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SECTION-A

. The solution of the equation, sin{z) + yg—g =0, where y(0) = 1, is

A. y(z) =+/2sin(z) + 1
B. y(z) = 1/2cos(z) +1
C. ylw) = v/2Zsin(z) ~ 1
D. y(z) = y/2cos(z) — 1

. The three vectors A = 3 + 2} + 5fc, B=Ti+ 55' + ak and G = 4i + 2} + 9k are

coplanar when o takes the value

A. 85
B. 125
C. 105
D. 65

= 1
The seri § i
e ser%es £ n(log n)p 1s a

. convergent series for p > 1
divergent series for p > 1

convergent series for p =1

?

Cowp

divergent series for all values of p

The series expansion of the function f(t) = sin®t is

5 5 . 1 .
A. —sin®t+ —sin®t + —sin’¢

8 16 16
B. gsint—%sin%-&-%sin&
C. gsint+%sin2t+%sin3t+§5§sin4t
D. -z-sint + %sin2t+ %sinst + %sin“t

Out of the given equations the only equation which is an exact differential is
(4z3y® — 2zy)dz + (3z'y* — 22)dy =0

(22 +y* +2)dx +zy dy =0

(3e3*y — 4x)dx + 6e¥°dy = 0

cosy dr + (sinz — siny)dy =0

oo we



. The Fourier transform of the function {

flty=e™ fort>0
flt)=0 fort <0

for a > 0, is
1
A. -
o — iw
1
B. -
o+ ww
C. 1 e~(a+1ﬁw)t
o — tw
D. 1 e(a+iw)t
o+ W

. A body of mass ‘m’ is subjected to a resistive force of buv (where v is the velocity

and b is a constant). There is no restoring force in the medium. The displacement
‘2’ as a function of time ‘¢, in terms of its initial velocity ‘v’ and the coeflicient

¥ =i
A, -ye ™t
B. -vge"’t
C, e
D. :}r’ﬂe‘z"’t

. A rocket of mass My, takes off with a constant velocity vy, in a uniform gravitational

field. The rocket loses fuel mass, as it is propelled by the gas, which is ejecied with
a velocity ‘u’ relative to the rocket. At a later time t;, given that the mass of the
rocket is My, the velocity of the rocket vy is equal to

A.

B.

C.

D.

um( )—gf
—uln (%)
uln (42

uln (A—A;f) — gtf

. The rotational kinetic energy of a thin disk, of mass 20 kg and radius 70 cm,

rotating like a merry-go-round at an angular speed of 120 radians/min, is

A.

B.
C.
D

5.91J
9.81]
19.6 J
216 J
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10. An uniform rope of mass M and length L is pivoted at one end and whirls with
uniform angular velocity w. The tension in the rope, at a distance r from the pivot,
(neglecting gravity) is given by

A, Aiwzr2
g .2
B. Aﬁ" (r? — L2
Mo?
C. 2
oL
Muw?
D. 21" (L2 = r?)

11. Three charges are placed at the corners of a square of side ‘a’ as shown in the figure.
The work necessary to place another charge -¢ in the fourth corner is

2

—q
A —
47rf_oa\/§
9 .
q
B.
dme
]
2
—q
C.
SR ¥l 7 )
D. ¢ e

47760(1,\/5

12. The capacitance of two coaxial metal cylinder tubes of radii a, b and length 2L is

dme, ab
A (a—b)
L o(1 1 YA [
B. dme, (E ; E) I ) : LO
dre L a
c. In(b/a) \/
D. In{a/b) - 2L T

dme. L
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13.

14.

15.

A monochromatic light of wavelength A is falling normally on a diffraction grating
with period d. If the angle between the direction to the first and second order of
the Fraunhofer maxima is Af, the wavelength of the light is

dsin Af
vH —dcos Af

dsin Af
cos A8
C. dsinA#
dsin? Af
V5 — 4cos? Af

Consider two symmetrical thin lenses, one is converging with focal length f; and
refractive index n; and the other is diverging with focal length f, and refractive
index ng. The radius of curvature of both the lenses is R. If the lenses are put
together and submerged in water (refractive index n), the effective focal length of

the system is

A.

