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THE OPTIMIST CLASSES
IIT-JAM TOPPERS

MANOJ KUMAR SINGH ABHAY PAWAN

SATYAM

15
AIR

SOUMIL GIRISH SAHU

AIR
21

 BHOOMIJA

AIR
29

AIR
31

AKSHIT AGGARWAL SHIKHAR CHAMOLI

AIR
32

AIR
129

AIR
8

AIR

RAVI SINGH ADHIKARI

33
AIR

GAURAV JHA

44
AIR

56
AIR

65
AIR

LOKESH BHATTSWAPNIL JOSHI

GOPESH VISHVAKARMA

75
AIR

77
AIR

VAIBHAV SHASWAT CHAMOLI

80
AIR
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CSIR-NET-JRF RESULTS 2022

     ANNU
DL01000308

ALANKAR
UP15000162

SAHIL RANA
 HR09000108

  JAYESTHI
 RJ11000161

    VIVEK
UK01000439

 UZAIR AHMED
     UP02000246

 SURYA PRATAP SINGH
         RJ06000232

      HIMANSHU
       UP10000095

     CHANDAN
     RJ09000159

SAIKHOM JOHNSON
      MN01000196

AJAY SAINI
RJ06001744

   VIKAS YADAV
     RJ06001102

JYOTSNA KOHLI
     UK02000262

SHYAM SUNDAR
     RJ06000615

  DASRATH
 RJ06000682

JRF JRF JRF

JRF JRF JRF

JRF JRF JRF

JRF JRF JRF

JRF JRF JRF
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           PART - AQ.1 - Q.25 : Carry ONE mark each.

Q1. Consider an anti-symmetric tensor 0P  with the indices i and j running from 1 to 5. The number of indepen

dent components of the tensor is
(a) 3 (b) 10 (c) 9 (d) 6

Q2. The value of the integral 
2

sinz

C

e z
dz

z , where the contour C is the unit circle : 2 1z   , is

(a) 2 i (b)  4 i (c) i (d) 0

Q3. The eigenvalues of the matrix 

2 3 0

3 2 0

0 0 1

 
 
 
 
 

 are

(a) 5, 2, – 2 (b) – 5, – 1, –1 (c) 5, 1, – 1 (d) – 5, 1, 1

Q4. If   0 3

3 3

for x
f x

x for x


   

   then, the laplace transform of f (x) is

(a) 2 3ss e (b) 2 3ss e (c) 2s (d) 2 3ss e 

Q5. The valence electrons do not directly determine the following property of a metal.
(a) Electric conductivity (b) Thermal conductivity
(c) Shear modulus (d) Metallic lustre

Q6. Consider X-ray diffraction from a crystal with a face-cenered-cubic (fcc) lattice. The  lattice plane for which
there is NO diffraction peak is
(a) (2, 1, 2) (b) (1, 1, 1) (c) (2, 0, 0) (d) (3, 1, 1)

Q7. The Hall coefficient, HR of sodium depends on

(a) The effective charge carrier mass and carrier density
(b) The charge carrier density and relaxation time
(c) The charge carrier density only
(d) The effective charge carrier mass

Q8. The Bloch theorem states that within a crystal, the wave function  r 
, of an electron has the form

(a)     .ik rr u r e 
  

, where  u r


is an arbitrary function and k


is an arbitrary vector..

(b)     .iG rr u r e 
  

, where  u r


is an arbitrary function and G


is a reciprocal lattice vector..

(c)     .iG rr u r e 
  

, where     ,u r u r A A 
  

is a lattice vector and G


 is a reciprocal lattice vector..

GATE PAPER 2010

THE OPTIMIST CLASSES

CONTACT: 9871044043

AN INSTITUTE FOR NET-JRF/GATE/IIT-JAM/JEST/TIFR/M.Sc ENTRANCE EXAMS
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(d)     .ik rr u r e 
  

 , where     ,u r u r A A 
  

is a lattice vector and k


is an arbitrary vector..

Q9. In an experiment involving a ferromagnetic medium, the following observations were made. Which one of the
plots does NOT correctly represent the property of the medium ?

