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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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TH o FHgl “AY ¥ sl & 9 1000 &
3% qEAd B, FH o FEl L, IHh
U 1000 § ®H GEde g1 AT o e
"8Ik B, Tl & U FH ¥ HH UH T
39T g7l If¢ 39+ § hdd Ush A TcH

g, d9 Ao & I fhdell q&ds &2

1. 1 2. 1000
3. 999 4. 1001

“My friend Raju has more than 1000 books”,
saild 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 i1s true, how many

books does Raju have?
1. 1 2. 1000
3.. 999 4. 1001

et & & &l a1 favd 82

. 27 2. TR (TIEHR)
3. e 4. Eregcdst

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

3. Sphere 4. Ellipsoid

HAed TUHKT Jodlehl TehlcddT  [oleTenT

1

gcdsh el [Fadr . g, 30 dg I
AR 5 § 5 gFfeadl & deg qUite
AT dld x T y Acamsd W 81 Rea T+
glel HETT T &F%hel d FHel &Fhel  Hl

U &
1. 1— 7/4 2. n/4
3. 1—7x 4. 7«

An infinite number of 1dentical 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 18

1. 1—7n/4 2. /4

3 L—gx 4. &

TCIH dield Teh o1d #Acl & dgld ohr feem
HA¥Q Bd® 5 &l & gggdl gl Ig id
BﬁAamamqgaﬁﬁ7ﬁ?rmﬂ?—ﬁ%"|
Uh 93T gl A A B doh fohdar feat &
qedem (Tt fAAT ARG €)?

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, 3
3. 6 4., 12

NU& IR 3l T g&ar gl Ife gad I
arel 37 &l geT 8ar Iy dr 9rcd gl arel
dieT 31t T @Ear N Hr 19" g8 Srdr g

S8 dig & fohdad N TFHT g2

1. 10 2 9
JE 4.7

N 1s a four digit number. If the leftmost digit 1s
removed, the resulting three digit number 1s

1/9" of N.How many such N are possible?

1. 10 2. 9
3. 8 4. 7

T 19 ”T 2 A sead & v =FeAdA
fohaail ATl T 3TaTHhdT g2 Teh dTol ol
dicay g foh T T@as &l gero 39 g
@1 foh ag #3 Bufa A o 39 [l a1
S>U

-
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What 1s the minimum number of moves 8.
required to transform figure 1 to figure 27 A i;{?ﬂ”ﬂﬁ A (2014)
move 1S defined as removing a coin and previous
’ 1 : ear &
placing it such that it touches two other g
colns in its new position. 5 - -
C% @ .
-10 = :
~10
Fig- 1 Fig- 2 B Physics ) Chemistry [ Biology

IRFd I & T § & hia-ar asay

fAehell ST HahdT g7

1. #ifds AT A 3cdivr gl arel faeriaar
I ol TEIT 2015 AT 2014 H FAT Bl

2. 2013 T 379&T 2015 & g AT & 3cdror
gl arel faeaiat fr gwar a9 8

3. 2014 # Sig faaTeT # 3cdvT gl arel
faeaniaar $r gear i Jo=r 7 2015 H
A AT H 3cdivl glel dlel faeamiaar
I &I I TS gleAT TG

4. 2014 g @A # 3cdiol g arel
facar¥at r d&ar aur 2015 # #Hifds
AT H Icclivl gl drel faeariaar &hr

&7 AT ¢

% change ,  (2014) (2015)
over +10

previous
year  10- T

year

=10 =

B Physics [ chemistry [ Biology

L | ] Which of the following inferences can be

‘V VQ drawn from the above graph?

1. The total number of students qualifying
A’ in Physics in 2015 and 2014 1s the same

4, = 2. The number of students qualifying in
‘V Biology in 20135 1s less than that in 2013




10.

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

Ueh T &I GeT H 3felcciol afyd o

STar g, Ife 39k wrcdieh ATSIRT UTcdieh

& Y T A gld gl SHFT dlcdd g

I QLT H 19T ol drel Fel SHT H H
1/4 BTT AT HeTeciior gl g

2. Iig BT & Yiedieh Jf¥ehdd Ircdie &
/4] &H § df g8 Helcdlo B/l gl

3. gfc ©1F & Yitdieh f8edd 9redis &
1/2 & 318 8ld & dl d8 8HAT 3carol
gIc/gidr &l

4. 9% GHa § b HI5 Y O1F eIl @
o gl

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.

Ucdeh Hled H o JIT hr JEIT A ST
I & dgl 31T il & Il hr &I

H gl o°d 9&dT AT H|

10.

11.

11.

12.

12.

The relationship among the numbers in each
corner square 1s the same as that in the other

corner squares. Find the missing number.

5 ==
3 X11 4 X 16
- AN
1. 10 2. 8
3. 6 4. 12

fAFT # O F-G1 YT difeher T T I
87

1. # gAAT T ol {

2. H IET-hel T diddl ﬁ

3. H Jer-shal T dieldl g\:

el

4. H AAT 3T diddl g

Which of the following statements 1s
logically incorrect?

1. Talways speak the truth

2. T occasionally lie

3. T occasionally speak the truth

4. T always lie

S A H HE FAT R

ADARN
1. QP 2. v
3. - 4. u

What comes next in the sequence?




13.

13.

14.

14.

15.

15.

16.

16.

17.

