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The function

(z-1)2

(A) Is analyticinthe region|z|<2
(B) Hasapoleatz=1

(C) Has abranch pointatz =1

(D) Has an essential singularity z = 1

The independent solutions of the
2

. d%y dy
equation — - 3—= +2y=0:
4 dx? ax 7
(A) e ande™
(B) e* and e

(C) %( and x

(D) sin 2x and cos x

Which one of the following relations
between internal energy U and the
canonical partition function Z is true ?

d
' =~ jogZ
(A) U= - log

J
_ g 4
(B) Us=+KyT? == logZ

(C) U=—KTlogZ

9
(D) U=KT = logZ

The quantum statistics reduces to
classical statistics under the

following conaition :

A) prd=1

CO-19/12

(B) pAd>>1
(®) p}\3 S 11

(D) p=0

Given z = r%e?® find the differential
dz:

(A) dz = 2rdr + 2e2%d0

(B) dz= r’dr + e2%d0

(C) dz = 2re?®dr + 2r%e?%do

(D) dz=2e?%r +2rdo

The number of generalised
coordinates for a rigid body
containing 1000 particles is :

(A) 1000

B) 3

(C) 6

(D) 3000

Let (p, ) and (P, Q) be two pairs of
canonical variables. The
transformation Q = g% Cos (Bp),
P = q% sin (Bp) is canonical for :

A) =2, B=1/2

B) a=2, =2

C) a=1, =1

D) a=1/2, B=2
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10.

For the set of all Lorentz
transformations with velocities along
the x-axis consider the two

statements given below :

P : If L is a Lorentz transformation
then, L~ is also a Lorentz

transformation.

Q : If L1 and L2 are Lorentz
transformations then, L1L2 is
necessarily a Lorentz transformation.

Choose the correct option :
A)
(B) Both P andQ are true

(C) BothPandQ are false
(D) Pisfalseand Qis true

P istrue and Q is false

The value of the integral Je? sin(z) /
7 dz, where the contour C is the unit
circlez-2=1,is:

(A) 2mi

(B) 4mi

(C) mi

(D) O

If a force F is derivable from a
potential function V(r), where ris the

distance from the origin of the

coordinate system, it follows that :
(A) VxF=0

(B) V:-F=0

(C) VwW=0

(D) V?V=0

CO-19/12

(3)

11.

12.

13.

14.

The unit vector normal to the surface
x? +y?—zatpoint (1,1, 1) is :

(A) (2i+2j—K)/3
(B) (2i-2j+k)/3
(C) (2i+2j+Kk)/3
(D) (=2i+2j+k)/3

Find the value of commutator [Lz,
coso] where ¢ is azimuthal angle and
coso is operator.

(A) O

(B) insing
(C) incoso
(D) ~—iksing

Consider an anti-symmetric tensor Pij
with indices i and j running from 1 to
5. The number of independent
components of the tensor s :

(A) 3
(B)
C) 9

10

(D) 6

Consider a counter clockwise circular
contour z = 1 about the origin. The

integral [ f(z) dz over this contour s :
(A)
(B)
©) in

—in

Zero

(D) 2in

(Turn over)



15.

16.

17.

|dentify the correct statement for the
following vectors @’ = 3j + 2j and
E) =i+ 2j are linearly independent :
(A) The vectors @ and b_) are

linearly independent

_>
The vectors @ and b’ are

(B)
linearly dependent
a and ? are

(C) The vectors

orthogonal
@ and b_) are

(D) The vectors

normalized

Which of the following is an analytic
function of the complex variable
z=x+iyinthedomainz<2?

(A B+x-iy)’

(B) (1+x+iy)*(7-x—iy)°

©) (1-x=iy) (7-x+iy°

D) (x+iy—-1"

Two bodies of mass m and 2m are
connected by a spring constant k.

The frequency of the normal mode is :

J3k/2m
JK/m
J2k /3m

Jk/2m
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19.

Let (p, q) and (P, Q) be two pairs of

canonical variables. The
transformation Q = q% cos(Bp)

P =g sin(Bp) is canonical for :

A) a=2B=1/2
(B) 0=2p=2
€) a=1,p=1
(D) a=1/2 p=2

The Hamiltonian of a system with n
degrees of freedom is given by
H(q1 .......... Qs Pyeeee pnt) with an
explicit dependence on the time t.

Which of the following is correct ?

(A) Different phase trajectories
cannotintersect each other

(B) H always represents the total
energy of the system and is a
constant of the motion

The Hamilton equation of
motion are not valid since H has
explicit time dependence

Any initial volume element in
phase space remains
unchanged in magnitude under

time evolution.

Contd.



20.

g

22,

23.

The number of degrees of freedom
of a rigid body in d space-
dimensions is :

(A) 2d

(B) 6

(C) d(d+1)/2

(D) d

The electric and magnetic field
caused by an accelerated charged
particle are found to scale as Eoc 1™
and Be< ™™ at large distances. What

are the value of nand m ?
(A)
(B)
(C)
(D)

n=1,m=2
n=2m=1
n=1m=1

D) n=2, m=2

A conducting sphere of radius r has
charge Q on its surface. If the charge
on the sphere is doubled and its
radius is halved, the energy
associated with the electric field will :
A)
B)
C)
D)

Increase four times
Increase eight times
Remain the same
Decrease four times

(
(
(
(

At a surface current, which one of the
magneto static boundary condition is
NOT CORRECT ?

