Scientist Engineer SC Physics

A circular loop of fine wire of radius R carrying a current I is placed in a uniform magnetic field B
perpendicular to the plane of the loop. If the breaking tension of the wire is Ty, the wire will break
when the magnetic field exceeds

a) T/IR

b) T,/2xIR

¢) peTy2xIR

d) p,Ty/4nIR
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(a) Ty/IR

(b) Ty/2xIR

(¢) poTy/2nIR

(d) peTy/4nIR

A student in the laboratory is provided with bunch of standard resistors as well as following

instruments
(1) Voltmeter accurate to 0.1V (11) Thermometer accurate to 0.1C
(ii))Ammeter accurate to 0.001 A (1v) Stop watch accurate to 0.05s

(v) Constant current source (ideal)  (vi) Constant voltage source (ideal)

Using these equipment (and nothing else), the student 1s expected to measure the resistance R of one
of the given resistors. The least accurate results would be obtained by

a) measuring the Joule heating

b) passing a constant current and measuring the voltage across it.

¢) Measuring the current on application of a constant voltage across it.

d) The Wheatstone bridge method.
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The function y(x) satisfies the differential equation

O Y~ E T
xdx—y(ny nx+1)

with the initial condition y(1)=3. What will be the value of y(3)?
a) 9
b) 81
c) 64
d) 27
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(a) 9

(b) 81

(c) 64

(d)27

In a simple stellar model, the density p of a spherical star of mass M varies according to the distance r

from the centre according to

where R 1s the radius of the star. The gravitational potential energy of this star (in terms of Newton
constant G ) will be

a) —GyM?/4nR

b) —3GyM?/5R

c) —5GyM?*/7R

d) —3GyM?/7R
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(a)—GyM?/4mR
(b)—-3GyM?/5R
(c)—5GyM2/7R
(d)-3GyM?/7R

A particle in a one-dimensional potential has the wave function

) = (_'x')
xX) =—exp| —
Va ¥ a
where a is a constant. It follows that for a positive constant V;, the potential V(x)=
a) Vox®
b) Vylx|
c) —Vpd(x)
d)

Vo
H
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The value of the integral fom dx x° exp(—x?) is

a) 20160
b) 12
c) 18
d) 24
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(a) 20160
(b) 12
(c) 18
(d) 24

A stone 1s dropped vertically from the top of a tower of height 40 m. At the same time a gun 1s aimed
directly at the stone from the ground at a horizontal distance 30 m from the base of the tower and
fired. If the bullet from the gun hits the stone before it reaches the ground, the minimum velocity of
the bullet must be, approximately,

a) 57.5m/s

b) 27.7m/s

c) 17.7m/s

d) 7.4m/s
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(a) 57.5m/s
(b) 27.7 m/s
(c) 17.7m/s
(d) 7.4 m/s

A particle with time-varying mass

m(t) = me(1—t/7)

where m and 7 are positive constants, move along the x-axis under the action of a constant positive

force F for 0 < t < 7. If the particle is at rest at time t=0, then t=t, its velocity v will be
TF t
a) —m—nlog(i ==}

b) ~;—Zlog-:-_

) et~

& = (1-3)
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Which of the following classic experiments provides unambiguous proof that the Earth is a non-
inertial frame of reference with respect to the fixed stars?

a) Fizeau’s rotating wheel experiment

b) Focault’s pendulum experiment

¢) Newton’s coin-and-feather experiment

d) Michelson-Morley experiment
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A harmonic oscillator has the wave function,
1
lp(x: t) = g [3(100(;(1 t) - 2\/2§01(x1 t) + 2vf2g02(x, t)]

where ¢, is the eigen function belonging to n-th energy eigen value (n + %) hw. The expectation
value (E) of energy for the state (x, t) is

a) 1.58hw

b) 0.46 hw

¢) hw

d) 1.46 hw
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(a) 1.58 hw
(b) 0.46 hw
(c)hw

(d) 1.46 hw

A particle confined inside a one-dimensional box of length I is left undisturbed for a long time. In the
most general case, its wave-function MUST be

a) the ground state of energy

b) periodic, where | equals an integer number of periods

¢) a linear superposition of the energy eigenfunctions

d) any one of the energy eigenfunctions



A& 1 9 U-fai 9o H Ue B0 &I § B e GHY dd gl 391 1| T
AHAH, 3BT AI-HAT gH1 91feul|

(a) FIEaH St s@wdt

(b) 3, SeT <1 3rafirdi &) quifes Sem & R eI e
(c) Sl TS B Bt AP guR fRufd

(d) Fooil M Hal § F Big off U

A classical ideal gas of atoms with masses m is confined in three-dimensional potential
A 2 24,2
Vix,y,2z) = i(x + y“ 4+ 2z°)

at a temperature T. If kp is the Boltzmann constant, the root mean square (r.m.s.) distance of the

atoms from the origin is

) (3kffr)1f 2
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Consider the two equations

How many simultaneous solutions does this pair of equations have
a) 1
b) 2
c) 3
d) 4
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(a) 1
(b) 2
(c) 3
(d) 4

The Hamiltonian of a dynamical system is equal to its total energy, provided that its Lagrangian
a) Does not contain velocity-dependent terms

b) Is separable in generalized coordinate and velocities

¢) Does not have terms which explicitly depend on the coordinates

d) Has no explicit time dependence
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Two students A and B try to measure the time period T of a pendulum using the same stopwatch, but
following two different methods. Student A measures the time taken for one oscillation, repeats this
process N(>> 1) times and computes the average. On the other hand, student B just once measures
the time taken for N oscillations and divides that number by N.

