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Physical Sciences

PART A

L. If Vigpy is applied the circuit shown, the

output would be—

(C)

Vﬂmpm.

. A physiological disorder X always leads to

the disorder Y. However, disorder ¥ may

occur by itself. A population shows 4%

incidence of disorder Y. Which of the

following inferences is valid ?

(A} 4% of the population suffers from both X
and Y

(B} Less than 4% of the population suffers
from X

(C) At least 4% of the population suoffers
from X

(D) There is no incidence of X in the given
population

. The speed of a car increases every minute as
shown in the following Table. The speed at
the end of the 19t minute would be—

4.

Time (minutes)

Speed (my/sec)

1

I-5

2

3-0

3

45

360

25

375

(A) 265
(©) 27:0

(B) 28-0
(D) 285
How many o bonds are present in the
following molecule 7
HC = CCH = CHCH;
(A} 4 (B) 6
(C) 10 (D) 13
The graph represents the depth profile of
temperature in the open ocean; in which
region this is likely to be prevalent ?
Temperature (°C)
-5 ¢ 5
. —

Increasing i

(A) Tropical region
(B) Equatorial region
(C) Polar region

(D) Sub-tropical region

A reference material is required to be
prepared with 4 ppm calcium. The amount of
CaCO; (molecular weight = 100) required to
prepare 1000 g of such a reference material
is—

(A) 10 g

(B) 4 ug

(C) 4mg

(D) 10 mg

A ball is dropped from a height 4 above the
surface of the earth. Ignoring air drag, the
curve that best represents its variation of
acceleration is—
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If the atmospheric concentration of carbon
dioxide is doubled and there are favourable
conditions of water, nutrients, light and
temperature, what would happen to water
requirement of plants ?

(A) It decreases initially for a short time and
then returns to the original value

(B) Itincreases
{(C) Itdecreases
(D} It increases initially for a short time and

then returns to the original value

Exposing an organism to a certain chemical

can change nucleotide bases in a gene,

causing mutation, In one such mutated

organism if a protein had only 70% of the

primary amino acid sequence, which of the

following is likely 7

(A) Mutation broke the protein

(B} The organism could not make amino
acids

{C) Mutation created a terminator codon

(D) The gene was not transcribed

The reason for the hardness of diamond is—

I5.

(A) extended covalent bonding
(B} layered structure

(C) formation of cage structures
(D) formation of tubular structures

The acidity of normal rain water is due to—
(A} 80, (B} CO,
(C) NO, (D) NO

13.

14.

The normal boiling point of a solvent (whose
vapour pressure curve is shown in the figure)

] Vapour Pressure Curve
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Temperature (K)

on a planet whose normal atmospheric
pressure is 3 bar, is about—

(A) 100K (B) 273K
(C) 400K (D) 500K
The cumulative profits of a company since its
inception are shown in the diagram. If the net

10} e

Profit {%)
[V 3]
T

:/'
0/ I L I I I

0 1L 2 3 4 5

worth of the company at the end of 4% year is
99 crores, the principal it had started with
was—

(A) 9-9crore (B} 91 crore

(C) 90 crore (D) 90 crore

Which of the following particles has the
largest range in a given medium if their initial
energies are the same 7

(A) Alpha (B) Electron

(C) Positron (D) Gamma

Water is dripping out of a tiny hole at the
bottom of three flasks whose base diameter is
the same, and are initially filled to the same
height, as shown :

A




16.

17.

18.

19.

20.

Which is the correct comparison of the rate of
fall of the volume of water in the three flasks 7
(A) A fastest, B slowest
(B) B fastest, A slowest
(C) B fastest, C slowest
(D) C fastest, B slowest

Diabetic patients are advised a low glycaemic

index diet. The reason for this is—

(A) they require less carbohydrate than
healthy individuals

(B} they cannot assimilate ordinary carbo-
hydrates

(C) they need to have slow, but sustained
release of glucose in their blood stream

(D) they can tolerate lower, but not higher
than normal blood sugar levels

Standing on a polished stone floor one feels

colder than on a rough floor of the same

stone. This is because

(A) thermal conductivity of the stone depends
on the surface smoothness

(B} specific heat of the stone changes by
polishing it

(C) the temperature of the polished floor is
lower than that of the rough floor

(D) there is greater heat loss from the soles
of the feet when in contact with the
polished floor than with the rough floor

Popular use of which of the following
fertilizers increases the acidity of soil 7

(A) Potassium Nitrate

(B} Urea

(Cy Ammonium sulphate

(D) Superphosphate of lime

Glucose molecules diffuse across a cell of
diameter 4 in time t. If the cell diameter is
tripled the diffusion time would—

(A) increaseto 9t (B) decrease to1/3

(C) increaseto 3t (D) decrease to /9

Tdentify the figure which depicts a first order
reaction.
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21.

22,
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PART B

Let p(x )} (where n = 0, 1, 2.} be a
polynomial of degree n with real coefficients,
defined in the interval 2=#n < 4.

4
Iffpn (x )Pm (x) dx = 6nm> then—
2

(A) po(x):\/l—aandpl(x):\[% (3-x)

®) po(x):\/l—zandpl(x):ﬁem)

© pou):%andpl(x):\é (3-x)

®) po (x):%andpl(x):\é (3-x)

The value of the integral -(E dz 7* €%, where C is

an open contour in the complex z-plane as
shown in the figure below, is—

Imz
A

©,1)
4 AC

CLO

&

[y 5 7Y

1o
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23.

24.

25.

26.

27.

®) 2+e ®) >
(© 2-¢ ) -2

Which of the following matrices is an element
of the group SU (2) 7

@ (4 1)

—
+
o~
|
—

S

(B}

—
|
~

(5 L) e

Let gand b be two distinet three-dimen-
sional vectors. Then the component of 5 that

is perpendicular to a is given by —
a (b xa b xla xb
o D) )

0[S o 1 <S5
= 195y <]

bZ
) @
03)( aag) ‘

A particle of unit mass moves in a potential

74
(G-»)w
©

b iy
V (x)=ax*+ 3, where a and b are positive
X

constants. The angular frequency of small
oscillations about the minimum of the
potential is—

(A) V8b (B) V8a

3 8b
o\ o

The acceleration due to gravity (g ) on the
surface of Earth is approximately 2-6 times
that on the surface of Mars. Given that the
radius of Mars is about one half the radius of
Earth, the ratio of the escape velocity on
Earth to that on Mars is approximately —

(A) 11 (B) 1-3
(Cy 23 D) 52
The Hamiltonian of a system with n degrees
of freedom isgivenby H {gy,.... ¢, ;P 14-s Prif)s

with an explicit dependence on the time ¢.
Which of the following is correct 7

28.

29,

30.

(A) Different phase trajectories cannot inter-
sect each other.

(B)

H always represents the total energy of
the system and is a constant of the
motion.

(C) The equations g; = d oH are not

op; 7 ag,
valid since H has explicit time depen-
dence.

(D)

Any initial volume element in phase
space remains unchanged in magnitude
under time evolution.

Circularly polarized light with intensity I, is
incident normally on a glass prism as shown
in the figure. The index of refraction of glass

is 1-5. The intensity I of light emerging from
the prism is—

(A) I
(©) 0921,

(B) 0-96 1,
(D) 0-881,
The electrostatic potential V (x, y) is free

space in a region where the charge density p
is zero is given by

Vix,v) = 4e¥ + f {x) — 3y2. Given that the x-
component of the electric field, E,, and V are
zero at the origin, f (x } is—

(A) 3x* —4e2+8x  (B) 3224+ l6x
(C) 48 (D) 322 4™

For constant uniform electric and magnetic
fields E = EO and B = EO, it is possible to
choose a gauge such that the scalar potential ¢
and vector potential K are given by —

= 1= =
(A)¢=OandA=5(B0xr)

-~ - 1= =
(B) q):—EO-randA:E(BOxr)
(C) d=—Eq- r andA =0
D) ¢=0and A =—Ey



31.

32.

33.

A plane electromagnetic wave is propagating
in a lossless dielectric. The electric field is
given by —

E (x,y.2,0) = Eg(t +AZ)

exp[iko{—ct +\x +\/_ z)}

where c¢ is the speed of hght in vaccum, Ey. A
and kg are constants and % and 7 are unit
vectors along the x- and z-axes. The relative
dielectric constant of the medium, &, and the
constant A are—

[
(A) g, = 4andA——\/§
(B) s,.:43ndA:+L
V3
(C) e,=4and A =V3
(D) g,=4andA=-V3

The Hamiltonian of an electron in a constant
magnetic field B is given by Il = ug - B
where u is a positive constant andg = (g,0,

a3} denotes the Pauli matrices. Let w = pB/#
and I be the 2 x 2 unit matrix. Then the
operator e simplifies to—

ig- B .

! o
(A) Tcos » T T g SNy
(B} Icosmt+ 10]; B sin mf
{(C) Isin o+ d OB; B cos oM
(D) Isin2mf + : OB B cos 20z

If the perturbation H' = ax, where a is a
constant, is added to the infinite square well
potential

o

The correction to the ground state energy, to
first order in a, is—

for O=x=mx
otherwise

a5 (B) an
o) & an
© 5 ® =

34.

35.

36.

37.
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The energy levels of the non-relativistic
electron in a hydrogen atom (i.e. in a
Coulomb potential V(r ) o — 1/r ) are given
by B, & — 1/n?, where n is the principal
quantum number, and the corresponding wave
functions are given by W, where [ is the
orbital angular momentum quantum number
and m is the magnetic quantum number. The
spin of the electron is not considered. Which
of the following is a correct statement ?

(A) There are exactly (27 + 1) different wave

functions W,;,,,, foreach B, .

There are [ (I + 1) different wave
functions W, ., for each E,,,,.

(B)
(C) E,;,does not depend on [ and m for the
Coulomb potential.

There is a unique wave function W, for
each E,;,.

(D)

The wave function of a particle is given by

v = Lq)o +i ¢y |, where ¢ and ¢ are the
V2

normalized eigenfunctions with energies F,
and E, corresponding to the ground state and
first excited state, respectively. The expecta-
tion value of the Hamiltonian in the state W
is—

(&) 4 E, ®) 2k,
-2E 2E
©FE R

Consider the transition of liquid water to
steam as water boils at a temperature of
100°C under a pressure of 1 atmosphere.
Which one of the following quantities does
not change discontinuously at the transition 7

(A) The Gibbs free energy
(B) The internal energy
(C) The entropy

(D} The specific volume

A cavity contains blackbody radiation in
equilibrium at temperatuore T. The specific
heat per unit volume of the photon gas in the
cavity is of the form C, = yI?, where y is a
constant. The cavity is expanded to twice its
original volume and then allowed to
equilibrate at the same temperature T. The
new internal energy per unit volume is—
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38.

39,

40.

41.

(A) 4T B) T

(C) 4T (D) yTY4

A particle is confined to the region x = 0
by a potential which increases linearly as
u(x ) = ugx. The mean position of the particle
at temperature T is—

(A} ful

]
InT
(©) \/j—o

Consider the digital circuit shown below in
which the input C is always high (1).

(B) (kg TV /u

D) kT

A—fTT i
BTg_j—:‘ ””””” Z
R
c o

(High)

The truth table for the circuit can be written
as—

»—»—DD}
i k=R Ll =1 y=!

The entries in the Z column (vertically) are —
(A) 1010 (B) 0100
(Cy 1111 (D) 1011
A signal of frequency 10 kHz is being

digitized by an A/D converter. A possible
sampling time which can be used is—

(A} 100 ps (B} 40 ps
(C) 60 ps (D) 200 ps
PART C
(Compulsory)

Which of the following is an analytic function
of the complex variable z = x + iy in the
domain |z 1<27?

(A B+x —iyYy
By T+x +iy(T-x —iyy
C) (I-2x —iy*(3-x —iy)*
(D) (x +iy —1)!*

42.

43.

44.

45.

A static, spherically symmetric charge distri-
bution is given by p{r) :% e ® where A and

K are positive constants. The electrostatic
potential corresponding to this charge
distribution varies with r as—

1

@A) re® ®B) —e®

L o x 1, %
© e (D) ~(1-¢%)
The Lagrangian of a particle of charge ¢ and
mass m in applied electric and magnetic fields

is given by L. :lmvf teA- v - e, where

2
A and ¢ are the vector and scalar potentials
corresponding to the magnetic and electric
fields, respectively. Which of the following
statements is correct ?
(A) The canonically conjugate momentum of

the particle is given by p =mv

(B) The Hamiltonian of the particle is given

2 — —
by H=2 -+ A p +eg

(C) L remains vnchanged under a gauge
transformation of the potentials

Under a gauge transformation of the
gaug
potentials, L changes by the total time
derivative of a function of 7 and ¢

A particle in one dimension moves under the
influence of a potential V(x } = ax ©, where a
is a real constant. For large »n the quantized
energy level E, depends onn as—

(A) E.~n’ (B) B,~n"?

C) E,~ e (D) En~n3f2
Consider two independently diffusing non-
interacting particles in 3-dimensional space,

both placed at the origin at time ¢ = 0. These
particles have different diffusion constants D,

and D,. The quantity <[(E1(t )} - Ez(t P

where l_il (r ) and }—iz (¢ ) are the positions of
the particles at time ¢, behaves as—

(A) 6:(D;+D;,)  (B) 61D, D,
©) 68/D2+ D> (D) 6:VD,D,



46.

47.

48.

Consider a system of N non-interacting spins,
each of which has classical magnetic moment
of magnitude w. The Hamiltonian of this

system ig an external magnetic field H is
X =~ ¥ W - H, where W, is the magnetic
i=1

moment of the & spin. The magnetization per
spin at temperature T is—

A) k};

®) u[com( 1)- kBT]

; uh
(Cy nsink (kBT

uH
(D) ntan & (kBT

Consider the matrix M =

—_ .
—_ .
—_ .

A. The eigenvalues of M are—

(A) 0.1.2 (B} 0,0,3

(C) I>I>I (D) 713133

B. The exponential of M simplifies to {I is
the 3 x 3 identity matrix)

(A) eM= 1+(“33 1

(B} e I+M+?

(C) M=1+3"M
(D) eM=(e-1)M
In the absence of an applied torque a rigid
body with three distinct principal moments of
inertia given by I;, I, and I;is rotating freely
about a fixed point inside the body. The Euler
equations for the components of its angular
velocity (wq, oy, 03) are—

I,-1 e |

: 3—h
(X)l:I_ W, 03, WZ:I—U)I,CU3,
1 2

L-L

W3 =777 iy
3

A. The equilibrium points in {0, ®,, ©3)

space are—

(A) (1,-1,0),(-1,0,1) and (0,- 1, 1)
By (1,1,0),(1,0,1)and (0,1, 1)
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(C) (1,0,0),(0,1,0)and (0,0, 1)
D) (1,1,1),(~1,-1,-1I)yand (0,0,0)
B. The constants of motion are—
(A) m% + m% + m% and
Lo + L, + T304
(B) Lio! + 1,05 + 303 and
Lol +5 o +15 03
(©) Lot + Lo + Lo and
M) + 0y + w3

2 2 2
(D) ] + o2 + w3 and

202 22 202
Lo +Los + Lzos

i L1 .
. In a system consisting of two spin 5 particles

labeled 1 and 2,let S = % GMand S@ =%
g denote the corresponding spin operators.
Here o = = (g, y,oz) and o,, a,, g, are the
three Pauli matrices

A. In the standard basis the matrices for the

operators S(;)S(yz) and S(;)S(i) are respec-
tively,
Byl 0B 10
(A)4 0—1)’4(0
[T 8K ?fﬂ - 0
(B)4 sz ( H
0 0 0 - 00 0 -
(C)ﬁ—z 0 0 i 0 [HOO0 -+ 0O
410 -i0 0 410 ¢ 0 O
i 000 i 00 0
0100 0 - 00
(D)?i_ZIOO 0 wli 000
41000 —i|’4[0 0 01
00:i 0O 0010

B. These two operators satisfy the relation

(A) {S(l) ;2), il) (2)} S(l) 2)
(B) {S(l) ;2), ;l) (2)} 0

©) [S(l) ;2), ;1) Sf)] _ Sz(l)sf)
D) [S(l) ;2), ;1) Sf)] -0
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50.

51.

52.
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A resistance is measured by passing a current
through it and measuring the resulting voltage
drop. If the voltmeter and the ammeter have
uncertainties of 3% and 4%, respectively,
then

A. The uncertainty in the value of the
resistance is—

(A) 7-0% (B) 3-3%

(C) 50% D) 12:0%

B. The uncertainty in the computed value of

the power dissipated in the resistance
is—

(A) 7% B) 5%
G 11% (D) 9%
Choose any 10 of the remaining
questions

The character table of C;, the group of

symmetries of an equilateral triangle is given
below—

X(O) X(l) X(Z)
1C, 1 1 b
3C, 1 a ¢
2C, 1 1 d

In the above C;, C;, C; denote the three
classes of Cs, containing 1, 3 and 2 elements
respectively, and %%, %) and ¥ are the
characters of the three irreducible represen-
tations T, I'Mand T of C;,,.

A. The entries a, b, ¢ and d in this table are,

respectively,
(A) 2>1>71=0 (B) 71>2>0>71
(Cy -1,1,0,-1 Dy -1,1,1,-1

B. The reducible representation T' of Cs,
with character =y = (4,0, 1} decomposes
into its irreducible representations T,
I, 1 45—

(A) 2r® 4 21w (B) T4 T 4 T

(C) T@+31W (D) 21

The magnetic field of the TE;; mode of a
rectangular waveguide of dimensions a x b as
shown in the figure is given by

H,=Hjcos (0-35x ) cos (0-4ity ), where x and
Yy are in cm.

53.

54.

T bt
ot

A. The dimensions of the waveguide are —

(Ay @=333cm,b=2-50cm

(B) a=040cm, b =030 cm

(C) a=0-80cm, b =060 cm

D)y a=166cm, b=1-25cm

B. The gntire range of frequencies f for
which the TE,;; mode will propagate is—

(A) 660GHz < f<7-5GHz

(B) 75GHz < f<9-0GHz

(C) 7'5GHz < f<12-:0 GHz

(DY 775GHz < f

Light of wavelength 660 nm and power of

1 mW is incident on a semiconductor photo-
diode with an absorbing layer of thickness of
(In 4) pm.

A. If the absorption coefficient at this
wavelength is 10*cm! and if 1% power
is lost on reflection at the surface, the
power absorbed will be—

(A) 750w (B) 675pW

(C) 250uwW (C) 225pW

B. The generated photo-current for a quan-
tom efficiency of unity will be —

(A) 400pA (B) 360pA

(C) 133puA (D) 120pA

Consider the energy level diagram (as shown
in the figure below) of a typical three level
ruby laser system with 1-6 x 10'° chromium
ions per cubic centimeter. All the atoms
excited by the O-4pum radiation decay rapidly
to level E, which has a lifetime T =3 ms.

: B,

0.4 um

E,
E,

A. Assuming that there is no radiation of
wavelength 0-7pum present in the pum-
ping cycle and that the pumping rate is R

0.7 pm




55.

56.

atoms per cm?, the population density in
the level N, builds up as—

(A) Ny(z) =Ru(e™ 1)

(B) Ny(7 ) =Ru(1 - e

2
(© Nyt) =1 - e
(D) Ny(t) = Rs

B. The minimum pump power required (per
cubic centimeter) to bring the system to
transparency, i.¢., Zero gain, is—

(A) 1-52 kW (B) 2:64 kW

(C)y 0-76 kW D) 1-32 kW

The two dimensional lattice of graphene is an
arrangement of carbon atoms forming a
honeycomb lattice of lattice spacing a, as
shown below. The carbon atoms occupy the
vertices.

A. The Wigner-Seitz cell has an area of —

(A) 2a* (B) %ﬁ
(C) 6V3a? D) %ﬁag

B. The Bravais lattice for this array is a—

(A) rectangular lattice with basis vectors 4
and d,

(B) rectangular lattice with basis vectors cr
and ¢,

(C) hexagonal lattice with basis vectors a,
and a?

(D) hexagonal lattice with basis vectors bT
and b,

A flux quantum (fluxoid) is approximately
equal to 2 x 1077 gauss-cm®. A type 11
superconductor is placed in a small magnetic
field, which is then slowly increased till the
field starts penetrating the superconductor.

57.

58.

59.
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The strength of the field at this point is i x 10°

gauss.

A. The penetration depth of this super-
conductor is—

(A) 100 A (B) 10 A
(C) 1000 A (D) 314 A
B. The applied field is further increased till

superconductivity is completely des-
troyed. The strength of the field is now

% x 10° gauss. The correlation length of

the superconductor is—
(A) 20 A (B) 200 A
(C) 628 A (D} 2000 A
A narrow beam of X-rays with wavelength
1'5 A is reflected from an ionic crystal with
an fce lattice structure with a density of 3-32 g
cm~3, The molecular weight is 108 AMU
(1 AMU = 1-66 x 10~ g).
A. The lattice constant is—
(A) 600 A (B) 456 A
() 400 A (D) 256 A
B. The sine of the angle corresponding to
(111) reflection is—

) Y3 ® V2
© 1 ®) §

. 64 .
The radius of a 29Cu nucleus is measured to
be 4-8 x 1073 cm.

A. The radius of a ﬂMg nucleus can be
estimated to be—

(A 286 x 1072 cm (B) 52x 103 cm

(C) 36x103cm (D) 86x 1013 cm

B. The root-mean-square {rms) energy of a

nucleon in a nucleus of atomic number A
in its ground state varies as—

(A) A3 (B) Al3

(C) A-L3 (D) A3

A beam of pions (x*) is incident on a proton

target, giving rise to the process wtp — n +

ot + ot

A. Assuming that the decay proceeds
through strong interactions, the total
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60.

61.
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isospin I and its third component I; for
the decay products, are—

®) 1=3.L=3  ®1=2,5=3

1

2

SVl [WS I SV [V
B |— B2 |th

B L b2

(©) I=2,1,= D) I=5,1;=-

B. Using isospin symmetry, the cross-
section for the above process can be
related to that of the process

(Aynn =pn—n-

(B) n—;—> "o

C)nn—=prin-

(D) Jt*;f%nﬂ:*ﬂ:*

Consider the decay process T~ —m ~+ V. in
the rest frame of the © —. The masses of the
T, ~and v, are M., M, and zero respec-
tively.

A. The energy of wis—
2 2 2 2
R (M, - M, )e? (M, +M, )e?
(A) ®) ~— 5

M,
© M, M) (D) VMM,

B. The velocity of n-is—

(M M))e (M, + M. )e
AY——7—7 OB —=7—=—
M, + M, M, M,
© 3 ™) %

The Hamiltonian of a particle of unit mass
moving in the xy-plane is given to be :

H=xp,.- yp, flx 24 %y %in suitable units.

The initial values are given to be —
(x (0), y(0))=(1,1) and

(pA0).p,(0)) = (% . —%) During the motion,
the curves traced out by the particles in the
xy-plane and the p.p, -plane are —

(A) both straight lines

(B) a straight line and a hyperbola respec-
tively

(C) ahyperbola and an ellipse, respectively
(D} both hyperbolas

62,

63.

64,

65.

Two gravitating bodies A and B with masses
m 5 and my, respectively, are moving in
circular orbit. Assume that mg >> m, and let
the radius of the orbit of body A be R,. If the
body A is losing mass adiabatically, its orbital
radius R, is proportional to—

1 1
A ®
(©) ma (D) ma

If an electron is in the ground state of the
hydrogen atom, the probability that its
distance from the proton is more than one
Bohr radius is approximately—
(A) 0-68 (B) 0-48
(C) 0-28 (D) 091

Consider an ideal Bose gas in three dimen-
sions with the energy-momentum relation
e = pswith 5§ > 0. The range of 5 for which
this system may undergo a Bose-Einstein
condensation at a non-zero temperature is —
(A 1<s<3 B) 0<s<2

{C) D<s<3 D) 0<s<om

A time varying signal V., is fed to an op-amp
circuit with output signal Vi as shown in the
figure below.

1K
. -
= oA
Vin 1 210K
10 7

The circuit implements a—

(A) high pass filter with cutoff frequency
16Hz

(B) high pass filter with cutoff frequency 100
Hz

(C) low pass filter with cutoff frequency 16
Hz

(D) low pass filter with cutoff frequency 100
Hz



Answers with Explanations

Part A
L(© 2.3 30 4. 50
6. D) 7.0y 8.(D) 9.(C) 10.(A)
11. (A)  12.(0) 13.(C) 14.(D) 15.(C)
16. (C)  17.(D) 18.(C) 19.(D)  20.(B)
Part B
21. (D) For pyx) = é
3
pilx} = 5 (3-x)

s~ [ 23
pnin=J=x\3 G-nax

V3 [ x4
= — | 3x =
2 2 1
- ?[12—84—6+2]
=0
+ 1
— = 4 _
J popoin = St =1

4 4
fzpl-Pldx = fg\/é (3—x)\/§

(3 x)dx

=1
So fulfilling the condition

4
S, P pat) dx =5,
22. (A) Integral is

[ dze = [ @ovidy) vy v
C C

= [ @t idy) G+ i) €

Ix"nz
L) @ ey @D
3y i c A(D
-1,0) o ef

CSIR-UGC Phy. Sciences |

For path 1,
x=1,dx=0
vy vary from O to I.

So, integral become

1
L= [ Gdy) (1 +iy)? el-e
0
For path 2,
y=1,dy=0
x vary from 1to—1

-1
So, L=/ @ a+ipee
1
For path (3); x=—1, y vary from 1 to 0

1]
L=/ @) e et e

SO, I= II+IZ+I3:§+6

23. (B) Matrix will be unitary in S U (2) group.
24, (A)

b
25. (C) Vix) = a;c2+x—2
F _ 142V
req. o = b -
av
T
2b
2axp——3 = 0
0 x[s)
2b
2axy = 7
0 xS
b
xé =
42V 6b
Now, i 2a+xg
&V o 2a+6bxa
dx2 ~ b
= 8a
I
- b

26. (C)



14 | CSIR-UGC Phy. Sciences

27. (D) This is a statement of Livoulle’s theorem Part C
in statistical mechanics. (Compulsory)
28. (B)As,I=I;cos? 0 41. (A) For analytic function of complex variable,
29. (D) 30.(B) 31.(A) 32.(B) function should follow Cauchy’s Riemann
33. (A) First order correction in energy is given equation in given domain
by du By
El = (‘I’Dlaxl‘l’()) ax ay
o, = zsin BRx du _ v
L L dy ax
where L=mn

where 1 and v are imaginary function.
42. By 43.(D) 44.(A) 45.(B)
46. (D) Magnetization

L
e
.

E
5
|
2
E
&

H
_ =2 2y e
= 0xsm nx - dx M(N,T,H) = {2 )
PRl
:2—af[x Ifco.'~_.‘2mdJC N
s 2 where X=-3% pu H
b4 i=1
@fz 2a 1
= Ozdx—ﬂ: x2f0c052mdx O = —HM
2 1 2= Also, > = E
= _x_'—
2 2le
T So, M = —% (A
_ar
S 2 lalng
4. (C) Now, E=-""%
1 . _
5.y ¥ = 5 Pot iy where z = E}e*ﬁH‘ Y i
i 1
The expectation value for H, N
qp - W = 2 J]eom
T .
1 1 \ = = €_ﬁHu‘S‘
WS = gy iy [ = o+ iy ) 111 o
V2 V2 I i p
= upH —upHN
) l_'_ 1 3 (ePH + ¢ }
2 2 = (2cos A fHWY
_ 1 1
WPTHIS = (— gp— i [HE= ¢ + iy ) 1
V2 V32 / As, B =21
1
= S Eo-ixik; _ i( uH
? So, E_faB 2coshkT
~E,+E
B+ By . uH
So, (H> = T = —NHtan & T
E,+2E, So, equation (A) will give
3

uH
36. (A)  37.(D) 38.(A) 39.(A)  40.(0) M = +Ntan i 0



47.

48.

49,

50.

51.

52.

53.

54.

95.

A.(B)
B.(A)
A.(C)
B.(B)
A.(B)
B.(B)
A (A)
B.(A)
A.(B)
B.(B)

A.(A) By comparing

IMTX Fl
H.=Hjcos (T) cos (—'ZX)

Tz 2|3

ForTE;,modem=1,n=1

So, a

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

A. (D) The Wigner-Seitz cell is hep

So, areaﬂ a?

2

0-3

o=

4

1

0-3

04

56.

57.

59.

60.

61.
62,

63.
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B. (B) The Bravais lattice for any array can be
formed by finding the bisectors of given basis

vector within same cell 31 and a?z are from
different cells.

Bisectors of E)l &a_; and bisectors of E & B;
forming neither rectangular nor hexagonal
lattice so answer is (B) as bisector of ?1 and (Z
forming rectangle.

A.(A)

B.(B)

A.(A)

B.(B)

LA

B.(A)

A (A)

B.(B)

A (A)

B.(B)

(©

(C) For a spherical shell, the potential energy

is

dU = _g(% n:r2p) (4rtdrp)
_ _16G P M,
= 3x16mR6 R
M-M? = R2
R x M
M = ;—lj'l:Rsp
_ aM
P = JnR3

(A)  64.(A) 65.(C)
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Physical Sciences

Part-A

1. In still air, fragrance of a burning incense

stick will be smelt by an observer quickest
when the experiment is carried out at—

(A) Low altitude and high air temperatore
(B) High altitude and low air temperature
(C)y Low altitude and low air temperature
(D) High altitude and high air temperature

. How many squares are there in this figure ?

(A) 9 B) 14
{C) 15 D) 17
. A mountain road has 3 sections of different

slopes as shown. What is the average slope m
of the entire climb ?

/a

80
b
45°

% c
(A) 1 B) (1/3) <m < (1/2)
(C) L<m<V3 O INH<m<1

. Which of the following graphs shows the
concentration of a sugar solution as a function
of the cumulative amount of sugar added in
the process of preparing a saturated solution
(the temperature remaining constant) ?

o
P
P
P
e
P

e
=
o
S .
Concentration

=
R
‘ Concentration

/
/
I
Amount
2 /
bz I
E /
© 5 j
o -
Armnount
=] I
§= o
E
E
= 1
D)y 8 l
= i
c !
o //
””””” T Amount

. There are sand-piles which are geometrically

similar but of different heights. The ratio of
the masses of the sand comprising two
randomly chosen piles will be equal to the
ratio of the—

(A) Pile heights

(B) Squares of the pile heights

(C) Cubes of the pile heights

(D) Cube-roots of the pile heights

. There are two identical vessels of volume V

each, one empty, and the other containing a
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10.

block of wood of weight w. The vessels are
then filled with water up to the brim. The two
arrangements are shown as A and B in the
figure. If the density of water is p and g is the
acceleration due to gravity then—

A B
(A) A and B have equal weights
(B) A is heavier than B by an amount w
{(C) A is heavier than B by an amount
Vpg—w
(D} B is heavier than A by an amount
Vpg—w

If the father has blood group O and the
mother has blood group AB, what are the
possible blood groups of their children ?

(A) O,AB, A (B) A,B
©) A0 D) B, AB

. Nuclei of P and 3?8, accelerated through the

same potential difference enter a uniform,
transverse magnetic field (Z = 15 for P and Z
= 16 for §. As they emerge from the magnetic
field—

(A) Both nuclei emerge undeflected
(B} 2P is deflected less than 328
(Cy 3?P is deflected more than 328
(D} Both are equally deflected

. A person chewing a bubble gum did not

experience ear pain in a jet plane while
landing whereas another person not chewing a
gum had ear pain. The reason could be—

(A) Chewing gum is a pain killer

(B) Chewing equilibrates pressure on both
sides of the ear drum

(C) Chewing gum closes the ear drum

(D) Chewing distracts the person

The reason why a lunar eclipse does not occur
at every full moon is—

{A) The position of the sun is not favourable
at all full moons

11.

12,

(B) The orbital planes of the moon and that
of the earth are inclined to each other by
a small angle

(C) The shape of the earth is not a perfect
sphere

(D) The moon reflects only from one
hemisphere

A boy throws a stone vertically upwards with
a certain initial velocity. Which of the
following graphs depicts the velocity as a
function of time, if the acceleration due to
gravity is assumed to be uniform and
constant 7

2
A 2
L5}
‘\
2\
N S N
(B) TD) X‘\ time
> e —
:_);.
9
H—_
©) % \ e
S
\'.

A rigid uniform bar of a certain mass has two
bobs of the same size, but with different
densities p and 2p suspended identically from
its ends

« d e da’ >

- o

p 2p




13.

