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Statistical Mechanics and Quantum 
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Note :  The question paper is divided into three sections A, B and 
C. Write answers as per the given instruction. You are 
allowed to use  a non-programmable calculator, however, 
sharing of calculators is not allowed.

ZmoQ> :  ¶h àíZnÌ "A' "~' VWm "g' VrZ IÊS>m| ‘| {d^m{OV h¡& àË¶oH$ IÊS> Ho$ 

{ZX}emZwgma àíZm| Ho$ CÎma Xr{OE& AmnH$mo {~Zm àmoJ«mq‘J dmbo 

Ho$bHw$boQ>aHo$ Cn¶moJ H$s AZw‘{V h¡ naÝVw Ho$bHw$boQ>a Ho$ hñVm§VaU 

H$s AZw‘{V Zhr h¡&
   Section - A 8 x 2 = 16

Very Short Answer Type Question (Compulsory)
Note :  Answer all questions. As per the nature of the question you 

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 CÎma dmbo àíZ (A{Zdm¶©)

ZmoQ> :   g^r àíZmo§ Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo àíZmZwgma EH$ 
eãX, EH$ dm³¶ ¶m A{YH$V‘ 30 eãXmo§ ‘o§ n[agr{‘V H$s{OE& 
àË¶oH$ àíZ 2 A§H$ H$m h¡&

1) (i) A gas consist of AB molecules and this gas follows Maxwell 
Boltzmann statistics at absolute temperature T. This molecule 
AB has 3 translatory degree of freedom and 2 rotational 
degrees of freedom. What is the average total energy of the 
each molecule?

  EH$ J¡g AB AUwAmo> go ~Zr h¡ VWm ¶h na‘ Vmn T  na ‘o³gdob 

~moëQ²>O‘mZ gm§p»¶H$s H$m nmbZ H$aVr h¡& ¶h AUw AB ñWmÝVaU 

H$s 3 VWm KyU©Z H$s 2 ñdVÝÌVm H$s H$mo{Q> aIVm h¡& àË¶oH$ AUw 

H$s Am¡gV Hw$b D$Om© H$m ‘mZ ³¶m hmoJm?

 (ii) What is the name of the following operator?
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 (iii) A particle of mass m is moving in a region of constant 

potential energy V
0
 The particle has total energy ,

V
2
0  where 

V
0
 is positive number. Find the general solution of time 

independent Schrodinger equation for this problem.
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  Ðì¶‘mZ m H$m EH$ H$U EH$ AMa pñW{VO COm© V
0
 joÌ ‘| J{V 

H$a ahm h¡& H$U H$s Hw$b D$Om© ,
V
2
0  h¡ Ohm± V

0
 EH$ YZmË‘H$ g§»¶m 

h¡& Bg H$U Ho$ {bE H$mb AZm{lV lmoqS>Ja g‘rH$aU H$m hb kmV 

H$amo&

 (iv) An energy eigen wavefunction of a particle in one dimensional 

potential box is given by 2 sinl x4πΨ= . If p ih x2
2=-  is 

momentum operator then what is the energy eigen value of 

the operator m
p
2

2

 ?

  EH$ {d‘r¶ {d^d ~mo³g ‘| EH$ H$U H$m D$Om© AmBJ§oZ ’$bZ 
2 sinl x4πΨ=  Ûmam {X¶m OmVm h¡ ¶{X g§doJ g§H$maH$ 

p ih x2
2=-  h¡ Vmo g§H$maH$ m

p
2

2

 H$s COm© AmBJ|Z ‘mZ ³¶m h¡?

 (v) A prticle follows the statistics in which most probable 

distribution is given by 
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  Write the name of the above statistics?

  EH$ H$U Cg gm§p»¶H$s H$m nmbZ H$aVm h¡ {Og‘o A{YH$V‘ 

àm{¶H$ {dVaU {ZåZ àH$ma {X¶m OmVm h¡… 
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  Cnamo³V gm§p»¶H$s H$m Zm‘ {bImo&
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 (vi) A particle of mass m  is confined in a three dimensional 

cubical potential box of width a. What energy is required 

for excitation of the particle from ground state (1, 1, 1) to  

(2, 2, 1) state?

  Mm¡‹S>mB© a  Ho$ EH$ {Ì{d‘r¶ KZmH$ma {d^d ~m³g ‘| m  Ðì¶‘mZ H$m 

H$U n[a~Õ h¡& Bg H$U H$mo ‘yb ñVa (1, 1, 1) go (2, 2, 1) ñVa 

VH$ CVo{OV H$aZo ‘| {H$VZr D$Om© H$s Amdí¶H$Vm hmoJr?

 (vii) If x  and p
x
 are coordinate and momentum operators 

respectively, then ,x p ni p
x
n

x
n'=6 @  

  What is expression (value) for ,p x
x
26 @ ?

  ¶{X x VWm p
x
 H«$‘e… pñW{V VWm g§doJ g§H$maH$ h¡ VWm 

,x p ni p
x
n

x
n'=6 @  h¡, Vmo ,p x

x
26 @ H$m ‘mZ (ì¶§OH$) ³¶m hmoJm?

 (viii) If total angular momentum quantum number J is 2
5 , then 

write the possible values of magnetic quantum number m.

