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PHYSICAL SCIENCE
PAPER-II

Note : This paper contains ONE. HUNDRED (100) multiple-choice/matching
questions, each question carrying TWO (2) marks. Attempt All the questions.

1. Which of the following is a tensor of order zero .for vectors A and B ?

@

o>

+B | | (B) A-B

'd

© A-B _ | (D) AxB

2. The number of different components for an antisymmetric tensor in N dimensional

Space is :
A N | - (B) N2
©) NN - 12 O N2-1

3. Laplace transformation of 2 — ¢3¢ j5 .

1 N 1
A 321+33+6 - B 32 +53+6
C 1 D “-1—
(©) §-2 ' D) $+2
4, In the numerical integration by Simpson’s % rule, the domiﬁant error is given
by _ .
— h? vii ____hﬂ i
0 “(0
@) 9 O | ®) 5o MO
N - -2
—— Fu(Q *(0
(C) 90 (V) | (D) 90 fr0)

Phy. Sci.-II ' 5 ~ PTO)



3244 L 3 )
dz, where ¢ is the circle |z| = 1 is :

5.  The value of integral L

2(22+1)
(A) 2xi - (B) -2xi
©) 4xi (D) zero

6. Which of the following is an element of SU(2) ?

1+i 1
11y . | NN
® [o o | Pl
- 3 B
. o 12
2+i i 9 ﬁ
(C) [ 3 1+£] (D) 1 .
| J3

’?.  Let a coin be tossed 5 tinies, what is the probability of exéctly 3 heads out-
. of the 5 tosses ?

1 5
(A) 33 | (B) 32

1 10
(©) 3 | (D)' 39

8.  What is the linear combination of Legendre polynomials (P;) for the polynomial
x -2 | - | |
2

(A) 2P, + P, B) @ - Py

2
(C) g(Pl — P2) (D) PI

Phy. Sci.-II 6



9. Expansion of the following periodic function

l —-n1<x<0

f(_x)={

0 O<x<nr

in a sine-cosine Fourier series is :

1 2(sin x sin 3x sin 5x
(A) f(x)—a—;( 1 -+ 3 + 5 +)

_ _123inx sin 3x  sin 5x
(B) f(xJ—2+n( At +J

(© fw-2(Hmx_sn S sinbs, )
x 3 5

b

D) f(x)=%+u[

coS x cos 3x+cos 5x )
3 5

10. The maximum value of the rank of a 4 x 5 matrix is :
(A) 5. - . B 4
© 20 - O 1
1. T+ 1) ié equal to : |
(A) n! . ®
© = | D &+ D

12.  For the Legendre’s differential equation (1 — xz)y" ~ 2y +nn + 1)y =0,
which of the following is an ordinary point ?

A =1 - B) x=-1

C) =0 . _ {D) X =
Phy. Sci.-I1 | 7 | P1.0l]



13.

14.

15.

16.

17.

In an inertial frame of reference, an equal amount of force is applied on two
bodies of different masses m; and my. Hence the ratio of their acceleration
aylay is proportional to :

(A) mymy B) mymgy
(C) myimy @) Jmym,

A system having N constituent particles described by 3N co-ordinates with
k constraints will have total degrees of freedom as :

A) 3k - . @B) N-k

(C) 3k - N D) N-k

The Lagrangian of a particle in motion is L = %m(f*’ + 52 +22) - Vix, y, 2).
Then from the Lagrangian equations of motion one can have :

&) mr=vv B mr=-wv
iCI) m;r=VV (D) m-::—Vv
Thé unit of ILagrang‘ian is the unit of :

(A) Hamiltonian " (B) Force

(C) Momentum (D) Torque

" The Homogeneity of time leads to the law of conservation of :

(A) total energy (B) linear momentum

(C) parity - (D) angular momentum

Phy. Sci.-II 8



18. In a laboratory system for equal masses of two parl:lcles the maximum angle |
of scattering will be :

(A) n/d _ : B .'n
(C) 3n/2 . _ D) =2
19. The incorrect relation for Poisson brackets is :
A) ML, p) =0 ® [, 2l =0
© Wy,pl=L ® L, p,) = p,
20.  For collision of two particleg ﬁm masses my and m,, in the center of mass |
frame : ‘
(A) two particles approach one another with samé speed
(B) two particles always exchange their velocities
(C) the collision is always elastic -
(D) the center of mass of the two particles is stationary