14.

15.

16.

When the bar is level on a fulcrum as shown
in the figure, 4 and 4" are related by —

(A) 2d=4d (B) d>2d

(C) d=24d D) d<2d

There are two points A and A' on the equator
at longitudes 0° and 90°E, and two other
peints B and B' on the same longitudes,
respectively, but at latitude 60°S. The
distances (along the latitudes) between the
points A, A' and B, B' are related by —

(A) AA'=BB' (B) AA'=2BB’
(C) AA'=(V3)BB' (D) AA'=(V2)BB'

Water is flowing through a tube as shown.

The cross-sectional areas at A and C are

equal, and greater than the cross-sectional

area at B. If the flow is steady, then the

pressure on the walls at B is—

(A) Less than that at A and that at C

(B) More than that at A and that at C

(C) Same as that at A and that at C

(D) More than that at A but less than that
atC

Match the two lists —

Raw Material Product
(a) Limestone 1. Porcelain
(b} Gypsum 2. Glass
(¢} Silica sand 3. Plaster of Paris
(dy Clay 4. Cement
(@ & () W
Ay 1 2 3 4
B) 4 3 2 1
<y 1 3 4 2
Dy 4 1 3 2

The *C dating method is not usually used for
dating organic substances older than ~60,000
years, because —

(A) Such objects rarely contain carbon

(B) Such objects accumulated *C after their
formation

Lz

18.

19.

20.
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(C) In those times there was no production of
1407

(D) Most of the 14C in the sample would
have decayed

A seismograph receives a S-wave 60s after it
receives the P-wave. If the velocities of P-and
S-waves are 7 km/s and 6 km/s respectively,
then the distance of the seismic focus from
the seismograph is—

(A) 2520 km (B) 42 km

(C) 7070 km (D) 72 km

The decay of a radioactive isotope P produces
a stable daughter isotope D. The ratio of the
number of atoms of D to the number of atoms
of P after 2 half lives would be—

(A) 14 B) 3/4
€ 3 (D} 2

The scatter plots represent the values mea-
sured by two similar insttuments. Point A in
the figures represents the true value. Which of
the following is a correct description of the
quality of these measurements 7

Fig.1 Fig.2
(A) Fig. 1 : good accuracy, good precision
Fig. 2 : good accuracy, good precision
(B) Fig. 1 : poor accuracy, poor precision
Fig. 2 : good accuracy, poor precision
(C) Fig. 1 : poor accuracy, good precision
Fig. 2 : poor accuracy, poor precision
(D) Fig. 1 : poor accuracy, poor precision
Fig. 2 : poor accuracy, good precision

Even though the concentration of CO, is the

same at sea level and at high altitude, the

photosynthetic rate is higher in a plant grown

at sea level than in a plant (of the same

species) grown at high altitude. The reason

for this is—

(A) Light intensity is more at sea level

(B) Temperature is lower at higher altitude

(C) Atmospheric pressure is higher at sea
level

(D) Relative humidity is higher at sea level
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21.

22.

23,

24.

25.

26.
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Part-B

A vector perpendicular to any vector that lies
on the plane defined by x + y+ z =5, is—
A A A A
(A} i+ (B} j+k
A A A A A A
Cy i+j+k D) 2i +3j +5k

123
The eigenvalues of the matrix A = [2 4 6]
369

arc—
(A} (1,4.9) B) 0.7.7)
(C) (0,1,13) D) (0,0,14)

The first few terms in the Laurent series for

in the region 1 = Izl = 2, and

1
(z-1){z-2)

around z=11is—

(A)%[I+z+z2+z3+...]
2
1+z+z_+_+ ]
1 2 3
(B) = +z7(1fz) +{1-z)+

(C)1[1+ +—+ ][1+ +—+ ]
(D) 2(z—1)75(z— 1)2+7(z—1)3

The radioactive decay of a certain material
satisfies Poisson statistics with a mean rate of
A per second. What should be the minimum
duration of counting (in seconds) so that the
relative error is less than 1% ?

(A) 100/ (B) 10%/22
(C) 10%/n D) L/A

letuix,y)=x +%(x2 — ¥ be the real part of

an analytic function f (z) of the complex
variable z = x + iy. The imaginary part of f(z)
is—

(A) y+xy (B} xy

© y D) y* -

Let y (x) be a continuous real function in the
range O and 2, satisfying the inhomogeneous
differential equation :

inx 22X &y_ (_E)
sinx” + cos xdx—é > . The value of
dy

e at the pointx =5—

b1
2

27.

28.

(A) is continuous
(B) has a discontinuity of 3

(C) has a discontinuity of %
(D) has a discontinuity of 1

A ball is picked at random from one of two
boxes that contain 2 black and 3 white and 3
black and 4 white balls respectively. What is
the probability that it is white ?

(A) 341770 (B) 41/70

(C) 36/70 (D) 29/70

The bob of a simple pendulum, which
undergoes small oscillations, is immersed in
water. Which of the following figures best
represents the phase space diagram for the
pendulum 7

II:P

/! \

2

(A) x
I//
3 r
(Zx\
®) —
N/
P
I
/ \
© I
N
A p
SN
t'if/‘\\l\l\ -
(D) ! 1




29.

30.

31.

32.

33,

34.

Two events, separated by a (spatial) distance
9 x 10° m, are simultaneous in one inertial
frame. The time interval between these two
events in a frame moving with a constant
speed 0-8 ¢ (where the speed of light ¢ =3 x
108 m/sy is—

(A) 60s (B) 40 s

(C)y 205 (D) 0s

If the Lagrangian of a particle moving in one
2

dimensions is given by L. :xﬂ -V (x), the

Hamiltonian is—

Ay Lo av 5L
A) 7w +V ) BTV

2
(©) %;ﬂ HVE DTV

A horizontal circular platform rotates with a
constant angular velocity € directed verti-
cally upwards. A person seated at the centre
shoots a bullet of mass m horizontally with
speed v. The acceleration of the bullet, in the
reference frame of the shooter, is—

(A) 2vQtohisright (B) 2vE to his left
(Cy vQtohisright (D) v& to his left

The magnetic field corresponding to the
vector potential

i PEN
—
where F is a constant vector, is—
— —
(A) F B) —-F
— 30 — — 30 —
(C)F+r4r (D)F—’Ar

An electromagnetic wave ig incident on a
water-air interface. The phase of the perpen-
dicular component of the electric field, E;, 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 not change (B) changes by 3m/2
(C) changes by 1/2 (D) changes by xt

The magnetic field at a distance R from a
long straight wire carrying a steady current I
is proportional to—

(A) TR

R2
© L ® =

35.

36.

37.

38.

39.
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The component along an arbitrary direction %,

with direction cosines (n,, ny, n,) of the spin

of a spin — % patticle is measured. The result
is—

(A) O B) =+

;

NNIN

) = (n ta,+n) (D) =

A particle of mass m is in a cubic box of size
a. The potential inside the box (0 <=x <a, 0
=y <a,0 =z<a)is zero and infinite outside.
If the particle is in an eigenstate of energy E =

14J‘E2h2
, its wavefunction is—

2ma
3n

(A Y= ( ) Smmsmmsm%
an

B) Y= ( ) Smmsmmsmﬂ

a a

3n

) = ( ) Smmsmg—nxsiﬂ%
3n

D) Y= ( ) Smn—xsm 2y Sm%

Let 1, denote the eigenfunctions of a

Hamiltonian for a spherically symmetric
potential V (r). The wavefunction

Y= % [wZio + \fs Yoy +\/E)w21z]

is an eigenfunction only of —
(A) H,L? and L, (B)Hand L,
(C) Hand L2 (D) L?and L,

The commutator [x2, p] is—

(A) 2ihxp (B) 2ih (xp + px)
(C) 2ih px (D) 2ih {xp — px)

Consider a system of non-interacting particles
in d-dimensions obeying the dispersion
relation &€ = Ak® (*s’) where ¢ is the energy, k
is the wavevector, s is an integer and A a
constant. The density of states. N (g}, is
proportional to—

®
) e

A) e

© &
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40.

41.

42.

43.

44.
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The number of ways in which N identical
bosons can be distributed in two energy
levels, is—

(A) N+1 B NN-1)”2
© NN+D2 O N

The free energy of a gas of N particles in a
volume V and at a temperature T is

F =NkgT In [2,V (kgT)¥¥N],
where aq is a constant and kg denotes the

Boltzmann constant. The internal energy of
the gas is—

(A) %NkBT
(B) iNkBT

(C) NkgT In [2,V (kg T)¥N] —
(D) NkgT In [2,VAksT)¥2]

. NkBT

In the op-amp circuit shown in the figure
below, the input voltage V, is 1V. The value
of the output V;, is—

oV
1k

AR — g
At —e

50V

(A) —0-33V B) -0
(C) -1-00V D) —0-25V

An LED operates at 1-5V and 5 mA in
forward bias. Assuming an 80% external

efficiency of the LED, how many photons are
emitted per second ?

(A) 50 x 1016 (B) 1-5x 1016

(C) 08 x 1016 (D) 2:5 x 1016

The transistor in the given circuit has kg, =
35Q and h;, = 1000Q. If the load resistance
R; = 1000€2, the voltage and current gain are,
respectively —

T OVO
) R
=L
v, ; L
(A) -35and +35 (B 35and 35

(C) 35and 097 (D) 0:98 and 35

45.

46.

47.

48.

The experimentally measured transmission
spectra of metal, insulator and semiconductor
thin films are shown in the figure. It can be
inferred that I, II and III correspond,
respectively, to—

AR

g 1 (\ |

g 1

g \'\l \

g | )

& / I

300 1000

Wavelength (nm)

(A) Insulator, semiconductor and metal
(B) Semiconductor, metal and insulator
(C) Metal, semiconductor and insulator
(D) Insulator, metal and semiconductor

Part-C

The eigenvalues of the antisymmetric matrix,
0 —¥i3 %)
A :( 3 0 —m
—ty )
the components of a unit vector, are—
(A 0,i,— B)0,1,-1
(C) 0,1+i,-1-i (D) 0,0,0

Which of the following limits exists 7

(A) hm ( 1—+lnN)

] where #n,, n, and n; are

lim *flnN)
N —=w 1
C) lim ——-InN
()Nemtzhgl )
N1
®) fim 3 o

A bag contains many balls, each with a
number painted on it. There are exactly n
balls which have the number n (namely one
ball with 1, two balls with 2, and so on until
N balls with N on them). An experiment
consists of choosing a ball at random, noting
the number on it and returning it to the bag. If
the experiment is repeated a large number of
times, the average value of the number will
tend to—



49,

50.

51.

52.

53,

(ay B ®)
©) N;—I D) N@2+11 54

The value of the integral

fw ﬁfos (%) dris—

(&) == ®) =

© = o) &

The Poisson bracket {I7l, Ipl} has the value—

(A) Irlipl Byr-p

{C} 3 D) 1 55.

Consider the motion of a classical particle in a
one dimensional double-well potential V (x) =

ZlT(x? — 2)%.If the particle is displaced infinite-

simally from the minimum on the positive x-

axis (and friction is neglected), then—

{A) The particle will execute simple harmonic
motion in the right well with an angular

frequency m = V2

(B} The particle will execote simple har-
monic motion in the right well with an
angular frequency w = 2

(C)y The particle will switch between the
right and left wells

(D) The particle will approach the bottom of
the right well and settle there

What is the proper time interval between the
occurrence of two events if in one inertial
frame the events are separated by 7-5 x 108 m
and occur 65 s apart ?

(A) 650 s (B) 6005

(C) 5755 (D) 5005

A free particle described by a plane wave and
moving in the positive z-direction undergoes
scattering by a potential

Vy if r=R

0 if r>R

If Vy, is changed to 2V, keeping R fixed, then

the differential scattering cross-section, in the
Bom approximation—

(A} Increases to four times the original value
(B) Increases to twice the original value

58.

Vi) =

56.

57.
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(C) Decreases to half the original value
(D) Decreases to one fourth the original value

A variational calculation is done with the

normalized trial wavefunction  (x) = 4(1%
{a® — x%) for the one dimensional potential well
0 if Ikl =q
VOV s if bl >a
line ground state energy is estimated to be—
Sh? 3h?
@A) 5 ®) 5 —
K2 S5h?
© 25 D) ;5

A particle in one-dimension is on the potential

o if x<0
Vx)=1-Vn if O<x=<t
0 if x>t
If there at least one bound state, the minimum
depth of the potential is—
B2 [
(A dm#? 2mi?
2h2n? B2
© mi? (D) mi?

Which of the following is a self-adjoint
operator in the spherical polar coordinate
system (7, 0, ¢) 7

h 8 b
A~ Gnte 30 (B) —ih%g

ih o ad
© ~Gne 90 (D} — ihsin 875

Which of the following quantities is Lorentz
invariant ?

(A) [E x BI? (B) IEP — BP?

(C) B +BI? (D) [EF* BI*

Charges Q, Q and — 2Q are placed on the

vertices of an equilateral triangle ABC of

sides of length a, as shown in the figure
A}

j +2Q

L
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39,

60.

61.

62.

The dipole moment of this configuration of
charges, irrespective of the choice of origin,
is—

(A} +2aQ7 B) +V3aQ]
A
(©) V3aQj D) 0
The vector potential A due to a magnetic
B B . mxr
moment m at a point r is given by A = NER

If m is directed along the positive z-axis, the
x-component of the magnetic field, at the
point r, is—

(a) 22 (B -
2 _
(© 31% D) Mf;s_xx)

A system has two normal modes of vibration,
with frequencies o, and w, = 2m;. What is
the probability that at temperature T, the
system has an energy less than 4ho, 7

[In the following x = eP1 and Z is the
partition function of the system]

(A) X2 (x+ 2207 By B2 (1 +x+ 327
(C) 221+ 2x2/Z (D) 21 +x+222/7Z
The magnetization M of a ferromagnet, as a

function of the temperature T and the
magnetic field H, is described by the equation

M = tanh (%M + %) In these units, the

zero-field magnetic susceptibility in terms of
M {0)- M (H=0)is given by —

1-M2 ()
A T - M )]

_ 2£)
(B) 1TIYIT0

©) 1 —M?{0)
T+T,

Y
oy L0

Bose condensation occurs in liquid He* kept
at ambient pressure at 2-17 K. At which
temperature will Bose condensation occur in
He* in gaseous state, the density of which is
1000 times smaller than that of liquid He* ?

(Assume that it is a perfect Bose gas)
(A) 217 mK (B) 21-7 mK
(Cy 217 uK D) 217 uK

63.

64,

65.

66.

Consider black body radiation contained in a
cavity whose walls are at temperature T. The
radiation is in equilibrivm with the walls of
the cavity. If the temperature of the walls is
increased to 2T and the radiation is allowed to
come to equilibrium at the new temperature,
the entropy of the radiation increases by a
factor of —

(A} 2 B) 4

(C) 8 (D) 16

The output O, of the given circuit in cases [
and IT, where

Case | :A,B=1;C,D=0;E,F=1and G =0
Casell: A,B=0:C,D=0;E,F=0and G=1
are, respectively —

I_:__\ ””””””””
H;/ | >ﬁ 777777
E [ *j
F g
(A) 1.0 B) 0,1
(C) 0,0 Dy 1.1

A resistance strain gauge is fastened to a steel
fixtore and subjected to a stress of 1000
kg/m?. Ifthe gauge factor is 3 and the modulus
of elasticity of steel is 2 x 10'" kg/m?, then
the fractional change in resistance of the
strain gauge due to the applied stress is—
(Note : The gauge factor is defined as the
ratio of the fractional change in resistance to
the fractional change in length.)

(A)y 1-5x 107 (B) 3-0x 107

(C) 016 x 10719 (D) 05 x 107

Consider a sinusoidal waveform of amplitude
1V and frequencyf,. Starting from an arbitrary
initial time, the waveform is sampled at
intervals of 1/A2f;). If the corresponding
Fourier spectrum peaks at a frequency f and
an amplitude A, then—
(A) f=2f,and A =1V
(B) f=f,and0=<A =<1V
(C) f=0andA=1V

fo

- — 1
D) f:EandA:EV



67.

68.

69.

70.

71.

72.

The first absorption spectrum of 12C160 is at
3-842 cm! while that of 1*C180 is at 3-673
cm!. The ratio of their moments of inertia
is—

(A) 1-851 (B) 1-286

(C) 1-046 (D) 1-038

The spin-orbit interaction in an atom is given
by H = alL§, where 1. and § denote the orbital
and spin angular momenta, respectively, of
the electron. The splitting between the levels
2Py and 2Py, is—

(A) %ahﬁ (B) %am

(C) 3ah® D) %aﬁﬂ

The spectral line corresponding to an atomic
transition from J = 1 to J = 0 states splits in a
magnetic field of 1 kG into three components

separated by 1-6 x 1073 A If the zero field

spectral line corresponds to 1849 A, what is
the g-factor corresponding to the J = 1 state 7

{You may use Z—C =2 x 10 cm.)
0

(A) 2 B) 372
G 1 D) 172

The energy required to create a lattice
vacancy in a crystal is equal to 1eV. The ratio
of the number densities of vacancies »n
(1200K)/n (300K), when the crystal is at
equilibrium at 1200 K and 300 K, respec-
tively, is approximately —

(A} exp (-30) (B} exp (~15)
(C} exp(15) (D) exp (30)

The dispersion relation of phonons in a solid
is given by

0? (k) = 0%y (3 - cos ka — cos kya - cos k, a).

The velocity of the phonons at large wave-
length is—

(A) 0gaiV3
(C) V3wga

(B) wga
D) wyalV2

Consider an electron in a box of length L with
periodic boundary condition ¢ (x) =y (x +

L). If the electron is in the 1, (x) = L e'kx
VL

73.

74.

75.
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with energy &, = o what is the correction

to its energy, to second order of perturbation
theory, when it is subjected to a weak
periodic potential V {x) = V, cos gx, where g
is an integral multiple of the 2x/L 7

(A) VieJje;

mV?, 1 1
B) = (g2 +2kg T g2 Zkg)
(C) Vi (ex— e
(D} Vileg+e2)
OF

The ground state of 282 Pb nucleus has spin-

parity J¥ = % , while the first excited state has

P = % The electromagnetic radiation emitted

when the nucleus makes a transition from the
first excited state to the ground state are —

(A) E2 and E3
(B) M2 and E3
(C) B2 and M3
(D) M2 and M3

The dominant interactions underlying the
following processes

A K +p—=3 +n°
B. p +p” =K +K°
C. 30 >p+nt
are—

(A) A : strong, B : electromagnetic and C :
weak

(B) A :strong, B : weak and C: weak
(C) A: weak., B
strong

(D) A : weak, B
weak

. electromagnetic and C :

: electromagnetic and C :

If a Higgs boson of mass my moving with a
speed § = f decays into a pair of photons, then

the invariant mass of the photon pair is—

[Note : The invariant mass of a system of two
particles, with four momenta p; and p, is

(P + P2V
(A) pPmy
(C) mpV1-p*

(B) my
(D) pmg/V1-p%
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Answers with Explanations

1. (D) At high altitude air is less dense and at

high temperature air can travel faster. Let’s
first consider the altitude, at high altitude
there would be lower density of air and vice-
versa. At higher temperature the fragrance
will move quicker.

. {C) Number of Squares = 9

Number of Squares with sides twice that of
small squares = 5

Number of Squares with sides three times that
of small squares = 1

Therefore, total number of squares
= 9+5+1
=15

. (D)

4. {B) As the concentration is directly propor-

tional to the amount of sugar added the graph
should be linear with constant inclination.

. {C) The ratio of the masses of the sand
comprising two randomly chosen piles will be
equal to the ratio of the cubes of the pile
heights

Ratio of volume = Ratio of the cube of height

. (A) Weight of jar A and B is same because if
we suppose both jars were filled upto brim
with water then certainly both would have
same weight. Now, if we put a block of weight
W in jar B, then the amount of water that will
go out of jar B will have same weight as that
of block immersed in jar B (Archimedes
Principle), so effectively there is no net
change in the weight of jar B. Hence, both jar
A and B had same weight.

. (B) ABO blood grouping system— According
to the ABO blood group system there are four
different kinds of blood groups : A, B, AB or
O (null).

Blood group A—If you belong to the blood
group A, you have A antigens on the surface
of your red blood cells and B antibodies in
your blood plasma.

Blood group B—1If you belong to the blood
group B, you have B antigens on the surface
of your red blood cells and A antibodies in
your blood plasma.

10.

11.
14.

Blood group AB—If you belong to the blood
group AB, you have both A and B antigens
on the surface of your red blood cells and no
A or B antibodies at all in your blood plasma.

Blood group O—If you belong to the blood
group O (null), you have neither A or B
antigens on the surface of your red blood cells
but you have both A and B antibodies in your
blood plasma.

As parents have A and B antigens, their
children can have A and B blood groups.

. (B)

. (B) Chewing gum stretches muscles in the

jaw and throat that can cause the Eustachian
tube to open. This allows air into the middle
ear and equalizes the pressure.

(B) A lunar eclipse occurs when the Moon
passes behind the Earth so that the Earth
blocks the Sun’s rays from striking the Moon.
This can occur only when the Sun, Earth and
Moon are aligned exactly, or very closely so,
with the Earth in the middle. Hence, a lunar
eclipse can only occur the night of a full
moon. The type and length of an eclipse
depend upon the Moon’s location relative to
its orbital nodes. Unlike a solar eclipse, which
can only be viewed from a certain relatively
small area of the world, a lunar eclipse may
be viewed from anywhere on the night side of
the Earth.

(A)  12.(D) 13.(B)

(A) The pressure at B will be less then that at
A and C. Let us explain this with the help of
Bernoulli’s theorem. It states that energy can
be neither created nor destroyed, but merely
changed from one form to another. To
illustrate how this applies, let us consider
Figure 1 which represents a horizontal pipe
with air flowing through it. The air in the pipe
has two forms of available energy. One is
potential energy, which is in the form of air
pressure. The other is kinetic energy which
the air has by virtue of its motion. Now,
notice that the pipe is constricted at (B).
Supposing the cross-sectional area at (B) is
one half the cross-sectional areas at (A) : the
air will have to move about twice as fast past
(B), in order to allow the same amount of air
by in the same time. This is analogous to a
nozzle on a hose. where you obtain a high-



15.

16.

17.
18.

19.
20.

21.

velocity stream of water by passing the water
through a small orifice.

Fig. 1-Air flow through an orifice

Now since the air is going faster past (B), it
must have more kinetic energy when passing
(B). Recalling the law of conservation of
energy, we realize that we must have conver-
ted some of the potential energy in order to
have more kinetic energy. Since, the only
potential energy available in this set-up is in
the form of air pressure, there will be a low-
pressure area in the construction of the pipe
at (B).

(B} Gypsum — Plaster of Paris

Porcelain — Clay

Limestone — Cement

Silica sand — Glass

(D) The half life of carbon — 14 is 5,700
years; because of this it is only reliable for
dating objects up to 60,000 years. Objects
older then this will have most 1*C decayed.
(A}

(C) Suppose we take any number of nuoclei
= 1500

After one half-life no. of parent nuclei left =
No. of daughter nuclei formed =750

After second half-life no. of parent nuclei left

750
=7 = 375
Number of daughter nuclei formed
= 375 +750
= 1125
o 1125
The ratio is = 375 = 3

(©)

(C) The pressure at sea level is high, due to
which the density of air is also high. This
means that the number of CO, molecules per
unit volume of air is more. Because of this the
CO, uptake will be more and hence the rate of
photosynthesis is also more.

€ 22.(D)

27. (B)
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23. (B) Let us consider the Laurent series for

1
f@a =070 9

For series expansion about

Z =1
Let Z-1 =4
Z-2 =4-1
T z-Diz-2)
I
= Ta-1 l=z=2
S S— 0=<z-1<1
T = =
= 73—1(174)—1 0<d=l

= 11—1[1+4+42+43]

_ -1 2 a3
=7 —1-4-42_4
— ii o o 2 o K
= 1 T+z+1-(z-1)"+(z—1)
R 2 3
= 1_z+:r:—(1—:r:) +{1-2)
24. (C) 25.(A) 26.(D)
2 Black 3 Black
3 White 4 White
Bag1 Bag 2

Let E; and E, be the events of choosing the
first and the second bag respectively.

P(E)) =

b2 [— b2 |—

P (Ey)
Let W be the event of drawing a white ball.

W _ 3
P(El) =243

P(E%) e

w b

b

Now, P (drawing a white ball)
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28.

29.

30.

31.

32.
34.

=P (W) = P(WE, or WE,)
= P(WE;) +P(WEy)
W W
Crar (F) e (Y)
(El) El (E'Z) E/2
_1.3,1.4
T 2757277
_ 3,4
10 " 10
_21+20
- 70
_4
70
(D}
%(Xa—xﬂ
(B} h-th = — —
N
2
08 5 x9x10°
c
- 0-6
= 40 sec.
X2 ,
(A) L = Zx_V(x) given
dL
p=—
ox
-5 — S
= H=3pq - L
x. x
H = xx_2x+v
2
X
= 2x+V(x)
As x = xp
_ e,
Or H = 7t (x)
2
= S5V

(A) Person in the centre of the disc rotating
with angular momentum € =2V

(A} 33.(D)

(D) The magnetic field at a point P due to a
straight wire carrying a current I is propor-
tional to I

Mo I

35.
40.

41.
46.

52,

- (B)
51.

Magnetic field is inversely proportional to the
perpendicular distance R of the point from the
wire

1
M x E
So,
I
M x R
D)y 36.(D) 37.(C) 38.(B) 39.(C)

(A) Let w (n, g) be the number of ways of
distributing n particles among g sublevels of
an energy level.

There is only one way of distributing n
particles with one sublevel, therefore w (n, 1)
=1.

It is easy to see that there are (n + 1) ways of

distributing » particles in two sublevels which
we will write as :

n+1)!

ntl!
B) 42.(C) 43.(D) 44.(A) 45.(A)

(A) The eigenvalues of an antisymmetric
matrix are all purely imaginary numbers, and
occur as conjugate pairs, +io and —iw. As a
corollary it follows that an antisymmetric
matrix of odd order necessarily has one
eigenvaue equal to zero.

48.(A)  49.(A)

wimn,2) =

50. (B)

N V@ = T02-2p

_Lloa 40
= AP+

For small oscillation (SHQ)

V{x) ~ x?
PV (x) 1.,
e - 2 T~ %
2
and T, = L(T):I
0x2
VT = 0
Gives 2—mw? =0
w=v2
(AY  33.(A) 34.(D) 355.{(A) 56.(C)



57. (B) The fundamental invariants of the electro-

magnetic field are :
P = %FabFﬂb
= IBI-NEI
l* * Fab
= *2 Fab F

Q = §Fu

— =

= E-B

58. (C) Let us place the origin mid-way between

the two positive charges Q such that they lie
on the X-axis at equal distance from the

ori in—2
g _2'

So, the charge-2Q) is at a distance % .

59,
62.

63.

64.
69,
74.
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Dipole moment
p = {gxd
“2QxV3 x5 +Qxa+Qx(-a)

= —V3a Qj\
(C) 60.(D) 61.(A)
(B) Bose condensation occurs in liquid “He
kept at ambient pressure at 2-17K. Superfluid
helium-4 is a liquid rather than a gas, which
means that the interactions between the atoms
are relatively strong. So “He in gaseous state
will condense at 21-7 mk.
(C) The entropy in case of black body is
proportional to T2,
As the temperature of the black body is raised
from T to 2T.
So, the entropy will be (2T)? = 8.

(D) 65.(A) 66.(B) 67.(C) 68.(A)
©  70.(D) 7L.(D) T2.B) 73.(C)
A T75.(B)
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Directions — List of the Atomic Weights of the

1. This Test Booklet contains seventy five (20 Elements
Part ‘A’ + 25 Part ‘B’ + 30 Part ‘C’) Multiple Element | Symbol | Afomic | Atomic

. . . Number Weight
Choice Questions. You are required to answer —
a maximum of 15, 20 and 20 questions from AC“D{“?‘ Ac 89 (227
Part ‘A’, ‘B” and ‘C’ respectively. If more than Aluminium Al I3 26.58
. . Americium Am 95 {243)
required number of questions are answered, .

I first 15. 20 and 20 oS i Parts A’ Antimony Sh 51 121.75
only first 15, 20 and 20 questions in Parts “A’, Argon Ar 18 39 048
‘B’ and ‘C’ respectively, will be taken up for Arsenic As 13 7492
evaluation. Astatine At 85 £210)

2. Each question in Part ‘A’ carries 2 marks, Part Barium Ba 56 137.34
‘B’ 3-5 marks and Part ‘C’ 5 marks respecti- Berkelium Bk 97 (249)
vely. There will be negative marking @ 25% Beryllium Be 4 9.012
for each wrong answer. glsmuth 11331 853 223 g?

3. Below each question in Part ‘A’, ‘B’ and ‘C’ B;)(ig"?ine Br 15 79 '909
four alternatives or responses are given. Only Cadmium cd 4R 112'40
one of these alternatives is the ‘correct’ option Calcium Ca 20 40 08
to the question. You have to find, for each Californium Cf 08 (251)
question, the correct or the best answer. Carbon C 6 12011

Cerium Ce 58 140.12

Useful Fundamental Constants Cesium Cs 35 13291

Chlorine Cl 17 35453
m  Mass of electron 9.11 x 1031 kg Chromium Cr ” 5200
h Planck’s constant 6.63 % 1073 Jsec Cobalt Co 27 58.93
Copper Cu 29 63.54
Ch f electr -19
© argeolelection  1ex 1077 C Curium Cm 96 (247)
k Boltzmann constant 138 x 10723 Ik Dysprosium Dy 66 162.50
. . Einsteinium Es 99 {254)
c Velocity of Light g
yoLtE 30> 107 misec Erbium Er 68 167.26
LV 16x1019] Europium Eu 63 151.96
. Fermium Fm 100 {253)
amu 27
LOTx 107 ke Fluorine F 9 19.00
G 567 x 10711 Nm? kg2 Francium Fr 87 {223)
Ry Rydberg constant 1097 x 107 m~! Gadolinium Gd 64 157.25
Gallium Ga 31 6972
N,  Avogadro number 6.023 x 10%% mole~? Germanium Ge 32 7259
£, B854 x 10712 Fm L Gold Au 79 196.97
P Hafnium Hf 72 178.49
My 4 x 107 Hm Helium He 2 4003
R Molar Gas constant 8.314 JK ! molel Holmium Ho &7 164.93




4 | CSIR Physical Sciences (D-2012)

Hydrogen H 1 1.0080 Terbium Tb 65 158.92
Indium In 49 114 82 Thallium Tl 8l 204.37
Todine 1 33 126 .90 Thorium Th 90 232.04
Tridium Ir 77 1922 Thulium Tm 69 168.93
Iron Fe 26 35.85 Tin Sn 50 L118.69
Krypton Kr 36 E3.80 Titanium Tl 22 4790
Lanthanum La 57 13891 Tungsten W 74 1B3.85
Lawrencium Lr 103 {257) Uranium U 92 238.03
Lead Pb 82 207.19 Vanadium v 23 50.94
Lithium Li 3 6.939 Xenon Xe 34 131.30
Lutetium Lu 71 174 97 Yiterbium Yh 70 173.04
Magnesium Mg 12 24312 Yttrium Y 39 8801
Manganese Mn 25 54.94 Zinc Zn 30 6537
Mendeleviom Md 101 {256) Zirconium Zr 40 91.22
Mercury Hg 80 20039 * Based on mass of C12 at 12.00... . The ratio of these
Molybdenum Mo 42 95.94 weights of those on the order chemical scale (in which
Neodymium Nd 60 144 24 oxygen of natural isotopic composition was assigned a
Neon Ne 10 20.183 mass of 16.0000...) is 1.000050. (Values in parentheses
Neptunium Np 03 (237) represent the most stable known isotopes).
Nickel Ni 28 3871 PART—A
Niobium Nb 41 92.91 . o
Nitrogen N 7 14.007 1. A granite blf)(:k of 2mx5mx3 m size is cut
Nobelium No 102 (253) into 5 cm thlf:k slabs of 2mx 5 m size. These
Osmium Os 76 1902, slabs are laid over a 2 m wide pavement.
What is the length of the pavement that can

Oxygen o 8 1>.9994 be covered with these slabs ?
Palladium Pd 46 1064
Phosphorus P 15 30974 (A) 100m (B) 200 m
Platinum Pt 78 19509 (C) 300m (D} 500 m
Plutonium Pu 94 (242) 2. Which is the least among the following ?
Polonium Po 84 (210) 033033 44044 -l -l
Potassium X 19 39.102 A) 0_330.33’ EB) 0_4;10.44
Praseodymium Pr 59 14091
Promethium Pm 61 (147) (C) m—tm (D) e~ Ve
Protactinium Pa 91 (231) 3. What is the next number in this “see and tell”
Radium Ra 88 {226) sequence ?
Radon Rn 86 {222)
Rhenium Re 75 18623 I 11 21 1211 111221 .........
Rhodium Rh 45 10291 (a) 312211 (B) 1112221
Rubidium Rb 37 8547 (C)y 1112222 (D) 1112131
Ruthenium Ru H 10L.1 4. A vertical pole of length a stands at the centre
Samarium Sm 62 150.35 of a horizontal regular hexagonal ground of
Scandium Sc 21 44.96 side a. A rope that is fixed taut in between a
Selenium Se 34 78.96 vertex on the ground and the tip of the pole
Silicon Si 14 28.09 has a length—
Silver Ag 47 107.870
Sodium Na 1 229898 (A) a ®) V2a
Strontium St 38 87.62 ©) V3a (D) Véa
Sulfur 5 16 32064 5. A peacock perched on the top of a 12 m high
Tantalum Ta 73 18095 . :

: tree, spots a snake moving towards its hole at
Technetium Te 43 ©9) the base of the tree from a distance equal to
Tellurium Te 32 127.60 thrice the height of the tree. The peacock flies



towards the snake in a straight line and they
both move at the same speed. At what
distance from the base of the tree will the
peacock catch the snake ?

