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eV
amu

Mass of electron
Planck's constant
Charge of electron
Boltzmann constant
Velocity of light
Molar gas constant
Rydberg constant
Avogadro number
Newton constant

Permittivity of
vacuum
Permeability of
vacuum

1l eV

d1mu

9.11 x 10~31kg
6.63 X 1073% ] s
1.6 X 10712 C
1.38 x 107%3 J/K
3.0 X 10% m/s
8.314] K 'mole™
1.097 X 10" m~!
6.023 x 1023 mole™?
6.67 X 10711 N m?kg—2
8.854 x 107 Fm™1

At X 107" Hm™?!

1.6 X 10719
1.67 X 10727 kg
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LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element Symbol Atomic Atomic Element Symbol Atomic Atomic

Number Weight Number Weight
Actinium Ac 89 (227) Mercury Hg 80 200.59
Aluminium Al 13 26.98 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 144.24
Antimony Sb 51 121.75 Neon Ne 10 20.183
Argon Ar 18 39.948 Neptunium Np 93 (237)
Arsenic As 33 74.92 Nickel Ni 28 58.71
Astatine At 85 (210) Nlobium Nb 41 9291
Barium Ba 56 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Nobelium No 102 (233)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen O 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br 3 93909 Phosphorus P 15 30.974
Cadmium Cd 48 112.40 Platinum Pt 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 (242)
Californium T 98 (231) Polonium Po 84 (210)
Carbon C 6 12.011 Potassium K 19 39.102
Cerium & 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
Chlorine Cl EF 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 2 F 58.93 Radon Rn 86 (222)
Copper Cu 29 63.54 Rhenium Re T 186.23
Curium Cm 96 (247) Rhodium Rh 45 102.91
Dysprosium Dy 66 162.50 Rubidium Rb 37 85.47
Einsteinium Es 99 (254) Ruthenium Ru 44 101.1
Erbium Er 68 167.26 Samarium Sm 62 150.35
Europium Eu 63 151.96 Scandium Sc 21 4496
Fermium Fm 100 (253) Selenium Se 34 78.96
Fluorine F 9 19.00 Silicon Si 14 28.09
Francium Fr 87 (223) Silver Ag 47 107.870
Gadolinium Gd 64 157.25 Sodium Na 11 22.9898
Gallium Ga 31 69.72 Strontium Sr 38 87.62
Germanium Ge 32 7239 Sulfur S 16 32.064
Gold Au 79 196.97 Tantalum Ta 73 180.95
Hafnium Hf 72 178.49 Technetium Tc 43 (99)
Helium He 2 4.003 Tellurium Te 2 127.60
Holmium Ho 67 164.93 Terbium Tb 65 158.92
Hydrogen H ] 1.0080 Thallium Tl 81 204.37
Indium In 49 114.82 Thorium Th 90 232.04
Iodine I 53 126.90 Thulium Tm 69 168.93
Iridium Ir 77 192.2 Tin Sn 50 118.69
Iron Fe 26 .50 Titanium T1 27 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La w 138.91 Uranium U 92 238.03
Lawrencium Lr 103 (237) Vanadium \Y 23 50.94
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium L 3 6.939 Ytterbium Yb 70 173.04
Lutetium Lu & 174.97 Yttrium Y 39 83.91
Magnesium Mg 12 24.312 Zanc /n 30 65.37
Manganese Mn 25 54.94 Zirconium /Zr 40 9122
Mendelevium Md 101 (256)

* Based on mass of C'* at 12.000... . The ratio of these weights of those on the order chemical scale (in which oxygen of natural
isotopic composition was assigned a mass of 16.0000...) i1s 1.000050. (Values in parentheses represent the most stable known
1sotopes)
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1. I 3 d¢, olfche] 3clch Tehl

2. S IsTehl HlCrs oidl hr & 3§, oifchet
SEIERGE]
3. 319 37 Ales oAl 1 ddr g, offehet

diss ol
4. SIS 3oTehl HAICTS ©C, offched 3edch STeh!

AT 39 & 39 T

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 1f

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.
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goll GarT Siidr g Hiel &l &9 =& #
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The bar chart shows number of seats won
by four political parties 1n a state legislative
assembly.

50

35 35
20

(

party

seats

Which of the following pie-charts correctly
depicts this information?
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P AT Q & HAYA Jd™d Jeiodadh

afgar wAA 10% AT 2% & PIQ H

g ATefeosd 3RUTE fhder §?

1. 12.0 2, 985
3. 8.0 4. 10.2

The random errors associated with the
measurement of P and Q are 10% and 2%,
respectively. What 1s the percentage random

error in P/Q?
1. 12.0 2. 9.8
3. 8.0 4. 10.2

fhder MX alll H Asg CHANCE o

378X ol SIATEUd fhaT ST ohdT 82

1. 120 2. 720
3. 360 4. 240
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In how many distinguishable ways can the
letters of the word CHANCE be arranged?
1. 120 2. 720

3. 360 4. 240

J9dTr 9fadAT & AT hiiaA?

2 7

1. |7'x 2. |x 2
14 14
14 14
2 X

+ 18 2
3N 7 ? 3
2 < 7/
2 7/
1. |7 x 2. |x X2
14 14
14 14
2 X

dloll &l 9l A AN W 3ddsh AR H
20% d IFdA H 10% H1 gig gl g1 i

T Hodcd Tohddl gwiqa q Feamm?
1. 1.20 2. 1.10
3. 1.11 4. 1.09

Seeds when soaked in water gain about 20%
by weight and 10% by volume. By what

factor does the density increase?
s 1,20 2. 1.10
3. 1.11 4. 1.09

U JfadATT 3¢ W I alell Oy
BT §of f, 3G & AT V, & HAEUC B
gl TUah ®UT 3¢ &l Ueh ®UT Golledl (A d2AT B)
W @ FAgAT F oGPl gl Al F
3 ol @ Q9N T Jolell Gollel & el
X hIA?

