
doi: 10.1098/rsta.1892.0001
, 1-79183 1892 Phil. Trans. R. Soc. Lond. A

 
J. J. Waterston and Lord Rayleigh
 
Perfectly Elastic Molecules in a State of Motion
On the Physics of Media that are Composed of Free and
 
 

Email alerting service  herecorner of the article or click 
Receive free email alerts when new articles cite this article - sign up in the box at the top right-hand

 http://rsta.royalsocietypublishing.org/subscriptions go to: Phil. Trans. R. Soc. Lond. ATo subscribe to 

 on July 5, 2012rsta.royalsocietypublishing.orgDownloaded from 

http://rsta.royalsocietypublishing.org/cgi/alerts/ctalert?alertType=citedby&addAlert=cited_by&saveAlert=no&cited_by_criteria_resid=roypta;183/0/1&return_type=article&return_url=http://rsta.royalsocietypublishing.org/content/183/1.full.pdf
http://rsta.royalsocietypublishing.org/subscriptions
http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


http://rsta.royalsocietypublishing.org/


 on July 5, 2012rsta.royalsocietypublishing.orgDownloaded from 

FREE AND PERFECTLY ELASTIC MOLECULES IN A STATE OF MO'rION. 45 

If it is more than about one-third that of water, if for equal volumes it is not the 
same as that of air and the other gases, then is the theory incomplete and altogether 
defective. 

It is stated to be about 0'84, but this requires confirmation. The specific heat of 
the vapour of alcohol ought to be only tth that of the liquid. The vapour of ether 
only tth that of the liquid. Vapour of etherine ;i-th. Vapour of sulphuret of carbon 
;i-th. V apour of oil of turpentine -l0th. Va pour of bromine ;i-th, &c, 

These are from MM. DE LA RrvE and MARCET's experiments. 
Is there any direct evidence in favour of or against this view 1 So far as I can 

discover, little, if any, on either side. It is quite undetermined as yet by experiment, 
and is so surrounded by practical difficulties that it will probably long remain so, 

But analogy favours it in so many ways as to make it highly probable. Liquid 
etherine bas four times the specific heat tha.t its vapour ought to have, judging from 
its specific gravity. Now, olefiant gas is isomeric with etherine, and its specific 
gravity is one-half that of etherine vapour. It can hardly be doubted that the 
specific heat of liquefied olefiant gas for equal weights :is the same as that of etherine, 
which corresponds very nearly with naphtha, turpentine, and the other hydrocarburets. 
If it is so it will be double what it ought to be, if for equal volumes it is the same as 
t.hat of air and the other gases. Now, the eminent French cheinists who have at 
di:fferent times made experiments on the specific heat of this gas agree that it is 
nearly l ·5 times that of air, while Mr. HAYCRAFT ('Eclin. Trans.'), on the other hand, 
with his simple and apparently most efficient apparatus, found it to be the same as 
that of air, and accounts for the higher number of the French chernists by the great 
difficulty there is in freeing it from ethereal vapours. 

It is the same with carbonic acid gas (the only other exception to the law of equal 
specific heat for equal volumes). The French chemists agree that its specific heat lies 
between 1·175 and 1'258; Mr. HAYCRAFT, by many experirnents, that if .carefully 
dried, it off ers no exception to the general law. J udging from the analogy of other 
similar binary compounds, there cannot be a doubt that the specific heat of liquefied 
carbonic acid is double, if not three times, that of the gas. 

It would be a most valuable addition to our knowledge if this great change in the 
specific heat of a body when it becomes vapour could be thoroughly established, and it 
is in vain to proceed with the subject of vapours until it is so. 

Sulphuric ether is probably better adapted for the experiment than any other body. 
Its boiling temperature is very low, and there is a vast disproportion between the 
specific heat of the liquid and what rnay be expected in the vapour. Suppose a volume 
of it and of air are maintained in equilibrium of pressure alid temperature by means 
of a bent tube with mercury. If a sudden small and equal dilatation is made in both 
at the same instant, the di:fference of pressure that will then become apparent will 
indicate the value of the latent heat of the vapour in terms of its specific heat, and, 
as we know the value of the same in terms of the Rpecific heat of water, we sha11 have 
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the ratio of the specific heat of the vapour to that of water. The air follows the line 
RQ (fig. 3) in its expansion, while the vapour is obliged to keep to its line RT. 

The latent heat of vapours is another subject where there is room for much 
additional research. Dr. URE, in his 'Dictionary of Chemistry,' has given a table of 
eight vapours, but none of the liquids appear to have been pure. The ether boiled çi,t 
112°, and the specific gravity of the alcohol was 0·82f>. If a correction is made for 
this want of purity, it is singular that the latent heat of each is alrnost exactly in the 
inverse ratio of the specific weight of its vapour. This may indicate that the heat 
required to vaporize a molecule of each of these bodies is the same, and amounts to 
3000°, referred to the constant specific heat of a gaseous molecule, which is the proper 
theoretical standard. 

Is this the measure of the force of liquid cohesion ? On the vis viva theory of heat 
this, for 1 lb. of water, amounts to the force required to raise 1 lb. to the height of 
about 680,000 feet. According to MITSCHERLICH, the vis vivct generated by the union 
of the constituent elements of the same quantity of water arnounts to ten tiines this 
force. 

Considerable attention bas lately been given to thermo-chemistry; but it is to 
be regretted that no notice has been taken of the permanent change of specific 
gravity that is usually found to ensue in chemical mixtures that evolve heat. It 
would be interesting to ascertain if there is any harmonious connection between the 
quantity of heat evolved and the change of atomic volume. Dr. URE has given a 
curions example of hydrated nitric acid, where the permanent change of volume 
appears to be the same as would be caused by a permanent change of temperature 
equal to the heat evolved. 

Since only two experiments are required to fix a line of vapour on the chart, it 
would not be a very arduous undertaking to accomplish this for all bodies that throw 
off vapours at accessible temperatures. W e might then have the rneans of answering 
the varions questions that cannot fail to suggest themselves on looking at the chart; 
and, first of all, do the vapours of arsenic, iodine, camphor, salts of ammoniao, and the 
other solids that rise into vapour before becoming liquid, follow the general law '? 
This question bas yet to be determined. 

How are the lines of vapour of the simple bodies related to each other? We have 
only one example as yet, viz., the vapour of mercury by M. AVOGADRO. lt will 
be remarked that the line drawn through MR, the third and the second last obser­
vation, agrees very well with the position of the other points. This line produced 
meets the axis at 50°, which is certainly ]ower than the temperature assigned by 
Dr. FARADAY's delicate experiment as the point of no vapour. In judging of this 
discrepancy, however, we must recollect that the density is represente<l not by the 
ordinate to the line of vapour, but to its sixth power ; hence, at the temp<~rature 
of 75°, the density indicated by the line on the chart is only no.o~0-;-o00th of the 
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density of an atmosphere. The formula that corresponds to this line has the constant 
G = ~2·6065 and cot H = 20'0023. 

It will be remarked that the line for DALTON's ether (which, from its low 
boiling point, must have been nearly pure), THOMPSON's pyroxilic spirit, and the well 
determined line for steam, are nearly parallel; is this parallelism perfect? It is also 
remarkable that the projection of two experiments by DALTON on aqueous ammonia is 
exactly parallel with the steam line, and further, that the same parallelism is 
maintained by the vapours of liquefied ammoniacal gas and carbonic acid (by 
THILORIER). It would be extremely desirable if Dr. FARADAY's experiments on 
chlorine and iihe other more condensible gases could be repeated on a large scale so as 
to determine their position on the chart, and by two or three observations on each to 
eliminate the constants G and H. It is by such experi1nents and those of 
M. CAGNIARD DE LA TouR, made at the other extremity of the scale of heat and 
pressure, and likewise by Mr. PmtKINS, al1 of which may be classed under the head of 
chemical physics, that we may expect to extort from nature some of her most hidden 
secrets, to corne in sight of new continents in the world of natural science, not dreamt 
of in our philosophy, because removed beyond the bounds of suggestive analogy. 
Such pressures appear to us great, and are certainly dangerous to operate with, but in 
respect to those which exist in nature, and that everywhere surround us, restrained by 
interna! forces, they can only be considered as infinitesimal. 

Note C.-.Temperature qf Compressed Air. 

These changes of temperature are certainly much greater than are said to have 
been observed by DARWIN, DALTON, and others. Not having access to the original 
account of these experimcnts, I am unable to ascertain how far they accord with the 
theory; but the specific heat of air is so small in comparison to that of the materials 
of which thermometers are composed that the actual di:fference of temperature i.n 
a single condensation or dilatation must be much great.er than what is indicated by 
any therrnornetric apparat.us. 

A more e:ffectual way of ascertaining this seems to be by continually and quickly 
repeating the same condensation with di:fferent portions of air, so that after some time, 
by proper care, the condensing syringe ought to exhibit the temperature of the air at 
its maximum tension. 

If air is a medium we have in XVI. the means of computing the temperature that 
ought to be shown by a thermometer placed at the bottom of the syringe. 

Thus, t0, e0 being the temperature and tension of the air outside, e1 the tension 

corresponding to the load on the eduction valve of the syringe; then ~ = G~: !~~)4', 

and (t0 + 461) ,\/~~ - 461 = t1, the temperatm:~ of the air when condensed. 
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The air engines of the atmospheric railway may perhaps afford the means of testing 
this equation. 

Note D.-To .find the Compression that Corresponds to a Given Ratio of Latent ·~ 
Sensible Heat. 

This may be computed by means of IV. and XVI. 
Suppose the medium is compressed so that the mean molecular distance changes 

from 1 to ~l' th vis viva increases from l to œ + 1 (XVI.), the increment being œ+ œ 
1/x = L. 

By withdrawing molecular vis viva under a constant pressure, let the mean 

distance change from 1 to ~l ; the molecular vis viva must be diminished from 1 to x+ 

(x: 1)3 (IV.), the decrement being ~; ~31; œ3 =K. The ratio K/L is given to find 

(œ : 1 r which is the amount of compression from unity that makes the ratio 

between the sensible and latent, or evolved vis viva, equal to K/L. 
If we put x/(x + 1) = y, the equation resolves itself into y3 + y2 +y= K/I .. = i 

in the case given. This equation may easily be solved by inspection of a table of square 
and cube numbers. l/y3 is the compression from unity to give the ratio K/L of the 
sensible to the latent heat. 

Note E.-Specific Heat of Air. 

I t is probable that the specific heat of mercury and water are better determined 
than that of any other bodies. Assuming that the specific heat of liquid mercury 
(0·033} is the same as that of its vapour, and that all gases and vapours have for the 
same volume the same specific heat when in equilib1·io of pressure and temperature, 
the specific heat of air in terms of that of water is 0'238. The mean experimental 
value is, according to the French chemists, 0'267. Mercury is thus the only liquid, 
so far as is known, whose specific heat is the same as what it ought to be in the state 
of vapour, if it conforms to the general law. Water is nearly three times greater 
than steam ought t.o be. Alcohol five times that of its vapour. Ether seYen times, 
&c. ; see Note B. 

This accordance of the specific heat of mercury with its vapour seems to prove that 
there is little or no part of the heat required to raise the ternperature of the liquid 
absorbed in a latent form. This is an important point in the vis viva theory. 

It is remarkable that there is no instance, so far as yet known, of mercury 
combining in fractional parts of a volume. Arsenic, sulphur, phosphorus, and some 
others combine in fractional volumes, and their specific heat in the form of vapour by 
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the theory of gases is the same fractional part of the specific heat of the solid. This 
is sornewhat confirmatory of the theoretical interpretation of the law of volumes 
(§ 15). The vaporous molecule of mercury is indivisible. The vaporous molecule 
of arsenic ÎFJ divisible into four parts;: of sulphur into six parts; of phosphorus into 
four parts; of h)Tdrogen into two parts; of oxygen into two parts; of water (0121-I~) 
into three parts; of alcohoJ (2(HOt) + 2Htüt) into five parts; of sulphuric ether 
( 4(H01) + 2Htüt) into seven parts; sulphuric acid, anhydrous (30t + S~) into four 
parts; etherine 4(HOt) into four parts, &c. We may thus predict the specific heat of 
pyroxilic spirit to he 0'83, and of pyroxilic ether 0·72. 