D.

2(n1 — ‘ﬂg)
A. N R
B. 2n,R
(n; + ng)
2n
C. o
R(m + nz)
T 24
D, —m—
2(”1 - nz)

A gas is enclosed in a cylinder fitted with a piston which moves adiabatically,
according to the equation P?V?® = constant. The work done by the gas in adiabatic
expansion from (P, V;) =(10°Pa,107°m?) to (P, Vy) = (12 Pa, 8x 1073 m*) is
A. 225 '

B. 700J
C. 904

D. 1125J
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16.

17.

18.

19.

A thermodynamic system obeys equations U/ = 1PV and 77 = %725 where 4
is positive. Here P,V,T, N and U are pressure, volume, temperature, number of
particles and internal energy respectively. The entropy ‘S’ of the system can be
expressed as

A. § = ATVRUVAVI2NIA L constant
B. S=d4A-VIUVAVIZNYS o constant
C. S 125A° Y2V 12N 4 constant

D. S =5AYVVAW2INA L constant

An LC R circuit, consisting of a resistance of 10 {2, inductance of 1 H and a variable
capacitance, is connected to a supply of 220 V, 50 Hz source. The capacitance
required to achieve a series resonance condition is

A. b uF

B. 10 uF

C. 15 uF

D. 20 uF

In the given circuit, if the DC gain of the transistor changes from 100 to 200, the

collector current will
. 1K

A. increase by 2 times
. sv 1

B. decrease by 2 times _ ©

C. remains the same

D. saturate at 1.2 A 3

Two equal and opposite relativistic forces were applied along the y-axis at time
t =0 at spatial points (0,0,0) and (a,0,0) in a rest frame. In a frame moving with
a velocity ¥ = vi, the time-like separation of the two forces is,

va
A At = ———
B. AMM=—— %
/1 —v2fc?
a
C. At = ———
e/ 1 —v2/c?
D. Af = ————
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20.

21.

22.

23.

A relativistic particle of rest mass myg is moving in free-space with a speed v. If ¢
is the speed of light in free-space, then the value of v, at which it's (relativistic)
kinetic energy is equal to it’s rest mass energy (mgc?), is

A. v= %c
B. v= @c
C. v= %c
D. v= ?c

An isolated and uncharged copper sphere of radius 1 cm is irradiated by an ultra-
violet light of wavelength 200 nm. The work function for copper is 4.7 eV. The
charge induced on the sphere, due to the photoelectric effect, is

A. 166 pC
B. 47pC
C. 0.023 pC
D. 25 pC

Two pendulums, each of length ‘I’ and mass ‘m’ are coupled with a spring of natural
frequency w.. The resultant frequency, of the out-of-phase vibration, is

A (E - 2w2) v
B. (9 - wf)m

c. (% ) %)1/2
D. (3 + 2w2)1/2

The Youngs modulus of a rod of mass m, cross-sectional area a and length [,
fixed at one end is, Y. If a force is applied to stretch the rod, the period of small
oscillation will he

lo
A. 2m T:Y

L
B. « Z”Y
C. 2n %
D. 9r mlY

gl
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24.

25.

Consider a particle confined in a one dimensional box of length a. The wave function
of the first excited state is given by

b(z) = \/gsin(Zvr:c/a), for0<z<a
. elsewhere

The average value of the position of the particle is

A. a/d

"B. a/16

C. a/8
D. a/2

The average kinetic energy of a thermal neutron is given by $kgT. The de Broglie
wavelength at 0°C temperature is (mass of the neutron is 1.6x107%* g)

A. 1524
B. 185 A
C. ©
D. 14



26.

27.

28.