L. fA}fB ; Va > Vg
2. fA>fB ; Vg >V,
3. fg>fa s V>V,
4. fo>f1 3 Vi > Vy

Retarding frictional force, f, on a moving
ball, is proportional to its velocity, V. Two
identical balls roll down i1dentical slopes (A
& B) from different heights. Compare the
retarding forces and the velocities of the
balls at the bases of the slopes.

l. fa>fg ; Va>Vp
2. fa>fp 5 Vg >V,
3. fg>fa ; Vg >V,
4. fg>fa ; Vy>Vpg

frdl FGr dr 9SS 4.1 km 81 39 ¢ W

Il Il I oIaTs T 1/7 1T AT & UH e
R AT 1/8 HET 7T & g@Y dc W gl I

T el a8 fohdar 82
1. 5.1 km 2. 4.9 km
3. 5.6 km 4. 5.4km

A river 1s 4.1 km wide. A bridge built

across 1t 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. 4.9 Kkm

3. 5.6 km 4. 5.4 km

OA, OB, @1 OC 3 dcc Fr I §
SgesT T IS HET AT I™AT 51 AB
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SIUT OCB &I HlT FAT g1

1. 60° S
i (1 o 4. 65°

OA, OB, and OC are radii of the quarter
circle shown in the figure. AB 1s also equal
to the radius.

A
B
O »
What is angle OCB?
1. 60° 2. 19°
5, A 4. 65°

fAstelertor & 3T 12 fFalame & < &t
Tsh ¢ H 20 A9, ga 9id f.ar. aaie &,
GAUh & T H AR gd GaRT dedT SATedl
el TR ga Hr cudad & G (de/fAT)
AT gl AMRT? (1 fA.AT. =20 §<)

1. 7 2. 80
3. 120 4. 4

Intravenous (IV) fluild 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?
(Img = 20 drops)

1. 7 2. 80

3. 120 4. 4

frdY < ©d gtk Ao hr BT 9T oleT
g3 cafFd 3HH od A AeR W@ 81 5
HEol hl ©d Ush FUI TIAT & shed I fedhr
g oY 5 39 afed & gAR G &
gl ‘i?lﬁrirqa‘r FiT-dT TIH 3ThiaAT 3T

11.

12.

12

A hall with a high roof 1s supported by an
array of identical columns such that, to a
person lying on the floor and looking at the
celling, the columns appear parallel to each
other. Which of the {following designs
conforms to this?

7T & O Hi9-91r A% Th T @1 H
MAATA q&J $I A T 3Tk HAFT T
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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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13. Ush HTYROT TV Thid &T Tiss d A1 6l

13.

14.

14.

3T 4:3 gl Sdfh Th gls SfhellRad TV
H Ig 3qaid 16:9 gl IS asl TV Thial

T FATs FATA 8T dl 3eTch U I 3HeIdTd

o137 TehdaT BI9T?
1. 5:9 2. 5:18
3. 5:15 4. 5:6

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 1s the
approximate ratio of their diagonals, if the
heights of the two types of screens are the
same”?

L. 9 2. 5:18

3. 515 4. 5:6

HEIIcHS Al Sl iR fdeT & 4

HIA-AT HUA gEU F et 52

l. Th g $I IRTT T I HT 3e]9Td

2. YMSTT SIS H U AT 3T &
il IV ST ATeT

3. 2217,

4. 3h13 AT & MY T Shrs BT

s 3dTs & Ah & I HT 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. 2207,

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

15.

15.

16.

16.

17.

s hidd AUl AT IMd d x% dol

Joldy AT TAT &y fHdc Sedl
qgddl gl <afedd o AT I T Tolod
)

X fohdaT THAT S9Tdr g2

2 (ﬁ+1)yiﬁaa
3 (ﬁ+ 1)::%3?:
4 (%+1)x%?l'cf

If a person travels x% faster than normal, he
reaches y minutes earlier than normal.
What i1s his normal time of travel?

Is (100 | 1)yminutes

X

2. (;0 | 1)yminutes

3. (L + 1) X minutes
100

100 .
4. (y | l)xmmutes

R 91fd @ ol dlell Teh TIdIded 9T A
duT B Ueh FcH H TH Higl FUT &I 3R
qGd &1 A A B &1 A A ST B
AT & IR B W A 40 hgAl H ol
B 30 ®cAl # dgad gl I FordIdH
Py g ar 3gdr fohaer difedr (¥ecq)

fears ¢
1. 30 2. 40
3. 50 4. 60

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 1s not moving?

1. 30 2. 40
3. 50 4. 60

12cmdAT 1 cm T B35AT & g & & anal
T g X FIFd fhar amam g1 g A
afd a1, af & Mor S =T g1 Inar

ST gHTeT [BATAw §
1. 9d4T4 cm 2. 9d4T 10 cm
3. 8dATS5 cm 4, 2dAT 11 cm
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18.

18.

19.

19.

20).