(A) 16m By 18 m

(C) I4m D) IZm

. The cities of a country are connected by
intercity roads. If a city is directly connected
to an odd number of other cities, it is called
an odd city. If a city is directly connected to
an even number of other cities, it is called an
even city. Then which of the following is
impossible 7

(A) There are an even number of odd cities
(B) There are an odd number of odd cities
(C) There are an even number of even cities
(D) There are an odd number of even cities

. Inthe figure ZABC = m/2

AD=DE=EB
What is the ratio of the area of triangle ADC
to that triangle CDB ?

A D E B
(A) 1:1 By 1:2
© 1:3 D) 1:4

. A rectangular sheet ABCD is folded in such a
way that vertex A meets vertex C, thereby
forming a line PQ. Assuming AB = 3 and
BC = 4, find PQ. Note that AP = PC and

AQ = QC.

D C
P \\
Q
A B
(A) 1344 B) 15/4
(©) 1744 (D) 19/4

. A string of diameter 1 mm is kept on a table
in the shape of a close flat spiral i.e., a spiral
with no gap between the turns. The area of

10.

11.
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the table occupied by the spiral is 1 m®. Then

the length of the string is—
{A) 10m (B) 102 m
€ 10°m (D) 10°m

25% of 25% of a quantity is x% of the
quantity where x is—

(A) 625% (B) 12:5%

(€ 25% (D) 50%

In sequence {a,} every term is equal to the
sum of all its previous terms.

I, =3, lim 2L s
n—=>o00 d,

(A) 3 B) 2

€y 1 (D} e

12. In the figure below, angle ABC = n/2. 1, 11,

13.

14.

T are the areas of semicircles on the sides

opposite angles B, A and C, respectively.
Which of the following is always true 7

e

(A I +I0%2 =1 (B) H+0I=1
(C) I? +II’>17 (D) O+ <1
What is the minimum number of days

between one Friday the 13th and the next
Friday the 13th 7

(Assume that the year is a leap year)
(A) 28 (B) 56
Cy 91 (D) 84
Suppose a person A is at the North-East
corner of a square (see the figure below).

A

N
W+ +E
r

S

From that point he moves along the diagonal
and after covering 1/3rd portion of the
diagonal, he goes to his left and after
sometime he stops, rotates 90° clockwise and
moves straight. After a few minutes he stops,
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15.

16.

17.

18.

19.

rotates 180° anticlockwise. Towards which
direction he is facing now 7

(A) North-East (B} North-West

(C) South-East (D) South-West

Cucumber contains 99% water. Ramesh buys
100 kg of cucumbers. After 30 days of
storing, the cucumbers lose some water. They
now contain 98% water. What is the total
weight of cucumbers now 7

(A) 99ke (B) 50 kg

(©) 75kg D) 2kg

In a museum there were old coins with their

respective years engraved on them, as follows.

1. 1837 AD 2. 1907 AD
3. 1947 AD 4. 200 BC
Identify the fake coin(s)—

(A) Coinl (By Coin4

(C) Coins land2 (D) Coin 3

A student observes the movement of four
snails and plots the graphs of distance moved
as a function of time as given in figures (a),
(b}, (c) and (d).

] ] /
5 7 %
£~ A
””””””” Time T me
(2) (b)
8 T 8
i EIN
A A .
. “
Time Time
(©) (d

Which of the following is not correct ?

(A) Graph (a) (B) Graph (b)
(C) Graph(c) (D) Graph (d}

Find the missing letter —

A EGK C
? P
u R
Q v
B OJF D
(A) H By L
<z D) Y

Consider the following equation
X4yt + 972 = 14x+ 28y + 427 + 147

20.

21.

22,

23.

where x, y and z are real numbers. Then the
value of x + 2y + 3z 15—

A) 7 (B) 14
Cy 21 (D} Not unique

The map given below shows a meandering
river following a semi-circular path, along
which two villages are located at A and B.
The distance between A and B along the east-
west direction in the map is 7 cm. What is the
length of the river between A and B in the
ground 7

\\A | B¢/

!

S

SCALE = 1:300a0

(A) 1-1km (B) 3-5km
(C) 55km (D) 11-0km
PART—B

A 2 x 2 matrix A has eigenvalues ™3 and
™6, The smallest value of n such that A* =1
is—

(A) 20 (B) 30

() 60 (D) 120

The graph of the function f (x) shown below
is best described by —

1.00
0.75
.50
0.25
0.00 \
.50
.75
-1.00

fix)

012345567
{x)
(A) The Bessel function I (x)
(B} cosx

{C) e *cosx
1
(D) L cosx

In a series of five Cricket matches, one of the
captains calls ‘Heads’ every time when the
toss is taken. The probability that he will win
3 times and lose 2 times is —

(A) 1/8 (B) 5/8

(C) 3/16 (D) 5/16

8 910



24.

25.

26.

27.

The unit normal vector at the point

a b c
(\/3’\/3’\/3)

on the surface of the ellipsoid

L A A .

a_2+b2+c_2:1’ls_
boi +caj + abk . ai+bj +ck
ci +ecaj +a ai + bj + ¢
Val+ b + 2 Val+b2 + 2
b’? A Ii‘\r AA Ii‘\r
I+ +a 1+ 7+
Va?+ b+l V3

A solid cylinder of height H, radius R and
density p, floats vertically on the surface of a
liquid of density pg. The cylinder will be set
into oscillatory motion when a small
instantaneous downward force is applied. The
frequency of oscillation is—

bg P~ lE
) 2 ®) EA\/§
N Pog
© ® \/oi

Three particles of equal mass m are connected
by two identical massless springs of stiffness
constant k as shown in the figure—
k k
o0 —e—TI0T e
m nt nt

If xy, x5 and x; denote the horizontal displace-
ments of the masses from their respective
equilibrium position, the potential energy of
the system is—

(A) 3kl + 22 + 2]
1
(B) 5k [x0% + %% + 3% — xp (31 + x3)]
(O %k [ + 222 + 232 + 235 (39 + x3)]
(D) 3 K[+ 202 4 57— 22, (5 + 3]
Let v, p and E denote the speed, the

magnitude of the momentum, and the energy
of a free particle of rest mass m. Then—

dE
(A) - constant
B) p=mv

CSIR Physical Sciences (D-2012) | 7

Vo + mic?
(D) E=mc?

. A binary star system consists of two stars §;

and §,, with masses m and 2m respectively
separated by a distance r. If both §; and S,
individually follow circular orbits around the
centre of mass with instantaneous speeds v,
and v, respectively, the speeds ratio v,/v, is—

(A) V2 (B) 1
(Cy 12 (D) 2

. Three charges are located on the circumfe-

rence of a circle of radius R as shown in the
figure below. The two charges QQ subtend an
angle 90° at the centre of the circle. The
charge ¢ 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 of Q 7

(A) g2
C) 2q

(B) V2q
(D) 4q

. Consider a hollow charged shell of inner

radius @ and outer radius b. The volume
charge density is p{r) % (k is a constant) in

the region @ < r < b. The magnitude of the
electric field produced at distance r > a is—

(A) Mfmau»a
Egt

@ Fe=@ i erchand 2 forrs b
Egt Ent

(©) k—(ﬁlfora<r<b andﬂi’r;fl
] 0

forr>b

(D) k—(‘;;zalfora<r<bandﬂfjal
] ]

forr>b

. Consider the interference of two coherent

electromagnetic waves whose electric field
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32.

33,

34.

—

E,

A

= j Eg cos (wf + ¢) where ¢ is the phase

difference. The intensity of the resulting
E

wave is given by?O <E?>, where <E%> is the

time average of E2. The total intensity is—
(A) 0 (B) &oFy’
(©) ecBolsin¢ (D) eoFq? cos? ¢

Four charges (two + g and two — ¢) are kept
fixed at the four vertices of a square of side a
as shown

—= A
vectors are given byE; = { B, cos of and

q -

8

I
|
¥

—q q

At the point P which is at a distnace R from
the centre (R >> a), the potential is propor-
tional to—

(A) IR B} 1/R?
(©) 1/R? (D) /R

A point charge g of mass m is kept at a
distance 4 below a grounded infinite
conducting sheet which lies in the xy-plane.
For what value of d will the charge remains
stationary 7

(A —L—
I mgme,
®) —L—
Y IETE,

(C) There is no finite value of 4

V mEpey
(D)
q
The wave function of a state of the hydrogen

atom is given by

Y = ag0 + 2y + 3age +V 24

where 1, 15 the normalized eigen function
of the state with quantum numbers n, [ and m
in the usval notation. The expectation value
of Ly is the state 1 is—

35.

36.

37.

38.

39.

w2 ®) L
© 2 ) &

The energy eigen values of a particle in the
potential V (x) :% mwx? — ax are —

2

1 a
(A) E, = (n + 2) ho el

1 a
(BY E,= (n + 2) ho e’

a?

1
(C) B, = (n + 2) L —r

(D) En:(n+%) ho

If a particle is represented by the normalized
wave function

4—)'1532_"62 for —a<x<a

512 .
da otherwise

Y (x)=
0

the uncertainty Ap in its momentum is—

() 2 &) 2
(© Y10 ) Y3h
a V2a

Given the usual canonical communtation
relations, the commutator [A, B] of A =i (ap,

—¥ps)and B =(yp, + zp,) is—

A) Bl —pt) B) -1 lp,—p2)

C) nlxp,+p) (D) —Hxp, +pI)

The entropy of a system, S, is related to the

accessible phase space volume I' by § =

kgInI” (E, N, V) where E, N and V are the

energy, number of particles and volume

respectively. From this one can conclude that

T —

(A) Does not change during evolution to
equilibrivm

(B) Oscillates during evolution to equilibrium

(C) Is 2a maximum at equilibrium

(D) Is a minimum at equilibrium

Let AW be the work done in a quasistatic
reversible thermodynamic process. Which of



40.

41.

42.

43.

the following statements about AW is

correct?
(A} AW is a perfect differential if the process
is isothermal

(B} AW is a perfect differential if the process

is adiabatic
(C)
(D)

Consider a system of three spins 8§, S, and 554
each of which can take values + [ and — 1.
The energy of the system is given by E=—1
[S1 S5 +5; 83+ 55 8], where T is a positive
constant. The minimum energy and the
corresponding number of spin configurations
are, respectively —

(A) Jand 1 (B) —3Jand 1

(C) —3Jand2 (D) —6Jand 2

The minimum energy of a collection of 6 non-

AW is always a perfect differential
AW cannot be a perfect differential

. . .1
interacting electrons of spin — > and mass m

placed in a one dimensional infinite square
well potential of width I.is—

14m252 o172
(A) ng (B ) ng

Tkl 322
© ml.2 ml.2

A live music broadcast consists of a radio-
wave of frequency 7 MHz, amplitude-modu-
lated by a microphone output consisting of
signals with a maximum frequency of 10
kHz. The spectrum of modulated output will
be zero outside the frequency band—

(A) 700 MHz to 7-01 MHz

(B) 699 MHz to 7-01 MHz

(C) 699 MHz to 7-00 MHz

(D) 6995 MHz to 7-005 MHz

In the op-amp circuit shown in the figure, V;

is a sinusoidal input signal of frequency 10
Hz and V, is the output signal.

44.

45.

46.

47.

CSIR Physical Sciences (D-2012) | 9

The magnitude of the gain and the phase
shift, respectively, close to the values—

(A) 5V2andw2  (B) 5V2and -2

{(C) 10 and zero (D) I0and

The logic circuit shown in the figure below

L
B o—:ﬂ/‘
implements the Boolean expression—
(A) y=A.B (B) v=A.B
C)y y=A.B (D) y=A+B

A diode D as shown in the circuit has an i — v
relation that can be approximated by—

. sz + 2VD! for vp > 0
DT o, for vp <0
1Q
‘riD
oL r .
lov T ¥ v
,,,,,,,,,,,,,,,,, °

The value of vy, in the circuit is—

(A) (71+\/ﬁ)v (B) 8V
(C) 5V Dy 2V

PART—-C

The Taylor expansion of the function In (cosh
x}, where x is real, about the point x = 0 starts
with the following terms—

L,, 1
(A) 5 +12ﬁ+...

1, 1
B) 2x—12x4+...
1,1
(C)—zx +6x4+...
Lo 1
(D)2x +6ﬁ+...

Given a 2 x 2 unitary matrix U satisfying U'U

= UU? = 1 with det U = ¢®, one can construct

a unitary matrix V (V?V = VV’ = 1) with det

V =1 from it by—

(A) Multiplying U by e—#72

(B) Multiplying any single element of U by
o
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48.

49,

50.

51.

52.

| CSIR Physical Sciences (D-2012)
(C)y Multiplying any row or column of U by
PR

(D) Multiplying U by e~ #

3
The value of the integral fzzfi

5716 where

[
C is a closed contour defined by the equation
2 |z| —5=0, traversed in the anti-clockwise
direction, is—
(A) —16mi (B) 16w
(C) 8mi (D) 2
The function f (x) obeys the differential
equation —'f (3 — 2i) f=0 and satisfies the

conditionsf(O) =landf(x) >0 asx — .
The value of f{m) is—

(A) e (B} e

(© —e D) -

A planet of mass m moves in the gravitational
field of the Sun (mass M). If the semi-major
and semi-minor axes of the orbit are @ and b

respectively, the angular momentum of the
planet is —

(A) V2GMm? (a + b)
B) V2GMm? (a_ b)

2GMm? ab

© N L,-p
,. IZGMm2 ab

(D) a+b

The Hamiltonian of a simple pendulum
consisting of a mass m attached to 2 massless

string of length [ is H = + mgr (1 —cos 0).

2 12

. dL
If 1. denotes the Lagrangian, the value of o
is—

(A) —%3;;9 sin  (B) —‘§p9 sin 20

(©) ? P cos 0 D) Ipg? cos 0

Which of the following set of phase-space
trajectories is not possible for a particle obey-
ing Hamilton’s equations of motion ?

53.

54.

55.

P P
O D
N N
e
x X
P P
- )
© |/ & o &

Two bodies of equal mass m are connected by
a massless rigid rod of length [ lying in the
xy-plane with the centre of the rod at the
origin. If this system is rotating about the z-
axis with a frequency w, its angular
momentum is—

(©) mlw (D) 2mPo

An infinite solenoid with its axis of symmetry
along the z-direction carries a steady current
I.

"

N

1'5
L,_/

The vector potential A at a distance R from
the axis—

(A) is constant inside and varies as R outside
the solenoid

varies as R inside and is constant outside
the solenoid

(B)

(C) varies as é inside and as R outside the

solenoid

(D) varies as R inside and as % outside the

solenoid

Consider an infinite conducting sheet in the
xy-plane with a time dependent current density



56.

57.

58.

39,

A
Kr¢i, where K is constant. The vector potential

) K A
at {x,y, z) is given by A :% (ct—z)* i. The

magnetic field B is—

HoKiA HoKz A

) 5= ®) -5

K K
© -2Ri-ni ©) -ERa-a]

When a charged particle emits electromag-

netic radiation, the electric field TE- and the
Poynting vector 5) = 1 TE)

X ]? at a large
o

. . 1 L
distance r from the emitter vary as — and —_
¥ ¥

respectively. Which of the following choices
for n and m are correct 7

(A)y n=1landm=1 By n=2andm=2
(C) n=1landm=2 (D) n=2andm=4
The energies in the ground state and first

. . 1.
excited state of a particle of mass m = yina

potential V (x} are — 4 and — 1, respectively,
(in units in which & = 1). If the corresponding
wave functions are related by Y, (x) =Yy (x)
sin A (x), then the ground state eigen function
is—

(A) Yy (x) =¥ sechx

(B) Yy (x) =sechx

(C) Py (x) =sech? x

(D) g {x) = sech’ x

The perturbation

= { Mo

acts on a particle of mass m confined in an
infinite square well potential

- {0

The first order correction to the ground-state
energy of the particle is—

—a<x<a
otherwise

—a<x<da
otherwise

ba ba
A —_— —_—
® 5 ® =
(C) 2ba (D) ba

Let |0> and |1> denote the normalized eigen
states corresponding to the ground and the

60.

61.

62.

CSIR Physical Sciences (D-2012) | 11

first excited states of a one-dimensional
harmonic oscillator. The uncertainty Ax in the

state —= ( |0> + |1>) is—
V2

(A) Ax =Vi2mo  (B) Ax =Viimo
(©) Ax=V2lmo (D) Ax =VHidme

What would be the ground state energy of the
Hamiltonian—

__»m &
T 2m ax?
if variational principle is used to estimate it
with the trial wavefunction 1 (x) Ae~ #* with
b as the variational parameter ?

—ad (x)

Hint :

_.[0 xn e—beZ dx = (Zb)—n—lﬂ T (n + %)
(A) — ma2 B) — 2maimie
(©) - mad?® (D) malind

The free energy difference between the
superconducting and the normal states of a
material is given by

4

AF:FS—FN:a\w|2+J§|w

where 1 is an order parameter and o and B
are constants such that « > 0 in the normal
and « < 0 in the superconducting state, while
B > 0 always. The minimum value of AF is—

(A) — /B (B) — o?/2p

() —3a22p (D) —5022p

A given quantity of gas is taken from the
state A — C reversibly, by two paths, A = C

directly and A — B — C as shown in the
figure below.

P| A

During the process A — C the work done by
the gas is 100 J and the heat absorbed is 150
T If during the process A — B — C the work
done by the gas is 30 J, the heat absorbed
is—
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63.

64.

65.

66.

(A) 20 (B)y 807
(©) 2207 (D) 280

Consider a one-dimensional Ising model with
N sping, at very low temperatures when
almost all the spins are aligned parallel to
each other. There will be a few spin flips with
egach flip costing an energy 2J. In a
configuration with r spin flips, the energy of
the system is E = — NJ + 27 and the number
of configuration is NC,; r varies from 0 to N.
the partition function is—

(A) (k;_T)N (B) e NikgT

(9] (smh —) D) (cosh—

A magnetic field sensor based on the Hall
effect is to be fabricated by implanting As
into a Si film of thickness | pm. The
specifications require a magnetic field
sensitivity of 500 mV/tesla at an excitation
current of I mA. The implantation dose is to
be adjusted such that the average carrier
density, after activation, is—

(A) 125x 1026 3 (B) 125 x 1022 3
(C) 41x 108 m3 (D) 41 %1020 m3
Band-pass and band-reject filters can be
implemented by combining a low pass and a
high pass filter in series and in parallel,
respectively. If the cut-off frequencies of the
low pass and high pass filters are w,"" and
0,1, respectively, the condition required to
implement the bandpass and band-reject
filters are, respectively —

(A) 0™ < o™ and my < mg
(B) o < e'?
Q) @ > w,F
(D) 0" > m,
The output characteristics of a solar panel at a
certain level of irradiance is shown in the
figure below.

LP
and o™ > m'F
and wyP < mytF
and o > @, 'F

=
[V
—

<=

67.

68.

69.

If the solar cell is to power a load of 562, the

power drawn by the load is—
(A) TW (B) 13W
(CO 50 W (Dy 45 W

Consider the energy level diagram shown
below, which corresponds to the molecular
nitrogen laser.

2
P
R; 111"511
— L
1 ~
1

If the pump rate R is 10?* atoms cm3 s~ 1 and
the decay routes are as shown with ©;; =20 ns
and t; = | ps, the equilibrium populations of
states 2 and 1 are, respectively —

(A) 10 cem? and 2 % 1012 em3

(B} 2x 102 cm 2 and 10 cm?

(C) 2x10™ e % and 2 x 106 cm—3

(D) Zero and 102 cm3

Consider a hydrogen atom undergoing a 2P
— 18 transition. The lifetime ¢,, of the 2P
state for spontaneous emission is 1-6 ns and
the energy difference between the levels is
10-2 eV. Assuming that the refractive index
of the medium #n, = I, the ratio of Einstein
coefficients for stimulated and spontaneous
emission B,y (w)}/A,,(m) is given by —

(A) 0683 x 1012 m3)-1s-1

(B) 0-146 x 1072 T s m~3

(C) 683 x 10" m*T- 1571

M) 1463 x 1072 T sm3

Consider a He-Ne laser cavity consisting
of two mirrors of reflectivities R; = 1 and
R; = 0-98. The mirrors are separated by a
distance d = 20 cm and the medium in
between has a refractive index ny = 1 and
absorption coefficient a = 0. The values of
the separation between the modes v and the
width Av, of each mode of the laser cavity
are—

(A) 8v =75kHz, Av, = 24 kHz

(B} 8v =100kHz, Av, = 100 kHz

(C) dv =750 MHz, Av, = 2-4 MHz

(D) 8v =24 MHz, Av, =750 MHz



70.

71.

72.

73.

74.

75.

Non-interacting bosons undergo Bose-
Einstein Condensation (BEC) when trapped
in a three-dimensional isotropic simple
harmonic potential. For BEC to occur, the
chemical potential must be equal to—

(A) Hel2 (B) #m
(©) 3hw2 D) 0

In a band structure calculation, the dispersion
relation for electrons is found to be

gx = P (cos k.a + cos ka + cos k,a),

where [ is a contant and @ is the lattice
constant. The effective mass at the boundary
of the first Brillouin zone is—

252 452
(A) 5[3{12 B) 5[3{12
e 2
(© 2[3{12 (D) 3[3{12

The radius of the Fermi sphere of free
electrons in a monovalent metal with an fec
structure, in which the volume of the unit cell

isa?is—
(A) (%?:2)113 (B) (3‘1_‘];2)113
®) +

(C) (Z_j) 1/3

The muon has mass 105 MeV/c? and mean
lifetime 2-2 s in its rest frame. The mean
distance traversed by a muon of energy 315
MeV/c? before decaying is approximately —

(A) 3 x 10°km (B) 2-2cm

(C) 66 pm (D) 1-98 km

Consider the following particles : the proton
p, the neutron n, the neutral pion n? and the
delta resonance A*. When ordered in terms of

decreasing lifetime, the correct arrangement
is as follows—

(A) n?, mn,p, A*
(C) p,n,al At

(B) p.n, A", b
D) At,n,n p

The single particle energy difference between
the p-orbitals {i.e., p5, and py,,) of the nucleus

14gn is 3 MeV. The energy difference het-

50
ween the states in its 1f orbital is—
(A) =7 MeV (B) 7MeV
(C) 5MeV (D) —5MeV

CSIR Physical Sciences (D-2012) | 13

Answers with Explanations

1. (C) Total number of slab
_ 2mx5mx3m
T 2mx5mx5cm
_ 300 cm _ 60
5cm
Length of pavement that can be covered with
these slabs
60 x5 = 300
2. (D) 3.(A)
4. (B) /
II
I/ la N
/ N
/x /
N/ a4
a a
2 2
a
cos 60° = 2
x
a
x = 2—a
=1=
2
I = Vat+a
=V2a
5.(A)
12m x
36-x
- x
« 36 >
(122 + (36 —x)F = x2
144 + (36)2 — T2x +x% = x2
144 + 1296 = 72x
1440 = 72x
1440
X = B2 =20
36—x = 36-20
= 16m
6. (B) 7.(B) 8.(B) 9.(C)
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10.

11.

12.

13.
14.

15.
17.

18.
20.

| CSIR Physical Sciences (D-2012)

(A) Let quantity is 100.

x% of 100 is 101%6“ = x
25% of 100 = 25
25% of 25 = 2515‘025: 625
x = 625%
(B) Sequence
3,3,6, 12,24, 48, .........
lim 2L =
n—w
(B)Let Lengthof AB = AB
Length of BC = BC
Length of CA = CA
(AB)* + (BC)* = (CA)?
TAB)? + t(BCYR = n(CA)?
T+II =1
(&
(A) N
=
g L]
(B} 16. (B}

(C) In a graph {C) in one time there are two
distance, but it is not possible.

{C) 19.(C)
{C) Distance between A and B is 2R.

2R = 7cm

7
R = , = 3-5cm
Length of river between A and B
2nR
y = nR

3-14x35=11cm
Itis given scale = 1 : 50000

Length of river between A and B in the ground
1T x 50000 cm

5-5km

21, (C) es, g6
Figen value follow characteristic equation

(%) =1 Q)
(%)

=1 .. (i)
e%n =1
Zn
et = 1
The minimum value of n = 60
£ x 60 .
e s = ell?,ﬂ
= cos 12w +isin 2%
=1
570 i
= cos 10m + i sin 10x
=1
22. (A)
23. (D) 3 win, 2 loss
1s., 1 5x4
3 Gi= x5
_ 5
T 16
24. (A) Unit normal vector Vvl
¢ = = bL2+ -1
ZxA 2 2
Vi = ol E}X + £
Atth ( b L)
e point \/—
Vo = Aig+lij\+l < 4
@’ \f3 1’2\6 < /3
Vi = 2 t+ j+ 2 k
\f?;a \fb \f?;c
. Vo
Unit normal vector Vol
2 :.\+ 2 :.\+ 2 I’E
.
_ \/ga ‘\/gb ‘\/gc
- 2N /2 N2 [ 2\2
=) T =) =
(Vo) () *(5)
i
1,11
al B e



I Ia 1A
) a b]+ k
~ 1B E + a? &+ At
al b2 e?
abc & abc s abc b
ae i e aoc
a b c

T Va2 4 B+ 2a

Aoa A
bei+caj+abk
Varb? + e + Ca?
No option are correct.

25.(D)

26. (D) M oh _"x’
m U bkl T m WW’W

Potential energy

1
k(x; — x> + B k(x;—x,)?

5
=)k + 2 2 b+ 2]
= % kx4 222 + 552 2x5(x; +x5)]
27.(C)  28.(D)
29. (A}
E,
W Y
E,, sin 45— f——>E, sin 45°
SN/
e | “y
E, q E,
*E, cos 45¢
+
E, cos 45°

Ep sin 45° will be cancel to each other.

E; = 2Eycos45°
g _, 1. Q 1
dnEg R~ T AnE R 5
g=v2Q
1
Q=—Fg¢q
V2

CSIR Physical Sciences (D-2012)
30.(©) /;// Wil %

The electric field fora<r<b

e

\

—= —= _ q_
[T = L
Gen = f pdv

,
f %43172 dr
N

Gon = Atk {r—a)
So, [E.d§ = L=
H EO

E4m? = M

=
E = Aotk (r — a)
431:60?‘2
E=fr=a g ocrh

The electric field for r > b

7 g8 = den
fE.dS = Eo
_ qen
JE.dS =&

Gon = fpdV = fi %431:?‘2 dr

Gy = 4k (b—a)
—= = qﬁ
So, fE.dS =

B A = dnk (b —a)

31. (B)

I5
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32. (C) +4 —q

—q +4
It is quadrupole.

Potential (V) for monopole proportional to % .

Potential (V) for dipole is proportional to % .

Potential (V) for quadrupole is proportional

1
to 3
Potential (V) for octapole is proportional to
1
F .
33. (A) ‘:'_'?
di
'
di4F
i+q
my
mg
Fe]ecl;mstaijc = Fgravitaijona]
F = mg
1 g9
Ans, 2dy T
I ¢ _
dme, 4 mg &
PO
lone, mg
d=—4
IV mg g,

34. (D) Wy = Yoo + 24y + 310 HV2 Yy
For normalization
W= Al 205+ 3Py w2 Y1l
IAR + 27 1A + (312 A2 + ¢/ 22 IAP = |
16A2 = 1

1
2 - =
A_16
1
A_4

1 2 3 V2
W= g W00t Wan + oo + 7 Wi
<L> = 3Pl

L, = mh
132 232 332
(Yo @) 1as C) 00

2
+ (%) Dk

35. (A) Vix) = %mm2 -

e o 2l
Vix) = 7 mo®
[+ 2 ) G
O (Y

Vix) = %m(xﬁ
moy® 2 mar
_ Ll a2 L@
Vix) = 5 Mo X 3 el
where X = x — a2
i

2

_ 1l a2 1 a
Vix) = 5 Mo X 3 el comst.

We know that if
Vix) = %moo2 X2
. 1
then total energy is { n + 5 ho

So, here
e
2mm?

Vix) = %mm2 X2 -

Total energy

_(+l)h a’
= PP 2) M T 02




36. (D) AP =

VePl>—<P>?
<P>= J‘qr* (—ihi) Wk
- ff:‘/ﬁ(a@ﬂ)(ihi)

ELCH- o)

15"1 [2a3 243

<P2> _ Eh_zﬁ _ﬁ
T84 3 T 248
AP = \J< P> < P>?
N ERE
AP = > -0

2| =

37.

38.
39,

4[15”2
V15
P (a2 — xg) dx
V15 Vis
<P>= f 45,2(3 —x2) m45,2
(—2x) dx
It is odd function.
<P> =10
Now,
<Pl>= qu* (mﬁﬁ) W dx
V15 (a?
<P2>_ f A‘ISTL( h’), dx2
V15
) (a® —x*) dx
2 ¥ 15 V15
<p>= [ o (@) () ==
=2y dx  40.
15 x 282 wa
= o oo @D
_ 3082 L2 *ta
ETT N

41.
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(C) Poisson Bracket
ax
[x: y]q,P - E [aqI :
Poisson Bracket [A, B]

gy dx dy
dp;, dp; dq;

where A = i(aP, —yP}, B =3P, + zP,)
[A,B] = ({PyO—- () i0) + (P, Z~xiP)
HOy-0P)]
= 0+—i[xP,+Pz]+0
[A,B] = —i[xP, +Pg]

Commutator Bracket = % (Poisson Bracket)
—i (k) [xP, + P,z]
i [xP, + P.z]

(&)
B) 80 = du+ dw
If process is adiabatic
folt)
a8 = =T
So, 88 =0
0 = du+dw
6w = —du=dw

Aw is perfect differential if process is adia-
batic.

(C) E=-7[8,8,+5,8,+8;8,]

S1. 85 and S; each of which can take values
+land-1.

For minimum energy

E=—J[1-01+11+11] A1)
E=-3]
E = -J[DED+ED D
+ (-1} (-1)]
E = -3J

So, minimum energy = — 3]
Number of spin configuration = 2.

