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et gds eredt & Tt 7 v g
fodr g8 & O 3R w e 5=
ARG FH H W@ TFd &1 FE eay &r
g Ao

I. Trerdr sAgr fr

J. & IfRa AEg

K. a2 &l 3

L. =¥&r Sff, Tr &7 &1H &

. L.K. LI 2. RELRE
3. K.L.JL1 4. K.JLLL

Each of the following pairs of words
hides a number, based on which you can
arrange them in ascending order. Pick
the correct answer:

[. Clothreel

J.  Silent wonder

K. Good tone
L

Bronze rod
I LK Y] 2. LJLK, L
3 K LII 4. K, LLL

oy & ¥ g &7 A 220 & wAE
8?7

1, 26 2, 28

3' 216 4_ 2222

Which of the following values is same

as 22%9
I, 2% 2 2
3. 216 4. 2222

Th 12mx4m & JAEHER &d g
HeX o g @t w R ¢ ud
fam & 45°%F For W oA W FgH N
faof gzt & fF e W orr

AT ¥ OTAT FT TR FAT &2
1. 24m? 2. 36m
3. 48m® 4. 60m’

A 12 m X 4 m rectangular roof is resting
on four 4 m tall thin poles. Sunlight falls
on the roof at an angle of 45° from the

east, creating a shadow on the ground.
What will be the area of the shadow?

. 24m’ 2. 36m’
3. 48m’ 4, 60m’
fe 2a
X b2
co
84
8do

® TET a.b.cAAT d EAHT 3F &
dd a+b=

l. 4 2. 9
3. 11 4, 16
If 2a
X b2
ch
84
§do6
Here a, b, ¢ and d are digits.
Thena+b=
l. 4 2.9
3. 11 4. 16

3cdd I™C ST & Fa Folf & gl &
giaede fagat & ftean der ¢
. 70 2. 400
3. 120 4. 190

The maximum number of points formed
by intersection of all pairs of diagonals
of convex octagon is

1. 70 2. 400

3. 120 4, 190

UF qF8 & Fas g dfor e
YA &TF 24 em X 48 cm § AT
Srad FFAA 56 om o BT W@ ST

& gl
I. 8c¢m 2. 32c¢m
3. 375¢m 4, l6cm

Find the height of a box of base area 24
cm X 48 cm, in which the longest stick
that can be kept is 56 cm long.

1. 8&cm 2. 32cm
3. 375cm 4. l6em



Wmﬁ#m,mWﬁ
ﬁwmwmwwm

Ryt & sawa F g & vEar ¥
1. 1/4 2. 13
3. 112 4. 1

The product of the perimeter of a
triangle, the radius of its in-circle, and a
number gives the area of the triangle.
The number is

1. 1/4 2. 1743

3. 12 4. 1

TFET f vF 3T dfFT garg g ¥
SHE YAF da N HTAA Aevel Iy
&F Hgas & 3T ¥ af gew 9
TFY FT HGAA 20cc & @ AT FT
Fel AT FIT M

1. HAdAd 2. 400cc
3. 40cc 4. 80cc

An infinite row of boxes is arranged.
Each box has half the volume of the
previous box. If the largest box has a
volume of 20 cc, what is the total
volume of all the boxes'?

1. Infinite 2. 400cc
3. 40cc 4, 80cc

ﬁﬁrﬁm%mwrﬁraﬁrm’r
EIGRCarE

A0 8BQ. C-—p
AQ o ¢ ?
1 § 2. A
3 b & CI

Find the missing element based on the
given pattern

A.0 B Q. C—p
A g Bd ¢ ?

1. 4 2. B
3. a. d

10.

10.

I

I

fRRM s HFmma = da
AT FYA & AT FITAT

Y
AY

. liquid ;

Pressure
uw
o
o

Temperature

| ISAR g & AT e Bl

2. IAAAF 9 & G gear g

FIUATH T & QY Far gl

4, O, 5@ T I AW @ F a9 W
Teard & HHhal &l

L

By reading the accompanying graph,
determine the INCORRECT statement
out of the following.

Al

v liquid

Pressure
(7]
o
a
o]
o
w

Temperature
Melting point increases with pressure
Melting point decreases with pressure
Boiling point increases with pressure
Solid. liquid and gas can co-exist at
the same pressure and temperature

L b —

afg 10980 # ¥ 39 /F e Jegor
F dCd ar AT 7 @ oft

EACEI
1. HEY 2. HEgH
3. 3=d& 4, AEAF fFEyor

I you change only onc observation from
a set of 10 observations, which of the
following will definitely change?

1. Mean

2. Median



12.

13.

13.

14.

3. Mode
4, Standard deviation

v afdd wwfas §\g 0100 I TR
GEY QU AT WU AT IRH FW gEX
gy W TWfAed @HT 0900 &=, 3¢
mﬁ@m‘rqg‘aart‘h g HUAT argHr
rET 3@ IR wwrAe @HT 2100 S
YT I A9 HF A R FAA IHET

g A qft #Xar gl A 38F gary 14,

U F AT FA IWF AA TUH F
Y & & 10 69 fiF § o cafdd
9 A T A FA S wHT aw
U TE §

. 486 2.
3. 256¢ 4.

20 €
36 €HE

A man starts his journey at 0100 Hrs
local time to reach another country at
0900 Hrs local time on the same date.
He starts a return journey on the same
night at 2100 Hrs local time to his
original place, taking the same time to
travel back. If the time zone of his
country of visit lags by 10 hours, the
duration for which the man was away
from his place is

I. 48 hours 2.
3. 25 hours 4,

20 hours
36 hours

A F roE g wEar § Sad
p(1/1234) 4 L.(-1/1234) _ o

ar

p4321 4 . -4321 _ 9

~(4321:1234)
zil'u

1. 2 .
3 P 4.
Let r be a positive number satisfying

r(1/1234) + r(-1/1234) — 9
Then

p4321 4 ,=4321 _ 9

2(43.‘.[.-‘[234]

L 2 2
3. 0% 4,

2|234

UF Tqa®h UH Adr H g W@ & o &
UF A1d @ 4Ry & feew & 10 Hex w9y
gl smg & PR ogEr & afy 10