SECTION-B

The following differential equation

2Q  ,dQ  Q
L-(EE+RE+E%O

is an equation of

A. order one, degree one
B. order two, degree two
C. order two, degree one
D

order one, degree two

et t>0

The even component of the function f(t) = {0 N is given by

A fronl®) m{%_e;t iZg
B. feuen(t)={2_e;t izg
C. feuen(t)={§::t ﬁig
D. fewn(t):{;je_t iig

The solution of the differential equation

[
W

Cawep
o
K
mm

10
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29. Given that f(x) is an even periodic function of period 2L, its Fourier series will be
of the form

Go v . nux
A, > + Z(an + by ) sin <

n=1
a. — nwT
B. =2+ ) a,sin—
2 ™ L
n=1i
a ad T
C. —+ E y, 005 ——
n=1

o0 o0
g . X nmwe
D — E - E b, cos —
5 -{-nzlansm T +n:1 1 C 7

30. The eigenvalues of the matrix

A= [_g _1] ,

are

A, -1,-2
B. 1,2
C. -1,2
D. 1,2

31. The product of the two given series
| R 1, 1,
(m—ﬁx +'5—!$C +"')(1-—§$ +:L—!.’L‘ +

2z

1 (cos 2z)

-2z

Caowey»

£(sin 2z)
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32. The rank of the matrix

1 -1 1 -1

-1 1 -1 1

A= 1 -1 1 -1
-1 1 -1 1

is

A. 4
B. 3
C. 2
D. 1
33. A normalized Gaussian distribution with mean value u and standard deviation o
is given by
A ple) = ——e ()
2rg
L )
B. p(z)= e \Via
plz) = ——
]_ @ty 2
C. plz)= %)
2ma

D. p(.r) = --—1—3(“\755)2

2wg

34. A flying space craft cannot be in the shape of a cylinder because

A. acylinder is inherently unstable about its axial axis
*  B. acylinder is inherently unstable about its transverse axis
C. a cylinder is only neutrally stable about its axial axis
D. a cylinder is unstable along all the three axes
35. Consider a dumbell made up of two spheres, each of radius & and mass M, separated
by a thin rod. The distance between the centers of the spheres is 2. The dumbell
rotates with an angular velocity (&) given by & == wyj +w,k. The three components
of the angular momentum will be related as,
A, Ly=L,=L,=0
L
B. L=0;¢#2
C. L,=0 ="
D.

Ly#0; L, =L,
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36.

37.

38.

13

A particle of mass m is moving from region I to region II. Region I and II are
separated by a plane paralle] to the y axis. In region I, the particle is moving under
a constant potential u; and in region II under a constant potential us (w1 # uy)
with velocities v; and v, respectively. If @, and #; are the angles between the normal
to the plane of separation and vy, v are velocities in regions I and II respectively,
then the ratio of = is given by,

™
sin 91
A.
sin 92
cos 64
B.
cos B
C. tan &
tan 92
D. 1 —cosé,
1~rcoséb,

A solid spherical object (of radius r and mass m) is rolling down (without slipping)
with an acceleration a = %g sin # along an inclined plane which makes an angle #
with the horizontal line. Here g is the acceleration due to gravity and the object
starts from rest from the upper end of the inclined plane of length L, then the total
(translational and rotational) kinetic energy of the object at the lower end of the
inclined plane is

A. %mgL sin
B. ZmgLsing
C. ZmgLsiné
D. mgLsing

If the speed of light is the escape velocity of a particle from the surface of a planet

for which %‘1 = 743 m, where G is the gravitational constant, M is the mass of

the planet and ¢ is the speed of light, then the radius of this planet is

A. 0.743 km
B. 1.486 kmn
C. 2229 km
D. 6.000 km
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39.

40.

41.

42.

43.

14

A thick viscous liquid is flowing through a horizontal tube due to & constant pressure
difference between the ends. If the radius of the tube is doubled and the length is
reduced to half, then the volume rate of the liquid flow

A. increases by 32 times

B. increases by 8 times

C. decreases by 16 times

D. remains constant

If the earth is moving in a circular orbit of radius 1.5 x 10'! m around the sun,
then the mass of the sun is (G=6.67x107'! m?/Kg)

A. 267 x 10% Kg

B. 23x10* Kg

C. 1.9x 10% Kg

D. 23x 10" Kg

Two artificial satellites Sy and S, of mass m and 2m respectively, are orbiting the -
earth in elliptical orbits such that the period of 5; is double that of Sy, If the

semi-major axis of S) is half of S, then the ratio of the total energy between S,
and S; is given by,

A 11
B. 21
C. 41
D. 12

If a charge () moves counter clockwise with a speed v around a circle of radius
R, in a uniform magnetic field B (pointing into the page), then the direction and
magnitude of the magnetic force F| respectively is '