L S TR
n=2 e e
R L

For one dimensional infinite square
well potential.
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n? 2 B2
Total energy ==
(1) n? K2 (2)2 2 B2
=X Tomir T omi2
(3)2 ﬂ:2 h2
+2x —2 R
28R 14 7P B
= 2ml2 T mlZ
42. By  43.(D)
4. (A) AT ATHLA=A
r’i/; s~
HIGH ) > y=A4B
****** NS 7 -kB
B~/ " Bi+1B=B

VD2 + ZVD For VD >0

ip =
=0 For Vi, <0
Equation i, .1+ Vp = 10
in +Vp = 10
Vpl+2Vp+Vp = 10
Vpl+3Vh 10 = 0
Vp?+5Vp 2Vp - 10 = 0
Vp(Vp+ 5} -2(Vp+ 5) = 0
(Vp-2) (Vp+5) = 0
Vp-2 =0
Vp = 2V
46. (B) 47.{A)
3
18, (A)J‘Cz—gfs‘f"+6 ¢ IzI:%
2’ dz

fc(z—2)(z—3)

fc(‘;:g) dz
(25)

i ——————
Z

20t (%) = —-16m

23

4

49. (C) 50.(Dy 51.{A) 52.(C)
53. (B)
2 n
Angular momentum = mvr
Total number of bodies = 2
r= 12
L = 2>-<v><i m
= 5
Lol
=2 ) @ Ty
1
=3 P om
L=ime
= ymbo
54. (C) Inside
fK ;l- = f(VxA)ds
A2nR = Bds
A2nR = pg ninR? (’
A o Mo ni R? i T
- 27R i
_ honmi i
A ) R .
V
Outside
fA-dl :f(VxA)ds
= B-ds
A2nR = ugnl

where r is radius of solenoid.

o nl wr?
2nR

ng nlr?

2R

1

R
oK

de
VxA

A_

A

A

o

A
{cr—2)i



B

56. (C) When a charged particle emits electro-
magnetic radiation

1 1
.

Ee«w=, B=x
r

S

57. (C)
58. (D) H!

1
E(n) —

59. (A) Ax

w

<x>

ExB

bla—x) —a<x<a otherwise
0

flp*Hllpdx

f \Pcos— bla— x)\f

T el
coszg f, cos —(ab bx) dx
Lot e b ¢
=7 f_a cos 22 abdnxfa f_a
9 X
X COS 2adx
2ab ¢ o
= o COS 2(170

a 2mx
bfo [1+cos 2a]dx
b[x +sinlx]
a lg
ab

Vexl> <x>?

LIO>+I1>
2

%<0I+<1Ix|0>+|1>

[+<Illa+at|0>+I11>
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f

1
<x> = 3\/2mm [<Olalo>

+<0lal >+ <llal0>+<llall>
+<01at10>+<0latl 1>

+<lla"l0>+<1la*11>]
\/T
=\
\/T
= M.z)(Q
h
N 2mm

[1+1]

|— b | —

) A
x> = 2mm
Now,
1k
<xt> = —<0l+<1l@+a"H?10
2 mow

>+11>

h
= —<0l+<1la®+a” +aa
2mem

+atald>+11>

h 2
= —<0l+<]lla+a
2mem
+ON+DI0>+11>
h
= —[<01+<1 la®+ a**1 0>+ 1 1>
2mm
+<O0l+<LI2N+110>+11> ]

B B
o 10421 =, 0
Ax = V<x2>—<x>?

h h )
= mo 2mm 2
60. (C) W) = Ae b
J v wax = 1

IAIZL et = ]

T
2 —_—
Al \/;

A

O]
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v - (@)JT e 6L. (B)
“\n/ ¢ 62. (B) 8Q = du+dw
<H> = <T>1+<V> In the process A — C
cr> = (B) [ P
0 p ,
h2h
T 2m
L o >
<V> = (%)2 J:m e v
T ) 150 = du+100
_ b
(S odm)etrds du = 150-100
= - (i—b)i o du = 50
Wb 2p\L Change in enternal energy (du) is state
<H> = T (;)2 a function. It does not depend upon path.
.
For ground state energy So, for process A = B —C
dH 0 8Q = du+ow
B 1va db 8Q = 50+ 30
1v2 1
Moive1l = 801
2 2y T
it o 63. (D) 64.(B) 65.(B) 66.(D) 67.(B)
b= T 68. (A} 69.(C) 70.(C) 71.(D) 72.(A)
S . - Y o 73. (D)
0, 4 Tkt 74. (C) Proton is stable particle.
Ground stat B om o2 Life-time of neutron 16 min.
rOUnG SAte SHEEY = om ot Life-time of 1 = 0-84 x 1016 sec.
5 2 o2 2 Life-time of A* = 10723 sec.
—|2-=] «
kit So, in decreasing order life-time

*ma?' p.n, J";Os At
ground state — J'Ehz 75. (B)

<H>
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PART A

1. There is an equilateral triangle in the XY

plane with its centre at the origin. The
distance of its sides from the origin is 3-5 cm.
The area of its circumcircle in cm? is —

(A) 385 (B) 49
(CO 6365 (D) 154

. A sphere of iron of radius R/2 fixed to one
end of a string was lowered into water in a
cylindrical container of base radius R to keep
exactly half the sphere dipped. The rise in the
level of water in the container will be—

(A) R/3 (B) R/4
(C) R/8 (D) R/12

. A crystal grows by stacking of unit cells of
10 x 20 x 5 nm size as shown in the diagram
given below. How many unit cells will make
a crystal of 1 cm® volume ?

N,
\j

- -
&>
Snm)| /ﬁ
10 nm

Unit Cell (not to scale)

T 7

A

i
-~ e i
-~ el

_/'//
]

- —} ’@
ety
3 nm N
10 nm

Crystal (not to scale)

(A) 10° (B) 10°

€y 10" (D) 1018

What is the value of L + L + L +
’ Ix2 2x3 3x4

L.t ?

(A) 273 (B) 1

<) 2 (D) =

. A solid cylinder of basal area A was held

dipped in water in a cylindrical vessel of
basal area 2A vertically such that a length A
of the cylinder is immersed. The lower tip of
the cylinder is at a height A from the base of
the vessel. What will be the height of water in
the vessel when the cylinder is taken out ?

(A) 2h B) %h

© 5h ®) 2h

. Of all the triangles that can be inscribed in a

semicircle of radius R with the diameter as
one side, the biggest one has the area—

(A) R2 (B) RW?2

(C) RW3 (D) 2R?
. Choose the largest number —

(A) 2500 (B) 3400

(C) 4300 (D) 5200

. A daily sheet calendar of the year 2013

contains sheets of 10 x 10 cm size. All the
sheets of the calendar are spread over the
floor of a room of 5m x 7-3 m size. What



10.

11.

12.

13.

14.

percentage of the floor will be covered by
these sheets ?

(A) 01 (B) 1
© 10 (D) 100

How many rectangles {(which are not squares)
are there in the following figure ?

(A) 56 (B) 70
(C) 86 (D) 100

Definea ® b = lecm {a, b) + ged {(a, b) and
a®b=a’+ b*. What is the value of (1®2) ®
(3®4) 7 Here lem = least common multiple
and gcd = greatest comimon divisor.

(A) 145 (B) 286
(©) 436 (D) 572

A square pyramid is to be made using a wire
such that only one strand of wire is used for
each edge. What is the minimum number of
times that the wire has to be cut in order to

make the pyramid 7
(A) 3 (B) 7
€ 2 D) 1

A crow is flying along a horizontal circle of
radius R at a height R above the horizontal
ground. Each of a number of men on the
ground found that the angular height of the
crow was a fixed angle 8 (< 45%) when it was
closest to him. Then all these men must be on
a circle on the ground with a radius—

(A) R+Rsinf (B) R+Rcos 9

(C) R+Rtan 9 (D) R+Rcotd
How many pairs of positive integers have ged
20 and lem 600 ?

(ged = greatest common divisor; lem = least
common multiple)

(A) 4 (B) 0
1 Dy 7
During an evening party, when Ms. Black,

Ms. Brown and Ms. White met, Ms. Brown
remarked, “Tt is interesting that our dresses

I5.

16.

17.

18.
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are white, black or brown, but for each of us
the name does not match the colour of the
dress!”. Ms. White replied, “But your white
dress does not suit you!”. Pick the correct
answer.

(A) Ms. White’s dress was brown.

(B) Ms. Black’s dress was white.

{(C) Ms. White’s dress was black.

(D) Ms. Black’s dress was black.

Two integers are picked at random from the
first 15 positive integers without replacement.

What is the probability that the sum of the
two numbers is 20 7

3 ®) 5

© Tes ©) 35

Identify the next figure in the sequence—

» @ ® &5
© =

© ‘%

In a customer survey conducted during
Monday to Friday, of the customers who
asked for child care facilities in super
markets, 23% were men and the rest, women.
Among them, 19-9% of the women and &-8%
of the men were willing to pay for the
facilities.
1. What is the ratio of the men to women
customers who wanted childcare faci-
lities ?

2. If the survey had been conducted during

the weekend instead, how will the result
change 7

With the above data,—

(A) Only 1 can be answered

(B} Only 2 can be answered

{C) Both1 and 2 can be answered

(D) Neither 1 nor 2 can be answered

The map given below shows contour lines

which connect points of equal ground surface
elevation in a region. Inverted ‘V’ shaped
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19.

20.

21.

portions of contour lines represent a valley
along which a river flows. What is the
downstream direction of the river ?

Nt

Scale = 1 : 3000

(A) North (B) South
(C) East (D) West

During a summer vacation, of 20 friends from
a hostel, each wrote a letter to each of all
others. The total number of letters written
was—

(A) 20 (B} 400
(C) 200 (D) 380
D C
i North
1 4
h B : »Bast

A person has to cross a square field by going
from A to C. The person is only allowed to
move towards the east or towards the north or
use a combination of these movements. The
total distance travelled by the person—

(A) Depends on the length of each step

(B) Depends on the total number of steps
(C) Is different for different paths

(D) Is the same for all paths

PART B

Two identical bosons of mass m are placed in
a one-dimensional potential V{x) = %muﬁx?.
The bosons interact via a weak potential,

Vg = Vi expl— mE2 (x; — x,)%/4k)
where x; and x, denote coordinates of the

particles. Given that the ground state
wavefunction of the harmonic oscillator is

V4
Polx) = (:;?) e~ ™x2% The ground state

22,

23.

24.

energy of the two-boson system, to the first
order in V, is—

(A) ho +2V,

Yof2
(B) #ioo +~ -

N1
(C) Hm +V, (1 + %)

(D) #o + Y, (1+%)

Ten grams of ice at 0°C is added to a beaker
containing 30 grams of water at 25°C. What
is the final temperature of the system when it
comes to thermal equilibrivm ? (The specific
heat of water is 1 cal/gm/°C and latent heat of
melting of ice is 80 cal/gm).

{A) 0°C B) 75°C

(Cy 12-5°C (D) —1-25°C

A vessel has two compartments of volume V;
and V,, containing an ideal gas at pressures py
and p,, and temperatures T, and T, respec-
tively. If the wall separating the compartments

is removed, the resulting equilibrium tempe-
rature will be—

2T+ pTy
A) =——————
pPitp:
VITI + V2T2
Vi+V,

(©) Ty +pa Vo
OV T) + (Vo T3)

D) (T T

For temperature T; > T,, the qualitative
temperature dependence of the probability
distribution F(v} of the speed v of a molecule
in three dimensions is correctly represented

(B)

by the following figure —
@ | AT,
A
SR
VAPANIRN
(B) . \Tl
A
&5 o \
VSVANEEAN




25.

26.

27.

(©)
T:,//'\ v

VAN

F(V)

(D) /’\\Tl
[
/N
/S \/\ :
i
Vv

F(V)

A system of non-interacting spin — 1/2
charged particles are placed in an external
magnetic field. At low temperature T, the
leading behaviour of the excess energy above
the ground state energy, depends on T as—

(¢ is a constant)
(A) T
(B) T3
(C) e-9T
(D) ¢ (is independent of T)

The acceleration due to gravity g is
determined by measuring the time period T
and the length L, of a simple pendulum. If the
uncertainties in the measurements of T and L
are AT and AL respectively, the fractional
error Ag/g in measuring g is best approxi-
mated by—

ALL AT
L T

IALI | RATI
B 5+

| JALe | ate
© N7 1
o NG -G

A silicon transistor with built-in voltage
0-7 V is used in the circuit shown, with
Veg =97 V,Rg =300k, Vo =12V and
R =2 k€. Which of the following figures

correctly represents the load line and the
quiescent Q point ?

(A)

28.

29,
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A

¥V

IB =
— 35uA
32 pA

0 9.7 Veg(V)
@y

Ig=
35 A

6h. 3 WA

- 30 A

0 12 Vep(V)

(ST Ig=
(maJ 35 A
6 321A
30 nA

! o

0 12 Wep(V)
D) ic Ip=
TEN) 35 pA
-32 nA
" 30 pA

0 9.7 Vee(V)
If the analog input to an 8-bit successive
approximation ADC is increased from 1-0 V
to 2-0 V, then the conversion time will —
(A) remain unchanged
(B} double
(C) decrease to half its original value
(D) increase four times

The insulation resistance R of an insulated
cable is measured by connecting it in parallel
with a capacitor C, a voltmeter, and battery B
as shown. The voltage across the cable
dropped form 150 V to 15 'V, 1000 seconds
after the switch S is closed. If the capacitance
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30.

31.

32.

33.

of the cable is 5 pF, then
resistance is approximately —

its insulation

BY V@ R c=
(A) 10° (B) 10° @
(C) 107 Q (D) 106 Q@

The approximation cos 8 = 1 is valid up to 3

decimal places as long as 101 is less than—
(take 180%m ~ 57-29°%)

(A) 1-28° (By 1-81°

(Cy 3-28° (D) 4-01°

The area of a disc in its rest frame § is equal
to 1 (in some units). The disc will appear
distorted to an observer O moving with a
speed u with respect to S along the plane of
the disc. The area of the disc measured in the
rest frame of the observer O is (¢ is the speed

of light in vacuum)—
N2
® (1-5)

(A) (1 _L;_j)lﬂ
0 () ()

A particle of charge ¢ and mass m is located
at the midpoint of the line joining two fixed
collinear dipoles with unit charges as shown
in the figure. (The particle is constrained to
move only along the line joining the dipoles.)
Asgsuming that the length of the dipoles is
much shorter than their separation, the natural
frequency of oscillation of the particle is—
+—R—3>«—R—»

o

s |
-

: e, m ?
Lo e Lo
s P
2d 2d
6e2R2 62R
(A) egmd (B) negmd*

A | SEd A | b
(© mEgmR3 D) megmR?
A current T is created by a narrow beam of

protons moving in vacuum with constant

.
velocity u . The direction and magnitude,

34.

35.

36.

37.

respectively, of the Poynting vector S outside
the beam at a radial distance r (much larger
than the width of the beam) from the axis,
are—

12

4mte, \;| 7
2

(A) SLluand|S|=

B) SHEu)and |S | = —
ey | u | v
© Siwmd|T| =——
drtey | u | 2
— — — &
® Sluand|S|=

—
dntey | u | r*
If the electric and magnetic fields are unchan-

ged when the vector potential K changes (in

A+ 7
where 7 = r ) ?, then the scalar potential &
must simultaneously change to—

(A ©-r B) D+r

(C)y © —arfor (D) @ + ar/ot

Consider an axially symmetric static charge
distribution of the form,

2
P =po (?) e~ " cos? ¢

The radial component of the dipole moment
due to this charge distribution is—

(A) 2mpory? (B) mpyrp?

(€) poro* (D) stpore*/2

In a basis in which the z-component Sy of the
spin is diagonal, an electron is in a spin state

_((1+z)/\/73)
\ vVan

The probabilities that a measurement of Sz

3
suitable units) according to A —

will yield the values %/2 and — #/2 are, respec-
tively,—

{A) 1/2 and 172 (B) 2/3and 1/3

(Cy 1/4 and 3/4 (D) 1/3 and 2/3

Consider the normalized state h)> ofa particle

in a one-dimensional harmonic oscillator—
> =b 10D +b, 11>

where 10> and | 1> denote the ground and first

excited states respectively, and b, and b, are

real constants. The expectation value of the



38.

39,

40.

41.

42.

displacement x in the state hp> will be a
minimum when—

1
(A) by=0,(by=1) (B} by=——1b
2 1 2 ﬁ 1

(© by=3h (D) by =by

A muon (i) from cosmic rays is trapped by a
proton to form a hydrogen-like atom. Given
that a muon is approximately 200 times
heavier than an electron, the longest wave-
length of the spectral line {in the analogue of
the Lyman series) of such an atom will be—

(A) 5624 (B} 667 A

(©) 3754 D) 1334

The un-normalized wavefunction of a particle
in a spherically symmetric potential is given
by

W(r)=zf ()

where f (7} is a function of the radial variable

7. The eigenvalue of the operator fz' (namely
the square of the orbital angular momentum)
is—

(A) W24 (B) #2/2
€ u* (D) 212
Given that

o0 In

2y = o+ 2
X H e
the value of H, (0) is—
(A) 12
(C) 24

(B) 6
D) -6

. A .
A unit vectorn on the xy-plane is at an angle

A
of 120° with respect to i. The angle between

- A A e A A
the vectors ¥ =ai+bnand v =an+b i

will be 60° if —

(A) b=V3a2 (B) b=2aN3

(C) b=ar2 D) b=a

With z = x + iv, which of the following

functions f (x, y) is not a {complex) analytic
function of z 7

(A) flx,yy=(x+iy—8) (4+x% —y* + 2ixy)
B) flxyy=&+p)y (1-x-i)

(€ flxyy=0 -y +2ixy -3y

D) fle,y=0-x+)* 2 +x+ i)

43.

44.

45.

46.
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A planet of mass m and an angular momentum
L moves in a circular orbit in a potential, V
(r) = — kir, where k is a constant. If it is
slightly perturbed radially, the angular
frequency of radial oscillations is—

(A) mk2W 213 (B) mk2/L3
(C) V2mk1? D) V3mk2/3

The Lagrangian of a particle of mass m
moving in one dimension is given by —

L= % mx* — bx
where b is a positive constant. The coordinate
of the particle x () at time ¢ is given by : (in
the following ¢, and ¢, are constants) —

(A) —;;f2+clf+C2

(B) CII+CZ

{(C) ¢y cos (%) + ¢, sin (%)

bt . bt
(D) ¢y cosh (m) + ¢, sink (m)

A uniform cylinder of radius r and length I,
and a uniform sphere of radius R are released
on an inclined plane when their centres of
mass are at the same height. If they roll down
without slipping, and if the sphere reaches the
bottom of the plane with a speed 'V, then the
speed of the cylinder when it reaches the

bottom is —
14+
@ Y\5rr ® V\/isg
4V 14
(©) N D) V\[—S

PART C

The components of a vector potential
Ay =(Ag, A1, Ay, Ag)
are given by
A, =k (- xyz, yzt, zxt, xy1)

where k is a constant. The three components
of the electric field are—

(A) kOz,zx,xy) B) kix,y.2)
{C) (0,0,0) D) k(xt, v, zt)
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47.

48.

49.

50.

In the Born approximation, the scattering
amplitude f£(0) for the Yukawa potential

V (r) M
is given by —
(in the following b = 2k sin 2, E= h2k2/2m)
2m| 2m|
(A) - 2 (ﬂz + b2)2 (B} - 2 (ﬂz + bZ)
© —2B o 2mp
\/74-1)2) h?, (ﬂ?, + b?,)?:

If 1, denotes the eigenfunction of the
Hamiltonian with a potential V = V {r) then
the expectation value of the operator L2 + L:%
in the state

1
W= 5 [31P211 + Y20 V15 11’2171]
is—
(A) 39K2/25
(©) 2 D) 2642725

An oscillating current T (7) = Iy exp (— o)
flows in the direction of the y-axis through a
thin metal sheet of area 1-0 cm? kept in the
xy-plane. The rate of total energy radiated per
unit area from the surfaces of the metal sheet
at a distance of 100 m is—

(A) Lyw/(12meyc?) (B) 1> w¥(12ng,c?)
(O I 2e/(121e,e®) (D) Lo/ (24ne,e%)

(B) 13k2/25

Consider a two-dimensional infinite square
well

ven={2

Its normalized eigenfunctions are

2o () ()
Yn,, n, (x,y) = Jsing = sin {\ —
where n,, n, = 1,2, 3, ... If a perturbation—
o VO
w={Y
is applied, then the correction to the energy of
the first excited state to order VO is—

-

mﬁ%[kwﬂ]<m b—%z

O<x<a,
otherwise

O<y<a

a a
0<x<§, 0<y<5

otherwise

51.

52.

53.

54.

55.

Consider a system of two Ising spins S, and
S, taking values + 1 with interaction energy
given by e = — I §,8,, when it is in thermal
equilibrium at temperature T. For large T, the
average energy of the system varies as C/kgT,
with C given by—

Ay -28 ®) -1

<y 17 o)y 4

Consider three particles A, B and C, each
with an attribute S that can take two values
+ 1. letSy,=1,8Sg=1and So=-1ata
given instant. In the next instant, each S value
can change to — S with probability 1/3. The
probability that S5, + Sg + Sc remains
unchanged is—

(A) 2/3 (B) 1/3

€y 2/9 D) 4/9

The bound on the ground state energy of the
Hamiltonian with an attractive delta-function
potential, namely
2 g2
H=- ;1 §x2 ad (x)
using the variational principle with the trial
wavefunction 1 (x) = A exp (— bx?) is—

o0

e dt=T (a+ 1]
(A) — mo®Anh? B) — ma/2mh?
(C) — moimh? D) — ma~ 50

Consider two different systems each with
three identical non-interacting particles. Both
have single particle states with energies gg,
3ey and 5gq, (gg > 0). One system is popu-

[ote

lated by spin— % fermions and the other by

bosons. What is the value of Ep — Eg. Where
Egr and Ey are the ground state energies of the
fermionic and bosonic systems respectively ?
{A) 6 (B) 2¢

(©) 4 D) &

The input to a lock-in amplifier has the form
V, {f)y="V,sin (wf + 8 where V,, @, 0, are the
amplitude, frequency and phase of the input
signal respectively. This signal is multiplied
by a reference signal of the same frequency
m, amplitude V, and phase 0, If the
multiplied signal is fed to a low pass filter of



56.

57.

58.

cut-off frequency w, then the final output
signal is—

(A) 3 ViV, cos (6, 6,)
B) Vv,

[cos (8;—9,)—cos (% oi+0; + Br)-
(C) V;V,sin(6;-86,) —
D) Vv,

[cos (6,—0,) + cos (% oi+0; + 8,)

The solution of the partial differential
equation

92 92
@u(x,a‘)f@u(x,t)zo
satisfying the boundary conditions u (0, £) =0
= u (L, #) and initial conditions « (x, 0) = sin

(rx/L) and% u{x,1)| ;2o =sin (2mx/L) is—
(A) sin (mx/L) cos (/L)
+ % sin (2mx/L) cos (2mt/1.)
(B) 2 sin (mx/L) cos (mm#/L)
— sin (yux/L) cos (2mt/L)
(C) sin (mx/L) cos (2me/1)

+ % sin (2mx/L) sin (m#/1.)
(D) sin (mx/L) cos (m#/1.)

+ i sin (2mx/L) sin (2r#/L)
Consider the hydrogen-deuterium molecule
HD. If the mean distance between the two
atoms is 0-08 nm and the mass of the
hydrogen atom is 938 MeV/c2, then the
energy difference AE between the two lowest
rotational states is approximately —

(A) 10-!eV (B) 10-2eV
(©) 2x10-2eV D) 10-%eV

Four digital outputs V, P, T and H monitor
the speed v, tyre pressure p, temperature ¢ and
relative humidity h of a car. These outputs
switch from O to 1, when the values of the
parameters exceed 85 km/hr, 2 bar, 40° C and
50%, respectively. A logic circuit that is used
to switch ON a lamp at the output E is shown
ahead.

a9,

60.

61.

62.

63.
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Which of the following conditions will switch
the lamp ON ?

(A) v <85km/r, p <2 bar, t>40°C,

h > 50%
(B) v <85kmtr, p <2bar,t>40°C,

h < 50%
(C) v>85kmtr, p <2bar,t>40°C,

h < 50%
(D) v>85km/r, p <2 bar, 1< 40°C,

h > 50%

dr
= x? with the initial condition x {0) = 1 will
blow up as ¢ tends to—

A) 1 B) 2

)y 12 (D) =

Let u be a random variable uniformly
distributed in the interval [0, 1]and V =—c 1In
i, where ¢ is a real constant. If V is to be
exponentially distributed in the interval [0, 0]
with unit standard deviation, then the value of
¢ should be—

The solution of the differential equation

{A) In2 (B) 172
©y 1 Dy ~1
The inverse Laplace transform of —52 G+ 1)
is—
(A) Lt B) 1241
2 2
C)t-l+et (D)%ﬂ(l*‘ff)

The number of degrees of freedom of a rigid
body in 4 space-dimensions is—
(A) 24 (B) 6
(C)y dd+1)72 D) 4!
A particle of mass m is at the stable equili-
brium position of its potential energy

V (x) =ax —bx?
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64.

65.

66.

67.

where a, b are positive constants. The
minimum velocity that has to be imparted to
the particle to render its motion unstable is—

(A) (64a3/9m2b)ylH (B) (64a3/27mb)l*
(O (162°27Tm>BYV* (D) (3a’/64m*b)yV*
If the operators A and B satisfy the commu-

tation relation [A, B] =1, where I is identity
operator, then—

(A) [¢A,B]=e*
(C) leM B]

(B) [¢*, B] =[e®, A]

=[e"P,A] (D} [¢%,B] =

A system is governed by the Hamiltonian
1 1
H =2 (pe—an)? +5 (py - bx)

where a and b are constants and p,, p, are
momenta conjugate to x and y respectively.
For what values of a and b will the quantities
(p. — 3y) and (p, + 2x) be conserved 7

(A) a=-3,b=2 B)a=3,b==-2
(C) a=2,b=-3 Dy a=-2,b=3

Using the frequency—dependent Drude for-
mula, what is the effective kinetic inductance
of a metallic wire that is to be used as a
transmission line 7 [In the following, the
electron mass is m, density of electrons is »n,
and the length and cross-sectional area of the
wire are [ and A respectively.]

(A) mA/(ne’l) (B) Zero
(C) mi/(ne’A) (D} mY Al(ne*i?)
The phonon dispersion for the following one-

dimensional diatomic lattice with masses M,
and M, (as shown in the figure)

K
S N Y SN 1 A 5 A
M, M, M, M
is given by

1
2 —_ _ L
o? () =K M1+M2)

4 M1M2
M,

1+ 1-

v (9)
where a is the lattice parameter and K is the
spring constant. The velocity of sound is—

K (M; + M,)
AN T, @

68.

69.

70.

71.

K
By N2, + M) °
KM M
© - / (Mlll:-sz 2)a
[ XMM,
D N 2, v,

The binding energy of a light nucleus (Z, A)
in MeV is given by the approximate formula

B (A,Z) = [6A — 20A%3 — % Z2A15

+30ﬂ¥£

where N = A — Z is the neutron number, The
value of Z of the most stable isobar for a
given A is—

AB A
@A) (1 Y @2

AZ/S A4/3
{C) 2 (1 120 (1+

Muons are produced through the annihilation
of particle @ and its antiparticle, namely the
process
a+a —=pt+pu

A muon has a rest mass of 105 MeV/c? and
its proper life time is 2 ps. If the centre of
mass energy of the collision is 2-1 GeV in the
laboratory frame that coincides with the
centerofmass frame, then the fraction of
muons that will decay before they reach a
detector placed 6 km away from the
interaction point is—
A) ! B) I-e!
C) 1-¢7 D) 10
The conductors in a 0-75 km long two-wire
transmission line are separated by a centre-to-
centre distance of 0-2 m. If each conductor
has a diameter of 4 cm, then the capacitance
of the line is—
(A) 8-85nuF (B) 88-5nF
(C) 8-85pF (D) 8-85nF
The electron dispersion relation for a one-
dimensional metal is given by —

£, = 2eq [sinz%f% gin? ka]
where %k is the momentum, a is the lattice
constant, g, is a constant having dimensions



72.

73.

74.

75.

of energy and |ka| <. If the average
number of electrons per atom in the conduc-
tion band is 1/3, then the Fermi energy is—
(A) &4 {B) &g

(©) 2e4/3 (D) 5e4/3

The electronic energy levels in a hydrogen
atom are given by E, = — [3-6/n? eV. If a
selective excitation to the n = 100 level is to
be made using a laser, the maximum allowed
frequency linewidth of the laser is—
(A) 6:5MHz (B) 6:5 GHz
(C) 6:5Hz (D) 6-5kHz

If the energy dispersion of a two-dimensional

electron system is E = #@hk where u is the
velocity and % is the momentum, then the
density of states D(E) depends on the energy
as—

(A) IVE
(G E

Consider the laser resonator cavity shown in
the figure.

(B) VE
(D) Constant

Rl == I R?, :R
§<’ """"""""""""""" E """""""""""""" L
D
I =
N
M, P M,

If 1, is the intensity of the radiation at mirror
M, and o is the gain coefficient of the

medium between the mirrors, then the energy
density of photons in the plane P at a distance
x from M, is—

(A) dfeye™=

B) difcye™

(C) (Li/c} (™ + &)

D) (L/c) e

A spin-% particle A undergoes the decay

A—-B+C+D
where it is known that B and C are also spin-

% particles. The complete set of allowed

values of the spin of the particle D is—

3.
4.
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1 3 5
(A) 2> ]" 2> 2> 25
B) 0,1

1
{C) 5 only

3, ..

1357
(D 2> 2> 2> 2:
Answers with Explanations

The area of circumcircle
m(7)? = 154

. (D) Volume of half the sphere

2 (B) = 2,

3™M2) T 37%
1
—- 3
=177k

Volume of rise water = nR2h

where A is rise in the level of water 113 nR3
= nR2h
R
ho= 12
(D)
1 1 1

03)1x2+2x3+3x4+ .........

(I 1) (1 1) (1 41
> + 273 + 3 +.o
=1

. (B) Volume of rise water due to cylinder

2Ah—Ah = Ah

after removing the cylinder, height of water
is hl

2Ah; = 2Ah+ Ah
3
Ay = SAh
3
ho=Sh
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10.

11.
12.

13.
14.

15.
19.

20.

21.
22.
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(A}

Area =

Area =
(B)
(C) Area of total sheet in the year 2013
10 x 10 % 365 cm?
Percentage of floor covered by these sheets
10 x 10 x 365

500 x 730 < 100=10
(B}
G (192)® 34
(I2+21)y ® (3% + 4%
3 ® 145
LCM.(3,145)+ G.C.D.(3, 145)
435+1 = 436
(D}
R
(D) tan 8 = <
x = taI;B =Rcotb
Soradins R+x = R+Rcoth
(A)
{C) Ms.Brown — White
Ms.Black — Brown
Ms. White — Black
(B) 16.(Cy 17.(A) 18.(B)

(D) Each friend wrote 19 letters
Total number of letters 20 x 19 =380

(D) Person will be move by path ABC or
ADC, both paths have same distance.

C)
(A) Heat required to melt 10 gram of ice at
0°C,

Q = mL (latent heat)

Q = 10 x 80 = 800 Joule
heat loss by 30 gram of water at 25°C to 0°C

= mCAD

30 x 1 x{25-0)
750 Joule

23,

26.

27. (B
31.

heat loss by water at 25°C to cold 0°C

= 750 Joule
but heat required by ice to melt 800 Joule.
So, finally ice will not completely melt.

Final temperature of system when it comes to
thermal equilibrium will be 0°C.

C) 24.(A) 25.(C)
l
Dy T-= 23'5\/;
T = 4J‘IZ2£,
So, g = 4J‘E2%
{
g = 43‘E2T2
An dl An? 1(2)
dg = T2 + T3
4n? dl
dg T2 42 [ ()T
- n 5
g s T
4t —
T 2 L
A T2
dg _dl 2dT
g T

The fractional error R.M.S. %g‘g is

\/ (L) -Cr)

28.(A) 29.(B) 30.(B)
(A) In the rest frame 'S' disc looks like disc.
and its area is ma?, where a is radius. But
according to moving frame it looks like
ellipse and its area mab

/ il
where b = a. 1—62
/ 2
i
2 L —

Area of disc according to Observer 'O’
Area of disc according to Observer 'S' ~

SNEN

Area of disc accordmg to Observer ‘O’

1>
= \fl—c2




32.

33.

34.
35.

