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1 eV
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

aimnu

9.11 x 10~ 3kg
6.63 X 10734 ] s
1.6 X 10719 C
1.38 x 10743 J/K
3.0 x 108 m/s

8.314 ] K 'mole™
1.097 x 10’ m™1
6.023 X 10%3 mole™!
6.67 X 10711 N m?kg~*
8.854 X 10712 Fm™1!

41 X 107 Hm™1

1.6 x 10717 ]
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
Haftnium
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
Ct
C
Ce
Cs
Cl
Cr
Co
Cu
Cm
Dy
Es
Er
Eu
Fm
F
Fr
Gd
Ga
Ge
Au
Hft
He
Ho
H
In
I
Ir
Fe
Kr
La
Lr
Pb
L1
Lu
Mg
Mn
Md

Atomic
Number

89
13
95
1
18
33
85
56
97
4
83
5
35
48
20
08
6
58
55
17
24
S0
29
96
66
99
68
63
100
9
87
64
31
32
79
72
2
67
|
49
53
g
26
36
57
103
82
3
|
12
25
101

Atomic
Weight
(227)
26.98
(243)
121.75
39.048
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
354353
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
I'ellurium
['erbium
Thallium
"hortum
"hulium
Tin
Titanium
Tungsten
Uranium
Vanadium
Xenon
Ytterbium
Yttrium
Zinc
Zlirconium

Symbol

Hg
Mo
Nd
Ne
Np
N1
Nb
N
No
Os
O
Pd
P
Pt
Pu
Po
K
Pr
Pm
Pa
Ra
Rn
Re
Rh
Rb
Ru
Sm
Sc
Se

Atomic
Number
80
42
60
10
03
28
41
7
102
76
8
46
15
78
04
84
19
59
61
Ol
88
86
D
45
37
44
62
21
34
14
47
11
38
16
73
43
32
65
81
90
69
50
22
74
02
23
34
70
39
30
40

Atomic
Weight
200.59
05.94
144.24
20.183
(237)
58.71
02.91
14.007
(233)
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
01.22
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1. 1— 7/4 2. 7/4
e & @ Fla &1 v b A = B
L. RTeh 2. TRH (SFITHR) 4.  An infinite number of identical circular discs
3. dlrell 4. qlEdcdol each of radius % are tightly packed such that

the centres of the discs are at integer values

Of the following, which is the odd one out? of coordinates x and y. The ratio of the

= g - Torps , area of the uncovered patches to the total
3. Sphere 4. Ellipsoid ——
. . 1. 1—7z/4 2. nf4
TH o Fgl “AY Q¥ el & 9 1000 | 3 A g 4. 7
IF Edsh g7, WWH a Fgl “oAl, 3Th
9 1000 H HH YEAs g7l IAr A el 5. NTUH IR bl G T&AT gl I gad I
B §, UL & I A A HHA Th TEdH grel 3% 1 el fear S ar 9red glel arelt
3G g7l Ile SAH H hddl Uh hYd TcH ofleT 3Rl I F&AT N @I 1/9" g STl g
g, dd {Ts] & 91" fohder gwé‘% ¥ SH g & fohdel N HFHT g2
1. 1 2. 1000 1. 10 2. 9
3. 999 4. 1001 3. 8 4.7
“My friend Raju has more than 1000 books”, 5.  Nis afour digit number. If the leftmost digit 1s
saild Ram. “Oh no, he has less than 1000 removed, the resulting three digit number 1s
books”, said Shyam. “Well, Raju certainly 1/9" of N.How many such N are possible?
has at least one book”, said Geeta. If only . 10 2. 9
one of these statements is true, how many 3. 8 4.7
books does Raju have?
I. 1 2. 1000 6.
3. 999 4. 1001 change §  (2014) (2015)
previous +10 +10
year 107
FIH dleld Teh od ool o dgld bl e .
HAQ BTh 5 f&al & wggd g1 Tg ra % 5
B¥A T avd ugda & 7 foet wameh & T Yadt
Teh §31 g A ¥ B do fohdd T&al H o
TR (T ITAAT IJARTAAT §)? L. e, ~10
L. 13 2. 35 Bl Physics =] Chemistry Biology
3, 6 4. 12

IWRTd AT I AT # O ia-ar ey

It takes 5 days for a steamboat to travel from

A to B along a river. It takes 7 days to return felhell ST Hehdl &7

from B to A. How many days will it take for 1. i omeT & 3ot B arar R
a raft to drift from A to B (all speeds stay : e
constant)? T el HEIT 2015 TAT 2014 H FAA g

1. 13 2. 35 2. 2013 & 39ET 2015 H A9 I & 3qdor
3. 6 4. 12 g aral faeanf¥at & dear &4 §)

3. 2014 H o9 OAT & 3cdioT gl arel
faeanfaar $r gear i Job=r 7 2015 H
AT ATET H 3cdior Eﬂ?r CICEGRIRD)
I TEIAT &l 37Uk glAT AT

Foled THKT Jodlhl  Tebleadl  Toletehl
1
gcdsh 1 Pear - g, 30 g H I

SHARY g § T Uehfcadl & ohog YUl
AT drel x T y e W g1 Rad T




4. 2014 o9 QAT H IcdIoT gl arol
faearfar & @&ar qur 2015 H #ifds —>
AMET H 3ccdlvl gled drel faeaTiAAT
&IT A g

Fig- 1 Fig- 2
" e (2015 1. 1 3, 9
ﬁ:fm 10- 3: 3 4. 4
= 8. T & ¥ AT sin(05°) F AR F
year E a-?
5 - 1. 0.5 2. 0.5 x —
90
~10- 3. 0.5X — 4. 0.5 X —
-10 -10 180 360
B Physics [ chemistry [ Biology
8.  Which of the following best approximates
Which of the following inferences can be sin(0.5°)?
drawn from the above graph? 1. 0.5 7 0.5 x =
1. The total number of students qualifying =
in Physics in 2015 and 2014 is the same 3005 x — 4. 0.5 X —

2. The number of students qualifying in 10 360

Biology in 20135 1s 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 1n 2015 1s equal to the number of
students in Biology that qualified in 2014

T 1 @F 2 | dgoa & folU ~goAda
fohcail dTell I 3TaeTHhdT g2 Teh dTel ol
dcay g fob v @ &l gera 39 i@
G- T ag o ufa & e 3= Aot &t

5

Fig- 1 Fig- 2

1. 1 2. 2 . .
3. 3 4. 4 10. fAse 3R G &I AT 1:00 pm H TRFH

Y, 3Tl 6 el H fohcdell I Teh qaY &
Wha‘t 1S the minimum number “ot moves 40° T FIT g
required to transform figure 1 to figure 2? A L6 ” 7
move 1S defined as removing a coin and 3: 0" 4: "
placing it such that it touches two other
coins 1n 1ts new position.




