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INSTRUCTIONS

This Test Hooklet contains seventy five (20 Part' A'+25 Part *B° + 30 Part *C") Multiple
Choige Questions (MCQs). You are required o answer a maximum of 15, 20 and 20
questions from part ‘A" ‘B’ and "C" respectively. If more than required number of
guestions are answered, only first 15, 20, 20 questions in Parts ‘A" "B" and 'C’
respectively, will be taken up for evaluation.
2. OMR answer sheet has been provided separately. Before you start filling up your
particulars, please ensure that the booklet contains requisite number of pages and that
| these are not torn or mutilated. If it is so, you may request the Invigilator to change the
| booklet of the same code. Likewise, check the OMBR answer sheet also. Sheets for rough

work have been appended to the test booklet. |

3.  Write your Roll No., Name and Serial Number of this Test Booklet on the OMR Answer |
sheet in the space provided. Also put your signatures in the space earmarked.

You must darkep th
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11 is the sole responsibility of the candidate to meticulg R

siven on the Answer Sheel, failing which, the computer shall not be able to deciphe

the correct details which may uitimately result in loss, including .11-_:| vction il

OMR answer sheet.

5.  Each question in Part ‘A" carries 2 marks, Part ‘B” 3.5 marks, Part 'C" § marks |

respectively. There will be negative marking (@ 25% (Part'A’ (.50 marks, Part 'B' 0.875 I

|

yporopriate circles with a black ball pen related to Ro

e
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macks and Part 'C° 1 .25 marks) for each wrong answer.

6. Below each guestion in Part "A’, "B° and 'C" four alternatives or responses are given.
Only one of these alternatives is the “correct™ aption to the question. You have to find,
for cach question, the correct or the best answer.
Candidates found copying or resorting to any unfair means are liable to be disqualified
from this and future examinations. |

8. Candidate should not write anything anywhere except on snswer sheet or sheets for

rough work.

3.  Use of calculstor i not permitted.
10.  Afer the test is over, at the perforation point, tear the OMR
over the original OMR answer sheet to the invigilator s
capy for vour récord.
Candidates who sit for the entire duration of the exam will only be permitted to carry
their Test boollet. | | |
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Of four agents Alpha, Beta, Gamma gnd
Delta, three have to be sent together on a
mission. If Alpha and Beta cannot go
together, Beta and Gamma cannot go together
and Gamma and Delta cannot go topether,
then which of the following holds?
. Any three agents can be sent,
2. Alpha, Delta and any one out of Beta
and Gamma can be sent,
3. Beta, Gamma and any one out of Alpha
and Delta can be sent.
4. The mission is impossible,
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An open rectangular box is made by
ex¢cluding the four identical corners of a piece
of paper as shown in the diagram and folding
It along the dotted lines

The capacity of the box (in em") is

1. 8000 2. 1000
2. 4000 4. 6000
ﬁwﬁ‘#mﬁrtﬁmﬁ@
250,390 430 520

|, 250 ' 2. 3¥
3. 4% 4, 5%

Which of the following is the largest?
250 340 430 520

|, 250 2. 34
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4, A monkey climbs a tre¢ to-eat fruits, The
amount of energy gained from eating fruits

and the energy  spent in climbing on
different branches have a relationship shown
in the figure.

0,0 Energy spent

The ratio of enerigy gained to engtgy spent

will be the maximum

|. at a point where the slope of the curve is
the maximum

2. 8l & point where the slope of the curve is
unity

3. at a point on the curve where the tangent
passes through the ongin

4, at the highest point on the curve
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The length of o cylinder i1s measured 10 times,
vielding. 10 distinet values. Fer this set of
values, consider 1he following statements.
A. Fiveof these values will lie above the
mean and five below it
B. Five of these values will lie above the
median and five below it
C. At least onc vilue will lie gbove the mean
D. At least one value will lic at the median
Which of the statements are necessarily

correct?
|. BandC 2. Aand C
3. Band D 4 A CandD

§5-C-H

6. famgm # O &7 2, LPAD = 40°,LPBQ =

30° T4T °TE T LAO0H = 2205

T LAQB T b
1. 70° 2. 80°
3. 60° 4. 1107

In the given circle, O is the centre, 2PAD =
40°, LPB@ = 30° and outer angle
ZAOR = 220",

.
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1. 10% 2. 20%
3. 28% 4. 30%



7. A canal system is shown in the figure

9.

Water flows from A tw B through two
channels, Gates G, and G; are operated
independently to regulate the flow. Probability
of Gy to be open is 10% while that of G, is
20%. The probability that water will flow
fromAtoBis

I 10%. 2, 20%

3. 28% 4. 30%

Hrerd care s 7 us S iy 7 wy e
Free =T o &9 W weny f ward 4 A=
S 2. 2t

3. mt 4. 2mt

A long ream of paper of thickness ¢ is rolled
tightly. As the roll becomes larger, the length
of the paper wrapped in one turmn exceeds the
length in the previous turn by

L1 2y 2F
3. mt 4. 2nmt
Py r a7 oty o Ry 4 & womw

P g o waar 81 sgmw pia & 4 %
e fRafy & wgwe aw g ofgwr  faer
et sgaar @1 sifem ot AP Rt @t

final

initial

1. 2r

2. ryf (1 +m?)
3. rf(4+ nt
4. 2ry(1 +m?)

i
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11.