Which of the following statement is true about the errors in T measured by A and B?

a) The measurement made by A has larger error than that made by B.
b) The measurement made by A has a smaller error than that made by B.
¢) Aand B will measure the time period with the same accuracy.

d) It is not possible to determine if the measurement made by A or B has the larger error.
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The Fourier series which reproduces, in the interval 0 < x < 1 the function

400
fo= ) sx—n)

n=-—co

where n is an integer

(a)cosmx + cos 2mx + cos3nx + -+ (to ©)
(b)1 + 2cos2mx + 2 cos 4nx + 2 cos 6mx + -+ (to ©)
(c)1 + cosmx + cos 2mx + cos 3mx + -+ (to o)

(d)(cosmx + sinmx) + % (cosZ2mx + sin 2mx) + § (cos 3mx + sin3mx) + -+« (to )
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.
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n=—oo
(a)cosmx + cos2mx + cos3mx + ++- (to ©)

(b)1 + 2cos 2mx + 2 cos 4mx + 2 cos 6mx + -+ (to o)

(c)1 + cosmx + cos 2mx + cos 3mx + -+ (to o)

(d)(cosmx + sinmx) + % (cos2mx + sin2mx) + ~;~ (cos3mx + sin3mx) + --- (to o)

The electron of a free hydrogen atom is initially in a state with quantum number n=3 and 1=2. It then
miakes an clectuic dipule tansition (o a lower eneirgy state. Which one of the given states could it be
in after transition?

(a) N=2, 1-=1

(b) N=2,1=2

(c) N=3,1=0

(d) N=3, I=1
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(a) N=2, I=1
(b) N=2, 1=2
(c) N=3,1=0
(d) N=3, I=1

An electron is confined to move between two rigid walls separated by 1 nm. The de Broglie
wavelengths representing the first three allowed energy states of the electron are

(a) 1.5nm, 0.75 nm, 0.33 nm

(b) 2.0 nm, 1.0 nm, 0.67 nm

(¢) 3.0nm, 1.5 nm, 1.0 nm

(d) 1.0 nm, 0.5 nm, 0.33 nm

TP ZAGR | nm ¥ JUF DI 7T &l TG AIaRI & g 90 & [0 TREG & | G DI IuH dF
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(a) 1.5nm, 0.75 nm, 0.33 nm
(b) 2.0 nm, 1.0 nm, 0.67 nm
(¢) 3.0nm, 1.5 nm, 1.0 nm
(d) 1.0 nm, 0.5 nm, 0.33 nm



A conductor 1 cm length is parallel to the z axis and rotates at a radius of 25 cm at 1200
revolutions/minute. The value of induced voltage if the radial field is given by B=05 a, Tesla,
where @, is the unit vector in the radial direction.

(a) -0.06 TV

(b)-0.057TV

(c) -0.04m V

(d)-0.03wV

I cm GaTS ATE U A6 2z 38l & JHMIGR © auT 1200 FOF/MATE W 25 cm & Bl R goa
g1 A XETd &3 B = 0.5 4, e gR1 f&an e 8, 976t &, Yeua fwn & gfe daer §, dt fta
Jieedl &1 |- a1 g2

(a) -0.06mV

(b) -0.05 7 V

(c) 004tV

(d)-0.03 7V



An ideal gas at a temperature T is enclosed in a rigid container whose walls are initially at
temperature Ty, where T; < T. The walls are covered on the outside with perfect thermal insulation
and the system is allowed to come to equilibrium. The pressure exerted by the gas on the walls of the
container

(a) remains constant throughout.

(b) 1s lower at the initial stage than at the final stage.

(c) is higher at the initial stage than at the final stage.

(d) is the same at the initial and final stages.
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In the laboratory frame, two observers A and B are A

moving along the sides of an equilateral triangle with /2
C

equal speeds ¢/2, as shown in the figure.
The speed of B as measured by A will be c/2

a)?c B

4
b Vel
c)?c

d)?c

e & B H, G108 A 3R B, o & g1t SuR, w9 1 ¢ /2 IR w9a1g By &
YST3M & Y AR & | A GRIATH T2 B Ft 71fal 3 gt

A @%Fe

c/2 (B)55¢

e @Ec
B

@5



In a low temperature experiment, the resistance of a sensor is used as a thermometer. In order to have
better sensitivity in the range 100 mK to 1.0K, which material would make the best sensor?

a) Insulator

b) p-n junction

¢) pure semiconductor

d) metal

U g arga v ¥, U Hacsh & Uferkiy &1 yrfHiex 3t avg van far Srar 21100 mK 9
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(a) fagga-1dt

(b) p-n SR
(c) %@Iﬂﬁﬁ?
(d) ©Tq



The instantaneous electric and magnetic fields created at a distance r by a point source at the origin

are given by
= Acoswt 5 7 Bcoswt A
E = 6 H=
2wEQT Wot

Where w, A, B are constants, and the unit vectors (f,é,(ﬁ) form an orthonormal set. The time-

averaged power radiated by the source is
(1)== AB
Ko
3
(b)5- AB
(c)c*AB

2w

(@)™ AB
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=k Acoswt » = B cos wt
E=""20 H=""
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(2)*22 AB
Ho
C3
(b);- AB
(c)c2AB