21. At what speed should a clock be moved so that it may appear to lose 1.0

minute in each hour ?
(A) 0.018 c (B) 18 ¢
© 18¢ D) 0.18 ¢

22. A linear transformation of generalized coordinate q and the oorrespdnd_ing
momenta p to Q and P given by Q = q + p, P = g o p is canonical, if the
value of the constant « is :

A 1 B) -1

© 0 | @ 2 . |
Phy. Sci.-1I 9 [P.T.OJ



93. For a one-dimensional harmonie oscillator, the representative point in two-
dimensional phase space traces : '

. (A) a parabola (B) an ellipse
(C) a hyperbola | ’ (D) a straight line

24, A cube of side R has a constant electric potential V on its surface. If there
' are no charges inside the cube, the potential ¢ at the center of the cube and
the magnitude of the electric field |E| at the centre of the cube are given

~ by: ,
"(A) ¢=0 1E| =0
B) ¢ =V 1E| =0
v \4
©) _¢=2 IEI:ﬁ
A\ \'4
(D)¢=—6- |E|=J§R-

95. A solid sphere of radius R, carries a uniform volume charge density p. The
magnitude of electric field inside sphere at a distance r from the centre

18 ©

LN Rp

(A) 3¢, ' B) 35—0'
R2 Ra
©) ,,—E% - D) ;2;‘;-

 96. 'Which of the following quantities is NOT an invariant of motion in the sense
of the special theory of relativity ?

(A) Charge

(B) - e/m ratio for a nedtrﬁn

(©) Eﬁ for electromagnetic wave in vacﬁu_m
_ (D) e/m ratio for an electron

" Phy. Sei.-TI | 10



27.

- 28.

29.

A capacitor with cépacity C is charged in such a way, that one plate has
charge. Qg and the other one has _charge - Qg at time ¢ = 0. It is connected
to an inductor L as shown. At ¢ = ), switch S is closed. Assunﬁng no radiation,
what is the energy stored in capacitor as a function of time ?

4
1

[¢ L
~~
o
(A) g—g (constant) | _- (lé:) %3%‘ cos? (—JI%—EJ
B R B

In a certain medium, em-wave is repi‘esented by ']_:‘:-—710 08 (108t—4y)f
V/m, where ; is unit vector in x-direction. What type of medium is it ?
(A) Free space (B) Perfect conductor

(C) Loss-less dielectric (D) Lossy dielectric

Instead of a sinusoidal wave input, a square wave input is given to a rectangular
wave guide. Square wave frequency v < V1,0 Where v; o = @y, o/2r = lowest

cut-off frequency of the wave guide. Which of the following is true ?
(A) The wave is not transported at all | |
(B) The wave is transported as a square wave '

(C) The wave is transported partially but the shape is d18t.orted

(D) The wave is transported as a sin wave of frequency V1,0
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30. Which material is most suitable for the core of a transformer ?
(A) Ferromagnetic material with large area enclosed by its B-H curve
(B) Ferroﬁ;agnetic material with very small area er_lcl.o_sed by its B-H curve
(C) Paramagnetic material
(D) Diamagnetic material
31. Van de Graff accelerator is an exémple of EMF generated by :
(A) Mechanical energy |
(B) Chemical energy
(C) Electromagnetic 'inductioﬁ
| M Ion production due to collisions of molecules

32. Listed below are the Maxwell's equations of electrodynamics. If magnetic
monopoles exist, which of these equations have to be modified ?

I VxH= -

X J+ r

: -
I - vxE=-2B

| "

.—’,

HI. v.D =p
Iv. V-ﬁ =0
"@A) Wonly ®) I and III
(©) I and IV ' @) All four

Phy. Sci.-IT ' 12



33. Three equal charges g are successively brought from infinity and placed at
each of three vertices of an equilateral triangle at points 1, 2 and 3

5 _

Assumiﬁg rest of the universe as neutral the energy of electric field will increase

sﬁcce’ssively to Eg + 4y, Eg + A + Ap and Ej + A) + Ay + Ag.
i-lere A A2 : Ag is g'iven. by : |
@) 1:2:3 | B) 0:1:2
@€ 1:1:1 ) D) 0:1.‘.:1

34, Five sides of a cube are maintained at zero potential while the sixth side

is kept at constant potential V. Then the potential at the centre of the cube

is given l;y .
\'i
(A) 0 _ (B) Y
v | __ v
© N (D) ry

Phy.Sei-Il - 18 P.T.OJ



" 35.