Point 4 on a wheel of radius r touches the
horizontal plane al point F. It rolls without
slipping, Ll paint 4 is at the highest position
in the first tum, Wha is the final distance AP?

o dtar wifdee F 9 seie i
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3, u=ATEw fFaT &

4. Prafa smae & S s

In a bacterial cell, a protein is synthesized o

- random location in the cytoplasm, The protein

has to reach one pole of the cell for its
appropriate function. The protein reaches the
poleby

I. chemical attraction

2. random movemint

3. enzymatic action

4. attraction between opposite charges

UF APYEN TH 32 FX 1234 ¥ AT
HEA-HAT WL F FHET 7 72 AT §) OH T
¥ FY IEH VI F T F FwmarEt g
=R & o ¥ e e o gt g

1. 0 2. 30

3. 70 4. 90

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 percant loss

in the value incurred due to breaking?
1. O 2. 30
3. 70 4. 90
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1. 8 2, 24
3, 32 4, 60

12, Tm runners starting together run on a
circular path teking 6 and 8 minutes,
respectively, to complete one round. How
many minutes later do they meet again for the
Fm ﬂm on the start line, assuming constant

e .ﬂ s

3. 32 4. 60
13. it g s & wrey S s o
ﬁnﬂmﬁ%mﬁ
A 0.1
B 0.4
C 03 __
D 02 |

. 2 2. 4
3. 8 | 4.10

13. The distribution of grades secured by students
ina class is given in the table below.

' Fraction of the
npulation
A 0.1
B 0.4
g 0.3
D 0.2

What Is the least possible population of the
class?

I; 2 2. 4

3. 8 4. 10

14, Tﬂ‘ ﬁ@ﬁ Xy, X3,Xq ... Xg m &1 ﬂ' gl
T sftEd m agst ot sre dwarel & E
#ies | A g san e 7
|, Average ( X X3..%Xgm ) > m @97

Average (xz,X3....Xg) > m
2. Average ( XyX3..X9m ) < m a9l
Average (X3, Xy, ..X5)<m

3. Average ( Xq,X3..%Xqm ) = m AT
Average (15, X3, .. Xg}> m

4. Aveorage ( Xg,x3..Xgm ) < m TWT
Average (X:, X3 .. Xg)=m

14, The nine numbers xy, X3, X5..Xg , arc in
ascending order. Their average m is strictly
greater than all the first  eight  numbers.
Which of the following is true?
|, Average (X3, X3 ... g, ) > m and Average
(X5, X3, .. Xg)>m

2. Awverage (Xy, Xy ... Xg. M) <m and Average
(X525, .. Xg) <M

3. Average (X, X3 ... Xq,m) = mand Average
(x2,%3,...Xq) > M

4. Average (X4, X3 ... Xg, m) < m &nd Average
(%7, %3, . xg) =m

15, mﬂﬂmmﬁwﬂﬁmﬁm qAE

15. Which among the following diagrams
represents women, mothers, human beings?




16.

16.

17.

17.

A boy and @ girl

UF SEE AT U At fee ave i #
ol & sxfirwmom o wew 8

awE o 7 ot Fg: N el € (w9
et ord # S ¥R A T § (F- 1)
ey | b 1y el P 82
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2. FG- [| HET & 97 9= | A B

3, &A1, F99- |9y 1, g

4. TuAl-l a1 Ht gaar B ad8 &
. T W

make the following
statements, of which at most one is correct:
The one in a white shirt says: “l am a girl”
(statement-1)
The one in a blue shirt says: “T am a boy”
(staternent-11)
Which of the following is the correct
inference?
l. Statemenit-1 is correct but statement-1] is
2. Statement-1 is correct but statement-| is
3. Both the statements [ and [l are incorrect
4. The correctness of the statements | and

Il cannot be ascertained.

Forer for # Fvert i 7

1, 17 2. 18
3. 19 4. 20

How many quadrilaterals does the following
figure have?

I8, T 12 77 Foerd w22, e war A T

18.

19

19,

20,

Fr-At £ w% 55 § 70 % oAy A At £
& famr, 41 &1 F oox & e g @

'ﬂ'rﬁtwﬂ'rg’t?ﬁ
. 1/4 2. M2
1. 1136 4. 1/55

12 balls, 3 each of the colours red, green, blue
and yellow are put in 4 box and mixed. If 3
balls are picked at random, without replace-
ment, the probability that all 3 balls are of the
same colour is

|, 1/4 2. 1712

3. 1736 4, 1733
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Some aliens observe that roosters call before
sunrise ecvery day. Having no other
information about roosters and  sunrises,
which of the following inferences would NOT
be vahd?

1. Rooster-call and sunrise may be
independent ovelic events with the same
periodicity

2. Both may be triguered by a common

cause

. Rooster-call may be causing the sunrise

. Sunrise cannot be the cause of rooster

coll as the rooster-call precedes sunrise

s Lad

e S, 8 7aT 12 e & =31 7 S9a 9%

61 ¥ W ghte e O w 3w W
F stzar 21 guw fou 50 & w9 fet T
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1.3 2. 4

3.5 4. 7



20. Twenty-one litres of water in 2 tank is to be

r 4 |

1.

divided into three equal parts using only 5, &
and 12 Htre capacity cans. The minimum
number of transfers needed 1o achieve this is
l. 3 2. 4

2 W8 4. 7
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' Emit 2. Hmit?
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3. = 4.0

A quantum particle of mass m in one
dimension, confined to a rigid box as shown
in the figure, is in its ground state. An

}l:‘lﬂnitﬁimally thin wall is very. slawl;r raised

to infinity at the centre of the box, in such a
way that the system remains in fts gmun'd
state at all times. Assuming that no cnergy is
lost in rajsing the wall, the work done on the
system when the wall is fully raised.

