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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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Permeability of
vacuum
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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 12.000¢é . The ratio of these weights of thos.
isotopic composition was assigned amassof16. 0000¢é) iis 1.000050. (Values in pare

isotopes)
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c r Fr , Fr 165
F 0 r c r c
r ro F
r ? Fr
3.
1. 37 2. 75
3. 15 4. 165
Five congruent rectangles are drawn inside
a big rectangle of perimeter 165 as shown. 4,
What is the perimeter of one of the five
rectangles?
1. 37 2. 75 4
3. 15 4, 165
c o o} c o
c 5 6 o
c c
1. 6 o rc 3.
2. 5 r6 occr
3. 5 o rc
4, 11 2 occr
At one instant, the hour hand and the minute
hand of a clock are one over the other in
between the markings for 5 and 6 on the dial.
At this instant, the tip of the minute hand 5.

1. is closer to the marking for 6

2. is equidistant from the markings for 5
and 6

3. iscloser to marking for 5

4. is equidistant from the markings for
11 and 12

A B r 0 A 2
B rr A c Bo
ro r For r
(o] o Bc A -
ro Fr cr r
F 0
A r or
c c r
1. 5 o r 2. 4 o
3. 3 o r 4, 2 o

There are two buckets A and B. Initially A
has 2 litres of water and B is empty. At
every hour 1 litre of water is transferred
from A to B followed by returning - litre
back to A from B half an hour later. The
earliest A will get empty is in:

1. 5h 2. 4h

3. 3h 4. 2

r 60 km/h o
F cC cC o]
r
1. 60 km/h
2. 120 km/h
3. 60 km/h
4. 120 km/h

A car is moving at 60 km/h. The instantan-
eous velocity of the upper most points of its
wheels is

1. 60 km/h forward

2. 120 km/h forward

3. 60 km/h backward

4. 120 km/h backward

r r 1.5m/cc r
r r o 0.80 gl/cc
F 1 r r c r
Fr T r r rr
F r
1. 350cc 2. 465cc
3. 550cc 4. 665cc

Density of a rice grain is 1.5 g/cc and bulk
density of rice heap is 0.80 g/cc. If a1 litre
container is completely filled with rice,
what will be the approximate volume of
pore space in the container?

1. 350cc 2. 465cc

3. 550cc 4. 665cc



6.

F D+1+M=1501
C+1+V+1+L=157
L+1+V+I1+D=557
C+l+V+I1+C=207

V+I+M=7?

c r r o r Fr

1009
1006
509

el

If D+1+M=1501
C+1+V+I1+L=157
L+1+V+I1+D=557
C+l+V+1+C=207

WhatisV+I1+M=?

1. Cannot be found

2. 1009
3. 1006
4, 509
r , C ,
c rF r
ro, r
r

1 p-1 2. p-2
3. 3p 4. 4-p

Four circles of unit radius each are drawn
such that each one touches two others and
their centres lie on the vertices of a square.
The area of the region enclosed between the
circles is

1. p-1 2. p-2
3. 3-p 4. 4-p
c coFr
H C r
F r
E. r
F. ro r r
G. r F
H. cr
1. H,F,GH 2. EGFH
3. HFGE 4, H,EFG

In each of the following groups of words is
a hidden number, based on which you
should arrange them in descending order.
Pick the correct answer:

10.

10.

Papers | Xeroxed

Wi-Fi veteran

Yourself ourselves
Breaks even

H,F G H 2. E
H F G, E 4, H,

—wErTEOMM

cr F r - c

r Fr cr 0]
Rs. 11
Re. 1
Rs. 20

rod R

A shopkeeper purchases a product for
Rs.100 and sells it making a profit of 10%.
Th& rcustomer resells it to the same
shopkeeper incurring a loss of 10%. In these
dealings the shopkeeper makes

1. rlo profit, no loss

25 Rs. 11
3. Re.l
4, Rs.20
F 10 km/h c r , 6 kmh
c , r7.5 km/h
c r AE c
rB r 3 o ,
r (o 1 o, Ar B
1. 15km.
2. 23.5km.
3. 16 km.
4
Fr

A person walks downhill at 10 km/h, uphill

at 6 km/h and on the plane at 7.5 km/h. If

the person takes 3 hours to go from a place

A to another place B, and 1 hour on the way

back, the distance between A and B is

1. 15km.

2. 23.5km.

3. 16 km.

4. Given data is insufficient to calculate
the distance.



11.

11.

12.

12.

