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9.

10.

Read the following instructions cavefully,

This question paper contains all ebjective guestions. Q.1 10 Q.30 carry one mark each and
pap i 3 b

(231 10 Q.80 carry two marks cach. Q. 81 to Q. 85 each contains part "a” and “b”.

Lhcse questions, parts “a” as well ag “b” carry two marks each.

Answer all the questions.

Questions must be aaswered en special machine gradabie Objective Rgsponle Shect

{OKS) by darkening the appropriate bubble (marked A, B, C, ainst the guestion
number on the left hand side of the ORS, using HB pencil. Ea on has only one
correct answer. [n cuse you wish to change an answer, eyffsc th nswer completely

using a good soft eraser.

correct answers to part "b” of

conresponding part “a” is cogge

incorrect response,

Write your reggstration er, name and name of the Centre at the specitied locations on

il darken the appropriatc bubble under each digit of your registration
the letters corresponding to your paper code.
alculator 13 allowed in the examination hall,
Charts, graph sheets or tables are not allowed.
Use the blank pages given at the end of the question paper for rough work.

This question paper contains 20 printcd pages including pages for rough work, Please

cheek all pages and report, if there is any discrepancy.
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Some useful physical constants:

1. Speed of light in iree space e = 300xI0° s
Planck’s constant h = GH3=I07 §s

2.

3. DBoltzmann constam k= 138<10 ~ IR
or k = 8.62x107 eV K"

4. Avogadro’s sumber Ny = 602 %107 mole

5. Charge of electron g = 1601077 C

6. Resi mass of electron ' mo= 91tx107 ke

7.  Atomic mass unit (amu) uoo= 1.66%107 kg

Q. 1~ (}. 30 carry one mark each
L 2

! rval o3 i

Q.1 The average value of the function f(x) =4x"1

(A) £5 {B)20 I 80

Q2 The unit normnat to the curve 1°y”
(MG + D2 By-; g

Q.3 . . . . . . :
The value of the int % where Cis a circle (anticlockwisc) with |z( =4 13
(A0 A Dy 4mi

Q.4  Thede £ O 4 3x3 real symmerric satriy is 36 I two of s eigenvalues are 2
and 3 ¢ keghird cigenvalue is

'3 R1o iC) 8 (D1 9

d particle moving in a central field

{A} the kinetic energy is a constant of motion
i) the potential energy is velocity dependent
¢} the motton is confined in a plane
{D} the torat energy is not conserved

Q.6 A bead of mass m slides along a straight frictionless rnigid wire rotating in 4 horizontal
plane with a constant angular speed @ The axis of rotation is perpendicular to the
wire and passes through one end of the wire. If  is the distance of the mass [rom the
axis of rotation and v is its speed then the magnitude of the Coriolis force is

a A1
HkT Ian”
(A)—— B) —— (C) mvw Dy 2
r ¥
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o

I or a system of N particles of different masses »1, M oo iy, with posiiion
veclots F, 7. 7y and corresponding velocities ¥,,V,.......... Wy, 1ospectively, such

that ® ¥ =1, ihen

i v the total momentum MUST be zero
1854 the total angatar momentum MUST be independent of the choice of ihe origin
${7y the totul Torce on the svsiem MUST be zemo

{13} the total torque on the system MUST be zero

{.4Y the mass 1s not conserved (B the cnergy is noLeonserve
{7 the montentium is nei conserved (3 the charge is

Three infinitely long wires are placed equaily apatt on
radiug «a, perpendicular to its plane, 'Vwo of the wires ©
dircetion, while the third camics current 27 alon

T opposite o the olher
1w, The magnitude of the magnetic inductio nce ¢ It the centre of the

circle, for v, is

{A)0
. 2, £
(©) -2 =

T 4
A soild sphare of radiemgiBaaries a unifonm volume charge density o The magmiude
of elertric field ing iiere at a distance r {rom the centre is

+ 1 3

can S R p R
(L) — (D) L

2 2 B " LA

Eyix+ 55 expliths — @)l (B £ (X471 Syexplilhz —ax)]
(C) B+ Diexplilkz + o)) (DY B (3 + 3 explithks + o)}