eventually separating the priginal box into two

compartments, is

21,

| gl " l'iﬁ:
" BmlE = amit

nf*i!i*

3. T 4. U

A —L<x< [, # di®w =WE m
AT HH T W AT TEA P(x) =

AL +x)(L—x) & F& A THTATA
ferzrs & s it It 3L . & 1 wrfarn
grft

|, O 3. é

1

£2. The wavelunction of a (ree particle of mass

23,

m , constrained to move in the interval
=L=x=< L, is P(x)= AL+ 2)(L -x)

where A is the normallzation constant, The
probability thar the particle will be found to

have the energy h:i: is |
|, 0 2. :}5
) i L
< 4. 7

W) =2f(r) B, W r=(x,2) ¥ &
%“ﬁ“?aﬁ?ﬁﬂ r=|r| ¥ e

81 af w1 o St T L B 12w
T 1 g

L. Zh* .8 h*

K aa 2

3. &R~ 1. :ﬂz

A particle moving in a central potential is
described by o wavefunction @(r) = zf(r)
where r = (x,y,2) iz the position vector of
the particle and () is a function of r =
Ir|. IfLis the total angular momentum of
the particle, the value of L* must be

[. 2A% 2. M

3. 4p? 4. T H
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24. ‘A particle of mass m and energy E > ), in

one dimension is scattered by the potential
shown below.

Vix) »

¥y

[T the particle was moving from x = —~@ 10
x = o, which of the following graphs gives
the best qualitafive representation of the
witvelanction of this particle?
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16.

frfaft i T FoFA e ™ O m
g7 Frar g1 At wrA oy e oRde aw
AT €, 9 12 & wwA T g ff zerf

AR, FT HAA [T =T o
1. 10g 2. 50g
3. 100g 4. g

An object is dropped on a cushion from a
height 10 m above it. 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 after
hitting the cushion, in lerms  of the

-acceleration due to gravity g, is

1. 10g
3. 100g

2. 50g
4. g

% TH-2aw () Rt w, ¥ofir 3T & 9y

@t & = poff s g7 e my off S 3
o% ¥ ey & Ry # ae € S ommm

'ﬁﬁ‘ vy ® 99T 81 OF Uw wpediu B,
ey g pffrs st a3
9T r6-FENTET F 57 FW s g

|, —rwaf

2. Zrag? + vyl
3. fﬂ%f + z'ﬂnﬂuﬁ
4. —?‘wﬁf + Ei?nﬁ?ﬂ.g

A tum-table is rotating with a constant

angular velocity wy. In the rotating frame
fixed to the turntable, a particle moves

radially outwards st a constant speed ;. The

acceleration of the particle in the r@ -
coordinates, as seen from an inertial frame,
Ihﬁm'ig-‘inuf'whidl 15 at the centre of the
turntable, is
1. —reds

Efﬂ.l' f+ Pﬂfﬂ;ﬂ#
. ragh + 2vg0,8

. """"TEIJEP =+ Eﬂ'ﬂﬁ.lng
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27.

27.

28.

art % et 7 % et s vF e s
¥ oftwm soft &1 e w2 el
T ¢ % o F agw & qmy e
qfeada grar &1 T 10 ATe = o e ary

HTAT §Y WA 8, 9 59w A

L, et it afosar ft war F By ooht
&t s

2. et & ¥ F01 safvafee et 8

3. i w7 sty vl @3 g o

Mﬂqﬁ'ﬂmﬁrﬂnﬁﬁm

Assume that the earth revolves in a circular
orbit around the sun. Suppose the
gravitational constant G varies slowly as a
function of time. In particular, it decreases to
half its initial value in the course of one
million years. Then during this time the
|. radius of the earth’s orbit will increase
by & factor of two
2. total energy of the earth remains constant
3. orbital angular momentum of the earth
will increase

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

.mmmﬂﬂﬁ“ﬂﬂ=

kx*, (k> 0) & us By & aftme &1 sy
t = 09T 42 7 Rt sy x = A & w997
oW wTaT §1 vz wfa % fw goer safa
m

l. A~V % werpamdt &
2. A) % wuTaTT £
3. AT ik ff v
4, F-afowiam 7 & (i srewafeay )

A particle of mass m moves in one dimension
in the potential V(x) = kx*, (k > 0). At time
t =0, the particle starts from rest st x = A,
For bounded motion, the time period of its
motion is

|. proportional to 4~%/2

2. proportional to 4™1

3. independent of A
4. not well-defined (the system is chaotic)



29. ‘afem # v’ ("miiEe o o AT i a

19.

T FAT A gy A A & Ry w
fae Ry & sy niafEs s Raramar g
(A « a #TH)

arw e A % of it ey st sewar 6
AT | Fraw S sEedy 5

1. e Fife (sifdT) &t = & 7% ATUAT
2. & Wife (afET) 1 = | 9= F
3. £2 wite (sifdT) § =f & 7% Iroft
4. £ wife (@) i =4 7 72 I

The infinite square-well potential of a particle
in & box of size a is modified as shown in the

figure below {assume A <« a)

The energy of the ground state, compared 10
the pground state energy before the
perturbation was added

|. increases by a term of order £
2. decreases by a term of order £
3. increases by a term of order £2
4. decreases by a term of order 7

frdt 3 % 3 areuE A § Faw Iaw i Sl

W gEwe 6 I § A =i, (3
i,f=123) A ¥ sfeewire o g

l. (7,7, 9) 2. (7.4.3)
, F18 14 _!j
3. (14, 0, 0) 4 (55

5-C-H

3. The clements ofa 3 X 3 matrix A are the

3l.

31.

products of its row and column indices
Ay = ij(where i,/ = 12,3). The
eigenvalues of A ars

1. (7,7.0) 2. (7,4,3)
3. (14,0, 0) L (253)

frer oy & Bl 43 D & sETws
(zqeze) g ft wiwen p @97 q9TES
(Fewq) gt 1 wifdsar (1 - p) &

oo

. 2=p—p?

2. (1-p)*

3. 1—-p)p*
4. (1-p)(1-p%)

In the following circuit, each device D may be
an insulator with probability p, or a conductor

with probability (1 = p).

