of 
cloudy particles and interposed gases will commence a violent 
ascent, and thus both produce a cyclone over the photosphere 
which may result in a spot, and give rise above to such great 
columnar flames as the one which has been found to give out 
these biight lines. When writing my paper I did not overlook 
the circumstance that the intermingled gases would emit bright 
lines ; but I was under the impression that all such lines would 
be extinguished by the absorption of the surrounding colder parts 
of the atmosphere through which they should make their way 

* Comptes Rendus, October 12, 1868, p. 758. 
U . . . . 

T See memoir on the “ Physical Constitution of the Sun and Stars,’ 
passim, Proceedings of the Royal Society, vol. xvi. 

Phil. Mag. 8. 4. Vol. 36. No. 245. Dec. 1868. 2G 
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before we could be spectators of them. It now appears that 
some, at least, of them escape—or, to speak more accurately, the 
marginal parts of some of them; for it will probably be found, 
if they can be submitted to examination with a sufficiently fine 
slit, that there is a central stripe of each blotted out by absorp- 
tion, and appearing as a narrow dark line in the middle of each 
bright line. We must also bear in mind that there may be other 
lines emitted so narrow that they cannot cross the surrounding 
atmosphere. 

100. Which lines then reached the earth? Plamly those 
which, as they were emitted by the incandescent gas, were 
broader than the corresponding dark lines of the solar spectrum, 
or at least than that part of the width of the latter which is due 
to the absorption of those strata of the sun’s atmosphere through 
which we have to look in viewing the prominence. And as even 
lines of the same gas differ from one another in this tendency to 
spread out when heated, we see at once how one hydrogen line, 
C, could seem to Mr. Locky er to extend further downwards in 
the solar atmosphere than another, I'*, The lower part of F was 
no doubt effaced by the greater absorption of a hotter part of 
the atmosphere telling with more effect upon F than upon C, 
We must remember, too, that the ascending column may carry 
with it gases from lower regions of the solar atmosphere to 
heights not usually reached by them. Any rays which they 
would then emit while in the gaseous condition would be un- 
obstructed in passing out through the surrounding atmosphere ; 
and such may be some of the faint lines seen by M. Rayet. 
However, such constituents would probably, for the most part, 
soon cease to be gaseous, and augment the cloud by being chilled 
into a mist, or by hanging on the limits between their precipi- 
tated and gaseous conditions in the way explained in § 71. In 
any of these ways their spectral lines may be either enfeebled or 
suppressed. 

101. Solar clouds may be of various kinds (see $$ 69 and 
71). But the light from a sufficiently attenuated mist of parti- 
cles giving a continuous spectrum would have the property of 
being so weakened in the spectroscope by being spread over the 
whole length of the spectrum, that it might he ‘easily overlooked 
in such hurried observations as were made last August}. It ap- 
pears probable, therefore, that the protuberance which was most 

* Comptes Rendus, October 26, 1868, p. 838 
t+ Thus ifa salt of sodium be burned im a candle-flame, though the so- 

dium adds but little to the aggregate light of the flame, yet in a spectro- 
scope with a sufficiently narrow slit the flame will give a background of 
almost insensible faintness upon which the two sodium lines are brilliantly 
projected. 
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examined consisted of such a mist giving a diffuse and incon- 
spicuous spectrum, and of the intensely heated air entangled in 
it giving rise to a spectrum of bright lines, nine at least of which 
partially escaped absorption and reached the earth. 

102. The particles of cloud in this case act as the principal 
earriers of heat, receiving it by radiation from the photosphere, 
and communicating it by contact to the interspersed air; but 
they are not without aid in discharging this office. In fact 
wherever a bright spectral line is broader than the corresponding 
absorption line of the ordinary solar spectrum, we may be sure 
that the gas emitting it is exposed to direct radiations from the 
photosphere of those wave-lengths which correspond to the pro- 
jecting portions. 

103. Hitherto we have considered only the immense columnar 
flame to the east of the sun, with a great spot close to its base* 
which was probably caused by it (§ 72). But other spectroscopic 
observations of much interest were made. Captain Haig+ saw 
a red line and a yellow line (probably C and D) in the spectra 
of two broad protuberances on the western limb. Fortunately 
the slit of his spectroscope was parallel to the sun’sedge, the objects 
under examination happened to be opposite the point where the 
sun reappeared, and Captain Haig looked also at hght coming 
from a situation close to the disk. Just before the sun’s emer- 
gence he saw “a brilliant wide spectrum,” in which the lines of 
the prominences were lost and two other bright lines presented 
themselves. This appears to be the only spectroscopic observa- 
tion recorded of light taken from a stratum low enough in the 
sun’s atmosphere to give a hope of seeing bright lines in the 
corona. But from other observations it appears likely that a 
rich harvest remains for other observers in this direction. MM. 
Stephan and Tisserand{ saw an arch of light bordering the 
moon immediately after the beginning of totality, so bright that 
the moment when the total eclipse began could not be decided. 
Governor Hennessy§ saw the lower shell of clouds before the 
close of the total phase as an arch running round one-fourth of 
the circle: about twelve seconds after this he saw “arough edge 
of brilliant white light,” probably glancing through valleys on 
the moon, and in another second the sun had burst forth. 

104, From these observations it appears certam that the 
brilhant wide spectrum which superseded the two narrow spectra 
of protuberances in Captain Haig’s observations was the spec- 
trum of the “shell of clouds” (§ 66) and the region between it 

* Proceedings of the Royal Society, vol. xvii. p. 79. See also p. 82. 
+ Ibid. p. 74. 
t See ‘The Engineer’ of November 13, 1868, p. 371. 
§ Proceedings of the Royal Society, vol. xvu. p. 86. 
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and the photosphere. There can be little doubt now that this 
shell of clouds, which i erroneously supposed lay almost in con- 
tact with the hot stratum over the photosphere, is in reality no 
other than the long-sought boundary of the atmospheres of iron 
and of the other gases near it in vapour-density, and that the 
spectrum seen by Captain Haig will, when examined through a 
sufficiently fine slit, prove to be that spectrum of bright lines 
coincident with the fainter of the dark lines of ordinary sunlight, 
to which I last year took the liberty of asking the attention of 
the observers*. It is a matter equally of interest and import- 
ance to ascertain whether this bright spectrum may not be ob- 
served in the absence of an eclipse, in the way in which the 
spectra of protuberances have been made out by Messrs. Lockyer 
and Janssen +}. 

105. The whole of the light, however, which is seen with the 
telescope in this bright region cannot emanate from these spec- 
tral lines, although most of what is seen with the spectroscope 
probably does. For light from this class of spectral lines would 
maintain its brightness up to the edge of the solar disk, whereas 
the observations of 1860 point to the existence also of a shell of 
luminous matter (see latter part of § 66). Now, when we bear 
in mind what is said in § 64, I think we may presume that 
iron and several of the metals grouped about it in vapour-density 
(viz. the least volatile ix an atmosphere of hydrogen of the metals 
calcium, chromium, manganese, nickel, cobalt, copper, zinc, and 
no doubt also barium, $§ 49 & 82) behave in the way indicated 
in that paragraph :—that their natural level in the sun’s atmo- 
sphere is higher than the level they actually attain; that they 
are constantly making their way upwards, and as constantly pre- 
cipitated by the increasing cold in a mist of liquid or solid _par- 
ticles which constitutes a shell of cloud conspicuous through the 
telescope and in photographs, but which will present with the 
spectroscope the appearance of a faint groundwork upon which 
bright lines from the subjacent gases will be seenj projected. 
The hot space within is filled with a mixture of all the consti- 
tuents{ of the sun’s atmosphere; but throughout the enormous 

* See a note published in the Monthly Notices of the Astronomical 
Society for December 13, 1867, and in Phil. Mag. S. 4. vol. xxxiv. p. 502. 

t+ Proceedings of the Royal Society, vol. xvii. p. 91; and Comptes 
Rendus of October 26, 1868, pp. 836 & 838. 
+ The narrowness of the sodium and hydrogen lines in the solar spectrum 

(see footnote to § 39) would almost tempt one to conjecture that the stra- 
tum of cloud is the lower limit of the free hydrogen and sodium, if such a 
thing be possible, as well as the upper limit of the iron group of metals, 
and that the hydrogen and sodium, according as they diffuse downwards, 
either enter into some kind of union with metals or in some other way 
become so modified that they do not emit their usual spectra. Silver at a 
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range of cool atmosphere which extends outwards, in which the 
protuberances manifest themselves, and which are visible by bor- 
rowed light, three only of the known constituents of the sun 
(hydrogen, sodium, and magnesium) appear to be able to main- 
tain a permanent footing in sensible quantities, although traces 
of the more yolatile of the others* must no doubt also spread to 
nearly their full natural height, which is perhaps not far outside 
the gauze-like envelope of cloud. 

