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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



4

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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HHT \PART 'A’

P dOT Q & HAYS J&RId JdTeech
IATEAT HAW: 10% TAT 2% &1 PIQ &

gfaerd areieos 3eMhe fhdsr &7

1. 12.0 2. 9.8
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 MY dllel H Ase CHANCE &

& oI TATEAT [haAT IAT GhdTl g2
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. T20

3. 360 4. 240

ATIdT YTdHATT &l ATT hiTaAd?

14
14 14
3. 7 % 4 2 7
2 X

Find out the missing pattern.

dlail & 9l # AN W 3dh IR H
20% & 3TAdT H 10% $T gig 8ldl gl srall

HT Helcd fhclel IUNH F T¢IM?

1. 1.20 2. 1.10
3. 1.1l 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. 1.10

< P i | 4. 1.09

Ush JdAT G G o6 drall  HaUees
OYUT §f f, 31 & AA V, F FAEAC
al Teh ®UT 3¢ & Uah &I Golladl (A dAUT B)
W HeldT 3AgAT F Aghdl 8l Il H
JAAYH Fell T I HT Jolodl Gollel & o
G hIfeTA?

A

L. fa>fg 5 Va>Vg
2. fa>fg ;3 Vg2V,
3. fg>fa ; Vg>V,y
4. fg>fa ;5 Vy >V

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.

l. fa>fe ; Va>Vp
2. fa>fg ; Vg >V,
3. fg>fa ; Vg >V,
4. fg>fa ; Vi >Vp

Rl T gonfd & & o &, Sad
Alels SR &, fhed o dur wisi
HAIT-37019T g1 3MfFdald & AT ard
drdiaior H Siifldd @A &l &JHdT W
gidsdel A Hd TSI?




1. STd 3Th] d¢, olfchel 3cTah STehl
AT o9 & dd &

2. 31§ 3clehl HAlels otdl dr oY 3§, dAfehed
CEIERCTY

3. S 3oTehl HAlCs oAl &l ddT g, offehed
glsrg g |

4. S 30l HICS °c, offched 3olch dlehl
AT S & dF 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.

The bar chart shows number of seats won
by four political parties 1n a state legislative
assembly.

50

35 35
20

seats

party

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

R %

Ty faure @81 gofd A IR Aeeifde 8. fasielawor ¥ N3 12 fhelams & = &
Goll CaRT Sl 38 diel &l &9 =&F A s e H 20 A ga 9fa R aote @,

GRMAT I GUdh & T H AT gd CanT gedr Sl
&l AT ga &I cuda Hr g (dé/fAec)
i T gledl AIRT? (1 fA.AT. =20 §2)
35 35 1. 7 2. 80
E 20 3. 120 4. 4
g —
8. 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?
(1mg = 20 drops)

1. 7 2. 80

1. 2. 3. 120 4. 4

party
Jd e 9 us-REr & 8 sia-ar 39

SITAehIT &l Tl &ATdar g?

9. frdl = ©d arel AT hr BY UT oeT

3. 4 g3 IfFT 3TH BT @ feR W@ 8l 39
r\ HEol bl ©d Udh ®AT TIHT & shd T [T
k_/ g o F 39 g & gATR @ &ad

gl T & A ola-d7 T pfaar @
ITRT &2
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10.

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
ceiling, the columns appear parallel to each
other. Which of the following designs
conforms to this?

[ # O HI9-9T A Th TG & H
IMTAATA aEd &I AT T 396 HAET A

I a5 g I Fol T F ST g7
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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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Teh GIURUT TV Fhied T dIss d FAIS ol
IUTd 4:3 Bl Safeh U g5 Sfheiead TV
H Ig 3eqaid 16:9 g1 Il et TV Thiar
T FArg FATA 8T dl 3eTch UMl I 39T

STITHIT TohdaT BI9TT?
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”?

1. 5:9 2. 5:18
3. 51> 4. 5:6

HEACHS AT $H JelAIaR fde & 4

IT-HT YA @ I et 87

l. Th gd &l IR T <IH T 3edrd

2. Y3TT 3hI5 H Ush AT [T &
cldAl IO ST JIaT

3. 22/,

4. 3opIg AT & M T Sopls Aol

Shls 315 & AP & AT HT AT

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.

. 2207,

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

('Y
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14.

14.

15.

frdt a8y fr Tse 4.1 km g1 39 FAE W

g goT T oIaTs T 1/7 HT9T AT & Teh de
qT YT 1/8 #TIT FAT & @ dC W gl o
$ el oaTg fohcel &2

1. 5.1 km 2. 49 km
3. 5.6 km 4. 5.4 km

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 km
3. 5.6 km 4. 5.4 km

OA, OB, @1 OC 3¥ dcd o Fdd §
9T Teh TiATS HET S2A™IT 3T 8l AB

T AT HT ged Hr BFTGT & AT & TAEA

el

O
shIUT OCB &l AT AT g2

1. 60° 2.
3. D7 4. 65°

OA, OB, and OC are radii of the quarter

circle shown in the figure. AB 1s also equal
to the radius.

A

O
What i1s angle OCB?
1. 60° 2. 15°
3. S0° 4. 65°

12cmdAT 1 cm T FSAT & olig & ar Mdl
ST e T YFd fhar aar gl «lg @l

15.