(dF"" AB



A gas of photons is enclosed in a container of fixed volume at an absolute temperature T. Noting that
the photon is a massless particle (i.e., its energy and momentum are related by E = pc), the number
of photons in the container will vary as

a)T

b)T?

e) T?

d)T*
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(a)T
(b) T?
(c) T

(d) Tt



Which of the following statement best explains why the specific heat of electrons in metals is much
smaller than that expected in a non-interacting (free) electron gas model?
a) The mass of electron is much smaller than that of the ions in the crystal.
b) The Pauli exclusion principle restricts the number of electrons which can absorb thermal
energy.
¢) Electron spin can take only two different values.

d) Electrons in a metal cannot be modelled as non-interacting.
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Which of the following vectors is parallel to the surface x?y + 2xz = 4 at the point (2, -2, 3)?
a) +61 —2j — 5k
b) +61 +2j + 5k
¢)—61 —2j + 5k
d) +61 —2j + 5k



g (2, -2, 3) WHAE 2%y + 2xz = 4 A PEAEd # J S1-91 9 TAFIR &2
(a) +6i—2] — 5k
(b) +6i+2j + 5k
(c) —61—2j + 5k

(d) +6i—2]+ 5k

The ground state energy of a particle of mass m in a three-dimensional cubical box of side € is not

3h?

amg? - This is because

zero but

a) the ground state has no nodes in the interior of the box.
b) this is the most convenient choice of the zero level of potential energy.
¢) position and momentum cannot be exactly determined simultaneously.

d) the potential at the boundaries is not really infinite, but just very large.
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In the Earth’s atmosphere, a localised low-pressure region (shaded in diagrams) develops somewhere
in the southern hemisphere. Which one of the following diagrams represents the correct air flow

pattern as observed from a satellite?
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An electron makes a transition from the valence band to the conduction band in an indirect band gap
semiconductor. Which of the following is NOT true?

a) The energy of the electron increases.

b) A phonon is involved in the process.

¢) A photon is absorbed in the process.

d) There is no momentum change in the electron.
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The equation of state of a gas is given by

_RT b

g T
where R is the gas constant and b is another constant parameter. The specific heat at constant
pressure C, and the specific heat at constant volume Cy, for this gas is related by €, — Cy =
a) R
2,2
bR (1+5-
O R (1 + ;—;)2

d) R (1—E :

RT?
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Consider an infinitely long cylinder of radius R, placed along the z-axis, which carries a static charge
density p(r) = kr, where r is the perpendicular distance from the axis of the cylinder and k is a

constant. The electrostatic potential inside the cylinder is proportional to

9 -3(m+1)
b —2in(%)
541

d) -2 (%)
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Measurement of the magnitudes of the electric field (E) and the magnetic field (B) in a plane-

polarised electromagnetic wave in vacuum leads to the following results
dE _ 9B 9B _ 1 0F

ay  at’ ady  crat
at all points where the measurement is made. In this case the electric vector E, the magnetic vector B

and the wave vector k (with magnitude k) can be written in terms of the unit vectors (X, ¥, 2) along

the Cartesian axes as
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(a) E=E% B =By k =k?
(b) E = EX,B = B2,k = —ky
(c) E=E% B =—B2,k=ky

(d) E = —E$,B = —B2,k = —k&

In the ground state electronic configuration of nitrogen (*4N) the L,S and J quantum numbers are

a)L=1,S=%,]=1

2

1 2
b)L=1’S=§J=E
=i0uE s T X
C)L_OJS_ZJJ_Z
3 3
DiL=0S=5 =3
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@L=1S=2]=-
b L=15=3]=3
@ L=0,S=3,]=
dL=0S=2]=2

A common model for the distribution of charge in a hydrogen atom has a point-like proton of charge

+ g at the centre and an electron with a static charge density distribution

2r

do
P(T')=—n—a-:,€ a

where a is a constant. The electric field E at r = a due to this system of charges will be

SqG A
a) 4:rsoezazr
SQD -
#
b) 4TE ea?
SQQ A
C) 4 272
Tegela
3 n
d) 2o o

dmege?a’
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Tegea

5 A
(C) do 7

4mepea’

(d)—2_¢

4mege?a?

The matrix

100v2 «x 0
—% 0 =X
0 x 100V2

where x > 0, 1s known to have two equal eigenvalues. The value of x is

a) 100
b) 50
c) 25
d) 10



fFafafed At |, skl x > 0 3,

100V2 x 0

—X 0 —X

0 x 1002
YA AR A BIA 8 | x BT HIH T EIT2
(a) 100
(b) 50
© 25
(d) 10

In two dimensions, two metals A and B, have the number density of free
electrons in the ratio
Ny Ng = 1:2
The ratio of their Fermi energies is
a) 23
b) 1:2
c) 14
d) 1:8



&l famsfi 4, 21 argefi A 3R B ©, Oad Saide! &1 S U9 ny: np = 1: 2 3I91d | gidl g
3P BHI SroriHl BT ST T T2

(a) 2:3

(b) 1:2

(c) 14

(d) 1:8

The Lagrangian of a system described by a single generalised coordinate q is

s cin2
L= 5 4sin®q
Its Hamiltonian is

a) Not defined
b) Zero
c) —gsin?q
. _l .. D)
d) q (p , Sin q)



