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PHYSICAL SCIENCES

Time = 3:00 Hours TEST BOOKLET Muximim Marks: 200
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INSTRUCTIONS

This Test Booklet contains soventy five (20 Part*A™+25 Part *B° + 30 Pan °C” I Multiple
Choice Questions (MCQs). You are required to answer a maximum. of 15, 20 and 20 ‘
questions from part ‘A’ 'B* and *C’ respectively. I mare than réquired number of
questions are answered, only first 15, 30 20 questions in Pars “A" 'B’ and ‘(" t
réspectively, will be taken up for evaluat

OMR answer shoet has been provided !ﬁ;ﬂnﬂy Before you start filling up vour
particulars, please ensure thay thie booklet contains requisite number of puges and that
these are nat torn or mutilated. 1€t is $0, you miy request the Invigilator 1o change the
baokiet of the same code. Likewise, check the OMR answer sheet aiso. Sheets for rough
work have been appended tothe test booklet.

Write your Boll No., Name mdﬁeml Namber of this Test Booklet on the OMR Answor
sheet in lhe spa.ce pmwdﬂq.m l-'"i’L !MI-'-T slmmhma@w ezrmarked.

EMM_:%_‘
Each queﬁtlrun in Part

for cach quutmn, the carrect of t}mbest ATSWEE.
Candidates found copying or resorting to any unfair medns are linble to be discjualified
from this and future examinations.
Candidate should not write anything anywhere except on answer-sheet or sheats for
rough work.
Use of caleulator is not permitted.

he test is over, at tlon t, tear the OMR er n
over o al IR answer L] ior and in_the nl

eapy for vour record,

Candidates who sit for the entire durition of the exam will only be permined to carry
their Test booklet.
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12 balls, 3 each of the colours red, green, blue
and yellow are put in a box and mixed, If 3
balls are picked at random, without risplace-
mient, the probability that all 3 balls are of the
same colour s
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Some aliens observe that roosters ¢

sunrise  every  dayigEl

information about

which of the following)

be valid? -

I. Rooster-call and sunrise may be
independent cyelic events with the same
periodicity

2. Both may be triggered by a commaon
cause

3. Rooster-call may be causing the sunrise

4. Sunrise cannot be the cause of rooster
cill a5 the rooster-call precedes suntise
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Twenty-one litres of water in & tank is to be
divided into three equal parts using only §, 8
and 12 litre capacity cans: The minimum
number of transfers needed to achieve thisis
3 2.4

35 4.7
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Of four agents Alpha, Beta, Gamma and
Delta, three have to be sent fogether on a
uﬁﬂiﬁn If Alpha and Beta cannot go
t‘qﬂuﬂbﬁr Beta and Gamma cannot go together

agmm can be sent.
-tha and any one out of Beta

i Bn‘h. Gamma and any one out of Alpha
#nd Delta can be sent.
4. The mission is impossilile.
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Ih & bacterial cell, a protein is synthesized af
random location in the cytoplasm. The protein
hns to' reach one pole of the cell for s
appropriate function, Thie protein reaches the
pole by

|. chemical attraction

2. random movement

3. enizyvmatic action

4. attraction between opposite charges
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A precious stone breaks into four pieces
having weights in the proportion 1:2:3:4. The
value of such a stone is proportional to the
square of its weight, What is the percent loss
in the value incurred due to breaking?
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Two runners starting together run on a
circular path taking 6 and 8 mlﬂmm
respectively, to complete one mmﬂ. How
many minutes later do they m}atag,bh ﬁﬁutﬁe
first time on the start line, assuming constar

speeds?
1. 8
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A 0.1
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D 0,2
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The distribution of grades secured by students
in a class is given in the table below.

Grade | Fraction of the population
A 0.1
B 0.4
2 0.3
D 0.2
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What is the least possible population of the
class?

I 2 2.4

i. 8 4.10
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1. Average (X3, Xz ..Xg,m)>m THT
Average (x,x3, . X5)=m

2. Average (x;, X3 ... Xq, M) < m T4
Average (xg, X3, .. Xg) <m

3. Avernge (X, X3 ..-Xg, M) =M TET
Average (X3,X3,..%g) >m

4, Average (x;, X3 ... Xq, 1) < i FUT
Average (Xz, %3,.-Xg)=Mm

The nine numbers Xy, Xz, X3 .. Xg , are in
ascending order. Their average m is sirictly
than all the first  eight  numbers,
Which of the following is trug?
1. Average (xy, Xz .. Xg,m) = mand Average
(xz: x5, - g} =m0

2. Average (¥,,%; -..Xg,m) <m and Average

Xz, X3, .. Xg) <m0

3. Avemage (x;, %3 ... Xg,mt)=mand Average
(%3, X3, .. Xg) > M

4. Average (X3, X3 .. X9, m) <m and Average
(22, %3,..Xg) =m

10. ﬁ%ﬁxmﬁ?wﬁmﬂ HYaTE, W
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10. Which among the following diagrams

represents women, mothers, human beings?
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A boy and a girl make the following
statements, of which at most one is correct:
The one in a white shirt says: “1 am a girl”
(statement-)
The one in i blue shirt says: 1 am a boy™
(statement-11)
Which of the following
inference?
|, Statement-] is correct but statement-11 is
incorrect
2, Statement-11 is correct but statement-1 is
incorrect T
3. Both the statements | and 11 are incorrect
4. The correctness of the statements | and
11 cannot be ascertained.