The probability that a non-zero current flows
through the circuit is
I 2=p—p"

2. 1-p)*
3. (1-p)*p*
4. (1=p)(1-p?)



uﬁmx—+ﬂ+x}y=a

32,

33.

33

34.

34.

arr“gﬂ@'m
- E=N px
&
2. M'E'I
(1-2) _
3. 88 g
4. (x—1)%e~*
The solution of the differentinl equation
Ay . :
X Efa- (1+x)y=e™ with the boundary
condition y{x = 1) =0, is
(k=1) _
I, S=te
(x=1) _
R st gt
2 i:t}_ I
4 (x—1)%e*
FAfer wmmwe [ 40 s vy
1. 41/3 2. Zn/3
3. m 4. /3
The value of the definite integral ¥ & _ s
. 4m%/3 2. 2rf3
im 4. m/3
n-gAE & Frafim apye ol ¥ oo
AT AT Tier 9% = w¢ ﬁmi:ﬁnz E -4
# off i 3 R £ 1 afE B I =%
miﬁwﬁaﬁ’rﬁmkﬁﬂ‘?ﬁwh
F1 T S
Mol . 72
I, S=$in (?') 2 E-Eﬂﬁ[n(r)
Mgl in
3 S 8 ?J En-ﬂ' (")
Consider a planar wire loop as an n-sided

regular polygon, in which R is the distance
from the centre to a vertex, If a steady

I flows through the wire, the magnitude of the
magnetic ficld at the centre of the loop is

) 2 ()
J: }fﬁim _'? m‘ﬂ“(ﬂ

2-C-H

12

LR

TR I G T AT 30° §, AW 9T AW

ZrT
1. 1.0 ym 2. 0.29 um
3. D.58 ym 4. 0.5 pm

Two coherent plane clectromagnetic waves of
wavelength 0.5 pm (both have the same
amplitude and are linearly polarized along the
z -direction) fall on the y = 0 plane. Their

wave vectors Kyand K, are as shown in the
figure,

-

- I . -‘—j

=
=

P

If the angle 8 is 30°, the fringe spacing of the
mterf‘m’mm pattern produced on the plane is

. 1.0 pm 2. 0.29 ym
3 0.58 pm 4. 0.5 uym

Frer & #mmﬁmwnﬁwﬁcﬁrmwﬁf:‘qﬂ
T 2 (P & 4 s % R st
T AR 79T 0 U f, T waw wrder ok
HTTT 955 1)

L AX (D -D)= 0

2, AX(Hy—H)=j.

A -D)=a

LA (Bi-8B)=10



36.

37.

37,

38,

38.

Which of the following is mot a correct
boundary condition at an interface between
two homogencous dielectric media? (In the
following 7l is & unit vector normal to the
interface, o and j, are the surface charge and
curremt densities, respectively.)
LAX(B,=D,) =10

2. ix{Hy—H,) = |,

BB -Dy)=¢

4. fi-(B=5;)= 0

wreaw #7 fagasfaa #av g

fdgg 0 O
(ﬂ {Eg 0 ),ﬁ'ﬁti’n m&m

\ 0 0 B

vy # y-fae F w7 oft x -Frer F gféw
aaae Ty faegy sada ot £ ar dsay
(=1 7 oW i i 307 e ko F @ H)

1. 4k, 2, 2k,
3. 9%k; 4. 3k,

The permittivity tensor of a uniaxial anisotr-

opic medium, in the standard Cartesian basis,
2, 0 O

15( 0 45 O ), where £, is a constant.
0 0 9g

The wave number of an electromagnetic plane

wave polarized along the x -direction, and

propagating along the vy -direction in this

medium {m terms of the wave number kq of

the wave in vacuum) is .

L. 4k
3. 9k,

Frofafer o fofle st s W
%ﬁeﬂ‘?ffﬁ—ﬁﬂ:*ﬁ WEFA>0T%
ﬁﬂ“ﬂ'ﬁﬁ] fﬁ'h’ﬁﬁ TAAF & HyF &

2. 2k,
4, akn

1. ANkg/2 2. 3Nkp/4

The Hamiltonian of a classical I'Iﬂl:l]i:iiﬁl‘“ one

dimensional oscillator is N '_m 2 4 Axt

where 4 > 0 is a constant. The specific heat
of a collection of N independent such
osclllators 15

l. 3Nkg/2 2. 3Nkg/4

3. Nkg 4. Nkg/2

S?E"'H

39.

39.

40.

g ® "9 F wanr F, e 6 FJ4rg S
s w1 At andw st % w2
Wﬁmﬁ'g#m‘ﬁ%mﬂﬂ
srfa R g WAE 9.82147 m/s’ TG
0.02357 mfs’ FAwa Fer # & & &1

srtfie &7 & Pt g wegs w01 W
Hﬁaﬂaﬁﬂﬁrfnm

. 9.82 +£0.02 m/s’

2. 9.8215 + 0.02 m/s*

3. 9.82147 + 0.02357 m/s’

4. 9.82 + 0.02357 m/s’

In an experiment to measure the acceleration
due to gravity g using a simple pendulum, the
length and time period of the pendulum are
measured to three significant figures. The
mean value of g and the uncertainty §g of the
measurements are then sstimated using a
calculator from a large number of
measurements and found to be 9.82147 m/s°
and 0.02357 m/s’, respectively. Which of the
following is the most accurate way of
presenting the experimentally determined
value of g?

I, 9.82 £ 0.02 m/s*

2. 9.8215 £ 0.02 mfs°

3. 9.82147 £ 0.02357 m/s’

4. 9.82 + 0.02357 m/s’

frr femee 10 § o= wfade R o
gearad] (ac) e oomar TEm iAo #
o g% afer g

2. 9W
4. 21.5W



40. An ac signal of the type as shown in the

41.

