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Instructions 

1. This test paper has a total of 50 questions. The entire question 
paper is divided in two sections, A and B. All sections are 

compulsory. Question in each section are different type. 

2. Question 1 to 30 carrying 2 marks & 31 to 50 carrying 4 marks 
each.   
 

 

3. Read the Questions carefully and mark your appropriate response to 
the OMR sheet. 
 

4. There is Negative marking of 1/4 for each wrong answer.    
 

5. Mark the response by Black or Blue Ball Pen only.  
 

6. Any other belongings like Book/ Notes / Electronic device etc are 
not permitted in the examination hall. 
 

7. Submit your answer sheet (OMR Sheet) to the invigilator before 
leaving the examination hall. 
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PART-A 

1. Obtain the hyperfine splitting in the ground state of hydrogen atom to first order in perturbation 

theory for perturbation 

 3
p eH' AS Sŭ (r)= Ö  , where A being a constant  
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2. Consider a charged particle in the one dimensional harmonic oscillator. Suppose we turn on a weak 

electric field, so that the potential energy is shifted by an amount 'H qEx=- . Calculate the second 

order correction energy? 
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3. Parity operator pis defined as r rp = -where ĔĔ Ĕr xi yj zk= + +and I is identity operator defined as 

I r r= . The operators P+and P-are given as  

[ ]

[ ]

1
1

2

1
1

2

P

P

p

p

+

-

= +

= -

 

Consider the following two statements: 

( )0

&

I P p P P Null matrix

II P P P Pp p

+ - - +

+ + - -

­ = =

­ = =
 

of these  

(1) Only I is correct    (2) Only II is correct  

(3) Both I and II are correct   (4) None of them is correct  

 

 

4. Use the WKB approximation to find the allowed energies ( )nE of an infinite square well with a 

ñshelfò of height V0 extending half-way across 
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Express your answer in terms of 0V and ( )
20 2/ 2nE n map=  
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5. The potential ( ) ( )V x xad=- , is trail wave function which is incorrect? 

 (1) 
2 2

A

x b
Y=

+
    (2) 0bxAe x-Y= > 

 (3) 0bxAe xY= >    (4) 
2bxAe-Y=  
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6. If a Hamiltonian H is given as  

 0 0 1 1 0 1 1 0H i i= - + -  

 where 0 and 1 are orthogonal states, the Eigen values of H are 

(1) 1°    (2) i°     (3) 2°   (4) 2i°  

 

7. Consider a spin ½ particle characterised by Hamiltonian zH Sw= under a perturbation ' xH gS= , the 

second order correction to the ground state energy is given by  

 (1) 
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8. A particle moving under the influence of particle 21
( )

2
V r Kr= has a wave function( , )r tY . If the wave 

function changes to ( , )r taY , the ratio of average final kinetic energy to the initial K.E. will be 

 (1) 
2

1

a
   (2) a   (3) 

1

a
   (4) 2a  

 
 

9. A positron is suddenly absorbed by nucleus of a tritium 3
1( H)  atom to turn the latter into a He+ion.   

If the electron in the tritium atom was initially in the ground state. The probability that the resulting 

He+ion will be in its ground state is 

 (1) 1   (2) 
8

9
   (3) 

128

293
  (4) 

512

729
  

     
 

10. What is the ground state energy of six non-interacting electrons in a two-dimensional isotropic 

simple harmonic oscillator characterised byw? 

 (1) 3 w  (2) 5 w  (3) 10 w  (4) 12 w 

 

11. The ground state energy E of an electron of mass em in a one-dimensional box of size L is given by
2 2

22
E

mL

p
= . If L is estimated with an uncertainity of 5% then the uncertainity in the estimation of E is  

 (1) 10%  (2) 25%  (3) 0.04%  (4) 0.1% 

 

12. Let the Hamiltonian for two spin 
1

2
particles of equal masses 1m momenta 1P and 2P and position 1r

and 2r be  

 
2 2

2 2 21 2
1 2 1 2

1
( )

2 2 2

P P
H m r r K

m m
w s s= + + + + Ö 

 where 1sand 2s denote the corresponding Pauli-Matrices 0.1eVw= and 0.2K eV= . If the ground 

state has net spin zero, then energy (in eV) is  

(1) 0.3eV-   (2) 0.82eV   (3) 1.52eV   (4) 2eV   
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13. Consider a one-dimensional oscillator with the Hamiltonian  