( CT is the Curie temperature)

(a) 

O 1/T

Sp
on

ta
ne

ou
s

M
ag

ne
ti

za
tio

n

1/T    C

(b) 

Magnetic 
     field 

Magnetization

O

(c) 

T
O

   
  M

ag
ne

tic
 

Su
sc

ep
tib

ili
ty

T    C

(d) 

T    CO

S
pe

ci
fi

c
H

ea
t

T

Q10. The thermal conductivity of a given material reduces, when it undergoes a transition from its normal state to the
superconducting state. The reason is
(a) The cooper pairs cannot transfer energy to the lallice.
(b) Upon the formation of Cooper pairs, the lattice becomes less efficient in heat transfer.
(c) The electrons in the normal state loose their ability to transfer heat because of their coupling to the Cooper
pairs.
(d) The heat capacity increases on transition to the superconducting state leading to a reducing in thermal
conductivity.

Q11. The basic process underlying the neutron  -decay is

(a) ed u e v   (b) d u e  (c) es u e v   (d) eu d e v  

Q12. In the nuclear shell model the spin parity of  15
7 N  is given by

(a) 
1

2



(b) 
1

2



(c) 
3

2



(d) 
3

2



Q13. Match the reactions on the left with the associated interactions on the right

(1) v    (i) strong

(2) 0    (ii) electromagnetic

(3) 0 n p     (iii) weak

(a) 1-iii, 2-ii, 3-i (b) 1-i, 2-ii, 3-iii (c) 1-ii, 2-i, 3-iii (d) 1-iii, 2-i, 3-ii

Q14. To detect trace amounts of a gaseous species in a mixture of gases, the preferred probing tools is

(a) Ionization spectrosopy with X-ray (b) NMR spectroscopy
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(c) ESR spectroscopy (d) Laser spectroscopy

Q15. A collection of N atoms is exposed to a strong resonant electromagnetic radiation with gN atoms in the ground

state and eN atoms in the excited state, such that g eN N N  . This collection of two-level atoms will have

the following population distribution:

(a) g eN N (b) g eN N (c) 
2g e

N
N N  (d) 

2g e

N
N N 

Q16. Two states of an atom have definite parities. An electric dipole transition between these states is
(a) Allowed if both the states have even parity
(b) Allowed if both the states have odd parity
(c) Allowed if both the states have opposite parities
(d) Not allowed unless a static electric field is applied

Q17. The spectrum of radiation emitted by a black body at a temperature 1000K peaks in the
(a) Visible range of frequencies (b) Infrared range of frequencies
(c) Ultraviolet range of frequencies (d) Microwave range of frequencies

Q18. An insulating sphere of radius a carries a charge density  2 2
0( ) cos ;r a r r a    


 . The leading order

term for the electric field at a distance d, far away from the charge distribution, is proportional to
(a) d–1 (b) d–2 (c) d–3 (d) d–4

Q19. The voltage resolution of a 12-bit digital to analog converter(DAC), whose output varies from –10 V to +10 V
is , approximately
(a) 1 mV (b) 5 mV (c) 20 mV (d) 100 mV

Q20. In one of the following circuits, negative feedback does not operate for a negative input. Which one is it ? The
Op-amps are running from 15V  supplies.

(a)  + (b)  +

5.1V

(c)  + (d)  +

Q21. A system of N non-interacting classical point particles is constrained to move on the two-dimensional
surface of a sphere. The internal energy of the system is

(a) 
3

2 BNk T (b) 
1

2 BNk T (c) BNk T (d) 
5

2 BNk T

Q22. Which of the following atoms cannot exhibit Bose-Einstein condensation, even in principle?