The number of squares in the above figure
is

1. 30 2. 29
3. 25 4, 20
r r rr
c r rc¢c K r
r c [ rh—80o
F \Y c Ft eIr
r -cr
r ?r
1.V 2.V/
o—’t 0—’t
3.v 4.V
0] S 0 t

A vessel is partially filled with water. More
water is added to it at a rate directly propor-

tional to time [&H—© o . Which of the

following graphs depicts correctly the varia-
tion of total volume V of water with time t?

1Lv 2.V

13.

3.v 4.V

1 2.
X X
st t

nest t nést t

13. A bird leaves its nest and flies away. Its

14.

14.

distance x from the nest is plotted as a
function of time t. Which of the following
plots cannot be right?

1 2,
X X

nest t nest t
3; 4,
) x|ﬂ
nest t nest t
r, r ,0 r r
r F
r F r 8co r
r Cc , r, (0]
c r r C r C
F rcr ¢ ?
1. 8 2.
3. 3¢ 4. 8 3

Secondary colours are made by a mixture of
three primary colours, Red, Green and Blue,
in different proportions; each of the primary
colours comes in 8 possible levels. Grey
corresponds to equal proportions of Red,



15.

15.

16.

Green and Blue. How many shades of grey
exist in this scheme?

1. & 2. 8
3. 3 4. 8 3
A: C F
B:
c c
1. A r B r oc
2 A r B c c
F A B -C -
r
3 A r B c c ,
F A B -C-
4, A r B o] c
o} c

Statement A. The following statement is

true

Statement B. The preceding statement is

false

Choose the correct

following:

1. Statements A and B are always true

2. Statements A and B can be true if there
is at least one statement between A and B

3. Statements A and B can be true if there
are at least two statements between
Aand B

4, Statements A and B can never be true,
independently.

inference from the

r - r
cr C C rFo
r c - Fr
c ¢C Fr rr ,c
r r r
1 r r 0 r
2 r r o]
r c c r F c
(o r r
3 r o]
(o r r
4 r c r

16.

17.

17.

F
18.

A living cell has a protoplasm which is
water based and demarcated by a lipid
bilayer membrane. If a cell is pierced up to

- th of its diameter with a very sharp needle,

after taking the needle out

1. no effect will be observed.

2. protoplasm will leak out from the hole
made by the needle for a few minutes
until the cell heals the wound.

3. protoplasm will keep on leaking out till
the cell is dead.

4. the cell will burst like a balloon.

o Ac r r

r rAc D Fr ?

1. 3m 2. 4m
3. 7m 4, 5m

A turtle starts swimming from a point A
located on the circumference of a circular
pond. After swimming for 4 meters in a
straight line it hits point B on the circum-
ference of the pond. From there it changes
direction and swims for 3 meters in a straight
line and arrives at point D diametrically
opposite to point A. How far is point D from
A?

1. 3m 2. 4m
3. 7m 4, 5m
rc c r
0 ro
r c
Fr r o r
1. r
r 0 r c r
2 ocC I, C
0 c r
3. ¢ r
r
ror



18.

19.

19.

20.

20.

A film projector and microscope give equal
magnification. But a film projector is not
used to see living cells because

1. aliving cell cannot be placed in a film

HIT \PART 'B'

projector_ 21. "Qw r F r

2. the viewerds eye is cl@opne t®®aqe F
microscope whereas it is far away from "0 | 16 1T @ 11 o
the projectords screen. T 6 f(

3. amicroscope produces a virtual image ’ .
whereas a projector produces a real Qe Fr
image. ?

4. amicroscope has greater resolving 1. | Qoo
power than a projector. 2.1 1 Qre

3.1 O 9
lc c r F C 4. Q 1 Qv e
r r F29cr . r c r
c c c o ¢1.  The Foyrier transform of "Qc is
- c . ¢ o ¢ c QQ | Q@ Qw.If )
Qw | Tw 7 o 1 wh
r ¢c F ? € where 1 ¢ is the Dirac delta-function
é- ig Z' ii (and prime denotes derivative), what is

A cubical cardboard box made of 1 cm thick
card board has outer side of 29 cm. A tight-
fitting cubical box of the same thickness is
placed inside it, then another one inside it
and so on. How many cubical boxes will be

there in the entire set? 22.
1. 29 2. 28
3. 15 4. 14
c , W o p ®
rw TC Fr Fr D(x y
c r r ) 22.
1 c ) o
2 c 0O o 0
3. 0 o] c o]
4 c : )
23.
The triangle formed by the lines @ 6w
p wand w TTiNn atwo dimensional plane
is (x and y axes have the same scale)
1. isosceles and right-angled
2. isosceles but not right-angled
3. right-angled but not isosceles
4. neither isosceles nor right-angled
23.

