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Mass of electron
Planck’s constant
Charge of electron
Boltzmann constant
Velocity of light
Molar gas constant
Rydberg constant
Avogadro number
Newton constant
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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 Sh 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 92.91
Barium Ba 56 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Nobelium No 102 (253)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen (¢} 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br 35 79.909 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 Cf 98 (251) Polonium Po 84 (210)
Carbon C 6 12.011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
Chlorine Cl 17 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 27 58.93 Radon Rn 86 (222)
Copper Cu 29 63.54 Rhenium Re 75 186.23
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 44.96
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 72.59 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 52 127.60
Holmium Ho 67 164.93 Terbium Th 65 158.92
Hydrogen H 1 1.0080 Thallium TI 81 204.37
Indium In 49 114.82 Thorium Th 90 232.04
lodine | 53 126.90 Thulium Tm 69 168.93
Iridium Ir 7 192.2 Tin Sn 50 118.69
Iron Fe 26 55.85 Titanium Ti 22 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La 57 138.91 Uranium U 92 238.03
Lawrencium Lr 103 (257) Vanadium \Y 23 50.94
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium Li 3 6.939 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.97 Yttrium Y 39 88.91
Magnesium Mg 12 24.312 Zinc Zn 30 65.37
Manganese Mn 25 54.94 Zirconium Zr 40 91.22
Mendelevium Md 101 (256)
* BasedonmassofC?at 12.000é . The ratio of these weights of thos,
i sotopic composition was assigned a mass of 16.0000¢é&) i s

isotopes)
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1. 12.0 298 4.  Seeds when soaked in water gain about 20%

3. 80 4. 10.2 by weight and 10% by volume. By what
factor does the density increase?

1. The random errors associated with the 1. 1.20 2. 110
measurement of 0 and Q are 10% and 2%, 3. 111 4. 1.09
respectively. What is the percentage random
error in P/Q? 5. a¥% AP 1 O3 8 Af1T 0@ UAN| O U
1. 120 2. 9.8 AVx1 GRS ¥ @] % pORA d Rk
3. 80 4. 10.2 . . o o .

i o% ¢O0d Af T 1 iARI¥B)¢Od 1

2. n%i Wi AG | @g %)} CHANCE WL O@y UA ~y x) Pl Ur%i d B Af1 %
yagl g¥kReINv%xy Ay RB %I yO0@i v 001  OPRDTUN % by
1. 120 2. 720 0O %PRAX|
3. 360 4, 240

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

1. 120 2. 720
3. 360 4. 240
R . o i ) 1.0 QN o
3. Uy OmTri O N i &1 3%yRAx| 270 N o
. SN 2 2ns ¢
57 ? 3X6|-X9
2 - 7 5. Retarding frictional force, "hon a moving
ball, is proportional to its velocity, c. Two
2 7 identical balls roll down identical slopes (A
1. |7 x 2. |x\2 & B) from different heights. Compare the
14 14 retarding forces and the velocities of the
balls at the bases of the slopes.
3 14 4 14
7 X% 12X 7
2 o

3. Find out the missing pattern.
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1. A0} Noy Oi EG|In3¥N [} N3 O73,yThe bar chart shows number of seats won
610 Agb| % (BBl B[] by four political parties in a state legislative

L - . o assembly.

2. A0y N%uy Oi Ey | ABHG n®N UkbPd @I 50

Uwogi [ ] 35 35
3. AGy N%uy Oi Ey | ABHG n®N Ukpbd Bw

AUTAEL ] 3 20
4. A0y Ny OAEN| n%N } RNy Oy %y H

0 0 Agbp| ¥ IBP| @R[] party
Two cockroaches of the same species have Which of the following pie-charts correctly
the same thickness but different lengths and depicts this information?
widths. Their ability to survive in oxygen
deficient environments will be

compromised if 1. 2.
1. their thickness increases, and the rest of
the size remains the same.
2. their thickness remains unchanged, but
their length increases. 3, 4
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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35 35 1.7 2. 80
£ 20 3. 120 4. 4
b
H 8. Intravenous (IV) fluid has to be
" administered to a child of 12 kg with
party dehydration, at a dose of 20 mg of fluid per

NgAll x|  AxkRASI0) PJ -PRL{ P %L N kg of body weight, in 1 hour. What should
Ay N3y @g %i BPRg 1T Uy xiy RrRE bethedrip rate (in drops/min) of IV fluid?
(1mg = 20 drops)
1.7 2. 80

1. 2. 3. 120 4. 4
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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?
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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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3. 5:15
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2. 5:18
4. 5.6

11. A normal TV screen has a width to height

ratio of 4:3, while a high definition TV

screen has a rati

o 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
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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.
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12. Comparing numerical values, which of the



13. n%bNT ¢y AudikmrRB{P Nig 0@ avri RONj; Nx| Ai Ul ONy x| Ax
N Uy % 11703 Nig % ©% [ E %y buydyse w il