106. If, now, a tempest sweeping through the sun’s atmosphere 
hurry a portion of the vapours bounded by the shell of clouds 
into a much higher and cooler situation, they will there act the 
part described in § 68, and the cyclone beneath and the flaming 
column above will come into existence. 

107. The discovery of bright lines in the spectra of solar 
flames is valuable, too, from its suggesting to us a possible, and, 
indeed, what is now the probable, cause of the four bright hy- 
drogen lines in y Cassiopeiz, and the several other stars of which 
it isatype. If there be in these stars a shell of attenuated 

high temperature absorbs oxygen, which is disengaged again as the tempe- 
rature falls. Can it be that the hydrogen and sodium which are constantly 
streaming downwards unite in some such way with other metallic vapours, 
and that the compounds as they diffuse upwards are decomposed in equal 
quantitities—the other metals to be precipitated as a mist of solid or liquid 
particles, the hydrogen and sodium to be set free as gases ? 

This hypothetical account of the limited breadth of the sodium and hy- 
drogen lines is perhaps tuo much of a guess to have much prospect of being 
true; but I mention it here chiefly because it appears in some degree sus- 
ceptible of verification. or if the atmospheres of hydrogen and sodium 
come thus to an abrupt end in a situation at which the temperature sud- 
denly increases, we should expect to find them emit visible bright lines 
where they are heated by contact with the metallic atmospheres, though 
possibly much fainter lmes than those of protuberances. Captain Haig’s 
observation, that the lines of the prominences were lost when the spectrum 
widened out, is, so far as it goes, an answer in the negative; so are also the 
observations of spots in which no bright lines have yet been seen; Lut these 
answers do not seem decisive, and it would perhaps be worth endeavouring 
to ascertain at the eclipse of next year whether faint limes may not be seen 
in a slit of light from the shell of clouds kept separate from the light of 
regions further down. 

* Such as copper and zine. Dr. Miller in his ‘Chemistry’ records a 
curious instance of the volatility of copper at low temperatures. A beam 
which for many years was suspended over a furnace in a copper-smelting 
house in Norway contained minute beads of metallic copper studded through 
its texture: the copper must have been raised in vapour and so deposited 
within its fibres. Gold has been found similarly studding the beams of 
refineries. (Miller’s ‘ Chemistry,’ third edition, § 523). May we not fur- 
ther presume that those metals which, when rubbed, emit a smell are im 
some slight degree volatile in cold hydrogen? Rubbing the metal seems to 
remove a film of oxide and allow the moisture of the air to oxidize the fresh 
surface. The hydrogen which is then set free is probably what carries the 
taint of metal with it. 
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cloud permanently established at a sufficient height in their at- 
mospheres, the cloud must act as a carrier of heat and raise the 
layer of hydrogen in which it floats to incandescence, while the 
adjoining strata on both sides remain cool. The cloud might be 
of any of the kinds enumerated in $§ 69 & 71 of my paper “On 
the Constitution of the Sun.’ And if the stellar atmosphere 
extend far outside the stratum of cloud, we may expect to find a 
dark absorption-band in the middle of each of the four bright 
hydrogen lines of these stars. 

Appendix. 

I would wish to take this opportunity of asking the reader to 
correct two errors in my previous papers. In a paper “On the 
Internal Motions of Gases compared with the Motions of Waves 
of Light,” Phil. Mag. for August 1868, in the last line of § 2, 
for 16? or upwards of 250 times read V16 times. And in the 
paper “On the Physical Constitution of the Sun and Stars” 
cancel the footnote to § 28 (Proceedings of the Royal Society, 
vol. xvi. pp. 20 & 21). i 

From a review of the additional iron lines seen by Angstrom 
with a continuous electric current, his account of which* I have 
succeeded in procuring within the last month, it is manifest that 
the cause of their not being seen in the spark from Ruhmkorfl’s 
machine is in most cases not what I conjectured in the footnote, 
but a purely physiological phenomenon. ‘I'he spark is so evan- 
escent (lasting only one three-thousandth, or thereabouts, of the 
time required to make the maximum impression on the retina) 
that no lines which are not of the exalted intensity that will com- 
pensate for this can be seen. It is evident, therefore, that a 
vastly feebler continuous current may reveal multitudes of lines 
not visible to our eyes in the spark. 

LVI. On the Action of Sodium on Valerianie Ether. By J. 
ALFRED WANKLYN, Professor of Chemistry in the London In- 
stitution +. 

NHE ethers of the fatty acids were among the very first or- 
ganic compounds to be submitted to the action of potas- 

sium and sodium. Léwig and Weidmann’s paper describing 
researches on the action of the alkali-metals on these ethers was 
published in the year 1840. The results arrived at, although 

* On the Fraunhofer Lines, together with a diagrain of the violet part 
e) =, 

of the Spectrum, by A. J. Angstrém and R. Thalen. Published by W. 
Schultz of Upsala. 
+ Communicated by the Author. 
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for the most part correct as far as they went, were little appre- 
ciated at the time; and the subject was neglected until a few 
years ago, when it was taken up by Geuther, Greiner, Brandes, 
Frankland, Duppa, and myself. 

One result has come out with the greatest clearness, and 
about it there has been absolute accord among ali of us from 
the very first, viz. there is no elimination of the alcohol-radical. 
Neither acetate nor formiate nor valerianate of ethyl yields ethyl 
by the action of sodium uponit. Chloride, bromide, and icdide 
of ethyl, on the other hand, yield the radical ethyl (or hydride 
of ethyl and olefiant gas, which together represent ethyl) by 
treatment with potassium and sodium. In view of this funda- 
mental difference between these two classes of ethers, and bear- 
ing in mind that in mineral chemistry no such distinction be- 
tween the behaviour of the different classes of calts of a metal is 
to be found, I proposed in 1864 to regard the ethers of the 
fatty acids as salts in which not the alcohol- forming, but the 
acid-forming radical played the part of the metal. ‘Acetate of 
ethyl I proposed to regard as ethylate of acetyl. This view, 
which has as yet not found much favour with chemists, is, as 
was shown in my former paper, in accordance with most of the 
known chemical history; of these ethers (as, for instance, with 
the direction taken by the action of ammonia on them), and is 
in itself rational. A priori, we should be inclined to pronounce 
it more comprehensible that C? H® O, an already oxidized, sub- 
stance, should cling with less pertinacity to oxygen than C* H® 
should do. In other words, we should expect acetic ether to 
split up during reaction into acetyl and peroxide of ethyl rather 
than into peroxide of acetyl and ethyl. 

The researches of the chemists ues mentioned, although agree- 
ing with mine as to non-evolution of ethyl, differ from mine in 
many fundamental particulars. Their various papers, which 
are scattered through the chemical journals of the last five years, 
show that the action of the alkali-metals was regarded as being 
ot a most complex order. Referring to Frankland and Duppa’s 
memoir 1m the Philosophical Transactions, it will be seen that 
they regard acetic ether as Bly merizing itself in presence of 
sodium, and then being attacked by sodium, and giving off 
hydrogen and alcohol, one equivalent of hydrogen for every 
equivalent of sodium that takes part in the reaction. And 
at the same time that this is going on, Frankland and Duppa 
consider that another portion of acetic ether deports itseif 
quite otherwise, not polymerizing itself, but suffermg a direct 
replacement of more or less of its hydrogen by the alkali-metal. 

