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2019 (I)
PHYSICAL SCIENCES
Time : 3:00 Hours TEST BOOKLET Maximmum Marks: 200

INSTRUCTION

This Test Hooklet contains seventy five (20 Part'A'+25 Part *B' + 30 Part *'C") Multiple
Cholce Questions (MCQs). You are réguired 1o answer a maximum of 15, 20 and 20
questions from part ‘A’ ‘B’ and 'C’ respectively. If more than required number of
guestions are unswered, only first 15, 20, 20 questions in Parts ‘A" ‘B’ and 'C’
respectively, will be tuken up for evaluation.

2. OMR answer shest has been provided separately. Before you start filling up your
particulars, please ensure thut the booklet contains requisite number of pages and that
these are not tarn or mutilated. 1T it is 5o, you, may request the Invigilator to change the
booklet of the same code, Likewise, cheok the OMR answer sheet also. Sheets for rough
work have been appended to the test booklet.

3. Write your Roll No., Name and Serinl Number of this Test Booklet on the OMR Answer

sheet in ﬂw spau: prwiM ahu put your: m in ﬂm npm uarmarkud

4.

5 "mimndm.Pm‘B’a.Snmks.Fm‘C S5 marks
res | king @M{Pm'ﬂ 0.50 marks, Part 'B' 0.875

6. Belo C' four ltu'ﬂﬁni OF responses are given.

hegifect option to the question. You have to find,

i n =pest answer.

7. Ca.ndir.iul:s ﬁmnd Copying or reﬂa:rmng to mny unfair means-are ligble to be disqualified
from this and future examinations:

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

9 Useof ulfuhmr is not pm'mm

11.  Candidates who sit for the eatire duration of the exam will only be permitted to carry
their Test boolkdet.
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HAHT/PART-A

WX USE UEH, #i2T, ATy aur SRy 6 &
Y Uw ww O g5 9T day oA & af
TERT T 2T AT 7 60 A 5y, frer v
ATHT |G 7 WS AT 7w 2 M7 I 0 =

| T G I AT o, 7w e F ¥y ad

2

I 1 &/ off fir oz SR s EwT £

2. wEEr, TEEr ¥ avg 2y, mew F €7 v
AT AT THAT

3, dter, T ¥ e wEwT sk e A O@
1§ U Ao o wwAr §

4. Tg wiEw s §

Of four agents Alpha, Béta, Gammea and
De[m,mmchamtubesmimguhmuna
mission. Il Alpha and Beta cannot go
together, Beta and Gamma cannot go together

and Gamma and Delta cannot go together,

then which of the following holds?

L. ‘Any three agents can be sent,

2. Alpha, Delta and any one out of Béta
and Gamma can be sent, y

3. Beta, Gamma and any one out of Alpha
and Delta can be sent.

4. The mission is impossible.

UF FAT Araarae e By F 2w s 8
AT FAER FrT w1 e 57 P ot g
fergare T 97w W A ﬂmﬁ
wEAT 1 T AT

5-C-H

An open rectangular box is made by
excluding the four identical corners of a piece
of paper as shown in the diagram and folding
it along the dotted lines

10cm

mm%A % !

40 cm
—0em —
The capacity of the box (in em”) is
1. 8000 2. 1000
3. 4000 4. 6000
e & & s aft afr s ot &
25# 3"0 4_39 510
L. 2% 2. 3%
3. 430 4, 5.';{]

Which of the following is the largest?
f&ﬂr 3!&' 435. 520

1. 2% 2. 3%
3, 430 4, 520

UF 45 Bl |17 & (o0 92 9¢ qEa1 &1 w
m | el 3=t d swr-sem ot o
Wi ® B F1 w Jaw By § vafim &

Energy gained

0,0 Energy spent

st T = £ 7€ Fa w7 aaT 2w fHg

w7 st 2 wE

|. % 7 20 AHaW §

L AFHIA TS E

3. g fig & w7 At ot Ty W @w
1o F

4, TF ¥ vy fAg 9T



4. A monkey climbs a tre¢ to eat fruits, The
amount of encrgy gained from eating fruits
and the energy spent in climbing on
different branches have a relationship shown
in the figure,

Energy gained

0,0 Energy spent

The ratio of enerigy gained to enetgy spent

will be the maximum

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

2. &l 'a point where the slope af the durve is

unity

3. at a point on the curve where the tangent

passes through the origin =~
4, at the highest point on the curve

8, UF dwa £ S F A 10 v S 9 10

srr-sre Are fired @ At a aaE ¥

A EAH & Ot wT Arer F SfEw war aie
HIE § F7 E00 _

B. TH & qiw wra wifdaEr 7 A4 w9

i w5 A

l. BaarC
3. BE9TD

5. The length of p cylinder is measured 10 times,
yielding. 10 distinet values. Feor this set of
valugs, consider the fullowing statements,

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

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

C. At least one value will lie gbove the mesn

. At least one yalue will lie at the median

Which of the statements are necessarily

cormect?

1. BaandC

3. Band D

2. AandC
4 A, CandD

5-C-H

6. fam gm # O %7 £ LPAD = 40°,LPBQ =
30° 74T ATRE] I LAOH = 220°.