Two 1ron spheres of radii 12 cm and 1 cm are
melted and fused. Two new spheres are made

without any loss of iron. Their possible radi
could be

1. 9and 4 cm 2. 9and 10 cm
3. 8and 5 cm 4. 2and 11 cm

Ueh <didd &9 75/cL dr e¥ & Ucadigld
Tie H¥ 9 3H 9T AT T 9T 75/cL
T T A 9T R 50% ATH HATET gl

Uochlgiel d TTaAl ol 3FeTaTc fehclall 87

L. 271 2. 12
3: 372 4. 2:3

A man buys alcohol at Rs. 75/cL, adds
water, and sells i1t at Rs.75/cL making a
profit of 50%. What is the ratio of alcohol
to water?

1. 24 2. 1:2

3. 354 4. 2:3

Ueh EIa-3hIT TEIT & 3l HI AT 9 g
39 @ &1 AT 3/4 g TSghr JU 3T
J& ¥ 957 9 & 98 3if¥« gl @&

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

The sum of digits of a two-digit number 1s
9. If the fraction formed by taking 9 less
than the number as numerator and 9 more
than the number as denominator 1s 3/4, what
18 the number?

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

al TUEN X AT Y & &g & gl 1000 km
g Th Afed X TIET AT 8§ AM g5
IJHET SaRT Y T AT 10 AM §91 g
AT &l Y W 4 €9 & U & 9
dg Yel: 3 o gag IET c@rT X &
TAGT AT 4 PM g T oliedr gl
gfgd 1 gars I & el 3itma afa
EXGIEY

1. 500 fr. Y. gfa e
2. 250 fop.#AY. ufa =e
3. 750 for.HY. gfa =er
4. Q1 35 FAATIAR AT g1 fohar S

HehdT |

20. The distance between X and Y 1s 1000 km.

21.

21.

22.

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 i1s his average speed for the

duration he 1s in the air?

1. 500 km/hour

2. 250 km/hour

3. 750 km/hour

4. cannot be calculated with the given
information

HIT \PART 'B'

TS L =%mi2 —%kxz — kxxt ® Hdleld

Ueh hUT T ITfaehl STHT Ul Hidl g

. Us 3HAdHATed O3cl HTdd glelh

2. GHAA & FrY IR HaHcsT 0T
I Teh AT 3dd areleh

3. §HAY AR IRETRAT IoFd Tah
HAgHATEd 3dd Glele

4., Uch Jiﬂfd VI

The dynamics of a particle governed by the

Lagrangian

1. 1 . .
L = mez — Ekxz — kxxt describes

1. an undamped simple harmonic
oscillator

2. a damped harmonic oscillator with a
time varying damping factor

3. an undamped harmonic oscillator
with a time dependent frequency

4. afree particle

FIag  [Fdeed  (x,y) Wadde fAgemer
(En) & WY x={adq y=-@¢*-»>) @
FaT & GOHR m aUT PN aRETRAT
w JFd Th Gfafdd T A el &
SISl &

L -m[€2 +4j% — w(§2 + n?)]

1

2. omE+nD) [(§2+77) - ;0§ + P

1 1

3. 3mE +0?) (82 + 17 — )

1 1

4. Em(fz + n%) ({:2 + n* —;mz)




22.

23.

23.

24.

24.

25,

The parabolic coordinates (¢,1n) are related
to the Cartesian coordinates (x,y) by x = én

and y = %(fz —n?). The Lagrangian of a

two-dimensional simple harmonic oscillator
of mass m and angular frequency w 1is

L %m[éz + 1% — w?(é% + 172)]

1

2. omE2+n2) | (£ +172) - s wA(E +1?)]

1

3. m(E2+9?) (£ +172 -5 0¥n)

4. %m($2+n2)($2+ﬁ2—im2)

gfd a¥ T & ¥ & aRa ga ar f=ar
AT RAVRBT W faOR] 997 oF as A
3970 O A  FH Tah o &R—d Bl
gIiehdl o

1.
3.

3, 2

4
—e™t 4, [L=pg™)*

—_ |

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 1s

[ = =
4 4
3. 1—e™* 4. (1 —e %)
Bolel f(.a::)—x;+2 H PRI TR
[0 dx f(x)e™™ &
1. 2me V2l 2. 2w e V2K
T -2k T —V2|k]
3. \EE 4. ﬁe

The Fourier transform [~ dx f(x)e™™ of the

function f(x) = — s

X242
1. 2m e V2Ik 2. \2m e V2K
T 2k T o—V2Ik]
3. ﬁe 4. ﬁe

Uh 3dl SARD H AR m & T 3G
IR STt B T&ca & 3eran, dg UH
JgHCA & -yv, SIgT v 3dhl dicedUieh
MM TAT y Teh 3R B, HeHd g
mﬁv"?lﬁ?ﬂﬁmmzlﬂkg,y=10

10

25.

26.

kg/s, LT g ~ 10 ny/s” I¢d Sl W, AT ¢t

dvs # qiRd gl (HIeX A) &
. 10(t+1—e%)

2. 10(t—1+4+e7Y)
3. 5t?—(1-¢Y)
4. 5t?

A ball of mass m 1s 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 1is its
instantaneous velocity and y 1s 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 1n seconds, 1S

1. 10(t+1—e™b)

2. 10(t—1+e7b)
3. 5t —(1-—e?)
2 B>
1 3 2
WM=(3 —01 2)3@@%%

AT AT &

. M>— 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
26. The matrix M = (3 -1 0) satisfies the
0O 0 1
equation
1. M3— M?—10M+121=0
2. M34+ M?—=12M+101=0
3. M>— M —-—10M+101=0
4, M3+ M?— 10M+101 =0
|
27. f(t)={?’ V<t<! @ o simor &
1 t =T

1. —(1—e5")/s%T
2, (1—e*)/)s*“T
3. (1+es")/s?T
4, (1—e*")/s°T



27,

28.