According to me, on the other hand, the reactions of sodium 
on these ethers are always simple, at any rate in the first stage :— 

wn oO 
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CH? O Geral 
16 13 }O-+Na = Se wrote C> H9 of) 
C5 1190 aj > H90 

C? ys FO+Na! Fe 6 We }O + Na 
3} Q 3 

3 Ces FO+Nat =8 p05 sho | eet 

These are the equations by which the action of sodium on 
ethers of the fatty acids has been explained by me. All of them 
represent change of the same kind, viz. displacement of the acid- 
forming radical by sodium. The difference between them re- 
lates to whether the acid-forming radical is simply isolated, or 
enters into combination with more or less sodium. 

The first of these equations was given in 1864**. The second 
was announced last year at the Meeting of the British Associa- 
tion in Dundee, and is to be found in ‘ The Laboratory,’ p. 409. 
The third was also given in a modified form in Dundee, but di- 
stinctly brought forward and insisted upon at the last Meeting 
of the British Association at Norwich. A report of the paper 
read at Norwich occurs in the §‘ Chemical News,’ 11 Sept. 1868, 
from which it may be learnt that one of nivel ee nlans to the theory 
of Geuther and Frankland and Duppa is, that the equivalent of 
free hydrogen which they describe as complementary to every 
equivalent of sodium used up is mythical. 

On the present occasion | have to describe particularly the 
research on yalerianic ether wherein sodium-valeryl was ob- 
tained. 

From the circumstance that so many chemists have worked 
at this subject with such discordant results, some idea may be 
formed of the difficulties of the investigation. It is essential to 
start with pure ethers. The aid derivable from quantitative de- 
terminations of the yield of product is required in order to make 
a correct interpretation of the reaction. In the instance of vale- 
rianic ether,and, indeed, in every case except that of formic, acetie, 
and propionic ether, there is 2 further source of perplexity and 
a in the circumstance that there are isomers of the 
fatty acids, and consequently of their ethers. 

Passing: on to the description of my experiments :— 
The valerianie ether was titrated, using alcoholic solution of 

potash, as has been described by me on another oceasion. 100 
parts of the ether neutralized 80°15 parts of potassium. The 
theory for pure valerianic ether requires 50°08. ‘The valerianic 
ether was neutral to test-paper ; and its purity may be looked 
upon as sufficiently guaranteed by this titration. 

* Journal of the Chemical Society, vol. i. p. 376. 
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In one experiment I employed— 

Valerianic ether . . . 30°4 rms. 
RGU. Rieu ae fs.) sou yy ORCS 
Pure common ether . . 70 cub. centims 

The sodium dissolved completely, without evolution of gas. 
To the product of the action water was afterwards added ; there 
was again no evolution of gas. Two layers of liquid resulted on 
adding water, viz. an oily layer, containing, of course, much ether, 
and an aqueous layer, which was powerfully alkaline. 

The aqueous layer was examined. ‘The amount of free alkali 
ascertained by the use of test-acid was equivalent to 5°13 grms. 
of sodium. Furthermore, by careful distillation of the aqueous 
layer, there was extracted from it 4°5 grms. of absolute alcohol. 

The oily layer, after being deprived of ether and dried, weighed 
19 grms. <A sojourn of forty hours zn vacuo over sulphuric acid 
brought about a loss of 0°9 grm. A combustion made of the 
oil yielded the following numbers—C = 66°31 per cent., H=11-7 
per cent.; from which it is perfectly clear that it was not the 
same product as had been obtained by me in 1864: by prolong- 
ing the action, and by the employment of a higher temperature 
during the reaction between the sodium and the ether. The 
numbers obtained from an oil prepared under different condi- 
tions in 1864 were C=71-48 per cent., and H = 11-67 per cent. 

A further quantity of the oil having been prepared, a fraction- 
ation was undertaken. At first the liquid began to distil at 
about 150° C., and distilled almost to dryness at about 200° C. ; 
but by repeated fractionation it was at length separated into 
two sharply defined fractions about equal in quantity. 

The low fraction boiled between 130° and 140°, and was 
shown by titration and “limited oxidation” to be valerianic 
ether. 

Titrated.—100 parts saturated 29°36 parts of potassium. 
The theory for pure valerianic ether demands that 100 parts 
shall saturate 30-08 parts of potassium. 

“Lumted oxidation.”’—Treated by the well-known method of 
Chapman, Thorp, and Smith, it yielded only acetic and valerianic 
acids in equivalent proportion. Percentage of barium in the 
mixed baryta-salt = 46:11. The theory for an equivalent mix- 
ture of acetate and valerianate of baryta is Ba=46°13 per cent. 

The upper fraction boiled at about 215° C.; only traces of 
liquid of still higher boiling-point were present, and these were 
removed. Combustions of it gave results in accordance with 
the formula C° H!°O, and the liquid is a polymer of hydride of 
valeryl (valeral). It will be remarked that it is isomeric with 
valerianate of amyl. It differs from that ether by having a 
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higher boiling-point, and by not being attackable by alcoholic 
solution of potash, which very readily attacks valerianate of amyl. 
(I have titrated valerianate of amyl on other occasions, and found 
no difficulty in effecting the decomposition by means of alcoholic 
potash.) 

The result, therefore, of the fractionation of the oily product 
was, that it consisted of about equal parts of unaltered valerianic 
ether and new product. aking advantage of the unalterability 
of the new product by alcoholic potash and the easy decompo- 
sition of valerianic ether by this reagent, I made a titration of 
the original oily product in order to ascertain the relative pro- 
portions of valerianic ether and new product. 100 parts of the 
oil saturated 14-8 parts of potassium. ‘The theory for pure va- 
lerianate of ethyl being 30°08, it follows that about half of the 
oil consisted of that ether—a result which confirms the conclu- 
sion drawn from the fractionation. 

Collecting the experimental results we have :— 
ARES Ea er ms. 

Valerianic ether employed = 30°4 
Sodium used up eat aM) 
Sodium found caustic . = 5:18 

The quantities required by theory in order to give one mele- 
cule of valerianic ether and oue equivalent of sodium are— 

erms. 
Waleriame evlier 0 .e  oUe 
Sodium weed UW ee a ora 
Sodium Caustic ye ee or 

The experiment therefore accords sufficiently with this theory. 
As many molecules of valerianic ether are employed as equiva- 
lents of sodium, and all the sodium is ultimately caustic. 

19 grms. of oil, which on prolonged exposure 7 vacuo became 
181 grms., were yielded by these materials. This oil consisted 
of 9 grms. of polyvaleral (nC° H?° Q), the rest being unchanged 
valerianic ether. Of course there must have been much loss of 
valerianic ether by the evaporation off of the 70 cubic centims. 
of common ether; so the unaltered valerianic ether experi- 
mentally found must have been considerably less than that actu- 
ally present. 

Furthermore, about half of the ethyl which was taken in the 
form of valerianic ether was afterwards found in the form of 
alcohol associated with the caustic soda. 

These experimental data prove the following equation to be a 
correct expression of the reaction between sodium and valerianic 
ether at a gentle heat, and in presence of much common ether. 
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Solid erie! ble 

CHO ean CHP OT. OHO, Hi? O 2 ase 

a oe ys fO= C2 us pO+ Na C2 whe: 
On the addition of water to the solid product we should have 

caustic soda, alcohol, polyvaleral, and valerianic ether, in the 
proportions which the above-described experiments have indi- 
cated. 

Polyvalemal .. .. 00> B20, 
The properties of this very interesting compound will be more 

fully described on a future occasion. It is an oily liquid of a 
very pale yellow colour (whether this colour is essential or not I 
cannot tell). Boiling-pomt about 215°C. It hasa very power- 
ful and very peculiar smell. “ Limited oxidation” appears to 
give only valerianic acid. Its spec. grav. in the liquid state is 
about 0-90 at ordinary temperatures. 

London Institution, 
November 1868. 

LVII. On Successive Involutes to Circles.—Second Note*. 
By J. J. SYLVESTERT. 

[ With a Plate. ] 

ae the appearance of the former Note on this subject, I 
have enjoyed the inestimable advantage of securing the 

cooperation of my all-accomplished and omni-capable friend Mr. 
Spotiiswoode, to whose kindness and skill my readers are indebted 
for the beautiful figures given in the annexed Plate, which I shall 
proceed briefly to describe, and which, as far as I can learn, offer 
the first examples of the actual visible representation of any de- 
rived involutes of the circle beyond those of the first order. I 
propose, for want of a better word, provisionally to give the name 
of Cyclodes (suggested by Professor Cayley) to these spirals. 
They may be considered a genus of a more general class of 
spirals which [ propose to name algebraical spirals, defined by 
the condition that the perpendicular on the tangent from a cer- 
tain fixed point (which may be termed its pole) is a rational 
algebraical function of the angle of contingence; so that a cy- 

* The thought foreshadowed in the concluding paragraph of the former 
note leads to the followi ing theorem. 

