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SECTION- A

1. If a function f(z) = u(z,y) + iv(z,y) of a complex variable z = z + 1y is analytic at a
point z = 2, then at that point the following conditions hold

ou Ov dv  Ou

B u_Ov ov_ Ou
“ Bz by O 9z Oy
o du_% v _ou
0z Or ' Oy Oy
b Ou_ 0 dv_ o
- Oz or ' Oy Oy’
2. The Fourier transform F(w) = / dt e™™*f(t) of a real function f (t) necessarily

satisfies(Note: F*(w) is the complex conjugate of F(w).)

Fw) = F(-w) .
B. F(w) F*(—w) .
C. Flw)=-F*w).
D. Flw)=F'(w).

2

3. The second-order algebraic surface given by /— + y_ = -1 represents

2o
A. an ellipsoid.
B. a hyperboloid of one sheet.
C. a hyperboloid of two sheets.
D. a cone of second order.
4. A linear system is given by the relations 7 = —2z + ay, ¥y = = +y. The condition to be

satisfied by for an arbitrary point in this linear system to be a saddle point is

A a>-2.

B. —%<a<—2.
C. a<-9/4.
D. a=-9/4.

9. The ratio of the speed of an electron in the ground state (i.c. in the first Bohr otbit) of a
hydrogen atom to the speed of light in free space is of the order of

A 1.
B. 1/10.

C. 1/100.
D. 1/1000 .
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. The uncertainty product AzAp, for a one dimensional harmonic oscillator in the ground
state is (where Az and Ap, are the uncertainties in position and momentum respectively)
A, k.

B. h/2.
C. h/4.
D. 0.

The number of bound states supported by an attractive potential described by the Dirac-
delta function in three dimensions is

A. 0.

B. 1.

C. 2

- D. oo.

The degeneracy of the ground state of a three dimensional isotropic harmonic oscillator is
A. 0.

B. 1.

C. 2.

D. oo.
The number of degrees of freedom for five particles constrained to move on the surface of
a sphere is

A 5.

B. 10.

C. 15.

D. 0.

A linear triatomic molecule such as carbon dioxide has

three vibrational modes, all at the same frequency.
four vibrational modes, two of which are at the same frequency.

four vibrational modes, each at a distinct frequency.

S QW

three vibrational modes, each at a distinct frequency.
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11. From the Euler-Lagrange equation corresponding to the Lagrangian

L="2 ww-i—@- 2—t—mw2 td—x
2 dt Tt

it follows that L describes

A. a particle moving in a time independent harmonic potential.
B. a free particle.

C. a particle moving in a time dependent harmonic potential.
D

a particle moving in a linear potential.

1 k
12. If the Lagrangian describing the motion of a particle of mass m is L = —mi?+ =, where k

is a constant and r is the position vector of the particle, which of the following statements
is false 7

A. The total energy of the particle is conserved.
B. The Laplace-Runge-Lenz vector associated with the particle is conserved.
C. The angular momentum of the particle is conserved.

D. The linear momentum of the particle is conserved:

13. If the electostatic field at a point r due to a system of static charges is E;(r) and that due
to another system is Ey(r) then the electrostatic energy density at r is given by

A. 529 (Eq(r) - Eo(1)).

B. 3 (E3(r) - E3(r).

C. 529 (E1(r) + Ea(r))%.

€0
D. —Z—(Ef(r)-i—Eg(r))
14. If kg and k; denote the real and imaginary parts of the wave vector k of a plane elec-
tromagnetic wave propagating in a conducting medium then its wavelength () inside the
medium is given by '

A. A=2n/kn.

B. \=2r/ks.

C. A=2n/lk|
D. A =2n/(kg+iks).



15.

16.

17.

18.

19.
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The Poynting vector has the dimensions of

A. energy/(time X area).
B. energy/(time X volume).
C. (energy x time)/volume.

D. (energy x volume)/time.
The electric and the magnetic fields at a point due to a moving charge depend on

A. only the velocity and the retarded position of the moving charge.
B. only the acceleration and the retarded position of the moving charge .

C. only the velocity and the acceleration of the moving charge.

' D. the velocity, the acceleration and the retarded position of the moving charge.