28.

29.

29.

The Laplace transform of

f(t):{%’ DLt o
1 t>T

1. —(1—es)/s?T

2. [l—e = )/[s°T

3. (14+e=51)/s°T

4. (1 —eSt)/s*T

T YAERMeT AT a3 & el s
AATaIhIT hUT IR IMMd v & G ITAfTer
gl FUT & IRH dF & AT TAT 7 H,
g & oF A 399 aika g &

l. V1 2.
1?2
ol
2 vT

3. VT 1~—--—2 4.
C 2
==

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

1. vt 2.

g H, Teh Ul AT V(x,y) =x + 2y
H 1 (FOT AN Fel Foll & 3o @ &
g Sia-ar i arfaiierar &1 e 3= 87

L. Py — 2Dy 2. Dx— zpy
3. px+2p, 4. py + 2p,

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

l. Dy — 21,
3 Dy T Zpy

2o Pp— 2py
4. py + 20,

11

30.

30.

31.

31.

AT T a=%(x+ip)ﬁmaf=é(x—ip)ﬂ$
TIT HTad alddsh & &I dar a8 JhRa
g, 3 SHSAT H @1 GIAA, HIolT
IRATRAT ddT A & Th IgUAT =T gl IS
gleleh &l YR 3IEAT  |0) &8 dAT A T
iFEAY 37X §, 3IaEAT |P)= exp(Aa’ —21"a)|0)
H (Y|x|W) BT GcITRT HATT FIT g7

1
1. || 2 |A|2+W
1 e ]- *
3. 7=(d—-17") 4. @A+ 71)
. - i §
Let a ﬁ(x+1p) and a ﬁ(x ip) be

the lowering and raising operators of a simple
harmonic oscillator in units where the mass.
angular frequency and h have been set to unity.
If |0) is the ground state of the oscillator and A
1S a complex constant, the expectation value of

(Y|x[p) in the state |P)=exp(Aa’ —2A"a)|0),

1S

1. |A]

24 1
S

1 £
4. Z@A+27

1

3. V2i

(4—=2%)

Ush PR g w=p—qgA, S8l p Jda
HhR&, A= (A, A,,A,) afer fasa qamr g
fdega 3mayw & fAfdse &ear g1 afg
B = (B,,B,,B,) d&hid &7 &I fAfdse ot
g, dr gfeel "hR& X7 &l z-Uch g

l. iqhB, + q(Axpy — Ay Dx)

2. _iqth "_ Q(Axpy _' Aypx)
3. —ighB,
4. ighB,

Consider the operator 7 =  — gA, where
1S the momentum operator, A= (AX,A},,AZ)
i1s the vector potential and g denotes the
electric charge. It B = (Bx, By, Bz) denotes

the magnetic field, the z-component of the
vector operator T X T i

1, thBz + Q(Axpy o Aypx)
2 _iqth o Q(Axpy o Aypx)
3. —ighB,

4. ighB,
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32,

Bsar r aur gfadeedr p $r Teh dlddsh

clq;dch{ dfohehl 3TH ol ‘EJ;EIG":i-I S

Y 3T8R, Teh dlecHIe ST ST &

dll

------ ( i’e'_. \'
|

%Imﬁgﬁﬁa

3¥dd g, diecHled &l drdd

l. wB,rdd p W AW §

2. w,BdAT r ﬁm%qﬁpq?ﬂﬁr

3. T &, Fifeh I & 3] STl drell
deqhrd 3fAarE IRAfdd =Tel gl

4. YT g, FAIh B HI fgem A v facgd
YRT Sl ©

A conducting circular disc of radius r and
resistivity p rotates with an angular velocity
w 1n a magnetic field B perpendicular to it. A
voltmeter is connected as shown in the figure
below.

_JI h“ —

Assuming 1its iInternal resistance to be

infinite, the reading on the voltmeter

1. depends on w, B,r and p

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

3. 1s zero because the flux through the
loop 1s not changing

4. 1s zero because a current flows 1n the
direction of B

B H
HIONT A w & AT AN gl & =T A

3AT HTdRS Jiaues

12

33.

33.

34.

34.

xy-del H T&Ud,

IR fSE#T Feg 363H W g, H 9fd 5FE
JIdls T 31 A=A, cos0 g, i@l A, U
O § dUT HIOT O eI x-378T & ol AT
ST 81 adel & g A fdega &7 §

g s

Bsar ¢ ard T qq;mlqnu

1. E= ) 2, E=-"Lj%
4dega 4ega

— ;L ” Y /.'l. o

3. E=—-—= 4. E=——k
4dega 4Tega

The charge per unit length of a circular wire
of radius a 1n the xy-plane, with its centre at
the origin, 1s A = A,c0s0, where A, 1s a
constant and the angle 6 is measured from
the positive x-axis. The electric field at the
centre of the circle 1s

| = An & = A &
. E=——21] 2. E =227}
dega dega

— A ® —a ‘1 ~

3 k= ] 4., E =—"—k
4Eﬂﬂ 4T[E.DI'1

Jcdeh disls w & Gl fdél U Yg W g,
[Seteh g T @l & gt 2w W &I g
g8 x-3&7 & FHATGY IET HId T THAUil
HAST a9 ¥ gdred fohar Srar gl

u

* L

-

W

Uh eI Ug W x-378T § Y& 6 = nd/w
hIUT 9T AT cATAshoT ™A

. n=123.. & AU g &
2. n=123.. & U 3TadAd g
3 n—ESE ﬁ?ﬁ'ﬂjtudd-l%
4, HIAI n=0% AU T &

A screen has two slits, each of width w with

their centres at a distance 2w apart. It 1s
illuminated by a monochromatic plane wave

travelling along the x-axis.
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35.