15,

#r/Mee & afg A & arr & e
ﬁmmmmaﬁqg'aﬁﬁ
R qTT gAY

1. 1 f@ee g

2. | Aee & STy e

3. | e @ & g

4. g 7&r Fr afq w7 & ash 9

frar ST @war g

A float is drifting in a river, 10 m
downstream of a boat that can be rowed
at a speed of 10 m/ minute in still water.
If the boat is rowed downstream, the
time taken to catch up with the float

1. will be | minute

will be more than 1 min

will be less than | min

can be determined only if the speed
of the river is known

[ S S ]

ABC UFH Fe &lor Biye & oS us
Iiged & e Hafafra &1 somt B
Jur AC W M Idged @y I E
Iy Bes & eAwd o & @ ofa
SGH! F Fol ATTHA FT §7

l. a 2. ma
3. aln 4. al2n

ABC is a right angled triangle inscribed
in a semicircle. Smaller semicircles are
drawn on sides BC and AC. If the area
of the triangle is a. what is the total area
of the shaded lumes?




16.

16.

17.

17.

l. a 2. ma
3. aln 4. al2n

wﬁamamﬂwm

zﬁammm%mwm

39 & HATT & gEy gl F sor A
AT, FiTE

I 1 & ArndfRnar gt @ At

& AT A 3F Fera B

2. FRR T goen & i & o
A WA #

3. 3T & I F Iau & aw sgar
aaaﬁ:ma;uaa:a@ﬂmﬁ
R T ¢

4. difa geafa a e awa € aety
el AT o IS

An ant can lift another ant of its size

whereas an elephant cannot lift another

elephant of its size, because

1. ant muscle fibres are stronger than
elephant muscle fibres,

2. ant has proportionately thicker legs
than elephant

3. strength scales as the square of the
size while weight scales as cube of
the size

4. ants work cooperatively, whereas
elephants work as individuals

P Tad W@ W IRt v Ry
UG CC S 1R

F HER 39 e U FegH dgar ¥
AU A T AT 3N GUH T
T AT TH ITRAS qoF Far g
A R ¥ aqes deamst &

Fad ag Q& ¢ O & /A
1. 3 2. 10
3. 19 4, 25

Consider a series of letters placed in the
following way:

Each letter moves one step to its right
and the extreme right letter takes the

18.

18.

19.

19.

20.

first position, completing one operation.
After which of the following numbers of
operations do the Cs not sit side by side?
I -3 2. 10
3. 19 4. 25

s k& v e At w o
HAT AT FOA Far §) afe

FHTS CRIAST A 30° T HIOT FoA7aT &,
mww%wm?ﬁgsw

Far$ o
. 1.500 R 2. 1.866R
3. 1414 R 4. 1.000 R

An inclined plane rests against a
horizontal cylinder of radius R. If the
plane makes an angle of 30° with the
ground, the point of contact of the plane
with the cylinder is at a height of

l. 1.500 R 2. 1.866 R
3. 1414R 4. 1.000 R

S 140 e & UH &7 F gy I
FF A AR IeeoTied fFde Rt
A ITaaH wE @& §, ol R osh
o & & & @ & g = o0

#Hex g

I. 6 2 7

3. 12 4. 4

What is the maximum number of

parallel, non-overlapping cricket pitches
(length 24 m, width 3 m) that can be laid
in a field of diameter 140 m, if the
boundary is required to be at least 60 m
from the centre of any pitch?

l. 6 2. 7

3. 12 4. 4

gd @t aeht I wer A o

w@#mmmmﬁm

FT IAHT HAT | T I F 3Haw

ald 9T AgT S| ST, F4ify

1. 3mT & f@sdr @ 3iex 3 ard gas
o f@sdr ¥ ey adr srdr

2. 9 X R@sHr ¥ 33 aw aw} oy
¢ WG TEF F AT IHeT RN qa@T F7v
I T 3



20.

21.

21.

3. 99 BUHT IeR AT A, qUr
9ae & HAHT HA AT §

4. 39 gar I9 F werRd B, T g
Jedr gl gl

In a fast moving car with open windows,

the driver feels a continuous incoming

breeze. The pressure inside the car,

however, does not keep increasing

because,

1. air coming in from the front window
goes out from the rear.

2. air comes in as well as goes out

through every window but the driver

only feels the incoming one.

no air actually comes in and the

feeling of breeze is an illusion.

4. cool air reduces the temperature
therefore the pressure does not
increase.

(3]

HATIT/PART-'B'

M & e Ry & ot owmr g
HEdHE T FT U A B [(¢)
W fFEn

At)

3 -2 I =1 ‘ | 1 dz"[_:'s_"
t=3en-1) W BIqG AF, @l
n=04+1,+42,- § aF +1 Eeco
3ol were &1 GRA fawavor

f(t) — ?:—m anezmm/?'
A A a, 378 G a3 &
. (-1)" 2. :—ﬂsin"—;
3. isin? 4. nm

Consider the periodic function f(t) with
time period T as shown in the figure
below.

22.

22.

23,

23,

ANL)

T -

The spikes, located at t = 3(2n-1), where
n=0,+1,+2,-- are Dirac-delta func-
tions of strength +1. The amplitudes a,, in
the Fourier expansion

f(t) - Z;?:—m anezmntﬁ'

are given by

L. (=1)*
- . . M
3. isin—= 4. nm

efafaw & ddged x* +4y? =8 W wH
FoT T ¥ 3 fREr ator woaw fg
(x,y) = (21) R § aur 3@y afy ar x-
UTH 6 (3UGFT FHSAT ) Eoar sad
Tlﬁ"fﬁy-ﬂﬁ%:

I, =3 2 =2
3.1 4. 4

A particle moves in two dimensions on the
ellipse x2+4y?2=8. At a particular
instant it is at the point (x,y) = (2,1) and
the x-component of its velocity is 6 (in
suitable units). Then the y-component of
its velocity is

l..=3 2. =2

3.1 4. 4

2
asa @ArERer X3P yor -0 W

X
dt? dt
fFart] af t=0 W x=0awe=1a7

x=1% @t =2 9 x & A &
. e?+41 2. e*+e
3. e+2 4. 2e

Consider the differential equation

dx dx

— = Fe—Py=f) [fx=0 at t=0
de? dt i

and x=1 at t =1, the value of x at
t=2is

1. e?+1 2. e*+e

3. e+2 4. 2e



24.