16.

16.

| L

7

18.

gfad f9a1, ar I Ml Sy I g1 el
S gHTT A g
1. 9cddT4 cm
3. 8dATS5 cm

2. 9d4T 10 cm
4, 2dAT 11 cm

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 radii

could be
1. 9and 4 cm

3. 8and 5 cm

2. 9and 10 cm
4. 2and 11 cm

Ueh <Tiad FIT 75/cL &I ¥ T Tcohlald
Tie Y d 39H g fAer a7 §9 75/cL
F WA 9T N 50% AH HATET gl

Teohlglel d Tell Sl 37Tl fohdelr g2
L. 2zl 2. L2
el 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?

1524 2. 12
45, 4 4, 293

U Efa-3hT HEAT & 3 F AT 9
39 ‘ﬁ:'lu-r ol Hld 3/4 %- ‘G%Hfhl B{QT o
& § 9FH I & 9 s gl &

T 87
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
1s the number?

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

ar TUEAT X dATY & §rg H g 1000 km
gl Tk gidd X TAETT AT 8 AM g5
AT CaRT Y TATAT FAT 10 AM Fol g
qéum g YW 49 & fFHA & gad
dg Yo 3T f&T gag IET @RT X &
TANT THAT 4 PM &7 AMH dlear gl
gidd HI gdls IET & SR 3Frd a1id
fohcaar g2
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20).

1. 500 fop.# Y. ufa =er
2. 250 for.# . ufd ge
3. 750 fop.# Y. ufa =er

4. & 95 FUAGTER AT o161 fhar S

HehdT |

The distance between X and Y 1s 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 1s 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

PIg cIfFd 9ol AT Ifd d x% dof
gl HTATT AT ¥ y fAsIC Siedl
qgﬂdl g afdd & gAYy g d Jolat

X Tohdadl THIT 9TdT 87

X 3\

2. (E—i—ljyﬁ-’l?-l_cf

3. (i-l—l\xﬁfl?-ﬁ‘:
100 ::

4. (ﬂ-i-l x [
y /

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

1. (ﬂ + 1) y minutes

X

2, (;_n = 1) y minutes
3, (13[";—0 4 1) X minutes

4. (@ + 1) X minutes

y

R a1fd 9 Iefa alell Tah Jodidied I A
dAuT B Uah dheH H T I FUT Hr 3R
TG g1 A® AfT B & afa & A &
el & I 8 W A 40 kAl H JAT
B 30Rﬁﬁq§’Hﬁ§| Ife IoradreT
Py & o 3gfr fohaer difear (¥eox)

fe@rs ¢af
1. 30 2. 40
3. 50 4. 60

20. A and B walk up an escalator one step at a

21.

21.

22.

22,

23.

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 30 4. 60

HIT \PART 'B'

yfd ¥ Tk & ¥ & &gR_Adg g ar A
Al AR W GaR| 9¥F o aul A
344 H H U A Uh & &&Ad gl hl
qriAshdr &:

3

2 p
—e™* 4, (1 —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 1s

I i 2, %

3. 1—e™* 4. (1 —e?%)?

Holel f(x)=x;+2 H BRI T

[Z dx f(x)et* &

1. 2meV2Ik 2. 2w e V2K
T2k V2K

3. \/EE 4. \Ee

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

function f(x) = =

1S

X242
1. 2m e V2lkl 2. \2me VK
LI VK]
3, v’fe 4. \Ee

Ush Fdl AR ¥ GOHR m Hhl Teh JIq
fIRRr St 81 a®Fca & 3reimar, 9 Uh
gHCA dd -yv, Slgl v 3 dicediUish
MMA AT y Th IR g, 3eIqd Il gl
URIAS A LT AT m =10 kg, y = 10
kg/s, dUT g ~ 10 m/s” 6T S W, AT ¢
dvs & aRa gfr (Fex &) §




1. 10(t+1—-¢e7YH
2. 10(t—=1+¢e7%)
3. 5t°—(1-¢eY)
4. 5t?

23. A ball of mass m i1s 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

. 10(t+1—e7")

2. 10(t—1+e7h)

3. 5t —(1—-e?Y)

4. 5t?
1. 3 2
24, am,__ljerM=(3 1 O)EFGWUTW
0O 0 1
AT T g
1. M3— M- 10M+121=0
2. M3+ M?—= 12M+10I=0
3. M= M?*—10M+101=0
4, M3+ M — 10M +101=0
1 3 4
24. Thematrix M = | 3 —1 0 ] satisfies the
0 0 1
equation
1. M3— M*— 10M+121=0

M3+ M?2—12M+101=0
M3— M?—10M+101=0
M3+ M2—10M+101=0

2l -

t

25. f(b) = {F’ 0<t<T & Srcemg saiaRor &
1 i T

1. —(Q-e")/s?T
2. (1 —es)/s%T
3. (1+esh)/s°T
4. (1—est)/s°T

10

23.

26.

26.

27.

27.

The Laplace transform of

t
f(t):{F’ 0<t<T .

