3.1S.  Here, Q (V. T)=(/ N!)QIN(V,T), while

e V-Ampldp  SaV
h3 - h3 ﬂ3C3 *

Q.= e

which yields the desired result for O, The thermodynamics of the system now follows straightforwardly.
. As regards the density of states, the expression

T . SnVv 1
0V, T)= ! e ”‘g(s)dE:—hTW

leads to
4=V
e

for a single particle, while the expression for Oy (V, T) leads to

1 {8V EN
E)=—/| 2
8(E) N!(h%’) rGN)

for the N-particle system; cf. the expression for (E) derived in Problem 2.8.




3.18. We start with eqn. (3.6.2), viz.

w2

. —_———r 4 []-2 , V 1
] B S M
and differentiate it with respect to 3, keeping the E, fixed. We get
U ' aUu

| 7 =(E’) —(E’)(E)'+2U$ .
Substituting for (U / 9[3) from eqn. (1), we get
‘;Zf =(E")-3(E*)U+20°,

which is precisely equal to ((E -U )3> As for 9*U 1 If*, we note that, since

U ou
—| = —sz(—) =—kT*C,,
(Qﬁ )E, or v

U 2 0 2 202 2(3Cv)
=—kT*l —{-kT*°C =kTH2TC, +T .
(a;f ) [ar( | ”)]V VP ar ),

Hence the desired result.

3 3 :
For the ideal classical gas, U = Py NkT and C, = 5 Nk, which readily yield the stated results.




3.29. 'The partition function of the anharmonic oscillator is given by

:r'--

- - 2
- : p
J je Mapdg {H=—2 +cq —gqa—fq‘} .
~—oa —0e m
The integration over p gives a factor of 1/271771 { B . For integration over g, we write

et PP = e"’“f‘[i +B(sq’ +fq“)+%ﬂz(gq3 +fq‘)2+...] ;

the integration then gives

PRy AN
J%"‘ﬁfz B +‘Eﬁg 3 B7C7+"‘ .

It follows that
,2m 3f ng
so that
3f 158
nQ,(B) = const. g i6ﬂc
whence
_l_ 3f 15g°
b B 4ﬁzc2 ¥ 168%¢°
and
3fk1T 15g°k* T,
=k S
cp * 2¢? 8¢’

Next, the mean value of the displacement q is given by

(@)= f:, f:_ exp(-fH)qdp dq/ f: j: exp(~fH)dpdq .

In the desired approximation, we get

() .Bgf gt dq/f e dg

-ﬁg «"ﬁs S/J; 4ﬁ62 -
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3.35. The partition function of the system is given by
1 ) N. i V :
QN_.[—V—!QI ,.where Ql--—)"3 Z.

Z being the factor that arises from the rotational/orientational degrees' of freedom of the molecule:

2 :
p p | {dp,dp,d6de
= f"""[ {2; ﬁ’”c"se}]_/E_

20 (27l sin? 0" gurencs 2740
B g ) TR

I 2sinh(BUE)
pr BUE

The study of the various thermodynamical quantities of the system is now straightforward.

'a‘----m

Concentrating on the electrical quantities alone, we obtain for the net dipole moment of the system

MzzN(ucose)—ﬁ-ag;:Z—N { m(ﬁ@_.ﬁ_@].

cf. eqns. (3.9.4 and 6). For BUE <<1,
| 1
M, = Nyt BuE
| The polarization P, per unit volume, of the system is then given by
‘ P=ny’El3kT | (n=N/V),

and the dielectric COﬂStB.l’lt £ by
E t 1 p 1 !Z
= ={+

E  ur
The numerical part of the problem is straightforw ard.
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