Note F. --JVf.. 0LAPEYRoN's Fimdarnental Position. 

The density and tension of a medium expanding according to MARRIOTTE's law, are 
represented linearly by the co-ordinates to the common hyperbola OMEL referred to 
its asymptote AG; the abscissa AB, &c., representing the volume, and the ordinates 
BO, &c., the tension. 

W e have shown that each incremental expansion is made at the expense of the 
molecular vis vii1a of the medium, so that to maintain the expansion, according to 
MARRIOTTE's law, the loss of vis i1iva must be continually made up; and the amount 
required to be supplied for any given expansion, as from B to D, is to the constant 

Fig. 4. 

\\ 
N ·-~"c 

R 
s 

J. 

L 
A B ff D G 

original amount as the area OEDB is to 3 OB.AB, or to the original tenRion OB 
acting through three times the original volume AB (XIII.). 

Suppose the medium to expand from B to H (against pressure) without having its 
loss of vis iiiva supplied; then, according to § 22, its tension from OB, or unity, 

becomes KH = (~~y OB. Assuming the original volume and tension as unity and 

( 1 )t ( 1 )t BH = y, we have KH = œ = -~ and x dy = d11 -1 - = the differential of 
l+y • +y 

the asymptotal area OKHB. 

T · h' 1 d d" œ · · · d 3dil d · o mtegrate t is put .i3 = l + y, an 111erentrntmg g1ves ,y = - -L.\4 ; an smce 

MDCCCXCII.--A. H 
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( 1 ). f 3 x = -- "= A.4, we have x dy = 3 "":'"" 3A. = 3 - (l )~ = area OKHB m 
l+y +y· 

terms of ABON unity. In this, y being made infinite, we have the area of the whole 
asymptotal space = 3ABON, which accords with § 19, as the asymptotal area repre­
sents the collective force of expansion from the original volume to infinity. 

If, during the expansion from B to H, vis viva were supplied to the medium so as to 

maintain the original quantity unimpaired, the point K in the hyperbola x = (] __ !__ ___ )~ 
.+y 

would coïncide with M, the point in the common hyperbola x = 1_!_-, or MH 
+y 

AB . 1 ( 1 )t 3 
=AH.OB. Now, it is evident that MH : KH : : 1 +Y : 1 +Y : : 3 : (l +y/'·; 

but the preceding integral gave (l ! Y)k = 3ABON - OKHB, therefore 

MH : KH : : 3AB. OB : 3AB. OB - OKHB = ratio of original vis viva of the 
medium to the force remaining after expansion from B to H. Thus, MH : MK : : 
original vis viva : decrement of vis viva owing to expansion ; and three titnes the 
area KN AS is equal to the asymptotal area on the other side of KH. These 
relations evidently hold good in whatever part of the conic hyperbola the point 0 
may be taken. 

Suppose the medium is maintained at its original vis viva while it expands from 
C to E, it will exert the mechanical force CEDB = p, and absorb the vis viva 
CEDB, the origina] quantity in the medium being 3AB.OB. From E let it e.xpand to 

F without being supplied with vis viva; then, as before, FG :-= (~~ rJ~D and ~! is 

the proportion of original vis viva expended represented by EFGD = (m), its 
equivalent mechanical force exerted. Let it now be compressed from F to K, the vis 
viva communicated to the medium being continually withdrawn. The amount 
withdrawn and the force exerted is represented by the area FGHK = q. From K 
let the medium be compressed without withdrawing the vis viva generated until the 
original tension CB and density AB are regained. The force of compression and 
vis viva communicated to the medium in the last operation is represented by the area 
CKHB = n. For shortness put the area KQDH = s, CEFK = 8, and EQF = e. It 
is evident since the molecular vis viva through CEL is constant and through 

LF MK MH MK MH AG MK 
KQF constant, that LG = MH and -LG = Llf' Also, ·LG = AII = LF' or 

AG.LF = .AH.MK = SK.MK = n = rn. But q + e = s + m = s + n, and 
s + n + ô - e =p. In this equation substitute fors+ nit!:! equal, q + e, and we 
have q + E + 8 - e = q + 8 = p. Thus, the curvilinear area 8, or CEFK, is the 
excess of the force exerted by the medium expanding from 0 to E at the higher 
constant temperature, over the force exerted upon the same, compressing it from 
F to K at the lower constant temperature. It is also the excess of the vis vi1.'a 
absorbed in the first part of the process over the 'vis ~'ii'a given out in the last part. 
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This is the interpretation of M. ÜLAPEYRON's fundamental position* applied to the 
hypothetical medium. M. CLAPEYRON assumes that the quantity of heat taken from 
the body A (p. 349, 'TAYLOR's Memoirs ') during the expansion from C to E is 
necessarily equal to the quantity given to the body B dnring compression from F 
to K, and that from E to F and K to 0 no heat is taken from or given to the volume 
of gas, a proportion only of the sensible heat being reduced to a latent form and 
again thrown out. Thus, there appears the anomaly of the mechanical force ô being 
exerted or generated without any loss of heat. M. ÜLAPEYRON's view is here so much 
at variance with the vis viva theory of heat that it seemed proper to enter into a full 
explanation of the same condition in the hypothetical medium. The case is very 
instructive, and throws light on the vi:~ viva theory, which is at the sarne time the 
means of clearing up the anomaly in causation of mechanical force seeming to be 
generated without expenditure of heat. M. ÜLAPEYRON's conclusions, so far as gases 
are concerned, are quite independent of any hypothesis, and seem to be strictly 
deduced from the laws of MARIOTTE and DALTON and G.AY-LussAc combined with 
the relation that has been found to subsist between simultaneous increments of 
sensible and of latent heat. It is satisfactory to observe that they agree, so far as 
they go, with the physical properties of the medium. 

Note G.-ObJection to Theory. 

The only difficulty I can discover in the vis viva theory of heat applies in some 
measure to the undulatory theory of light. The ethereal medium that transmits the 
undulations is affected by vibrations of the elements of matter, but there is not the 
least symptom of it affecting by its resistance the planetary motions, and yet theory 
shows that it must permeate through the very substance and heart of all bodies with 
such quick and subtle power as not in any sensible manner to be affected in its 
equilibrium by any part of their motion except what is vibratory. N ow, the vis viva 
theory of heat shows that the greatest ordinary velocities of this vibratory motion 
do not much exceed 2000 feet per second, but the velocity of the earth iu its orbit 
is upwards of 50 times this amount. In. the first case, if a hot body were isolated 
from all surrounding matter, the whole of its motion would be withdrawn from it in a 
very short time by the ethereal medium.. This we can affüm inductively from the 
laws of the radiation of heat. In the second case not the slightest resistance is made 
manifest. The ether only affects and is affected by vibratory motion. Any other 
kind, however great, it neither affects nor is affected by. What are we to infer from 
this incongruity ~ If vibratory motion differed in no other point from the rectilinear 
and rotatory motion of masses of matter, than in the sudden change of direction, it is 
plain that if there was no resistance in the one case there could be no resistance in 
the other, and vice versâ. We are, therefore, compelled to infer that the disturbance 

* Essay on the motive power of heat, 'Journ. Polyt.,' translated in' TAYLOR's Memoirs,' vol. 1, p. 349. 

H 2 
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of the ethereal medium is not caused directly by the motion of material particles as 
with the grosser media of gases and liquids when affected by the motion of bodies 
passing through them. Something takes place in the vibratory motion of the 
elements of matter that does not take place in their collective motion. 

Molecular vibration consists in the struggle, as it were, between the vis ·Însita of 
molecules and the forces that bind them together. It seems, therefore, as if the 
disturbance of the medium which answers to radiation of heat and light were 
derived from the disturbance of the molecular forces, and that when there was no 
such disturbance there was no resistance. 

But the di:fficulty yet remains of a body moving in a material medium without 
resistance. It is almost inconceivable in the present state of our know1edge of 
molecular physics. If it is at all possible (for there is almost an absurdity involved 
in asserting that it is possible) it can only be by means of a persistent or continuous 
relation of intense mutual organized activity between the ether and the perfectly 
elastic elements of matter, of which we can as yet have very little conception. 

The disturbance of molecular forces that allows the medium to absorb the vis insita 
of vibrating molecules may be likened to the ascent and descent of planetary bodies 
to and from the sun while revolving in elliptic orbits. There is a disturbance when 
the centripetal force on a body increases or diminishes, so that if a body revolved in a 
circle there is no disturbance, no resistance, no absorption of its vis insita by the 
active medium, and if it revolves in an eccentric ellipse there is disturbance, resistance, 
and absorption. The number of luminous vibrations in a second is, by the undulatory 
theory, from 458 million million to 727 million million, and the vibrations that cause 
heat are probably not very different in the velocity of their succession. If a set of 
molecules thus vibrating in a perfectly cold region took one second to dissipate their 
molecular vis viva by radiation, this is sufficient time for so vast a multitude of 
revolutions in the molecular orbits that the loss of vis insita in our vibration is 
probably as infinitesimal as that of the planets during one revolution, and we might 
conjecture that this infinitesimal ratio was a function of the ratio of the elasticity of 
the ether to the molecular velocity of the vibrations, the elasticity of the ether 
being apparent only as an active centripetal force. Such a retardation would 
certainly follow if the velocity of the action of gravitation were not infini te, but there 
still remains to be suggested the physical condition of a medium that offers no 
resistance. Is such an entity possible ? 

Note H.-Formulcf; for Measuring Heights by the The1'mometer. 

The tension of the atmospheric medium varies, as we have seen, in the proportion 
of the sixth power of the depth below the summit, and the elasticity of steam varies 
as the sixth power of the ordinate to the line SF on the chart multiplied by the 
absolute tempemture or square of the corresponding ahscissa (see Note B). This 

http://rsta.royalsocietypublishing.org/


 on July 5, 2012rsta.royalsocietypublishing.orgDownloaded from 

FREE AND PERFEOTLY EL.ASTIC MOLECULES IN A STATE OF MOTION. 53 

suggests a method of measuring heights by the thermometer that requires little or no 
computation. 

Let ST on the chart of vapours, which there represents the sixth root of the 
density of steam at 212°, be also taken to represent the who1e height of the 
atmosphere above a point where the water boils at the temperature of 212°. Then 
from 'l01 the ordinate to the steam line at 200°, draw mq parallel to QS, the line 
of one atmosphere pressure, or rathe1·, it ought to be convergfog to the poînt where 
the cord QS produced meets the axis. It is evident that SQ represents very nearly 
the height where water boils at 200°. N ow, if such lines are drawn at each degree 
between 200° and 212°, they will <livide Sq into parts that are sensibly equal. 

The value of each of these parts depends on the value given to ST, which, 
according to our theory, is in feet 318 times the absolute temperature of the air at 
the station where water boils at the temperature corresponding to the square of the 
abscissa of the ordinate ST. 

The following is the accurate formula by the theory for any vapour of which the 
constant G (see Note B) is known :-

317'6{1 - (J;-+4Bl - G) (r + 461)1}(T + 461) = h 
v1t + 461 - G t + 461 ' 

in which T is the temperatme of the air at the lower station, t = ternperature at 
which the liquid boils at the lower station, r = temperature at which the liquiù boils 
at the upper station ( all expressed in degrees on Fahr. scale ), G the first constant of 
the vapour (see Note B), and h the di:fference of height between the stations in feet. 
By boiling temperature is meant the temperature at which the tension of the vapour 
is the same as that of the external atmosphere. 