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

e # Q@ HIA-TT FUT difches T T ITeld
¥
I. H §AM AT SrerdT §

)

2. H I&T-HeT 31T deld g
3. # Jer-shel I a’mr—nﬁ

e

4. H AAT JTT dreldl q

Which of the following statements 1s
logically incorrect?

1. I always speak the truth

2. T occasionally lie

3. I occasionally speak the truth

4. T always lie

Ush 1rd£fW$Wﬁﬁ@Wﬁ
& @ I3 AB 31X CD $HT: 60° AT 120°

T VT do0Td &1 d9 AB:CD &

1. v/3:1 2.42:1
3. 1:1 4. V3 :4/2

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 1s

v 1

1. V3:1 )
3. 131 4. V3 :2

3ITT /T ‘D’ gar3ft

. (?)

(A) (B) (€) (D)

13.

14.

14.

15.

Find the next figure ‘D”

(?)

(A) (B) (€ (D)

Uk O &I 8T # 3felccol aifyd o

STar g, Ife 3Th UTcdleh HATSIRT YIcdlh

& Y { FA BT & FHH AT g

l. QAT H HET ol dlel $el OET H A
1/4 O AAT Helccior &d &

2. gfe & & Yitdleh 3ATeehdHA Yedleh &

1/4® &HA § aF g 3Helcdlor gicl/alcl g
3. Ife BT & Yiedieh 3¥ehdH Jcdieh o
12 3 gld § ar 98 BHAT 3cdior
BIc/glcl &l
4. Ig §¥9 ¢ T FI5 oY o1F Helcdor &
oI &l

A student appearing for an exam 1s 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. 1if 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. 1t 1s possible that no one fails.

frdT 3 ey # Ue MadR deX gl
$led I Th gd § T Il g HTH T
TR Foidgell & gl leT g Jelsol &l
B waer 2 A g 1 A § FeT v

Shlell AT g9 & 9T 872
1.

3.



15.

16.

16.

|74

|74

A solid contains a spherical cavity. The
cavity 1s 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

1s filled with liquid?
1
L,

3

8
5
8

Udeh Pl H o J97 HT FEIAIT H St
T g dal 3T hladl o gl bl &I

H gl ocd I&dm Ad |

9 10
7 X13 8 %12
15 14
5 i
3 X11 4 X 16
25 18
1. 10 .
3. 6 4. 12

The relationship among the numbers 1n each

corner square 1s the same as that in the other
corner squares. Find the missing number.

9 10
7 X 13 8 12
15 14
5 o
3 (11 416
2 AN
1. 10 2 8
3. 6 4. 12

al a1 FoT 3R fhd 30 X § Fhol Y
STd @, 39Tl 40 [Ade | Jdfed WSer 30
fAde oar 81 & o1 ¥@ar fa & 5 Asc
ggel Tl AT| fohder fAse & a1¢ o, @dr

q 39T fdehell M
1. 5 2. 15
3. 20

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 2 4. 25

=T A ﬁ'ﬁldlchli OsH & 3JAPR &I Teh
HITATAY 1 WUS AT a7 7, 98 gs5
Q¥ @us B § 394 HAIX 10x 10 X

SHAT ATT T HTRdH Tohdadl gisAT hler

ST Gehdl 872

S
g
a

p

' 50 cm
1 50 2. 100
25 4., 250

The diagram shows a block of marble having
the shape of a triangular prism. What 1s the
maximum number of slabs of 10X 10 X
5 cm’ size that can be cut parallel to the face
on which the block 1s resting?

P
g
il
50 cm
1. 50 2. 100
3. 125 4. 250
Red T« 910 : F2, . D8, Cl6, B32,
A64.
1. C4 2. E4
3. 2 4. G16
Fill in the blank: F2, . D8, Cl16, B32,
A64.
1. C4 2. E4
3. C2 4. G16



20.

20.

21.

21.

&I & AT (5, 6,7, m, 6, 7, 8, n) HT

HHIMOIAT ATET 6 TAUT Tgorsh (T ]

S 3ol dTell 3ih) 7 8 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
mXn=

1. 18 2. 35

3. 28 4. 14

HIT \PART 'B'

AT f6 X dur vy e Tadd Iecos =/ g,
SdH @ 93 T é“’r Hiclsh ATl 0
Uh YATATT dcd & HeAP0T AT &,
R ATET HAA: +p dAT -p & FMT| dl
YT X +Y 30T T & Th
1. dco &I, [S8ad af T +u W g,
dAT ATET 0 UG HAlds [ddde V2 &
|
2. YHMHAT §cod oI, ATET 0 dAT Al
fagdd 20 & |
3. d¢o HI, [G® & TH +u | g,
dAT ATET 0 Ud Al el 20 &
[T
4. YHMHATY dced, ATET O dUT Al

fagdsT oV2 & Gy

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 - pu,
respectively. Then the sum X + Y follows a
1. distribution with two peaks at +u and

mean 0 and standard deviation ov/2

2.  normal distribution with mean O and
standard deviation 20

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

4. normal distribution with mean 0 and

standard deviation o2

22.

22.

23.

23.

24.