 
2

2 21

2 2

P
H m x

m
w= +  

 The time derivative of the expectation value of the ñinitial positionò 

 0 cos sin
P

x x t t
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w w
w

å õ
= -æ ö

ç ÷
 is  
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x xxP P x
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14. The Schrodinger equation of a particle confined of the positive x-axis is  

 
2 2

22

d
mgx E

m dx

Y
- + Y= Y 

 With (0) 0, ( ) 0xY = Y =as x­¤and E is the energy value use trail wave function axxe- to obtain the

 value of a and ground state energy. 
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15. A particle of mass min the three dimensions is in the potential  
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 Its first excited state energy  
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16. A spin ½ particle in uniform external magnetic field has energy eigen states 1 and 2 . The system 

is prepared in Ket-state 
1 2

2

+
at time 0t= . It evolves to the state described by Ket 

1 2

2

-
in time 

T. The minimum energy difference between two levels is  

 (1) 
6

h
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h
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17. Two particles are put in a box of width a find the degeneracy if it is a ground state of identical with 

spin 1 

 (1) 1   (2) 2   (3) 6   (4) 9 
 
 

18. The spin part of the wave function of an electron is 1/2 1/2

1
3

2
c c c-è ø= +

ê ú
where 1/2c is up spin 

vector and 1/2c- is down spin vector then what is the expectation value of xS in the direction at c  

(1) 0   (2) 
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19. Use a gaussion trail function 
2bxAe-Y= to obtain the lowest upper bound you can on the ground state 

energy of the potential: () 4V x xa=  
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20. A free particle described by a plane wave and moving in the positive z-direction undergoes  

scattering by a potential  

() 0 ;

0 ;

V if r R
V r

if r R

¢ë
=ì

>í
 

If 0V is changed to 02V , keeping R fixed then the differential cross-section in the Born approximation  

(1) increases to four times the original value  (2) increases to twice the original value  

(3) decreases to Half the original value   (4) decreases to one fourth the original value  

 

21. The commutator of 2 2 4( ),x P Px xè ø+ê úis  

 (1) 58 ( )x i   (2) 4 ( )xP i   (3) 58x i-   (4) 316x i   
 

 

 

 

 

22. For the attractive Delta function potential given as() ()V x xld=- . If E is total energy of the particle 

of mass m then  

(1) For E < 0 wave function is exponentially decaying and there is no bound state  

(2) For E < 0 wave function is oscillatory and there is only one bound state  

(3) For E < 0 wave function is exponentially decaying and there is only one bound state  

(4) For E < 0 wave function is oscillatory and there is infinite number of bound state same as particle 

in one dimensional rigid box  
 

23. Let xand P denote, respectively the coordinate and momentum operators satisfied the canonical 

relation [ ],x P i= in natural units( 1)= . Then the commutator , Px Pe-è ø
ê úis  

 (1) 2(1 ) Pi P e--      (2) (1 )Pi e--  

 (3) PiPe-       (4) (1 ) Pi P e--  
 

24. The Hamiltonian for a spin ½ particles at rests is given by 0( )z xH E s as= + , where xs and zs are 

Pauli spin matrices and 0E and aare constants. The Eigen values of this Hamiltonian are  

 (1) 2
0 1E a° -   (2) 0E    (3) 2

0

1
(1 )

2
E a°   (4) 2

0 1E a° +  

 

25. If 2L is measured in first excited state of Harmonic oscillator with potential energy 

2 2 2 21
( , , ) ( )

2
V x y z m x y zw= + +  

 Then the Eigen value is  

(1) 0    (2) 26   (3) 24    (4) 22  

 

26. An operator P describing the interaction of two spin-half particles 1 2P a bs s= + Ö, where ,a bare 

constants, with 1sand 2s being the Pauli matrices of the two spins. The total spin angular momentum 

1 2 1 2( )
2

S S S s s= + = +. Then  

 (1) 2,P S are simultaneously measured  

 (2) , zP S  are simultaneously measured  

 (3) 2, zS S are simultaneously measured 

 (4) all of above  
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27. A particle of mass mis placed in a finite spherical well  

 0
( )