Uhd IHRlIGd FERI® ¢ gR1TS YTl o1 auish FEaR 8

L—l' in?
=5 qsin“q

I9PT eftee T B
(a) TR &}

(b) R[™

(c)—qsin®q

(@q (p~7 sin®q)

The bound state energy of quantum particle of mass m in a potential

V(x) = —adx)

is given by

a’m
O ere

a?m
by =

a*m
©) — 4h2
s a*m

4h



TH AHT V (x) = —a 6(x) B THAA m & HicH U B 3MaG UM St frads gR1 S} ot 82

aim
@)~ Sr
a’m
(b) =2
. a?m

©) = 2
aim
D=7

The following equation
_ [1n(1+sin9)]
lim [————
6-0 sinfd

Evaluates to

a) «

b) 1

c) —oo

d) 0



faferRad o1 A @1 grme

~ [In(1 + sin 9)]
lim [——
6-0 sin @

(a) o
(b) 1

(c)—oo
(d) 0

The normalized radial wave function of the second excited state of hydrogen atom is

3r r

R(r)= —a Z2—e 2a

V24 a

where a 1s the Bohr radius and r 1s the distance from the center of the atom.

The distance at which the electron is most likely to be found is y X a. The value of y (in integer) is

a) 4
b) 2
c) 8
d) 5



BTSS IO 3] B i SRR et &1 Wi ISTe T o HHER -

R(r) = ﬁa_iae'ﬁ
el o IR 31 3R 7 30 b P A N R
y X a 98§31 8, S8l 3qaei- & [Haq & UG Jad HfH 8 | y BT JH (FqUlie H) 1 g2
(a) 4
(b) 2
() 8
)5

For a two-nucleon system in the spin singlet state, the spin is represented through the Pauli matrices

01, 0 for particles 1 and 2, respectively.

The value of (oy - ) is
a) 2
b) 3
c) -3
d) -2



o The a1 H, Q-YfFerH gumeh &, HH: BN 1 3R 2 F o YT &1 s ey
0,0, B ATTH Y SUATS@ R (o, - 0,) BT HH T GRIY

(a) 2
(b) 3
(c) -3
(d) -2

The time derivative of a differentiable function g(q; t)is added to a Lagrangian

L(q; ,q;,t) such that

L= L(g;.q; O + %g(q{ut)
where g; ,G; ,t are the generalized coordinates generalized velocities and time respectively. Let p;
be the generalized momentum and H the Hamiltonian associated with L(g;, ¢;,t). If p; and H' are
those associated with L', then the correct option is:
a) Both L and L' satisfy the Euler-Langrange’s equations of motion

b) If p; is conserved, then p; is necessarily conserved
d
Ve — .
¢)H = H+ drg(q“t)
d) None of the above



U B B g(q; 1) P T AAHAA B qUT L(q; , G;,t) T 39 PR SIIST o1l -
L'= L(qi.q: )+ % 9(qi,t)

el q; .q; , t A GHRAFA e, TARied 37 iR TG 8| 9 & f& p; Ia=fied Tam

g 3R H, L(g;,4;,t) T Gafa effree1 81 afe p; 3R 7, 1/ A GEfa €, Ot Ot e g

(@) L3R L I ger-aion & TIfd Gt & 98 Hd 5|

(b) TTS p; I Rferd fpar ST 8, @ p; 3o =0 & W 8 a2

¥ &t
(©) H'=H+ 9(q:,1

(d) ITGFIH A B Tol|

Consider a system of three distinguishable particles, each having spin S =1/2 such that S, = £1/2 with
corresponding magnetic moments W, ==u. When the system is placed in an external magnetic field H
pointing along the z-axis, the total energy of the system is pH. Let x be the state where the first spin
has S, = "2 The probability of having the state x and the mean magnetic moment (in the +Z

direction) of the system in state x are

<
W] =
|&
=

o
S
[CHEN w

W=

Lo
S



1 faviey Hort areft U Yol R AR &3 U U S RA S =12 U USRI 8, fF s, =
+1/2 3R G DT M0l p, = +p 81 59 YOS &1 o1e Gabig &8 H H 2-318 & 3R
Hard PHRd §U T ST &, df WUMell &t o SHoll wH BIdl &1 HH o b x T8 3IGRIT § S8l UyH
f&T 5, = 1 BT 81 x 4= & TUIS & x HTRIT TUT A1 Yabig el (+z fezm &) e &t
YTeTdT 41 87 @ty

®); 5 u

© = 3—2

Consider a simple cubic monoatomic Bravais lattice which has a basis with vectors
i =05= % (X + ¥ + 2),a is the lattice parameter.