is the correct

L7 Z 18
319 4, 20

How many quadrilaterals does the following
figure have? :
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L 10% 2. 20%
3, 28% 4. 30%

A canal system is shown in the figure

Water flows from A to B through two
channels. Gutes Gy and G, are operated
independently to regulate the flow, Probability
of G, to be open is 10% while that of G; is
30%. The probability that water will flow
from A toBis
1. 10%

3 28%
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15.
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16.

slipping,

A long ream of paper of thickness ¢ is rolled
tightly. As the roll becomes larger, the length
of the paper wrapped in one turn exceeds the
tength in the previous turn by
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Point 4 on a wheel of radius r touches the
horizontal plané at poimt P. 1t rolls without
till point A is at the
position in the first turn. What js the final
distance AF?
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17.
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l. 8000
3. 4000

2. 1000
4. 6000

An open rectangular, box is made by
excluding the four identical comners of o picce

of paper as shown in the diagram and folding.
it along the dotted lines

10cm
10cmp7/

A |

The capeity of the box (in cm’) is

1. 8000 2, 1000
3. 4000 4. 6000
_ﬁﬁ‘ﬁﬁ'ﬂ‘ﬂ%?ﬁ‘{fﬁﬂﬂﬂ‘*ﬁﬁo
280, 340 4 53 |
1 259 A o
3. 430 4 gzh

Which of the following is the largest?
250' 340‘ ‘1,3“- sﬂﬂ -
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15 A muﬁ]amy ‘climbs: & tree 10 eat: fruiis: The
amount of energy gained from gating fruits.

and the energy. spent in climbing  on:

different branches have a relationship shown
in the figure,

£
5

:

ik

0,0 Energy spent

The ratio of energy gmined to encrgy spent

will be the iraximuin -

1. at & point where the slape of the curvelis
the maximumn

2. &t u point where he slape of lhl';:Wlh‘
unity

3. at-a point on the curve wherg! ﬂemcnl
[passes through the oriiin

4. at the highesl point on the curve
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19. The length of a cvlinger is mensured 10 times.
vielding 10 distinct values. For this set of
values, consider the lollowing statements.

A. Five of these values will lie aboye the
mean and five below it

B. Five of these values will lie nhove the
median and five below it

5-B-H

C. At least ong vilue will lie above the mean
[, At least one value will lie at the median
Which of the statements are  necessarily

correct?
I. Band € 2. Aand €
3. Band D 4, A, Cand D

20. w9 7,0 %7 & 2PA0 = 40%2P8Q =
30° AGt JTR] F0
ZAOB = 220°

AT £LAQB T _
| B L 2. B0®
3. 607 4. 110°

20, i the given circle, O is the centre, 2PA0 =
ﬁg £PBQ = 307 and outer angle
2408 = 220"

2. 80°
4, 110°
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2L The wavefunction of & free particle of mass
m , constrained to move in the interval
“L=x< L, is () =A(L+ )L —x),
where A is the normalization copstant, The
probability that the particle will be found to

T
hive the energy ——- is 1
120 T
1 1
3. i"ﬁ 4. :Il":

22, S By § Frsroor w50 < 500 w7 A0 wE T
Wr) =zf(r) 3 @ r=(x,y.2) T &
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22. A particle moving jin_a"
described by a waw
where © = (x, y, z)ishilie pos .
the particle and f(r) is a function of r =
|r|. If L is the total angular momentum of
the particle, the value of L* must be
1. 2h2 2. h?

3. 4K% 4. En!

23. FET m AT 31 E > 0 W uE B #
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23. A particle of mass m and energy £> 0, in
one dimension is scaitered by the potential
‘shown below,

Vix) =

If the particle was moving from x = = to
x = o, which of the following graphs gives



the best qualitative representation of the
wavefunction of this particle?

Wiz}

aa:mmT%r:ﬁ&nnwii:nérﬁMHHm%insaﬂ
AT §, 7 T T T 9T g # ewE A,
AR T HEA qEAT e g

l. 10g 2. 50g

3. 100g i.g

. An object is dropped on a cushion from a

height 10 'm above . On being hit, the
cushion is depressed by 0.1 m. Assuming that
the cushion provides a constant resistive
force, the deceleration of the object aftér
hitting. the cushion, in terms of the
geceleration due to gravity g, is
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I 10g 2. 50g
5. 100g 4.
T TH-Zae () Rt o o am a gw

& 2 v il s e e ot e
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Fowryw g piida s 5 58, 3@ am
NT ro-FEs F T w0 o=

I, —rade
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. TaRt + 2vgwyh

= L

. —Twit + Zvgagl

A turn-table s rolating with a  constant
angular velocity wg. In the rotating frame
fixed to the turntable, a particle moves
radially outwards at a constant speed vy, The
acceleration of the particle in the ré -
coordinates, as seen from an inertial frame,
L‘he mgm of which is at the centre of the
mmmhlc is

{7 *-rmuf‘

2 ZH;J‘GP + vgwgh
3. raft + 2vgw,d
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Assume that the earth revolves in a circular
orbit  around the sun. Suppose the
gravitational constant & vories slowly as a
function of time. In particular, it decreases to
half its initinl value in the course of one
million years: Then during this time the



27

28.