O 1180 Nig# ibgdiE O Rk &) 1. 91 T 4cm 2. 91 1T 10cm

Yy %0 U@y rpsl N RB 3. 801 1T 5cm 4. 21 1 11cem

1. 5.1km 2. 49km

3. 5.6 km 4. 54km 15. Two iron spheres of radii 12 cm and 1 cm are

melted and fused. Two new spheres are made

13. A river is 4.1 km wide. A bridge built without any loss of iron. Their possible radii

across it has 1/7 of its length on one bank could be

and 1/8 of its length on the other bank. 1. 9and 4 cm 2. 9and10cm

What is the total length of the bridge? 3. 8andScm 4. 2and1lcm

1. 5.1km 2. 4.9km

3. 5.6 km 4, 5.4km 16. o %ug RCIig OxTplcL %yl @ b| Re Y %i

. . . 29l %@ U }pOf] ©OOREL ¢ OUy
14. OA OB, 1140C} P UG %y REL xBE wyl @ b| OF0 Wadu0O; 13 RE]
RAP% e% Aucly| Oy AABTUJXXJDQA‘@O(&@L@yNQI i Ky

~

%) ON OJ 08 %y Rsexy % Oy N %1 20 N 2. 12

R B ] 3. 32 4, 2:3
A 16. 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

B to water?
y2 1. 21 2. 1.2
3. 3:2 4, 2:3
?
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1. 60 2. 75 C xpB
3. 55 4., 65 1. 36 2. 63
3. 45 4. 54
14. OA, OB, and OC are radii of the quarter
circle shown in the figure. AB is also equal 17. The sum of digits of a two-digit number is
to the radius. 9. If the fraction formed by taking 9 less
A than the number as numerator and 9 more
than the number as denominator is 3/4, what
is the number?
j B 1. 36 2. 63
T 3. 45 4, 54
?
0 c 18. T if NIXI 1T ) % GA %y 1@ 1000 km
What is angle OCB? BBA% ROIXH NgPOx8AMBU) |
x1 &) Wbt ed o Ox10AM OA PR
1. 60 2. 75 Oy BB YO@4Aw®| 600; O % OA
3. 55 4. 65 0B ON9}ypdg 61 N RBUOyp| Xx3s; WO
15. 12emi T gem%yRse sy Ui 6| % 1 TANEY POXPMOAIU, O ULET, B8
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500N TP AwWE}

250N 3dgTT AwWE )

750N 3gTT AwWE )
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> w0 N

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

i h RCI yONg B Ox6 [k A

AU%@ by OOex xypgd ONE Ag T g

Oyl ) BB gxRCT % by O) e x
0@ nw Ny pPOx UAIi} RSB
1. — p we ONE
2. — p we ONE
3. — p we ONE
4., — p ot ONE

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

1. — p wminutes
2. — p wminutes
3. — p @minutes
4, — p wminutes
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1. 30 2. 40
3. 50 4. 60
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20. 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?
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1. 30 2. 40
3. 50 4. 60
HIT \PART 'B'
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} RO Pl %O Pl %O o %
Ty xvd ) BB
1. - 2. -
3. p Q 4., p Q
21. Consider two radioactive atoms, each of
which has a decay rate of 1 per year. The
b [Probahjfity|that at least one of them decays in
the first two years is
1. - 2. -
3. p Q 4. p Q
22. OUN Qo — %) <@ ¢ 0y wi @i
QMOQ BB
1. UG QUies 2. Wgr Qv
3. =" 4, —QWes
n n
22. The Fourier transform | QdQ®»'Q of the
function Qw — is
1. UcvQUss 2. Mgt Qn
4, —QUes
n
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24,

24,

25.
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1. pm p Q
2. pm p Q
3. Lo p Q
4. o

A ball of mass & is dropped from a tall
building with zero initial velocity. In addition
to gravity, the ball experiences a damping

force of the form zI 0 where 0 is its

instantaneous velocity

Given the values & p 1kg, [ p TKg/s,
and "Q p mTm/s?, the distance travelled (in
metres) in time 0 in seconds, is

1. pm p Q

2. pm p Q

3. vo p Q
4

p q R
z xB 0 o p 1 {pPPOJ %@
T TP

POy BDyAB 13 RB

1. 0 0 p® pcO M

2. 0 0 pgY pTO T

3. 0 0 pTO pTO T

4. 0 0 PO pTO T

- " p O- c - -
The matrix 0 o p T satisfies the
m 1T p
equation

1. 0 0 pm pcoO m
2. 0 0 P pTmiO T
3. 0 0 pT0 pTO T
4. 0 0 P PpTO T

-hmt o
P o
p Q MUY
Q Ny
Q MY
Q Ny

Qo Yy Uy B Ug O wi oI
oy

0w Do

p
p
p

25.

26.

26.

27.

217.

The Laplace transform of
0b -hm o0 7Y is
p oY
1 p Q JN°Y
2. p Q WY
3. pQ WY
4anpd Q:);ﬁiYs a constant.
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zO|l¥%¥wx %l yA@ywdnill AvY i Udu

RB] %l % z @) O piQuxst OPf Oy 6
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1. ot 2. —

3. 0fp — 4.

