3.

P U Q & AMNA TEAd IRoH
HYFGAT AWM 10% TAT 2% g1 PIQ H

vfcrera arefeod 3rife frdel 82
1. 120 2. 98
3. 80 4. 10.2

The random errors associated with the
measurement of P and Q are 10% and 2%,
respectively. What is the percentage random
error in P/Q?

1. 12.0 2. 9.8

3. 80 4, 10.2

fhder MR st & qsg CHANCE &

38R P IRy fRaT ST ThaT 82
1. 120 2. 720
3. 360 4. 240

In how many distinguishable ways can the
letters of the word CHANCE be arranged?
1. 120 2. 720

3. 360 4. 240

JT9aT 9faHAT A AT DTSR

+ 18 2
57 ? 3X6[-X9
2 = 7

2 7
1 |1 7%x 2. |x\2
14 14
14 14
3 7 X 4, 2 7
2 X

Find out the missing pattern.

+ 18 2
5\7 ? 3X6|-X9
pi = 7

2 7
1. |7 % 2. |x\X2
14 14
14 14
3. 7% 4. [2\(7
2 X

diet # ael F e W o3es oRoA
20% T 3MAAT H 10% FT g gy g1 A

&I "elcd fhcel 0T A T¢IM?
1. 1.20 2. 1.10
3. 111 4. 1.09

Seeds when soaked in water gain about 20%
by weight and 10% by volume. By what
factor does the density increase?

1. 1.20 2. 110

3. 111 4. 1.09

T IAATT G W @l drell JaUH
T 91 £, g & TV, F FAWI g
gl uh ¥ I & v TN T (A dUTB)
W FASAT ¥ oeshdl gl dar &
e il g A T JoAAT FoAlT & Ao
R hfeA?

Ja>fe s Va>Vg
fa>fs 5 V>V,
f5>fa s V>V,
fg>fa s Va>Vp

AW

Retarding frictional force, f, on a moving
ball, is proportional to its velocity, V. Two
identical balls roll down identical slopes (A
& B) from different heights. Compare the
retarding forces and the velocities of the
balls at the bases of the slopes.

Lfa>fp; Va>Vp
2. fA>fB 5 VB>VA
. f5>fa; Vg>Vy
4 fe>fa 3 Va>Vp

Rl T goia & & Aoas §, S
Al SR g, fheq oFars qur disg
AT g1 3iifaasid & FHer Gt
ardreReT # Sifdd WA A &THAAT W
gfdsel 3R Fd SIMT?



1. SIS 3T A d¢, Jfhe 3% ST
A9 S & J9 B

2. S AT Alers Sl fr 34 @, e
GEIERC[Y

3. S 3N Alers Sl fr 34 @, e
gisg ucl

4. S 3AHT AlCIS ©e, Afchel 3oTch dTehT
A9 S & J9 B

Two cockroaches of the same species have

the same thickness but different lengths and

widths. Their ability to survive in oxygen

deficient environments will be

compromised if

1. their thickness increases, and the rest of
the size remains the same.

2. their thickness remains unchanged, but
their length increases.

3. their thickness remains unchanged, but
their width decreases.

4. their thickness decreases, but the rest of
the size remains unchanged.

Uod AUl | Ielld A °R Usieifdh
gall garT Sy 715 Wt A F&EH R A
AT I

50
35 35

20

I

party
dT Y o ugfE A @ sl 3=

Wgﬁ@
v

seats

The bar chart shows number of seats won
by four political parties in a state legislative
assembly.

50
35 35

20

|

party

seats

Which of the following pie-charts correctly
depicts this information?

1. i 2.@
3. ; 4-®
fAsTeleor & 3T 12 fholianme & s i
T ¢ # 20 A gg gfa fham aoa &,
QUH & T # AARRT g7 garT Fear S

1 SRR g7 Y TuES H W (/AT

&1 gl AIgW? (1 .. = 20 9¢)
1.7 2. 80
3. 120 4. 4

Intravenous  (IV) fluid has to be
administered to a child of 12 kg with
dehydration, at a dose of 20 mg of fluid per
kg of body weight, in 1 hour. What should
be the drip rate (in drops/min) of IV fluid?
(1mg = 20 drops)

1.7 2. 80

3. 120 4. 4

frdY 3 od ate #FgaT HT BY W T
B3 AP 3TH o F R W@ B 5
A & Bd Ueh T TAHT & A T fehr
g F 39 afFd & AR fTms g
g e # # - @ e s
o &



10.

10.

A hall with a high roof is supported by an
array of identical columns such that, to a
person lying on the floor and looking at the
ceiling, the columns appear parallel to each
other. Which of the following designs
conforms to this?

1. W 2.

ROOF

o # ¥ HI-A7 IH TH T @I H
MAATH qEG A AT T IAS HET dT

&I TS g A HWE T U AT 72
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Which of the following graphs correctly
shows the speed and the corresponding
distance covered by an object moving along
a straight line?
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11. T RO TV &hia i @l g 3as &

11.

12.

12.

3eATT 4:3 g1 i T gre sfheliea TV
# ¥g Iqura 16:9 ¥ AR At TV SRt
&1 SIS HA g1 Al 3ol HUI T IeqTd

AT TRl gHoT?
1. 5.9 2. 518
3. 5:15 4. 56

A normal TV screen has a width to height
ratio of 4:3, while a high definition TV
screen has a ratio of 16:9. What is the
approximate ratio of their diagonals, if the
heights of the two types of screens are the
same?
1. 59
3. 5:15

2. 5:18
4. 56

TCIIcHS ATl T JelATaR e o7 &

FIA-HT FHUT G A et §?

1. T gd #T 9IRS g A 1 3Hedrd

2. 3T 5h1S A Th HAAST ST &
et o 1 oFET

3. 22/7.

4. 3HIE BT & My T s Foar
ghIS SIS & A% & AT I I

Comparing numerical values, which of the

following is different from the rest?

1. The ratio of the circumference of a
circle to its diameter.

2. The sum of the three angles of a
plane triangle expressed in radians.

3. 22/7.

4. The net volume of a hemisphere of
unit radius, and a cone of unit radius
and unit height.



13.

13.

14.

14.

15.