. radius ol the curth’s orbil will increase
by a factor of two

2. total energy of the eurth remuains . constant

3. orbital angufar momentum of the eurth
will increase _

4, radius of the earth’s orbit remains the
same

TENE om W OUE W B Vi) =
kexV, (k> 0) 7 s faw & afawm 2wy
t =077 T2 T BT gmE v = A A T
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FIH

1. AV F T 8
z A FuTTET 2
3. A 97 T T e
4. F-aTOWTTT AE £ (7 FwE T 2

A particle of mase m moves in one dimension
in the patential V(x) = kx%, (k > 0). Al time
t=10,the particle starts from rest at x =4,
For bounded motion, the time period qfﬁh
mﬂtmn is

proportional 1o 44%
!h proportional o A~
3. independentof A _
4, not well-defined (the system ischaotic)
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4, ¢* Fifx (aitn) Frof & v sy
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28, The infinite squarc-well potentiol of a particle

29,

inn 2 box of size a js modified as shown in the
figure below (assume A <« a)

"y
g I

’—'J
J*

—l::_J

A

The enetgy of the ground seate, compared 1o
the ‘ground state enerpy  belore  the
perturbation was added

I. increnses by aterm of order &

2. decreases by o term of order £

3. Inereases by a term of order £°

4. detrenses by # term of order £2
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3. oo 40

A quantum  particle of mass m in one
dimension, confined to o rigid box as shown
in the fAgwe. Is i Hs ground  stake An
infinitesimally thin wall is very slowly raised
to infinity at the centre of the hox, in such o
wiy that the system remains in its ground
seate alall times. Assuming that no energy s
lost in raising the wall, the work done on the
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30,

system when the wall is fully raised.
eventually sepurating the original box into two
compurtments, is

af o ¥ o A
‘_—I :
L]
i
<L 0 L =L 0 |
1 antht n*h?
" oBmi2 gmiL!
2 mipd
3. o 4. 0

fer oferr W, feft ax D % seinTs
(zpetee) 2 & wrfiwar p a9 sAHE
(Feee) 2t i At (1 - p) 2

e
{5}
—{0—

/|

[l -
afrg & epFaT FemuT e §
Al

3

|. 2=-p—p
2. (1-p)*
3. (1-p)p®
4 (1=p)(1=pH)

In the followin
an insulator wit
with probabilit

%}

The probability that a non-zero current flows
through the mrcuu is

| 2-p—p’

2. (1-p)*

3. (1=p)%p?

4. (1 =p)(1-p%)
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x
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4, (x=

The. solution of the differentinl equation
x Z+(1+x)y=e"* with the boundary

condition ¥(x = 1) = 0, is
1. tl"""l-l ef"'.'l.'
x
{1::-]' e
]I {1-“1'} -:;
4

1=

Ted
H

ok
o (x=1)Re

ot s [
1. 4m/3
3w

ww@m
2. 2n)3
4. n/3

. The value of the definite integral f.;, s

I /3
3w

2. 2nf3
4, /3

nomen & Grafis awaw sl § 0w
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& off 7 7ft R 31 i Fue R 1 39
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Consider a planar wire loop #s an n-sided
regular polygon, in which R is the distance
from the centre to & vertex. [T a steady current
! flows through the wire, the magnitude of the
magnetic field at the centre of the loop is

I, &"sm(i 3 '%T’ggn[g)
3. W% a0 (£2) 4. £ an (:')



34, TOT TE 0.5 pm TET WE T SATH ATHT &

Haw Fuavtg e e i o ¥
s wv 7 gffw & 7ar y = 0 37 7 el
2 % T AR k797 k, e fi

oz | @ W WA 30° 8§, AW AT qA
syt Femw & f aai (Fen-seos

1l
l. 1.0pm 2. 0.29 im
3. 0.58 um 4. 0.5 pm

. Two coherent plane electromagnetic waves of
wavelength 0.5 pum (both have the m
umplitude and are linearly polarized along the
z-direction) fall on the y = 0 plane. Their
waye vectors kg and k are as shown in the
figure.

¥

-
¥
¥
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¥
¥
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If the angle @ is 30°, the fring

interference pattern prpdumdanlhl:pianem
1. L0 pm 2. 0.29 ym
3058 um 4. 0.5 pm

s, St wapr ey wrant £t saafie R

P d &t ar e o ofalr afiee
w5l 87 (Fr=r # a1 smofrs & swt
s AR AT o v j, Wer TEE A vE
HTXY T &)

L Ax (B, —-D)=10

2, iX i~ Hy)= s

3. 8-(D— D) =0

4. fi-(B—B)= 10

5-B-H

12

35. Which of the following is net a correct

36.

a1,

L 3- 9#‘“

boundary condition at an interface between
two homogeneous dielectric media? (In the
following fi is a unit vector normal to the
interface, o and j; are the surface charge and
current densities, respectively.)