A relativistic particle moves with a constant
velocity 0 with respect to the laboratory
frame. In time 1, measured in the rest frame
of the particle, the distance that it travels in
the laboratory frame is

1. vt 2.

WoeueOMryw %l WED o cw

OR V¥ U ~Ax% yul( v NG &f

Pl 3yNOd AY i UduUiy ?2%) o3 yA
1. n «qn 2.0 ¢n

3. n qn 4.1 qn

A particle in two dimensions is in a potential
wad @ ¢ Which of the following

R Kapart from the total energy of the particle)
is also a constant of motion?
1. n an

2.1 ¢n
3.0 «qn 4.1

Qi



28.

28.

29.

29.

11

UG upAdaw - Qe P|PwAeUi30. RSE ixiT TP 1 @i DP¥hyo % Ap U
0¥ % %y AV I %y {p% 0l xN %WPHPWORRY } PP Adwda| & Of
1. ey NOOwolT i pP@U zU0ix 1Ti U%%i 1 dx 1AHPI ADIgREINAN k AS
2. bOx% b O KUP y OOUN At jeg TUx|yNpydevs GGEOJED Ait9 Al
x@ oy yoUdw z0i x Ti Ux%
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4. o BOE i

The dynamics of a particle governed by the
Lagrangian

0 -G -@ Qao 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

Yy | ENIWRG oo OB 0 UT xRl Wyeg
Up Py T
PwOwk DI ORI Tshi A d x

1 x€l o¥% WeUmedWw z U1 x
U0 whd BB

1. _d ’ - —l ’ -

2' _d 1] - 1] - Z_—l ) -
3. -4, -, - -, -

4. _d ’ - ’ - _—l

The parabolic coordinates 1ﬁ§ are related
to the Cartesian coordinates ofw by w ,s

and 0 -, — . The Lagrangian of a

two-dimensional simple harmonic oscillator
of mass & and angular frequency] is

. -4, - 1 , -

2. -4 , — , - Z- —
3. -4, - , - 9, -

4, -« , - , = 4

sl Ty -, - bp|

0y owyby 6@i7)
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1. 1BAT Ty O " NOx@ RE

2.1 Bi T3 ¥ NOxgdg” O NRguw
ywl @ Aj N|
yeOU0; B O00@0F I xi

3. Ubx REC R¥4

Al Yy x
4. Uax B RBD ¥yd Uy Oy, eMxf
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0 U ¥

i U, %ap conducting circular disc of radius i and

resistivity " rotates with an angular velocity
1 in a magnetic field 6 perpendicular to it. A
voltmeter is connected as shown in the figure
below.

JIIR¢

\_{

<« -=---- > DV

N —

Assuming its internal resistance to be

infinite, the reading on the voltmeter

1. dependson] Fh and”

2. dependson] R andi, butnoton”

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

4. is zero because a current flows in the
direction of 6

R

NR ¢
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1. O — KR 2. 0 —H

3. O — K 4, 0 —70

The charge per unit length of a circular wire
of radius @in the @ eplane, with its centre at
the origin, is _ _ AT[®where _ is a
constant and the angle —is measured from
the positive araxis. The electric field at the
centre of the circle is

1. O — H 2. 0O —H

3. O — H 4, 0 —7Q
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4. ¥ UU myeUe Udx BB
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A screen has two slits, each of width 0, with
their centres at a distance qU apart. It is
illuminated by a monochromatic plane wave
travelling along the waxis.

Ul %@ Oy O,

*

N

The intensity of the interference pattern,
measured on a distant screen, at an angle

> w e

Oad OATQa] OHICOOEDQa 1 ok
ARy u 3,90 NyA@ B1] xR TP iT Nt
woly BB
1. BN z6T UPfxy 83 %@i| 8% @B
Sl 1@y vy
2. 1 z-61 Wyfx)8) v@ | =% UY o 19
Sl 1@y vy
3. 1 z61 Wxy) 81 vdidgllia #0
Sl 1@y vy

¢ 20 to the waxis is
zerofor¢ pltio8

maximum for ¢  pltio8
maximum for¢ -h-h-8
zerofore Tonly
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Ya)

The electric field of an electromagnetic wave is

0 af
where ]

OAT Qa1 OHICOOEDA ] 06K
and ‘Qare positive constants. This

represents

1.

2.

3.

a linearly polarised wave travelling in the
positive z-direction

a circularly polarised wave travelling in the
negative a-direction

an elliptically polarised wave travelling in
the negative g-direction

an unpolarised wave travelling in the
positive z-direction
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o}

3. — 4.