QQ?

1. | Qoo
2.1 1 Qra
3. o QQ
4. Q 1 Q0Q
F W — , ®
I T— 2. 1 1T—
T [y — 4. 11—
If w ——, thenwis
1. 11— 2. 11—
3. 1 T— 4, 11—
ooy  hd ro¢h &
F, F& r
E Fea, o ¢h & r
o r 0
F :
1. cad,Tad 2. TaO,Wd
3. 140,140 4, Pad, Ya @

Two masses, @& each, are placed at the
points iy oo and  ¢h &. Two
masses, ¢& each, are placed at the points
¢h & and  ¢hod. The principal moments
of inertia of the system are



24,

24,

25.

25.
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1. chdw,1a® 2. TA®,YPa® 1 5
3. TAQ, T4 4, A, o o T
3. — 4, —
c a r S
1 r c T o r 26. . r _ F
¢ pRivE VE q wi 0 ro
o F r
2 r c T o r F | ¢ Y Frc
¢ pltloE Vg rQE r
P 1. 1.8y 2.1 9°Y
< 0 3.1 8°Y7 4.1 0y 7
3 ¢ TipthoE ¢
2 ) 26. A particle moves in three-dimensional space in
~ s a central potential @i @ , where Qis a
4 , lwE ,
¢ TPkt ¢ constant. The angular frequency] fora
q 0 circular orbit depends on its radius ‘Y as
1. 1 8°%Y 2.1 8Y
The function of a complex variable 3.1 Y7 4. 1 8 ¥
a has
1. asimple pole at 0 and poles of 217. F a r
orderc A O Vg Ei¢0 pltivE b cr y
2. asimple pole at 0 and poles of F ; v
order (A O V€ and @ for
& ph;hl)’é r ) F c ,
3. polesof order2at I , O T8 YOYTY v
¢ TiplgloE r
4, poles gfvorvdeerat £, 1. pgu pr 2. 08t pT
¢ TipivE 3. x® pm 4. p81 p T

27. Consider a particle of mass & moving

, with a speed 0. If “Y denotes the

r o r relativistic Kinetic energy and “Y its non-
- relativistic approximation, then the value

Q . v .
( ' ) w ( ' of 'Y Y FYforv T8t pwis
r ) rEr 1. bdvpm 2. U8t pT
K c 3.X® pm 4. p8t p M
r r cc Fr rr
— 28. c o} ro
1 — 2. — -
v -an  can Q-1 ¢1 ¢nn
3. — 4, — c r a Q ro c
cr r rF Fro
In the scattering of some elementary 1 — 2. —po o
particles, the scattering cross-section ,, is 3 - - . - -

found to depend on the total energy Oand

the fundamental constants Q ( Pl anck0's
constant) and o (the speed of light in 28. The Lagrangian of a system is given by
vacuum).  Using dimensional analysis, b —an can Q-f i AR

the dependence of , on these quantities is . . .
given by where & and ‘Qare positive constants. The
frequencies of its normal modes are



29.

29.

30.

30.

1. —, — 2. —poWxo
3 —, - 4, —, —
r o ,0 T @ T F
roo, c — cp
r
OKbhm o -
OE toh o -
OKbhn o -
2 @ . .
ph o -
OKbhm o -
3. @ . .
ph o -

4. w p Al o m

The solution of the differential equation
— ¢Wp @, with initial condition
@ Tato Tis

OKbhm o -
OE toh o -
OKbhm o -
2. ® . ‘
ph o -
OKbhnm o -
3 w . .
ph o -
4. ® p Alc@ o m
r F T r F r
F T g c r F
or c r r
o] r
o F Fr Fr F c rc r
F 60
1. c , 0
2. c c ro
3. F
4, r r
c r

A beam of unpolarized light in a medium
with dielectric constantT is reflected from a
plane interface formed with another medium
of dielectric constant | g . The two
media have identical magnetic permeability.

31.

31.

32.

32.

33.

If the angle of incidence is 60, then the

reflected light

1. isplane polarized perpendicular to the
plane of incidence

2. is plane polarized parallel to the plane
of incidence

3. iscircularly polarized

4. has the same polarization as the

incident light

F a Ww
wAl OE |, Ho rw . (
, o)
wl r r r
c
1. o 2 — 2. o 2 —
3. w0 =+ — 4. » =+ —

The ground state energy of a particle of
mass & in the potential ©w w

® AT OFE where 0 and @ are constants
(and w | > s approximately

1. o = — 2.

