ol

The mean, sepavad:?on , X, 75 Sound From the probab“ul?taf that the sepamtion T

between x amd x +dx . _.L‘%ci_x)
Poottoe @ o whee ek -2)’)

Its easily vevified that The witnimum of the potential s gt x=a. Smce departures
Soom His position ove small, we may expnd U(X) aboul & to obtan
U0 & - Us + 265 (x-a* - 222Ls (x-ay?

where we have kept only the firet three terms. Tt Follows theit

-a)* Uo (X-0)*
P = ¢ o [=EdS B e = Tox

L4

We have absorhed the Frvelevent constant tevin e KT. into the noymalizoion.
constonit C. s conctant & evaluoted from the usua) requivement

@ 36 Uo (X-00* 52U (X-a)° %

[Srwade= e Lol = B e o - ¢
éUo!X’“Zz

The predoniinest faclor ™ the mitegramd ™5 exp [~ RTLT ) 50 the secons, fador
may be expanded ™ a Taylors series as ™ Appendix A-b. Furthermore , the regon of
mleqration can be extended to -0 since the exponential Ts neqligably small except

i "’ 3600 (X-4)" 52 Uo (x-0)*
Thus 1= Cj-ﬂ aqp[ ot T ] ( - @ kT )O\X (1)

wWhere we neg(ec't all hut the st two terms. The Frst Th’tegm\ TS eMaluated Th
Appendix 4.4 LO[MIQ 'bhe second s O shce the TnteqranA T5 an odd “function.

Then

&= 5 (m'r)

By defonttion, X - e BPOOER st e approximation as (1) we have

= b,/ U 36U (X-0)2 252 Uo ( x-0)>
X ):,,x(o\)(mld') €XP[~"";{!:T!.—L]<I+ (lakT )0\)(

The $irst Torm m the Titeqrand T o Gaussian times x and The miegra) © Just a.
The second may be ewaluated by mo\la‘v\g the sabstitution &=x-9
& Uo z " 0 o =
X=otalam) Gy [ 15 3 o) 845« [ ac’eq [ (ohE 4
Not‘mq That the S(.’Cona\ ‘h‘tegm\ ® O stice the ml“eqmnd T an odd fanction, and evaluating the

= —-[" _& = 0, ’§£ ;
oo T Ao t (o.I;)akT = ‘9‘5!5 smce Uo > KT



(dl

(@ We (abel the positions and momerita such that Lip o+ and Py véfer To the J A molecule
of type ¢. There ove Ni mofecules of species i . Then the 0/455/(4/ partition function
for the mixtwre of Teal goses T2

L0 X K, - P

Z f@s{p[ (P""’ ‘f‘_Pm,z)"- "}',%;(fk;-p +P“k) h;N‘----lf\sN"

(]

The witegrations over X yield the volume, V, while the P tegrals are ldentical. Smee
There are Ni+Ne+--+Aje mz‘egmtmns, we have

> o “+Nie) [f zm_d_’g_](N** " +Nie)
The tzyin Th bmc,(:e't; T3 Thdependent of volume, wnsequeznw{
O 2 = Utla-ahe) Blie i (constant )
O\nd p.: ‘3-2—‘/2“2 =(N‘+“"+Nk)z;—\j
PV=(N@t- -~ +tNe)KT = (h+---- +1. ) RT 1)

b) For the i qas, P:V=weRT, hence by (1) =3

2
(@) By Wc eqmpmftruon theorem the average value of the kinetic energy of o partitle Ts
=T
(b) The avernge polentia| energqy 7@ = 5 gge—ﬁmg az
i ! U= "¢ R
Then =2 L -@3mqg2 —Amqb_l
B /3&4509 dz""""fm ~amg

> . L
On carrying it the drfferentiotion, wefnd 1 = k7 + 7= satT

e
@) Before the partitionTs vemoved, we have on the left , PV=¥RT. Al remom! e
pressuie T3 2 RT o5

p==

Pe™ ity 1+6



®) The nitial and $mal entropies of The systen for Aiffevesit gases ove
S(:-‘:-)/R[% —t\-j’%ﬁ_’_ V +-:22—¢@/\T+O;]
Sg= /R [fn LY 1 2 1, ]+ vR [0 L2, 24, T+0,]

Here one adds the entropies of the gases T the (eft andl vight compartmerits Jor-
St while St 15 the entiopy of two drfferant gaSes“m volume CItb)V.

Then : (1+b)V g(+b)
S =Se-S; =4R [2 e J&“w - In w] VR fn

©) Tn the case of Tentical gases, Si T ogai the sum of the exbropies of the [eft and
vight wompavtmesits. St 1= the entopy of 20 mo)es ™ o Volume ((tb)V.

"VREJ?M——-fgﬂv\T«LGJWRUM +-§-ﬁ1,\'('+(§‘°1
S§= 2R Eﬁmé%fy—’r%emnm]

s s =sR (o L8 - 0 35 -t BT o L2

7.4
(@) The system B Teoldted so ts total energy & constart , and stnce the energy of an
Tdeal gas depends only on temperature, we have
AE(+2E, = U (Tp-T)+ Gha(Te-T) =0

oYy T.f: ______________V:T,'f‘l)z_-rz
DV,

The tota| volume 7 Sound $rom the equation of stte
v_.:-_ Vlk-ri + V:.RT:.
Py =

) VTt 4T
Thus the fma) pressure s Py = (WVV)RIJt 5 (y,'n/P:)ir i )

4. sl
(b) l)s"ma N="P s we have for the Tnitial and final exitropies of diffevent gases

SL-J)R[%-‘—‘I'—M%T.W.]H&R[@“ "T‘ * G Tet0: ]
5 VR[?MJ;(VT' )*Z%M+5.3+P;R[ﬂhﬁ(ﬂfﬁ 1-%%——'——.[))7-'“/“+0'2]

DtV Y+l

i . e . sz | V2 1y 2
Ths 5= s St = AR [fu(1+ 2B 3 In LIEE TR [ g1+ 225 ) );;:f;r]



C) For Tdentizal gases :
. ; SR [ S +2ﬁmT,*60J+l)zR[&x L 2 Trh)
i 4AT:
5.;-()),4-))2(2[,@" 5 V (_L_L+Z=.'E)+i_%!i+_._ 5

Lt
( ﬂf’, )}Tt'f'/érz J
[ ;Zzpt LTi+hT, 2R [0 2}/+ (V+V)Tz
S =1/.R[oa«w—,~"+y; (P-r ,&. (/-P'V)T] VR[ Yy