1 A
1. —(1—eSt)/s°T
2. (1—=e=1)/s?T
3. (1+e51)/s°T
4. (1 —eSh)/s°T
T YAERMr fady dF & INe UH
IMATERIT HUT 3R IMMd v & JT gL
gl FUT & ARH dF H ANUT AT 7 &,
JATRATAT & odF H 38d 9IRT g &
l. vt 2 CIFE
3 vr\]l -Z 4, =

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 Z.

CT

3. vr\/l—v—z 4, il

cdfdHA H, T &oT AHT V(x,y) =x + 2y
H Bl (FT A Bl Fall & o) fae A

T Sid-ar v ?rﬁ-’l‘éﬁFIT-lT &l Teh 3T g7
l. Py — pr 2. Px — Zpy
3. pxt+2p, 4. py + 2py

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)
1s also a constant of motion?

L. Py — 2Dx 2. Px— Zpy
3. px T+ 2py 4. py + 2py



28.

28.

29.

29.

STATSIT L=1mi'2—-1kx2—kxi:t q gafed

Uk ST ?ﬁ?‘-’lﬁ SHHT JUTT Il ¢

1. Ueh 3AdHTGd Tl 3T alelh

2. FHEI & TY IRadeRiTer daHee oM
JFA Teh dHAfCd 3Tdd arele

3. §AY R IREIRAT IFd T
HeAaHATed HTdd Glel

4. UH HFd &I

The dynamics of a particle governed by the

Lagrangian

1

. 1 . .
[ = mez — Ekxz — 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. a free particle

FIAT SR (x,y) Wadde A&erment
En) & I x=inadqw y=-(*-n°) ¥
T g1 GeHR m  dUl o JRETRdl
w JFT UH GAfdHA W Hdd s H

STl g
1

Em[fz -+ ﬁz —

{UZ(fz + nz)]
2. -m(&2+n?) [(52 +92) - cw?(§ + nz)]

3. om@E +0?) (82 412 - win)
4. Em(fz +n?%) (5;2 + n% — imz)

1

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

1
and y = E(fz

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

“m[é2 + 42 — w?(§2 +7?)]

—n?). The Lagrangian of a

1

2. sm(§*+1%) [(52 +n?) - iwz(fz + nz)]

1

3. om(E2 +1?) (82 + 1% - wén)

1 1

4. Em(fz 5 ?’]2) (52 =+ ?"]2 = Zmz)

11

30.

30.

BT r dur 9fadyshdr p I Tk dlelh
IR dfshehl 3HH ofF Iehig &9 B A
IO A w & T AT gl e =T |
&Y TR Teh dlecHIeT ST SiTdT &

dll

Jg AT §??r fh 3T JdRS AUy

310 g, diecHIEY T arad

. wB,radrp 9T e &

2. w,BdAT r W%,qﬁpwaﬁ

3. YeT &, TP 91T & 3T Sl arell
gaehrg 3iferarg aRafda et giar

4. YT §, ¥R B A fo_r 7 v faeyd
URT Sgcl §

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.

Assuming 1its internal 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
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31.

32.

32.

xy-del # f&ud, TSAr a arel T addhR
dR TS dheg 36ITH W g, a%qﬁ’rws
JIdls &1 3HAA A= A,cosO g, S&l A, Uh
A § JdUT HIUT 9 el x-318T & olhy AT
ST &1 ddel & g H faggd &9 &

1. E= “L 2. E=”‘i‘
4ega 4ega

— Aﬂ — A =y

3. E=-—-— 4. E=——k
4dega 4Tega

The charge per unit length of a circular wire
of radius a in the xy-plane, with its centre at
the origin, 1s A = A, cos0, where A, 1s a
constant and the angle 6 i1s measured from
the positive x-axis. The electric field at the
centre of the circle 1s

. E=—-207 2. E=-203%
d4eqa 4€pa

3. E=—22j 4, E=-22F
4‘E.nﬂ'. 4T[E|j{1

gcdeh dISls w o &l [ded U Yg W g,

o &g THh gE @ gl 2w W &ua ¢
dg x-3187 & FHGY IET Hd Teh THhdUil

AT dET T gdrea fohar Srar g
\)
t f
e W ]__)
A
v
t

Uh Pl Ug W x-38T F A& 6 = nd/w
10T 9T HATUT ITdepor ™A

. n=123.. & AT LT &
2. n=123.. & ToIT 3=ddd &
3. n-;%% a?ﬁ'ﬁ'dtftldd-l?
4. HAI n=0% T FEI &

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.

12

33.

33.

W

t 1

w ¥

118

The intensity of the interference pattern,
measured on a distant screen, at an angle
6 = nA/w to the x-axis 1s

1. zeroforn =1,2,3..

2. maximum forn = 1,2,3 ...
L] = 1 3 5
3. maximum forn =-,—-,—..
2%2 %2
4. zerotforn = 0 only

Ush faegddsehd el T fdedd &l &
E(z t) = E,cos(kz + wt)l + 2E, sin(kz + wt)] ,
S8l o dAT k 99 3R g1 Ig gfafafeca

AT g
1. 8 z-ear A IJEAT ad T @ada:

g AT ol

2. ROT z-fEM A IMAT A Tk JedAd:
T R ol

3. RUT 2-fCRM & IMET ad Teh GrEdcedidd:
g R ol

4. oI z-TeT H IMET A THh H%ﬁd a3l
hl

The electric field of an electromagnetic wave 1s

E(Z, t) = E,cos(kz + wt)l + 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
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34.