Consider the two lowest normalized energy
eigenfunctions | @ and [ @ of a one
dimensional system. They satisfy [ @

[“wandl @ | —,where| isareal
constant. The expectation value of the
momentum operator in the state[ is

2. 0 37'
2

3. — 4,

w ¥y OPh OUN OB b w¥%) @y — OQ

G wg Gin the state $ O AP 1°A g0
is

1. sS 2. w8 o7

3. = =Z 4, o= =Z

}

n¥% bw) ¥ BHBEA® ARy PwlU| A
Pw¥%, @ oMM pPol BUOUIT yy
awxf zO0| U0 % ‘PHRGIxh EB] x 6

® omm Afpax a| s % T NolxhE

RE i Pob Wi D% %LIGAERE
1. Q9 non 00

2. 0®6 nAon on

3. "Quo

4. "QHo

Consider the operator ‘o fp &, where 1p
is the momentum operator, ® 6 B D

is the vector potential and r; denotes the
electric charge. If ® 6 M I  denotes
the magnetic field, the a-component of the

6 UA 006 UF NAPAEORE vector operator o “p is
1. OHi 2. AT® 1. 0@ nAo6n 060
3. ATc® 4. 0 I L n s o
2. Qe non on
Consider the operator ¢ G — acting on 3. 1mo
smooth functions of c The commutator 4. Lmo
QA T 6is S o o
1. OHRd 2. ATaed 38. Oy HUWOD | =% wWeUe 0O U0dx OC
3. AlwWw 4. 0 RET6kAGTY IRAET %W Agb 0@ 60
. P xd AB Yy U ~AxXO R,B i ¥ WRAH O
O} N = nl 1T 9 —= o Qfe % ,VBAZH J\ AB R J
. M Y S xi ¢ RAT @) wkUGR)
PgU zUIlI x |4+ UBs B 3 T OIEBBXWN buﬁ{q {,Z%;ii
~ .. " N . L —_—
Bu} N (% {x1 OOy ABgqydxsg x
0) ooy OBk T ERD) x) Axy BE]°XMeT
TiU% %y zb) OaORAFEINL 0% 3. ¢l 1L
PRGOU yAAMEO AP 1°A g0 4. Q1 1-
Off & 6%y Te Uy Oy NRBG x
38. Consider a gas of 0 classical particles in a
1. ss 2. 8 o two-dimensional square box of side 0. If the
total energy of the gas is ‘O the entropy
3. o — N 4. = _ =Z (apart from an additive constant) is
1. 0Qi T—
Let w o ‘Qnand @ =W “Qn be 2 0l T—
the lowering and raising operators of a simple o
harmonic oscillator in units where the mass, 3. ¢c0Ql I—
angular frequency and 2 have been set to unity. 4 bl

If s0is the ground state of the oscillator and _
is a complex constant, the expectation value of
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o %biwi P Owxy dRctAG] O 8 U0A) gl pmTm 2.0 pmtm
o . N 3. pmTm 4, v pTT M
X0 | POxm O@o % 1% A& g,
yAUWI O POxoi 130 Qo OdA 41. Asilica particle of radius T8 pm is put in a
AGEI Bi N| vy@opjitgx %Ay i g rpcontainer of water at Y o m 7K. The
AR i Yy A 2 Bl B densities of silica and water are 2000 kg/m®
T Riag 7y A'g' - 51 ok 8 %} O and 1000 kg/m®, respectively. Due to
OdA 3% ©OIPPOx ?RK thermal fluctuations, the particle is not
1 - ) - always at the bottom of the container. The
o B average height of the particle above the base
- - of the container is approximately
8 - - 4 = 1. pmTm 2.0 pmm m
3. pmm 4, v pmm
Consider a continuous time random walk. If
a step has taken place at time 0 T the 42. * NG ®O@OT1 Of-Pbp@g 3UN
probablllty that ‘the’ne‘x_t st_ep takes Tplgce‘ 00 B pichthp %i  y OU  Of2
between 0 and 0 '‘QO0is given by w ®p
where wis a constant. What is the average 1
time between successive steps? ' C—e—b
- - Lh ax1
1. — 2. - I, MUx | F
- R L{la S1 So
3. - - 4, — A s
2.
RE e B 2 } PlPwAy) £ UI o ¥
wWouUm il ws 3% Pwolwi @1 OUN RHB
1. cOET ET
2.cAT OEr
3. - Al OEf 1 OEWE 1 SR S
4. - AT GET 1 OENE 1 haxt |
OEr FE 1 % X .
|
The partition function of a two-level system F °S: S,
governed by the Hamiltonian : IL E"
. I 1T
(@] is
) r 4,
GOETTEr 1
CAT QEf 1
- AT gET 7 OETMEN
- AT gET 7 OETMEN
42.  Which of the following circuits implements
the ~ Boolean  function ~"OdhHMS
uMRSEE kyU| ©% ebeU%y %i  3BiPCE?
W e% zByWonk OEO[ E} Uy 4
. < ~ oo N b Cc So—— 1o
Ayl RB] ebPeU%N&EI@DGGIRAU ¥ A |
2000 kg/m® i 1 11000 kg/m¥] | ) OY & (BA N || wox —F
7| Budl ROl Uy zHy N ¥ iu o@ K L, s,
@RI 1] zby N ¥ iU % ~0@ %l %L A B

