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leV
amu

Mass of electron
Planck’s constant
Charge of electron
Boltzmann constant
Speed of light in
vacuum

Molar gas constant
Rydberg constant
Avogadro number
Newton constant

Permittivity of
vacuum
Permeability of
vacuum

lev

amu

9.11 x 1073'kg
6.63 x 10734 ] s
1.6x1071°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 1023 mole™!

6.67 X 10711 N m?kg ™2

8.854 x 107122 Fm?
47 X 1077 Hm™?!

1.6 X 107197
1.67 x 10727 kg



Element

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium

Symbol

Ac
Al
Am
Sb
Ar
As
At
Ba
Bk
Be
Bi
B
Br
Cd
Ca
Cf
C
Ce
Cs
Cl
Cr
Co
Cu
Cm
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hf
He
Ho
H
In
|
Ir
Fe
Kr
La
Lr
Pb
Li
Lu
Mg
Mn
Md

Atomic
Number
89
13
95
51
18
33
85
56
97
4
83
5
35
48
20
98
6
58
55
17
24
27
29
96
66
99
68
63
100
9
87
64
31
32
79
72
2
67
1
49
53
77
26
36
57
103
82
3
71
12
25
101

Atomic
Weight
(227)
26.98
(243)
121.75
39.948
74.92
(210)
137.34
(249)
9.012
208.98
10.81
79.909
112.40
40.08
(251)
12.011
140.12
132.91
35.453
52.00
58.93
63.54
(247)
162.50
(254)
167.26
151.96
(253)
19.00
(223)
157.25
69.72
72.59
196.97
178.49
4.003
164.93
1.0080
114.82
126.90
192.2
55.85
83.80
138.91
(257)
207.19
6.939
174.97
24.312
54.94
(256)

Element

Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Nlobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
zZinc
Zirconium

Symbol

Hg
Mo
Nd
Ne
Np
Ni
Nb
N
No
Os
(6]
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Tb
TI
Th
Tm
Sn
Ti
W
U
\Y
Xe
Yb
Y
Zn
Zr

Atomic
Number
80
42
60
10
93
28
41
7
102
76
8
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40

Atomic
Weight
200.59
95.94
144.24
20.183
(237)
58.71
92.91
14.007
(253)
190.2
15.9994
106.4
30.974
195.09
(242)
(210)
39.102
140.91
(147)
(231)
(226)
(222)
186.23
102.91
85.47
101.1
150.35
44.96
78.96
28.09
107.870
22.9898
87.62
32.064
180.95
(99)
127.60
158.92
204.37
232.04
168.93
118.69
47.90
183.85
238.03
50.94
131.30
173.04
88.91
65.37
91.22



HIT \PART 'A’

elrd  THET Jodlh  Tehfcadl  fSafer
gdw B Ber - % 59 e FE W
SR S § 6 Ghfcadl & elg QUi
AT aTed x T y [Adaisd ) g1 Rea =
alel P KT &l T Fel &ABA  FH

3T §
1. 1—-7/4 2. n/4
3. 1—-7x 4. «

An infinite number of identical circular discs
each of radius % are tightly packed such that

the centres of the discs are at integer values
of coordinates x and y. The ratio of the
area of the uncovered patches to the total
area is

1. 1—n/4 2. /4

3. 1—nx 4. «

T afad e A1 A6 & o§gra v fear
A AW BTH 5 et & wggeh &1 T =9
B@AWW@ﬁ?ﬁﬂm%l
T 937 96 A ¥ B d& fFaar =t &
q@’ﬂm(ﬂaﬁmm‘é?ﬁw%)?

1. 13 2. 35

3.6 4. 12

It takes 5 days for a steamboat to travel from
A to B along a river. It takes 7 days to return
from B to A. How many days will it take for
a raft to drift from A to B (all speeds stay

constant)?
1. 13 2. 35
3.6 4. 12

TH o gl “BY S s & 9rF 1000 &
3O gEash @, TH o FET e, 3qh
9 1000 & FA qEAe g7 M A Fer
“8reh B, S & U HA H HH Teh e
3T ¥’| I 37 A Fad Th HUT T
&, a9 TS & U e qEaF 2
1.1 2. 1000
3. 999 4. 1001

“My friend Raju has more than 1000 books”,
said Ram. “Oh no, he has less than 1000
books”, said Shyam. “Well, Raju certainly
has at least one book”, said Geeta. If only
one of these statements is true, how many
books does Raju have?

1.1 2. 1000

3. 999 4. 1001

AT & O Fia @ [Jve &2

1 AP 2. TRY (TYSTHR)
3. e 4. §egeast

Of the following, which is the odd one out?
1. Cone 2. Torus

3. Sphere 4. Ellipsoid

T T H AT A Hefeciol afvd fhar

& I T HH T &1 STH dCIY &

1 oQem # HET ol dTel $el OET A J
1/4 79 GAAT Fefecior g §

2. If¢ BT & Ucdih Af™SHdA Uedih &

148 %A § dr g8 3ffcdior gia/elar &
3. Ifg ©1F & grcdie 3fedHA UIedid &
12 @ 3% ga § af ag gAem 3cdiot
glan/gie gl
4. Ig §HT § B S o o T @
T &l

A student appearing for an exam is declared

to have failed the exam if his/her score is

less than half the median score. This implies

1. 1/4 of the students appearing for the
exam always fail.

2. if a student scores less than 1/4 of the
maximum score, he/she always fails.

3. if a student scores more than 1/2 of the
maximum score, he/she always passes.

4. itis possible that no one fails.

39Tem T D’ Far3t

T A
SR
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NTH IR bl & g&ar gl Ife geq I
are 37 T geT fear I ar uread gl arelr
deT 3Rt fT FEar N OFHr 19" gy S E

39 RE & Tohded N TFHT g2
1. 10 2.9
3.8 4. 7

N is a four digit number. If the leftmost digit is
removed, the resulting three digit number is
1/9" of N. How many such N are possible?

1. 10 2. 9

3.8 4. 7

T Jod & IR & Tk & fdeg W ged
& ar Sfia AB 3R CD sar: 60° dur 120°
& T F71d &1 dF AB:CD ¥

1. V3:1 2.v2:1
3.1:1 4. \J3:2

AB and CD are two chords of a circle
subtending 60° and 120° respectively at the
same point on the circumference of the
circle. Then AB : CD is

1.4/3:1 2.42:1

3.1:1 4. V3 :42

% change A (2014) (2015)
over

previous +10 +10
year 1

~10 4

-10 -10

B Physics 2 chemistry [ Biology

IRIFT A% F fFeT & F Fla-ar Fsey

e ST ARt g7

1. &ifas AT & 3ol g arer faeantat
T ol HEAT 2015 AT 2014 H AT g

2. 2013 &Y 3798 2015 JAa AT & 3ot
gt arel faeanfan $r @ear A g

3. 2014 % St AT # 3cdfior g arel
ezt & dear #iv Jerar 7 2015 &
T AET H 3ol get aret faganfia
Hr T&AT T 3R gleT AT

4. 2014 SiF TaATT H 3ol gel aTel
faefdat $r swar qar 2015 7 #ifaw

AT H 3ol glet arer faganfiat
&I A gl
9% change (2014) (2015)
over
previous +10

year 107

5

-5+

710 -
-10 -10

B Physics  EZ) chemistry [ Biology

Which of the following inferences can be

drawn from the above graph?

1. The total number of students qualifying
in Physics in 2015 and 2014 is the same

2. The number of students qualifying in
Biology in 2015 is less than that in 2013



10.

10.

11.

3. The number of Chemistry students
qualifying in 2015 must be more than the
number of students who qualified in
Biology in 2014

4. The number of students qualifying in
Physics in 2015 is equal to the number of
students in Biology that qualified in 2014

O 19 @7 2 & seoa & AU wge1qd
fordell el I 3MaRTHRdT &2 Th dTel &l
arcad § fF v e &I goaw 38 R
@ F g a5 fufa & o 30 Rast &

B3

Fig-1 Fig-2
1.1 2. 2
3.3 4, 4
What is the minimum number of moves
required to transform figure 1 to figure 2? A
move is defined as removing a coin and

placing it such that it touches two other
coins in its new position.

%&Q C%%

1.1 2.2

3.3 4. 4

UAF HlA H g4 o7 fr gt F oS
Y § TEl 3T Plal & gl HI GEIIAT
H Bl ocd d&r Ad H|

9 10

7 X13 8 X12
15 14
5 —

3 X11 4 XX16
25 18

w P
o
Ll
H
)

11.

13.

The relationship among the numbers in
each corner square is the same as that in

the other corner squares. Find the
missing number.
9 10
7 X13 8 X12
15 14
5 —
3 X111 416
25 18
1. 10 2. 8
3.6 4. 12

7T & & *l9-A1 sin(05°) & AA &
ey 82

1. 05 2. 0.5 X =
90

3. 0.5 x — 4, 0.5 x —
180 360

Which of the following best approximates
sin(0.5°)?

1. 0.5 2. 0.5x —
90
3. 05X — 4. 0.5x =
180 360

SH %A H M AT IR

ADARN
1.0 2. v
3. |- 4, q

What comes next in the sequence?

ADARN
1.v 2. v
3. - 4, q



14.

14.

15.

15.

16.

16.

17.

foear & O Fla-a1 sy daIfes & F T0d
g2
1. # g W Srercl §
2. # Ter-shel 3y Serdl §
3. # Ter-shel T Sleldl §
4. H GARMM I Seldl §

Which of the following statements is
logically incorrect?

1. I always speak the truth

2. | occasionally lie

3. l occasionally speak the truth

4. | always lie

fAete 3R 8¢ @ ggAr 1:00 pm @ TREH
N, 3T 6 el H foheell IR Th g &
40° ST SI0T FATHIM?

1.6 2. 7

3. 11 4. 12

How many times starting at 1:00 pm would
the minute and hour hands of a clock make
an angle of 40° with each other in the next 6
hours?

1. 6 2. 7
3. 11 4. 12

ar s Har R BhE 39 R @ Fhol Yeol
ST §, 37Tem 40 Ade #F Sefd Reer 30
fFee aar &1 s e dar fra ¥ 5 e
ugel el ATl fahas fAste & a1 foha, dar

T 3T fAperr gem?
1. 5 2. 15
3. 20 4. 25

Brothers Santa and Chris walk to school
from their house. The former takes 40
minutes while the latter, 30 minutes. One
day Santa started 5 minutes earlier than
Chris. In how many minutes would Chris
overtake Santa?

1.5 2. 15

3. 20 4, 25

qEI3 & HHTHH (5,6, 7, m, 6, 7, 8, n) H
IHIAMOIAT HTET 6 TAT Sgeieh (FTH Tl

IR 3Tel QTell 3h) 7§ df mxn=
1. 18 2. 35
3. 28 4. 14

17.

18.

50 cm

18.

50 cm

19.

The set of numbers (5, 6, 7, m, 6, 7, 8, n) has
an arithmetic mean of 6 and mode (most
frequently occurring number) of 7. Then
mXn=

1. 18 2. 35
3. 28 4. 14

T A PeeR Osaw & 3eR &1
HIEFT 1 @Us exiar aram &, 5 gs5
R @us RYd § 386 FAGR 10x 10 X
S5TAC AT AT Fhdd fohdeir afgar Frer
ST Fehat 82

o
il
50 cm
1. 50 2. 100
3. 125 4, 250

The diagram shows a block of marble having
the shape of a triangular prism. What is the
maximum number of slabs of 10x 10 x 5 cm®
size that can be cut parallel to the face on
which the block is resting?

o
N
50 cm
1. 50 2. 100
3. 125 4, 250

Rl 3g ey H Ue MAPR FeX gl
P P Th gd F T AT § 0
MeThR Jefgerr 87 1 @l d Folgel &I
B swaen 2 e g 1 @A §1 P F+
fohdelT T g & 81T 87

1. 2.

3. 4.

wlut o |r
@WIN ©|w



19.

20.

20.

21.

21.

22.

22.

A solid contains a spherical cavity. The
cavity is filled with a liquid and includes a
spherical bubble of gas. The radii of cavity
and gas bubble are 2 mm and 1 mm,
respectively. What proportion of the cavity
is filled with liquid?

1.1 2.3

8 8
3.2 4, 2

8 8
RaFd TU=T W ; F2, , D8, C16, B32,
AB4.
1. C4 2. E4
3. C2 4. G16
Fill in the blank: F2, , D8, C16, B32,
A64.
1. C4 2. E4
3. C2 4. G16

4T \PART 'B'

x =0 & 3F-9rH, Bolel Cos;(x) F CoR-
3eehe faEaRor 1 siferavor e &
1. o 2. T
3. g 4, 1

The radius of convergence of the Taylor

series expansion of the function —Cosﬁ @
around x = 0, is

1. o 2.

3. I 4.1

hleed HHTeheTT

1 et —1
— f : dz
2mi J, cosh (z) — 2sinh (2)
FI, Toheh dlghehl € & FHIGT dTHES

THAOIT AT &
1. 0 2. 2
3. —8/V3 4. —tanh G)

The value of the contour integral

1 e*? -1

d
2mi J. cosh (z) — 2sinh (2) z

around the unit circle C traversed in the
anti-clockwise direction, is

23.

23.

24,

1. 0 2. 2
3. —8/\3 4. —tanh(3)

z=0 & 3ME-IH TR efshd faeazor
F(a,b,c;z) =

[ee]

Za(a+1) ---(a+n—1)b(b+1)---(b+n—1)z

cc+1)(c+n—-1n!

n=0

T aRANT M3E gERSAAICHh Bolel
F(a,b,c;z) To%T GeRiacel T s FHATTT
AT &

L F(abcz)= =Fl@a-1,b—1,c—12)
%F(a,b,c;z) = éF(a+1,b+1,c+1;z)
F(abcz)=ZFla-1,b-1c—-1z)

> w0 N

%F(a,b,c;z) = %F(a+1,b+1,c+1;z)

The Gauss hypergeometric function F(a, b, c; z),
defined by the Taylor series expansion around
z=20as F(a,b,c;z) =

(oo}

a(a+1) -(a+n—-)bb+1)-(b+n-1)
Z c(c+D)(c+n—-1)n! z

n=0

satisfies the recursion relation

d c
1. EF(a,b,c,z)—EF(a—l,b—l,c—l,z)
d c
2. EF(a,b,c,z)—EF(a+1,b+1,c+1,z)
3. %F(a,b,c;z)= aTbF(a—l,b—l,c—l;z)
4, %F(a,b,c;z)= aTbF(a+1,b+1,c+1;z)
A 6 X T v ar TodaT IRfeed W g,

TH & Ucds U & Al Addd g &

T YHHTT SCod @ IHOT Al E,

W AEY FHAM +p T -p &k @Yl ar

ETheT X +Y  3HeIOT HT § Teh

1. dcd &, 5 & WA +u | §, aar
ALY 0Td AR faaadd ov2 & 1|

2. YHATT S HI, ALY 0 JAT HATH
g 20 & ATY|

3. o 1, [ ar WA +u W §, aur
ALY 0 TG AS Aol 20 & AT

4, YAMAT §ced, ATET 0 dUT HAllsh
gl 0v2 & IOl

)’



24.

25.

25.

26.

Let X and Y be two independent random

variables, each of which follow a normal

distribution with the same standard

deviation o, but with means +u and - g,

respectively. Thenthe sum X + Y follows a

1. distribution with two peaks at +4 and
mean 0 and standard deviation a+/2

2. normal distribution with mean 0 and
standard deviation 20

3. distribution with two peaks at +u and
mean 0 and standard deviation 2o

4. normal distribution with mean 0 and

standard deviation a2

Toleh o fIET faRelvor & UR W Ecd
31T G, Toleh T A h, AecEATT IR kg
v faata & gerer $r afa ¢ & aiar #ir
3TART #h Uah AfAaedOed aa T, &l
gReTRa fRar a1l T, FT T A

3eaTd H g
hcS hc3
L g 2 g
/ G /ﬁ
8. hc*k3 4. Gc3

Using dimensional analysis, Planck defined
a characteristic temperature T from powers
of the gravitational constant G, Planck’s
constant h, Boltzmann constant kz and the
speed of light ¢ in vacuum. The expression

for Tp is proportional to
’hc3

hc5

1L =

k%G
o . [
hc*kd ' Gc3

A 6 98T 0 dUr 0’ ERT ITAWMAT
& IF AW (x,t) IAT (1, t) &1 V&Th
0 afd v=pc & Y 3edh I HH U
x-378T & FATAR Todm gl TG Acerd &
W’EITFTWx+=x+CtH?JTx_=x—ct%,
ar 0 dUr 0 H HEAT FAdTT AReCH
FUTERUT Ig 9 AT &

;) _ x——Bx ;o X4 — Px—
L n=Tm =T
’ 148 ’ 1-B
2. Xy = ﬁ X4 aar x. = ﬁx_

10

26.

217.

27.

28.

' Xy — Bx— ’ x_- — Bx
3 X4 —ﬁ aar x_ ?ﬁ;,

4, xL = /gm aur x. = gx_

Let (x,t) and (x',t") be the coordinate
systems used by the observers O and 0,
respectively. Observer 0’ moves with a
velocity v = B¢ along their common positive
x-axis. If x, =x+ct and x_ = x —ct are
the linear combinations of the coordinates,
the Lorentz transformation relating O and O’
takes the form

1. xi= x\_/%" and x_ = x:}%—,
2. xh = %x;, and x_ = gx_
3. xi= x*;_"; = and x_ = x\'/l__—l;;ﬂ
4. xh = %xJ, and x_ = %x_

GOATT m & THh g SN URH H ARTH
Fr Tufa # g, 5 Hiex & Fas ¥ PRy
ST gl AR goFaedre unsk 09 g, g
& @l R Sl W UsSH & Ted @
3HHT AT & ST (g = 9.8 FH/A? ATe)
1. 9.80 # A 2. 9108
3. so1#vA 4. 7.02°%F=

A ball of mass m, initially at rest, is dropped
from a height of 5 meters. If the coefficient
of restitution is 0.9, the speed of the ball just
before it hits the floor the second time is
approximately (take g = 9.8 m/s%)

1. 9.80m/s 2. 9.10m/s

3. 891m/s 4. 7.02m/s

qd R & U g1 & IR st w IR
AT 3AA TAF +Q W IS g1 geTd T
m TUT 37T +Q & Tk T JI & ddf I
FE ¥ 3T g a(KR) W @ A §l
gfe For & Afaefieaar da W) gfaefad §
' g€ BIC el T HEM 3H FOMT
angfea & @

2 2
1. ¢ 2. ¢
2megR3m megR3m
502 2
3 V2Q 4 Q

megR3m



28.

29.

29.

30.

30.

Four equal charges of +Q each are kept at
the vertices of a square of side R. A particle
of mass m and charge +Q is placed in the
plane of the square at a short distance
a (K R) from the centre. If the motion of
the particle is confined to the plane, it will
undergo small oscillations with an angular

frequency
2 2
1. Qo 2 _Qo
2megR3m megR3mM
V2 Q2 Q*
4,
megR3M 4mey R3m

AR A& vd HAT (q,p) I TH
a7 #r gfecer H=p%¢® gl gHecar
ITA-FHIOT T Teh gAY § (e &7 4
Jar B 3 §)

1. p=Be 24t g= 4 p24t

B
— Ap-24t A4 —24t

2. p=Ae , q=se

3. p=Ae”, =§e““
_ —A%t _ A A%t

4. p=24e , q=3e

The Hamiltonian of a system with
generalized coordinate and momentum
(q,p) is H =p?*q? A solution of the
Hamiltonian equation of motion is (in the
following A and B are constants)

1. p=Be 24t g= geZAt
2. p=Ae At g= ge—ZAt
3. p=Ae?, q= ge“‘“
4. p=24e~At q= %e"‘zt

ar HATR Tole FuTRA St gRAT x dar
1.1x & HAfAIT g, 3T Tolcl & g
WIdeFdih 3.0 dTel Wrdegd & N T
gawmdicear Vv U Jer & W &
Tafderd T Sa &1 g2E TORT & amet
i TRy & 3maer 3R &
1. +66% 2.
3. —3.3% 4,

+20%
—10%

Two parallel plate capacitors, separated by
distances x and 1.1x respectively, have a
dielectric material of dielectric constant 3.0
inserted between the plates, and are
connected to a battery of voltage V. The

11

31.

31.

difference in charge on the second capacitor
compared to the first is

1. +66% 2.
3. —33% 4.

+20%
—-10%

I FARE Iid x>0 dAT x <0 HA:
WA €, TUT €, dT Wdegd ATCIH
T M AT gl W U H Th THAAR
faega &7 ¢l e 3 A RIS & Ay
fdega & #Ior 0, S §l, 9 I3 A
AT HIUT 9, T AT ST §:

x>0

€,5in 8, = €, sin 6,
€,tan 6, = €, tan 0,
€,tan 8; = e, tan 6,
€,5in 8; = €, sin O,

H>wbh e

The half space regions x > 0 and x < 0 are
filled with dielectric media of dielectric
constants €; and €, respectively. There is a
uniform electric field in each part. In the
right half, the electric field makes an angle
0, to the interface. The corresponding angle
6, in the left half satisfies
x<0 x>0

€,5in 8, = €, sin 6,
€,tan 6, = €, tan 6,
€,tan 6, = e, tan 6,
€,5in 8; = €, sin 8,

HAwbdhe



32.