T4 LAQB T .
T 708 2. 80°
3. 60° 4. 110°

6. In the given circle, O is the centre, £PA0 =
40°, £PBQ = 30° and outer angle
LAOR = 220",

(-

A—> —8

qrft 2 Tl @ T A A BEEAT 81 T G,
797 G, agrA %1 e 7 & o sy e
H AT AT F) TR G, F g A A wiar
10% 8 wafe G, #F 20%. 9t ¥ A & BH
#rT aga £ arfirar 2nf _

1. 10% 2. 20%

3. 28% 4, 30%



7. A canal system is.shown in the figure

1
B — ‘ ’:! — 8
1

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

from A to B is
1 10% 2, 20%
3. 28%% 4, 30%

8. wErdcam sy U g4 Sy s
T T § AT v AW frt ot &,
UF T H AL A AT s 6 dard

Fored =57 # w0 Frre f waErs A oA
ﬁ!ﬁrﬂm’mﬁ

2, 2t
3 rrr 4, Zmt

8. A long ream of paper of thickness t/is rolled

tightly. As the roll becomes larger, the length
of the paper wrapped in one turn exceeds the

length in the previous turn by
I. t 2. 2r
3 omt ]

9. Froar r ave afgg o M 4
P iz v =l 5 q
waTew fRafd & g
ﬁwﬁwﬁaﬁwgﬂﬂﬂmﬂ

QO

initial

2r

ryf (1 + w?)
ry(4+m?)
2ry (1 +m2)

o o

9. Point 4 on a wheel of radius r touches the
horizontal plane at point 7. It rolls without

slipping, Lill point A is at the highest position
in the first turn. What is the final distance AP?

O

Iniﬂ:t

ar

L1+ 1)
N )

2rf(1+ 7%

10, % sftamr FifemT § 9 s S
g5 ¥ argieas = U7 g & At fea
& fovw wrdt ® StfersT ¥ vw g9 7% gEar
g &1 vt s g
1. TraTafhE srEdor &

- 2 aEREE AR A

DL L e

10. In a bactesial cell, a protein is synthesized at

random location in the cytoplasm. The protein
has to reach one pale of the cell for its
lppropnﬂﬂ function. The protein reaches the

ME:HI ﬂtmmm

. ramdom movemy nt

. enzymatic action

. attraction between opposite charges

1. TF TP T 32 FT 1234 F A E
AT WITE F AT # 72 ST ) 0 T
w1 FEU I AT ¥ 1 ¥ et g 1
gﬂim e # T ofRe o g

2. 30
3 "m 4, 90

1l. A precious stone breaks into four picces
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?
1.0 2. 30
3.7 4. 90



12,

13.

13.

14,

W ATY WEH FO6 47 AETF FAe 6 7T 8
e o om e f o A e e g
&t T 21 a1 7 Prae e T ot T e
& 3ty Ty e A

1. 8 2. 24

3, 32 4, 60

Two runners starting together run on a
circular path taking 6 and 8 minutes,
respectively, to complete one round. How
many minutes later do they meet again for the
first time on the start line, assuming constant

speeds?

l. 8 2. M

3. 32 4. 60
Farenfdat gror war #  wrey Sy w7 Fwor

ey areoft Fawe 2

it Toerers aafy
A 0.1
B 0.4
C 03
D 0.2
mﬁﬁmﬁﬁﬁwmmami?
L 2
3. 8 _ 4 m'
The distribution of grades secured by studen
in a class is given in the table belo
Grade
A 0.
B 0.4
C 0.3
D 0.2

What is the least possible population of the
class?

L. 2 24

3.8 4.10

A T 2y, 2, %5 . X FOR T A R

T shem m el ot ars sl & gu

aits &1 R A s

I, Average ( X, %3..%5,m ) > m 47
Average (Xz,X3... %) >m

2. Average ( xpx3..Xgm ) < m T4
Average (X3,X3, .. Xg)<m

3. Average ( xp%3.%,m ) = m AT
Average (xg, X3, .. Xg)l>m

4. Average ( xy,x3 wan X TR ) < m T4
Average (X, X3, .. Xgy=m

14, The nine numbers ¥y, x;,x3..%g , are in

ascending order. Their average m is strictly

greater than all the  first  eight  numbers.

Which of the following is true?

I. Average (x;, X5 ... X9, ) > m and Average
(Xy,%3,..X5)>m

2. Awerage ( Xy, X3, Xq. ) < m and Average
(%2, %3, ... Xy} <M

3. Average (xq, X3 ... Xg, ) = mand Average
(%2, %3, .- Xg) > m

4. Average (X4, X3 ... Xq,m) <m &nd Average
(%2, %3, .. Xg) =

5, Tt & F w1 Rrr e, W, s

arfa w1 v swr e

15, Which among the following diagrams

represents women, mothers, human beings?

@

1 F




16.

16.

17.

17.

W SEE w7 UF apd e e i E
Forrdt & wfirwnn o wer ¥

Wik E # wrE A K wwdt F (Fel).
Heft ord #1897 K owwr § (Fa- 1)
Foress 3 it w97 Y Bt 89

1. F4A-1 §E & 97 H9A- 1l 7AA

2. Fg- (| T § 9T FH- | A

3, &Y, TaA- | Ay 1, e

4, wAtl war 0 F gqaar B o f
- T HEA

A boy and a girl make the following

statements, of which at most one is correct;
The one in a white shirt says: “ am a girl”
(statement-1)
The one in a blue shirt says: “T am a boy"
(statemnent-11)
Which of the following is the correct
inference?
1. Statement-1 is correct but statement-II is
incarrect
2, Stawement-11 is correct but statement-1 is
incorrect
3. Both the statements [ and 1l are incorrect
4. The correctness of the statements | and
Il cannot be ascertained.

Forer e & Firerst s 37

L 17 2.
3. 19 4, EE

How many quadrilaterals does the following
figure have?

18, o 12 7 e w2, e aar 9t

18.

19.

