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1. The solutions of the differential equation

dy X

dx  y+1
are a family of
(a)ellipses with different eccentricities (b)circles with different centres
(c)circles with different radii (d)ellipses with different foci

2. For the function f(z) = exp [z —1+—

z—1

(a)z = 1is apole of order one. (b)z = 1is an essential singularity.
(c)z = 1is a pole of order two. (d)z = 1 is aremovable singular point.
.
3. ForthematrixA =|—1 3 1|, which of the following is true?
0 1 0
()43 =542 —4A -2 (b)A® = 44> —6A + 3
(0)A® =54 =54 -1 (d)A®>=84%+34—4

4. The value of the integral
e 5
f dyf dx8(x? —y*)In (xy)
1 0
is

1 1 1 e
(@) 5 (b) 3 (©) 2 (d) 3

5. A sphere of radius R is held fixed on the horizontal ground. A point particle of mass m
slides without friction from the top under the action of earth's gravity, as shown in the
figure. The speed of the particle when it leaves the surface of the sphere is
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6. A particle of mass m is subjected to a potential V (x) = V,0(x) — kx, where V;, and k are
positive constants and V; is much larger than the energy of the particle. The function
0(x) = 1 for x = 0 and equals 0 otherwise. The particle starts from restat t = 0 and x =
—5. In the limit V,, — oo, the graph for x(t) is best represented by

1. 2,
x(@)] ol x(t)
f | /,./' ’ J
.’/ ,’(l t
3: 4.
x(t) x(t)
t

7. The Hamiltonian of a system is given by H(x,p) = —[p? + V2(x)]*/?, where x and p are
generalized co-ordinate and momentum respectively and V(x) >
0. The corresponding Lagrangian is

(2)—V (X)V1 — %2 (b)=V (x)/VI — x2
OV()VI — 22 (AV(x)/NI — 2
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8. Consider the earth to be a free rigid body symmetric about its north-south ( z ) axis. If
the principal moments of inertia satisfy I, = 1.0031,, then its angular velocity (in the
body fixed frame) would precess about the z-axis with a period of nearly

(a)167 days (b)333 days (c)556 days (d)667 days

9. The energy eigenstates of a one-dimensional harmonic oscillator are denoted by |i),
where i = 0,1,2,3 .... If the momentum operator p satisfies % = /2, then the value
ofnis

(2)0 (b)1 (©)2 (d)3

10.A system consists of two non-interacting identical spin- > particles. The spatial wave

functions for the individual particles are given by ¢, (x) and ¢, (x). Let x; and x, denote
the positions of the particles respectively. The total wave function of the system (not
necessarily normalized) can be

@)[@1 (x1) 2 (x2) = @2 ()91 ()L THe[ L)z + [ 4l T)2]
(b) [@1 (x) @1 (x2) + 92 (1) @2 ()| T)1] 1),
(@1 (x) P2 (x2)| T)1] T)2

()1 (x1) @2 (x2) = @2 (x1) @1 Ce)[T)1] 1)z = )1l T)2]

11.A spin- % system is prepared in the initial state

V3 1
=—|ND+=]!
l9) = - I +51 D)
where | T) &
| 1) are eigenstates of S, with eigenvalues +§ & — g respectively. A measurement of S, is
followed by a measurement of S, on the system. What is the probability that the

A . h
measurement of S, yields a value + 5 ?

1 243 2—-+3 3
OF OEs CE= OF

12.A particle of mass m is in the third energy eigenstate of an infinite potential well of
width a. The time interval in which the phase of this wave function changes by 2 is

4ma? b 4ma? 8ma? q 8ma?
3mh (b) 9mh © 3mh (@) 9mh

(@)
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13.The Hamiltonian of the 1 -dimensional quantum harmonic oscillator is given by
2

H = — 4+ -mw?x?
2m 2
. The expectation value of [D, H] in the ground state, where