32.

33.

33.

34.

12

el wid & T YT &1 & x- a°r
z-9¢eh A B, = By(x? —y?) dAT B, =0
¥ 3EF yucHd & O T goll A @

FiA-AT AFedoT FHAHRON § AN g2
1. B, =Byxy

2. B, =-2Byxy

3. B, =-By(x*—-y?

4. B, =B, ze‘ - xyz)

The x- and z-components of a static
magnetic field in a
By(x>—y?) and B, =0, respectively.
Which of the following solutions for its y-
component is consistent with the Maxwell
equations?

1. By, =Byxy

2. By, =—2Byxy

3. B, =—By(x*—y?)
4. B, = BO( x3 —xy )

U gehrg & B, Wid x>0 H B2 ¥
quT 3 W S8 P Bl x <0 WA A
x>0 9d H Th 3 IMd v=vZ & AY
xy-ddl # Ueh AR arer, e ured
I (x-feem & FHAER) a1 A (y-feem F FHEER)

& gurn S & e (dw h A 35.
fras faT 3caan REgaae® s (EMF)

St gram?

1. 1=8 h=3 2. 4, h=6

3. l=6h=4 4, 1=12, h=2

A magnetic field B is BZ in the region
x>0 and zero elsewhere. A rectangular

loop, in the xy-plane, of sides [ (along the x- 35.

direction) and h (along the y-direction) is
inserted into the x > 0 region from the
x < 0 region at a constant velocity v = vX.
Which of the following values of [ and h
will generate the largest EMF?

1. 1=8 h=3 2. =4, h=
3. =6 ,h=4 4. 1=12, h=

36.

0 & L d& & Fa & FUT T Teh-
AT 3TFT 98 & 3ieY YT gegaAT=T
m & Uk HUT dr RAfd gamaE=iied @@
Boled Y(x) = \/%(Ssin (an) +— in (4nx)) T
fe=r sirar &1 afe sEdhr et A S g,

region are B, = 34,

THG IRUTH JAT ST T ATET AT HA:

g

h2 2h? 73 h?
2mL?’  ml? 50 mL2
2 h? h? 19 h2
' 8mL2 ' 2mlL? 40 mL2
h%?  2n2 19 h?
3. T2 2 and P
2mL mL 10 mL
4 h? 2h? 73 h?
' 8mL2 ' mL? 200 mL2

The state of a particle of mass m in a one-
dimensional rigid box in the interval 0to L is
given by the normalised wavefunction

9 = [2(Zsin () + oim (B29)). i it

energy is measured, the possible outcomes
and the average value of energy are,
respectively

h? 2h2 73 h?
1. — —Sad =—
2mL 50 mL
h? h? 19 h?
2. SmiZ' ZmiZ and —_——
mL2 ' 2mL 40 mL
3 h?  2h? 19 h?
' 2mlL2’ mL? 10 mL?
h? 2h? 73 h?
4, 8_2’ — and 2
mL2 ' mL 200 mL

Bfaw 7 iy Faeor IR$ & e Ife
L,L, dur [, § a sAlRHATS

[Ly, L;L,L,] 3 38 W Telihd fhar o
HehdlT &

1. L (12 -12) 2. ihL,L,L,

3. ihL,(2[2 —I2) 4. 0

If L, L, and L, are the components of the
angular momentum operator in three
dimensions, the commutator L, L,L,L,]|
may be simplified to

1. ihL,(LZ2-12) 2. ihL,LyL,
3. ihLy(2IZ-1%) 4. 0

A TR gISEISe WA & FHojd fasra &1
T GohA-gN  Ug WS FH YRR
aRafdd fhar Star & R Fer fasE
V) = -2+ L a o §, 5@ g
3 gl dRafda fase & a1 &
31fAereIOIR AT E,ypy,



36.

37.

37.

38.

13

ndUl | W AR §, "d m T 0
nW%ﬁT%CRT;T | daT m 9T gl
nHﬂTmW%ﬁT%,WZqTFIﬁ
st NeT FalcH FEAI n, [ dAT m
W gEgsed: AR §

> w0 NP

Suppose that the Coulomb potential of the
hydrogen atom is changed by adding an
inverse-square term such that the total

9

2
potential is V(%) = —Z% +5, where g is

a constant. The energy eigenvalues E;, in

the modified potential

1. depend on n and [, but not on m

2. dependonnbutnoton [ and m

3. depend onnand m, but not on [

4. depend explicitly on all three quantum
numbers n, [ and m

oY gag-favder gfeedr & fFoeOs
A E, du E, ¥ WId NfFHcreIOes
AU FwAA: 1) Jwr [2) &1 IfE TET
t=0 W dF |t =0))=sin|1) + cosH|2)
#AE A AT ¢ W QORO®) & AW
grem:

1. 1

2.  (E;sin? 8 + E, cos? 9)/@

3. eifit/hging 4 eib2t/hcog 9
4

e HEit/hginZ g 4 e~iE2t/h g2 g

The eigenstates corresponding to eigen-
values E; and E, of a time-independent
Hamiltonian are |1) and |2) respectively.
If at t =0, the system is in a state
[Y(t = 0)) =sinf|1) + cos8]2) the
value of (Y (t)|y(t)) at time t will be

1. 1

2. (E;sin?6 + E, cos?0)/\/E? + E?
3. elbit/hging 4 eiE2t/M cos 0
4

e iExt/hgin2 g 4 e~iE2t/h o529

3T dbl W Teh SfAURATUTE 3707 arel
I @1 gfd 307 fafdse Fvar &:

1. 8k 2. 35k
3. 45k, 4. 3kg

38.

39.

39.

40.

40.

41.

The specific heat per molecule of a gas of
diatomic molecules at high temperatures is
1. 8kg 2. 35kg

3. 45kp 4. 3kg

9 TH e THfae g @ uRfAS
AT V, § 3V, dh wGSAG: faraRkd
fRaT ST B, 39 A9 T, § T A
aRafcd gier g1 ar 3egard T/T, &

L3 2 (@)

Q" "

When an ideal monatomic gas is expanded
adiabatically from an initial volume V, to
3V,, its temperature changes from T, to T.
Then the ratio T /T is

1 1\2/3
L2 2 (5)

n1/3

(5) 4. 3
AT V. HT T §adn, ogd e
% N3 §, TH B d GO garT ar
3ugst # dfed g Ifg o 3uEs &
AT V/3 &, @ 38 a3t
TEIT AT TIXOT §
1. N/3 2.
3. VN 4.

2N/9
VN/3

A box of volume V containing N molecules
of an ideal gas, is divided by a wall with a
hole into two compartments. If the volume
of the smaller compartment is V/3, the
variance of the number of particles in it, is

1. N/3 2. 2N/9

3. VN 4. /N/3

T F #, e Rrufaftsa ot
?WW@%MV(@:(XMHW{X
T MR §) & T fRar S B
Hfaaor e ¥ (8= )

amm 2mm
1L ’ﬁ?’azhz 2. ’B3a2h2

smmn 3mm
3. ’B3a2h2 4. ’/;30[2,12



41.

42.

42.

A gas of non-relativistic classical particles
in one dimension is subjected to a potential

V(x) = a| x| (where a is a constant). The
partition function is (8 = —)
kpT

1 4mm 2 2mm
' B3a2n? ' B3a?n?
8mm 3mm
3. B3a?nh? 4. B3a?h?

forelt v 97 & faegd arT 1 #r dleedr
VR AIRar &

1%4 2
1=1(1——)
0 V()

JGT 1, aUT V, 3] g1 TRl warer & a7
I 9] ol V@l Seld §4 1 1 AT
forar Srar 81 graer v, @ /I, e
38 gR uiRa R o @+a &

1. I-V? 3Tel@ &1 9durdr U9 y-3d.E@3
2. I-V? TG HT y-37d:@S AT JG0Tm
& 3eIUTdT T RO, T4 y-37d:T3
VI-V 3o &1 Yaurdr Ug y-3id: @3
4. VIV 3O & y-Ad:@S dAT JaoTdr
& 3IId HT ROT UF y-37d:TS

The dependence of current [ on the voltage
IV of a certain device is given by

VZ
I=1 (1——)

where I, and V; are constants. Inan
experiment the current I is measured as the
voltage V applied across the device is

increased. The parameters V, and /T, can

be graphically determined as

1. the slope and the y-intercept of the
1-V? graph

2. the negative of the ratio of the
y-intercept and the slope, and the
y-intercept of the I-V2 graph

3. the slope and the y-intercept of the
VI-V graph

4. the negative of the ratio of the
y-intercept and the slope, and the
y-intercept of the vI-V graph
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43.

43.

44,

e ¥ T cugrareRs T 7 A
TAF dh-8R H TROT AT tyy,

+5V

L =D

IRYY T HROT Aeid 3TadH B ST doh-

3T A 9T B 30 HHHAUT & Ad o
1. (0,1) - (L1 2. (1,1) - (0,1)
3. (0,0) - (1,1) 4. (0,0) - (0,1)

In the schematic figure given below, assume
that the propagation delay of each logic gate
IS tgate-

+5V

oo

The propagation delay of the circuit will be
maximum when the logic inputs A and B
make the transition

1. (0,1)-(,1) 2.
3. (0,0)-(1,1) 4,

(1,1) - (0,1)
0,0) = (0,1)

T @y I [Afgse aeear v, & T
IROYT F AT dreedr V, #, FT aier &
#H O Hi9-a1 Fsaadq gfafafca sar g2

05

o5 N/

10K
Vi
~, BbK
Vi o —mn— v
—0 [+]
0.5V
5K

10K
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e N
TN

0.5
0.0

3.0
2.5

0.5
0.0 \’

3.0
25

0 A\
00 N

3.0

25 et

A

 1s N/
1.0
05
0.0

0

Given the input voltage V;, which of the
following waveforms correctly represents the
output voltage V, in the circuit shown below?

0.5 \
3 0

-0.5 \ /

45.

3.0
25
20

1.0
05
0.0

3.0
25
2.0

1.0
05
0.0

3.0
25
2.0

1.0
05
0.0

3.0
25
2.0
> 15
1.0
05
0.0

10K

v o Vg

10K

0

P Te1 & TH AV W W TH
AT LED &I diadr §eel dialeed 4, = 660
nm W AT MFAIT g, AdsS 20nm F



45.

46.

46.
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qrYy| I HENoT Ul AR & Ay
a— KA —2) & & F oIl §, S8l a,
T K Gl A g, 3aAqWed & fAspelar
g1l EIAM:

1. Mo-Reafa, mfae daar de ar.
F FAY @ g

2. Aa-farafa, e smaf@a dgar
§¢of & 91y

3. drd-faraiud, M3 dadr
geoT & §I W gir
4. oTo-faEafud, T 3FEARAT digdr

§eod & "I
The intensity distribution of a red LED on
an absorbing layer of material is a Gaussian
centred at the wavelength 1, = 660 nm and
width 20 nm. If the absorption coefficient
varies with wavelength as ay — K(1 — 4¢), 47,
where a, and K are positive constants, the
light emerging from the absorber will be
1. blue shifted retaining the Gaussian
intensity distribution
2. blue shifted with an asymmetric
intensity distribution
3. red shifted retaining the Gaussian
intensity distribution
4. red shifted with an asymmetric
intensity distribution
HIT \PART 'C’
Folel

48.

f() =60 + Z & s

(STeT 6(x) %ﬁm%—aw% & HRA
FATROT [ dx e*f(x) F4T §?

1 1
T o1-ik 1+ik
1 1
k+i k—i

What is the Fourier transform f dx e™®* f(x) of

fG) = 80) + Z 26t

where §(x) is the Dirac delta function?

1-ik 1+ik
1 1
3. — 4, —
k+i k—i
AT THIRIT

¢(x,t) = Af dx'dt’
do dk e~ kx—x")+iot-t"

(2n)? w?—-k?—-—m?+ice

¢3(X,,t’)
+——m +Le)¢>(x t) = —-/1¢> (x,t)

+ m? — Le)q.’)(x, t) = =31 ¢2(x,t)

92

1 (5

2. (?—£+m —Le)q')(x,t):)t(/)z(x,t)
G-
(——ﬁ+m —ie)p(x,t) = =1 ¢3(x,t)

The integral equation

¢(x, t) = /1[ dx'dt’
do dk e k(x—x")+iw(-t"
(2m)? w? — k?

$3(x',t")

—m?2+ie

is equivalent to the differential equation
2
92

o aatmt e

( )
(atz 2+m —l(:')
(ﬁ—é+m —l(:')

2. PCx,t) =1 (x,t)

w

(x,t) = =31 ¢2(x,t)

4, o(x,t) = =1 ¢3(x,t)
Teh ©: 3add HHG G ={e,a,b,c,d, f} &l

THE VT cIfeiehl T Teh 19T fola=T geiiar
T & (e & ¢ &1 dcgdA® 31939 e gl)

a b c d f
a b c d f
b e d

e X f y z

—HhlolO|T|| D
ol O|T|D| @D D

gfafSear x, ydar z &1 g arfed:
l. x=a,y=d ddl z=c¢
2. x=c,y=a ddl z=d



48.

49.

49.

50.

. x=c,y=d ddl z=a
4, x=a, y=c dA z=d

A part of the group multiplication table for a
six element group G = {e,a,b,c,d, f}is
shown below. (In the following e is the
identity element of G.)

a |b |c d |f
a |b |c d |f
b |e d

e |x |f y |z

o |O|(T||®D
—hlo|O|(T||D|D

The entries x, y and z should be
l.x=a y=d and z=c

2.x=c¢c,y=a and z=d
3. x=c,y=d and z=a
4. x=a,y=c and z=d

Sga fx)=3x*—4x—5 & Hal @A
IeRTacl #geaaXhae fAfr garr ¢od qe#,
URTAS A x =2 Torr Sirar g1 3mre

JeRTId # IHHN Al $HG fshead g

1. 1671 2. 1.656
3. 1.559 4. 1551

In finding the roots of the polynomial
f(x) =3x3—4x—5 using the iterative
Newton-Raphson method, the initial guess is
taken to be x = 2. In the next iteration its
value is nearest to
1. 1671

3. 1.559

2. 1.656
4. 1551

%A F & Fol E dUT AT p dTel T T
a?ﬁmga?ny_—l (E“’“)ﬁtrﬁraﬂf@m%l
% F & T & 39T v = (0,0,c) & T

aTfcrelier F/ % # gear y' g

1. y’=y+lln(1—,82)

2. y—y——ln(“ﬁ)

1-p8
3. y—y+ln(1+£)
4, y—y+21nc+£)

50.

51.

ol.

52.

For a particle of energy E and momentum p

(in a frame F), the rapidity y is defined as

y = %ln (?—Zi). In a frame F’ moving with
~P3

velocity v = (0, 0, Bc) with respect to F, the

rapidity y’ will be

1 y’=y+In(1-p?)

2.y —y——ln(Hﬁ)

3.y —y+ln(1 //;)
4. y—y+21n(1+£)
S Weldl F(q,P) = ¢?P &RT Us fafga
F‘TiHTUT (q.p) » (Q,P) Bf@ees H(q,p) =
ror? +L¢* (%t @ T p I E) W B
1T &1 (Q, P) T IfA-THEOT §:

1. Q=P/a TU P=-4Q

2. Q=4P/a U P = —BQ/2

3. 0 =Pla Frmp:—zqiz—ﬁg

4. Q =2P/a TUT P =-PQ

A canonical transformation (q,p) —
made through the generating function
F(q,P) = q*P on the Hamiltonian
> B,
H = —

(4. p) 200 +74
where a and § are constants. The equations
of motion for (Q, P) are
1. Q=P/a and P =-8Q
2. Q=4P/a and P = —BQ/2

3.Q0=P/a and P=—%—ﬂQ
4, Q =2P/a and P = —BQ

(Q,P)is

Afaw & afalier v 7 @1 e
L=%m3‘612+m(5c22+5c32)—%kx12—%k(x2 + x3)?2

& fear srar g1 aifa & F&aa7 3R g8

1. Hdel Sl

2. Hhad Fotf, 3w T FT TH geh Td
FIUT AT HT TH gch

3. &had ol g YWF AT FT TF "cHh

4. Shadl T TG HIUIT HAIT H Th Gch



52.

53.

53.

The Lagrangian of a system moving in three
dimensions is
1 1 1

L= mef +m(x: + x2) — Ekxl2 — Ek(x2 + x3)?2

The independent constant(s) of motion is/are

1. energy alone

2. only energy, one component of the linear
momentum and one component of the
angular momentum.

3. only energy and one component of the
linear momentum

4. only energy and one component of the
angular momentum

B R& & Mo S, W AR o &
THTHATT 3AA Oelcd p I@AT gl 394
AT a < R/2 FT TH BT el S,, FEH
e fgar amar g1 o fF T & gt
I g, et et & Fg @lewr b=naR/2 A
ERICTE

S, % 3ieX foig P WX fagga &7 &

R . R > A
1. Zaq 2. 2= (#-1a)
3&g 3gpa
R a
3. Zq 4. L
6o 3&9R

Consider a sphere S; of radius R which
carries a uniform charge of density p. A
smaller sphere S, of radius a < R/2 is cut
out and removed from it. The centres of the
two spheres are separated by the wvector

b= iR /2, as shown in the figure.

54.

54.

55.

55.

The electric field at a point P inside S, is

R R > ~
1. 2q 2. 2= (#—fa)
3¢&o 3gpa
R a -
3. Zq 4, L
680 3€0R

forely faRrse fader oot # foepd aor goshrr
At & AT (IMFAT SHEAT H) HAM:
E=3%+49 dar B=3 gl 308 %A &
T Tolel alell T Sfscdd Wats  faefa
& & URHAOT urar § |E'| = 4. 388F AT
AT e & HT IRAT |B| B

1.5 2. 9
3.0 4. 1

The values of the electric and magnetic
fields in a particular reference frame (in
Gaussian units) are E = 3x + 4y and

B = 32, respectively. An inertial observer
moving with respect to this frame measures
the magnitude of the electric field to be
|E'| = 4. The magnitude of the magnetic
field | B'| measured by him is

1.5 2. 9

3.0 4, 1

T THAA Jah &F B H faegd Orr |
FI dgd I T Trel, foaehr Bsar a §, &t
@T ST gl afe o & o9 fGum oA &
fAfgse foRar STar g, df 91r ) g F aor
Sl YT T &

1. F=0 dA T=mna?lIAxB

2. F=EIxBaamr=0
41

3. F=:‘—21x3 T T=IAXB

1

Hoéo

A loop of radius a, carrying a current 1, is
placed in a uniform magnetic field B. If the
normal to the loop is denoted by i, the force F
and the torque T on the loop are

1. F=0and T =nad’IAix B

2. F=ErxBand T=0
41T

3. F=i‘—;1xB and T=1AXB

1

Koo

4, F=0and T = IB




56.

56.

S7.

Teh AT UYeh I HJIEY HIC, UIRd 2a Fl
Ush gaT gl oer afeer k & TM f3emst &

fow @AT 9fdee Y(+a,y) = Y(x, +a) =0
Fd FHIRIOT

0?2 92 1) 5

W-l- W-l_(__ k )]IIJ(X y)—O

FI AT Fd Th Boled P(x,y) & Jal |
Ty fREpa-gadher faurd arfr Sl €
eia A faur $r Iegfed o &

L o= ¢ (k2 +2)
2. 0= c? (K +5)
3 0= (K2+1)
4, w?= (k2+m)

A waveguide has a square cross-section of
side 2a. For the TM modes of wavevector k,
the transverse electromagnetic modes are
obtained in terms of a function ¥ (x, y) which
obeys the equation

92 92

+ ot “’——kz Y(x,y) =0
ox? = dy? c? Y

with the boundary condition ¥(ta,y) =
Y(x, £a) = 0. The frequency w of the lowest
mode is given by

L w?=c* (k2 +5)
2. w?=c (k2+5)
3. w?=c? (kK2 + 1)
4 w?=c (k2 +1)
fasa V() = mwx®+ gcoskx ¥ e

GOAT m & TH HUT W AR &
qHaST (gAffae) fawa %mwzxz Eﬁr@ﬂ?ﬂ
A, g # 9UH FE Th HNeIEaed St J
gRade &

ZIZ:LZ))

1. gexp (—
") 4 gew(~35)

k%h
2. gexp (me

3. gexp(

19

57.

58.

58.

59.

Consider a particle of mass m in a potential
V(x) = %mwzx2 + g cos kx. The change in
the ground state energy, compared to the
simple harmonic potential imwzxz, to first
orderin g is

1. gexp (_ 2’622) 2. gexp (2’;212)
3gew(-30) 4 gew(-5)

T V(x) = alx| # TUT gegAT m &
Teh $UT & WKB TfeeTehesT

medx=(n+%)hn,

(ST8T a dUTh aclel fdg & dUr n=10,1,2-)

¥ feifa sof-ert &
hma 1\12/3
=[]

2 b= [z ee

5= [ )

The energy levels for a particle of mass m in
the potential V(x) = a|x|, determined in the
WKB approximation

b

mf E—V(x)dx = (n+%) hr,

a
(where a, b are the turning points and
n=20,12-),are

L E =[]

2. B, = [ 22 (n+ 1))

Th @7 H gIAT m & Th HUT fasa
V(x) = —ad(x) (ST&T a TH o 3K §), &
gorg A arfaeler g1 3§Hr ey gEAr H
UGS (Ax)(Ap) F AfARadar &

1. 2h 2. h/2

3. h/V2 4. \2h



59.

