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1. (a) Z = [ d*Nqy d*N2qy dPNpy dPN2py exp(—BY pli/2my — 5ZP%i/sz)/(]\G!Nglh?’(NlJrNQ))

Each Gaussian integral gives a factor [ dp exp(—8p?/2m) = \/2mn /3 and each triple position integral
gives a factor of V. We then have

J = (2m17r/5)3N1/2 (2m27r/5)3N2/2 VN1+N2 / (Nl!NQ!h3(N1+N2))
(b) Number of quadratic degrees of freedom = 3(Ny + Ny) = U = 3(Ny + Ny)kpT'/2
(c) A=—InZ/B and P = —%)T

— P=2(n2)/8 =2V )/ = (N, + No)/(VE)

or PV = (Ny + Ny)kgT.

2.(a) Probability that n particles have energy E; and N — n particles have energy Fy is
P(n) = exp(—BnE;, — B(N —n)E,)/Z with Z = SN exp(—BkE; — B(N — k)Es)
or, in our case, as ) = 0 and Fy = ¢, we have P(n) = exp[—B(N — n)e|/Z with
Z = Yaloexp(—B(N = k)e) = exp(—=BNe){1 — exp[B(N + 1)e]}/[1 — exp(Se)]
= [1 —exp(=B(N + 1)e]/[1 — exp(—Pe)] so that
P(n) = exp[—=B(N — n)e][1 — exp(—Be)]/[1 — exp(—=B(N + 1)¢]

(b) P(N) = [1 —exp(—p¢)]/[1 —exp(—B(N + 1)¢] — 1 —exp(—fe¢) as N — 0.

3. We have

Z = Z eXp(K5152> eXp(K,SQSg> exp(KS3S4) s eXp(K/SNsl)
{Si=%1}

= > Tss Us,,ss T'sy,3, . Usy s
{Si=+1}

= Tr (TU)™? where
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a =St e K=K — 9 cosh(K + K')

with b=elK 1 K=K =92cosh(K — K')
Eigenvalues of TU may be determined from (a — \)? — b* = 0 which yields \s = a +b.

We then get Z = /\f/2 + AN,