~wAj| RE

Uy iy
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43.
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B spectrometer
incident
partially white light
reflecting mirror
4
<~——— airgap
"T ””” glass plates
d 44,
1
0.8
2 06
c
% 0.4
0.2
0
490 500 510 520 530
A
xR ONI| Gp e AU ~Om EUE W
yeRr 0 p| 1173 ENAU|-~EQGWE PI R
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T@mQ{ Py
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1. 12pum 2.
3. 60pum 4,

24 um
120 pm

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

B spectrometer

incident
partially white light

reflecting mirror

.
~——— air gap
,,T,,,,, glass plates
d
1
0.8
>
= 08
s
= 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 ‘Qis closest to

1. 12 pum 2. 24 um

3. 60 um 4, 120 pym

ov%xwd ®@pUal 0 0AgE- »p,

WU, wg OBCK RNAR ;"™ } B 1}y

i TyoyAeRy A¥i T 10 p|RHOT w8 Ry ]
n %bigKi Txgl UOilgd&¥ eU=a ? NG KN
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aV/l

The "@Gw characteristics of a device is
'O OA@B- p, where Y is the

temperature and ¢ and "O are constants
independent of "Yand . Which one of the
following plots is correct for a fixed applied
voltage w?
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=
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= [N

N
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46.
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aV/l

Ga,n;,N €OUB)i¢ o 3% Nd ULED (T %) U

} AR % D BOMIniOx Oy BGaNI 1

INN¥% O1 E y wi @08 eva 4 Upd eV

R1X6 1 GaldnyN %) O E vy wpivdpl jul

UAOA @rRIQOe™d0T I x 1, |aufAik kK BB
tnmm ¥ NgU| T%) UAx3l 34 & B Ux|
zORAYx® %y Oy N(ER Bp ¢ mav-nm

O1)NJ
1. ™ou 2. T UL
3. ™ T 4. T® O

The active medium in a blue LED (light
emitting diode) is a Gayn; N alloy. The
band gaps of GaN and InN are o® eV and
p® eV respectively. If the band gap of
Gayln;; N varies approximately linearly with
() the value of wrequired for the emission of
blue light of wavelength T 1T mim is (take
@ p ¢ TEX-nM)

1. T 2. T UL
3. T T 4, ™ O
HIT \PART 'C’
POJ %D p — %) o¥% RAI @

} OA; Odd RUBBK6IRO® ¢ |

i Tiw ¢ T USARF w 1§
Ai BiyNdi 17 F RRAOA
1. - 2. -

3. - 4. _
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A stable asymptotic solution of the equation

w p — is @ ¢ If we take
®w ¢ | andw ¢ T , wheref
andf are both small, the ratio | X s
approximately

1. - 2. -

3. - 4, -

49.

z B AFN % yl@c ¢l 808z x8 O
i T)QUgz <8 , h h = %POG NBgy
ONJ fzl <6 At N % vy g o3% POB ORN|

¥le UoAi {NA@z xB81 %i Uy ¢ OU
Rz URYxexNT O¢ ¢z xBG1%Yy buwé x}
K

1. 20 2. 8

3. 12 4. 16

The ¢ ¢ identity matrix "Oand the Pauli
matrices , h, h  do not form a group
under matrix multiplication. The minimum
number of ¢ ¢ matrices, which includes
these four matrices, and form a group (under

matrix multiplication) is 50.
1. 20 2. 8

3. 12 4. 16

OEIv mynmyxPBin & ¢ 6By
@ p e ORplin mhooeHol x| Ay N|
exB N %y y Oy wi 00 ®WsQE)icp |
%ypReN%OEI O N RE

1. 0.804 2. 0.776

3. 0788 4. 0798 50.
Given the wvalues OBEIv T 1Y P

Oiin ™ ¢ OBV ™ p wand
Okplm  T& @ @the approximate value of

O Blg, computed by
difference method, is
1. 0.804 2. 0.776
3. 0.788 4. 0.798

51.
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— O0— ¥%u¥% RO R mOD
T Qwe 0% Thi OuB % ¢ Uso
adm Q R i bOW ¥ e Uo
Qao { bRl x) A iy

BB

D OxiBdy %0 Qd T

Newt olpn s -

1. —Q
v

2. = Q
v

3. = Q
v

4. Q

Let "Qafd be a solution of the heat equation
— 'O— in one dimension. The initial

condition at & T is "Qafimt  Q _ for
H @ H Thenforall 6 1 "Qudp is
given by

Y% QUdeful integral: . QdQ “T ]
1. —=Q
I
2. - Q
Iz
3. - Q
I
4, Q
I ipU RON Al 3% 0% Qi xTe ® 1 E &
¥ LORANO[ owT); dwd O z9; 0
RAT I, O A igvay Afl xjudaxl @ Ry ]
ywr i O AP 1T x1  3'TOdAU Il 1 ws
OBIRE
1. — - 2. — ¢
3. m — - 4, - — ¢
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 — between the final
velocities (in the lab frame) is

for war d2

3. — - 4. - — -
¥ sO¥ 6 Udi0 —hAR JQymi 1)
n ¢ ¢ Rl OfU pE@ val Oz UA)G

R8¢ ¥Y¥%yny Ui pPud ¥ay ¥4 z UK

%) OYRE T ) REEwY RE i "YIY
BB

1. ¢ 2. ¢
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Consider circular orbits in a central force
potential @ i —, where Q T and

T & ¢. If the time period of a circular
orbit of radius Y is "Y and that of radius ¢'Y
is”Y, then “YT'Yis

54.