60.

60.

61.

61.

A particle of mass m moves in one dimension
under the influence of the potential V(x) =
—ad(x), where a is a positive constant. The
uncertainty in the product (Ax)(Ap) in its
ground state is

1. 2h
3. h/\2

2. h/2
4. \2h

T V(x)=f:—mﬁx4 H GcgAT m &7 Th

T W AR | GHAR ST T aLaThered
1/4 —

Y(x) = (g) e~ /2 & 3UZET A Hehiod

s

[ %f_m dxx?e~®’ =1 gur

o 2a
S0 dx xtem® = T IUANT W |
TY- 4q2

8 z2p1/3
2 o B

3 32p1/3
4, Smhﬁ

The ground state energy of a particle of mass
2

m in the potential V(x) = %x“‘ , estimated

using the normalized trial wavefunction

P(x) = (Z)1/4 e—axz/z’ is

T

a1
[Use ’g [® dx x?e~*** = — and
T Y= 2a

& (e 4p—ax? _ 3
J;f_w dx x*e =l

3 32p1/3 8 32p1/3
1 2 n2p 2. 2 n2g

2 p2p1/3 3 22p1/3
3.3mhﬁ 4, 8mh,8

TN Geled 10”7 WA 9fd oo HHA. W
Cs WABT & wh W W faar| s«
HASUT gl FUN & T & sFEel adeeed
& AN g, I & d9 g8 foIhedd g
(Cs 3] T gedATT 22.7 x 107%¢ fh.am. o)

1. 1x107°K 2. 7x107°K
3. 1x1073K 4, 2x1078K

Consider a gas of Cs atoms at a number
density of 10" atoms/cc. When the typical
inter-particle distance is equal to the thermal
de Broglie wavelength of the particles, the
temperature of the gas is nearest to (Take the
mass of a Cs atom to be 22.7 x 10726 kg.)

62.

62.

63.

63.

64.

2. 7x1075K
4, 2x1078K

1. 1x107°K
3.1x1073K

FId 3FaT W T dF H AdRe Folr
E(T) @9 T W 37 YR AR 9m=r a&m
E(T) =aT?+bT* & o9 & Th Heled &
& A Terdr S(T) &

1. %aTz + ibT" 2. 2aT? + 4bT*

3. 2aT + ng3 4. 2aT + 2bT3

The internal energy E(T) of a system at a
fixed volume is found to depend on the
temperature T as E(T) = aT? + bT*. Then
the entropy S(T), as a function of
temperature, is

1. %aTZ + %bT‘* 2. 2aT? + 4bT*

3. 2aT + ng3 4. 2aT + 2bT3

T WAt dcg X, ¥ WX &1Rd @i ar &,
S 3T U TR ded Z d &R&d giar gl
X A YdTHPETIAH A, g dAYH Zds
F &S A, gl IE, URA H Hddl X &
Ny A &, 3fed FAA (¢« 1/2, A
1/2;) W Z & AT i Fear gref

1 2 M2
L 242z Not 2(A1+42) ©

3. (A1 + A,)?N,yt? 4. (A + A)Ngt

A radioactive element X decays to Y, which
in turn decays to a stable element Z. The
decay constant from X to Y is 44, and that
from Y to Z is A,. If, to begin with, there are
only N, atoms of X, at short times (t < 1/44
as well as 1/1,) the number of atoms of Z
will be

1. 2232, Not? . (jﬁiz) A

4. (A + A,)Nyt

3. (A1 + 1,)2N,t2

Th HURAT Gk @ quid: smeoied
AT FAICGR Colel & &= g1 39 3TH
g & e el #F UF F 10° HOT T
YA ST & W—craqﬁ"raﬁrﬁmaﬂﬁgtf
AT & @hel o faearw A uRseHAS

HagaAMNeTdT I 01, &
1. 89 2. 11:12
3. 17:18 4. 3536
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64. Two completely overlapping semi-circular 65. The state diagram that detects three or more
parallel plates comprise a capacitive transducer. consecutive 1’s in a serial bit stream is
One of the plates is rotated by an angle of 10°
relative to their common centre. Ignoring edge 1

effects, the ratio, I,:1,, of sensitivity of the
transducer in the new configuration with
respect to the original one, is

1. 89 2. 11:12

3. 17:18 4. 35:36

65. Th fac Jregshalt ARar & i a1 ¥ AT
1 & dgEe foet raear fet & sla-ar s
& )

Reset

3.
2.
Reset
3 4,
0
Reset %
4,

66. HRY Fdle AT H, AN S-3ffeyr HATAT
& & f, 3elh YA GeIAT m, &
fp=% gRT Tefd &1 T a TH
Igefash uraer &, foreRr feiRor arhr gl
AT m, = 6400 £ 160 MeV AT f, = 180 +
15 MeV Tah AT & JTgHSST AT o

ot §1 a & o 7 IR

Reset




66.

67.

67.

68.

68.

1. 175 (MeV)*? 2. 900 (MeV)*?
3. 1200 (MeV)*? 4. 2400 (MeV)*?

The decay constants f, of the heavy
pseudo-scalar mesons, in the heavy quark
limit, are related to their masses m,, by the

relation f, = % , Where a is an empirical

Jmp

parameter to be determined. The values
m, = 6400 + 160 MeV and f, = 180 +
15 MeV  correspond to  uncorrelated
measurements of a meson. The error on the
estimate of a is
1. 175 (MeV)*?

3. 1200 (MeV)*?

2. 900 (MeV)*?2
4. 2400 (MeV)*?

AP, ST Pl AT HT Teh THATNT
THUET R §, H Selaciar W aar| afg
W kTH A FolFcir w1 qRETUT  Hew
e(k) = ck (38T ¢ T IR §) forar Smar g,
ar Bt FAT &, Solaell ST TEIT-UAE p

W 30 YR AR &
1. EF oC pl/z 2
3. g x P2/3 4,

Er X p
€p o p1/3

Consider electrons in graphene, which is a
planar monatomic layer of carbon atoms. If
the dispersion relation of the electrons is
taken to be e(k) = ck (where c is constant)
over the entire k-space, then the Fermi energy
& depends on the number density of
electrons p as

1. & oc pt/? 2.

3. & o p?/3 4,

& X p
gy o pl/3

A fF ARt fr ey swer A
BIAledl T 3gied aReT AfGT & 3qard H
g1 afE n IR fr WA TeAed § dAT c
et T afa g, dF e Imafed §

1. 2mcn 2. 2men
3. V3men 4. mcen/2

Suppose the frequency of phonons in a one-
dimensional chain of atoms is proportional to
the wavevector. If n is the number density of
atoms and c is the speed of the phonons, then
the Debye frequency is

1. 2ncn
3. V3mcen

2. \2mcen
4. men/2

69.

69.

70.

70.

71.

71.

Rt Thieh H TH golgeieT &7 93 Foll, Th
faferse k-feem & faw  e(k) = A — Bcos2ka
F T H § 8T A T B 3R § aur
0<ka<m k @ T 9IRTT W oA

&1 gel-otaT SIagR giem:
1. Z<ka< Z 2. Z<ka<nm
4 4 2
3. 0<ka<?Z 4, T<ka< ™
4 2 4

The band energy of an electron in a crystal
for a particular k-direction has the form
e(k) = A— Bcos2ka, where A and B are
positive constants and 0 < ka <m. The
electron has a hole-like behaviour over the
following range of k:

1. Z<ka< & 2. I
4 4

E<ka<”

3.0<ka<?Z 4. Z<ka< Z
4 2 4

2Ti & e WA H HGT HIEAT H

sodcieeh Aeard  [Ar]3d2%4s? & HARTS

Haeirane Afcsel #, 39 [J=aa & v

T & & Hla-ar a9g A4 g2

1. 'F, 2. s,

3. D, 4. 3p,

The ground state electronic configuration of
2Ti is [Ar]3d?4s?. Which state, in the
standard spectroscopic notations, is not
possible in this configuration?

1. 'Fy 2. 15,

3. D, 4. 3p,

eI &7 03 T & 39T A §F TF
ARIROT AT 9HIE 9T H 660 nm
AT (FIFCH) Y&T & °cehl & dIg &l

faures &
1. 12 pm 2. 10pm
3. 8pm 4. 6pm

In a normal Zeeman effect experiment using a
magnetic field of strength 0.3 T, the splitting
between the components of a 660 nm spectral
line is

1. 12 pm 2. 10 pm

3. 8pm 4. 6pm



72.

72.

73.

73.

Th S-ER WA & Foll FR 2 eV @
quhd gl A 6 e e A 4% 102°
TRATY] & AT AT & YE Blel o WA g
7x10%° WA 3cdfdd 3faear & dd
R STa €1 Fad Th R Tod@ A fhdell

Falr [Feperafi?
1. 2461 2. 22.4]
3. 98 4. 48]

The separation between the energy levels of a
two-level atom is 2 eV. Suppose that
4 x 102%° atoms are in the ground state and
7 x 102° atoms are pumped into the excited
state just before lasing starts. How much
energy will be released in a single laser

pulse?
1. 2461 2. 2241
3.9817 4. 48]

g6cl p3lel dloelssy (LHC) # 27 fpat. el
Teh dJellhR 9 H & FA Foll arel Wele
AT 3o feamst 7 aika gt &1 v dieia-
Geled JaTeT T GeaAT-he-Foll IS 14 TeV
g A W Uy H aiRd A H 9T @@
WA arel 3T T T ASdA Aleelohead

T § 9 82
1. 12ns 2. 12ups
3. 1.2ns 4. 0.12ps

In the large hadron collider (LHC), two equal
energy proton beams traverse in opposite
directions along a circular path of length
27 km. If the total centre of mass energy of a

23

74.

74.

75.

75.

proton-proton pair is 14 TeV, which of the
following is the best approximation for the
proper time taken by a proton to traverse the
entire path?

1. 12ns 2.
3.12ns

1.2 us
4. 0.12 ps

A 6 ga g wfoss &7k, vfa Sgfeemia
H1 gsE Foll fAfdse wh Bl U
Es(33AD) ¢ Es($0Zn) &

1. 2:3

2. 4.
3. 5:3 4, 3:

3
2
Let E5 denote the contribution of the surface

energy per nucleon in the liquid drop model.
The ratio Eg(3ZAl) : E5(53Zn) is

1. 2:3 2. 4:3
3.5:3 4, 3:2
R JIAAH & HJAR Al ARSI

AT ek meet & (e feam amm &
& T el & v g, =1, g, = 5.586, T

Teh 7l & T g, =0, g, = —3.826.)
1. —1.913 py 2. 14.414 py
3. 4.793 uy 4. 0

According to the shell model, the nuclear
magnetic moment of the 2ZAl nucleus is
(Given that for a proton g; =1, g5 = 5.586,
and for a neutron g; = 0, g, = —3.826.)

1. —-1.913 uy 2. 14414 uy

3. 4.793 uy 4. 0
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D

Ry
Na

Ho

39T Hersfe faars/ USEFUL FUNDAMENTAL CONSTANTS

SolFelel T G HTe
P
SolargTel ol 3TALT

SlecHAT e
faTa & garerar
Gl

AleR 3 T
Reeer Aadames
TR &A1
e fAadis
Wrdegd 3R

ga@'craqmm

leV
amu

Mass of electron
Planck’s constant
Charge of electron
Boltzmann constant
Speed of light in
vacuum

Molar gas constant
Rydberg constant
Avogadro number
Newton constant

Permittivity of
vacuum
Permeability of
vacuum

lev

amu

9.11 x 1073'kg
6.63 x 10734 ] s
1.6x1071°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 1023 mole™!

6.67 X 10711 N m?kg ™2

8.854 x 107122 Fm?
47 X 1077 Hm™?!

1.6 X 107197
1.67 x 10727 kg



Element

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium

Symbol

Ac
Al
Am
Sb
Ar
As
At
Ba
Bk
Be
Bi
B
Br
Cd
Ca
Cf
C
Ce
Cs
Cl
Cr
Co
Cu
Cm
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hf
He
Ho
H
In
|
Ir
Fe
Kr
La
Lr
Pb
Li
Lu
Mg
Mn
Md

Atomic
Number
89
13
95
51
18
33
85
56
97
4
83
5
35
48
20
98
6
58
55
17
24
27
29
96
66
99
68
63
100
9
87
64
31
32
79
72
2
67
1
49
53
77
26
36
57
103
82
3
71
12
25
101

Atomic
Weight
(227)
26.98
(243)
121.75
39.948
74.92
(210)
137.34
(249)
9.012
208.98
10.81
79.909
112.40
40.08
(251)
12.011
140.12
132.91
35.453
52.00
58.93
63.54
(247)
162.50
(254)
167.26
151.96
(253)
19.00
(223)
157.25
69.72
72.59
196.97
178.49
4.003
164.93
1.0080
114.82
126.90
192.2
55.85
83.80
138.91
(257)
207.19
6.939
174.97
24.312
54.94
(256)

Element

Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Nlobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
zZinc
Zirconium

Symbol

Hg
Mo
Nd
Ne
Np
Ni
Nb
N
No
Os
(6]
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Tb
TI
Th
Tm
Sn
Ti
W
U
\Y
Xe
Yb
Y
Zn
Zr

Atomic
Number
80
42
60
10
93
28
41
7
102
76
8
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40

Atomic
Weight
200.59
95.94
144.24
20.183
(237)
58.71
92.91
14.007
(253)
190.2
15.9994
106.4
30.974
195.09
(242)
(210)
39.102
140.91
(147)
(231)
(226)
(222)
186.23
102.91
85.47
101.1
150.35
44.96
78.96
28.09
107.870
22.9898
87.62
32.064
180.95
(99)
127.60
158.92
204.37
232.04
168.93
118.69
47.90
183.85
238.03
50.94
131.30
173.04
88.91
65.37
91.22



HIT \PART 'A’

TH o Fgl “B e T F 919 1000 &
It qead &, FH A FHgl AL, 3Fh
9t 1000 & HH YEh 87| IMar F er
“8F ¥, Tl & I FA § A Th AR
3HaT &1 TG SA T dhael Th HUT T

g, I TS & 9 fohclell gEdh &2
11 2. 1000
3. 999 4. 1001

“My friend Raju has more than 1000 books”,
said Ram. “Oh no, he has less than 1000
books”, said Shyam. “Well, Raju certainly
has at least one book”, said Geeta. If only
one of these statements is true, how many
books does Raju have?

1.1 2. 1000

3. 999 4. 1001

e F @ Fia @ [Fww &2

L P 2. TRH (TYSTHR)
3. el 4. drdgedst

Of the following, which is the odd one out?
1. Cone 2. Torus

3. Sphere 4. Ellipsoid

3elecd  ThEY  Joclhd  Tehfcral  Tofeteh
gdw B PSS % 5§ e FE
SHRT a8 § & Twfcadl & Fea Uit
AT aTd x T y Adensd W) g1 Rea =
alel T H &Ehel I Fol &ABA  HI

3T &
1. 1—-7n/4 2. n/4
3. 1—-nx 4. &«

An infinite number of identical circular discs
each of radius % are tightly packed such that

the centres of the discs are at integer values
of coordinates x and y. The ratio of the
area of the uncovered patches to the total
area is

1. 1—7n/4 2. /4

3. 1—nx 4.

T dfeld Ueh A1 ¢l & dgia dr feam
#AQBAS 5 ol & ugdar g1 Ig A9
BﬁAﬁamqg‘aﬁﬁ7%«—rrmﬂ?ﬁ%l
U 937 g8 A ¥ B deh fohaer feat &
qg’ﬁ?rr(mfrﬂﬁﬁmﬁaé?htr%)?

1. 13 2. 35

3. 6 4. 12

It takes 5 days for a steamboat to travel from
A to B along a river. It takes 7 days to return
from B to A. How many days will it take for
a raft to drift from A to B (all speeds stay
constant)?

1. 13 2. 35
3.6 4. 12

NTH IR 3kl & G&ar gl afe geq e
arel 3/ @ geT fear S ar 9 gl arelr
AT 37 Fr FEar N Hr 19" @ Frdr g

H dE & fordel N TFHT 7
1. 10 2.9
3.8 4.7

N is a four digit number. If the leftmost digit is
removed, the resulting three digit number is
1/9" of N. How many such N are possible?

1. 10 2.9

3.8 4.7

T 1 9 2 § deoa & AT = geTaq
fohdelT aTell T TTLTHAT §? Uh ATl T
acay g o v s FT gera 30 @
@ fh a8 A% ufa # o 33 Rt a1
BT

&5

Fig-1 Fig-2

w ke
w -
EalN
ININ)



What is the minimum number of moves
required to transform figure 1 to figure 2? A
move is defined as removing a coin and
placing it such that it touches two other
coins in its new position.

55 B

Fig-1 Fig-2
1.1 2. 2
3.3 4. 4

39T AT D’ Far3it

A‘ .A A‘
‘V V@ ‘V

z-
% &
. A . o

Find the next figure ‘D”

QA A‘
“%’ ‘."Q ‘V
3'

% change (2014) (2015)
+10

over
previous
year 10+

-10 4
-10 -10

I Physics Chemistry [ Biology

IRIFT A% F fFeT & F la-ar Fsey

e I FRar g2

1. &ifas AT & 3ol g arer faeantat
T ol HEAT 2015 AT 2014 H AT g

2. 2013 &Y 3798 2015 H JAa AT & ot
gt arel ot $r @ear A g

3. 2014 % St AT #H 3ccdfior g arel
ezt & dwar #iv Jerar 7 2015 &
R AET A Secdiol gt arel faeznidat
H JE&Ir A 3fAF gar agul

4. 2014 St AT #H 3ol g arel
faefat $r sear qar 2015 #7 #ifaw

A H 3ol gl arer faeanfiat &
TEAT AT g

% change (2014) (2015)

over

previous +10 +10

year 10

-10

-10 -10

I Physics Chemistry [ Biology

Which of the following inferences can be

drawn from the above graph?

1. The total number of students qualifying
in Physics in 2015 and 2014 is the same

2. The number of students qualifying in
Biology in 2015 is less than that in 2013



10.

3. The number of Chemistry students
gualifying in 2015 must be more than the
number of students who qualified in
Biology in 2014

4. The number of students qualifying in
Physics in 2015 is equal to the number of
students in Biology that qualified in 2014

UH BIF H G A Iefecol afi¥a R

F T T FF 8d &1 SR dcIY &

1 oQem & 9T ol drel F ol A 4
1/4 BT AT 3ffeclior g1 8

2. Ifg BT & grcdie 3fbedA gedie &
U4A® & § o g 3fefccion giangrar &1

3. Ifg ©1F & gcde 3f¥edd gredis &
127 #AOF g § df 98 gAAT Icdior
gIc/gIel &l

4. 7F T § 5 A o o el &
T &l

A student appearing for an exam is declared

to have failed the exam if his/her score is

less than half the median score. This implies

1. 1/4 of the students appearing for the
exam always fail.

2. if a student scores less than 1/4 of the
maximum score, he/she always fails.

3. if a student scores more than 1/2 of the
maximum score, he/she always passes.

4. itis possible that no one fails.

Jdeh dlel H Sof I hT FEIAIT H ST
T § a8 3T FlAT & At A FEast
A ¢ ocd €& A W

9 10
7 X13 8 X12
15 14
5 —
3 11 4 X16
25 18
1. 10 2. 8

w
o
Bl
H
N

10. The relationship among the numbers in each
corner square is the same as that in the other
corner squares. Find the missing number.

9 10
7 X13 8 X12
15 14
5 —
3 11 4 X16
25 18
1. 10 2. 8
3.6 4. 12

11. @& & @ 9-91 FUT difes & F IJAd
2

1. # AR §eg Sl §

2. # FeT-deT I Serd §

3. # FeT-eT T Seldl §

4.ﬁgﬁanmm§

11.  Which of the following statements is
logically incorrect?

I always speak the truth

2. | occasionally lie

3. l occasionally speak the truth

4. 1always lie

=

12. 39 %A H @ T R—IM?

ADARN
1.v 2. v
3. = 4. q

12.  What comes next in the sequence?

ADARN
1.v 2. v
3. = 4. ﬂ



13.

13.

14.

14.

15.

15.

16.

16.

17.

T Jod @1 IR & Tk & fdeg W ged
F ar sid AB 3iR CD & 60° d2m 120°
T T §oITd g a8 AB:CD g

1. V3:1 2.42:1
3.1:1 4. \3:2

AB and CD are two chords of a circle
subtending 60° and 120° respectively at the
same point on the circumference of the
circle. Then AB : CD is

1. V/3:1 2.42:1
3.1:1 4. \3:4/2
T & @ +F-AT sin(05°) & AT &
ey §?
1. 05 2. 0.5 X =
90

3. 0.5 X — 4. 0.5 x —

180 360

Which of the following best approximates

sin(0.5°)?
1. 05 2. 0.5 x =
90
3. 0.5 X — 4, 0.5 x —
180 360

qEa3t & @HTA (5, 6,7, m, 6, 7,8, n) H
3RITOTT ATET 6 T SREEIGEREERIE

IR 3T aTelT 37h) 7§ @l mxn=
1. 18 2. 35
3. 28 4. 14

The set of numbers (5, 6, 7, m, 6, 7, 8, n) has
an arithmetic mean of 6 and mode (most
frequently occurring number) of 7. Then
mXn=

1. 18 2. 35

3. 28 4. 14

Rea sue Y : F2, , D8, C16, B32,
Ab4.