Let f, b, » be quantics in #, 8 ; F the unicursal function obtained by 
elimination of a, 8 between 

i—j, Y=; 2—VW; 
Az. F the discriminant of F regarded as a quantic inzgand1; J(¢, y) the 
Jacobian of @, Y; RK the result of eliminating }, y between 

y=, 2=¥, I(p, W)=05 
Q the product of all te homogeneous linear fameuiore of y, % which vanish 
at the double points of F; then I say (and the proof is ail but self-evident) 
Az. F=R.Q?. 
‘+ Communicated by the Author. 
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clode may be said to be an integral algebraical spiral, 7. e. one 
in which the perpendicular on the tangent becomes a rational 
integral function of the angle of contingence. 

I find in a certain question, presently to be alluded to, the 
theory of the class so indisputably bound up with that of the 
genus, as to persuade me of the importance of the theory of the 
former being gone into by some one who has leisure for the in- 
vestigation, and of the desirableness of an organic description 
being discovered or devised for the rational fractional case. The 
peculiar feature of the cyclode class is the absence of points of 
inflection, real or imaginary. The cusps of cyclodes are strictly 
analogous to the asymptotes in algebraical curves, like them 
entering and disappearing im pairs, creating partial interrup- 
tions of continuity, and thus separating the curve into distinct 
branches *. In the same way as the order of an algebraical 
curve is determined by the number of its intersections with 
any right line, so that of any such spiral may be characterized 
by half the number of its intersections with any circle having its 
centre at the pole. When the rational fraction which expresses 
the value of the perpendicular is of the degree m in the numerator 
and nin the denominator, the order will thus become the dominant 
of the two quantities m+n, 2n. 

Plate III. figs. 1, 2, 4, 5, exhibit examples of cyclodes of the 
first, second, and third orders, distinguished respectively, where 
required, by the number of accompanying dotted lmes+. Let 
us consider more closely those of the second order, which sepa- 
rate themselves into two classes, the cusped and uncusped. The 
cusped class are the analogues of the hyperbola, the uncusped 
class of the ellipse, and the very remarkable secondary cyclode 
whose tail (to use the late Dr. Whewell’s expression) is zero, and 
which may be termed the natural one of the order, is the analogue 
of the parabola, In the former Note I spoke of the point where 
it meets the cusp of the parent curve as an abortive loup or a co- 
incident pair of cusps; the words marked in italics are calculated 
to convey a false impression, and are to be considered cancelled. 
So, too, the passage (p.301) commencing with the words “at such 
points,’and ending with the words “ points of retrocession,” and 
containing the misprint “ will change its curve” for “ change its 
course,” is erroneous and ts also withdrawn. Instead of points 
of retrocession, I propose to call these “ points of radiation” or 
radiant-points ;” the intervention of the cusps prevents the 
happening of the supposed “ retrocession” at such points. This 
error illustrates the danger of, so to say, fighting in the dark, 2. e. 

* Parallelism for cyclodes bears some analogy to projection for algebraic 
curves, and operates in the way cf addition or dimimution upon the cusps 
as the latter process does upon the asymmptctes. 
+ In figs. 5 and 3, which refer to cyclodes of the second order exclu- 

sively, it has not been thought necessary to adjom the dotted lines, 
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reasoning from general mental impressions in the absence of all 
succestive visible representation of geometrical forms *. 
Tet us compare the cusped cyclodes of the second order in 

figs. 2, 4, where the ¢az/+ is negative, with the natural one in 
fig. 1, for which this tail is zero. It is interesting and instruc- 
tive to trace the passage from the one to the other by following 
the fortunes of the double tangents, which in the figures 2 and 
4 will be seen to connect the sort of Moorish arch that consti- 
tutes the middle finite branch with each of the adjoining infinite 
branches. 

How is either of such double tangents to be determined? At 
the two points where it meets the curve the angle of contingence 
is not the same, but has increased by 180° in passing from the one 
to the other. Accordingly p, the perpendicular, if represented 
by Fé when the double tangent is regarded as a tangent at 
one point, will be represented by — (6+) when that line is 
regarded as a tangent at the other point of contact, and the equa- 
tion for finding @ becomes F6+F(¢+7)=0. Thus we see 
incidentally that p must become zero, 7. e. that a point of radia- 
tion must necessarily exist somewhere between the two points of 
contact. Aud here I may remark incidentally that this throws 
light on the notable equation, applicable to any curves whatever, 

dens Gepy. 
dé =p + 

for = > by virtue of the remark made in a footnote to the former 

paper on this subject, is the perpendicular to a tangent to the 
second evolute at a poimt corresponding to that, in the curve 
itself, for which p is the perpendicular to the tangent; but at 
corresponding points in a curve and its second evolute, the tan- 
aha although parallel in direction, are opposite in flow. Hence 

2 
7 ae (and not p— oe is the distance between these two 

tangents; and it is obvious that such distance is identical with 
the radius of curvature corresponding to the perpendicular p ; so 
that, viewed in this light, the differential equation above written 
is reduced to a ¢rwism. Returning to our cyclode of the second 

* T believe I am correct in saying that in like manner a mistake made by 
Stemer in his description of a surface viewed oaly by himself “in the 
depths of his inner consciousness,”’ was first diseovered by Professor Kum- 
mer after the construction of an actual model. So impossible is it to prove 
demonstration, and to make oneself absolutely safe against the fallacy of ig- 
noring entities on the one hand, or unduly assuming their existence on the 
other. 

+ In general the état] is the distance of the cusp of the first involute 
from the corresponding points of the involutes successively engendered 
therefrom. 
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order, we may write its equation under the form 
a 

1 hae ita (p?—y), 

where a is the radius of the base-circles, is zero at the apse, i.e. 
the point which divides the curve into two equal and symmetrical 
branches. Hence to find the nearest double tangent* we have 

p—y+(p+7)?—y=0. 
Puttng ¢+ A =, this equation becomes 

2 
ere 

The tail of the secondary cyclode (say 7) is obviously the distance of 
the apse (in respect of the centre) from the node of the parent first 

cyclode; and its length is : (y—2), the distance of the apse from 

the centre being 57 As y increases towards 2, yw decreases ; 

that is, either double tangent tends more and more towards the 
horizontal; the Moorish arch therefore sinks, and the adjoining 

2 
: : c vis 

haunches rise until when =O, 7. e. y= >, the two double tan- 
rd 

gents are in direct opposition and merge into a triple tangent 
touching the arch at its centre. : 

As y continues to decrease by $ becoming negative, the 
central are sinks below the level of the adjomimg branches, and 
the double tangents slope more and more towards its extremities, 
until at length they pass through the cusps; when this takes 
place the tangent to the second cyclode becomes perpendicular 
to the parent cyclode, and consequently touches the originating 
circle so that p= —a, 

- a 

i.e. 5 (Py) =—4, 
2 2 ; 7 ue 

1. Cis (y 7) wp A. =. 8 

et 2 1 s 4 a (Tw ye 
- e. =~) = — Se ee eee ee 

rt et ae ee 9\2 
As ¥ goes on decreasing, the double tangents quit the Moorish 

arch altogether and connect the two infinite branches, which 
turn their protuberances towards each other more and more, 
until finally they touch and the double tangents coincide. 