) F , orFc =
co F
1. 6 wH 2. 0 wH
3. 0 oHWH 4. 6 o H®H
r F

Given @ uniform magnetic field | 6 Q
(where 6 is a constant), a possible choice for
the magnetic vector potential =is

1. 6wH 2. 0 wH
3. 0 wmHWOH 4, 60 oHWOH
c €o r cr r
F 90 r r <@ r
r- p rg
F 90 AT-@0 OEKRO r 90
AT%up0 OBIRO c 0600 Xt
reosa moo — r %o c rrF

c ? Fr
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34.

34.

35.

35.

12

% —
% —
% —

%o -

Awonoe
|
|

A Hermitian operator U has two
normalised eigenstates Oand < Owith
eigenvalues p and ¢, respectively. The

two states DO A T- @O O E&Oand 36.
DO AT%pO O BégOare such that
@ U 0O xTtr and S & T Which of
the following are possible values of —
and %@
1. — -—and% -
2. — —and% -
3. — —and% -
4, — - and %o -
rr rF r, r
@ r Fr
0 r , c r
i :
1. 2. —— —
36.
3 — — 4, —
A hollow metallic sphere of radius &
which is kept at a potential w, has a
charge U at its centre. The potential at a
point outside the sphere, at a distance i
from the centre, is
1. @ 2. —— —
3. — — 4., —
r r )
O ©O " | , C r, r,, O r,
r F Or f c
r
1. OoWp | 87.
2. ovp |
3. O )
4, O p -

The Hamiltonian for a spin-¥2 particle at rest is
given by 'O ©O , | , , where, and,

are Pauli spin matrices and ‘O and | are
constants. The eigenvalues of this Hamiltonian
are

1. OWp |
2. oWp |
3. 'O (doubly degenerate)
4. O p -
nm o F
0 r 0, c Q rr
F Y ( c Fr
Fr), C F

Consider a charge O at the origin of 3-
dimensional coordinate system. The flux
of the electric field through the curved
surface of a cone that has a height "Qand a
circular base of radius Y (as shown in the
figure) is

1. — 2. —
3. — 4, —
r I r Fo
r r r o
r
-Gl of X1 Mot
c c ?
1. 0, o &r o}
2. , 00 Frbo o}
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D 2,
4. 0 0 , o] o]
. y oV,
37. LetT denote the eigenstates of a hydrogen

atom in the usual notation. The state

p o o =

5 d af nxr Nor 3.
is an eigenstate of W

1. 0 , but not of the Hamiltonian or O
2. the Hamiltonian, but not of 0 or 0 y —o Vo
3. the Hamiltonian, 0 and 0
4. 0 and 0 , but not of the Hamiltonian =
4,
38. F row r rco w I Td&c —WW—
, c Fo ca
, Y p—=0 Vo
re r
c ,
L 39 FF Fr
—A— ' 9 ,
o] , C r'e m
Yy — oV, r r r
1 1 -0 2. 0
2 3 -9 4. 0
—_—
y 39. For a system of independent non-interacting
p—cVo . . .
one-dimensional oscillators, the value of the
free energy per oscillator, in the limit "Y° Tt is
3 1. -2 2. 9
——MW—— 3. -9 4. 0
y o oV,
° 40. 1 mv ro5 mv r
1 rror F r 60
4 rio r Fro 0O ¢C A r
MV B o o} A Bc
r F F r oF
yo—i —o V,
° Ua g F coF
c r F Upg , T
_ -C CC ?
38. If the parameters w and w are related by 1. Uag<Uj rUpg > Ug
w | | d, then the circuit that can pe 2. Upg<Ua Ung < Ug
used to produce an output voltage w
varying linearly with @is 3. Ung>Ua rUag < Us
1. 4. Upg>Up rUag > Ug

_“__
40. Two data sets A and B consist of 60 and
y »—o Vo 10 readings of a voltage measured using
voltmeters of resolution of 1 mV and 0.5
mV respectively. The uncertainty in the




41.

41.

42.

42.

43.

mean voltage obtained from the data sets
A and B are Ua and Ug, respectively. If
the uncertainty of the mean of the
combined data sets is Uag, then which of
the following statements is correct?