1. C4 2. E4

3. C2 4. G16

Fill in the blank: F2, , D8, C16, B32,
A64.

1. C4 2. E4

3. C2 4. G16

fAste 3R ¢ @1 ggar 1:00 pm & TREH
&Y, 39T 6 Hel A fohcell IX Th qEX &
40° ST HIUT FATHM?

17.

18.

18.

19.

50 cm

19.

1.6 2.7
3. 11 4. 12

How many times starting at 1:00 pm would
the minute and hour hands of a clock make
an angle of 40° with each other in the next 6
hours?

1.6 2. 7
3. 11 4. 12

fredl o werd F ueh AMAeR FeT B
HIET Al Th gd T T a1 g v
MeThR Jolgerr 87 1 Pl T olgel &I
Bare waen 2 A g 1 A §1 #ew & v
fraaT 9T ga & T B2

1.
3.

2.
4.

0|1 | -
0N | w

A solid contains a spherical cavity. The
cavity is filled with a liquid and includes a
spherical bubble of gas. The radii of cavity
and gas bubble are 2 mm and 1 mm,
respectively. What proportion of the cavity
is filled with liquid?

1.

3.

2.
4,

@l |-
©|Nw|w

T # PR BeA & IER #1 s
HIAIAY T WUS AT I B, O g
R gus YT § 396 FAGK 10x 10 x
5P AT A 3RaH P afzar e
ST "l g7

o
N
50 cm
1. 50 2. 100
3. 125 4. 250

The diagram shows a block of marble having
the shape of a triangular prism. What is the
maximum number of slabs of 10x 10 x
5 cm® size that can be cut parallel to the face
on which the block is resting?



50 cm

20.

20.

21.

o

50 cm
1. 50 2. 100
3. 125 4. 250

ar s Har R e 39 ;R @ Fhol el
a8, 30T 40 fAde & Sefed Roer 30
A oar g1 v T ar e & 5 fAec
ggor ol UT| fhder fRele & & fovg, dar

T 3T Aparr gem?
1. 5 2. 15
3. 20 4. 25

Brothers Santa and Chris walk to school
from their house. The former takes 40
minutes while the latter, 30 minutes. One
day Santa started 5 minutes earlier than
Chris. In how many minutes would Chris
overtake Santa?

15 2. 15
3. 20 4. 25
HIT \PART 'B'

A 6 98T 0 dUr 0’ ERT ITAWM@AT
&eid a7 FAT (v, 0) AT (¢, t) El YR
0' 3 v=_pcd  TY 3o AU TH &l
x-378T & FHAGR ToIar gl Ife fAdensr &
THEd 9T x, =x +ct dqT x_ =x —ct g,
ar 0 dur 0 H FERAT FAATT AReeH
FIROT IE & oIl &

;) _ x——Bx ;o X4 — Px—
1. xi= WJ' aAqr x. = :'/W,

! 1+8 ! 1-B
2. Xy = ’E X4 aqAT xL = mx_

3. xp =2l gy x =2 ln

1- 2 Ji-p%’
f_ [ [
4, xi = 1JrﬁxJ,?-f?lTx_— 5 x-

21.

22.

22.

23.

Let (x,t) and (x',t") be the coordinate
systems used by the observers 0 and 0’,
respectively. Observer 0’ moves with a
velocity v = B¢ along their common
positive x-axis. If x, =x+ct and
x_ = x — ct are the linear combinations
of the coordinates, the Lorentz
transformation relating O and O’ takes the
form

;o X—— Bxy ;o X+~ Bx—
1 x+—m andx_—m,
, 1+ 1-
2. xi = ﬁx;,andx’_z ﬁx_
1o X4 = Bx- 1o X— = Bxy
3 acJ,—\/l__B2 andx_—\/l__ﬁz,

qRd R & U g1 & IR st W ar
AT AT T AF +Q W I &1 g T
m JUT TG +Q FT Uk HUT g7 & dd W
FE 3T g a(KR) W W T gl
afg o1 Fr Afafiedr g W gfadfaa ¢
dr d8 BIC el T BN 3H HIUMT
Jgfea & @

Q2 Q?
1. 2.
2megR3m megR3m
7 Q2 Q2
3. 4,
megR3m 4mEg R3M

Four equal charges of +Q each are kept at
the vertices of a square of side R. A particle
of mass m and charge +Q is placed in the
plane of the square at a short distance
a (K R) from the centre. If the motion of
the particle is confined to the plane, it will
undergo small oscillations with an angular

frequency
2
2. /—Q .
TEgR>M
QZ

2
1. / ¢
2megR3m
2 2
3. V20 4, —_—
megR3M 41eyg R3m

GSOAT m  H TH G ST UYRH H 3R
Fr Tufa # §, 5 Hiex & Fas ¥ PRy
ST g1 I Jegaedns qonh 0.9 &, 9
& qEll IR SHfd W UsH & Ted @
3HAT AT § ST (g = 9.8 H/A? ATeA)
1. 9.80 #HIA 2. 9108
3. sor#vA 4. 7.02#FH"A




23.

24,

24,

25.

A ball of mass m, initially at rest, is dropped
from a height of 5 meters. If the coefficient
of restitution is 0.9, the speed of the ball just
before it hits the floor the second time is
approximately (take g = 9.8 m/s?)

1. 9.80m/s 2. 9.10m/s

3. 891m/s 4. 7.02m/s

A 6 X U v o TadT Ao W g,

FTd ¥ 9% T & A [AIddT ¢ &

Tsh YOHT SCod HI 0T HAT E,

W AEY AWM +p T -p & @Yl ar

IETheT X +Y  3HeIhOT Xl § Teh

1. deco @, o Es & oA +u | E,
JAT ATET 0T HAlS adele 0v2 &
ary|

2. YA §cod &I, AT 0 JAT AlTh
el 20 & ATY|

3. o &1, s & TWA +u | g,
JAT ATET 0 UG AlAS Adeld 20 &
ary|

4. YHHAT §co, ALY 0 dAT Al
fagest ovV2 & Y|

Let X and Y be two independent random
variables, each of which follow a normal
distribution with the same standard devia-

tion g, but with means +u and - u, respecti-
vely. Thenthe sum X + Y follows a
1. distribution with two peaks at +u and

mean 0 and standard deviation a2

2. normal distribution with mean 0 and
standard deviation 20

3. distribution with two peaks at +u and
mean 0 and standard deviation 2o

4. normal distribution with mean 0 and

standard deviation ov/2

Toleh o fafig faRelwor & MR W &
3T G, Toleh T X h, SecEATT IR ky
vd fRaa & e & afd ¢ F arar #i
3YANET Feh U A0S da T, Hr
gReTRa fRar a1l 7, F1 I A
37T # g

hc5 hc3

1. T 2. T
k%G k%G

G hk3
< 4. |b
hctkg Gc

10

25.

26.

26.

27.

217.

Using dimensional analysis, Planck defined
a characteristic temperature Tp from powers
of the gravitational constant G, Planck’s
constant h, Boltzmann constant kz and the
speed of light ¢ in vacuum. The expression
for Tp is proportional to
’hc5 /hc3
G hk}

\/hc‘*kg s \NGe?
x =0 F -9, Felel Cosi(x) T ToR-
37efshd faEcRor 1 3iferavor e &
1. o 2. m
3. = 4. 1

2
The radius of convergence of the Taylor
series expansion of the function osh ()
around x = 0, is
1. o 2. m
3. = 4. 1

2
z=0 & M-I TR eTshA faeazor
F(a,b,c;z) =

ia(a+ 1) (a+n—Dbb+1D - (b+n-1)
c(c+1)-(c+n—-1)n! z
n=0

I gRINT 3T FERSAARS BoreT
F(a,b,c;z) T Yeracisl HeeT &l FHATUTA
T g

d = S F(a—-1b—-1c—1
1. EF(a,b,c,z) = abF(a 1,b—1,c—1;2)
2. %F(a,b,c;z) = ﬁF(a+ 1L,b+1,c+1;2)
3. %F(a,b,c;z) = %F(a— 1,b—1,c—1;2)
4. %F(a,b,c;z) = %F(a +1,b+1,c+1;2)
The Gauss hypergeometric function F(a, b, c; z),

defined by the Taylor series expansion around
z=0as F(a,b,c;z) =

[oe]

Za(a+1) ~~(a+n—1)b(b+1)-~-(b+n—1)Zn

c(c+1)-(c+n—-1)n!

n=0

satisfies the recursion relation

a - £ _ —_ 1.
1. dZF(a,b,c,z)— abF(a 1,b—1,c—1;2)

d _c .
2. —dZF(a,b,c,Z)——abF(a+1,b+1,c+1,z)

’



28.

28.

29.

29.

30.

11

a ab
EF(a,b,c,z) = ?F(a—l,b—l,c—l,z)
%F(a,b,c;z) = a?bF(a+1,b+1,c+1;Z)

AR fA&RMTH Td HAT (q,p) I Th
a7 & gReed H=p2¢? ¥l gReea
ITA-FHAIOT FHI Teh AT ¢ (et # 4
JUT B 3N B)
1. p=Be 24t g¢= %ezm
2. p=Ae?t g= %e—zm
3. p=Ae”t, q= %e"‘“
4, p=24e™4% ¢ geAzt
The Hamiltonian of a system with
generalized coordinate and momentum
(q,p) is H=p?q% A solution of the
Hamiltonian equation of motion is (in the
following A and B are constants)
1. p=Be 24 g= geZAt
2. p=Ae 24t = ge—ZAt
3. p=Aet, q= %e‘At
4., p=24e4t gq= %e“‘zt
Flecd GHTROIT
1 et —1
— - dz
2mi J. cosh (z) — 2sinh (z)
&I, Teheh Tfchehl C & THTR AT
THRATOIT ATl &
1. 0 2. 2
1
3. —8/\3 4. —tanh(3)
The value of the contour integral
1 et” —1
P - dz
2mi J, cosh (z) — 2sinh (2)
around the unit circle C traversed in the
anti-clockwise direction, is
1. 0 2. 2
1
3. —8/\3 4. —tanh(3)
0 ¥ L do & ARl # YT v -

AT 35T 98 & X U gegd AT m
& Tk HUT H T JEHATR ST RIT Bele

30.

31.

9 = [; (s (%) + fsin () @
1T g1 Ifg 3EHT S A FIC §, 99T
qRUTE JAT FoIT & AT AT HAT: &

h? 2h? 73 h?
1. —s, — and ——
2mL?’  mL? 50 mL?
h? h? 19 h?
2. , and ——
8mL2 ' 2mL? 40 mL?
h?  2n2 19 h?
3. T2 o2 and ——
2mL mL 10 mL
h? 2h? 73 h?
4, ==, = =2
8mL? ' mlL? 200 mL?

The state of a particle of mass m in a one-
dimensional rigid box in the interval 0to L is
given by the normalised wavefunction

v = [2(Zsin () + 2sin (). it
energy is measured, the possible outcomes

and the average value of energy are,
respectively

h? 2h? 73 h?
1. 2 2 and Th
2mL mL 50 mL
h? h? 19 h2
2. SmiZ' 2miZ and —_——
mL 2mL 40 mL
3 h?  2h? 19 h?
' 2mlL2’ mL? 10 mL?
4 h? 2h? 73 h?
' 8mL2 ' mlL2 200 mL?

U dehrg &1 B, Wid x>0 A Bz ¥
aqur 3T Hel SETE T Bl x <0 Wid &
x>0 9id # Tk R Afd v=v2 & AT
xy-del H T AR 9rer, Sae qared
| (x-f&2m & THATER) TAT h (y-feem F FAR)
& gEmRr S g e @ h oA 7
fred fov 3Taad faeaares o (EMF)

St gram?
1. 1=8 h=3 2. 4, h=6
3. 1l=6 h=4% 4. =12, h=2

A magnetic field B is BZ in the region
x>0 and zero elsewhere. A rectangular
loop, in the xy-plane, of sides [ (along the x-
direction) and h (along the y-direction) is
inserted into the x > 0 region from the
x < 0 region at a constant velocity v = vX.
Which of the following values of [ and h
will generate the largest EMF?



32.

32.

33.

33.

1. 1=8 h=3 2. =4 h=
3. =6 h=4 4. 1=12, h=

Redl i & TR GeBRT 87 ¥ xR
2-9CH FHA: B, = By(x2 —y?) a1 B, =0
gl 39+ y-ueed & o T goll A &
FlT-a1 Aoeder o I faed &2

1 B, = Byxy

2 B, = —2Byxy

3. By =—By(x*—y?)
4

B, = B, (§x3 - xyz)

The x- and z-components of a static
magnetic field in a region are B, =
Bo(x?—y?) and B, =0, respectively.
Which of the following solutions for its y-
component is consistent with the Maxwell
equations?

1. B, =Byxy
2. B, =—2Byxy
3. B, =—By(x*—y?
1
4. B, =B, (§x3 — xyz)

A TR gISgIslel WA & hofd fasra
T PohA-gN  Ug  Sis FH YRR
aRafdd fhar ST & & Fo fawa
V@A) = -2+ e ¥, SE g T
3 gl dRafda fase & a1 &
e A E,y,,

L ndd | R @R E " m | 780
2. nWR AN ERG | O m W7
3. naul m W AR E, W | WA
4. | AT FaCH TCIATIT n, [ IAT m

W gEased: AR §

Suppose that the Coulomb potential of the

hydrogen atom is changed by adding an

inverse-square term such that the total
2

potential is V(7) = —Z% + -, where g is

a constant. The energy eigenvalues E,;;, in

the modified potential

1. depend onn and [, but not on m

2. dependonnbutnoton [ and m

3. depend on n and m, but not on [

4. depend explicitly on all three quantum

numbers n, [ and m
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34.

34.

35.

35.

36.

Bfaw & Hoiy d@9er IFRE & ges Il
L.L, @ar L, § d sAfafags

[L. LLyL,] Y 38 W Welihd fohar sm
HehdT §:

1. ihL (L2 -I13) 2. ihL,L,L,

3. kL (2[% - I2) 4. 0

If L, L, and L, are the components of the
angular momentum operator in three
dimensions, the commutator [L,, L,L,L,]
may be simplified to

1. L, (12 -13) 2. ihL,L,L,

3. ihLy(2IZ-1%) 4. 0

a’fwlﬂfﬂmﬁ?\?ﬁmx T
Llx & 3ofdid § 3o+ el & &
WYl 3.0 dlel WIdegd ¢ R Sd
gawmdcear vV & TH Je & W @
Fafead e oo §1 wud guia & amer
focitr o= & 3mayr 3R &

1. +66% 2. +20%

3. —-3.3% 4. —10%

Two parallel plate capacitors, separated by
distances x and 1.1x respectively, have a
dielectric material of dielectric constant 3.0
inserted between the plates, and are
connected to a battery of voltage V. The
difference in charge on the second capacitor
compared to the first is

1. +66% 2. +20%

3. —33% 4. —10%

Rt gag-fovuer gfFeear & iffeerTe
AT E, a7 E, ¥ TId FTAET0S aeard
HAA: 1) TAr |2) § TG AT t=0 W
dT [Pt =0))=sinf|1)+cosh2) & § ar
TAT ¢ W (P()|p(t)) FT AT gHM:

1. 1

2. (Eysin®0 + E, cos?0)/\JE? + EZ

3. eifit/hging 4 eif2t/M cosp
4

e HE1t/hginZ g 4+ eTiE2t/h co52 9



36.

37.

37.

The eigenstates corresponding to eigenvalues
E; and E, of a time-independent Hamiltonian
are |1) and |2) respectively. If at t =0, the
system is in a state [(t = 0)) =sinf|1) +
cos 8]2) the value of (P(t)|yY(t)) at time ¢t
will be

1. 1

2. (E;sin?6 + E, cos? 0)/\/EZ + EZ
3. elbit/hging 4 eiE2t/h cos 0
4

e~ Eit/hginZ g 4 e~iE2t/h g2 g

3T FATE Wid x>0 A x <0 FHAA:
WACIAF €, AU €, dTd WG ATETH
T W I g W IT H TH THAAA
fega &7 &1 e 3 F RIS F Ay
fega &7 T 6, T Fl, I I3 A
I T 9, T fear e §:

x>0

€,5in 8, = €, sin 6,
€,tan 8, = €, tan 0,
€,tan 8, = e, tan 6,

Moo

€,5in 8; = €, sin 0,

The half space regions x > 0 and x < 0 are
filled with dielectric media of dielectric
constants €; and €, respectively. There is a
uniform electric field in each part. In the
right half, the electric field makes an angle
0, to the interface. The corresponding angle
6, in the left half satisfies

13

38.

38.

39.

€,5in 8, = €, sin 6,
€,tan 6, = €, tan 6,
€,tan 6, = e, tan 9,
€,5in 0; = €, sin 6,

Mwbdre

AT V. HT T S, o ey
& N3 §, UH Bg d &GN @RI a
3g@st H dfed gl I oIC 3UWs H
I V/3 &, A 3aA fEud it &

HEAT T JITOT §
1. N/3 2.
3. VN 4.

2N/9
VN/3

A box of volume V containing N molecules
of an ideal gas, is divided by a wall with a
hole into two compartments. If the volume
of the smaller compartment is V/3, the
variance of the number of particles in it, is

1. N/3 2. 2N/9

3. VN 4. N/3

et ¥ I fAfgse deear v, & T
IR9YT F AT dreedr V, #, FT aier &
H ¥ Fla-ar Isoanw gfafafca Far &2

05

o5 N/




3.0

10K

25

2.0

1.0

05

0.0

3.0

25

2.0

1.0

05

0.0

3.0
25

2.0

1.0

05

0.0

3.0
2.5

2.0

1.0

s of

0.5

0.0

39. Given the input voltage V;, which of the
following waveforms correctly represents the
output voltage V, in the circuit shown below?

14

05

N4

-05

3.0
25
2.0

1.0
05
0.0

3.0
25
2.0

1.0
05
0.0

3.0
25
2.0

1.0
05
0.0

3.0
25
20

1.0
05
0.0

10K

v o Vg

10K




40.

40.

41.

fFdY Jery & U IGAWVUT W W TH 41.

15

el LED Y figdr seed e 1, = 660
nm WX HAEIT IMF{IT g, dsS 20nm &
qry| I HENoT Ul TR & Ay
ay—K(A—21,) & 9 & agelar &, &1 a,
T K Gl W g, 3aAqWed & fAhelar

g1l EIEM:
1. aro-faeaiad, mafas daar dee
P A @A G
2. Aro-farafta, e smafAa dgar
§col & Iy
3. dra-faeufid, mafags dadr
dee @ gAY W@ g
4. oIA-faEATd, T FGAHT dgdr
§col & Iy
The intensity distribution of a red LED on 42,

an absorbing layer of material is a Gaussian
centred at the wavelength 1, = 660 nm and
width 20 nm. If the absorption coefficient
varies with wavelength as ay — K(1 — 4¢),
where a, and K are positive constants, the
light emerging from the absorber will be

1.

2.

3.

4.

blue shifted retaining the Gaussian
intensity distribution

blue shifted with an asymmetric
intensity distribution

red shifted retaining the Gaussian 42,

intensity distribution
red shifted with an asymmetric
intensity distribution

ﬁ?@ﬁwdaa?ﬁagr-ruml $T dreedr
VR R

2

4
1=n(1-7)
0

STl I, ddT V, 3R g1 frdr gaer & a7

wmmvaﬁmgﬁl H AT

foham Srer &1 grEe V, awr /I, 3o
59 yR Auiia & s awd §:

1.
2.

[-V? 3T &1 9q0Tdl Uq y-37d:&@8
[-V2 3TerE & y-37d:@S dUT 9aordr
& 3MIIId FT RUT, T y-3HA.TS

VI-V 3T 6T Yaqurdr Uq y-3id:@3
VI-V 3G FT y-3Hd:@8 JUT JaquTdr
& 3MUId H ROT Ud y-37d:T3

43.

The dependence of current I on the voltage
V' of a certain device is given by

VZ
I=1 (1——)

where [, and V, are constants. In an

experiment the current I is measured as the

voltage V applied across the device is

increased. The parameters 1, and \/E can

be graphically determined as

1. the slope and the y-intercept of the
1-V2 graph

2. the negative of the ratio of the
y-intercept and the slope, and the
y-intercept of the I-V2 graph

3. the slope and the y-intercept of the
VI-V graph

4. the negative of the ratio of the
y-intercept and the slope, and the

y-intercept of the vI-V graph

s a7 #, anfadr fRufaffsa woi
& TH IF Fr fasg V(x)=a|x| (S8l «
TH IR §) & N A Sar R
TIIROT et ¥ (B = —)

kT
a4mm 2mm
1 ’Bsazhz 2. /Bzazhz
smm 3mm
3. ’Bsazhz 4. /Bzazhz

A gas of non-relativistic classical particles
in one dimension is subjected to a potential

V(x) = a| x| (where a is a constant). The
partition function is (8 = —)
kgT

1 amn 2 2mm
: B3azh? : B3azh?
8mm 3mm
3. B3azh? 4. B3azh?