L fix (B -D)=10

2. i X (H,— Hy) =Js

A (B-D)=0

4.0 (B—B)=0

HTAF AT AT T - Ay A
mﬂﬁ'ﬁﬂﬂﬁmﬁﬂrﬁ

¢g 0
(ﬂn 4g; ﬂ).ﬂﬁsuﬁuthtlm

i} 1] 'q'f.'n'
aregw § y-faar # w9 o 2 Faar F gfew
At Frega aft ain £ g gwar
(4o & o Ft a0 Fmy ke F oAt ) 2
1. 4ky 2. 2k,
4, Sku

The permittivity tensor of a unjaxial anisatr-

\opic medium, in the standard Cartesian basis,

0 0 i
iﬁfj 0 4Ag 0 |, where g is a constant,
N8 0 9

‘The wave number of &n electromagnetic plane

wave polarized along the x ~direction, and

“propagating along the y -direotion in this

medium (in terms of the wave number ky of
the wave in vacuum) is
. g
3. 9%k

2. Zky
4. 3k

Pl 2 3 amenz A § smaE 2Ed dfe o
= mﬁ ¥ avmE § Ay =1, (o
Lj = 1,230 A ¥ sifrersfors = g6t

1. (7,7,0) 2. (7,4.3)

3. (14,0, 0) 4 (‘; ‘: ":

The elements of a 3 X 3 matrix A are the
products of its row and column indices
Ay = ij (where 1,] = 1,2,3). The
eigenvalues of A are
k. (7,7.0)

3. (14,0,0)

2. (7.4.3)

+555)



38. P P 10 F ww sfad R oW
searadT (ac) Frwer sy wn afdw §

s gE afn Bt

73

V(Voits)

WA

LVARY/

0
1
1. 125W 2 9w
3. BW 4 215W

38. An ac signal of the type as shown in the
figure, is applied across a resistor R = 110

N A

t

The power dissipated across thages

L125W
3 25W

R]_!m :

Ry=20k(}

af gfatas R, 7 9fvrg & 27 € a1 @
T 16T Y FAT FUE T A= F i

=9 TEC A

5-8-H

1. Vy TV, AT @7 S
2.V AT Ve AT 52 T
3. Vp W SEtE VoA s
4. Wy TR TATE Ve S

39, An npn-transistor is connected in & voltage

divider configuration as shown in the figure
below.

RBOk) 2

RA20K0 =

If the resistor R; is disconnected, the voltages
Vi at the base and Vi at the callector change
as follows,

1. both V and ¥ increase

2. both Vg and Vi decrense

3. Vp decrenses, but Vi increases

4. Vy increases, but Vi decreases

40. smesk fy sy welrEe pv = RT 21
mmamﬁqrﬁﬂm#m

MW

1 YT % Ftrﬁmmﬂif‘nn
2. 1T % =9 § sramdt g

3, T % =9 # A g

4. TSR $ S e

. The equatipn of state of an ideal gas is
pV = RT . At very low mmpcm!um-, the
volume expansion coefficient FE at constant
pressure

1. divergesas 1/T%

2. diverpesas 1T

3, vanishes asT

4. is independent of the temperature

. w103 e Tt ot wovrelt # 2T 97 20
weme saearat o 7 Rt off 3 A @

wﬁ\wmﬁrmmﬁnm#mmﬂmﬁw

g

1. 20k

2. 3kg

3. 10 (In 2)ky

4. 20 (In2)ky



41. In a system comprising of approximately 10%

distinguishable particles, each particle may
occupy any of 20 distinct states. The
maximum value of the cnl:mpy per particle is
nearest to:

1. 20kg

2 3k

3. 10 (In 2)kg

4. 20(In 2)ky

2. TR T, T4, U (5 1, < T 8) iy

are sy | e afife S e | a9
e & & & 71 o AT ¥ xomE
WiTFaT 999 WAW ¥ SEEE W @R

P(Vx)

2l =
¥
o
=
=
=5
| W ! \
TI"; T
p— W, - =
WV
I\
:;? i
4 = / "
B Iy .'. 1 -"-__
A Ta
0
Wy

5-8-H
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42, Consider a classical gas in

therral
equilibrium at temperatures Ty and Ty, where
Ty <T,. Which of the following gmphn
correctly represents the qualitative behaviour
of the probability density function of the x-

component of the velocity?
3 A
fite 7
l % , f \"-. I
) | \ Ts |
BN
1]
Vx
i 26 AN
" N Z /N 1I| fA
e L8 N
A T:.' { i il

43, B 5 e 3 v v frfw st

I SC—
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% Y =AR+ €D § T &T 6, A9 6,
I. OR 97 NAND

2. NORTaTOR

3. AND 78T NAND

4, NAND 797 OR

43, Let ¥ denote the output: in the following

logical cirouit,
P - m—
B ...'E:pa_ [
T
I}
HY=AB4CD, the gates Gy and G, must,
respectively, be

.G'l'

e

. OR and NAND .
2. NORand OR

3. ANDrand NAND.

4. NAND and OR

. Rrwfiftm % fadfrr -t AR W
Wﬂ_—p +axt &, aau:mw
Pgein 21 ‘ﬁi‘{ﬂ TRA A & dug 6
ﬁﬁv.?.:mﬁ“nﬁ

I 8Nkg/2 2
3. Nk

3Nlkg /4

44. The Hamiltonian of a

of u collection o
oscillators is

1, 3Nky/2

3. Nkg

TF WA % FT TN AT Sy
g F WO % ww #, Sfew 47 S 6w
At 1 A7 andw W g% wrn w4

FERGAEL F ITATT ¥ g & "rdl & arew a9
gt g #Re 9.82147 myst A
0.02357 mk'® Fmen P & & ¥ @
At w9 & Fuffa g s s W

R W by g

2. 3Nkg/4
4. Nkyg/2

45,

5-B-H

45,

@ T
'aeahi; a1 a0 B aim

46.

