. (15 points) Consider 1.0 mole of hydrogen gas. The initial pressure and volume at
state @ are 3.0 X 10°Pa and 0.02m3. It underwent a certain unspecified
expansion process a — c¢. The final pressure and volume at state ¢ are 1.0 X

10° Pa and 0.06 m3.

5\ SRS AE 115 BEERTHRESEHAE

p (Pa)
L a
3.0 X 10°F @

\
2.0 X 10°F @
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0 002004006

A. What is the final temperature at state ¢ ? (5 points)
B. What is the change between ¢ and a of the internal energy of the gas AE;,.? (10

. OBS
points)
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AT= ﬂ — 1.0x10°-0.06 = 722 K
nR 8.31
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XXVIII. On the Dynamical Theory of Gases.

(Received May 16,—Read May 31, 1866.)

TurorIES of the constitution of bodies suppose them either to be continuous
and homogencous, or to be composed of a finite number of distinct particles or
molecules.

In certain applications of mathematics to physieal questions, it is convenient
to suppose bodies homogeneous in order to make the quantity of matter in each
differential element a function of the co-ordinates, but I am not aware that any
theory of this kind has been proposed to account for the different properties
of bodies. Indeed the properties of a body supposed to be a uniform plenum
may be affirmed dogmatically, but cannot be explained mathematically.

Molecular theories suppose that all bodies, even when they appear to our
senses homogencous, consist of a multitude of particles, or small parts the
mechanical relations of which constitute the properties of the bodies. Those
theories which suppose that the molecules are at rest relative to the body may
be called statical theories, and those which suppose the molecules to be in
motion, even while the body is apparently at rest, may be called dynamical
theories.

If we adopt a statical theory, and suppose the molecules of a body kept at
rest in their positions of equilibrium by the action of forces in the directions
of the lines joining their centres, we may determine the mechanical properties
of a body so constructed, if distorted so that the displacement of each molecule
is a function of its co-ordinates when in equilibrium. It appears from the mathe-
matical theory of bodies of this kind, that the forces called into play by a
small change of form must always bear a fixed proportion to those excited by

a small change of volume. ] MaXWGH
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When the number of pairs of molecules which change their velocities from

04, OB to 04’, OB is equal to the number which change from 04’, OB
to OA, OB, then the final distribution of velocity will be obtained, which

will not be altered by subsequent exchanges. This will be the case when
R AN ) i (V) ....ocallic i (22).
Now the only relation between a, b and «’, 6" 1s
o fmn ol A s Y U (23),
whence we obtain L ((t):C’,e_s:, j;(b):C,e'g" ........................ (24),
where R S SRR R (25).
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When the number of pairs of molecules which change their velocities from
04, OB to OA’, OB is equal to the number which change from 04’, OB’
to 04, OB, then the final distribution of velocity will be obtained, which
will not be altered by subsequent exchanges. This will be the case when

o) Aemeat) , (V) ... i v .(22)s

Now the only relation betweem @, 0 and @, 0 Is
o B AT N (23),
' @ .
whence we obtain flalm@ e f (DywmQlpe B ... om...c 1(24),
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Table 19.1 Molar Heat Capacities of Gases at Low Pressure

Type of Gas

Monatomic

Diatomic

Polyatomic

Cy
(J/mol « K)

12.47
12.47

20.42
20.76
20.85
20.85

28.46
31.39
25.95

G
(J/mol « K)

20.78
20.78

28.74
29.07
29.17
29.16

36.94
40.37
34.60

He

C, = Cy
(J/mol - K)

8.31
8.31

8.32
8.31
8.31
8.31

8.48
8.98
8.65

Yy = CJ/Cy
1.67
1.67

1.41
1.40
1.40
1.40

1.30
1.29
1.33
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Table 19.1 Molar Heat Capacities of Gases at Low Pressure

Cy G C,—Cy

Type of Gas Gas (J/mol « K) (J/mol * K) (J/mol * K)
Monatomic He 12.47 20.78 8.31

Ar 12.47 20.78 8.31
Diatomic H, 20.42 28.74 8.32

N, 20.76 29.07 8.31

0O, 20.85 29.17 8.31

CO 20.85 29.16 8.31
Polyatomic CO, 28.46 36.94 8.48

SO, 31.39 40.37 8.98

H,S 25.95 34.60 8.65

Yy = CJ/Cy
1.67
1.67

1.41
1.40
1.40
1.40

1.30
1.29
1.33
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