
1 PC2230 Thermodynamics & Statistical Mechanics 08/09 SEM 2 Solutions 
 

PART I 

 

Question 1 

Adiabatic, đ� = 0,			 ⇒ đ� = 		
� 	�� = 
, 	���� = 	���� 
 

∴ � = � 
��
��

��

� 

= � 
� − 1 1�������
��
 

= 
� − 1� 1����� − 1������ 
= 	�� − 1� �������� − ��������� 
= 	�� − 1 �������

��� − 1  
 

Question 2 

! = " − #$ = %& − #
 ln � )!%! +) − %,!�
�
 

1# = -$-" = -$-% -%-" = & -$-% $ = 2
/ln)! − ln %! − ln+) − %,!0 
 -$-% = 2
 �− --% ln%! − --% ln+) − %,!� 

= −2
 � --% +% ln % − %, + --% 2+) − %, ln+) − %, − ) + %3� 
= −2
/ln % + 1 − 1 − 1 − ln+) − %, + 10 
= −2
 ln 4 %) − %5 &2
# = ln �) − %% � 

6 7�89 = )% − 1 
%) = 1

6 7�89 + 1 
 

  



2 PC2230 Thermodynamics & Statistical Mechanics 08/09 SEM 2 Solutions 
 

Question 3 

: = ;+2< + 1,6�=>7?@?A ℏ�CD+DA�,E
D

= ;6�=7?@?
D

;+2< + 1,6=7??F@
D

= :GDHIJ:DKG 

:�GDHIJ = � L+M,6�=� N��O�P
Q 
M = � �4SM�

ℎU 6�=�N��O�P
Q 
M = � �2SV
#ℎ� �U�

 

:�DKG = 1 + 36�=ℏ�C + 56�=Uℏ�C + ⋯ Let	] = <+< + 1,, 
] = +2< + 1,	
< 
:�DKG ≈ � +2< + 1,P

Q 6�=ℏ��CD+DA�,
< = � 6�=ℏ��C_P
Q 
] ⇒ 2`aℏ� 

for	 &D
# ≪ 1.	 
 

∴ : = � �2SV
#ℎ� �U� � 2`aℏ�� = � �2SVℎ� � �2`ℏ��a�g� 
"h = −-+ln :,-a = − --a �ln ��2`ℏ� � + 32 ln �2SVℎ� � − 52 ln a� = 52
# 
i = ) -"h-# = 52)
 
 

Question 4(i) 

:+�, #, = ;;…26�=I�7�6�=I�7�6�=Ik7k …3
I�I�

 

= ;6�=I�7�
I�

;6�=I�7�
I�

;6�=Ik7k
Ik

… 
= 11 − 6�=7� 	 11 − 6�=7�

11 − 6�=7k … 
= l 11 − 6�=7?

P
Dm�

 

 

Question 4(ii) 

%hD = − 1a -+ln:,-&D  

= − 1a --&D �ln � 11 − 6�=7�
11 − 6�=7�

11 − 6�=7k …�� 
= 1a --&D ;ln21 − 6�=7n3

o
	 

= 1a a6�=7?
1 − 6�=7? 

= 16=7? − 1	 
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Question 5(i) 

%ho = 16=+7n�p, ± 1 
where + is for Fermions, - is for Bosons. 

 1a �-%ho-r � = 6=+7n�p,
+6=+7n�p, ± 1,� = +Δ%o,� 

 

∴ Δ%o = 6=+7n�p,�6=+7n�p, + 1 , +!t, 
= 6=+7n�p,�6=+7n�p, − 1 , +u", 

 

Question 5(ii) 

Fluctuation is 
vInIhn , actually almost the same for both statistic, since 6w2xnyz3�  is quite large. 

Except the case of an extremely degenerate FD gas for which the energetically lowest lying 

single particle states are occupied, %ho ≈ 1. 
 

Question 6 

 

 

PART II 

 

Question 1(i) $ = 
 lnΩ 
= 
 ln � )!%! +) − %,!� = 
/ln)! − ln %! − ln+) − %,!0 = 
/) ln) − % ln% − +) − %, ln+) − %,0 
 " = −%ru + +) − %,ru = +) − 2%,ru 1# = -$-" = -$-% -%-" = − 
2ru ln �) − %% � 
 

Question 1(ii) 

ru = ") − 2% 
∴ 1# = 
2" +) − 2%, ln 4 %) − %5 
" = 
# �)2 − %� ln 4 %) − %5 
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Question 1(iii) 

:� = 6�=p| + 6=p| = 2cosharu = 2 coshru
# 
" = ) -+ln:�,-a − ) sinh ru
#coshru
# = )ru tanh ru
# 
 

It is very different. For energy of 1 particle, it depends on ru . When there are many 
particles, it depends on 
#. 
 

Question 2(i) 

Consider a system immersed in a heat bath. We assume particle number N and volume V 

are fixed. The system microstates in equilibrium labeled 1,2, … , < and energies "�, "�, … , "D. 
We let "Q be the total energy of the system. The probability, 
MD = Ω�+"Q − "D,∑ Ω�+EQ − E�,D  

= const. 6��+����?,8  

= const. 6�8���+��,����+��,��� �?�
 

= const. 6�8��+��,�=�? 
= 6�=�?: 	 
= 6�=�?∑ 6�=�?D  

 

∴ : = ;6�=�?
D

 

"h = ;MD"DD
= ;6�=�?: "DD

= −;MD �-+ln :D,-a  
D

= −-+ln :,-a  

+Δ",� = "�hhhh − "h� = -� ln :-a� − �- ln :-a �� + �- ln :-a �� = -� ln :-a�  
 

Question 2(ii) 

"h = −- ln :-a = − --a �− ln)! + ) ln� − 32) ln � ℏa2SV�� = 32)
# 
+Δ",� = --a �- ln :-a � = --a �−32)a� = 32)
�#� 

Δ""h = �3)2 
#
32
# = �23 1√) ∝ 1√) 

 

Relative fluctuation is inversely proportional to the root of its size. )~10�U, fluctuation is 
extremely small, so the energy of macroscopic body in heat bath, for practical purposes, is 

completely determined. 
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Question 3(i) 

At equilibrium, 2r��� = 2r�� + r�� 
 

Question 3(ii) 
)o ∝ �o 
Where �o is the stoichiometric coefficient. ∴ 
)+i��,: 
)+i�,: 
)+��, = 2:−2:−1 
 

Question 3(iii) 

Law of mass action, 

l+�o,�n
o

= ��+#, 
�o = )o�  
��+#, = ���� ��������  

2+1 − L,i�� ⇌ L+2i� + ��, ⇌ 2Li� + L�� 
 

At a fixed, temperature, the total pressure P, 	 = 	��� + 	�� + 	�� 
	��� = 2+1 − L,2+1 − L, + 2L + L 	 = 2+1 − L,2 + L 	 
	�� = 2L2 + L 	 
	�� = L2 + L 	 
��+#, = l+	o,�n

o
= � 2L2 + L�� � L2 + L�	U

�2+1 − L,2 + L �	� = LU
2+1 − L,� 	 

	 = 2�� +1 − L,�LU = 2�� � 1LU − 2L� + 1L� 
When P increases, f decreases. 

 

 

Solutions done by: John Soo 


