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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 whole height of the
atmosphere above a point where the water boils at the temperature of 212°. Then
from =, the ordinate to the steam line at 200°, draw =q parallel to QS, the line
of one atmosphere pressure, or rather, it ought to be converging to the point where
the cord QS produced meets the axis. It is evident that SQ represents very nearly
the height where water boils at 200°. Now, if such lines are drawn at each degree
between 200° and 212° they will divide 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 :—

‘ VT F 461 — G\ /7 + 461\}) _
sirs{i - (S =) (P} + s =

in which T is the temperature of the air at the lower station, ¢ = temperature at
which the liquid boils at the lower station, r = temperature at which the liquid boils
at the upper station (all expressed in degrees on Fahr, scale), G the first constant of
the vapour (see Note B), and A the difference 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 G is 19:4923, and let us
take an example where T is 60° ¢ == 212°, and = = 211°; the value of / is 528°6 feet.
It will be found, by taking other values for T and 7, that this elevation for 1°
difference in the boiling point increases about Zths of a foot for each degree that =
diminishes, and increases exactly 1 foot for every degree that T increases, and wice
versd.

Professor ForBES, who has discussed this subject fully in a recent paper, finds that
his observations indicate a number between 540 and 550 feet. The accordance is
thus satisfactory ; by the formula, 550 feet per 1° is the mean value for T = 75°,

= 212° 7 = 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° 7 = 95° T = 60°. The result is 4 = 568, being y5th 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 estimating heights,
and it depends greatly on the value of the constant H (see Note B), for the less 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 feet, but the temperature is inconveniently high.

Pure sulphuric ether appears to be the best adapted, as 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 delicate 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 equilibrium of pressure may 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.—Central 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
homogeneous 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 Hypothests.

The wvis viva theory appears to harmonize well with the Nebular Hypothesis of
Larrace.  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
vis vive 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 wvis vive, which is dissipated by
radiation and conduction, v

The observations of Sir JorN 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 have found it to
amount to 3884 actines, each actine being one-millionth of a metre in thickness of ice
melted per minute. This is equal to 1835 ft. of ice melted in a mean solar day.

Now, 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 Sun 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 1th 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 Farth descended to the Sun’s surface from its mean
distance, it would acquire a velocity of 890 miles per second, and the wis 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, it is possible that the
mere gradual 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 5th of a second in 9000Q years.’

Note M.— Barometric Formula,

This may include the effect of aqueous vapour by the formula in Note B. Let
T = mean dew point, ¢ = mean temperature of the air at the two stations. Find
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[/ 461 — 1973616
P ’_{ 10-422 (t + 461),
then
. 1250801 461 + 1
1= (log B—log #). — =57y . <9958 - t>
o B 40

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 Certain Media,”
recently submatted to the Royal Soctety.

Received January 27, 1846.

In Note B it was shown that the formula of a vapour might be obtained from two
experiments on its tension, and in Note H, that the function 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 vapour.

In some cases it seems impossible to clear vapours 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 vapour remains constant, or if the proportionate changes
in it are capable of being accurately determined. We do not require to know anything
of the quantity of air enclosed with the vapour : 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 t&5ths of an inch of tension
at 51° has upon the chart line of aqueous vapour ; we have Fé¢ = F° (51 4 461) = 0°06.
From this we obtain the value of F¢ which we employ in the general equation for such

. . t — G\¢ 6 — G\8 6 , .
mixtures, viz., F 4 ¢ (% > = ¢, or «/ J O ( \ﬁﬁ_”> = V % = the ordinate
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on the chart to the abscissa 4/¢. The curve traced out by 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 I in the equation, and the corresponding abscissa is G, which is

V=G
TR

equal to /¢ at this point which is the zero of the vapour. It makes

and A 5: F.

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 ', 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 coincidence 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 ?