35,

35.

36.

36.
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fpedl T fadm T3 & @ ogedH
JHATAIRT  Foll T Beledl  y(x) AT
P, (x) Bl &m =am & 6 ¢, (x) = i (x) aum
P (x) =crd—% STgl a Ueh drEdides 3R g
Haear zplzﬁr AT HhReh T YcIIRMT AT ¢

1. —% 2. 0 37
h 2h
3. T

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

Yo(x) and P4 (x) = {Id—% where « is a real

constant. The expectatmn value of the
momentum operator in the state Y4 1s
h
L =53 2. 0 37
h 2h
3. = 4. —2

x ST FAYOT Holed T HHRD a=x+~;—x‘:ﬁ

QTR | ATAAATF [a,cosx] &
1. —sinx 2. COSX
3. —cCosx 4. 0

. d *
Consider the operator a = X +— acting on
X

smooth functions of Xx. The commutator

la, cos x| is

1. —sinx 2. COSX 38.
3. —Cosx 4. 0

AT b a=%(x+ip)HﬂTaT=%(x—ip)W
I 3Tdd aleleh o faFeded ddT v HhReh
g, 3 SHEIAT H g AT, Hiofa
dRERAT dUT A &I Uk ST IR”m g afe
aleleh &I 3TYR 3JGEAT  |0) § T A Teh

AFEAY X g, HaEdl |L|J)=E}{p(}¢fr —?L*a)|[})
H (Y|x|P) T TITAT AT HAT g7
38.
LA 2. I+
3. m(a %) 4. = = (A +2%)

1 . 1 .
Let azﬁ(x+.',p) and aT:E(x—r,p) 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
1s a complex constant, the expectation value of

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

1S

2 1

LA . J|,1| =5
1 % 1 *

3. = (A= 1) 4. =(A+1)

Ueh ThReh § 7=p—qgA, ST&T § T

HFR&, A= (A, A,,A,) G fana aur g
fdega 3mayw & fAfdse &war g1 afg
B = (B,,B,,B,) dashra &7 & fAfdse &t

g, dl Ofce TehNeh T X T Hhl z-HCh &

1. iqﬁBz + Q(Axpy _' Aypx)
2 —iqth _ Q(Axpy _" Aypx)
3. —ighB,

4. ighB,

Consider the operator 7 =  — gA, where 7
1S the momentum operator, }T = (Ax,Ay,Az)
1s the vector potential and g denotes the
electric charge. It B = (Bx, By, BE) denotes

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

1. iqth + Q(Axpy _ Aypx)
2, —.':Qth o Q(Axpy o Aypx)
3. —ighB,

4. ighB,

Ued oldls L o Ush GididA dd dad #H
&g v FRRwfafssad som & 39 W faan |
gfg A A For Fo E §, d el (Th
Yo &R & 3Helrdn) &

1. Nk; ln(LEE)

2. Nkgln (—)
3. 2NkjyIn (L"’(E)
4. I?kyIn (;)

Consider a gas of N classical particles 1n 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

I. Nkgln (LEE)
2. Nkgln (=)
3. 2NkpIn (”E)

4. I%kpIn (EF)
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39.

40.

40.

41.

AW
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Uk Odd TAT Ieesed JHUT ¥ faan
Il AT t=0 YT Udh HcH El‘%?rg?ﬂ,

S HGH &, GAY ¢t dAT t+dt & & 41.
gfed @ i wRkear bede @ & S §
SIET b Ueh W gl & 3clcck FHFeAl &
a1 T T 3Ed GHT 82
R = 2. =
\ b b
3 = \/5 P
24/ b 2b
Consider a continuous time random walk. If
a step has taken place at time t = 0, the 42.
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
1. = 2. =
L L 2
24/ b ' 2b
gfHccaAl H = \_}/5 :ﬂ ¥ ddifad T
Gfa¥aR dF I AU el g
1. 2 sinh(ﬁ’\/]/z + 52)
2. 2 cnsh(ﬁ\/yz + 62)
3. % [CDSh(B\/]/z + 62) + Siﬂh(ﬁ\f}’z + 52)_
4, % [cosh(ﬁ'\/yz + 62) — sinh(B\/}fz + 62)_
The partition function of a two-level system
governed by the Hamiltonian
_ly -9].
H = [_5 —]/] 1S
. 2sinh (ﬁ\/yz + 52)
. 2 cosh (,8\/]/2 + 62)
% cosh (ﬁ\/yz + 62) + sinh (ﬁ\/yz + 52)-
% _Cosh (ﬁ’\/yz + 62) — sinh (ﬁ\/yz + 52)_
42.

