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3R HAH faaars/ USEFUL FUNDAMENTAL CONSTANTS

SolFeled &l gedAld
T faadis
Zolarglel ol HTAL
diecH AT [Idis
JhT2l AT 34T

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
amu

9.11 x 10~ 3kg
6.63 X 1073* ] s
1.6 %1077 C
1.38 x 10723 J/K
3.0 X 108 m/s
8.314 ] K"'mole™
1.097 x 10" m™*
6.023 x 10%3 mole™
6.67 x 10~11 N m?*kg~2
8.854 X 10~ Fm™

4 x 10”7 Hm™?

161072
1.67 X 10727 kg
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LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Elcment 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 9594
Ameticium 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 i3 74.92 Nickel Ni 28 58.71
Astatine Al 85 (210) Nlobium Nb 41 92.9]
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 O 8 15.9994
Bouron 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 3 6 12,011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 13291 Promethium Pm 61 (147)
Chlorine Cl 17 35453 Protactinium Pa 91 (231)
Chromium Cr . 24 52.00 Radium Ra 88 (226)
Cobalt Co 27 58.93 Radon Rn 36 (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 Q 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 8§7.62
Germanium Ge 32 72.59 Sulfur S 16 32.064
Gold Au 75 196.97 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 To 65 158.92
Hydrogen H I 1.0080 Thallium Ti 81 204.37
indium in 49 114.82 Thorium Th 90 232.04
lodine I 53 126.90 Thulium Tm 69 168.93
Iridium Ir 77 192.2 Tin Sn 50 118.69
lron Fe 26 55.85 Titanium Ti 22 47.90
Krypten Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La 57 138.91 Uranium u 92 238.03
Lawrencium Lr 103 (257) Vanadium V 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 24312 Zinc Zn 30 65.37
Manganese Mn 25 54.94 Zirconium Zr 40 91.22
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...) is 1.000050. (Values in parentheses represent the most stable known
1Isotopes)
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A bread contains 40% (by volume) edible
matter and the remaining space is filled with
air. If the density of edible matter is 2 g/ee,
what will be the bulk density of the bread (in

g/cc)?

1. 0.4 2. 0.8
3.0 12 4. 1.6
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A board has 8 rows and 8 columns. A move is
defined as two steps along a column followed
by one step along a row or vice-versa. What is
the minimum number of moves needed to go
from one corner to the diagonally opposite
corner?
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A job interview is taking place with 21 male
and 17 female* candidates. Candidates are
called randomly. What is the minimum number
of candidates to be called to ensure that at least
two males or two females have been
interviewed?
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154, 286, 363, 474, 572. 682

1. 474 2. 572
3. 682 4. 154

Which is the odd one out based on a divisibility
test?
154, 286, 363, 474, 572, 682

1. 474 2 P31
3. 682 4. 154
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An ant starts at the origin and moves along the
y-axis and covers a distance [. This is its first
stage in its journey. Every subsequent stage
requires the ant to tum right and move a
distance which is half of its previous stage.
What would be its coordinates at the end of its
5™ stage?
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In a group of siblings there are seven sisters,

and each sister has one brother. How many
siblings are there in total?

1. 15

2. 14
3. 8 4. 7
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7. What is the average value of y for the range of

X

shown in the following plot?
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The graph shows cumulative frequency %

of research scholars and the number of

papers published by them. Which of the

following statements is true?

1. Majority of the scholars published
more than 4 papers.

2. 60 % of the scholars published at least
2 papers.

3. 80% of the scholars published at least 6
papers.

4, 30% of scholars have not published any

paper.
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A tells only lies on Monday, Tuesday and
Wednesday and speaks only the truth for the
rest of the week. B tells only lies on Thursday,
Friday and Saturday and speaks only the truth
for the rest of the week. If today both of them
state that they have lied yesterday, what day is

it today?

|. Monday 2. Thursday

3. Sunday 4. Tuesday

T #01=T YTET died R el 3147 aur gv )
o H@AT| A grEr g e R A o 3
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. 1/6 2. 17216

3. 1/1296 3. 11



10. A fair die was thrown three times and the
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11.
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12.

13.

outcome was repeatedly six. If the die 1s
thrown again what is the probability of getting
six?
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AABC H, AB = AC aur 2BAC = 90°; EF

IAB a2 DF|IAC.
BIATTRd 81T FT HeA &TThe &

B

AF?
BC?

1. AF2 24
3. BC2 4.

In AABC, AB = AC and 2BAC =90°; EF ||AB
and DF|IAC.
The total area of the shaded region is

AF~
BC?

. AF/2 2
3. BC/2 4,
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Consider a circle of radius r. Fit the largest
possible square inside it and the largest
possible circle inside the square. What is the
radius of the innermost circle?

. r/V2 5.

*
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r /N2
4. r/2
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In how many ways can you place N coins on a
board with N rows and N columns such that
every row and every column contains exactly
one coin?
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A 100 m long train crosses a bridge 200 m long
and 20 m wide bridge in 20 seconds. What is
the speed of the train in km/hr?