36.

o+ R R
Fe2ds! em  R2d>

After the charge displacing x, force acting on
charge particle is

B - 1 [ et N et
= oy LR—d—x? T R+ d+x)?
2 2
T (R+d-—x)? 7(R+d+x)2]
_ _6eld )
M= e RV
6c2d
= e, mR4 =)
a e« (-x)
So, it performs S . H.M.
o = 6eld
" ngegmR*
I
o= megmRY
1 1
{C) E = . B = "
g = ExB . 1
o r

Direction of wave is same as Direction of
poynting vector. So option (C) is correct.

C)
(A) p=rg For radial
S o 2 —rir
P = fofoforpﬂ(:) e
cos? ¢ r2 sin O drdd d¢
= 2mpg rgt
141
(D) ¥ = \/g
= ’\/5
3
The probabilities that a measurement of S,
A
will yield the Valuei and — o e
1+i(?> 1
Ve 3
NI
3 T3

37.

38

39.

40.

41.

42.

43.
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D) 1¥> = b 10>+by 11>
by 12 + b, = 1
<WIxIW> = b2 <0lxl0>+hy?

<1z 11> +b by <0lxl1>
t by by <11x10>
= b12+b22+2b1b2 <0lxI1>

[ &
= b+ by +2bby 5 =

<Ola+a*ll>

/ h
= b2+ b2 +2bb, .

It will be minimum when b, = b,.

B)
D) L2 = Ig+ 1) A
itf1=0 2 =0
it1=1 L2 = 22
(A)
€ w.v = @hebh) (ah+bd)
w.v = @@ hyrabrba+r A M

(V@ + b% + 2ab cos 120)2 cos 60
= a?cos 120+ 2ab + b2 cos 120

(a? + b? — ab) 51

a* b2
= + 2ab — ”
at+ bt = 2ab+%ab
a’ + B = %
a
b= 2

(D} For a analytic function C.R. equation
should be satisfied but in option (D) C.R.
equation is not satisfied.

(B) Radial oscillation is
V'
0 =
m
L &
Veer = 2mrt r
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44. (A)

V‘

eef

L?,

mr
1.2

mK ~

V"

eef

V"

eef

_ 2
2Lk

2mr?

+3L2 2k
mt P

3L’

O G

312 . mt k472km3 k*
mLE LS
A kB 2w i
L6 L6
me K

VA
AN

mk?
L3

mi3 I

= mx2 - bx

=
1l

Equation of motion

d {dL @_0

di ax
aL
ax

oL

dx

|
|
=

g,
+
o
1
o]

=
1l
| |

Sﬁ‘ﬁlﬁ‘ﬁlq‘ﬁ\ﬁ‘
"
o

&
I

— tdt + eqdt

b 2
—%I+Cll+(32

-
1l

45.
48.

49.

50.

D)  46. (C) 47. (B)
2 2 2 _
(D) LI+L2+17 = 12
L2+L2 = L2-L7
<WILI-LZ1¥>
[1 (1+D)A2 - 1h2]+ [1(1+1)h2 0R]
5
+—5[1 (1+1)#2—142]
i 2 l 2 — £2
ERR T %h
_26,
=257
(B)

2. Ty TTXY . nyﬂ:y)
®)W, , ) =2sin (") s (M

EY = [w, H'W, dvdy

af2 Lal2

=Jo [o
2o () 0 ()] o

For First excited state n, = 1,n,=2

2&
4V0 a2 a2 | LT COS
g S
I - co:~_.‘4—ﬂ:)i
__?i_h@

4V, mzfazz 2mx
432f 0 (I—c:osa)

7
v sin=——= | 2 sm4— 2
__0
=[x+ o x+ in
L [ 0 4] 0
Vo, 64
! _1i9n2]




53. (C)

1

+00
J v wadx
AR [ T
2 I
Al \/;) -1
1
A= (&)z
A

Wix) = Aeds®

1
W= (&)Z g
It

<H> =
<T> =
b
<V> =
1
Nor
It
b
<H>=—-
2m

For ground state energy
dH

<T>+<V>

@% R
GOy S

*Flzaﬂ
)
(%a) o

2m
% % +w b2
G I

( ad(x)) e dx

1
G e
T

a =Y
o1y
m 2 e =0
M 2wV
_ 2m?o?
T omh
2 2
So, ath = 22:}%4& R
7. 2mlal
HZuia = =
—ma?
<H>,, =~

okt

I o2\ L
(22}%0[)2&

54.

55.

58.

59.

60.
o1.
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(B) For boson total energy 3¢,

For fermion total energy

= 2EO + 380
= SEO
EF_EB = 550—350
= 250
(A} 56. (D) 57.(B)
¢ 1
(&) V—{ > | ~ 1+1=1

0\_»1‘@_/

1P~ [ —"1+0=1
TH/»%oTj |
H 1~ W/— 0+H0=0
dx _
(A) a =t
dx
&= fa
1
-——=1i+c
x
as given condition
x0 =1
—% =0+c¢
c= -1
So ayt =71
x
F=1- 1
X
If X =
t=1
(&)
(C) Laplace transform of
t—1+e?

I

2 st e+l

L1 1
T2 s s+l
s+l -5+
- S (s+1)

1

S5+ 1)
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62. (C) The number of degrees of freedom of
rigid body in 3-space-dimension

Ix3-3=6
Putting d=73
dd+1) 33+1)
In 2 T2
=6
So number of degrees of freedom of a rigid
body in d-space is i(‘%)'
63. (B) o4.(4A) 65.(D) 66.(C) 67.(B)
1
68. (A) B(A.7) = 16}\720}\2/373122 A3
7y
3o N=ZF
A
3 1
B(A,7) = 16A720A2/37Z22A 3
10 (A - 27y
A
B _ 3 -1/3
a7 —4x2A Z
+30 x 2%1(72)

3

- 7-A—1/32+ ﬁ (Aizz)

2

A

73.(C)

dB 3 Z
e A I L Z
7 = 2A 7 — 120 + 240 A
B _
azZ. 0
3 240
_Z a3 2T -
( 2A + A)z 120
120
7Z=—-—————
m_zA_m)
A2
120
7 =
&(1 7#1@3)
A 2 x 240
A
Z= A3
2 (1 160
A A2/3 -1
Z=73 (1_160
70.(D) 71.(A)  72.(B)
75.(D)
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10.

11.

12.

13.

14.

A circle of radius 7 units lying in the fourth

quadrant touches the x-axis at (10, 0). The

centre of the circle has coordinates —

(A) (7,7) (B} -10,7)

(C) (10,-7) D) 7,-7)

A cylinder of radius 1 cm and height 1 cm is

broken into three pieces. Which of the

following must be true 7

(A) At least one piece has volume equal to
1 cm?

(B) At least two pieces have equal volumes

(C) At least one piece has volume less than
1 cm?

(D} At least one piece has volume greater
than 1 cm?

For real numbers x and v, x2 + (y— 42 = 0.
Then the value of x + v is—

(A) 0 (B) 2
© V2 D) 4

A car is moving along a straight track. Its
speed is changing with time as shown
below—

Speed

\

/N

[==]

0 Time
Which of the following statements is correct ?
(A) The speed is never zero
(B} The acceleration is zero once on the path

(C) The distance covered initially increase
and then decreases

(D) The car comes back to its initial position
once

If a +b5+4+c+d + e =10 (all positive
numbers), then the maximum value of a2 x & x
exdxeis—

(A) 12 (B) 32
(C) 48 D) 72
How many nine-digit positive integers are
three, the sum of squares of whose digits is 2 7
(A) 8 (B} 9
Cy 10 ) 11

I5.

16.

17.

18.

19.
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. . . 1 1
‘What is the arithmetic mean of [x2° 23
1 1 1 o
Ix4 4xs5 T 100 = 101 °
1
(A) 001 (B) 101
+ 1
(©) 0-00111... (D) %50"51

Consider the sequence of ordered sets of
natural numbers :

{1}, {2, 3}, {4,5,6},(7,8,9, 10}. What is
the last number in the 10th set ?

(A) 10 B) 19

(C) 55 (D) 67

366 players participate in a knock-out
tournament. In each round all competing
players pair together and play a match, the
winner of each match moving to the next
round. If at the end of a round there is an odd
number of winners, the unpaired one moves
to the next round without playing a match.
What is the total number of matches played ?

(A) 366 (B) 282
(C) 365 (D) 418
What does the diagram above establish 7

/’/ \

i/

\_

Note : The diagram is a circle inside a square.
(Ay n>3

B) n=2V2

C) n<4

(D) mis closer to 3 than to 4

There are 2 hills, A and B, in a region. If hill
A is located N 30° E of hill B, what will be
the direction of hill B when observed from

hill A ? (N 30° E means 30° from north
towards east)—

(A) S30°W
(C) S30°E

B) S 60°W
(D) S 60°E
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20.

21.

22.

23,

24.

25.

(25+5432x4) + (16 x4—3) =

(A) 61 (B) 22
© 5 ™) 16
PART B

If A, B and C are non-zero Hermitian
operators, which of the following relations
must be false ?

(A} [A.B]=C
(C) ABA=C

The expression
82 8t ¢ 92

dx,? E)xa ax32 0x,2

B) AB+BA=C
D) A+B=C

1
(.X12 + x22 + X32 + X42)

is proportional to—

(A) 8 (%) +x) + 23 +x4)

(B} & (x1) 6 (x2) 8 (x3) 8 {x4)
(C) (}Cl?' + X22 + X32 + X42)_3I2
(D} (x* +x2 +x5° + x,5)7

by

Given that the mtcgralfw Tia2 "2y the
value of.]j m is—

b1 b1
M) 35 ®) 33

b1 b1
© g D) 33
A loaded dice has the probabilities —— L 2

P 2121

3 4 5
21721721
and 6 respectlvely. If it is thrown twice, what
is the probability that the sum of the numbers
that turn up is even ?

andi of turning up 1, 2,3, 4,5

A ®) iﬁf
© 22 () 20

Which of the following functions cannot be
the real part of a complex analytic function of
z=x+1iy?

(A) x%
€y -

(B} x?—y?

3xy? D) 3Py —-y—y3

26.

27.

28.

29,

30.

A particle moves in a potential V = x2 + 32 +
2

% . Which component(s) of the angular
momentum is/are constant(s} of motion 7

(A} None (B)L,L,and L,

X y

(C) OnlyL,and L, (D) OnlyL

Let A, B and C be functions of phase space
variables (coordinates and momenta of a
mechanical system). If { , } represents the
Poisson bracket, the value of {A, {B, C}}
—{{A,B},C}is given by —

(A} O (B) {B.{C,A}}

©) {A{C,B}} (D) {{C,A},B}

The Hamiltonian of a relativistic particle of
rest mass s and momentum p is given by H =
V¥ p? +m? + 'V (x), in units in which the speed
of light ¢ = 1. The corresponding Lagrangian
is—

(A L=mN T+ -V {x)

B) L=mV1-2_ V()
(C) L= V1 + m -V
D) L:%mfcz—v @)

A ring of mass m and radius R rolls (without
slipping) down an inclined plane starting
from rest. If the centre of the ring is initially
at a height h, the angular velocity when the
ring reaches the base is —

(A) Ygih _R)tan 0 (B) Vg/(h _R)
(C) Vg (h-RYR* (D) V2¢g/(h—R)

Two monochromatic sources, Ly and L, emit
light at 600 and 700 nm, respectively. If their
frequency bandwidths are 10! and 1073 GHz,
respectively, then the ratio of linewidth of L;
to L, is approximately —

(A)y 100:1 (B) 1:85

(C) 75:1 Dy 1:75
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40.

41.

42.

internal energies of the two systems, and R is
the gas constant. Let U,,, denote the total
energy when these two systems are put in
contact and attain thermal equilibrium. The

U0
ratio - —15s—
IJ}Ot
SN@) AN
B aNm e B 3R e
N N

) N+ ND

The speed v of the molecules of mass m of an
ideal gas obeys Maxwell’s velocity distribu-
tion law at an equilibrium temperatore T. Let
(vz. vy, vy} denote the components of the
velocity and kg the Boltzmann constant. The
average value of (av, — Bv,)?, where a and p
are constant, is—

(A) (o - B kgT/m (B} (cw + B*) kg T/m
(C) (a+BY kgT/m (D) (o - BY kgT/m

The entropy S of a thermodynamic system as
a function of energy E is given by the
following graph

SJ

€ o e

The temperature of the phases A, B and C,
denoted by T,, Tg and Tg, respectively,
satisfy the following inequalities —

(A Te>Tg>T, (B) Ty>Te>Ty

(C) Tg>Te>Ty, (D) Tg>T,u>Te

The physical phenomenon that cannot be used

for memory storage applications is—

(A) Large variation in magneto resistance as
a function of applied magnetic field

(B) Variation in magnetization of a ferro-
magnet as a function of applied magnetic
field

(C) Variation in polarization of a ferro-
electric as a function of applied electric
field

(D) Variation in resistance of a metal as a
function of applied electric field

43.

44.

Two identical Zener diodes are placed back to
back in series and are connected to a variable
DC power supply. The best representation of
the I-V characteristics of the circuit is—

\I /
/

e

Ay — I -V

\I J
© —7 Ly
|
AT
|y

Consider the op-amp circuit shown in the
figure.

1 pF
,,,,,,,,,,,,,,,,, | },,,,,,,,,,,,,,,,,
WA
1K
1K _
O AL — g v,
Y R o
_,/"‘///

If the input is a sinusoidal wave V; = 5sin
(10007, then the amplitude of the output V,
is—

2 ®) 5

(©) Szﬁ (D) 5V2



45.

46.

47.

48.

49.

If one of the inputs of a J-K flip flop is high
and the other is low, then the outputs Q and
Q-

(A} Oscillate between low and high in race-

around condition

(B} Toggle and the circuit acts like a T flip
flop

(C) Are opposite to the inputs

(D) Follow the inputs and the circuit acts
like an R-S flip flop

PART C

Let A and B be two vectors in three-

dimensional Buclidean space. Under rotation,

the tensor product T; = A;B,—

(A) Reduces to a direct sum of three 3-
dimensional representations

(B} Is an irreducible 9-dimensional represen-
tation

{C) Reduces to a direct sum of a I-
dimensional, a 3-dimensional and a 5-
dimensional irreducible representations

(D) Reduces to a direct sum of a I-
dimensional and an 8-dimensional
irreducible representations

The Fourier transform of the derivative of the
Dirac 8-function, namely &' (x), is propor-
tional to—
(AY O

{(C) sink

(B} 1
D) ik

_A A 4 .
If A =1ivz + jxz + kxy, then the integral
¢A-dl (where C is along the perimeter of a
rectangular area bounded by x =0, x =a and
y=0,y=b)is—
(A) %(a3 + 5% (B} = (ab® + a?b)

(€) n(a®+b%) D) 0

Consider an n x »n (n > 1) matrix A, in which

Ay is the product of the indices { and j

(namely A= i). The matrix A—

(A) Has one degenerate eigenvalue with
degeneracy (n— 1)

(B) Has two degenerate eigenvalues with
degeneracies 2 and (n — 2)

50.

51.

52.
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(C) Has one degenerate eigenvalue with
degeneracy n

(D} Does not have any degenerate eigenvalue

A pendulum consists of a ring of mass M and
radius R suspended by a massless rigid rod of
length / attached to its rim. When the
pendulum oscillates in the plane of the ring,
the time period of oscillation is—

N
(A) 2m 2

2n
B) T @+ R
Ve

oy 2 2R2 + 2RI + 2
© N TR+

(D) I (2R? + 2RI + I%)1H
\£
Spherical particles of a given material of
density p are released from rest inside a liquid
medium of lower density. The viscous drag
force may be approximated by the Stoke's
law, i.e., F; = 6nnRu, where 1| is the viscosity
of the medium, R the radius of a particle and
v its instantaneous velocity. If © (m) is the
time taken by a particle of mass m to reach
half its terminal velocity, then the ratio T
(Bm)t (m) is—

(A) 8 (B)

(D}

Consider a particle of mass m attached to two
identical springs each of length [ and spring
constant k (see the figure below). The
equilibrium configuration is the one where the
springs are unstretched. There are no other
external forces on the system. If the particle is
given a small displacement along the x-axis,
which of the following describes the equation
of motion for small oscillations 7

(©) 4

Fo = OO [

y &
211110 22777,
[
<
0 -
=
TR,
I .
4] x
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53,

54.

55.

56.

3
A mi+ =0

5 (B) mx +kx=0
©) mi+2kx=0 (D) mi+k7x3:0

If 1 (x) = A exp (") is the eigenfunction of
a one dimensional Hamiltonian with
eigenvalue E = 0, the potential V (x) (in units
where h =2m=1) is—

(A) 1222 (B) l6xb

(C) 1625 + 1247 (D) l6x5— 12x2

A particle is in the ground state of an infinite
square well potential given by,

0 for-asx=a

o otherwise

The probability to find the particle in the

V()=

. a Q.
interval between —— and = is—

2 2
) 3 ®) 5+
© 31 ®) *

The expectation value of the x-component of
the orbital angular momentum 1, in the state

1
v=3 B + E Wa 10 Vi Y1 41l

{where ), are the eigenfunctions in usual
notation}, is—

w10
(&)~ (V11-3)

(B) 0
10

(C) - T(‘/ﬁ +3)

(D) 12

A particle is prepared in a simultaneous
eigenstate of L? and L,. If (I + 1) #* and mh

are respectively the eigenvalues of L? and L,
then the expectation value (Lf) of the
particle in this state satisfies—
Ay (L) =0
(B) 0= {L2)=Ph

2
(C) 0= (Lx2> SM

in 1+ D2
D) 5 = L2y =——F—

57.

58.

a9,

If the electrostatic potential V (r, 8, ¢) in a
charge free region has the form V (v, 0, ¢) =
f(r) cos 0, then the functional form of f{r) (in
the following a and b are constants) is—

b
B) ar+ﬁ

(D) aln (%)

The electric field of an electromagnetic wave
is given by

(A) ar’ +;b

b
C) ar+ "

E = Eq cos [ (0-3x + 0-4y — 10007)] k.

—

The associated magnetic field B is—

(A) 107 Eg cos [m (0-3x + 0-4y — 10008)] k
(B) 10K, cos [r (0-3x + 0-4y — 10001)]
@i-3p
(C) E,; cos [ (0-3x + 0-dy — 10000)]
(©-37 +0-47)
(D} 102 Ey cos [ (0-3x + 04y — 10005]
(3% +4%)
A point charge g is placed symmetrically at a
distance d from two perpendicularly placed
grounded conducting infinite plates as shown

in the figure. The net force on the charge (in
units of 1/4meg) is—

AARRARLLLAA LA LA LAV
f
o
X~

FrirTrirrrirrriririryy

2
(A) # (2\/_2 — 1) away from the corner

2
(B) @ (2V'2 — 1) towards the corner

2
- towards the corner
2 242
2

%ZE away from the corner

(©)

(D)



60.

61.

62.

63.

Let four point charges g, —g/2, g and —¢/2 be
placed at the vertices of a square of side a.
Let another point charge —g be placed at the
centre of the square (see the figure)—

—g/2 q

q —g/2

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—

@® 1 ®) 3

1 1
© 7 D) g
A system of N classical non-interacting
particles, each of mass m, is at a temperature
T and is confined by the external potential

V (r) :%Ar2 {where A is a constant) in three

dimensions. The internal energy of the system
is—

(A) 3NkgT (B) %NkBT

(C) N (2mAY” kgT (D) N\/% In (}%T)

A child makes a random walk on a square
lattice of lattice constant @ taking a step in the
north, east, south, or west directions with
probabilities 0-225, 0-255, 0-245, and 0-245,
respectively. After a large number of steps, N,
the expected position of the child with respect
to the starting point is at a distance—

(A) V2 x 102 Na in the north-east direction
(B} ¥V 2N x 102 g in the north-east direction

(C) 2V2 x 10? Na in the south-west
direction

(D) O

A Carnot cycle operates as a heat engine
between two bodies of equal heat capacity
until their temperatures become equal. If the
initial temperatures of the bodies are T, and

64,

65.

66.

67.
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T,, respectively, and T; > T, then their
common final temperature is —

(A) T2, (B) T2,
© VTiT, (D) 2(T1 +Ty)

Three sets of data A, B and C from an
experiment, represented by x, 0 and O, are
plotted on a log-log scale. Each of these are
fitted with straight lines as shown in the

figure.
1000
100 /
¢/ 4
10 - p2 &
e f
1 - *%._ A
0.1 R
01 1 10

The functional dependence y (x) for the sets

A, B and C are, respectively —

(A) Vi,xandx>  (B) %,xandzx
1 2 1

(C) S, xandx (D) —, x and »?
. Va

X

A sample of 8i has electron and hole
mobilities of 0-13 and 005 m*V-s
respectively at 300K. It is doped with P and
Al with doping densities of 1-5 x 10%!/m? and
2-5 x 10%1/m? respectively. The conductivity
of the doped Si sample at 300 K is—

(A) 8 1m! (B) 32021 m!

(C) 2082 ' m! (D) 8320 1m!

A 4-variable switching function is given by
F=3(5,7,8,10,13, 15y + 4 (0, 1, 2), where
d is the do-not-care-condition. The minimized
form of fin sum of products (SOP) form is—

(A} AC +BD (B) AB +CD
(C) AD +BC (D) BD +BD

A perturbation Vo = aL? is added to the
Hydrogen atom potential. The shift in the
energy level of the 2P state, when the effects
of spin are neglected upto second order in a,
is—

(A) O (B) 2ah? + a’i*

(C) 2ak (D) ah? +§ a*h'
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68.

69.

70.

71.

72.
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A gas laser cavity has been designed to
operate at A = 0-5 ym with a cavity length of
1m. With this set-up, the frequency is found
to be larger than the desired frequency by 100
Hz. The change in the effective length of the
cavity required to retune the laser is—

(A) —0334x 10712 m

(B) 0-334 x 102 m

(C) 0167 x 10712 m

(D) —0-167%x 1072 m

The spectroscopic symbol for the ground state
of 13Al is 2Py;,. Under the action of a strong
magnetic field (when L-S coupling can be
neglected) the ground state energy level will
split into—

(A) 3levels
(C) 5levels

(B) 4 levels
(D) 6levels

A uniform linear monoatomic chain is
modeled by a spring-mass system of masses
m separated by nearest neighbor distance a
and spring constant mmg?. The dispersion
relation for this system is—

(A) o k) =2m, (1 —cos (%))

(B) @ (k) = 20, sin? (%)
(€) @ (k) = 20 sin (%)

(D) w (k) = 2w, tan (%)

The energy of an electron in a band as a
function of its wave vector k is given by E (k)
= Ey — B (cos k,a + cos kya + cos k,a), where
EyB and a are constants. The effective mass
of the electron near the bottom of the band
is—

242 h2
(A} 3Ba? (B) 3Ba?

h2 27
(@) Ba’ D) Ba?

A DC voltage V is applied across a Josephson
junction between two superconductors with a
phase difference ¢. If 1, and & are constants
that depend on the properties of the junction,
the current flowing through it has the form—

73.

74,

75.

2.

(A) Iy sin (% + q)o)

(B) kV sin (% + q;o)

(C) £V sin ¢y
(D) 1, sin ¢y + £V

Consider the following ratios of the partial
decay widest
R. = I (pt >nt +af)
'"T'(p-—=m+n?)
(A" >t +P)
TT(A =1 +n)
If the effects of electromagnetic and weak
interactions are neglected, then R; and R, are,
respectively —

(A) 1and V2 (B) 1 and 2
(C) 2and 1 (D) Land 1

The intrinsic electric dipole moment of a
nucleus % X—

(A) Increases with Z, but independent of A
(B) Decreases with Z, but independent of A
(C) Is always zero

(D) Increases withZ and A

and

R,

According to the shell model, the total angular
momentum (in units of #) and the parity of

the ground state of the ;Li nucleus is—
(A) % with negative parity
3 . " )
(B) 5 with positive parity
{C) % with positive parity

(D) % with negative parity

Answers with Explanations

. (C) AsaidIdidit

B said I didn’t it
Csaid B did it
D said A did it
So, from four sentence C is lying.

(©)
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3. (D) Area of one small circle 1 1 1 1

1y’ BB ot a3 axaTaxs
- (5) _1
. 1~ +ois 100 x 101
Area of 7 circle = 7n (5) 100
1 11 11 11 1
= [-3+3-3+3-1+175+5
3y? I
Area of big circle = =« (5) ------ 100~ 101
9 100
=T (L
Area of shaded portion 101 1
97 Tm 100 101
4 4 T2
4. (D) 16. (B) {1},{2,3},{4,5,6},{5,6,7,8}
5. (B} Let full price of book is x from the {6,7,8,9,10},{7,8,9,10,11,12}
question {8,9,10, 11, 12, 13, 14}, {9, 10, 11, 12, 13,
xx80 80 _ 4y 14,15, 16}
100 100 {10,11,12,13, 14, 15,16, 17, 18}
x = 19’2;01—()()831()() {11,12,13, 14, 15, 16,17, 18, 19}
- 300 x So last number in the 10th setis 19
6. (A) 17. {C) 18.(C)
7. (B) From the option 19. (A) N oA
19-1 = 18 p
B R
3 W 2 E
Rest fish 18 — 6= 12 Pl
they equally divided so each get 4 P
so total fish was 19.
8. (C)512,256,128,64,32,16,8,4,2,1 5
9. (C) § B will be located 30° from south towards
1(10,0} west
i 200 (A) 25+54+3-2xH+(16x4-3)
| /
i\J (25—5+3—8)+64—3 = 61
So centre of circle has co-ordinate (10, -7)
10. (D) 11.(D) 12.(B) 13.(B) 2l (A [A,B] = C
14. (A) Nine digit positive integers, the sum of LHS. [A.B]* = (AB - BA)
square of whose digit is 2 is = B*AT-A'B”
110000000 Since A and B and C hermitian operator
101000000 So, A* = A,
100100000 B* = B,
100010000 cr=cC
100001000 [A.B]* = (BA - AB})
100000100 = —(AB —BA)
100000010 RHS. cr=cC

110000001 So, [A.B] = Cis not hermitian operator.
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22.

23.

24.
25.

26.
27.

28.
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(B}
- dx b4
(B) J; P4y T 2y
f dx
o (x*+y2)?

_dz o~ dz
Now J; @ +yP J; (2 — i2y2)

f dz
-= 2+ P (2 - i)
Residue at (z = iy)

1 od_ (@i
\i dz (z+ iy -y |
=iy
—i(z+i )*2|
=& ¥ 2= iy

L
T 453

d_ 1

Pt -

J"“ _odx
—oo (24 Y22 T 23

f dx
02 +a22 T 43

(B}
A u
(A) et a_y2 =0
If = x4y
2xry N 82xty
dx? dy?
2y +0 = 0
So x?y cannot real past.
(D}

(D) {A,{B,C}} + {B, {C.A}}
+{C,{A,B}} = 0
AL {B.C}} + {B.{C,A}}
-{{A, B} C} =0
AL {B.C}} - {{A.B}.C}
= —{B,{C,A}}
{A,{B,C}} -{{A.B},C}
= {{C,A},B}

(B) L=-mVI1--V®

Sl
a~mP
Total energy at A = total energy at B
KE +PE. atA = KE. +PE.atB

29. (C)
ANK)
N
i \\
h ! \

0+ mgh = %mv2+%l(ﬂ2 + mgR

mgh = %mRZm2

+ ;ﬂfnRZ(ﬂz + mgR
mgh = mR%w? + mgR
gh = RZo? + gR
g(h—R) = Rla?

o = £U=R)
R2
h—R
o = R2
30. (C)
3L. (A)
L2 "1‘1?
P ,
D I

Force between two parallel wire at separation
Dis

di o 2Ly

dl T 4n D
If current is flowing in same direction, force

will be attractive and if current is flowing in
opposite direction force will be repulsive.

32. (A) A= A+ Vy
V' o= Vﬁﬂﬁ
at

33. (C) If disc is rotated as shown in the fig.,
positive charge will accumulate at boundary
of the disc and negative charge will accumu-

late at centre of disc. So current will from B
to A.
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1 I+ 1 3RN'
34. (B) v ==('79) 3. (@) =y
il Pk
=1+1((1))+ 3 ((1)) = e
V11 Vi1 Upy = Uy +U,
h 1+il2 =2 at equilibrium
Probof- = [—| =+
2 / 11 1 1
11 =1
probof — = |37 .9 3RN! _ SRN?
2 Vil Tl 1 LI OF:
p? 1 3_N1 — ﬁ
35. (D) H = -+ moi+ix [SEOE
2m 2 u? 5N
2 U _ 2
P—+lmm2 x2+i?\.x Ut — 3Nt
2m 2 mo? - ot
A2 FERY 1 _ Y
“Gr) Gen) | Vo = U412
o1 NELEEY U _ Ulm’l1
Toan T2 ™ [x+mm2] " 2mw? Uow 1+%
2 2
U TR w
m me __5N2 3Nt
v.fhereli(‘:x+L2 1+ﬁ 2N! +5N2
e SN2
Bz (ned) hoghes 40 B (o By?)
2 . Zmo {o?v2 + pv,? —2(1[3vxvy)
EO = 721’}1002 a? <Vx2> + [32 <vy2>_2a[3 <vay>

%hm
RETU ) \/E > o fer)?
E, = 2hm72mm2 o ( m) + [ " -0

AE = ho kT
2 Iy
@+ B

1
36. (D)w:g[w2m+\/glhlo+mw2kl E
41. (C) =
+V 200511 ] -
<Lz> = EPiin T o« —
i=1 S
= L Oxh+5x0xh+10x (1) By
36 TB o ?
xh+20x 1x A] E
Ty = —£
5 A8,
= Eh
So Tg>Tc>T,
37. (B)

Since in A, S is increase rapidly V/S E but in

38. (C) Melting of ice into water at constant C, S is increase slowly V/S E s0

pressure is first, order phase transition Gibbs
free energy does not show discontinuous Tg>Te>14
change across the phase transition. 42. (D)
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43. (C) 52. (A) v4
R
— — 18 o
/ v g &
,F X
| L,
( 1 KQ ]V_ T = 5 mx
1+S8x1x106x10%[™
44. (C) Vo = KO V=2x%k
V. = ( L )vin [Change in length of spring]?
N 1+8x 1073
. kv 2+ 12—y
Vin
Vo = (1+me10—3) = %Imész(\fx“lLif)2
o = 1000 AL _ S
VO — (L)Vm ax
azfﬂc[\/x + - 1]2 =
(1 ) 5 sin 1000¢ _ V x?
i
= 2kx|1-
50-5 2 p}
amplitude = = vy
b |1+;| I+ ;)l - :
; = 2kx|1- L
Y RIS ] N = E
2 2 N1+%
45. (D) Follov&i the input and the circuits acts like il 2\
an R — § flip—flop. — = 2kx [17(1 +—) ]
dx 7
46. (C) 2\ ]
- - o [1-(1 22
47. (D) Fourier transform & (x) 22 ) |
7 ' — ' 2
= [ ey @dx (@)1 _ Qkx;%
= the 5, _q —kx?
= ik L
A d I3
48. (D) A = b+ jxz+kxy (mx)+? =0
— 3
$Adl = [(VxAyds mic‘+%=0
i j k 53. (D) Schrodinger eqn.
N A R &y 2m oo -
(VxAy= | - Pl =0 et E- Ve =0
yI XTI Xy P (x) = Aexp. (=)
¢ Adl = 0 E[Acxp. (—x4)]+h—gl[E—V(x)]
49. (A)  50.(C) 51.(C) Aexp. (=) =0



2m =1 given

0 given
[(16x° — 12x%) — V (x)] A exp. (=x*) =

— 1242

0 —a=x<a

h =
E =
V{x} = 16x°
534. (BYyV {x) =
P —

7
= *f] cos?
a 4]

|
|
b2 =
+
= L
|

2o otherwise

'\[ s‘\[ 05*
al?,

JLX

2adx

1
55. (A) Y= 5 3214 +\/§1P2,1,0*\/H1P2,1,+1]

Lo = (Ll
{u |L+T+L_| V)

y)

1
0 [{((3yn1 4l + \E P2,1,0 V11 W2 41,4l

L++L-)y By, )+ V5| Y 1,00

~VI1I| Yo, 100 -
(D) Expectation value of { L,%)

56.
(L)

\/_(\/_ 3)

= %[l(l+1)—m2]h2

For I, m have take value —{ to +/

fe. A=m<l
If m =0, then

(L2) = S+ D)

It

m

(L3

<Lx2> =

+ [, then
%[l(l+ n-21R

L
S lh

1 i
S (L) <+ 1) A
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57. BYV(r.0,¢)=F{r)cos b
‘We know that

b
Vo0 = 3 (art+ 755 ) prcoso

Since V (r, 8) contains cos 8, s0l=1

b
Vo =73 (al” +r1—11) P, (cos 6)

(D)

V(.0 = (ar+ %) cos 0
From equation (1) and (2}

(2)

b
F(ry = ar+ 5

58. (B)E = By cos [ (0-3x + 0-4y — 10000k

g Ex]_i) _IKIRE
- T 1000w
k| = 9+ 16 ;1;_ I
TN 100 02
B =C Bx +4y COS T
T2 X 1000 =
A A
[(0-3% + 0-4y — 10005
104 A A
= T(4i—3j)E0 cos
[0 (03 + 04y — 10004)] (4¢ —3)
39 (B) d d Fi g
-q | <
yd
] P2
+g '-—-q
Ka?
Fi=Fo=yg
2 2
F; = KL = %
2v2dp
Fre = VF2+ 1,2 - F,
towards the corner
oo K KE
w2 8

= %[2\/571]
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F ., in units ofL 64.
4drteg 66.
2
_ _
Fro = g (2V2-1)
towards the corner.
60. (D) Monopole moment = Sum of the charge
- 9. 4. . _
=5 + g » +g—g=0
Dipole moment = Y,
Here monopole moment is zero
So we can take origin at any point. It is
arbitary choice
122
_qu [T q v
| 67.
)| -q a B
'i"(o,m Iz /g
. ALAL g A
Dipole moment = g x (0 + 0f) — yai+qa
AA A a s A
(i+))-Fa()-q5(+j)=0
It is quadrupole 68.
71.