41.

figure, is applied across-a resistor R = 10,

t
The power dissipated across the resistor is
. 125 W 2.9W
3. 25W 4, 215 W

e e wEy gam &

7y afddraw R, ¥ wftrw & g2 £ &% sy
T TeE Vp AT WUTEL 9T AR V- ¥ oferie
|. Vg 74T V. ZrAT a2 St
2. Vy TET V. T19T 9T Ao
3. Vy 2T watE Ve 58 o
4, Vg T T Vo W WIOAT

An npn-transistor is connected in a volage
divider configuration as shown in the figure
below.

5-C-H
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42.

42,

If the resistor R, is disconnected, the voltsges
Vg at the base and V- at the collector change
as follows.

2. both Vyy and V. decrease

3. Vy decreases, but V- increases

e g% aftag # ¢ =1 Ay 51

af® ¥ = AR+ €D & & =T G 9T Gy ¥
l. OR @47 NAND

2. NOR 797 OR

3. ANDTET NAND

4. NAND 79T OR

Let ¥ denote the output in the following
logical circuit.

respectively, be

I. OR and NAND
2. NOR and OR.

3. AND and NAND
4, NAND and OR

arar 10%* Fasey ot i wonrst o v e 20
qerez sraears W # FRRft o oft 2 s 2
g

1. 20kg

2. Ikg

3, 10(In2)kg

4. 20 (In2)ky



43. Ina system comprising of approximately 103
distinguishable particles, each particle may
ocoupy any of 20 distinet states. The
maximum value of the entropy per particle is
nearcst to
1. 20kg
2. 3kg
3. ].ﬂ-ﬂl'l: E]kﬂ'

4. 20 (In 2)kg

44. AT, AT, T (TR T < T 8) Fofta
arer sy ¥ N afafes s & are & @5
s § & % 5 orF 81 2o %

44. Consider a classical gas in thermal

equilibrium =i temperatures Ty, and T3, where
Ty <7T; .- Which of the following graphs
correctly represents the qualitative behaviour
of the probability density function of the x-
component of the velocity?

. smast v € IEemT wetETY oV = RT £

Iﬁﬂﬂm'ﬂ'fﬁ'{ TaTY # A
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45. The equation of statc of an ideal pgas is
pV =RT . At very low temperatures, the
volume expansion coefTicient %‘%ﬁ constant
PSS |
. diverges as 1/T*

2. diverges as 1/T
3. vanishes as T
4. is independent of the temperature

HIT/PART-C

46. afim, wwwm-fEn gs=mwa om W oW
aE BaT Vi) = ki +y7 + 22)
T 2, W kS weTeRE Rgow £ W= Uw

FeRT A7 S9HT S B = Bk (781 8, Puvrs
8) wire & 7vg o By wrar §1 seibe

Wﬁg&mﬂﬁhm‘f et e 48. et i &t wir s ke sfta sty

l
Ji

Foa LA

A
AN

46. A charged, spin-less particle of mnss m s
subjected to  an  antractive  potential
Vix,y. z]--=§ﬁ:{x‘-+ y: +2z*%), where k is a
positive constant. Now a peétturbation in the
form of a weak magnetic field B = Byk

(where By is & constant) is switched on. Into
how many distinet levels will the second

excited state of the unperturbed Hamiiltonian 45
sphit? |
¥ 3 2. 4

3. 2 4.

47. Fft oo & g=rAe omo % Al o ¥
ey B R V() = Sem/H A

Fiira ey o7 & 8, 72t @ 797 R 9ATEw
Feaorm 3 7% smaeft s £ a9 Fway oy
it o 268 2 A I affress s o
ﬂﬁrirﬁﬁnuﬁﬁ?érm

I Iﬂi
* AR +._t=1 R sin? 4
TRl Rl e

2' b tﬁ =gl +5in2ﬂi:|_l

5-L~H

47.

1 2m’a’RY
T OMZETR2 4 5IRT 28 )

q am*a*mt
NI 44RERY £ind g )

The elastic scattering of a charged particle of
mass m off an atom can be approximated by

the potential V(r) = 5 TR where a and K

are pﬂslﬂw.- E-ﬂﬂﬁlﬂ!fll;ﬁ If the wave number of
the incoming particle is k and the scattering
angle is 20, the differential cross-section in
the Born approximation is

[ mict
* ‘l-ﬁ*lI:H-k‘H‘:fn’ﬂ]

1: lﬂiﬂlﬂj

WA {2k R+ sint 8)
EmPafR®

M (REIA+5in® 28 )
smigingd

"RV 4kERE gind @ .3‘11

.

w TP T wf = ak + pE° A 7
7=« dar § aevers o § G gt
AT G WTARAT A AUT WG AT Uw A A

IR .
I, _sﬁ 2 ‘E
1 ja 1 [

. The wave number k and the angular

frequency @ of a wave are related by the
dispersion relation w* = ak + f&?, where a
andl f are positive constants. The wave
number for which the phase velocity equals
the sroup velogity, is

| = 5 |E
3 2 ‘"J;
N 18
3. i 7 4..3‘j;



49,

49.

5-C-H

vk e s das A [l 8 F &w@m
4¥ E=(a,00) a9 =iy &% B=
(,02e)0AT 2, W3l s REris h A S
Yo% B % W9 % Saa B = (EL a, 0) o
B' = (a,B, a). 3¢ =1 THEAT # E 797

By, ¥ W g1 &
. —2ad9l a 2. ZodMT-a
3. @ 94T —2a 4. —g@4T2a

An inertial observer A al rest measures the
electric and magnetic field E = (x, 0,0) and
B={a0Za) in a region, whoe o is a
constant. Another inertial observer B, moving
with & constant velocity with respect o A,
measures the ficlds as E' = (E;. a.0) and
B' = (a,By,a). Then, in units ¢ = 1, E; and
B;ﬂﬂmtﬁpﬁmm?.hy
|. —Za and & y
3. aand —2a 4.