36.

37.

38.

- 39.

Quantum 'me_(_:hanicélly the value of (;’; - ;?) turns out to be :
@A) in (B) 0 | |
(C) 3in : | o (D) 2in

The total number of degenerate states in the fourth excited state of Hydrogen
atom while discarding spin states would be :

(A) 25 (B) 16

(W 5 : D) 9

Which one of the following could be admissible wave function y(x) for a
Schrodinger equation ?

(A) Nx? | | (Bj exp (ox)
€) exp  alx|D @) exp (- ox)

Here ‘¢’ is a constant.

In the case of spherically symmetric potential, the eigenvalue of L? is :

(A) non-degenerate ' (B) (2 + 1) — fold degenerate

AC) mh | ' D) 2n2

For a rigid rotator while considering radial potential, the spacing between

two consecutive eigenvalues is directly proportional to :

@A) WD | - ®) m
© [+ @) 1

~ Considering time-independent non-degenerate perturbation theory one can

have second order correction to the ground state energy necessarily :

(A) zero | (B ‘positive

(C) negative ~ (D) infinite

Phy. Sci.-II 14



41.

42.

43.

For an anharmonic oscillator, the perturbative term in the Hamiltonian is

Irepresented by :
A) kx B Rl
©) M) - kx

In the case of a two particle system to have an antisymmetric wave function,
the eigenvalue of the exchange operator commuting with the Hamiltonian
would be :

aA) -1 (B) +1
() 172 o -1/2

While approaching a classical turning point, the kinetic energy of the

particle :
(A) increases (B) decreases
(C) becomes infinite (D). remains constant

The Dirac matrices in terms of Pauli’s sﬁin matrices are :
(A) 4 x4 (B) 3 x 3
©C) 2x2 | D) 8x8

The spin of the Dirac particle is due to the term in the relativistic Hamiltonian

as .

A pme? B) ca.p
mc 2 |

(©) [TJ D) - h22V2

Phy. Sci.-II 5 [PTO)



47.

For a system of fixed number of particles, the reciprocal of the Kelvin
temperature T is given by {P = pressure, V = volume, S = entropy, U = internal
energy} :

aP | aP
@A) (?ﬁ) (B) (ss“J

s )
©) (6Ujv ' @) [6P U

For a system in thermal equilibrium at temperature T, consists of a large
number of N subsystems, each of which can exist only in two states of energy
0 and E, where E > 0, & = Boltzmann constant.

Which of the following is true for the entropy of the system ?

(A) It is an increasing function of the total energy of the system.

(B) It has a maximum value of Nk In 2 at the total energy of NE/2 and

reduces to zero as total energy reaches NE.
(C) It decreases with increasing temperature.
(D) There is no maximum value for the entropy.

A body of mass m with constant specific heat C at temperature of 500 K is
brought into contact with an identical body at temperature of 100 K and the
two are isolated from their surroundings. The change in entropy of the system

when they reach equilibrium is :

(A) ?—3'"5 - B) me In [%)
= 5 : +me
© me1a (3] )
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49.  The pressure versus temperature curves for Maxwell-Boltzmann gas, Fermi-

Dirac gas and Bose-Einstein gas are shown in figure :

T—

Which of the following is coﬁec‘t .identiﬁcation ?

(A I: M-B gas IT : F-D gas
(B) .I : F-D gas II: MB gas
(C) 1: BE gas II MB gas
D) 1: BE gas II F-D gas

III BE gas

IIT BE gas
III FD gas
IIl MB gas

50. Molecules of samples of two different substances (with different molecular
massesj_ are known to have same RMS speedg.' We can be sure that the

substances have :

(A} same specific heats

(B) same absolute temperatures
(C) same internal energies

(D} different absolute temperatures
Phy. Sci.-II | 17
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51.

52.

56.