0.1 um ST dlel Teh TRl HUT &I el
& T Y, ST T=300K 9 &, H STell
STar &1 AT dar S & gacd HAT: &
2000 kg/m® AT 1000 kg/m’| AT 3TATdd
o ShIUT, hUT GHRAT ITTA o dol 9 gl
{Edll 3T & dol o FA ol T IHad
315§

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

i 4x1
1, MUX F
—{ls, s
A B
7 i io
>0 o ax1
1, MUX F
'_I"’ S1 Sop
A B
3 6— [T
i 4 x1
1 = I —
1, MUX F
|
r 351 SU
A B
4. 0 7
o 4%1
~>o- ‘ 1, MUX F
c '“s, 6
A B

Which of the following circuits implements

the  Boolean  function F(A4,B,C) =
2.(1,2,4,6)7
L, ¢ — oI
| hoax1
1, MUX F
| S, S,
|
A B
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2. C o 1. 12 um 2. 24 um
L 1> a1 3. 60 pum 4. 120 um
I, Mux | F
b & 43. A pair of parallel glass plates separated by a
|'1 T distance d is illuminated by white light as
A B shown 1n the figure below. Also shown is the
graph of the intensity of the reflected light I
3. P as a function of the wavelength A recorded
by a spectrometer.
i ax1
L T F
Iz MUX [;] spectrometer
| |
Ii_ 351 5n N
- ] ‘ - / < inﬁ:ldelr_ﬂh
A - reﬂe‘::tﬁ:lgamigrrur e
4 0 o | A
vV
‘ hax1 | .
So |1z MUX e 77 Q <« airgap
. T |Es . A glass plates
‘1 ‘n d
A B
1
43. Gl d ¥ 3Ffd FATR A Tolel T Teh
=
S &l T T A A 3ER d%he |2
@
Yl CGaRT Ydicd fohar Srar gl Tk E
TIFHY & AMAAGAR  Ffdafdd  Feprer -
: : \ 0 ; . .
dr digar 1 o AT 1 & Beld & Y 490 500 510 520 530
H 3 # g - g A
B spectrometer Assuming that the interference takes place
;'L only between light reflected by the bottom
. surface of the top plate and the top surface of
partially / < white light bottom plate, the distance d is closest to
reflecting mirror ¢ 1 12 um o) 24 um
i 3. 60 um 4. 120 um
B v/ air gap
A glass plates . av
d 4. TH IT & [V AT [ = [, [exp (?)— 1],

CaRT ATHTTFAT g, STel T a9 g daT a
gur g 3"R E S T awr v @ Tadd g
fordY fad 9gsd dleear V & T e
ToI@r & A Hid-AT Tal g ?

0.2 } 1 3

Intensity

490 500 510 520 530

log |

%Hdﬁgﬂﬁ?aﬂﬂﬁqﬁwﬂtﬁ L
TAST H JUT el Tole & FUT ddg O |
wRIafdd YT & ST Ifaeaor "gedr &, ar "0 1 2 3

&l d sE Tdean e




44,

2
log I

D
log |

s
log |

av/ll

The [-V characteristics of a device 1is
aVv .
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 V'?

3

log |

0

0] ] 2 3
aV/T

2
log |

43.

45.

46.

(d
log |

S
log |

aV/l

GalIn, N fASITG Th &l LED (FehIeI
3c8oish 3TAS) H AT ATCTH &1 GaN ddT
InN & &8 37T AA: 3.5 eV dAT 1.5 eV
gl Ifc Galdn, N &l s IAAT x & Y
oererer IW@Fha: gRafda gar g, deceEd
400 nm & atel YA & IcHold & fold
HETh x &l AT & (he =~ 1200 eV-nm

HTel)
1. 0.95 2. 0.75
3. 0.50 4.  0.33

The active medium in a blue LED (light
emitting diode) 1s a GaJln; [N alloy. The
band gaps of GaN and InN are 3.5 eV and
1.5 eV respectively. If the band gap of
Ga,JIn,_ 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)

l. 095 2. D75
3. 0.50 4. 0.33

HIT \PART 'C'

FHEOT 2, =1+— & T BR
ﬂﬁ%ﬁxn=2+en

HE:IT Xn+1 — 2 4 €En+1 ﬁ-:| agi— €En HQ:IT En+1

IUIMHAT 8T x =2 ¢



46.

47.

47.

48.

48.

49.

1/

A stable asymptotic solution of the equation
3

X, =2+€,and x,,,1 = 2 + €,,1, Where €,

and €,4+1 are both small, the ratio €,,,1 /€, 1S

1s x=2. If we take

Xn+1 = 1+

approximately

], =2 3, ==
2 4
1 2

3. = = 4. -— =

3egE U & X 2 X 2 dcdHAS 3TeTg |
dUT 9r3ell 3eYg 0%, 07,07 Uh HHE oAal
SoATd | (3T IV & 37eX) Teh FHg Fellel
& foT, St 37 IR gl & WA F
&, 3MaeTh FFeIdH 2 X 2 @l o HE&AT

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

The 2 X 2 identity matrix I and the Pauli
matrices ¢*,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
L. 20 2. 8
3. 12 4. 16

sin 45° = 0.7071, sin50° = 0.7660, sin55° =
0.8192 2T sin 60° = 0.8660 & €I I W,

ged HI AR fAfT d gReAfId sin52°

&I Gleodshicd HIT &
1. 0.804 2. 0.776
3. (.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
3 10./58 4. 0.798

A T Tes @A A FcAT AR
gng FT T 8 f(xt) el t=0 W
gRfAe Ufady -—w<x<ow & AU
f(x,0)=e> & o @ t>0 & fAT
f(x,t) 38E &A1 AT &

BUArRl @A [° dxe " = [n/a]

49.