Let us apply the formula to the vapour of water, in which Gis 19•4923, and let us 
take an example where T is 60°, t = 212°, and r = 211°; the value of h is 528·6 feet. 
I t will be found, by taking other values for T and r, that this elevation for 1° 
di:fference in the boiling point increases about iths of a foot for each degree that r 

diminishes, and increases exactly 1 foot for every degree that T increases, and vice 
ve1·sd. 

Professor FoRBES, who has discussed this subject fully in a recent paper, finds that 
bis observations indicate a number between 540 and 550 feet. The accordance is 
thus satisfüctory; by the formula, 550 feet per 1° is the mean value for T = 75°, 
t = ~12°, r = 202°, which corresponds with Professor FoRBES' mean; and what it 
wants of uniformity is too small to be discovered in practice. 

Suppose that we wished to employ the vapour of sulphuric ether for this purpose. 
It boils at 96° under a pressure of 30 in. DALTON's observation on this ether gives a 
line of vapour which has G = 16·86. Compute the above equation with this value of 
G, and t = 96°, r = 95°, T = 60°. The result is h = 568, being ï\th greater than in 
the former case of steam. 
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The less this ratio, the more exact, of course, is this method of estirnating heights, 
and it depends greatly on the value of the constant H (see Note B), for the Jess the 
inclination of the line of vapour is to the axis the smaller is the height that 
corresponds to a difference of 1° in the boiling point. For mercury this is only 
248 foet, but the temperature is inconveniently high. 

Pure sulphuric ether appears to be the best adapted, ai:i its boiling temperature is 
low, and the disadvantage of the great amount of the difference of elevation for 1° 

might, perhaps, be compensated for, by employing a very <lelicate alcohol thermometer, 
with the divisions of the scale large and extending only from 60° to 100°. The ether 
need not have access to the air; the equilibrimn of pressure rnay be indicated by the 
rising of a thin metallic capsule air-tight and elastic. 

Such an instrument would require little more than the heat of the hand to bring it 
into action, and perhaps might be made sufficiently delicate to be used as a machine 
for taking levels and making sections of a country. 

Note K.-Cent1·al Heat. 

It is not difficult to compute the temperature that the atmosphere would have if it 
were supposed to be continued through a shaft to the centre of the earth. Suppose 
the force of gravity to diminish with the central radius, which is the· case in a 
hornogeneous sphere, the temperature of the air at the centre would be about 29,000°, 
and the density much greater than that of any known solid. 

Heat, if it is motion, cannot be propagated upwards without loss or conducted 
downwards without gain, any more than can a body when projected upwards retain 
its original velocity without diminution, or when projected downwards without 
increase. 

The temperature in mines (according to M. CORDIER) increases in descending at the 
rate of 1° to 50 or 60 feet. Is this the natural condition of vertical equilibrium of 
molecular vis viva within the crust of the globe~ If such were the case some regular 
difference might be found between the top and bottom temperatures in pillars or 
lofty buildings if precautions could be taken to prevent horizontal conduction. 

Note L.-Nebular Hypothesis. 

The vis vi·va theory appears to harmonize well with the N ebular Hypothesis of 
LAPLACE. The intense activity of the molecules of the Sun's mass may be viewed 
as the result of, or to have been originally produced by, its centripetal force while 
condensing. The motion generated is not lost, as it is in appearance when inelastic 
bodies meet each other with equal momenta. The clashing together of the descending 
elastic matter is followed by equal recoil in the opposite direction, and molecular 
1;ù; vi'l'a is generated. We see this take place on a minute scale when metals are 
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hammered, or compressed, or rubbed. Friction and every other expenditure of 
mechanical force gives birth to heat or molecular vis m:'l'a, which is dissipated by 
radiation and conduction. 

The observations of Sir JOHN HERSCHEL and Professor FoRBES with the actinometer 
(' Phil. Trans.,' 1842) have recently supplied a knowledge of the absolute value of the 
solar radiation before it passes through the atmosphere. They bave found it to 
amount to 388'4 actines, each actine being one-millionth of a metre in thickness of ice 
melted per minute. This is equal to l. ·835 ft. of ice melted in a mean solar day. 

N ow, since it is known that ice requires 140° of heat to melt it, and the mechanical 
value of 1° in water is equal to the weight of the water raised through 673 feet 
against the force of gravity on the Earth's surface (§ 25), we have the means of 
computing exactly the absolute mechanical power of the solar radiation-the absolute 
force thrown out by the Suu in a given time. 

There are various ways of reckoning this and obtaining a clear conception of it 
with reference to different standards. The fundamental principles are contained in 

. Section 3, and an example of their application is given in detail in § 25. The results 
of four computations are as follows :-

1. During one year the solar force upon a square foot at the Earth's mean distance 
from the Sun is equal to 20 tons raised 20 miles, or to about one ton raised one mile 
per day, which is equivalent to -!th of a horse-power, according to engineers' mode of 
reckoning. 

2. At the Sun its amount in one year is equivalent to the descent of a stratum of 
the Sun's surface (and of its mean density) 3! miles thick through its own breadth. 

3. If the Sun is supposed to contract uniformly throughout its mass so that its 
radius becomes 3-!- miles less in consequence of the general increase of density, the 
force generated is sufficient to supply the solar radiation for about 9000 years. 

4. If .a mass equal to the Earth descended to the Sun's surface from its mean 
distance, it would acquire a velocity of 390 miles per second, and the vis viva 
generated when it strikes the Sun would amount to the force thrown out by the Sun 
in 45 years. 

The density of the Sun being little more than that of water, ilï is possible that the 
mere gradua! contraction of its bulk, or natural subsidence of the .mass, may generate 
sufficient force to supply the amount of radiation without any diminution of tem­
perature, and it would appear from the third computation that the decrement of the 
apparent. diameter of the Sun owing to such condensation may not amount to more 
than lôth of a second in 9000 years. 

Note M.-Barometrio Formula. 

This may include the effect of aqueous vapour by the formula in Note B. Let 
T = mean dew point, t = mean temperature of the air at the two stations. Find 
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p = { Jr + 461 - 19·736} 6 (t + 461) 
10~22 ' 

then 
- 1250801 ( 4fil + t ) 
H = (log B - log b) . ( 2P ) . 9958 + t 

1 - 0·376 -----
B + b 

is the correct theoretical formula, in which 
H = height in feet between the two stations. 
B = height of barometer at lower station. ,_ 

b = height of barometer at higher station brought to the same temperature as B. 

Addition to Notes B. and H. of the Paper, "On the Physics of Oe1·tain Media," 
recently submitted to the Royal Society. 

Received January 27, 1846. 

In Note Bit was shown that the formula of a vapour might be obtained from two 
experïments on its tension, and in Note H, that the fonction which defines the law 
of density in vapours is analogous to what defines the law of tension in ascending the 
atmosphere, thereby enabling us to construct a rule for measuring heights by the 
thermometer. It may, perhaps, be useful to add what relates to the law of the tension 
of mixtures of air and va pour. 

In some cases it seems impossible to clear vapeurs entirely of permanently elastic 
matter, and it will be allowed to be very desirable, in a practical point of view, that 
we should be able to deduce the necessary constants from experiments made upon 
them in their usual state of commixture. It will be found, I believe, that this may be 
accomplished by means of the data afforded by not less than three experiments if the 
volume occupied by the gas and va pour remains constant, or if the proportionate changes 
in it are capable of being accurately determined. W e do not require to know anything 
of the quantity of air enclosed with the va.pour : this forms one of the three unknown 
quantities involved in the three equations afforded by the experiments; the other two 
being the constants G and H that develop the law of density of the pure vapour. 

In the accompanying chart (Plate 2), which is drawn on the same scale as the general 
chart of vapours given in Note B, it may be remarked how the straight lines of vapour 
are transformed into a high order of hyperbolas when. any permanently elastic matter is 
allowed to contribute its effect of tension. The mode of laying off the points is simply 
as follows. Suppose we wish to know the effect that air of 1 g0 ths of an inch of tension 
at 51° has upon the chart line of aqueous vapour; we have F6t = F6 (51 + 461) = 0'06. 
Frôm this we obtain the value of F 6, which we employ in the general equation for such 

(vt - G)6 _ 6 / (vt - G)6 _ 6 je 
m.ixtures> vi2;., F6t + t ---:H~ = e, or V F6 + \--:ÏI-_ - = V t =the ordinat~ 
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on the chart to the abscissa ,./t. The curve traced out hy these coordinates is one leg 
of a species of hyperbola. The apex of this hyperbola has its ordinate F'F' (see chart) 
equal to the element F in the equation, and the corresponding abscissa is G, which is 

equal to ,./t at this point which is the zero of the vapour. It makes vt ;;_ G = 0, 

and ·6 /<:_ = F. Vt 
As the tension of a vapour is excessively small for a considerable range of tempera­

ture above its zero point, the curve, which begins at F', does not sensibly leave the 
tangent at its vertex, F'E,-which is also parallel to the axis at the distance from it, 
F,-for some distance beyond the point of contact. It then takes a sudden bend, 
having the greatest curvature at the point where the tension of the vapour is nearly 
one half the tension of the air, and ascends along the line of vapour converging towards 
it as an asymptote. This curve answers very well to the general run of the experi­
ments on aqueous vapour at low temperatures, and those of Professor MAGNUS that 
have recently appeared in the 14th number of the 'Scientific Memoirs' correspond 
with it almost exactly. 

Are we then to infer from this coïncidence that the general divergence from the 
straight at low temperatures is the effect of a minute portion of air that clings to the 
water, in spite of all the precautions taken to prevent it, and that it only becomes 
sensible when the tension of the vapour, per se, has descended to the same attenuated 
proportion; or is the law that is represented by the general equation of Note B, 
defective to this trifling extent 1 

Although no atternpt has yet been successful to give a physical interpretation of 
the function of the temperature that represents the density of a vapour, yet it must 
be considered as a cfrcumstance favourable to the possibility of doing so on the 'Vis 
viva theory, that it corresponds so far with several of the laws of gases or media as 
like them to involve the sixth power of an element of the tempera.ture. Thus in 
XVI. (§ 22) it was shown that when a medium was compressed the vis viva increased 
as tbe mean molecular distance diminished, or, what is the same, that the sixth power 
of the rnolecular velocity increased in the same ratio as the density. This actually 
enables the condition of a gas in respect to density and temperature, while dilating or 
being compressed, to be represented on the chart of vapours, and has already been 
referred to in Note B. The physical demonstration of this peculiarity of fonction 
depends ultimately (as shown in Section III.) on the six rectungular directions of 
space. It seems highly probable, therefore, that the same primary cause shapes the 
function in the case of vapours, and we may thus be led to hope that in the liquid 
condition of bodies their molecules are arranged upon a plan more simple and less 
interwoven with the essential nature of the molecular forces than might otherwise 
have been anticipated. 

In the upper cnrve, FOS, the ordinates represent the sixth root of the respective 

MDCCCXCII.~A. 
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densities when the air and vapbur are in equal proportion at the ordinary pressme of 
the atmosphere. The va pour is that of the sulphuret of carbon employed by M. MARx1' 

('Scient. Mem./ Part 14), which has 117°·12 as its boiling temperature. With half its 
volume filled-w:i~h airit assumes_ the o.rdinary pressure of th,e .at_mosphere {30 inch~s} 
at 80°·55. At this point it crosses the line of the constant pressure of one atmcisphere 
(see Note B) as may be seen on the accompanying chart. It may also deserve to be 
remarked that the curve crosses this line in a much more sloping direction than the 
straight line of the pure vapour, and that, consèquently, according to what is stated 
in Note H, such a mixture is so much better adapted to the measurement of heights 
by the thermometer, inasmuch as 1° represents a much Jess difference of height in the 
atmosphere when applied to mixtures of air and a vapour, than with the same vapour. 
in its pure state. W e may thus, perhaps, with such mixtures, be enabled to construct 
an instr'ument for measuring heights by means of the thermometer which will have all 
the advantages that are anticipated in Note H from. employing the pure vapour of 
a volatile liquid with a chart line of density having the smallest possible inclinati9n 
to the axis. 