Uh ged I ORI & THh gl fdeq T ged
& a 39 AB 3iX CD $HT: 60° JAT 120°

T IUT FoITd ol dd AB:CD &

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

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

1. /3:1 2.V2:1
3.1:1 4. V3 :2
T A& @ -1 sin(0.5°) & AT &
ATy 82
1. 0.5 2. 0.5 X —
90

3. 05— 4. 0.5 X —

180 360

Which of the following best approximates
sin(0.5°)?
[. 0.5 2. 0.5 X —

90

3 05 %—

4. 0.5 X —
180 360

T & @HAAL (5, 6,7, m, 6,7, 8, n) H

AT AT 6 TAT Tgoidh (FIH 1G]

dR 3Tl dTell 3h) 7 8 dl 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

Rea &< 81U : P2, . D8, C16, B32.
A64.

1. C4 2. E4

3 €2 4. G16

Fill in the blank: F2, ., D8, Cl16, B32,
A64.

1. C4 2. E4

A 2 4. Gl6

A 3R ¢ T AT 1:00 pm T TRF
&, 3T 6 gl H fohcdell R Teh g@X &
40° T 1T TATIIN?

17.

18.

18.

19.

50 cm

19.

. 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?

L 16 2 ]
3u 11 4. 12

frdY o9 ey # T MR FHeX gl
Bled Pl Uh gd A AT SATdTl ¢ OIUH Teh
MATHR  JoIdell T gl HlEX T Foigel HI
BT swAw: 2 AAT g 1 AT g1 ST &
fohdalT HT9T g @ IRT 872

1.
3.

2.
4.

CoO | LNCD | =
0| ~100 | W

A solid contains a spherical cavity. The
cavity is filled with a liquid and includes a
spherical bubble of gas. The radi1 of cavity
and gas bubble are 2 mm and 1 mm,
respectively. What proportion of the cavity

1s filled with liquid?
1.

3,

2
4.

00| Lico | =
ol ~00 | w

=T A ﬁﬂdl%l{ OeHA & IR T THh
TFITAIAY &I @Uug 2T 3T g, 99 Is&

Q¥ @us T&Id § 39 HAG 10x 10 X
5 JHP AT T IhaA hdar afgar srer

ST Tohdl 82
HE
b
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 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 1is resting?



50 cm

20).

20).

21.

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

ar #Ts HaT 3R fohE 379+ B & Tl Ucd
Sa &, 39rar 40 fAde # sefe Raer 30
fAde odar 81 Ts e gar g @ 5 [Aac
ggel dol AT| fohaer e & a1 fovg, @dr

& 31ET fAchell glem?
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
day Santa started 5 minutes earlier than
Chris. In how many minutes would Chris

overtake Santa”?
1. 5 2. 15

3. 20 4. 25

HIT \PART 'B’

Al foh 9&fl 0 dUr 0’ gawr 3uafa
fAcemed aF s (x,t) AT (1, t) % HeTeh
0' IMd v=Lcd T 3adch AUl HH &l
x-378T & FATEGX Todr gl Ife Adem=r &
UheTd ad x, =x + ct 94T x_ = x —ct g,
dlr 0 dur 0’ Sl AT HAdlell clikecd
FATARUT Ig ®9 ofdl g:

1. xi X — B ey ot e - BA

V1-p2 Vi-g%’
2 X = i—ing,H?lTx’_: i—;gx_
i = Lr;_i;_ aar x! = x\_/l__—ﬁ;ﬂ
4, x,.= ng,?—me'_: %x-

21.

22.

22.

23.

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 = fc 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

. xi= x‘l_‘i;*“ and x_ x:/;_—?;_,
2, Xo= %-‘h and x_ = %x_
3. %= le__—ﬁz_ and x! = x\_/;_—{;ﬂ
4, xL= %Lr and x. = gx_

qed R & Uk dI & I MSl W IR
AT 30T Tl +Q (W STd ol GeTHA
m TAT AU +Q &I Th HUT JI[ & dol IX
g ¥ 39 gl a(KR) W (@ JATdT gl
gi¢ HuT & IAfaMeldr dof W gia«iad g

dl 9§ OIC alolel eI WM 3H HIoNY
3Mgfcd & AT
Q? Q?
L. \]EHEDR?’m 2. JREQRETTL
5 pOEE 4 \/ o
megRkR°mMm 4meng 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 1s placed in the
plane of the square at a short distance
a (K R) from the centre. If the motion of
the particle 1s confined to the plane, it will
undergo small oscillations with an angular

frequency
2 2
1. \/ _ %, \/ L
2mEQR3M megR3M
7. 2 2
3. ‘\/_Q 4. Q
megR3M 41€9 R3M

GSOHATT m hl Tk 9G SIf URH H A
$r Tufa & §, 5 #Hex &r Fas @ TRER
STl g1 Ffe JcAaEAT UMeh 0.9 §, G
% g IR FHA W USd F Red T4
3G T & I (g =9.8 HI/A” AT)
1. 9.80H /& 2. 9.10H&A
3. 891 #HMA 4. 7.02#H/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 1s 0.9, the speed of the ball just
before it hits the floor the second time 1s
approximately (take g = 9.8 m/s°)