36.

13

W

{/

* W

-

W

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

1. zeroforn=1,2,3..

2. maximum forn = 1 £y
* T § &
3. maximumforn =-,=- —...
iy *
4. zeroforn = 0 only

Teh faegdaeehd oier #7 fdedd & ¢

E(z t) = Eycos(kz + wt)i + 2E, sin(kz + wt)j,
el w dUT k 9 3R g1 Jg gfa=ided

AT &

. 9 z-f&am # IJEAT A Te Wad:
giad TR

2. ROT z-f&M # IMET A Teh Jed I
i TRl

3. RUT z-fGT & IHET ald Teh rEgedidd:
g 3T

4. T z-fer & IMEAT A THh agﬁr—r agar
=3l

The electric field of an electromagnetic wave 1s

E(z, t) = Eycos(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. a circularly polarised wave travelling in the
negative z-direction

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

4. an unpolarised wave travelling in the
positive z-direction

fpdl v fadm T3 F @ AR
YA Foll dl@aT Helell o (x) AT
P (x) &1 AT I & T go(x) = py(x) am
)1 (x) =crd—% STgT « Ush diEdideh 3R @
HaEdm lplﬁr 9T HPReb I T2 AT ¢

36.

37.

37.

38.

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

Yo(x) and Y,(x) = a — dw” . where « is a real

constant. The expectatmn value of the
momentum operator in the state 1, 1s

L, 2. 0

a2
h 2h
3. — 4. =

a? a

x & AGOT Fole] W HFNF a=x+- R
9| shATAAATD [a,cosx] &

. —sinx 2. COSX
3. —COSsXx 4. 0

‘ d :
Consider the operator a = x +— acting on

dx
smooth functions of x. The commutator
la, cos x] is
1. —sinx 2. COSX
3. —cCosx 4. 0

ok IT & -V AT 1=15[exp(§)—1],
CaRT 3fAcFdd 8, Sigl T A9 g ddl a
dur I AR g S T AU V@ FadT g
fordly faad 9gesd dleedr V & AT e
HTol@r # O hid-ar Tar & 2

)

log |

0

0 ]
aVv/T

P
F o
L=

2
log |




38.

(J
log |

s
log |

av/ll

The [-V characteristics of a device 1s
av .
I = I [exp (?) — 1], where T 1s the

temperature and a and I¢ are constants
independent of T and V. Which one of the

following plots 1s correct for a fixed applied
voltage VV'?

3

log |

0

0] ] 2 3
aV/T

2
log |

lJ
log |

39.

39.

40.

40.

aVv/T

GaIn, N TR TS el LED (JhI 3cHolh
SIAIS) § Afehd ATEIH g1 GaN daT InN & &3
HRTST hAT: 3.5 eV duT 1.5 eV g1 IS
Galn, N ©hl 48 AaUdT x & GTY I
Yfaea: gRafad E':Irll %, t_'Fl?Ta"f-_*-If 400 nm
el 9hrel o 3cdold o fold 3TEaTSh x ol

AT & (hc ~ 1200 eV-nm HATe)

L. 0.95 2. 075
3. 0.50 4. 0.33

The active medium in a blue LED (light
emitting diode) is a Ga,In; ,N alloy.The band
gaps of GaN and InN are 3.5 eV and 1.5 eV
respectively. If the band gap of GaJln;, N
varies approximately linearly with x, the
value of x required for the emission of blue
light of wavelength 400 nm 1s (take hc =

1200 eV-nm)
1. 0.95 2. 0.75
3. 0.50 4. 0.33

urRd oldls L % Ush GfafdA g dFd #
g N Rufaftsd foit & 39 W Tan|
gfq A & oI Foft E g, o Ugrdr (T
qog EWTHh & 37al1an) ©

. Nkyln(%F)

N

2. Nkgln (%)
L\fE)

N

3. 2Nk31n(
4. szﬂln(g)

Consider a gas of N classical particles in a
two-dimensional square box of side L. If the
total energy of the gas i1s E, the entropy
(apart from an additive constant) is
2
1. Nkgln (%) 2. Nkgln (%)
LVE

3. 2NkyIn (=) 4. L?kgin(5)



41.

41.

42.

42,

43.

AW

Ueh Tdd AT IARcod HAT W GO
I AT t=0 W TH FHeA "ied g3,
T HEH o, AT t dAT t+dt & &SI
gfed gl I 9Iidshdl btdt € & ATl g,
STeT b T 3R gl & 3cdlicaR FeAl &
a9 T FIT 3Ed G5 T g2

. = A i
1.4!:1 b
3. l\/% 4 |
2+l 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 1s given by bt dt,
where b 1s a constant. What is the average
time between successive steps?