  ¶{X Hw$b H$moUr¶ ³dm§Q>‘ g§»¶m J H$m ‘mZ 2
5  h¡, Vmo Mwå~H$s¶ 

³dm§Q>‘ g§»¶m m Ho$ gå^m{dV ‘mZ ³¶m hm|J|?
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   Section - B 4 x 8 = 32
(Short Answer Questions)

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

(IÊS> - ~)

(bKwCÎma dmbo àíZ)

ZmoQ> :  {H$Ýhr§ 4 àíZm| Ho$ CÎma Xr{OE& Amn AnZo CÎma H$mo A{YH$V‘  

200 eãXmo§ ‘| n[agr{‘V H$s{O¶o àË¶oH$ àíZ 8 A§H$m| H$m h¡&

2) Write the Boltzmann equipartition theorem of energy and give its 

proof.

 D$Om© g‘{d^mOZ H$s dmoëQ>O‘|Z à‘o¶ {bImo VWm Bgo {gÕ H$amo&

3) For Pauli matrices porove that 

 (i) , 2i
x y z

σ σ σ=6 @  (ii) 
i
i0
0

x y z
σ σ σ = = G

 nmCbr Ho$ ‘o{Q́>³g Ho$ {bE {ZåZ {gÕ H$amo…

 (i) , 2i
x y z

σ σ σ=6 @  (ii) 
i
i0
0

x y z
σ σ σ = = G

4) Prove the Ehernfest theorem m dt
d x p

x
=

 {ZåZaoÝ’o$ñQ> à‘o¶ H$mo {gÕ H$amo… m dt
d x p

x
=

5)  Write the postulate of equal a priori probability and obtain the thermal 

equilibrium condition.

 g‘mZ nyd© àm{¶H$Vm Ho$ A{^J¥hrV {bImo VWm Cî‘r¶ gmå¶dñWm eV© 

àmßV H$amo&
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6) Prove that any two eigenfunctions of Hermitian operator that belong 

to different eigenvalues are orthogonal.

 ¶h {gÕ H$amo H$s h{‘©er¶Z g§H$maH$ Ho$ AmBJ|Z ’$bZ bå~dV hm|Jo ¶{X 

BZHo$ g§JV AmB©JoZ ‘mZ AbJ hmoVo h¡&

7)  Compare the Maxwell-Boltzmann, Bose-Einstein, Fermi - Dirac 

statistics and compare them.

 ‘o³gdob dmoëQ>oO‘|Z, ~mog AmB§ñQ>rZ, ’$‘u {S>amH$ gm§p»¶H$s H$s VwbZm 

H$amo& 

8) What do you mean by partition function? How is this useful in 

calculating Helmholtz energy F, Gibbs potential G, pressure P?

 g§{dVaU ’$bZ go AmnH$m ³¶m A{^àm¶… h¡? hob‘hmoëQ>O D$Om© F, {JãO 

{d^d G VWm Xm~ P H$s JUZm Ho$ {bE ¶h {H$g àH$ma Cn¶moJr h¡?

9) Explain Fermi Golden Rule.

 µ’$‘u JmoëS>Z {Z¶‘ H$mo g‘PmAmo&
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   Section - C 2 x 16 = 32

(Long Answer Questions)

Note :  Answer any 2 questions. Each answer should not exceed in 

500 words. Each question carries 16 marks. 

(IÊS> - g)

(XrK© CÎmar¶ àíZ)

ZmoQ> :  {H$Ýhr 2 àíZmo§ Ho$ CÎma Xr{O¶o& Amn AnZo CÎma H$mo A{YH$V‘  

500 eãXmo§ ‘| n[agr{‘V H$s{O¶o& àË¶oH$ àíZ 16 A§H$m| H$m h¡&

10) By using time independent Schrodinger equation obtain the angular 

and radial equations for hydrogen atom.

 hmBS´>moOZ na‘mUw Ho$ {bE H$moUr¶ VWm {ÌÁ¶r¶ g‘rH$aUm| H$mo H$mb 

AZm{lV lmoqS>Ja g‘rH$aU H$s ghm¶Vm go àmá H$amo&

11) Explain the potential well problem on the basis of WKB method.

  {d^d Hy$n g‘ñ¶m H$mo WKB Ho$ AmYma na g‘PmAmo&

12) (i)  Using Klein Gordon equation, explain the positive and negative 

probability density values.

   ³bmBZ JmoS>©Z g‘rH$aU H$m Cn¶moJ H$aVo YZmË‘H$ VWm G$UmË‘H$ 

àm{¶H$Vm KZËd ‘mZmo H$mo g‘PmAmo&

 (ii) What do you understand by phase space? Explain it.

  H$bm AmH$me go Amn ³¶m g‘PVo hmo? Bgo g‘PmAmo&
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13) A potential well is given by 

 ( )V x 0=  if  a x a< <-

 ( )V x 3=  if  x a>

 Solve the Schrodinger equation for a particle inside the given well 

and obtain the eigen function and eigen values of energy of the 

particle.

 EH$ {d^d Hy$n {ZåZ àH$ma go {X¶m OmVm h¡…

 ( )V x 0=  ¶{X a x a< <-

 ( )V x 3=  ¶{X x a>

 Vmo {XE {d^d Hy$n ‘o H$U Ho$ {bE lm|S>rÝOa g‘rH$aU H$m hb H$amo VWm 

H$U Ho$ AmB©JoZ ’$bZ VWm D$Om© Ho$ AmB©JoZ ‘mZ kmV H$amo&