. 9.80m/s 2. 9.10 m/s

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

AT b X dAT Y &l T Aeeesh WX 8,
Sad O 9cdsh Tah €T HAldeh ddeled o
Uh YATATT §cod &l 30l &Il &,
R FATET HAM: +u dAT -p & @I dl
IRTHS X +Y  3Te]h0T &I & Teh
. dco &I, [F9& g A +p W &,
dur ATET 0 TUd AT 9ddd ov2 &
|
2. YHMAY dced &I, ATET O JAT Al
fagelsT 20 & Ir|
3. §¢od FI, [Gd g oA +u | g,
JdUT #ATET 0 U9 HAldAs [ddoled 20 &
ary|
4. YHHAT dcod, ATET 0 JUT AldS

fagesT ov2 & Gy

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

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

mean 0 and standard deviation /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 V2

Tolsh o faHT fAewor & YR W &
TR G, Tl &l TR h, AecTATT I ky
tg fAara & garer & afd ¢ & °rdr ot
3UGNT Flh T TAGEIUIh a9 T, ol
gRATST  fhar 2|

Tp T cholsd Sdh

3T H &
hc® hc3
1. kjg 3 k;ﬂ
N"*B B
G hkg
3. hctk2 4. Gc3
\ B

10

23.

26.

26.

27,

27.

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 1s proportional to

hc® hc3
Lo ke 2 iie
B B
G fh.l.:;"’é
* \/hc‘*kg % Gc3
x =0 o 3TH-UTH, Bolel &l Coll-
cosh (x)
3feTshal TATaROT <l TATROT s g
1. o 2. T
3, = 4. 1
2

The radius of convergence of the Taylor
1

cosh (x)

series expansion of the function

around x = 0. 1S
1. oo 2, M

Yy — 4. 1
7

z=0 a?m-trmm&aj:ﬁw IGESSEL
F(a,b,c;z) =

Za(a+1) ---(a—l—n——1)b(b+1)---(b+n—1)zn

cc+1)(c+n—-—1)n!

n=0

q IRHAINT M3 geRAACH Foled

F(a,b,c;z) T GeRiade HY HT AT
AT &

d C
]. EF(&,E’,C,Z) = E]'F(a —1,b—1,c—1;2)

2 iF(.‘::f,,b,»:;z)=iF(a+1,b+1,,::+1;z)
dz ab

3. ;—EF(a,b,c;z)=%F(a—l,b—l,c—l;z}

4, iF(a,b,c;z)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=0as F(a,b,c;z) =

o0

Za(a—l—l) (a+n-=1)bb+1)---(b +n—1)z

clc+1)--(c+n—1)n!

n=0

satisfies the recursion relation

d C
EF(a,b,c,z) = EF(&— 1,b—1,c—1;2)
d C
EF(a,b,c,z) = EF(a+1,b+1,c+ 1;2)

F



28.

28.

29.

29.

30.

11

éF(a,b,c;z) = %F(a— 1,b—1,c—1;2)
éF(a,b,c;z) = i—bF(a+ 1,b+1,c+1;2)

chTIehlchd [ACRIh T {AAT (g,p) Jod Th

d¥ &I gifHecal H =p?q> &l gidHecdl
ITA-GHIBIUT ol Th HHTYTA & (e H A

dar B 3 §)
_ —2At _ A4 24t
1. p=DRBe , q=-e
2. p=Ae 24t g = £ o=TAt
3. p=4de?, q =§E"‘“
4. p= ZAE'_A%!, q = gé“qzt 30

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

_ —2At _ A oy
1. p=RBe , q=_e

s DA o B Ay
2. p=Ae , g =_e
3. p=Ae, q = ge“‘”
4. p=24e At g = ge‘qu

el HHThoI

1 g2 S
—— , dz
2mi ). cosh (z) — 2sinh (2)

: 31.
&I, Tehdh dishehl C & THATAY dTATIT
dhHAIT Al g
1. O 2o 2
3. —8/43 4. —tanh G)
The value of the contour integral
1 e*? =1
— : dz
2nti ). cosh (z) — 2sinh (z)
around the unit circle C traversed 1n the
anti-clockwise direction, 1s
I. O 2. 2
31.
3. —8/43 4. —tanh (%)

0 ¥ L deo & JdUd H TId Tah Tah-
AT 38T g8 & 3HeY TUd geIdATT m
& T U] ﬁﬁﬁmﬁ%didl B old]

e = o () 2on () @ o

Srar g1 afe 39y For AT Y §, 999
qQRUTTA TAT Fall T ATET AT hAT: &

h2 2h? 73 h?
1. -, — and -
2mlL mlL 50 mL

) h?2 h? - 19 hZ
' 8mL? ’ 2mlL? 40 mL2

h2 2h2 19 h2

2mL2’ mlL2 10 mL2

h? 2h? 73 h?
4. - ~ and >
SmL mL 200 mL

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

Y(x) = \E G sin (2%) + gsin (4%)) If its

energy 1s measured, the possible outcomes
and the average value of energy are,

respectively
h? 2h? 73 h?
1. - — and ——
2mlL miL 50 mL
h? h2 19 h?
2. ; and
8mlL?2° 2mlL? 40 mL2
3 h? 2h? 19 h?
' 2mL2’ mlL? 10 mL2
h? 2h? 73 h?
4' 2 7 2 2
amlL mlL 200 mL

Uh g9l &9 B, Uid x>0 H B2 &

aur 3y g8l S918 YT gl x <0 Wd A
& I
xy-dol H Teh 3JAdeR 9rer, 99 9eg

x>0 9id H Teh 3 Id v = vi

| (x-T&2AT & FHATA) dAT h (y-f&2T & FHATA)
e, AT Sran g e (qur h oAE A
fras foT 3=uas fueaare® so (EMF)
STiAd glam?