Potential due to quadrupole is proportional

tol
r3
13
V§2r!_(2r) 1
Vi~ 1 "8
?’3
_P 1,
61. (A) E = —+5Ar
P2 P! P2
ﬂ ﬁ+ﬁ+5}\(x2+y2+zz)
1¢ 1¢ 1¢ 1¢ 1¢ 1¢ 2
= kT = LT = kT = 75.
S KT SkT kT S KT SKT KT
E:Gx%NkT
= 3ANKT
62. (A)

63. (C) VT,T,

(D} 65.(A)
D) CDIicD | CD
I 3 Pl
- 1 1
AB 40 5 70 6
AB 1211 1
3 151 14
B I i
AB g o e
F = BD +ABD + ABD
= BD+BD(A+A)
F = BD+BD
(@) Ve = al?
J=L+8 ($=0)
J =L
So Voer = al =al (1+ 1) #2
For 2P state [ =1
Ve = a'l{l+1}
= 2ah?
D)  69.(C) 70.(C)
D) E(K) = Ey - B (cos K,a + cos Kya +

cos K a)

K 2a? K 2a? K 242
_EO—B(I— 5 +1- 5 +1- 5
K2+K2+K
o o (S ]
2.2
E(K) = E, B [37K2‘1]
K2 A2

2
74.(C)

(A)  73.(D)
(A) ] Li
P=3 n=4
(1S15P  (Pypt
12372 P=(l)l=-1
37
p_
I = 2
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10.

11.

12.

13.

14.

In the growing years of a child, the height
increases as the square root of the age while
the weight increases in direct proportion to
the age. The ratio of the weight to the square
of the height in this phase of growth—

(A} is constant
(B) reduces with age
(C) increases with age

(D} is constant only if the weight and height
at birth are both zero

In 450 g of pure coffee powder 50 g of
chicory is added. A person buys 100 g of this
mixture and adds 5 g of chicory to that. What
would be the rounded-off percentage of
chicory in this final mixture ?

(A) 10 B} 5

Cy 14 (D) 15

Suppose in a box there are 20 red, 30 black,
40 blue and 50 white balls. What is the
minimum number of balls to be drawn, with-
out replacement, so that you are certain about
getting 4 red, 5 black, 6 blue and 7 white
balls ?

(A) 140 (B) 97
(C) 104 Dy 124
Suppose
xAy = (x-y)
x0y = {x+y)*
x*¥y = {xxy!

X"y = XXy
+, — and x have their usual meanings. What is
the value of
{(197 0 315y — (197 A315)} - (197 % 315) ?
(A) 118 (B) 512
(C) 2 D) 4
Stodents in group A obtained the following
marks : 40, 80, 70, 50, 60, 90, 30. Students in
group B obtained 40, 80, 35, 70, 85, 45, 50,
75, 60 marks. Define
dispersion (D) = (maximum marks — mini-
mum marks), and

o . dispersion
relative dispersion (RD) = _nl')m

Then,
(A) RD of group A =RD of group B
(B} RD of group A > RD of group B

I5.

16.

17.

18.

19.

(C) RD of group A <RD of group B
(D) D of group A <D of group B

The following diagram shows 2 perpendi-
cularly inter-grown prismatic crystals (twins)
of identical shape and size. What is the
volume of the object shown (units are
arbitrary) 7

—

= 7

(A) 60 (B) 65

Cy 72 (D) 80
IFAXB=24,BxC=32,CxD=48 then A
xD—

(A) cannot be found (B) is a perfect square
(C) is a perfect cube (D) is odd

Suppose r is a positive integer. Then (n® + n)

2n+ 1)—

(A) may not be divisible by 2

(B) is always divisible by 2 but may not be
divisible by 3

(C) is always divisible by 3 but may not be
divisible by 6

(D) is always divisible by 6

There is a train of length 500 m, in which a
man is standing at the rear end. At the instant
the rear end crosses a stationary observer on a
platform, the man starts walking from the rear
to the front and the front to the rear of the
train at a constant speed of 3 km/hr. The
speed of the train is 80 ki/hr. The distance of
the man from the observer at the end of 30
minutes is—

(A) 41-5 km
(C) 40-0km

(B) 40-5km
(D} 41-0km
A rectangular area of sides 9 and 6 units is to
be covered by square tiles of sides 1, 2 and 5

units. The minimum number of tiles needed
for this is—

(A) 3
©) 12

B) 11
(D) 15



20.

21.

22.

23,

24.

If all horses are donkeys, some donkeys are
monkeys, and some monkeys are men, then
which statement must be true ?

(A) All donkeys are men
(B} Some donkeys may be men
{C) Some horses are men
(D} All horses are also monkeys

PART B

One gram of salt is dissolved in water that is
filled to a height of 5 cm in a beaker of
diameter 10 cm. The accuracy of length
measurement is 0-01 cm while that of mass
measurement is 0-01 mg. When measuring the
concentration C, the fractional error AC/C
is—

(A) 0-8%
C) 0-5%

B) 0-14%
(D) 0-28%

A system can have three energy levels : E =0,

+ g£. The level E = 0 is doubly degenerate,

while the others are non-degenerate. The

average energy at inverse temperature [3 is—
e(ePe — £ —Pe)

(B} (1 +ePe+ Py

(D) —etanh (%)

For a particular thermodynamic system the
entropy S is related to the internal energy U
and volume V by

§= o UYL

where ¢ is a constant. The Gibbs potential
G =U-TS + pV for this system is—

(A) — ¢ tan h (Be)

(C) zero

3pU U
N ®) S

Us
(C) zero (D) v

An op amp-based voltage follower—
(A) is useful for converting a low impedance
source into a high impedance source

(B} is useful for converting a high impedance
source into a low impedance source

(C) has infinitely high closed loop output
impedance

(D} has infinitely high closed loop gain

25.

26.

27.

28.

29,

CSIR-UGC Phy. Sciences (J-14) | 5

A particle of mass m in three dimensions is in
the potential

vr={

Its ground state energy is—

r<a
rza

2H2 2H2
(A) Pma’ ma?

Ik Om2h2
© -5 (D) 5=

Which of the graphs below gives the correct
gualitative behaviour of the energy density
Er{(A) of blackbody radiation of wavelength A

at two temperatures T, and T, (T < T,) 7

&) . 1 ® [
< N = \\
5/ X S aN
,’l Y \ Tl \
,,,,, AN
A A
© | | o [ 4
ii_’. '," 7‘\\ \:i T]/‘\ \
L/ - )
A A

Given that?;, =ik (% + %) , the uncertainty

Ap, in the ground state

Yolr) = e 7%
g
of the hydrogen atom is—
Von
]
2K
g

@J% ®)

f1
© 3, (D)
An RC network produces a phase-shift of 30°.
How many such RC networks should be
cascaded together and connected to a
Common Emitter amplifier so that the final
circuit hebaves as an oscillator 7

(A} 6 B) 12
9 (D} 3
The free energy F of a system depends on a
thermodynamic variable Y as
F = —a¥?+b¥°
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30.

31.

32.

with @, b > 0. The value of ¥, when the
system is in thermodynamic equilibrium, is—

(A) zero B) + (6“—'!))”41

(C) N (;_b)lfﬁl N (%)1/4

The inner shield of a triaxial conductor is
driven by an {(ideal) op-amp follower circuit
as shown. The effective capacitance between
the signal—carrying conductor and ground is—

b m} o Signal
R
(A) unaffected (B) doubled

{(C) halved

Consider a system of two non-interacting
identical fermions, each of mass m in an
infinite square well potential of width a.
(Take the potential inside the well to be zero
and ignore spin). The composite wavefunc-

Skt

2ma?

N2 (F) () () ()]
2 ()0 () () ()]
© 2o (2) () (5) = (3)]
)3 () () ()~ ()|

A particle of mass m in the potential V(x, y) =

(D) made zero

tion for the system with total energy E =

1 . .
> mo* (4x? + y?),is in an eigenstate of

energy E = % #im. The corresponding un-

normalized eigenfunction is —

W yexp [ -2 +52)]
(B) xexp F— — (2362 + yz)]
© yesp [ 2202 +10)]

(D) 2y exp[ 22010

33.

34.

35.

36.

37.

A particle of mass m and coordinate g has the
Lagrangian

Sl Ao
L =5mg" —54qq

where A is a constant. The Hamiltonian for
the system is given by —

@y 2y
® 550
(C)iﬁp,@
m) &

- A A I . .
IfA =yzi + zxj +xyk and C is the circle of
unit radius in the plane defined by z = 1, with
the centre on the z-axis, then the value of the

integral &c }_\).d is—

(A) w2 B) m
(C) w4 Dy 0
Given

20 0P () =(1— 2x + £2) 12

for Il < 1, the value of P5(— 1) is—

(A) 026 B) 1

(C) 05 D) -1

A charged particle is at a distance d from an
infinite conducting plane maintained at zero
potential. When released from rest, the particle
reaches a speed u at a distance /2 from the

plane. At what distance from the plane will
the particle reach the speed 2u 7

(A) dio (B) di3
(C) dH1 (D) di5
Consider the matrix—

0 2 3

M=|-2i 0 6i

-3 —6i 0
The eigenvalues of M are—
(Ay -5,-2,7 B) -7,0,7
(C) —44,24,2¢ (D) 2,3,6



38.

39,

40.

41.

42.

Consider the differential equation

d*x  ,dx

a2t 2 g TXS 0
with the initial conditions x (0) =0 andx 0) =
1. The solution x{#) attains its maximum value
when ris—
(A)y 172 B) 1
€ 2 (D) oo
A light source is switched on and off at a
constant frequency f. An observer moving
with a velocity u with respect to the light
source will observe the frequency of the

switching to be—
@ (-5 w5y
o 7 (1-5)"

© 7 (1-%)

If C is the contour defined by Iz | = %, the
value of the integral
Lz
e sin® z
is—
(A) == (B) 2mi
Gy o D) mi

The time period of a simple pendulum under
the influence of the acceleration due to gravity
g is T. The bob is subjected to an additional

acceleration of magnitude \F3g in the horizon-
tal direction. Assuming small oscillations, the
mean position and time period of oscillation,
respectively, of the bob will be —

(A) 0° to the vertical and \F?;T

(B} 30° to the vertical and T/2

(C) 60° to the vertical and T/V 2
(D) 0° to the vertical and T/V 3

Consider an electromagnetic wave at the inter-
face between two homogeneous dielectric
media of dielectric constants £; and £,. Assum-
ing €, > €, and no charges on the surface, the

_}
electric field vector E and the displacement

vector D in the two media satisfy the follow-
ing inequalities —

43.

44.

45.
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(A) [Eol > Byl and Dyl > 1D
o -
(B) B}l <IE,l and Dyl < 1D
——_—— =
(C) Byl <IE,l and Dyl > D

e -
(D) [E,l > IE;| and D < 1D

If the electrostatic potential in spherical polar
co-ordinates is

@) = Poe"0
where @, and ry; are constants, then the charge
density at a distance r = r,, will be

€4, €€
(A 5 (B) — 5
ery 2ro
e 2eg
©) -2k ) — o
erg Fo

A current i, flows through the primary coil of
a transformer. The graph of i, (¢) as a function
of time 7 is shown in the figure below.

X

/N

1 2 3t

Which of the following graphs represents the
current {5 in the secondary coil ?

ip(r?) ”
lJ
(A) A ® T
1 2 3t
i) "
C 1
“ ) ; 2 31

A time-dependent current 1(7) = K.tfz\ (where K
is a constant) is switched on at t = 0 in an
infinite current-carrying wire. The magnetic
vector potential at a perpendicular distance a
from the wire is given (for time ¢ > a/c) by

2 2
A A HoK ¢} -a cf—Nat + 22
(A} z ATe 4 (@ + )12

V2242
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46.

47.

48.

49.

50.

K
®z5 ), D
C AM ct CI*‘\IFIIQ‘+Z?‘
© L ame da® (a? + 712
172
K ot —a
(D} /Z\% _— TEIENT: +Iz2)“2
PART C

The pressure of a nonrelativistic free Fermi
gas in three-dimensions depends, at T =0, on
the density of fermions n as—
(A) ns8 (B) nl’
(C) HZIS (D) n4/3

A double slit interference experiment uses a
laser emitting light of two adjacent frequen-
cies v, and v, {v; < v,). The minimum path
difference between the interfering beams for
which the interference pattern disappears is —

C C
(A) V2 + Vl (B) V2 — Vl
c c
T O 3+

The recently-discovered Higgs boson at the
LHC experiment has a decay mode into a
photon and a Z boson. If the rest masses of
the Higgs and Z boson are 125 GeV/e?® and 90
GeV/c? respectively, and the decaying Iiggs
particle is at rest, the energy of the photon
will approximately be—

(A) 35V3 GeV (B) 35 GeV
(C) 30 GeV (D) 15 GeV
A permanently deformed even-even nucleus

with JF = 2* has rotational energy 93 keV.
The energy of the next excited state is—

(A) 372 keV (B) 310 keV

(C)y 273 keV (D) 186 keV

How much does the total angular momentum
quantum number J change in the transition of
Cr (34%) atom as it ionizes to Cr2* (3d4) ?

(A) Increases by 2

(B) Decreases by 2

(C) Decreases by 4

(D} Does not change

51. For the logic circuit shown in the figure
below :

A |

A A
B~ Sy B 4y
© Pn D ) Ppy D

52. A spectral line due to a transition from an
electronic state p to an s state splits into three
Zeeman lines in the presence of a strong
magnetic field. At intermediate field strengths
the number of spectral lines is—

(A) 10 ®) 3
©) 6 (D) 9

53. A particle in the infinite square well

Vix) = {80

is prepared in a state with the wavefunction
A sin? (E)
yix) = a
0

The expectation value of the energy of the

O<x<a
otherwise

O<x<a
otherwise

particle is—
StEm? %
(A 2ma? (B) 2ma’
Ohim? #a?
© 10ma? (D} 2ma?

54. The average local internal magnetic field
acting on an Ising spin is Hy,, = «M, where M
is the magnetization and o is a positive
constant. At a temperature T sufficiently close
to (and above) the critical temperature T, the
magnetic susceptibility at zero external field
is proportional to (kg is the Boltzmann
constant)—

(A) kgT -«
(©) kT -0 !

(B) (kgT + oty !
(D) tan h (kT + 00)



55. In one dimension, a random walker takes a
step with equal probability to the left or right.
What is the probability that the walker returns
to the starting point after 4 steps ?

) 3 ®) =
© 5 ©) -

56. Consider an electron in a b.c.c. liattice with

lattice constant a. A single particle wave-
function that satisfies the Bloch theorem will

have the form f (7} exp(i &.7), with f{ 7)
being—
(A) 1 +cos [%(x +yfz)] + cos

[%(—x+y+z)] + cos [%(x—)wz):

(B} 1 +cos [%(x+y)] + cos [%(y +z)—

+cos [%(2+x):
(C) 1+ cos [g(x+ y)] + cos [g (y+z)]

reos [Zz+0]
(D) 1 + cos [g(x+yfz)] + cos [g(fx+

¥+ 2)] + cos [g(x—y+z)]

57. The dispersion relation for electrons in an
f.c.c. crystal is given, in the tight binding
approximation, by
k
e(k) = —4g, [cos?acos%g+cos52E

CcOS§S 2 + COos 2 CcOS§S 2

where a is the lattice constant and g, is a
constant with the dimension of energy.

The x-component of the velocity of the

bl .
electrons at (;, 0, 0) is—

(A) — 2epar
(©) —Aegalh

(B) 2eqath
(D) deqalh

58.

59.

60.

61.

62.
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The following data is obtained in an experi-
ment that measures the viscosity 1 as a func-
tion of molecular weight M for a set of poly-
mers.

M (Da) 1 (kPa-s)
990 0-28 £ 0-03
5032 30x2
10191 250 £ 10
19825 2000 £ 200

The relation that best describes the

dependence of on M is—
(A) T] NM41’9 (B) Tl NMS/?,
(C€) n~M° D)y n~M*

1
The integral _[) \/; dx is to be evaluated up to

3 decimal places using Simpson’s 3-point
rule. If the interval [0, 1] is divided into 4
equal parts, the correct result is—

(A) 0-683 (B) 0-667
(C) 0-657 (D) 0-638
In a classical model, a scalar (spin-0) meson

consists of a quark and an antiquark bound by
a potential

b
V(r) = ar+ "

where a = 200 MeV fm~ ! and = 100 MeV
fm. If the masses of the quark and antiquark
are negligible, the mass of the meson can be
estimated as approximately

(A) 141 MeV/ie®>  (B) 283 MeV/c?
(C) 353MeV/ic> (D) 425 MeV/c?

Lety :% (x; + xp) — U, where x; and x, are

independent and identically distributed.
Gaussian random variables of mean [l and
standard deviation g. Then (") 6" is—

Ay 1 (B) 3/4

(C) 122 (D) 1/4

The graph of a real periodic function f (x) for
the range [ oo, <] is shown below

Jx

fo
,"\\"\/[\\X

(VAN
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63.

64.

65.
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Which of the following graphs represents the
real part of its Fourier transform 7

Re fik} Re fik}
@ ®)

Re ) RefB)
© =3 D

The matrices

0-10 001
A=|l1 0 0].B=|0 0 Oland
[0 00 0 0 0l
0 0
C=|0 1
000

satisfy the commutation relations—

(A) [A,B]=B +C,[B,C]=0,[C,A]=B+C
(B) [A,B]=C,[B,C]=A,[C,A]=B

(C) [A,B]=B,[B,C]=0,[C,A] =

(D) [A,B]=C,[B,C]=0,[C,A] =

The function P{x, vy, z, ) = cos{z —v )} +
Re(sin (x + iy) satisfies the equation—

()vza;g)— 82 a?jz"‘a z)q)
0%
© Graan)o=Ge-

® (a-3)0=Ga55

The coordinates and momenta x, p; i =1, 2,
3) of a particle satisfy the canonical Poisson

bracket relations {x;, p;} = 8, If C; =x,p5 + 7

x3pp and Cy = xypp — x9p; are constants of
motion, and if

C;=1C.Cy} =x1p3 + 33p;, then

(A) {G,, G} =Cand {C;,C} =G,
(B) {C;,C3}=-Cyand {C5.C1} =-C,
(C) {C, G5} =-Cyand {C;5, G} =C,

(D) {G. G} =Gy and {C5, Gy} =—-Cy

66. A canonical transformation relates the old

67.

68.

69,

coordinates (g, p) to the new ones (Q, P) by
the relations Q = ¢* and P = p/2q. The
corresponding time-independent generating
function is—
(A) Pig?

() 4*/p

(B) ¢*p
(D) ¢P?

The time evolution of a one-dimensional
dynamical system is described by

dx
di

If this has one stable and two unstable fixed
points, then the parameter b satisfies —

(A) 0<b<1 B) b>1
©) b<-1 (D) b=2

= (x+1) 2B

A charge (- ¢) is placed in vacuum at the
point (d, 0, 0), where d > 0. The region x £ 0
is filled uniformly with a metal. The electric

field at the point (g, 0, 0) is—

(A) - d2(1 0.0)

9:rce

_10e
(B) Oneqd> (1,0.0)

[
o (1.0.0)

D) - (1.0.0)

Tl:Ed2

An electron is in the ground state of a hydro-
gen atom. The probability that it is within the
Bohr radius is approximately equal to—

(A) 0-60 B) 090
©) 016 (D) 0:32

. A beam of light of frequency o is reflected

from a dielectric-metal interface at normal
incidence. The refractive index of the dielec-
tric medium is # and that of the metal is ny =
n (1 + ip). If the beam is polarised parallel to
the interface, then the phase change expe-
rienced by the light upon reflection is—

(A) tan (2/p) (B) tan 1 (1/p)
(©) tan1 (2/p) (D) tan!(2p)



71.

72.

73.

74,

The scattering amplitude f(B) for the potential
V(r) = Be ", where B and [ are positive
constants, is given, in the Born approximation,
by

2
(in the following b = 2k sin— and E =%)

2

AmfPu Ampu
B + U2 BY 202, 02

{(b° + 1) AEb*(b” + 17}
CAmBy oy dmPu
N B2 42 (B + py?
The ground state eigenfunction for the
potential V(x) = — d(x), where &(x) is the delta
function, is given by Y(x} = Ae~ ™ where A
and o> 0 are constants. If a perturbation H” =
bx? is applied, the first order correction to the
cnergy of the ground state will be—

b
A = \[_oc ®)

© 2

(A) -

€ -

b
(D)ﬁ

A thin, infinitely long solenoid placed along
the z-axis contains a magnetic flux ¢. Which
of the following vector potentials corresponds
to the magnetic field at an arbitrary point (x,

y.2) 7
X

@ tornrr= (-t m T

(B) (AX’AJ”AZ)=(7EEx2+y2+22,§:x2+y2+Z2, )
9 x+y ¢ x+y

T 2wl +y2’ 23‘|:Jc2 +y2°

C) (An Ay A=

¥
(D} (A Ay, A= ( 2nxl +y 2T|:x +y
The van der Walls’ equation of state for a gas
is given by

(P+v%) (V—b) =RT

where P, V and T represent the pressure,
volume and temperature respectively, and a
and b are constant parameters. At the critical
point, where all the roots of the above cubic
equation are degenerate, the volume is given
by—

a a
(A) 9k 27h?

(D) 3b

(B}

27BR

75.

)

)
)
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An electromagnetically-shielded room is
designed so that at a frequency m = 107 rad/s
the intensity of the external radiation that
penetrates the room is 1% of the incident

radiation. If & =Ly 105 (Qm)~! is the

2m
conductivity of the shielding material, its
minimum thickness should be (given that In
10=2-3)
(A) 460 mm
(C) 023 mm

(B) 2:30 mm
(D) 0-46 mm

Answers with Explanations

. (B) In first line

A B C D difference 1
F I L O difference 2
K P U Z difference 4
P W D 7 difference 6

So Ans. K
A (GN
N
Q
S,
"
A P B

AOST is similar for actually congruent to
AORT.

AORT similar to ACAB

Area of ORT = %XO'Z x (-2
Area of ABC = %x?;x?:
L><3><3
. 2
Ratio = T
EXO-Z x0-2
= 225

3. (B) Area of one sheet

= 200 % 1073 x 300 x 10 *m?
= 6 x 10 m?

Area of 500 sheet

6 x 10-2m? x 5 x 10?

30 m?

80 gm

Im?
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30m?

80 x 30
2400 gm

4. (C)

0

491(3) « Last digitis 3
41033867(3) « Last digit is 3

7
5. (B} y
45% |
\
17 em
E 5
= &
FY o_ o
{7 = tan 45°=1
y = 17cm
Height of tree = y+ 10
= 17+1
= 27m
6. (BY 177 =
177 =
different in exponent
= 7-3=4
Numbers which end with digit
300
3 = 1 - 75

7

3

Bx5x7) - (3+5+7) = 10515

ExAx1)—(6+4+1) = 2411

2x6x8) - (2+6+8) = 96 16

7. D) F
S0\ / 1& /r
5 6 4 2 G

= 9%

13

10.

12,
13.

360 .
(D) 66 = 1090~ 12min.
before 12 time : 11-48 min.
after 12 time : 12-12 min.

difference : 12 : 12 — 11-48

= 24 min.

(B) nC, +nC, = 38000
3C, = 800

C, = 1000

n [82_0+1000] = 38000

n [383&] = 38000

= [n=30

(D)  height =< x2
height = k2

weight o= x
weight = kyx
weight  kyx
(height)> = k2x1?2
_k
= 1
~ constant if at birth weight
and height are both zero.
. (C) 450 gm coffee + 50 gm chicory = 500 gm
of mixtuore.
100 gm of mixture = 90 gm coffee + 10 gm
chicory.
Add 5 gm chicory = 90 gm coffee + 15 gm
chicory
% chicory = 5 x 100
(15 + 90
= % x 100
= 14-28%

D)
1
2_ —315)21

(D) {(197 + 315)? - (197 - 315)*} 197 X315
(1977 + 3152 + 2 x 197 x 315)
— (1977 +3152 -2 x 197 x 315)

(197 x 315)

4 %197 x 315

T 197 x315
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14. (BY Group A Group B To distance = 40-0 +0-5
D = 90-30 D = 85-35 = |40-5 km
= 60 = 50 19. (C)
Mean = 20 Mean = 230 . ; | 12tiles  fit
7 9 HEIEIRIEINE 1 |of5x5
= 60 = 60 44 6 of2x2
31 415
= 5 oflxl
RD = B RD = 22 i
60 60 6 1T ‘ 203 12
5 12345676809
RD of Group A(1) > RD of group B ( 6)' Horses
/5,_\ Monkeys
2 20. LN
15. (C) 2 2372 % 10 = 40 (B)( /‘\\i ; N
10 \ ] -
\W N
/ ) | Men/
Donkeys >,,,
() N
10 2 Venn diagram see the overlapping region
2. Some Donkeys are monkeys (Some monkeys
2 |ox2x =40 &
are ‘ » men)
2) So, some donkeys may be men.
/2 exaxz=8 21 (D) If z = xy
3 2 x
or 7 ="
¥
(3}
Volume =

{ 2 2
L +(2)-03) fractional error = Ax + Ay
40 +40 -8 ( x ) ( ¥y )

Ac [(0-01 2+(0-01)2
e~ L\1000 5

16. (B) ABC’D = 24 x32 x 48 001\ V2
ADBCY = (192) + ( 5 ) ] % 100
2
AD = %) perfect square = 028%
22. D) g,=1 +€
17. (D) (7 + 7y 21 + 1) = 2%+ 32 + I 2, =2 0

LCM.of1.2.3=6 & =1 —

always divisible by 6. Partition function )

z =X i 67&)

i

18. (B) In 30 minutes man covers -5 km walking

from rear to final end = oBey 2 4 pbBe

- z =

0.5 km

b | 3

0-5km | Total 15 km (E) = —5gInz

95km . o

05K, J A fter 15 km, man is in R SN S
front side of train B

Train covers 40 km| x
in 30 minutes Tear gePt —ge e
end 2+ ePet e Pe
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23. (C)

e ebe _ g —Be
2+€B£+ e be

2

e 2 sin hBs
2[1 + cos hPe]

sin A ﬁe

~®T+coshPe

A

2 sin h%—gcos h%—g

—E

I+2cosh2‘62—efl

fetanh(B—E)
2
§ = p¥yis
G = U-TS +pV
1 (a_s
T~ \WU/y
— 3 —1/4 i
= C4U vV
3CU314vlf4
T4 u
_ 35
T 4U
4
TS_3U
P o_ (3_5
T = \dv.)y
1
- 34 = -3/
= CU 4V
1CU3/4V1I4
T4V
_ 3
Y
vV = lTS
PY =y
1 4
= 4><3U
_ | U
T3
4 U
G = U—3U+3_0>
G=20

24,

25.

(B)

V(D

(Diagra}n of a Voltagei follower)

<

s You
Voltage gain = v

w

|
RIS

<

v, =

<

= —*=1

+

Voltage follower is a unity gain buffer. The
benefit of using a voltage follower is that the
high impedance source operated via op-amp
allows all of the voltage to be dropped across
a low impedance source, due to the fact that
voltage follower is a unity gain buffer.
AMyV(in=0, r<a

oo r=a

s

<

Potential is sphericaly symmetric
Wir.8.9) = R(r)Y;, (8,9}
Radial function R{r) satisfies
2
&R 2dR  2m [EfV(r)fi—Ll l;ﬂif ]R(r)

"ty dr+h2
=0
p = Kr
PR 2R [, LA+ DT o
dr2+pdp+[1_ o R{py=0
2mE
p:Kr, K = h_?—
Ro(p) = Aj, (p) +Bn, (p)

Jo(p) and mp(p) are spherical Bessel function
and spherical Neumann function respectively.
B =0, otherwise wave function will diverge
atp=0

R,(p) = 0 for r=a

jpKa) = 0
Roots of this egn. gives energy eigen value.
. sin
p=0, Jp) = _pg
sin (K, a) = 0

K,a=20



26.

27.

K, = e
a
" K,*
E, forp=0) = o
# nir?
T Z2ma®
2 A
E.(p=0) = 5
ground state n =1,
e
By = 2ma?
4
© i
78 @
B :R

ho(max} .'\,l(l‘ﬂﬂl) y

Plank’s black body energy density
Er(h) = T*
Wien’s displacement law :
A ey T = Constant

Since T, > Ty, By () > Er (1)

The maximum A; > maximum A,.

A p = zh(a Y.
Vo) = ﬁe ra=1k=1)
i, 1
PV = _\[?E (I+T)
pn = j: Vo pr W 41 dr
= 741'".: 6‘2’(1 +%) Fdr
- 74ij:[e*2’(7r2+r)dr]
o2t 1t
= —4i (2)3+(2)2] 0
<Pr> =0
v = -wiSey

[vou can proceed directly from here but
involve lot of algebra].

28.

29.
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It can be shown that for any n! state of
hydrogen atom

<Pr>1‘|p =0
Zh 2+ 1)
(Apr)nl T aq _T.l (2l+ 1)

[Memorize this formula for future exam.]

= Nuclear charge for an one-electron
system.

#
(Ap;) = —
ty
(A}
QGGG
T ! 1 1 ! T
Input | é ; z < é Outpui
signal | R, 3R, 3R, ng, IRy 2Ry signal
i 11 131
1807 out of
Con’_mwn phase w.cf.
Einitter Input
Base Amiplifier Collector singal

For an RC oscillator, we need negative
feedback output signal is 180° out of phase
with input signal.
No. of RC circuit

_ Total phase shift required
" phase shift produced by each RC circuit

180°
=300 :E
(C) F = —ayi+byb
JdF
—— = —2ay+6by’ =0
y Ly W

y=0,0r y[-2a+66y*]=

—2a+6byt =0
2a a
v = 6b " 3b
a2\
V= (3b)
2
3—1; = — 2a + 30by*
= (—2a + 6by*) + 24byt
I
ZETO
= 0 +24by?
d’F
a—wz = 24by*
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P - _ 1
Ify=0, N " —2a >0 (maximum} E, = ny+2 1o
14
\p’: i(i) N nx:0>ny:1=
3b 3
d%F a E = ho+5ho
ar 23 _ i 2
N = 24b (Bb) = 8z >0 (min.) X
*. for thermodynamic equilibrium =5 frm
14
¥ o=+ (??_b) n, = 0 {ground state),
n, = 1 (first excited state)
30. (D) (i)
31. (A) E 2wt Wolx} =< € an ©
' no e Vo) = o5
n,? M
E., = mam
T ma V¥l o) = vexp [ B2 ee+92)]
W, = ‘\}gsianl
3! [ a ’ 33. (B) L. = %mé'zf%qéz
_ 2 . X,
Yo, = \/asm " H =pf:7—L,
(m?® + ny)ywh’ dL e
A p= £=mq—qu
] = ]., fig = 2 .
(12 + 222 p = qim—Aq)
Epp = Y
ma 5= —2—
_ R m-—2Agq
~ 2ma*
Omne fermion is in ground state H = ( ) E(m Aq)
Second fermion is in first excited state )
Ignoring spin, the wavefunction of two (_p_)
fermion must be antisymmetric in variable x m—hq
and x, to satisfy pauli exclusion principle. Y R
N U W i) ey ey (m—xq) 2m-Arg
¥ = [ () e (57) -5 (51) () ] ;
H=—£
‘I’Inlng‘(xl ¥ xZ) = - ‘I’Inlng (-X/Za xl) Z(m - A«q)
1 - A A A
32. (A) V(x,y) = 5 mm? (4x2 +y2), 34, (D) A = yZI + ZXJ + .X,yk
5 AA A
E = 5 1. i i
1 Curl X - |2 2 9
mo (22,1 m (20)2 2) dx dy dz
2m 2 yZ o zx Xy
2
Ay 1 A A A
+ (B3 morv) = i@ 0 jo -y +kE =0
L Si 1A =0,A ti t
E. = ~Y oon ince curl A =0, A is a conservative vector
" (nx " 2) 2a0), field and its line integral around a closed loop



35.