D= (xp +pXx)
,is (in units of hw )
. 1 —3i
()i OF ()~ ()0

14.A 1 km long optical fiber of core and clad refractive indices 1.62 and 1.52, respectively,
is laid in a straight line. Several identical light pulses are launched simultaneously from
air on the entrance of this fiber from different angles about its axis, as shown below. The
diameter of the fiber is small compared to its length. The maximum time difference
between the pulses emerging at the other end of the fiber would be closest to

n=1.52
__\>:* l' n =162 _’
1) m—
(a)355ns (b)317ns (€)5.40us (d)5.75us

15.A plane electromagnetic wave E,cos (k,z + wt) is incident normally on a perfectly
reflecting mirror in vacuum. If the permittivity of free space is &, the force exerted on an
area A of the mirror would be

—2 n ASO
(a)AsO|E,| 4 (b) ——= |El
Ag, B,
(©)—— |El (d) - A50|E1| z

16.A circular loop of radius a (in the x — y plane) and a square loop of side b (in the x — z
plane) are kept at a distance r. Both carry current I as shown in the figure. If r > a, b,
the torque exerted on the square loop by the circular loop is
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1 )
Z—;r—3na2b212Z (b)0

(@) -

ﬂl 2p272% __i 212725
(C)4T[T3T[a b°1°x (d) p— ma“b°1°x

17.In a particular inertial frame, electric field E and magnetic field B are

Which of the following statements is true?

(a)There exists an inertial frame where E=0B#0
(b)There exists no inertial frame where either E=00rB=0
(c)There exists an inertial frame where B=0E#0

|(d)There exists an inertial frame where both E=0andB =0

18.There are two boxes, one at the ground level, and the other at a fixed height h. There are
three balls of different colours, each having mass m and radius r <« h. There is no
restriction on the number of balls that can be simultaneously put in a given box. For a
given value of the total energy E (in units of mgh, g being the acceleration due to
gravity), the number of accessible microstates is (1(E). The plot of Q(E) vs E is

1 2.
R 7, 5 PR R
3 4.
VN
PN | R e e
=
(ST J) WO I E—
1J ----- I --------
T E
O 1. 2 3 &
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2
19.The internal energy of a system is given by U = g(N)V 3sexp [%], where V is the

volume, S is the entropy, N is the number of molecules and R is a constant. The function
g(N) is proportional to

()N®/3 (b)N*/? (0N?/? (AN

20.Consider one mole of an ideal diatomic gas molecule at temperature T such that kzT >
hv, where v is the frequency of its vibrational mode. If €}, and C, are specific heats of this

gas at constant pressure and volume respectively, then the ratio y = Z—”, is
v

7 5 9
()2 (b) ©3 OF

21.A refrigerator can be thought to be a reversible engine operating between T, = 20°C and
T; = —10°C. The work needed to run this is supplied by another engine, that takes in
energy at the rate of 500 W and runs with 50% efficiency. If the refrigerator freezes 5 kg
of water at 0°C (latent heat Q, = 334 k] /kg for ice) in n hours, then n is closest to

(2)0.4 (6)0.3 (©)0.1 (d)0.2

22.Let R, and Ry be the resistances of a channel determined (by taking the ratio of the
voltage measured and current flowing) using configurations A and B respectively, as
shown in the figure. In both configurations, each lead resistance is 5 and each contact
resistance is 10€). The channel has a resistivity of 20(./mm. Considering the voltmeter
and the current source as ideal devices, the ratio Rz /R, is:

Configuration A Configuration B
(o) ,_{:.‘; p_
—::"/V\:‘,
50 ' 50 ' ‘ '
e s . Ae— e S ——— { [ com— —————— ——
Smm Smm  Smm Smm Smm Smm
(a)1.1 (b)1.2 (©)1.3 (d)1.5

23.The circuit, composed of npn transistors of high £, resistors and switches, is shown in
the figure. The biasing is sufficient to turn on the transistors when respective switches
S1 and S2 are closed.
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+5V

5K 5K
G=AAA ™™, R. W AAR D
b 1oox§ -
+5V +5V

The voltage across the resistor R, = 100k(} is

(a)~ 5V when both S 1 and S 2 are closed
(b) ~ 5V when either S 1 or S 2 are closed
(c) ~ 5V whenboth S 1 and S 2 are open

(d)~ OV when both S 1 and S 2 are open

24.A Silicon p-n junction diode is operated under forward bias at two temperatures Tj; =
300 K, (shown by solid line) and T}, = 200 K, (shown by dotted line). Which of the
following plots best represents the [-V characteristics of the diode?

