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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& {H$gr ^r {dg§J{V H$s 
pñW{V ‘| A§J«oOr ê$n hr ApÝV‘ ‘mZm Om¶oJm& àíZ ewê$ H$aZo go nyd© 
àíZnÌ H$moS> d àíZnÌ erf©H$ Om±M bo& Ho$b³¶wboAa H$s AZw‘{V Zht 
h¡&

 Section - A 8 × 2 = 16
(Very Short Answer Type 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) Define phase space. What do you mean by m space and Γ space?

  H$bm AmH$me H$mo n[a^m{fV H$s{OE& m ñnog VWm Γ ñnog go Amn 
³¶m g‘PVo h¢?

 (ii) Define partition function?

  g§{dVaU ’$bZ (nmQ>ueZ ’§$³eZ) H$mo n[a^m{fV H$s{OE&

 (iii) Write distribution function for Fermi-Dirac statistics.

  ’$‘u-{S>amH$ ñQ>o{Q>pñQ>³g Ho$ {bE {d{VaU ’$bZ H$m ì¶§OH$ {bI|&

 (iv) If the operators At  and Bt  are Hermitian, then Is ( )i A B B A-t t t t  
Hermitian?

  ¶{X g§H$maH$ At  VWm Bt  h{‘©{e¶Z h¢ Vmo ³¶m ( )i A B B A-t t t t  g§H$maH$ 
h{‘©{e¶Z hmoJm?

 (v) State Ehrenfest theorem.
  Eha|Z’o$ñQ> H$s à‘o¶ H$mo n[a^m{fV H$s{OE&

 (vi) What is the value of commutator L p p Lx y y x-t t t ta k. Symbols 
have their usual meaning.

  H$å¶yQ>oQ>a L p p Lx y y x-t t t ta k H$m ³¶m ‘mZ h¡? g^r g§H$maH$ Ho$ g§Ho$V 

AnZo à{M{bV AW© aIVo h¢&
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 (vii) What are the possible eigenvalues of the addition of two angular 
momenta , ?j j1 11 2= =

  Xmo H$moUr¶ g§doJ 1j1 =  VWm 1?j2 =   Ho$ ¶moJ go ~Zo n[aUm{‘V 
H$moUr¶ g§doJ Ho$ g§^m{dV AmBJZ‘mZ ³¶m hm|Jo?

 (viii) Write Klein-Gordon relativistic equation for a free particle.
  EH$ ‘w³V H$U Ho$ {bE ³brZ-Jm±S>©Z Amno{jH$ g‘rH$aU ³¶m h¡, 

{bI|&

 Section - B 4 × 8 = 32
(Short Answer Type 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) Show that the condition of thermal equilibrium in the two 

interconnected system is 
E E1

1

2

2

2

2

2

2v v
=f fp p. Hence define statistical 

temperature.

 Xmo Ow‹S>o hþE {ZH$m¶ ¶{X Vmnr¶ gmå¶ ‘| hm| Vmo {gÕ H$s{OE H$s 

E E1

1

2

2

2

2

2

2v v
=f fp p & AV… ñQ>o{Q>ñQ>rH$bVmn H$mo n[a^m{fV H$s{OE&
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3) Define micro canonical, canonical, and grand canonical ensembles. 
Give a comparison of these ensembles.

 ‘mBH«$mo Ho$ZmoZrH$b, Ho$Zmo{ZH$b, VWm J«m±S>-Ho$ZmoZrH$b EZg|på~b H$mo 
n[a^m{fV H$s{OE& BZ EZg|på~bm| H$s VwbZm ^r H$s{OE&

4) Prove that eigenvalues of a Hermitian operator are real and the 
eigenfunctions belonging to different eigenvalues are orthogonal.

 {gÕ H$s{OE {H$ h{‘©{e¶Z g§H$maH$ H$m AmBJZ‘mZ dmñV{dH$ ([a¶b) h¢ 
VWm AmBJZ ’$bZ {^Þ AmBJZ ‘mZm| Ho$ {bE bå~³V hm|Jo&

5) Using Schrodinger wave equation deduce the equation of continuity.

 
t

div j 0
2

2t
+ = , where ρ is the probability density and j  is the 

probability current density.

 lm±qS>Oa Va§J g‘rH$aU H$m Cn¶moJ H$aVo hþE gVVVm g‘rH$aU 

t
div j 0

2

2t
+ =  H$mo ñWm{nV H$s{OE& ρ àm{¶H$Vm KZËd VWm j  

àm{¶H$Vm Ymam KZËd àX{e©V H$aVm h¡&

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

 ( ) 0, 0x xU <=

 ( ) , 0x xU U0 $=  ; the energy of the particle is E > U0 .