(a) 1
1H (b) 4

2He (c) 23
11Na (d) 40

19K

Q23. For the set of all Lorentz Transformations with velocities along the x-axis, consider the two statements given
below:
P : If  L is Lorentz transformation then, L–1  is also a Lorentz transformation
Q : If  L

1
 and  L

2 
are Lorentz transformation then,  L

1
L

2  
innecessarily a Lorentz transformation Choose the

correct option
(a) P is true and Q is false (b) Both P and Q are true
(c) Both P and Q are false (d) P is false and Q is true

Q24. Which of the following is an allowed wavefunction for a particle in a bound state? N is a constant and , 0   .
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(a) 3
ψ= 

re
N

r



(b)  ψ = 1 rN e 

(c)  2 2 2

ψ = 
x y zxNe e

    (d) 
non-zero constant   if   < 

ψ=  
0                             if   > 

r R

r R





Q25. A particle is confined within a spherical region of radius one femtometer ( 1510 m ). Its momentum can be
expressed to be about

(a) 20
keV

c
(b) 200

keV

c
(c) 200

MeV

c
(d) 200

GeV

c
Q.26 - Q.55 : Carry TWO marks each.

Q26. For the complex function, ( )
sin( )

z ze e
f z

z


 , which of the following statement is correct?

(a) z = 0 is a branch point. (b) z = 0 is a pole of order one
(c) z = 0 is a removable singularity (d) z = 0 is an essential singularity

Q27. The solution of the differential equation for    
2

2
: 2cosh

d y
y t y t

dt
  , Subject to the initial condi-

tions   00 0 0t

dy
y and

dt    is

(a)    1
cosh sinh

2
t t t (b)    sinh cosht t t 

(c)  cosht t (d)  sinht t

Q28. Given the recurrence relation for the Legendre polynomials:          1 12 1 1n n nn xp x n p x np x     .

Which of the following integrals has a non-zero value?

(a)    
1 2

11 n nx p x p x dx (b)    
1

21 n nxp x p x dx
(c)  

1 2

1 nx p x dx


   (d)    
1 2

21 n nx p x p x dx
Q29. For a two-dimensional free electron gas, the electronic density n, and the Fermi energy E

F
, are related by

(a) 
 3/2

2 3

2

3
FmE

n





(b) 2
FmE

n



 (c) 22

FmE
n




 (d) 
 1/23/22 FmE

n





Q30. Far away from any of the resonance frequencies of a medium the real part of the dielectric permittivity is
(a) Always independent of frequency (b) Monotonically decreasing with frequency
(c) Monotonically increasing with frequency (d) A non-monotonic function of frequency

Q31. The ground state wavefunction of deuteron is in a superposition of s and d states. which of the following is
NOT true as a consequence ?
(a) It has a non-zero quadruple moment
(b) The neutron-proton potential is non-central
(c) The orbital wavefunction is not spherically symmetric
(d) The Hamiltonian does not conserve the total angular momentum

Q32. The first three energy level of 228
90Th  are shown below
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4 _________ 187

2 _________ 57.5

0 _________ 0

keV

keV

keV







The expected spin-parity and energy of the next level are given by
(a) (6+ ; 400 keV) (b) (6+ ; 300 keV) (c) (2+ ; 400 keV) (d) (4+ ; 300 keV)

Q33. The quark content , ,K    and p is indicated:

; ; ;uus K su ud p uud      

In the process, p K      , considering strong interactions only, which of the following statements is

true?
(a) The process is allowed because 0S 
(b) The process is allowed because 3 0l 

(c) The process is not allowed because 0S  and 3 0l 
(d) The process is not allowed because the baryon number is violated

Q34. The three principal moments of inertia of a methanol (CH
3 
OH) molecule have the property x yI I I   and

zI I  . The rotational energy eigenvalues are

(a) 
2 22 1 1

( 1)
2 2

l

z

m

I I I

 
   

 

   (b) 
2

( 1)
2I


  

(c) 
2 2 1 1

2
l

z

m

I I

 
 

 


(d) 

2 22 1 1
( 1)

2 2
l

z

m

I I I

 
   

 

  

Q35. A particle of mass m is confined in the potential

 
2 21

for 0
2

for 0

m x x
V x

x

  
 

x
0 

V x( )

