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Note: The question paper is divided into three sections A, B and C. Write 
answers as per the given instructions. In case of any discrepancy, the 
English version will be final for all purposes. Check your paper code 
and paper title before starting the paper. Calculator are not allowed. 

{ZX}e : ¶h àíZ nÌ "A', "~' Am¡a "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ 
I§S> Ho$ {ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr A§{V‘ ‘mZm Om¶oJm& àíZ nÌ ewé H$aZo go 
nyd© àý nÌ H$moS> d àý nÌ erf©H$ Om±M bo& Ho$bHw$boQ>a H$s AZw‘{V 
Zht h¡&

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

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) What do you mean by phase space?
  H$bm ñnog go AmnH$m ³¶m VmËn¶© h¡?

 (ii) State Liouville's theorem.
  {b¶mo{dbo à‘o¶ H$s ì¶m»¶m H$a|&

 (iii) Write distribution function for Bose-Einstein statistics.
  ~mog-AmBÝñQ>rZ ñQ>o{Q>pñQ>³g Ho$ {b¶o {dVaU ’$bZ H$m ì¶§OH$ 

{bI|&

 (iv) What is a unitary operator?
  ¶y{ZQ>ar Am°naoQ>a ³¶m h¡?

 (v) Write the condition for the orthonormality of eigenfunctions?
  Am°Wm}Zmo‘©b AmBJZ ’$bZm| Ho$ {bE Amdí¶H$ eV© {bI|&

 (vi) Write the value of the commutator ,Lx Lyt t8 B .
  H$åß¶yQ>oQ>a ,Lx Lyt t8 B H$m ‘mZ {bI|&

	 (vii)	What	is	the	value	of	the	anti-commutator	σx σy	+	σy σx involving 
Pauli matrices?

  nm°Cbr ‘o{Q´>gog go g§~§{YV E|Q>r H$åß¶yQ>oQ>a σx σy	+	σy σx  H$m ‘mZ ³¶m 
h¡?
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 (viii) What is the general z  solution of schrodinger wave equation 
for hydrogen atom.

  hmBS´>moOZ na‘mUw Ho$ {bE lmo{S>§Ja Va§J g‘rH$aU H$m ì¶mnH$ z hb 
³¶m hmoJm?

 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.

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) State and prove Liouville's theorem. What is its physical significance?
 {bAmo{dbo à‘o¶ H$mo n[a^m{fV H$a| VWm {gÕ H$a|& Bg à‘o¶ H$s ^m¡{VH$ 

gmW©H$Vm ³¶m h¡?

3) Derive Maxwell-Boltzmann formula for distribution of velocities of 
molecules in a gas in thermal equilibrium.

 Vmnr¶ gmå¶ ‘| J¡g Ho$ AUwAm| Ho$ {bE doJ {dVaU Ho$ {bE ‘o³gdob-
~moëQ²>O‘oZ gyÌ ñWm{nV H$a|&

4) What are distinguishing features of Fermi-Dirac statistics. Derive 
Fermi-Dirac distribution formula.

 ’$‘u-{S>amH$ ñQ>o{Q>pñQ>³g H$s ‘w»¶ {deofVm¶| ³¶m h¢? ’$‘u-{S>amH$ 
{dVaU gyÌ H$m ì¶§OH$ àmßV H$a|&
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5) If two operators  At  and Bt  have same set of eigen functions, then 
prove that the operators commute.

 ¶{X Xmo g§H$maH$ At  Ed§ Bt  AmBJoZ ’$bZm| Ho$ g‘mZ goQ> aIVo h¢ Vmo {gÕ 
H$amo H$s g§H$maH$ {d{Z‘¶ H$aVo h¢&

6) Solve Schrodinger's equation for a particle in a one-dimensional 
potential well with rigid walls. Find energy eigenvalues.

 EH$ {d^r¶ {d^dHy$n {OgH$s "Xrdmb|' ÑT> h¢, ‘| EH$ H$jm {Z{hV h¡& Bg 
H$jm Ho$ {bE lmoqS>Ja g‘rH$aU H$mo hb H$a D$Om© AmBJZ‘mZ Ho$ ì¶§OH$ 
àmßV H$a|&

7) Write the expression of  the square of the orbital angular momentum 
operator L2t  and the z-component Lzt  in spherical polar coordinates. 
Find their eigenvalues and eigenfunctions.

 H$jr¶ H$m|Ur¶ g§doJ g§H$maH$ L2t  VWm z-KQ>H$ Lzt  Ho$ ì¶§OH$ ñ’o$[aH$b-
nmoba-H$m±S>uZoQ²>g ‘| {bI|& L2t  VWm Lzt  Ho$ AmBJZ ‘mZ VWm AmBJZ 
’$bZ àmßV H$a|&

8) Prove the following relations involving Pauli 2
1 	spin	matrices	σx ,	σy ,	σz 

	 (i)	 σx σy	+	σy σx = 0

	 (ii)	 σx σy = i	σz 

 nm°Cbr 2
1  pñnZ ‘o{Q´>gog σx ,	σy ,	σz  Ho$ {bE {ZåZ g§~§Y ñWm{nV H$a|&

 (i)	 σx σy	+	σy σx = 0

	 (ii)	 σx σy = i	σz

9) What do you mean by Dirac's relativistic equation?
 {S>amH$ gmnojr¶ g‘rH$aU go AmnH$m ³¶m VmËn¶© h¡?
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 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& Amn AnZo CÎma H$mo A{YH$V‘ 
500 eãXm| ‘| n[agr{‘V H$s{OE& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10) Explain Dirac “hole theory” to resolve the problem of negative 
energy solutions.

 {S>amH$ H$s "hmob Ï¶moar' H$s ì¶m»¶m H$a| VWm ¶h {H$g àH$ma F$UmË‘H$ 
D$Om© g‘ñ¶m H$mo hb H$a gH$s&

11) Explain the variational principle. Apply the variational method to 
find the ground state energy of harmonic oscillator.

 "do[aEeZb {gÕmÝV' ³¶m h¡? Bg {gÕmÝV H$s ghm¶Vm go Amd¥{Îm Xmo{bÌ 
H$s ‘yb AdñWm H$s D$Om© H$s JUZm H$a|&

12) Discuss the potential barrier problem in Quantum Mechanics.
 ³dm§Q>‘ ¶m§{ÌH$s ‘| {d^d AdamoY g‘ñ¶m H$s {ddoMZm H$amo&

13) Write the important features of Microcanonical, Canonical and 
Grand Canonical ensembles. Also give the comparison among them.

 ‘mBH«$moHo$Zmo{ZH$b, Ho$Zmo{ZH$b VWm ~¥h²V Ho$Zmo{ZH$b EÝgoå~b Ho$ ‘w»¶ 
{~ÝXþAmo H$mo {b{IE& CZHo$ ‘Ü¶ VwbZm H$s{OE&