The specific heat at constant volume of an ideal Fermi gas, at temperatures T<Tr (Tr
is the Fermi temperature) varies with temperature as

A T
B. 1/T.
C. T

D. T2

If a thermodynamic system with fixed number of particles, volume and temperature is at
equilibrium, then which of the following has a minimum?

A. Gibbs free energy.

B. Helmholtz free energy.

C. Heat capacity.

D. Entropy.

Rotations by which of the following angles is not a possible symmetry operation for a
crystal lattice? -

A. 2—7£ radians.
3

B. %Tﬂ' radians.
2

C. Gl radians.
6
2

D. 77r radians.
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20. Two type I superconductors are separated by a thin insulating layer. To observe the
Josephson effect in this system, the thickness of the insulating layer is of the order of

A.. 20nm.
B. 1000 A.
C. 1000nm.
D. 20 A.

21. For a free electron of energy E and wave vector k inside a periodic potential, the group
velocity v, is given by

A e
B. hfld—f—.
¢ L
p 11E

22. Which one of the following is not true for a junction field effect transistor (JFET) in
comparison with a bipolar junction transistor (BJT).
A. The input impedance of a JFET is greater than that of BJT.
B. JFET has a higher current gain than a BJT.
C. JFET has a lower gain-bandwidth product than a BJT.
D. JFET is slower than a BJT.
23. An npn transistor with @ = 0.98 is operated in the common base configuration. If the

emitter current is 5 mA and the reverse saturation current is 10 pA, then the base current
is (a is the low voltage current amplification factor)

A. 90 pA.
B. 0.09 yA.
C. 5 mA.
D. 9.91 mA.

24. The speed of an electromagnetic wave propagating through a medium with dielectric con-
stant € = 10¢, where ¢ is the dielectric constant in free space, is

A. c/V/10. | v
B. V10c.
C. ¢/10-
D. 10c.
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25. Right and left circularly polarized monochromatic light beams with the angular frequency
w and wave vector k propagating in the positive z direction are coherently superposed.
The resultant light beam is best described by

A. cos( ).
B (kz — wt) + isin(kz — wt).
C. cos(kz — wt) — isin(kx — wt).
D. cos(kz — wt) + sin(kz — wt).
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SECTION-B

26. The value of the contour integral fc dz z? where C is a unit circle in the complex plane
centered at the origin and traversed in an anti clockwise direction, is

A 1/3.
B. (1+14)/3.
C. (1-1)/3.
D. 0.
27. The residue of the complex function f(z) = 52 at z=11is
1
A ——.
24
1
B. —-.
2
C. L
D. 0.

28. The Fourier transform f(k) = [° dzf(z)e™™** of the function f(z) = e o> 0is

A. \/z—e‘kQ/ da
B \/fe“"’c2

. z )
C. /Zek/Ve,

o
D. \/7_re"°2/ o
29. A 7 x 7 complex matrix has 3 zero eigenvalues. From this information alone one can

conclude that its rank must be
A. equal to 3.
B. equal to 4.
C. greater than or equal to 4 but less than 7.
D

. less than or equal to 3.

2n+1
30. The power series ¥ o, @t 1) (z — 3/2)™ converges at
A z=0.
B. z=-1
C. z=3.
D. z=5/4. )
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31. The value of intégral Jo z dz along the open curve C in the complex z plane as shown
below is

A e

0.
B. 1. 1 s
C. 2 0 \\/ X
c b
D. 4. -1

32. Let r = (1 — £2)/(1 + ¢2) i+2t/(1 + %) j+ k, where i, j and k are unit vectors in the z,y
and z directions respectively and ¢ € R. The tip of the vector describes

A. an ellipse in the plane z = 1.

B. a parabola in the plane z = 1.
C. acircle in the plane z = 1.
D

. acircle in the plane z = 1 except the point z = -1,y =0, z= 1.

d? d
33. The substitution z = cost reduces the equation (1 — xz)(—ix—z - sz =0to
d*y sintdy
A -2+ ——==0.
dt? + cost dt
d’y
B. — =0.
dt?
c d’y  costdy _
©odt?  osintdt
D d®y costdy _
T dt? sintdt

34. If [2,p,) = ih then [£°, p,] equals
A. 0.
B. 4ihz.
C. Sifip,.
D. 5ihzt.

. 10
35. The eigenvalues of the Hamiltonian H = Vj ( 0 2) + AV ((1) (1)> upto the second order per-

turbation for V5 > 0, 1> A > 0, is

A. Vo(1+4 A%) and V(2 + A%).

B. Vu(1—X?) and V4(2 — A?). .
C. Vo(1 = )?) and V5(2 + A?).

D. Vo(1+ A%) and V(2 — A?).

10



36.