The clecrric (B} and magnetic (B) ficld amplitudes associated with an slecirumagnetic
radiation {Tom 4 point source behave ar & distance » from the source as

(A} £ = constanl, B = constant o {
(B) Eoe—, Boc =
L v
P i . 1 i
S B = e — (D) Eosmr, Bes—
e * r.‘ E_3
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Q13 The parities of the wavefunctions (1) cos{&kx) und (1) tanh(kx) are

(Aj (i) edd, (1) odd (B} iyeven, (i) even
(C)a)odd, (i) cven (DY Oy even, (i) odd

Q.14 The commutator, [L‘__,Ym ((),zp)] where 7., is the z component of e orbital angular

momenivm and ¥,

{rit

{8, ¢)1is a spherical hurmonic, is

(A I+ DA (J3) —mh (Cy mibi (DY 1 i &

QIS5 A system in a normatized state ) = o, |0n) = ¢l e, ), with | ez, ) and ] senting
two ditfferent eigenstates of the system, requires that the constanf§ ¢, ang ¢, must
satisty the condition
(&) e, Je,| =t

(€3 {e b t]e, ) =1

.16 A one dimensional harmonic oscillator ¢ arge —y 18 placed in a vniform

=

electne ficld £ along the positive x-axg ponding Hamiltonian operator is

Y dT1 B dE 1, .,
(A) = ek’ +qE x (B) -— ks —gh x
medet 2 Tt 2
U S SR R BT
(Cy—o— o+ kx4 D) — | —-‘--—, +—kxt -l x
Zmdys 2 Zmdec 2
Q17 Tne L, line of Bray itted from. an atom with principal quanium numbers

n=1273 arises he transition

Byn=3—=n=2
Dyn=3—-n=1

Q.18

leetron in hydrogen atom the states are characterized by ihe usual quantum
bersn, [, i, . The electric dipole transition between any two states requires that

A)AI=0, Am =0, £1 (B) Al = %], Am, =1, £2
(C) Al =1, Am, =0, £1 C (DY AI=%l, Am, =0, %2

A9 ) . . oo . i
Q If the equation of statc for a gas with internal cnergy U is pV :-S—U, then the

equation for an adiabatic process is

L/ 4
(A pV/? =constant (B) pV% = gonstant
44 3/
(Y pV7* = constant (D) pV 73 =constant
DL AMN
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(At (B) A /2
(A Y {3) (€) 2
Q.20 The pressere for a noninteracting Fermd gue with internal coergy U at temperature 7'is
"5 Y)I 2L - ]
ayp=i B) p- Crp=7—
i i 31 ( P . N 3

Q.22 A system of nominteracting Permi particies with Formi energy Ex has the density
states proportional to/ 1o, where E is the encrgy of a particle! The uverage encray
particle at iwmperamre ¥ =18

I N
&)k, (B - («©)
- ,7 . . e -
Q23 crystalin wa‘-.phu? potations the vectar 2F in
th= cubic call shown in the figure is
(42200

By [127]
@y T
Sy (12

Q.24 Mateh the following and choosg

Group | Giroup 2

Churscleris: Elemcnt
P Aromie configurati S3:7apt i Na
r Strongly o 2.0 81
R. Stror'.cl ye 3. Ar
4. Cl

By P-3,0-2 R-4,58-1

(D P é -4, R-1,8-2

+

vidence for the nonconservation of parity in A decay has been obtwined tfrom the
bacTvalion that the fintensity

(&) mtiparatlel W the nuclear spin dircetions is same as thuat aleng the nuclear spin
dircotion

{B) ontpacailel o the nuclesr spin diteciien is oot the same s that along the nuclear
spin diraciion

{C¥ shows & continuous distribution as a function of momentum

(T is independant of the nuclcar spin ditection

DH 5/20
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Q.26

Q.28

0.29

Which of the folowing expressions for total hinding encrgy # of a nucleus is 2
{a a,,a,,a, =0y

3 Z(Z— (A-22

(A} = al_,s_.‘Lf CJ;A'J] —a, Z(Zihl) _— 1'1 ; L5
- AT A

e (4 -1 (4—27V

(B) B=aA+aa? —q EH o WAT2ZN
B quj-‘f A

- AV A-227

(U 5= aA+a,A” —a, i(im ) —a, { 5 L

Z{L -1 {Aa-22ZV

(D! B = al"{l_ (‘i‘?-‘/\l'm Cod Z\/ .’_i) "'a_; EF\ S -1 8

g g S "

Which of the following decay is forbidden?