1. [ =8 h
3. [=6,h

il

3 .
4 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?



32.

32.

33,

33.

fordt wid & FAfAe dahg a4 & - JuT
z-89&h ShHAA: B, = By(x* —y?%) d4T B, =0
gl 39% yHeh & fod e gl # @
hlA-TT HFEdT THBION @ Ffaedr g7

1. B, = Byxy

2 B
3

y = —2Byxy

By = _B{}(xz _ yZ)

4. B, = B GxE — 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-
component 1s consistent with the Maxwell
equations?

I. By, =Byxy

2. By =—2Byxy

3. By =—Bo(x* —y?)

4. B, =B, Gx3 — xyz)

Al foh gTsgleld WA & Fhold [d37@
Ush IhHA-dN GG SIS 3H UK
gRafdd fhar sar & & o faerg
V(#) = Zizli geT ST &, S8l g Ush
X gl gRafda @a & Far &
A0S AT E, 0,

ndUT | W HAIR 8, W m W g
n‘:l'{ﬁ-’fm%\'tlﬁ [ JAT m 9T gl
nd m R @AW §, Rd | | el
AT AT FareH &I n, [ AT m
W grased: AT §

e IR B =

Suppose that the Coulomb potential of the

hydrogen atom i1s changed by adding an

inverse-square term such that the total
Ze’ g

e = 2

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

the modified potential

1. depend onn 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

potential is V(¥) = where g is

34.

34.

35.

5.

36.

Bfaxa A ol gde7 g+ & ges I
L,L, da1 L[, & d sACAHATD
L, L,L,L,| & 38 9T Eeliehd TohdT ST

C

Thdl &
1. kL (L2 -132) 2. ihL,L,L,

3. ihL,(2L2 —I2) 4. 0

It fx,f}, and L, are the components of the
angular momentum operator 1n three
dimensions, the commutator [Lx, LxLyLz]
may be simplified to

1. ihL,(l% —1L%) 2:  IhLslylLs

3. ihL(ZLz = L5) 4. D

al AT Tole |UTRA Sl gRAT x O
1.1x ¥ 3df@dd g, 3d% Todl & &=
WIdeIdreh 3.0 dlel Widedd I&d R S
g dur fecal V & Tsh o & [y &
aolddad fhu Sra 81 9UH umiRa & ardet
feehtr gerfia & 3maer 3w @

1. +66% 2. +20%

3. —=33% 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

. +66% 2. +20%
d =330 4. —10%

frdt Tau-fouer gMAeear & AfAeerOs
AT E, d4T E, 8 HId ATHAAE U IHaEd™
hHA: (1) dUr [2) & I FHIT t=0 W
d¥ |Y(t=0))=sinf|1)+cosf|2) H g, dI

FHT t 9 (Y (O)|w(t)) T AT gIIM:
1. 1

2. (E;sin?@ + E, cos?0)/E? + EZ
3. elBat/hging 4 etF2t/h cps @
4.

e E1t/hgin2 g 4+ e~ iE2t/h cgg2 @



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 |WY(t =0)) =sinf|1)+
cos 8|2) the value of (Y(t)[yY(t)) at time ¢
will be

1. 1

2. (E;{sin?6 + E, cos?0)//E% + EZ
3. elEit/hgin @ 4 elE2t/h cos @

4. e Eit/hgin2 g 4+ e~lE2t/h 52 g

T FATE Uid x>0 dAT x <0 AU
WIdedih €, AT €, dlel WAGTd HATETH
d M AT gl 87 9d H TH UhHTHA
faega & g1 e 3T A JRYSS & qrY

fdedd & o 9, §elrar g1, S T A
?ﬁﬁia#m'&gﬁ¢nféaraﬂar?.

x<0 x>0

m

€,5In 6, = €, sin 0,

e,tan 8, = €, tan 6,
e.tan 6, = €, tan 6,

B I T O B

€,5in 6, = €, 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

13

38.

38.

39.

€,Sin 8, = €, sin 6,4
€.tan 6, = €, tan 0,
e{tan 6, = e, tan b,

ol I

€,5in 8; = €, sin 6,

AT V &I U dadl, Fgd 37T 3
& N 3HU[ §, Th &¢ dlel drar ganr al
3u@sl H dfed gl I B 3TEs &
IS V/3 8, @ 3EH TIT IRt
TEAT &1 JOI0T ¢

1. N/3 2. 2N/9

3. /N 4. +/N/3

A box of volume V containing N molecules
of an i1deal gas, 1s divided by a wall with a
hole into two compartments. If the volume
of the smaller compartment 1s V /3, the

variance of the number of particles 1n it, 1s
1. N/3 2. 2N/9

3. VN 4. ~/N/3

T A ¥ fAfgse aieear v, & T
gRger & @9 dieedar v, &1, A& a3@r &ai
H T Hid-ar IAsaad gyfafaftca sar 82
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39. Given the input voltage V;, which of the

following waveforms correctly represents the

output voltage V}, in the circuit shown below? 0.5
0.0



40.

40).

41.