" The average energy of a free electron gas in a metal at absolute zero

temperature is : |
(A) zero - B) 12 Eg
(C) 273 Ey D) 3/ Eg

Bose-Einstein transition temperature T refers to the temperature below
which :

(A) Fermions turn into Bosons

(B) Sizable number of Bosons start rushing to zero-momentum state
(C) Bosons Qtart behaving like Fermions

(D) Bose gas condenses into liquid state

If Q is the canonical partition function for the system and g is the single
particle partition function. N = number of particles in the system. The particles
are identical. Then :

A Q=¢"N! (B) Q = Ng
(C) Q=¢gNInN ® Q=g"

A system consists of N weakly interacting subsystems, each with two internal

. gtates with energies 0 and . The internal energy for the system at absolute

temperature T is equal to :

(A) Ne (B) 3/2 NiT
- Ne
(C) Ne /AT | (D) P e}

The chemical potential is releirant for :
(A) Microcanonical ensemble (B} Grand-canonical ex_laemble

(C) Canonical ensemble (D) all the three above

Phy. Sci.-I1 18
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56. In a cold country in wintér, a lake was freezing slowly. It was observed that

it took 2 hrs to form.a layer of ice 2 em thick on the water surface. Assuming
a constant thermal conductivity, throughout the layer, the thickness of the

ice would get doubled after :

(A)
(C)

2 more hours

6 more hours

57. Match the following :

I

II.

II1.

(A)
(B)
©
D)

Chi-square test
Standard deviation
Impedance matching

Lock in detector

I 11
5 3
3 4
2 1
1 2

II1

1554 L on

(B) 4 more hours

(D) 8 more hours

1. Loading effects
Recovery of signa.l from Noise
Analysis of random errors

. Feedback

= B SO X

Goodness of fit
v
2
1
4
4

58.  Which of the following circuits are used in signal conditioning ?

I
II.

IMI.

(A)
(C)

Phy. Sci.-II
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Attenuators
Amplifiers

I and II only
I and III only

(B) II and III only

D) I, II and I



59.

60.

61.

62.

The following circuit acts as :

L ._§>»—
—

—

" (A) OR Gate (B) AND Gate

(©) NOR Gate (D) NAND Gate
Assertion (AN) : Ge, Si cannot be used to construct LEDs.

" Reason (R) : Their energy gap is small.

(A) AN and R are true, and R is the correct explanation to AN
(B) AN and R are true, but R 18 not correct explahation to AN
(C) AN is true but R is false | |
(D) AN is false but R is true

Which of the following is a disadvantage of RS Flip-Flop ?

' (A) It has an invalid state (B) It has a single output

{C) It has no enable input (D) It has no clock input

Red, Green, IR, Blue, Yellow and Orange LEDs are available. Out of above
..... veonvcenes LED has material with maximum bandgap and .................. LED has
material with minimum band gap respectively.

(A) Blue, Red | (B) Blue, IR

(C) Red, Green . @) IR, Blue

Phy. Sci.-II 20



63. Which of the following devices is used to measure the pressure in the range
of 1073 to 10713 atm ? |

(A) Ionisation gauée o ~ (B) Pirani gauge |

(C) Bourdon gauge ' (D) -Mcleod gajige
64. Compared to BJT the FETs have I:

(A) Higher input 1mpedance and produce ‘more noise

) Bette_r thermal stability and lower input impedance

(C) Higher input impedance and produce lower noise |

(D) Lesser thermal stability and produce lower noise

65. In a 6-bit weighted register DAC, the register value corresponding to LSB
is 16 k2. What will be the value of resistance corresponding to MSB ?

A) 16kQ (B) 500 Q
© 512 kQ | D 6k

66. OP AMP 741 based amplifier is designed to produce 10 V D-p output for a
given 50 mV p-p input at 10 kHz. The power supply voltage applied is
x 15 V. Which of the following configurations will produce the output ?

(A) Double stage with total voltage gain of 100
(B) Double stage with total voltage gain of 200
(C) Single stage with voltage gain of 100

(D) Single stage with voltage gain of 200
Phy. Sci.-II 21 | [PT.0]



87.

69.

70.

71.