1. 2
2 T 2
| |
154 : 1.6 H
Z 4l Ty, | 2 , /
0.5 / 0.5 - /
/ /
O L] ¥ ¥ ¥ 0 T T I/ T
0 01 02 03 04 05 0 01 02 03 04 05
V(Volts) ViVolts)
3. 4
) 2
1.5 15
0.5- 0.5:1
0 0 L 1 ¥ 1
0 01 02 03 04 05

0 01 02 03 04 05

Vi{Volts) Vi(Volts)
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25.Consider the device D shown in the figure below. Its current-voltage characteristic is
given by I = aV + bV?, where I is the current, V is the input voltage, and a and b are
constants. The device is used to mix a voltage signal V = V. + V,, where V. =
Vycos wt.Vp and V, are constants.

e []p

The frequency components present in the current I are
(a)0 and w (b)0, w and 2w (c)0 and 2w (d)w and 2w

26.Let B,(x) be a polynomial of degree n with real coefficients, where n = 0,1,2,3, ---. If
[} PGP (x)dx = By, then

(@)P(x) = i\/g (3—x) (b)Py(x) = i\E (2 —x)

3
(OP (%) = i\g(l —X) (d) Py (x) = +V3(3 + x)
27.The value of the integral f 000 Cfixix dx, where «a is a positive real number, is
T T
() 5e @ (Q)me™@ (c) = e~ (@/2) (d)mre=(@/2)

28.A long cylinder of radius R carries a magnetization M= kp?¢, where k is a constant, p is
the radial distance from the axis and ¢ is the azimuthal unit vector (see in the figure).
The magnetic field inside and outside the cylinder would be

Tz“
,—Eﬁ
P
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(a)Binside = Or Boutside = .uokpzq,S (b)Binside = .uokpz(i;; Boutside =0
(C)ﬁinside = §outside = ‘Llokpzq'; (d)ﬁinside = §outside =0

29.Which one of the following curves best represents the solution of the differential
equation % + x = 1, with the initial condition x(0) = 07?

1 3.

(0. 0) (0,0)

(0, 0) t (0, 0)

30.From a straight-line segment of unit length, three points are chosen at random, one after
another. The probability that they are in increasing order is

1 1 1 1
(@) 3 (b) 3 ©) 5 (d) Z

31.For a free particle of mass m, consider the following time dependent quantity in phase
space

2
qp p°t
Q="--"—

m  m?
where q and p are the canonically conjugate position and momentum coordinates

respectively. Then Z—(j is given by

(a0 OF (©-L GRS
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32.A massless rod of length [ is hinged at the extreme end of a vertical spring whose other
end is fixed to the ground. A point mass m is fixed at end of the rod, as shown in the
figure.

Assume harmonic motion of the spring given by h(t) = hy(2 + cos wt), where hy > L.
The equation of motion of the mass (confined to the plane of the figure) is given by

(a)l6 + w?hysin fsin wt — gsin 8 = 0 (b)16 + w?hysin Ocos wt — gsin 6 = 0
(0)10 + w?hysin Gcos wt + gsin 6 = 0 ()16 — w?hysin Bsin wt + gsin 6 = 0

33.In its rest frame, a source emits light in a conical beam of width —45° to 45°. An observer
is moving towards the source with a speed v. For the observer, the beam width appears
to be —30° to 30°. The speed of the observer is closest to

450 {] :
45 30
Observer’s frame —

v

Rest frame

(a)0.62c (b)0.50c (©)0.82c (d)0.41c

34.|n) denotes the eigenvector of the number operator for a particle of mass m in a one-
dimensional potential V = %mwzxz(n = 0,1,2,--). For the state vector

1 2
lp(x,t = 0)) = NG 1) +j;|2>, (x(0))

is
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2V2 | h . AR .
(a) 3 |Zma COS w ( )3 e COS w