1. 9.82 4 0.02 m/s*

2. 9.8215 = 0.02 mus®

3. 9.82147 + 0,02357 m/s’
4. 982 + 0.02357 m/s’

In #n experiment to measure the acoeleration
due to gravity g using a simple pendulum, the
length and time period of the pendulum are
mensured to three significant fisures. The
mean value of g and the uncertainty §g of the
measurements are then estimated using a
calculator  from @  large number  of
measurements and found to be 9.82147. s’
and 002357 m/s’, respectively. Which of the
following is the most accurste way of
presenting  the  experimentally determined
vidue of g7

L. 9824 0.02 m/s”

2 98215+ 002 m5

3. 982147 + 002357 mss”

4. 9.82 +0.02357 mis

HFT/PART-C

: ﬁﬁ'mﬁmmkmﬁnﬁqmﬁ

W HEY W = ak+ k7 7R E

AT T FTAET 39 TG0 0 A Ay
T R
3

: 3;{%
’-:."; 1 o

The wave number k and the usngular
frequency w of & wave are related by the
dispersion relation w® = ak + fk*, where &

amnd f wsre positive constants. The wave

number for: which the phase veloclty equals
the group velocity, is

fun
(I RS
wWinl =
&=



47, uF v seefis Sww A Bt o dep

47,

6 E=(q,00) 791 9@ #F B=
(e, 0,2a) AT &, Tl a UF PO S A

AT T 397§ S99 gU UW 9 SEd

THF B ¥ AYH F sA@e B = (Bl a,0) T4
B =(aBj.a). 78 c=1 THAT % £, a4

By, % T B AT
. =2aa9l & 2, 2ad49T-a
3. o 74T 20 4, —aTET 2a

An inertial observer A at rest measures the
electric and magnetic field E = (2. 0,0) and
B =(a,0,2a) in & region, where @ is &
constant. Another inertial observer B, moving
with a censtant velocity with respect to A,
medsures the felds as E' = (Ef, a,0) and
B' = (a, By, a). Then, in units ¢ = 1, £ and
By, are given, respectively, by

l. —2aand & 2. Zaand ~m
3. auand —2a 4. - a.nd.‘-m

T g AT T A e & oo st
¥ ww g 61 AftaTE ST ¥ @i gig

wgd ez & 9 7 & (P &)

. A point charge is moving with a uniform

velotity fe along the positive y-direction,
parallel to and very close to a corrugated
metal sheét (see the figure below).

/-\_/\J//\_/

— e

L o

5-B-H
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49,

The wavelength of the electromagnetic
radidtion received by an observer along the
&fmnﬁun of motion is

#,h 2 2 Lf1-p?
3. Lpf1=p2 I §

afeE we 0.5 F wi% w7 R Py
i e - 7
TH ATF T97 T AT 29 & % URET g
¥z ot Ff ww ¥ AR oo o (e
0 < h < R) =T Tz 2w g1 59 ) 99 =7
® FTOX WA A WE F AT 9 SwEA
nk? @ — 0os iy + -';-cnﬁ""ﬂu-)% g w6,
o affin

T 22T ¥ &0 o 0 5% 59w e
@AM h q‘tﬁﬁtﬂ?@?ﬂ
i
1"‘«? 3(&)
2 ;'Z- ’(“J
'E+ 10)

. A solid spherical cork of radius R and specific

gravity 0.5 floats on water. The eork is pushed
down so that its centre of mass is-at a distance
it (where 0 < b < R) below the surface of
water, and then released. The volume of the
partof the cork above water level Is

mwR? &- cos by + +mx3 ﬂn) . where #y is
the angle as shown E-n the figure,
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At the moment of release, the dependence of
the upward force on the cork on h g

L .&)’
R -

=)

A
-10)
e1ey

50. F=HT mlmmztwiﬁ'mnm

2,

3.

== =il m;)>

4,

e hark Rqbyf dw oA Ry o

L

3 L
(m; *‘ilaﬁ 52,
4 | 3meg
C oAl rmadn

§0. Two particles of masses m; and my are
cannected by a massless thread af length £ as
shown in figure below,

5-BH
SIBCRIEMS3—68H—2A

=4
de,,

The particle of mass my, on the plane
undergoes n circular motion with radius )
end angular momentum L, When a small
radial displacement & (where ¢ < rg ) s
applied, its radinl coordinate is found 1o
oscillate about 1, . The frequency of the
oscillations is

; @ T

s ) I my 4T Frn 2. {my #a)ry
I 4. [2Mp
my4hir, J (g +mydrs

ﬁ«ﬁmkﬁiﬂmxwm#mﬁﬁﬂa

d*x 2 dx P
: _mﬁl—t;-ﬁ-zﬂ Et_z-"(ﬂ = ATe =0

Frafim d) aft 0> A% F e

I S g iy v s 5 o

2. S 9w (|x| = o0) Y sfe iy

3w g ¥ - A o

4. 5@ g0/ o o-0/4 v wwE T
s

- The time evolution of a coordinate ¥ of a

particle is deseribed by the equation

ﬂ_’n A 2 dz-‘lﬁ ‘-I_ 4 AL

d‘r"+m m=+{n AYJe =0

For 1 > 4, the particle will

1. ‘eventually come to rest at the origin
eventually drift to infinity (x| — o)

2
3. oscillate about the origin
4,

eventually come to rest at [1/4 or —(1/4

RN m ¥ WHTEN WO w5 TR o =%+
alx|" &, FEt ¢ AAT 7 ATeRE Raviw fin
& WAL % Ay At we st g, frame

e Frer wwre fy
|II le 2. ."rf‘l
3. nx;{rdz}_ 4, pirir+R)



52. The Hamnlmmm of a quantum particle of
mass m s H —+—+tz|xf" where ¢ and r are

positive constants. The energy B, of the n'™

level, for large n, depends onn as
1l rt2.'r 1 nl‘-l-!

