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ABSTRACT

The internal energy is equal to 3kT/2, as for an ideal gas, and P, V, T are

related by the Abel equation
P(V-Nb) = NKT

where b is a suitable average of the molecular volumes of the two components. The

pressure, P, is not the sum of the partial pressures of the two components.



Partition function for a system of N particles, including potential interactions;

Maxwell-Boltzmann statistics, all particles distinguishable
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where ¢(F],?2,...?N) is the potential energy of interaction. For N, particles of

:
type 1 and N2 of type 2, Z becomes
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where correction has been made for identical particles.
The integrals over E can be evaluated immediately, giving
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where QN is the configurational partition function. (The difference between
1/N1!N2! and 1/N! represents the entropy of mixing.)

It has been found that for moderately dense gases the potential energy of
interaction can be represented as the sum over all particle pairs of potentials

which depend only on the positions of the two particles being considered:
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where 11° €12° €22 represent the pair potential of type 1 particle interacting with
“type 1, type 1 with type 2, and type 2 with type 2, respectively.
It has been found that QN can be represented approximately by the products of

interactions of single pairs*
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There are N](N]-l)/Z ~ N]Z/Z pairs of type 11, N]N2 pairs of type 12, NZ(N2—1)/2
pairs of type 22, so Eq. (4) becomes
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* J. Kestin and J. R. Dorfman, A Course in Statistical Thermodynamics (Academic,

New York, 1971), Eq. (7.13).



If the first particle is held fixed at r and the second is moved through the accessible

space, the integral over the second coordinate gives the interaction and the integral

over the first yields the accessible volume, V.
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Keston and Dorfman (p. 304) claim that the approximation is valid for M = 0 (N%).

Then
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Then the partition function is
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The internal energy is
2
_.-238InZ _ -2, N db, 3N
E I kT™ (- v a T oT (13)
and pressure is
2 .
3lnZ
p o= KT 35 = kT(§+N;2—b = nkT(1 + nb) (14)

So b is the 2nd virial coefficient; here n = N/V.
For hard spheres of radius o/2, b = 2wc3/3 and is independent of T. For the
mixed gas, Gij is the closest distance of approach of the two particles. If r is

the hard sphere radius of type 1 and rs is the hard sphere radius of type 2,
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If b is given for particles 1 and 2, ™ and r, can be calculated from Egs. (15.1)

and (15.2); then b,, can be calculated from Eq. (15.3). For the hard sphere case

12

E = %NkT and p = nkT(1 + nb) (16)



Note that

) . NKT _ NKT
D nkT(1 + nb) gy dl e T

or

p(V - Nb) = NkT

which is the Abel equation.

Note that p is not the sum of the partial pressures of the two gases.

ideal mixed gases
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Density of gas in a shock wave for mixture of hard sphere gases.
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In the shock, Ey - E0 = 2(p1 + po)(v0 V]) or

py(Vy - NB) - 3p (V) - Nb) = (py +p )(V, - V)

Given Py> P2 Vo’ b, Eq. (20) can be solved for V].
Then
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