Although no attempt 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 circumstance favourable to the possibility of doing so on the wis
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 temperature. Thus in
XVI. (§ 22) it was shown that when a medium was compressed the vis viva increased
as the mean molecular distance diminished, or, what is the same, that the sixth power
of the molecular 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 function
depends ultimately (as shown in Section IIL) on the six rectangular 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 curve, FCS, the ordinates represent the sixth root of the respective

MDCCCXCIL—A.,
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densities when the air and vapour are in equal proportion at the ordinary pressure of
the atmosphere. The vapour is that of the sulphuret of carbon employed by M. Marx*®
(¢ Scient. Mem., Part 14), which has 117712 as its boiling temperature. With half its
volume filled with air it assumes the ordinary pressure of the atmosphere (30 inches)
at 80°55. At this point it crosses the line of the constant pressure of one atmosphere
(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, consequently, 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 less difference of height in the
atmosphere when applied to mixtures of air and a vapour, than with the same vapour.
in its pure state. We may thus, perhaps, with such mixtures, be enabled to construct
an instrument 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 mchnatlon
to the axis. o

As an example of this let us take the mixture represented by the upper lme of
density, FCS. ’

At the temperature 80°55 and the ~mercury in the barometer standing at 30 inches,
a small quantity of air saturated with sulphuret of carbon is enclosed and at the
lower temperature, 70°, the tension of the mixture of air and vapour reduced to
2676 ; it is required from these data to determine the height corresponding to a
lowering of 1 degree in that temperature which brings the tension to an equilibrium
with the external atmosphere.

We have first to compute Gt by the formula given in Note B as follows :—

toe
v 0 »\/ " «/h
%61 -
/\/t 180 L v
in which £, = 461 + 70, ¢, = 461 4 8055, ¢, = 2676, e, = 30°00.
By this we obtain G = 8-742. It is m%kmw use of the small are, CB, as if it were.

a straight line.
We have next tc employ the value of G'r in the formula of Note H, viz.:—

refi- (49 ()} r=r

In this the absolute tempemture at the lower of two stations is denoted by T, a,nd t is.
the temperature at which the tension of the enclosed air and vapour ethblates the

atmospheric pressure at the lower station, the same at the upper station being 7.
' # [P Magnus.—R.]
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~ Suppose ‘
~ T = (461 + 60), ¢ = (461 + 80'55), and 7= (461 + 70);

the formula computed gives A = 3127, which, divided ‘by t— 7= 1055, gives
2964 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 dividing the elevation in feet between the two
stations by the difference. Neither the law of the vapour nor the amount of air
enclosed with it is required.

What if we dismiss the vapour altogether and enclose dry air only ? It is evident
that the line CS will then become parallel to the axis and distant from it F, the
sixth root of F9, the density, which is constant. The element G becomes infinitely

negative, and %%—E—g =1, thus simplifying considerably the expression for A, which

is now converted into & = 8176 {1 - <;£>_} T.
Let ¢t = b5 and 7 = (b — B)° = b® — 6b°B, when B/b is a small fraction. By division
we have on this hypothesis 7/t = 1 — 6 B/b, and (r/t)* = 1 — B/b, which converts the

é;—T. To express§ in terms of ¢ and r, we have

Hence, so long as this fraction is small in comparison

equation for % into A = 3176
B,
b
to unity, we have the following simple expression for the height in terms of the indi
cations of the thermometer :—

afL =17
h._3176<t- - )

—_— ¢ —
t — 7= 608, and —é-tlz

This gives the nearly 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 atmosphere, we experience
one decrement of temperature, and five decrements of density, which, together, make
six decrements of tension. These 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 temperature
to the 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 3176 feet, the difference of height that
causes 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 measui‘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

I 2

<
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M. Gav-Lussac’s observations during his 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 1t 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 concave mirror so long as the pressure
of the atmosphere exceeds the tension of the enclosed air. It will become a plane
reflector when they are in equilibrium, and convex when the tension exceeds the
atmospheric pressure.

Now, the image of an object 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.