Rt sy fr s 4.1 km &1 39 A W
Sl ol T IS & 1/7 19T AT & T dc
T AT 1/8 HIET AN & gER dC W gl go

T FooT darS e ¥

1. 51km 2. 49km

3. 5.6 km 4. 54Kkm

A river is 4.1 km wide. A bridge built

across it has 1/7 of its length on one bank
and 1/8 of its length on the other bank.
What is the total length of the bridge?
1. 5.1 km 2. 4.9Kkm
3. 5.6 km 4. 5.4km

OA, OB, @4l OC 3 Jed &1 FBead ¥
oo v dturg T gemar TR g1 AB
& A 8 god H BeAm & AT & FqAST
gl

A
i B
?
0o C
FIOT OCB FT AT FAT BIIM?
1. 60° 2. 75°
3. 55° 4. 65°

OA, OB, and OC are radii of the quarter
circle shown in the figure. AB is also equal
to the radius.

A
A B
?
O C
What is angle OCB?
1. 60° 2. 75°
3. 55° 4. 65°

12cmar 1cm @ 3T & &g & & Mt
#1 Reem F FgFd A @ ¥ A A

15.

16.

16.

17.

17.

18.

effd foamr, ar & e o a1 g1 el

$r gureT BRI §
1. 9ad@dT4cm 2. 9dYr10cm
3. 8dAT5cm 4, 2dArl1lcm

Two iron spheres of radii 12 cm and 1 cm are
melted and fused. Two new spheres are made
without any loss of iron. Their possible radii

could be
1. 9and 4 cm 2. 9and 10cm
3. 8and5cm 4, 2and1lcm

Teh afdd & 75/cL T X ¥ el
Tlic X T 39H U BT e &Y 75/cL
Fr e F 9T W 50% GTH FACT gl
Toehlglel d Tlell T 3fefard fohctalr 82

1. 211 2. 1:2
3. 32 4, 2:3

A man buys alcohol at Rs. 75/cL, adds
water, and sells it at Rs.75/cL making a
profit of 50%. What is the ratio of alcohol
to water?

1. 211 2. 1.2

3. 3:2 4, 2:3

T gf3-3hrT G&AT & 3 FH AT 9 gl
30 e &1 719 3/4 § fower 37 39
A& F 9% T W 9¥ 30+ g TEr

FT g2
1. 36 2. 63
3. 45 4. 54

The sum of digits of a two-digit number is
9. |If the fraction formed by taking 9 less
than the number as numerator and 9 more
than the number as denominator is 3/4, what
is the number?

1. 36 2. 63

3. 45 4, 54

ar T X a4 Y & & A gl 1000 km
gl T IiFd X TUET AT 8 AM gals
IET EaRT Y T §AT 10 AM §91 g
qgadT &1 Y W 4 G & TAHA & gRAT
gg Yo 38T @A gars IET garT X &
TIET AT 4 PM §9 A elledr #I
fFa &1 gas I & g a afa
fohdetr &2



18.

19.

19.

20.

1. 500 for. 7. ufa =er

2. 250 fr. a0, ufa =er

3. 750 fr. &Y. ufa =er

4. & IS FAATAR AT AT AT ST
HehT|

The distance between X and Y is 1000 km.

A person flies from X at 8 AM local time

and reaches Y at 10 AM local time. He

flies back after a halt of 4 hours at Y and

reaches X at 4 PM local time on the same

day. What is his average speed for the

duration he is in the air?

1. 500 km/hour

2. 250 km/hour

3. 750 km/hour

4. cannot be calculated with the given
information

PIS Todrd AU AT Ifd T x% Ior
TR AT TAT F y fAde Sedr
qgadl &1 AR F AT AT deld
R fhdeT AT 91T 872

1. (ﬂ+1)ym
4, (@+1)

If a person travels x% faster than normal, he
reaches y minutes earlier than normal.
What is his normal time of travel?

1. (%24 1)y minutes

2. (ﬁ + 1) ¥y minutes

3. (— + 1) X minutes
4, (@ + 1) x minutes

R a1fad & Tolel drell Teh dol@idled o A
dUT B TF FHA H TH T IR A 3R
qed 81 A afa B B aifa @ Qg g
T F 90 R W A 40 FeAT & gor
B 30Rﬁﬁq§°€|ﬁ%l I ToadTeT
fer & ar 3ah fraeh @fear (weow)

fears &afir
1. 30 2. 40
3. 50 4. 60

20.

21.

21.

22.

22.

23.

A and B walk up an escalator one step at a
time, while the escalator itself moves up at a
constant speed. A walks twice as fast as B.
A reaches the top in 40 steps and B in 30
steps. How many steps of the escalator can
be seen when it is not moving?

1. 30 2. 40

3. 50 4. 60

gid ¥ UH & e & &Id g ar IS
gl ARt WO feER| wye ar ast A
375 ¥ 7 ¥ &H Td & &R g Fir
AT &

3
(4 —e7?)?

Consider two radioactive atoms, each of
which has a decay rate of 1 per year. The

probability that at least one of them decays in
the first two years is

1. % 2. 2
4 4
3. 1—e™* 4, (1-e72)?
Wl f() = # FRA  EEROr
Jo dx et §
1. 2m e V2IKI 2. \2meV2k
T2k T, —V2lk|
3. ﬁe 4, ﬁe

The Fourier transform JZ dx f(x)e'™ of the

function f(x) = 2+2 is

1. V2m e V2Ikl 2. 2me VZk
o2k T o—V2lk|

3. ﬁe 4, ﬁe

TF S ARG ¥ GeOAR m H wE Ig
IR ST §1 9&ca & Jelan, dg T
3aHGT d -yv, 9@l v 3HPT dIceIoreh
afy Uy vE R E, HgHa  w P
URfAE afd T d m =10 kg, y = 10
kgls, IAT g ~ 10 m/s* T I W, TFAT ¢t
v # oI g (X #) ¥



23.

24,

24,

25.

