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Note:	 The question paper is divided into three sections A, B and C. 
Write answers as per the given instructions. Check your paper 
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{ZX}e :	 ¶h àíZ nÌ "A' "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 
IÊS> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& àíZnÌ ewê$ H$aZo go nyd© 
AnZm àíZnÌ H$moS> d àíZnÌ erf©H$ Om±Mbo§&

	 Section - A	 8 × 2 = 16
Very Short Answer Questions (Compulsory)

Note:	 Answer all questions. As per the nature of the question, 
you delimit your answer in one word, one sentence, or 
maximum upto 30 words. Each question carries 02 marks.
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	 IÊS> - "A'
A{V bKw CÎma dmbo àíZ (A{Zdm¶©)

{ZX}e :	 g^r Xg àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ 
eãX, EH$ dm³¶ ¶m A{YH$V‘ 30 eãXm§o ‘| n[agr{‘V H$s{OE& àË¶oH$ 
àíZ 02 A§H$m| H$m h¡&

1)	 (i)	 In Maxwell-Boltzmann system with two states of energy 
ε and 2ε respectively and degeneracy of 2 for each. Write 
the partition function.  

		  ‘¡³gdob ~moëQ>O‘mZ {ZH$m¶ {Og‘| Xmo D$Om© AdñWmE± H«$‘e… ε  
VWm 2 ε h¢ VWm àË¶oH$ H$s An‘¥îQ>Vm 2 h¡, Vmo g§{dVaU ’$bZ kmV 
H$s{OE&

	 (ii)	 How are entropy S and probability P of a thermodynamic 
state related? 

		  {H$gr D$î‘J{VH$ {ZH$m¶ H$s E|Q´>mnr S VWm àm{¶H$Vm P {H$g àH$ma 
go g§~§{YV h¡?

	 (iii)	Find the work done on an ideal gas in an isothermal change 
of volume from V1 and V2.

		  EH$ AmXe© J¡g Ho$ D$na g‘Vmnr¶ àH«$‘ ‘| Am¶VZ V1 go V2 

n[adV©Z ‘| {H$¶o J¶o H$m¶© H$s JUZm H$s{OE&

	 (iv)	 An eigen function of the operator 
dx
d

2

2
  is e x2ψ= , then find 

the corresponding eigen value.

		  g§H$maH$ 
dx
d

2

2
 H$m AmBJ|Z ’$bZ e x2ψ=  h¡ Vmo g§~§{YV AmBJ|Z ‘mZ 

kmV H$s{OE&
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	 (v)	 For Pauli matrices , ,x y zσ σ σ  what is the value of  

x y y xσ σ σ σ+

		  nmCbr ‘o{Q´>³g , ,x y zσ σ σ  Ho$ {b¶o x y y xσ σ σ σ+  H$m ‘mZ ³¶m 

hmoJm?

	 (vi)	 Write the angular momentum operator Lz in spherical 
polar coordinates? 

		  H$m|Ur¶ g§doJ g§H$maH$ Lz H$mo Jmobr¶ Y«wdr¶ {ZXoem§H$m| ‘| {b{IE&

	 (vii)	Find the value of the commutator  ,x Px
29 C 

		  H«$‘ {d{Z{‘¶H$ (H$å¶wQ>oQ>a) ,x Px
29 C H$m ‘mZ kmV H$amo&

	 (viii)Find the value of the commutator ,L Px y7 A

		  H$å¶wQ>oQ>a ,L Px y7 A H$m ‘mZ kmV H$amo&

	 Section - B	 4 × 8 = 32
(Short Answer Questions)

Note:	 Answer any four questions. Each answer should be given 
in 200 words. Each question carries 8 marks.

(IÊS> - ~)
(bKw CÎma dmbo$àíZ)

{ZX}e :	 {H$Ýht Mma àíZm| Ho$ CÎma Xr{O¶o& àË¶oH$ àíZ H$m CÎma 200 eãXm| ‘| 
Xr{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2)	 Give a comparison of Maxwell-Boltzmann, Bose-Einstein, and 
Fermi-Dirac statistics.  

	� ‘¡³gdob-~moëQ²>O‘mZ, ~mog-AmBÝgQ>rZ, ’$‘u-{S>amH$ gm§p»¶H$s H$s 
VwbZmË‘H$ {ddoMZm H$ao§&
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3)	 What is canonical distribution? Derive a formula for canonical  
distribution for finding a subsystem in the energy state En at 
temperature T. 