$lecl HHTR
1 et? — 1
2mi ). cosh (z) — 2sinh (z)

dz

FT, Uhch dfshehl C & HHTAY dATHTIT

ThHATOIT HAT &
. 0 2, 2
3. —8/\3 4. —tanh @

The value of the contour integral

1 e*? — 1
2mi J. cosh (z) — 2sinh (z)

dz

around the unit circle C traversed 1n the
anti-clockwise direction, is

I: 9 2. 2
3. —8/V3 4, —tanhe)

cAThIhd AR TT AT (q,p) IFA Th

da &dr giAecdAl H = p?g? 4 ﬁo‘(‘_u-l
ITA-THRIOT &l Teh FATA 5 (e H 4

dar B 3T B)
. p=Be™ ™, g=

£ o4t

A
B
2. p=Ae 4, q=§

A _
3. p=Ae q =7 ak
A
B

4. p=24e 4t g==LeAt

The Hamiltonian of a system with
generalized coordinate and momentum

(q,p) 1s H= pzqz. A solution of the
Hamiltonian equation of motion is (in the

following A and B are constants)
. p=Be 24t q_f’l 2At

2. p=Ae 4t g o 2 5 RAL

B
3 — AeAt _ A Af
. p=de, q=-e

4. p=24e 4t g= ge‘qzt

T coll-

x =0 & JT-IH, Bl ot (5
3eTshal TATAROT <l TATIOT PFar g

1. oo 2. T
3.§ 4. 1




24.

series expansion of the function

around x = 0, 1s
1. oo

I
3. >

25.

Fla.b, oz) =

o0

The radius of convergence of the Taylor

1
cosh (x)

2. T
4. 1

z=0 o JTT-UYH ColX 3FeThA faEazor

za(a-&—l) c(a+n—-—1Dbb+1)-(b+n-— 1)2” 26.

clc+1)--(c+n—1)n

n=0

q qRATNT MFH geuRAIACH Bolod

F(a,b,c; z) GLS
Al g

d
l.; EF(a,b,c,z) =

d
2, EF(H’ b.o.z) =

d —
3. EF(H’ b, 7) =

4. iF(a, bh.oz) =

25. The Gauss

hypergeometric

gﬂuqéd el T AT

C
EF(a—l,b—l,c—l,z)
iF(a-l—l,b-l—l,c-i—l;z)
“—fF(a—-Lb-—Lc—-l;z)

H;F(a+ 1,b+1,c+1;2)

function

F(a,b,c;z), defined by the Taylor series

expansion around z =0 as

oo

F(a.b,cyz) =

10

a(a+1) ~-(a+n—-Dbb+1)--(b+n—-1) _
Z cct)~(c+n—1n ‘

n=0

satisfies the recursion relation

d
1. EF(a,b,c;z)z
2. EF({I,b,C;Z)I
dz
d
3. EF(a,b,c;z)z

d
4. EF(G” b,c,z) =

26.

C

EF(G’_ 1,b—1,c—1;2)
:—bF(a+ 1,b+1,¢c+1;2)
“Fla-1,b-1,c-1;2)

“Fa+1,b+1,c+1;2)

Al foh 98Tl 0 dUT 0’ c@arr 3uafd

e aF FAM (x,t) AT (x',t) g1 JA&Th
0' A v =pfc e Y 3edch HUA HH Ued
x-318T & AR TJoaar gl Ife A2t &
Uhtld 99 x, = x + ct 94T x_ = x — ct g,
ar 0 dUrT 0' H HAUT FleAdlell dRecd
FUTAIOT Jg 9 ofdT &

27.

27.

28.

P X =Xy P Xp— P
l:  x. = dar x_ Yok
2. &L= % . ddl xl= ﬁx-

J1— B2 J1-82°
; 1-5 ' 1+p
+ Xy = E X+ Al x_ = ﬁx_

Let (x,t) and (x',t’) be the coordinate
systems used by the observers O and O,
respectively. Observer O° moves with a

velocity v = ffc along their common
positive x-axis. If x, =x4+ct and
X_ = x — ct are the linear combinations of

the coordinates, the Lorentz transformation
relating O and O’ takes the form

I xi= x‘l__'i;? and .x’ = M;j;?,
20 K= %14_ and x_ = %x_
3, X, = x\;;—‘z‘ and x. = x\_/;_—[;ﬂ
4. x4 = %14_ and x_ = gx_

ccATT m ol Teh d¢ Sl URHA H INH
$r Fafa & §, 5 #Alex Fr Jas & TReA
STt g1 e Jegaeu= one 0.9 8, g
% gl IR FHA W USd F Wed 4
3T I & SIETHIT (g = 9.8 HI/A? HATA)
1.  9.80#H /& 2. 9.10HI/4A
3. 891 HIA 4.  7.02FH&A

A ball of mass m, initially at rest, is dropped
from a height of 5 meters. If the coefficient
of restitution 1s 0.9, the speed of the ball just
before it hits the floor the second time 1is
approximately (take g = 9.8 m/s°)

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

3. 8.91 m/s 4. 7.02m/s

qed R & UTeh JI & I fSf W IR
AT EA Iedsh +Q W@ IATd g1 GeTHA
m JdAT AU +Q &I Th HUT JI[ & dol I
shg ¥ 3T g a(KR) W @I Sl gl
Ife &or Fr afaiierar da @ gfasfad &
dl 9§ ©IC ol 3iesd M 3§ HIolY

3gfcd & AT




28.

29.

29.

30.

Qz
1. -
2MegR" M

V2 Q?

megR3m

2
2. J .
MegR" M

2
4. \/ =
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 1s confined to the plane, it will
undergo small oscillations with an angular
frequency

3.

Z 2
1. \/ 2 X 2
2meEgR3 M \ T€gR3m
2 2
R 4 s
mTegR>M \ 4m€Q RPm

Toleh o faA fAeWorT & YR W &
3T G, Toleh AT X h, dlccEFATT A ky
Ug TAaid # TR $r IAfd ¢ o °Grdl i
3UGNT Hlh U 3TAGEIUIh a9 T, ohl
gRATNT  Thar ol

Tp &1 TSl FHH

3T H &
| hc? hc3
1. kjg 2. k;ﬂ
\ XB B
G hk?2
3. he k2 4. ﬁ
\ B

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 1s proportional to

hc® hc3
1. = . 5
kG k%G

G hk?2
3. h 4. —g
hc*kg Gce

Uh gahid &9 B, Uid x>0 # B2 §
aur 3 T SEIE YT Bl x <0 Wd H
x>0 9d # Teh 3 Id v=vx & HY
xy-dol H T HOdeeR 4rer, f5ash ured
| (x-T&T & TATA) dAT h (y-f&2m & FATN)
e, g8 Sfar g1 fHFT 1 qur b AW OA
forgeh ot 3TadA faeIaare® so (EMF)

SATAd BIEM?
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30.