2V2 | R - ot [n -
(o) 3 |2ma cos 2w ( )3 e coS 2w

35.The ground state wavefunction for the hydrogen atom is

1 _r
Yo = |—5e %,where a, is the Bohr radius.
’nao

Considering an additional potential H" as a perturbation to the hydrogen atom
Hamiltonian, given by

2

F [1 L foro<r<gr
H' = 4rtey lr R % r
0 forr >R

where R is the radius of the proton, R < a,. The shift in the ground state energy due to
H'is

e? \4R? p e? R
@) 4meya, ) 3as (b) Amtega, ) ag
e? '\ 2R? 4 e? \2R?
© 4tegay) al () 4meqa, ) 3ad
36.The probability density of a free particle of mass m at time t = 0, is given by

x2
Aexp (_ 202(0)>

Att > 0, its probability density is proportional to exp (— >

2

), where 02(t) is

202(t)
X th ) thZ
(@)a=(0) +W (b)a<(0) +W
, h%t? g 2h%t?
(o (OHW (d)a*(0) T 2 (0ym2
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37.A thin circular wire loop of mass M, having radius R, carries a static charge Q. The plane

of the loop is held perpendicular to a uniform magnetic field B along the z-axis passing
through its centre, as shown in the figure. The loop, initially at rest, can freely rotate
about the z-axis. When the magnetic field is switched off the loop starts rotating with an
angular frequency

& | 2%
& _:_R > 1 Bz

B B B B
@< Ok 0" @

38.The charge density of the electron cloud of a hydrogen atom is given by p(7) =
°_exp (—r/a), where a is some characteristic length. The potential energy due to

8mas
the interaction between the proton (sitting at the origin) and the electron cloud is given

2 2

e e

(d) -

dte a TENA 8meya

(b) —

39.Two identical cubes are shown in figures (a) and (b). The magnitude of the magnetic
field at the centre of the cube in (a), produced by the currents as shown, is B,. The
magnitude of the magnetic field at the centre of the cube in (b) will be

<
.~

()V3B, (b)2B, (c)%Bo (d)V2B,
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40.A beam of light along the z-axis passes through a quarter wave plate and an analyzer as
shown in the figure. The fast axis of the quarter wave plate is aligned with the x-axis.
The light intensity is measured by a detector placed after the analyzer.

{D\_\_

z Quarter Waveplate Analyzer Detector
y

Consider two scenarios where the incident light beam is (a) circularly polarized and (b)
linearly polarized along the x-axis. If the polarization axis of the analyzer is rotated by
one full cycle about the z-axis, the number of times the detector measures the maximum
intensity in each case would be

(a)(a) 4 and (b) 0 (b)(a) 2 and (b) 0
(©)(a) 4 and (b) 4 (d)(@) 2 and (b) 2

41.Consider 2N Ising spins, s;(s; = +1) in a one-dimensional lattice with periodic
boundary conditions. The Hamiltonian is given by

2N
H= —]z SiSi+1
i=1

where | denotes the strength of the nearest-neighbour interactions with / > 0. Let F be
the fully ferromagnetic state and let A be the lowest energy state with zero
magnetization. The energy difference between these two states is

3
@2 (4] ©3 @2

42.Two discrete time random walkers start from the point x = 0 at time t = 0 taking
discrete steps of unit length along the x axis. The first walker is unbiased and the second
walker is biased to move towards the right with probability p. The probability that they
are at a distance of 2 units from each other at both time stepst = land t = 2 is

3
(©1- %

1 1
(@ 2 (b) 57 2

NS
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43.A rigid molecule can have two possible rotational states: j = 0 or j = 1. Its rotational

2
energies are given by €, = %j(j + 1), where [ is its moment of inertia. For an ensemble
of such molecules in thermal equilibrium at temperature T, the ratio of the number of
molecules in the j = 1 state (N, ), to those in j = 0 state (N,), is % = 0.003. The
0

: : % : :
temperature T (in units of T where kj is the Boltzmann constant) is closest to
B

(2)0.29 (b)0.21 (€)0.15 (d)0.34

44.A thermodynamic system (at temperature T and volume V), is described by its internal
energy U = AT*V and pressure p = %AT‘*, where A is a constant of appropriate
dimension. The Helmholtz free energy of the system is

4 1 1 4
()5 AT*Y (b)5AT*V () =3 AT*V (d) =5 AT*Y

45.The current I;(t) through a Josephson junction (shown by the crossed box in the figure)
and the voltage V (t) across it, are given by

1,(t) = Ipsin ¢(t)

dp(t)  2eV(t)
dt h

where I is the critical current of the junction and ¢ (t) is the phase difference across the
junction. A resistor R is connected in parallel to the junction and a constant current I >
I flows through the combination as shown.

