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English version will be final for all purposes.

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

 Section - A 8 × 2 = 16
(Very Short Answer Type 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) What is a projection operator? What are its eigenvalues?  
àmoOo³eZ Am°naoQ>a ³¶m hmoVm h¡? CgHo$ AmBJZ n[a‘mU ³¶m h¢?

 (ii) Define a unitary operator.
  ¶y{ZQ>ar Am°naoQ>a H$mo n[a^m{fV H$s{OE&

 (iii) σx , σy, σz are Pauli spin matrices. Write the value of 

  x y z
2 2 2
v v v+ +

  σx , σy, σz nm°br ‘o{Q´>³g h¢& x y z
2 2 2
v v v+ +  H$m ‘mZ {bI|&

 (iv) Write the time dependent and time independent Schrodinger 
equation for the wave function ψ.

  Va§J ’$bZ ψ Ho$ {bE Q>mB‘ {S>n|S>|Q> VWm Q>mB‘-BpÝS>n|ÝS>|Q> lm±{S>§Oa 
g‘rH$aU {bI|&

 (v) What is phase space? State Liouville’s theorem.
  ’o$µO ñnog ³¶m h¡? {bAmo{dbo à‘o¶ H$mo n[a^m{fV H$a|&

 (vi) What is the relationship between entropy and probability? Give 
its physical interpretation.

  E|Q´>m±nr VWm àm{¶H$Vm Ho$ ‘Ü¶ ³¶m g§~§Y h¡? Bg g§~§Y H$s ^m¡{VH$ 
gmW©H$Vm H$s {ddoMZm H$a|&
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 (vii) Define partition function.
  g§{dVaU ’§$³eZ H$mo n[a^m{fV H$s{OE&

 (viii) Show that thermodynamic relation 
T
G S,
2

2
=-d n  where G is 

  the Gibbs free energy and S is the entropy.

  D$î‘mJ{VH$ g§~§Y 
T
G S,
2

2
=-d n  H$mo ñWm{nV H$s{OE, G {Jãg 

  ’«$s-D$Om© àX{e©V H$aVm h¡ VWm S E|Q´>m°nr h¡&

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

Note: Answer any 4 questions. Each answer should not exceed 200 
words. Each question carries 8 marks.

(IÊS> - ~)
(bKw CÎmar¶ àíZ)

{ZX}e : {H$Ýht 4 àíZm| Ho$ 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) Derive expression for the Bose-Einstein distribution function.
 ~mog-AmBÝñQ>rZ {S>ñQ´>rã¶yeZ ’§$³eZ H$m ì¶§OH$ àmßV H$a|&

3) Explain Microcanonical and Canonical ensembles.
 ‘mBH$moHo$Zmo{ZH$b Ed Ho$Zmo{ZH$b EÝgoå~b H$mo g‘PmBE?

4) Derive Maxwell’s formula for distribution of speeds.
 ‘o³gdob Ho$ Mmb {dVaU gyÌ H$m ì¶§OH$ àmßV H$a|&
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5) Prove the following: {ZåZ H$mo {gÕ H$a|…

 a) 0L , Lz
2 =7 A

 b) , iL Lx y z= L'7 A

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$s{OE& Xmo H$moUr¶ g§doJ j
2
1

1 =   VWm 

 j
2
1

2 =  Ho$ ¶moJ ‘| C.G. JwUH$m| H$m ‘mZ kmV H$s{OE&

7) Write Schrodinger's equation for a one-dimensional simple harmonic 
oscillator. Write the energy eigenvalues and eigenfunctions. Plot the 
wave functions for the ground state, first and second excited state in 
this case.

 EH$ {d^r¶ gab AmdV© Xmo{bÌ Ho$ {bE lmoqS>Oa g‘rH$aU H$mo {bIo§& 
D$Om© AmBJZ ‘mZ VWm AmBJZ ’$bZ {bI|& ‘yb AdñWm VWm àW‘ d 
{ÛVr¶ CÎmo{OV AdñWm Ho$ Va§J ’$bZ H$mo {M{ÌV H$s{OE&

8) Obtain the Klein Gordon (K.G.) relativistic equation and explain it.
 ³bmBZ JmoS>m©Z (K.G.) gmno{jH$ g‘rH$aU àmßV H$ao§ Ed§ Bgo g‘PmBE&

9) Under the action of time-independent perturbation of a quantum 
system find the correction in the nth energy eigenvalue in the first 
order of smallness of the perturbation.

 Q>mB‘-BpÝS>noÝS>|Q> naQ>a~oeZ ({djmo^) Ho$ AÝVJ©V {H$gr ³dmÝQ>‘ {ZH$m¶ 
Ho$ nth D$Om© AmBJZ-‘mZ ‘| hmoZodmbo g§emoYZm| H$mo Omo {H$ Aën naQ>a~oeZ 
Ho$ àW‘ H$mo{Q> Ho$ hm|, kmV H$a|&
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 Section - C 2 × 16 = 32
(Long Answer Type Questions)

Note: Answer any 2 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$Ýhr 2 àíZ Ho$ 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 the spin of a Dirac particle using Dirac equation.
 {S>amH$ g‘rH$aU H$m Cn¶moJ H$aVo hþE {S>amH$ H$U Ho$ pñnZ H$mo g‘PmBE&

11) State and prove the Ehrenfest theorems in quantum mechanics.
 ³dm§Q>‘ ¶m§{ÌH$s ‘| goaoÝ’o$gQ> à‘o¶mo§ H$mo {bI| Ed§ {gÕ H$s{OE&

12) Determine the energy levels and normalized wave functions of the 
stationary states of a particle in three dimensional box of infinite 
potential well.

 {Ì{d^r¶ AZÝV JhamB© Ho$ {d^d Hy$n ‘| J{V‘mZ H$U H$s D$Om© AmBJZ 
’$bZ Ed‘² àgm‘mÝ¶H¥$V Va§J’$bZ kmV H$s{OE&

13) Write the Hamiltonian of hydrogen atom and solve Schrodinger 
equation to find its f and r equations by separation of variables.

 hmBS´>moOZ na‘mUw Ho$ h¡{‘ëQ>mo{Z¶Z {bI| VWm lmoqS>Oa g‘rH$aU H$mo hb 
H$aVo hþE Mamo§ Ho$ n¥W³H$aU {d{Y Ûmam f VWm r g‘rH$aUm| H$mo àmßV H$ao§&