1. 45 A

3. 54 4. 57.6
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My birthday is in January. What would be a
sufficient number of questions with ‘Yes/No’

answers that will enable one to find my birth
date?
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A square is drawn with one of its sides as the
hypotenuse of a right angled triangle as shown
in the figure. What is the area of the shaded
circle?
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What should be added to the product of the two
numbers 983713 and 983719 to make it a

perfect square?
1. 9 2 13
3. 19 4. 27

oo e AT F: A, AB, _, ABBABAAB
1. AABB

2, ABAB

3. ABBA

4. BAAB

Find the missing word: A, AB, |,
ABBABAAB

1. AABB

2. ABAB

3. ABBA
4. BAAB

19. Which of the following is the odd one out?

[sosceles triangle
Square

Regular hexagon
Rectangle

o ARSI

20. 2 tH¥Y 9gd BT C, TF Fea A & R

W fas &1 =1 gfed e @ faeg & o
FT 3 faeg W dled 81 B, A & e Tar
g AU C, AF agl| HF-J1 FUT TeY &2

1. C & 39T B, n 7om 30 Raar g
2, B @ 3m¥ew C, naomw s fBwar
3. BT CHAE & ¥ fawd g

4. C# fOrwar B & 30ew 2 a[om g

. Two identical wheels B and C move on the

periphery of circle A. Both start at the same
point on A and return to it, B moving inside A
and C outside it. Which is the correct
statement?

A C

B wears out t times C

C wears out t times B

B and C wear out about equally
C wears out two times B

i eh) N et
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The function y(x) satisfies the differential

COS X

==, If y(1) = 1, the

: dy "
equation x—= + 2y

value of y(2) is
. 2o
3.0 1/2 4. 1/4

AEEH W x (—o < x < ) FHHAT dC

P(x)=72%7e'£’$ FaR dfea §
Irefessd W y = x? &1 WiAdar €2 &

1, Jz:ﬁr;e"”’”], 0<y<om
2. ;‘(#Fye"”ﬁi. 0<y<w
3 :ﬂ,; -y/20* 0<y<o

4 ﬁ—;ﬁe“ﬂ“ 0<y<oo

The random variable x (—o0 < x < ) is
distributed according to the normal distribution

2

P(x) = Jz:mz e 207 | The probability density

of the random variable y = x? is

l. . e~Y/207
J2roly

y Sy <60

2. —— ¢7V/2%%, 0 <y<

3 1

4. - e_y/f‘r:, 0<y<om

100 gm AT & TS g, foF 5 #. F98
H TIST AT 8, & e ¥ qold: Weareya:
3Gl gl 3 dUT TAT & a9 TFET H
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A ball weighing 100 gm, released from a
height of 5 m, bounces perfectly elastically off
a plate. The collision time between the ball
and the plate is 0.5 s. The average force on the
plate is approximately

I. 3N 2o wltN
3. 9N 4. 4N

WS L Ul HATES FIT &R A FT TH 3
FEATUT B3, I & 0hE (Young’s modulus)
Y aref 9g1Y | 4T gl 8% W KR M ¢
I & FRUEY, d§ qEgaEyr T fa 7 F
g AT AL B faFgd g 7l dquRa AR
OIS HTH M/2 BT g1 SHF SRUT B
HACES A HHT FEM W FofT Imgha
& |y

1. 2YA/ML 2. JYA/ML
3. 2YA/MAL 4. JYA/MAL

A solid vertical rod, of length L and cross-
sectional area A, is made of a material of
Young’s modulus Y. The rod is loaded with 3
mass M, and, as a result, extends by a small
amount AL in the equilibrium condition. The
mass is then suddenly reduced to M/2. As a
result the rod will undergo longitudinal
oscillation with an angular frequency

1. J2YA/ML
2. JYA/ML
3. J2YA/MAL
4.

JYA/MAL

e 7 ¥ F-91 UF 3 x 3 aRfas Aegg
& AT A FEr 8 Fhar?
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i,1,0
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25. Which of the following cannot be the

26.
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eigenvalues of a real 3 X 3 matrix

1. 2i,0,—2i

A 5 ) |

3. 29,6721

4. (,1,0

AR & 879 W z=x+iy & T
f(z) =u(x,y) +iv(xy) H dT¥dAE HET
u(x,y) = e*cos(by) &, 8T a b FEdAH
WX g dUT a# 0. B f(2) GfFay aa &
gay giFay-faaf@@ (complex analytic) &
gfe va 77 afg

.. b=40

2. b=+a

3. b=3*2na

4. b=a+*2n

Let u(x,y) = e?* cos(by) be the real part of a
function f(z) = u(x,y) +iv(x,y) of the
complex variable z = x + iy, where a,b are
real constants and a # 0. The function f(2) is
complex analytic everywhere in the complex
plane if and only if

1. b=

2. b=+%a

3. b=12na

4, b=at2n

far oY 2 7 Hga Figk [ W FARA

zelft2/2

dz ¢

z%-1
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NS

120
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28.

28.

inz/2

The integral ﬁ_ z;_l dz along the closed
contour ' shown in the figure is

B
s
N

1.0 2.
3. —2m 4.
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21
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H=ax2p+——p—

S+ 250 T2

w?x?

BT @, f Ul @ FTAT 8| HIAT SATaT £

. %(i — ax?)?(1 + 2fx) —%wzxz

1 . 1 .
-x% ——w?x? — ax’x

2. 2(14+28x) 2

3. -3—(::':2 — a?x)?(1 + 2Bx) — -E-wzxz

L A - (PR i, 2.
X —=-wW°Xx+ax‘x
2(1+2f8x) 2

The Hamiltonian for a system described by the
generalized coordinate x and generalised
momentum p 1s

p? 1

=l
2+ 280 227

2

H = ax*p +
where a, f and w are constants. The
corresponding Lagrangian is

L. %(a‘c — ax?)2(1 + 2px) — s w?x?

1 <2 1 2
. X = (5]
: 2(14+2f8x) 2

2 _ ax‘x

X
3. 2 (%2 — a?x)%(1 + 2Bx) — > wx?

1 SV R o e 2.
— X“ —=wx“+ax“x
2(1428x) 2
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ATdY IRl et TeATHt & A" B gl AT &

1000 m
2700 m

1. 300m 2t
3. 2000m 4.