2T T

L. — 2 —
b b

1 | T

24l b 2b

gfHccaAl H = \_}/5 :ﬂ ¥ ddifad T
Gfa¥aR dF T AU Hele g

1. 2 sinh(ﬁ’\/]/z + 52)

0. 2 cnsh(ﬁ\/yz n 52)

3.~ [cnsh(ﬁJyz n 52) + sinh(ﬁJyz n 52):
4, % [cosh(ﬁ'\/yz + 62) — sinh(B\/}fz + 62):

The partition function of a two-level system

governed by the Hamiltonian H =
[ 14 _5] 1S
-0 -V

. 2sinh (ﬁ\/}’z + 52)

. 2 cosh (5\/]/2 T 62)
: [cosh (5777 82) + snh (/777 5%)
s [cosh (V75 57) —sinh (575 57)

0.1 um 35T drel TR ATl HUT &I S
& Uh Y, I T=300K X g, H el
Sirar g1 Tafeler qar S & gdcd hAUA: §
2000 kg/m’ @AT 1000 kg/m’| ATHT 3TUTGI
& PNUT, HUT gAAT ™A & dol 9 gl
{8dl| 3T & dd & UL ol & dad

ERICA

15

43.

44.

44.

2. 3%x10™*m
4. 5x10™° m

1. 103 m
3. 107*m

A silica particle of radius 0.1 um 1s put in a
container of water at T =300 K. The
densities of silica and water are 2000 keg/m’
and 1000 kg/m’, respectively. Due to
thermal fluctuations, the particle 1s not
always at the bottom of the container. The
average height of the particle above the base
of the container i1s approximately

1. 103 m 2, 3%X107*m
3 10 *m 4, 5X 107" m

e RO # @ PIA-AT, TellT Folel
F(A B,C) =Y (1,2,4,6) &l AT H T &7

C- ‘D’*’ [,

1 4 x1
I, MUX F

lag, s,

A B

i 4x1 |
1 MUX F

98 S, |

Which of the following circuits implements
the  Boolean  function F(A4,B,C) =
2.(1,2,4,6)?



45.

i 4 %1
l, MUX F

£ S So

>0 v 4 x1

I, MUX F

lag, s,

1 d § HARTd FATAR s Tolel & Teh
SEr @ foE R A G R '
Yhrel SaRT Yditd fHar Srar gl s
THagiAleY § AMUARER gfdafdd gehrer
I digdr [ # JWEET 1 & Bold & &7
H =& # g a134m gl

g spectrometer

A

P incident
h white light

partially
reflecting mirror

< airgap
glass plates

<l—<>

16

Intensity

0.2 }

490 500 510 520 530

Jg  AlId gx ff aad FUU Tode &
TUT & JUT el cole & 39 Idg @
qurafadd 9ehtel & &g <Ifdeior gedr g, ar

gl d 3% fadean &

2. 24um
120 um

. 12um
3. 60 um 4.

45. A pair of parallel glass plates separated by a

distance d 1s i1lluminated by white light as
shown 1n the figure below. Also shown is the

graph of the intensity of the reflected light I
as a function of the wavelength A recorded
by a spectrometer.

B spectrometer

M

i Incident

partially o white light
reflecting mirror

/N
W

________ f:} <——— airgap

glass plates

Intensity

02 }

490 500 510 520 530

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 um 2. 24 um

3. 60 um 4. 120 um
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46.

47.

47.

HIT \PART 'C'

Bsar a & a1 Ared TR L&E”'raam
ﬁq&dﬁﬁﬂﬁlﬁ% Gl%Td«a%*
TATGY Tolc TUIRT §aA=—T A1ar gl 39
AR fohar Srar &1 @ @HE fagyd
URT [ &, d9 Tl & &g ¥ gl a/2 W
Tolel & dre Yeehtd 9T §

Kol Kol
1L 2. —
Ta 2ma
unl Ul
3 L U 4_.JL
a 41Ta

A parallel plate capacitor 1s formed by two
circular conducting plates of radius a
separated by a distance d, where d < a. It 1s
being slowly charged by a current that is
nearly constant. At an instant when the
current 1s I, the magnetic induction between
the plates at a distance a/2 from the centre
of the plate, is

I I
[ e B HOE
y[N¥) 2TTa
I I
g, o 4 Koo
a 4mTa
Beal a & & UHFAEC: AR [deId-

el 319 M A TUT B H FHel 3TAU HAM:
+Q dUT -Q &l A # Y AR T T
GHY & HIY HIH W I gl

Ife MaT A g A g v, &, 9T B
$g H Vp &, dl IRV, —Vz &

I == 9,
4mEgQ 2TEQQA

3. — 4, —%
2TMEQQA 4mMEqA

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 1n the figure.

1/

48.

48.

49.

49.

If the potential at the centre of the sphere A
1s V4 and that at the centre of B i1s Vj, then
the difference IV, — Vg 1s

], —= ¥,

4mMEqQ 2TTEQA
3 -2 g, —=2

2TTEQQA 4TTEQQ
FHROT Xy =1+—— & T& W

3YAMHT 8 x = 2 %I ﬂﬁ%ﬁxn=2+en
dAT x,,,=2+€,., ©of, AT €, dAT €44
BIC &, 3eIUTd €,41/€, & T

1
. —= 2. —

4
2

3, —- A
3

A stable asymptotic solution of the equation
3
take

X =14 1S

n+1 ! 1+,
X, =24+€,and x,,,1 = 2 + €,,4,1, Where €,
and €,,,, are both small, the ratio €,,, /€, 1S

approximately

], =wi 3

x=2. If we

W | = B
WM b=

3. -

g
I

3HTegg VI & e 2 x 2 dcidAD 3Teg |
dUT 9r3ell 3§ o, 0Y,0% Th HHG =l

SATd| (37SYE IV & 3eR) Th HHAF el
& folT, S 34 uliﬂ_ﬂﬁﬂ?mm

g, 3MATHh ~GoIdH 2 x 2 3@l S &
&

1. 20 2. 8

3. 12 4. 16

The 2 X 2 identity matrix I and the Pauli
matrices o*,0”,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) 1s
1. 20 2. 8

3. 12 4. 16
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50.

