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Integrated Ph.D. (Physical Sciences)

(General Instructions

e This question paper consists only of multiple-choice questions.
o Answers are to be marked in the OMR sheet provided.

o For each question darken the appropriate bubble to mdlcate your answer. Use only
HB pencils for bubbling answers.

o Mark only one bubble per question. If you mark more than one bubble, the question
will be evaluated as incorrect.

e If you wish to change your answer, please erase the existing mark completely before
marking the other bubble.

All 50 multiple-choice questions in this test should be answered. Each question carries
- TWO MARKS. For each of these questions, four answers are provided; of these only
ONE is correct. :

N.B. There is negative marking: 1/2 mark will be deducted for each incorrect
answer.

Some information that may be useful in answering this test is given below:

Acceleration due to gravity

g = 9.8 m/s?

Molar gas constant

- R=8314 J/mol K-

"Boltzmann’s constant -

kg =138 x 107= J/K

Planck’s constant -

h=6.626x10"%Js

Speed of light in vacuum

c=3x 10° m/s

Gravitational constant ,

G = 6.672 x 1071 Nm?/kg?

Mass of electron

m. = 9.1095 x 103! kg

Mass of proton

m]D = 1.6726 x 10~* kg

Mass of neutron

= 1.6749 x 107%" kg

Coulomnb constant

= 1/(4?1’60) 8.988 x 10° N rnz/C2

Charge of electron

e=1602x10"1°C

Permittivity of vacuum

€p = 8.854 x 10712 F/m

Permeability of vacuum

o =4 x 107" Tm/A

Energy conversion (eV to J)

1eV=1602x10"1°17]
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PHYSICAL SCIENCES

. The series

1— (:rr/3)2/2-! + (m/3)4 /4 — ...
/3 — (w/3)3/3 + (m/3)3/5! — ...

sums to

a1/ ’
B V3

© V3

D) V3

Consider the function f(z) = az® — bz? + ¢, a # 0. The graph of this function

(A) Never crosses the x-axis
(B) Always crosses the x-axis at least once

(C),  Always crosses the x-axis 2 times

(D) Always crosses the x-axis § times

. Given the thrge matrices

_fo 1Yy {0 =N - (170
1=l10) 254 0 ) BTl -1

and [0y, 03] = 0y0; — 0,0, then [0y, [o3, a3]] + |72, I[0'3, a1]] + [o3, [o1, o]} is
(A)  of+oi+a] o

(B) o1+ 02+ 03

(C) 0

(D) Identity

The trace of a 3 X3 matrix is 1 and its determinant is 0. Which of the following
has to be true?

(A) One of the eigenvalues is 0-
(B) One of the eigenvalues is 1

(©) Two of the eigenvalues are 0
(D) Two of the eigenvalues are real



5. The equation |2z — 1| = |z + 3| for real z has

(A) no solution
(B) one solution
(C) two solutions
(D) three solutions

6. The s S,(z) = cosz + cos 2z + - - - + cosnz is the same as

(A) si-n ? cos (n+ 1)z
sin 3 2

(B) sin 5F cos (n—1)z
sin % 2

€ (BLg,{tls
sin Z 2 -

o) 2T g, (ntDz

: cos § 2

7. Fora > 1,

(A} e

(B) e
(&) B

(D)

8. The motion of a particle moving in a line is described by the equation z(t) =-
6+4 (coswt + ﬁ (cos 2wt — I)J. Given that n is an integer, the maximum

displacement occurs at
(A)  t=%mjw

(B) t=2n+ 1}r/w
©  t=(n+8) s
(D)  t=(n+3)n/w



9. A heavy uniform rope of length L and mass per unit length 1 goes over a
frictionless pulley of diameter R, and has two masses M and m attached to
its two ends as shown. In terms of the distance z, the equilibrium position is

given by

1 _ L ﬁ)
(A) 2 (L m+ M 2

1 m+ M
(B) 5 (L + . )
() L-Z&

1 m~-M R
o g(z-mM- =)

10. A triangle of uniform mass density of base L and. height A is shown below.
- The centre of mass of the triangle lies at this distance above the base:

W 2
@ 2
© 1
o

rl




11. A straight rod of length ¢ is made of an unusual material having mass per
unit length 1(z) = Alz|, where = is measured from the centre of the rod. The
moment of inertia about an axis perpendicular to the rod and passing through
one end of the rod is given by

4
w2
. Y

(B) 31\%,
(©) %4
o =2

12. A particle of mass m is located at a distance 2 along the axis of a uniform disk

of mass M and radius R. The gravitational force felt by the mass m is given
by

2GMm z
(A) . R2 ((32 R2) 1/2 1)

ZGMm

(-B) ((32 R2)l/2 1)
2G'Mm

(C) ( 22 4 R2 iz T 1)
2G

(D) ((32 + R2? 1/2)

- 13. A pendulum consists of a point bob of mass M hanging by a massless strmg
There is no friction anywhere in the system. For arbitrary angular displace-
ments 6 of the pendulum about the vertical, the time period of oscillation

(A) is independent of M and @
(B) depends on M but not 8
(C)  depends on 8 but not M
(D) depends on both M and 8

T T S



14.