An inertial observer sees two events E; and E,
happening at the same location but 6 us apart
in time. Another observer moving with a
constant velocity v (with respect to the first
one) sees the same events to be 9 us apart. The

spatial distance between the events, as
measured by the second observer, is
approximately

1. 300m 2. 1000 m

3. 2000m 4, 2700m
Widegd  faegaierar e =& + i, el

ﬂ-fmﬁmﬂﬂa:mm#ﬁa‘wm
m(ﬁwmmmrﬁauﬁ)
mﬂaﬁm%luﬁammj:%,wﬁ
fecga &1 E aur 9o &9 B & A

H He9rd (3EA A) &
. 1207 2. 37
3. 30V2m 4. 30nm

An electromagnetic wave (of wavelength 44 In
free space) travels through an absorbing
medium with dielectric permittivity given by

& = &g + ig; where — = /3. If the skin depth

ER
IS %E‘ the ratio of the amplitude of electric field
E to that of the magnetic field B,
medium (in ohms) is
1. 120 @ s
3. 30V2m 4,

in the

377
30w

fas qer A Y 3T Vo & T AR b El GET
fasrg Qu B #fr F=5 2V, § W 3THr TiEE b
gl FaAT V,/100 % UH &T & T ATAT B &
IS I T WRAKATIT (FH: T, AT Tp)
HT U T, /Ty T TSH 30T Flowiohes &

31.

32.

32.

2.

. exp[(V1.99 — V0.99),/8m V,b?/h?]
2. exp|(vV1.98 - V/0.98),/8 m Vb2 /hZ
3. exp[(v2.99 — V0.99)y8m V,b?/h?
i exp|(VZ98 — VOIB)YBm V5T

Consider a potential barrier A of height V; and
width b, and another potential barrier B of height
2V, and the same width b. The ratio T,/Tg of
tunnelling probabilities T, and Tp, through
barriers A and B respectively, for a particle of
energy V,,/100, is best approximated by

exp [(VI99 - V0.99)//Bm Vob?/R?|
exp[(\/ﬁ_— 1/0.98),/8 m Vﬂbz/ﬁ]
(V299 — V0.99)/8m Vob?/h?|
l(\/m — 1/0.98),/8m VUW]

3. ‘exp

4. exp

veh-faHy wXe Had fawe €1 ey wufa &7
W®d UH &UT & F-ATT-Ho "I p, ol
el 3caford fRufa & 3@ af-Arem-AaA
AT ¢

12 pg‘\lz_ 7.4 pnﬁ
3. po/2/3 4. po3/2

If the root-mean-squared momentum of a
particle in the ground state of a one-
dimensional simple harmonic potential 1s pyg,
then its root-mean-squared momentum in the
first Efccited state is

TS W T TE & fur & v fRega
ORT /| T8 @Xd dR & HHbAl N Rl &
UEh FHCad FARNST far I g1 gger 9
ST BT ,=a § YT n-al IRT T BT
garT gad fHar aar gl €@
Namﬂﬁ@ﬂ?hﬂﬂﬁﬂﬂ'ﬂ?Bﬂ

qfyATT §

. pol(e?—1)/4na
2. upl(e —1)/ma
3. uyl(e?—1)/8a
4. usl(e=1)/2a
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34,

34.

3sS.

12

A set of N concentric circular loops of wire,
each carrying a steady current / in the same
direction, is arranged in a plane. The radius of
the first loop is r; = a and the radius of the nt"
loop i1s given by 1, = nr,_,. The magnitude
B of the magnetic field at the centre of the
circles in the limit N — oo, is

1. pol(e? —1)/4na

2. ﬂu](e - 1)/7“1
3. ugl(e®*—1)/8a
4, #gl(e - 1)/2&

s fAegd gedhg &iF § Hoa @iy
A=ke™®rf (G8T a O k A & @
A' = —ke % rf ¥ yREfdd AT STaT ¥ B
Udh WHTA ®AIGIOT g Iafe ot Jfeer fawa
& qRada ¢'— ¢ W Aar ¢

. akrée~®t 2.
3. —akrée™® 4,

2akrie~at
—2akrie*

36.

The vector potential A = ke~9trp (where a
and k are constants) corresponding to an

electromagnetic field is changed to A’ =
—ke ™% r#. This will be a gauge transformation
if the corresponding change ¢'— ¢ in the
scalar potential is

1. akrie %t 9

3, —akrie~at 4. —2akrie—4t

g & o HAER & od W@ FAm
Orie aoe, ST R, 99T R, (R, < R,) @,
faata & @r v B

37.

- A A T@AT g1 39 dF $r S 3FE Ja98
fegardfas o ¢

3S.

zaerE-nt 36

.11

‘11

l. EIH(RZ/RI) Z: T (R%/Hf)
411 12

3. o In(R,/R;) 4, e In(R,/R,)

Two long hollow co-axial conducting cylinders
of radii R, and R, (Ry < R;) are placed in
vacuum as shown in the figure below.

- e e —

- . - — e .

The inner cylinder carries a charge +A per unit
length and the outer cylinder carries a charge

- A per unit length. The electrostatic energy per
unit length of this system is

A2 A2

l. Z=In(R;/R,) 2. me (RZ/RD)
A? A?