36.

_),
is zero. This means work done & A.ﬁ
C

around a closed loop is zero.
5[) A-dl=0
o

(D) Legendre polynomial are symmetric or
antisymmetric
P, (=x} = (-1} P,(x)
P, () =1
Ps(-1) = -1 Ps(1)=-1

A
q
{Method
of image}
V=0
U, = potential energy at
1 42
A=-—%L
e, 4d

(Half of usual coulomb potential on only x > 0
region contain a non-zero field).
T, = Kinetic energy at A =0
Upg = Potential energy at B

_ L g
T dme,2d

Ty = Kinetic energy at B
L

= L mi

2

U =Potential energy at C

1 ¢

Ame, 4x

T = Kinetic energy at C

_ L 2
= 2m(2u)

UA+TA = UB +TB :Uc+Tcl

PR
4meq 2d

(Ugy+Ty=Up +Tg)

L o ,_ 1 g
= Ume, 4d A1)

2
L g O—lmu

Tame,dd TV T 2

37.

38.
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1 (Y, 1.
" ame, (2d o

_ 1 fq : 1 2
= = (4x) oy m QP .2)
Eliminate 12 from (1) and (2)

o 1é, 1
4me, 2d - dme, 4d

_ ,LLL(Q& .
T 4megdx 4meg \Ad
1,1 _ 1.1
2d 4d T 4x d
1l _1 1.1
dx T 2d 4d  d
_ 3
)
L _d
”5
[Note : If you have taken U __L_fﬁ
Py AT T4me, 2d

you will get answer as 4/4, which wrong. The
potential energy between a charge g and a
conductor plane is half of energy between two
charges ¢ and — ¢.]

0 2 3
(B) M=|2 0 6],
-3i —6i O
det(M) = —2i (18?) +3i (12i%) =0

Product of eigen value =det (M) =0
Trace = Sum of diagonal element = 0.
Sum of eigen value = Trace =0

only option (B), satisfies these two properties
Eigen value : - 7,0, +7

Prouct = - 7x0x7=0
Sum = - 7+0+7=0
&x L dx
(B)d12+2dz+x_0
Auxillary eqgn. A2 + 24+ 1 =0

_—21V4-4
= > =

A -1

General solution :
x(t) = Are*+Be!

x(0)=0=[B =0]
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X(f) = AI €7f 41 C """"""""" I\ """""""""" >,\J’§g
0 =" AN
g
= Afe -t ‘*___\3
XO=1,2 1= Ale®— 00, [A =1] e
@ ot Resultant acceleration :
X = le

OQ‘\
|
g
S
+
-~
ry
g
Mo
o

for maximum value, setx (£) = 0,

ey = o[i=1

Check if it is maximum,

x(H = —et—(1-pe! 1

I
)

[~
W
L

')
3+

I
]
)

=
I
b2
a

x (1) = fé<0[1mplies max.]

39. (D) Dilated time
T = T

L ::'LZTE L
Ty V2 Vi

1 1
i_ —T
f V2
f = 1 f. v=Lorentz factor P |
7 T=r
. V2
Y= 7 12
U
(1*62) tan 8 = \[j—:‘g=‘\6
2N\ 142
% - (1 _2‘_2) = tan 60°
, 12\ 12 b = 60"
7=r(1-%) S o
42. (C) D =¢cE
dz e d e d
40. (C) =9 G D, 8k
cos?z—sin’z = cos 2z B}1 E E)l
1-2sin’z = cos2z Since €, > €
. 1—cos2z
2, - L0842 = =
sm*z = 7 D, > 1Dyl
2dz . - =
I= T cos 22 for equality to hold |E ;| < 1E 4|
L1

==
2 p{r) - . .
43. (A VeV({r) = — oisson equation
Poles are at] —cos 2z =0 (®) i Eg P 4 )

cos2z = 1 1d rzaﬁ — _E_(._l”
Pol 0 3T 5 rior Jar €y
oles 2= 0.5 o) = g -,
¢ =0, lies with in Izl = = 9 _ %o
2 = 4
Ir o

There is no residue left at the origin.
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3 o I, = retarded time current.
- 7_0 r’), e rirg
ar| ro r=Vat+ 72

2
- 7% [e—rfro (2?‘) 71’_ e—rfro] lzl = LY/ 2 — g2
o o
[ .
V2V(r=rg) cdil>alort> - [time like event]
o T rr
= |: ror? L ﬂ’0(2r)—r—oe 1o cf, = ct-VNa*+ 7
ct—Na+ 72
c

= T L [2rge —rpe 1] i, =
= — ¢'0 To(;’_l_f& Ir = K‘tr
T orery? T orle )
9 . i X_QW;KI”_“ dzlct Na® + 2]
0 =
_Kze = —'{% dme ¥ e (2 +a?)2
3
= p =58 46. (AYUp(N, V) = TNE;
Fg~€
ENETESN
44. () %P =50 Lam \nv
dU,
\ P=-Uv
0 1 2 3 ¢ _ %N8—2(§ mNm%V_SB
T
i) <L 10
dr N
i, is 180° out of phase with i, from 0 to 1, {,(?) = 5§Ef
is a straight line. )
4
i(1) = gnEf
0 %r 77777777777 n:?—[, Efoc RZ'G
1 2 3 1 [ p = nn?3 o n53)

i (f) < £, . i () = constant 47. (C) Calculate laser band width Av :
. . iD=

from 1 to 2,ip(t) is constant in time i{(#) =0 v = %
from 2 to 3, i, is =< — ¢ i3 a constant in upper A
place. Av = —C;ﬂ |
A1) =Ki 7
45. (A) o g 11 =RE . »
] \ Av T AA
z| 4 Ay
i ™ _ _
N . Y - AQ =l =)
a P
£
Av
= @Ar 1, dz (
A= gmtle Ay M
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C C
Av T (L_i)
Ay M
_ C
C (vp-vy)
Minimum path difference
_le
2 Av
- | —c
T 20 -v)
48. (C) H = Z +V,
l
125 GeV 90 Gev
Ey = By +E;
Pl = B -yt
pa = pt-pt
B~ pi’) = (B2 cp)) +
(Ez* — ¢*pz%)

Standard four-momenta analyis yield

By = 7R,

_(125)* — (90)
T 2x125

49. (B) even Z, even N nucleide = first excited
state to be 2%,

gt ——— 1116 keV
6t —— 651 keV
At — 310 ke V
2t — 93 keV
0t —————0-0keV
AE = BI(I+1),I1=2
93 = 6B
93
B = 6
E(4*} = B4{4+1)=20B
93
= 20)(6
= @:3101@\/

3

50. (C) By Hund’s Rule

Cr (3d%) m 2 1 0 -1 -2

Cr?* (3d") ms L (7T [T |1 |
L=Z%m; = 4+1+0-1-2=2
1 1 1 1

0+2+2+2+2_2

This is the case of more than half filled

SO J = L+S:4

For Cr?+ (3d%)

S=Xmg =

2 1 0 -1 -2
T 17 17 |1
2+1+0-1=2
1 1 1 1
S=Xmg = 2+2+2+2_2
This is the case of less than half filled so
T =2-2=0
So decreases by 4.
51. (D)

L:EmL =

(A+B)AC +CBA
AAC +BAC + CBA
AC +BAC +CBA

AC +BAC +BAC

AC +BA (C +O)

AC +BA

A(B + 6) is equivalent to

1. 13
271720
11
“rty

52. (A)ypstate: [=1,5=

forj= %, m; = (2 level)



4 level)

MI»—&
™

sstate:l:0,5=5,j=2,

1 1
oy + > (2 level)

mj:——

There are 4 + 2 = 6 level for p state
There are 2 level for s state
Total no. of combinations

= 6x2=12

Use Am; = 0, 21 rule for dipole allow
transition
Am; = +2mnot allowed
Amj = +2 arises from
1
my= 5 to "y =— 5
=— 2 arises from
my=— % to m, = % Not allowed
T Silevel
p-level _

No. of spectral line = 12 -2 =

53.(C)  wix) = Asin® (%)
+ oo hZ dZ)
w«f L 4
) = La‘" omd )V E
jfm yry dx
i(sin3ﬂ) = Esinzﬂcosﬂ
dx a T oa a a
iz sin3ﬂ) _ 3m
dx a a
[2gsmﬂcosz—f— sin 3—]
= = [23111 —_13 51113*]
(H) =

B2 p= 3md Tx Tx
7ﬁj_ = [23111 3sm3—] sm( )

j SlIl6 —
—oo a
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X 3,":2 [Zj Sm4——3j sin ‘.'Uc] dx

T m a2 o
J. sin6 —dx
— oo a

21
- 2””[12 3]
3a

o X
I = Jsm‘l? =3

2
™
L= J.o sm'5

SRCIORE

_sa

9 m*H
10 ma®

54. (C) M=yp By + Bg),
BE = oM

By : applied field causes a fraction magnetiza-
tion.

% - Paramagnetic region magnetic suscepti-
bility

M = Xp (B + M)
M= 4, Bo+y, oM
M(T =%,%) = % Bo
M = %z Bo
1—xp“
C
Curelaw: 7y, = T
_M__ X%
XE = BO_1*Xpu
¥g: ferromagnetic region susceptibility
_ C __C
- Ce] T-Cu
|-
- —C T g1

T C
C(C—oc)
1 -

(Curie Weiss law)
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55. (A) Visual method :

There are only six accepted events as shown
to reach O point after 4 steps,

RRLL
RLLR
LLRR
LRRL
RILRL
LRLR
No. of accepted events
= 4+2=6,
No.of state = 24 =16
(No. of options)

6 _|3
16~ |8
Short Method

For symmetric random walks probability of
reaching origin after n steps

/2)
2)‘I

Samiple space

Probability

(;

for n =4, Probability

()
_ N2/ 4t 13
24 T2116 |8

56. (B) For b.c.c. lattice, the primitive vertices are

oIS IR e

— aho oAoa
ay = 5li—j+4]

lattice constant = a

— ach ohoa
az = 5li+j K]
Bloch theorem

- =
Wk, 7Y = u(P)err
-3 o

= f(Fe

— - =

then fry=f(r+a)

then a is alattice vectori.e..f( r ) is periodic

. -
w.r.t.translational vector a .

f:l+c0s[2a—n(x+y)]+cos [%(y+z)]
o
+ cos [a (z+x)]
- - 2 a a
f(r +a;)=1+cos [;(x+y)fi+§]
+ cos [E( + +2+E)]
a VT 2T
reos [T (eve 5+5)]
cos | TFlx+z-5+5
=1+ cos [i—n(x+y)+cos [i—n(y+z+a)]
+ cos [%(zﬂc}

=1+ cos [2a—n(x+y)+cos [%I—n(y+z)+2n

2T 7
+ cos [a (z+x)_
=1+cos [E(x+y)]+COSE(}’+Z)
7 74
+cos%(z+x)=f(?)
- = 27 a a
Fir +a2)—1+cos[a (x+y)+2—2]
+ cos [2—E( + )—£+2]
a YTHE T

o [E(ene5-9)]
COS§ 7 Z+x 2 )

Frrm) = £(7)
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3
f(_r} + a_;) = 1+ cos [E (x +y +% + %)] Check for% (one other if you like)
+ oS [— y+2z) + 2 % x 30 = 2492 is very close to
+ Cos [— (z+ + = —)] 250.
a 2
— M? o=
= f(r)
o I\d3
Other functions are not periodic i.e.,
- — —
f(?'+t1)-'f-'f(?’). ﬂl’)=1§
57. (D) e(k) = —4eg 59. {C)
ka  ka ka  ka ; .
[cos 5 COST, +C0s - cos™, 0 2 | (140) X
ka kxﬂ] L ©75)
+ COs 9 CcOS§ 2 (025)( 50)
pn h
€0 = o om ek ek ntegral = 3 [f(zo) +4fCn) + 2 ()
2
o _ #,, Alk) + 4fxs) + fx)
dk, — 2mTF T m 16— 00
_ %:ﬁvx h = T:O'QS
1 a f(x()) =0
Vo= S —
# ok, flx1y = Y025, 4f(xp) = 2-000
STS = —4deg, flxa) = NO-50, 2f(x,y) = 14142
Jﬁ flx3} = YO75,4f(x3) =3-4641
( sin 7) (2 cos 1-000
flxg) = V100, flx,)= 78783
ka
A2 At 1
+cos ~ ( sin )(2)] I:J.O\[;dx
4g k k 0-25
= gasinxTa cos%+cos—ﬁ) = Tx78783
g—i] x =2gya sin;—g(cos 0+ cos 0) =
7’0,
* (“ ) 60. (B) Greatest distance a quark can be
= dgqa estimated from uncertainty principle.
_dega rm = ct, AEAt~F
[Viliwa, 0,00 =
h . _CL_ZOOMeVﬁ_fn
58. (D) In numerical data, avoid the end point, so " AE - AE (MeV)
use the two middle points b
Vir) = ar+
M il r
5032 0x2 b
Vi) = a-—5=0
10191 250+ 10 0 = a-5=0,
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. [g_ /100Mev
® Na = N200MeV fin-!

1

N

€L
-5 fin.
200 MeV jin
E (MeV)

E(MeV) = 200V2

= [ 283 eV

1
61. (D)  y = 5xu+xn)-H
y? = i(xlg +x% + 2xp3) + WP
— Hixy + xp)
0% = L)+ )+ 20m) el +p2
— 1 [} + {x2)]
3 = M =u?+0°
(x1) = (=4
o = i[zu2 +20% + 2% +p2
(VR
= LA + 207+ 2 - 202
= ],L?’ +%02*1—L2
) = 50
= oY = oMY =rot
oh _ 1
= ot T4
Ao
62. (B A A
A ./ \‘\\ ,'I[\\
73 I\ X
J \// VARS

It is an even function cos (2mk.x)

Flcos @mkqn)] = j: ik

[ ATk 4 o= 2 kxx]
2

63.

— % r’ [ 2mi (ko —K)x 4 o2 (kg + K)x) g

Ref(x) = I8k — ko) + B0k + ko)
A1)

W

Infinite function centered at — ky and kg.

(D}

[A,B] = AB-BA
0 -1 0}0 0 1
[A,B] = [1 0 oflo 0 0
0O 0 0/A0 0 O
00 1}0 -1 0
-0 001 OO
00 O0A0 00O
000 000
=100 1}-{0 00
000 000
000
ZOOIZC
000
[A,B] = C
00 1}0 0 0
B.Cl=|0o 0o o0o]lo o1
00 0A0 00
00 030 01
-10 0 1TQJjO 0O O
00 O0/A0 00
[B,C] =0
00 0}0 -1 0
[C,Al = [0 o0 1|1 00
00 0A/A0 00
0-1 0}(0 00O
-1 0 00 0 1
0 00000
000 00 -1
=(0 0 0|00 O
000 00 0
001
=(0 0 0=B
000
[C.A] = B



64, (A) 0(x,y.z.0

sin (x + iv)
sin (x + iy) =

Relsin (x + &y)] =
do
dx
)
ox?
4 _
dy ~
# _
oy?
9 _
oz
)
dz*
4o _
or
]
o
1 9%
v2 gr?
Po Po, P _

dx?

= -V

cos (z—vi)
+ Re (sin (x + i)
sin x cos (iy)
+ cos x sin (iy)
sin x cos hy
+ cos x sin by
sin x cos hy.

cos x cos hy
—sin x cos hy
sin x sin Ay
sin x cos hy
—sin {z —vi)
—cos{z—vi)
v §in {z — v )

2 cos {z— v,

o2 t 3R sin x cos hy

+ sin x cos iy — cos (z— vi)

A

ozt~

Po

ox? " gy? *

=—cos (z—vi)

g

v2ior? T

1 & 9 I
15 G )

65.

(D) A{ep, st = {xpy— 2P X P3 +xapy }

d d
= o (xipy — xlpl)a_pl (X123 + X3py1)

L (s —ap1) - (s + )
Ip; X1 — Xl 0%, X1P3 + X3P
+—a (xpy — )—a (xp3 + x3py)
9%, X1 — Xl op, X1P3 + X3P
2 ( )—a (xp3 + x3py)
—ap2 X1 — Xl 9%, X1P3 + X3P

o 9
+ s (122 — Xp1) s (x1p3 + x301)

66.

67.
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J o
- aips (x1p2 *xﬂ’l)gs (x1p3 + x3p1)

=PDaX3t+ xpp3 =0
{cs. 01} = {xips + X3Py, P2 +Xapa )

J o
= @ (xips + XSPI)% (xaps + x3p7)

- 9 (xyps; +x )i (X205 + X39p9)
s 173 i x; 23 k2]

+ other terms which vanish

=P X =0
{(:3, C1} = -0
(B) 7 =Q
_ £
P = 2q

0ld coordinate g, p (one from old, one from
new : gp)

New coordinate Q, p (one from new, and
from old : Q, p)

Generating function F, (g, P)
d d
LA S SO, N )
Q—BPF?,—ap(qp)_q

Q = ¢* (given) check for

3 3 given eqn.
L 2 p
p=5F2=5,9P=2p

L:
2q

(©)

P {given)

oy = Ee e

= —[x3+x2—xb? - b2

= b2+ b2 —x? X7

= b2l +x)-x2(1+xp=0

= H-xH{T+x=0
Fixed point are
-lx=-1
tbh,xy=xb,xy=-b
for stable point f” (x;} < 0, for unstable point
Fx)>0

FED = b2-2(-1)-3(-1)?
=5 +2-3
= (' -1)<0
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only one first stable point: |(h? - 1} <0

(options B and D are eliminated)
F(by = b*—2(b) - 3b?
—2b* -2b

-2b(b+1)>(|
(unstable) first unstable point)

F=h B 2(— b) - 3b?
—2b2+25h

-2bb-1)>0

(2nd unstable point)

for a stable point
So we point for choice0< b < 1 ar

{f 2b (1 +b) >0 for two unstable fixed
=2b{1-0)>0 points butkeep b < 1

It is mot possible to choose option 1 or 3 to
satisfy all the conditions.

Choose option A : Take any value of b (say

0-3)—2><% (1 +%):i>0.
Choose option C : b < — 1 (satisfies stable
point condition)
Takeb=-1,1sothatb<—1
“2-L,D[1-111%0

(i.e.,<0so0itis a stable point}
“2-1LD[1+1-1]1>0

Choice is 3 (b < — 1) provided there is one
unstable and two stable points. Somebody
must point this to the conserved authority.

+e

} . 2 ; .s .4
68. (B) 4 P a2 i
Metal ,W
3d
2
B = 11l +E,
47560 x12

E field in x dirk”

ol

10e
E.0.0) = Oneod®
2 fd 2
69. (D) I = Jo A2 r2dr Jo sin B 46 J.o 4o
l l
2 k]
24
= 4% jo yt? #2dr
= isj ’ a =2 yldr
(21} 4]
x = r Ldx = d—r
tn tn

1
I' = Joxze‘lxdx
2 ox Iy P!
= —I(§+§+Z)ezx|0

‘*[G*l*gfﬂ+l
= 27274 4
_Lls

174
[ =40 =1-5¢2

= [o323 ]

70. (C) 1y

reflected

Dielectric

My(complexy Metal

PRI AR R AT T

When an electromagnetic wave travels in a
metal, the Maxwell equation have to be

- —
solved with Ohm’s law J = ¢ E . This gives
rise to attraction of the wave and the electric
and magnetic component of the wave are no
longer in phase. The phase difference for
normal incidence is given by fresnel equation
E_m-m

)

-
E, — reflected component of E field.

E, — incidence component of ]_E> field.

n{l+ipy-—n

n{l+ip)r+n



tan 6

_o_mp__ip
T onl2+ip] 2+idp
ip(2-i
(2+ip)(2-ip)
_ pr+2ip
T 4+ p?

Imaginary component of x

Real component of x

__ie2

9

ml()

71. (A) V()
F(8)

b

2k sin 5

= j dr (re=" sin br)

bfﬂ

J.o rsinbre W dr

o 2ub
T B+l
_ _dmPp
fo) = B (B2 + P2
72. (D) wix) = Ae oM
H = bx?
AE (first order correction)
Jvervea
[

2A2 jo e—Z(IIxI b_x2 ax

2A2 J: e—QaIxI dx

b J.m x2 o= 2ulxl
0

i o e~ 2alxl dx

2! 2b % 20,
Qo) ~ = 8o
1
(2@)
202

2mj dr 2 V(r )smbr

[standard integral]

74.
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_}
(A) (ﬁB s =0
Brr,2 = ¢0,B :%
Tl:Tp
— A
4
T (x2+y%)
7 A k\'
:;‘ \'T ———————— »Y
RS 7P
X

_}
This B field is uniform,
r, — distance from the wire in XY plane.

S
A = E(B X 7 )
A A A A
= E[M%ka(xi+yj+zk)]
"
- e -0y
2n (% + %) 2m (P +9)
L oy L ox
AnAnA) =|-= o -0
(Ao Ay A2 2 +yh) 2G4

©)(p+y5) V-b) = RT

Hard way—Solve the cubic eqn. for V,
minimized it to find the volume. It is well
known that the critical volume.

V., =3k

Easy way— Use dimensional analysis.

(1)2 PVZ v (Energy)

PV
(2) e V2 ~ P (Pressure)

PV
3) bR PV — ~ T (Temperature)
T
@)y b~V ~ (Volume)
. (B) I=ew
0. = attenuation constant,

2
~ Skin depth
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o = Y2u0c
. 2
Skin depth = —
We0}
6
= Af2 x4mx 10-7 x 107 x L
2
o = 2x1083m!
In (l) = —0Ox
Ty
In{10-% = —ox

~2lnl, = - o
2In10 2x23m
T T w T 2x10°

= 23x10°m

[Note : If attenuation of only E or B field is

1 .
asked then o = skin depth ° and your option
will be 4-6 mm but since intensity o square of

2

amplitude of ¢, one must be o = m].
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PART A

1. Average yield of a product in different years

is shown in the histogram. If the vertical bars
indicates variability during the year, then
during which year was the per cent variability
over the average of that year the least ?

400

350

L (250 %
300 75
250} (200 =
75)
200 (150 =
o

(100 +
100 - 50)
30
 E—

0 2000 2001 2002 2003

(A) 2000 (B) 2001
(©) 2002 (D) 2003

. A rectangle of length d and breadth 4/2 is
revolved once completely around its length
and once around its breadth. The ratio of
volumes swept in the two cages is—

(Ay 1:1 By 1:2

¢y 1:3 D) 1:4

. A long ribbon is wound around a spool up to
a radivs R. Holding the tip of the ribbon, a
boy runs away from the spool with a constant
speed maintaining the unwound portion of the
ribbon horizontal. In 4 minutes, the radius of

the wound portion becomes L In what
V2
further time, it will become R/2?

(A) V2 min
(C) 2V 2 min

(B) 2 min
(D) 4 min

4. If nn is a positive integer, then

rn+1)(n+2)(r+3)(r+4)(n+5)(rn+6)
is divigible by —
(A) 3butnot7 (B) 3and7
(C) 7butnot3 (D) neither 3 nor 7

. The area (in m?) of a triangular park of
dimensions 50 m, 120 m and 130 mis—

(A) 3000 (B) 3250
(C) 5550 (D) 7800
. Lunch-dinner pattern of a person for m days is

given below. He has a choice of a VEG or a
NON-VEG meal for his lunch/dinner :

1. If he takes a NON-VEG lunch, he will
have only VEG for dinner.

2.  He takes NON-VEG dinner for exactly 9
days.

3. He takes VEG lunch for exactly 15 days.

4. He takes a total of 14 NON-VEG meals.

What is m ?

(A) 18

(C) 20

(B) 24
(D) 38

. A bank offers a scheme wherein deposits

made for 1600 days are doubled in value, the
interest being compounded daily. The interest
accrued on a deposit of Rs. 1000/- over the
first 400 days would be Rs.

(A) 250 (B) 183
(C) 148 D) 190
. What is the next number of the following
sequence 7
2,3,4,7,6,11,8,15,10 ...
Ay 12 B) 13
€ 17 (D) 19



10.

11.

12.

13.

14.

. Two locomotives are running towards each

other with speeds of 60 and 40 km/h. An
object keeps on flying to and fro from the
front tip of one locomotive to the front tip of
the other with a speed of 70 km/h. After 30
minutes, the two locomotives collide and the
object is crushed. What distance did the
object cover before being crushed ?

(A) 50 km (B) 45km
{C) 35km (D) 10km

Weights (in kg) of 13 persons are given
below :

70,72,74,76,78, 80, 82, 84, &6, 88, 90, 92,
94

Two new persons having weights 100 kg and
79 kg join the group. The average weight of
the group increases by —

(A) Okg (B) 1keg

(C) 1-6kg (D) 1-8kg

A code consists of at most two identical
letters followed by at most four identical
digits. The code must have at least one letter
and one digit. How many distinct codes can
be generated using letters A to Z and digits 1
to9?

(A} 936
(C) 1872

(B) 1148
(D) 2574

Two solid iron spheres are heated to 100°C
and then allowed to cool. One has the size of
a football; the other has the size of a pea.
Which sphere will attain the room tem-
perature {constant) first 7

(A) The bigger sphere

(B} The smaller sphere

(C) Both spheres will take the same time

(D) It will depend on the room temperature

Find the missing letter :

Al ?] Q]| E
c | M| s | c
E|K|U]|[ A
G 1 |wly

(A) L (BY Q

(O N D) O

The least significant bit of an 8-bit binary
number is zero. A binary number whose value
is 8 times the previous number has—

I5.

16.

17.

18.

19.
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(A) 12 bits ending with three zeroes
(B) 11 bits ending with four zeroes
(C) 11 bits ending with three zeroes
(D) 12 bits ending with four zeroes
A person sells two objects at Rs. 1035/- each.
On the first object he suffers a loss of 10%

while on the second he gains 15%. What is
his net loss/gain percentage 7

(A) 5% gain (B) < 1% gain
(C) < 1% loss (D) no loss, no gain
Continue the sequence
2,5,10,17,28,41, —, —, —
(A) 58,77,100 (B) 64,81, 100
(C) 43,47,53 (D) 55,89,113
A ladder rests against a wall as shown. The
top and the bottom ends of the ladder are

marked A and B. The base B slips. The
central point C of the ladder falls along—

A

(A) A parabola

(B) The arc of a circle
(C) A straight line
(D) A hyperbola

20% of students of a particular course get jobs
within one year of passing. 20% of the
remaining students get jobs by the end of
second year of passing. If 16 students are still
jobless, how many students had passed the
course 7

(A)y 32 (B) o4

(C) 25 (D) 100

Binomial theorem in algebra gives (1 + x)" =
g + ax + @t + + a,x", where a,, ay,
...... , @, are constants depending on n. What
isthesumag+ e+ 3 +...+a,?

Ay 27 B) n

(C) n? D) nt+n
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20.

21.

22.

23,

24.

A sphere is made up of very thin concentric
shells of increasing radii (leaving no gaps).
The mass of an arbitrarily chosen shell is—

(A) Equal to the mass of the preceding shell
(B} Proportional to its volume

(C) Proportional to its radius

(D) Proportional to its surface area

PART B

A particle of mass m is moving in the
1
)

—axt +
2

positive constants. The frequency of small

oscillations about a point of stable equili-
brium is—

potential ¥V(x) = ZI—be‘l where a, b are

(A) Ya/m (B) vV 2a/m
(C) ¥3a/m (D) ¥ baim

The radius of Earth is approximately 6400
km. The height 5 at which the acceleration
due to Earth’s gravity differs from g at the
Earth’s surface by approximately 1% is—

(A) 64km (B) 48 km

(C) 32km (D) 16 km
According to the special theory of relativity,

the speed v of a free particle of mass m and
total energy F is—

) [ mc:'2

(A} v
2
(B) v= \/55 (1 —
2

o D

2
D) v=c (1 + 2=
Let 7 denote the position vector of any point
in three-dimensional space, and r = | j I
Then—
(A) V-7 =0and V x 7 = r/r
(B) V-7 =0and V¥ =0
(€ V-7 =3md V27 = £/
D) V-7 =3andV x 7 =0

25.

26.

27.

28.

a
The column vector| b |is a simultaneous
a
001
eigenvector of A = 010 and
100
011
B=(1 0 1 [if—
1 10
(A b=0o0ra=0
B) b=aorb=-2a
(C) b=2aorb=-a
D)y b=al2orb=-a/2
The principal value of the integral
f D s
(Ay —2m B) —m
(C) n D) 2

Two independent random variables m and n,
which can take the integer values 0,1, 2, ...,
=, follow the Poisson distribution, with
distinct mean values p and v respectively.
Then—

(A) The probability distribution of the
random variable / =m + » i3 a binomial
distribution

The probability distribution of the
random variable r = m — n i3 also a
Poisson distribution

(B)

The variance of the random variable
[ =m+nisequaltopn +v

(©)

The mean value of the random variable
r=m-nisequalto0

(D)

The Laurent series expansion of the function
f2) = e + el=about 7 = 0 is given by—

o0

S Eforalllzl<o
ol

nE=

(A)
S (2 +2) L onlyif0<izl<1
B) 2 4, ) ponlyifO<lzl<

(@) 2 (z +—)—f0ra110<|z|<oo

(D) H_E

,onlyiflzl <1



29. The equation of motion of a system described

30.

31.

32.

by the time-dependent Lagrangian
L=g¢" [%m;c2 - V(x)]

s —

(A) mx +ymic+%=
B) mi +ymi -2 =0
©) mx'fymic+%=0

(D) mx +%:0

A solid sphere of radius R has a charge
density, given by

p(r) = po (1 f%),

where r is the radial coordinate and py, @ and
R are positive constants. If the magnitude of
the electric field at r = R/2 is 1-25 times that
at r = R, then the value of 2 is—

(A} 2 (B) 1
1 1
(O 3 D) 1

The electrostatic lines of force due to a
system of four point charges is sketched
below.

At a large distance r, the leading asymptotic
behaviour of the electrostatic potential is
proportional to—
(A} r

© r*

®) r
®) r?
A charged particle moves in a helical path

under the influence of a constant magnetic
field. The initial velocity is such that the

33.

34.

35.
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component along the magnetic field is twice
the component in the plane normal to the
magnetic field.

,,,,,, o
AN
> =)
M
X
_/
,,,,,,,, » |2R i.‘_

The ratio ¥R of the pitch [ to the radius R of
the helical path is—

(A) n/2 (B) 4n

(©) 2n D) =

A parallel beam of light of wavelength A is
incident normally on a thin polymer film with
air on both sides. If the film has a refractive
index nn > 1, then second order bright fringes

can be observed in reflection when the
thickness of the film is—

(A) Nan (B) AM2n
(C) 3n/4An D) Wn
Consider the normalized wavefunction
¢ =ap g Ha e+ as Y
where 1, 15 a simultaneous normalized

eigenfunction of the angular momentum
operators L? and L, with eigenvalues I(7 + 1)

#? and m# respectively. If ¢ is an eigen-
function of the operator L, with eigenvalue &,
then—

(A) a =-as :%= ty :%
B) o =a; :%= ) :%
(©) a1 =a; :%le :—%
D) ay=a,=a; =\/1_§

Let x and p denote, respectively, the coordi-
nate and momentum operators satisfying the
canonical commutation relation [x, p] =i in
natural units (A = 1). Then the commutator

[x. pe?] is—
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36.