Frv-fr £, v we o T w0 Ay & AT )
af% argfea® 3 2 It o, 3% IEN 3
mfm A s f wwr &

i 2t
1. 1/4 o e
3. 156 4. 1/55

12 balls, 3 each:of the colours red, green, blue
and yellow are put in o box and mixed. If 3
balls are picked at random, without replace-
ent, the probability that &ll 3 balls are of the
sume colour is
I, 174

3. 1736

2. 112
&, 1455

st=0 Jpp & A0 e st o vy e gter &

o A e T A @ ) o e el %

e w7 A Amer A arar, AR

wiw-3 Pl e w3l o

\. T[T w7 AT T 4G GATEY wEEH THH
wﬁ#ﬁﬁq‘aﬁmaﬁmm@h

2, AqAl T wOE e O E

S_ﬁ‘&mi'mlﬁfwﬁmﬂ

: HAT A AT FT FTO AE B WA
gﬁmwﬁﬁﬁmﬂt

19, Some aliens observe that roosters call before

adda

sunrise every dasy. Having no other
information about roosiers. and  sunrises,
which of the following inferences would NOT
bevalid?
Roosterscall and sunrise may be
independent eyclic events with the same
jperindicity
. Both may be trigoered by a' common
cause
3. Rooster-call may be causing the sunrise
4, Sunrise cannot be thie calse of rooster
call as the rooster-call precedes sunrise

20, Faw S, 8 A7 12 frew & == w1 STAm S5

61 it Wt s FeT Tt S 3 JET Wt
# Fizar 21 gaw foo s & w0 el aw
wﬁﬁﬁwwwmqmﬁﬁmm
1. 3

3.5 4 7



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

21,

21.

divided into three equal parts using unIy 58
and 12 litre capacity cans. The minimum
number of transfers needed 1o achieve this is

I3 2.4
3.5 A d
HHT/PART-B

TEATT m W UF Wiy s (0F R A)
Fysraame ow 3z F9 § fifim & qur 500
FAAH T yEeay § 3 w0 ner § vw
wrede Al ST gga it s T s
g § 35t vt & e 6 qF aum aoet
Femmw st sear & 6wl &1 Fac W
IO T2 H ST Y 7R | W A
70 3w 75 fewr war # o um o wwmr Sy Ay
st # e w7 faay ay &, a9 o ey
e P gy e g

Wl ':r X
= 0 L :

At
=

At

ZmEs

A quantum mma
dimension, confl }

in the figure, is in its ground mi:. An

infinitesimally thin wall is very slowly raised

to infinity at the centre of the box, in such a
way that the system remains in its ground
state at all times. Assuming that no energy is
lost in raising the wall, the work done on the
system when the wall is fully raised,

‘eventually separating the original box into two

compartments, is

o - =] = e
‘—‘l
S ¥ 4] L -L

[

22,

22,

23,

| Lo nipl

‘ '—"'.. i = —I_ T3
Lo

3. = 4. 0

W —L<x< L, § Hitm =mmom
AT TR T W AT TEA P(x) =

A(L+x)(L—x) & 7@ A waTaT=h=
foars &1 s it st 0 @6 A mifrw
ELl

1.0 2.

1

1
3. o 4. =

The wavellinction of a free particke of mass
m , constrained to move in the interval
—L=x< L, is Y(x)=A(L+2)HL—x),
where A is the normalization constant, The
probability that the pm-::le will be found to

hl'ﬂ:thcmrgy—-—-h

AmiL? 4

1. _-.{t-_ 2.5
1 1
“im b

Yy =zf(r) & & r=(x.y2) %7 %5
el wfaw & e i), r=|r| w1 wm

ERGESANE L nin R e A Rl
m

T WAy o
3. mni 4, %nz

A particle moving in 4 central potential is
described by o wavefunction P(r) = zf(r)
where r = (x,y,z) is the position vector of
the particle snd f(r) is a function of r =
|r|. IfLis the total angular momentum of
the particle, the value of L* must be

1. 2h? 2. Kt
3. 4n? 4. %ﬁﬂ



24, TEOHTA m TUT FATE > 0 F woy u w7

Frerafdir Forers & wfvefr e 24

TR FMx = -0 ® x =, F @ 7 T/ 0
AT TEF 707 T F B e 1 e are
HEH qwET AT e 87

gix)

Wrix)

o

24. ‘A particle of mass m and energy £ > 1), in

one dimension is scattered by the potential
shown below,
Vi)

o b x
¥a

L

[f the particle was moving from x = o 1o

= m, which of the following graphs gives
the best qualitative representation of the
witvelunction of this particle?

i'qu.m

-




25

16.

MR NI rmndow
frEaft i =g S v T T O m
za w1 R wr E wey e wRdw =
T £, @ zewA v g Y gwd A,
AR T AT TEATT =T g

I. 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 terms of the

-acceleration due to gravity g, is

1. 10g
3. 100g

2. 50g
4. g

s =H-2aw (woft) T w, FoftT 3w a

o &1 xw ol s o wee my aff e
s w0 P Ry & ange § S amw

MR v, & A § W uw Il p,
fewgw g pffses s dg a@am
92 ro-FToist & T o7 w7 e g

. —rwif

2. Zradf + vyweld

3. rwif + 2vpwyfl

4. —rwlf + 2vgwyl

A tum-table is rotating: with a m;

angular velocity ay . 1}1@
fixed to the turntable, @
rad;ﬂlyuunvm*:hmnmnm;peedun. The
acceleration of the particle in the 78 -
coordinates, as seen from an inertial frame,
the origin of which is at the centre of the
tumntable, is

I —rawdf

1 lrm‘&? + l?u{ﬂu#
3. radf + 2vgweB
4. —rwif + 2vgw,f

5-C-H

10

2.

27.

28.

et B et o % =t d o geE o
# aftear swft &1 Foom %€ & geeliy
fais ¢ % w9 F wmw § "y diefit
iada gar &1 I 10 wTE Ad o gEET A

e g1 e &, A T A

1, et & afoer f war & By 3ot
&t st

2, it & v st samfrafifa wdt 2

3. gt w1 waft Fofry w3 73 [mom

4. gt £ gfmwr B wwr K Fow
st ot

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
I. radius of the earth’s orbit will increase
by a factor of two
2. total energy of the carth remains  constant
3. orbital angular momentum of the earth
will increase
4, radivs of the earth’s orbit remains the
same

AT om W Us W f@ww V(x) =
kx*,(k>0) % us Bw § aftswm &) wwy
t = 09T 7% %7 feat sy x = A & 5wy
Fréw w7 81 ity af ¥ g o safar
e

1. ATV2% gEvpaTd &

2. A~ & mwTAATeT £

3. AT fndr 5ff saar

4. g-afomfie 78 & (viw wevaftam &)