24.

25.

25.

26.

26.

27.

@ dx %
A [T &AW
n mw
. ;I}‘z‘ 2. ‘2_
3. Vinm 4. 2m
The value of the integral [© -2 s
& @ 14xt
I .8 5 K
Y2 =
3. V2n 4. 2n
6t* + 3 sin 4t HT ATCATH FIAIVT &
i6 12 36 12
1. 2118 2. T L
18 12 g 36, 12
3. st s2o1g 4. s3 7 5%y

The Laplace transform of 6t? + 3 sin 4t
is

36 12 36 12
l. — +2_ 2. e .E_

s 5?4316 st st-16
. 18 12 36 12
3 S o4, By 12

st s2-16 s3  s?416

e gfafs & v afdsw a3 fr amrsh
L=%m£2+miy g a9 39 et
&

L H=pepy + 503

1 1
H= ;pxpy +;;I'p3

(2%

1 1
H = Pxby = 5Py
1 1
H=—pepy —5-p%

m m

=

If the Lagrangian of a dynamical system in
- . % 1 . pin
two dimensions is L =_mx? + mxy,
then its Hamiltonian is
-1 . Y
. H= mPxPy + 2m Py

9 - A2
2. H wPxPy t 2m Px

=1 L,
H = mPxPy — 3Py

Ll

1 1 .
4. H= ;pxpy _apf

Rl R v =Sxt 4 Lat, St
af>0 g H GSUAA m & TH H0T
Toar R wrrEedr gyt A @ e @
x=0 | g@lr aaEeyr @{g & 3o
B At i FfF ararar

10

27,

28.

28.

29.

29.

24 [
et R .
L. Jamp = Jmg
« @
,H.Zrﬁ d. 24mp

A particle of mass m moves in the one-

dimensional potential V(x) = %x3 +§
where @, > 0. One of the cquilibrium
points is x = 0. The angular frequency of

x4

small  oscillations about the other

equilibrium point is

1 2a 2 a

o J3amg o Jmp

- a a
Jizmp J24mfp

UHEH GEdATA & U 0T xy-dd # 50
YR g & F k() = y(r) TUy() =
—x(t) €|mwﬁwﬁwq§vm§
fF ag v weeh a9 & oY 2@ faswg @
geqfeid &

L 20
3. x+y 4

2

Sy
x=y

A particle of unit mass moves in the xy-
plane in such a way that x(t) = y(t) and
y(t) = —x(t). We can conclude that it is
in a conservative force-field which can be
derived from the potential

LS +y?) 2,
3. x+y 4.

@ —y?)

xX=y

NeT Fscdd fAger A, A B AW ¢ W
Al | A & @der B ofd ¢/2 & @y
Iddr g, 9YUT B ¥ @eT € afd /10 &
w36 er F adar 81 A W AT ¢
&r afa &

B

ay

~1 | "\||§

Consider three inertial frames of reference
A. B and C. The frame B moves with a
velocity ¢/2 with respect to A, and C
moves with a velocity ¢/10 with respect
to B in the same direction. The velocity of
C as measured in A is



30.

30.

31

31

3c 4c
1. — G =

7 2 7
5 £ Vic
3, = =

7 4 7

UF FAAA faegd gadry alor ue 2-faen
A gy &1 x-four # eaaw fRuga a7
& 10 Vim. 9f¥ 315 awe W AfFa vd
TEH RO B & Wieasfed seaaq AW
FAA: &

1. 3.3 %1077 watts/m* TUT 10 tesla

2. 3.3 x1077 watts/m’ @A 3.3 x 1078 tesla
3. 0.265 watts/m* TUT 10 tesla

4. 0.265 watts/m* TUT 3.3 x 1078 tesla

A plane electromagnetic wave is travelling
along the positive z-direction. The
maximum electric field along the x-
direction is 10 V/m. The approximate
maximum values of the power per unit
area and the magnetic induction B,
respectively, are

3.3 x 10”7 watts/m” and 10 tesla

3.3 x 107 7watts/m” and 3.3 x 10" 8tesla
0.265 watts/m” and 10 tesla

0.265 watts/m” and 3.3 X 1078 tesla

$a LI —

A @ oyz-dd m’gmﬁ Elon TUT Epighy F
ar At & & F uw I3 @ #r
AT AT & Sl €len Eright = 1:2 el e
T WE TEAAA Regd &9 & Een =
c(i+j+k) (SR ¢ ¥ §). @ g& T|E
Wmﬁright &

. c(2i+]+k)

2. c(i+2f+ 2k)
3. c(%f+j’+§)
4. c(t+37+3k)

Suppose the yz-plane forms a chargeless
boundary  between two media  of
permittivities € and  €pgn,  Where
Eleft’ €right = 1: 2. If the uniform electric
field on the left is Epep = c(i+]+k)
(where ¢ is a constant), then the electric
field on the right E gy, is

11

32.

32.

33.

33.

c(2i+j+ k)
c(i+2j + 2k)
c(ii+j‘+§)
4. c(t+37+3k)

[ J—

L

T 2-fEUT | tosla TFEPT 81T H xy-de
W AT 300 s F T TH WA UH
el &efl & goar g o9 g y-feer &
I V/im & & Rega &7 e fRar smar
®, gcia FET 1 Feg

1. 3ad T&dT &

2. WO xR H 1mss fT @ Torar &
3. g 2w FA 1mys T T ®
4, U xR F 1 nys 7T A TEAT &
A proton moves with a speed of 300 m/s in

a circular orbit in the xy-plane in a
magnetic field 1 tesla along the positive z-
direction. When an electric field of 1 V/m
is applied along the positive y-direction.
the centre of the circular orbit

1. remains stationary
2. moves at | m/s along the negative x-

direction

3. moves at | m/s along the positive z-
direction

4. moves at | m/s along the positive x-
direction

favge wifes R v qur afdy fse
A & A wERen (V,A) - (V. A) &
FlA-FT FATET FATEROT &2

. (V'=V+ax, A =4+ atk)

2. (V'=V+ax, A=A~ atk)

3. (V=V+ax, A=A+ ati)

. (V'=V+4ax, A'=4A- ati)

‘n. .