13.

An observer O is at the origin of an inerfial frame of reference I and rotating
with angular velocity w2 relative to it. A satellite of mass M is in a circular
orbit of radius RZ about the origin with angular velocity —w? as seen from I.
The total force M7 on the satellite in O’s rest frame is

(A)  Mw?R7
(B) . —Muw?R?
(C)  4Muw?Rf
(D)  —4Muw?RP

A large cylindrical container filled with water up to a height h rests on a
table. Neglecting the effect of viscosity, at what height from the bottom of the
container should a hole be made such that the resulting jet of water hits the
surface of the table at the maximum distance?

'E

(A)  R/V2
(B)  R/2
(C)- h/V3
(D) A/3
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16. A simple pendulum of length { is suspended from a hook mounted on a slanted

wall. The wall makes a small angle 8 with the vertical. The pendulum is
displaced from the vertical by a small angle ¢ (¢ > ) and released. Assuming
that the collision of the bob is elastic, the time period of oscillation is

{

(_A) 2 7 |

(B) 2& lﬂ'/2+sm 1—] i
Lo

(D) 2‘/5 lﬂ/2 + cos™! %l

17. Consider two identical blocks of constant specific heat capacity, one of which is

18.

‘at temperature 7) and the other at T5. A reversible engine transfers heat from

the hotter block to the colder block until they reach the same temperature,
which is :

(A) VT2 _ o : | | H

) L

T, .
©  wiE
(D} 15

A and B are both classical ideal gases of diatomic molecules. The point-like

atoms in A are bonded rigidly to form diatomic molecules while in B they
_are connected by bonds of finite stiffness. The ratio of the spemﬁc heat per

molecule at constant volume of gas A to gas B is

a) 1

(B) 5/7

() 6/5 |

(D) 3/4 -




19. N molecules of an ideal gas are in a container of volume V. If a molecule has
the same probability of being at any point in the container, the prohability of
M of them being in a smaller voluine V in the container is

(A)  M/N
VM (Y, — VIN-M

(B) ( o )

(C) N1 VM(VU _ V)N~M
(N — MM Vi

(D) ) N - VUM(VO _ V).-'\--M
(N = M)IM! iz

20. A mixture contains the same number of moles of two ideal gases 4 and B,
' with adiabatic constants -y, and yg respectively. The adiabatic constant -y of
the mixture satisfies :

1 _1 1 1
_‘(A) 'T“'l_g(’}'A—l-i-’}'B—l)

' 1~ 1(_1 1
(B) 'r--l_?('m—l 'T,B'“'l)
1 _1{ 1 1
(©) 'y+1“2(7ﬁ+r+73+1)
(D) 1 _ 1 1 1
YFT 7 2\q4+1 A +1

21. A thermally insulated cubical box has two chambers of equal volume. Initially,
one mole of a mono atomic ideal gas is placed in one of the chambers while the
other chamber is kept empty. The gas slowly leaks through a small hole and

eventually occupies the whole box. The change in entropy of the gas is given
by

(A) R/In2
(B) RIn2
(C) Zero
(D) 2R

10



22. One mole of an ideal monocatomic gas is kept in a volume V and is at temper-

23.

24.

ature 7', If the volume and temperature of the gas are repectively changed to
V' and 77, in such a way that the entropy of the gas is unchanged, then which
of the following is true?

(A) V=2V, T =T/2
) V=8V, T'=T/4

(C) V' =4V, T =8T
) —V/j2, T =2T

A thin convex lens L and concave mirror M with focal lengths 20 cm and
15 cm respectively are separated by a distance of 50cm along their axis as
shown below:

f=20cm f=15cm

-~
30 cm 50 cm

An object is placed at a distance of 30 cm before the lens. The location of the
final image with respect to the mirror is

(A) 6cm
(B) 12 cm

- {C) 15 em
(D) 30 cm

In a Michelson interferometer operating with monochromatic light of wave-
length 2 g, the mirror positions are initially adjusted to get maximum inten-

sity at the detector. A thin glass plate of refractive index 1.5 is then inserted:

in the path of one of the interfering beams. If the detector intensity continues
to be a maximum, the thickness of the plate is (neglecting reflections at the
surfaces of the plate):

(A) 65 pm

(B) 86 um -
(C) 92 pm
(D) 133 pm .

11




25. A very thick piece of glass with refractive index n has a convex surface with
radius of eurvature R. For paraxial light rays incident on this surface from
vacuum, the glass acts like a lens with focal length f measured from the surface,

26.

where f is given by

nh
(A)  — 1
(n—1)R
(©) n+41
(D) (r:l+_1:R

The LCR circuit shown below is driven by an ideal AC voltage source.

©

W
R

L]
L

1

c =

The angular frequency wp at which the voltage amplitude across the capacitor

is 2 maximum is,

(A)

(F) | \ IS (I_R;LC)
o (B
(D) \E%(i_R;C)

12



27. An RC circuit is connected to a DC voltage source through a switch as shown

below.