% nl,f[r+2] 1, ﬂzr,.rm-z}
3. ste @ st w0y A7 A7 s Ao wEre |
waaet  whm o oRewm 2o
|21+ 1)e%isin &, P(cos0)]” 4
wfifs ® &1 FwmEw w9
fawamm s & s, aar pain F faw
5, & wEt 6, = 8,/2 21 = e FEEmEt
&t aga are i ¥ Wy e F7 & A1 Al
ST WFEr 1 FgAEE W cos # F IH A

¥ P g _
b 2. *

- .
3. —5c0s* 8 4. Zcos'

53. In the partial wave expansion, the differential
scattering cross-section is given by

-ﬁg-ﬁ - |Z{'zt + 16t 5in & Py(c0s 8)

where 8 is the scattering angle, F
neutron-nucleus § :

two lowest pha
ding 1o s i
mﬁf} 3135:!. "
phase shifts are negligibly small, thc differen-
tial cross-section reaches its minimum for
cos @ equal to

Lo ¥ A = |

1

3. —Zcos? s 4.

54 aEfirs, wwworiRy wEEOTA om W WO
wtE BT Vny,2) = k(P 4y +2%)
¥ & Wl k vw amors R §) 99 UF
g1 7 Swhiw & B = Byk (%% B, FuaTiw
&) wirw § e wm B e B s
Efreedt £t gt It Faf et geme
FaT sEresal § Z2ft

L5 2 4
3.2 4. |

5-B-H
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54. A charged, spin-less particle of mass m is
subjected fo an attractive  potential
Viyz) = ;.i:(x"' 4+ y% 4+ 2%, where k is a
pasitive constant. Now a perturbation in the
form of a weak magnetic field B = Byk
(where By is a constant) is switched on. Into
how many distinct levels will the second
excited state of the unperturbed Hamiltonian
split?
32

55, Feft oeamy & g=mE om § aAfow s w
wemrey W 1 B Vi) =Ze R A
Ffire o o7 war &, 98T @ T9T R wATRE
Fearaiw 21 7t st wor Fit i dwar k Ay
gl w7 26 2 A atd g s O
s qfer g

4
|

&

1 méa*Rt

* AR i+kA R 5in? )
,:2 mxdtﬂ'

= M{zi: B2 +,-t-“}5]‘z
3 2miatRt

YRR RT+sin? 26 )
4 4miaipt

7T K14k RYsIn 9 )

55. The clastic scattering of a charged particle of
mass m off an atom c&n be approximated by
the potential V(r) = -e =r{R where @ and R

are positive tdﬂ!tams. If the wave number of
the incoming particle is k and the scattering
angle is 28, the differential cross-section in
the Born approximation is

| miaint

T ARV (1HkERY 5inR )
2 migin!

* hAEkARY4ain® F)2
3 2mT R

= ﬁ"‘lﬂtﬂ:‘bﬁn*zﬂj
smiatpt

% i+ R sin% 8 )7

Sﬁ.Wmtmﬁﬂaﬁumﬁﬁﬁm
Fat F= -nm -=bm"+ﬁm" A
qarbuwmﬁqmzm #1 feyr Twd gu
b %1 wg Fifw qr GRS A 9 F 1

HTF Sa%9 § 9FET 79I 9T FAa g0, 98
g

S/0ECRIE/S—5BH—28



I. 10a/3 16/
10 16

56. The free cnugy of a magnetic system. as n
ﬁ.mr:.tmn of its mngmnsahnn ny i5F =
E_mn —:bm‘-t- &m‘-‘. where & and b are
positive constants. At a fixed value of @, the
eritical value of babove which the minimum
of F will be at a non-zero value of magneti-

Eu.tlun is
2 f16a/f3

10a/3
3. 2Va 4 Fyfa

57, wzaw Fones ¥ R a9y (op-amp) 97
mmﬁmmm#ﬁéﬁ
aar Fsfe iy 1 tay Sy wiizw
1. T P aftarem aar g== ffy
wie=TaT

2. e e wfvara aur Py Bl
wfdarr

3. s e affare aar 5= P
sir=TaT

4. Fo4 Fraw sffmmar aar Py fefw
uff=mar

57. For optimal performance of an opsamp based
curreni-to-voltege converter circuit, the input.

and output impedance should be
i ;

4. high input impedance and low output
impedance

$8. A adflTw  x = 2sinx ¥ wAeTE uw

e % P "psawes vafa & 39 a1
gt mfiwor g
2xp 2000 Xy 435 CO8Xa ) J
L Xner = 1-ZE05 2,
2{sin xq—xy 000 xy)
2. Aypy = 1-Zcosx,
1. = B i $2(c0s s ~xn sinzy )
A== Ta~dsinx,
& Ti-1-I{cosx,+sinz, )
¥ner = Ep-2sina,