A. F points towards the centre of the circle, F = QuB

B. F points away from the centre of the circle, F' = @QuvB

C. F points in the direction of B, F = QuB

D. F and B are oppesite to each other and the net force is zero.
The magnetic field B, inside the solenoid depends on the

A. resistivity of the wire used for making the solenoid
B. number of turns per unit length of the solenoid

C. cross-sectional area of the solenoid-
D

distance from the axis of the soleneid.
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44. Ampere’s law in integral form offers an efficient way of calculating the

A. electric field inside a current carrying conductor
B. electromagnetic field of an oscillating charge
C. force on a charged particle moving in a uniform magnetic field
D. magnetic field due to steady current flowing in a wire

45. Two infinite parallel plates carry equal but opposite uniform charge density +o.
The electric field F in between and out side the plates respectively are
A.
B. =, 0
C. 0 Z
D. 0,

%

46. A hollow metal sphere having a potential of +400 V with respect to the ground
contains a charge of 5 x 107 C. The electric potential at the center of the sphere
is

A. 0V

B. 800V
C. 400V
b. 400V

47. The criteria for total internal reflection of the sound wave at the air-water interface
is
A. sound wave must travel from water to air with incidence angle above the
critical angle.

B. sound wave must travel from air to water with incidence angle above the
critical angle

C. sound wave must travel from water to air with incidence angle below the
critical angle

D. sound wave must travel from air to water with incidence angle below the
critical angle
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48. An electrical field,

49.

50.

5l

E = E, cos(kz — wt)t — E, sin(kz — wt)j

where F. is the amplitude, w angular frequency, and & the propagation constant,

15

A.
B.
C.
D.

right circularly polarized
linearly polarized
left circularly polarized

right elliptically polarized

Which of the following will promote a liquid to flow in streamline motion through
narrow tubes?

A.
B.
C.
D.

low viscosity and low density
low viscosity and high density
high viscosity and low density
high viscosity and high density

Consider two coherent plane light waves of wavelength \ separated by a distance
d falling normally on a screen {with a divergence angle 8 < 1 rad), at a distance
| from the source. If the amplitude of the waves are equal, then the separation
between the neighboring maxima, on the screen, is

A.
B.
C.
D.

pY:
A8

\8/dl
X2/0d

In a two-beam interferometer, an orange colour mercury line, composed of two
wavelengths A1 and A; is used. The lowest order of interference corresponding to
the least contrast in the fringe pattern is

A.

B.

_ M
2(/\2 — )\1)
(A1 + Ag)
(A — A2)
(A1 = Ag)
(A1 + Ag)
(A1 + Ag)
2\
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52.

53.

54.

93

17

Consider a natural light of intensity I, falling on a system of three identical in-line
polarizers ( the maximum transmission coefficient of each polarizer is T}, with the
principal direction of the middle polarizer forming an angle ¢ with the other two
polarizers. The intensity of the output light, after passing through the system is
A. 1LT?cos®¢

B. 1/T%cos'¢

C. I,T?cos? ¢

D. %L,Ts cos? ¢

A light source is moving in free-space away from a stationary observer with velocity
7. Let c be the speed of light in the free-space. If the time period of the signal
received by the observer is T, then the corresponding wavelength A is

A. A=

B. A=[dT

C. A={c+ )T

D. A= {(c— T

Two relativistic particles are moving in free-space with #1 = vi and 7 = —vi along

the z-axis and negative z-axis respectively. Let c be the speed of light in free-space.
The speed of one particle with respect to the other is

A. 0
B. 2»
2
c. -2
=
2
p. =
1+ 5

The required speed of a clock to run in free-space at a rate of one-third of that at
rest is

A. 1/3 times the speed of light in free-space

1/9 times the speed of light in free-space

2v/2/3 the times speed of light in free-space

v aw

8/9 times the speed of light in free-space
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56. The energy required to completely remove an electron from the n = 2 (where n is
the principle quantum number) state of a hydrogen atom is

a7,

98.

a9.

60.