The annexed sketch is another form of the apparatus, to be used with a delicate
mercurial thermometer that may show the temperature of the atmosphere 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
end, 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 of 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 law of tension of a vapour by three experiments made upon it at
different temperatures when mixed with an unknown quantity of air, let ¢, ¢, ¢, be the
three absolute temperatures found by adding 461 to the reading of Fahr. scale, and
€ ¢, ¢, the corresponding tensions. Also, let G and H represent the two unknown
constants of the vapour, and F® the constant that represents the quantity of the
enclosed air, or number of gaseous molecules, which is the same at all temperatures,

. —_ 6
while the number of vaporous molecules <\Ztﬁ—~> changes with the temperature ¢.

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

e=tF6+t<‘/t}’I‘G)6 B )

By eliminating F% from each of the three experiments, we have

b (V=G e (VI G VG \
F""to < H )“‘t H g H R Gl

From the first émd second of these, we have
H6<j~i—-j§>=(\/t1—-G)ﬁ—<\/t—G)6 ),
From the second and third, we have
H6<§—§§>= (V=G = (Vtg— G . . o . .. (4).

Dividing (8) by (4), we obtain a known ratio R,

o _ ¢
Y b (Wt — G)S - (Wt~ G)S
b= T Wit =y @
4 4
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From this we may eliminate G by trial and error. The shortest way of making this
computatlon is, perhaps, the following :—

Assume any value A for G, and substitute it in (5), and compute the eoneqpondmo*
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, so is the difference between N and R to 8, the difference
between A and G, we have

{(Wh =AY = (VI = A%} — (Wit = A — (i, — A} R
{(\/b‘ AP = (Wi = AP} N — {(Vt — A — (VT — A)}

L X =8, and A — 3= A,

Sl

which approximates nearer to (. Substituting this value in the place of A in the
above equation, we obtain the next value of 8, which call §,, and A; — §, = A,, which
approximates still nearer to G.

- 'We arrive more quickly at the exact value of G by making A ~ g 8= A, and
A — l\% 81 = A, Having thus found A, A, N, N,, N,, we may lay off A as the

ordinate to N, A; to Ny, and A, to Ny, then, drawing a curve through these points,
the ordinate to it opposite R is G, which, in this way, may be obtained very exactly.

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

¢y = 0178 ty= 493 = (461 + 32)
e = 3793 ¢ = 58571 = (461 + 124°1)
e, = 29920 t, =673 = (461 + 212)

Computing the preceding formulee with these data, a few trials give G = 19-625.
Then, by (3) or (4), we get H = 1062, and by (2), from the first experiment at the
lowest temperature, we obtain the value of ¥ and thence FO(51 4 461) = 008, or

s75th part of an atmosphere of permanently elastic matter at 51° Fah.

The line on the chart which answers to the experiments of SourHERN and the,
French Academy has G = 19492, and H = 1083,

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

Vi —

H
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.

6
The general formula for vapour, t( > = e, is easy to compute when the
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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 €, and the corresponding absolute temperature = being
required, assume any absolute temperature as near to 7 as may be guessed roughly ;

o . f— (\6
then, by the formula for the given vapour, t<‘£—ﬁ—(1> = ¢, compute e¢. The value of

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

AH e + 3G /0 2
T:{ E,y€+3f/t}.
V't

From this value of 7 subtract 461, and we have the temperature required on Fahr.
scale that corresponds to the elastic force e.
J. J. WATERSTON.
December 15, 1845.

ExpLANATION OF TABLE OF (GASES AND VAPOURS.
Received February 19, 1846.