(M) g e +V, +V
By 2" — Ty,

(Crr™ —e ~v,

D) —e te te

With relerence (o nuclear {orces
The nuclear forces are

i Wie {ofiowing staternents 1s NOT true?

(A) sttt range

(B zharge independe{§
{7y veiocity depen
{0y spin indep

nt conirolied volitage source
suirent controlled curment sourse

he circuit shown can be used as v -
it __.__._.|/ i

o
(ACOR gate

{55 0K gate Vot
af N AN D gate Vo, (’
{63 AND galc o < R
<
—
i
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{}- 31 to Q. 80 carry two marks each

Q31 If a vector ficid F:xfTZyj—'r’jzlz,ihcn VX(VxF)is

(570 (B) i ©) 2}
(222 Allsolutions of the equation #° = -3 are
(Ayo=inmind, n=2L12... ...
(B} c=n3+i1On+ 7w, n=0F142, .
() z=In3+i2ar, a=01L022 .
iDYy y=i3nm, n=2142 ...
233 1 f(s) is the Laplace transform of f{r) the Laplace transfo )*Jvhcrc G 1S

i constant, 18

R N / {
a a
(3.34  Given the four vectars

i

w, =2 wu, =
1

the linearly dependent pair is

(A) u.u, {Cy u.u, (D) n,,n,

35 Which of the fi t finctions of the complex variable z is NOT analytic
everywhere?

‘(B} sinz/z Cy z* ) }Zr‘
(136 ] i t the matrix
g 1 0 0
I 0 0 4]
o0 & -2
00 2 o
are
(Aj -2,-1, 12
(B -1,1,0,2
(© 1,023
i -1,1,0,3
PH 7/20
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Q.37

Q.38

Q.40

0.41

I a particle moves outward in a plane wong a curved trajec

v —af?, @ =i, wherc o and @ arc constants, then its

(A} kinetic cnergy 1s conserved {B) angular momentum is conserved
{C} total momentum is conserved (13} radial momenlum is conserved

A cireular hoop of mass M and radius a rolls without slipping with consiant angular
speed @ along the horizontal x-uxis in the x-y plane. When the centre of the hoop is at

. [ . - - g
adistance o = v 2a [Tom the ongin, the magnitude ol the total angular momen
the hoop aboud the origin is

(A) Ma' @ (B) \2Mda’ o (C)2 Md* (D
Two solid spheres of radius R and mgs M cach arc conncctedgBv a t aid rod of
negligible mass. The distance berween the cenires is 4R. The nigment®l inertia about
an axis passing through the contre of symmetry and perpendicu he hne joining
the spheres is ¢

1 S22 88
(A} — MR- (Biy ——~MR" (D) —MR

3 5 5

A ¢ 15 moving with constant lincar acgEi g 4 along horizontal x-axis. A solid
sphere of muss M and radius 8 is G8m without slipping on the horizontal

ront an incrtial frame outside the car.
] frame 15

floor of the car in the same directic

3u Sa
) —

slong the x-axis with relativistic speed v with respect o the

AV R, . . R
) ", the angle @ in the lab frame is

(By @ =tan"'(yceld,)

_ ‘_[ 1 . . a1 .
- fan (—y Lan 8, (D) O=tan"'( cold,)
y i

. . . ‘ . 1 N ] . ,
A particle of mass s moves in a polential V{x)— 5 marx’ ey where x 15 the
-

position coordinate, v is the speed, and @ and g are constants. The canonical
(conjugate) momentum of the particle is

(A) p=m{l+uw . (B) p=mv
(C) p=muy (D) p=ml~ v

PH 872G
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Q.43

Q.45

Q.46

Consider the following three independent cascs:
(iy Particle A of charge +4 moves in free space with a constant velocity ¥
{v<<speed of light)
(iiy Partcle B of charge +¢ moves in free space in a circle of radius R with same
speed v as in case (i) '
(i1} Particle C having charge -g moves as in casce (1)
Tt the powers radiated by A, B, and C arc Py, Po. and Pe., respectively, then