2. 10°%s
4. 10s

1. 10°%s
3. 10%s

%a1¥ ¥ emmim O@BRAIT I ©3% ¥ NxO
z0| Uf %k Aioxep O U O ORBYE x|

1. ¢ 2. ¢ U Rya@ ¥y Of a¥%bOIN 4l & A 1 ¥
3. ¢ C Py 1 zUOQ#¥yes %l AV I UdU RBEB]
) e @ Yy i dii pxf O iy O @ O
Txi AUfwp o Py @oxATSI) i T ycYifn O@ORNY!L & ¥ la y K@)
%Nl UypU| =% @1 Exi PO N*'GT’Qrfé‘s 0@ 6UA; @f ]
yONl z@3 0 1T ws Of R O) SwQy PII 4 2
Y %D} ERM X %D} RBEG Pofy H I
- ~ n NPTV .3 - 4. 8
‘Ai Ny e 0% ¥ AQITxO0A UNRIg wy OB B
Ri]1 A NeDY by 3% WNyE O RB s A il with ch ) i
. i o L : particle with charge 13 moves with a
o %6 Un %ol ERN AB{A}X Njid plith uniform angular velocity] in a circular orbit
PR{Y: OJ}P%yTial Q@@ } 18 of radius @ in the & eplane, around a fixed
1. 2 charge R, which is at the centre of the orbit
n at mimim. Let the intensity of radiation at
3, 4. - the point TiThY be Oand at Yt be
g "Q The ratio "OFQ for 'Yl @& is
Consider a radioactive nucleus that is 14 2. -
travelling at a speed o with respect to the 3 - 48
lab frame. It emits [ -rays of frequency ' in ' '
its rest frame. There is a stationary detector
(which is not on the path of the nucleus) in Sax T R (6 Sl EIE w
the lab. If aT -ray photon is emitted when the = R_S __C (’Zf AR '?‘JU/f ,UI ij’l? EU[fl WUy 2y
nucleus is closest to the detector, its observed A TggQply Uk AT "ARYQY & B(Ba %
frequency at the detector is POy wi P BB ONypxyp Ayl R
1. 4o 2. =’ UAOA vy Amxi D@ %0, @y -bgof 9|
3 , s - zU| e Ul n%x] RARpBOx aR%f
o - D) 2ORK OE Y %s blig dlc O
o o . E Bt OA Adpax TE B3
Oy NJ  Ogext Arjg 7 pmlly 1. — 2
TY i @i DPuwigmn qm Op w3 } Oy i) K
OJog zOLJORHT T B1] ~O TRx0>IT, 4 =
zO| U 3% ieUROPHR@ % } Oxi A p|
L e . _ ~ 55.. talle] plate capacitor is formed by two
3 3
TJE} |o’; ' _N B Ay wl Q __’%DTQAZ AUF ¢ dircufar conducting plates of radius @
Plat x1  Bi N| % % e®Ox z{UH¥  separated by a distance Q where QL @ It is
PN%ZET® BB being slowly charged by a current that is
1. 10°%s 2 10%s nearly constant. At an instant when the
3. 10%s 4. 10s current is "QOthe magnetic induction between

Suppose that free charges are present in a

the plates at a distance ¢ from the centre
of the plate, is

material of dielectric constant T  p Tand 1. — 2. —
resistivity ” p 1m g-m. Using Ohmdés | aw
and the equation of continuity for charge, the 3. — 4, —

time required for the charge density inside
the material to decay by pFQ is closest to
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R3¢ &1 invab Oy Nd QUi xf - 57. A particle is scattered by a central potential
, L e wi i Q, where w and ‘ are
3 )
Q: Dq E' »l ~|:A‘4?’ ("J{/iu Z~UU ?Oug positive constants. If the momentum transfer
O I 1T go B] KAS Of IUpx|y NPy U o% # is such that i g@sl *, the scattering
@%by PEZD @ A (R ] cross-section in the Born approximation, as
N © Hp depends onras
[Youmayuse, ®Q Qw —_  Q Qd
1.1 2. 1
3.1 4. N

58. 0% U0 Of poMOMHew 061w O

v s ORY i yul & RRK ® O Og— Ofy by &ykE
1. — 2. —

2.0 ®& [ @

Two uniformly charged insulating solid 3. —0
spheres A and B, both of radius @) carry total
charges 0 and z0, respectively. The
spheres are placed touching each other as
shown in the figure. 58. A particle in one dimension is in a potential