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 = 4.
For bounded motion, the time period of its
motion is

1. proportional to A~/2

2. proportional to A™1

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



29. ‘wtew # For (mfEE o watE) SEd a

e e = w7 fwa § § W R
fw Ry & sgey whiaf@s s Raramar g
(A « a A1)

x

& 3R ar % o i Fosraw S seen §
T 7 e S ey 5w

1. & Tfx (sifde) $r =f & 7 oAt
2. ¢ Wife (altdy) 1 of 7 w2 arofy
3. £2 itz (st 1 =F & =3 wAroft
4, 2 %ife (atd0) i =f { 72 Al

The infinite square-well potential of a particle
in & box of size a is modified as shown in the
figure below (assume 4 < a)

TI'IE mm l}f the w w e ! S
i d state energy before th:
mnﬂl'l was added

1. 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

et 3 x 3 areE A F FEww gww Gfe ol

ww gEwiEl ¥ I g Ay =4, (9
i, = 1,2.3) A % srfrersiiore wry g6
1. (7,7,0) 2. (7,4.3)

3. (14,0,0) s (223

11

30. The elements of & 3 X 3 matrix A are the

31.

.

products of its row and column indices
cigenvalues of A are

1. (7,7.0) 2. (7,4.3)
3. (14,0,0) ‘; ‘? ‘;

frer wfgw & & 4= D ¥ s=tEs
(aen) g # wiftwar p a9y wETAS
(FrRg iAoz (1 -p) &

{0}
{D}
(o}
|
"
aftey & qeira Frgeara qeet § widw
grift
l.2-p-p?
2. 1-p)*
3. (=-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)-

{O}
T}
{D}

o]

———ga—

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

L2-p-p°

2 a-pt

3. (1—-p)*p?

4 -pa-pH)



32. sfefrmr s y(x = 1) = 0 ¥ 779 arvew
Tt %+{1 +x)y=e*
T &7 gom
|, D =x
o
2 E__:'?,_.-x
3. —-{I:}e'*

4. {x—1)2e~*

32. The solution of the differential equation
X %+ (1+x)y=e* with the boundary:
condition y(x =1) =0, is
I.. E-I?E'-\t

xr
2 :_:u e~*
3. ——“;'} ex

4 (x—1)e*

33. s wvwr [ 4 v v drar
L. 4n/3 2. 2n/3
om 4. nf3

33. The value of the definite integral [ 48 __ s

l. 4m/3
in
34, n-wEmst ¥ Frafae
FARFATT 7T aver 9w b
@ 4fd A AR § 1 AR Parr Ry 1 7w
A H F At § A avar & ¥ F ke dy
1 T gy
gl 2 !
I. %s:ln(%] 2 %sln(—&)
3, bl (22 4. ()

34. Consider a planar wire loop as an n-sided
regular polygon, in which R is the distance
from the centre to a vertex, If & steady current
I flows through the wire, the magnitude of the
magnetic field at the centre of the loop is

L. -’;—:'-sm(%:.’) 2. %f}}sine)
3 i an (%) 4. Soan(3)

5-C-H

Ada:

35. 74 A% 0.5 um 9T uE A qravy A A

s awant Rae a2 R i
s =7 & aftw £ aar y = 0 79 o Proh
& 3 i af kywan k, Rergee 2

X st g w1 oA 30° B, AW 9T =

;ﬁﬂwﬁwm%ﬁumm

1, 1.0 pm 2. 0.29 ym
3. 058 ym 4,05 pm

35, Two coherent plane eleciromagnetic 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 ky are as shown in the
figure,

If the angle 8 is 30°, the fringe spacing of the
interference pattern produced on the plane is

. 1.0 pm 2. 029 pm

3. 0.58 pm 4. 0.5 um

. A waiT e At £ swfie ¥ R

Frer & & o Ry wft ofefia wfdy
T 8 (e 7 f st 3 Rro st
TS AR GV 0 U f, Fwr: waw wrder o
BT 57 §1)

LAX(D-D)=0

2, Ax(H - H)= |,

.8 (B -D)=0

4 A-(B-B)=0



36.

37.

37,

38,

38

Which of the following is mot a correct
boundary condition at an interface between
two homogencous diclectric media? (In the
following 7i is @ umit vector normal to the
interface, o and j, are the surface charge and
current densities, respectively.)
LAX(D,—=D) =0

2. Ax (8- )= |,

A -Dy)=c

4. fi-(B-B)=0

HYw wTATY SATT 97 u-ssfir A s
wregw & Fregasftaar Enc g

4z, 0 O
( [1] 4.-‘.'“. 0 ),W!ﬂ |h!i‘ﬁ§1ﬂ
i) 0 O

aregy # p-Feam § 5= ot x -Far F gt
waety Frge staefira arday o e
(4 ¥ g o Y A we k, F E ) E

1. 4ky 2. 2k,
3. 9k, 4, 3k,

The permittivity tensor of a uniaxial snisotr-
opic medium, in the standard Cartesian basis,

42 0 O
is( 0 4g 0 ), where £, is a constant.
0 0 9 A
The wave number of an electroms plane
wayve polarized along the x-d:lruﬁm. -and
propagating along the y -direction in this

medium (in terms of the wave number kq of
the wave in vacuum) is

L. 4k
3. 9%k,

Frogfafie
%ﬁﬁTﬁ’Hm

ﬁﬂ’fﬁ'ﬂ]ﬂ'ﬁ'ﬂﬁﬁ i‘mﬁ#mﬂ

fafirs s dft
1. 3Nkg/2 2. 3Nkg/4
3. Nky 4, Nkg/2.