10(t+1—e7t)
10(t—1+e7%)

5t2 — (1 —et)
5t2

A w dbE

A ball of mass m is dropped from a tall
building with zero initial velocity. In addition
to gravity, the ball experiences a damping
force of the form -yv, where v is its
instantaneous velocity and y is a constant.
Given the values m = 10 kg, y = 10 kg/s,
and g = 10 m/s?, the distance travelled (in
metres) in time t in seconds, is

1. 10(t+1—e7b)

2. 10(t—1+¢e™)
3. 5t2—(1-¢eY
4, 5t?
1 3 2
341?&51\/1:(3 -1 0>3TTQ=D:ﬁT=h‘{'UT$r
0 0 1
AT AT &

1. M3— M?-10M+121=0
2. M3+ M?—12M+101=0
3. M3*— M?—10M+101=0
4, M®+ M? - 10M+101=0

1 3 2
The matrixM = |3 -1 0) satisfies the
0 0 1

equation

1. M3— M?—-10M+121=0

2. M3+ M?—-12M+101=0

3. M3— M?—-10M+101=0

4, M3+ M?2—10M+101=0

f(t):{%’ 0<t<T s qreem IaRor &
1 t>T

—(1—e™T)/s?T

(1—e~5T)/s2T

(1 +e=sT)/s%T

(1—e5T)/s2T

0w Do

25.

26.

26.

27.

217.

The Laplace transform of

f(t):{ﬁ, 0<t<T

1 t>T
—(1—e=5T)/s?T
(1 —esT)/s?T
(1 +e5T)/s?T
(1 —eT)/s?T

A W oE

T JIERIeT &6 dF & auel Uh
IMAfErhT T R Iafd v F G aAfaeher
gl U & HNHA OF HA AT §AT T H,
gRAETAeT & 7 i 3E0 IRa o §

1. vt 2. —
1%
1-=

v2 vt
3. vt /1——2 4, —
c 2
-z

A relativistic particle moves with a constant
velocity v with respect to the laboratory
frame. In time 7, measured in the rest frame
of the particle, the distance that it travels in

the laboratory frame is
CcT

1. vt 2. =
N

3. v 1-2 4. =
c 2
-z

cfafem &, & &or fasa v(x,y) =x +2y
# gl (FUT B FA FoAl & 3eman) e A
T Fia-ar ot aafaeierar &1 & 3R 82

1 by — 2y 2. px— Zpy
3. px+2p, 4. py+ 2p,

A particle in two dimensions is in a potential
V(x,y) = x + 2y. Which of the following
(apart from the total energy of the particle)
is also a constant of motion?
1. Py — 2Py
3. px+2py

2. py— 2p,,
4, py + 2Dy



28.

28.

29.

29.

AT L=§m9’c2—§kx2—kx5ct ¥ Hdfeld

T HUT I AR FHAN T FAT &

1. UF HAdHATEd Al HGd grelsh

2. §HI & HY IRacTelel aHesT ol
JFcl Ueh Jadfed ac areidh

3. §HY [ IRETRAT ol Teh
JladdHIqd 3lldd dlelsh

4. TEH HEA HOT

The dynamics of a particle governed by the
Lagrangian
L= %m;’cz - %kx2 — kxxt describes

1. an undamped simple harmonic
oscillator

2. adamped harmonic oscillator with a
time varying damping factor

3. an undamped harmonic oscillator
with a time dependent frequency

4. afree particle

Frdf [&rE  (x,y) WRaalRe At
En) & @I x=MIqM y=-(-n) &
TIfd &1 gegdR m dUr Ry IRETRar
® JFT Uh fAfdd Tl Had alesh
AT &

L 5mlé 412 — (€ +1?)]

2. 3m(@E+ 1) (€2 +72) - 202 + 1)

2
3. 2m(E2 41 (82 + 72 —Swe)

4. %m(fz +1?) (EZ + 71?2 —%wz)

The parabolic coordinates (§,1) are related
to the Cartesian coordinates (x, y) by x = &

and y :%(52 —n?). The Lagrangian of a
two-dimensional simple harmonic oscillator
of mass m and angular frequency w is

L om[E +n? - w? (% +1?)]

2. sm@E+n))|(§2+172) - ;02 + )]
3. m(E? +n?) (8 + 72 —Swlen)

4. Im(E +n?) (8 +7? - 1w?)

30.

30.

BT r U 9foRiuehdl p 6T T dlelh
TJeHR Afshepl 3HY o Jahg &1 B A
IO 9T o & Y A | e | &
MY IHTER Ueh dlecHie SISl STl 8

Tg HAd §F R 3HA aRke gfaay

3Ad §, dlecHIeX HT ardeT

1. w,B,rHﬂquTﬁgﬁT%

2. oBaU r AN E R p W AL

3. YT g, Fifch UM & 3HeT Silel arelr
qaehrer 3ifSrarg aRafcld Eh giem

4. Y+F B, Fifh B & favm & v fAegd
o e ¥

A conducting circular disc of radius r and
resistivity p rotates with an angular velocity
w in a magnetic field B perpendicular to it. A
voltmeter is connected as shown in the figure
below.

JIIR¢

\_{

<« -=---- > DV

" —

Assuming its internal resistance to be

infinite, the reading on the voltmeter

1. dependsonw,B,r and p

2. depends on w, B and r, but not on p

3. is zero because the flux through the
loop is not changing

4. is zero because a current flows in the
direction of B



31.

31.

32.

32.

xy-?-lﬁﬁf?ﬂ?r, ﬁ?ﬂTaﬂT@TWE@W
ar e Sheg 36IH W g, A 9fd HS
TGS HT EAA A= A,cos0 §, ST&T A, Th
TR § dUT HIOT 0 YT x-37&T T AR AT
ST &1 ael & hg A fdegd &1F ¢

1 E=-22g 2. E=2g
4epa 4epa

3. E=-22j 4 E=k
4epa 4Ttega

The charge per unit length of a circular wire
of radius a in the xy-plane, with its centre at
the origin, is A = A, cos0, where A, is a
constant and the angle 6 is measured from
the positive x-axis. The electric field at the
centre of the circle is

= Ao = Ao 4
1. E=-—= 2. E=-—-1
4epa 4epa

= Ao o = Ao 1

3. E=——=2 4, E=—"-k
460(1 41T€0a

gAd disls w F of e & 98 W g,
St &g Uh g @ gt 2w W &ud gl
g x-318T & FHAI IET I Tdh THaUir
AT T & gered fohar Srar g

Uh FT 92 W x-308T § TUE 0 = nd/w
FIoT W AT sgfaeor s
n=123. & v =F ¥

1
2
3, n=1,3,§... ¥ U 3Tuad ¥
4

A screen has two slits, each of width w, with
their centres at a distance 2w apart. It is
illuminated by a monochromatic plane wave
travelling along the x-axis.

33.

33.

