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BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2012 

PHYSICS 

PHE-06 : THERMODYNAMICS AND 
STATISTICAL MECHANICS 

Time : 2 hours 	 Maximum Marks : 50 

Note : All questions are compulsory but internal choices are 

given. Marks are indicated with every question. You 

can use log tables and non-programmable calculator. 

1. 	Answer any three parts : 	 3x5=15 

(a) Starting from the first law of 

thermodynamics, show that for an 

adiabatic transformation 

p Vr = constant 

Also show that an adiabat is steeper than 

an isotherm. 

(b) in gram of water at temperature Ti  is mixed 

with an equal mass of water at temperature 

T2. Show that the change in entropy is 

Tav 
2 mCp In .vT1 	T2 	) 
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(c) The coefficient of viscosity of a gas is 
16.6 x 10 -6  Nsm 2. Calculate the mean 
free path, and diameter of the gas molecule. 
Given v = 450 ms -1, p =1.25 kgm -3  and 
n = 2.7 x 1025  m-3 

(d) Calculate Fermi temperature of electrons in 
a white dwarf star using the following 

N 
data • — 

V = 1030  electron cm-3, 

h 6.62 x 10 -27  erg - s, me= 9.11 x 10 -28  g 
and kB  =1.38 x 10-16  erg K -1. 

2. 	(a) For two (or more) phases of one - 	5 
component system to exist in equilibrium, 
the specific Gibbs potential must be equal. 
Using this fact, derive Clausius - Clapeyron 
equation. 

(b) A cyclic heat engine draws 350 KJ heat from 	5 
a source at 1000 K. It supplies 125 KJ of 
heat to the low temperature reservoir at 
400 K and performs 225 KJ of work. Is this 
machine reversible, irreversible, or 
impossible ? Why ? 

3. 	A person consumes a diet of 104  J per day and 
spends a total energy of 1.2 x 104  J per day. 
Calculate the daily change in her/his internal 
energy. If the net energy spent comes from sucrose 
at the rate of 1.6 x 104  J kg-1, in how many days 
will the person reduce his/her mass by 1 kg. 

OR 
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State the characteristic features of the 	5 

International Practical Temperature Scale. Give 

. the boiling point of water and triple point of water 

on IPTS-68. 

4. Write down the equation of motion of a free 

Brownian particle moving along a particular 

direction using Langevin's arguments. Obtain its 

particular and complimentary solutions. Clearly 

spell out why we solve it for mean squared 

displacement. 	
2+6+2 

OR 

Define coefficient of viscosity of a gas. Derive its 

expression. Discuss its temperature and pressure 

dependence. 	
1+7+2 

5. (a) Show that the phase space of a linear 
	

3 

harmonic oscillator is an ellipse. 

(b) The partition function for photons can be 
	7 

1 
written as Z  ph = n=1 1 exp (— En  /k BT) • 

using the relation F(T, V) = —Nk BT /n Zph  

show that the specific entropy of an 

assembly of photons is given by 

(32 Tr5  kB4  
v 1 

45 h3  c3 
   

PHE-06 	 3 	 P.T.O. 



I

T117%1.-061 

(44111 t-Ilich (*.VT* ) 

trfiv 
, 2012 

1.1r4W aqui 

131.7W.1.-06 : 	MIT to t9e4crati 

(41 lch 

tLiqg : 2 11(I 	 31f d? 31 : 50 

1;  774 sal 3ifq-dre zrel 31MfTW faW r I 	'I 

v— w.  3777*F/TQr 3Wf 	gl 3ilv 	 FITTre 
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1. 	 %TA t 31-1( fM4 : 	 3x5=15 

(a) dr+u-1111 cicht 	32111 F-14.114 	3TTAtli gltf -4)151:1 

tirTdtti     #4. 4 	 : 

ptrr  = 31-97 

	

rth6. cb 	7ftqT4Z 	1.(11-1 Titra-rt 

31-FtTT 	t 

(b) m i/Fr -Err*Tl  c114 4-11-1 tR 3(14 t 5,0411-11-1 

T2 c1141-11i aicl 4141 14 fl:f—drza 	I ii-g 	Lk 

Tay  
7011 lif7-449 2 inCp 14 .A  T2 ) t. 
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(c) f114 'WE 	 ljuitT 16.6 x 10-6  Nsm -2  
I TW*7 ITRzi 13-or 74,'ffgi th:i 	arulati 

WK{ vrtchrrid 	 t : v=450 ins-1, 
p =1.25 kgm -3  'ff2TT n=2.7 x 1025  m -3. 

(d) add 0114-1-1 cIO 4 	 cw-p-n-r 
LI (ch cid 	rqqr t : 

N
= 1030 	electron 	cm  -3 -3 

h= 6.62 x 10 -27erg - s, Me = 9.11 X 10-28  g 
ff2TT kB  =1.38 x10-  

2. 	(a) 	Nestei4 	(71 3-TtITW) -srraT-21T311 -4 	5 
TrrIzErra7.qr fT-9-rfu 	fq-FFIz firmer facia .R1.1( 

t 1 	(14, 	31-wrt -crT qrr-TrzR--1 - 

	

(b) 	 i•Ti-1 1000 K -917 *- 41c1 14 	5 
350 KJ 	IT cldr tI 	 izi-f 400 K 	r-14-1 971 

SIT iltT-{ -4 125 KJ 3o=4-11 sis taNT 
225 KJ SIT *14 4 t-triarc-fd cb,w1 t I 74T 7:jff 
-17117 	t ariw:runzr t zrr 	t? 
TE4'i ? 

• 
3. à d 104 J 3Tr-6Rr1d1t3t1.2x104 J 5 
	 (g4 W(--dr t 1 31r-ffk-i 3-Tfuft-w dwif rl qr(acii 7iIcr 

	

.-1-F 	A7 I qk or 	6,3-11 1.6 x 104  J kg-1 	14 
1:1-A7 

 
14T 	t 	 

zi=rk q0l+-11-f 	1 kg  -̀sr 	? 

TIT 

16  erg K -1. 
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afalf717 11,-1 	t,),(1 
	 5 

.9-11 triple point t 1:119 IPTS-68 TR 

t? 

4. cit 	 dca Tr{ aliffri-17 

7It 	ci) V-1 f fFtiR I *-14) faRlw 7211 Itch tic 
.11--4R lad*ir F f*v:r inwal f 	t 

Frit4;11Ta 	 fl 	 2+6+2 

Trr 

.er Ifftliftil fat .9;fT 7:1*-1 ciAch 

9-61-5T 	I 31:1T1 c11 41-11-f 	cltzl ITT ?TOUT 	-cfrif 
1+7+2 

I 

5. (a) ft:1Z 	Itf-  3TT4a1 t—O-W .4" IITTRTT 
	

3 

TrITRZ -crTtEi70-1  

(b) *fat 	 44c-1-1 	t : 

Z = Tf 

	

Ph 	u=1 1 — 	exp (--en /k BT) 

	

thtati 	Vr fafrrtzft 

	

fff4-1icifu7 f : F(T, 	— Nk BT In Z ph  

S 
 — (

32 ors  kB4  vT3  
45 h3  c3  

1 
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