2 ao). fy 7 
This happens when = — a7 ee: Yaat 

* For of course we may write in general 

($?—y)+((P+2i+1 7)?-y)=0, 
? being any integer, and @ will give the direction of a double tangent. 
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As the tail goes on still to decrease, the double tangents be- 
come imaginary, the infinite branches intersect and cut out a 
lune, one extremity of which, the two cusps of the eyclode under 
consideration, and the cusp of the parent cyclode, together form 
a quadrangle, which continua lly contracts its dimension until 
finally it vanishes with the tail and the central arc, and the four 
points merge into the remarkable round point indicated in fig. 1, 
corresponding to the parabolic or transition case between the 
cusped and uncusped species. ‘This paradoxical point is a mere 
creature of the reason, and can by no effort be made sensible to 
the understanding. Observe that, in this point, the curve dips 
its beak, so to say, into the cusp of the parent first involute, and 
yet touches the original circle. Professor Cayley informs me he 
has met with the same kind of point in an investigation into the 
form of the parallels to an ellipse, and proposes to “call it a trian- 
gular point, as consisting of the union of a node and two cusps. 
At this point, in the case before us, we have 

2 
p= aa =a; = a9 3 

2 dp 2 =p+p"= 

so that, it will be observed, Ee 5 as well as us , vanishes when ¢ is 
made zero. p dp 

This gives me occasion to make a remark which I do not re- 
member having seen in the text-books, viz. that for any curve, 

while zn general — indicates the existence of a cusp, this law is 

subject to the exception that if a succession of such derivatives 
iS was. Has 
db dp™ dd *** 

all vanish simultaneously, there will not be a cusp in fact unless 
the last of the flush is of an odd order. 

Vig. 5 exhibits the critical cases (1) of the double tangents 
i opposition, (2) on the point of quitting the central branch, 
(3) in coincidence. Mr. Spottiswoode informs me that this 
figure has not been drawn with the same attention to mechanical 
exactitude as the other figures of the Plate. 

In fig. 5 are seen examples of the uncusped species. The 
Norwich spiral (of which a word or two more presently) belongs 
to this species, but is not drawn; its apse lies midway aes 
the centre of the circle and the cusp of the first eyclode. In 
fig. 2 is seen an example of a symmetrical tricuspidal cyclode of 
the third order ; In fig. 4, of a unicuspid alcyclode of the same 
order, where a loop replaces the missing cusps. 

To return to the Norwich spiral; its radius of curvature p has 
been shown in the preceding rule to be always equal to its radius 
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vector 7, reckoned from the centre of the circle. Now it is easy 
to see that whilst \ dbp represents the arc of any curve, \ dor will 
represent the corresponding are of its first pedal; so that the 
spiral in question possesses the remarkable property (capable, one 
would think, of some practical kinematic application) that these 
two ares always remain equal to each other. More generally, 
if p?+p'***, where p is a rational integral function of ¢, and p’ 
its first derivative in respect to ¢, is a perfect square, the are of 
the curve and of its pedal will always remain algebraically related. 
Here, then, we are led to consider the possibility of satisfying this 
diaphantine condition for cyclodes beyond the second order. At 
a first glance the problem might seem to be impossible. Jor if 
the condition is satisfied by p=, a rational integral quantic in 
¢ of the order a, it obviously will be satisfied also by F(6+A), 
® being an arbitrary constant; and consequently we have only 
(n—1) and not n disposable constants (or ratios) wherewith to 
satisfy the 2 conditions involved in a function of ¢ of order 2n 
being a perfect square. 

This objection, however, is only apparent, and may at once be 
seen so to be, at all events as regards py of an even order— 
say, of order 2m. For we may suppose p = F'(@+A)(/(P+A))?, a 
quantic of the order min (@ +A)?,then #?+ FP? =f?+4 4(6 + 3 
is a quantic of the order 2m in (6+ 2)?, and the m disposable con- 
stants in fare sufficient to make this a perfect square. Thus, 
then, the x conditions are not absolutely mcompatible. Still the 
disproof of the incompatibility might seem to mvolve the necessity 
of F being a function of (b-+A)*, 7. e. of the cyclode being of the 
symmetrical kind. Moreover, if the problem be attacked by a di- 
rect exoscopic method for cyclodes of the second, fourth, and sixth 
orders, it will be found that the only cyclodes which possess the 
required property are of the symmetrical ny viz., for the second 

order, p= 5 ($21), for the fourth, »= = 5 (be 4)?, and for the 

sixth p= (629) 3+, orp=5 (6? —9)(62—36)%. The infer- 

ence, then, might appear to be almost irresistible as to the 
Sea of the symmetrical form holding good. But it is not 

* Tt will be remembered that r?=p?+p?. I may remark ineidentally 
that this equation enables us to extend the well-known one, p*?=r? — a’, ap- 
plicable to the first cyclode: the general theorem which includes this as 
a particular case is obviously 

pPar—retret ... ta’, 

p being the pee on the tangent of a cyclode ‘of any order, and 
Peas rm, . the distances of the corresponding points in the cyclode and 
its successive evolutes from the centre of the originating circle. 

+ It is very easy to see that there is always one reducible symmetrical 
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so; ¢¢ as true that only cyclodes of even orders are reducible, i. e. 
capable of giving r as a rational integral function of @; but after 
the sixth order, z. e. beginning with the eighth, non-symmetrical 
reducible cyclodes come into existence, and, as the order rises, 
become infinitely more numerous than those of the symmetri- 
cal kind. 

_ Calling 2m the order, every distinct mode of making the par- 
titions of numbers expressed by the two simultaneous equations, 

Ne +ot... cra 

Yt+Yot -.- +y¥=mJ° 
where 2 takes all possible values, gives rise to a system of equa- 
tions yielding in general many solutions; and it is only when 
2 =Y i) %=Yo, .--, %i=Y; that the solutions are of the symme- 
trical kind. Moreover, even in that case, in general, and subject 
only to rare cases of exception, the reducing system of equations 
gives two distinct groups of solutions, one corresponding to 
symmetrical and the other to non-symmetrical cyclodes*. This 

cyclode of the order 2m defined by the equation 

a P= my (p2—m?)", 

corresponding to which 
a ; 

"= 72m) (p?—m?)"—"(g? +-m?). 

Thus, when m=2, 

a AANA 

oP ae eae : = £ (g'-16); 
when ¢=0, we have 

whence we may derive the following construction :—Draw an uncusped se- 
condary cyclode with a tail equal to one-third of the radius ; unwind from 
this a ternary cyclode beginning from the apse, which will become a cusp 
in the cyclode so engendered ; and from this last cyclode, beginning at its 
cusp, again unwind a new cyclode, which will possessa triangular point at 
the apse of its atavian secondary cyclode. This will be a quartic reducible 
cyclode, and, as regards form (irrespective of position and magnitude), the 
only one that exists. By the way, it may be noticed that a system of coor- 
dinates consisting of the vectorial angle and angle of contingence furnishes 
what may be termed a form equation, 7. e. one in which actual magnitude 
is ignored. Thus, ex. gr., tand=k tan ¢ is the form equation to a conic. 

* It is to be understood that every v and y must be an actual integer, 
zero being for this purpose to be regarded, not as a number, but as a ne- 
gation of number. Furthermore, if the x and y numbers are not only re- 
spectively equal each to each, but have all the same value (as ex. gr. unity), 
the corresponding system of equations becomeincompatible; or, tospeak more 
philosophically, the order of the system becomes zero, which here per contra 

Phil. Mag. 8. 4. Vol. 36. No. 245. Dec. 1868. 2H 
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wonderful theory, this outlymg and unexplored region of geo- 
metry, in which the two great continents of algebra and arith- 
metic trend towards and come into contact at more than one 
point with one another, forms the subject of a communication to 
be brought by the author of this Note before the Mathematical 
Society of London, simultaneously and under the same roof with 
Mr. Norman Lockyer’s announcement to the Royal Society of 
his equally, but not more surprising and certain to be prolific 
discovery of the sun’s unsuspected chromosphere, the analogue 
of the ocean of forms of which the isolated power-forms 
[ (p? —n?)”| correspond to the piled-up rose-coloured prominences, 
Athenzeum Club, 

November 23, 1868. 
Errata in No. 2438. 

P, 295, footnote {, for finite solution read finite rotation. 

— 296, for s,=ap,+bp read =k +d. 

for p+(F) r? yead p? + (4) =". 

— 297, footnote, for G=s’—s'"...; G’=s’—s'".... read 

G=s—s’+...; G=s’'—s""... 

— 301, dele clause commencing with the words “‘ at such points the 
curve”’ and ending with the words “‘ points of retrocession.”’ 