3. e In(R,/R4) 4. menln(RZ/R‘)

ar gfeer (5) aur (0) warAe dfes gt afe
. a=+1, b=+1/V2, c=+1/\V2

2 a=11..b=%+1 ¢=0

3. a=41,b=0, c=4+1

4, a=31, b=%1/2, c=1/2

The two vectors (&) and (?) are orthonormal if
. a=+1, b=+1/V2, c=+1/V2
a3 ‘b=l vies=A

3. a=%1,b=0, c=+1

4. a=+%1, b=%1/2, c=1/2

U&F a7 9T §FT At & QU 39T &9 H' (S8
H'At « h) 9] f&Fam Srar g1 38T aoig & 3o
R E ¥ E, &R a& WHAT gfied giar g1 i
ARERYT & FAT FI A1 A Sar g, ar
H&HHOT UriAEar grefr

1. aaRafda 2.
3. dhrer 4.

Gl
e
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38.

38.

39.

39.

40.

40.

A constant perturbation H' is applied to a system
for time At (where H'At « h) leading to a
transition from a state with energy E; to another
with energy E;. If the time of application is
doubled, the probability of transition will be

1. unchanged 2. doubled
3. quadrupled 4. halved

Wl A HAAT Vo arell U AR F A
a9 Tqrmmmﬂmaﬁzﬁzma;mq
& 27T W gRafaa ar srar g, [T e

SH U § IRafcd gram
I3 %, 16
3. 8 4, 4

A gas of photons inside a cavity of volume V is
in equilibrium at temperature T. If the
temperature of the cavity is changed to 2T, the
radiation pressure will change by a factor of

Vi ol Zu: 216

G ou ¢ 4, 4

T A IFT T 2 x 4 SIS A W
H&dl ¢ 39 §9 #H:

1. 4 x 1 Afeecauy

2. 1x 4 AATeCTAFHT

3, 4x2UTHET
4, 4 x 2 UTUTHST THhIsT

A 2 X 4 decoder with an enable input can
function as a

1. 4 X 1 multiplexer

2. 1 X 4 demultiplexer

3. 4 X 2 encoder

4. 4 X 2 priority encoder

T x TUT y F N&IUTT: AT AT FA:
2.00 + 0.05 TUT 3.00 +0.02 8] ST HAYGaAT &

gR&ford Hlﬂz=3y—2xﬁﬁTiﬁg’?

1. 0.12 2. 0.05
3. 0.03 4, 0.07

The experimentally measured values of the
variables x and y are 2.00 + 0.05 and 3.00 +
0.02, respectively. What is the error in the
calculated value of z=3y—2x from the
measurements?

13

41.

41.

42.

42.

. 0.12 2. 0.05
3. 0.03 4. 0.07

FSARIA® $ad G(T,P,N) =U—-TS + PV

HaRed FaT U, a9 T, TgAr S, &F P,
HAGA V JUr &oif fr §&ar N & &ar
¥ AT gaut & @ Fla-ar @ & @ #

u TErEafas f@we 8
= 06 = 20
It S= — 7 (L, = [
386 e AL
L V_—f”" N.T ¥ ONIpT

A thermodynamic function
G(T,P,N)=U-TS+ PV

is given in terms of the internal energy U,
temperature T, entropy S, pressure P, volume
V and the number of particles N. Which of the
following relations is true? (In the following u
s the chemical potential.)

3G 3G

b S__E:N,P 4 5_3'1" NP
3G 0

3. V= —5 N 4. U= 3N T

U 90 & & & UH Jfade danw |
ﬁ'ﬂ'ﬁl'g'l ﬁﬁi—:-=y arel U THIATOEY
T IRT B IR H AT S8 & HTAdT TATH
8, W " FAA: 3P, AU Py &l I QAR H
afafer @ B Smar g, 2= Fanst A
HAH @ AT B AT &1 T e 9§

1. (2) Py 2. 3(3) R,
3. (1 +37) R, - (:Z’r)r o

A box, separated by a movable wall, has two

compartments filled by a monoatomic gas of

%’-=y. Initially the volumes of the two
Vv

compartments are equal, but the pressures are
3P, and P,, respectively. When the wall is
allowed to move, the final pressures in the two
compartments become equal. The final pressure
1S



43.

43.

44.

2 3R

P iy
' (1+31”’) 0

frdY FaEaEAT # @Al FSARMAS dF H g1
HOT WIASATAT 1/2,1/3 T4 1/6 & WY e
IaEUTHT A @ Fehar gl 9fd oy vgrdr @

l. kgin3

@)

3, =(1+37)"p,

2. = kgln2+ kpln3
3. Zkgln2+-kgln3

4. - kgln2+-kgIn3

In a thermodynamic system in equilibrium,
each molecule can exist in three possible states
with  probabilities 1/2,1/3 and 1/6
respectively. The entropy per molecule 18

l. kﬂln3

2
2. >kgln2+ Skyin3
3. Zkgln2+-kpin3
4. %kﬂln2+%kﬂln3
e T & 1 7 #-Adad JFET #H,

V,==2V, C=10pF, Vpp = +16V, aur
Rp = 2kQ &l

afg 3 D- WIS FIoAdr ORI Iy 10mA T

aur f9-31% dleedar 1, -8V &, d fagat D
dur S & &g &1 dicedl &

Lo 25w 2o LMESTYYY.
3. Y 4. 475V

44. In the n-channel JFET shown in figure below,

V,=—=2V, C=10pF, Vpp=+16V,
and Rﬂ =2 KiL

1]

[f the drain D - source S saturation current /s
is 10 mA and the pinch-off voltage Vp i1s
—8 YV, then the voltage across points D and §
1S

1. 11.125V 2. 10375V
3. S 75V 4. 475V
45. mmmmﬁmg_ﬁ.