0kQ 2uF
—M——!

+
10V 10kQ wm%

The switch is initially open and the capacntor uncharged. At time ¢ = 0, the
switch is closed. The voltage across the capacitor at ¢t = 30 us is

(A)
(B)
(C)
(D)

5mV
7.5mV
10mV
20mV

28. The RC circuit shown helow is driven hy a continuous square wave.

c

O R

Which of the following figures is a correct representation of the output wave-
form across the resistor?

A

Figure 1 Figure 2
Figure 3 C Figure 4
Figure 1
Figure 2
Figure 3
Figure 4

13



29. In an experiment the voltage across a resistor is measured repeatedly and found
to obey a Gaussian distribution with mean 5V and standard deviation 1 V. In

any given measurement, if P4 is the probability of obtaining 3 £0.1V and Pp
the probability of obtaining 8 +-0.1 V, then

(A) Pp=Pg=0
(B) Pa=Pg#0
(C) Py > Pg
(D) Py< Pp

30. A point charge Qisbro ught without any acceleration from infinity to a distance

d from an infinite plane conducting sheet. The work done on the charge is given

(h)

2
B) et

© -&=%
O %

31.‘ ‘The electrostatic potential due to a uniformly charged circular disc is
(A) . the same at all points on the disc -
(B) is larger at the centre than at the edge
(C) is larger at the edge than at the centre

(D) has a maximum value at half the radius

14
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32. A cube of side a has point charges -+ located at each of its vertices except
for the origin where the charge is —@Q as shown below.

xT s -0
@ +Q

—-—

Yy a

The electric field at the center is:

W i),
(B) mez(hw 2)
(C) 5—\/%2?;%(5;+§+2)
0) e (E+i+d

33. Two metallic cubes of side a and 2a respectively are separated by a large
distance D, (D > a). Initially, the smaller cube carries a charge @ while the
larger one is uncharged. If a thin metallic wire is connected between the two
cubes, the ratio of the charges on the smaller cube to the larger one will be:

L]

(A) 1/4
(By 172
(€. 2/3
(D)  4/9

15



34.

A metallic ring of area 1 cin? and resistance 10§ is placed in a perpendicular
time-varying magnetic field which has the following form:

B(t) = 2¢70% cos(2at)

" where B is in Tesla and ¢ is in seconds. The net charge that flows past any

35.

36.

point in the ring from t =0 to t = oo is

(A) 1uC
(B) 3pC
(C) 5 uC
(D) 20uC

Which of the following is NOT a solution of the Maxwell equations for the
magnitude of the electric field E(xz,t) in free space? (w and & are constants)

(A} E(z,t) = etkz—wt) 4 gilkziun)
(B) E(x, t) = efb=—wt 4 (fertkstut)
(€) E(z, ) = e+t 4 (B V2ut)
(D) B(z,t) = ettt 4 ot A5 ~V/awt) i

A. particle of charge ¢ moves at a constant speed v parallel to an infinite line
charge of density A, maintaining a constant distance d from the line charge. If
v =1/4/1 ~ v?/c?, then the magnitude of the force on the particle in the rest
frame of the line charge is given by

A
(B) 2mepdy A
!
(C) 2rep
A 2
(D) 2meg
16



37. An inertial frame @ has a non-zero constant electric field E. and the magnetic
field B is zero. An observer in a frame ' is moving with a velocity @ with
respect to @, and E and 7 are not parallel to each other. If L denotes the
perpendicular component with respect to the velocity of the frame, then in
frame @' the electric field £’ and magnetic field B satlsfy

(A) B =

(B) E -é* 0

© (B -a(B) =
(DY B, =0

38. A light source moves with constant speed along a line relative to an observer
standing in its path. The observer measures the wavelength of the light to be
365 nm as the source approaches her and 1096 nm as it moves away from her.
The wavelength of the light in the rest frame of its source is about

(A) 596 nm
(B) 632 nm
(C) 730 nm

(D) 836 nm

39. Consider a beam of relativistic particles of kinetic energy K at normal incidence
upon a perfectly absorbing surface. The particle flux (number of particles per
wiit area per unit time) is J and each particle has rest mass mg. The pressure
on the surface is :

m =

®) J K(Kc+ mac?)
o & +c mac?)

(©) JJK(K C+ 2mc?)

40. An elec.tron and a proton have kinetic energy 1keV each. The ratio of their
de Broglie wavelengths is approximately '

(a) 1
(B) 43
(C) 930
(D) - 1860.

17
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~ 49. A particle p of mass 770 MeV/c? decays into two pions each of rest mass 140 |

90.

MeV/c®. The momentum of each pion is about ‘
(A) 359 MeV /¢
(B) 455 MeV /e
(C} 490 MeV/c
(D) 630 MeV /¢

A neutron decays at rest in about 9 minutes. The niaximum kinetic energy of
the electron is about

(A) 780 eV
‘(B)  780-keV
(C) 780 MeV
(D) 780 GeV
*

End of the question paper *
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