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MPH-03 

June - Examination 2026 

M.Sc. (Previous) Examination 

PHYSICS 

Quantum Mechanics 

Dok.Ve ;kaf=dhDok.Ve ;kaf=dhDok.Ve ;kaf=dhDok.Ve ;kaf=dh    
Paper : MPH-03 

[Time: 3 Hours]                   [Maximum Marks: 80]     
                                                                                           

 

Note :- The question paper is divided into three Sections A, B and C. Write answers as per the given 

   instructions in each section. In case of any discrepancy, the English version will be final for 

   all purposes. 

funsZ’k funsZ’k funsZ’k funsZ’k %&%&%&%&    ;g iz’u&i= ^v*] ^c* vkSj ^l* rhu [k.Mksa esa foHkkftr gSA izR;sd [k.M ds funsZ’kkuqlkj iz’uksa ds 

     mŸkj nhft,A fdlh Hkh folaxfr dh fLFkfr esa vaxzsth :i gh vafre ekuk tk;sxkA    

 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. 

 [k.M&^v^[k.M&^v^[k.M&^v^[k.M&^v^     

 ¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½¼vfr y?kq mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %&    lHkhlHkhlHkhlHkh iz’uksa ds mŸkj nhft,A vki vius mŸkj dks iz’ukuqlkj ,d 'kCn] ,d okD; ;k vf/kdre                
   30303030  'kCnksa esa ifjlhfer dhft,A izR;sd iz’u 2222 vad dk gSA 
1. (i) Consider wave function ψ�x� =  ψ��x� + ψ	�x�  

 Probability of finding  

 P�x� = Z + |ψ��x�|	 + a {Real part of �ψ�∗�x� ψ	�x��}  
 

  What do represent Z and a?   

  rjax Qyu ψ�x� =  ψ��x� +  ψ	�x� dks yhft,A 
 ikus dh Ákf;drk  
 P�x� = Z + |ψ��x�|	 + a {Real part of �ψ�∗�x� ψ	�x��} 

 

  Z rFkk a D;k ÁnÆ’kr djrs gSa\   

 (ii) Plot the wave function for state n = 5 for one dimensional harmonic oscillator.   

  ,d foeh; vkorhZ nksfy= ds fy, n = 5 voLFkk ds fy, rjax Qyu cukb,A   

 (iii) For one dimensional harmonic oscillator nth state is given as |u�⟩. What is the 

value of  ⟨u�|u	⟩? 

 

  ,d foeh; vko`fr nksfy= ds fy, noh voLFkk |u�⟩ gSA ⟨u�|u	⟩ dk eku D;k 
gksxk\ 
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 (iv) The energy operator Hamiltonian is H . 

 Here H | ψ⟩ = i "
	#

$
$% |ψ& 

 Obtain the value of the commutator 'H , t) 

 

  ÅtkZ ladkjd gsfeYrksfu;u H  gSA   

 
 ;gk¡ H | ψ⟩ = i "

	#
$
$% |ψ& 

 

  Øe fofue;d 'H , t) dk eku ÁkIRk dfj,A   

 (v) Eigen functions of the angular momentum operator L is spherical                   

harmonics  Y+,�θ, ��. Plot Y// on xz-plane.  

 

  dks.kh; laosx ladkjd L ds vkbxsu Qyu xksyh; Álaoknh Y+,�θ, �� gSA Y// dks 
xz- ry esa fpf=r dfj,A   

 

 (vi) Pauli matrices are given by σ1 , σ2 , σ1 .Write the final form of                        

6σ1σ2 + 3σ2σ1 in the terms of Pauli matrix. 

 

  σ1, σ2, σ1 ikmyh esfVªDl gSA6σ1σ2 + 3σ2σ1 ds vafre :i dks ikmyh esfVªDl 

ds :i esa fyf[k,A 

 

 (vii) An electron of mass m moves inside the infinitely deep one dimensional 

potential box having width from x = − 6
	   to  x = 76

	  , then write the expression 

for ground state energy of the electron? 

 

  vuUr foHko ds ,d foeh; foHko ckWDl esa ,d æO;eku dk bysDVªksu gS ckWDl dh 

pkSM+kbZ x = − 6
	 ls x = 76

	   gS] rc bysDVªksu dh ewy voLFkk ds fy, ÅtkZ fyf[k,A  
 

 (viii) Write the solution of φ equation for hydrogen atom for magnetic quantum 

number of value of 4. 

 

  gkbMªkstu ijek.kq ds fy, pqEcdh; DokaVe la[;k 4 ds fy, φ lehdj.k dk gy 
fyf[k,A  

 

 Section-B 4××××8====32 

 (Short Answer Type Questions)  

Note :- Answer any four questions. You have to delimit your each answer maximum up to                            

   200 words. Each question carries 8 marks. 

 [k.M&^[k.M&^[k.M&^[k.M&^cccc^̂̂̂  

 ¼y?kq ¼y?kq ¼y?kq ¼y?kq mŸkjh; iz’u½mŸkjh; iz’u½mŸkjh; iz’u½mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha pkjfdUgha pkjfdUgha pkjfdUgha pkj iz’uksa ds mŸkj nhft,A vki vius izR;sd mŸkj dks vf/kdre 200200200200 'kCnksa esa ifjlhfer 
   dhft,A izR;sd iz’u 8888 vad dk gSA 
2. What do you mean by creation, annihilation and number operators in operator?   