37.

38.

39.
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For two spin-1 /2 particles the difference between the expectation values of the operator S
Sz in the triplet and the singlet states (where S,,S, are the corresponding spin operators)
is

A K

B. h%/4.
C. 3mr?/4.
D. h?*/2.

In relativistic quantum mechanics, which of the following is the correct representation of
the spin operators (S ) for a spin-1/2 particle ( Here {o;} denote the Pauli spin-matrices
and I the 2 x 2 identity matrix)

h{o; O
'__h O'j 0

5 s=t(20)
h{ I O

¢ 5=2(10)

h g; 0
Typical spln-orblt coupling energy (AEX~ 5) for a Hydrogen atom in the ground state, in
terms of relativistic energy (mc?) and fine-structure constant (c), varies as

A. mcia.
B. mca?.
C. mciad.
D. mc?ot.

A relativistic particle of rest mass my is moving with a speed v. The value of v at which
its kinetic energy is equal to its rest mass energy (mocz) is

A v=c/2.
B. v=c/4
C. v=c/V2.
D. v=c(v2-1).

11



40.

41.

42.

43.
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A particle of mass m moving with velocity vy leaves a region in which its potential energy
is a constant U; and enters another in which its potential energy is a different constant
U,. If 8, and 65 are the angles between the normal to the plane and the velocities v; and
vy of the particle before and after passing the plane of separation of the two regions, then

V2 _ i _ COS 91
A v \ﬂ mvf(U1 0a)]. (cos@z)'
B. 2 \[1+—— Uy — )]

0

C. U2 \/7 U1+U2)}
U1

D. % \f U+ U],
U1

The constraint conditions for a bead moving on a smooth circular wire of radius r centered
at the origin and lying in the yz-plane, are

A z=0, y*+22=r
B. z=0, z?+y*=r%
C. y=0, z2+22=r2

D. y=2=0, z=r.

If L,, Ly, L, denote the components of angular momentum operator and p, By, p. those of
the linear momentum operator then [Lz, [Ly, P.]] + [Ly, [P:, Ls)] is equal to

A 0.
B. L,
C. P,
D. L+ Ly,

A solid spherical object (of radius r and mass m) is rolling down (without slip) along an
inclined plane which makes an angle  with the horizontal line. Acceleration of the particle

(in terms of the acceleration due to the gravity g) is
A. Zgsind.
B. Zgsin.
C. 2gsind.
D. gsinf.

12
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44. A bead of mass m can slide without friction on a vertical hoop of radius R. The hoop
rotates at a constant angular speed w about a vertical axis passing through the centre of

the hoop as shown:

~. 2 ®©

A

- The Lagrangian for the system, including effects of gravity, can be expressed in terms of
the generalized co-ordinate # as

A.

B.

C.

D.

%mR2é2 + %mR2w2 sin? @ + mgR cos 6.
%mRzéz + %mszz + mgR cos 9
—;-mR29'2 + %mszz sin? 0 + mgR.
%m}péz + ~;mRzuf" sin?@ — mgRcos b .

dr\’
45. For a system in three dimensions described by the Lagrangian L = m (E) + a(z® +

y?) + b22, where m, a, b are constants, which of the following statements is true

A.
B.

C.
D.

The total energy, the linear momentum p and angular momentum L are conserved.

The total energy, linear momentum p and the z and y components L, L, of the
angular momentum are conserved.

The total energy and the z-component L, of the angular momentum are conserved.

The total energy, z and y components p;, p, of the linear momentum and the angular
momentum L are conserved.