C
: r« —
e SN L
V

Vﬂ-l
ground
Wdcgﬂﬁéﬁrqﬁulﬁﬁiﬁr(fqmﬂ
HETS qiEda & Ua gfaius & Sigar
l. addTbh & I
2. HipdrcH s 9aus & Y cfHae aur
HEYS & @
3. C & |y Aofr §
4. C & AT
45. The gain of the circuit given below is m:i'C .




46.

46.

47.

The modification in the circuit required to
introduce a dc feedback is to add a resistor

1. betweenaandb

2. between positive terminal of the op-amp
and ground

3. inseries with C

4. parallel to C

#1977 \PART C

TG AU & 37X WFA 3 x 3 TRl (P
a 9UT b aFAfdE ¥EAd §) & FHCEAl H W

Fia-AT T GHg AT FIar 87
1 W .a

I [(0 1 0); abe R
b 1

0 |
b); a,be R

a
b); abe R

0
G): a,be R
1

Which of the following sets of 3 X 3 matrices
(in which a and b-are real numbers) forms a
group under matrix multiplication?

1 v a
1 I(O 1 0); abe R
b

D
o O =

O =0 OO O=Ra O
sk

£l
L5 a sy

2. [(0 1 b); a,b € R]
QST
I(l 0 a)

3. 0 1 b); abe R
W o L 1 A |
hfds Sa )

4, 4(!.3 1 O); a,b € Iﬁ}
AV ARG I |

(T a7 #A) AN ma& U6 HJFd
yafedr Hor dr A6 L = —-my1 = x2,
ST % = dx/dt, § ar Jmar g1 I o ot
W T I g 3gar afaziear $r &em A

47.

48.

48.

ae] fRar Srar § @i gfeeer @ ured

ATUT-FATSE TIU BT
1. dreged 2. Tl
3. HfAuaad 4, Wadd

The Lagrangian of a free relativistic particle (in
one dimension) of mass mis given by L =

—mvV1— %2 where % =dx/dt. If such a
particle is acted upon by a constant force in the
direction of its motion, the phase space
trajectories obtained from the corresponding
Hamiltonian are

1. ellipses
3. hyperbolas

2. cycloids
4. parabolas

us e o7 Rfga Adu® ¢ qur fafga
AT p ¥ g &1 o a7 AU Q 3H
yek 9REMG fFr smar & Q@) =
qt+17)+p(t+71) FE t AT T 7 TH
N g, 3dg A fAdre wHg-fAdfed
W fA&RE aUr €A F UH FEAEE g
a9 RAfgT @991 P(¢) F 30 YHR IHfHATFd
frar AT g&ar g

. p(t+1)— q(t+7)
2. plttT—=qt=1)

3. z[p(t—1) = q(t+71)]

4. -[p(t+7) - q(t+7)]

A Hamiltonian system is described by the
canonical coordinate g and canonical
momentum p. A new coordinate Q is defined
as Q(t) =q(t+ 1)+ p(t+1),wheret is the
time and T is a constant, that is, the new
coordinate is a combination of the old
coordinate and momentum at a shifted time.

The new canonical momentum P(t) can be
expressed as

. n(t+7)—q(t+71)
2. p(t+1)—q(t—1)
3. ~[p(t—1) = q (¢ +7)]

4. 3o+ - q+7)]



16

49. TF aRX & TH, or AT F A 3@ & 50. Consider the potential
- S |
arer # Hrgr /T ¥, # IR R URT [ V(F)=ZiVua35(3)(F-ﬁ)
yared & @ g where 7; are the position vectors of the
L

vertices of a cube of length a centered at the
2

-p- - h :
origin and V,, is a constant. If Vya? « e the
total scattering cross-section, in the low-energy

limit, 1s
mVya*
l. 16a* ( = )
16a® mVuai)
. : n?
ﬁgowaﬁaaﬂaﬂqﬁ'ﬂm% 64‘12('““'0 )
B in (2 i 64aZ (mV,
l pp In (b) 2. po ( b) 4 ﬂa (m 0’
Kol (1 pol (1
3. 4nV/s (a) 4. anVs (b)
51. €A1 9fdey g(—L,x,) = 0 = g(L, x,) J&Fd
49. A constant current / is flowing in a piece of d? kNS
wire that is bent into a loop as shown in the 772 9. Xo) = 6(x = Xo)

HI ATUTA AT AlT-Bole 6.

— (- L)(x+1), —L<Sx<Xx
1.
fi(xu+L)(x—L). XoS x<L

[i(xn+L)(x+L), —L < x < x,

Z@—L)(x-L), XS xsL

i r '}"(L_.xﬂ)(x+L), _L Ex{xﬂ
s [ e s (e 3. {3
z—li(xn+L)(L—x). X< x<L
The magnitude of the magnetic field at the :
point O is 4. —(x—-L)(x+L), —LsxslL
| ol 1 1 : .
L. 4":: 5 In (E;') 2. 4;\/3 (E £ 3 '5') 51. The Green’s function satisfying
dz
Mol 1 Kol ;1',. P — —-
3 e ) 4. ot ) 27 906 %0) = 8(x —x0)
with the boundary conditions g(—L,x,) =
50. @%g V@) = 3, Vs F - ) W e, sE 0= g(L xq), is
Aot A&y Ao g # &fRd T a F F 3
: — (% — =L <
u & ot & fRufyafer & aur v, @& W Pk e iIE by Sl S X80
' 1
81 R Ve« ¥ A eas W A —(X+L)(x—L), x<x<L
o Tt Siies I & i(x0+L)(x+L), - L=<x<Xx
2 2. 1
1. 16a® (mzu; ) Z—E(xg - L)(x — L), X0 < xs<L
a® Voa? £ 1
2. 1:1 (mhl ) : E(L—xo)(x+£.), —L<x<Xx
, 64a? (mvnaz)z —(xg + L)L —X), X< x<L
L h2
1
64a® fmVpa? —(x—L)(x+L), —L<x<L
+. n: ( h2 ) 2"*( ) )




B2, (05 Ty s qr3elr g g aur

S2.