S0.

S0.

S1.

1 = X
5 e 1+2Dt
v1+2Dt

2
1 —
3. e 1+4Dt

v1+4D1

x2

4. e 1+Dt

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

2
of a—}; in one dimension. The 1nitial
ot dx ,
condition at t =0 1s f(x,0)=e™* for
—o0o < x <o, Thenforall t>0, f(x,t) 1s

given by
[Useful integral: f_i. dx e~ = Ji/a.]

1 s X
1+Dt
I J1+Dt€
1 __x?
s 142Dt
V1+2Dt
1 __x?
3 1+4Dt
V1+4Dt
xE
4 e 1+Dt

&Y FAUTHATT AT F TH QU TAET T
& ¢, OdH I Th URHA H IRA &
fEafq & o, gl el i afdar AR &l
ATdA Al & T 0T 6 (FARATAT 3

H) &
1. Hzg 2. O=m
3. 0<9£§ 4.§<9£n

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. 9 ::?T v, 9 —

2
3.0<9£§ 4. §<9£n

T g g V(r)=-—-rin,a€T k>0 aur
0<n<23g # g Hell W T
fFsar R #I T dcllehR HETT H HTdcla
3

n 2
1, &2 2. D"
3. 27t1 4. 2m




S1.

S2.

52,

53.

53.

Consider circular orbits in a central force
potential V(r) = —Tiﬂ, where k > 0 and
0 <n< 2 If the ime period of a circular
orbit of radius R i1s T; and that of radius 2R
1s T,, then T, /T 18

IL 2% 2

3. 2371 4. 2m

2n
73

OIERMeT dF & HU&T 9Md ¢/2 X IMET
Hd dlel Teh IBIYHAT Afde W fSan|
9 HRMH dF H dg IRl vy & y-
fafertor 3cafoTa tar g1 T Tdsu dHTS
(S FE F ogw W AS P seemer &
gl IfE S AfFe agags & ddhead g,
Ush y-TAfehuT Wield &1 3c8oiT gidr g, al

YT W 3qeh fEd IR &
V3 1

]. ?VD 2 \EVD

1 2
3. EV{) 4 J;VD

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 1s 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 1s closest to the detector, its observed
frequency at the detector 1s

V3 1
1. -E_VD 2. j?gvh
1 2
3. EVD 4 \/;VU
AT & odegd IONSH e=10 TAT

ITaUehdl  p = 10! Q-m Tl T 3YIGT
H AFd QAL 3URYA &1 3H e aun
AU & T ATdcd FHROT & 39T 8
UTCd, 39TGTel o 3 o 1A Uedcd ol 1/e
q &gRa g9 & fav 3rags g#Ag g4+

flhedH o
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 = 10" 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

18

54.

54.

DO

DI

10% s
10 s

1. 10°s 9.
3. 10" s 4.

$eT & heg (0,00) W I s FId
HGA +q & TG, xy-GAdT H BFATa &
IATPR HeTT H ThTAA HOT a1fd o &
grYT AU —q HT Teh HuT Afaeiier g1 A
fh fafepzor &1 digar g (0,0,R) W1
dAUT (2R,0,0) R I, 81 R>» a, & T 3179

L/L %3
1. 4 2, i
3, 4. 8

8

A particle with charge —g moves with a
uniform angular velocity w in a circular orbit
of radius a 1n 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, /1, for R >> a, 1s

1. 4 3. =

1

53 4. 8

ST a & & Ao ddeR Telel Eanl,
ST gl d & HAfAd § (S8l d <a§) Th
JATAY Tole TYUMRT §4=™T Adr gl 38
AR fohar ST g1 oW AT facgd
URT [ §, dd b&c%%ﬁﬁ{ﬂafzw
Tolel & &I gahid UOT &

Kol Mol
1. — 2. —
Ta 2ma
ol ol
3 7o 4 ~o-
a 4ma

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, 1s

1 B I
" Tma © 2ma

3 Koo q Kol
o a © 41a
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56.

51.

Fear o & & TeEAET: IEART [degd-
el S IMT A TUT B H Fel AU HAM:
+Q dur - g T & gl @R 9
gEY & 1Y Fera @ S g

Ife MaT Ash g # [{yg v, &, 91 B
$g H Vp &, dl ARV, — Vs &

1. —= ), =
4mrega 2TwEgQA

g, —= 4, —
2MEQQ 4T EQa

Two uniformly charged insulating solid
spheres A and B, both of radius a, carry total

charges +Q and -, respectively. The
spheres are placed touching each other as
shown 1n the figure.

If the potential at the centre of the sphere A
1s V, and that at the centre of B 1s V/z, then
the difference V, — Vg 1s

[, — o
4TEQQ 2TTEQQ

3 Q 4 —Q
2TTEQA 4TEGQA

Th hUT I YhlUld T oheld [Addd
V(r) =Vyre ™" cdNT, el V, duT u 4o
3R &, 8Idr g1 0T &l HAIMAIOT § & SIar
q=13l>»>p 8 q-oo WA H dd
dieddded H YUl IRToe ¢ W 3T YR
IGERES

[| x™e®dx = l:;"'!TtJ'E-"':'*"""1:;L’Jf: T YA Y Gohd o]

19

s

S8.