— 303, in concluding line of fourth paragraph omit the words “ either 
as an abortive loop or ”’. 

ought to be regarded as a number rather than as a negation of number ; for 
the order of the system of equations is always lowered, not only by every x 
becoming equal to every y, but also by any number of 2’s or of y’s beco- 
ming equal to each other; so that the order of the system sinking to zero, 
in consequence of all the x’s and all the y’s becoming equal, is only an ex- 
treme instance of this general law. If we go to the wider case of alge- 

braical spirals, where p= a the difference between the degrees of f and 

F being still an even integer 2m, where m is positive or negative, and re- 
d 2 

quire p?-+ ge to be made a perfect square, precisely the same method 

of solution is applicable as when F is of the degree zero. If we call the 
degrees of f and @ « and k respectively, so that k—q=2m, we have to 
make 

@+2,+ eee +2 —& —&, eee —&,=m, 

YitYor 90:0 STU Nei aR Py O Chim Lo 

e+n=A+p=1, where 7 takes all possible values, 

LyA Lap ooo FLAY AYot .-- $Y\=K, 

&+64+... +&,+m+n2+ oot = 4%. 

Every such system of partitions give rise to a system of equations contain- 
ing solutions of the diaphantine problem in question, 7. e. the problem of 
making r arational function of ¢. When the degree of p in q, 2. e. k—q 
(and consequently m) is zero, the orderof all the equation-systems undergoes 
a marked depression. 



[ 467 ] 

LVIII. Notices respecting New Books. 

The Elements of Plane Geometry for the use of Schools and Colleges. 
By Ricuarp P. Wrieur, formerly Teacher of Geometrical Drawing 
&c. in Queenwood College, Hampshire. Witha Preface by T. ARcHER 
Hirst, F.R.S. &c., Professor of Mathematics in University College, 
London. London: Longmans and Co. 1868 (pp. 211). 

[N noticing this work we shall, in the first place, speak of it simply 
as a Treatise on Plane Geometry, and abstain from weighing 

its merits against those of any other manual. Regarded from this 
point of view, we may mention that it consists of four books; of 
which the first two are elementary, the third treats of ratio and of 
similar figures, the fourth of areas. The first two books are in sub- 
stance very nearly the same as props. 1-34 of the 1st book, props. 
1-83 of the 3rd book, and a few propositions in the 4th book of 
Euclid’s ‘ Elements ;’ the differences, which at first sight look much 
greater than they really are, consist mainly in arrangement and 
in modes of statement and proof. For instance, the theorem ‘‘ Through 

any three points A BC, not in the same straight line, one, and only 
one, circumference can always be drawn,” and the problem ‘‘ To de- 
scribe a circle which shall pass through three given non-collinear 
points, P, Q, R,” are neither more nor less than the theorem ‘‘ One 

circumference of a circle cannot cut another at more than two points,” 
and the problem “‘ To describe acircle about a given triangle.” The 
arrangement, however, is very different; e. g. the first chapter of 
the first book is devoted to theorems equivalent to props. 13, 14, 15 
of Euclid’s Ist book. But perhaps the capital difference is that 
Mr. Wright reserves the solution of problems to the end of the 
second book. It might be thought that to assume a variety of 
constructions in proving theorems without showing that previously 
proved theorems give the means of making those constructions, 
would lead to reasoning in a vicious circle ; and of course this might 
easily happen. But we believe that Mr. Wright has avoided the 
danger, and that the deduction of his various theorems is perfectly 
rigorous. 

The first chapter of the third book is devoted to a very elaborate 
discussion of the doctrine of ratio and proportion. The line taken 
will be most easily understood by a citation of two definitions. 
Ratio is defined thus :—‘‘ Between every two magnitudes A and B 
of the same kind, there exists a relation answering to the inquiry how 
often the first contains the second, which is called the ratio of A to 
B.” Proportionality is thus defined :—‘‘ When two associated and 
variable magnitudes are so related that the ratio of any two values, 
A,, A, of A, is equal to the ratio of the corresponding values, B,, B, 
of B, these magnitudes are said to be proportional.” It is tolerably 
plain, from the definition of ratio, that the discussion has to be pre- 
ceded by an introductory discussion of commensurability and incom- 
mensurability, which, again, introduces the conception of limits. 

2H2 
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And in consequence the chapter, whatever its merits in other respects, 
is exceedingly abstruse. It might also be inferred from the defini- 
tion that it was intended to treat questions of proportionality through 
the medium of numerical measures ; and, in fact, throughout the third 
and fourth books pure geometry is as much as possible dispensed with, 
and a good deal of them consists of what is more commonly termed 
mensuration, or the application of algebra to geometry. In short, 
the contents of the third and fourth books are, though very differ- 

ently treated, in substance nearly the same as a few of the proposi- 
tions in the second book of Euclid, the sixth book, and the proposi- 
tions in mensuration deducible from them, together with the mensu- 
ration of the circle. 

Of the parts of the book particularly well worth reading, we may 
mention the chapter on proportion, already described, and that on 
regular polygons; but besides these there are scattered up and dowr 
the book many new or, at least, unusual demonstrations, and several 

new constructions for the solution of problems. Moreover at the 
end of each chapter are many well-chosen evercises, in all between 
three and four hundred in number. In a word, Mr. Wright has 
produced a work of considerable merit, which no one could study 
from first to last without obtaining a thorough acquaintance with 
the elements of plane geometry; and as it is always instructive to 
see the same thing from two points of view, a student who had 
learned geometry from Euclid’s ‘Elements’ would doubtless learn 
something from perusing it. 
We have hitherto spoken of the book simply with reference to its 

contents. It has, however, a further claim on our attention; for it 

is expressly designed to supersede Euclid’s ‘ Elements’ as a text-book. 
In fact Professor Hirst mentions in his preface that it had its origin 
in an experiment made by himself some years ago in the school con- 
nected with University College, London ; and the experiment was that 
of “teaching geometry instead of teaching Euclid.” Now we are 
perfectly certain that any class taught geometry by Professor Hirst 
would be extremely well taught, and that at the least the usual per- 
centage would leave the class with a sound knowledge of geometry 
whatever the text-book used, or if, as seems to have been the case, 
no printed text-book was used. Yet we think the antithesis hardly 
just. The real subject of the experiment was whether Mr. Hirst 
could teach geometry most conveniently by means of a manuscript of 
his own composition, or by using Euclid’s ‘ Elements of Geometry’ as 
a text-book; and the question suggested by the present work is 
whether, on the whole, it were better to use as a text-book of plane 
geometry Euclid’s ‘Elements’ or Wright’s ‘Elements.’ The question 
is fairly raised in the present case, because it is unembarrassed 
by the totally distinct question of alleged errors in treatment of 
detail. 

Whether, as a matter of fact, Euclid’s ‘Elements’ will be displaced 
by a variety of text-books, some used in some schools, some in others, 
we do not know; but we must not disguise our opinion that the 
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change, if effected, will be for the worse, even if books as good as 
Mr. Wright’s are adopted. We think that an advocate for the use of 
Euclid’s ‘ Elements’ might fairly urge— 

(1) That, on the whole, the first and third books of Euclid would 
prove easier to a learner than Mr. Wright’s first and second books. 

(2) That the arrangement by which theorems are treated first and 
problems afterwards is calculated to weaken the learner’s perception 
of the conditions of proof, and that it might in many cases lead to 
an unnoticed failure of proof. And he might urge that most learners, 
particularly boys, more readily understand a reason for a thing done, 
than a reason for an abstract truth of which they do not see the 
use. 

(3) That to look at truths so elementary as Euclid 35. I., and 
the propositions of Book II., through the medium of numerical mea- 
sure is to take unnecessarily a very artificial view of those questions, 
although its artificial character may be disguised by familiarity. 

(4) That, as a matter of science, Euclid’s treatment of proportion 
has the advantage of being perfectly rigorous and extremely elemen- 
tary, Euclid’s definition embodying perhaps the most elementary 
conception that can be formed of equality of ratios. 

(5) That, from a teacher’s point of view, it is possible to make 
most boys understand the sixth book, and then to lead them on suc- 
cessively to geometrical limits and to numerical measures, when the 
question of incommensurability can be faced; but that to try to 
master all three difficulties at once is to undertake a nearly hopeless 
task ; and that practically few, ifany, learners would get any deeper 
notion of ratio than that of commensurable magnitudes, at least until 
they looked back to their elementary work after having pursued 
their studies into the higher branches of mathematics. 