N

The intensity of the interference pattern,
measured on a distant screen, at an angle
6 = nA/w to the x-axis is

1. zeroforn=1,23...

2. maximum forn = 1,2,3 ...
. 135
3. maximum forn ==,=,=...
2°2°2
4. zeroforn = 0only

U fdegcdeshra a’er &1 faegd &7 &
E(zt) = Ey cos(kz + wt)i + 2E, sin(kz + wt)],
SET o dAT k U7 3R g1 Ig giafaftea

AT &

1. 9 z-feem #F I wa e @Fa
gfad e &1

2. ROT z-feM & I A Teh el :
gfad e &

3. HuT z-faem A I A v Qegedya:
gfad e &

4. ue z-fm & AT WA U IyfAd a’ar
Fr

The electric field of an electromagnetic wave is

E(zt) = Ey cos(kz + wt)i + 2E, sin(kz + wt)] ,

where w and k are positive constants. This

represents

1. a linearly polarised wave travelling in the
positive z-direction

2. acircularly polarised wave travelling in the
negative z-direction

3. an elliptically polarised wave travelling in
the negative z-direction

4. anunpolarised wave travelling in the
positive z-direction



34.

34.

35.

35.

36.

36.

el v fodlg 3 & @ dgedd
THHAT ol AT Weledl o (x) aqUT
P, (0) Bl f=m = § 1 gy (x) = i (x) aar
Y1) = a2, @ o wh aEARR I B
HAEAT 1, H FAT FhReh P IcATAT AT g

h

1. - 2. 0
h 2h
3. = 4. e

Consider the two lowest normalized energy
eigenfunctions y(x) and ¥, (x) of a one
dimensional system. They satisfy ,(x) =

Yo(x) and P (x) = a%" , Where a is a real

constant. The expectation value of the
momentum operator in the state i, is

1. -

a?

h 2h

2. 0

x F AGOT FAT W FFRF a = x + - TN
AR | HAQAATS [a, cosx] &

1. —sinx 2. cosx
3. —cosx 4, 0

Consider the operator a =x +-_ acting on
smooth functions of x. The commutator

[a, cosx] is
1. —sinx 2. cosx
3. —cosx 4, 0

A R a=\/i§(x+ip)a'21TaT=\/%(x—ip)W
W ’Ed el & A aur aid ThR®
g, 34 SHEA H @ gIAW, ST
IRAIRAT AT A & TH AT =T gl IS
GleTeh & YR AGEAT  [0) § AT A Tah
AN IR &, JTEAT )= exp(dal —1"a)|0)
H (P|x|y) FT TcITAT AT FAT 82

1

1. (1] 2. “/1|2+W
1 . 1 .

3. E(l—l) 4. E(l-l-/l)

Let a = \/%(x +ip) and af = \/—g(x —ip) be
the lowering and raising operators of a simple
harmonic oscillator in units where the mass,
angular frequency and A have been set to unity.
If |0) is the ground state of the oscillator and A
is a complex constant, the expectation value of

37.

37.

38.

38.

(Ylx|y) in the state |P)=exp(Aa’ —21"a)|0),
is

1
1. |1 2. e

1 )
4 @A+

141% +

1 .
3. = (@-1)

Th HFRS § 7T=p—qA g p T
TER®, A= (4, 4,,4,) ager Fsa au q
fega 3@y & fafdse #=ar g1 Il
B = (B,,B,,B,) durg &7 &1 fafdse awar
g, O gfcy TPRE 7 x 7 FT z-UCH &

1. iqhB, + q(Axpy — Aypx)

2. —iqhB, — q(Axpy — Aypy)

3. —iqhB,

4. iqhB,

Consider the operator 7 =  — gA, where 7
is the momentum operator, 4 = (4,,4,,A,)
is the vector potential and g denotes the
electric charge. If B = (B,,B,,B,) denotes

the magnetic field, the z-component of the
vector operator 7 X 7 is

1. iqhB, + q(Axpy — Aypx)
2. _iqth - Q(Axpy - Aypx)
3. —iqhB,

4. iqhB,

ared s L % U glafaA I sed #
Rya v fRufaffed woi & @ w G|
e I H For I E F A T (v
ey W & 3D §

L Nkyin(25)

2 NkBln(%)

3. 2NkyIn(1E)

4. IL2kzln (%)

Consider a gas of N classical particles in a
two-dimensional square box of side L. If the
total energy of the gas is E, the entropy
(apart from an additive constant) is
1 Nkgln(25)

N

2. Nkgn (=)

3. 2NkyIn (2F)
4. IPkpin ()



39.

39.

40.

40.

41.

A w b P

U Tdd THT IAeieosd HAUT W faar|
e FHT =0 W TH FeA =ied g3,
39Tt FEH &, TAT t dAT t+dt & &I
afed g fr WRkar bede ¥ & S §,
J@T b Ud 3 gl & 3cdicadk &eAl &
T &1 Far 3iaa 95T 82

1. = 2. |%
b b

3. l\/& 4 =
24l b 2b

Consider a continuous time random walk. If
a step has taken place at time t =0, the
probability that the next step takes place
between t and t +dt is given by bt dt,
where b is a constant. What is the average
time between successive steps?

21 T

1. = 2. -
b b

1 |m b4

et H=|" jj] ¥ FaRE
SfaTR dF 1 HiIAOT Folel &

. ZSinh(ﬁ\/m)

. 2cosh(,8\/m)

% [cosh(ﬁm) + sinh(ﬁ\/m)]

% [COSh(,B\/m) - sinh(ﬁm)]

The partition function of a two-level system
governed by the Hamiltonian

H = [_]/5 _f/] is

2 sinh (,8 Y2+ 82)

2 cosh (ﬂm)

% [cosh (B\/m) + sinh (B\/m)]
% [cosh (B\/m) — sinh (B\/m)]

0.1 um AT arer vk fAfder For HF ST
F TS A, ST T=300K 9T §, & 3rall
Jrar g1 Rfoer aur Sa & gdca wAAw: §
2000 kg/m® T 1000 kg/m®| T 3Taradel
% PRUT, HUT AT MU & dof W el
TEdT| 3T & dd & F9R HUT & i
EDIER

41.

42,

42.