As an example of this let us take the mixture represented by the upper Hne. of 
àensity, FCS. 

At thetemperature 80°·55 and the_ mercury in the barometer standing at 30 inches, 
a small quantity of .air saturated with sulphuret of carbon is enclosecl and at the 
lower temperature, 70°, the tension of the mixture of air and vapour reduced to 
26'76 ; it is required from these data to determine the height corresponding to a 
lowering of 1 degree in that tempe.rature which brings the tension to an equilibrium 
with the exterhal atmosphere. 

W e have first to compute G by the formula gi ven in Note B as follows :-

'( - 6 /toe1 lt v oyt;-v i 
G=-- io _. V t ' 

JÔ - 1 
. . . t1eo 

in which to = 461 + 70, t1 = 461 + 80'.55, ea = 26'76, el= so·oo. 
By this we obtain G = 8·7 42 .. It is making use of the small arc, CS, as if it were_ 

a straight line. _ 
We have next te employ_the valu.~ of Gin the formula ofNote H, viz.:-. _ 

. 317·6 {i -("/T-:: ~) (!)~·} . T = h: 
vt ~ G t · · 

In.this the absolute temperature at the lower of two stations 1s denoted by T, '.'tnd t is 
the temperature at which the tension of the enclosed air and vapour equilibrates t~e 
~tmospheric pressure at thè lower station~ the same at the upper station being 7'. 

* [? Magnus.-R.J 
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the formula computed gïves h = 3127, which, divided by t - T = 10·55, gives 
296-l feet as the value of 1° in such an instrument. This amount varies but little, 
through a considerable range of temperature and pressure. 

This value may be obtained by observing the temperature at the bottom and at the 
summit of a known height, and dividiug the elevation in feet. between the two 
stations by the difference. N either the law of the vapour nor the amount of air 
enclosed with it is required. 

What if we dismiss the vapour a1together and enclose dry air only 1 It is evide11t 
that the line CS will then become parallel to the axis and distant from it F, the 
sixth root of F6, the density, which is constant. The element G becomes infinitely 

negative, and ~; = ~ = 1, thus simplifying considerably the expression for h, which 

is now converted into h = 317·6 { 1 - GY} 'f. 

Let t = b6, and T = (b - /3)6 = b6 - 6b5f3, when f3/b is a small fraction. By division 
we have on this hypothesis T/t = 1 - 6 /3/b, and ( T/t)! = 1 - f3/b, which couverts the 

equation for h into h = 317·6 i T. To express~ in terms of t and T, we have 

t - T -- 6b50 and t - T -- /!_ • H 1 th• fi t" · all · · p, Bt b ence, so ong as is rac ion is sm m compar1son 

to unity, we have the following simple expression for the height in terms of the indi 
cations of the thermometer :-

( T t - T) h = 317 •6 t . -6 - . 

This gives the nea.rly constant value, 53 feet, for each degree of Fahr. thermometer, 
at moderate elevations and ordinary temperatures. 

This is the lowest possible value for difference of temperature that can be obtained. 
In ascending through an increment of the height of the at.mosphere, we experience 
one decrement of temperature, and five decrements of density, which, together, make 
six decrements of tension. 'fhese six decrements of tension must be effected in the 
enclosed air of the instrument before an equilibrium is established, and as the density 
is a constant quantity they must be produced by means of a lowering of ~emperature 
to thé amount of six decrements. Thus, six decrements of temperature in the instru­
ment correspond to the same differential height as one decrement of temperature in 
the atmosphere, or six degrees correspond to 317·6 feet, the difference of height that 
crtmms a difference of 1° while in its natural condition of vertical equilibrium. 

It appears, therefore, that dry air is in every respect the best in theory for measu~ing 
heights with the thermometer by means of such an instrument as is referred to in 
Note H. The theory upon :which its theory rests has been shown to agree with 

[ 2 
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M. GAY-LussAc's observations during bis balloon ascent, § 34, and also with 
Professor FoRBEs's original determination of the nearly constant difference of level 
in the atmosphere that corresponds with the same constant difference in the boiling 
point of water . 

.Suppose, then, we take a small glass vessel, in which there is fixed a delicate ther­
mometric apparatus with a large scale. We heat it to about 100°, and the inside 
being perfectly dry we close it and make. it perfectly air-tight by means of a thin, 
finely polished silver capsule. From 100° down to 60° corresponds to an altitude of 
only about 2100 feet, so that for greater elevations or a greater range of the barometer 
we would require to seal it at a higher temperature, or what amounts to the same 
thing, partially exhaust the air while fixing the capsule. In afterwards employing 
this instrument the polished capsule will be a conca-ye mirror so long as the pressure 
of the atmosphere exceeds the t6nsion of the enclosed air. It will become a plane 
reflector when they are in equilibrium, and convex when the tension exceeds the 
atmospheric pressure. 

N ow, the image of an abject is so different in these three kinds of reflectors, that I 
conceive it will be possible to recognise the point of equilibrium with very considerable 
accuracy, or, perhaps, better by means of an eye-piece adjusted to a certain angle of 
reflection. 

The principal difficulty in such an instrument would probably be in getting the 
temperature of the air and of the thermometer to be perfectly the same at the instant 
of equilibrium. M. BREQUET's metallic spiral thermometer is, perhaps, the best 
adapted, and would make the apparatus very portable. But it is the practical artist 
only who can judge if such an instrument can be made effective. 

Fig. 5. 

~i 
/ 

s 

T 

The annèxed sketch is another form of the apparatus, to be used with a delicate 
mercurial thermometer that may show the temperature of the atrnosphere at the 
station. Q is an air thermometer, with a bead of mercury as index, which, before 
observing with it, must be blown into the bulb by putting the finger upon the open 
e;nd, a. 

The air in Q, having now the same temperature and density as the atmosphere 
outside the bead of mercury, is allowed to fall into the stem of the instrument, and 
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the reading of the scale marked off. Heat is then applied to the shut glass bottle, 
SS, that encloses Q, until the capsule, C, shows the equilibrium ; the air in Q, of 
course, has the same temperature, and has expanded accordingly against the constant 
pressure of the external atmosphere ; the reading of the mercury in the scale, n, will 
now show the amount of expansion, and, therefore, the ratio of the constant density 
of the air enclosed in SS to the density or the atmosphere at the station. Thus, we 
ascertain the absolute temperature and absolute density of the atmosphere at every 
station from scales with as large a reading as we please. 

To obtain the Jaw of tension of a vapour by three experiments made upon it at 
di:l:ferent temperatures when mixed with an unknown quantity of air, let t0, t, t1 be the 
three absolute temperatures found by adding 461 to the rending of Fahr. scale, and 
e0, e, e1 the corresponding tensions. Also, let G and H represent the two unknown 
constants of the vapour, and F 6 the constant that :represents the quantity of the 
enclosed air, or number of gaseous molecules, which is the same at all temperatures, 

while the nurnber of vaporous rnolecules ( v'_!; Gy changes with the temperature t. 

These expressions mean the number of molecules in a constant volume, $0 that the 
experirnents require to be made with the enclosed volume over the liquid constant. 
The general expression for the observed tension is 

( 
lt - G\6 

e = t F6 + t v 'H } 

By eliminating F6 from each of the three experiments, we have 

From the first and second of these, we have 

H 6 (~ - ~) = (V t1 - G )6 - (V t - G )6 
tl t 

Frorn the second and third, we have 

H6 (~ - ~) = ( vt - G)6 - (vt0 - Gyi 
t t0 

Dividing (3) by (4), we obtain a known ratio R, 

(1 ). 

(3). 

( 4:). 

(5). 
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From this we may eliminate G by trial and error. The shortest way of ma.king this 
computation is, perhaps, the following :-

Assume any value A for G, and substitute it in (5), and compute the corresponding 
value of R, which let us denote by N. If we make the proportion, as the differential 
of N is to the differential of A, sois the difference between N and R to 8, the difference 
between A and G, we have 

which approximates nearer to G. Substituting this value in the place of A in the 
above equation, we obtain the next value of 8, which call 81, and A1 - ô1 = A2, which 
approximates still nearer to G. 

W e arrive more quickly at the exact value of G by making A - ~ ô = AI> and 
N . 

A.1 - R1 Ô1 = A2• Having thus found Â 1, A2, N, N1, N 2, we may lay off A as the 

ordinate to N, A1 to N 1, and A2 to N2, then, drawing a curve through these points, 
the ordinate toit opposite Ris G, which, in this wa.y, may be obtained very exactly. 

As an example the following three observations are taken from ·Professor MAGNus's 
experiments on the elastic force of steam, that have recently appeared in the 
14th number of the 'Scientific Memoirs.' · 

e0 = 0"178 
e = 3·793 
e1 = 29'920 

t0 = 493 = (461 + 32) 
t = 585'1 = ( 461 + 124'1) 
t1 = 673 = (461 + 212) 

Computing the preceding formulœ with these data, a few trials· give G = 19·625. 
Then, by (3) or {4), we get H = 10'62, and by (2), from the first experiment at the 
lowest ternperature, we obtain the value of F 6, and thence F6 (51 + 461) == 0·08, or 
-3 ~ 5 th part of an atmosphere of permanently elastic matter at 51° Fahr. 

The line on the chart which answers to the experiments of SOUTHERN and the 
French Academy has G = 19·492, and H = 10'83. 

It is obvious that one of the experiments ought to be taken at as low a tempera­
ture as possible, and that F 6 should be computed from its data. 

(../t- G)6 The general formula for vapour, t H = e, is easy to compute when the 

tension for a given temperature is required ; but when the temperature that corre­
sponds to a given tension is sought, the equation does not admit of direct solution. 
The following is, perhaps, the simplest method of overcoming the difficulty. It is 
founded on the property of the tangent to the curve of constant pressure, alluded to 
in Note B. 
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The length of that portion of it intercepted between the point of contact and the 
axis of the curve, is equal to three times the length of the abscissa. 

The tension given being e, and the corresponding absolute temperature r being 
required, assume any absolute temperature as near to r as may be guessed roughly; 

then, by the formula for the given vapour, t ( y't ;- Gr = e, compute e. The value of 

r may then be found directly, with all necessary precision, by the following equation: 

From this value of r subtract 461, and we have the temperature required on Fahr. 
scale that corresponds to the elastic force e. 

J. J. W ATERSTON. 

December 15, 1845. · 

ExPLANATION OF TABLE OF GAsEs AND V APOURS. 

Received 1!1ebruary 19, 1846. 

Having found the following Table useful to refer to while stûdying the subject of 
gases and vapours, I have been led to hope that it might be made available, so far as 
it goes, in shortening the labour of drawing up a .complete view of their physical 
constants. That such a condensed view of their physical character and constitution 
îs a desideratum will probably be generally admitted, and principally with reference: 
to theoretical chemistry does it seem to be of importance to have their molecular 
characteristics placed before the eye in a clear and concise manner. 

The tables of this description that are usually inserted in chemical treatises do not, 
perhaps, give to the arithmetic of volumes all the clearness that it is susceptible of. 
This is a consequence of employing the chemical equivalent or lowest combining 
proportion as the unit, whether or not it happens to correspond with the specific 
gravity of the gas, and it is generally either half this ratio or, as in the case of 
sulphur, of phosphorus, and of arsenic, even a smaller fraction of it. 