I/ = IC Sin ¢)
I |
e
< V >

The energy dissipated in R in the time ¢ changes by 2 is

h h h h
@721 (b5 1e (@7 U—1c) () +1c)

46.A semiconductor has the dispersion relation E = E, — Acos (ak, ), where A and a are
positive constants. The effective electron mass close to the minimum energy is
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K2 L1 R2 1
@) 274 (b) 7 7274 © 2 (@3 22

47.A gas of electrons (with no source of scattering) is placed in an electric field E =
Ee'“!(i + k) and a magnetic field B = Bk, where E and B are constants. The frequency
at which the conductivity in the z-direction, given by the ratio of the current and the
electric field, both in the z-direction, diverges is

eB eB eB
(2)0 () — ©-— (D5

48.The minimum number of two input NOR gates required to obtain the following output
for three digital inputs 4, B and C

Y=(A+B+C)A+B+C)(A+B+0()
would be

()4 (b)3 (©)5 (d)6

49.A highly collimated laser beam with a diameter of 1 cm and wavelength 500 nm is
directed from the earth's surface towards the moon ( ~ 384,000 km away from the
earth). Assuming ideal diffraction limited propagation in vacuum, which of the following
best estimates the diameter of the beam upon returning to the earth after reflection
from an ideal reflector installed on the moon.

(a)200 m (b)20 m (©)20 km (d)200 km

50.Consider a laser cooling experiment where atoms are slowed down by an inelastic
process of absorption and subsequent emission of photons. If light of wavelength 776.5
nm is used to slow down potassium atoms (mass number 39) with initial speed
130 ms™?, the number of such absorption and emission cycles needed to bring the atoms

to restis closest to

(2)10° (b)102 (c)10° (d)10*

51.An atom is subjected to a weak magnetic field B = 0.1T. A spectral line of wavelength
184.9 nm correspondingtoa/ = 1 toJ = 0 transition splits into three components. The
highest and the lowest components are separated by 3.2 X 10~* nm. The magnetic
moment of the atom in / = 1 state (in units of Bohr magneton) is

(2)2.82 (b) 0.71 (0)1.41 (d)4.23
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52.In a rotational-vibrational spectrum of HCI(H3>Cl), the first R-branch line and the first
P-branch line are observed at A1 = 2906 cm™! and 17! = 2865 cm™?, respectively. The
equilibrium bond length of this molecule would be closest to

(2)0.2A (b)1.34 (c)13A (d)2.1A

53.If the binding energies per nucleon of the nuclei X(4 = 240) and Y (A = 120) are 7.6
MeV and 8.5 MeV respectively, the energy released in the symmetric fission, X - Y +Y
is

(2)94 MeV (b) 9.4MeV (c)108 MeV (d)216 MeV

54.When a neutron of 1 keV Kinetic energy impinges on a *2C target, the total scattering
cross section is 1000 barns. The approximate value of the phase shift §, is

(a)18° (b)108° (©)90° (d)36°

55.The p-mesons are J¥ = 1~ particles that decay strongly into pions. The ratio of the

particle decay widths
I'(p° - %)
I'(p* > m*m®)

is closest to

(@)1 ®)3 (@0 ()2
1. 2. 3. 4, 5. 6. 7. 8. 9. 10.
11. 12. 13. 14. 15. 16. 17. 18. 19. 20.
21. 22. 23. 24. 25. 26. 27. 28. 29. 30.
31. 32. 33. 34. 35. 36. 37. 38. 39. 40.
41. 42. 43. 44, 45. 46. 47. 48. 49. 50.

51. 52. 53. 54. 55.
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