S3.

{:
x'a, +y'oy +2z'a, = exp (l :"") X

[xa, + ya, + za,|exp (- iﬂ:I) ol

ar A&ers 3@ e &9 &

x cosf —sinf 0O
. (y’) = (sin & cos6 O
z' 0 0 1
cosf@ sin@ 0\ /x
= (-— sinfd cosf 0 (y)
0 0 1/ \z
. 6

2 0
l‘ y
3. y — sin g Ccos g 0 (}')
2.' y. 2 b 4

li

0 0 1
6 "
cos> —sin- 0\ ,x
=| sin2 cos= 0]\Y
2 2 Z
0 0 1

Let gy, gy, , 0, be the Pauli matrices and

16
x'o,+y'oy, + z'a, = exp (l ;‘) X

[ x0, + yay, + zcrg]exp (-— m:"').

Then the coordinates are related as follows

x' cosf —sinf 0\ /x
7 (y') = (sin 6 cos6 0) (}’)
z’ 0 0" & N

x' cosf sin@ -0\ /x
2. |¥'|=|—sinf cosf 0 (}')
z' 0 0! A1z
6 =8
x' cosz sinz 0 x
3 \Y =\ =sin? cos? o (y)
7! 2 2 Z
0 0 1
8 ey
¥ cos5 —sinz 0\
W= sind st 0 (y)
7' 2 s A
0 0 1

RBruas e A /AN & Igaher & gaea
[, e?™dx & qRFas & fav siawa [0.1],
A odls & 2n A & @afoa Far Jmar
gl aRomE & F-8F B & AU n #
qAdH A FT 87

00
3

~ow't =2
= N

.
3.
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33.

54.

54,

SS.

S5S.

The interval [0,1] is divided into 2n parts of
equal length to calculate the integral

foleiz"xdx using Simpson’s %-rule. What is
the minimum value of n for the result to be
exact?

l. oo 2

3.3 4. 4

AT L =%miz —%kxz" g TR & -
f#y =, gl ka2 nd U I §, F For
E, €| Soel &7 3Tad I 1 3H THR ¢

i

1. Ttock ™ n
T el
2. Tk mE™
y n-z

3. Tk 2n EF
g 1t
R, TR N Eﬂl"

The energy of a one-dimensional system,
governed by the Lagrangian
L =2mx? —=kx"
2 2

where k and n are two positive constants, 1s
E,. The time period of oscillation 7 satisfies

1

. Tk n
, AR =l
0. 'rock_EE;“
1 n-z

3. Tk mE™

1 i+n

4. TockTnE"

U&H Jodgld F HIAT GRIAE Afd u (I
uke g Hu/2de A9a § @ e
forar ST g, 9w aReE ag gt s TIiRa &ar
gl Rfeor garr as¢ g Fo §

] poetu? 2 poe*u?
" 3mmels " emmcis
foetu e’u
3 0 Ho
" 8mmcs " 16mmcs

An electron is decelerated at a constant rate
starting from an initial velocity u (where u «
¢) to u/2 during which it travels a distance s.
The amount of energy lost to radiation is

1 uoe?u? 5 uge*u?
" 3mmc?s " 6mmce?s

3 #ﬂezu ﬂuezu
- 8nmmcs " 16mmcs



56.

56.

57.

T (Young) & Zfa-fRex v F Rt g
" & frmw = A R far 81 S, A

fAex &1 alsd o awr S, & ARt #r 9
MUY gl

.........

]|

e UHRI &7 qOICET A8, d d &1 59 A=
& o gar e g, §

. bJG)z =11
2 346"~ 1
G

ab
=

3.

The figure below describes the arrangement of
slits and screens in a Young’s double slit
experiment. The width of the slit in S, 1s a and
the slits in S, are of negligible width.

|5: 32

|
B Hb | E
|

- d' -
If the wavelength of the light is 4, the value of
d for which the screen would be dark is

L b(§) - 1
SAOEE
]

MeRoF W n Ed WRAR H
FS Tl n=09=r Hr WRAFAT 1075 8l n &
WA AT U [Adead ¢

2. 106
102

. 14
3. e 4,

18

57.

58.

58.

59.

59.

A random variable n obeys Poisson statistics.
The probability of finding n = 0 is 107%. The
expectation value of n is nearest to

1. 14 2. 10°
3. e 4. 102

WM k ¥ AEf@d & IR
FHaeR® Rfaw a9 & sa For FaT k2 &
Iurd A g1 R faga v W) ea g P
AT FSAT Geicd € & I Ple &

. 1/3 2ot
3] 4. 3

The single particle energy levels of a non-
interacting three-dimensional isotropic system,
labelled by momentum k, are proportional to
k3. The ratio P /e of the average pressure P to
the energy density € at a fixed temperature, is

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

l.
3
el HISHET TIHOT S,, S, TAT S,, ST AA +1
od g Fr AT B

= _}SD(SI +5,).
I AT AT TR EFEET H &, ar 8=
(keT)~! &Y sFEal & a7 &1 3it@a a7 ¢
1+cush(_2,_ﬁ'£
28 sinh(28))
2. —2J[1 + cosh(28))]
3. =2/

sinh(28))
4. —2 1+ cosh(28]))

l.

The Hamiltonian for three Ising spins Sy, S;
and S,, taking values +1, is

H — _an(S-!_ + Sz) .