0

V if r a
V x

if r a

- ¢ë
=ì

>í
   

 Then find the how many bound state if 2 2 2
0 / 8V a mp<  

(1) 1   (2) 2   (3) 3   (4) no bound states  
 

28. An electron moves in the z-direction in an inform magnetic field along z-axis ĔB Bz= . The 

commutation ,x yp pè øê úis  

where ,x x x y y y

e e
p A p A

c c
p p= - = -  

A is vector potential with compound ( ), ,x y zA A A with B A=Ð³ 

(1) 
eB

i
c

  (2) i    (3) ( )Ĕ Ĕ
x y

e
i A i A i

c
+   (4) 

eA
i

c
 

 

29. A system consists of two non-identical particles each of spin
2

h
. The Hamiltonian for their interaction 

between them is () ()( )1 2
a s s where ()11

2
hs and ()21

2
hs are spin vector of the particles and óaô is 

constant. The particle have magnetic moment ()1as and ()2as the orbital wave function for the 

combined system is such that it is a simultaneous eigen function of the free Hamiltonian with eigen 

value zero in each case. Then the set of energy eigen values of the system when it is placed in a 

uniform magnetic field is 

(1) 2 , 2a B a Ba a+ -      (2) , 3 , 2 , 2a a a B a Ba a- + -  

(3) 3 , 2 , ,0 ,2 ,3a a a a a a- - - +    (4) 3 , 2 , 2 , 3a a B a B aa a- - + +     

 

30. If observable  

1 2 1 2

1 2 1 2

1 1 1
, ,

22 2
A x B x C x x

x x x x

å õµ µ µ µ
= =- = -æ ö

µ µ µ µç ÷
 

The correct statement is  

(1) [ ],A B C=     (2) [ ], 2A B C=  

(3) [ ],C A A=     (4) [ ],B C C=  
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PART-B 

 

31. 231Pais in secular equilibrium with rarer isotope 235U (0.7%) of uranium. A measurement of the ratio 

of the atoms of natural uranium to 231Pagives a value 62.89 10³ . The half-life of 231Pa is 43.3 10³

years.  The half life of 235U is  

 (1) 109.5 10³ years  (2) 89.5 10³ years  (3) 106.7 10³ years  (4) 86.7 10³ years  
 
 
 

32. The ɓ-decay of 214
83 Bi is: 

   214 214
83 84 eBi Po e v-­ + +  

 In the rest frame of Bi , the energy spectrum of emitted electron is shown in the following graph   
 

 
 Here E is the energy of electron and ( )n E is the number of electrons of energy E . When emitted 

electron has maximum energy, the recoil velocity of Pois: 

(1) 25.64 10 m s³     (2) 35.64 10 m s³  

(3) 45.64 10 m s³       (4) 55.64 10 m s³  
 

33. In the following figures, plots of kinetic energy E versus number of ɓ-particles( e-or e+) with this 

kinetic energy ( )n E are shown. Which of figures represents the positive ɓ-decay   

   
 

34. Consider the a-decay of 240
94 Pu  

   240 236 4
94 92 2Pu U He­ +  

 The emitted a-particles are observed to have energies of 5.17MeVany5.12MeV. The wavelength of

  the electromagnetic radiation emitted in this process is:  

(1) 0.248A  (2) 0.124A  (3) 0.0248A  (4) 0.0124A 
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35. A nucleus has the following sequence of states beginning with the ground state: 
3 7 5 1

, , ,
2 2 2 2

+ + + -

and 

3

2

-

. When the nucleus makes transition from third excited state to first excited state, the 

electromagnetic radiation emitted in this process is  

 (1) 3E and 4M      (2) 3M and 4E  

 (3) 3E and 4E      (4) 3M and 4M  
 

 

36. The calculated value of quadrupole moment of 7
3 Li nucleus is: 

(Given: 2/37 3.66=  and 1barn 28 210 m-= ) 

(1) 0.052- barn (2) 0.039- barn  (3) 0.026- barn  (4) 0.013- barn  
 

37. The spin parity of the nucleus 10
5 B is: 

 (1) 
3

2

-

   (2) 0+   (3) 3+   (4) 
3

2

+

 

 

38. The spin parity of the nuclei 121
51 Sband 123

51 Sbare: 

 (1) 
7

2

+

and 
7

2

+

     (2) 
5

2

+

and 
7

2

+

respectively  

 (3) 
5

2

+

and 
5

2

+

     (4) 
7

2

+

and 
5

2

+

respectively    

 

39. In the semi-empirical mass formula Ca and syma are given to be 0.72MeVand 23MeVrespectively. 

The most stable Isobar corresponding to mass number 125 is: 