 Am¶VmH$ma {d^d Xrdma go E – D$Om© Ho$ H$U H$m namdV©Z JwUm§H$ H$s 
JUZm H$a|& {d^d Xrdma {ZåZ àH$ma go n[a^m{fV h¡…

 ( ) 0, 0x xU <=

 ( ) , 0x xU U0 $=  ; H$U H$s D$Om© E > U0
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7) Write Schrodinger equation for linear harmonic oscillator and solve 

it for energy eigenvalues.

 lm±{S>ÝOa g‘rH$aU aoIr¶ gab AmdV© Xmo{bÌ Ho$ {bE {bI| VWm Bgo hb 

H$a D$Om© AmBJZ ‘mZ Ho$ ì¶§OH$ àmßV H$a|& 

8) In the time independent perturbation theory where the Hamiltonian 

of the system can be expressed as 'H H H0 m= +t t , where H', where 

H' is the time independent perturbation energy, and λ is a perturbation 

parameter. Find the correction to the energy eigenvalue correct upto 

first order perturbation.

 H$mb AZm{lV naQ>a~oeZ {gÕmÝV ‘| {H$gr {ZH$m¶ H$m hopåëQ>mo{Z¶Z 

'H H H0 m= +t t  go ì¶³V {H$¶m J¶m h¡, ¶hm± H' Q>mB‘ BpÝS>noÝS>|Q> 

naQ>a~oeZ D$Om© h¢, VWm λ naQ>a~oeZ noam‘rQ>a h¡& D$Om© AmBJZ ‘mZ ‘| 

àW‘ H$mo{Q> Ho$ g§emoYZ kmV H$ao§&

9) Obtain Klein-Gordon relativistic equation for a free particle. Derive 

equation of continuity.

 EH$ ‘w³V H$U Ho$ {bE Amno{jH$s¶ ³brZ-Jm±S>©Z g‘rH$aU àmá H$a|& 

gVVVm g‘rH$aU H$s ì¶wËn{Îm X|&
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 Section - C 2 × 16 = 32
(Long Answer Type 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& AmnH$mo AnZo CÎma H$mo A{YH$V‘ 
500 eãXm| ‘| n[agr{‘V H$aZm h¡& àË¶oH$ àíZ 16 A§H$m| H$m h¡& 

10) What is the probability of finding the electron in the ground state of 
the hydrogen atom between r and r + dr ? Prove that the most probable 
distance of the electron is Bohr radius. Given that the radial wave 

function of the electron in the ground state is ( )R r
a
e2 /r a

10 3
= -

 hmBS´>moOZ na‘mUw Ho$ {bE ‘yb AdñWm ‘| Bbo³Q´>m°Z H$mo r VWm r + dr Ho$ 
‘Ü¶ nmZo H$s àm{¶H$Vm ³¶m h¡? ¶h ^r {gÕ H$a| {H$ na‘mUw ‘| Bbo³Q´>m°Z 
H$s A{YH$V‘ g§^m{dV Xÿar ~moha ao{S>Ag Ho$ Vwë¶ h¡& {X¶m h¡ ao{S>Ab 

Va§J ’$bZ ‘yb AdñWm Ho$ {bE ( )R r
a
e2 /r a

10 3
= -  h¡&

11) Find the energy eigenvalues and normalized eigenfunctions of a 
particle in a potential well of infinite depth.

 EH$ H$U AZÝV JhamB© Ho$ {d^d Hy$n ‘| {Z{hV h¡& Bg H$U Ho$ D$Om© 
AmBJZ‘mZ VWm àgm‘mÝ¶H¥$V AmBJZ ’$bZm| H$s JUZm H$a|&
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12) Define partition function. Express the following thermodynamic 
quantities in terms of partition function:

 Entropy S, free energy F, Total energy E, Enthalpy H, Gibbs free 
energy G, and Pressure P. Write the statement and proof of Boltzmann 
equipartition theorem.

 nmQ>ueZ ’§$³eZ H$mo n[a^m{fV H$s{OE VWm {ZåZ W‘m}S>mBZo{‘H$ am{e¶m| 
H$mo nmQ>ueZ ’§$³eZ Ho$ én ‘| ì¶³V H$a|& E|ÝQ´>m±nr  S, ’«$s BZOu F, 
Hw$b D$Om© E, E|Woënr H, {Jãg ’$s BZOu G, VWm Xm~ P. ~moëQ>O‘oZ 
g‘{d^mOZ à‘o¶ H$m H$WZ Ed§ Cnn{V Xr{OE&

13) Define statistical distribution function. Deduce an expression for 
Bose-Einstein distribution function. Give a comparison of Maxwell-
Boltzmann, Bose-Einstein, and Fermi-Dirac statistics.

 gm§p»¶H$s {dVaU-’$bZ H$mo n[a^m{fV H$s{OE& ~mog-AmBÝñQ>rZ 
{dVaU ’$bZ H$m ì¶§OH$ àmá H$s{OE& ‘o³gdob, ~mog-AmBÝgQ>rZ, VWm 
’$‘u-{S>amH$ gm§p»¶H$s H$s VwbZm H$s{OE&