72

For Astablé Multivibrator using IC555 and identical values of resistors, the
ratio of time duration of High output to the total time period is :

(A) B) 1

©) -

ol MO

o | o

o

Nuclear magneltic. resbﬁance (_NI&R) is associated by :

(A) Microwave frequency (B) Radio fr_equéncy.

(C) Visible radiation o (D) Far infrared range

Which of the following proceéses is not possible in connection with Laser ?
(A) *Spontaneous emission (B) Spontaneous absorption

(C) Stimulated emission . .(D) Stimulated absorption

The output 6f a Ruby laser is :

(A) A pulsed lasel_' ' (B) . Discontinuous wave

(C) A saw-tooth wave | (D) Continuous wave

In the Raman spectrum of a molecule, the Rayleigh line is 18315 cm~! and
stokes line is 18116 em™L. Then the antistokes line is at :

(A) 18116 em™ (B) 18315 cm™

(C) 18514 cm™* | (D) 17917 em™!

The ratio of Einstein coefficient A and B for a laser is proportional to (Here

v is frequency) :
(A) v ‘ (B) v?2
© 3 | D v
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73.

74.

75.

76.

The splitting of a spectral line in the pressure of an electric field is

called :
(A) Raman effect (B) Paschen-Back effect
(C) Stark effect - " (D) Zeeman effect

Which of the following can occur when UV-vigible radiation is incident on

molecules ?

(A) Rotational Excitation. only

(B) Vibrational Excitation only

(©) Electronic, Vibrational and Rotational excitation
(D) X-ray emission oniy | |

A rigid rotator molecule having rotational constant B is excited by microwave
radlatmn If & is Planck’s constant the frequency absorbed by the molecule
in the transition from J =0 and J =1 is:

(A) Bk (B) 2B/h
) 3Bh . (D) 4B

The electronic energy levels of atoms of a certain gas are given by E,, = Eln2
wheren =1, 2, 3, ... . Assume that transitions are allowed between all levels.
If one wanted to construct a laser from this gas By pumping the n = 1
— n = 3 transition, which energy leve‘l or levels would have to be

metastable ?

- {(A) n=1only (B) n=2only

C) n

1 and n = 3 only (D) none
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77. A diatomic molecule has vibrational states with energies E, = A(v + 1/2) aﬁd
‘ rotationa.l. states with eneréies Ej = B(j + 1)j where v and j are non-negative
integers. Consgidering transitions with selectibﬁ rules Av = £ 1 and

Aj = = 1 and initial and final states res_tricted to v<1andj< 2 whatis

the largést allowed energy for transition ?
(A) A-3B (B) A-B
(C) A+4B D) 2A + B
78. Which of the molecules has non-zero electric dipole mumént ?
(&) €O, (B) Hy0
© CcH, D) SiH,

79. If K is wave vector of incident X-ray and G be the reciprocal lattice vector,

then odnditic’m for Bragg reflection is given by :
a K=G B) |K|=IG|
(©) 2KG=G? = D K=G/2

80. The energy E(K) of electrons of wave vector K in a solid is given by E(K)
= AK2 4+ BK*, where A and B are constants. What is the value of effective

mass of the electrons at |K | = K, :
(A) #%/(2A+12K3) (B) #?/(A+BK3%)

(C) »/(2A +12BK}) D) »?/(2A -12BK})
Phy. Sci.-1I 24



81.

82.

83.

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 lattice

(B) Upon the fofmation of cooper pairs, the lattice becomes less efficient in
heat transfer

(C) The electrons in the normal state lose their abnhty to transfer heat because

of their coupling to t.he cooper pairs

(D) The heat capacity increases on transition to the superconductmg state
leadmg to a reduction in thermal conductivity

Far away from any of the resonance frequencies of 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

The temperature (T) dependence of magnetic susceptibility (x) of a ferromagnetic

substance with Curie temperature (T() is given by :

C | C
(A) T-T,° for T < T¢ (B) T-T," for T > T¢

' C . .
(6) for T > Tg D) T+ T, for all temperatures

T'|‘Tc
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87.