Having found the following Table useful to refer to while studying 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
is 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 + O the symbol for water. In Dr. TurNER's ¢ Chemistry’ its
constitution is thus defined : 1, or one equivalent of hydrogen, 4 8, or one equivalént
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 take 16 as the equivalent of oxygen,
which corresponds with its specific gravity, then HO, expresses distinctly the consti-
tution of steam both by weight and velume. Another objectionable point may some-
times be remarked though it has 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. TurnEgr defines the peroxide of hydrogen, 100 volumes, to consist of 100 oxygen
=+ 100 hydrogen, whereus, since the vapour has never been weighed, it is just as
likely to consist of 50 volumes of cach; both gases unite with others in several
instances in half volumes, so that, until the experiment has been made, all that can
be stated is that 17 by weight of the peroxide consists of 1 hydrogen 4 16 oxygen.
As soon as we have ascertained the space occupied by the 17 of the peroxide in
comparison to the 1 of the hydrogen we can state its composition by volume, but
it is surely confusing the subject of volumes altogether to infer this from the
combining weights alone.

In 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 1), and when this is inserted in
parentheses (as from Nos. 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 others.
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, MirscurrricH, ReeNAULT, LAURENT, and BrNgau
are to be found for the most part in the ¢ Annales de Chimie’; the reference to the
volume and page of this invaluable work is given in parentheses after the name of the
vapour, and the letter (m) is a reference to MrrscHErLicHS ¢ 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 O, N, which means that one volume
of nitric aeid vapour is composed of 24 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 firsi place, as with the binary, and in the next column the most probable
arrangement of the constituents, when there is any ground for making 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 gravity of oxalic acid vapour. The next is
nitrous ether, 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. Several 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 funetion that expresses this law, that a mechanical origin may be found for it
also, 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 specific heat of the body in its usual
liquid, solid, or gaseous form. The numbers are found by dividing the constant 3-2
by the specific heat. This constant is the product of the specific heat of air by its
specific gravity in terms of hydrogen unity, and to the same product of all gases that
conform to the law of equal volumes having the same specific heat. It is likewise
the product of the specific heat of mercury in its liquid form by the specific gravity of
its vapour (Note ). 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 specific 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

MDCOCOXCIT.—A. K
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motion. We see further that O;As 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 vwwa of their own, but are in subjection to the impressed 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. The
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. WATERSTON.

This paper being the last in connection with the vis vive theory of gases that the
writer is likely to have an opportunity of submitting 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 wis wwa involves
the indestructibility of force, and is a necessary consequence of the quality of perfect
elasticity or reaction in the ultimate elements of matter: if this last is a universal
property the first must also be of universal effect, and, as it does not admit of any
diminution of force in nature, we may question 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 glaring 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 all-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 of 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 foundation we shall have
to build if we are destined ever to become acquainted with the secret mechanism of
Nature. Would that his fecble 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,
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ArrenDIX T.

ExrrAct from the Proceedings of the Royal Society (vol. 5, p. 604—March 5, 1846).

On the Physics of Media that are composed of free and perfectly elastic Molecules i
o stote of Motion. By J. J. WATERSON (sic), Esq. Communicated by Coptain
Beaurorr, R.N., F.R.S.

THis memoir contains the enunciation of a new theory of heat, capable of explaining
the phenomena of its radiation and 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 freedom, 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 small as to allow of
their being considered infinitesimal 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 specific weight of their molecules ;
thirdly, of the phenomena that attend the condensing and dilating of media, and of
the mechanical value of their molecular wis viver ; 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 Appendix, the author enters into a full explanation of a table of gases and
vapours, drawn up with reference to the subjects discussed in his paper.
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AppeNDIX II.

ExtrAct from the Report of the 21st Meeting of the British Association, Ipswich,
1851, (Transactions of the Sections, p. 6.)

On o General Theory of Gases. By J. J. WATERsTON, Bombay.

Tur 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. Ie conceives that the atoms of a gas, being
perfectly elastic, are in continual motion in all directions, being restrained within a
limited space by their collisions with each other, and with the particles of surrounding
bodies. The wis wiva of those motions in a given 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 the 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
atoms 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 thermometer.

If a gas be compressed, the mechanical power expended in the compression is
transferred to the molecules of the gas, increasing their vis wiva; and conversely,
when the gas expands, the mechanical power given out during the expansion is
obtained at the expense of the wvis 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.
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