W 01w w.ltswavefunction] o is

continuous everywhere. The discontinuity in

4. 0

— atw Qis
1. O—O[w
If the potential at the centre of the sphere A 207 @ [ @
is w and that at the centre of B is @, then 9
the difference o @ is 3. —0
1. — 2. —— 4. 0
3. — 4, —— L R R
59. s gOx Nv ¥ =% OFEl z O| v a %y %y %l
AT 1 %b@Y. BOIENJO edp | a G ARy w
a ¥ Yl Yay ToH 174 N g x BUOU b wOp W% 0% mE | Hih 111
ol ol Q W0, apyaily BN Ay @ 1 B8% z 8 RaPl PwAy e UI
yABR\BE T 7iRBIPW ) wiREBB) W A bPw¥% 0% { b C%hindaxye Oy x
n osesl © BB RO PdgOI0f ORx b%i 19 BE
PReN%EN Of THUIOKPODBE A 4 — &b |80
P RE Rk s
o 2. ¢
[0Q Qo —. Q QT x i YA %R
1 5 2. A 3. 50e
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The dynamics of a free relativistic particle of x6inwubg Od 7 N%EIHON; 00®@bd
mass & is governed by the Ae T L Lo . s a i "
Dirac Hamiltonian O «p8p | @ &) where ',M |~ Ug}J ) B4 NI A/M" TJHF‘ xm/'4| ) Ap(_)
wpis the momentum operator and I'dN %l Ol % Oy IT) Qe WYy 194
i | h h andt are four 1 1 Dirac 0@ U Ob zN|Ti¥#yx%® x; RB

matrices. The acceleration operator can  be 1. — 2

expressed as

1 — dp |50 3. — 4. —

2. Q4

61. Consider a random walk on an infinite two-
3. —0p dimensional triangular lattice, a part of which
° is shown in the figure below.

e /\W
e %B 00 Of ] U %%l %i 1 dx \/\/\/\/
0y owh,3@i jpau z 00 x OR(BOU /\A/\A
} pp O N@aMxf a| Do 06Q!

NOU ¥ RHIYREDONy A .
Y ,DAU By x4 f,&A_[_B pN“H 81‘3 . yAD If the probabilities of moving to any of the
By 13 H pRBxd PF@OUI¥HU 0° Hb nearest neighbour sites are equal, what is the

Of %l y ONg -y btig) Ofi i1y probability that the walker returns to the
00 O] OB yOREREK[F Oy 0 | :::Ltslgg position at the end of exactly three
Gi KTy (P4 y RO Of g L — ,

1. Q° 2. Q

3. 0 4, —— 3. — 4, —

A particle of charge ] in one dimension is in 62. n %baE) Yy yNXRE 2Dy @ y ORI,
a simple harmonic potential with angular

frequency 7 . It is subjected to a time- W ? UD} y ?te"?'mﬂ y'U F'B'B}] ) I+ N3
dependent electric field 00 0 Q1 y U Tud  OPA x  y-ufl igIf Gexnl

where 0 and t are positive constants and i100 -1 p) OB 6U0c8h €pbl g

1 1t p. If in the distant past 0° Hb the Arid RE

particle was in its ground state, the 1. 071 - s 00

probability that it will be in the first excited . )

stateas 00  Hbis proportional to 3. ¢Qt1 -1Q 4. Q

1. Q° 2. Q

3 0 4 62. An atom has a non-degenerate ground-state

and a doubly-degenerate excited state. The
energy difference between the two states is -.

o Yy Niy %60000 ROA AjU% RAP % o% The specific heat at very low temperatures
ywU P REN O 1 U;00x) dR&hxnprg (L p)isgivenby .
tol 00 eUA) @f ] LT - 2. QO

/\/W 3. ¢Cr -Q 4. Q

\/\/\/v 63. O+ ON G BRh i oW AP Oy Ny
Ay bpul, RARE OB Wl | AR xwyOwt

/\W O UL REBARy Nf 1140 0%

yvA@ BRI TYi {%|{a@&s Of
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Y%y PWéRKLE TP I { %y |
{p% y Rl O R

1. "7 2.

3. "7 4. "

The electrons in graphene can be thought of
as a two-dimensional gas with a linear
energy-momentum relation 'O #p U,
where p 1) ) and U is a constant. If
" is the number of electrons per unit area,
the energy per unit area is proportional to

1. » 7 2. "
3. " 7 4.
P NGOK@O]? P | Ul i §VERE
® p@,Y ckd Tjy prkqRy]
Ve
Vi
RL

Y ¥z @30 @mWURCH UI @I
e Uty %z UAYx O N RE

1. 12k q 2.
3. 8kq

In the circuit below, the input voltage @ is
2V, o p@/,Y ¢k qgand
Y pTkq.