2a and —a
- and 2

uw g sr3w awe 39 g § g -
# o grg F AR AR F AWkl 65
aga Fwe & o @ & (R 3

Bc

it # Rem 7 Bl Swrs 9% og=s S
ﬁqawﬂqmﬂwmtﬂ%m
Fh 2 8 !f‘l ﬂz'

3, LpJ1—#2 4. 1L

A point chaorge is moving with a uniform
velocity fc along the positive x-direction,
paraliel to and very close to a corrugated
metal sheet (see the figure below).

17

51

Sl.

The wavelength of the cdectromagnetic
radiation received by an observer along the
direction of motion is

1. ,W 2. Ly1-p°
3. LpJ1—p* 4 L

arifds w9 0.5 + %1% =1 & B = 2
wrAT G § AT g1 §1 6 #) 9t §
ATE %A1 %% gaT 24 § % T T %%

gt #t wag F A b 3H o & (Wi

D<h<RArrmmwEs P T =T
F IO @A 9 SIS 5 W & WmEad
i (2 —coslly + Zcos’ 6,) & Wi W 6,
Fadzima -

TATY B2 & 99 9 $i% W S H A awm
A& h 9 Pk ol

i)

A solid spherical cork of radius R mnd specific
gravity 0.5 floats on water. The cork is pushed
down so that ifs centre of masx (s & a distance
h (where 0 < k < R) below the surface of
part of the cork mmmmrﬁ@-
EHEp-l'%cmaﬂﬁ).m&h&qhn
shown in the Agure,



Al the moment of release, the dependence of
the upward force on thecork on h is

e

. TR m, W4T m, F W UF wSw-Re
cHaE ¥ art 9 v & Jr S RAfae
g

HHAE L THT TRHTT my T 0 TS
arer |41 Predta Reame e « nyfdo sm

a1 Py FaeTs o, F =50 dew v
f Fhi
L. AT 2- {szmi:JTn
4.

. Two particles of masses my; and my are
connecied by a massless thread of length £ as
shown in figure below,

The particle of mass mi; on the planc
undergoes & circular motion with radius
and angular momentum L. When a small
radial displacement ¢ (where e €1y ) is
applied, its radial coordindte is found w0
oscillate about vy . The frequency of the
oscillations is

3. 29 L R
| | m;dﬂﬂ o I:Hi +my ]TI

. Tl =m ¥ Paiw x %1 waw ¥ Ty ofrsta

HAwA AT
d"ll d.'.'[
EF;"F Eﬂzfd:;l,--'l'{ﬂ‘ - AYx =0
Aaflm g o o> A48 areo
2, e e (1x] — o) FY o s
3. wor Bl ¥ o2 S ot
4. s B /A o —-0/4 97 IwT

. The ume evolution of a coordinale ¥ of a

particle is described by the equation
dl t‘iE

= e 3;;1_.._.4. (A*=AY)x =0

di di®

For 1 > A, the particle will

. eventually come to rest at the arigin

. eventually drift to infinity (x| - o)

. oscillate about the origin

. eventually come to rest at 2/4 or —1/A

= il Pl =

‘ EMﬂletHEq WEWH-_._.i_

alx|” & 5T « T9T r sATETE Rawiw & ni:

Sl S e nal mr Rt s g, finar
ﬁﬁmﬁﬁrm{ R}

1. n¥* 2 A

3. ni/ir+2) 4, qpiriirs2)

SO6CRIENS—5CH—28



54. The Hmlltumm of 8 guantum particle of
massmis H = —+4tt::*l’r where @ and r are

positive constanis. The energy E, of the n™
level, for large n, depends on n as

. X 2. qptt

3. ﬂiﬁ"fr‘l'z] 4. ﬂhi'{r"*':'}

§5. ST O W I g A1 st e yare §

2
do | _ -
o0 0) = |Z{2,I + e sin g, P, Et:ﬂﬁﬁ}l

&1 et mtaators sfils F < Fsras =t
% T8, = a/2 #1 s wAT TRemTeat
ApA W 719§ w0 IAET FT = oA00 A
Hawe T TR FT gEAw AT cos @ F TH W

#ﬁ?{ﬁm
2. #1

35. In the partial wave expansion, the differential
scaftering cross-section is given by

d(maﬂl |Zm +1)e'¥ sins; #(cos8)

where § is the scattering angle. For a certain
neutron-nucleus scattering, it is found that the
two lowest phase shifis §; and §; correspon-
ding to & -wave and p-wave, respectively,
satisfy &; = 8,/2. Assuming that the other
phase shifis are negligibly small, the diffcren-
tial cross-section reaches its minimum for

cos f equal to
. 0 2. 1
3. —_:—* cos® &, % %WSE &y

S6. HEE x=-8(x), W@ S(x) Raw
mﬁwmﬂﬂ’fﬁﬂﬁwglﬁﬁﬂm

Fersgat
l. =&(x) 2. 6(x)
ook 4. 0

56. The operator IiE(I} where §(x) is the

Dimﬂﬁzlmﬁmmun,mmﬁmmnfhml-
valued square-integrable functions on the real
line, This operator is equivalent to

I, - &(x) 2.8(x)
3 x 4. 0
. T ity argfees w7 27 59w F 7 A

AIAFAT 1/4 5 wvy 30 &7 97 =200 =
&, A At wwrE sl 38 & 2 a7 9f A
T S=aT & N T F T19 THET TR

1. AVN 2.8 =

\ 15

L |an
l&T 4. EE

. At cach time step, a random walker in one-

dimension either remains at the same point
with wﬂhhit'rl}r: or moves by a distance A to
the right or Iﬂﬂ with probabilities 3/8 ecach.