15

frdl 9eIy & T 3HAAVUT Wd W Th
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

fpdl T IF & fded URT 1 T dlecd
VX fFaRar ¢

I—I(l V)
= I 7

STel I, T V, 31X g1 foret gaer & a7

W o] dleedl V &l SeTd gﬁrf T HITT

ferar Srar g1 gree Vv, dur /1, ArelEd:

g bR [URa fhd 1 a8

1. I-V? 3ol T 9auldr Ud y-37d:T3

2. [-V? 3Tl &
% 3TIUTT ST ROT, TG y-37T:T3

3. I-V 3ITi@ &I 9aurdr T y-3id: T3

4. IV 3T &HT y-37d: @3 dUT JJUTdT
% 37U ST ROT TG y-37d: T3

2

y-Id: @8 dUT Ygurd]

41.

42.

42.

43.

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

VZ
I =1 (1——)
0 V[}

where [, and V, are constants. In an
experiment the current / 1s measured as the
voltage V applied across the device 1is
increased. The parameters V,; and \/E 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

T a7 #, Fafah RRufAtsa o
& T I & fawg V(x)=cr|x‘ (S8l «
Th 3R g & 3T fhar Smar gl
GfaaRoT Felet § (8 = k;)

4mi 2Mmi
L. Jﬁaﬂzhz 2. Jﬁ’3fx2h2

8mm 3Imm
3. Jﬁ3a2h2 % Jﬁaﬂzhz

A gas of non-relativistic classical particles
in one dimension 1s subjected to a potential

V(x) =« ‘ X ‘ (where « 1s a constant). The

. s » . A 1
partition function 1s (,8 = —)
kgT
Imi Z2Mit
1. ﬁ3ﬂf2h2 2 Bgﬂzhz
gmm 3mrn
3. \/ﬁaazhz % Jﬁ3ﬂfzh2

Tt 6T I cgaedrcAs T & A &

Jcdeh deh-gR &l HIROT [deld 7, ol

+5V

—
H»—‘DTJ —) >
gAY &l FTUT [ddd 3Tadd M Jd deoh-
fader A 9T B 39 IHHAUT Hl Hd o




43.

44.

44.

45.

45.
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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
(58 -

+5V

A

8o D) ) >

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

39 Ueh 3T TahlUldeh 31 &l IRTAS
AT V, 8 3V, do &gIHAd: [aediRd
fPar STarT &, 39T A T, & T H
qRafdd gidr g1 ar 3eqard T/T, &

Los 5. (%)m

3. (1)”3 4. 3

3

When an 1deal monatomic gas 1s expanded
adiabatically from an initial volume V), to
3V, its temperature changes from T, to T.

Then the ratio T /T 1s

L 4 > ()

3. (%)1/3 4. 3

3TT A9l W Teh GIARATIE 30T arel
I @1 gfd 307 fafse FsAT &

1. 8kg 2. 3.5k

3. 45kg 4.  3kg

The specific heat per molecule of a gas of
diatomic molecules at high temperatures 1s

1. 8kjg 2. 35kg
3. 4.5 kg 4. 3kg

46.

46.

47.

47.

HT \PART 'C’

SgUq f(x) =3x>—4x—-5 & Hl I
qeRTadl #ged3has faffr earT ¢ggd AT,
‘;Iﬂﬁfl‘qv“ AT x =2 forar Sirar g1 3T
YR H 3FHI A 386 Hhedd &

1. 1.671 2. 1.656
3. 1.559 4. 1.551

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,

S50 1.559 4.

1.656
1.551

%W F & Foil E dUT §ddT p dlel Teh Ul
1 E+pscC
 fow gaar y = ;In (72 & afenfea ¥

WH F o & H a7 v = (0,0,Bc) & T
aTfcRiter F/ el H gdar y’ g

1

l. y'=y+=In(1 - %)

Z

2. Yy -y—%ln(“ﬁ)

3. y'=y+1n(2E)

1 y=y +2in(2E)

For a particle of energy E and momentum p
(in a frame F), the rapidity y 1s defined as

1 E+pac
y:—ln( P3
2 E—pgﬂ

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

). In a frame F' moving with

L. y'=y +211n(1 —*)



48. ol

48.

49.

49.

Fx) = 8(x) + Z o

(STET 6(x) %ich Secl-thelel &) &l BRA
FUTAROT [ dx e f (x) T 87

1 1
g 2, .
1—ik 1+ik
1 1
3. — 4, —
k+1 k—1

What is the Fourier transform [ dx e KX £ (x) of

dﬂ
FOO =600+ )

s o
where 6 (x) is the Dirac delta-function?
], o2 % ==

- 1-ik C o 1+ik
1 1
T ol =
gHTR ST THIHIOT

d(x, t) = )Lf dx'dt’
do dk e~ ik(x—x")+iw(-t")

(2m)? w? —k? —m? + ie

¢ (x',t")

RS 3-iCI'=ht4 mfl"l‘ch—{UT q doT &

L (254 25— m? +i€) ¢(x,0) = —2 14 (x, 1)
2 (S-Z 4 m?—ie) p(x,0) = 1 9%(x, 1)
3. (-2 m?—ie) (x,t) = —32 $2(x, 1)
4 (S-S rm? —ie) p(x,0) = -1 $*(x, 1)

The integral equation
d(x,t) = /’Lf dx dt

do dk e—ik(:c—x’)ﬂm(t—t’j
f (2m)? w? —k? —m? + i€

$°(x',t")

1s equivalent to the differential equation
9% | 9° ¥, = B
I (arE FoZ—m +Le)qf)(x,t)— 6/1@’) (x;1)

2. (-2 +m? —i€) p(x,t) = 1 $2(x, 1)
3. (-2 4 m? —ie) p(x,0) = —31 $2(x, 1)
4 (G- L m?—ie) p(x,0) = -1 $3(x, 1)

50. S0k Weld F(q,P) = ¢?P SRT Ts fafgd

50.