T Y T cygrarerAs Ry & A+ &
UcAF dh-8R HT TR AT tyye &
+5V

Sy =D

g2 1 GeReT {Aed 3TIdH gl Sid de-
9T A 9UT B ST HHAUT &I ad &




43.

44,

44,

45.

45,

0,1)- (11D
(1,1) - (0,1)
(0,0) » (1,1)
(0,0) - (0,1)

HowbdpRE

In the schematic figure given below, assume
that the propagation delay of each logic gate
iS tgate-

+5V

NPy

The propagation delay of the circuit will be
maximum when the logic inputs A and B
make the transition
1. (0,1)-(1,1)
2. (1,1)- (0,1
3. (0,0)-(1,1)
4. (0,0) - (0,1)

S T 3T THhifas 39 #F IRfAs
AT V, ¥ 3V, do &gISA: faeaid
fraTSraT g, 3@ a9I T, § T H
aRafcid giem g1 ar 3ard T/T, &
L3 2 ()"

3. (1)1/3 4. 3

3

When an ideal monatomic gas is expanded
adiabatically from an initial volume V,, to
3V,, its temperature changes from T, to T.
Then the ratio T /T, is

1 1\2/3
L2 2. (3)

1n\1/3
3. (3) 4. 3
3T ddl W Teh SfAURATOTER 3707 arel
e dr gfer 307 fafarse s
1. 8k 2. 35k
3. 45kg 4. 3kg

The specific heat per molecule of a gas of
diatomic molecules at high temperatures is
1. 8kp 2. 35kpg

3. 45kg 4. 3kg
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46.

46.

47.

47.

HIT \PART 'C'

g f(x) =3x>—4x -5 & HAl &
JeTacll ~geaA-Xhe= faf¥ garT ¢od #Hg,
RS A x =2 fodr Sar gl 3T

JeRTad # IHAN A $HS foshead ¢

1. 1671 2. 1.656
3. 1.559 4. 1551

In finding the roots of the polynomial
f(x) =3x3—4x—5 using the iterative
Newton-Raphson method, the initial guess is
taken to be x = 2. In the next iteration its
value is nearest to

1. 1.671 2.
3. 1.559

1.656
4. 1551

%H F & 3ol E dUT §A9T p dTel T H0T
¥ T gaar y = 2in (222) 3 afenfa #)

E-p3c

%H F & Ted¥ H 39T v =(0,0,8c) F AT
arfarelier F' A A g y' gef:

1 y’'= y+211n(1 - B3

2. y'= y—iln(%)

3. y’'= y+1n(%)

4. y'=y+ 21n(%)

For a particle of energy E and momentum p
(in a frame F), the rapidity y is defined as

1. (E+psc
y ==In (—p3
2 \E-psc

velocity v = (0, 0, B¢) with respect to F, the
rapidity y" will be

). In a frame F’ moving with

1l y’'= y+211n(1 —ﬁz)
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48. Wolol 50. &% Wold F(q,P) = ¢?P &RT U& fafga
- d" ‘ - %ﬁﬁ
FO) =50+ Y 600 T (@ p) = @F),
) n=1 H(q!p) = Zaqz + q
(ST 8(x) TN Seer-weled §) &1 HRA (maamﬁm%)w%mm%l
FAIROT [ dx e f (x) FAT 8?2 (Q, P) &1 Af-TefaoT &
1 1
i > T 1. 0=P/a @I P=-BQ
3. — 4 =

2. Q=4P/a U P = —BQ/2
48. What is the Fourier transform [ dx e®**f(x) of

dTl
) =86+ ) —=6()

n=1
where 6 (x) is the Dirac delta-function?

3. Q=P a%nP:—"’QLZ—/;Q

4. Q =2P/a TUT P =-PQ

1 1
L 1—ik 2, 1+ik 50. A canonical transformation (q,p) — (Q,P) is

1 1 made through the generating function
N k+i 4. k—i F(q, P) = q?P on the Hamiltonian

2
p- B
H@p) =5, +74°
49. % E where a and g are constants. The equations
o(x,t) = /1[ dx'dt' of motion for (Q, P) are
do dk e~ k(—x")+iw(-t") 1. Q=P/a and P=-4Q
P3(x',t")

(2m)? w?—k?2—m?+ice

2. Q=4P/a and P = —BQ/2
%muﬁwwﬁaw%: 3.0=P/a andP=—%—ﬂQ

v m—m +ie) ) = —{2 4% 0) 4.0 =2P/a and P =—pQ

+m —ie)p(x,t) = 1 p%(x, t)
51. Us ©: 394d HHE G ={e,a,b,c,d, [}

)
———2+m — i€) p(x,t) = =31 $*(x, 1)
)o

2 ox? g T[0T cIoiohT T Ueh $9T fole=t aeiram
6t2 6x2+m —i€) p(x,t) = =1 P3(x, t) T & (e & ¢ &1 dcgas 31999 e gl)
. . a b c d f
49. The integral equation a b ¢ 1d 17
o(x, t) = AJ dx'dt’ b |e |d
e X f y z

dow dk e—ik(x—x')+ia)(t—t')

(2m)? w?—k?—-—m?+ie

$3(x',t")

—Hlo|Oo|T|®| @
hloO|T||D| @

is equivalent to the differential equation
2 2
1. (6 + 2 m? +Le)¢(x,t)=—§/1¢3(x,t)

otz = 9x?

gfafear x, y dar z & g A
l. x=a,y=d ddl z=c¢
2. x=c,y=a ddr z=d
3. x=c,y=d dd z=a
4, x=a,y=c dAdl z=d

PCx,t) = 1% (x, 1)

52
— ——+m?—ie
at? 6x2+

e )
3. (55— St m? —ie) p(x,t) = —31$%(x,0)
G )

o* —+m? —ie)p(x,t) = -1 $3(x, t)

at?
atz



51.

52.

52.

53.

A part of the group multiplication table for a
six element group G ={e,a,b,c,d,f} is
shown below. (In the following e is the
identity element of G.)

a |b |c d |f
a |b |c d |f
b |e d

e |x |f y |z

o |O|T|D|®
o |O(T|DD| DD

The entries x, y and z should be
l.x=a y=d and z=c
2.x=c,y=a and z=d
. x=c,y=d and z=a
4. x=a,y=c and z=d

U ThEA Y9 &7 B A fAegd Orr |
FI ggd I T Trel, fo@dr Bsar a g, Fr
@r Srar g1 afg orer & o9 feam A A &
fAfgse foRar ST g, df 91 ) g F Jor
Sof YT T &

1. F=0 dAT T=na’IAXB

2. F=Z—7‘;I><B JATT=0

3. F:Z—;IXB dAM T=IAxB
4, F=0 @1 T=—1IB

Ho€o

A loop of radius a, carrying a current 1, is
placed in a uniform magnetic field B. If the
normal to the loop is denoted by 1, the force F
and the torque T on the loop are

1. F=0and T=na’IAXB

2. F='2IxB and T =0

3. F:Z—;IXB and T=I1AXB

1

4, F=0and T = IB

Koo

foelr fafarse @der v A foega awr Jehrg
&ET & AW @UFAT FHEAT H) HA
E=3%+ 49 du B=32 § 39 % &
e e ATl TH SAscdrd Vet g
&7 & gRHAT Urar § |E'| = 4. 38@Q AT

T ek & HT IRACT |B'| B
1. 5 2. 9
3.0 4. 1

53.

54.

54.

95.

The values of the electric and magnetic
fields in a particular reference frame (in
Gaussian units) are E = 3% + 4y and

B = 32, respectively. An inertial observer
moving with respect to this frame measures
the magnitude of the electric field to be
|E'| = 4. The magnitude of the magnetic
field | B'| measured by him is

1.5 2. 9

3.0 4. 1

fgw 7 afafe v 9T F1 ey

L=%m9’c12+m(5522+5c32)—§kx12—%k(x2 + x3)?

¥ far Jrar g1 a1fa & T&da 3R gle

1. had Fal

2. $dd Foil, WS TAI FT Tsh Gcah T
Fofr A FT TH gch

3. $dd Foll g WS HAT FT T gcdh

4. IS Folil TF UM AT HT Th e

The Lagrangian of a system moving in three
dimensions is
1 1 1

L= melz +m(x7 + x2) — Ekxl2 - Ek(x2 + x3)2

The independent constant(s) of motion is/are

1. energy alone

2. only energy, one component of the linear
momentum and one component of the
angular momentum.

3. only energy and one component of the
linear momentum

4. only energy and one component of the
angular momentum

B RS & Mo S, W AR & &
ThTAT @AY Golcd p IW@AT gl 395 &
ST a < R/2 FT Th BT el S,, FIEH
e fear amar g1 o 6 Ry & g
AT g, Al el & g FREU b=AR/2 A
ERICTE




55.

56. 9T V(x) =-mw?x?+ gcoskx

56.

S7.

S, % 3ieX T§g P WX faega &7 §

R R ,» A
1. Zaq 2. 2= (#-1a)
3&g 3gpa
R a -
3. Za 4. L
6&p 3&0R

Consider a sphere S; of radius R which
carries a uniform charge of density p. A
smaller sphere S, of radius a < R/2 is cut
out and removed from it. The centres of the
two spheres are separated by the vector

-

b = AR /2, as shown in the figure.

The electric field at a point P inside S; is

R . R > ~
1. 24 2. L= (#—fia)
380 380(1
R a
3. 2 4. LL3
6¢&p 3&pR

1

! ¥ e
GOA m & Tdh HUT W AR &
gHarsr (grAffae) e %mwzx2 Fr RO
A, g & 9YA A T Hegaedqr Fo &
gRade &

1. gexp(— zk:lh)

@

3. gexp (— Zkzh)

mw

2. gexp(kzh)

2mw

4 gew(-i)

Consider a particle of mass m in a potential
V(x) = %mwzx2 + gcoskx. The change in
the ground state energy, compared to the
simple harmonic potential %ma)zxz, to first

order in g is

2 2
Lgew(-58) 2 gew(EE)
sgen(-50) 4 gew(-50)

Th @A H geIAT m &1 T HUT [0
V(x) = —ad(x) (&7 a TP & 3 §), &

19

57.

58.

58.

wsrg A iRl g1 38 e aEwm A
UGS (Ax)(Ap) H HfATREACT &

1. 2n 2. hJ2

3. h/V2 4. 2n

A particle of mass m moves in one dimen-
sion under the influence of the potential
V(x) = —ad(x), where a is a positive
constant. The uncertainty in the product
(Ax)(Ap) in its ground state is

1. 2n 2. h/2
3. h/N2 4. \2h

Tsh oA UYeh &I IHJIEY FIC, URd 2a
Teh T g T Afeer k &1 T™ faemsit &
fow @AT 9fdee Y(+a,y) = Y(x,+a) =0

Fd FHIRIOT

92 92 w?
2t a_yz+ (C—z— k2>]¢(x.30 =0

T AT IXd Teh Beled P(x,y) & Jal W
seTey frega-dedrr fRard ar=f Sl €
A faur $r i o &

1. w?= c? (k2+4ai22)
2. w?= c? (k2+z—z)
3. w? = c? (k2+%)
4. w* = c? (k2+%)

A waveguide has a square cross-section of
side 2a. For the TM modes of wavevector k,
the transverse electromagnetic modes are
obtained in terms of a function 1 (x, y) which
obeys the equation

0?2 0?2 w?
2 —
ﬁ*a—yﬁ(c—z‘ k )]W'”—O

with the boundary condition ¥(ta,y) =
Y(x,+a) = 0. The frequency w of the lowest
mode is given by

1. w? = c? (k2+4ai22)

2. w?= c? (k2+z—§)
3. w?= ¢? (k2+%)
4, w? = c? (k2+%)
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59. U fdT 3wl ARAr & A1 ar s 1.
HANTT 1 F g et saear =& #
FlA-AT HIAT 82

1.
0
Reset (;som\
1
0
2.
Reset
0
2.
3.
0
Reset %
0
3. '
4,
Reset
4,

Reset

60. AT V(x) =a|x| A RAT gegd@mT m &
U 0T & WKB HiesTehcst
b
59. The state diagram that detects three or more — 1
consecutive 1’s in a serial bit stream is Zm f VE = V(x)dx = (n + E) ha,
(S8 a AUTh acl fdg § aur n=0,12-)
# uifRa Fo-vwi &



60.

61.

61.

1B = [ (w4 D))"
2. By = [22 (nt )]
3. By = [22 (n 4 2]
4. En =[4W(n+% ]2/3

The energy levels for a particle of mass m in
the potential V(x) = a|x|, determined in the
WKB approximation

b

\/Z_mj E—-V(x)dx = (n +%> hm,

a
(where a, b are the turning points and
n=20,12-), are

L= [ )]
3hma 1\12/3
2. By = wm(n 3l
3. E, = ( +2 ]2/3
o 5= (2]

ICEC V(x):':—m"x‘* H gcgATT m HT Th
U1 W GuR| JEHAA ST Tcad RITBelsT

a1/4 —ax?
PG = (2) 7 e

[ |- J . dxx?e —i aur

%f L dx xte =4z2 T 39T Y ]
1. % h2ﬂ1/3 2 % hzﬁl/3
3 i h2ﬂ1/3 4 % hzﬁl/3

The ground state energy of a particle of mass

R2B 4

m in the potential V(x) = X , estimated

using the normalized trial Wavefunction

W(x) = (2)1/4 e=ax/2 jg

21

62.

62.

63.

63.

64.

3 p2p1/3 8 32p1/3
1L — 2B 2. —h’B

3. — h2pi/3 4. = h2p3

Th FUR IREwAE Al O JesTied
el FACR Toiet § el g1 39 3T
g & AT el F UH H 10° FUT THh
AT ST Bl aﬂw—qaqﬁ%aﬁrﬁmaﬂﬁgtr
AT & qUeT ¥ fOearE # URsHE% dHr

HaeaTelierdl 3qard I,: 1, &
1. 89 2. 1112
3. 17:18 4. 35:36

Two completely overlapping semi-circular
parallel plates comprise a capacitive transducer.
One of the plates is rotated by an angle of 10°
relative to their common centre. Ignoring edge
effects, the ratio, I,:1,, of sensitivity of the
transducer in the new configuration with
respect to the original one, is

1. 89 2. 11:12

3. 17:18 4. 35:36

T WAt dca x, v 9 &RT g §,
S 3T U TARNY dcd Z d% &1RAd g gl
X A YTHPEAS A, g dMYH Zdd
F &TIH 1, gl TG, IRHA H shad X &
Ny RRA©] &, 3fed FAAT (< 1/1, oA
1/2;) R Z & AR $ dear gref

1 2 2.12.2
L2422 Not 2(A1+2z)  ©

(44 + 22)Not

3. (A + A,)2Nt? 4

A radioactive element X decays to Y, which in
turn decays to a stable element Z. The decay
constant from X to Y is A4, and that from Y to Z
is A,. If, to begin with, there are only N, atoms
of X, at short times (t « 1/A; as well as
1/2,) the number of atoms of Z will be

1 ) AiAs
1. 2 AhANot 2(A1+13)

4. (A4 + )Nyt

Not

3. (A1 + 1,)2N,t2

TN gelcd 10”7 WA 9fd & EHA. W
Cs WABT & vh W W Rl s«
HAHOT gl HON & T & S RIGED
& AT g, 3 & d9 g8 fodhedd g
(Cs 30T T gegdTE 22.7 x 10726 .71, o)



64.

65.

65.

66.

66.

67.

1. 1x107°K 2. 7x107°K
3. 1x1073K 4, 2x1078K

Consider a gas of Cs atoms at a number
density of 10 atoms/cc. When the typical
inter-particle distance is equal to the thermal
de Broglie wavelength of the particles, the
temperature of the gas is nearest to (Take the
mass of a Cs atom to be 22.7 x 1072° kg.)

1. 1x107°K 2. 7x107°K

3.1x1073K 4. 2x1078 K

fga 3gad W e dF A AARS Folr
E(T) @@ T W 3d YR 3R grr amm
E(T) =aT? +bT* o d9 & U Hold &
@ H Terdr S(T) &

1. ~aT?+,bT* 2. 2aT?+4bT*

3. 2aT + ng3 4. 2aT + 2bT3

The internal energy E(T) of a system at a
fixed volume is found to depend on the
temperature T as E(T) = aT? + bT*. Then
the entropy S(T), as a function of
temperature, is

1. aT? +bT* 2. 2aT? + 4bT*
3. 2aT +3bT? 4. 2aT + 2bT3
Rt Thfes & v sogeld & I3 Fa1, T
fafase k-feem & T (k) = A — Bcos2ka
& T A ¢, @ A Jur B 3R § U
0<ka<m. k & @& IRET W SelagleT

& glel-oldT SFagR gIam:
1. Z<ka< Z 2. cka<m
4 4 2
3. 0<ka<Z 4, Z<ka< Z
4 2 4

The band energy of an electron in a crystal
for a particular k-direction has the form
eg(k) = A— Bcos2ka, where A and B are
positive constants and 0 < ka <m. The
electron has a hole-like behaviour over the
following range of k:

1.%<ka<%ﬂ 2. 2<ka<m

i

3.0<ka<?® 4, T<ka<
4 2 4

AR, S Fldd AR H1 Th FAATAT
THUET R §, H Soacial W ar| afg
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67.

68.

68.

69.

W kTE # soacr @ aRemur Hay
e(k) = ck (ST&T ¢ U 3I=R ) foramr rmar g,
ar Bl FAT & STl ST TEAT-TAT p
W 38 R R &

1. g o p/? 2. erocp

3. gFocpz/3 4. ngp1/3

Consider electrons in graphene, which is a
planar monatomic layer of carbon atoms. If
the dispersion relation of the electrons is
taken to be e(k) = ck (where ¢ is constant)
over the entire k-space, then the Fermi energy
er depends on the number density of
electrons p as

1. & oc pt/2 2. ggocp

3. g oc p?/3 4. g oc pl/3

A Faieh HATT #, AR S-3few AGAT &

Wfpﬁmm?{mpﬁfp=\/%

FRT gafaa & Wat'ﬁ-?}]'l?orﬂﬁﬁ?w%,
foraer AuRor s &1 AT m, = 6400 + 160
MeV T f,=180+15 MeV U& HAT &
HEGHSTT AT & HIA &1 a & 3Meheled H

EACA

> 2 312
1. 175 (MeV)* 2. 900 (MeV)
3. 1200 (MeV)*? 4. 2400 (MeV)*?

The decay constants f, of the heavy
pseudoscalar mesons, in the heavy quark
limit, are related to their masses m,, by the

relation f, = \/% , where a is an empirical
parameter to be determined. The values
m, = 6400 £ 160 MeV and f, =180+
15MeV  correspond to  uncorrelated
measurements of a meson. The error on the
estimate of a is

1. 175 (MeV)*? 2. 900 (MeV)*?

3. 1200 (MeV)*? 4. 2400 (MeV)*?

ZTi & 9T RN AT MET  IHGEAT HI
Solaeiieler  deard  [Ar]3d24s? §1 HAH
Hegieanius Hfdser #, 59 foeag & fov
et & & Fla-ar dog 7 2

1. 'F, 2. 15,

3. D, 4. 3p,



69.

70.

70.

71.

71.

72.

72.

The ground state electronic configuration of
“2Ti is [Ar]3d?4s%. Which state, in the
standard spectroscopic notations, is not
possible in this configuration?
1. 'F, 2.

3. p, 4.

1,
3P,

A fh ARt dr eIy swer A
AT & 3gfed a7 @feer & Igaa A
gl I n AR H FEIT Gelcd § A ¢
WAl Y IS &, A Se1g Jmgfed &

1. 2mcen 2. 2men
3. V3men 4, men/2

Suppose the frequency of phonons in a one-
dimensional chain of atoms is proportional to
the wavevector. If n is the number density of
atoms and c is the speed of the phonons, then
the Debye frequency is
1. 2ncn

3. V3men

2. \2men
4, men/2

gammo.sTa:WW@W
TATYROT AT THT TAT H 660 nm
AT (TAFSHT) I@T & °ehl & &1d &l

fagreeT §
1. 12 pm 2. 10pm
3. 8pm 4, 6pm

In a normal Zeeman effect experiment using a
magnetic field of strength 0.3 T, the splitting
between the components of a 660 nm spectral
line is

1. 12pm 2. 10pm
3. 8pm 4. 6pm
FIT GfAAT & AR 1Al SATHE R

Afdeh e ameet (I A amm g
& T Weld & fav g, =1, g, = 5.586, T

T 7 & faU g, =0, g, = —3.826.)
1. -1.913 py 2. 14.414 py
3. 4.793 iy 4. 0

According to the shell model, the nuclear
magnetic moment of the 3JAl nucleus is
(Given that for a proton g; = 1, g; = 5.586,
and for a neutron g; = 0, g, = —3.826.)