31.

31.

32.

_CU

.05
D=l T~
= N
mw

il
— O Wb
1IN

N

1

2.
A
4

A magnetic field B is BZ in the region
x >0 and zero elsewhere. A rectangular
loop, 1n 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. (=8, h=3

2. |=4 h=6
3. [=6,h=4
4. [ =12, h=2

Al o gTsgIoled WA & FHeld AT )
Th IhA-d U Sl FH YR
aRafdd fhar St & & $a faera
V(F) = Zizli g ST g, o8l g U
R gl dRafda e & Far &
HTAFEOTR AT E,ypp,

1. nHﬂTEWW%,WmWHﬁ
2. nwﬁm%q@ [ JUT m 9T gl
3. nHﬂTmWﬁﬂﬁT%,qﬁlWHﬁ
4. AT I FOICH FE&IA3T n, [ JAT m

W gEased: IGE RS

Suppose that the Coulomb potential of the
hydrogen atom 1s changed by adding an
inverse-square term such that the total

. . 5 7 2
potential is V(r) = _% + ;% |

a constant. The energy eigenvalues E,;,, in
the modified potential

where g 18

1. dependonn and [, but not on m

2. depend onn butnoton [ and m

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

4. depend explicitly on all three quantum

numbers n, [ and m

al AT Tole @UTRA ST gRAT x  dwr
1.1x ¥ 3df@dd g, 3d% Toel & &=
WIdeddreh 3.0 alel Rdegd a&d X S
e dur dlecdT V & T s & @ &
Helldaad fhU Sd 81 9gd Uiy & dmaeT
faehtr genRT & 3maer 3w @




32.

33.

33.

34.

34.

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%

frdr gag-fAmer g@ceadr & faAasroes
AT E;, dUT E, § HITd HTHAIOIR AT~
SHI: (1) JAr |2) g8l TG AT t=0 W
a3 |[Y(t =0)) =sinf|1)+cosB|2) H g, ar

TAT t T (Y()|Y(t)) T AT B4
.1

2. (E,sin?6 + E, cos? 0)//E? + E?
3. efit/hging + e'F2t/M cos
4.

e~ lE1t/hgin2 @ 4+ e~ iE2t/h cgg2 @

The eigenstates corresponding to
eigenvalues E; and E, of a time-
independent Hamiltonian are |1) and |2)
respectively. If at t = 0, the system 1s in a
state [Y(t = 0)) = sin@|1) + cos B]|2)

the value of (Y (t)|y(t)) at time t will be

1. 1

2. (E;sin?60 + E, cos? 0)//E? + E?

3. elBat/fgin @ + elE2t/h o5 @

iElf I':Ezf

4. e n sin“@+ e n cos®@

frdl grd A FAfds 'tid@l’ﬂ&%?% x- ddr1
z-89¢h ShHAA: B, = By(x* —y%) d4T B, =0
gl 39 y-Heh & Tod To&d 8ol H H
PloT-AT HaFEdol AR & AT §2

l. B, =Byxy

= —2Byxy
= —By(x* — y*)

2. B,
3. B,
1

4. By =By (5% —xy?)

The x- and z-components of a static
magnetic field 1n a region are B, =
By(x* —y?) and B, =0, respectively.
Which of the following solutions for its y-

12

I8,

39,

36.

component 1s consistent with the Maxwell
equations?

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

0 L do & Idud H TUd T Teh-
AAT 37T g9 & 3y TUd gTA
m & Tk HUT H FATd JATAART a0

wo y = [; (35 (3) + fon (7)) @
fear srar g1 afe 3adhr Far Ay Jrdr g,
THT IRUTH AT FSIT FT ATET AT HHL:

&

l h*4 2h? and 73 h?
: 2mL2"  mlL? 50 mL2
) h? h? nd 19 h?
' 8mL? ’ 2mlL? 40 mL?
3 h?2 2h? nd 19 hZ
' 2mL2’ mlL? 10 mL2
4 h2 2h? o 73 h?
' gmL2 ’ mlL2 200 mL2

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

~l £ 2mx\ | 4 . 41TX ;
Y(x) = E(Esm( 7 ) | 55111( > )) If its
energy 1s measured, the possible outcomes
and the average value of energy are,

respectively
h? 2h? 73 h?
1. ., —— an
2mlL2 mlL2 50 mL?2
h? h? 19 h?
2, = -~ and =
8mL2’ 2mlL 40 mL
h? 2h? 19 h?
3. ! and
2mlL2’ mlL2 10 mL2
h? 2h? 73 h?

4.

_a — —

. n
8mlL2’° mlL?2 200 mL2

3 GATE Ud x>0 dA x <0 HAU:
WIS €, AT €, T WdeId ATEIH
T MW g & & Ud # Tdh THIAE
faega &7 &1 g 39 F IHWTSs & Ay
fdedd & v ¢, §oArar g1, s 3T A
T 0T 6, VT f&ar SATar &




36.

37.

37.
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€,5in 68, = €, sin 6,
e,tan 68, = €, tan 6,
e,tan 6; = €, tan 6,

B S o B

€,5In 8; = €, sin 6,

The half space regions x > 0 and x < 0 are
filled with dielectric media of dielectric

constants €; and €, respectively. There 1s a
uniform electric field in each part. In the

right half, the electric field makes an angle
6, to the interface. The corresponding angle
8, 1n the left half satisfies

x<0 x>0

€,5in 68, = €, sin 6,
e tan 8, = €, tan 6,

e.tan 8, = e, tan b,

L

€,Sin 8; = €, sin 6,

Afad A FIvi 997 e & °gch Iig
L,L, duar L, g, dl shACHHITS

L, L,L,L,| " 38 R &ellpd foham S
dohdT &

1. hl,(L3—L%)

2. ihL,L,L,
3. 1hL.2L; —L3)
4. 0

IfL,, Zy and L, are the components of the
angular momentum operator in three dimen-
sions, the commutator [Ex, sz},fz] may be
simplified to

38.