The Bragg reflection is observed due to the change in the wave vector between the incident and the

scattered beam as given by

K =nyGy + nyGy +n3G3 , where Gy, G,, G3 are primitive reciprocal lattice vectors. For ny =

3,?12 = 3,?13 - 2,

the geometrical structure factor is
a) 3

b) 2

c) 4

d) 6



TP W T HHTCHS 59 Ay W [GaR Y, fSdr $uR a9 7 = 0,7, =5 (8 +9
+ %), a OIS U= g | 3MMafad a1 Heb Ui STH & s a7 ddex A g1 aldl URad- & BRUT ol
T S RIS FEER © -
ﬁ:n1a+n25;+n3g, GIETJG_{ Ez. @'@Twaﬁﬂaﬁ%l =30 =3ng=2 &
fore, sonfirs SRan uee fsan g

(a) 3

(b) 2

(c) 4

(d) 6

A sinusoidal voltage of the from V(t) =V, cos(wt) is applied across a parallel plate capacitor
placed in vacuum. Ignoring the edge effects, the induced emf within the region between the
capacitor plates can be expressed as a power series in w. The lowest non-vanishing exponent in @ is

a) 1

b) 3
c) 4
d 2



fyaTd & 3@ T THFIR @e G4RA H v (e) = V, cos(wt) B SGHY dieedl @Tg Sl gl HR
THIG B 3T HRd gU, YUIRF wiel & g & &7 & URdems B TR RIA H w & TG &
Sif¥rore fobar o el B 1 w H graH TR-a1da grdics fbemr v

(a) 1

(b) 3

(c) 4

(d)2

For a gas of non-interacting particles, the probability that a particle has a speed v in the interval v to

v + dv is given by

3/2
= 2 m —mv2/2kpT
f(w)dv = 4nwv“dv (erkbt) g T et

If E is the energy of a particle, then the maximum in the corresponding energy distribution in units of

E /k,T occurs at

a) 0.1
b) 0.2
¢) 0.3
d) 0.5



R-3AafehaT aret HUN arelt 719 & o, TureTar f SiaRTd v ¥ v + dv H T S0 &1 T v
frgTER &t St 8-

f(w)dv = 4nv2dv(

3/2
m )’I o —mv?/2kpT

gfe HU B! ol E B, AN E/k,T & giAe H el Sl faavor 3ifiran &e grme
(a) 0.1
(b) 0.2
(©) 0.3
() 0.5

Which one of the following matrices does NOT represent a proper rotation in a plane?

—sin @ cosﬁ)
—cosf —sinéd

cosf sin 9)
—sinf@ cos@

sin@ ccs@)
—cosf sin€

—sinf@ cos 9)
—cosf sinf@



fFrofifed & € $1H-d Bty te vdg & 3fud 9o &1 URgd 78l Bl 87
(3)(—51116 cos @ )

—cosf —siné

(b)( cosf sin 9)

—sinf@ cos@

(c)( sinf cos 9)

—cosf sin@

—sinf@ cosf
(@ —cos 6@ sine)

0 0 1
The product of eigenvalues of (0 1 0) is

1 0 0
a) -1
b) 1
¢c) 0

d 2



(3 i é)m;gﬁqqr—ﬁarmﬁmaw
0

1 0

(a) -1
(b) 1
(c) O
(d) 2

A quantum particle is subjected to the potential

The ground state wave function of the particle is proportional to

ot

=
<
8|8

a)
b) sin

Y
HENE

c) cos

d) cos

TN TN
N " mma v



U SicH &HUl fayg

© x<—=2
2
VEx) =40 —><z<-
o xEE
2

TR SR B | HUI T FHHTH SHoll SR T Ba fhHds G 82
@ n(2)

@sin(7)
(©)cos ()

(d)cos (H)

a

9

During a rotation, vectors along the axis of rotation remain unchanged. For the rotation matrix

0 1 0
( 0 O —1) , the unit vector along the axis of rotation is
-1 0 0

a) (2t +2k)
b) Z@+j-k)
0 H@-j—k

d) - (2i+2f - k)



wquwamqu&ranmamuasamwmﬁwﬁ@hﬁ@w(g : -01)33
for, gufa & 31er F T BT gfAe JaeR T B

(a)%(Zi—j‘-&- 2k)

B)5@+j -k

CRIGIRE)

(d); (2 + 2] — k)

A massive particle X in free space decays spontaneously into two photons. Which of the following

statements is true for X?

a) X s charged
b) Spin of X must be greater than or equal to 2
¢) Xis aboson

d) X must be a baryon

od ®d § U faud &0 X &1 %ad: 3l BieHl § & 8 ordr g1 X & fo Fafafiea 7 9 w8
HYT DHIH-1 82

(a) X AR B

(b) X BT 3T 2 71 2 F 31f¥rep g =RU

(c) X SR

(d) X SR3{TA gFT =1fgu |



The electric field of an electromagnetic wave is given by E = 3 sin(kz — wt) % + 4 cos (kz —

wt)y. The wave is

a) Linearly polarized at an angle tan™? G) from the x-axis

b) Linearly polarized at an angle tan™* G) from the x-axis

¢) Elliptically polarized in clockwise direction when seen travelling towards the observer

d) Elliptically polarized in counter-clockwise direction when seen travelling towards the observer

& fAggaga®ia a¥7 &1 [Aggdad £ = 3 sin(kz — wt) £ + 4 cos (kz — wt)§ GRI a1 AT B
g iRl

(2) x-3& T HIU tan™? (%) R AP FY Y Ydipd g

(b)x-31&f T BT tan" (3) TR YD &Y F ydiepe g1

(c) Defep Y 3R W1 THT 3/ IR U<t 31 femn § Sefga yfaa g1
(d) D& T 3R ST THT 34 R u31 3 fauta femn & <Eielga yfaa 71