1. -1.913 uy 2. 14414 uy

3. 4.793 uy 4. 0
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73.

73.

74.

74.

75.

75.

Th GA-ER WA & Foll TR 2 eV #
qUhd Bl AW 6 e e A 4% 102°
URATY] & AT AT & YE Bled o WA g
7x102° AN 3cdfdid AHaEar A 9fd
6 S §1 dhad Th R Yed H e
Foll fereherstr?

1. 2461 2. 2241
3. 98 4. 481

The separation between the energy levels of a
two-level atom is 2 eV. Suppose that
4 x 102%° atoms are in the ground state and
7 x 1020 atoms are pumped into the excited
state just before lasing starts. How much
energy will be released in a single laser

pulse?
1. 2461 2. 2241
3.981J 4. 481

A % ga §g gfdee & B gfa
fFedia H g8 It Afdse R g
JeIard Es(33AD) : Eg(34Zn) ¥

1. 2:3 2. 4:3

3. 5:3 4. 3:2

Let Eg denote the contribution of the surface
energy per nucleon in the liquid drop model.
The ratio Eg(2ZAl) : E5(54Zn) is

1. 2:3 2. 4:3

3. 5:3 4, 3:2

g6 83l Ploellssy (LHC) & 27 fral. oely
Teh dJellhR T H &1 G Foll arel Wele
I 3ecr fgamstt & o gl &1 T dield-
Uil JaT B GeIAEA-hg-Fot I 14 Tev
g, dl W U¥ H GIRA A H el A
W gl 3T FTT FT ASSAH HleelohesT

fF # & &7 B2
1. 12ns 2. 12ps
3. 1.2ns 4, 0.12ps

In the large hadron collider (LHC), two equal
energy proton beams traverse in opposite
directions along a circular path of length 27
km. If the total centre of mass energy of a
proton-proton pair is 14 TeV, which of the
following is the best approximation for the
proper time taken by a proton to traverse the
entire path?

1. 12ns 2.
3.12ns

1.2 us
4. 0.12 ps
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[ FOR ROUGH WORK ]




favg @rs gRa®T HIS

slic] s (0

T :3:00 G2 U331 x4 qufs 1200 &

10.

11.

Ekty)

319 fo<t & qRFT g & | §97 Ve gRaar 4 gaEcay (20 i 'A' # + 25 977 'B' + 30
917 'C' 7 ) §ge1 fawey ye7 (MCQ) &y 77 & / simwasl w11 'A' 7 & sifdras 15 & w77
'B' # 20 @or w7 'C' # W 20 gl @ Saw & & | IR [EiRa o sifdd gel & S fQv
77 79 daer geer 9T 'A' & 15, 97 'B' @20 e 97 'C' w20 Svs & o @ oyt |
LT3R, STY GHF T W fI7 747 8 | 39T ¥IeT TN 3N B BT A [org & Ugel I8
Sra fory 5 gRasr & go qR v Wl § aer @@l W de-%e 78 & | Jf* 9w & ar amg
gfgoficiery & Sl @re @) gRABT dacr BT 75T HY FHd & | $9 GV ¥ SL.YH3IR. Fcv
UG B 4 I o | §9 GRAPT H XF HIH BYA B (oY HIARTT T Hel T &

HL.THSR, IV U3 & g8 1 7 QY 77 wI17 Gv 3797 AT F/R%, 919 T I GO GRAa®T
T FHIB oy, arer & 79T Evey Ht 31qe W |

319 ST YRR Tk TS H ¥l 49, [399 Bls, gRIFT BIS Silv D7 Bl & Hafed
Wyl gal @ $iet §ici U7 § SavF Pie Y/ I8 Vb 417 goarfl @ former) & & aF
HL.YLAN. S¥ UAG 4 1oV 7Y (e 1 T8 \aEn & T @x, V6T T Hed G HAIEY
SV TAF B SRdipla AT 8 8 W &/

g7'A' 7 gie geT & 2 3w, 9rT'B' 7 ge g9 @ 3.5 3/ aer'C' ¥ ydd g5 3p T
g | UAF ToTd IR B FUTHS Jodid 25 Y% @1 av F a1 e |

J&F g9 & AF FN [Qbeq oy T & | 379 W $act U fabey & wal” 3rerar

Tl 8”& | STIBI G T PT el S7Iar FaAlaT &1 g &

TheT HYd U AT AT AVl BT FINT B §Y Iy i dret GRSl BT §9 Siiv o1 4rdY
g3 & T ST SENIIT O WehdT & |

g¥lerrefl @l Seav A1 Y% gl @ SIANGT el S o 4 T8l ferar =@ney |

HAFATY BT SYINT BT BT AT T & |

T A g7 0% a5 RfEd 1T @ 30953, S} Y9% &I [a4iford &Y | gfadficiey. &l

T 311, UH3T%, Ocl¥ UAd Wig & TFaId 319 39®! Blddeord Flofelld of o 9&d &1/

fa=st s /A BYT & geT F fadifa 819,91 W O¥ ST SN FHIfOIE BRI |
FHacT g¥lenr B Q¥ Safe a@ do7 arel goerRll B § g¥ien gRaer \rr o W &1
srgEfa & et |

oiemeff grer % TE SRt B F gl
Hear g |
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> 3

D

Ry
Na

Ho

39T Hersfe faars/ USEFUL FUNDAMENTAL CONSTANTS

SolFelel T G HTe
P
SolargTel ol 3TALT

SlecHAT e
faTa & garerar
Gl

AleR 3 T
Reeer Aadames
TR &A1
e fAadis
Wrdegd 3R

ga@'craqmm

leV
amu

Mass of electron
Planck’s constant
Charge of electron
Boltzmann constant
Speed of light in
vacuum

Molar gas constant
Rydberg constant
Avogadro number
Newton constant

Permittivity of
vacuum
Permeability of
vacuum

lev

amu

9.11 x 1073'kg
6.63 x 10734 ] s
1.6x1071°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 1023 mole™!

6.67 X 10711 N m?kg ™2

8.854 x 107122 Fm?
47 X 1077 Hm™?!

1.6 X 107197
1.67 x 10727 kg



Element

Actinium
Aluminium
Americium
Antimony
Argon
Arsenic
Astatine
Barium
Berkelium
Beryllium
Bismuth
Boron
Bromine
Cadmium
Calcium
Californium
Carbon
Cerium
Cesium
Chlorine
Chromium
Cobalt
Copper
Curium
Dysprosium
Einsteinium
Erbium
Europium
Fermium
Fluorine
Francium
Gadolinium
Gallium
Germanium
Gold
Hafnium
Helium
Holmium
Hydrogen
Indium
lodine
Iridium
Iron
Krypton
Lanthanum
Lawrencium
Lead
Lithium
Lutetium
Magnesium
Manganese
Mendelevium

Symbol

Ac
Al
Am
Sb
Ar
As
At
Ba
Bk
Be
Bi
B
Br
Cd
Ca
Cf
C
Ce
Cs
Cl
Cr
Co
Cu
Cm
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hf
He
Ho
H
In
|
Ir
Fe
Kr
La
Lr
Pb
Li
Lu
Mg
Mn
Md

Atomic
Number
89
13
95
51
18
33
85
56
97
4
83
5
35
48
20
98
6
58
55
17
24
27
29
96
66
99
68
63
100
9
87
64
31
32
79
72
2
67
1
49
53
77
26
36
57
103
82
3
71
12
25
101

Atomic
Weight
(227)
26.98
(243)
121.75
39.948
74.92
(210)
137.34
(249)
9.012
208.98
10.81
79.909
112.40
40.08
(251)
12.011
140.12
132.91
35.453
52.00
58.93
63.54
(247)
162.50
(254)
167.26
151.96
(253)
19.00
(223)
157.25
69.72
72.59
196.97
178.49
4.003
164.93
1.0080
114.82
126.90
192.2
55.85
83.80
138.91
(257)
207.19
6.939
174.97
24.312
54.94
(256)

Element

Mercury
Molybdenum
Neodymium
Neon
Neptunium
Nickel
Nlobium
Nitrogen
Nobelium
Osmium
Oxygen
Palladium
Phosphorus
Platinum
Plutonium
Polonium
Potassium
Praseodymium
Promethium
Protactinium
Radium
Radon
Rhenium
Rhodium
Rubidium
Ruthenium
Samarium
Scandium
Selenium
Silicon
Silver
Sodium
Strontium
Sulfur
Tantalum
Technetium
Tellurium
Terbium
Thallium
Thorium
Thulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
zZinc
Zirconium

Symbol

Hg
Mo
Nd
Ne
Np
Ni
Nb
N
No
Os
(6]
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se
Si
Ag
Na
Sr
S
Ta
Tc
Te
Tb
TI
Th
Tm
Sn
Ti
W
U
\Y
Xe
Yb
Y
Zn
Zr

Atomic
Number
80
42
60
10
93
28
41
7
102
76
8
46
15
78
94
84
19
59
61
91
88
86
75
45
37
44
62
21
34
14
47
11
38
16
73
43
52
65
81
90
69
50
22
74
92
23
54
70
39
30
40

Atomic
Weight
200.59
95.94
144.24
20.183
(237)
58.71
92.91
14.007
(253)
190.2
15.9994
106.4
30.974
195.09
(242)
(210)
39.102
140.91
(147)
(231)
(226)
(222)
186.23
102.91
85.47
101.1
150.35
44.96
78.96
28.09
107.870
22.9898
87.62
32.064
180.95
(99)
127.60
158.92
204.37
232.04
168.93
118.69
47.90
183.85
238.03
50.94
131.30
173.04
88.91
65.37
91.22



T \PART 'A’
T § @ Fia a1 JFww &
L % 2. TR (TYSTHR)
3. el 4. drdgedst
Of the following, which is the odd one out?
1. Cone 2. Torus
3. Sphere 4. Ellipsoid

TH & @l “FY ared s & 9rE 1000 &
3R gEas §, TH A FET AEl, 3qh
9 1000 & FHH e g7l IMar A er
“reh B, TS & U HH F HH Th e
3/aeF g1 I 38 A Shad Th HUA I
&, A9 TS F U e qEaF
1.1 2. 1000
3. 999 4. 1001

“My friend Raju has more than 1000 books”,
said Ram. “Oh no, he has less than 1000
books”, said Shyam. “Well, Raju certainly
has at least one book”, said Geeta. If only
one of these statements is true, how many
books does Raju have?

1.1 2. 1000

3. 999 4. 1001

T afad e A1 A6 & §gra v fear
HAY BTH 5 feelt & wggeh &1 I =9
B@AWW@ﬁ?ﬁﬂmﬁr%l
T 937 96 A ¥ B d& fFaa =t &
qﬁﬂm(ﬂaﬁmm‘é?ﬁw%)?

1. 13 2. 35

3.6 4. 12

It takes 5 days for a steamboat to travel from
A to B along a river. It takes 7 days to return
from B to A. How many days will it take for
a raft to drift from A to B (all speeds stay

constant)?
1. 13 2. 35
3.6 4. 12

3eledd  ThEY  Joclhd  Tebfcral  Tofetehl
gAe & Bear % g 3H TWE HH &
SHART a8 § fF Twfcadl & Feq Uit
AT aTel x T y fAdusd W g1 Rea v

alel HEN T &Fhe T Pl &A% H

3edTe &
1. 1—-7/4 2. 7/4
3. 1—-nx 4. 7

An infinite number of identical circular discs
each of radius % are tightly packed such that

the centres of the discs are at integer values
of coordinates x and y. The ratio of the
area of the uncovered patches to the total
area is

1. 1-7/4 2. /4

3. 1—nx 4. «©

NT&h IR 3kl HT F&r gl Ife o Tt
grel 37 &I geT f&ar S ar ured gl arelr
e 37 Fr FEar N Hr 19" g Frr gl

3 dE & fhdel N TFHT g7
1. 10 2.9
3.8 4.7

N is a four digit number. If the leftmost digit is
removed, the resulting three digit number is
1/9" of N. How many such N are possible?

1. 10 2.9
3.8 4. 7
% change 4 (2014) (2015)

over
previous
year 10

-10 -10
B Physics Chemistry [ Biology

IRFT A% § 0T § F Hia-ar ey

el ST Tt 82

1. #ifas ameT & 3ot @ arer fagnfat
d Pl TEAT 2015 AT 2014 H HAT &l

2. 2013 T 798I 2015 F JAF TGt & 3adoT
g arer faeanfiat fr @ear 7 g

3. 2014 H 39 faaa H 3T g arer
Tt v dwar i qoen & 2015 &
TR AT H Iedior gl arer fagznfdar
T g F 3RF g @Rl



4. 2014 S19 AT F 3ol @) arer
faeanfdat & @ear qur 2015 # #Hifds

AT F Icciol gl arel [t &
HEAT A &
% change (2014) (2015)
over
previous +10
year N s
.
) l
year
75_
-10
-10 -10

B pPhysics [ chemistry [ Biology

Which of the following inferences can be

drawn from the above graph?

1. The total number of students qualifying
in Physics in 2015 and 2014 is the same

2. The number of students qualifying in
Biology in 2015 is less than that in 2013

3. The number of Chemistry students
qualifying in 2015 must be more than the
number of students who qualified in
Biology in 2014

4. The number of students qualifying in
Physics in 2015 is equal to the number of
students in Biology that qualified in 2014

T 19 7 2 # S & v wge1aaq
fohdel arell T TTLTHRAT §? Uh Tl I
acay g o T RAFh FT gero 30 1@
@ fr a8 7% ufa & o 39 [ o

Fig-1 Fig-2
1.1 2. 2
3.3 4. 4
What is the minimum number of moves
required to transform figure 1 to figure 2? A
move is defined as removing a coin and

placing it such that it touches two other
coins in its new position.

10.

6&@@

1.1 2. 2
3.3 4. 4

7T & @ +9-Ar sin(05°) & #AA &

ey §?
1. 05 2. 0.5 x =
90
3. 0.5 X — 4. 0.5 x —
180 360

Which of the following best approximates

sin(0.5°)?
1. 05 2. 0.5 x =
90
3. 0.5 X — 4, 0.5 x —
180 360

$H %A H W AT IR9M?
ADA RN
1. v 2. v
3. E 4. q
What comes next in the sequence?
ADARN
1. v 2. v
= . G

fAete 3R 8¢ &1 ggar 1:00 pm & REH
&Y, 3T 6 Hel A fhcell IR Toh gaEX &
40° ST HIUT FATIM?

1. 6 2.7
3. 11 4. 12



10.

11.

11.

12.

12.

13.

How many times starting at 1:00 pm would
the minute and hour hands of a clock make
an angle of 40° with each other in the next 6
hours?

1.6 2. 7

3. 11 4. 12

T & @ Fl9-91 FuaT daIfehs & F Tad
¥

1. # g He Srefer §

2. # FeT-FeT T Sreldl §

3. # Jer-shel T Sieldm §

4. # gAAT T Sreldr §

Which of the following statements is
logically incorrect?

1. I always speak the truth

2. | occasionally lie

3. l occasionally speak the truth

4. | always lie

T god @ IR & Tk & fAeg W ged
F ar sid AB 3R CD H#H: 60° d2m 120°
T HIUT §o1Td g1 a9 AB:CD g

1.\/§:1 Z.ﬁ:l
3.1:1 4. \3:42

AB and CD are two chords of a circle
subtending 60° and 120° respectively at the

same point on the circumference of the
circle. Then AB: CD is
2.v2:1

1.\/§:1
3.1:1 4. \3:4/2

3Tem T D’ Far3t

T A
‘V V’ ‘V

. , <A
SN
VQ ‘V

13.

14.

14.

15.

Find the next figure ‘D”

Jgc=g
CANeR

(A) (8) (€ D)

: , <A
SN
VQ ‘V

TH BIF H GUET A echol afi¥T R

F T T FF 8 &1 SR deIT &

1 oQem # HET ol dd Sl OET A &
1/4 BT §AAT 3Hefecol 1§l

2. If¢ BT & Ucdih Af™SHdA Uedih &

1AQ & § o 98 3efccoT granverdr gl
3. Ifg ©1F & grcdie 3feddA UIedis &
12 @ 3% ga § af ag gAem 3cdiot
glan/gie gl
4. 9% @G § F FS o o 3efedr &
T &l

A student appearing for an exam is declared

to have failed the exam if his/her score is

less than half the median score. This implies

1. 1/4 of the students appearing for the
exam always fail.

2. if a student scores less than 1/4 of the
maximum score, he/she always fails.

3. if a student scores more than 1/2 of the
maximum score, he/she always passes.

4. itis possible that no one fails.

Rl 3 dery H T MAPR FHeX gl
FICT A Th gd § T SIar g e &
MR Jeigerm 3 g1 FleX T Felgel &I
B waen 2 e g 1 @A §1 Frew F
fohdelT T g & 81T 87

1. 2.

3. 4.

ol ©|r
®WIN ©|w



15.

16.

16.

17.

17.

A solid contains a spherical cavity. The
cavity is filled with a liquid and includes a
spherical bubble of gas. The radii of cavity
and gas bubble are 2 mm and 1 mm,
respectively. What proportion of the cavity
is filled with liquid?

1.

| =

2.

wlul ©
®WIN ©|w

3 4.
Y% B A a N A Feasi F oS
et § 9 3T Al & el H dEAH
A & dcd §E AT H

9 10
713 8 12
15 14
5 —
311 416
25 18
1. 10 2. 8
3. 6 4. 12

The relationship among the numbers in each
corner square is the same as that in the other
corner squares. Find the missing number.

9 10
7 13 8 X12
15 14
5 —
3 X111 4 16
25 18
1. 10 2. 8
3.6 4. 12

ar s Har 3R e 39 W @ Fhol Yeol
ST §, 37rem 40 fAde #F Sefd Reer 30
B oar 81 v G ¥ar v & 5 fAee
gl Il AT| fohder fAde & ag fha, dar

T 3T Aperr grem?
1. 5 2. 15
3. 20 4. 25

Brothers Santa and Chris walk to school
from their house. The former takes 40
minutes while the latter, 30 minutes. One

18.

18.

19.

19.

day Santa started 5 minutes earlier than
Chris. In how many minutes would Chris
overtake Santa?

1.5 2. 15

3. 20 4. 25

T & PeeR Osa7 & 3ER &1
HIEFT 1 @Us exiar aram &, 5 gs5
R @us RYd § 386 FAGR 10x 10 X
S5TAC AT AT Fhdd fohdeir afgar Fer
ST Fehat &2

o
5
]
N
50 cm
1. 50 2. 100
3. 125 4. 250

The diagram shows a block of marble having
the shape of a triangular prism. What is the
maximum number of slabs of 10x 10 X
5 cm® size that can be cut parallel to the face
on which the block is resting?

o
£
R
50cm
1. 50 2. 100
3. 125 4. 250
RaFd TUT MW : F2, , D8, C16, B32,
AB4.
1. C4 2. E4
3. C2 4. G16
Fill in the blank: F2, , D8, C16, B32,
A64.
1. C4 2. E4
3. C2 4. G16



20.

20.

21.

21.

HEII3T & @Hed (5,6, 7, m, 6, 7, 8, n) &M
IHIAMOIAT HTET 6 TAT Tgoreh (FTH Tl

R 37TeT aTell 37h) 7§ Ol mxn=
1. 18 2. 35
3. 28 4. 14

The set of numbers (5, 6, 7, m, 6, 7, 8, n) has
an arithmetic mean of 6 and mode (most
frequently occurring number) of 7. Then
mXxXn=

1. 18 2. 35
3. 28 4. 14
HIT \PART 'B'

A 6 X g v e TadyT aeoe W g,

S & 9cds TH & Al Adelel o &

Tsh YHHET SCod HI 0T HAT E,

T AT FAT +p dAT -p F WA A

IETHeT X +Y  3HeIOT T § Th

1. e &, FEs & WA +u | §,
JUT ATET 0 TG ATh fadeled ovV2 &
ary|

2. YAHAT §cod &I, AT 0 JAT AlTh
STl 20 & TTY|

3. o &1, 5Es ar TA +u R E,
Jar ATET 0 UG HATH Aol 20 &
ary|

4, YATAT Scol, ATET 0 dUT HAlddh
fagest ovV2 & Y|

Let X and Y be two independent random

variables, each of which follow a normal

distribution with the same standard

deviation o, but with means +u and -y,

respectively. Then the sum X + Y follows a

1. distribution with two peaks at +u and
mean 0 and standard deviation a2

2. normal distribution with mean 0 and
standard deviation 20

3. distribution with two peaks at +u and
mean 0 and standard deviation 20

4. normal distribution with mean 0 and

standard deviation o2

22.

22.

23.

23.