 ladkjd esa creation, annihilation rFkk number ladkjdksa ls vki D;k le>rs gks\  
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3. Use the W.K.B. method to calculate the transmission coefficient for the potential 

barrier - 

 V�x� =  9V/ − ax   ; x > 00               ; x < 0  

 

 foHko vojks/k ds fy, W.K.B. fof/k }kjk ikjxeu xq.kkad Kkr dfj, & 

 V�x� =  9V/ − ax   ; x > 00               ; x < 0 
 

4. Using the matrices A and B, for the trace show that Tr(AB) = Tr(BA)  

 esfVªDl A rFkk B dks yhft,] Vªsl ds fy, fl) dfj, Tr(AB) = Tr(BA)  

 > =  ?8 − 2B 4B 01 0 1 − B−8 B 6B E 
 

 

     B =  ?−B 2 1 − B6 1 + B 3B1 5 + 7B 0 E  

5. Write the fundamental properties of well-behaved wave function.   

 lqO;Ogkfjr rjax Qyu ds ewyHkwr xq.kksa dks fyf[k,A  

6. Briefly explain the Thomas-Fermi Statistical Model and Hartee’s Self-Consistent 

Field Method under Central Field Approximation. 

  

 dsUæh; {ks= lfUudVrk ds varxZr la{ksi esa Fkksel&QehZ lkaf[;dh; ekWMy vkSj              

grZjh Lor% {ks= ekWMy le>kb,A  

 

7. Let a wave package be described at time t = 0 by 

 ψ�x, 0� = A exp J− 1K
	6K + i k/xM 

Express ψ�x, 0� as a superposition of plane waves. 

  

 ;g ekfu, fd rjax iSdsV le; t = 0 ij fuEu rjg ls fn;k tkrk gS 

   ψ�x, 0� = A exp J− 1K
	6K + i k/xM  

lery rjaxksa ds v/;kjksi.k ds :i esa ψ�x, 0� dks O;ä dhft,A  

 

8. Show that Hermitian operator remains its Hermitian character under a                         

Unitary Transformation.  

  

 ;g n’kkZvks fd ;wfuVjh :ikUrj.k ds varxZRk gÆef’k;u ladkjd gÆef’k;u y{k.k jgrk gSA   

9. Evaluate  ⟨n|�a + aO�P| n⟩   

 fuEu ⟨n|�a + aO�P| n⟩ Kkr dhft,A  
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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. 

 [k.M&^[k.M&^[k.M&^[k.M&^llll^̂̂̂  

 ¼nh?kZ mŸkjh; iz’u½¼nh?kZ mŸkjh; iz’u½¼nh?kZ mŸkjh; iz’u½¼nh?kZ mŸkjh; iz’u½     

funsZ’kfunsZ’kfunsZ’kfunsZ’k %& fdUgha nksfdUgha nksfdUgha nksfdUgha nks iz’uksa ds mŸkj nhft,A vki vius izR;sd mŸkj dks vf/kdre 555500000000 'kCnksa esa ifjlhfer 
   dhft,A izR;sd iz’u 11116666 vad dk gSA 
10. (A)  Consider two operators O �and O 	 defined by the following operations – 

  nks ladkjd dks yhft, tks fuEu rjg ls ifjHkkf"kr gaS & 

[8] 

 O �ψ�x� =  ψ�x� + x 

  O 	ψ�x� =  RS�1�
TU + 2ψ�x� 

 

   Check for the linearity of each operator O � and O 	. 
  ÁR;sd ladkjd O �rFkk O 	 ds fy, jSf[kdrk dh tk¡p dhft,A  

 

 
(B)  Prove that, the fundamental commutation relation �x,  p1� =  V"

	#  remains 

  unchanged under unitary transformation. 

[8] 

 
  ;g fl) dhft,] fd ewyHkwr fofue; laca/k �x,  p1� =  V"

	# ;wfuVjh :ikUrj.k esa 
  fcuk ifjoÆrr gq, jgrk gSA 

 

11. (A) Calculate the probability current density for the wave 

 function ψ�x� =  u�x� exp�i��x��. Where u, � are real.  

[8]  

   rjax Qyu ψ�x� =  u�x� exp�i��x�� ds fy, Ákf;drk /kkjk ?kuRo Kkr  
  dhft,A ;gk¡ u, � okLrfod gaSA 

 

 (B)  Prove that, if the wave function in coordinate space is normalized, the  

  momentum wave function is also normalized. 

[8] 

   fl/n dhft,] ;fn vkdk’k funsZ'kkad esa rjax Qyu ÁlkekU;hÑr gS] laosx rjax  
  Qyu Hkh ÁlkekU;hÑr gSA 

 

12. (A)  Find the simplified form of the following operator products writing all steps 

  by operating on wave function : 

  (i) J R
R1 + xM J R

R1 + xM and   (ii) J R
R1 + xM J R

R1 − xM  

 

[8] 

   rjax Qyu ij ladkfjr djrs gq, lHkh inksa dks fy[krs gq, fuEu ladkjd xq.kuksa 
  dk ljyhÑr :i fyf[k, :   

 

   (i) J R
R1 + xM J R

R1 + xM rFkk   (ii) J R
R1 + xM J R

R1 − xM 
 

 (B)  What does mean by Stark-Effect? Briefly explain the First Order Stark Effect 

  in ground state of hydrogen atom. 

 

[8] 

   LVkdZ ÁHkko ls D;k rkRi;Z gS\ gkbMªkstu ijek.kq dh ewy voLFkk ds fy, ÁFke  
  dksfV LVkdZ ÁHkko dks la{ksi esa le>kb,A  

 

13. Describe the Stern-Gerlach Experiment. Also discuss the important results of this 

experiment. 

 

[16] 

 LVuZ xsjyd Á;ksx dks le>kb,A bl Á;ksx ds Áeq[k ifj.kke Hkh crkb,A   

----------------------------- 

 