 (1) 125
51 Sb  (2) 125

50 Sn  (3) 125
53 I   (4) 125

52 Te 

 

40. The magnetic dipole moment of the nucleus 7
3 Li is: (where Nm is nuclear magneton)  

 (1) 3.79 Nm   (2) 2.79 Nm   (3) 0.64 Nm   (4) 0.86 Nm     

 

41. An excited atom of total mass mat rest with respect to a certain inertial system emits a photon, thus 

going over into a lower state with an energy smaller by ED . The energy of the emitted photon is  ( h 

is Plankôs constant and c is speed of light)  

 (1) 
1/2

2

2

2
1 1

E
mc

mc

è øDå õ
+ -é ùæ ö
ç ÷é ùê ú

   (2) 
1/2

2

2

2
1 1

E
mc
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è øDå õ
- +é ùæ ö
ç ÷é ùê ú
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2
1 1

E
mc

mc

è øDå õ
+ -é ùæ ö
ç ÷é ùê ú

   (4) 
1/2

2

2
1 1

E
mc

mc

è øDå õ
- +é ùæ ö
ç ÷é ùê ú

 

 
 

 

42. Neutral Kaon ( )oK and its antiparticle ( )oK have similar decay modes. It requires that we take a 

decaying neutral Kaon state as linear combination of oK and oK , i.e. 

 1
2

o oK K
K

+
= and 2

2

o oK K
K

-
=  

 For CP to reaming conserved, the correct statement is: 

(1) 1K is expected to have shorter life time 

(2) 2K is expected to have shorter life time 

(3) both 1K and 2K must have same life time  

(4) the decay is mediated by electromagnetic interaction  
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43. Match the elementary particle on the left with the associated mean life time on the right. Mass of the 

particle (in 2MeV c ) is given in brackets: 

 (A) (105)m     (i) 217 10 s-³  

 (B) (3097)y     (ii) 245.6 10 s-³  

(C) (1232)++D     (iii) 62.2 10 s-³   

 (D) (1672)-W     (iv) 118.2 10 s-³   

           

 (1) , , ,A i B iv C ii D iii- - - -   (2) , , ,A i B ii C iv D iii- - - - 

(3) , , ,A ii B iv C i D iii- - - -   (4) , , ,A iii B i C ii D iv- - - -  

 

44. Which of the following Baryon is not possible? 

 (1) Baryon with charge +2e   

 (2) Baryon with charge +3e 

 (3) Baryon with charge zero  

 (4) Baryon with charge -2e 

 

45. Which of the following statement is incorrect about b-decay ? 

 (1) in b-decay parity (P) is not conserved  

 (2) in b-decay charge conjugation (C) symmetry is violated  

 (3) in b-decay CP is violated  

 (4) in b-decay CP is not violated  

 

46. The Flavour quantum numbers of quarks are:  

upness(U), downness(D), strangeness(S), charmness(C), bottomness(b) and topness(t). The 

Gellmann-Nishijima realtion is: (Q is charge in units of e, and B is Baryon number, I3 is isospin) 

(1) 3
2

B S
Q I

+
= +     (2) 

2

B U D S C b t+ + + + + +
 

(3) 3
2 2

B S C b t
Q I

+ + +å õ
= + -æ ö

ç ÷
  (4) 3

2

B U D S C b t
Q I

+ + + + + +
= +    

  

47. The spin-parity ( )Jp of ++D resonance is  

 (1) 
1

2

+

   (2) 
3

2

+

   (3) 
3

2

-

   (4) 
1

2

-

 

 

48. The quark content of ymeson is  

 (1) cc    (2) cs   (3) cu    (4) ub 

 

49. Which of the following reactions involving elementary particles is/are allowed? 

 (i) e e- + - ++ ­W +W 

 (ii) o on KL ­ +  

 (iii) ev n p e-+ ­ +  

 (iv) o o
ep n e v++L ­X + + + 

(1) i, ii, iii and iv    (2) i, iii and iv  

(3) i and iv only     (4) i and iii only  
 

50. Total binding energies of 15
8 ,O 16

8 Oand 17
8 O are 111.98 ,127.60MeV MeVand 131.74MeV respectively. 

The energy gap between 1
1/2p and 1 5/2d neutron shells for the nuclei whose mass number is close to 16 

is:  

 (1) 11.48MeV  (2) 4.14MeV   (3) 19.76MeV  (4)15.62MeV   
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