5-B-H

15

58 If the Newton-Raphson mathiod is used 1o find
the positive root of the equation x = 2sinx,
thz teration equation 1s

Zxﬂ_-!l:mn.nfxn'm_lb_l

i-2coE X,

2 ¥ _ %30 xp =Xy cod x5}
il 1-Zeosx,

1 Xy =

i—:-rztmz, —Xn8inxy)
Tp—dsinx,

I.ll

xnﬂ =

4 x _xn'l‘um’im“"’u]
.= =200 Xy

59. WtRw wew swadl Saw s 0w s
ftafx=Acosqe £, wm 4 Ramw §

TATE 0= T, WTET Gy FAd o
ST FT A

L. wftfie ara F s 8 oy 2

. WA 0T VT P e awar §

. FOTY ¥ WG U AT S a2

T & 5w =T wTATE w0 B agmr g

= kD

59. The equation of mation of a forced simple
- harmonic oscillator is  + wx = AcosQit .
'Mm‘r.n is & constant. At resonance 0 = @,
ﬂgmhmﬂe of oscillations at large times
. salurates to o finite value
2. MWﬁhnmuf
3. increases linearly with time
4. increases exponentially with time

60. (2) 71 (%) & srvmrfir smare 3 Pt
HOTTE 4 ﬁrmqg(z l]ﬁfh'r“?rﬁl

60. The operator A has a matrix representation
(2 é)mmebﬂsspmn&dby(u]md(ﬂ)
In another basis spanned by — (1)md
ﬁ( )ﬂmmtﬁxmmm:mafﬂhs
1 (G 2) 2 (5 9)
1

3 (g 4. (f g)




61

62

62.

63

s af®
+

Wxiﬁ(x}, T o(x) Rgw =
g & areafEs T # gretas w0
AT T T AR 2 T AR
ey o 2

-8 2 6(x)

3.°x 4,4

The operatar x%h‘[:} L whete '&(x) b8 the
Dirac deltn function, scts on the space of reil-
valued square-integrable functions on the real
line This operator is equivalent to

I -8{x) 2. 8(x)
3 4.0
s P s oy i1 &% SO H A AT

wifamar 1/4 * wog 30 fag & &0 @
£, a1 &1 s wifieea 3/8 & 29 4 48

=fi =wAT 21 N =TT AT HE LA

I &N 2&%

» [ fR
2 11 ﬁJ—:— 4. @E

At sach thme step, a mnduqr%
dimension l:‘lﬂ'rnr remains at the

with prnbnhl,lity . OF moves WEIG
the right or Iﬂft with probabilities 3{5" nnch
Adter N time steps; it5 0 ean

displocement is

1 8N

#r7 sty B 5,8, 79T S, ¥ 4 51 0%
+1 %1 WA A wwAT g ST areeEd

H = —] (8;S; + 5:83) —hS, #, 1) 79T h
OATEE TRl gl AT T = 1/ (kp B) 7
TTETIET W 5 W HIE g

1. want®{f)) _

2 tanh(f#h) tanh®(B])

3. sinh(f#h) sinh*(6])

4.0

The Homiltonian of three 18ing spins 5,,5:
undd S5, each 1king values +1 3s
H= - (5,85 + §:53) — hS,. where J and h
are positive constarts, The mean

5:8-H

0

value of 83 in equitibivium af & tempermlyre
T =1/({kaf). is

1. tanh3(8])

2 tanh(fh) tanh’ (8]}

3. sinh(@h)sinh?(2))

4. .0

. 632.8 nm 9T SR $1 @7 He-Ne 797 1

nfewr 35 om 1 58 T v Ak D wdn @
oAt &) 4% Few afEw 6 g e S |3
GHz =g &= e % oz & @t qfew &

A e e R e 2nft
1.1 22
& 3 4. 4

64. The cavity of a He-Ne laser emitting st 632.8

nm, consists of two mirrols separated by @
distanice of 35 cm. If the odcillations in the
laser covity occur at frequencies within the
gain bandwidth of 1.3 GHg, the number of
langitudingl modes allowed in the cavity is
| 2.2

3.3 4. 4

i st Il e & S a-wi
q%?ﬁﬂmﬂ;ifmm{ﬁﬂﬁw*
oy fufy F & aft =@ a9 w1 o
w1072 s 5 dr st A E

ﬂ'@mmwmfmr
12 2,3
3.0° 4, 4

65 J% :ﬁl;uuﬂ' wﬁé’a“ﬂa nucleus decays into

ch are in 8 spin-parity 0°
s!ﬂte. i ﬂ* muug. fife-time of this. decay is

102 5, the sﬂmwlty of the excited state of

the nucleus:ig
k2t 2 3¢
30 44

- =t v, way ST o f g

givTa, st v, +e” — v, + e uffa

Him = %ﬁrj ' x (il (=Dt i, () ) (b, LD (2))
ot #ea §1 i sl o afes
t o mftas f =i e w = wew
\, 1/E?
3 E

L

E‘Z
VE



67,

67.

a8,

The elastic scattering of o neatring Ve by an

eleciren &, L.e. the reaction Vit eT =i+,

can be {ltﬂcrjb&d by, the interaction Homitanian
Hine = Gl ' (3 Gy, (D) (s, D ()
The cross-section of the above process
depends an the centre of mass energy £, as

1. 1/E2 2. B*

4. F

30K

Yt py - nt + Sty T e 4
Vet vy F T AreR S v, p, auw
T A s 1 g w5

o<1, <1, 2

STy < Ty
3, T, <, 4

STy < Ty

The mean life-time of the following decays:
=t wat sy ty et 0, +
Vu. Bre T, 1, oand 1, respectively, They
satisfy

15 Iy <T, <1y,

n ‘_r;,l{l".;{‘l_.j'i_
I Tp STy,

4 T <t

STUTE HUETIF ST _
I'=kT%eFal*a (exp(e¥ fkyT) ~ 1) &
ST 8, V 2T 9T {1 AT A g g,
T %31 AT % ST 07 ﬂ"{@m
ATTAT & 05 o 9497 ke FRyei 3 =vire w1

fre afrms & sty sams 5 =0 i ovam
FamT i

—>

Az T F WA 6 e sreet At 5y
FTAT FT VU T E A A VE TR
afee i ug o (e a mar b e
2

1. aT24 b
3. 4T3 +h

2 ar'+h
4, al +hr?