Which of the following transformations
(V,."T) — (V',fl") of the electrostatic
potential V and the vector potential A is a
gauge transformation?

. (V' =V +ax, A=A+ atk)
. (V=V+ax, A =A- atk)
. (v'=V+ax, A=A+ ati)
. (V'=V+ax, A =4 - ati)

L N —



349”4 L, L @uT L2 IFd tH Afaw
Iadr s # Ry o w0 F v
YUH 3cdfold HawAr F&t ok, Fur 3mew
HITT FSAT E, F HAAS &

PO L) 2,
3. 41 4,

1
vt

= 12

34. The ratio of the energy of the first excited

state Ey, to that of the ground state E,. of a
particle in a three-dimensional rectangular
box of sides L. L and L/2. is

[. 3:2 2. 2
3. 41 4. 43

Rrw Fwgor F v R wor &
TEHAT FY yY(x) ¥ FUT 3T DwGT F
o) = [Yx)e P*hay ¥ AfSse frar
ST ¥ 3R y(x) W FERE T Bar
TY(x) =p(x+a) & REr smar & S a
HW &, @ To(p) 38A R Srar &

35

. —fapd(p)

2. e—iar:/h¢(p)
2] e”“"’”cj)(p)
4. (1+5ap) o)

35. The wavefunction of a particle in one-
dimension is denoted by ¥(x) in the
coordinate representation and by ¢(p) =
Jw)e P"gx in the momentum
representation. If the action of an operator
T on (x) is given by Ty(x) = Y(x +
@), where a is a constant, then T (p) is

given by

I. —iap¢p(p)

2. e~ap/hp(p)
3. e+iap/f|¢(p)
4. (1+5ap) o(p)

36. 3fe Fofr W7 FHREF [ & wew L, &
HT W ZJ=1,2,3 “ L.‘ L’.I' Lll w

43

- 3 3
3 3L %

12

36.

37.

37,

38.

38.

[f L; are the components of the angular
momentum operator L, then the operator

Ei=1,z,3[ﬁ:. L;]. !‘EJ cquals

I« L 2.
3. 3L 4.

tF fAam & v For Ryg lv’zé—k(t)xz‘ﬂ'
ToAAT 8, e k(1) UF FHI-MR graer el
ar ;E(v;.ﬁnm I & geafa AT (V)
1 gfadea e &

[, lﬁ{Jr"‘)+z-kr;(xp+px}t

2t

4 Ak g L2
a zd:(x)+2m<p)

. k
3. o fxp + px)

1K 1o
4. e {x©)
A particle moves in one dimension in the
potential V =%k(£)x2, where k(t) is a
. oo d
time dependent parameter. Then &?{V).

the rate of change of the expectation value
(V) of the potential energy. is

l. %%(x“} + %;(xp + px)
2 S+ (%)
3. ﬁ—l(xp + px)

i

N%ﬁﬁmﬁ%wé&'ﬁ,%ﬁm
FOT Folt yawundt oAU e ot F @
U A § "hRAT ¢ IR T ol ne ¥
AT A7

I. Nilnn 2. nlnN

3 m (%) 4. l.1(;m“’i—n)!)

A system of N distinguishable particles,
each of which can be in one of the two
energy levels 0 and e, has a total cnergy
ne, where n is an integer. The entropy of
the system is proportional to

I. Nlnn 2, ninN
5. in(®) 4 ()
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39.

40.
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41.

GUAE m A N NIRRT
frfafsa #oif & e @ # =y

V() = a(x? + y?) & v g gife
fAwards f5ar smar & S o« v um
I Bl 9 T W a7 & QAR e
Ch_ol?-r?( =L):

kgT
L[y x (e
N i 2. N
(ZT:[I) 4. (zﬂﬂ’: )

A system of N non-interacting classical

particles, each of mass m is in a two-

dimensional harmonic potential of the
form V(r) = a(x? + y2) where a is a
positive constant. The canonical partition
function of the system at temperature 7 is

!
2 N
G 5] 2 G
an \N mmn?
3. (Zmﬁ) (2a;f2)
UF Ef3-3aeqr @7 F U &or A syaer
| ® aedr 2 & wHAor A afy ¥ o,

dqUT IHTEUT 2 F HIEUT | F FHAT &y
A ¢, B TR gar F, For @ sraEr

| 3 9 @ gifdear
1 t21 5 L12
Lyz+izy T tgatig
3 t1afz 4 bia—13,
T tygptty ’ Biz +tyy

In a two-state system, the transition rate of
a particle from state 1 to state 2 is t,,, and
the transition rate from state 2 to state | is
tz1. In the steady state, the probability of
finding the particle in state 1 is

tz, ~ L2
21 b . ¢
tya+ta, tiztta,
- L1282 4 L=ty
tip+tsq Lyzt+izg

e e & g 3R arsq A aEET
& o ey, wfewsfRa  gfetor
L~ A FenfmE-adNRtT ween) @

fear Simar 8, @t v, Ay @wRr F iy

dT ~ Toyap

13

41.

aﬁura:rma;r%.amo,?_,rcam‘ra’r
W AAT ST FHAT &l AR arsq el
M R & TR e ¥ A e

Rt & Ha-ar wdr ¥
L oo z.q\
\"“--L.___
of————T  of———2=7

3 o

a,
L:
7

il
I

InP

Inp

(=]

The condition for the liquid and vapour
phases of a fluid to be in equilibrium is

iven by the approximate equation
E Y p

P Q v §
ar ™~ Togen (Clausius-Clayperon equation),

where vy, is the volume per particle in
the vapour phase, and @, is the latent heat,
which may be taken to be a constant. If the
vapour obeys ideal gas law, which of the
following plots is correct?