The Hamiltonian of a classical nonlinear one
dimensional  escillator is: & = %pﬁ +Ax*,
where 4 > 0 is a constant. The specific heat
of a collection of N independent such
oscillators is

L. 3Nkg/2 2. 3Nkg/4

3. Nkg 4. Nkg/2

5=C-H

39, UT FTH Ie0H BT IUANT TOF [AeATT G

g ® AT F warn F, srw o A= @
aafr wr #m avdw &5t 9% w0 S
W%mﬂg#wﬁmm
afflrmar 8 wAw: 9.82147 mis® T4
0.02357 m/s’ P P & & #fw &7
srafie =7 & Fuiftr ger wege w20 W
w7y T g

l. 9.82 4 0.02 m/s’

2. 9.8215 + 0.02 m/s’

3. 9.82147 £ 0.02357 m/s’
4. 9.82 + 0.02357 /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 velue of g and the uncertainty §g of the
measurements are then estimated osing a
caleulater 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?

1. 9.82 4 0.02 m/s®

2. 9.8215 +0.02 mfs*

3. 9.82147 + 0.02357 m/s’
4. 9.82 + 0.02357 m/s’

0. e R 10 % w wfadw R oaw

gearad] (ac) Brw sy e sfadw &
T g2 ifen gt

I 125 W 2. 9W
4. 215W




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

41.

41.

figure, is applied across-a resistor R = 110,

The power dissipated across the resistor is
1. 125 W 2.9W
3.25W 4. 215W

TS npn ZitaeT Sy faes fAmm
= R ger g &

H THIT A
. Vg 7T V Tritams
2. Vy AT Vo Tl W A
3. Vy T w4 V, @8 s
4, Vg T T Vi 0T o

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

20v
Ry=B0K(} .
n
Ry=20k0)
i~ Rt

14

42.

42,

If the resistor R, is disconnected, the voltages
Vz at the base and V- at the collector change:
as follows.

1. both ¥y and V¢ increase

2. both Vy and Vi decrease

3. Vg decreases, but Vi increases

4. Vg increases, but Vi decredses

e o afong # v 51 Fefe 51

311
c
bj :’
aft ¥ = AB+CD & @7 1T G, 79T G, ¥
waar: e & g 2o
I. OR 79T NAND
2. NOR 79T OR

3. AND #41 NAND
4. NAND 747 OR

aDo—]
e o

G_’ ¥

Let ¥ denote the output in the following

togical circuit.
A =
8 oo ™ ]
S
u =
IfY =AB + CD, the gates G, and G; must,
respectively, be
1. OR and NAND
2. NOR and OR

3. AND and NAND
4. NAND and OR

aorae 1072 Frdar it Y someft # g7 wor 20
e arawarat F F fdt F oft & wwer &
sfwor utdt w7 sfireay W T wfteas
g

1. 20kg

2. 3kg

3, 10 (In2)ky

4, 20(In2)ky




43. In a system comprising of approximately 10?3

distinguishable particles, cach particle may
occoupy any of 20 distinet states, The
maximum value of the entropy per particle is
nearest to

1. 20kp

2, 3kp

3. 10{in2)kg

4, 20(In 2)kg

. AT T, AGIT, 9T (MR T < Ty &) Sefty
AT aear # e afafgs s & ae & o
Ffr § a9 o orF 8 $ x-2% &

TR g e £7
T
1 &
Ts
o
¥x
2,
2
&
3 E’ l
i
4
g
T\ NT2
i}
Vx

44. Consider a classical gas in thermal

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

P(Vx)

P(Vx)

3

P(Vx)
\
H‘h:‘h‘"':h_
1

Fa
P{Vx)

45, smadt dw Y ey e pv = BT £

g F9 areATl 9% T wEe # s
ST oI 2

1. 1/T? % =9 % sroardt gem

2. 1T % =9 soard g

3. TR w9 H R Eom
4. ATTHT T SrwsTiEAT T



45.

ih.

47.

The equation of state of an ideal gas is
pV'=RT . At very low temperatures, the
volume expansion coefficient ;%m constant
e

I, diverges as 1/T*

2. diverges as 1/T

3. vanishesas T

4. is independent of the temperature

HIT/PART-C

wafim, vwwm-En @=EE om W oww
st Frad V(xy2) = TG + v7 + 2%)
# %, Wk TR smTeRs fagwiw &) wm 0w

FoT A qadiT & B = Bk (771 8, s
&) sire 8 F7g am By AT 1 .mmr

A charged, spin-less particle of Miss n m‘

subjected to an  attractive  patential
l"'(:c,,,‘p'.»'!}-—i::{.!r1 +y° +zz} Whmtk is a

I'Dl“m ﬂf a wis "._. __ nctig 3 _"__-_:I
{Whﬂt Eﬂ - ]

excited state of thell
split?

l. § 2 4
3. 2 4. 1

feft qemmor & gomTT M ¥ Wl e §
werey i W e v =§e"’f" #
afire i ar =T 2, 9@t a 797 R wAmEw
Feaoim - afE soeft s F g ko
sebToA S 26 21 41 It At s o
:I.:IRA @TIT
mitad

L WA (ZkZRI+5int 02

5-C-H

16

zm?a? R
—— —— - =
M (2REREL5IRT 28)

amiatmgt
ORI AR R Ein? )7

3.

. The elastic scattering of a charged particle of

mass m off an atom can be approximated by
the potential V(r) = E =TI where & and R
are positive constants. If the wave number of
the incoming particle is k and the scattering
angle is 261, the differential cross-section in
the Born approximation is

mimt it
AR [1+RERZ 2ink H)
moa R
n_*{z_i'ln'ﬂln.* ar
Fmiatr®
N2k A +5in 28 )
4 amiaint
T M4 R sint g )

I

2,

I

48, Bt o o o AT k AAT St Sy
T T 0 = ok + K2 & q7 £
w7 o Tar §oawers fas § Beoat
HET S ST A AT w9 A Ow A
s &

g
3~J—:'

zJ;

1 |a
.1 e
'3\;1’

. The wave number k and the angular

frequency w of a wave are related by the
dispersion relation w® = ak + Bk, where a
and f are positive constants. The wave
number for which the phase velocity equals
TJEEIWP Vﬂjﬂc—itys is

1. 3%

ﬂ 2
1
vif



49.

