Solutions to Assignment 5
14-1:  (a) Since distinguishable particles obey the Boltzmann statistics,  we have 


ω=N!((gjNj / Nj!),  and Nj/gj=(N/Z)e-εj/kT.



(2/10).

So,   SB=klnω=k[lnN!+(Njlngj- (lnNj!≈k[NlnN-N+ (Njlngj- (NjlnNj+(Nj]


= k[NlnN- (Njln(Nj/gj)]


=k[NlnN- (Nj(ln(N/Z)- εj/kT)]


=k[NlnN-NlnN+NlnZ+U/kT]


=U/T+NklnZ.






(2/10)

Thus, F=U-TS=-NkTlnZ.





(1/10)

(b) U=(εjNj =(N/Z) (gjεje-εj/kT=NkT2((lnZ/(T)V, and


P=-((F/(V)T=NkT((lnZ/(V)T.
Thus, both U and P for B statistics are the same as those for MB statistics. (2/10)

However, SMB= U/T+NklnZ-[k(NlnN-N)] is different from SB.  

(1/10)

This is because distinguishable particles in the classical Boltzmann statistics give rise to an increase in the number ω of microstates by a factor of N!, compared with indistinguishable particles in MB statistics.  As a result, SB-SMB = klnN! ≈ k(NlnN-N).








(2/10).

14-3. (a) Since molecules in an ideal gas follow M-B statistics,

Nj/gj=(N/Z)e-εj/kT, so, gj/Nj=(Z/N)eεj/kT.




(2/10)

And,


Z=V(2(mkT/h2)3/2=(NkT/P) (2(mkT/h2)3/2 = N(kT)5/2 (2(m/h2)3/2/P.











(2/10)
That is, Z/N=(kT)5/2 (2(m/h2)3/2/P.





(1/10)

(b) Z/N=(0.026x1.6x10-19)5/2 [2x3.14x10-26/(6.63x10-34)2]3/2/ 103

=5.94x107.







(2/10)

So that, gj/Nj=(5.94x107)e1.5 kT/kT=2.66x108.




(2/10)

This means gj/Nj >>1 or Nj/gj<<1, the classical limit condition is satisfied. (1/10)

14-6.  (a) U=(3/2)NkT=1.5x(6.02x1026)(0.026x1.6x10-19)=3.74x106 (J).
(1.5/10)
u=U/N=1.5 kT=1.5x0.026 (eV)=0.0388 eV.



(1.5/10)
(b) 
Z=V(2(mkT/h2)3/2, 






(1/10)
while V= (NkT/P) =(nRT/P)=[103x8.31x300/(1.013x105)]=24.6 m3. (1/10)


Z= (24.6) [2x3.14x6.63x10-26x0.026x1.6x10-19)/(6.63x10-34)2]3/2


=6.06 x1033.






(1/10)
(c) (=-kTln(Z/N)=-(0.026 eV)ln(6.06x1033)/(6.02x1026)=-0.417 eV.
(2/10)

(d) Nj/gj=(N/Z)e-εj/kT=(6.02x1026/ 6.06x1033)e-1.5=2.2x10-8.

(2/10)

14-8
S = U/T+Nk(lnZ-lnN+1).

(2/10)


For an isothermally expansion with N fixed, (S=Nk(lnZf-lnZi)=Nkln(Zf/Zi).(3/10)

Since Z=V(2(mkT/h2)3/2,  Zf/Zi= Vf/Vi=2V/V=2.

(3/10).


So that, (S=Nkln2.





(2/10)