Thus we have H + 0 the symbol for water. In Dr. TURNER's ' Chemistry' its 
constitution is th us defined: 1, or one equivalent of hydrogen, + 8, or one equivalent 
of oxygen, = 9 the equivalent of water; and, by volume, 100 of hydrogen combines 
with 50 of oxygen to form 100 of steam. If WE:l ta,ke 16 as the equivalent of oxygen, 
which corresponds with its specific gravity, then HOi expresses distinctly the consti­
tution of steam both by weight and volume. Another objectionable point may some­
times be remarked though it bas now almost disappeared, the combining ratio by 
volume is inserted before any determination of the fact has been made: thus 
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Dr. TURNER de:fines the peroxide of hydrogen, 1 OO volumes, to consist of 1 OO oxygen 
+ 1.00 hydrogen, whereas, .since the vapour has never been weighed, it is just as 
likely to consist of 50 volumes of each; both gases unite with others in several 
instances in half volumes, so that, until the experiment has been made, a.U that can 
be stated is that 17 by weight of the peroxide consist.s of 1 hydrogen + 16 oxygen. 
As soon a~ we have ascertained the space occupied by the 17 of the peroxide in 
comparison to the 1 of the hydrogen we can state jts composition by volume, but 
it is surely çonfusing the subject of volumes altogether to infer this from the 
combining weights alone. 

[n this Table the specific gravity of a simple gas in terms of hydrogen unity is 
taken as the value of its symbol (Col. 3, Part I. ), and when this is inserted in 
parentheses (as from N os.10 to 20 ), it represents the value that has been assigned to 
the symbolical letter of the element in the compounds that follow, and indicates that 
it has not .as yet been weighed in the simple vapour. 

Thus the value of C is 12, of F 19, &c., throughout the Table wherever these letters 
occur, and at the side these numbers are taken as unity in denoting the several 
proportions with which they have been found to combine in a single volume of 
compound gases and vapours. Opposite hydrogen, for example, we see numbers from 
l up to 16, which informs us that from * a volume up to 16 volumes of this gas 
enters into one volume of its compounds, and the same with regard to the ot.hers. 
These indieate in some degree the molecular capabilities of the element. They are 
ratios that have been taken from vapours that have actually been weighed as well as 
analysed. A large proportion of them are of recent determination, and the original 
details of the experiments by DUMAS, MITSCHERLICH, REGNAULT, LAURENT, and BINEAU 

are to be found for the most part in the ' Annales de Chimie' ; the reference to the 
voiume and page of this invaluable work is given in parentheses after the name of the 
vapour, and the letter (m) is a reference to MrTSCHERLICH's 'Chemistry,' where 
several specific gravities of vapour are given that are not to be found elsewhere. 

In the table of binary compounds a column is occupied with the chemical 
constitution of a single volume of each in terms of volumes of its elementary 
components. Thus, nitric acid is represented by 0 2tN, which means that one volume 
of nitric aaid vapour is composed of 2~ volumes oxygen united to one volume nitrogen, 
and where a volume has not been weighed, although its constitution by weight is 
known, the symbol is within parentheses, thus [ ]. 

In the ternary and organic compounds the simple constitution of a volume is given 
in the :first place, as with the binary, and in the next column the most probable 
arrangement of the constituents, when there is any ground for rnaking a hypothesis. 

Thus we have oxalic ether, No. 114, evidently composed of one volume oxalic acid 
and one volume of sulphuric ether condensed into one volume. This also allows us 
to infer with great probability the specific gravit.y of oxalic acid vapour. The next is 
n~ttrous etker, No. 115, which is quite a similar compound in the liquid form, but it 
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will be remarked that in the act of rising into vapour it is decomposed, and what is 
one volume in the case of oxalic ether vapour is two volumes in the case of nitrous 
ether. Severa! other examples of this kind will be found. I have already referred 
to such facts as being favourable to the hypothesis of media which attributes a 
mechanical origin to the law of volumes, and have likewise referred to the remarkable 
circumstance that compounds which thus disunite in the act of vaporization neverthe­
less obey the general law of vapours (see Note B). As it seems, from the nature of 
the function that expresses this la.w, that a mechanical origin may be found for it 
a.lso, the investigation of the subject might, perhaps, be made easier if the chart lines 
of vapour were determined for mixtures of pure alcohol and water in all proportions, 
and also for mixtures of alcohol and ether. 

We should then, perhaps, discover the law of variation of the two constants G and 
H of the chart line, and this might provide us with a new condition or effect of the 
primary cause pointing to its origin from a new ground. 

The two last columns contain the constants G and H, referred to in Note B. ; 
where there are three places of decimals the numbers are nearly exact, when two only 
they are to be considered as approximate. 

Column No. 1 contains the temperature on Fahrenheit scale at which the vapour 
in contact with its generating solid or liquid equilibrates a pressure of 30 inches of 
mercury. 

Column No. 2 contains the specific gravity of the body in its usual liquid or solid 
form. 

Column No. 3 contains, as before mentioned, the specific gravity of the body in its 
gaseous form in terms of hydrogen unity. It expresses the weight of a molecule of 
the hypothetical medium that answers to the gas in its physical relations. 

Column No. 4 contains the inverse of the speei:fic heat of the body in its usual 
liquid, solid, or gaseous form. The numbers are found by dividing the constant 3·2 

by the speci:fic heat. This constant is the product of the speci:fic heat of air by its 
speci:fic gravity in terms of hydrogen unity, and to the same product of ail gases that 
conform to the law of equal volumes having the same speci:fic heat. It is likewise 
the product of the specific heat of m·ercury in its liquid form by the specific gravity of 
its vapour (Note E). In other elementary bodies this product is a simple multiple of 
the same constant. In compounds the same product is also in most cases a simple 
multiple of the same constant. On the vis viva theory of heat the numbers in this 
column probably show the mean weight of the component parts of the gaseous 
molecule that have an independent motion when the body is in the liquid or solid 
form. Thus, No. 33, arsenious acid: the speci:fic gravity of the vapour is 200 times 
that of hydrogen; but its specific heat in the solid form is 8 times what it is in the 
state of vapour, if in this form it obeyed the law of the specific heat of gases. Hence 
25 is the number opposite in this column, which, since it goes 8 times in 200, shows 
that the molecule consists of about 8 parts, each of which bas an independent 

MDCCCXCII.-A. K 
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motion. W e see further that 0 3As expresses the constitution of one volume of this 
acid, and referring to As, No. 7, we find that its specific heat in the solid form is 
nearly 4 times greater than it ought to be in the vapour. 

The probable general inference is that such molecules consist of several parts, more 
or less free to move independently of each other, and that when they escape from the 
bonds of liquid cohesion and become free projectiles, these parts can no longer assume 
vis viva of their own, but are in subjection to the irnpressed condition of their common 
centre of gravity. 

The great question in this department is, Do such compound bodies which have so 
great a specific heat in the solid form have it all at once reduced in so vast a 
proportion when raised to vapour ~ This interesting point, as remarked at length in 
Note B, has yet to be determined by an experiment made on the specific heat of 
sulphuric ether vapour, as being the most accessible, which, if these views are correct, 
ought to be only about !th of the specific heat of the liquid. 

Column No. 5 contains the quotient of the gaseous specific gravity by the specific 
gravity of the liquid or solid, and represents the relative size of the molecules. 'l'he 
subject of atomic volume has recently been the subject of interesting discussion by 
M. KoPP (' Ann. de Chim.,' vol. 75, 1840, p. 406), and, doubtless, will increase in 
importance as science advances. 

To these physical characteristics of gases it would be well if we could add the 
temperature of liquefaction, the latent heat of liquefaction, or the measure of the 
solid polar cohesion of molecules according to the vis viva theory, the differential of 
expansion through a range of temperature, and the latent heat of vapours or measure 
of liquid molecular cohesion. 

December 24, 1845. J. J. w ATERSTON. 

This paper being the last in connection with the vis viva theory of gases that the 
writer is likely to have an opportnnity of snbrnitting to the Society, he begs, in 
taking leave of the subject, to express a hope that, although the nature of the 
fundamental hypothesis is likely to be repulsive to mathematicians, they will not 
reject it without a fair trial. The principle of the conservation of vis viva involves 
the indestructibility of force, and is a necessary consequence of the quality of perfect 
elasticity or reaction in the ultimate elements of mattèr : if this, last is a universal 
property the first must also be of universal e:ffect, and, as it does not admit of any 
diminution of force in nature, we may que_stion whether, in such intense chemical 
action as the phenomena of combustion and explosion manifest, the sudden evolution 
of force is not merely an exhibition of its transference from one form of elastic matter 
to another. 

Are not the properties of aeriform fluids and of the medium of light glarmg proofs 
of the widely spread existence of this quality of perfect elasticity, whatever may be 
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its essential mode of reaction; and do not they even demand of us a ready assent to 
its aU-prevailing influence in the phenomena of Nature? 

Although the utmost caution in adopting any hypothesis is the proper accompani­
ment of a sober spirit of inquiry, it does not appear inconsistent with such a spirit to 
advocate the trial o~· these principles as a foundation for mathematical research in the 
several departments of molecular physics. 

It is the matured conviction of the writer that upon such füundation we shall have 
to build if we are destined ever to become acquainted with the secret mechanism of 
Nature,. ·\Vould that his feeble voice could call attention to the subject, could direct 
upon it some portion of the vast mathematical talent that this country can now, more 
than at any former period, boast of. 

J. J. W. 

K 2 
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TÀBLE OF GABES .AND VAPOURs.-I. Elementary Sub:::;tances. 

1 

2 

3 

4 

Oxygen 

Hydrogen 

Nitrogen 

Chlorine 

5 1 Bromine (55/31) 

6 1 Iodine . 

.....; 
0 

..0 s 
h 

Cil 

0 
H 

N 

Cl 

Br 

I 

7 1 Arsenic (55/32) . . . . i As 

8 Sulphur (50/170; 55/31) . ! S 

9 1 Phosphorus ( 49/211; 50/170) · P 

10 1 Me_rc~ry (55/32) . Hg 
11 Fluorme . . . . F 

12 1 Carbon . . . . . . . : C 

13 Boron . 

14 Silicon 

15 Selenium . 

16 Tin. 

17 Antimony 

18 Titanium . 

19 Tellurium 

20 J Chromium 

B 

Si 

Se 

Sn 

Sb 

Ti 

Te 

Cr 

. ' . i't:i 0 1 

~ ©h 1.,,q:: 1 p p..~ 'r-. .... 
_.., w > ... 0 • ~ • cil .1~ a) cil 2 

.,.; S 0 È oo 5Ji..--i 1 ~ ~ <+< 5 Vapour 1 
§ ~ sp., 1 ~ ~ 5 .s 11 /·o~ S ~ 0 2 Combining proportions in 1 constants.* i 

,.....; r-1 °1"""1 1 ô '" iJ) '"+-! 0 © ~ 0 1 1 
~ è :-;::1 .s 1 0 b'o ~ ·a fI1 1:;:; <t:l...; - s vo urnes. [ 0 .... 0 p.. -~ ,.,... p ·2 ·a P=i w . c:; ti:::i P=i 
oo' - -1~-- 1 1 ~<l) ! 

0 1. 2. 3. 4. 5. · G. 1 H. i 
1 0 ------- 11 1 l 1? 1 ---1 

8 . . . • 16 16 . . 1 2, 1, 12, 2, 22, 3, (32.) 1 

1 . . . . 1 1 . . 1 t, 1, lt, 2, 3, 4, 5, 6, 8, 9, 16 1 1 . 

14·1 .. . . 14 14 . . t, 1 i 1 

35·4 6 1·33 36 . • 27 t, 1, lt, 2, 2t . . . . . . . i 17·0 1 7·24 

78·4 116 3·00 80 {::} 27 t, 1, lt 1 

126·3 I 350 4·95 I 125 ~~ 25 t, 1, lt i 

37·7 

16·1 

15·7 

356 

600 

5·88 

1·99 

152 40 26 t, 1 

96 16 48 t,% 

500 1·71 64 { l~} 38 t 

13·57 101 101 ' 7·3 1 

(0·73?) [19] . . 1 . . t, lt, 2t 

202 
1 

. ' 22·606 20·002 i 650 

18·7 

6·1 

10•9 

7·5 

39·6 

58·9 

64·6 

24·3 

32·3 

28·0 

650 

{ ~:~~} [12] i~ 1 3•4 t, 1, 2, 3, 3t, 4, 4t, 5, 7t, 8, 10 {
26}" 

{ i:~~} [11] 

. . [15] 

4·31 [40] 

7·29 [58] 

6·70 [64] 

5·30 [24] 

6·ll [64] 

5·90 [28] 

* See note B. 

