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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 you paper 
code and paper title before starting the paper. In case of any 
discrepancy English version will be final.

{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 ewé H$aZo go 
nyd© AnZm àíZnÌ H$moS> d àíZnÌ erf©H$ Om±M b|& Ho$bHw$boQ>a H$s 
AZw‘{V Zht h¢& {H$gr ^r {dg§JVVm H$s pñW{V ‘| A§J«oOr ê$n ApÝV‘ 
hmoJm&

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

Note: Answer all questions. As per the nature of the question. 
Delimit your answer in one word, one sentence or 
maximum up to 30 words. Each question carries 2 marks.
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 IÊS> - "A'
(A{V bKw CÎmar¶ àíZ)

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

1) (i) If C and D are two hermitian operators then the combination 
CD + DC is

  (A) hermitian (B) anti hermitian
  (C) unitary (D) purely imaginary
  ¶{X C VWm D Xmo h{J©{e¶Z g§H$maH$ h¢ Vmo CD + DC hmoJm
  (A) h{‘©{e¶Z (B) E|Q>r h{‘©{e¶Z
  (C) ¶y{ZQ>ar (D) H$mën{ZH$

 (ii) What is the value of the commutator ,x P2
x6 @ us

  H«$‘-{d{Z‘¶H$ ,x P2
x6 @ H$m ‘mZ ³¶m h¡?

 (iii) An electron is in a state described by the spinor given in 
the Sz basis as
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  What is the probability that the electron has spin up?
  (A) 4/5 (B) 3/5
  (C) 2/5 (D) 1/5
  EH$ Bbo³Q´>m°Z H$m pñnZ Va§J’$bZ ~o{gg ‘| {ZåZ ’$bZ go n[a^m{fV 
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  Bg Bbo³Q´>m°Z H$s "pñnZ An' ‘| nm¶o OmZo H$s àm{¶H$Vm ³¶m h¡?
  (A) 4/5 (B) 3/5

  (C) 2/5 (D) 1/5

 (iv) Find the value of the commutator ,l Px y6 @.
  H«$‘{d{Z‘¶H$ ,l Px y6 @ H$m ‘mZ kmV H$s{OE&

 (v) If , ,x yv v  and zv  are the Pauli matrices, then obtain final 
matrix x y zv v v

  ¶{X , ,x yv v  VWm zv  nm°br ‘o{Q´>³g àX{e©V H$aVo hm| Vmo ApÝV‘ 
‘¡{Q´>³g x y zv v v  H$mo àmßV H$s{OE&

 (vi) What is the relationship between the entropy of a state and 
probability?

  {H$gr ñQ>oQ> (AdñWm) H$r E|Q´>mnr VWm Cg ñQ>oQ> H$s àm{¶H$Vm ‘| ³¶m 
g§~§Y h¡?

 (vii) Define partition function.
  g§{dVaU ’$bZ (nmQ>ueZ ’§$³eZ) H$mo n[a^m{fV H$a|&

 (viii)State Boltzmann equipartition theorem.
  ~moëQ²>O‘mZ H$m D$Om© g‘{d^mOZ {Z¶‘ H$mo n[a^m{fV H$s{OE&

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

Note: Answer any four questions. Each answer should not 
exceed 200 words. Each question carries 8 marks.
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(IÊS> - ~)
(bKw CÎmar¶ àíZ)

{ZX}e : {H$Ýht Mma àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘ 
200 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2) Obtain Maxwellian distribution formula and use it to find root 
mean square speed of molecules.

 ‘o³gdob H$m {d{VaU {Z¶‘ gyÌ àmßV H$a| VWm Bg {Z¶‘ H$s ghm¶Vm go 
AUwAm| H$s dJ©‘mÜ¶‘yb doJ H$m ì¶§OH$ àmßV H$a|&

3) Consider a system of harmonic oscillators in thermal equilibrium. 
Find the partition function Q, free energy F, and average energy 
of the system of oscillators.

 ¶{X H$moB© gab AmdVu Xmo{bÌm| H$m {ZH$m¶ Vmnr¶ gmå¶ ‘| hmo Vmo Bg 
{ZH$m¶ H$m nmQ>ueZ ’§$³eZ Q, ‘w³V D$Om© (’«$s-BZOu) F,  VWm Am¡gV 
D$Om© H$m ‘mZ àmßV H$a|&

4) State and prove the Ehernfest's theorem:

 m ,Vj =-vo

 Eha|Z’o$ñQ> H$s à‘o¶ H$mo n[a^m{fV H$a {ZåZ {Z¶‘ H$mo ñWm{nV H$a|:

 m ,Vj =-vo

5) A particle in an impenetrable potential box with walls at x = 0 
and x = a has the following wave function at some initial time:

 ( ) 3sin sinx
a a

x
a a

x
5
1

5
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}
r r= +

 What are the possible results of the measurement of energy on 
the system and with what probability would they occur?
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 EH$ H$U EH$ A^oX²¶ ~m°³g H$s Xrdma| x = 0 VWm x = a  Ho$ ‘Ü¶ {Z{hV 
h¡& Bg H$U H$m Va§J’$bZ {H$gr àma§{^H$ g‘¶ na

  ( ) 3sin sinx
a a

x
a a

x
5
1

5
1

}
r r= +  h¡& 

 Bg H$U H$s ZmdZo na g§^m{dV D$Om©Am| H$m ‘mZ VWm CZH$s àm{¶H$Vm 
³¶m hmoJr?

6) Define C.G. coefficients. Find C. G. coefficients in the addition 
of two angular momenta ,j 2

1
1 =  and j 2

1
2 = .

 C.G. JwUH$m| H$mo n[a^m{fV H$s{OE& H$m|Ur¶ g§doJ ,j 2
1

1 =  j 2
1

2 =  Ho$ 
¶w½‘Z ‘| C.G. JwUH$m| H$s JUZm H$a|&

7) If , ,x yv v  and zv  are the Pauli matrices, then prove the identity.

 0x y y xv v v v+ =

 ¶{X , ,x y zv v v  nm±Cbr ‘o{Q´>³g àX{e©V H$aVo hmo Vmo {ZåZ AmBS>|{Q>ar 
ñWm{nV H$a|: 0x y y xv v v v+ =

8) A particle is confined in a one dimensional infinitely deep 
potential box of length a. Solve Schrodinger's equation to find 
energy eigenvalues and energy eigenfunctions of the particle.

 EH$ H$U EH$ {dÎmr¶ AZÝV Jhao {d^d ~m³g {OgH$s bå~mB© a h¡ Ho$ ‘Ü¶ 
{Z{hV h¡& l«moqS>Oa g‘rH$aU H$s ghm¶Vm go Bg H$U Ho$ D$Om© AmBJZ‘mZ 
VWm AmBJZ’$bZ H$s JUZm H$a|&

9) Determine the reflection coefficient of a particle from a 
rectangular potential wall defined by

 U(x) = 0, x < 0

 U(x) = U0, x ≥ 0 ; the energy of the particle is E > U0.
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 EH$ Am¶VmH$ma {d^d Xrdma {ZåZ àH$ma go n[a^m{fV h¡:
 U(x) = 0, x < 0
 U(x) = U0, x ≥ 0 ;
 Bg Xrdma na EH$ H$U {Og H$s D$Om© E h¡ VWm E > U0,AmnmVr h¡& Bg 

H$U H$m Xrdma go namdV©Z JwUm§H$ kmV H$s{OE&

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

Note: Answer any two questions. You have to delimit 
your each answer maximum up to 500 words. Each 
question carries 16 marks.

(IÊS> - g)
(XrK© CÎmar¶ àíZ)

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

10) Obtain the K.G. equation for a free particle. Construct the four 
current jµ and show that is satisfies the equation of continuity. 
What difficulty one encounters in interpreting the probability 
density.

 EH$ ‘wº$H$U Ho$ {b¶o ³brZ-JmS>©Z g‘rH$aU àmßV H$a|& MVwYm©am jµ àmßV 
H$a| VWm ¶h ^r ñWm{nV H$a| {H$ K.G. g‘rH$aU gVVVm H$m g‘rH$aU 
g§VwîQ> H$aVm h¡& àm{WH$Vm KZËd H$s ì¶m»¶m ‘| Bg g‘rH$aU go àmßV 
~mYmAm| H$m CëboI H$a|&
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11) Derive wave equation for a spin 1/2 particle in the presence of 
electromagnetic field in covariant form.

 pñnZ 1/2 H$U Ho$ {bE {dÚwV Mwå~H$s¶ joÌ H$s CnpñW{V ‘| Va§J g‘rH$aU 
H$mo~o[aE|Q> ê$n ‘| àmßV H$a|&

12) Explain the Fermi Dirac statistics and Deduce the Fermi 
distribution function of a completely degenerate electron gas.

 ’$‘u {S>amH$ gm§p»¶H$s H$mo g‘PmBE  VWm nyU© An^¥îR> Bbo³Q´>m±Z J¡g Ho$ 
{bE ’$‘u {dVaU ’$bZ àmßV H$a|&

13) 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$s{OE& EH$ {d^r¶ 
gab AmdV© Xmo{bÌ H$m H$bm-nW x – px   J«m’$ na àX{e©V H$s{OE&