UAB < UA and UAB > UB

Uag < Ua and Uas < Ug

Uag > Ua and Uas < U

UAB > UA and UAB > UB

bR

el

1. Qv 1— 2.
3. Qv i 4.

QM
’:"Q "Yi

=

14

r

The partition function of a system of 0 Ising

spins is @ _ , Where _ and _

are

functions of temperature, but are independent

of 0. If _ , the free energy per spin in
the limit 0 © I-b
1. QM i— QM I
3. 0 T__ 4. QM L
r
42 KIK r r 271C r
18 Cc 17Cr
F r
1. 220kJ 2. 0.80kJ
3. 030Kj 4. 0.14kJ

The heat capacity of (the interior of) a
refrigerator is 4.2 kJ/K. The minimum work
that must be done to lower the internal
temperature from 18 C to 17 C when the
outside temperature is 27°C is

1. 2.20 kJ 2. 0.80kJ
3. 0.30 kJ 4., 0.14kJ
F F 4 F
0 AF rB r 0 r
r 0010 D, SO, r SOg

1011

C

r
43.

rr

44,

44,

(o]

Shift Register A Shift Register B

n S0, Slg SOg

CLK CLK

CLOCK
SHIFT

To T T

CLOCK _
SHIFT \—

1. 1110and 1001 2.
3. 1101 and 1100 4.

1101 and 1001
1110 and 1100

In the schematic figure given below, the
initial values of 4 bit shift registers A and B
are 1011 and 0010 respectively. The values
at SO, and SOg after the pulse T,

are respectively

Shift Register A Shift Register B

S0, Slg
CLK

In S0g
CLK

CLOCK
SHIFT

To T T

CLOCK
SHIFT _, \—

1. 1110and1001 2.
3. 1101and 1100 4.

1101 and 1001
1110 and 1100

0 FF Fr -1/2
O 6By, ro p
c Mo reE o F
o) r 'Y Q 7 C
L r
1. -0 2. =it
3. Qit 4. —Q 1t
The Hamiltonian of a system of 0 non-

interacting  spin-1/2  particles is O
“ 6B Y, where Y p are the

components of "Q spin along an external

magnetic field 6. At a temperature "Ysuch

that 'Q 7 ¢, the specific heat per
particle is

1. —1Q 2. =l t

3. QI ¢ 4. —Q1I ¢
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45, If the reverse bias voltage of a silicon varactor
is increased by a factor of 2, the corresponding
transition capacitance
1. increases by a factor of /¢
2. increases by a factor of 2
3. decreases by a factor of VIC
4. decreases by a factor of 2

49 \PART 'C'

46. c — Wp w, rS® p C
Fo F o]
1. w p ro p, c rF
F oF
2. w p ro p, F r
F oF 48.
3. p Fr F o r
W p Fr F 0
4. » p Fr F o r
W p Fr F )

46. For a dynamical system governed by the

equation — ¢Wp @ ,withsig ph

1. pand w p are both unstable
fixed points

2. w pandw pare both stable
fixed points

3. w p is an unstable fixed point and
@ pisastable fixed point

4. w  pisastable fixed point and
@ pisan unstable fixed point

47, 0 c
Q0 .qQo o
o Yo F0 @ T
rc r r r co

‘00 B -0 o

ccC

Cw—

C—

Cw—

C—

The Hermite polynomial O ® satisfies
the differential equation

The corresponding generating function

Roletn)
equation
1. —

F O

Co— ¢80 w

B —A"O w O satisfies the
Cw— CO— T
Cw— ¢CO— Tt
Cw— C— Tt
C— ¢— T
"0 -a1n AT0O
0 —h -al N
ronmo 0 co
Tt Tt
0o o}

-Cr

ot

Oft)




48.

[#5]

o)

ort)

7

A canonical transformation Ay © OR
is performed on the Hamiltonian

‘©O —n -a1 1R viathe generating
function 'O -a1 R ATOOIFO T 1t
which of the following graphs shows
schematically the dependence of U O on &?

1.

oft)

o)

—

(3]

o)

O(1)
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49.

49.

50.

1 r c
r
I cr ¢ r TAYL
cr
Source
4¢/5 '
a
|
i
|
'o Receiver
r o F r a ¢
r c , I F+ Fr
r co
— c r r
1. AT O- 2. AT O-
3. AT 0= 4. AT O -
A distant source, emitting radiation of

frequency 1 , moves with a velocity 1Y
in a certain direction with respect to a
receiver (as shown in the figure).

Source
4c/5
0

I. Receiver
The upper cut-off frequency of the receiver
is g 7¢. Let —be the angle as shown.
For the receiver to detect the
radiation, —should at least be

1. AT O- 2. Al O-

, ro Qr F ro
QQ Q) Qw Ic r
1. — —Q ¥ ® Q% 3
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51.

ol.

52.