24,

Pl HHTReT
1 e*? —1

d
2mi J. cosh (z) — 2sinh (z)

FI, Ueheh dfghedl C & GHIGK dTATGS

ThAOIT AT &
1. 0 2. 2
3. —8/\3 4. —tanh(3)

The value of the contour integral

1 f et —1
Py - dz
2mi J; cosh (z) — 2sinh (z)

around the unit circle C traversed in the
anti-clockwise direction, is
1. 0 2. 2

3. —8/\3 4. —tanh(3)

IR A& vd H9T (q,p) I TH
aT @ gfecel H=p?¢® Bl g@eean
TfA-FHEOT 1 Teh FATYT § ([AFT & 4
JuT B AW B)

1. p=Be24t g=2¢

2At

B
2 = fe—24t =424t
. P .q=
3. p=Ae”, q= ge—At
4. p=24e74t, g=Ze
The Hamiltonian of a system with

generalized coordinate and momentum
(q,p) is H=p?q? A solution of the
Hamiltonian equation of motion is (in the
following A and B are constants)

1. p=Be 24t g= geZAt

2. p=Ae 24t = ge—ZAt

3. p=Ae4t, q =§e“4t
4, p=24e~Mt q= %e“‘zt
x =0 % H-ITH, Folel cos;(x) & ToR-

37efshd faEeRoT T 3iferavor e &
1. 2. m
3. 4. 1

NIS g



24.

25.

25.

26.

10

The radius of convergence of the Taylor
series expansion of the function

cosh (x)

around x = 0, is

1. o 2. m

3. 2 4.
2

[ER

z=0 & IE-IH TR IefshA faeazor
F(a,b,c;z) =

[oe]

Za(a+1) w(a+n—Dpb+D-b+n-1) . 26

cc+)-(c+n—-1)n!

n=0

¥ aRART 38 TRRSAATCE Hole
F(a,b,c;z) o1 YeRTaci Tt &1 FATTT
ERHT%:
d e SR —1bh -1 c—1-
1. EF(a,b,c,z)—abF(a 1,b—1,c—1;2)
d c
2. EF(a,b,c,z)—EF(a+1,b+1,c+1,z)

3. iF((Jt,b,c;z) = ﬂF(a— 1,b—1,c—1;2)
dz c

4, %F(a,b,c;z) = %F(a +1,b+1,c+1;2)

The Gauss hypergeometric function

F(a,b,c;z), defined by the Taylor series
expansion around z=0 as F(a,b,c;z) =

27.

o0}

a(@a+1) ~(a+n—-Dbb+1)-(b+n—-1)
Z c(c+1D)(c+n—-1)n! z

)

n=0

satisfies the recursion relation

a c
1. EF(a,b,c,z)—aF(a—l,b—l,c—l,z)
a c
2. EF(a,b,c,z)—aF(a+1,b+1,c+1,z)
3. %F(a,b,c;z)= aTbF(a—l,b—l,c—l;z) 27.

4, %F(a,b,c;z) = aTbF(a+ 1L,b+1,c+1;2)

A & Y8R 0 dUr 0 TERT 3wAfT
& IF AW (x,t) IAT (1, t) &1 V&TH

0 IfA v=FcFH Y 3eTh A HH el 28.

x-318T & HATAR Toidr gl Ifg Agenshr &
Wﬁmx+=x+ctw x_ =x—ctg,
ar 0 dUr 0 H HEAT FAdTT AReCH
FUTAOT Ig 9 T &

1. xir—x:/l__—l;; aur x” x:}l__—/:;_,
2. xi= ngH%lTx’_: %x_
3w =l w2l
4, x4 = %erH%lT xL = gx_

Let (x,t) and (x',t") be the coordinate
systems used by the observers O and 0,
respectively. Observer O’ moves with a
velocity v = fc along their common
positive x-axis. If x,=x+4+ct and
x_ = x — ct are the linear combinations of
the coordinates, the Lorentz transformation
relating O and O’ takes the form

1. xi= x\_/%" and x_ = x:}%—,
2. xh = %x;, and x_ = gx_
3. xi\= le___'/?z— and x_ = x\'/l___[;?,
4. xh = %m_ and x_ = %x_

GOHATT m &I Th 3G SN URH H ANH
Fr fufa & §, 5 #Aex &7 395 & OTRE
ST gl AR goFaedre unsk 09 g, g
& @l IR Sfd W UsH & Ted @
3HET AT & ST (g = 9.8 H/A? ATe)
1. 9.80 # A 2. 9108
3. so1#vA 4. 7.02°%F=

A ball of mass m, initially at rest, is dropped
from a height of 5 meters. If the coefficient
of restitution is 0.9, the speed of the ball just
before it hits the floor the second time is
approximately (take g = 9.8 m/s?)

1. 9.80m/s 2. 9.10m/s

3. 891m/s 4. 7.02m/s

qd R & U g7 & IR st w® IR
AT ET i +Q W I &1 gegd T
m JUT 3TALT +Q FT Tk HUT T & dd W
Hg ¥ 3T qU a(KR) W @M S §l
Ife wor Fr aifaeledr ga w gfasfaa g
dl g8 DI alele 3eIHd HWN $H HIUNY
mgfed & @




28.

29.

29.

30.

Q? Q2
1. 2.
2megR3m megR3m
V2 Q2 Q?
3. 3 4, -
TEgR°M 4meg R°m

Four equal charges of +Q each are kept at
the vertices of a square of side R. A particle
of mass m and charge +Q is placed in the
plane of the square at a short distance
a (< R) from the centre. If the motion of
the particle is confined to the plane, it will
undergo small oscillations with an angular

frequency
2 2
1. ¢ 2. |—2—
2megR3m megR3mM
V2 Q? Q?
4,
meEgR3M 4meyg R3m

Toldh o fafig faRelwor & MR W &
31X G, Toleh T R h, SecTATT W kg
vd fAata & warer fr afd ¢ & Grar @
3UANT e T fFeOe aa 71, &t
gReTRa fRar a1l T, FT I s

Wﬁ%‘:
hc5 hc3
L Jige 2 Jige
/ G /%
8. hc*k3 4. Gc3

Using dimensional analysis, Planck defined
a characteristic temperature Tp from powers
of the gravitational constant G, Planck’s
constant h, Boltzmann constant kg and the
speed of light ¢ in vacuum. The expression
for Tp is proportional to

hcs hc3
1. | 2. :
k3G k3G

G 4 hk%
hc*kd ' Gc3

T gehrg & B, Wid x>0 H Bz ¥
dur 3 W o118 e Bl x <0 Wid A
x>0 9d H Th 3 Md v=vk & AY
xy-del H TH IR arer, foae ared
I (x-f&om & FHAER) TAT A (y-FEm & FAR)
& gamEr Sfar g1 e @ oAt A
fred fow 3Taan fae@aes aa (EMF)
Sttt grem?

11

30.

31.

31.

32.

1. =8 h=3
2. l=4h=6
3. l=6 h=4
4. =12, h=2

A magnetic field B is BZ in the region
x>0 and zero elsewhere. A rectangular
loop, in the xy-plane, of sides [ (along the x-
direction) and h (along the y-direction) is
inserted into the x > 0 region from the
x < 0 region at a constant velocity v = vXx.
Which of the following values of [ and h
will generate the largest EMF?

1. 1=8 h=3

2. l=4h=6
3. l=6 h=4
4. 1=12, h=2

A o gISEISe WA & FHojd faera &1
T GohA-dd  Ug WS FH  YER
aRafdd frar STar & 6 Fo faeE
VR = -2+ L § o &, @ g o
R § dRafda Rea & I &
ffearfOe A E,y,

1L ndu | R @R E ®g m R 80
2. nW AN E RI | dU m R AT
3. naul m W AR E, W | W AL
4. [t AT FaCH T n, [ TAT m

W geased: AR

Suppose that the Coulomb potential of the
hydrogen atom is changed by adding an
inverse-square term such that the total

)

2
potential is V(¥#) = —Z% +%, where g is

a constant. The energy eigenvalues E;;, in

the modified potential

1. depend on n and [, but not on m

2. dependonnbutnoton I and m

3. depend on n and m, but not on [

4. depend explicitly on all three quantum
numbers n, [ and m

&l gAR toe HuiRA S giar x dur
1lx ¥ 3dfd 8, 3% Toldl & &9
WIdegdi 3.0 alel Wrdegd a&] R S
g aw dleear Vv & TH Fer & ™}
FoIPea feu S &1 guA guia & et
ol @ & 3mder 37X &



32.

33.

33.

34.

34.

1. +66% 2.
3. —-33% 4.

+20%
—10%

Two parallel plate capacitors, separated by
distances x and 1.1x respectively, have a
dielectric material of dielectric constant 3.0
inserted between the plates, and are
connected to a battery of voltage V. The
difference in charge on the second capacitor
compared to the first is

1. +66% 2.
3. —33% 4.

+20%
—10%

el TEa-faRder Effeest & iffwes
AW E, 9T E, § T a0 aeard
ST [1) AT |2) 1 TG AT t=0 W
T |Y(t=0)) =sinf|1) +cosh|2) FH § ar
AT t W (P(O)|p(t)) T AT gH:

1. 1

2. (Esin?0 + E, cos? 0)/\JE? + EZ

3. ef1t/hsing + eF2t/" cos @
4

e HEit/hginZ g 4 e B2t/ cog2 g

The eigenstates corresponding to
eigenvalues E; and E, of a time-
independent Hamiltonian are |1) and |2)
respectively. Ifat t = 0, the systemisina
state | (t = 0)) = sinB|1) + cos 62)

the value of (W (t)|yY(t)) at time t will be

1. 1

2. (E;sin?6 + E, cos?0)/\/EZ + E?
3. elbit/hging 4 eiE2t/M cos 0

iEqt iEpt

4. e n sin?0+ e & cos?0

Rl S & TR GEERT 8 F xR
z-9¢sh HHAM. B, = By(x?> —y?) dUT B, =0
gl 38 y-ueh & o O gl #H 9
Pt Aereder T & IR &2

1. B, =Byxy

2. B, =—2Byxy

3. B, =-By(x*—-y?)

4. B, =B, Gx3 - xyz)

The x- and z-components of a static
magnetic field in a region are B, =
By(x? —y?) and B, =0, respectively.
Which of the following solutions for its y-

12

35.

35.

36.

component is consistent with the Maxwell
equations?

1. By, = Byxy

2. By, =—2Byxy

3. By =—-By(x*—y?)

4

B, = B, (§x3 — xyz)

0 ¥ L d® & 3o H T & Teh-
T 3eFT S0 & 3R TUT gegdAeT
m & TH HUT H BUfd gamAded ol
Bolel lp(x)=\/%(§sin(2m‘)+ s'n(Mer)) q
fear arar €1 afy 3udhr s A S g,
g gRUMTH AT T & ATET Al HH:

g

h? 2h? 73 h?
mi2  mi2 and S0 mi2
2mlL mL 50 mL
h? h? 19 h?
2. —, —and ——
8mL 2mL 40 mL
h%?  2n? 19 h?
3. Py iy and PPy
2mL mL 10 mL
4 h2 2h? 73 h?
' 8mL2 ' mL? 200 mL2

The state of a particle of mass m in a one-
dimensional rigid box in the interval 0 to L is
given by the normalised wavefunction

w0 = [2(Zsin () + 2sin (). it

energy is measured, the possible outcomes
and the average value of energy are,
respectively

1 h? 2h? and 73 h?
' 2mL?’  mL? 50 mL2
h? h? 19 h?
2. F' > and oy
mL2’ 2mL 40 mL
3 h?  2h? 4% 19 h?
' 2mlL2' mL? 10 mL?
h? 2h? 73 h?
4, 8_2’ —_ and P
mL2 ' mL 200 mL

3T @ATE g x>0 dAT x <0 AW
WA €, TUT €, dT Wdegd ATCIH
T M AT gl W Ud H TH THRAA
fega &7 g1 e 38 &F HRIss & Ay
fdega & ®Ior 0, A §l, 9 I3 A
HIT HIOT 9, T AT ST §:



36.

37.

37.

€,5in 8, = €, sin 6,
€,tan 8, = €, tan 6,
€,tan 8, = e, tan 6,
€,5in 8; = €, sin 0,

M owbdPE

The half space regions x > 0 and x < 0 are
filled with dielectric media of dielectric
constants €; and €, respectively. There is a
uniform electric field in each part. In the
right half, the electric field makes an angle
6, to the interface. The corresponding angle
0, in the left half satisfies

x<0 x>0

£ €,

€15in 6, = €, sin 6,
€.tan 8, = €, tan 6,

€,tan 6, = e, tan 6,

Mwbdhe

€,5in 6; = €, sin 6,

Bfgw # FIviy d@9er goRe & ges Ifg
[,L, @ I, & o saRE@HTs

(L, LiL,L,| " 38 W Telihd fham o
HehdT &

1. L (12 -12)
2. inL,L,L,

3. ihL,(2IZ-13)
4. 0

If L, L, and L, are the components of the
angular momentum operator in three dimen-
sions, the commutator [L,, L,L,L,| may be
simplified to

13

38.

1. inL,(LZ-12)
2. ihL,L,L,

3. ihLy(2[Z—12)
4. 0

T g T} Afdse ateedr v, & v
gRuer & A9 areedr V, &1, e aier
O H F PiA-A1 Isaad gfafaitied adr

X

0.5

-0.5

N/

3.0
25
20
15
1.0
0.5
0.0

3.0
25
2.0
15
1.0
0.5
0.0

10K

10K




3.0
25
2.0
15
1.0
05
0.0

3.0
25
20
15
1.0
05
0.0

0

38. Given the input voltage V;, which of the
following waveforms correctly represents the
output voltage V, in the circuit shown below?

05
= 0 / t
05 \/
0
10K
e
~, B5BK
oV,
0.5V
5K Zq0k
1.
3.0
25 //_\
2.0
> 15 /
1.0
05
0.0
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39.

39.

3.0
2.5

0:5 / t
0o N

3.0
25

0s NS
00 AN

2o/ \

05
0.0

A9 TH HE THUas I H IRfAS
AT V, § 3V, de wgSAT: faEaRka
Far ST §, 3R A9 T, HF T H
Qﬁaﬁamﬁla’rwﬂ%%
L3 2 ()"

3. ( )1/3 4. 3

W [ =

When an ideal monatomic gas is expanded
adiabatically from an initial volume ¥, to
3V,, its temperature changes from T, to T.
Then the ratio T /T, is

L1 2 (&)

3 (%)1/3 4. 3



40.

40.

41.

41.
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frdY g & UTH AWV R W TH
el LED Y figdr seed e 1, = 660
nm WX HAEIT IMF{IT g, dsS 20nm &
qry| I HENoT Ul TR & Ay
ay—K(A—21,) & 9 & agelar &, &1 a,
T K Gl W g, 3aAqWed & fAhelar

g1l EIEM:

1. oho-TAeafud, MR/ diadr sead
P A @A G

2. Aro-farafta, e smafAa dgar
§¢o & a1y

3. dra-faeufid, mafags dadr
gt T §Id @ g

4. oIA-faEATd, T FGAHT dgdr
§¢o & A1y

The intensity distribution of a red LED on

an absorbing layer of material is a Gaussian

centred at the wavelength 1, = 660 nm and

width 20 nm. If the absorption coefficient

varies with wavelength as ay — K(1 — 4¢),

where a, and K are positive constants, the

light emerging from the absorber will be

1. blue shifted retaining the Gaussian
intensity distribution

2. blue shifted with an asymmetric
intensity distribution

3. red shifted retaining the Gaussian
intensity distribution

4. red shifted with an asymmetric
intensity distribution

AT V. H Th s, Fad A6
& N3 §, Th B drel AGR @RI &
3qgst # dfed g1 Ifg oI 39@s &

A V/3 &, A 30 [oUa 3opEi &

HE&AT T JEIOT §
1. N/3 2.
3. VN 4.

2N/9
VN/3

A box of volume V containing N molecules
of an ideal gas, is divided by a wall with a
hole into two compartments. If the volume
of the smaller compartment is VV /3, the
variance of the number of particles in it, is
1. N/3 2. 2N/9

3. VN 4. +/N/3

42,

42,

43.

43.

44,

3T Ml W T SfARAOE 3707 arel
I @1 gfd 307 fafdse svar &

1. 8kg 2. 35k
3. 45k, 4. 3k

The specific heat per molecule of a gas of
diatomic molecules at high temperatures is
1. 8kg 2. 35kg

3. 45kg 4. 3kg

A o T cyaTurcHAs [T 7 A &
TAH dh-ER A TEROT FeT tyy, &

+5V

oo T

gRgy &7 GTRoT f9ed 3Taad g S deh-

T A 9T B 38 HHhAUT HI Hd o
1. (0,1) - (1,1)
2. (1,1) - (0,1)
3. (0,0) - (1,1)
4. (0,0) - (0,1)

In the schematic figure given below, assume
that the propagation delay of each logic gate
iS toate-

+5V

o o T

The propagation delay of the circuit will be
maximum when the logic inputs A and B
make the transition

1. (0,1)-(11)

2. (1,1)-(0,1)

3. (0,0)-(1,1)

4. (0,0) - (0,1)

tH AH #H, yAnfae fRufafsa Foif
& TH T Fr fasg V(x):a|x| (S8l «

Th IR §) F T Far Sar R
R Tt ¥ (8= )

smmn 3mm
3. ’B3a2h2 4. ’/;30[2,12



44,

45.

45.
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A gas of non-relativistic classical particles
in one dimension is subjected to a potential

V(x) = a|x| (where a is a constant). The
partition function is (8 = —)
kpT

2mm
B3a2h?

amm
B3a2h?

8mm 3mm
3. B3a?nh? 4. ’B3a2h2

forell T 7 & faegd orr 1 v deedr
VoY fAeiar &

VZ
I=1(1-—
0( V0>

1. 2.

JGr 1, dUT V, 3] g1 ot water & o7
T 9] el V @Y Seld §9 [ T AT
frar arar 81 wrae v, qur (1, 3meEd:
g ypR uiRa R o1 g@a &

1. [-V2 3Tei@ &1 9dorar Uq y-37d:E@3
2. [-V? 3G FT y-Ad:@S JUT JquTdT
& MU T RUT, T y-3HA.TS
VI-V 3@ T 9qurar U y-3d:E@s
4. VIV IATSG F y-3d:@S dUT GJOTAT
& MU I ROT Ud y-37d:TS

The dependence of current I on the voltage
V of a certain device is given by

VZ
’=’°(1‘V—)
0

where I, and V, are constants. In an

experiment the current I is measured as the

voltage V applied across the device is

increased. The parameters V;, and \/E can

be graphically determined as

1. the slope and the y-intercept of the
1-V? graph

2. the negative of the ratio of the
y-intercept and the slope, and the
y-intercept of the I-V2 graph

3. the slope and the y-intercept of the
VI-V graph

4. the negative of the ratio of the
y-intercept and the slope, and the
y-intercept of the VI-V graph

46.

46.

47.

HIT \PART 'C'

Teh ©: 3add HHg G ={e,a,b,c,d, f} &l
THE 0T oIl T Teh AT fole=t g
T § (AT & ¢ & dcgaAs 3999 e gl)

a b c d f
a b c d f
b e d

e X f y z

—HlolO(T|®| D
ol O|T|D|(®D| D

gfafsear x, y dar z & gl arfg:
l. x=a,y=d ddl z=c¢
2. x=c,y=a diulr z=d
. x=c,y=d ddl z=a
4, x=a,y=c dA z=d

A part of the group multiplication table for a
six element group G ={e,a,b,c,d,f} is
shown below. (In the following e is the
identity element of G.)

a |b |c d |f
a |b |c d |f
b |e d

e |x |f y |z

_|lo|O|(T|DD|®D
—Hlo|O|(T||®D®|D

The entries x, y and z should be

l.x=a, y=d and z=c¢
2.x=c¢c,y=a and z=d
d.x=c¢c,y=d and z=a
4. x=a,y=c and z=d
HATRS HHIRIOT

¢(x,t) = lf dx'dt’
do dk e~ kx—x")+io(t-t"

(2m)? w? —k?—m? +ie

P (x',t")

38 37dshel HHROT ¥ T ¢



47.

48.

48.

1. (;; aa__m +16) (x, t)———/1q> (x, 1)

2. (%—aa?+m —le)qb(x t) = 1 ¢?(x,t)
(% ax2+m —lE) (x,t) = =31 ¢2(x, t)
(&-Z4m—ie) g0 = —24°(.0)

The integral equation

¢(x,t) = Af dx'dt’'
dow dk e~ k(x—x")+iw(t-t")
(2m)? w? — k2

3 (x',t")

—m?+ie

is equivalent to the differential equation
2 2
1. (;tz +2 —m?+ le)qb(x,t) = —21¢3(x.1)

dx2
(F—£+m —le)qb(x,t):/l(bz(x.t)
3. (6t2 o — +m? —lé)(l)(x,t) = —=31¢*(x,t)
(F—£+m - le)d)(x,t) =—-1¢3(x,t)

%H F & Fol E dYUT TA9T p alel Teh T
_l E+psc

¥ T gadl y =1In (Epc)@rqﬁ:mﬁ?r%l

%H F & Tl & 39T v =(0,0,Bc) F T

aticrelier F' et # godr y' gl

1. y’=y+2lln(1—,82)

2 y'=y=3in(3%)

3.y —y+ln(1+£)

4. y —y+21n(1+£)

For a particle of energy E and momentum p
(ina frame F), the rapidity y is defined as

1 E+p3 , . .
y =3 lln ( p3c)' In a frame F’ moving with

velomty v = (0,0, Bc) with respect to F, the
rapidity y’ will be

1l y’'= y+211n(1 —,82)

2.y —y—%ln(“ﬁ)

1-p
3.y —y+lnc+§)
4. y —y+21n(1+£)
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49.