40 

58 

64 

64 

9·2 

8 

9·5 

4•5 

10•5 

5·5 

1 
2 

1 

1 

1 

1 

1 

l 

1 

! 

---------------

c:. 
OO 

~ 
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:-r 
~ 

~ 
1-3 
tg 
i;:o 
OO 
t-3 
0 
z 
0 z 
1-3 
fI1 
t;l 

"'Ci 
iJj, 
1-<i 
OO 
H a 
œ 
0 
i'zj 

~ 
t;l 
b 
H 

P> 
a 
0 
~ 
"'Ci 
0 
OO 
tg 
t:i 

0 
"'1 
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IL BINARY Compounds. 
--··--

1 ci5 
1 cl p:, 'd 0 ... 2:: :El ::> p..~ 

~ Ill I> ;... 0 ci5 
~ cil • Q) Q) 

;... .... p.. cil";:j Q) ........ i:l Ill 
OO p.. ~·i;: §~Il .... a...; .... 0 

0 Q) . sa .... cil 
Q) q:l 0 0 cil .!<i·o :S$ g bb ~ ·s :ri """ ;... Q;) ";:la 

i 
p.. ~ .... ~ 

P'.1 U2 c!:l A P'.1 
1··--·-

1. 2. 3. 4. 5. 
------

21 
0 

3·2 Water. 212 I·OO 9 9·0 
22 Peroxide of hydrogen .. 1·45 [St] .. [6·0] 
23 Binoxide of nitrogen . .. .. 15 .. . . 
24 Nitrons oxide . . . . 22 .. .. 
25 Nitrons acid . 82 1•45 46 .. 32 
26 Hyponitrous acid (55/32) [O?J [1·1 ?] 25·3 .. 

13~· 27 Nitric acid .. 1·70 54 .. 
28 Quadrihydrate of nitric acid (68/417) . 248 1·42 18 .. 63 
29 Carbonic oxide . .. .. 14 . . .. 
30 Carbonic acid . [ -160?] { ·83} 22 22 ·45 .. 
31 Oxalic acid . [330] [2·4 ?] [36] .. 

1 
.. 

32 Oxalic hydrate . . . .. [45] .. .. 
33 Arsenious acid (55/35) . 380 3·7 200 25 54 
34 Arsenic acid • .. [4·3 ?] [232] .. [54 ?] 
35 Sulphurous acid 

· 1 
14 1•42 32 .. .. 

36 Sulphuric acid (55/32) . 115 2•29 40 9·2 1 17 
37 Sulphuric hydrate. 620 1•85 [49] .. [27] 
38 Ammonia. . -46? 0·76 81.. 2 .. 11·3 
39 Arseniuretted hydrogen . . .. 39! . . . . 
40 Selenious acid (55/36) .. .. 56 .. 

i 1~i 141 1 
Sulphuretted hydrogen . -90? 0·90 17 .. 

Chemical 
anal y sis. 

·--·-

011H 

[01H1] 

O:tN11 

O!N 
0 2N 

ON1 

021-1-"'f 

01.,NïHt 

01Ct 

oc, 

[0110] 
[02HC] 

03ÂS 

[05As] 

os* 

011Si 

H11Nt 

H11Ast 
Seo 

HSi 

Vapour 
Chemical arrangement of molecules constants . 

(hypothesis). 

G. H. 
------

19•492 10·830 

1 

1 
2(0tNi) + 0 2N = 3 vols. 

1 

1 0 2tN + 4{HO!) = 5 vols. 

10·09 10·62 

17·38 6·97 

1 
1 

13·40 10•80 

1 

1 
1 

1 

~ 
~' 
l:.":I 
l:.":I 

P> z 
0 

~ 
l:.":I s 
0 
8 
t"' 
i-<. 
l:"'l 
t"' 
l>-
00 
8 
H 
0 

~ 
0 
t"' 
l:.":I 
Q 
c::: 
t"' 
l:.":I 
OO. 

H z 
p.. 

OO 
1-i p.. 
8 
t;j 

0 
b.;j 

~ 
0 
8 s 
!2l 

O') 
c,o. 
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Bisulphuretted hydrogen 

Phosphoretted hydrogen 

Seleniuretted hydrogen (68(42:-l) 

© 

j 
MP.. .s s 

...... Ql 
·s~ 
p::i 

1. 

42 

43 

44 
45 

48 

49 

Tellurated hydrogen . . . . . . . 

Muriatic acid • . . . . . . . . - 160 ? 

Octohydrate of muriatic acid (68/422) . . . 

50 1 Hydrobromic acid (55/9) 

51 , Hydroiodic acid . . . 

52 

53 
; 54 
1 

55 

Hydrofiuoric acid . 

Cyanogen 

Bisulphuret of mercury (55/36) 

Sulphuret of carbon . . . 

. ! 

. ! 

56 

57 
58 

59 

60 

Protoxide of chlorine (euchlorine) (m). 

l 

Peroxide of chlorine (m) 

Perchloric acid . 

Quadrichloride of nitrogen . 

Sesquichloride of arsenic 

61 1 Sesquibromide of arsenic 

62 Periodide of arsenic (55/35) 

631 Chloride of sulphur 

64 Dichloride of sulphur 
: 1 

l 

60 

-8 

117·2 

392 

160 

147 
280 

II. BINARY Compounds ( continued). 

o~ :s ~ 
0 H 
~~ 

ifl 

2. 

1·77 

2·30? 

1"16 

1·76 

1·06 

0·90 

1·27 

1·65 

1·65 

1·62 

1·69 

ti-
a:i"'"" 

~ 
~ b'o,...; 
g~ Il 
~·s::i:l 
~ 

3. 

[16tJ 

17î 

41 

65 

18t 

lOr"s 

40t 

63 

[10] 

26 

80 

38 

35·2 
34·0 

[92] 

[79] 

92 

158 

225 
52 

68 

'"d 0 
Ql <i=I 
H"'"" H <:l 
Ql Ql 

'\=3 ~ ..... 
os~ ..,., 8 11) 

.~ ..... ...C1 
Q 

4. 

1 .. 

1 .. 

1 •• 

1 

10 

© 
!g 
o~ 
~o 
'2 s 
p::i 

5. 

[8] 

23 1 

[9] 
29 

31 

32 

40 

Chemical 
analysis. 

[Hi-Si;.] 

H1~.Pt 

HSe 

HTe 

H!Cli 

HHCltsÜt 

HiBri 

Rtl! 
H!Ft 

NO 
SiMt 

slrcï 
ÜtClt 

001! 

[03~Cl] 

[Cl2Ni] 

Cl1~St 

Br1~.A.st 

I1tAS!; 

ClSi. 

ClS~ 

Vapour 
Chemical arrangement of molecules 1 constants. 

(h ypothesis). 

G. [ H. 

·-1~···-1-··· 

1 i 

1 

01,ïH?t + 8(H01r) = 9 vols. 

1 

S1;M + 81; + M = 3 vols. ? 

[001! +Cl]= 2 vols.? 

f 11·08 1 6·55 
1 

l rn·254l 12·760 
1 1 

1 . 

~ 
0 

~ 
~ 
~ 

~ 

~ 
~ 
>-3 
l:rj 

~ 
OO 
f-'3 
0 z 
0 z 
8 
~ 
l:rj 

-0 
~ 
~ 
[/). 
H 
0 
[/). 

0 
l'zj 

~ 
(rj 
b 
~ 
0 
0 s:: 
1--d 
0 
OO 
l:rj 
b 

0 
>zj 
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1 ! 
1 

65 Sesquichloride o:f phosphorus (m) 

66 Perchloride ofphosphorus (m; 55/5) . 

167 Protochloride o:f mercury. . 

68 Bichloride o:f mercury 

69 Protobromide o:f mercury 

70 Bibromide o:f mercury 

71 Biniodide of mercury. . • 

72 Dichloride of carbon . 

73 Protochlori<ie o:f carbon (71/374) 
74 Perchloride of carbon 

75 Perchloride of muriate o:f metbyle 
(71/385) 

76 Terchloride of boron (55/14) . 
77 Fluoride o:f boron . 

78 Chloride o:f silicium 

79 Fluoride of silicium 

80 Bichloride of tin 

81 Sesq11ichloride o:f antimony (55/36) . 
82 Bichloride of titanium (55/13) 

II. BINARY Compounds (continued). 

c5 6 i;.'.. '"d 0 
;.., <J.) ci::l 
i:s ~* 

........ 
1e 

;.., 0 c5 <J.) <J.) 

i- ~ . """'i:;l.. <tl .--< ... .i:s 
<J.) ta ()C..-i >=l ta 

"""'0 Ôl) i:;l.. 0•.-< ..... s....:; Ohemical :E ~ 6 ,_g Il 0 Q .s s .--< 
.B 0 ~ ~o analysis. rs~ g 60 ~·o~ ;<;:;<!::...c:i "a a ;:... 

i::t:l W. <:!) H i::t:l 
--------

1. 2. 3. 4. 5. 
--

0 

205 1•45 70 .. 48 ClüPi 

180 ! .. 71 . . .. Cl!P?: 

,, 7·14 118 16 Cl!Hg 

. . 5•42 136 

1 

.. 26 ClHg 

... 7•31 140 , . 19 Br!Hg 

.,.,. 1$·.92 180 .. 30 Br Hg 

.. .. 227 .. IHg 

400 .. [144] .. [0130 3] 

252 1•62 84 .. 52 0120 

360 2·00 [120] '. .. [0130] 

173 1·60 78 i 49 0120! 
1 

.. 

. . .. 59t . . .. 0111B! 

.. . . o3 . . .. Fi!B! 

124 87 1 012Si .. 1 .. .. 1 

.. . . 62 1 .. .. • Fl21Si 

1 

1 

. . . . 130. .. .. 012Sn 

.. 

1 

.. 118 . . . . 011!Sb 

220 .. 96 . , .. 012Ti 

1 
i 

1 Ohemical 

1 
Cl01P1 + 

1 
1 

1 

-

arrangement of molecules 
(hypothesis). 

Cl + 011!Pt = 3 vols. ? 

Vapour 
constants. 

G. 1 H. 

"1;j 
~ 
trj 
trj 

>: z 
u 
"O 
trj 

~ 
trj 
0 
8 

~ 
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t'" µ.. 
W. 
8 
H 
a 
~ 
0 
t-l 
t;rj 
0 
Cl 
toi 
t;rj 
tl.l 

~ 
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8 

~ 
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0 
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~ 
0 
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0 
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1 ~ 
~ 
"" 1lJj Q) 

.s ~ 
~.s 
P=l 

1 
1. 

0 

83 Hydrocyanic gas 80 

84 Chloride of cyanogen . 12 

85 Terchloride of cyanogen (68/424) 374 

86 Bromide of cyanogen . 100 

87 Ohlorocarbonic oxide gas . . .. 
88 Oxichloride of chromium . . 
89 Ohlorosulphuric acid (71/445) 170 

90 Anhydrous 
(68/434) 

carbonate of ammonia .. 
91 Anhydrous hydrosulphate of ammonia . 180 

92 Anhydrous hydrocyanate of ammonia . .. 
93 Anhydrous hydrotellurate of ammonia . 174 

94 Anhydrous muriate of ammonia (sal. .. 
1 195 

am.) 

Hydroiodate of phosphoretted hydrogen 174 

1 
96 Hydrobromate of phosphoretted hydro- 85 

gen 
1 97 Hydrochlorate of phosphoretted hydro- .. 
1 

gen 

III. TERNARY, &c., Compounds. 

a';. i>. 15 J:l 
~·~. i::·s a5 

_t. dl l""i Q) Q) 

~ 60 Il 
..... p., .e ";j 

O•'"' i:l"' .... 0 
ti:: I> ..... s...; 0 Q) Chemical ..... dl as ,g i:ci .E 2 ~ ,.14 'O 0 F-< .,, ...... 'a s anal y sis. ~bl) .. 0 ~....,,..q 

UJ. C!:i q P=l 
--

2. 3. 4. 5. 
--

0·70 13t .. 19 HiN1iC1i 

1•32 31 .. 23t OiiNt01 

4·0? 93 .. 23? 011iN1i'Oü 

2·2? 53 .. 23? Br1iN10! 