{A3P=0, Py Py (B3 7, =0, Pp=Pc
{(CYPa> P> (D) P, =P =Pe

) : . ) T2ty ke ;
If the elsctvostatic polential were given by ¢ = ¢, (4™ + ¥~ + 27}, where ¢, is

conutrme, then the charge density giving rise to the above potential would be

{4y 0 (- 04, & Yy —-2¢,¢8, Dy -

(A Yl

Aj————
dgte, (d)

1
]

) ——2
Az, (4d)

A plane glectromagnetic wav

E =E, explifk z—
If E,;=2V/ma

Tcads to

oo, CXPLEk 2 — o)}, F, = F, expli(k,z—ex)].

hen the application of appropriale boundafy conditions

. 9
fmq‘EUI. zz—V/m (B E,, = —-;:—V/m, E, :'%—V/m

Vim, K

8 4 6
o= —N{m M £, ==Vim, E, =—-V/m
5 (b 5 ( ) LiF: 5 & 5

Hy O

471 r*
constant of appropriate dimension. The corresponding scalar potenual (7, f)that

For a vector potcntiaiﬁ, the divergence of Alds V-A=- where Q is a

makes A and ¢ Larentz gauge invariant is

f [
T e
A7g, ¥ dze, ¥ drg, r* me, r
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.48

Q49

Q.50

An infinitely long wire carrying a  current
i) =1, cos{ax)is placed at a distance o ffi)m 4
square loop of side « as shown in the figure, Tf the
resistance of the loop is R, then the amplitude of the
induced current in the loop is

Hy a0
27 R
Ly ol @
T R
() z_’uf_ﬂffrﬂﬁmz
# R
i, af o
R

(A) in2

(B) In2

D)

SOPEV is

The de Broglic wavelength A for an electron of

(A) 10 m (#) 16 %m @) 10*m

A particle is incidemt with a comnghs \Y

wavefunctions in regions
respectively

Region 1 i Reglonll

i
E Yu

(A} decaying, oscill
(B) ascillatory, ogel

. epd . . -
1 (wavctunction: ¥, (F) = A 7™, where 4 is the normalization constant and a5

Bo® radiusy, is
m; ©) f-;— )0

The degeneracy of then = 2 level for a three dimensional isotropic cscillator is
(A)4 B6 {C) 8 D) 10

For a spin /2 pariicle, the expectation value of §,8,5,, where 5, s; and §; arc spin
operators, 1s
’ i i b’ in

By ~— (8 6 (D) ~ 16

o

{A)

o

PI3 §4/20
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Q.54

Q.56

Q.57

Q.58

An atom emits a photon of wavelength A = 600 nm by transition from an excited sta
of lifetime 8x107 5. If Av represents the minimum uncertainty in the frequency of

the photon, the fractional width av of the spectra! line is of the order of
V

(A 10 (B) 10°° ) 10* Ty 107

The sodium doublet Enes are due to transitions from QP?/ and ZP]/ levels to ESy

level. On application of a weak magneiic [eld, the total number of allowed transitio
becomes

{A)4 (B)e () 8 (D) 10

A three level system of atoms has & atoms in Jevel Ei, Nz in level Fo, ani@lVs ighlevel
By (No>N >N, and Ei<Fo<f3). Laser emission is possible between the lev

¢
(A) £, - £, (B) E, > £, (C) E, = F, '8, - E,

in a Raman scauering experiment, light of frequencyy Yom ghlaser is scatterad by
dimtomic molecules having the moment of inerg e typical Raman shifted

frequency depends on

(Ayv amd T
() only f

1%

b ither v nor f

For a digiomic molecule with
guantum sumber J, the vibratifin:

tional quantum number i and rotational
spacing AE, = E, - £, and the rotational

level spacing AR, = E, - roximately
(A) AE =constan 1stant (B) AL, =constant, AL, o< J
(Y AL = i, AR (D) AE, e=n, AF, o J°

velefzths emitted by diatomic molecules in purely vibrational and
purely rotd ransiticng are respectively in the region of