LIX. Intelligence and Miscellaneous Articles. 

ON THE CONDUCTIVITY OF SOME LIQUIDS FOR HEAT. 

BY A. PAALZOW. 

S far as lam aware, there are no statements respecting the con- 
ductivity of liquids for heat besides those of Despretz*. Occu- 

pied with investigations on the conducting-power of liquids for 
heat, I was interested, for theoretical reasons, with the question 
whether in liquids also there is a connexion between the conduction 
of heat and the conduction of electricity. Hence I instituted the 
experiments I am about to describe, only with the view of acquiring 
a general knowledge of the phenomenon in question, and not with 
the view of acquiring accurate numbers; for I did not possess the 
necessary means of solving such a problem. 

I used for the experiments a cylindrical glass vessel of 60 millims. 

* Ann. de Chim. et de Phys. vol. xxi. p. 216. 
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internal diameter. It was filled with the liquid to be investigated ; 
and on the top, touching the liquid, was a copper or leaden vessel, 
into which steam was continually passed from a small steam-boiler. 
The condensed water was reconducted into the steam-boiler. 

Four horizontal thermometers were fixed laterally in the vessel, 
in such a manner that their bulbs coincided with the axis of the 
cylindrical vessel. Owing to changes affecting the glass vessels, I 
was not always able to give the fourth thermometer the same distance 
from the third; and I shall therefore not always give its tempera- 
ture. ‘The liquids to be investigated had always to be heated about 
eight or ten hours before they exhibited constant temperature. 

Water was first of all compared with solution of chloride of sodium. 
The heating-vessel was of copper; the first thermometer was 10 
millims. from the side of the vessel to be heated; the others fol- 
lowed at distances of 60 millims. 

I. Water and chloride of sodium. 

Chloride 
Water. of sodium. 

lst, thermometer... <4 6. 724 C. 12-2503 
2nd thermometer ........ 26 23°8 

3rd thermometer ........ 20 17°9 

4th thermometer ........ 19 17°4 

External temperature 13°. 
Forming, now, from the first three temperatures ¢,, ¢,, ¢, the quo- 

tient g= 1%, it becomes 3°6 for water, and 3°79 for chloride-of- 
1 

sodium solution, from which it follows that water conducts better 
than common salt. 

As the thermometers were so far apart that the temperatures very 
rapidly decreased, the first three thermometers were fixed 30 millims. 
apart. Water and concentrated solution of sulphate of copper were 
compared. 

II. Water and sulphate of copper. 
Sulphate 

Water. of copper. 
fe) ° 

Ist thermomefer’ <.:..2-- 73°2C. 72°5 C. 
2nd thermometer’ 7.55 2... 34°3 34°2 
SiG thermometereeu jeer 22°2 22°2 
External temperature.... 14°5 14°5 

The quotients are 2°78 for water, 2°77 for sulphate of copper ; 
both, therefore, conduct equally well. 

For comparing water with sulphuric acid (spec. grav. 1°25), a 
leaden heating-vessel was used: the first thermometer was at a di- 
stance of 14 millims. from the heating leaden surface. 
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III. Water and sulphuric acid. 

Water. Sulphuric acid. 

lst thermometer ...... 63 C} 65°7 C. 
2nd thermometer ...... 33) 32 
3rd thermometer ...... 22°75 23 

External temperature.. 16 16 

The quotients g are 2°74 for water, 2°77 for sulphuric acid; so 
that water conducts a little better than sulphuric acid. 

In order to compare also a more concentrated solution of sulphate 
of zinc with water, I put the apparatus together again, and investi- 
gated mercury at the same time. 

IV. Mercury, water, sulphate of zinc. 

Ist thermometer ...... 82 C. 68 C. 65C 
2nd thermometer ...... 65 36°2 32°5 
3rd thermometer ...... 50°8 25 20:2 

External temperature.. 16 14 15 

The quotients (q) are 2°04 for mercury, 2°57 for water, and 2°64 
for sulphate of zinc. 

To calculate the ratios of the conducting-powers of different liquids, 
the quotients 

t+t 
' pare 

I 2 

should have been constant, which, however, is not the case, as the 
first Table shows. At any rate, a greater number of equally distant 
thermometers should have been used as a control. 

I content myself, in conclusion, with arranging the liquids in series 
in which the best-conducting precedes. 

Conducting-power for— 

Electricity. Heat, 
Mercury. Mercury. 
Sulphuric acid. Water. 
Chloride of sodium. Sulphate of copper. 
Sulphate of zinc. Sulphuric acid. 
Sulphate of copper. Sulphate of zinc. 
Water. Chloride of sodium. 

Poggendorff’s Annalen, No. 8, 1868. 

MOLECULAR CHANGE PRODUCED BY MAGNETISM IN STEEL BARS. 
BY M. TREVES. 

More than twenty years ago several physicists, among others 
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Messrs. Wheatsone, Joule, Wertheim, and De la Rive, showed in 
various ways the influence of magnetization on the molecular con- 
stitution of iron and of steel. 

The vibrations produced in rods and wires of steel or of soft iron 
by an alternate succession of magnetizations and demagnetizations, 
as well as the modifications which magnetization produces in the 
elasticity and even the dimensions of these metals, have led to the 

assumption that the development of magnetism is due to a common 
direction imparted to the particles of magnetic metals, and conse- 
quently to a change in the arrangement of the molecules—a conclu- 
sion directly verified by a great number of researches, and especially 
by those of M. Wertheim. The following new fact confirms in a 
remarkable manner this mode of view. 

M. Tréves has been led to examine the change of molecular con- 
dition produced in a bar of iron when it is subjected to a magnetic 
action. 

He takes two identical steel tuning-forks, which therefore are in 
unison; he provides them with mirrors by Lissajou’s method, and 
arranges them opposite and in planes at right angles to each other. 
One of them is surrounded by a stout helix, through which is passed 
the current of a battery of eight elements. If one of them be sounded 
by a bow the vibrations commence ; and as the tuning-forks are in 
tune, the figure reflected in the second mirror is a perfectly fixed 
luminous circle. Magnetizing suddenly the tuning-fork in the 
middle of the coil, the luminous circle is at once inclined, changes 

into an ellipse, vibrates right and left with a velocity which gives 
the measurement of the new vibratory motion. 

The tuning-forks used gave 136 simple vibrations in a second ; 
and it has constantly been observed that a beat was produced at 
intervals of six seconds, which means that in a second the tuning- 
fork suddenly magnetized gave 136} vibrations. If the current be 
opened (that is, the tuning-fork restored to its natural state), the 
figure ceases to move and again becomes a fixed circle. 

Since 1847 Mr. Joule*, working with soft iron and with steel 
wires stretched or not stretched, had observed the changes in length 
and volume when they are magnetized. The preceding arrangement 
may also be utilized for this investigation; and M. Tréves proposes 
to use this optical method, as well as graphically tracing vibrations, 
to observe these effects in steel according to their composition and 
physical state.—Bibliotheque Universelle, September 15, 1868, 
Comptes Rendus, August 3, 1868. 

* Philosophical Magazine, S. 3, vol. xxx. pp. 76, 225. 
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* Mr. Tennant held the appointment of Lecturer on Geology and Mineralogy 

- at Woolwich for seventeen years; the Lectures were discontinued in December 

- last, Lectures on Military History bemg substituted. 
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LECTURES on MINERALOGY and GEOLOGY at KING'S 
COLLEGE, LONDON, are given on Wednesday and Friday Mornings from 

9 to 10. Those on Mineranoey begin early in October, and terminate at Christmas. 
Those on Gronocy commence in January, and continue till June. A shorter course of 

Lectures on Mineratocy and Gnonoey is delivered to Evening Classes, from 8 till 9. 

These begin in October, and terminate at Easter. Mr. Tennant accompanies his Stu- 
dents to the Public Museums and to places of Geological interest in the country. 

GEOGRAPHERS and TOURISTS derive additional pleasure in their 
rambles by being acquainted with Muverats, Rocks, and Fossms. Mr. TEN- 

NANT, Geologist, 149 Strand, London, has had thirty years’ experience in giving 
PRACTICAL INSTRUCTION to Ladies and Gentlemen; and from his extensive 
collection, comprising many thousand specimens, persons are enabled in a dozen or 
twenty lessons to acquire sufficient knowledge to identify all the ordinary compo- 
nents of crystalline and volcanic rocks, and most of the minerals and metals used 
in the arts. 