L & 2. &
£ £
§i———=sT o—————7T
3. & 4, a
£ £
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(1) ‘
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10K
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g @E ) aur b A Rt
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I wAr §f%a vd daea 8 W oFH
A &

2. FAA: FISd U9 AT 8 W FH
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et Hee &ty # Fw wa €

4, 2t wfpm &7 & 1w F@ ¥

lad

42. Consider the circuits shown in Figures (a)
and (b) below.

2K
e
10Kk
i & "oy
107V | '
| (i
(a)
1K
- W
10K

[ s =10V

L

(b)

If the transistors in Figures (a) and (b)
have current gain (Bg4.) of 100 and 10
respectively, then they operate in the

1. active region and saturation region
respectively

2. saturation region and active region
respectively

3. saturation region in both cases

4, active region in both cases
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43. 53 & WAAT g, WSS FHAT = 8

¥ o oA F o oawr vowed
Turde: AN ST @EA §, 9ig P A adt
AT HqA IR 1% ¢ TUr B o v
¥aad o Ay 7o R 3% §1omwar
# @t Ay g IR FEEF Meean

. 2% 2, 4%
3. 12% 4. 13%

43. The viscosity n of a liquid is given by

4
Poiscuille’s  formula n=%.
that [ and V can be measured very
accurately, but the pressure P has an rms
crror of 1% and the radius a has an
independent rms error of 3%. The rms
crror of the viscosity is closest to

. 2% 2. 4%
3. 12% 4, 13%

Assume

4. T ooyt & ¥ Fa-wr v Pglg
YHAYT SR FH F@T &7

iy g
Cortral 1 :)D op

2.
? 1 =1,
b"') > )
e sy RT: ==
Cortral -_‘[)_"'_‘E_)]
3.
ip Tj ).]
DD
Cortia . -I' J
4. :
R e I
[ :—l"
| L

ot P O
1 ‘DJ

44. Which of the following circuits behaves as
a controlled inverter?

L
ip .
Control ’*r> orp



45.

45.

46.

2.
ifp . S
513*[1;> -
I 5 2 B
Conrol : t ‘-'_")_)_____L't )) .
3
e
: A P
Curtiul * [ ))‘__I
4.

a9 T A ®A U&F A-Hdues & fav
gaagal n aur faa’t p & @igat &
n=p=AT3”exp(—£‘,—r)3§ﬂT3{ﬁ¥m
forar o wwar &, S@t £, dd9 qur 4
IR Bl AR QA gER F ags &
afafeard 72 & e F E A
qreIhcdT & @1, 77 & v WF waa
&, 39 9dUTar & Y

I E,/(2ky) 2. E, [ky
3. "'Eg/(zks) 4. _k;;fk"

The concentration of clectrons. n, and
holes, p, for an intrinsic semiconductor at
a temperature 7 can be cxpressed as

n=p=AT*2exp (— ZE:T)' where E, is
the band gap and A is a constant. I the
mobility of both types of carriers is
proportional to 77*/2, then the log of the
conductivity is a linear function of 71,
with slope

I. E,/(2kg) 2
3. —E,/(2kg) 4.

Eqg [ky
~Eg [ky

ATI/PART-'C'

A aafd® W a. bdW ¢ F A g
yaua [0, 1] H U vHEgAS gidFar
fea @ weRods g mw §
a+b>2c g fr widsar §:
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46.

47.

47.

48.

LN R ]
2
Y

L%

Three real variables a, b and ¢ are cach
randomly chosen from a uniform proba-
bility distribution in the interval [0, 1].
The probability that a + b > 2¢ is

1. % 2

3. 4.

NlE & w

3
1
4

gamfe wler xx. S8t x BfRAw #
fufa-afRyr & #effs AEu= & F o
wW|ay dd g gofe & 2=, ¥ 6 aa,
Fogeolia gewdl #F avufed A €
(3T, W FHTET & acd, IH qHAY
& dedl & @F oot & & saafia
g &) s

. 4qW2aT BF &
53T ded BT &

3, 20UT1dcq B &

4 1quriaaga g

2

&= W

The rank-2 tensor x;x;, where x; are the
Cartesian coordinates of the position

vector in three dimensions, has 6
independent elements. Under rotation,
these 6 elements decompose into

irreducible sets (that is, the elements of
each set transform only into linear
combinations of elements in that set)
containing

1. 4 and 2 elements

2. 5Sand I elements

3. 3,2and | elements
4. 4,1 and | elements

IRAE gfddy x =0 W y=2 & @y
HaFe FHEor 2 = x? -y W A=
A &y Ty, x =1 HTR
3 Foa-faf &, 99 AT Fwaen | awr
;¥ Ay 9 R e ¥

vy = yam)/ya ¥ A &

. -1/2 2,
3. 1/2 4. 1



48.

49.

49.

50.

Consider the differential equation
dy
dx
y=2atx=0. Let yy and ¥, ) be the

solutions at x = 1 obtained using Euler's

= x%?—y with the initial condition

forward algorithm with step size 1 and %
respectively.

The value of (y(1) = Y172)) /Y1 2 is

. —1/2 2. —1

3. 172 4. 1

A4 & fxt) E-RAE R/ gAEr
g=v2§;§wwmaluﬁc=owwﬁ
x & Re f(x,0) = @ L0 =0 g
ar wfesa & @i @A >0 F R
f(x,t) & IO SHA B ¢

e-(¥2-v2t?)

e—(x-vt)?

le-(x-vt)z + ie—(x-wtjz
4 4

S

%[e—(x—vt)z + e—(x+vt)2]

Let f(x,t) be a solution of the wave
atf _ 3%
oz =V ox?
att =0, f(x,0)=e and 2 (x,0) = 0
for all x, then f(x,t) for all future times
t > 0 is described by

e—(xz—vzzzj

|
2. e~x-w)?

equation in I-dimension. If

1 5= (x-vt)? + %e-—(xwt)z

[F5)

4. l[e—(x—m:]2 +e—(x+v£)2]
2

A & g awp Rl ofds 97 ¥ Rt
e qur w391 ) Pew wuiarolt & @
Fla-ar fRAfga &

A: Q=g TP, = —p?

B: Q=7 @ +q) T P =Z(p—q)

. aarasik as

2. ATYUTB &t
3. FHaA A

4, Fad B

50. Let ¢ and p be the canonical coordinate
and momentum of a dynamical system.
Which of the following transformations is
canonical?