2
46. The Lagrangian for a system described by the Hamiltonian H = QP_TE e® +V(z) is

13
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—-pBr

47. The electrostatic potential for a system is given by ¢(r) = « ¢ , where o and 8 are

constants. The clectric field E(r) at the point r is

—Br
A _YPT
T
gk
B. ae 6;5.
C. O‘e"ﬁ’(i - p)¢
T
- »’ff(l2 + B)F
r

48. A long cylinder carries a charge density, p = ar, where « is a constant and r denotes the
distance from its axis. The magnitude of the electric field at a point inside the cylinder at
a distance r from the axis of the cylinder is

A, = rar?
€0

B. —1-71'017'2.
360
2

C. 5‘6371'(17".
1

D. —ard
4Tey ar

49. The magnitude of the magnetic field, due to an infinite uniform surface current K — Ki
covering the zy plane at point located at a distance d from the zy plane, is

A. [.l.oK
B. 0.
oK
C. o
Ko
D. 5 K.

50. If the clectric ficld E(z,t) of a plane wave propagating in a conducting medium along
the positive z-direction is E(z,t) = Eo[e(*~“!) 4 ¢=ilsz~wt)] § where k = kg + ik;, the
corresponding magnetic field B(z, t) is given by

Eols|, . B
A. B(z,t) = _()J_&l[ez(nz—wt) + ik z—wt)] j.
EOK'R i(kz—wt) —i(k*z-wt)] 3
B. B(Z,t) = " [e + e ] j.

C. B(zt) = @[nei("z“"“ + KreTiKTzmwt)] .
w

Eo’ili]
w

D. B(zt)=

[ei(nz~wt) _ e—i(n*z-wt)] j N

14
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01. The Lagrangian which appropriately describes the motion of a particle of charge q and
mass m in an external electromagnetic field specified by the scalar potential ¢ and the
vector potential A is
A L=1imi*—q(¢p—A-¥).

B. L= %mfz ~q(p+A-r).
C. L=imi®+q(¢—A- 7).
D. L=imi*+q(¢p+A i)
52. The acceleration dependent part of the electric and magnetic fields at a point in the

radiation zone due to a moving charge depends on its retarded distance R as (assuming
its velocity to be much less than that of light)

A R
B. RZ
C. R2
D. R

53. If a quantity of heat Q added to an ideal monoatomic gas, at constant volume, results in a
temperature change of AT, then the heat input required to produce the same temperature
change at constant pressure is

A ZQ.
5 1o
¢ 3

0. %

94. The value of the translational partition function for Ar gas at a temperature T is Z;.
If the mass of the gas is m and occupies a volume V then its value at a temperature
13 =T1/4, assuming m and V to be constant, is

A 47,

B. zll-Zl.

¢ s

b Lz, | ,



A

55. The equation of state of a 3-dimensional ideal Fermi gas is given by the relation

56.

o7.

38.

2 5C , (ksT\*
p—-gepn[l-{—m‘/r (—;)

where p is the pressure, T' temperature, 7 is the number density of particles, €p is the
Fermi energy, and C is a constant. Then the specific heat per particle at constant volume
¢y is given by

A

B.

C.

D.

.329 kp.

3kgC [ kgT
2 (TF_)
™

The temperature at which the thermal de Broglie wavelength becomes comparable to the
average separation of particle of number density 10%!/m3 of a 3-dimensional ideal gas of

BNa is

A 1 uK.
B. 0.1 uK.
C. 10 pK.
D. 100 uK.

Consider the particle decay A — B + C, where B and C' are produced in a relative P
state of angular momentum. If the intrinsic parity of B is +1 and that of C' is —1, then
the intrinsic parity of A is

A.
B.
C.
D.

-1
+1.
0.

+1.

A particle of rest mass m and total energy E collides with a stationary particle of equal
mass. If E > m, the energy available in the centre of momentum system for particle
creation is proportional to

A

B
C.
D

E.
E2.
2E.

16
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60.

61.

62.

63.

J-s6

The correct pair of Miller indices for Bragg reflections from a BCC and a FCC crystal
respectively are

A. (100); (110).

(110);(111)
(310); (100).
(111);(200).

Considering atoms as hard and uniform spheres that are packed closely together in a face
centered cubic structure, the fraction of the volume occupied by the atoms is

A. 52%.
B. 65%.
C. 74%.
D. 88%.

The value of Landé g factor for a magnetic ion in the S5/, state is

A 1
B. 2.
C. 3.
D. 17/2.

The ratio of the interplanar spacing of (1 1 0) and (1 1 1) planes in a simple cubic crystal
is

A 1:2.
B. v2:3.
C. V3:V2.
D. v2:1.