52.
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—Q & § Q& ¢

—'Q § & Q& ¢
A function "Q satisfies the differential
equation — 17 "Q | @ @&, where
is positive. The Fourier transform "QQ

. Qd® "Qw of "Qand the solution of
the equation are, respectively,

1. ——and — Q ¥ = Q=% =&

53.

2. ——and —Q ® ®
3. —and—'Q ¥ ¥ Q=% ¥
4, ——and — Q@ = ¥ Q% ¥
F Q ¢ Frr, cc - F

r F e—Qw r 53
1. 0.565 2. 0.620
3. 0.698 4. 0.736
The value of the integral , ——Q @
evaluatedus i ng Si +mgesnvahn 6 s
Q ¢, is
1. 0.565 2. 0.620
3. 0.698 4. 0.736

c rr r F
- o c Fr I rrAo o4
L —l r r r 7
(o] ro F W<<,2 W
F o F o c

Frc 20 r F—L p )

1 (o] F

2 o] r Fo

3 F o F o] r 54.

4, ¢ r r r

The frequency dependent dielectric constant
of a material is given by
0
bR T Ty
where A is a positive constant, ] the
resonant frequency and [ the damping
coefficient. For an electromagnetic wave

55.

of angular frequency w < <,, which of the
following is true? (Assume that — L p.)

1. There is negligible absorption of the
wave

2. The wave propagation is highly
dispersive

3. There is strong absorption of the
electromagnetic wave

4. The group velocity and the phase
velocity will have opposite sign

r F ro c Fr Fr
0 w0 O

F ro co N ( F

rmicchb )

iOEF i-AT-6

iAT-6 1 —OE+

GAl— 1-OK

0K AT

PowbdpE

The Lagrangian of a particle moving in a

plane is given in Cartesian coordinates as
0 W ® o

In polar coordinates the expression for the

canonical momentum r} (conjugate to the

radial coordinate i) is

1. iOEF i-AT-9

2. 1AT-6 i—OEL

3. ¢iAT¢es I-OKH

4. 10K i-AT¢o

o Fc r Tit

r cr X- &err

c o Fc o] r(1, 1)

1. OAL pfo 2
3. OAL o 4

o0
rr

Tt
P
A small magnetic needle is kept at TivT
with its moment along the x-axis. Another

small magnetic needle is at the point (1, 1)
and is free to rotate in the w eplane. In

equilibrium the angle — between their
magnetic moments is such that
1. OA+ pfo 2. OAL m
3. OA+ o 4. OA+ p
BT ' 1 cr
: ror 0
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C
@‘ID _"Q]_ﬁp pm ’ (o]
b it o F @
1. —— t¢0pé—
5 e
W 57.
3. —1 Qédpwm—
4. ——ip—
A dipole of moment i  oscillating at
frequency 1 , radiates spherical waves. The
vector potential at large distance is
P —'Q— i
To order pAi the magnetic field ®Pat a
pointie 1€ is 58.
1. —— ¢p&—
2. —— & Ip—
3. —1 Qtopip—
4, — —mp—
O dph pOF O 0 r
0 r
)
r o r 30 30
F r c
O T ro p
o n A
W — rw -
4 @ O
The product of the uncertainties
30 30 for a particle in the state
PO cph pO(where 2 Odenotes an
eigenstate of O and 0 ) will be a
minimum for
1. ® MQw
2. O mand® p
3. 6 Landd -
4. O ®
For ( r
r
FA F r

ro F r r r

r , (A F ror

r r F r
1. p 2. -
cH— 4, —

A positron is suddenly absorbed by the
nucleus of a tritium ( atom to turn the
latter into a (A ion. If the electron in the
tritium atom was initially in the ground
state, the probability that the resulting ( A
ion will be in its ground state is

1. p 2. -
3. — 4, —
Yr'Y (F Y ro
) r rF o F Q c
) Q@Y r
r -C
r ? r

h



58.

59.

59.

19

Which of the following graphs shows
the qualitative dependence of the free
energy "QGY of a ferromagnet in an
external magnetic field 'Q and at a fixed
temperature 'Y Y where “Y is the critical
temperature?

1. f
60.
h
f
2. -
60.
£
\/’\/ h
4. .
f
61.
h
0
C o —® o ho LB
Tt ho 9%
F c Do s 61
rc ro r
Q ro )
T 2 o
5 -2 4, S
62.