S1.

S1.

52,

18

sin45° = 0.7071, sin50° = 0.7660, sin55° =
0.8192 AT sin 60° = 0.8660 & &I AT WX,

=gced I AR fAfT & gRepfeld sin52°

T Giesefed A & S2.
1. 0.804 2. 0.776

3. 0.788 4. 0.798

Given the values 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 2. 0.776 33.
3. 0.788 4. 0.798
A & e A A& FsAT gHewo
gzDg H TH g f(x,t) 8l t=0 R
UREAE gfdedyy —-wo<x<o & AT
fx,00=e> & a @ t>0 & fU
f(x,t) 389 &ar Jrar & 53,
Fuanl §@Ame: [© dxe ™ = [m/a)]
.
8 L e~ 1+DE
VitDt
2
2 ! e 1+2Dt
Vit2Dt
3. L €_1+I4Dr
VitaDt
32
4. e 1+Dt 54

Let f(x,t) be a solution of the heat equation
A - Daz—}r in one dimension. The initial
at dx2

condition at t =0 is f(x,0) = e for
—oo < x < o, Thenforall t>0, f(x,t)1s
given by

[Useful integral: fj; dx e~9x" = m/a.]

V1+4Dt < 54,

al HIUTHAT 6T & Teh qUT YoAEY TeFehd
& dG, aH d Uk YA H IRH &I
feafa & oY, gt dar & afdar AT &
Afad qfddl & ST HIUT 6 (FIRRTAT dF
H) ©

2. 0=

gdﬂﬂﬁ

Il
D N F

2
S D
A

<

SEE

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) 1s

1. 0= 2. B=m

3. 0<6 <~ 4. —<6<m

S gl fasa V() = -, Sl k>0 au
0<n<2g H IJeme FelT W AR B
R #r Teh dJelhR FETT HT Hdded ol T, &
dur BT 2RFHIT, B, Al T,/T, &
L. 2% 2. 23"
3. 2=

Consider circular orbits in a central force
potential V(r) = —Tin, where k >0 and
0 <n<2. If the time period of a circular
orbit of radius R 1s T; and that of radius 2R
is T,, then T, /T 1s

n 2
1. 22 2 25"
3. 2t 4, 2
JAERMAT dF & JYET Ifd ¢/2 9T I1ET

Fal dlel T Al Afde W o
9 HRH dF H dg dRERdAl v, & y-
fafeptor 3cafold &Xdr &1 Teh T8 HHTh
(S a8 & ¥ W ¢ §) YIWERIer H
gl OGS AfAs §Has & Hdhedd g,
s y-fafehiur wieid &l 3cdoldd gidar g, ar

e W 3T UfaTd IRETRAT &
V3 1

1. —v, Z 7 Vo

1 2
3. ‘\_{_E_VD 4 ﬁv[]

Consider a radioactive nucleus that 1s
travelling at a speed c¢/2 with respect to the
lab frame. It emits y-rays of frequency v, In
its rest frame. There i1s a stationary detector
(which 1s not on the path of the nucleus) in
the lab. If a y-ray photon 1s emitted when the
nucleus is closest to the detector, its observed
frequency at the detector 1s




2.

S3.

56.

56.

V3 1
1 ?VU 2 \X—E‘VU
1 2
3 EVD 4 EVU
Al & Wdegd TONE  e=10 TAT

gfaigehdl p = 10 Q-m dTel Teh 3UIGTa
H AFd AEAY IR gl A g\ qur
AT & oI ATdcd HHAROT & 39T 8
JTCd, 34TGlel & 316X o 1A Gedcd &l 1/e
g aRd g & T 33Eys 9T 385

folhedd &
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 = 101 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 1is closest to

. 10°s 2. 10°s

3. 10"”s 4. 10s

F&T & deg (0,0,0) W TIT Tk AT
AAA +qg & [, xy-G7Adad & BFsara &ir
ddThR HeTT H THTHA HIONT Tfd w &
T AU —g T Th HUT IATaMeT gl A
fo fafhtor &1 dgad fog (0,0,R) W,
dqr (2R,0,0) R L, &I R>» a,F TIT 37eT0Td

L/I &:

1. 4 2. i

3. 4. 8
3

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 1s 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,. The ratio I, /I, for R > a, 1s

1. 4 9 =
4

3

o] =

4. 8

19

s

57,

S8.

S8.

2l SATdhIT ohd TH 1V ! & Tahal TR

HodITaY) 31X
IRk %heel (LPF) #H

JFd AT I[0Teh (TATAHIS
- e N

3AH 3 T o
AT ST &

V= 5cos (100¢)

V5 =20 cos(100¢ +71/3)

Igfe LPF fT 319dedd IREIRAT f. =5Hz &,

ar faereT aieedl Vi &

l. 5V 2. 25V
3. 100V 4. S0V

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

V= 5cos (100¢)

(™
ot

Multipher

i

V5 =20 cos(100¢ +7/3)

If the roll-off frequency of the LPF 1s f, = 5
Hz, the output voltage V¢ 1S
1. 5V 2.
3. 100V 4,

25V
S0V

fohdl STHA T T a9 & Held & T H
AU 9T HTehs [Ae1ad &:

T(°C) P 4 6 ]

R(Q) | 90 105 110 [115

Mgl & Teh W gAdH-dd the &

39T § 9Icd R §ATH T T 9auTdr &

1. 6Q/,C 2. 40/°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.