S1.

FUTRT (q,p) = (Q,P) gidAccar
—_ FE I E 4
H(qp) =5,=+74

(STgT a« duT B 3FW 8) W fhar Srar gl
(Q, P) &7 ITA-THRIUT 81
. Q=P/a dTUT P =-LQ

2. Q =4P/a dUT P = —LQ/2

2p2

3. 0=P/a dAT P = -~ B

4. Q =2P/a TUT P = —fQ

A canonical transformation (g, p) = (Q, P) is
made through the generating function
F(q, P) = g*P on the Hamiltonian

2
H(q,p) = P d

4+ g4
2aq* 4 1

where a and [ are constants. The equations

of motion for (Q, P) are

1. Q=P/a and P =—[0Q
2. Q =4P/a and P = —3Q/2
3.0 =P/a and P——ZQLE—,BQ

4. Q =2P/a and P = —fQ

Ush &: IdId HHg G ={e,a,b,c,d,f}ﬁ
T g
T g (AFT A ¢ &1 dcgdAs 37939 e gl)

Uch HATI

HE JUT difelehl &
o )

a b C d f
e a b C d f

b e d

e X T y Z

1. x=a, y=d dAT z=c¢
2. x=c,y=a Al z=d
3. x=c¢c,y=d Al z=a
4 x=a, y=c ddl z=d



S1.

S2.

52,

>3

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 1s the
identity element of G.)

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

e |x |f |y |z

~lalalsialr
S|l |||

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
c, y=d and z =a
a, y=c and z=d

3. x
4. x

Ueh UHhTART I & B H [dedd UrT [
I dgod dld U Trel, Tgenl &3adr a g, &l
I@T Srar g1 Ife arer ¥ o feamr &+ A @
fAfése forar Srar §, af o1er 9§ F a2
gl eI T &

1. F=0 dAT T=mna’lAXB
2.F=j—;1xBH21TT=0
3.F=j—£1xBHaTT=1ﬁxB

4. F=0 d4T T=—1IB

Ho<o

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

1. F=0and T = wa?l A X B
J, F:i‘T{;-IxB and T = 0

3, F:f—ile and T=17AXB
1

Hoé€o

4. F=0and T = IB

forelt faferse facer e & faRq qur e
&3 & HT @UZAl Shisdl H) HHAU:
E=3%+ 4y d4T1 B=3Z gl 39 %H &
AYET Telel dlell Teh SAscdig 9are foeqa
&9 & URAT 9rdar g |E'| = 4. 389 M

AT I &F HT IRATT |B| &
1. 5 2. 9
3. 0 4. 1

53. The values of the electric and magnetic

34.

54.

D,

fields in a particular reference frame (in
Gaussian units) are E = 3X + 4y and

B = 32Z, 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

Bfaa 7 arfaiier v a3 &1 dmEner

L = %mxlz + m(x5 + x5) — %kxlz — %k(xz + x3)*

g fear srar g1 a1fa & T&aad 3T g/

1. ol ol

2. hddl Foll, Y& HAM & Th € UG
$hIONT HAIT T Tdh UcHh

3. dhddl Fal U9 W& AT FT UFh UcHhH
4. Shddl Foil U9 HIOT QI & UF °UcH

The Lagrangian of a system moving in three
dimensions 18

L= melz + m(xzz T JC%) — Ekxlz = Ek(xz + 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

Bsar R& T Mol §, W TAaR & &
UhTHTT HAY Gddcd p Wl gl 395 @
BASAT a < R/2 T T& BIT Ml S,, I
el fear Srar g1 o8 T =R & e
IAT §, Sl Ml & hg AfGT b =AR/2 T
gufed gl

C




D,

S, % 3eX fig P W facyd &7 §

PR

pPR .5 A
l. —n 2. (r — ia)
3&p 3&Ega
PR pa -
3. —n 4.
6E&p 3&EgR

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 = nR /2, as shown in the figure.

The electric field at a point P inside S, is

1. 224 2. L2 (7 - fAa)
3&q 3&pa
3. 224 4., L2 4
65{;, 3EGR
56. Id¥HT  V(x) =%m{u2x2+ gcoskx o 3T

S56.

S7.

ccOHAT m o Uaeh Ul ¥ faad| I
qm(?mfﬁlﬂ?)ﬁm%mmzxz @?I:F[HT
H, g H YUA S deh FMCIEEAT Foll H
gRade &

L9 exp( ziZ) 2. gexp (zk;i)
Voen(-2) 4 gen(-L2)

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

order in g is

Lgew(-5nn) 2 gew ()
3. gexp (— zilﬁ) % gExp (' ﬁi)

Uh [dH H GcIHATT m &l T HhUT 9dHT
V(ix) = —ad(x) (8T a Th 4o 3T g), &

19

S7.

38.

38.