The ground state energy of a particle in the
potential ® @  "Guyg estimated using the
trial wavefunction

e O oh o g
uy h o B
(where "Qand ware constants) is
oo 2 -7
3 -] PR B
FF Fr - rr
c F roovyY r
co c orF F
Fr r r
or ir F F
r F7T¢ o
r
1 G —M 2. 7 1 oK
3 g 1t 4 —

An ensemble of non-interacting spin-—

particles is in contact with a heat bath at
temperature “Y and is subjected to an
external magnetic field. Each particle can be
inoneof the two quantum states of
energies T 8If the mean energy per
particle is zi ¢, then the free energy
per particle is

T L 2. 71 lofc
3. g it 4, § —
r r ®w » TATCQ®
, Fmo r r
T r
1. T 2. fTc
3. T7¢ 4. A

A hydrogen atom is subjected to the
perturbationco  » TAT Q@& |,
where ¢ is the Bohr radius. The change in
the ground state energy to first order inT is

1. Th 2. T7¢
3. 17¢ 4, It
r Fr (o
r r Fc r r
cr c r
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r c 63. The state diagram corresponding to the
following cjrcuit is
r c r c - v -
c r F r
1. 12/27 2. 27/64
X D
3. 38 4. 9/16 V:D A
62. Consider a random walker on a square Clock [
lattice. At each step the walker moves to Flip Flop
a nearest neighbour site with equal 1.
probability for each of the four sites. The 00, 01. 10

walker starts at the origin and takes 3
steps. The probability that during this walk

no site is visited more than once is 'o o
1. 12/27 2. 27/64 \/

3. 3/8 4, 9/16 01, 10, 11

63. c co : r 2.

1,1

—lp 0

Clock E 01,11
Flip Flop 3.
1.
00, 01,10
01, 10, 11 4.
2.
o, 1 00, 01,10
[ORE
3. 00, 01,10
64. r F &£-MOSFET
r F rr 0 60 pANVA
o} r 6w 10 V, r r
r c r rr r — 5
4 r rw 0.5v
r F , F &-MOSFET c
00, 01, 10 r : r

00, 01,10
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15V
%80k9
VDS
1.2VO—<
1. 2. o
3. co r 4, o] 66.

64. Consider an €-MOSFET with the following
parameters: current drive strength 0 60
HA/V?, breakdown voltage 6 10 V,
ratio of effective gate width to the channel

length — 5 and threshold voltage
®  0.5V. Inthe circuit given below, this 66.
€-MOSFET is operating in the
15V
%80]{9
VDS

1.2VO—<

= 67.
1. ohmic region 2. cut-off region
3. saturationregion 4. breakdown region
65. 5¢
c 1V Frr r r
FrF co
F cr r (3E8)H r
r r C O: r

10 bit
> counter| *
1K %ﬂJK
1. 2.5 ms 2. 4ms
3. 10 ms 4, 5ms

65. A sinusoidal signal of peak to peak amplitude
1V and unknown time period is input to the
following circuit for 5 seconds duration. If the

counter measures a value (3E8)y in
hexadecimal then the time period of the input
signal is

v 0.1uF 0B
\E—f{>_”_ > counter| °
| 1K %NK

1. 25ms 2. 4ms

3. 10ms 4, 5ms

Mg, BAlL Yl r BAr r

or LY c Fr

1. YA 0;hoy roy

22 Yh 0 hD; rey

3. °Yh 0; h; ry

4. Yh 0 h 0 roy

i

The LS configurations of the ground state

of Mg, ¥AI, YCl and ™Ar are,
respectively,
1. Yh 0; hoy AT Ay
2. Yh 0; ho; AT AY
3. Yh 0, ho; AT Ay
4. "Yh 0; h0; AT AY
r
cco o0 ¢
- JATO0 T O&RIO I 0fdd
c Fr r rréd r
r| AR r r
ro -h-h-
Fr r r
r r F
_r T T
, &
1. — xlt - Ty
6,1'[ T —O
- m T
, & &
2. — Mt - Tji
Gn T —O
- T TU
&y cy
3.2 At - T
g T o
- Tt Tt
N N
4. 2 ﬁT[ — T ~
T 11 -



67. The dispersion relation of electrons in a

68.

68.

69.

- JATOO 1 ATOD

3-dimensional lattice in the tight binding
approximation is given by,

rAT®O
where is the lattice constant and | i i are
constants with dimension of energy. The
effective mass tensor at the corner of the first

Brillouin zone -h-h is

- T M
5 Y ey
L2 am - TR
. TU T -
0)
- T T
2 2 ivn - nm
e &
»  TU Tt -
o 0
- M T
5 ey
3. = (’YT[_ T[Fy
ST TU —
o o)
- T T
N -
4, = AU - T4
LU T -
] 0
r r F F
r +—4a o, fQo Fco
Y p& F T F
cr U1 r r r
r
1. T8tT o 2. 18I¢coOo
3. Top UL 4. 0

The electric quadrupole moment of an odd
ad O where Qs the

proton nucleus is

total angular momentum. Given that

Y  p& fm, what is the value, in barn,
of the quadrupole moment of the ! 1
nucleus in the shell model?

