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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



"I \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
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. 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
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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?
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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.
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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
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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 ]