49,

5-C-H

% Par wzefin dws A el i § @
@Y E=(a,00) 70 S=aftm &% B=
(,02a) wr7ar 2, 951 e F BEiEHiA ¥
AT faT & & 999 U vw sen sl
B B ¥ W9 % FAE E' = (EL a,0) 79
B' = (a,B},a). 7% ¢ =1 wHIwAl # E, 790
By, % WT S ww
l. =2ad9Ta

3. aTr—2a

2, 2ad9T-a
§. —aOUl2a

An inertial observer A al rest measures the
electric and magnetic field E = (a,0,0) and
B = (a,0,2a) in a region, where @ is a
constant. Another inertial observer B, moving
with & constant wvelocity with respect to A,
measures the fields as E' = (EL, a,0) and
B‘={¢.B;.n:]. Then, in units ¢ = 1, E; and
By, are given, respectively, by
. —2aand a y 2
3. aand —-2a 4,

2a and —a
—a and 2

uw g s@a aww 39 g § warers xR
# uw gy $ FERER AR F wWiag vy
aga P & o o & (R &)

_.Lp ﬂ
AN

L L

o 1 o ¥ R
ﬂqagwﬂ'qanﬁinw
Vi-F ek

3. LaJT- 4 L

A point charge is moving with & uniform
velocity fo along the positive x-direction,
paraliel to and very close to a corrugated
metal sheet (see the figore below),

.

SHECRIEMS—SCH—2A

17

5L

=1

Wi T oS S R Bem e dm
wrET Ot & T g 1 S0 S ol F
AT T ¥ g 24 § % sEe veam W
gt fr aag F N oh 3H w & (i
0 < h < R) ¥+ % 73 721 343 f1 /9 =0
¥ I A T SIS ¥ W oW omAaa
R (2 cosy + Scos6,) & i w4,
Frasimd -

TAT9 B2 & W 9T i 9 9 £ @ s
tiiirfr & we Fdar vl

13-

2 341G

PRLES L
| mahe 3 ;

)

A solid spherical cork of radius R and specific
gravity 0.5 floais on water. The cork is pushed
down so that its centre of masx is =t a distance
h (where 0 < h < R) below the surfice of
water, and then released. The volume of the

part of the cork above water level a-.nnﬂ(}'-
cosfy + 3cos® 6 ). where 6, is the angle s
shown in the fgure.



At the moment of release, the dependence of
the upward forceonthecorkon h is

L3-36)
23+ 160)
w3-36)

3 6)

4.

- TENIA my T my F W UF weAr-fE
e ¥ art ¥ qF gu & dw AN Bl

&
WH‘T{W ao
ﬁ\ﬁmﬁ?ﬁ?ﬁﬁﬂ‘ﬂf«qﬁwmﬁ'w
o1 Pt Fdars o, % -7 Sew =
ﬁ"lﬁl‘rﬁ i‘rﬂﬂlﬁrnrqﬁrihﬁ
F ﬁ '?:p'ﬂ:"
ﬂ-;"—i !M1+M_ﬂ’ﬁ;
H.'b—"ii ro ) (g +malrg

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

/ f:';'m’

ole,,

The particle of mass m; on the plane
undergoes & circular motion with radius r,
and angular momentum L. When a small
radial displacement € (where e <1y ) is
applied, its radial coordinste is found 1o
oscillate about vy . The frequency of the
oscillations is

nig 2 ELOT)
i""':*'ﬁirn ' (my +mzdry
z
’ Frgg ’ Imap
. .i'ﬂ'l-lﬂ‘?Fq 1 (ﬂf‘-ﬂqku

. Rl w9 % et x w1 7ag F 99 ofeefa

FAFA AHHOT
£~+2ﬂ’£-+{m AYx =0
det de?

Fafia g ol a>a8 Frem

1. siF: g7 B 97 s &= o

2. S A (|x] -~ o) F e o

3.y Big ¥ o s S wom

4. sma: Big o4 @ —a/4 9 s =

. The time evolution of ‘a coordinale x of a

pmﬂelctsdw:ﬁbed by the oguation

1d‘ d?x

4 __ ad e
!ft‘ + 20° -t'ﬁ'f + {ﬂ A }.'l.'
For 2L > A, the particle will
1. eventually come to rest at the origin
2. eventually drift to infinity (|x] - o)
3. oscillate about the origin
4. eventually come to rest at /4 or —01/A

. BT m ¥ wEiew imw%:ra:ﬁﬁ=£.+

alx|" &, F5t @ 74T - gATEAS Radw din ¥
a2 wrAl & o nal we At s B, Fingr

Frsfar Py e 2t
I. n* Z, e
3. n¥/U+D) 4. nZlired)

SOECRIENS—5CH—28



54. The Hamiltonian of a gquantum particle of

- 3
mmmisﬂ:?—m+a;r|’,whcmamdrm

positive constants. The energy E, of the nth
level, for large n, depends on n as

1. uir 2 pre2
3. pt/lr+2) 4 ﬂhf{r{-ﬁ,}

. =T O ol w2 A1 s A g §
swwat whtehy gy

z
de
d(cos8) |Z{2.f + 1)e¥i sin &, Py(cos a}l

#1 Bt szt wivier # 2 Fresras s
Rrearys s % fm 8, w91 p-aiw & fyw s,
& 6 = 8y/2 &1 e ww Rt 6
AR "R B ¥ W Iy T 8 amo Ay
sawet TS FT gAAW 9T cos f F TH A
% o g

Lo 2. +1

3. —Zcos?d, 4. Zcos? sy

55. In the partial wave expansion, the differential

scattering cross-section is given by

T
Ao d) |Zm + 1)e ¥ sin 8, n;mm]

where 8 is the mttmn ang,]e. .';rl,-

ding to s -wave and :
satisfy &; = 8,/2. As “that 1

phase shifts are ncglig;lhhf SI:rInII ﬂm dlm
tial cross-section reaches its minimum for

cos f equalto

1. 0 Al ot &

3. —;-:us2 &y 4. %cuszﬁ‘l
W x-b(x), W 6(x) R dwr

W §, areAfaw vEr # anafw g ot
HHTEWATT WAl 9T /i &1 0F # gwrow

Frersaad
. -8(x) 2. &(x)
X 4. 0

56.