1. 1073 m 2. 3x10™*m
3. 10*m 4. 5x107°m

A silica particle of radius 0.1 um is put in a
container of water at T =300 K. The
densities of silica and water are 2000 kg/m®
and 1000 kg/m® respectively. Due to
thermal fluctuations, the particle is not
always at the bottom of the container. The
average height of the particle above the base
of the container is approximately

1. 1073m 2. 3x107™*m
3. 107*m 4. 5x107°m

T ooyt & @ la-ar, T B
F(A,B,C) =Y(1,2,4,6) & 3HT & o1dr &2

1. c >O_|0
L" ax1 |
|1, mMux F
7I35| Sp
A B
2.
3. e,
; lax1
l, MUX F
|
F ’|s1 s‘.,
) A B
4,

Which of the following circuits implements

the  Boolean  function F(A4,B,C) =
%(1,2,4,6)?
1. ] >07|D
lhax1
L1, MUX F
Lilas, s,
A B



43.

i ax1
1, MUX F

lag, s,

A B

] 41
1, MUX F

& d @ AT FAIR & cel fTH
S @ ford R A el egEr d@bhe
YRR SaNT Yéred  fRAT ST g1 U
Haeifer & AfarER gfaafda serer
dr digdr 1o TRIGEd 1 F el & &Y
A R # gufar amr g

B spectrometer

incident
partially white light

reflecting mirror

<~——— airgap

,,T ,,,,, glass plates
d
1
0.8
>
= 0.6
3
E 0.4
0.2
0
490 500 510 520 530
A

TE AW U R e FW cde &
TS ¥ dUT fAge Tole & F98 adg o
Rafdd Jehrer & & safadaor gedr g, ar
A d g0 Adhedd §

43.

44,

1. 12pum 2.
3. 60pum 4,

24 um
120 pm

A pair of parallel glass plates separated by a
distance d is illuminated by white light as
shown in the figure below. Also shown is the
graph of the intensity of the reflected light 1
as a function of the wavelength A recorded
by a spectrometer.

B spectrometer

incident
partially white light

reflecting mirror

e

<~——— airgap

,,T, R glass plates
d
1
0.8
>
= 08
s
z 0.4
0.2
0
490 500 510 520 530
A

Assuming that the interference takes place
only between light reflected by the bottom
surface of the top plate and the top surface of
bottom plate, the distance d is closest to
1. 12 pum 2. 24 um
3. 60 um 4, 120 pym

wH IF & -V 8T 1=15[exp(%)—1],
CarT fFcAfFdd §, Slel Ta9 § dar a
JA L IR E ST T AU V& FEAAT g
el fAad sgFd dleedr v & faw e
@l F & HlT-ar T §2

3

=
log 1
- B




44,

2. o
Q
|
-2
-3
0 1 2 3
aV/T
2
1 /'ﬁ
0
3. i
-1
-2
-3
0 1 2 3
aV/T
4
3
2
1
=]
4 20
K
-2
-3 "
0 1 2 3

aV/T

The [-V characteristics of a device is
I=Is[exp(aT—V)—1], where T is the
temperature and a and Ig are constants
independent of T and V. Which one of the

following plots is correct for a fixed applied
voltage V?

3

=
log I
- [N

N
log 1

45,

45,

46.

1 ///”(F(_——__
0
3. 57_1
2
3

0 1 2 3

av/T
4
3
2
-1
4.  F
A
2
=3 n
0 1 2 3

aV/T

Galn,N fAseng v sl LED (Fehrer
3c8od SAIS) H Afhd ATEIH g1 GaN dur
INN & &3 3Tl $#ALT: 3.5 eV Jaar 1.5 eV
g I Galdn N & 3 IR x & Ty
e Y@ea: oRafda gar &, aoded
400 nm & il YA & IcHold & forx
3aeTS x H AT g (hc~ 1200 eV-nm

ATe)
1. 095 2. 075
3. 050 4. 033

The active medium in a blue LED (light
emitting diode) is a Ga,n, N alloy. The
band gaps of GaN and InN are 3.5 eV and
1.5 eV respectively. If the band gap of
GaylIn; N varies approximately linearly with
x, the value of x required for the emission of
blue light of wavelength 400 nm is (take
hc = 1200 eV-nm)

1. 0.95 2. 0.75
3. 0.50 4, 0.33
T x =1+—— @& TH W

1+xp,

3T BT x =2 &l IfE A x,=2+¢,

T Xy =2+ €441 O, STBT €, AUT 6,44
O B, AT €,41/€, & IS

1 1

1L - 2. —-=

4
1 2

3. -1 4, -2
3 3



46.

47.

47.

48.

48.

49.

A stable asymptotic solution of the equation

3 is x=2. If we take
1+xp,

Xn=2+€,and x4 =2+ €,41, Where ¢,
and €,,,, are both small, the ratio €,,,., /€, is
approximately

1 1
1. —- 2. —-
2 4

2

3

Xn+1 =1+

3. —= 4. —

3MeYE AUNT & 37eX 2 X 2 AcHHAS 3TYg |
JgT 9r3elr 3egg  o*,0%,0% ThH Fﬂf{fﬂﬁ
SAT| (3G VNI & 3HeX) Uh Hog el
& foT, S g7 IR 3Meggl & AR HIdT
g, AT GeIdA 2 x 2 HTSGE T HE&dq

&
1. 20 2. 8
3. 12 4, 16

The 2 x 2 identity matrix I and the Pauli
matrices ¢*,0Y,0% do not form a group
under matrix multiplication. The minimum
number of 2 x 2 matrices, which includes
these four matrices, and form a group (under
matrix multiplication) is

1. 20 2. 8

3. 12 4. 16

sin45° = 0.7071, sin50° = 0.7660, sin55° =
0.8192 AT sin 60° = 0.8660 & &I AT WX,
=geel @ AR fafr & qRefoid sin52°
FT FieaAsied A &

1. 0.804 2. 0.776
3. 0.788 4. 0.798
Given the wvalues sin45° =0.7071,

sin50° = 0.7660, sin55° =0.8192 and
sin 60° = 0.8660, the approximate value of
sin52°, computed by Newton’s forward
difference method, is
1. 0.804
3. 0.788

2. 0.776
4. 0.798

AT & e A\ A FwAT  geawor
P=pZL & wF g fOo) Bl t=0W
URIAS Yfaeyl —ow<x<owo & fAv
f,)=e>* & a@ @A t>0 & v
flx,t) 388 feam e &

[39aRh FATR: f_wwdxe‘“"zz\/m.]