. . 50 . . .. Clü!Cli 

. . 80 1 .. . . ClOOr 

1•66 68 1 .. 41 ClOSi 
i 

. . 13 . . .. OiO~tH 
! 

. . 12! . . .. Sr.N:1;Hü 

. . 11 .. . . N110i:H 
1 36! NiTe~1i .. .. . .. 

.. 13! . . .. Cl~HNi 

.. .. .. .. I.i:HPt 

.. .. .. .. Br;HPt 
1 

.. 18 .. .. CliHPt 

Vapour 
Chemical arrangement of molecules constants. 

(hypothesis). 

G. H. 
---------------

~+t(NC) 

CI1i +~(NO). . 16·43 8•42 

3 (Cli + t (NO)) 

Bq+t(NC) 

Cl+ OiCi 
01 + OOr 

Cl+ OS71 

OCi + 2 (N!tHü) = 3 vols. 

SwH + NtH1t.:... 2 vols. 

H~ïOt + NtHü = 2 vols. 

HTe + NiH111 = 2 vols. 

Cl1ilit + NtH1t = 2 vols. 

IiHi + P~1t = 2 vols. 

1 

1 Br!Ht + PiH1i = 2 vols. 

Cl~t + PiHit = 2 vols. 
1 
1 1 

--.:r 
Ni 

~ 
? 
~ 

~ 

~ 
p... 
8 
t;rj 
pj 
W. 
8 
0 z 
0 z 
8 
i:cl 
t;rj 

"ti 
i:cl 
1-<l 
W. 
H 
0 
W. 

0 
tzj 

~ 
i:';J 
t;j 

t;t 
0 
0 
~ 
"ti 
0 
rn 
~ 
t;j 

0 
'o;j 
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~ 
'.'.:l 

8 
;:.< 
§ 

~ 

98 1 Carburetted hydrogen 

99 

100 

101 

102 

103 

Olefiant gas or etherin or hydrocarbon. 

Etherine or bietherin . 

Elaen . 

Ameline 

Ceten . 

~ 
~ 
~ 

!ln p.. 
.SE :s .!B 
~ 

1. 

t"' 104 Benzin or bicarburet of hydrogen 
(55/45) 

0 

230 

320 

527 

187 

105 Mesitylene (70/103) . 330 

106 Naphtha . . . . . 180 

107 Naphthalin (50/183) . . 412 

108 Paranaphthalin. . . 572 

109 Camphene or oil of turpentine (75/41). 332 

110 Caoutchin or citrene (70/103) . . . . 440 

111 Petrolene or sweet oil of wine (71/411) 545 

112 Alcohol . . . . . . . . . . . 1 173 

l 113 Sulphuric ether 
i 

96 

400 

80. 

114 Oxalic ether (m) 

115 Nitrons ether (m) . 

116 Succinio ether (m) 
· 1 515 

IV. ÜRGANIC Compounds. 

Ji. 
C) .... 

~~ 
c:i .... 

&tm 
W. 

2. 

(0•63)? 

0·63 

0·85 

0·85 

0·75 

0·86 
0•67 
0·90 

·795 

{ ·734} 
•632 

1·09 

·89 

1·04 

~Ji. 
Œl ·~ 

~ . 
Œl tm.-1 
g .g Il 
~-s~ 

è:i 

3. 

8 
14 

28 

63 

70 
112 

39 

40 

41 

64 

96 
68 
68 

136 

23 

37 

73 

37î 

87 

'°'d C) 
~<i:I ........ 
.... C) 

<S & 
~ Œl . ..... E _... 
.B 2 ~ ..,...,.,.ct 
~ 

4. 

14 

6•7 

6•5 

6·6 

5•0 
1 

1 5·8 

c:D 

!'§ 
o~ 
~o ::; s 
~ 

Chemical 
analysis. 

Chemical arrangement of molecules 
(hypothesis). 

Vaponr 
constants. i 

!--------;-----! 
_5_. j 1 G. --=:_1 

· · 1 H2Ci 1 1 

(22?)1 H 2C 1 t, 1, 2, 4t, 5, 8 (combining ratios) 1 

( 45) H 4C2 i 2 (H2C) = (IfsC)2 

82 

44 

56 

80 

102 

151 

29 

58 

66 

42 

84 \ 
i 

H 90 4t 4~ (H2C) = (H2C)4t 

H 100 5 5 (H20) = (H2C)5 

H160 8 8 (H2C) = (H2C)8 

HsCs 

H4C3 

H 5C3 . • • . • . . . • . • • • 19·36 14•64 

H4C5 

HsCs 

H8C5 

H 80 5 

Hm Cm 
H 300i 

H5020t 

HsCs02 

H 2tONtC 

H7C402 

H 2C + HOt 

(H20)2 + HOt 

OitC + (H20)2 + HO~ 
Î--1 1 1 
01~N + (H20)2 + HOt = 2 vols. 

OüH20 2 + (H20)2 + HO~ 

18·59 115·56 

19·20 10·00 

16·86 10•99 

lzj 

~ 
l:.tj· 

> z 
t1 

loti 
l:.tj 
~ 
lzj 
l:.tj 
a 
8 

~ 
l:.tj 

~ 
OO 
8 
t-; 
a 

ts: 
0 
~ 
t;: 
a 
q 
~ 
t;: 
IX 

t-; 

z 
> 
rtJ 
8 
> 
8 
l:.tj 

0 
lzj 

~ 
0 

""" H 
0 
!Z 

--::r 
Cl-' 
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117 Formic ether ( m) . 

118 Acetic ether (m) (see 132 and 139) . 

119 Mercaptan or hydrosulph. of etherine 
(71/891) 

120 Hydrosulphuric ether or hydrosnlph. of 
etherine (71/389) 

121 Benzoic acid or anhydrous carbonate of 
benzin ( 55/46) 

122 Nitrobenzide or nitrite of benzin (57/87) 

123 Oxidized ether oraldehyde (m) (59/295) 

124 Chloric ether (m) . . . . . . . . 

125 Chloride of hydrocarbon ( 58/807) 

f 126 Bromide of hydrocarbon (59/359) 

l 127 Iodide of hydrocarbon 

128 Hydrochloric ether (THENARD) 

129 Hydrobromic ether 

130 Hydroiodic ether (GAY-LUSSAC and 
THENARD) 

131 Hydrocyanic ether 

132 ! Acetic ether ( 49/209). Pyroacetic spirit 
(see 118 and 139) 

IV. ÜRGANIC Componnds ( continued ). 
----:------·-------,----------------, -------- -- --- ---· --

c5 
H 
p 

1;l 
H 
Q) 

éDP-< .s s 
~ Q) ·o -P 

i:q 

1. 

13°2 

205 

{ l~~} 
160 

528 

400 

72 

220 

{ 1781_ 
146j 

322 

57 

{ 176} 
148 

216 

132 

_t, 
Q •ri 

ci:; fO> 
•ri cil 
0 H 
~ao 

W. 

2. 

·92 

·89 

·83 

·825 

·66 

1•21 

•79 

1·07 

{ 1•26} 
1'17 

2·16 

3·20 

{ 0·84} 
0·77 

1·92 

0·79 

0·79 

0 h 
~~ 

~ . 
w on,....; 
~ ,g Il 
~·s~ 

c!J 

3. 

37 

44 

31 

45 

61 

62 

22 

32 

50 

94 

32t 

[54tJ 

77 

27t 

29 

'd 0 
Q) ci:; 
\:-<•ri 

~ g © 
i~ ~ cô~ 
'1·ri i:::....; ci g 
1 0 0 cil ,.!<l 'O 
r:t5 ~ ~ ~ c 
!.,.....,. i:+-1 r-'-1 'i=:S j...:; 

,;:::::i i:q 

38 

55 1 

92 

51 

28 ! 

30 

40 

43 

40 

40 

35 

37 

Chemical 
analysis. 

HsC1tO 

H 4020 

H3CS1t 

H502S; 

H3CstO 

H 3C30N 

H 2C01 

H20Cl~ 

H20Cl 

H 20Br 

[H2CIJ 

H2~CltC 

H2~Brt0 

H 2tltC 

H2~t0it, 

H3C1t01 

Chemical arrangement of molecules 
(hypothesis). 

c---1 1 1 
OüHC + (H20)2 + HOt = 2 vols. 
,----1 1 1 

OüH30 2 + (H20)2 + HO~= 2 vols. 

H2C + HS~ 
(H20h + HSk 

H 3C8 +oct 

H303 + ONJ 

(H30 3)1 + HO~ or H;JC + O~ 
HzC+ 

H 2C + OïCtH 

H;iC +Cl 

H;iC +Br 

H 20 + Cl~H~ 
H 20 + Br~H} 

H 20 + I~H~ 

H 2C + N~CïHt 

Vapour 
constants. 

G. 

""-l 
~ 

~ 
~ 
~ 

;..; 

~ 
~ ,...,. 
L--':.o 

~ 
W. 
1-3 
0 z 
0 
z 
8 
~ 
l:rj 

":! 
~ 
r<1 
W. 
H 
0 
W. 

0 
izj 

~ 
l:rj 

0 
H µ,.. 

0 
0 
~ ,...., 
'ü 
0 
w 
l:rj 

0 

0 
lzj 
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t' 
N) 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

145 

146 

147 

148 

14!1 

151) 

151 

Methylal (70/394). 

Benzoic ether (m) . . 
Pyroxilic spirit (58/11) • 

Pyroxilic ether (58/21) . 

Nitrate of pyroxilic ether (58/42) 

Sulphate of pyroxilic ether (58/34) . 

Acetate of pyroxilic ether (49/209; 
58/47) (see 118 and 132) 

Formicate of pyroxilic ether (m). 

Ohloride of methyle (71/380) . 

Muriate of methyle (58/27) 

Hydroiodate of methyle (58/30) 

Hydroflnorate of methyle (61/194) 

Benzoate of methyle (58/52) 

Formic acid (see 117 and 140 and 147) 

Hydrate of formic acid (68/421) . 

Hydrate of ameline (56/317) . 

Acetate of ameline (75/197) 

Hydroioc1ate of ameline (71/95) . 

Oamphor or oxide of camphene (m). 

a5 
::... 
::s 
~ 

::... 
(1) 

bO P., 

.s s 
=-§ $ 
~ 

1. 

c 
107 

502 

150 

.. 
156 

370 

136 

.. 
85 

.. 
110 

.. 
380 

.. 

.. 
265 

257 

248 

400 

IV. ÛRGA.NIC Compounds ( continued ). 

© h 
~~ 

i> <il • 
::... ...... 

<:) •.-< 

~~Il ~ !> Ohemical ·~ <il ~q:: 

8:5 50 ~·~::ri analysis. p., c::: 0 

w c!J 

2. 3. 4. 5. 

0·85 38 .. 44 H401tO 
1·05 75 . . 71 H50410 

·80 16 .. 20 H 20t0li 
·80 23 . . 29 H300t 

1·18 38! . . 65 H 1i.Ot01tNi; 

1•32 63 .. 48 H3002St 

•92 . 37 . . 80 H30ü0 

·80 30 . . 38 H 200 

1·34 43 .. 32 HOlCt 

[·82 ?J 25?r . . [32] HitCI~Pt 
2·24 70 .. 31 HüitG! 

. . 17 . . . . H1i.Fi0~ 
1•10 68 .. 62 H 40 40 

1-16 [37] . . [31] [HC01~] 

1'12 23 . . 20 HG~O 

0·82 lJ;4 54 H602~0\I: 

. . 65 .. . . H 7C3t0 

. . 98 .. . . H5t02~It 

l·oo 76 .. 76 H 80 50i 

Ohemical arrangement of m 
Vapour 

olecules i constants. 
(hypothesis). 