1. T3tT O 2. 1T81CO
3. T@opu 4, 0
r aF -
r C f
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69.

70.

70.

71.

F c r
co o] cr? ¢
1. [ ® o0Agm— Al 6
2. T ® O0Agm— Al 66—

3. I ® o0Agm— @Al OF
4, [ o O6Agm— 0O

For an electron moving through a one-
dimensional periodic lattice of
periodicity a, which of the following
corresponds to an energy eigenfunction

consi stenttheavem? h Bl
1. T o O0Agm— Al 6
2. T ® O6Agm— Al 66—
3. T o o6Agm— Al OF
4 o O0AgEH— "O—
c F c r
r 0.86 nm X- F 0
F c , c
, 30 r
r r Fro 0.01 nm
ri o] F
1. 1.1310%nm 2. 1.3310%nm
3. 25310%nm 4. 2.0310°%nmm

The first order diffraction peak of a
crystalline solid occurs at a scattering
angle of 30 when the diffraction  pattern
is recorded using an x-ray beam of
wavelength 0.15 nm. If the error in
measurements of the wavelength and the
angle are 0.01 nm and 1 respectively,
then the error in calculating the inter-
planar spacing will approximately be

1. 113 10%nm 2. 133 10"nm
3. 253 10°nm 4. 2.0%10°nm

ci i ci i r r
T pT o r
) cr ,or
c )
1 o pmAi 2. " pTAI
3. U pmAi 4, ¢ pmAI

ochos



71.

72.

72.

73.

73.

74.

A thin metal film of dimension
¢l I ¢l | contains T p Tt electrons.

The magnitude of the Fermi wavevector of the

system, in the free electron approximation, is

1. ¢ pmAl 2. " pmAi
3. ¥ pmAi 4. ¢ pmAI
K F 4.34 eV
Cl r o r 3.82eV KClI
cr Fr r F0.3 nm KCI
K €l r o] F
Fr
1. 8.62 eV 2. 8.1l6eV
3. 4.28 eV 4. 4.14eV

The first ionization potential of K is 4.34
eV, the electron affinity of Cl is 3.82 eV
and the equilibrium separation of KCl is
0.3 nm. The energy required to dissociate
a KCl molecule into a K and a Cl atom is

1. 8.62eV 2. 8.16¢eV
3. 4.28eV 4. 4.14eV
Fco OFrmpcguy r ,
o] r c 0 r( o
C r r m
W T&MeV (V) ¢ @ MeV F
r ) c
1. 8 A 2. )
3. 4 A 4, 3A
Of the nuclei of mass number 6 p C,u

the binding energy calculated from the
liguid drop model (given that the
coefficients for the Coulomb and the
asymmetry energy are & T&MeV and
W ¢ ® MeV respectively) is a

maximum for
1. 8 A 2. )
3. 4 A 4, 3A
c c Fr 0

r
() eonf o T

(i) Ar &o "
i) n g0« o« o«
(v A 'ree o

-ccr c?

74.

75.

75.

1 Mc <co F
r r
2 Y Fr co Fr co
r, o rco co r
o} r
3 i) FF Fr or
o, O
FF Fr o rr
4 (5Y) cFor Fr <co
r o co cFo
r o} r

Consider the following processes involving
free particles

) eonar e °r

(i) Ar &0
@iii) n €o* “ :
(v n o 0

Which of the following statements is true?

1. Process (i) obeys all conservation laws

2. Process (ii) conserves baryon number,
but violates energy-momentum
conservation

3. Process (iii) is not allowed by strong
interactions, but is allowed by weak
interactions

4.  Process (iv) conserves baryon
number, but violates lepton number
conservation

or r
r o] r Fro 10 pm
m¥ pTm F ro
o8t p mmiW-s® r r 9.0J/mi-Hz
c
1. ¢ pmnO 2. 19 pnO
3. ¢ pmnO 4. pg pmO
For a two level system, the population of

atoms in the upper and lower levels are
o p1m and T p 1T, respectively. If
the coefficient of stimulated emission is
o8t p mm*/W-s* and the energy density
is 9.0 J/m3-Hz, the rate of stimulated

emission will be

1. ¢ pm O 2.
3.¢ pnO 4,

® pmO
py pmO
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[ FOR ROUGH WORK ]