(A) Normal component of the

magnetic field is continuous
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24.

29,

(B) Normal component of the
magnetic vector potential is

continuous

Tangential component of the
magnetic vector potential is

continuous

Tangential component of the
magnetic vector potential is not

continuous

The magnetic field at a distance R
from a long straight wire carrying a

steady current [ is proportional to :

A) IR
(B) 1/R?
(C) T12/R?
(D) I/R

If e and p assume negative values in
a certain frequency range, then the
directions of the propagation vector
k and the poynting vector S in that

frequency range are related as :
(A) kandS are parallel
(B)

(C) k and S are perpendicular to

k and S are anti-parallel

each other
(D) kand S makes an angle that
depends on the magnitude of

leland |

(Turnover)



26. Forascalarfunction ¢ satisfying the

27.

28.

Laplace equation, Vo has :

(A) Zero curl and non-zero

divergence

Non-zero curl and zero

(B)
divergence

(C) Zero curland zero divergence

(D) non-zero curl and non-zero

divergence

An electromagnetic wave is incident
on a water-air interface. The phase
of the perpendicular component of
the electric field, E1, of the reflected
wave into the water is found to remain
the same for all angles of incidence.

The phase of the magnetic field H :

(A) Does notchange
(B) Changesby3n/2
(C) Changesbymn/2
(D) Changesbym

Four charges (two + g and two —q)
are kept fixed at the four vertices of
a square of side a. At the point P
which is at a distance R from the
center (R >> a), the potential is

proportional to :

(A) 1/R
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29,

30.

(B) 1/R?

(c) 1/R3

(D) 1/R*

When a charged particle emits
electromagnetic radiation, the
electric field E and the poynting vector
S at a larger distance r from emitter
varyas 1/r"and 1/r™ respectively.
Which of the following choices for n
and m are correct ?

(A) n=1andm-=1

(B)
(C)
(D)

n=2andm=2
n=1andm=2

n=2andm=4

Let four point charges q, —q/2, g and
- g/2 be placed at the vertices of a
square of side a. Let another point
charge —q be placed at the centre of
the square. Let V(r) be the
electrostatic potential at a point P at
a distance r >> a from the centre of

the square. Then V(2r) /V(r) is :

(A) 1
B) 172
(C) 1/4
(D) 1/8

Contd.
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32.

A spherically symmetric charge
distributions has zero net charge.
For an arbitrarily chosen coordinate
system, which of the following
statements is true ?

(A) Only the monopole moment is
zero

(B) The monopole and the dipole
moments are zero

(C) Only the dipole moment is zero

(D) The monopole and dipole

moments are non zero

A circularly polarized monochro-
matic plane wave is incident on a
dielectric interface at Brewster
angle. Which one of the following
statements is correct ?

(A) The reflected light is plane
polarized in the plane of
incidence and the transmitted
light is circularly polarized

(B) The reflected light is plane
polarized perpendicular to the
plane of incidence and the
transmitted light is plane
polarized in the plane of
incidence

(C) The reflected light is plane
polarized perpendicular to the
plane of incidence and the

transmitted light is elliptically

polarized

CO-19/12
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33.

34.

(D) There will be no reflected light
and the transmitted light is

circularly polarized

The electrostatic potential V(x, y) in
free space in a region where the
charge density p is zero given by
V(x, y) = 462X + f(x) — 3y°. Given that
the x-component of the electric field
EX and V are zero at the origin, f(x)
is :

(A) 3x? —4e® + 8x

(B)
(€)

3x% — 4e® + 16x
42X _ 8

(D) 3x?—4e®

A static, spherically symmetric

charge distribution is given by
p(r) = —/:ie'kr where A and K are

positive constants. The electrostatic
potential corresponding to this

charge distribution varies with r as :

(A) re ™
(B) ;re"kr
(C) 1r2e—kr

1 —kr
© -(1-e™

(Turn over)



35. Four equal point charges are kept

36.

37.

fixed at the four vertices of a square.
How many neutral points (i. e. points
where the electric field vanishes) will

be found inside the square ?

(D) 7

Which of the following questions is
Lorentz invariant ?