Consider two systems A and B each having two distinguishable particles. In both the systems. each
particle can exist in states with energies 0,1,2, and 3 units with equal Probability. The total energy of
the combined system is 5 units. Assuming that the system A has energy 3 units and the system B has
energy 2 units. The entropy of the combined system i1s kg log, A. The value of A is

a) 15

b) 18

c) 12

d) 16

A 3R B 21 vonferdl R R % oo uds o 21 fave wur €1 SF yonferdl ¥, Ude &0
T WU aTelt 0, 1, 2, 3R 3 g FHoll & WY @ THhdl & | GIIoId WMl &t o SHoll 5
gfHe g1 7F o fb gumet A @Y Seit 3 gfAe 3R Uumelt B $t Sell 2 71 Wi womel @i
Uerdt kylog, A &1 A BT H 3T 8T

(a) 15
(b) 18
(c) 12
(d) 16



Consider an infinitely long solenoid with N turns unit length, radius R and carrying a current /(t) =
@ cos wt, where o is a constants and w is the angular frequency. The magnitude of electric field at

the surface of the solenoid 1s

a) %,uoNRwa: sinwt

b) %ungR cos wt

¢) upNRwasin wt
d) poNRwa cos wt

UF 3Hd dars arel uiATforsT W fdaR &, | N o gfie o), B R 8 3R 1(p
= acosmtm‘?a'l%aaﬂﬁﬁ%,ﬁam%mwmm%lmﬁmm
faggd &= o1 giRar fda-r grm

(3)%#0NR(U(I sinwt

(b)%,uoa)NR cos wt

(¢c) hoNRwa sin wt
(d)ugNRwa cos wt



Three particles are to be distributed in four non-degenerate energy levels. The possible number of

ways of distribution: (i) for distinguishable particles, and (i1) for identical Bosons, respectively, is

a) (i) 24, (i)4
b) (i) 24, (11) 20
c) (i) 64, (ii) 20
d) (1) 64, (1) 16

dii Ul BT IR-SUYT FHoll wRI H IR0 fbar &1 81 faRor & aliept 1 Fwifad T (i)
fawer U1 & fTT, SR (i) THH TG & [T, SHHR: 31 g1

(a) (i) 24, (i) 4

(b) (i) 24, (ii) 20

(c) (i) 64, (ii) 20

(d) (i) 64, (ii) 16



The energy dispersion for electrons in one dimensional lattice with lattice parameter a is given by
E(k)= Ey— %W cos(ka), where W and E; Are constants. The effective mass of the electron near

the bottom of the band is

2h?
Wa?

a)

U forft afew H, Afed Uad o & 1Y sade 1 & fog Sulf gfkagor
E(k) = Eo— 3 W cos(ka) GRT &1 71 8, W61 W 3R E, fRRi® §1 &' & q01 & Fepe geiagiv

BT YU THH T 82 e
(H)Waz

h?.

®lyan

hz

(C) 2Wa?

hz

D e




Two solid spheres A and B have same emissivity. The radius of A is four times the radius of B, and
temperature of A is twice the temperature of B. The ratio of the rate of heat radiated from A to that
from B is

a) 128

b) 256

c) 324

d) 110

3 39 MEl A 3R B &t Sidpdl THH 81 A &1 s B &1 Bsan @ T 8 3R A &1 agqH
B % AIUHH § SRMAT 81 A §RT IfSId ST Bl &R BT U B §RT Ifoid ST i &R B
__ TR

(a) 128

(b) 256

() 324

(d) 110



Identical charges q are placed at five vertices of a regular hexagon of side a. The magnitude of the

electric field and the electrostatic potential at the centre of the hexagon are respectively

a) 0,0

p) —1 q

2 13
ATe a 4Teqa

c) q 5q
amwega? 7 4meya

V5q \V5q

amega’ ’ 4Amega

d)

YT “a’ ATQ WIHI WSYS & 5 HHI TR FHH A6l q I8 MU & | Y84 & g H fagyd & iR

fagqgafeR fava & afmmorsa: g |

(a) 0,0

v 4 q
(b) 4mega? ’ Ameya

4 5q
(C/tmsgaz ’ 4mega

V5q V5q

1

(d/4n£0a2 ’ 4mega



A reversible Carnot engine is operated between temperatures T; and T, (T, > T;) with a photon gas

as the working substance. The efficiency of the engine is

3T,
g 1— =
AT,
Ty
b _— ==
) T

U Ufdadl FHL-ESH BT, AR T, (T, > T,) I9HMI & 819, FRGR uerd & U H Bied 19
& Ty Yarferd faar Sdr g | S99 1 &Har fban gt

@ 1— %
(b)l—:—:
3
@ 1- G—:);
3



In the nuclear reaction 13Cg + v, — '3N; + X |, the particle X is

a) an electron
b) an anti-electron
¢c) amuon

d) apion

TNeTg ufafrar 3¢, + v, » 3N, + X H, B X 182
(a) U Felag

(b) Uep Ul-gaiaeiA
(c) T T3

(d) U UTR3MT

Consider a one-dimensional potential well of width 3 nm. Using the uncertainty principle (D.xﬂpz 2)

an estimate of the minimum depth of the well such that it has at least one bound state for an electron

is(m, =9.31x 1031 kg,h =6.626 X 1073* ] s,e = 1.602 x 10719C):

a) 1ueV
b) 1 meV
c) 1eV

d) 1MeV



3 nm SIS a1 eb-fay UreREe dd W faaR #X1 ifAfiddn Risid (8,4, 3) 1 IUam
B §U, I DI GAdH TERTS DT ATha 39 UHR BY [ 39 U 3qdeT P (oY HH-J-HH