Let the wavefunction of the particle be given by   0 1

1 2

55
x     , where 0  and 1  are the eigenfunction

of the ground state and the first excited state respectively. The expectation value of the energy is

(a) 
31

10
 (b) 

25

10
 (c) 

13

10
 (d) 

11

10


Q36. Match the typical spectra of stable molecules with the corresponding wave-number range
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1. Electronic spectra i.  6 110 cm and above

2. Rotational spectra ii.  5 6 110 10 cm
3. Molecular dissociation iii.  0 2 110 10 cm
(a) 1-ii, 2-i, 3-iii (b) 1-ii, 2-iii, 3-i (c) 1-iii, 2-ii, 3-i (d) 1-i, 2-ii, 3-iii

Q37. Consider the operations :P r r
  (parity) and :T t t  (time-interval). For the electric and magnetic

fields E


 and B
 , which of the following set of transformations is correct ?

(a) : , ; : ,P E E B B T E E B B     
       

(b) : , ; : ,P E E B B T E E B B   
       

(c) : , ; : ,P E E B B T E E B B      
       

(d) : , ; : ,P E E B B T E E B B     
       

Q38. Two magnetic dipoles of magnitude m each are placed in a plane as shown

1

2

m

m

d
045

045

The energy of interaction is given by

(a) Zero (b) 
2

0
34

m

d




(c) 
2

0
3

3

2

m

d




(d) –
2

0
3

3

8

m

d




Q39. Consider a conducting loop of radius a and total loop resistance R placed in a region with a magnetic field B

thereby enclosing a flux 0 . The loop is connected to an electronic circuit as shown, the capacitor being initially

uncharged.

Vout

+

-

C

B

If the loop is pulled out of the region of the magnetic field at a constant speed u, the final output voltage outV is

independent of

(a) 0 (b) u (c) R (d) C

Q40. The figure shows a constant current source charging a capacitor that is initially uncharged.
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Vout

If the switch is closed at t = 0, which of the following plots depicts correctly the output voltage of the circuit  as
a function of time?

(a) 

t

Vout

(b) 

t

Vout

(c) 

t

Vout

(d) 

t

Vout

Q41. For any set of inputs, A and B, the following circuits give the same output Q, except one. Which one is it ?

(a) A
B Q

(b)    
A
B

Q

(c)A
B Q

 (d)  
A
B

Q

Q42. 2CO molecule has the first few energy levels uniformly separated by approximately 2.5 meV. At a temperature

of 300K, the ratio of the number of molecules in the th4 excited state to the number in the nd2 excited state is
about

(a) 0.5 (b) 0.6 (c) 0.8 (d) 0.9

Q43. Which among the following sets of Maxwell  relations is correct? (U - internal energy, H - enthalpy, A Helmhotz
free energy and G-Gibbs free energy)

(a) and
S V

U U
T P

V S

            
(b) and

S P

H H
V T

P S

            

(c) and
T S

G G
P V

V P

             
(d) and

T V

A A
P S

S P
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Q44. For a spin s particle, in the eigen basis of S2, S
z 
 the expectation value  2

xsm S sm  is

(a) 
 2 2( 1)

2

s s m 
(b)   2 21 2s s m 

(c)   2 21s s m  (d) 2 2m

Q45. A particle is placed in a region with the potential   2 31

2 3
V x kx x


  , where k, 0   then,

(a) x = 0 are 
k

x


 points of stable equilibrium

(b) x = 0  is a point of stable equilibrium and 
k

x


  is a point of unstable equilibrium

(c) x = 0  and 
k

x


  are points of unstable equilibrium

(d) There are no points of stable or unstable equilibrium

Q46. A 0  meson at rest decays into two photons, which move along the x-axis. They are both detected simulta-
neously after a time, t = 10s. In an inertial frame moving with a velocity V = 0.6c in the direction of one of the
photons, the time interval between the two detections is
(a) 15s (b) 0s (c) 10s (d) 20s

Q47. A paritcle of mass m is confined in an infinite potential well 
0 if 0 < <

( )
otherwise

X L
V x


 

. It is subjected to a

perturbing potential 0

2
( ) = sinp

x
V x V

L

 
 
 

within the well. Let E(1) and E(2) be the corrections to the ground

state energy in the first and second order in V
0
  respectively. Which of the following are true?