37.

38.

39,

(A) il1-ple? (BY i(1-pH e
(C) i(1-e7) (D) ipe®

Suppose Hamiltonian of a conservative system
in classical mechanics is H = wap, where o is
a constant and x and p are the position and
momentum respectively. The corresponding
Hamiltonian in quantum mechanics, in the
coordinate representation, is —

@ -ito (- -3) B it (v )

) A ihw A
(C) —ihox . D)y — > s
Let 1, and vy, denote the normalized eigen-
states of a particle with energy eigenvalues E;
and E, respectively, with B, > E; . At time 1 =
0 the particle is prepared in a state

1
= =— + .
Wir=0) \/5(11’1 1Y)

The shortest time T at which (7 = T) will be
orthogonal to y{f = 0) is—

A 2hn - A

A ®, ) ®) &, 5y
hn hm

© & B O 3 B

The I-V characteristics of the diode in the
circuit below is given by
= {(V - 07500 for V=07
0 forV <07

where V is measured in volts and I is
measured in amiperes.

LK 1
,,,,,,,,,,,,,,,,,,,,,,,,,,,,, A
[0V== N
The current I in the circuit is—
(A) 10-0 mA (B} 9-3 mA
{C) 62mA (D) 67 mA

A junction is made between a metal of work
function Wy, and a doped semiconductor of
work function Wg with Wy > Wg. If the

electric field at the interface has to be

40.

41.

42.

43.

increased by a factor of 3, then the dopant
concentration in the semiconductor would
have to be—

(A) Increased by a factor of 9

(B) Decreased by a factor of 3

(C) Increased by a factor of 3

(D} Decreased by a factor of V3

In a measurement of the viscous drag force
experienced by spherical particles in a liquid,
the force is found to be proportional to V17
where V is the measured volume of each
particle. If V is measured to be 30 mm?, with
an uncertainty of 27 mm?®, the result-
ing relative percentage uncertainty in the
measured force is—

(A)y 208 (B) 0-09

(S D) 3

The pressure P of a fluid is related to its
number density p by the equation of state
P = ap + bp? where a and b are constants. If
the initial volume of the fluid is V), the work
done on the system when it is compressed so
as to increase the number density from an
initial value of pyto 2pg is—

(A} apyVq
(B) {a+bp)paVy

3a  Tpgh
© (3475 vy
(D) (aln2+bpa)paVy

The Hamiltonian of a classical particle
moving in one dimension is

2

H=2—+
2m

where « is a positive constant and p and ¢ are

its momentum and position respectively.

Given that its total energy E < F; the available

volume of phase space depends on E; as—

34

(A Eo

B) E,

© VE,

(D} is independent of B,

ogt

An ideal Bose gas is confined inside a
container that is connected to a particle
reservoir. Each particle can occupy a discrete
set of single-particle quantum states. If the



44.

45.

46.

probability that a particular quantum state is
unoccupied is 0-1, then the average number of
bosons in that state is—

(A} 8 {B) 9

¢y 10 ) 11

In low density oxygen gas at low temperature,
only the translational and rotational modes of

the molecules are excited. The specific heat
per molecule of the gas is—

(A) %kB (B) kg

© Sk ®) > ky

Consider the amplifier circuit comprising of
the two op-amps A; and A, as shown in the
figure.

If the input ac signal source has an impedance

of 50 kL2, which of the following statements

is true 7

(A) A, is required in the circuit because the
source impedance is much greater than r

(B} A, isrequired in the circuit because the
source impedance is much less than R

{C) Ay can be eliminated from the circuit
without affecting the overall gain

(D} A, is required in the circuit if the ootput
has to follow the phase of the input
signal

PART C

A plane electromagnetic wave incident
normally on the surface of a material is
partially reflected. Measurements on the
standing wave in the region in front of the
interface show that the ratio of the electric
field amplitude at the maxima and the minima
is 5. The ratio of the reflected intensity to the
incident intensity is—
(A) 4/9

Gy 2/5

(B) 2/3
D) 1/5

47.

48.

49,
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The scalar and vector potentials cp(;), £y
and K(?, t) are determined up to a gauge

transformation ¢ — @' =@ —%? and A — A’

- - « - -
= A + VE where £ is an arbitrary continuous

and differentiable function of ;) and 7. If we
further impose the Lorenz gauge condition

VA + 1ig =0
c dt
then a possible choice for the gauge function

— . —
E( x,1)is (where m, k are non zero constants

withw=cl &k )—

(A) cos of cosh ? . ;)
(B) sinh w¢ cos ? . ;)
2

(C) cosh wt cos x

—

s

(D) coshwmscosh k- x

A mnon-relativistic particle of mass m and
—=

charge e, moving with a velocity v and

—
acceleration @ , emits radiation of intensity 1.
What is the intensity of the radiation emitted
by a particle of mass m/2, charge 2e, velocity

_v)/2 and acceleration 2; 7
(A) 161 B) 81
(C) 41 O 21

Let « and p be complex numbers. Which of
the following sets of matrices forms a group
under matrix multiplication ?

« B
00
),Where ap =1

|
(55
|

), where aff* is real

),Wherelal2+l[?)|2:1
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50.

51.

52.

53.

The expression

3
. z _Eijk {x0 2y L)}

(where €; ; is the Levi-Civita symbol, x p ,

T, are the position, momentum and angular
momentum respectively, and {A, B} re-
presents the Poisson Bracket of A and B)
simplifies to—

(A} 0 {(B) 6

© x-(p xL) O xxp

A mechanical system is dcscribcd by the
py= ‘D—

+5m(x)22 As a

result of the canomcal transformation

Q

Hamiltonian H{g,
generated by F(g, Q) = — ~~, the Hamiltonian

in the new coordinate ( and momentum P
becomes—

2
(A) 21_m Q2P2 +m Q2

1 mom?
2 mp2 9T
(B) 2mQP + ) P

1_2_’”(”22
mb t T, Q

D) 5

(C)

QP4 +m_(’~32 P2

—
Let 0 =(0,, 0,, 03), wWhere 0, G,, 04 are the

— —
Pauli matrices. If @ and b are two arbitrary
constant vectors in three dimensions, the

commutator [Z) . g, 3) . E)] is equal to (in
the following [ is the identity matrix)—

w (@
@ 2 (@ x8)-5
© (& 7)1
D) lallbIl

'?)(014‘024‘03)

Consider the function flz) = % In{l-z)ofa

complex variable z =re® (r >0, — » < 0 < x),

The singularities of f{z) are as follows :

(A) Branch points at z = 1 and z = ; and a
poleatz=0only for0 <8 < 2xn

54.

55.

(B)

Branch points at z=1 and z=2; and a
pole at z =0 for all 8 other than 0 < 6 <
2

Branch points at z=1 and z=2; and a
pole at z=0 for all 8

Branchpointsat z=0,z=1Tand z=2
£_ l)n X e+l

o W(n + 1) E)

satlsfles the differential equation—

x-'f+(x2+1)f 0

(©)

(D}
The function fx) = 2

(A) x
B) #- +2rf+(x2—1)f:0
(©) x Jc—'f+(x2 1) f=0
D) x x—'f+(x271)f 0

The probe Mangalyaan was sent recently to
explore the planet Mars. The interplanetary
part of the trajectory is approximately a half-
ellipse with the Earth (at the time of launch),
Sun and Mars (at the time the probe reaches
the destination) forming the major axis. Assu-
ming that the orbits of Earth and Mars are
approximately circular with radii Rg and Ry,
respectively, the velocity (with respect to the
Sun) of the probe during its voyage when it is
at a distance #{Rg << r << Ryy) from the Sun,
neglecting the effect of Barth and Mars, is :

(Rg + Ry}
HRg+ Ry ")

) \/ 2GM— M
(Re+ Ry — 7}
(B) \/ZGM 7(Rg + Ry

Re
(©) 2GM Ry

26M
o =




56.

57.

58.

59.

A large MOS transistor consists of N
individual transistors connected in parallel. If
the only form of noise in each transistor is 1/f
noise, then the equivalent voltage noise
spectral density for the MOS transistor is —
(A) 1/N times that of a single transistor

(B} 1/N? times that of a single transistor

(C) N times that of a single transistor

(D) N2 times that of a single transistor

Consider a particle of mass m in the potential
Vi{x) =alxl,a>0.The energy eigen-values
E,(# = 0, 1, 2, ...), in the WKB
approximation, are—

JrCol

3akh

(B) [ il n+2)]
3ah

(C) o n+2)
3akh

(D) o n+2)]

When laser light of wavelength A falls on a
metal scale with 1 mm engravings at a
grazing angle of incidence, it is diffracted to
form a vertical chain of differential spots on a
screen kept perpendicular to the scale. If the
wavelength of the laser is increased by 200
nm, the angle of the first-order diffraction
spot changes from 5° to—

(A) 660° (B) 5-14°
(©) 5018° D) 521°
Let 1}y =cyl 0) +c; | 1) (where ¢, and ¢, are

constants with 6‘20 +c¢1 = 1) be a linear
combination of the wavefunctions of the
ground and first excited states of the one-
dimensional harmonic oscillator. For what
value of ¢ is the expectation value {x) a
maximum ?

N 1

(A) {x)= 1r20y°C0 =\/—_2
h 1

(B) (x)= 2’ 9T

60.

61.

62.
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h 1
© D=\ 2=

h 1
(D) <.X>: mo’ C0—2

Consider a Low Pass (LP) and a High Pass
(HP) filter with cut-off frequencies fip and
Jup. respectively, connected in series or in
parallel configurations as shown in the
Figures A and B below.

Input |HP | LP Output,
A |
Lfup fIP
Jup
p mput | Output |
Lr
Jip

Which of the following statements is correct ?
(A) For fip < fip, A acts as a Band Pass filter
and B acts as a Band Reject filter

For fip > fip. A stops the signal from
passing through and B passes the signal
without filtering

For fup < fip. A acts as a Band Pass filter
and B passes the signal without filtering

(B)

©
(D) For fip > fip. A passes the signal without

filtering and B acts as a Band Reject
filter

A collection N of non-interacting spins S;,i =
1,2, ... ,N,(§,=+ 1) is kept in an external
magnetic field B at a temperature T. The
Hamiltonian of the system is H = —uB Z.§,.

‘What should be the minimum value of ﬁ for
B

which the mean value (§;) > 3 ?

(A) %Nan (B) 21In2

(<) %1112 (D) NIn2

When a gas expands adiabatically from
volume V, to V, by a quasi-static reversible
process, it cools from temperature T, to T,. If
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63.

64.

65.
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now the same process is carried out adiaba-
tically and irreversibly, and T; is the tempe-

rature of the gas when it has equilibrated,
then—

(A) T, =T,

B) Ta> T,

O Ty=T, [V
( ) 2=17 V2
(D) Tz——V2

A random walker takes a step of vnit length in
the positive direction with probability 2/3 and
a step of unit length in the negative direction
with probability 1/3. The mean displacement
of the walker after n steps is—

(A) n/3 (B} n/8

(Cy 2n/3 D)o

The Hamiltonian H,, for a three-state quantum
system is given by the matrix

100
020
00 2

H, = . When perturbed by

010
H =] 1 0 1 |where & << [, the resul-
010

ting shift in the energy eigenvalue By = 2 is—
(A) g,-2& By - 5,2
Cy x€ D) +2e

The ground state energy of the attractive delta
function potential

V{x)=-5bd(x),
where b > 0, is calculated with the variational
trial function

X
Acos—— for-a<x<a

Wy (1) = 20’
o, otherwise
s —
mb 2mb?
W o ®
mb* mb*
© -5, D)~

66.

67.

68.

69.

If the binding energy B of a nucleus (mass
number A and charge 7) is given by

(2Z - Ay a7?
B =avAfasA2’3fa%,m A NE
where ay = 16 MeV, a, = 16 MeV, a,,, =24
MeV and a. = 075 MeV, then the 7 for the
most stable isobar for a nucleus with A =216
is—
(A) 68 (B) 72
(C) 84 Dy 92
Consider the crystal structure of sodium

chloride which is modeled as a set of touching
spheres. Each sodium atom has a radius r
and each chlorine atom has a radius r;. The
centres of the spheres form a simple cubic
lattice. The packing fraction of this system
is—

1 3 () 3
(A) m |:(?'1 + ?’7) +(?’1 + TJ :|

303
2m F1+ 12
(B)

? (Tl + T2)3
T3 + TS
1 2
© &y

3 3
i+ r

® 7y

Consider two crystalline solids, one of which
has a simple cubic structure, and the other has
a tetragonal structure. The effective spring
constant between atoms in the e-direction is
half the effective spring constant between
atoms in the a and b directions. At low
temperatures, the behaviour of the lattice
contribution to the specific heat will depend
as a function of temperature T as—
(A} T? for the tetragonal solid, but as T3 for
the simple cubic solid
(B) T for the tetragonal solid and as T? for
the simple cubic solid

(C) T for both solids
(D) T3 for both solids

An atomic transition 'P — 1§ in a magnetic
field 1 Tesla shows Zeeman splitting. Given
that the Bohr magneton pg = 927 x 10724 J/T,
and the wavelength corresponding to the
trangition is 250 nm, the separation in the
Zeeman spectral lines is approximately —



70.

71.

72.

73.

74.

(A) 001 nm (B) 0-1 nm
{(C) 1-0nm (D) 10 nm

If the leading anharmonic correction to the
energy of the n-th vibrational level of a

2
diatomic molecule is — x, (n + %) hm with

x, = 0-001, the total number of energy levels
possible is approximately —

(A) 500 (B) 1000

(Cy 250 (D) 750

A superconducting ring carries a steady

current in the presence of a magnetic field B
normal to the plane of the ring. Identify the
incorrect statement—

(A) The flux passing through the super-
conductor is quantized in units of he/e
The current and the magnetic field in the
superconductor are time independent

(B}

The current density T and B are related

by the equation V x J +A2B = 0,
where A is a constant

(C)

(D) The superconductor shows an energy
gap which is proportional to the
transition temperature of the super-

conductor

The effective spin-spin interaction between
—=

the electron spin S:) and the proton spin S, in
the ground state of the Hydrogen atom is

given by H = a S_: . g:,. As a result of this
interaction, the energy levels split by an
amount—

(A) %ahz (B) 2ah’

(C) ah? (D) %arﬂ

In deep inelastic scattering electrons are
scattered off protons to determine if a proton
has any internal structure. The energy of the
electron for this must be at least—

(A) 1-25x 10%eV (B) 1-25x 10?2 eV
(C) 1-25x106eV (D) 1-25x 108 eV
The power density of sunlight incident on a
solar cell is 100 mW/cm?. Its short circuit

current density is 30 mA/cm?® and the open
circuit voltage is 0-7 V. If the fill factor of the

75.
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solar cell decreases from 0-8 to 0-5 then the
percentage efficiency will decrease from—

(A) 42:0to 262

(B) 24-0to 16:8

(C) 21-0to 10-5

(D) 16-8 to 10-5

Consider the four processes :
I. pt—=n+et+v,

2. A prret+w,

3. mt—=et+v,

4, m® =y +vy

‘Which of the above is/are forbidden for free
particles 7

(A) Only 2 (B) 2and 4

(C) land4 (D) Tand?2

Answers with Hints

. (B) Least variation in percentage

For year 2000 = % x 100 =33-33%
F 2001 = NER 100 = 30%
or year =550 % =30%

75
For year 2002 = 200 * 100 =3753%

For year 2003 = % x 100 = 50%

So per cent variability over the average of
2001 year was the least.

(B) If revolution about 4 — height — d

radius = 5

Volume o tr2h
X (i)2 xd = ad’
2 4
d

I revolution about 5

() xg
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e,

around length : around breadth

| nd
4 72
1 : 2
3. (B) In 4 min, the radius of the wound portion
R . nR?
becomes — x area swept will beT.
V2
In x min radivs becomes % with area JZ—R
So ratio becomes
Titne Area
nR2
14 >
‘ 4
.o TR aR?
%t: 2 1
\f///
J IR R
4 T F
=0
k = 2min
4. (B) Let n =1

Then, the given number will become
I1x2x3x4x5%x6x7=5040
divisible by 3 and 7
similar check forn=2,n=73.

5. (A) Area of triangle

Vs(s—a)(s—b)(s—c)
at+tb+c
2

_ 50+120+130
- 2

50 +250
-2

300
2

150

where s

6.
8.

10.

\/150(150 —50) (150 - 120)
Area = (150 — 130)

V150 x 100 x 30 x 20

V3 x50 x 2 x 50 x 3 x 200
50 x 3 x 20
3000
B) 7.{D)
(D)
" Vol

T wo TH
2,3, 4,7,6, 11, 8,15,10,19
e A AN AN

Second series varies cos 2 (2n2+3)

where n=20,1,2,....

fweput n =0 2(0;3 =3
no=1 2(2;3 =7
n o= 2—>2(4J2’3):11
no= 3 2(6;3 =15
no=4 2(8;3 =19

(&)
(B) Old average

T0+72+74+76+78
+ 80 + 82 + 84 + 86
+ 88 +90+92 +94

13
Now new average

1066 + 100 + 79
15

1245
T s

83 kg
83 — 82
1kg

So, difference



11.
13.

14.
17.

18.
19.
20.

21.

(C)  12.(B)
(D}
}—|—bS3quan€. 1T same
A 7 Q3 E
cCMS§ C
E KU A
G 1 W Y
vy
Sequence I Sequence [
I
Same
So letter should be 0.
(BY 15.(B) 16.{A)
(B}
A

The arc of a circle.
(C)
(A) Total 27 terms are there.

(D) The mass of arbitrarily chosen shell is
proportional to its surface area.

(B) Vix) = Jax2+ b).‘l
dv(x) _ —2ax ibﬁ
dx 2 4
= —xa+bx’=0
= xlca+bx® =0
= x =0
and x = i\/%

For stable equilibrium

(JZX—V = —a+3bx?>0
a . .
Only at x = \/; is stable point
= —a+3bx}

2a

22,

23,
24.

25.
27.

28.
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Frequency

"ﬁ

N

(C) The change in g outside the earth is—
1-2h
EUR
Here the acceleration due to Earth’s gravity

differs from g at Earth’s surface approxi-
mately by 1%.

2h 1
So R_e = 100
Or h = R,
2% 100
6400
2% 100
= 32km
©)
(D) Vor o= (r—+'— ﬁ—)
'(?x+jy+l[x\tz)
=1+1+1=3
b gt
whereas V x r = 9 8 9
dx dy a7
x ¥y z
=0
(B) 26.(A)

(C) Two independent random variables m and
n, which can take the integer value 0, 1, 2,
...... o, follow the Poisson distribution, with
distinct mean values u and v respectively.
Then the variance of the random variable
{=m+nisequalto p+v.

Q) f2) = et + el
about z =0
3 z i ﬁ
Expansion of ¢ = 1 +z+2' + T + ...
(D)
whereas for el we obtain
) 1 .
= I+RZ1 i (D)
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Combining equations (1) and (2) we get E, = R (l B g)
00 I 1 - EO 3 4
=3 (Z” + ) . .
7=0 oSnl Now according to question
forallO <1zl <. E, = 1-25xE,
29. (A) Given L = ¢ [% o —V(x)] R (l g) _ 125R (l a
26,\3 8/ 7 g \3 4

The equation of motion is given by

L2 (%) 9L _ () (%*%) = 230 (%7%)
1 25

o hag) g
1 25 a 250a
oL 373 T8 4
gi v 15 a 5a
whereas — = - - 3 8
% o 15 4
Substitute these values in equation (1) we get _T = ?a
. "
D ey 4 CIVE O
dt dx Or, 7 = @
- : aVix
1 vt v _(_)_ —
mx e + mxve¥ + e P 0 Or, o1
devide the whole equation by ¥, we get 31. (D) The electrostatic lines of force due to a
- AL 0 system of four point charges as shown in
X+ mxyf + ax guestion, at large distance, r, it will behave as
30. (B) Using Gauss law quadruple, so the leading behaviour of the
[Eds = 4., C electrostatic potential is proportional to %
S 32. (B) For a uniform magnetic field
= Léﬂ d = @)
" 0 = vu u,
For r=75 J = 2y
B B
Let E = E, o 7
R ( Now velocity is double
El -43-5? = 5 d o 2J1:m(2v11)
fszfn f’zn ar\ , . ! gB
o Jodo Po (1 - R)r dr sin 0404 N Azemvy
0 g = R [—I - »
b 17 g 13x8 4x16 33. (C) For thin film of refractive index »n > 1, for
_ R (la bright fringes we have
T 26, \3 8 2nt = 2m -1y N2
N AR 1 where m=1,2,3,...
o fr - 4aR® = S For m = 2
INNN (pﬂ)r?drsinededq) e = (-2
o oY o Pa R ne = ( — )2
3 4
E, 4nR? = 4m (R aR* P = 3r

& \3 4R 4n



L+ +L_ Wim
2

34, (B}Ly Yy

h
5 VI D= mon+ 1 i

+VII+D—m@n—1) wszl]
¢ = @i+ axPi + asfy
Given that ¢
qu) = hq)
= Alanpn + i + 2]

Here L [ayy,, + ayy o + asil

ap * [;{V 2—2W12+\51P10}}]

(D

+a, [;i {\/_2 Yy + V2 Wu}]

+ a; [;{\/72 W1 +0}]

A
5 ['5’1\/_2 Yo+ (\/TZ Yy + V2 1P1I)

(ay+ a3 V2 1Plo])]
Wig +% azWu] - A2)
Compare (1) and (2) we get

V2
iy = 2 [25)
\/_2a1 +ﬁ33
=2
V2
iy = Tﬂg
Suggest a = a;
2\/_2 [231
and iy = 5
= '\/Etll
iy = dj
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_ Vax1
and a = 5
_ L
V2
35. (A) [x.p) = i
in natural unit (4 = 1) using the property
0
e fp)] = i)
_ 0
=1 ip [pe?]
= i[-pe? +e?)
= i(l-p)e?
36. (B)
37. (B) At t =0
1
W = ﬁ(wwwz)
1
Atany time () = —ye T
NG 1
1
+_w2€_ﬂalﬁﬁ
V2
For orthogonal condition—
1
W1 (0> = < e

n % e Eath \/1__2 e Byt +\/1__2 e Bt >
1

= Sl >+ <y

[y >+ <y Iy > BBl 4 ocqp, 1y >

Bt o EUh |

= %[1+1+<w1|1p2>

[(Ei(EZ —Edth 4 o 1B, —E 0k ]]

=0
:%[2+2<w1Iw2>cos(Ele1)t/h]:0
Or, <yy Iy, >=0
= cos(EQ—El)% =-1
o GazBu_
At t =T
o h
T T =

(B, - E;)
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38, (C) I = {(V—O'7)/5()OA, V=07V AV = 27 mm?
’ - 0 , V<07V and V = 3 mm’
VAVAVAVE ! . .
1k 3 given percentage uncertainty
v1 AF AV
IOV+:—— E‘Z+ = x 100% = 3xvx100
- . 27
= 31x 3x 100
= 3%

Diode will be forward biased (ON state)

41, Work done
VY = 07 @)

Vs
. V07 w=J_pav
Given 1 = Vi
500 vy
Differentiating with respect to V = f (ap + bp*)dV}
a1 "
v = 500 p = %—ﬂimitpotcﬂpo
e o &
¢ A1 VvV = n
= 500 ©@ X
Now equivalent circuit is =0
[
,,,,,,,,, 1 e APA av = - Edp
1kQ o fp p
s 0 —ap
<5000 = {(ap + bp?) ( ) n
Tov T 20, p?
§+ . Po a
ony RMEDIT
Now, apply KVL for linear circuit, - _a [a In p fpo +bp Jvo ]
10+ 1EkQxT+500QxI1+07 = 0 Py 2Py
Or, 93 +15001 = 0 J‘Zpo J‘Zpo
=n [a lnp + bp ]
I= 93 Po Po
1500 = nlaln?2 +bp,l
= 62mA
39. (A} n = pyVy
40. (D) F o« VI3 So work done
aF 2 = pOVO [ﬂ h] 2 + bpo]
AF =7\ (W' AV) 42. (A} 43.(B)
2 - . - 5
_ - f(% v AV) 44. (D} Oxygen is diatomic molecule with Cv = >
k.
Or, AF — l&)z L 45. (A) In given circuit, First Op-Amp is like a
F 3 v vie buffer and help to keep the positive half cycle
AV 1 of input signal and hence it is required
T 33yl because source independence is much greater
AV than r.

IxV 46. (A)



47.

48.

49,
51.

f_ . 98
(D) A S
. 1t
[1tsh0u1dbeq)fc at]
A —A = A+VE,
So, V-A’+l% =0
c of
. Lo f¢-108
v (A+VE)+CBI( c of
=0
1ag . 186 _
VA+C aI+V (VE)—C2 aﬂ‘o
For Lorentz condition we must & such that
vy 125 o
e ot

2l

Al Csinh k- xy L
e (k cosh w¢- sinh k x)fc2

[o sinh o cosh k- x}]

= 1
= k2 cosh of cosh & - x -3 ? cosh m?

cosh (k - x)
P
(k2 - ?) cosh wf cosh k- x=0
w2
K2 ,? =0
Hence, proved as o = ¢l ¥ | given.

(A) The intensity of the radiation emitted by a
particle of mass m, charge e, velocity v and
acceleration a is given by —

_ 1 20
- 4J'I§EO 3 6'2
Independent of mass m and velocity v.

Sofore —>2eanda—>2;
1 2(2¢)? (a7

Intensity —

41‘5603 c?
1 2%
@ Axdie s @
o 161
(D) 50.(B)
oF
D) P = -55Q
_ =1
g

52.

53.
56.

57.
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4 aF
an =
P q;
_Q
7
Q = —pg’
== = —q%
= —Qp?
R
q
_ 1
7 P
|
-z = 2.2
Now H{g, p) = o T3 MG
(232
_co 1
2m 2
(3
p
_Qp L
= 2m +2mmp
B)la-o.b-0d]=lag- 0.b g
= ﬂibj [q;. o3l
= ap Ep (2; O)
= 2i(axb) o
B) 54.(C) 55.(B)

. . . .1
(A) Noise form of noise in each transistor is )_‘"
then equivalent voltage noise spectral density

for MOS transistor o #

So, there are N transistors
N 1
—_— 0_

N2 N
(B) For stationary bound states we want

f " bk (x) dx (n + %)Jm

Here K(x) = é—T(Efalxl)
We need
\/gnfx@\/(Efalxl)dx=2\/2meom

V(E —alx I) dx

= (n + %)J‘Eh
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4 Ynax = B For ¢, max e :L,clzi
. . _E Vi vz
e =
) ‘L o1 V3
$2\/2m3—\/(Efa|x|)3|I8u 07 T 2
“ R 60. (C)
= Wom %—1 VE i
4 | Band pass filter Band reject filter
= (?1 + l) 7h | Allowed Freq. Frc:quenc.‘}-j} Allowed
2 | frequency N rejected| rejected ifrequerlcy
3n(n + l) » a 2 il N
E = (ah)*? 2 If the cut off frequencies of the low pass and
ml/3 w3 high pass filters are f; p and fip, respectively,
the condition required to implement the band
58. (B) pass and band-reject filters are fF < fF and
539. (C) Ty> = glOs>+¢ 1> P 5 FLP regpectively.
CS + cf =1 61. (C) We use the expression
5 S =Inw
Let x o= / —— (a, +a) wher; W is the probability of the arrangement
2mom of spins.
<x>= <Ylxlyp= For N spins we assume that N, are up and N,
= ¢g<0l+e <111 are down, where N =N, + N,
7 The difference arrangements are —
‘(\/2ma++a) C‘Q|0>+C‘1|1> W:%
w o ~Nd ¢
7 N = N1 +/)
2 o <01+ < 1TlHa.leg 10> o 2
s,
+cpl1>)} where her [ = Eﬁ’
+eg<0l+ey<lllalellOs>+e115} N N(l -
d =
2
[ h
= E— [CS <Ola,l using stirling approximation for the factorial
o toobtain § = InW
O>+cig<qla, 0> = [NInN-N,InN, - N;In N,
+coer <0lalls> _ =N

+c§<1|a+|1> a
+eo<0la 10>+coc;<0la|1>+¢q 6 {1—2+f1n1—2+f+1—£f1n%t}

<lla 10s+cr<lla I1>] (e3s (1a3s

aln>=vn+Iln+1> - N N In N
aln>=vValn-1>

2 2
h
M[O"'Cl co+0+0+0

ﬁzo
+eq c;+0+0]

N
1.1 1.1
—N{21n2+21n2}
h
= 2"‘2]’]10)6160

“,
I

1V 2L
—N{ln 2}N_2

—1INIn2



62.
volume V; to V, by

(B) When a gas expands adiabatically from

a quasi-static reversible

process, it cools from temp T; to T,. If now

the same process is carried out adiabatically
and irreversibly, when it has equalibrated then

1 .
T, > T,, because in

ternal energy increased

and hence temperature increased.

2 1 n
63. (A) ny-ny =3
64. (C) 65.(B)
66. (C) B = ayA —agA??
!2z—A!2 ac 72
TlsymT A T ALB
For stable nucleus
dB
dz 0
27— Ay a.x2z
= day, AL S
da a. % 2z
J’—Am(Zz—A) = - jz\lﬂ
Y- a, x 2z
tam 2y =
8 g Z a. %2z
4asym— Xm = ;1/3
i, %27 8 g,z
7 = _ My
a, 8as1m
INCREN
Now A = 216,
A3 = g
Qoy = 16 MeV
ac = 075 MeV
Substitute _ Ax16MeV
ubstitd Z_0-75+8x16
6 216
= 84
. . Volume of Atom
67. (B)Packing fraction = 01 "o Cubic Cell
= a
2= Fr+r

1(4_ﬂ?3+@3)
2\3 T3 "

Volume of atom

occupied

68.

69,
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e \L;’/ \\w
{ oA M /
\>‘=\/ ;_‘:\/
e e
\ A /
\m_,,, e \;‘, /’//
2n 3 2nm 2_;1:( 3 3)
3 o+ —3 = 3 1+ r
and @ =T +7
20 (5 4 )
Packing fraction = W

19

(D) For all solids, at low temperature the
behaviour of the lettice contribution to the

specific heat will o T3,

(A) The term lp; split into 3 lines with

m, = =1,0
AE = —g png BM,
_ 1+1><2+O—1><2
£= 2x 1x2
=1
Ls, does not split in week magnetic field
he
E = A
Al
AE = —hc?\'—2
Al
guB = —hey
_ |ausBA?
Ak = he |

1 %927 x 1024
% x 1T » (250 nm)?
6634 x 103 x3x 10F - m

927 x 1072 x 250 nm
x 250 x 10%m
6634 x 1073 x 3 x 108 m
9-27 x2-5x 2-5

P e B e B —3
= e63ix3 <0mm

= 0-01 nm
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70. (A) The expression for the vibrational Squaring both side 82 = (S, +8,)?
quantum number leading to dissociation of _ @2, ol )
the molecule is— = Se+S+ 2285 S
11 s g g o8-S
Vipar = ZxS_E 0, e Op = 9
:l[L_l] :[S(S+1)—SE(SH+1)—SD(SD+1) .
2 Lx. 2
x, = 0001 (given) Now the splitting in triplet state and singlet
— l [# 1] state AE = Etriplet_EsingIef
T 2 Looo1 ah?
1 b=
= S [1000 1] - -
2 1(1+1)—l(l+1)—l(l+1)
= L x 999 2\2 2\2
2 I 2 |
= 499-5 r .
= 500 a2 0(0+1)7%(%+1)7%(%+1)
71. {A) A flux passing through the supercon- -
. s . he . 2 L 2 -
ductor is quantized in units of 7 because this = ai?
flux is due to cooper pair with charge 2e note. 73, (A} 74.(D)
72. (C) The Hamiltonian is given by 75. (D) As in (1) is forbidden because spin is not
H = a8§,-S§, conserved.

§ =85§,+§, {2} as charge is not conserved.