AT H M g1 3TehT HeT JHaeAT H
TUADRS  (Ax)(Ap) H AR &:

1. 2h 2. h)2

3. h/\2 4. \2h

A particle of mass m moves in one dimen-
sion under the influence of the potential
V(x) = —ao(x), where a 1is a positive
constant. The uncertainty 1n the product
(Ax)(Ap) in its ground state is

1. 27 2. h/2
3. h/\2 4. 2n

Ueh RAT 9YF HT YT FIC, IR 2a FI
T gdT gl odder F@ieer k & T™M faeamsit &
forT draAr 9fdder ¢(+a,y) = P(x,+a) =0
JF HHIHIOT

- 0° 0% w*
dx*  0y° | (r:z
T HATHTT H{d Teh Boldd Y(x,y) P Ul I

3eoey fara-geshrr faurd ariy Sl §
gAdH faer $r 3efed o &

2

Y(x,y) =0

l. @*= ¢? (kz +4ai2)
2. ° e g (k2 +Z—§)

Il

3 W= g (kz +H—2)

4. w?

[l
Y
[sd
o
=~
s
+
|=1
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 Y (x, y) which
obeys the equation

8% d* e _
SR, A — — [
Lika + dy? T (.C2 )

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

(0 4)
- (1)
(kz : zj:;)
(k45

k2+—)

4q2

Y(x,y) =0

1. w? =

™
=X
|

J

o
£
|
o

2

=
2
|
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59. T f9C 3l ARAT H Al A1 3HAF .
HATIT 1 FT FHIA e raear =& 7

Hid-AT HIAT g7
L.

2,
2.
1 0
L4
S, /1)< - S,/0
0
0
3.
0 0
Heset&\ 1
3.
4.

60. AHT V(x) =a|x| A AT gcTATAT m &
Teh hUT & WKB Hleslche

b
59. The state diagram that detects three or more s 1
consecutive 1’s 1n a serial bit stream 1s =i f VE —V(x)dx = (’” + E) hr,

(STeT a dUTh ddel fdg § U n=10,1,2)
A AURT FAr-&10 &




60).

61.

61.

L E= ()]

'3hm( _}_1)12/3
wEm\ " T3

e (4 )]

4. E, = | ]m

1
4m(n+5

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

b

meE — V(x)dx = (n+%) h,

(where a, b are the turning points and
n=201,2--), are

=[]
2. E, = Bﬁ;n:ﬂr( +1)]2/3
2
3. By = [ ( +%)]2/3
5= [+ )]
IGEC] V(x)=f—jx4 H gcgHAlT m &l Uk
$0T R IR | AR Thced RIATBol

P(x) = (E)we‘“zﬁ & 3UINET O 3Thfeld
HCT HIEUT 3l g

[w;f_mdxxe “ﬁ:ﬁ aar
1™ dxxte " = = & 39T HY |
T Y —00 a?
2 el /3 8 32p1/3
] Zmﬁﬁ 2 3mh18
L g/ 3 32p1/3
3 Emﬁﬁ 4 Bmhﬁ

The ground state energy of a particle of mass

. . n2B 4
m in the potential V(x) = —x

6m

. estimated

using the normalized trial wavefunction

1/4
P(x) = ( ) g P2 i
[USE\E fj; dx x2e~®*" = — and

20

a@ OO 2 3
’— dx x*e 0" = —].
T f—ﬂﬂ 4a?

21

62.

62.

63.

63.

64.

3 x2p1/3 8 22p1/3
1. thﬁ 2. Bmhﬁ

2 p2p1/3 3 32p1/3
3 Smhﬁ 4. Bmhﬁ

Uh FUIRAT IRFHAS & JUId:  JTesiied
FYTTAT FATR Tolel & Fa1 g1 39 3T
g & JIUET Tolel # TP H 10° HIUT d&
gAY STl &1 PR-FHAET 6T 3T&T Fd gU

A & TUel a3 fdeard # 9RhASG o
HdeeANeldl 3T I: 1, &

1. 8:9 2. 11:12

3. Ll:8 4. 35:36

Two completely overlapping semi-circular
parallel plates comprise a capacitive transducer.
One of the plates 1s rotated by an angle of 10°
relative to theirr 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
19939 2. 11:12
S ;18 4. 35:36

Uk AT aca x, ¥ W &R@a g ar g,
S 36T T TARN ded Z de &IR™d giar g

X A YdP ST E&EATR A, g dAMYH Zdh
HI &ah A, gl IS, IRH H had X &

N, 9TATT &, 369 FHAAT (t <« 1/, A
1/2,) 9 Z o URHATOIAT 6T T&AT gl
1 2 A147
2/11‘%2%:'r 2(A1+43) O

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

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 <K 1/4; as well as
1/4,) the number of atoms of Z will be

1 5 Al
L. 3414, Npt 2(A1+15)

4. (A1 + A3)Nyt

Nt

3. (A1 + 1,)%N,yt?

AT Gelcd 10 WA 9fd g HAHT. W
Cs QWA & THh I R dOR| o9
HAGUT g &UNT & dHT & Sl deGed
% AT g, 3 &l diT 8% TddhedH g
(Cs 3107 T GegATT 22.7 x 10726 foh AT, o)




64.

65.

63S.

66.

66.

67.

1. 1x107°K 2. 7x107° K
3. 1x107° K 4. 2x107%K

Consider a gas of Cs atoms at a number
density of 10" atoms/cc. When the typical
inter-particle distance 1s equal to the thermal
de Broglie wavelength of the particles, the
temperature of the gas 1s nearest to (Take the
mass of a Cs atom to be 22.7 X 1074° kg.)