TO GEOLOGISTS AND MINERALOGISTS. 

FOR SALE. 

Two handsome Cabinets, measuring 9 feet 3 inches long, 2 feet 4 inches 

wide, and 3 feet 10 inches high ; each containing 45 drawers, with a Glass 

Case on the top of each Cabinet, 4 feet 11 inches high, and 15 inches from 

back to front. One Cabinet is filled with Minerals, the other with Fossils. 

They are at present in a room at King’s College, which is required as an 

additional class-room. Mr. Tennant has received notice to remove them, 

and would like to dispose of them at once. Any person wishing to become 

_ practically acquainted with the interesting and important study of Mine- 

ralogy or Geology, or both, will find this a good opportunity to obtain an 

instructive and valuable Museum. 

The Collection contains upwards of two thousand specimens, many very 

select. The first Gold Nugget received from Australia, which was exhi- 

bited in the Exhibition of 1851, is in the Collection, and cost £37 ; it 

contaims about 8 ounces of Gold. The specimens have been frequently 

used to illustrate the Lectures on Mineralogy and Geology at King’s Col- 

lege, and at the Royal Military Academy, Woolwich*. _ 

Price Two Thousand Guineas. 

Mr. Tennant has other Collections at one thousand, five hundred, one 

hundred, down to Students’ Collections at twenty, ten, five, and two 

guineas each. 

149 Strand, London, W.C., 
July 1, 1868. 

* Mr. Tennant held the appointment of Lecturer on Geology and Mineralogy 

at Woolwich for seventeen years; the Lectures were discontinued in December 

last, Lectures on Military History being substituted. 
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ECTURES on MINERALOGY and GEOLOGY at KING’S COLLEGE, 
"~ LONDON, are given on Wednesday and Friday Mornings from 9 to 10. Those on 
Minerarocy begin early in October, and terminate at Christmas. Those on Gronocy 
commence in January, and continue till June. A shorter course of Lectures on Minrra- 
Loay and Guonoey is delivered to Hvening Classes, from 8 till 9. These begin in 
October, and terminate at Easter. Mr. Tennant accompanies his Students to the Public 
Museums and to places of Geological interest in the country. 

GEOGRAPHERS and TOURISTS derive additional pleasure in their rambles 
by being acquainted with Minrrans, Rocks, and Fossins. Mr. TENNANT, Geolo- 

‘gist, 149 Strand, London, has had thirty years’ experience in giving PRACTICAL 
INSTRUCTION to Ladies and Gentlemen; and from his extensive collection, comprising 
many thousand specimens, persons are enabled in a dozen or twenty lessons to acquire 
‘sufficient knowledge to identify all the ordinary components of crystalline and volcanic 
‘rocks, and most of the minerals and metals used in the arts. 

TO GEOLOGISTS AND MINERALOGISTS. 

FOR SALE. 

Two handsome Cabinets, measuring 9 feet 3 inches long, 2 feet 4 inches 

wide, and 3 feet 10 inches high; each containing 45 drawers, with a Glass 

‘Case on the top of each Cabinet, 4 feet 11 inches high, and 15 inches from 

back to front. One Cabinet is filled with Minerals, the other with Fossils. 

They are at present in a room at King’s College, which is required as an 

additional class-room. Mr. Tennant has received notice to remove them, 

and would like to dispose of them at once. Any person wishing to become 

practically acquainted with the interesting and important study of Mineralogy 

or Geology, or both, will find this a good opportunity to obtain an instructive 

and valuable Museum. 

_ The Collection contains upwards of two thousand specimens, many very 

select. The first Gold Nugget received from Australia, which was exhibited 

in the Exhibition of 1851, is in the Collection, and cost £37; it contains 

about 8 ounces of gold. The specimens have been frequently used to illus- 

‘trate the Lectures on Mineralogy and Geology at King’s College, and at the 

Royal Military Academy, Woolwich*. Price 

TWO THOUSAND GUINEAS. 

Mr. Tennant has other Collections, at one thousand, five hundred, one 

hundred, down to Students’ Collections at twenty, ten, five, and two guineas 

each. 

149 Strand, London, W.C., July 1, 1868. | 

| * Mr. Tennant held the appointment of Lecturer on Geology and Mineralogy at Wool- 
wich for seventeen years; the Lectures were discontinued in December last, Lectures on 

‘Military History being substituted. 
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ROYAL SCHOOL OF MINES. 
. Director—Sir Roderick Impey Murchison, Bart., K.C.B., F.R.S., &c. 

During the Eighteenth Session 1868-69, which will commence on 
the 5th of October, the following COURSES of LECTURES and PRACTICAL 
DEMONSTRATIONS will be given :— ‘ 

. Chemistry. By E. Frankland, Ph.D., F.R.S. 
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School), under the direction of Dr. Frankland, and in the Metallurgical Laboratory 
under the direction of Dr. Percy. 

Tickets to separate Courses of Lectures are issued at £3 and £4 each. 
Officers in the Queen’s Service, Her Majesty’s Consuls, Acting Mining Agents 

and Managers, may obtain Tickets at reduced prices. 
Certificated Schoolmasters, Pupil Teachers, and others engaged in education, 

are also admitted to the Lectures at reduced fees. 
His Royal Highness the Prince of Wales grants two Scholarships, and several 

others have also been established by Government. 
For a Prospectus and information apply to the Registrar, Royal School of 

Mines, Jermyn Street, London, S.W. 
TRENHAM REEKS, Registrar. 
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LECTURES on MINERALOGY and GEOLOGY at KING’S COLLEGE, 
LONDON, are given on Wednesday and Friday Mornings from 9 to 10. Those on 

Minerravoey begin on the 9th October, and terminate at Christmas. Fee two guineas. Those 
on GroLocy commence in January, and continue till June. A shorter course of Lectures 
on MrypraLocy and Groxoey is delivered on Thursday Evenings, from 8 till 9. These begin 
on the 15th October, and terminate at Easter. Fee £1 11s.6d. Mr. Tennant’ accompanies 
his Students to the Public Museums and to places of Geological interest in the country. 

GEOGRAPHERS and TOURISTS derive additional pleasure in their rambles 
by being acquainted with Minrrats, Rocks, and Fosstrs. Mr. TENNANT, Geolo- 

gist, 149 Strand, London, has had thirty years’ experience in giving PRACTICAL 
- INSTRUCTION to Ladies and Gentlemen; and from his extensive collection, comprising 
many thousand specimens, persons are enabled in a dozen or twenty lessons to acquire 
sufficient knowledge to identify all the ordinary components of crystalline and volcanic 
rocks, and most of the minerals and metals used in the arts. 

TO GEOLOGISTS AND MINERALOGISTS. 

FOR SALE. 

Two handsome Cabinets, measuring 9 feet 3 inches long, 2 feet 4 inches 

wide, and 3 feet 10 inches high; each containing 45 drawers, with a Glass 

Case on the top of each Cabinet, 4 feet 11 inches high, and 15 inches from 

back to front. One Cabinet is filled with Minerals, the other with Fossils. 

They are at present in a room at King’s College, which is required as an 

additional class-room. Mr. Tennant has received notice to remove them, 

and would like to dispose of them at once. Any person wishing to become 

practically acquainted with the interesting and important study of Mineralogy 

or Geology, or both, will find this a good opportunity to obtain an instructive 

and valuable Museum. 

The Collection contains upwards of two thousand specimens, many very 

select. The first Gold Nugget received from Australia, which was exhibited 

in the Exhibition of 1851, is in the Collection, and cost £37; it contains 

about 8 ounces of gold. The specimens have been frequently used to illus- 

trate the Lectures on Mineralogy and Geology at King’s College, and at the 

Royal Military Academy, Woolwich*. Price 

TWO THOUSAND GUINEAS. 

Mr. Tennant has other Collections, at one thousand, five hundred, one 

hundred, down to Students’ Collections at twenty, ten, five, and two guineas 

each, 

149 Strand, London, W.C., September, 1868. 

* Mr. Tennant held the appointment of Lecturer on Geology and Mineralogy at Wool- 

| wich for seventeen years; the Lectures were discontinued in December last, Lectures on 
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