I. kL, (L —L5)
2, illglyls

3. ihL,(2L; — L)
4. 0

A o = fAfase areear v & foIw
gRay # A9 dieedr V, &1, Aed dia

A H T HiA-GT FAsadq gfalaf®ca aa
¥

10K
| YW
~, 5K L
Vi o——mi- >
N +—o Vg
0.5Vo A -
5K %1 0K
1. | |
© i
.
0
2.
3U?mmm€mmmm;mmm+wwmm3
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38. Given the input voltage V;, which of the
following waveforms correctly represents the
output voltage V}, in the circuit shown below?

> 5
0 | : | | 39
10K
. e
5
Vi ?—MM——L—\ ~
o oV,
0.5Vo—WW—e— T
5K 240K
l 39.

0.5
0.0

Sd Teh MY THUMdeh I ol IRIAS
q 3V, do &GIAT: aedRd
foFar ST §, 39T A9 T, € T #H
aRafdd giar gl ar 3feqdrd T/T, &

Lo s 2. (g)m

3. (é)”3 4. 3

ATV,

When an ideal monatomic gas i1s expanded
adiabatically from an initial volume V, to

3V, its temperature changes from T, to T.
Then the ratio T /Ty 1s

L 4 2. ()"
3. @m 4. 3



40.

40).

41.

41.

frdl 9ery & T 3HAAVUT Wd W T
Tl LED T dgdr ded a@ieed A, = 660
nm G¥ AT IMSAIT g, ?ﬂ's’lé 20 nm
qry| IfE 7GMVOT UM TICES & ATy
g —K(A—2,) & ®T H dcoldl &, o8l a,
dar K 9 3O g, 39V H Tdeheldl
Il gIam:
1. drel-TaEaiud, IMSRATA diddr dco
P AT IW@d g
2. ard-fTaeuiiud, e 3TATAT digdr
gcel & Iy
3.  CIA-AETd, M ATA dlddr
deod &l §A @A §??f
4. dT-TaTariad, T J3GATAT drgdr

dc¢ad & a1y

The intensity distribution of a red LED on

an absorbing layer of material 1s a Gaussian

centred at the wavelength A, = 660 nm and

width 20 nm. If the absorption coefficient

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

where ay 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 & Teh g7, [S8H 3116 39
% N U] &, Ush B¢ dlel QAR ¢dRT ar
3u@st # dfed g1 Iafe oI 39@s &l
A V/3 &, o 3HH [FUd 3ot
T&IT &7 Ja0T ¢

1. N/3 2 2N /9

3. N 4. +/N/3

A box of volume V containing N molecules
of an 1deal gas, 1s 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 1t, 1s

. N/3 2. 2N/9
3. VN 4. +/NJ/3
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42.

3T dAl W Teh GIdURATUTERT 3707 dTel

I &1 gid 3107 fafse FsaT ¢

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

42. The specific heat per molecule of a gas of

diatomic molecules at high temperatures 1s
1. 8kp 2. 35kp

3. 4.5k, 4. 3kg

43. TAFT 8d I IaEUTcHSd T H A b

43.

44.

: :

:@EE —D

Jcdeh doh-gR &l HIRUT el 7, gl

+5V

B@TD —I>

g2 T FIOT fddd 3Tadd g Ad doh-

fader A 9Ur B S0 HHHAUT &l Hd &
A (0.1)- A1)
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
1S Louss

+5V

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)

Ush [dH H, USRI RRYUA™Sd Fon
& THh T & [FHT V(x) =alx| @& «
Teh 3T &) o 3eha foRar smar gl
HfaIaoT Here § (8 = —)

kg
I dmm 2 2Mmi
' \ B3a2h? ' B3a2h?2

smim Imm
3 Hﬁaazhz 4, Jﬁaﬂzhz




44.

45.

45.

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

Vix)=a ‘ x‘ (where a is a constant). The

T » # . 1
partition function 1s (,8 — @)

1 4mim o 2mi
: B3a2h2 ¥ \ ﬁzazhz
smrm Imm
3. \/ﬁzazhz 4. \ ﬁzazhz

fhdl Teh IF & TdgId URT [ I dlecdl
VX [FaRar ¢

1=1(1-2)
Vo
S8l [, dur V, 3oX gl fohdr gaer 7 I
W 9] dleedl V FI deld ge‘-r [ &I HAYeT
fpar Srar g1 graer v, dur /I, AreEd:
g YR AuIRd fad &1 @+d &
1. [-V2 3Tl T 9gurdr Ud y-3d. W3
2. V2@ &
% 37T ST ROT, TG y-3T:T3
3. +/I-V 3Tei@ &I Yquldl U9 y-3id:Ts
4. VIV @ &I y-3d:@s dAT 99uTdr
% 37T T ROT TG y-37d. T3

y-3Id: @8 AT JduTd

The dependence of current I on the voltage
V of a certain device 1s given by

VZ
1:1(1——)
0 VD

where [y and V, are constants. In an
experiment the current I i1s measured as the
voltage V applied across the device 1is

increased. The parameters V,, and /I, can

be graphically determined as

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

2. the negative of the ratio of the
y-intercept and the slope, and the
y-intercept of the I-V 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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46.

46.

47.

HT \PART 'C’

Uch .

THE T dTferehT T Teh AT fold=T

3aad 9Hg G ={e,a,b,c,d, f}
R

T g (AFT A ¢ &1 dcgdAS 37939 e gl)

e a b C d |f

e e a b C d |f

a a b e d

b b e X I y Z

C C

d d

s

giafsedr x, y dUT z I gld Mg

L: =
2y =
3. D=

oy =

A part

a, y=d ddl z=c
c,y=a ddl z=d
c,y=d dAl z=a
a, y=c¢ ddl z=d

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

1dentity element of G.)