‘57.

The operator x-:;ri(x}. where §(x] is the
Dirac delta function, acts on the space of real-
valued square-integrable functions on the real

line, This operator is equivalent to
1, -8(x) 2::6(x)
%% 4.0

= fft argfeas www & g0 oo § 9 @
wAFAT 1/4 F 7w 3 fg 97 mm wmar
&, @ A W Wi 3/8 # o o 9 A
T e &1 N T ¥ 9 S A
o e g

1. AVN A [—

ELd N
!L::-.J—; 4.&J;

At each time step, a random walker in one-
dimension either remains at the same point
withpri:-l:mhu‘iit}'I or moves by a distance A to
thenghtnricﬁ with probabilities 3/B each,
After N time steps, its root mean squared
displacement is

I aVN 16

s aff “aff

fﬁ# ﬂ?ﬁ'ﬂ' fh?!'st..?zmﬁ;.ﬂ%i{{ F:'ﬁ-
+1 1 ®T A #EEAT 21 FAw0 e
AT TR &1 ATTEE T = 1/ (kp ) T
AIETEEAT H Sy T AT FIT

1. tanh®(g))

2. tanh(8h) tanh?*(8))

3. sinh(Bh) sinh*(8))

4.0

]

2. A=

The Hamiltonian of three Ising spins 5, 55
and 5., each taking yalues +1.is

H = —] (5:5; + 5;5;) — hS;, where ] and h
are positive constants. The mean value of 5
in equilibirium at a temperature

T= 1”‘533}. is

1. tanh?(8))

2. tanh(Bh) tanh?(#])

3. sinh(Bh)sinh?(8/)

4.0



5. 9% m ¥ WA o dadw vt § g

i‘ﬂfF:im’—i—h‘+% & & W@ia
ud b oS ReoE f1a 9 P wE g
b w7 9% Hifa® W fAEE I9C A WE W
W 9T § AT A 9 Jprad g, 98
(4

1. Ji0a/3 2. Ji6a/3
3. 5Va 4 2Va

The free energy of 2 magnetic system, as
function of its nmgnetisstion m, s F=
Jam? — bm* + “m®, where @ and b arc

ive constants. At a fixed value of @, the
critical value of babove which the minimum
of F will be at a non-zero value of magneti-

e .
1. J10a/3 160/3
3. 3Va 4 X0

Taw Fremea ¥ By S99 (opamp)
saifty sro-dres ofreds ofee § fEs
mmﬁﬁm@mﬁ

I ﬁﬂﬁi!!ﬁmww
2 ﬁﬁ!ﬁﬂwﬂ'—ﬂm

Jaﬂﬁin

4ﬁﬁ%ﬂ

For optimal performance of an op-amp based
current-fo-voltage convener cincuit, the input

and output impedance should be

1. low inpul impedance and high eutpm
impedance

2. low imput impedance and low output
impedance .

3. high input impedance and high output

impedance
4. high input impedance and low output
impedance
a2 sftew x=2sinx ¥ TEw W
Fema ¥ B sprawes e § =9 a
ot weftso g

dda:

2xpy—2{xin X +xn COSTn )

I 1—Zconx,

2. 2y, = HoZTaen xg)

3 Xupa = = A 1+m2 Sinz, )
4. xyyy = B emtn)

If the Newton-Raphson method is used to find

the positive root of the equation x = 2sinx,
the iteration equation is

o= 22N 2g d Ra TR )
L Tnsa 1-2oosxy
2{zin X ~Xy €05 Xy)

2 gy = P pr—

= X -143(conky %y sinxy )
Ap—Isinx,

:ﬂ-—t—!{mx.mn Zn)
Za~23ina,

3. Xnes

4 Xyq =

guiifes #vd @adT aree w1 afa aftwor
F+a’x=AcosQe . Wl A s @
e Q=w Y%, W= AHA [@Ed W

- STEAT 1 WA

1, i ww F a gt

2. W A i F spn e £

3. |G & AT US 4T S & 9gar §
4. TWA H AT AT AR By § aEAr 2

. The equation of motion of a Torced simple
harmonic oscillator is +w'x=4Acosiu,
whene A is a constant. Al resonance 1) = o,
the amplitude of oscillations &t large times

1. saturates 1o a Anite valae

2. increases with time as I

3. increases lincarly with time

4. increases exponentially with time

.G)m(g)ﬁmﬁamﬂmﬁ

HE A ﬁmﬁﬁ ;]%ﬁmaﬁil
H() T 5 () ¥ s s & 2
w1 srege =7 R g ann

ng) zi(z D)
(5 1) a3 9



63. The operator 4 has a matrix

representation
(2' )mmnhﬁisspamedby(o)md(ﬂ)
fn another basis spanned by () and
é (_11). the matrix representation of A is

LG 2) 2 7
Yl 5 :) 4.@ 'D

.ﬂﬁkiﬁﬂﬂﬁ#&wﬁam%
faarti B wwEy shem aadi o
Farereor ey 3 e 2

pix)

n Za Ju

a2 ki dwn § R e ey
WA 1 BT ZEETH Sk A) | FEEr s,
at ST S(k,A)/S(k,0) T

[ cos (Ef

2. cos® u)

3. -*sin

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

pix)

LT

43 x
Ifkis the: wave rmmbcr nm:‘lS{k &) denotes
the Fourier transform of the density-density
correlation function, the ratio S(k, A)/S(k,0)
is

5C-H

kd
4]
i, FFEi n? (

65,

- cos(2)
2 o ()
5. ()