(@ inWared and visible (B} visibie and infrared
il and microwave (D} microwave and infrared

ey

In a two electron atomic system having orbital and spin angular momenta [ ,7, and
T

lyxy 7

%5, respectively, the coupling sirengths are defined as T,,, T, , T, ,

[, and I, . Forthe ji coupling scheme to be applicable, the coupling strengths
MUST satisfy the condition

58y

(C} FI!A'L ’r'"‘.-"l - I_‘[rr'_' 1]1:"'1 (D) [zi"i ’1}1-"1 > L‘"s"r ’1}1"2

(A) ]'_:’14'1 ’1'—:'_\'1 > r.l,_\" ’]—}z-"‘, \Bj Fa‘ls', ,l—‘f}ii > r-’,.’l ’r
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Q.61

Q.62

0.63

Q.64

Q.66

I the probability that v lies between x und x+dr is p(W)dy —~ge™

U< x<os, 4>0, then the probubility that x lies between xy and a2 (. > 3318

(A) {o™¥ - () ale™ —e™)

(C) o i ™ wg ™ (I e M {e™ —eT™)

If the parition function of a harmenic oscillater with frequency @at a tempers
F e ad

. i - - . - . .

1% e thien the free cnergy of N such independent oscitlators is
iy

(A) — Nkt (B AT 11"&— (L AR In—

v

Y a

I any «f the two
enzigy levels Gand € i3

e iy
5 l4e N 2e Fer
Y + € + e

s s/
() 2+4e ATy

A one dimensiony] random walker ty
The probability that the random wall
even number of steps (s

teft or nght with equal probability.
from origin is back to origin after N

N
(B) E2 OK
1 ; [ Al
(C) NE26E ) (L) £7 3
The energy of a ferromagnel as a fanction of magnetization M is given by
F(M)=F,+ AT ~T )M +M*, F,>0.

The number of minima in the function F(AMf) for T > T, is

(AY0 (B) 1 () 3 (DY 4

PH 12720
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Q.67

Q.68

Q.69

2

(.71

2

')
Lo |

|
[

-1

(%)

s,

For a closed packed BCC sir ucture of hard spheres, the lattice constant & is related 1
the sphere radius R as

(A) a=4R/N3  (BY a-4R3 () a=4RJ2 (D) a=2R

An n-type semiconductor has an electron concentration of 3x10* m™. If the clectron
drift velocity is 100 ms™ in an elecuic field of 200 V™, the conductivity (n & 'm™)
of this material is

Ay 24 (L) 30 () 48 (D) 96
Density of states of free elecizons in n solid moving with an energy 0.1 eV isi@

by 2.15x10% ¢V 'em™ . The density of states (in ¢V 'em™) for clectrons rgbving
an cnergy of .4 eV will be

{A) 1L.67x10% By 1.52%10" () 3.04x10% 30gLo”
10" cm™ at

he intrinsic carricr
ximately

The effective density of states af the conduction band edge,

(AY 310" \}’_ij Ix1pv (o (D) 6x10"

For a conventional superconductor, whic

{A} Specific heat is discontinuous ut rifgitionemperature T,
(B} The resistivity falls sharply ¢
{C7 Itis diamagnetic below 7,
(13 It is paramagretic below

A nucleus having mg
daughier nacleus. T vilud
the o particle i

- 240 decays by ¢ cmission Lo the ground state of iy
of the process is 5.26 MeV. The energy (in MeV) of

;517 (C)5.13 (D} 5.00

rmperature above which the thermonuclear reaction
\ Ir_+,.He — SHe+2 H+12.86 McV

cur'is (use ¢ /dze, =1.44x 107" Mcvm)
JI28x 10K (B)1.28x 10°K (C)128x 10°K (D) 1.28x 10°K

According to the shell model, the ground stute of O nucleus is

(A} (B} (C)

1 | a2
[ R

+2 I p—

PH 13720
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Q.75 The plet of log A vs. time 1, wherc A is
activity, ax shown i the [igure,
corresponds to decay