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

e |x |f |y |z

~Slalo|sa s

~lalolsaln|n

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
ATl HHIRIOT

d(x,t) = /1[ dx'dt’

dw dk E—ik(x—x’)ﬂm(t—t’)

(2m)? w? — k? —m? + ie

¢ (x',t")

S 37dehel THIROT H dod &
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1. (;:2 | ;; m* + 16) d(x,t) = —-%}t b3 (x,t) 49. A% Beldd F(g,P) = g*P SRT Ush [digd
2 2 FATALOT (g,p) — (Q, P) giHecar
3. (;ﬁ o+ m? - LE)d)(x, £) = A d2(x, t) ;o8
o H(q,p) =55 +7q" (S8 a U1 f 3T )
3. (G~ gt m* —ie) $(1,0) = =317 (1,0 o ReaT S ¥ (Q, P) T -G ¥
2 2 - - R
4 (;tz o m lE)(,tl(x t) = —1 3 (x, t) by W= Pla ddr P= pQ
2. 0 =4P/a dUT P = —B0Q/2
- - 2P?
The integral equation 3. Q=P/a dd P =———[0
ey ’1] Il 4. Q =2P/a QYT P = —BQ
do dk e ik(x—x")+iw(t-t") 53 (x'. t') 49. A canonical transformation (g, p) = (Q, P)
(21)?2 w2 — k2 —m? +ie ’ 1s made through the generating function
F(g, P) = q*P on the Hamiltonian
is equivalent to the differential equation p< B y
2 a2 ., . 1. H(q,p) =5—=+7-49
1. (arE Fo—m +LE)¢J(x,t) = —-E}tqb (x,t) 2aq 4
5 where a and [ are constants. The equations
2. (ar? 5 m? — iE) d(x,t) = A p*(x,t) of motion for (Q, P) are
22 g2 . ) 1. ) =P/a and P = —0Q
3. (57— gz + % i) $(x, 1) = =317 (x, 1) 2. 0 =4P/a and P = —BQ/2
4o (G- T m2—ie) plxt) = 23 (x, 1) 340'=P/a and B=—2_ g0
otz 9x2 2] , : 0

4. Q =2P/a and P = —fQ

% F & Foil E dUT 49T p dlel Ueh &Ul
& TeIU gddl y =%ln (EJ’I’E“") T aReRa & 50. Wold

E-p3c

$H F & dast & 49T v = (0,0, Bc) F G f(x)_5(x)+2—5(x)
IfeRiter F/ el H gdar y' gaf:
1. y’=y+2£lll(1—32)

(ST&T &(x) %’Q‘w Secl-Hele ¢) & BRI
FATAROT [ dx e f(x) FIT &2

1 1+
Z. — — —1[] : 1 2 ¥
i 2 ( ,-‘3) L. 1Iik 2. 1-1|-1'k
3.y —y+ln(1+§) S T %
1+p .
. ¥ =graln ( B) 50. What is the Fourier transform [ dx e"™®* f(x) of
For a particle of energy E and momentum p f(x)=480(x)+ Zn—l == 6 (x),
(1in a frame F), the rapidity y 1is defined as
y = %111 (E +§3z)_ In a frame F’ moving with where §(x) 1s the Dirac delta-function?
—P3 1 1
velocity v = (0, 0, f¢) with respect to F, the L. 1—ik ¥ Haew
rapidity y' will be . ;
L y’=y+2In(1 - B % e ol
.1 1+ _
“ =Y zln( B) 51, g9 f()=3x°-4x-5 & HqA A
3. y/=y +1In (1+g) W‘rﬁ FgeA{hHe fafr garr gad FHY,
IRfAE HFAT x =2 forar Smar g1 3w
4. y'=y+2In (Hﬁ) Wﬁ H 39T AT 39% [Adedd &
1. 1.671 2, 1.656

3. 1359 -+ 1531



S1.

S2.

52,

S3.

S3.

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 1s nearest to
1. 1.671 2.

3 L9 -+,

1.656
1951

forelt fafrse fader o & foea qur e
g & AT (MFAT ShESIAT H) HHAU:
E=3%+ 4y dOT B=37 gl 39 %A &
HUE] Tl dlell UF SIscard Wateh  faerd
a9 & URAT 9rdr g |E'| = 4. 389 HMT

IR G 81T HT IRAT |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 = 3Z, respectively.
An 1nertial 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

Bfada & afaier T aF &1 dEran

L = %mi’f + m(xs + x%) —%kxlz — %k(-rz + x3)°

g fear Srar g1 Ifa & Tada 33X 8lp

1. dhdd Fall

2. hddl Foil, Y& AT &l Ush °Uceh U4
IV HAIM HT Tdh UTh

3. hdd 3ol Ud [W& AT & Tsh g

4. Shdd Foll U9 HIUT T HT Teh Uch

The Lagrangian of a system moving in three
dimensions is

L= —2~mx12 +m(x3 + x3) '—Ekl‘f _Ek(xz + 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
[inear momentum

4. only energy and one component of the
angular momentum
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54.

54.

DD

Bsar R & Tk Ml § W f9ar S T
UhTATT 3IET Odcd p @dl gl 3885 4
BT a < R/2 &l Teh BIET el S,, Hlea
erer fear arar g1 o8 o /iy & g
AT §, Aledl el & ohg ATG b =AR/2 &
gufdd gl

S, % 37X fog P WX faggd &7 &

. PR A pR ~
i 2. (r — ha)
3&p 3&pga
R A i =
3. EL 5 4, =7
'EEEU, EEDR

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 1t. The centres of the
two spheres are separated by the vector

—

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

The electric field at a point P inside S, is

R ~ R - o~
1. —f 0. L (r —na)
350 35{]{1
R A a -
3. 224 4, 227
68{] 3EGR

Uh ThdAT Jash &9 B H fdegd Orr [
I dgel &{d Ueh U1, TSgehr Fadr a g, &l
I@T S1ar gl Ife arer & o feem & 74 &
fAfese fooar Srtar g, dF 91 W § F aon
Sl ATEUT T §

1. F=0 dOT T=mna*lAxXB

2. F=22IXxB @I T =0




.

56.

56.