Ud 316G R BT (me = 9.31x 1071 kg h = 6.626 X 1073* ] s,e = 1.602 x 1071°C)|
(a) 1 ueV

(b) I meV
(¢) 1eV
(d) 1 MeV

The magnitude of the magnetic dipole moment associated with a square shaped loop carrying a

Steady current I and m if this loop is changed to a circular shape with the same current / passing

through it, the magnetic dipole moment becomes ?. The value of p is
a) 36

b) 9

c) 4

d) 1



Jaorg fgydia smgul &1 aRETr 1 3R 'm’ SORadf @i @ 9 aid AHR SHR & qU o
Gefdd 81 Ol 39 U &1 THH ®ie ' d 9 ald gaieR H uRafdd fbar ofiar g, o de&ia
fergydtr oimegol 22 QT S| p SIAF R (a) 36

(b) 9

(c) 4

(d) 1

The scattering of particles by a potential can be analyzed by Born approximation. In particular, if the
scattered wave is replaced by an appropriate plane wave, the corresponding Born Approximation is

known as the first Born approximation. Such an approximation 1s valid for

a) large incident energies and weak scattering potentials.
b) large incident energies and strong scattering potentials.
¢) small incident energies and weak scattering potentials.

d) small incident energies and strong scattering potentials.

ST HF & HIH Y U faHd gRT B & UHI0H BT fAzawor fbar o Jebar 21 faQwes,
ofg gl aa & U Ifad Tdg a7 gR1 ufaeifia fovar e &, @ Teifea aiF SgaeH &l
TYH S A BT ST & | 39 UHR BT A fbaas forg a giar g2

(a) TR MUfdrd FHoi 3R FHSR TeHIoH faya
(b) fa=me smufdd Hod 3R Uad U ivH faHg
(c) G&H 3mufad oIl 3R HHSIR Tep 0 fava
(d) G&A 3HTafad Sy 3R vad U v faua




If §; and s, are the spin operators of the two electrons of a He atom, the value of (S, .5, ) for the

ground state is

a) —2h?
b) —h?
¢c) 0

d) - h?

afe 5, 3R 5, He Y P 3 AT P R TaTad ¢, o Fgaq el 3R & R (3,5, ) a1
AT T BRI

(@)= h?
(b)—3h?
(c) 0

(d); h?



The Pauli matrices for three spin — 1/, particles are &, ,0, and g3 , respectively. The dimension of
the Hilbert space required to an operator 0 = d; + G, X 03 is

a 8

b 16

o 4

ad 32

= T — 1/, il & forw kel AT HH: &, .6, MR G, B NRRO =6, - 6, X 6, P
ferg eraférd feesd wwf® &1 fam gt

(a) 8

(b) 16

(c) 4

(d) 32

The decay u* — e* + y is forbidden because it violates

a) Momentum and lepton number conservations
b) baryon and lepton number conservations
¢) angular momentum conservation

d) lepton number conservation



& ut - et + y dfoid & Hif T8 BT I BRAT R |
(a) T 3R QYT AT TRETUT
(b) SRS 3R AT Team TRefur
(c) Sp1ofi AT TReor
(d) APTT T3 TR0

An operator for a spin— 1/, particle is given by A= A¢- B , where B = —% (X + 9), & denotes

Pauli matrices and A is a constant. The eigenvalues of A are

a) + A B/N2
b) + 1B

¢) 0,AB
d) 0,—AB

T A - 1/, $U1 & o Harad 4 = 26+ B gRIRATSIAE, SRTE = = (% + 9) 8,6 TSatl
AT & Yferd Hal © R A RRIFG | 4 & M7= 7 R e

@+ B/V2

(b)+ AB

(©)0,1B

(d)0,—-AB



In Bose-Einstein condensates the particles
a) have strong inter particle attraction

b) condense in real space

¢) have overlapping wavefunctions

d) have large and positive chemical potential

-3 FufAd H S0 HY 8d 82

(a) TEE SHR-HUT STHYT aTel

(b) ARIfdss TP | ufd g ard

(c) Sffeamdt a8 e ard

(d) TIet 3R THRIES THaAE fayg ard



The dispersion relation for phonons in a dimensional monatomic Bravais lattice with lattice spacing a

and consisting of ions of masses M is given by

w(k) = J% [1 — cos(ka)] Where w is the frequency of oscillation, k is the wave vector and C is

the spring constant. For the long wave length modes (A > a), the ratio of the phase velocity to the

group velocity is

a) 2
b 1
o 4
o 2

few AR o 3R A M F A1 & 1Y foiig gReee fog afeg § wienl & fom
uRRéuur Yey FAaER fear mr &-

w(k) = Ji{—c[l — cos(ka)]

SR o GIaH! ®1 SR §, k TR daeR & SR ¢ FBFT FRR1S 81 dd R das A8l (A >» a) &
forg, TeT Q7T ¥ GHE AT BT ST R RN