S8.

59.

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 in the Born approximation, as
q — oo, depends on g as

n,ax . — & [ _ax
[You may use [ x"e®™dx = — | e%¥dx]
I« @ 2. g -
3. g* 4. g

U a7 A T &1, AT V(x) = 46(x — a)
H gl 39T d@Thdd ¥(x) 93 Tdd gl
X =a Wgﬁaaidrﬁ%

Z2m
1. T AY(a)
2. AY(a) —yY(—a))
3 EA

Z2m
4. 0
A particle in one dimension is in a potential
V(x) = Ad(x — a). Its wavefunction Y (x) is
continuous everywhere. The discontinuity in
W atx = ais
dx

2m
1 ﬁxﬁhp(a)
2. A(Y(a) —yY(-a))

2

3. i

2m
4. 0
GegHA] m & Ush HaFd IR HUT i

afaehr, 3Ue g@ceal H = cd.p + fmc?, gl
p HAI PR § dAT & = (@, a,,a,) IUT S
IN 4 x4 (306 3egg g, ¥ HAMAd gl
cdiUT bR 3T YhR HAcTFd ThaAT ST

dohdT &:
I -?(cﬁ-—&H)
2. 2ic%dp
3. “Hg
h

21C

4, —'?(Cﬁ"l"&H)



59.

60.

60.

61.

The dynamics of a free relativistic particle of

mass m 1s governed by the

Dirac Hamiltonian H = ca.p + Bmc?, where

p is the momentum operator and

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

expressed as
2ic

2. 2ic%dp
I o
3. EH{I

2icC

4. —?(Cﬁ'F [I?H)

Th fad & 3EA g IFd TH FHUT HI0iT
SRAMAT w & T T Hdd adHg H gl
39 TAT-AR Regad &7 E() = de= @/
3T AT ST &, ST6T A dUT 7 9T TR
g dAT wr>» 1 gl Ife ol Hdblel t — —oo
H HUT ATl HUR-IGEAT H 91, dl
t - 400 H dg Yl TUH 3cdlold IaEAT H
Bl T IR 3T 3T H &

1. e_%(m)z 2. e%(mﬂz
1
3.0 4. —

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~(t/ T)E,
where A and 7 are positive constants and
wt > 1. If in the distant past t — —oo the
particle was 1n 1ts ground state, the
probability that it will be in the first excited
state as t = 400 1s proportional to

i & %(mr}z 3 e%(mrjz
1
3. 0 4. or)?

Teh 3Ad gafad sl Sireish, fSiasr e
372 T T & ST 1™ §, W AR Ros
HAUT W aar|
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61.

62.

62.

63.

gfe frdar ff Aeedd gsRi T W
Tl gl T ITRehar AT g drf 8
dlel ScAl & dic HAUTRAT I IRIHS TATA
QR a9 3T I FAT YTfAhdT &2
. — !

36 © 216

1 1
3. — 4. —

18 12

Consider a random walk on an infinite two-
dimensional triangular lattice, a part of which
1s shown 1in the figure below.

If the probabilities of moving to any of the
nearest neighbour sites are equal, what 1s the
probability that the walker returns to the
starting position at the end of exactly three

steps?
1 1
L. = 2. —
36 216
1 1
3 = 4, —
18 12

fopdl qTATO] i TS TR 3[aEAT 4T
cfaur 3UESC 3cdfold  3GEAT gl el
HAEATIT & &I Fal AT ¢ gl A a0
amat (Be > 1) W fAfrse F AT sEE &

I
1. kg(Pe) 2. ke PE
3, Pku(BseP® 4. kg

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 FP¢

3. 2kg(Be)?eFe 4. kg

dhIT H Solaclal &l Teh gldfdd I AT
ST Gehdl g, g @& FA1-9d9T 9
E=|plv & & p=(popy) U v &
3TX gl Ife 9fa s&s &a%d H Soldcidl

qJdg




63.

64

64

T JEAT p g, df Ufd SHhis &FTHd ol

SHh IHIUTd H &
1, 2 2. p

3. pl/3 4. p*

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

energy-momentum relation FE = ‘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 1s proportional to

. p3/2 2. p
3 p1/3 4. p2

T 9ROy &, [Ader gieear v, 2V g,
V.=16V, R, =2kQdUT R, = 10kQ g

Vec

Vi ©

1

—~WWW—
%Rz I %LRL
L 1

R, & 3N-9X 10 mW 2iFd [ddiur & &
foT R, T 39T+ AT &
1. 12 kQ
3. 8kQ

2. 4kQ
4. 14 kQ

In the circuit below, the input voltage V; 1is
2V, V.. =16V, R, = 2 kQ and
R; = 10 kQ.

0 Ve

e
AU o o 8
R ' L

L Jt,-z =

The value of R, required to deliver 10 mW
of power across R; is

1. 12 kQ
3. 8kQ

2. 4kQ
4. 14 kQ
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65.

65S.

66.

66.

2l SAGhIT Hahd Tah 1V ! & Thd T[0T

gard HA®Y I[UTeh (TdATelld
N = =

HocItollIR) AR
ORe [heel (LPF) H

3949 qt:s“ Uh faF
o ST B

V= 5cos (100¢)

V5 =20 cos(100¢ +71/3)

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

ar faere areedl Vi &

l. 3V 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¢)

(™
r

Multipher

(™

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 & UISd R dATH T hT 9auTdr g:

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. 28070 4. 8Q/°C



67.