{A) from only one kind of radioactive
nuclet having same halt life

(B} {rom only neutron activated nuclei

() from a mixiure of radioactive nuclei
having different half lives

(D) which is unphysical

Q.74 For the reclifier ¢ircuit shown in the
figure, the sinusoidal voitage (V) or V3)
ai the output of the transformer has a
maximum value of 10 V. The load
resistance Bp is 1 k8. If I, is the average
current through the resistor Ry, the circuit
corresponds to a

(&) full wave rectifier with [, = 20/7 m,

(B} half wave rectifier with 7, = 20/

(C) half wave recufier with 1_, =

(13} full wave rectifier with [
Q77 The Boolean eXression; F A-(g+_%) can be reabized vsing minimum
number of

{A) L AND gate ND gates {C) 1 OR pate (D) 2 OR gates
idedl op- 5kQ
in the figure r“h'/\/v\”'ﬂ__i
I k& j
+2 WV ")——-—f\/ / ——!—J—— |
TS S WP
VAN T
kQ J
e
Q.79 The cncuit shown in the figure can be R
used as o S VAVAVE ——1
(A} high pass filter or a differentiator v (;\ c— v
(B) high pass filter or an incgrator . e out
(C) low pass fifter or a di{Terentiator T
(D} low pass filter or an integrator

PIT 14420
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(380  In lhe circwt shown in the figure the

Thevenin voltage V,,, and Thevenin

resistance N, as seert by the load
resistance R, (=1 k€2) arc respectively

20 V—

{(AY IS Y, 1 k&
iB)30V, 4 k&2
{20V, 2k02
(M IOV, 5kQ

Linked Answer Questions: Q.81a to .85b carry two marks cach

Statement for {.inked Answer Questions 81a & 82h:
For the differential equation d l -2 dy +y=0
dx” dx VS

.8la  One of the solutions s
(Aﬁ-} e’ (B) Inx (i::} e « {D) é v

Q.EIb  The second lincarly independent solution is

{A) ™ 1) xe’ D) it

Statement for Linked Answer Questions 8%

(A} ¥ renx, =a

sy o 2o
(B 5 ey, — oy

(CF X+ @i Qe 1y N e, — ) i,

S X, oy X, = @ fix,

— —_—

3 i . ] > —
o1, gt 1) (Ri onfl—p . o Jl+

Y @y -, @ el (D) m, V*ri?_y_, wo\(lr—-.— M
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Statemoent for Linked Answer Questions 83a & 83 b:

An infinitely lang hoflow cylinder of radius & carrying a surface charge Jdersiiv ¢ is

about its cvlindrical axds with a constant angular speed o
(Q.832  The magniiude of the surfoce current iy

(AY ol @ (B2 ok w
(Craalkwm M2 roRw

(Q.83b The mumiiinde of vector poteniial instde dic cybnder wt a distance &+ Ty

(A} Ty o R v iB) g, cRwr
; 1
(O Ly REar (D) E Ly 7 Rior

Statemeat for Linked Answer Questions 84a & Bdb:
A particle is scattored by a spherieaily symmetric potential, atre «f morg (CM) frame
the wavetunction of (he ncoming particle is 7 = A ¢ e lgigfihc wirevicior and 4 is a

constant, :
LiBdu IFSNA) 19 an angular function the i fymplotic regicn the  scattered

wavetuncetion has the form

. ¢ 7?!‘\' , > \..{'l'

oy AT oy LB "
¥ s

LA™ 4 FiEhe™

(\(:/\, _;J_im (DJ i.j_.w:—g_
¥ re

ross scotion () in CM frame is

1

B) o() A £ (@)

(LY o8 =|A| |10

tomic weight of 207.2 amu and density of 11.35 gm em™,
umber ol aloms per cm” for lead is

(A) L1x10™ & 3.3x107
€y Lixio™ 1)) 3.3%

Q.85b  I{ the energy of vacancy fonmation in lead 18 0.5 e¥Viatom, the numba of
. 3 - 3
vacancicsfom” al 300K 1s

(A7 32x10'" (8) 3.2x10"
(C) 9.5% 10" (7 9.5%10"

*#* END OF THE QUESTION PAPER ***
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