(a) 2

(b) 1

(c) 4

(d) 2



The number of permitted transitions from 2Ps 2 284 /2 in the presence of a weak magnetic field
is

a) 6

b) 9

c) 3

d) 8

HHOIR G 19 & BI SURAH 2Py, — 25, ), T IIHA HHHUI 1 TS 1 37
(a) 6
(b) 9
(c) 3
(d) 8

A long solenoid is embedded in a conducting medium and is insulated from the medium. If the
current through the solenoid is increased at a constant rate, the induced current in the medium as a

function of the radial distance r from the axis of the solenoid is proportional to

. : 1 .
a) r? inside the solenoid and Z outside
i ; 1 ;
b) r inside the solenoid and — outside
. . 1 .
¢) r? inside the solenoid and = outside

d) r inside the solenoid and% outside



U faeme uRafeT us faggderee e & 3id-=ifid 2 iR Ared d fggadid &1 78 31
gfe uRAIfHT & e &I U fRR X W g/ S, of J1egH § ORd ®e gRATfeT & 31ef I
Wega gl » & wad & wu H 5y srgard & ghme

(a) URFAITTDT o 3R 12 3R aTER

(b) TRAEBTH 3fex r R TMER
(c) W%er@?ﬁm%
(d) URAAITErRT o 3R r 3R WTER =

Match the phrases in Group (i) and Group (i1) and identify the correct option

Group (1) Group(i1)
(P) Electron spin resonance (ESR) (1) radio frequency
(Q) Nuclear magnetic resonance (NMR) (11) visible range frequency

(R) Transition between vibrational states of a molecule (111) microwave frequency

(S)Electronic transition (iv)far-infrared frequency

a) (P-1),(Q-ii), (R -iii),(S - iv)
b) (P-ii), (Q-1), (R -iv), (S - iii)
¢) (P-iii), (Q-iv), (R -1i),(S - ii)
d) (P-iii), (Q-1), (R-iv), (S -ii)



g fdded gd U 9HE (i) 3R UHE (i) & HY! &1 = Hs-

98 (i) E (i)
(p) ST R0 3G (i) X smafr
(Q) TP JIPIT 3G (i) =21 Hi gl
(R) 3] Bt HUHg srawreft & g &1 dpaur (iii) G&ATT Srafy
(S) ZA D HepH0T (iv) GeR-3ra¥a 3MMgha

(a) (P-i), (Q - ii). (R - iii), (S - iv)
(b) (P-ii). (Q - i), (R - iv), (S - iii)
(©) (P-iii), (Q - iv), (R - i), (S - ii)
(d) (P -iii), (Q - 1), (R - iv), (S - ii)

A plane wave (X — iy)Eqexpli(kz — wt)] after passing through an optical element emerges as
(% — iy)Egexp [i(kz — wt)], where k and @ are the wave vector and the angular frequency,

respectively. The optical element is a
a) Quarter wave plate
b) Half wave plate
c) Polarizer

d) Faraday rotator



TS U Ucd | fAddan & 91 U 9dd doil
(% — i§)Epexpli(kz — wt)], (£ — iy)Eqexp [i(kz — wt)] S8R FHad g,
W8T k 3R w HHY: TR IR IR S gy § | ybreiy ues gl

(a) BT 99 W
(b) BT% 99 Wi

(c) Ydp
(d) TS gofes

. . . . . 3 .
A particle with rest mass M is at rest and decays into two particles of equal rest masses 0 M which

move along the z axis. Their velocities are given by
a) v, = v, = (0.8¢)2
b) v; = —v, = (0.8¢)2
¢) vy = —v, = (0.6¢)2

d) v, = (0.6¢)Z; v, = (—0.8¢)2
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(@)¥, = ¥, = (0.8¢)2

(b), = —, = (0.8¢)2

(c)V; = =1, = (0.6¢)Z

(d)vy = (0.6¢)Z; v, = (—0.8¢)2
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Sampling frequency at the input of the ADC should be
a) Equal to bandwidth of input signal
b) Equal to highest frequency component of the input signal
c¢) More than or equal to highest frequency component of the input signal

d) Lower than twice the highest frequency component of the input signal
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What will be the value of ‘XY in the following circuit ?

a) 10
b) 01
¢) 00
d) 11
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(a) 10
(b) 01
(c) 00
(d) 11



Which of the following is best for high frequency recitification?
a) Zener Diode

b) Tunnel Diode

¢) Schottky Diode

d) Photo Diode
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(a) YR SIS

(b) T SIS

(c) VicPp! SIS

(d) Il SIS

N-type semi-conductors

a) Are negatively charged

b) Are produced when Indium is added as an impurity to Germanium
¢) Are produced when Phosphorus is added as an impurity to Silicon

d) None of the above



N-UBR & 3¢-aTddH

(a) TPRTHAS EU Y IS gld & |

(b) T8 §9d & o8 SRUMTH & 3399 3R[fG & U H SiieT oIl g
(c) T8 §9d & o9 I & BRGRY 3G & U F SIeT Sl g |
(d) UG H H IS T |

For a given pulse train the ‘On’ time is 10 ms and ‘Off” time is 30 ms. What is the duty cycle?
a) 10%
b) 15%
c) 20%
d) 25%
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(a) 10%
(b) 15%
() 20%
(d) 25%



A filter response at critical frequency compared to pass band will be at

a) 10
b) 0

c) -3
d) -10
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(a) 10
(b) 0
(c) -3
(d) -10

dB.