B.
-G,
D

A.
B.
C.
D.

1.51 eV
120 eV
13.6 eV
-13.6 eV

Which one of the following statement is true?

A.
B.
C.

D.

Nuclear force is always an attractive force.
Nuclear force is always a repulsive force.

Nuclear force is both attractive and repulsive depending on the distance be-
tween the particles.

Nuclear force is both attractive and repulsive depending on the spin of the
particles.

If 10 moles of a certain radioactive material decays into 1.25 moles in 75 days, then
the half life of the material is

A.
B.
C.
D.

: z* d
The Legendre transform of the function y = T in terms of P, where P = % s

A.
B.
C.

D.

37.5 days
25 days
50 days
23.44 days

dx
% =P
¥ = —4P?
¢ = P?

. P2
=T

According to the third law of thermodynamics, entropy of a perfect crystal at
absolute zero temperature is

A,

always negative
always positive
equal to zero

equal to one
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61. If 7y and T3 are temperatures (expressed in °K) of the two reservoirs of a Carnot
engine, with T3 > T, then the efficiency of the engine ‘" obeys

62.

63.

B.

C.

D.

h-T;

An isolated system with an equilibrium distribution of particles at a constant energy
E, pressure P and volume V is known as a

A.
B.
C.
D.

Micro-canonical ensemble
Canonical ensemble
(Grand canonical ensemble

Macro canonical ensemble

In an analog to digital converter(ADC), if the number of digital output bit increases
for the same analog input, then the

A.
B.
C.
D.

accuracy of the ADC increases
range of the ADC increases
conversion speed of the ADC increases

power consumption of the ADC decreases

. An npn transistor with DC gain of 100 is configured as common emitter amplifier.

A base supply of 10 V forward biases the emitter diode through a 220 k€ resistor.
A collector supply of 10 V reverse bhiases the collector diode through 1 k{2 resistor.
During the circuit operation, if the base resistor is open, then the collector-emitter

voltage is

A 0TV
B. 55V
C. 93V
D. 10V
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65. A fullwave bridge rectifier circuit is connected to 220 V, 50 Hz a.c. input supply.
If one of the diodes in the bridge is open, then the ripple frequency at the load

output is
A. 0Hz
B. 50 Hz
C. 100 Hz
D. 150 Hz

66. In the circuit given below, the input root mean square voltage {Vi,} is 220 V and
the diode is an ideal diode. If the primary to secondary winding turn ratio of the
transformer is 5:1, then the d.c. load voltage is

A. 679V > DI
B. 48V Vin %é élK
C. 216V .,L.

D. 153V

67. 1f N number of resistors, each of value R, are connected in series, the resultant resis-
tance is X. When the same resistors are connected in parallel, the total resistance
is

X

A. —]\75
X

B ¥
C. N2X
X
© D 2

68. When a zener diode is used under forward biased condition, it will behavé as a

A. voltage regulator
B. resistor
C. PN junction diode

D. capacitor
69. The octal equivalent of decimal number (49.5)1¢ is

A. 1110001.1
B. 164
C. 614
D. 413
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70. For a horizontal streamline motion of an incompressible fluid, which of the following
is correct?

A. The sum of its static and dynamic pressures remains constant.
B. The sum of its potential energy and kinetic energy remains constant.
C. The sum of its pressure energy and potential energy remains constant.

D. The kinetic energy remains constant.

71. Which of the following represents an eigenfunction

A f(x) B.

—\ /\
/—

0 X (amese——

C. 1) D. fw

72. Consider a particle of mass m bound in a square well of length L and depth of
potential V,. The minimum kinetic energy required to cross the potential barrier is

X

2
Bmiﬁ
cﬁg

73. In a harmonic oscillator, the ground state energy is 2.4 eV. If the oscillator under-
goes a transition from its fourth excited state to the second, by emitting a photon,
the energy of the emitted photon is
A. 486V

14.4eV

7.2 eV

9.6 eV

Saw
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74. Which one of the following is the weakest bond?

A. covalent bond

B. ionic bond

C. metallic bond

D. Vander waals bond

75. Which form of the material exhibits highly anisotropic properties?

A. Polycrystalline

B. Single crystalline
C. Amorphous

D. Liquid
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