The forward ‘diode current is given by
= nT e~ 5%l Coxns(eV fk g T) — 1), where
£g 15 the band gap of the semiconductor, V is
the voltage drop across the diode, T is the

5-B-H
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lemperature of the diede vperating tear room
tlemperature and, o and x arc constints. A
diode is used as a thermial sensar in the cireuit
shawn below,

I

==t

ITV is messured using an ideal voltmeter 1o
cstimate T, the variation of the voltage V asa
function of T is best approximated by (in the
following a and b are constants)
1. aT?* + b 2
3. aT3 b 4

af +b
al'+ bT?

WF A9-UT (op-amp) % Are s
Ry=1 kO v ®wfdf ¢, =1 pF awr

Gy = 0.1 uF % Fmmay g 1= feay oy 84
R,
_MW—.
Ly _1:_,_”_
“1“—“??——4;?-
2, e arow Free
3. ¥z v feeex

4. = aEfigrrs fipeex

Avgircuit constructed using op-amp, resistor
Ry=1 k @nd capatitors C; =1 pyF and
€y = 0.1 pF, is shown in the figure below.

Ry

:
——

&
'lﬂﬂ—[lj'L:D_ﬂ V.

This circuit will sctasa
1. high pase filter

2. low pass filter

3. band pass filter

4. band reect filter



70, wew fds a, a9 BCC (Frakfan o+

w;mamﬁmwﬁm;ﬂ

I 3 3ag/2
SARVETN 4. va,

. The third-nearest neighbour distance in 2 BCC
(Body centered cubic) eryatal with lattice
constant ay is

I.ay 2. Bag/2

3. V3a, 4. \2ay

. wdumw A geEs wwea e d A
T AT E g F owETElT w7 f
TEwEIA @91 BT F Wl ESENIA EEO
0.m, FUT-0.5m, T FE m, WEA
farem s=ww 21 andTeE w1 ToAEaATE 10
#1 wemrdata &t w0l o grEEe & Al
wat Sy e o A, (Pesd faos $ ol
#) werkztr f dw s P & @
AL _

b #1972 2. Tx107*

3. 8x 107t 4. 3x 107

. A bound electron and hole pair inieracting via
Coulomb interaction in a semiconductor is
called an exciton. The effective masses of an
electron and a hole are abnu’tﬁ.inymd
0.5m, respectively, where m,, is the rest mass
of the electron.  The dielectric corsta
semiconductor i 10
energy levels of t
like, the binding
of the E,ydb:rg
i, 2% 1077
3. 8x107*
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af% k T HEAT § A AT AEHEy
A a1 ERT giew S(ka) F B s,
s Sk, 4)/S(k, 0) g1

s (2)

2 5‘1 —
3. Hsin (-.E-

42 E)
4. msin (z

. Consider an array of atoms in one dimension

with an ensemble averaged periodic density
distribution as shown in the ligure.

p(x)

A Zn 3a dn

Af k is the wave number and S{k, A) denotes
-.mlm transform af the density-density

on function, the ratio S(k, A)/5(k, 0)

g

m )
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A doubly charged ion in the angular 75, Fft ap f pir o F d ozt =
momentum state (/ = 2, J3 = 1) meets a gas = - s

of polarized elecirons (33 = 1/2) mnd ot By =BJU+1)om™ & wrl) =012, 79

polari ectrons (S 1 gels

neutralized. If the orbital angular momentum 8 Foaciw 21 q@ ot T s <t Py
transferred in the process is zero, the 4] = 0,2 =1 = Feam §1 A F Rl
probability that the neutral atom is in the BT o Wl w2 Ay e s T
1. 2/5 2. 2/3 l. 68 2. 128

3. 1/5 4. 1/3 3. 48 4, 88
BTESTS 7 3 sv-geaTE R w7 wary
e 5 A 7% @i §1 sefty sreras 75. The energy levels corresponding to the
TER-TTHTY v e sty e rotational rrmlfun of a molecule are £ =

ATt : Bj(J + 1) em™ where [ = 0,1,2,..and B is a

TF THET: ¢4 19T 8, ] : g 2

I. 500 K 0 & q-gf_ 100 K constant, Pure rotational Raman transitions
3' 1K 4‘ | mK follow the selection rule AJ = 0,+2. When
; P the molecule is irradiated, the separation
The range of the inter-atomic poteritial in Ihfm“‘”{,“‘ “’?]}"-h"“"""“ Sisheni i sttt Siokes
gaseous hydrogen is approximately 5 A. In | 'ﬁE]' em 2. 128

thermal  equilibrium,  the maximum 3' 48 -*_' 88
temperature for which the atom-atom o s

scattering is dominantly s-wave, is

I, 500K 2 100K

31K 4 1 mK
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