If the system is in equilibrium at temperature T,
the average energy of the system, in terms of

ﬁ — (kHT)—la IS

. 1+cosh(28])
28 sinh(24))

2. —2J[1 4 cosh(28))]
3. =2/B |
4. —2J

1.

sinh(28))
1+ cosh(28))

S/IO0R/IRSC/I17-58 RH—2R



60. FT @fracAs Tads ROy F

60.

61.

61.

C;, = 10 nF, R, = 20 kO, Ry = 200 kO AT
Cr = 100 pF ¥

{9 Hdhd SERdr 16 kHz & fow @feyr &1

qiyHToT &
1. 67 2. 0.15
3. 0.3 4, 3.5

In the following operational amplifier circuit
Cin = 10 nF, Ry, = 20 kS, Rp = 200 k) and
Cp = 100 pF.

Ry
el N
Cy
B
R, G
P~ Yo I Vot

it
m——

The magnitude of the ‘gain at a input signal

frequency of 16 kHz is
R 2.0 1S
3. 0.3 " 1

ey s & faT A& @& 1, dqear faega
RT, 7 HERAAT I0NF, TAT vy TAT vp FAM:
3T JUT 3chA AT Bl 3T 3chA Ry Ul
3T Ry ITARIYT T 3HeTITd Rp/Rp $HG IHTHR
gRafda gxar &

(AT & ky oA W, T AWeT am
qAT g AT 2l)
VR qUF vg quF
. v =aR HRET) 2. VR el (ﬂkﬂT)
VR qup VFp qvg
3. vE EXP( nRBT) 4. VR E}{p( l]kgT)

Let I, be the saturation current, n the ideality
factor and vr and vy the forward and reverse
potentials, respectively, for a diode. The ratio
Rn/Re of its reverse and forward resistances Ry

and Ry respectively, varies as (In the following

19

62.

kp is the Boltzmann constant, T is the absolute
temperature and q is the charge.)

VR ( qup ) 7 YF ( qug )

g ey e e

l Vg P nkgT VR *p nkgT
top(c) 4 ep(-2)
3. vE i nkgT © WR P kg7

far et F X awr Y ww-fag Aaer §) o-fae
qoeshel | | IRIY §

X : X<Y
%
—_—-D'_x‘w

S D——x-w

62. In the figures below, X and Y are one bit

inputs, The circuit which corresponds to a one
bit comparator is

sk e ioTe

S Dc D ’ X>Y
= < j_x-:v
: V==l X<Y




63.

63.

20

X—p DO [N s 64.

y— {>c D SEALA
64.
frdT faus &1 faega UrT = ateedr,
@Ry #& R 71 g
1
Z | c
s
6S.
0 V (volts) 25
afg waorar # 3T 1.255x 1072 a1 g, A
WRT ¥ HSfad Iaiusdl & A9 &
1. (0.04+0.8)0
2. (25.0+£0.8)Q
3. (254+£1.25)0
4. (25£0.0125) Q
Both the data points and a linear fit to the current
vs voltage of a resistor are shown in the graph 65.
below.
1
. B
s
0 V (volts) 25
If the error in the slope is 1.255 X 1073 Q71, 66.

then the value of resistance estimated from the
graph 1s

1. (0.04+0.8)0Q

2. (25.0+0.8)

~ 325+ 1:25) 4

4. (25 +0.0125) Q

Bl gigee WA F  Fow  faea
V(ir) = —e?/r &I, 38+ giAccaAl & IRT
H' =bx* (J8T b Th HWW ) A &NfAa
fhaT SITaT ©1 EITEaRAT Foll T gUH FIfe
T TARE &

(HTCITEEAT T B 8 1Py = ——e /%))

#nug

. 2ba 2. baj
3. ba?/2 4. +2ba?

The Coulomb potential V() = —e?/r of a
hydrogen atom is perturbed by adding H' =
bx* (where b is a constant) to the Hamiltonian.
The first order correction to the ground state
energy is (The ground state wavefunction is

Yo = 1 e~ "/%)
ng
l. 2ba} 2. baj
3. ba2/2 4. 2ba}
HIATART Bl
_[A(@*—x*), -—-a<x<a
V() { 0 e

& 39T § g oA, uah-faAT gHary ads
&7 HEIETEAT FaT ¢

. hw 2. |— hw

1

3. —hw 4,
2

Using the trial function
2 g -
w(x) ={A(a X ), a<x<a

0 otherwise
the ground state energy of a one-dimensional

harmonic oscillator is

3
|, h{ﬂ 2 ‘4; ﬁm
1 5
3. Eﬁfﬂ 4. '\l; Ao

frelr gegio o QXA Hr IEEHt &
fAr s\ @Faad gfd [nim) #, FHd
HHEAUT  [210)—|100) Jur |310)-
1100) ¥ gl 3T wyA Tur gady &
HaEHt & IS FHH: tlatrrtz’gf,a‘rz—:
$H I A T



66.

67.

67.

68.