After N time steps, its rool mean squared
displacement is

1. AVN 2. A |—

16

WET I
s B N

. At st fas 5,5, 3w s, F & 2 oUW

+1 F I & wEAT 2 IAET e
F —'—; {5151 + 5;-53} hs-; %. ﬂ_"g"rj a4q] -h
HATH®  RTR B ATIET T = 1/ (ke ff) 9%
HYRITEEAT # S, T 9067 §17

I. tanh®(8))

2. mnhﬂﬁh} tanh*(5])

3. sinh(Bh) sinh*(2})
4. @

. The Hamiltoman of three Ising spins 5,..5:

and 5y, cach taking values +1.is

H = —] (§,5; + 5;5;) —hS;, where J and h
are positive constants. The mean value of $4
in equilibirium at 2 temperature

T= If{kﬂﬂ}'iﬁ

l. tanh?(8))

2. tanh(fh) anh (B[}

3. sinh(gh) sinh*(g/)

4. 0



59, 9957 m % w9 o 4aew vt i g
mfr=-m‘-—h*+- ¢ L wmia
qw-mmm ﬁﬁn = U
b T 9 Hiias AIF (A8 I AA TTF |

A G99 § AT " 9T AN g, 9

1
1. J10a/3 2. J16a/3
3 ?ﬁ 4. 1—5{5

The frec encrgy of a magnetic system, as a
function of its nmgnetisstion m, s F=
;.mlwi_hu‘+§:t’.. where @ and b arc
positive constants. At a fixed value of a, the
critical value of babove which the minimum
of F will be at a non-zero value of magneti-

sSEoNn, s
1. J10a/3 2. J16a/3
3. S Va 4. =Va

A s ¥ A @999 (op-amp) X
a1
3. I Frae gfamy oy == Fdw

For optimal performance of an op-amp based
curreni-to-voltage converer cincuil, the input
end outpail impedance should be
1. low inpul impedance and gh eutpot
.' ! L . >
s thqﬂimp:ﬂmmdlnghumput |
umpedance
i e

a2 sftew x=2<inx ¥ SEE YA
ﬁmﬂtﬁqﬁﬁmqﬁﬁﬂﬁﬁ

At weftew g

If the Newton-Raphson method is used to find
the positive root of the equation x = 2 sin x,

_ Ix,—2(sin X, +X, cO4 X, )
L. Xy = il

1-2co8x,

2{sin Xy —X, €05 Xy)
i1=-Zcosx,

2. Tasl —

ra—1—2fcosxn+5inxy )

4 Xpy=— oy v

F+o’x=Acosfit 3, Wgl A s &
e Q=@ 9%, R WA AT W
TEAT T AT

| g am d qa S A g

2. WA E AT I 3T A E

3. | F AT O 4T Sy & T g

4. AN S AT ST AT =y H IZAT 2

. The egquation of molion of a forced simple

harmonic oscillator is &+ wx = Acosit,
where A 1€ a constant. Al resonance ]l = @),
the amplitude of oscillations at large times
|. satorates 1o a finte value

2. increases with time as ¢

3. increases hincarly with time

4. increases exponentially with time

(5) 7= (3) & s ame & el
HETOH Aﬁmﬁﬁ ’]ﬁﬁmnﬁa
ﬁ(l)mn (__I)iramfaamﬁ A
=gy w7 e gy g

l(gg) 2.
2. 1) A3

3 B}



63. The operator A has a matrix representation

G ;) mlhubﬂﬁsmndby@and(?)
In another basis mh}*%(l)
E(— ) the matrix representation of A is
T
s 2 s

o By a yorEt ¥ oos R e

wﬁammWsﬂmmﬁm
Faaor o of waffer 2

a 2a in da  x

A 1 HHeaT grestd Sk 4) # Rar s,

at ST Sk, A)/S(k,0) Fm

[ cus(“*

2. cos (22)

3. msin (m)

q. Esgsin[ )

. Consider an array of aloms in one dimension
wilth an ensemble averaged perindic density
distribution as shown in the figure.

' Ta | Inh X
If k is the wave number and Sk, A) denotes
the Fourier transform of the density-density
correlation function, the ratio S(k, A)/S(k, 0)
s

5-C-H

65,

G7.

- cos(2)
2 ot (2)
3. —:Fn E— '

4, ——sin? (‘“"")

k*a®

FOAT w37 AFE4T () =2, Ja = 1) AT UF

'WWWWW{SE 1/2)

# Frea o wenfts & omar 81 af 5w whear
i s wfry Fofre w3 51 Bf g g &

a1 FErtT T ¥ () = 2,y = 2) ¥aear &
'g"nér 1 s gt
. 2/5 2. 2/3
3 1/5 4. 1/3
A doubly charged ijon in the angular

momentum state (J =2, 3 = 1) mests a gas
of polarized electrons (S; = 1/2) and gets
neutralized. If the orbital angular momentum

transférred m the process is zeroo  the

probability that the neutral atom i3 in the
=2, ][5 =2)state is.