	 Ho$ZmoZrH$b {dVaU ³¶m h¡? EH$ {ZH$m¶ Ho$ CnIÊS> H$mo D$Om© ñVa En ‘| 

hmoZo H$m T Vmn na {dVaU {Z¶‘ H$s ì¶wËn{Îm Xr{OE&

4)	 Determine the energy eigen values and eigen function of a 
particle in an infinite deep well:

	
( )
( )

U
U
x x x a
x x a

0
0 0
for and
in the region

< >

< <

α=
=  

	 EH$ H$U Ho$ D$Om© AmBJZ ‘mZ VWm AmBJZ ’$bZ H$s JUZm H$amo, ¶{X 

H$U EH$ AZÝV JhamB© Ho$ {d^d Hy$n ‘| pñWV h¡; 

	 ( )
( )

U
U
x x x a
x x a

0
0 0
for and
in the region

< >

< <

α=
=

5)	 If , ,x y zσ σ σ  represent Pauli spin matrices then prove that    

	 , , iIx y zσ σ σ =  

	 ¶{X , ,x y zσ σ σ  nmCbr pñnZ ‘¡{Q´>³g àX{e©V H$aVo hm| Vmo {gÕ H$amo {H$ 

, , iIx y zσ σ σ =

6)	 Prove Ehrenfest theorem

	 m
p

υ=t
t

 

	 Eha|Z’o$ñQ> à‘o¶ H$mo {gÕ H$s{OE&

	 m
p

υ=t
t
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7)	 Find the energy eigen values of a rigid rotator consisting of two 

masses m1 and m2 separated by a fixed distance r. 

	 EH$ Ñ‹T> KyU©H$ Ho$ D$Om© AmBJoZ ‘mZ H$s JUZm H$amo& KyU©H$ Xmo H$Um| go 

{‘bH$a ~Zm h¡, H$Um| H$s g§h{V m1  VWm m2  h¡, XmoZm| Ho$ ~rM H$s Xÿar 

r h¡& 

8)	 A time - independent perturbation Vt is applied to the unperturbed 

operator H0
t . Regard  Vt  as small compared with the operator . 

Show that the first order correction to the nth eigen value is

	 ,dqE V V( ) ( ) * ( )
n nn n n
1 0 0ψ ψ= = tw  

	 {djmo^ Vt  Omo {H$ g‘¶ na {Z^©a Zht H$aVm, {ZH$m¶ Ho$ A{djmo{nV 

ho{‘ëQ>mo{ZAZ H0
t  na Amamo{nV h¡& Vt  H$m ‘mZ H0

t  Ho$ gmnoj ~hþV H$‘ h¡& 

{gÕ H$amo {H$ {ZH$m¶ H$s nth AmBJZ ‘mZ ‘o§ àW‘ H$mo{Q> H$m g§emoYZ {ZåZ 

h¡…

	 ,dqE V V( ) ( ) * ( )
n nn n n
1 0 0ψ ψ= = tw

9)	 Define free energy of  a body. Show that 

	 ,S T
F P V

F
V T2

2
2
2=- =-a ak k  

	 {H$gr dñVw H$s "’«$s' ‘w³V D$Om© H$mo n[a^m{fV H$s{OE&

	 {ZåZ gyÌ ñWm{nV H$s{OE&

	 ,S T
F P V

F
V T2

2
2
2=- =-a ak k
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	 Section - C	 2 × 16 = 32
(Long Answer Questions)

Note:	 Answer any two questions. Each answer should not exceed 
in 500 words. Each question carries 16 marks.

(IÊS> - g)
(XrK© CÎmar¶ àíZ)

{ZX}e :	 {H$Ýht Xmo àíZm| Ho$ CÎma Xr{O¶o& Amn AnZo CÎma H$mo A{YH$V‘ 500 
eãXm| ‘| n[agr{‘V H$s{O¶o& àË¶oH$ àíZ 16 A§H$m| H$m h¡&

10)	 Obtain Klein-Gordon equation. Show that it satisfies equation 
of continuity why was K.G. equation disregarded? 

	 ³brZ-JmoS>©Z g‘rH$aU àmßV H$a|& {gÕ H$a| {H$ ¶h {ZaÝVaVm (gmVË¶) 
H$m g‘rH$aU H$mo g§VwîQ> H$aVm h¡& K.G. g‘rH$aU H$mo A‘mÝ¶ H$aZo Ho$ 
H$maU H$s ì¶m»¶m H$a|&

11)	 State and prove Liouville’s theorem. Draw phase trajectory of 
one - dimensional simple harmonic oscillator on x px-  graph. 

	 {bAmo{dbo à‘o¶ H$mo n[a^m{fV H$amo VWm Bgo {gÕ H$amo& EH$ {d^r¶ gab 
AmdV© Xmo{bÌ H$m H$bm-nW x px-  J«m’$ na àX{e©V H$s{OE& 

12)	 Write Dirac equation of a free particle. Deduce equation of 
continuity and show that it leads to positive definite probability 
density. 

	� EH$ ‘wº$ H$U Ho$ {bE {S>amH$ g‘rH$aU {bI|& BgH$s ghm¶Vm go {Za§VaVm 
(gmVË¶) H$m g‘rH$aU ñWm{nV H$a|& ¶h ̂ r {gÕ H$a| {H$ {S>amH$ g‘rH$aU 
go ì¶wËnÌ àm{¶H$Vm KZËd YZmË‘H$ h¡&

13)	 Write the Boltzmann equipartition theorem of energy and give 
its proof. 

	 D$Om© g‘{d^mOZ H$s ~moëQ²>O‘mZ à‘o¶ ³¶m h¡? VWm Bgo {gÕ H$amo&