4 presin? () -

FiT T3 qE5ET () = 2,0y = 1) AT UE
fasmafr s ufFw vt i (S, = 1/2)
# et o aanfts & o 1 R gw i
# srw wefty Foft w3 w1 Bfrg g &
A1 T T ¥ () = 2, ], = 2) wEeqr &

g i mifdsar anft
. 2/5 2, 2/3
3. 1/5 4. 1/3

A doubly charged ion in the angular
momentum state (J =2, /3 = 1) mests a gas
of polarized electrons (§3 = 1/2) and gets
neutralized. If the orbital angular momentum
transferred in the process is zero; the
‘probability that the neutral -atom is in the
=2, |3 =2)siate is.

e/ 2. 2/3

3. 1/5 4. 1/3

66. @iﬁmhﬁwm Foram v wma

67,

o 5 A i et A #
o] sefte B i armrr
TF IHET A AT £, 95 8

LSWK T 10K
30K 4. I'mk

. The range o the Inter-utomic potential in
ghﬁ&hwﬂ hydrogen 15 approximately 5 A, In
thermal equilibrium, thie macimumn
tempernture.  for  which' the alom-ztom
seattering is dominantly s-wave, is

I, 500K 2. 0K

3. 1K 4. I mK

ot an ft ofF ofF ¥ s s=f =
By =B[(J+1)em™ & 9% ] =012, 747
B Ravis &1 uz ooff Trae wwaw 537 s
Af = 0,42 F7 T FOAT 21 I F fEafie
B a7 wdaa = aur 0f & et
F 7 1 7 (em ™' ) 0T
. &R

3. 48

2. 128
4. 88



67, The cnergy levels comesponding to the
rotational motion of a8 molecule are E =
Bi(J + 1) em™ where / =0,1,2,..and B i3 a
constant. Pure rotationgl Raman transitions
follow the selection rule 4 =0,+2. When
the molecule is iradiated, the separation
between the closest Stokes and snti-Stokes
lines {inem™') is
I, 68
3. 4B

632.8 nm 9T THTHT T T He-Ne #a7 1
TS 35 om T T 9v o7 0 S iy F
a1 #1 7R Auw ofEw # & 9 e 13
GHz Ay = Rem F i E A qew &
sy st e f v Eeft

L1 2
3.3 &

2, 128
4. 88

e
4

. The mw!y of & He-Ne laser emitting at 632.8
nm, consists of two mirrors separated by &
distance of 35 em. If the oscillations in the
laser cavity occur al frequencies within the
gain bandwidth of 1.3 GHz, the numbm-ﬂ:l'
longitudinal modes allowed in the cavity is
] 2.2 '

33 4. 4

$Be AT st IETE ey § & aowit
ﬂmﬁﬂﬁmgﬁmmm&ﬁjn*
arAT e fafa T & Eﬁ'*ﬂ’ 2
HaA-Fr 107305 7

69. 3

An excited state of & §Be nucleis decays into
two a-particles which are in a spin-parity 0%
state. If the mean life-time of this decay is
107% s, the spin-parity of the excited state of
the nucleus is
S

3.0

W‘chm e~ F wTeg
T, FAH v e v+ e TRTEIT
i F et

2 3
4, 4

o= G % (B, GO, COY M )

5-C-H
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71

72,

# ot gwg &1 suftafiie sfear & o
gftsy & ;g RI= ft z=fr ™ fm
vz st s
1. 1/E2

3.k

2. E*
4, VE

The elastic scattering of a neutrino v, by an

clectron e™, i.¢, the reaction v, + e~ = v, + e,

can be described by the interaction Hamiltonian
1 ! .

Hine = 755Gl e (e Cxdy o, () (W, Gyt

The urmmﬂon of the above process
depmﬂsnnthcnmwnfmmmﬂgyﬁ as

1. 1/E% 2. B?
3. E 4. VE

Hf pg ot 4+, n sy +y, e +
Ve +v, W o oAver e 1, 0, 4T
T, &, 7 F Fom 31 ez w80
3L TSy <y

T/ < Tp'< Ty
Y <<,

'I'hﬂ mean Itl'nhume of the following decays:
Pgont+a sy by e 1,4
v,,, ah:r,,. Ty and 1, , respectively. They

.1'5 T 'F-‘ T < Ty % TSy
LT, <ty <y 4 <7, <Ty

ETATE SATIT H

I= kT%e " /%8 (exp(eV /ksT) —1) &
aiveTam w03 §, wat £, Ao e A
ST 3, V ETATE 9% 81 aTe Steaar ara £,
TS0 AT+ S F10 %7 18 g5 W
ATTRT & UH o 7497 « feavie & srae
v ufera # Fofty g8 ¥ =0 i avwn

=
— O

af 7 F wr % B s Sesfter =
ST Tk VWY AT AT A VAT E
" E oA uftads W omEn adEs



73.

e v w7 2o (Rt a oan b fRats

4]
1. aT?+ b 2. aT+b
3. aT*+ b 4. aT +bT7?

The forward diode current is given by
I = k7% 5a/*aT (exp(eV [k T) — 1), where
Ej is the band gap of the semiconductor, V is
the voltage drop across the diode, T is the
temperature of the diode operating near room
temperature and, a and Kk arc constants. A
diode is used as a thermal sensor in the circuit
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If'V is measured using an ideal voltmeier 1o
estimate T, the variation of the voltage Vias a
function of T Is best approximated by (in the
following a and b are constants) '
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A circuit constructed using op-amp, resistor
Ry =1 ki) and capacitors C; =1 uF  and
€7 = 0.1 yF, isshown in the figure below.
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This circuit will act asa

1. high pass filter
2. low pass filter

3. band pass filter
4. band reject filter
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The third-nearest neighbour distance in a BCC
{Budjr centered cubic) crystal with latrice
constant ap s
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A bound electron and hole pair interacting via
Coulomb interaction in a semiconductor is
called an exciton, The effective masses of an
clectron and 2 hole are about 0.1m, and
0.5m, respectively, where m, is the rest mass
of the electron. The diclectric constant of the
semiconductor is 10.  Assuming 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
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