(A [E xBP

®) [EP-BP

€ [EP+BP

@) [EPBP

Three charges are located on the
circumference of a circle of radius R.
The two charges Q subtend an angle
90° at the centre of the circle. The
charge q is symmetrically placed
with respect to the charges Q. If the
electric field at the centre of the

circle is zero, what is the magnitude
ofQ?

q/42
V249
2q
4q

(A)
(B)
(€)
(D)

CO-19/12

(8)

38. An infinite solenoid with its axis of

29

40.

symmetry along the z-direction
carries a steady current |. The vector
potential A at a distance R from the
axis :
(A) Is constant inside and varies

as R outside the solenoid
(B) Varies as R inside and is
constant outside the solenoid
(C) Varies as 1/R inside and as R
outside the solenoid
Varies as R inside and as 1/R

(D)

outside the solenoid

The components of a vector
potential Au = (Ao, A1, A2, A,) are
given by Au = k(—xyz, yzt, zxt, xyt),
where k is a constant. The three

components of the electric field are :
(A)  klyz, zx, xy)

(B) kxy.2)

(C) (0,00

(D) kixt, yt, zt)

The force between two long and

parallel wires carrying currents I,

and 12 and separated by a distance

D is proportional to :
(A) LL/D

B) I,+L,/D
(C) (I,1,/D)
(D) L,L,/D?

Contd.
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42.

43.

"The

The de Broglie wavelength for a
particle of rest mass m, and charge
q, accelerated from rest through a
potential difference of V Volts

relativistically is given by :

(A) %= / )
i qVv
V!{Zmoqv (1 + /"/2m0c2 H

® = ) famoa]

C) - \"f{zm‘)qv (1 : q%mo& )V

h

© 2=/

The energy levels of the one

dimensional linear harmonic

oscillator are :
(A)
(B)
(C)
(D)

All non-degenerate
n-fold degenerate

(n + 12)-fold degenerate
(2n — 1)-fold degenerate

energy of the first excited

quantum state of a particle in the

CO-19/12

44,

45.

two-dimensional potential V(X, Y) =
M0 +4y?) is
(A)
(B)

(©)

2mh
3wh
3/2wh

(D) 520k

The quantum mechanical operator
for the momentum of a particle
moving in one dimension is given
by :

L 4
(A) in dx
(B) —in dx
o
el - B dx
D d
( ) == dx

Given that the ground state energy
of the hydrogen atom is —13.6 eV,
the ground state energy of
positronium (which is a bound state

of an electron and a positron) is :

(A) +6.8eV
(B) -6.8eV
(C) -136eV
(D) -27.2eV

(Turnover)



46. An atom with one outer electron

47.

48.

having orbital angular momentum 1
is placed in a weak magnetic field.
The number of energy levels into
which the higher total angular
momentum state splits is :

(A) 21+2
(B) 21+ 1
(C) 21

(D) 21-1

For a multi-electron atom 1, L and S
specify the one-electron orbital
angular momentum, total orbital
angular momentum and total spin
angular momentum, respectively.
The selection rules for electric dipole
transition between the two electronic
energy levels, specified by 1, L and
Sare:

(A) AL=0,+1;AS=0:A1=0, +1
(B) AL=0,%1;AS=0;A1 =21

(C) AL=0,%1;AS=%1;A1=0,
+1
(D) AL=0,%1;AS=2%1;A1=%1

The degeneracy of an excited state
of nitrogen atom having electronic
configuration ‘1322522p23d1 is :

(A) 6

(B) 10

(C) 15

(D) 150

CO-19/12
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49. |If Lx, Ly and LZ are respectively the

50.

X, ¥ and z components of angular
momentum operatator L. The
commutator [LX, Ly, LZ] isequalto:
(A) in (L2 + Lf)

(B) 2in L,

(C) in (L2~ Lf)

(D) 0

A rod is hanging vertically from a
pivot. Aparticle travelling in horizontal
direction, collides with the rod as
shown in the figure. For the rod-
particle system, consider the linear
momentum and the angular
momentum about the pivot. Which of

the following statements are true ?

(A) Both linear momentum and
angular momentum are
conserved

Linear momentum is conserved

(B)
but angular momentum is not
Linear momentum is not
conserved but angular

momentum is conserved

(D) Neither linear momentum nor
annular momentum are
conserved

Contd.



51. An electron with energy E is incident
from left on a potential barrier, given
by

V(x)=0forx<0

=V,forx>0

as shown in the figure. For E < VO,
the space part of the wavefunction for
x> 0is of the form :
(A ™
B) ™
(C) e
(D) e

52. Aparticle of mass mis confinedin a
two dimensional square well
potential of dimension a. This
potential V(x, y) is given by
V(x,y)=0for—a<x<aand —a<y<a

= oo elsewhere
The energy of the first excited state
for this particle is given by :
(A) 72H? I ma?
(B) 2n%K?/ma?
(C) 5m?h?/8ma?
(D) 4n%H% I ma?

53. A particle is constrained to move in
a truncated harmonic potential well
(x > 0). Which one of the following
statements is CORRECT ?

(A) The parity of the first excited
state is even

CO-19/12
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54.

55.

The parity of the ground state

is even

The ground state energy is

1ho /2

The first excited state energy is

Thol2

Which one of the following
commutation relations is NOT
CORRECT ? Here, symbols have

their usual meanings :
A [LAL]=0

B) [L, Ly]=ihLz
€) L, L]=nL,

(D) I[L, Ll=hL_

A particle in one dimension moves
under the influence of a potential
V(x) = axe, where ais areal constant.
For large n the quantized energy level
En dependsonnas:

(A) E ~n°

4/3
n~n

B) E
(C) En~n6/5

(D) En N r]3/2

(Turn over)



