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1.1.  (a) We expand the quantity £n Q' (E,) as a Taylor series in the variable (E, —El) and get
nQO(E )= tnQ (E)+ nQ, (E,) (E,=E"-E,)

={tnQ(E)+nQ,(Ex)} +

dinQ,(E)  9tnQ,(E,) I, -

— E_.
{ E . oE  oE E),g.(‘ B
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The first term of this expansion is a constant, the second term vanishes as a result of equilibrium (8, = §,),

while the third term may be written as

1108, dB,] =2 1 1 1 -2
_—d —_— — E .-E = —— E _E 3
2 {BEI * oF, }‘q‘( ' 1) 2 {kylz(cv)x ’ szz(Cv)z }( l 1)

with T, =T,. Ignoring the subsequent terms (which is justified if the systems involved are large) and taking the

exponentials, we readily see that the function QO(E,) is a Gaussian in the variable (El —En), with variance
KT*(C,),(Cy), 1{(C,), +(Cy), }. Note that if (C,), >> (Cy); — corresponding to system 1 being in thermal
contact with a very large reservoir — then the variance becomes simply k7°(C,),, regardless of the nature of the

reservoir; cf. egn. (3.6.3).

3 3
(b) If the systems involved are ideal classical gases, then (C), =Ele and (Cy), =5N2k; the
3
variance then becomes EI‘:ZTZ “N,N,/(N,+N,). Again, if N, >>N,, we obtain the simplified expression

3
EleZTQ; cf. Problem 3.18.

1.2.  Since S is additive and € multiplicative, the function f(€2) must satisfy the condition
FQQ) = F(Q)+f(L2) . M
Differentiating (1) with respect to £, (and with respect to ), we get
Q,f (QQ,)=F"() and Qf(QQ)=7"(Q,),
so that
Q1 (Q)=Q,f(Q,) . @)



Since the left-hand side of (2) is independent of £, and the right-hand side is independent of €, each side must
be equal to a constant, &, independent of both £ and 2,. It follows that f'(2) =k /Q and hence
f()=kfn + const. ©)

Substituting (3) into (1), we find that the constant of integration is zero.

1.4.  Instead of eqn. (1.4.1), we now have ‘
Qo V(V=v )V =2vy)..(V-N=1v,),
so.that
hhQ=C+in V‘+£’n (V=vy)+in (V-2vy)+.+in (V-N=1 Vo),
where C is independent of V. The expression on the right may be written as

2
N'v,

N-l jV N-i jV
C+NinV+ In (1 - ~‘7°-) = C+Nin V+2(— —‘-/-"-J =C+NinV-

j=1 j=1

Equation (1.4.2) is then replaced by

kKT Voo2vi v

PV(1+ v,
2V

1
P N N vo_N(l_‘_Nvo)’ el
2y

-1
) = NkT.
Since Nv, << V, (1+Nv,/2V)" = 1=Nv,/2V . Our last result then takes the form: P(V —b) = NkT,
1 ‘
where b =— Nv,,.
2 ,

Alittle reflection shows that v, = (477 /3)c” , with the result that
1. 4n 1

3
b=—N.—o’=4N.i’3(—c) .
273 3 (2

111, Clearly, the initial temperatures and the initial particle densities of the two gases (and hence of the
mixture) are the same. The entropy of mixing may, therefore, be obtained from eqn. (1.5.4), with N, =4N , and
N, =N, Weget ‘ »
(AS)*=K[4N, £n(5/4)+ N 4n5)
=R[4!n(5/4)+£n5]=2.502R,

which is equivalent to about 0.5 R per mole of the mixture.