A0y = %qz and P, = épz

B: Q=7 +q)and P, =—(p—q)
1. neither A nor B

2. both A and B

3. only A

4. only B

51. fReY @ @ gholes & AU wawa
gfiyers j—:(ﬂ.cp) =a’+ b%cos?9 § fear
Srar g1 A 3T Foit # waew N E
a9 veE wHg ) ghiota sot
TET
: %N(az+b2)

2. 4nN (a® +:b?)
3. 4rrN(%a2+§b2)
4. 4nN (a® +3b?)

51. The  differential
scattering by a

cross-section  for
target is given by
do . 5
E(B,cp} = a® + b? cos? 6.
If N is the flux of the incoming particles,
the number of particles scattered per unit
time is
I EN(a? + b?)
21,2
2. 4nN (f +b?)
a 1 2,1,2
3. 4N (Sa +13b)
2 S
4, 4nN (a +3b )

52.wF fadlr fas@ vix) =-sxt+ixt &
aifaehe foRfy ot & sraear wafRe gout
@Erfg 3R FT & Fgy w1 R
vfafafaes @ea st & slq-ar st &
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[
o
w

ss.ﬁmqﬁmzmxlmgww
I T guF ST SHERar
w=10° rad/s § TfAT &1 39 T 9YF
A Fa-d yqwey Rega Azt (1E) #=
THROT gram?
1. TEo TEq 3R TE,
2. TE, TE;, 3R TEy
3. TEo. TE, ¥R TE;,
4. TEq, TE;n ¥R TE;,

52. Which of the following figures is a
schematic representation of the phase
space trajectories (i.e., contours of

constant energy) of a particle moving in a 53. Consider a rectangular wave guide with
one-dimensional potential transverse dimensions 2 m X | m driven
V(ix) = - %xz -+ %x“? with an angular frequency w = 10? radss.

Which transverse electric (TE) modes will
propagate in this wave guide?

1. TE|0, TEm and TEM
2 TEH}, TE” and TE;O
3. TEm, TE,q and TE“
4 TEQ[, TEw and TEgg

.

5485 L % ' B3 W FF WY Q
UHHANA: dfed g1 afE gue gator sES
FAR 7fd v & iRl o W @
fRar srar @, & (@feehe e En
ATT a7 gy vEe e F T wmE

2 2

- 2-3) 2 4o
3. 4 =2
L1- Y(1-5)

S/15 CRS/15—5AH—2A



54.

55.

55.

56.

A rod of length L carries a total charge
distributed uniformly. [f this is observed
in a frame moving with a speed v along
the rod, the charge per unit length (as
measured by the moving observer) is

L $(1-5) 2 3 [1-5
Q

Q

4. 7=
v? L(1->
L 1-% =

IAA-FFT ger z>0 & Regdw aur
qadr &

"
2.

EGt)=  EjeMZcos(kyx —wt)]
i E,
B t) = —a%e""iz[kl sin(k,x — wt)

+ k, cos(kyx — wt)k]

¥Ry I § e w. ky, AUk, G HIW
gl x-fam & ALY FAT 9GR8

Ezkz =
1. ez
2pgw
2
Eokz ,-2ky2
How

2.

2
E§ky -

3 01 o 2kqy2
2ppw

1 o .
4, ;ceuEge & o

The electric and magnetic fields in the
charge free region z > 0 are given by

EG ) =
B(#,t) =

Ege 1% cos(kyx — wt) ]
ED —K4Z . -
5 e~ kZ [k, sin(kox — wt) 1

+ k, cos(kyx — wt) k]
where w, k, and k, are positive constants.
The average energy flow in the x-direction

is
Eks —
1. 2Lemuz

2w
2

2' ’Eﬂk?- e—zklz
How
By

3, 2L p-2kgE
Z,uuw

1 =
SceoEge KL%

FsgT 1 em  dW YRRY 1 Q F &
JeATFR AR UM xy-de A G §| 4T 2
ﬁwﬁu¢wmmgﬁmﬁﬂmm
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56.

57.

57.

Al sH &F g 10tesla @ 9tesla dH
7 far Sar &1 ar dr R oft R @
aia HTaer § ST

3.1 X 107* coulomb

3.4 x 10™* coulomb

4.2 x 107* coulomb
5.2 x 107* coulomb

Lot el o

A uniform magnetic field in the positive z-
direction passes through a circular wire
loop of radius 1 cm and resistance | Q
lying in the xy-plane. The field strength is
reduced from 10 teslato 9 tesla in 1 s. The
charge transferred across any point in the
wire is approximately

3.1 X 10~* coulomb
3.4 x 10~* coulomb
42 x10™* coulomb
5.2 x 10™* coulomb

el

HFT FAFLA & far B e
H=ci p+pme? Rfafsd Hay
E? = p2c + m?c* @ W §1 U faegd
Wﬁ'ﬂa(@ﬁ)ﬁmrqﬁ??ﬂ%
v fRufafsd  Fo-gaer  d@Y §
(E - q¢)2 =c*(p— j—fﬁ)z +mZct| Ha: TH
m@@mmﬁwmtm
Y% gfAeet &

cid- p+A-A+pme? —ed

ci - (f +24) +pmc* + e

c(@- p+ep +A]) + pmc®

ci - (P +2A) + pmc® —ed

BN

The Dirac Hamiltonian H =cd ' p+
pmc? for a free electron corresponds to
the classical relation EZ = p?c? +m?c*.
The classical energy-momentum relation
of a particle of charge ¢ in a

(¢.4) s
e 2

(E — q¢)? = c2(p — 2A)” +m?c*.

Therefore, the Dirac Hamiltonian for an

electron in an electromagnetic field is

electromagnetic  potential

ca- ﬁ+§:ﬁ'-ﬁ+ﬁmcz—e¢
ci (P +A) + pmc® +ed
c(@- p+ed+<A]) + pme?
cé - (B +2A) + pmc? —e¢

W=

S/15 CRS/15—5AH—2B



58.

59.