3. in‘—ile dAT T=IAX%XB
4. F=0 d2T T=—1IB

Ho<o

A loop of radius a, carrying a current I, 1s
placed in a uniform magnetic field B. If the
normal to the loop 1s denoted by 7, the force F
and the torque T on the loop are

. F=0and T = ma?l i X B
2. sz—ile and T = 0

3. F:%’XB and T=17AXB
1

Ho€o

4. F=0and T = IB

[AHT V(x) = alx| H U gcTATET m &

Ush Ul & WKB Hlesdched

mf JE =V (x)dx = (n +%) A,

(ag_'rﬂa dAar b a?‘lﬂﬁg%wnzollrz...)
& PeifRe ofi-wert ¥

hTa 2/3
L. Sy = 4F( i )]

'3hm( +1)]2/3
4\2m w 2

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,

(where a, b are the turning points and
n=012--), are
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S ls

~ 71

38.

38.

2 "
faua V(ix) = va“’ H AT m &l Teh

U I iaﬂlil Fli’zllﬂlr?m%a o

0o = (§) e
e e 3ol &

-

dLTh ol

& 3T T Thidd

1

— f_mdx x’e” ™ = — dUl
f dx x*e~%" = —_ & IGAET & |
— 00 4a?
hzﬁ1/3 7 % h2pB1/3
a hzﬁifa 4 % hZﬁUE

The ground state energy of a particle of mass

m in the potential V(x) = —x

h2 .
B 4 , estimated
6m

using the normalized trial wavefunction

1/4
Y(x) = () e~a**/2 g
[Use \/_ [© dxx%e~®" = — and

= [* dx x*e™®" = —].
-\/ - 4at

hZBZLfB

2

3 — h231f3

3m

2

3

8 22p1/3
2. 3mhﬁ

3 22p1/3
4. Bmhﬁ

.
Cs WATBT & Th g W aan|

T "Ydcd 10" URHTI] g 9 AL W
gld

IHTHROT g HUT & daTRT & TP AES
& AT g, 39 &l diT 3o TdehedH g
(Cs 379 T GeFATT 22.7 x 1072 fh.am. =)

1.
3.

7% 107° K
4. 2%x10°%K

1%x10°°K 2.
1x107° K

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 107%° kg.)

1.
3

2. Ts10~° K
4. 2x1078K

1x107? K
1x10° K
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59.

60.

60.

61.

IGE:G] V(x)z%mm2x2+ gcoskx o 3Tl
GSOHAlT m & Ush Hhul W faar| a3
ggdarer (grAffae) fasa %mmzxz 1 ol
H, g H 9U4A FIfE T HcAEEAT Jal A
gRaded &:

1. 8 EX]}( zkniz) 2. gexp (zk:xi)
2 2
3. gexn (-70) 4 gewp(-50)

Consider a particle of mass m in a potential
Vix) = %mmz:ﬁ + g coskx. The change in
the ground state energy, compared to the
simple harmonic potential %mmzxz, to first

order in g is

L. gexp (_ ;;Z) 2. gexp (zk;z)
2 2
gew(-35) 4 gew(-5)

Ush TdH H GcIHATT m I Teh HUl [dHd
V(x) = —ad(x) (S8T a THh eI 3 g), &
gHTg H AWM g1 3Tl e HaEAqT H
TUTADS  (Ax)(Ap) H ARRTAT &:

1. 2k 2. k)2

3. h/\2 4. 2h

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 1s

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

2. h/2
V2h

Ueh 3T 9YSh &1 3T FIC, UIed 2a
Ueh JdT g a%ar afeer k &r ™™ fIems &
forw &rAr gfdeer ¢(+a,y) = ¢(x, +a) =0
JFd HHIHIOT

LA Y
dxs  dy- = _
T HHATITT Fd Teh Beldd Y(x,y) & Yl 0T

Iey foera-geeha faurd 9rft S @)
=geTdH faer &1 dgfed o &

Y(x,y) =0
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61.

62.

62.

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

L @* 0° Ww*> '
2 —
ﬁ*a?*(ﬁ"‘)m”—o

with the boundary condition Y (£a,y) =
Y(x, +a) = 0. The frequency w of the lowest
mode 1s given by

l. @ = ¢* (k2 +1—f)
R = ¢~ (kz +Z—2)
3. W= g* (kz +%)
4, Wees g2 (k2 | ;:2)

fad 3Ade W Tk dF &7 AdRS ol
E(T)d9 T W 3¥ YR @I 9rar
E(T) =aT? + bT*. @ d9 & UTsh Wold o
T H Tedr S(T) §

l. ~aT?+bT*

2. 2aT? + 4bT*
3. 2aT +§bT3

4. 2aT + 2bT*

The internal energy E(T) of a system at a
fixed volume 1s found to depend on the
temperature T as E(T) = aT* + bT*. Then

the entropy S(T), as a function of
temperature, 1S

. ~aT2 +2pT*
2 4

2. 2aT? + 4bT*

%, 24T + %bTB

4. 2aT + 2bT?
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63. U e 3ngpAT WRar A de ar R L.
HATIT 1 &1 I a1 arar a1 A Reset ﬂ(iﬂ 1
HleT-HT T g7 ~

: 0
2.
v
S,/ )< : S,/0
0
0
3!
0 0
3
4.
4.

1

64. tH WAHAT deg x, v W &Ra @ar g,
St 39T Teh TR dog Z I &1R_d g 2
X A YdR AR A, g dMYP Zda
FT &A% A, gl I, IR H Fdd X &
Ny WRATU] &, o9 FHA (t < 1/4, AT
1/2;) 9 Z & GTATIT T FE&AT glafT

63. The state diagram that detects three or more 1. %AlﬂzNﬂtz 2. z{jli ~No
consecutive 1°s in a serial bit stream 1s s

3. (A; + 1,)?N,t> 4. (A; + A,)Nyt



64.

65.

635.