67.

68.

SiTeleh TETH a JFd WA & TH
UhidH Ul W faTR| Teh Feldgle ol
3ol & e(k) = u—ycos(ka), STgT d3aT Fleer
kg, pddl y 3R gl I g x-3187 &
feer & we fagga & E @) fRar S €,
U Solacld o T s afa

(=T & B T& 3T B)

1. cos (B—%at) $ 3103L-I|¢I p= %

2. E & 3Ud H g

3. Ed TEdT e

4. sin (B —-%at) % 3-ia:l;i|d qg

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 1is

(In the following B is the constant)

1. proportional to cos (B — % at)

2. proportional to E
3. independent of E
4

* . E
proportional to sin (B — % at)

fart Al & Y 3R, ods a AT
disls b dlell Teh 3TIAIT dell dleleh Teld
xy-del H & 3raer 3fAfe=arar # w@r Jda
%Iﬁﬁﬁﬁz—%@ﬂﬁme
o] fohar Srar g, dUr x-f&m H @y v
dleest V & $RuT faegd arT a8 &

Yy

22

% |
V2
¥ ¥
RE
+|"'|
V

gfe cr fawar 7 y-feem & 39 gl
dleedl V, =2V, & JAYT ar g, ol
31u:I:LIIrI a:b BT

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

68. 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 1is
applied in the z-direction and a current flows in
the x direction due to the applied voltage V.

Yy

— Ok

x £ ,a =

Y ¥

lk
V

If the Hall voltage across the y-direction in the two
cases satisty V, = 2V, the ratio a: b must be

1. 1:2 2. 1:42
3. 2:1 4. /2:1



69.

69.

70.

23

fAeT T A U 37aR 3R Fieer god

Uh YChIUNT SiToish 9¥ faa|
Ya

A 71.

i, STAPIRTT a =1 &, dl SgcshHA SATeleh

Consider a hexagonal lattice with basis
vectors as shown 1n the figure below.
YA

< a—

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

L (5:0).(-55)

3’ {3

ded
2

70.

i ~amg) 71.

72.

4T 0) (m 2-,=r) 72.

1. °s.'p.°P.'D.°D

2. 's.°s 'p, 'D

3. 's.°S, °P,°D

4. 's,°s 'p.°p,'D.’D

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

1o "S1p. 2P 1D ~D
2. 28.°8. %P, D

3. 'S.°s, °P.°D

4, '$.°8 'P P 'D.°D

gTslatel UXHATY] &1 Tl TAHUT Solaciel adT
HIclel il o Yashull & ANTE & g1 3T
a9 AT A, YIGHUl-1 HIEAT H TEd
TRATILT Sl TEAT JAT JIhUT-0 HIEAT H
T IRATUTHT hl HEIT T 3T &

. 2 2. 3
S 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 1n the
spin-1 state to the number in the spin-0 state
1S

1. 2 2 3

3. 1/2 4. 1/3

Teh A (HTSUTehT) YATAROT H Teh GIAEA
dd 3cdiold 3{dEdT § TOd: dAT drdiad:
IRT 3o, el & aRd g Todar gl
AT dr9 (300 K) H, dg &Rl o9
A ddT 3cd9d TAd: 3cdaid 3 9dd g,

8% fdehedd g
1. 10" 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 1s nearest to

1. 10" Hz 2. 10° Hz
3. 10° Hz 4. 10" Hz
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73.

74.

IRTH & BUfd A A Th q-FHUT & Th
cfgd dur te dield A Jdfcad = &

forT T WIeiad $I FgAdH Fal Sl FAT gled

Mg U?
4. 3
( 2He,1

4.0026 amu, 3.0161 amu AT 1.0073 amu, =T 1

amu =~ 938 MeV. )

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

H a2 iH% acHATT & hA:

3 MeV
031.5 MeV

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

a trititum and a proton?

(The masses of 4He, 3H and 1H are 4.0026

¥, 1 1
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. 931.5 MeV
aeetor fagat earr e afffran(3il) & &

IT-AT/A AT 8/8?
i) wmF+n-A°+K?
i) 7w +p—->A°+ K"
1. () dYUT (i) err
2. hdd (i)
3. ohdol (ii)
4. o dr (i), oF dr (ii)

24

74.

19,

1.

Which of the following reaction(s) is/are
allowed by the conservation laws?

i) mt+n->A"+K?

i) mw +p->A°+K°
1. both (1) and (11)
2. only (1)
3. only (11)
4,

neither (1) nor (11)

Teh UT, SIF died Fdrdl u,d dAT s I Th
IS HGEAT &, & fdeId 3Mmaer, Ishol
dur Taf=3dar #AT: &:

1. 1, -, —1 2.
3. 0, -, —1 4.

0, 0, —1
. _1,+1
2

WS I o I

A particle, which i1s a composite state of
three quarks u,d and s, has electric charge,
spin and strangeness respectively, equal to

Lok, S i 2. 0 0 —1
Y 0% —1 4. —1,—§,+1

B | =

[ FOR ROUGH WORK ]