L0

V x( )

V x( )
P

(a) (1) (2)0; 0E E  (b) (1) (2)0; 0E E 

(c) (1) (2)0;E E depends on the sign of V
0

(d) (1) (2)0; 0E E 
Common Data for Questions 48 and 49:
In the presence of a weak magnetic field, atomic hygrogen undergoes the transition:
2 1

1/2 1/2P S by emission of radiation .

Q48. The number of distinct spectral lines that are observed in the resultant Zeeman spectrum is
(a) 2 (b) 3 (c) 4 (d) 6

Q49. The spectral line corresponding to the transition 
2 1

1/2 1/2

1 1

2 2j jP m S m          
   

is observed along the

direction of the applied magnetic field. The emitted electromagnetic field is
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(a) Circularly polarized (b) Linearly polarized
(c) Unpolarized (d) Not emitted along the magnetic field direction
Common Data for Questions 50 and 51:
The partition function for a gas photons is given by

In 
 32

3 345
BV k T

Z
C





Q50. The specific heat of photon gas varies with temperature as

(a) 

T

VC (b) 

T

VC (c) 

T

VC (d) 

T

VC

Q51. The pressure of the photon gas is

(a) 
 32

3 315
Bk T

C




(b) 
 42

3 38
Bk T

C




(c) 
 42

3 345
Bk T

C




(d) 
 3/2

3 345
Bk T

C




Statement for Linked Answer Questions 52 and 53 :
Consider the propagation of electromagnetic waves in a linear, homogenous and isotropic material medium
with electric permitivity  ,  and magnetic permeability  .

Q52. For a plane wave of angular frequency   and propagation vector k


 propagating in the medium Maxwell’ss

equations reduce to

(a)   = 0;  =0;  = ;  = k E K H k E H k H E     
        

(b) 0 0 –k × E = ;  K.H = ; k × E = ωεH; k × H = ωμE
        

(c) 0 0 –k × E = ; K.H = ; k × E = ω H; k × H = ωεE
        

(d) 0 0 –k × E = ;  K.H = ; k × E = ω H; k × H = ωεE
        

Q53. If   and  assume negative values in a certain frequency range, then the directions of the propagation vector

k


 and S


 the Poynting vector S


 in that frequency range are related as

(a)   and  are parallelk S
 

(b)  and  are anti-parallel.k S
 

(c)  and  are perpendicular to each otherk S
 

(d)  and  make an angle that depends on the magnitude of and .k S  
 

Statement for Linked Answer Questions 54 and 55:

The Lagrangian for a simple pendulum is given by : 
2 21

(1 cos )
2

L m mg    

Q54. Hamilton’s equations are then given by

(a) 2
sin ;

p
p mg

m


     
 (b) 2

sin ;
p

p mg
m


    



(c) p m         
p

m
  (d) ;

g p
p

m
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Q55. The Poisson bracket between   and    is :

(a)  , 1   (b)   2

1
,

m
  

  (c)   1
,

m
   (d)  ,

g  


ANSWER KEY

1. (b) 2. (d) 3. (c) 4. (d) 5. (c)

6. (a) 7. (c) 8. (d) 9. (d) 10. (a)

11. (a) 12. (a) 13. (a) 14. (c) 15. (c)

16. (c) 17. (b) 18. (c) 19. (b) 20. (c)

21. (c) 22. (d) 23. (b) 24. (c) 25. (c)

26. (c) 27. (d) 28. (d) 29. (b) 30. (d)

31. (d) 32. (a) 33. (c) 34. (a) 35. (a)

36. (b) 37. (a) 38. (d) 39. (a) 40. (d)

41. (d) 42. (c) 43. (b) 44. (a) 45. (b)

46. (a) 47. (a) 48. (c) 49. (a) 50. (b)

51. (c) 52. (d) 53. (b) 54. (a) 55. (b)