GUATT m FT UF & Qs V=§mw2x2
AR T 0w R Y oAy R
a= %(f+i%)lﬁ§3’ﬂmfﬁﬁﬁ'§
O T S i

l. wa 2, —iwad
3. wat 4. iwat

- A particle of mass m is in a potential

2x2, where w is a constant. Let

4 = J%‘-"-(f+ni—i-) In the Heisenberg
d

picture E‘ri is given by

1
Vv =:Erna}

—iwd
iwat

. wd I
3. wat 4,

v gfaedt M Ree

Vofor r<a
V(r) =

0 for r>aq
aﬁvuamawmﬁ,mmga:
& HT & ghrofa giar &1 3req 33t
AT #, T gROT  qRew ¥
a=4naz(ﬁtanhka~l)2, SET k%=
%(VO—E)>GI AT V>0 & o
Wha*wmﬁﬁﬁmﬁﬁbﬂ'
FhleT aReT 1 areare ¥

1. 4 2. 3
3.1 4. 12

- A particle of energy E scatters off a

repulsive spherical potential

_(Vofor r<a
V(T)‘[o for r>a

where V, and a are positive constants, In the
low energy limit, the total scattering cross-

1

2
section is g = 4xq2 (E tanh ka — 1) ,

where k2 = ZX(Vy —E) > 0. In the limit

Vo = o the ratio of ¢ to the classical
scattering cross-section
radius a is

I. 4 2. 3
3.1 4. 12

off a sphere of
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60.

61,

61.

faw

() OF 7= {0, ()

2 B ifas amur wfewr R sy
¢ 3 IRt & Rl AW wenE @
gy g ww e waiegor
ERT e ¥ U smegy @ v sw
THER Gl ST Fhell &

1. (? 1_01)1
w5 &)

> 0 1(1}0
s 2l o

Two different sets of orthogonal basis
vectors

1 0 1.7 1 71
[(o) (1)} and {G’E (1) 2 (—1)}
are given for a two-dimensional real
vector space. The matrix representation of
a linear operator A in these bases are
related by a unitary transformation, The
unitary matrix may be chosen to be

L ) 2 @ 2
5 &G 1Y) ¢ 5(; 2

TAA =0 W, & {7 & 3f0s dwar
N & a3t &1 3eamr & fawwor wrisr
A 7l e aoiE ¥ 0 ) g Lo
fua s g @ ofy v @A oRe
FON A FEA L FU FAT ¢ W osw
TER fAeR

1. \!_N_e—LZ/UDt)
4nDt

2 NL e—40t/L?

= 4nDt

3 N e~L2/(4Dt)

’ J1erpe3

4 Ne—4Dt/12

A large number N of Brownian particles in
one dimension start their diffusive motion
from the origin at time t=0. The
diffusion coefficient is D. The number of
particles crossing a point at a distance [,
from the origin, per unit time, depends on
L and time ¢ as



62.

62.

63.

63.

Ll

4,

20

N__ o-1?/(4Dt)
Vanbt

NL  _ 2
NL _ =apt/L

VanDt

N ___ g—12/(4nt)
v 1am3t3
Ne“‘mﬂl

Aot 3mERer wasmolt v Ryaor & et
F Rua € QY g & &g 8§ J

ﬁ@ﬁaﬂum@ﬁwﬂmﬁmm

2

¥ a7 O dF & [T G s8d
fear e ¥ (8 = 1,7):

FE T e

2 + e Pl

2e7 % + 6eP!

28] + 6e~3F! + 3efl + 3¢~
(2cosh B))?

Consider three Ising spins at the vertices
of a triangle which interact with each other
with a ferromagnetic Ising interaction of
strength J. The partition function of the
system at temperature T is given by

(8=5)

S

2e3F) + 6= P

2e %) + 6eP/

20381 4 6= 38 4 3ePl + 3P
(2 cosh 8))?

d-fm & e et @ gRetwor
gy e(k) = Ak®, TGt A TUT s W &, I
JTHTOT T BI A-IHHCE AT
e & v seafora saeumst & fAdere

L

Rl

e@-s)/s
Cjeﬂ(e mo1%

ua:amz% pu=0 F fT ff
aRifRa T TIfRA| TE B FAT & 9
5{1 2_ l(g<.1.
5 4 4 5 2
31 4 S<f«<i

5 2 £

An ideal Bose gas in d-dimensions obeys
the dispersion relation (k) = Ak®, where
A and s are constants. For Bose-Einstein
condensation to occur, the occupancy of
excited states

oo

E(d—&‘)f.'l'
Ne=e | o7 de

0
where ¢ is a constant, should remain finite
even for ¢ = 0. This can happen if

d 1 d 1
. g2 9 tefes
5 4 4 5 p
i o d
3. Sxiq & e
2 s

64. Byt g & g ¥ oRwy td f@aw
saEdT JeRY ¥ fov @ @
ST FT 87

5K

O— P
Vi 1K

0.10
0.05

0.00

Vi

-0.05

-0.10

1.

Vo

1.00

0.50

0.00

Vo

-0.50

-1.00
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3. 1.00 3. 1.00
0.50 0.50
L 000 L 000 t
0.50 -0.50
1.00 -1.00
4. 1.00
4. 1.00 }
0.50
0.50
L 000 Tt
L 000 k-
050
.0.50
-1.00
-1.00

o . o 65. rt I ¥ aF 9Ruy & Rv, cumag
64. For the circuit and the input sinusoidal 5 e
waveform shown in the figures below. VT A T ABCDH HIe IRIY

which is the correct waveform at the & HISYOH B
output?

clock — 3 bitning ‘
counter |

=

B24-52-1-9-5 (mod6)

I
010 2. 824-2-59-5-3(mod06)
0.05 3. 2-5-29-1-3(mod35)
R—. 4. B=25-1-=3-7(mods5)
R 65. For the logic circuit given below, the
-0.10 decimal count sequence and the modulus

(The time scales in all the plots are the of the circuit corresponding 1o A B C D

same.) are
I
L. 1.00 Py
clock 5 dbitring —i _'r;ﬁp— 1=p
0.50 | counter ,')_ Cﬁ-{ ) Fil-'.i[' _i
2 0.0 t ﬁ !.i %—
msel | Tise
-0.50
S I. B24-52-51359-55 (mod6)
2. 2. 85452-59-5-3mod6)
1.00 3. 2-55-9—-1-3(mod3)
4. 8-55-1-3->7(mod?)
> t 66, FT A 1w aRgy #, 25°C o yfiwex
F 9fady 3 kQ g FSHUT W OIEEH
ufader 9fd °C 150 @ #77 gar &1 30°¢

W 9Ny FT A atees &



66.