49.

50.

50.

51.

1 _x

e 1+Dt

Vv1+Dt

1 __x

2. e 1+2Dt
V142Dt

1 __x

e 1+4Dt
V1+4Dt
2
4. e 1+Dt

Let f(x,t) be a solution of the heat equation

2
of _p%st in one dimension. The initial

at dx2 R
condition at t =0 is f(x,0)=e™* for
—oo < x <oo. Thenforall t>0, f(x,t) is

given by
[Useful integral: [~ dx e~ = \[m/a.]

1. e 1+Dt
V1+Dt
1 x2
2. e 1+2Dt
Vv1+2Dt
%2
1
3. e 1+4Dt
V1+4Dt
4., e 1+Dt

al FauT AT el & Uh qUT YAy TF
F 9, Oad @ T URH A ARA HT
Fufa & o, Q= et i aifaar AR g
sifaer aifaat & &g FIoT 0 (FFETRATET IF

) ®
3 0<9§§ §<GSn

After a perfectly elastic collision of two
identical balls, one of which was initially at
rest, the velocities of both the balls are non-

zero. The angle 6 between the final
velocities (in the lab frame) is

1L 6== 2. O=m

3. 0<6<7 4 Z<éos<m

o I fIE V() = -, et k>0 T
0<n<2§ & dgore Heil W |
Bsar R 1 Th ddehR HET I 3TacTe
FI T, 8 dAT Bqm 2R T, &, aF T,/T,
g

n 2
1. 22 2. 23"
3. 25+ 4. om



51.

52.

52.

53.

53.

Consider circular orbits in a central force
potential V(r) = —TL where k>0 and

0 <n < 2. If the time period of a circular

orbit of radius R is T; and that of radius 2R
is T,, then T, /T, is

1. 22 2. 23"
3. 23t 4. 2

gIeTeel a9 & dNeT Afd ¢/2 9T IET
e gt T sanEl affe w faan)
39 ARA dF H dg SRRl vy & y-
fafeor scafSia &ear 81 v s d@egas
(G AffF & g7 W A §) FAETRIr H
¥ AR 9 AR dgTe & Pecad
T -1 Wil & 3cge giar §, ar

1 TVO 2 \/_§V0

1 2
3. Vo 4. \/%vo
Consider a radioactive nucleus that is

travelling at a speed c¢/2 with respect to the
lab frame. It emits y-rays of frequency v, in
its rest frame. There is a stationary detector
(which is not on the path of the nucleus) in
the lab. If a y-ray photon is emitted when the
nucleus is closest to the detector, its observed
frequency at the detector is

V3

1
1. 71/0 2.

V3
1 2
3. 7Z Vo 4. \EVO

AW & wdegd AUk e =10 U
gieRIg&dl p = 101 Q-m dTel T 39l
# FqFT IJEY IURYST g1 A FEE qur
Ay & v Fidca FHROT & 39T J
gred, 3UTGle & 376X & 1A Helcd &l 1/e
T &RT 8 & AU 3awys gHT TS

Vo

Apead &
1. 10°%s 2. 10°%s
3. 10%s 4. 10s

Suppose that free charges are present in a
material of dielectric constant € = 10 and
resistivity p = 1011 Q-m. Using Ohm’s law
and the equation of continuity for charge, the
time required for the charge density inside
the material to decay by 1/e is closest to

54.

54.

55.

55.

2. 10°%s
4. 10s

1. 10°s
3. 10%s

FET & dhog (0,00) R Tya s &FIe
AT +q & [, xy-TAdT § BsAqra &
dJeAThR el H ThEHATT HIog 91T w &
ATY A —q T TH HOT Iaeiier gl #AleA
f& fafeor & dgad &g (0,0,R) W
dur (2R,0,0) R L, €I R > a, & AT 35qard
L/L &

1. 4 2. <

3. 1 4. 8
8

A particle with charge —g moves with a
uniform angular velocity w in a circular orbit
of radius a in the xy-plane, around a fixed
charge +q, which is at the centre of the orbit
at (0,0,0). Let the intensity of radiation at
the point (0,0,R) be I; and at (2R, 0,0) be
I,. Theratio I, /I;, for R > a, is

1. 4 2. 4

3. 1 4. 8
8

ST o & @ deH TSR Toel gan,
S gll d ¥ 3afdd § (Sl d<a®) T
AR Tolc FUIRNT A>T ST g1 39
AR fHar s g1 S @@y faegd
URT [ B, 9 T & dg @ gl a/2 W
TIIel & e e WOT §

1. Rl 9 K
" ma " 2ma

3 K 4 Bl
" a " 4ma

A parallel plate capacitor is formed by two
circular conducting plates of radius a
separated by a distance d, where d < a. It is
being slowly charged by a current that is
nearly constant. At an instant when the
current is I, the magnetic induction between
the plates at a distance a/2 from the centre
of the plate, is

1 K 9 Mol
" ma ' 2ma

3 K 4 Kl
" oa " 4ma
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56.

57.

Bear o & @ vhEAE: AR faegd-
Uy B AT AT BH Fel A FHAW:
+Q Ut -Q &l R # Y HqER 9 Th
gEX & HY AR W S

gfe MaT A% Fg F Q@ v, &, ar BF
FEeH Vy & AT ARV, -V 8

1. 2 2. 2
4mega 2mepga

3. 2 4, =2
2mepa 4mega

Two uniformly charged insulating solid
spheres A and B, both of radius a, carry total
charges +Q and -Q, respectively. The
spheres are placed touching each other as
shown in the figure.

If the potential at the centre of the sphere A
is V, and that at the centre of B is Vg, then
the difference V, — Vy is

1. 2 2. 2
4mEpa 2mepa

3. 2 4, =2
2mega 4mepa

TH HUT H YHUA Th FaI A
V(r) =Vyre ™™ EaRT, &1 V, 94T p o
3R §, BT &1 HUT H HIMROT § & Tar
q=1§l»p Bl qooo WA A Fid
HleeAhesl H JehioTel IRTBE g W 39 TR
o &

[ x"e®dx = dd—nfe“"dx T TN & Fehd 8]

aTL

1. ¢q8 2. q2

2

3. q 4. q

6

57.

58.

58.

59.