1. 1x107°K 2. 7x107°K
2. IXI0PK 4. 2x107% K

g 3I™¥aa W T dF f1 aRe For
E(T)d9 T W 39 YR @8 g/&ar &
E(T) = aT? + bT*. A d9 & Ush Hold &

T H Terdr S(T) &

1. %RTZ i3 ibT‘* 2. 2aT? + 4bT*

3. 2aT + ngB 4. 2aT + 2bT3

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

1. %aTz 4 im‘ﬁL 2. 2aT? + 4bT*
3. 2aT + %ng 4. 2aT + 2bT3

fpdY Twiceh H T Soldcld &l 85 Fall, Tah
fafe k-Teem & (k) = A — Bcos2ka

& ®T H @, olgT A dUT B 3= g dAl
0<ka<m k & &0 9ROT WX Soigeld
& glol-o1dT cId@I{ gIam:

3
1. —<ka< — ). Z<ka< 1
4 4 2
3
3. 0<ka< - 4 = <o g 2=
4 2 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, =< ka € = ). L<ka< n
4 4 2
3
3. 0< ka < = A, S kil =
4 2 4

AP, ST Pl WA FT Th TATAT
THIUET WRd g, H Sodedl W Tan| Ife
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67.

68.

68.

69.

W kT H Foldgldl I IRETTUT HEY
e(k) = ck (STgT ¢ U 3R g) Torar Jrar g,
ar Bl FAT &, Solacl S TEAT-Gcd p
W 39 YR @9 &

1. &, ac p/? 2. Egpocp

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

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 ¢ is constant)
over the entire k-space, then the Fermi energy
¢r depends on the number density of
electrons p as

1. EFr::vcpl/z 2. Epocp
%, g0 g3 4, ep e g3

AN Fdich AT H, AT SI-3¢er AT &

& f, 3oTh U GeIHAA m, @rfp=\/1%

gRT SO 1 FgT a U HegeAfder 9reel g,
forgenT fTUIRUT &R g1 AT m, = 6400 + 160
MeV dAT f, =180+ 15 MeV Uk HAA &

AT AT & TI1d &l a & 3Tholed H

B
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
a

Jmy
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 i1s
1. 175 MeV)”* 2. 900 (MeV)*?

3. 1200 MeV)™* 4. 2400 (MeV)**

relation f,, = , where a 1s an empirical

“Ti & ST HIA Sl HGT HaTAT &
golgciicled dedTd  [Ar|3d%4s? g &l
Heraniue Afcsel #, 3@ A=aw & v
[T # O FlA-a1 7T T8l 82

2. *

S50
3. Dy 4 °P;



69.

70.

70.

71.

71,

72.

72.

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

Alel fh WRAUBT $I TH-[AHT @l H
WIATAT hT HGled T TIGA & Fqurd H
gl Ife n IRATT Y TEIT Gelcd § AT ¢
-
l.

ATl T AT §, dl SaI5 3ATdicd &
V2men

men /2

2mcn 2.
3. \/gncn 4.

Suppose the frequency of phonons in a one-
dimensional chain of atoms 1s 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. 2men 2. \2mcn

3. \/3mcen 4. mcn/2
JEhrT &7 03 T & 39ANT &d g TH
HUROT SAT 9HE 9IT H 660 nm
HATATI T (TIFCHI) I@T o °Gcehl o g ol
fauresT 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

. 12 pm 2. 10 pm
3. 8 pm 4. 6 pm
PIA IAAT & HTAR (Al ATTAG &

AT e st ¥ @ R @
f& & dieia & fov g, =1, g, = 5.586, T

Uh =ggiel & el 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 £;Al 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 py 4. 0
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73.

73.

74.

74.

1.

79,

Teh CI-FR WA & Foll TR 2 eV A
qUFd gl Al fF HET IaeAqr A 4 x 102
WA § JAT ATHIT & YF Bl & A Tgel
7x10% WA Icdiold HG¥AT H INd
P ara & Fad Tk JdUT Uod H fHder

Fal [Aeaafl?
1. 24.6] 2. 247
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. 98] 4. 48]

AW 6 g fog gfaaes & E; 9fd
gfFerdlel ST J&IT Foll HAfGse i g

Heare Es(F3AD) : Es($0Zn) ©
L. 233 2
3. 5:3 4.

4: 3
3:2
Let E¢ denote the contribution of the surface
energy per nucleon in the liquid drop model.
The ratio E¢(43A1) : Eq($¢Zn) is

L. 2: 3 2. 4:3

3. bi3d 4. 3:2

g8 g3l leelissy (LHC) #H 27 fh.AL ot
Uh ddellhR 9 H &1 AW Foll alel JIek
T 3t fRam3it & uiRa gt &1 v Weis-
Jeidd I T geTAT-dhg-Fall TlG 14 TeV
g, d W 9¥ H UIRT A H Weld  H

9T dTel 3™d ld T AS3dH Hlosdhed

T & & &1 7
1. 12 ns 2. 1.2us
3. 1.2ns 4. 0.12 ps

In the large hadron collider (LHC), two equal
energy proton beams traverse 1n opposite
directions 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 1s the best approximation for the
proper time taken by a proton to traverse the
entire path?

1. 12 ns 2 L2as

3. 1.2 ns 4. 0.12 ps
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