For a crystal, in which the speed of sound is ¢/10000 (where c is speed of light) and the
number density of atoms is 102”/m3, the Debye temperature is approximately

A. 2K
B. 20 K.
C. 200 K.
D. 500 K.

17
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64. If a superconducting sample of lead has a critical magnetic field of 6.5x10* ampere/meter

65.

66.

67.

68.

and a critical temperature of 7 K in zero magnetic field then the critical magnetic field at

35Kis

A. 09x10* A/m.

B. 49x10* A/m.

C. 5.7x10* A/m.

D. 65x10* A/m.

The Debye temperatures of two isomorphous ionic solids A and B are 300 K and 250 K
respectively. If the lattice heat capacity of A at 5 K is 0.050 J/mol.K, then the value of
heat capacity of B at 2.5 K is

A. 0.086J/(mol - K).

B. 0.050J/(mol - K).

C. 0.011J/(mol - K).

D. 0.001J/(mol - K).

If the electrons in a semiconductor with mobility 7 x 1073m?/Vs are accelerated by an
applied electric field strength of 1V/cm then the drift velocity is

A. T0m/s.
B. 7x107%m/s.
C. 7x107%m/s.
D. 0.7m/s.

The reverse saturation current (Icpo) of the collector base junction of a BJT is found to
be 10 nA at low collector voltages. If the low voltage current amplification factor a =
0.98, then the change in collector current (Icgo), with its base open, when the collector
voltage is increased to cause an increase of 1.0% in « is

A. 480 nA.
B. 480 mA.
C. 980 nA.
D. 500 pA.

In the op-amp circuit given below if Ry, is increased three times then the output voltage
Vo

does not increase.

becomes three times.

becomes one third.
becomes equal to (RL/RF) - V.

O aQwe»>

R
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69. The equivalent circuit of the logic circuit given below is

o o

® 0 o P

A A DC
g ———{ >0———— X
c
B.
A
Do x
C.
B v X,
: Do
D.

19



70. The timing diagrams for a two input OR gate are given below.

4 :
0=
i
i

The timing diagram corresponding to the output, F is

A

|

-

———
-———
p———

.

i

- o o o

i

71. A He-Ne laser beam of intensity 1 mW, radius r =0.5 mm is positioned at a distance of
d = 2 m in front of the eye and the entire beam enters the pupil. The intensity of the
beam at the retina of your eye when you look directly into the beam is

A.
B.
C.
D.

196 kW /m?.
392 kW/m?.
196 W/m?.
196 MW /m?.

72. For a plane wave propagating with a phase velocity v, = aV A, where )\ is the wavelength,
the group velocity vg 18

A.

vp+g-\/i. .

B. vyp,—a V.
C.
D

a
7 VA “

a

. vz VA

2
20
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73. Symmetric diffraction rings are formed on a screen placed at a distance of 1.8 m from

74.

75.

a circular aperture of 0.5 mm diameter, illuminated by a monochromatic light of wave-
length=680 nm. The angle made by the second dark ring observed on the screen with
reference to the symmetry axis of the setup is ’

A, 2.72 mrad.
B. 1.36 mrad.
C. 5.44 mrad.
D. 1.51 mrad.

Consider the zeroth order bright fringe formed in the Young’s double slit experiment
illuminated by a white light source. The separation between the slits is b and is kept at
a distance of z from the screen. If one of the slits is covered by a transparent plate of
thickness ¢ and refractive index n, the lateral displacement of the bright fringe is

A (n—1)tz/b.
B. ntz/b.

C. (n+1)tz/b.
D. (n-—1)tzb.

The relationship between four physical quantities 7', k,a and C' is given by the equation

T.__z(ﬁ_tg)‘”
a 2

If T and &k are the measured quantities then which one of the following statements is
correct?

A. The z-intercept of the graph between T2 on the y-axis and k on the z-axis leads to
the value of a.

B. The slope of the graph between T on the y-axis and k? on the z-axis leads to the

value of a.

C. The slope of the graph between T on the y-axis and C on the z-axis leads to the
value of a.

D. The slope of the graph between 7?2 on the y-axis and k£ on the z-axis leads to the
value of a.

21