(H20 + Ot01rH) + H01r 

H20+(H 

(H20)1r+ 

H20+HO!i 
-1-1 1 -----, 
Ü21zN + H,p + H01; = 2 V 

1--1 1 1 
oüs~ + H 20 + HOt = 2 v 
1 1 1 1 
0 11;02H3 + H 20 + HO!i = 
-1 --, -1 ------, 

01~0H + H 20 + H01r = 2 

01+ (H2C)i 

ClkH!J- + (H20)1r 

I1tH1r + (H20)!i 

FtHt + (H20)t 

(H2C)t+ (H30 3 + OtO) 

1--, -,-, 
HC01t + HO!i = 2 vols. 

(H10C5h + HO,i. 

H 2CO + (H100 5)1r 

IkH1r + (H100 5)?: 

H 80 5 + O,i. 

Cs+ 

HOk 

S . 

S. 

vols . 

ols. 

G. 1 H. 

. '18·06 i 11 ·oo 

""1 
~ 
ttJ 
t;j 

p... 
z 
v 
'"d 
ti::: 
~ 
fzj 
t:r;J 
0 
>-3 
t"' 
k1 
lzj 
t"' 
p... 
w 
8 
.H 
0 

~ 
0 
t1 
tr:: 
0 
q 
t1 
~ 
w 
H z 
p;.. 

w 
8 p;.. 
8 
ti::: 

0 
""1 

t;;.J ,...., 
0 
>-3 
H ,.... 
~ 

--:r 
~~ 
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IV. ÜRGANIC Compounds ( continued). 

i------,---------- ------

è 1 i di h l'.-g ~ 1 ' p 1 p..~ ........ 1 ..., "'p. ... 0 o.i 
cil • dj Il) Q) -

~ !> ... ,....; 11=! ~ dj p 
00 o.. 0 ..... ~ tlD 11 , ..... S • "S g 

;..q '8~ g:+;:l i$i:a'J .,!<jO 
Chemical 
analysis. 

i::is c.i:::1P- 1 o . ..., -
·5 $ 8._ êlJ ~ o ~ )-~"HA j ";:; S 

1 ~:· 1 ~. l ~ 3 llA=4=· 1 ~. :1---
. i . . 1 1 02 1 [86] . . 1 .. H8~05Cl1 

1 1·28 i [108tJ .. ! .. H8iC5Bq 
1 1 ! 1 

152 I Bichlorhydrate of camphene (75/37) 

153 Bromohydrate of camphene . . , 

154 Hydroiodate of camphene . . .1 
155 Valerie acid (m) . . . . . 

156 Chloride of benzide (m) (see 160) 

157 Chloroetheride or chloroforme (71/382; 
56/119) 

158 Bromoetheride or bromoforme . . . 

159 Iodetheride or iodiforme . , . . . . 

160 Bichloride of muriatic ether (71/365) 
(see 156) · 

161 Trichloride of muriatic ether . ·. . . 

162 Quadrichloride of muriatic ether . . . 

163 Chloral or carbonite of chloroforme 
(56/29) 

344 

400 

141 

255 

167 

216 

295 

200 

1·51 J [131] : . . . . 1 H 8iC5It 
·94 81 . . 86 H50 50 

1•46 

1•48 

3·1? 

5·0? 

1·37 

1•53 

1·64 

1•50 

91i . . 62 1 H1t03Clü 
60i . . 41 H;tCIHCt 

126i . . [ 41] H,tBr1tC1i 

[194] . . [41] [H,i-I1t01i] 

67t . . 50 1 H1ïClilîC 

85 . . 55 Cl2HC 

102t . . 62 Cl2t~C 

74i .. 50 Cl1tli,i-Cûi 

164 I Bromal or carbonite of bromoforme. . 1 260? 3•35 42 1 BritH;tCO;t 

165 I Hydrate of chloral (56/135) 

166 j Monochloride of methylitio 
(71/399) 

167 I Bichloride of methylitic ether. 

. i 

ether 1 220 1·31 

265 1·61 

41! 
60 

93 

46 

58 

* [ffic in MS.] 

01H2001i 

Cl2HCO;t 

--------- ---

I Chemical arrangement of molecules 
I (hypothesis). 

1 

1 
H80 5 + Ol;tH;t 

H8C5 + Bri;H,i-

. Hs05 + 4Hi 
i 

. H 30 3 + H 20 + 2(0,i-C,i-) 

(H!Clt)30 3 

ClOi(Ol,i-H,i-) 

BrO,i-(01,i-H,i-)* 

[ICi(Cl!Ht) ]* 

(Ht0lt)3C 

Cl(HiCI!-)20 

CI~(HiC4)0 

CI(HiCli) Üfr + C,i-01i 

Br(HîBq)Ci + 01;0?; 
1 1 1--, 
Cl(H1>-C1;1)C!+C1iOi+HO,i-= 2 vols. 

CIH2Ct + c?roi 

012H0t + Ctût 

·-----

1 

Vapour 
constants. 

G. H. 
--

""f 
O') 

~ 
:-i 
:-i 

~ 
l:,::j 

~ 
8 
0 z 
0 z 
8 
P:1 
c;;j 

l"'d 

~ 
U1 
,...; 
0 
rJ2 

0 ..,, 
~ 
l:,::j 
Cl 
~ 
a 
0 
~ 
hj 
0 
w 
(';j 
Cl 

0 ..,, 
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168 

169 

170 

171 
172 

173 

Perchloride of methylitic ether 

Muriate of benzin (58/319). .. 
Hydrobromide of benzin (59/364) 

Hydroiodate of benzin . 
Oxichlorocarbonic ether (54/228) 

Urethane (54/236) 

1 

.1 

1 

~ 

i 
Q) 

ôO p.. .s s 
:s~ 
~ 

l. 

0 

212 

0 

95 

135 

200 

226 

-

IV. ÛRGANIC Compounds ( continued). 

~ p'.. 

~~ 
~- '1l t,..; 

0•.-1 5 0 Il q::l p. 
..... o3 
g 5b Q) q::l 

p.. ~·s~ 
OO C!:l 

2. 3. 

1·59 64 

.. 3It 

1·52 53t 

1·13 54t 
1·11 441-

2 

---
"O <:.l 

Q) q::l 
i...•.-1 
Io< <:.l 
Q) Q) .... o. 
~ tQ ..... s~ 
.B 0 ~ 
~<l::..s:I 
~ 

4. 

.. 

. . 

.. 

.. 

.. 
----

1 

1 
a) 

o:i-.... g 
~~ -;:; s 
~ 

5. 

40 

36 

48 

40 

---------------- 1 

Chemical 
analysis. 

Chemical arrangement ot molecules 
(hypothesis). 

Vapour 
constants. 

------1~1-==-l _____ I 1-..,-1 [ 

Cl1tC!.Ot 0120101 + 01iût = 2 vols. 1 

C4H11C ClJH! + t(H30 3) 

Br:tHI!C BrtHt + t(H303) 

Cl:tH2tC1tû 1 Cltlit + H 2C + OC1i 

N~H3iû01t NiHit + H 2C + OCt 

b;j 
l;d 
ttj 
ttj 

p.. 
z 
tl 

~ 
l;d 

~ 
a 
t-3 
t"i 
~ 

ttj 
t"i 
p... 
OO 
t-3 
H 
a 

~ 
t" 
ttj 
a 

~ 
OO 

..... z 
p.. 

OO 
8 
p.. 
t-3 
ttj 

0 
""1 

~ 
0 
8 
H 
0 
~ 

~ 
-~ 
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78 MR. J. J. W ATERS'rON ON THE PHYSICS OF MEDIA COMPOSED OF 

APPENDIX I. 

ExTRAOT from the Proceedings of the Royal Society (vo1. 5, p. 604-March 5, 1846). 

On the Physics ef Media that are composed of free and perfectly elastic Molecules in 
a state of Mot·ion. By J. J. WATERSON (sic), Esq. Communicated by Captain 
BEAUFORT, R.N., F.R.S. 

THIS memoir contains the enunciation of a new theory of heat, capable of explaining 
the phenomena üf its radiation and polarization, and the elasticity of various bodies, 
founded on the hypothesis of a medium consisting of a vast multitude of particles of 
matter endowed with perfect elasticity, and enclosed in elastic walls, but moving in 
all directions within that space, with perfect freedorn, and in every possible direction. 
In the course of these motions, the particles must be supposed to encounter one 
another in every possible manner, during an interval of time so srnall as to allow of 
their being considered in:finitesimal in respect to any sensible period; still, however, 
preserving the molecular vis viva constant and undiminished. 

The author then enters into extensive analytical investigations; :first, of the 
conditions that determine the equilibrium of such a homogeneous medium as is 
implied by the hypothesis, and of the laws of its elasticity; secondly, of the physical 
relations of media that differ from each other in the speci:fic weight of their molecules ; 
thirdly, of the phenornena that attend the condensing and dilating of media, and of 
the mechanical value of their molecular vis viva; fourthly, of the resistance of media 
to a moving surface; :fifthly, of the vertical equilibrium of a medium surrounding a 
planet and constituting its atmosphere; and lastly, of the velocity with which 
impulses are transmitted through a medium so constituted. 

In an A.ppendix, the author enters into a full explanation of a table of gases and 
vapours, drawn up with reference to the subjects discussed in his paper. 
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FREE .AND PERFEC'l'LY EL.ASTIO MOLECULES IN .A ST.A.TE OF MOTION. 79 

ÀPPENDIX II. 

EXTRACT from the Report of the 2lst Meeting of the British Association, Ipswich, 
1851. (Transactions of the Sections, p. 6.) 

On a General Theory ef Gases. By J. J. W ATERSTON, Bombay. 

THE author deduces the properties of gases, with respect to heat and elasticity, from 
a peculiar form of the theory which regards heat as consisting in small but rapid 
motions of the particles of matter. He conceives that the atoms of a gas, being 
perfectly elastic, are in continua! motion in all directions, being restrained within a 
limited space by their collisions with each other, and with the particles of surrounding 
bodies. The vis viva of those motions in a gîven portion of gas constitutes the 
quantity of heat contained in it. 

He shows that the result of this state of motion must be to give the gas an 
elasticity proportional to the mean square of the velocity of the molecular motions, 
and to the total mass of the atoms contained in unity of bulk; that is to say, to the 
density of ihe medium. This elasticity, in a given gas, is the measure of temperature. 
Equilibrium of pressure and heat between two gases takes place when the number of 
a toms in unity of volume is equal, and the vis viva of each atom equal. Temperature, 
therefore, in all gases, is proportional to the mass of one atom multiplied by the mean 
square of the velocity of the molecular motions, being measured from an absolute zero 
491° below the zero of Fahrenheit's thermorneter. 

If a gas be compressed, the mechanical power expended in the compression is 
transferred to the molecules of the gas, increasing their vis viva; and conversely, 
when the gas expands, the mechanical power given out during the expansion is 
obtained at the expense of the vis viva of the atoms. This principle explains the 
variations of temperature produced by the expansion and condensation of gases-the 
laws of their specific heat under different circumstances, and of the velocity of sound 
in them. The fall of temperature found on ascending in the atmosphere, if not 
disturbed by radiation and other causes, would correspond with the vis viva necessary 
to raise the atoms through the given height. 

The author shows that the velocity with which gases diffuse themselves is propor­
tional to that possessed by their atoms according to his hypothesis. 

http://rsta.royalsocietypublishing.org/


 on July 5, 2012rsta.royalsocietypublishing.orgDownloaded from 

Waterswn. 

5!1 5&! Absolate Temperature 61/' 661° 673° 
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3z· 50° 150° 200· j212. 2 
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PhiL. ~.1892.i\_.Plate L 

CHART OF VAPOURS 

( Oct.1842) 
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