Ve

The value of 'Y required to deliver p TmW
of power across 'Y is
1. 12k q
3. 8k q

2. 4k q
4. 14k q

A
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a| ®OUT it Agxyx b w36l ¥b %AV
<€l yNEOAF % 'a \Qh g EYPOD
}pb At 2% NN Q@ rdgED (LPF) Of
OLAL KRyi| By

V= 5cos (1004)

Multiplier

Vo =20 coleO£+ﬁ/3)
x 06 LPF%yy 09 (U O owQ; OMiryk
ii PNAXGo UREB E
1. 5V 2.
3. 100V 4,

25V
0V

65. Two sinusoidal signals are sent to an analog
multiplier of scale factor 1L 6  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"™Q v
Hz, the output voltage @ s

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

66. n %bNON Yy TV @D 110 % <UN % ¢O O
O} ON[z u®@ | Ui RGN

"\°C) 2 4 6 8
YL 90 105 | 110 115

z WP eys @& ¥ exBl i QUAXDE %

} Oxi A PIYORy &3%yTUI I 9 REB
1. @meC 2. 4meC
3. 2meC 4. 8meC

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

shown below.
“Y°C) 2 4 6 8
YL 90 105 110 |115

The slope of "Yvs “Ygraph, using a linear
least-squares fit to the data, will be

1. om°C 2. 4mPC
3. 2m°C 4. 8m°C
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1. AT ©® T(J'J(‘J%UNQI' O’

2. 0¥ yNai O Rs

3. ObHIOyWs REB

4. OEbd — 0o ¥y N O Rz

Consider a one-dimensional chain of atoms
with lattice constant cd The energy of an
electron with wave-vector Qis| Q

r Al 'Qu where * and| are constants. If
an electric field ‘O is applied in the positive 68.
wdirection, the time dependent velocity of

an electron is
(In the following O is the constant)

1. proportional to AT & — @0

2. proportional to O
3. independent of O
4

proportional to O E & — 00
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A thin rectangular conducting plate of length &
and width & is placed in the @ eplane in two
different orientations, as shown in the figures
below. In both cases a magnetic field 6 is
applied in the &-direction and a current flows in
the wdirection due to the applied voltage w.
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If the Hall voltage across the cxdirection in the two
cases satisfy @ qw), the ratio cgomust be

1. po 2. pdyig
3. ¢op 4. Vdp
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70.  In the 0-"Ycoupling scheme, the terms arising
from two non-equivalent r)-electrons are

1. °’s'P,°P,'D,’D
2. 's’s'p,'D
3. 's’s °p,°D
4. 's*s'p,°p,'D,’D
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SO 1. 2 2. 3
3. mh= h'heE 3. 112 4. 13
4 —heh *he 71. The total spin of a hydrogen atom is due to
the contribution of the spins of the electron
69. Consider a hexagonal lattice with basis and the proton. In the high temperature
vectors as shown in the figure below. 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
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If the lattice spacing is & p, the reciprocal

lattice vectors are {P¥% ¥ NRdEI O
1. 108 Hz 2. 10%Hz
3. 10°Hz 4. 10" Hz

72.  Atwo level system in a thermal (black body)
n environment can decay from the excited state
- by both spontaneous and thermally
" stimulated emission. At room temperature
(300 K), the frequency below which
4 —h=h "= thermal  emission  dominates  over
spontaneous emission is nearest to
o ) 1. 10" Hz 2. 10°Hz
70. Oy x@ON  yxiANy  Of Ti o ylgx 3. 10° Hz 4. 10™Hz
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73. z @) Gy RHET P Of -%@®bi| ooy, 4. Which of the following reaction(s) is/are

6ReUXO (1, ©WO0IBAN %o alj/awec(ji)by tr‘l‘e conze(rjvafgon Iaows.
Ua a¥% +iEM YyexBi O ~Ajp x i NE x i) “ RO Q 0
Ay ®Rn 1. both (i) and (ii)

1 cp D C 2. only (i)
((ACTT £(7s 905 N 619 OOU 3 only (ii)
4.0026 amu, 3.0161 amu i T 1.0073amu, i T g 4. neither (i) nor (ii)

amu w0 MeV.)

1. 32.2 MeV 2. 3 MeVv . . . e A
3. 19.3 MeV 4. 931.5MeV 75. e w¥%l, Ai 1 dRJ&QUY | %yo %
o pufl y UH Rpp aMxi z 00, TAOI
73.  What shoul_d be thg minimum energy ofa} i1, eUkAQGY

photon for it to split an| -particle at rest into . .
a tritium and a proton? 1 ph-h p mrh p
(The masses of 2( Ag( and g( are 4.0026 3. mh-h p 4. ph -hp
amu, 3'_0161 amu and 1.0073 amu, 75. A particle, which is a composite state of
respectively, and 1amu w0 MeV.) three quarks 0fQ and i, has electric charge,
1. 32.2 MeV 2 3MeV spin and strangeness respectively, equal to

1. ph-h 2. mhmh
3. 19.3 MeV 4, 9315 MeV ph=h # me

3. mh-h p 4, ph -h p
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