). -ZLS 2. 2/3

3. 1/5 4, 1/3

. grisrem i F savsvamgs Prag s o

TR 5 A 7% #iihe 1 awie A #

T% WS AT =T £, 90 2
| 500K 7 100K
3. 1K 4. | mk

The range of the Inter-atomic potential n
pareous hydrogen is approximately 5 AL In
thermal equtlibrium, thiz maimum
temperature  for  which: the alom-s=tom
scattering is dominantty s-wave, is

l. 500K 2. [ODK

3. IK 4. | mK

E=Bf(J+1)em™ & 9% =012, 747

B Rais g1« il T wwam 577 Frag
Al = 0,42 7 9799 FAT 8 A T FHEm
3 wrew 1 78 (oo™ ) 2t
. 6B
3. 48

2, 128
4, B8



67, The cnergy levels corresponding to the

69,

69,

rotational mation. of a molecule are E, =
BJ(J + 1) em™ where | =
constant. Pure rotational Raman transitions
follow the selection rule Al =0, +2. Whm
the molecule is irmadiated, the separation
between thc closest Stokes and anti-Stokes
lines (in em™') is

|, &8 2, 12B

1. 48 4. 8B

632.8 nm T¥ TeHTHT T T He-Ne #a7¢ £
wigs 35 om Ft 9 oF T F v B

aq41 §1 IR =97 ofgw F &9 3@ dew 13
GHz Ay Tz R = A aftwr &

AT i wre' i dey gnft
1. | .
3. 3 4. 4

The cavity. of a He<Ne laser emitting at 632.8
nm, consists of two mirrors separated by a
distance of 35 cm. I the oscillations in the
laser cavity occur a8t freguencies within the
gain bandwidth of 1.3 GHz, the number of
longitudinal modes allowed in the cavity is
boil 2 2

3 3 4. 4

SBe AT St Tt aEvar # f a-Fi
ﬁﬂﬁﬁ@rmtﬁmm(ﬁﬁﬁ}w
arer e afa o § off s e W Ay
AATFH 10722 s 7Y 47 Iatan F1fw &
™I T FTAT T W/ AT
[ &Y 2. 3"

i 0 4, 4

An excited state of 8 SBe nucleus decays into
two a-particles whit:h are in B spin-parity 0°
state. If the mean life-time of this decay is
107%% 5, the spin-parity of the excited stare of
the nucleus is
Ji 2

X R=

2 3
4. 47

T, 4T v, + e~ = v, + e WAfEaT =1

_ 1§
Hine ﬂ'ﬁﬁrf d?x (B (x)y i, (x i) [ESLE SN e (x) )

5-C-H

0,12, ..and B i3 a

0.

7k

1.

72.

# o g9 #1 Iufaltie wfem w1 o
gfts 2 s RS N =i w fow

PEERCE Tl T e
. 1/E*
3. E

2, E*
4, JVE

The elastic scattering of a neutrino v, by an
clectron e™, i.e, the reaction v, + e~ = v, + e,
can be iﬂﬂﬂ:nhed by the interaction Hamiltonian
Hige = 7= G ] % (el () (i, G Dmae(x)
The mamﬂﬂn of the above process
dﬁpﬁﬁdﬁnnthuﬂmmm‘mmmﬂgyﬁ* as

. 1/E* 2. B*
3. E 4. VE

wﬂn"*‘ﬂf + =, m° S y+y, i Se +
¥ + v, % form wer e T Ty 74T
T, & a1 9 = . g s

Lo T < Ty < Ty 2. TS T < Ty
3. Tﬂ < T ":IH 4, Iip o I‘.H = 'E'“-

The mean life-time of the following decays:
I Sl o G i T T Rt S T
Vs BFE T, Ty and 1,, respectively. They
satisfy

T Tp < Ey 2.
3o Tp Ty <1,

Iﬂ < '{'g ol Ts

I = kT%e~Fo/*aT (exp(eV [ksT) —1) &

givrsT 7 §, W7 £, afuraw AT
SO %, V ETAI% 97 81 A1 Sre2ar 9 £,
T S50 91T ¥ SAA9 $097 97 18§19 W
ATTHTA & UF a 797 « FRaas & srae w
ﬁﬁmﬁmﬁw%mﬁmﬂ

aﬂwﬁvwmiﬁrm IHTT%
HTY EA At ufiEds W owER s



73

airwed i 77 g (Rt a mar b s

B
l. aT*+ b 2. aT+b
3. aT*+ b 4. aT + bT?

The forward diode current is given by
I = kT%e " fa/koT (exp(eV [kyT) — 1), where
E, is the band gap of the semiconductor, V is
ﬂmmhﬂgedmpmthtd”u&.'riaﬂn
temperature of the diode operating near room
temperature and, a and Kk are constants. A
diode is used as a thermal sensor in the circuit
shown below.,

II'V is measured using an ideal voltmeter 1o
estimate T, the variation of the volmge V.as a
funiction of T Is best approximated by (in the
lollowing a and b are constants)

. aT2+ b 2. art+b
3. aT? + b 4, aT +bT*
©F AT-UT (op-amp) F W FEaw

Ry =1 kQ ud ®UEHi €, =1 pF 797
C; = 0.1 uFF & Fray abtwa wi= f=a7 w4n &l

T g e & = § b wem
|. =9 7w Freer
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A circuit constructed using op-amp, resistor
Ry =1 k2 and capacitors C; =1 yF and
C; =01 pF, isshown in the figure below.
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This circuil will act asa
1. high pass filter

2. low pass filter

3. band pass filter

4. band reject filter

ek fBuwiw o, F9 BCC (FTUEfRT W

dewwn) s o qata-Feeaw afiadd
gt

|. ag 2. 3a,/2

3. "ll'rg_ﬂﬁ 4. \Eﬂﬂ

The third-nearest neighbour distance in a BCC
(Body centered cubic) crystal with lartice
constant ay 15

. ag
3. V3a,
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A bound electron and hole pair inleracting via

Coulamb m[mimn in a semiconductor is
called an exciton,

| The effective masses of an
clectron and 2 hole are abouwt 0.1m, and
0.5m, respectively, where m,, is the rest mass
of the electron. The diclectric constant of the
semiconductor is 10, Assumm{g that the
energy levels of the excitons are hydrogen-
like, the binding energy of an exciton (in units
of the Rydberg constant) is closest 1o

). 2 X0 2. 2x 1071

3. 8x 107 4. 3x 1077