67.

67.
~ two-dimensional

68.

"

-1V
o—ww—L— |- &
L ‘ﬁ> Vou
I. =375V 2. =225V
3. 225V 4. 375V

In the circuit given below, the thermistor
has a resistance 3 kQ at 25°C. Its
resistance decreases by 150 Q per °C upon
heating. The output voltage of the circuit
at 30°C is

T
LD
W
-1V
O——WW——
K Vot
I, =875V 2. —225V
3. 225V 4, 375V

A & e gRfdd Ty & Ieg-Far
goaifad 3caeta E(k) =hvk ¥ R
S g, e v Jcdoer @ afa B
HAEWHT FT OAca ST HAITT 7 &)

. E
3. E‘I/2

U

EE/’Z
EZ

=

The low-energy electronic excitations in a
sheet of graphene is
given by b(!:) = hvk, where v is the
velocity of the excitations. The density of
states is proportional to

1. E 2. E3/2
3; BMR 4, E?

ST X q Tl QIURYT O STeldh &
(111) aF @ J@RES 1=a F1 X-fFor
wrafda gar &1 g 9 For R
ae

1. n/6 2.
3. n/3 4.

/4
/8

22

68.

69.

69.

70.

70.

715

X-ray of wavelength A =a is reflected
from the (111) plane of a simple cubic

lattice. If the lattice constant is a. the
corresponding Bragg angle (in radian) is

1. /6 2. w/4

3. /3 4. mw/8

ag 4 K 9T 8 K & fou yfgaes &
Fifas gehrg &7 § HAMW 11 mA/m a>T
5.5 mA/m | HHHAIT AT & SITHIT

1. 84K 2.
3. 129K 4.

10.6 K
150K

The critical magnetic fields of a super-
conductor at temperatures 4 K and 8 K are
11 mA/m and 5.5 mA/m respectively. The
transition temperature is approximately

1. 84K 2. 106K
3. 129K 4. 150K

gRTTAE 307 B Fulae e o
E,=ho(v+:) dur goifas  smEeud
FSt By =Bj(j+1) & |y gl §, STl v
qur j IKOT QUi &1 39 H@HAOT W
v<1aurj<2 @ gfadfa § 3k ag=
RARE Av = +13W Aj = +1&F 3= §)
ar FEAY ¥ AT ITAH Fall ¢

1. hw-—3B 2.
3. hw+4B 4.

hw — B
2hw + B

A diatomic molecule has vibrational states
with energies E, = hw (v +%) and
rotational states with energies E; =
Bj(j + 1), where v and j are non-negative
integers. Consider the transitions in which
both the initial and final states are
restricted to v < 1 and j < 2 and subject
to the selection rules Av= +1 and
Aj = +1. Then the largest allowed energy
of transition is

. hw—3B 2.
3. hw+4B

hw — B
4, 2hw + B

np? 3ofas Rt § B g gt
'Se. ‘Po. Py P, FUT D, H O® wiF-EY
IMEATIEAT & 7



71.

72.

72.

73.

73.

1. P 2.
3. °p 4.

S,

in
Py

Of the following term symbols of the np?
atomic configurations, 'S, *Py, *Py, *P, and
'D,, which is the ground state ?

1. P, 2. '8
3. °p, 4. 2P,

He-Ne o Ne & g Fait aeyumsi, st
226 v & e § & 39hNT Far B
USRI que i U geur Rufywt
# 398 avyr qur @d et &
UTAT] HEATHT HT AT 1/20 ¥ AT

qed A9 & T (SeCHAE 3R
kg = 8.6 x 107° ¢V/K)

. 10K 2. 10%K

3, 10°K 4. 10*K

A He-Ne laser operates by using two
energy levels of Ne separated by 2.26 eV.
Under steady state conditions of optical
pumping, the equivalent temperature of
the system at which the ratio of the
number of atoms in the upper state to that
in the lower state will be 1/20, is
approximately (the Boltzmann constant
kg = 8.6 X 1075 eV/K)

. 109K 2i
3. 106K 4.

108 K
104 K

A T gA ST AT F 1ffF [{ag #r
w BRE sRE aEd Qs @
aFsd aRa Bl SgAan & Feh
HTEATHT @ FONT FIW wAW (=0
dur [ =1§, @& @ @t & ot
qur =gl & e @) e

foheTd & ©
4 16 2 8
1. 2He aur 80 2. 1D aar 4Be
4 8 4 12
3. 2Ht=.' aar 4Be 4, 2He R 6 C

Let us approximate the nuclear potential in
the shell model by a three dimensional
isotropic harmonic oscillator. Since the
lowest two energy levels have angular
momenta [ =0 and [ =1 respectively,

23

74.

74.

75.

75.

which of the following two nuclei have
magic numbers of protons and neutrons?

4 16 2 8
& 2He- and 8 0 2. 1 D and 4Be
. 4 8, 4 112
3 2He and 4130 4, 2He and 6 C

e o FaE f oant F@iesw e
C=1 & S & & drorwme-frehfemr
weer S Rwgd amw & Re o @
Fad A AR gERE ¥ v B v
gRafefa war grm?

. L+-(B-5-C)
2. L+3(B-S+0)
3. h+;(B+S-0)
4 L+3(B+S+C)

The charm quark is assigned a charm
quantum number € = 1. How should the
Gellmann-Nishijima formula for electric
charge be modified for four flavours of
quarks?

. Iy+5(B=S-C)

2. Iy+z(B=S+C)

3. Iy +§(B+5-C)

4 I+3(B+S5+0)

EENE ) §D+fo-,;ne+n°m
FAFA TRt gary ae A WA Fifn
dF U TIETUT H Joaaed Tl &

l. o d@aer

2. faega amawr
3. aREE deEr
4. HEETROT
.2 2 4 0
The reaction 1D + 1D — 2I-Ie + " cannot

proceed via strong interactions because it
violates the conservation of

1. angular momentum

electric charge

baryon number

isospin

PSS I ]