TC°C) | 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/°C 2. 40/°C
3 240G 4. 8Q/°C
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Ush HUT HI YhiUld T ohgld [AHT
V(r) =Vyre ™ cdNI, Siel V, duT u 4o
33X g, BT 81 &UT &l AT § & ofal
g=|qg|>u gl g-ooo AT H CIE]
dleeddhcsd H Jehlvld IRTOEG g W 30 YhR
GET

[ x"e%¥dx = %f e dx T AT Y Hehd 8]

A particle 1s scattered by a central potential
V(r) =Vyre ™", where V, and u are
positive constants. If the momentum transfer
g is such that g = |g| > u, the scattering
cross-section 1n the Born approximation, as
q — oo, depends on g as

N L0X — d_n ax
[You may use fx e“*dx = daﬂfe dx]

1. g8 2. q°
3. g° 4. ig°

Ush [dd H T &Ul, [dHT V(x) = A8 (x — a)
H gl 39T d@Thod Y(x) a3 Tdd gl
x=a W %ﬁ}lﬂdrq J

1. T Ay(a)

2. A((a) —yY(—a))
3 %A

4. 0

A particle in one dimension 1s in a potential
V(x) = Ad(x — a). Its wavefunction (x) is
continuous everywhere. The discontinuity in

i at x = a1s
ax
2m
1. T AY(a)
2. A(WY(a) —yY(—a))
3 %A
4. 0

20

61.

61.

62.

62.

GeUAT m & Teh HEd TIEIHIT HUT ol
faehl, 3T giAecal H = cd.p + fmc?, STgl
p HAIT HhReh § Ul d = (a,, a,,a,) JAT B
IR 4x4 3% 3Hegg &, & ddfad gl

cdUT HhReh 3H YhR HHAcTFd ThaAT ST

gohdT &

2ic

1. ?(C‘ﬁ—"&H)
2. 2ic%ap

LC 3
3. "EH{I

21C

The dynamics of a free relativistic particle of
mass m 1s governed by the

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

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

expressed as
2iC

2. 2ic%ap
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A particle of charge g in one dimension is in
a simple harmonic potential with angular
frequency w. It 1s subjected to a time-

dependent electric field E(t) = Ae™/ sz,,
where A and 7 are positive constants and
wt > 1. If in the distant past ¢t — —oo the
particle was 1n 1its ground state, the
probability that it will be in the first excited
state as t — 400 1s proportional to
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Consider a random walk on an infinite two-
dimensional triangular lattice, a part of which
1s shown 1n the figure below.

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”?
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An atom has a non-degenerate ground-state
and a doubly-degenerate excited state. The
energy difference between the two states 1s €.
The specific heat at very low temperatures

(Be > 1) 1s given by
1. kg(Be) 2. kpe PE

3. 2kg(Be)?eF¢ 4. kg
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The electrons in graphene can be thought of
as a two-dimensional gas with a linear

energy-momentum relation E = ‘ﬁ ‘ v,
where p = (Px,py) and v is a constant. If

p 1s the number of electrons per unit area,
the energy per unit area is proportional to
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In the circuit below, the input voltage V; is
2V,V..,=16V, R, = 2k() and
R; = 10 kQ.
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The value of R, required to deliver 10 mW

of power across R; 1s
1. 12 kQ

3. 8k

2. 4 KkQ
4. 14 kQ
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i) nt+n-A"+K*

i) nw +p->A°+K"°
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Which of the following reaction(s) is/are
allowed by the conservation laws?

i) wt4+n->A"+K™
i) mw +p-A"+K°

1. both (1) and (11)
2. only (1)

3. only (11)

4. neither (1) nor (11)
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A particle, which 1s a composite state of
three quarks u,d and s, has electric charge,
spin and strangeness respectively, equal to
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Consider a one-dimensional chain of atoms
with lattice constant a. The energy of an
electron with wave-vector k is €(k) = u —
y cos(ka), where u and y are constants. If
an electric field E 1s applied in the positive
x-direction, the time dependent velocity of
an electron 1s

(in the following B is the constant)

1. proportional to cos (B o % at)

2. proportional to E
3. 1independent of E
4

proportional to sin (B — ? at)
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A thin rectangular conducting plate of length
a and width b 1s placed in the xy-plane in
two different orientations as shown in the
figures below. In both cases a magnetic field
B 1s applied in the z-direction and a current
flows in the x direction due to the applied
voltage V.
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If the Hall voltage across the y-direction in the
two cases satisty I, = 2V, the ratio a: b must

be
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Consider a hexagonal lattice with basis
vectors as shown in the figure below.
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If the lattice spacing 1s a = 1, the reciprocal
lattice vectors are
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In the L-S coupling scheme, the terms arising
from two non-equivalent p-electrons are
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The total spin of a hydrogen atom 1s 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
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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 1s nearest to

1. 10" Hz 2. 10° Hz
3. 10° Hz 4. 10" Hz
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4.0026 amu, 3.0161 amu Jd4T 1.0073 amu, AT 1

amu ~ 938 MeV. )

L. 32.2MeV 2,
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What should be the minimum energy of a
photon for it to split an a-particle at rest into

a tritium and a proton?

*He 2H and TH are 4.0026

2 1 1
amu, 3.0161 amu and 1.0073 amu.

respectively, and 1 amu = 938 MeV. )

(The masses of
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