In thermal equilibrium at low temperature T, the occupancy of a phonon mode
of frequency o is given by : (¢ = Boltzmann constant)

W TE , ®) . N
(e%—l) (e-%‘ +1) _
(C) ho/kT (D) e-M/kT

" In a Hall effect experiment, the Hall voltage for an intrinsic semiconductor

is negative. This is because (Synibols carry usual meaning) :
(A) n=p _ (B n>p
(C) pe>np D) m, >.m;l

If the primitives @ # b = ¢ and interfacial angles o # § # y # 90°, then it
belongs to the following crystal system : '

(A) Cubic (B) Tetfagonal
(C) Orthogonal : (D) Monoclinic

The number of Frenkel defects in a crystal of N lattice sites and N; interstitial
sites at a temperature (T) is given by : (¢ = Boltzmann constant)

(A) n = (NN,)V2¢ FF/2¢T for n < N and n << N;

N V2 :
B) n= [—-—) e~EF/2T for n << N and n << N;
(C) n = (NN,)e EF/%T for n << N and n << N;
(D) n = (NN,;2¢ EF/2*T for n << N and n << Nl-.-
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88.  Effect of temperature on Fermi energy gives the following relation :

2( g7
N
(A) Eg(T) EF(O)_ 12[Ep(0)]]

( kT Y}
B) EWT) = Ex0)| 14+
(B) ET) = El0) +12\EF(0)]J'

. [ x2( kT |
= 1 _1[ —————
(C) ER(T) = Eg(0) +12\EF(0)H'

[ x2( RT Y
E(T) = E0) 147
© BT = Egl )_1+12(Ep(0)]'

89. The effective mass of electrons for lower and upper positions of Ewvs K curve ‘
is : - - '
(A) Negative everywhere (B)  Positive, negative
(C) Negative, positive (D) Positive everywhere

90. Deviation from Rutherford scattering formula for a-particle scattering gives

" an estimate of :
(A} Size of an atom (B) Thickness of the target -
(C). Half life of a-emitter (D) Size of a nucleus

91. Binding energy difference in mirror nuclei can be understood using Coulomb
energy difference; this indicates :

(A) nuclear force is spin dependent
(B) nuclear force is charge independent
(C) nuclear force is short range force

(D) nuclear force is as strong as the Coulomb force
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92..

93.

95.

Uranium nucleus at rest decays as given :

235U , 231T1'i + q

- Which 6f the following' is true ?

(A) Each decay product has same kinetic energy

(B) Each product has same speed

(C) The center of mass of the resulting system is stationary

(D) Thorium nucleus has more momentum than the momentum of the
oa-particle |

An experimenter measures. 9934 counts during one hour, from a radioactive

sample. From this number, the count rate of the sample can be estimated

with a standard deviation at most nearly :

(A) 100 (B) 200
©) 300 | (D) 400

Suppose QX decays by natural radioactivity in two stages to %_'fY.'-The two

'stages would most likely be :

(A) o-emission followed by an electron capture

(B) P* decay followed by a-emission |

(C) B~ dec#y followed by a-emission |

(D) P~ emission followed by delayed neutron emission
The puzzle of magic numbers for nuclei was resolved by :
(A) Introducing hard core potential

(B) Introducing Yukawa potential to approximate nuclear potential well

(C) Introducing spin-orbit force part to the nuclear potential
(D) Introducing tensor ‘character to the nuclear force
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96. Most of the fiasion energy éoes--in -
(A) neutrinoes o
(B) kinetic energy of the large fission product.q
(C) y-rays emitted after the fission
(D) kinetic energy of neutrons
97. Mesons are made up of : |
(A) two quarks o (B) one quark and one antidﬁhrk
(C) three tjuarks : (D) two quarks and one antiquh:k
98. Quarks interact with one. another by exchange of :
() photens (B) n-mesons
(C) ©*, o~ and 2° particles D) gluons
99. Which conservation law is violated in. thé pt-'oposed decay ?
| 'p"' — T +V,
(A)  Lepton conservation
(B) Strangeness conservation
(C) Energy conservation |
(D) Parity conservation

100. The excited states of an even-even nucieus E(4*) and E(2*) are such that
E4*VE(2*) = 2. Then :

(A) The nucleus is a deformed nucleus

(B) - The nucleus is clpsed shell _nucleua

(C) The nucleus dispiaﬁ vibr:a.tiﬁnal character

(D) The nucleus displays rotational character | |
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