A particle is scattered by a central potential
V(r) =Vyre ™", where V, and u are
positive constants. If the momentum transfer
q is such that g = |g| > u, the scattering
cross-section in the Born approximation, as
q — oo, depends on g as

[You may use [ x"e%dx = %feaxdx]

2.
4.

w =

q® q?
q° q°
T a7 & e &1, 9T V(x) = A6(x — a)

#A Bl 3TFT AT Y(x) 9T Tdd gl
xzaw%ﬁmﬂ%

1. 22 Ap(a)
2. AW(a) —y(-a))

2
3. 4

2m

4. 0

A particle in one dimension is in a potential
V(x) = Ad(x — a). Its wavefunction p(x) is
continuous everywhere. The discontinuity in

d .
W ooty =ais
dx

1. =2 Ay(a)
2. AY(a) —y(-a))

3 2
2m
4. 0

GoUAT m & Tk HFd IMAfRTHT FOT Hr
arfadr, B3ue et H = cad.p + pmc?, &l
p WA HHRE § TUT @ = (ay, ay, ) AT B
IR 4x4 BUF wegg §, @ wafed @
TRUT HhRe 3§ TeR Jffcged fHar o
HehelT &

1. Z5(cp — aH)

2. 2ic%ap

3. —Ha

2ic



59.

60.

60.

61.

The dynamics of a free relativistic particle of
mass m is governed by the

Dirac Hamiltonian H = cd.p + fmc?, where
p is the momentum operator and

@ = (ay ay,a;) and B are four 4 x 4 Dirac
matrices. The acceleration operator can  be

expressed as
2ic

2. 2ic%ap
ic -
3. zHa

4. =2 (cp+aH)

T fam A AU g JFA TH FHOT Ol
IREIRAT © & T T Iad FHT 7 g
¥ TR fegd 8 E(t) = e @D’
337 YT STl 8, ST6T A Ul 7 &6l 3R
g aU wr>» 1 8l I G Pl t > —c0
H HUT HUSA WUR-GEAT A oAl o
t - +o0 H dE AUl TUH 3cdliold 3aEAT H

gl T TRl g8 3HefdTd # &
1. e_%(“”)z 2. e%(“”)z
3.0 !

(wr)?

A particle of charge g in one dimension is in
a simple harmonic potential with angular
frequency w. It is subjected to a time-
dependent electric field E(t) = Ae~t/D°,
where A and t are positive constants and
wt > 1. If in the distant past t - —oo the
particle was in its ground state, the
probability that it will be in the first excited
state as t — +oo is proportional to

1 2 1 2
1. e @9 2. e2w?

1

(wr)?

3. 0

T 3Hed gfafaad Beysr sres, S
379 e R & g 1T §, W ARos
HAUT W Taan|

NN\
\VAVAVAV
VAVAVAVAN

61.

62.

62.

63.

e Y off Phead =R T w®
el g i WRSar AR § ar dh
AT weAT & 16 HAVTRAT I IRAF TATH
R 9T 3T HT FT IIAhdT 82

1. = 2. ~
36 216
3. L 4. L

18 12

Consider a random walk on an infinite two-
dimensional triangular lattice, a part of which
is shown in the figure below.

NN\
\VAVAVAV
VAVAVAVAN

If the probabilities of moving to any of the
nearest neighbour sites are equal, what is the
probability that the walker returns to the
starting position at the end of exactly three
steps?

1 1

1. = 2. —
36 216
1 1

3. = 4., —
18 12

fohefy ORATT] &1 ATHSE YR 3HaEAT T
gfauT AUHST Icdfold  HIEAT §l gl
AUt & S Sl IR ¢ &1 AT 7gT
amat (Be>» 1) W AR s s@@ &

STl &
1 ky(Be) 2. kyebe
3. 2kg(Be)?ePe 4. kg

An atom has a non-degenerate ground-state
and a doubly-degenerate excited state. The
energy difference between the two states is «.
The specific heat at very low temperatures

(Be >» 1) is given by
1. kg(Be) 2. kpe B¢

3. 2kg(Be)?e P 4. kg

IR H Solacledl &I Tk glafad 3 AT
ST gohdl g, e s F-gaer §eY
E=|plv & & B=@.p,) aq v @&
3R gl Ifg ufa o eawa F solagiel




63.

64

64

r e p g, O ufa sHES SIBd v

$8h IquTd H §
1. p3/? 2.
3. p1/3 4. p2

The electrons in graphene can be thought of
as a two-dimensional gas with a linear

energy-momentum relation E = |ﬁ | v,
where g = (py,py) and v is a constant. If
p is the number of electrons per unit area,
the energy per unit area is proportional to

1. p3/? 2. p

3. pl/3 4, p?

oo g9y &, 9w aleear v, 2V §,
Ve =16V, R, =2kQdAT R, = 10kQ &I

Ve

R, & 3R-UR 10 mW fFd faaRor et &

T R, FT AT ATA ¢
1. 12kQ 2. 4kQ
3. 8kQ 4. 14kQ

In the circuit below, the input voltage V; is
2V, V.. =16V, R, = 2kQ and
R, = 10 kQ.

Ve

The value of R, required to deliver 10 mW
of power across R;, is
1. 12kQ
3. 8kQ

2. 4kQ
4. 14kQ

65.

65.

66.

66.

al SIEshIT Tehel Teh 1V~ & Thel I0TH
e HTET UM (VAT HedlooRR) 3R
30 S8 U et IR+ feeX (LPF) A
for S §

V= 5cos (1004)

Multiplier

o
V=20 cos(1007 +7/3)

gfe LPF &1 39deds SRETRAT f, =5 Hz §,

ar et areear v, &

1. 5V 2. 25V
3. 100V 4. 50V

Two sinusoidal signals are sent to an analog
multiplier of scale factor 1 V=1 followed by a
low pass filter (LPF).

V= 5cos (1004)

Multiplier

o
V5 =20 cos(100¢+1/3)

If the roll-off frequency of the LPFis f, = 5
Hz, the output voltage V¢ IS

1. 5V 2. 25V

3. 100V 4, 50V

fohdl SToet o1 GfoRIEr a9 & el & &9 H
A W3S fAFaiad &

T(°C) 2 4 6 8

R(Q) | 90 105 110 |115

3w & o @F ~geaA-a9 e &

3UART ¥ UIcd R §17 T &I YgUIdr §:

1. 6Q/frC 2. 4Q/C
3. 2q/C 4. 8Q/°C

The resistance of a sample is measured as a
function of temperature, and the data are
shown below.