2 (2)
¥6)

In the usual notation [n [ m ) for the states of a
hydrogen like atom, consider the spontaneous
transitions |210)—|100) and [310) =
1100). If t; and t, are the lifetimes of the
first and the second decaying states

. it :
respectively, then the ratio "r.-_l' is proportional to

(2 > @)
@

. ()

fFdr ey &3 Aaua tEEs F IS0
AUl dUT SiTofeh 3T shasl: 1.875¢V aur
0.52nm gl EX&T & fAU 9 & Wdegds
F FHE AW AUl FE g§  AHAdgicd
fafetor ganrt 3cafaa f&ar Srar §, IRA A
k=0# a6 45 H I8dr Sodacid ardedl
45 A GHAUT AT &1 HHAUT F aTg, foerar
87 & BR U & dlT AR k., T SHBAT
Uy, ATAHdl a3 Iolacld &r aler Hfeer &r
GEIGLR:IGES

I, Kypan/10 2. ky.../100
3. Kpnay/1000 4. 0

The energy gap and lattice constant of an
indirect band gap semiconductor are 1.875 eV
0.52 nm, respectively. For simplicity take the
dielectric constant of the material to be unity.
When it is excited by broadband radiation, an
electron initially in the valence band at k = 0
makes a transition to the conduction band. The
wavevector of the electron in the conduction
band, in terms of the wavevector kp,.x at the
edge of the Brillouin zone, after the transition
is closest to

1. Kkpay/10 2. Kpmay/100
3. Keax/1000 4. 0

diq #1 f@egd wrewdar, Wi @ f@egd
ATAhdl &1 o7 95% ©, SAdfeh dlar &l
Soiggld Helcd did & Soldgld  Helcd &I
AT 70% gl ¥2 F WiaA A de H
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68.

69.

69.

70.

dEa EFR AT (1¢,) IYUT Tar A A
TFRL AT (Tpg) HT AU 7¢y/Tag €

2. 1.50
4. 0.66

. 0.44
3..0.33

The electrical conductivity of copper 1is
approximately 95% of the electrical
conductivity of silver, while the electron
density in silver is approximately 70% of the
electron density in copper. In Drude’s model,
the approximate ratio 7g,/7Tag Of the mean

collision time in copper (7¢,) to the mean
collision time in silver (7ag) 1S

. 0.44 2. 1:50
SIR33 4. 0.66

(faea) A dl ¢ aur (Aega) FgAqda
(QUAETA®) € & TH TGT F eI HGR

g URAE THET t =0 W p(r,0) = p, (JgT
pe TF ) gl 91 & FAAT W p(r, t) WA
= Srar ®

. poexp(—5)

2. %pﬂ[l + exp (”:t)]

3 Po
" (1-exp())

4. pocosh -‘:—t

The charge distribution inside a material of
conductivity o and permittivity € at initial
time t=0 is p(r,0) = py, a constant. At
subsequent times p(r, t) is given by

t
L. po exp(—=)

ol

2. -;-pu[l + exp (—)]

€

3. Po
mexn(Z)

4. pocosh ﬁ:t

U UWANET Tagad @7 & AHAE
TATATGROT & &ROT, & gehl 7 R{ysa g
c@r aar| afe A f F9 Fufa D, &
ar Aaer e gefr

1. °F,
3.°P,

TR,
4. °P,



70. An atomic spectral line is observed to split into

71.

74 &

72.

12

73.

73.

nine components due to Zeeman shift. If the
upper state of the atom is °D, then the lower
state will be

1.°F,
¢ i )

03
4. °P,

e RS g@FAor & fAr afy TERRA
3cASE AONE 2.1 x10°mPwolsT3 § o aur
Iafaid Wl & @Ry 3000 A @

Sedfold AT &1 HGHIA § FTHT
1. 20 ns 2. 40 ns
3. 80 ns 4. 100 ns

If the coefficient of stimulated emission for a
particular transition is 2.1 X 10 m3 w1573
and the emitted photon is at wavelength 3000 A,

then the lifetime of the excited state is
approximately

1.20 ns 2. 40 ns

3.80 ns 4. 100 ns

g A WA & K TUr L et H araya
FAS HHA: 25.4 keV AAT3.34 keV &, d 3A
(Auger) Solaglal &1 Tfcdeh Fail &l ST

[. 22 keV 2. 93keV
3. 10.5 keV 4. 18.7 keV

If the binding energies of the electron in the K
and L shells of silver atom are 25.4 keV and
3.34 keV, respectively, then the kinetic energy
of the Auger electron will be approximately

1. 22 keV 2. 93keV
3. 10.5keV 4. 18.7 keV

Teh AR X Soare AAaohdl ganT 39
YFR &d gar g X » Xt + = + 70, SFar ot
yEIfReae (24,20,27) &1 U HeET gl X &
HSHEITFIA &1 W7 9CF I; &

. 0 2. 1/2
U 4. 3/2

A baryon X decays by strong interaction as
X -t 4+~ +n° where £t is a member of
the isotriplet (£*, 2% 27). The third component
I3 of the isospin of X is

Law) 2: XjJ2

by | 4. 3/2

74.

74.

{.

75.

al ~fFeaEt & @ 9faeT (pion) & RfEsw
AT 3Z[Ad AfRe aF FT 90F 1.40 fm 2
afg 9larT &1 FETART 140 MeV/c? § a7 rho-
AT FT ZETHT 770 MeV/c? g, ar rho-#AgiaAT

F R I sgRaas &I wWH §
1. 1.40 fm 2. 7.70 fm
3. 0.25 fm 4. 0.18 fm

The range of the nuclear force between two
nucleons due to the exchange of pions is 1.40
fm. If the mass of the pion is 140 MeV/c? and
the mass of the rho-meson is 770 MeV/c?, then
the range of the force due to exchange of rho-
mesons 1S

1. 1.40 fm
3. 0.25 fm

2. 7.70 fm
4. 0.18 fm

A AT 20 & Ae =T o857 A
g AR 7 AFT T W FA Fo Q¥

a‘ramﬂaﬁaﬁl’f?

1. 57Q/58
3. 0/58

2. Q/57
4. 23Q/58

If in a spontaneous a-decay of 33U at rest, the
total energy released in the reaction is Q, then
the energy carried by the a-particle is

1. 57Q/58 2. Q/57
3. Q/58 4. 23Q/58