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 1s A4, and that
from Y to Z 1s A,. If, to begin with, there are
only N, atoms of X, at short times
(t K1/A; as well as 1/4,) the number of
atoms of Z will be

1. 2,2, Not? L1

2(A1+42)
4. (A4 + A,)Nyt

Nt

3. (A1 + 1,)%N,t*

Ush HUIRAT 9RhHAS &l quid:  3Teolicd
I FHATR Tolel & F&1 81 39a 37H
chg o TIUET Tolal H Tah &l 10° HIUT deh
gATIT ST g1 PR-FHTE HT 98T A §U
AT & TN Y g H URGHS

HdcaTteldr Aeqdrd I,:1, ©
1. 8:9 2. 11:12
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, 1s

1. 8:9 2. 11:12

5. 17:18 4. 35:36

®Ti & ST HIA I T HaEAT I
Solgciicled Taedrg  [Ar]3d%4s? §| HTH
iFeiEhUe fdfesel #, 38 9=a9 &

e # & Sla-ar IHd gl 82
3. A

1. 'F, S,
3. 'D, 4. 4P,
The ground state electronic configuration of
*Ti is [Ar]3d?4s?. Which state, in the

standard spectroscopic notations, 1s not
possible in this configuration?
1 1
1. “F3 2. S,
1 3
3. D, 4. °P,

AT Tl SHAT &, A Ser-3feer JFiAr
& &TUH f, 3dA% AU gIAT m, b
fp=\%mmﬁﬁlﬂﬁaw3{@ﬂﬁ$
gad g, ogeer [AeaRuT Srehr g1 AT
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67.

68.

68.

69.

69.

70.

m, = 6400 + 160 MeV dAar fp = 180 + 15 MeV
Ush HAlT & g ™d AT T TIT 21 a

& 3MMehele H T B
1. 175 MeV)™”
3. 1200 (MeV)™* 4.

2. 900 (MeV)**
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

=T
to be determined. The values my, = 6400 &
160 MeV and f, = 180 £ 15 MeV correspond

to uncorrelated measurements of a meson. The

error on the estimate of a i1s
1. 175 MeV)”* 2. 900 (MeV)*?

3. 1200 (MeV)™"” 4. 2400 (MeV)**

, where a 1s an empirical parameter

A & ga fog gfd\er & E 9@
gfFerdlel H I Fall AfGse ST g

3T Eg(3%AD) ¢ Es(56Zn) &
1. 2:3 2
3. O3 4.

4: 3
3:2
Let E¢ denote the contribution of the surface
energy per nucleon in the liquid drop model.
The ratio E¢(43Al) : Eg(5¢Zn) is

1, 23 2. 4:3

3. 3 4., 3:2

gqcﬁq a3 03 T %ngﬁw
TIROT SiHATT IHTE 91697 H 660 nm ATATd Y

(TUFeHT) YWT & °9¢ahl & &I HI faure g
1. 12 pm 2. 10 pm
3. 8 pm 4. 6 pm

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 1s

1. 12 pm 2. 10 pm

3. 8 pm 4. 6 pm

IPIT, ST Plded WAV HT Th FAIAD
THUET R &, H Selacldl X 9ar| Ife
W k-FIH H golacldl & IRETTUT Heer
e(k) = ck (STgT ¢ U 3TN g) Torar Jrar g,
ar BAf FAT &, SoFcl ST TEAT-TOcT p
W 37 R A &
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71,
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72.
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73.

1. EFfl"pl/z 2. Epocp

3. EFanz/B 4. EFrIplfg

Consider electrons in graphene, which 1s a
planar monatomic layer of carbon atoms. If
the dispersion relation of the electrons 1is
taken to be (k) = ck (where ¢ 1s constant)
over the entire k-space, then the Fermi energy
¢r depends on the number density of
electrons p as

1. EFGCpl/z 2. &g o p

3. EFcrpz/3 4. &.‘For:pl/3

Al fh WRAUBT &I TH-AAT Gl H
Plellall I 3Tgfcd T TG & Iqard |

C

¢l IME n SRATULHT I HEAT Belcd § dAT ¢
BIeTsl @ i §, ar SeIg 3dicd &

1. 2mcn 2 ﬁﬂ:{?n
3. \3men 4. men/?2

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

the Debye frequency is
1. 2mcen 2. \2men
3. \/3mcen 4. men/2

fpdY THich H Tdh Soldcld Sl d5 Fall, Th
faferse k-f&em & Tt &(k) = A — B cos 2ka
 ®T H g, SI8T A dAT B 3T § Tl
0<ka<m k o 5T gRAT W Seladld
&l Blel-oidT <A &I

3T

1. S kg & &£ ) —<ka<
4 4 2

I

3. 0<ka< = 4. Z<ka< &
4 7 4

The band energy of an electron in a crystal
for a particular k-direction has the form
(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. ==y e = 2. L<ka< 1
4 4 2
3
3. 0 < ka < = 4. Z<ka<
4 2 4

PIA JTAATT & AR F3Al ATAE
AT TThIT TE0T & (Ig fear arar &
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73.

74.

74.

T

i

f& T Hield & foT g, = 1, g, = 5.586, AT

Uh #ggiel & v g, =0, g, = —3.826.)
1. —1.913 py 2. 14.414 u,
3. 4.793 py 4. 0

According to the shell model, the nuclear
magnetic moment of the §2Al 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. 4.793 uy 4. 0

S8 g3l leelissy (LHC) #H 27 fh.AlL ot
Ueh ddellhR T H & FAT Foll arel el
T 3o feemstt & 9iRa gidr 81 Te ieia-
Uelel JaTeT T gehATd-he-Fail MG 14 TeV

g, d W 9Y @A URT & H el H

9T drtel 3™ FTd FT As3dH leeddheca

0T & @ &1 87
1. 12 ns 2. 1.2 us
3. L.2 ns 4. 0.12 ps

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 1s 14 TeV, which of the following is
the best approximation for the proper time
taken by a proton to traverse the entire path?

1. 12 ns 2. 1.2 us
3. 1.2 ns 4. 0.12 ps

Th G-TR WA & Fall TR 2 eV &
qusdhd g1 A fF 3T awer # 4 x 10%°
UYATY] & AT offeT & & gl & T 9gel
7x10% WAU] 3cdlold 3aEAT H UNd
P Sma g1 Fadd T AT Tod H fhdel

Sl foeheldl?
1. 24.61] 2. 2241]
3. 98] 4. 48]

The separation between the energy levels of a
two-level atom 1s 2 eV. Suppose that
4 x 104 atoms are in the ground state and
7 x 104Y atoms are pumped into the excited
state just before lasing starts. How much
energy will be released in a single laser

pulse?
1. 24.6) 2. 224]

3. 981 4. 48]
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[ FOR ROUGH WORK ]