TCC) | 2 4 6 |8

R(Q) | 90 105 | 110 [115

The slope of R vs T graph, using a linear
least-squares fit to the data, will be

1. 6Q/rC 2. 4Q/°C
3. 2qQ/°C 4. 8Q/rC
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67.

68.

Seeh TR o JFd WABT & TH
THidA Y@l W faur| Tk Soleelad &
Fal & e(k) = u—y cos(ka), ST8T a1 @fger
kg pddr y3=x gl 3T aT x-318T &
feem # weh fagga &iF E &) fhar S g,
T Folagld hl GAT fIo a1fa
(=T & B U= 3R §)

1 cos(B—%at)ﬂ-‘»ﬂTfﬂHﬁ'%'
2. E& Ui A &

3. EQ AT

4 sin(B—%at)a?}FfI'IHﬁ%

Consider a one-dimensional chain of atoms
with lattice constant a. The energy of an
electron with wave-vector k is e(k) = u —
y cos(ka), where u and y are constants. If
an electric field E is applied in the positive
x-direction, the time dependent velocity of
an electron is

(In the following B is the constant)

1. proportional to cos (B - % at)

2. proportional to E
3. independent of E

4. proportional to sin (B - % at)

fAest fEt & qid 3aR, @SS o dur
digrg b AT T AT Idoll dleleh Tolc
xy-ad # ar e AfAfaearar & w@r srar
¢l fawat &7 z-feur # gehT &9 B
o) fohar Ser 8, aur x-fgem & oy fhw
dieest V & $ROT faegd urT dge B

y
L, o

!

i)

<7_< —
o

68.

@B

el
v
i gt vt F y-fer & IRUR gl
dreedl V, =2V, & TATA HIAT g, o
3T a:b B

1. 1:2 2.
3. 2:1 4.

1:4/2
Vv2:1

A thin rectangular conducting plate of length a
and width b is placed in the xy-plane in two
different orientations, as shown in the figures
below. In both cases a magnetic field B is
applied in the z-direction and a current flows in
the x direction due to the applied voltage V.

Y
L, o

T

e <
o

l

@B

+M‘|
vV
If the Hall voltage across the y-direction in the two
cases satisfy V, = 2V, the ratio a: b must be
1. 1:2 2. 1:42
3. 2:1 4. 2:1
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70.

et T & gy 3EaR 3TUR afeer gerd
T YeahIuiiT STeler X faan|

Consider a hexagonal lattice with basis
vectors as shown in the figure below.

If the lattice spacing is a = 1, the reciprocal
lattice vectors are
21 Zn)

(5055

9.5 %)

=

N

w
—~~ I/

=

@l

~—

~—

K

N

W]l

~—

70.

71.

71.

72.

72.

38, lP, 3P, 1D, 3D
ls, 3Sl 1P| 1D

ls, 3Sl 3P, 3D

1S, SSl 1Pl 3P, lDl 3D

s NS S

In the L-S coupling scheme, the terms arising
from two non-equivalent p-electrons are

1. 35,'p, %P, D, D

2. 15,35, P 1D

3. 1535 3%p 3D

4, 's,%, 'p, %P, D, °D

BISSIoTel URATY] T ol TEhHUT Soleeial AT

qreleT gl & Tashol & AWPEE § & 39
ag dar # vuwor-l e # W
RAUBT HI HEAT TAT TR0 IJTEAT H
TEd TRATILHT T HEAT HT 39T 8

1. 2 2. 3
3. 12 4. 1/3

The total spin of a hydrogen atom is due to
the contribution of the spins of the electron
and the proton. In the high temperature
limit, the ratio of the number of atoms in the
spin-1 state to the number in the spin-0 state
is

1. 2 2. 3

3. 12 4. 1/3

Teh A (HSuTehn) 9ATEROT H UH faEr
a3 3cdfold J9EUT ¥ ¥ad: JAT add:
INA Icaold, et & &aRd & T gl
FAIT AT (300 K) H, 9 IRERAT o
A AT 3cEed Tad: 3chel § 9dd g,

3Hh fHdhedd &
1. 108 Hz 2. 10%Hz
3. 10°Hz 4. 10" Hz

A two level system in a thermal (black body)
environment can decay from the excited state
by both spontaneous and thermally
stimulated emission. At room temperature
(300 K), the frequency below which

thermal emission dominates over
spontaneous emission is nearest to

1. 10" Hz 2. 10° Hz

3. 10° Hz 4. 10" Hz
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74.

IRH Fr Rufa # ®d T o-F07 H T
T Jur e deld J Jafea &=a &
T Teh WIeTT T =geTad Foil Sl T glell
arfge?

(;He,iH?—r?JT 1H$W§WQT:
4.0026 amu, 3.0161 amu 4T 1.0073 amu, d4T 1

amu = 938 MeV. )

1. 32.2 MeV 2.
3. 19.3 MeV 4.

3 MeV
931.5 MeV

What should be the minimum energy of a
photon for it to split an a-particle at rest into
a tritium and a proton?

(The masses of ;}He, iH and 1H are 4.0026

amu, 3.0161 amu and 1.0073 amu,
respectively, and 1 amu ~ 938 MeV.)

1. 32.2 MeV 2. 3 MeV
3. 19.3 MeV 4. 9315 MeV

TRaTor AT ganr e fafhRanG) & &
RIT-TTA AT B/e?
i) wmt+n->A"+K*
(i) m+p->A°+K°
(i) AT (i) v
Fad (i)
Fad (ii)
 ar (i), a ar (i)

> w0 N

74.

75.

75.

Which of the following reaction(s) is/are
allowed by the conservation laws?
(i) m#t+n->A°+K*
(i) m~+p->A°+K°
both (i) and (ii)
only (i)
only (ii)
neither (i) nor (ii)

el NS>

T& &UT, S dled FAhl u,d AT s & TH

TgFd IaEAT &, & fdegd 3mawr, geEshor

aur fafesar sAT &

1 1, 1 2. 0,0 -1
1

1
3. 0,-, -1 4. —1,—5,+1

)
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A particle, which is a composite state of
three quarks u,d and s, has electric charge,
spin and strangeness respectively, equal to

1. 1,3 -1 2. 0 0, —1

3. 0 =, -1 4, —1,-% 41
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