49.

50.

50.

51.

el Welel F(q,P) = q*P 8RT U& fafga
AT (g, p)—>(Q.P) L)
Hmmzw * (STeT a TUT B IR F)
R fRAT ST §1 (Q, P) FT aAfa-FHaor §:
Q=P/a dU P=-BQ

Q=4P/a dUT P =—£Q/2

0=P/a a%nP:—"’QLZ—/;Q

Q =2P/a dUT P =—PQ

> w e

A canonical transformation (q,p) — (Q, P)
is made through the generating function
F(q, P) = q?P on the Hamiltonian
> B,
H(a.p) =5 —=+74
where a and § are constants. The equations
of motion for (Q, P) are

1. Q=P/a and P =—-pQ

2. Q=4P/a and P = —BQ/2

3. 0=P/a and Pz—%—ﬁ’Q
4, Q =2P/a and P = —BQ

Peled

ﬂ@6@+z—%@

(38T 5(x) %iasé—crw%") &1 BRI
FATROT [ dx e f(x) 4T 2

1 1

. — 2. .
1Izk 11—1k

k+i k—i

What is the Fourier transform [ dx e**f(x) of

FG) = 8(0) + Doy~ 5(2),

where §(x) is the Dirac delta-function?

1 1
. — 2. .
1-ik 1+ik
1 1
3. — 4, —
k+i k—i

Sgue f(x)=3x3—4x—-5 & ﬂt\?ﬁ Fr
URTAS AT x =2 Torar Srar g1 3wre
eRIEd H 3HHT Al 0h folehedd &

1. 1671 2. 1.656
3. 1.559 4. 1.551



51.

52.

52.

53.

53.
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In finding the roots of the polynomial
f(x)=3x3—4x—5 using the iterative
Newton-Raphson method, the initial guess is
taken to be x = 2. In the next iteration its
value is nearest to

1. 1.671 2.
3. 1.559 4,

1.656
1.551

forely faRrse fader ey # faRd aor goshr
&ET & AT @UFAT FHSAT H) HA
E=3%+ 49 dar B=3:2 gl 39 % &
e Told dTel Uh SAscdrd Wated  fed
&9 % URAT Ul § |E'| = 4. 399 AT

IT ek & HT IRACT |B'| B
1. 5 2. 9
3.0 4. 1

The values of the electric and magnetic fields in
a particular reference frame (in Gaussian units)
are E=3X+ 4y and B = 32, respectively.
An inertial observer moving with respect to this
frame measures the magnitude of the electric
field to be |E'| = 4. The magnitude of the
magnetic field |B'| measured by him is

1.5 2. 9

3.0 4. 1

Bfaw & afaeier e a7 #r omrsh
L= %mxl2 + m(xZ + %3) —%kxl2 - %k(xz + x3)?

q fer arar g1 aifa & w&aav 3R &8

1. e Sl

2. had or, I W&F FA9T &1 TH geF Ud
HIofT AT HT TH gTdh

3. &had Foil g Y WF TG FT TF g

4. Fad Foll T HIUNT T T Teh T

The Lagrangian of a system moving in three
dimensions is
1 1 1

L= melz + m(x2 + x2) — Ekxl2 - Ek(x2 + x3)?

The independent constant(s) of motion is/are

1. energy alone

2. only energy, one component of the linear
momentum and one component of the
angular momentum.

3. only energy and one component of the
linear momentum

4. only energy and one component of the
angular momentum

54, BT R & T Mo S, W foaN s =
THTAA ALY Gedcd p I@T gl 395
SaT a < R/2 FT Th BT el S,, FIEH
e far amar g1 S fF 3 & g
I 8, et et & Fg @fer b=aR/2 A
ERICTE

S; % 3eX f6ig P WX faega &7 &

R . R ~
1. Zaq 2. 22 (#—fa)
3&p 3gpa
R A a -
3. Za 4, L
6¢&o 3&9R

54. Consider a sphere S; of radius R which
carries a uniform charge of density p. A
smaller sphere S, of radius a < R/2 is cut
out and removed from it. The centres of the
two spheres are separated by the vector

-

b = iR /2, as shown in the figure.

The electric field at a point P inside S; is
pR - A~

R
1. Zq 2. (¥ — fla)
3&g 3gpa
R a o
3. 24 4, L2
620 3R

55. T ThEA deeh &9 B H faegd omr |
@ dEeT IS Th ITeT, o e a ¥, @
@T ATar gl afg g & o9 fGur Fr A &
fAfgse fFar STar g, df 91 ) g F aor
gor 3meet T §

1. F=0 dO T=na?lAxB
2. F=2IXxB T T=0



55.

56.

56.

3. sz—;IxB JA T=IAXB
4, F=0 @1 T=——1IB

Ho€o

A loop of radius a, carrying a current [, is

placed in a uniform magnetic field B. If the

normal to the loop is denoted by 7, the force F

and the torque T on the loop are
1. F=0and T=na’IAXB
2. F=2IxB and T =0

3. F=i‘—;1x3 and T=1AXB
4. F=0and T =——1IB

Ho€o

AT Vx)=alx| H# RIT gegdAT m &
U&h FUT & WKB Fieaddest

mfmdxz(n+%)hn,

(3'31-6:1 durh ade fdg § dur n=10,12-)
H AURT Fo-TRi ¢

L= )]

The energy levels for a particle of mass m in
the potential V(x) = a|x|, determined in the
WKB approximation

b

Mdex=<n+%)hn,

a
(where a, b are the turning points and
n=0,12--), are

57.

57.

58.

58.

%aqa'V(x)zf—n‘fx‘* H GgART m & Th

0T W R | AT Tce aaTthole]
a\1/4

Y@ =(2)" e /2 & T F Rl

T

—o 4a?

3 p2p1/3 8 22p1/3
1 Py, h*p 2 p—- h-p

2 n2p1/3 3 22p1/3
3. - h°p 4 po h<p

The ground state energy of a particle of mass
2

R7B 4
6em

using the normalized trial wavefunction

Y(x) = (%)1/46_‘”2/2, is

2 1
[Use /E [ dx x?e~**" = — and
T Y= 2a

m in the potential V(x) = , estimated

=00 4a?
1 3 h2ﬁ1/3 2 8 hZﬁl/S
" 2m " 3m

2 32p1/3 3 322p1/3
3. 2 n2g 4. g

TN Geled 10”7 WA 9fd & HHA. W
Cs WAB & vh W W R s«
HAHT g HOT & T & Feell diereed
& A g, 3 FT AT 3@ fAdhedd g
(Cs 39T T GeIATA 22.7 x 1072¢ foh. 3. o)

1. 1x107°K 2. 7x107°K
3. 1x1073K 4, 2x1078K

Consider a gas of Cs atoms at a number
density of 10" atoms/cc. When the typical
inter-particle distance is equal to the thermal
de Broglie wavelength of the particles, the
temperature of the gas is nearest to (Take the
mass of a Cs atom to be 22.7 x 1072° kg.)

1. 1x107°K 2. 7x107°K

3. 1x1073K 4, 2x1078K



59.

59.

60.

60.

61.

ICEC] V(x)=%ma)2x2+ gcoskx o 3T
GOATT m & TS HUT W GO W
gHarsT (gTAffae) g %mwzxz Fr qefet
H, g # 9UA FfC de HGIGEAT For 7
gRade &

1 gew (= 3o)
3. gexp (—Zkzh)

mw

2 gew(2)

mw

4. gexp (— kzh)

I4mw

Consider a particle of mass m in a potential
V(x) = %mwzx2 + g coskx. The change in
the ground state energy, compared to the
simple harmonic potential %mwzxz, to first
orderin g is

1. gexp (— %) 2. gexp (Zif;)
3gew(-53) 4 gew(-i)

T [T & gegd AT m &I Ush &ur 99
V(x) = —ad(x) (S8 a TH & 3R §), &
wrg A aifaelier &1 3@ehr 3y rEEdr A
IR (Ax)(Ap) H AR &

1. 2n 2. h/2

3. /2 4. \2h

A particle of mass m moves in one dimension
under the influence of the potential V(x) =
—ad(x), where « is a positive constant. The
uncertainty in the product (Ax)(Ap) in its
ground state is

1. 2n
3. h/\2

2. h/2
4. \2h

Teh RN GYh F IIEYT HIC, URd 20 H
U T g1 oRer gfeer k. & T™M faemst &
T dar gfaser ¥ (+a,y) = Y(x, +a) =0
Fd FHHOT

92 92

w? 5
+a;+&;—kﬂwmw=o

dx?
H AT Fd Th Heled P(x,y) F Tal W
ey fga-ded fud ot S €
geTaH faur &1 3mgfed w &
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61.

62.

62.

L ow?= ¢ (k2+%)
2. 0= ¢ (k2 +3)
3. w?= c? (k2+%
4, w?= c? (k2+%

A waveguide has a square cross-section of
side 2a. For the TM modes of wavevector k,
the transverse electromagnetic modes are
obtained in terms of a function 1 (x, y) which
obeys the equation

2
+ (?—2 - k2>] Y(x,y) =0

with the boundary condition ¥(ta,y) =
Y(x,+a) = 0. The frequency w of the lowest
mode is given by

K K
[WJ“ ay?

1 w?=c? (k2+4aizz)
2. w?= c? (k2+%)
3. w?= ¢? (k2 5)
4. w? = c? (k2+%)

FId 3¥aT W U dF & AR Folr
E(T) @@ T W 38 YR AR grr =
E(T) =aT?+bT* & d9 & Th Heled &
T A Terdr S(T) ®

1. ~aT? +bT*

2. 2aT? + 4bT*

3. 2aT +2bT*

4. 2aT + 2bT?

The internal energy E(T) of a system at a
fixed volume is found to depend on the
temperature T as E(T) = aT? + bT*. Then
the entropy S(T), as a function of
temperature, is

1 5m2 1,54
1. 2aT +4bT
2. 2aT? + 4bT*
3, 2aT+§bT3

4, 2aT + 2bT3
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63. UH fdc gl ARAr # e ar fEF 1.
HANTT 1 F g et saear =& #
FlA-AT HIAT 82
1.

2.
Reset
2.
3.
0
Reset %
3.
4,

Reset

Reset

64. wH WAt g x, ¥ W &fRa g@ar g,
S 3T Ueh TURY ded Z d &1Rd giar gl
X A YTHFEIAS A, g dMYH Zdd
F &R A, gl TG, URHA H shad X &
Ny A &, 3fed FAAT (< 1/1, oA
1/2;) W Z & WA $T dear gref

63. The state diagram that detects three or more 1. 22, Not? 2 2(/’111’3) A
. . . . . 1 2
consecutive 1’s in a serial bit stream is

3. (A4 + A,)%N,t? 4. (A + A)N,t



64.

65.

65.

66.

66.

67.

A radioactive element X decays to Y, which
in turn decays to a stable element Z. The
decay constant from X to Y is A4, and that
from Y to Z is A,. If, to begin with, there are
only N, atoms of X, at short times
(t «1/A; as well as 1/4,) the number of
atoms of Z will be
1. 2242, Not? . (jiﬁz) A

4. (AL + )Nyt

3. (A + 1,)2N,t2

Th FURA 9REAS o qofa:  mesiied
HIITeT FAICR Tolel ¥ §a1 &1 39eT 3
&g & WU Tolel H TR H10° BT aw
GHMT ST ¥l FR-GHET HIYET A §U
AT & @9el o faearw # uRseAS &

HdeAMNeTdr 3quTd I:l, &
1. 8:9 2.
3. 17:18

11:12
4. 35:36

Two completely overlapping semi-circular
parallel plates comprise a capacitive transducer.
One of the plates is rotated by an angle of 10°
relative to their common centre. Ignoring edge
effects, the ratio, I,:1,, of sensitivity of the
transducer in the new configuration with
respect to the original one, is

1. 8:9 2. 1112
3. 17:18 4. 35:36
2Ti & dEg WA P NI HIEAT H

Solacitales  Aedrd  [Ar]3d2%4s? g1 HAGH
Haereaias Hfesel #, 38 fomaw & forw
o & & la-a1 THT A6T 82

1. 'F, 2. 1S,

3. D, 4. 3p,

The ground state electronic configuration of
2Tj is [Ar]3d?4s2. Which state, in the
standard spectroscopic notations, is not
possible in this configuration?
1. 'F, 2.

3. D, 4.

150
3P0

S Tt OAid H, 9 oar-ifer Adiar
& &% f, 3% YA GeIAA m, b
f,,:%ﬂa’ﬁﬁ?r%ﬂuﬁawaﬂgmﬁm
grarer ¥, foraer faeRor ardhr &1 A
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67.

68.

68.

69.

69.

70.

m, = 6400 + 160 MeV T f, = 180 + 15 MeV
T #AAMA & FAgHSAT AYA F TIT &1 a
& 3Mehelel # T &

1. 175 (MeV)*? 2. 900 (MeV)*?

3. 1200 (MeV)*? 4. 2400 (MeV)*?

The decay constants f, of the heavy
pseudoscalar mesons, in the heavy quark limit,
are related to their masses m, by the relation

fp = \/%p , Where a is an empirical parameter
to be determined. The values m, = 6400 +
160 MeV and f,, = 180 £+ 15 MeV correspond
to uncorrelated measurements of a meson. The
error on the estimate of a is

1. 175 (MeV)*? 2. 900 (MeV)*?

3. 1200 (MeV)*? 4. 2400 (MeV)*?

ae f& ga fog dfome & E wfd
e 1 g Far [Afdse FAr B
JeIard Es(33AD) : Eg(34Zn) &

1. 2:3

2. 4:3
3. 5:3 4, 3:2

Let Es denote the contribution of the surface
energy per nucleon in the liquid drop model.
The ratio Eg(%ZAl) : E5(54Zn) is

1. 2:3 2. 4:3

3. 5:3 4, 3:2

gehra &F 03 T & 399 F:d gﬁ T
TTIROT STATT Y19 TA6T & 660 nm AT

(TIFeAT) YW@T & TcHhl & &g Hl d9TeT g

1. 12 pm 2. 10pm
3. 8pm 4. 6pm

In a normal Zeeman effect experiment using a
magnetic field of strength 0.3 T, the splitting
between the components of a 660 nm spectral
line is

1. 12 pm 2. 10 pm

3. 8pm 4. 6pm

B, S Fide RABT F Th AN
THUET W §, # Sogcar W | afg
R EF F oA F aRETT dey
e(k) = ck (ST&T ¢ UH 3R ) forar Jrar g,
ar Bt FAT & Solaclal T TRIT-TAT p
TR 50 JhR R &




70.

71.

71.

72.

72.

73.

1. g o p/? 2.
3. & o p?/3 4.

Ep o p
ep o pt/3

Consider electrons in graphene, which is a
planar monatomic layer of carbon atoms. If
the dispersion relation of the electrons is
taken to be e(k) = ck (where ¢ is constant)
over the entire k-space, then the Fermi energy
er depends on the number density of
electrons p as

1. &p oc p1/2 2.

3. g o p?/3 4,

gF OCp
& OCp1/3

A fh ARt dr ve-fadT s@er A
PleAledl T e T |G & At H
gl I n AR HT FEIT Telcd § A ¢
WA B I &, A Serg mgfed ®

1. 2mcen 2. 2men
3. V3men 4, men/2

Suppose the frequency of phonons in a one-
dimensional chain of atoms is proportional to
the wavevector. If n is the number density of
atoms and c is the speed of the phonons, then
the Debye frequency is
1. 2ncn

3. V3men

2. \2mcn
4. men/2

Y Thiesh H Tah gl $I 85 Fa1, THh
fafase k-feem & T (k) = A — Bcos2ka
F T H § 8T A T B AW § aur
0<ka<m k & 5 IR W solecA
&I gIel-otaT STagI grem:

1 Z<ka< 2 2. Z<ka<m

3.0<ka<?Z 4, Z<ka< =

4 2 4
The band energy of an electron in a crystal
for a particular k-direction has the form
g(k) = A— Bcos2ka, where A and B are
positive constants and 0 < ka <m. The
electron has a hole-like behaviour over the
following range of k:

3
1.%<ka<7” 2. Z<ka<m

N[N

3.0<ka<% 4. <ka<%ﬂ

I ITAATT & TR $]Al 13RS
Aifdehrr Jehrer 3mget § (38 far e
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73.

74.

74.

75.

75.

& T el & v g, =1, g, = 5.586, AT

T 7gglel & T g, =0, g, = —3.826.)
1. —1.913 py 2. 14.414 py
3. 4.793 uy 4. 0

According to the shell model, the nuclear
magnetic moment of the 2ZAl nucleus is
(Given that for a proton g; = 1, g; = 5.586,
and for a neutron g; = 0, g, = —3.826.)

1. -1.913 uy 2. 14.414 uy

3. 4793 uy 4. 0

g6cl p3lel dlealssy (LHC) # 27 fra. el
T dJellhR 9 A & A Foll dared Wieh=
e 3 feamst 7 aika gt &1 v dieia-
Jelel JaTeT T GeaATT-he-Foll IS 14 TeV

g, W 9¥ H iR W A WA @

Rl arel 3T w1 Asoddw Tiedsed

T H O Fr 82
1. 12ns 2. 12ps
3. 1.2ns 4. 0.12ps

In the large hadron collider (LHC), two equal
energy proton beams traverse in opposite direc-
tions along a circular path of length 27 km. If
the total centre of mass energy of a proton-
proton pair is 14 TeV, which of the following is
the best approximation for the proper time
taken by a proton to traverse the entire path?

1. 12ns 2. 12ups

3.12ns 4, 0.12 ps

T C-ER WA & Foll TR 2eV A
gUShd g A T e aedr # 4 x 10%°
URATI] & AT AT & Y& gled & T g
7x102° AN 3cdfdid AHaEdr A 9fd
R ST €1 Hdd TH o Tod H fohdel

Fall [Fereref?
1. 2461 2. 22.4]
3. 98 4. 48)

The separation between the energy levels of a
two-level atom is 2 eV. Suppose that
4 x 102° atoms are in the ground state and
7 x 1020 atoms are pumped into the excited
state just before lasing starts. How much
energy will be released in a single laser

pulse?
1. 2461 2. 224
3.981J 4. 481
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[ FOR ROUGH WORK ]




PHYSICAL SCIENCE

JOINT CSIR-UGC-JRF/NET JUNE 2016 FINAL ANSWER KEY BOOKLET A

Q. No. Key Q. No. Key
1 1 41 3
2 2 42 4
3 2 43 4
4 lor2 44 2
5 4 45 4
6 2 46 2
7 4 47 4
8 3 48 4
9 2 49 2
10 2 50 2
11 3 51 2
12 3 52 2
13 3 53 3
14 4 54 3
15 3 55 1
16 2 56 3
17 4 57 4
18 2 58 2
19 4 59 3
20 2 60 4
21 3 61 4
22 3 62 3
23 4 63 1
24 4 64 3
25 1 65 4
26 4 66 3
27 3 67 1
28 3 68 1
29 1 69 1
30 4 70 1
31 3 71 4
32 2 72 4
33 2 73 1
34 1 74 2
35 1 75 3
36 1
37 1
38 2
39 2
40 2

ENGLISH AND BILINGUAL

change in key indicated in bold



PHYSICAL SCIENCE

JOINT CSIR-UGC-JRF/NET JUNE 2016 FINAL ANSWER KEY BOOKLET B

Q. No. Key Q. No. Key
1 2 41 4
2 lor2 42 3
3 1 43 4
4 2 44 2
5 4 45 2
6 2 46 2
7 2 47 2
8 2 48 2
9 4 49 4
10 3 50 2
11 4 51 4
12 3 52 1
13 3 53 3
14 3 54 2
15 4 55 3
16 2 56 4
17 3 57 3
18 4 58 3
19 2 59 4
20 2 60 2
21 4 61 4
22 3 62 3
23 3 63 1
24 4 64 4
25 1 65 3
26 3 66 1
27 4 67 1
28 1 68 3
29 3 69 1
30 1 70 1
31 2 71 4
32 2 72 3
33 1 73 4
34 1 74 2
35 4 75 1
36 1
37 3
38 2
39 2
40 4

ENGLISH AND BILINGUAL

change in key indicated in bold



PHYSICAL SCIENCE

JOINT CSIR-UGC-JRF/NET JUNE 2016 FINAL ANSWER KEY BOOKLET C

Q. No. Key Q. No. Key
1 lor2 41 2
2 2 42 2
3 2 43 4
4 1 44 3
5 4 45 4
6 2 46 4
7 2 47 4
8 3 48 2
9 3 49 2
10 3 50 2
11 4 51 2
12 3 52 3
13 2 53 2
14 4 54 3
15 4 55 1
16 3 56 2
17 2 57 4
18 2 58 4
19 2 59 4
20 4 60 3
21 4 61 3
22 3 62 3
23 1 63 4
24 3 64 1
25 4 65 3
26 4 66 1
27 3 67 3
28 3 68 2
29 1 69 4
30 2 70 1
31 1 71 1
32 4 72 1
33 1 73 3
34 2 74 1
35 1 75 4
36 3
37 1
38 2
39 2
40 4

ENGLISH AND BILINGUAL

change in key indicated in bold
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