CSIR NET JUNE 19, 2016 PHYSICAL SCIENCES SET A QUESTION PAPER

A 2016 (I)

A gifas fasirT

w7 :3:00 Ec 3T gy qufe ;200 3H

1 HacT gIET dl Gl 3Gl da do aret ¥Rl @ 8 a¥iEr giaer drd of i @l
3gAla &1 Syt |

N\

1.  3g= B3 &) 7rgq gar 8 | 39 u¥ler gRawr # gasay (20 9 'A' 7+ 25 91 'B' + 30
917 'C' 5 ) §5o7 fadey g7 (MCQ) v 7v & | aimuasr 911 'A' & & sifdwaq 15 3iv a5
'B' 720 aor 97 'C' 5 5 20 g9 & S a1 & | Il [FEIRa & 3e® g9+ & 3w Q7
TU T4 ®qcr gger 4T 'A' & 15, 97 'B' w20 aor g7 'C' & 20 S@wl dF g sl il |

2. 37 VH3IIN. STV GFP 7T T QT A7 & | 7997 VT 5V 3N H5 BT 719 [+ I Ygof Ig
arg Sfory fas gRasT # g [R 3 el & TuT #El § dc—we T8 & | I} VT & ar 3y
giasilciey ¥ Q¥ BIS &I GRA®T qacl & 17457 BY Hbd & | §H ave W SL.UHSN, Iy
GHB Bl Ml STrd o | $9 GRABT H X% BIH BN D o1y SIARTT G HeA T &

3. FHLVHSN. Sk Y% & Y8 1 H [QU TV R/ UY 379 RIef 7%, 15 a7 §F UNIEn Giaar
BT HHIB [TIT, HIT 8] 3IUT EXTIER I a9 BV |

4. 319 JUA H.UAIR. Ik GAB H X 9%, 397 IS, gRasT HIs SR P HIS W Hafd
WqaT gal @l dlct dici 47 § 3/G9F HIcil &Y/ I8 Y& 717 goareff @1 o=kt & & a8
3. V3R, Iy YAP ¥ 1oV Y AW &1 Q& WIGeml & YIei7 dx. VG 7 Hed v HRYCY
SIY TAF Pl Sidipia # AT 8, & Wl 8/

5. qT'A' H gdE e & 2 37w, 9T'B' # g&® g & 3.5 31w aor 'C' H ycdd IS 3E B
& | Yb Teld IiX bl FUTHD qodid 25 Yo bl ¥ | a1 ST |

6. Jd® Jo9 & HId g% [ddbeq QU TV 8 | 399 & dad U [debed &l "Hal” <yl
"Gl 1”& | TYBI B F97 BT Wal 3IqT Halcaq 81 @@l & |

7.  Tbol BYd §Y AT IgfAd ANl &1 GINT ¥ §Y YIY Gl dicl GRIEElar &1 §¥ 3N 377 4rd)
QYIS P 17T 37T SENTIT Ol HHAT & |

8. et & Scav g1 Y% =il @ JlANaT el 3K e HI 78] forar @Ry |

9. @By BT SYINT HYT Pl AT T8 &

10.  o¥ler wHIfT 97 B w5 Rfsa T | 871.99.31%. 9y 9% Pl [341ford &% | gidaoficiey. &l
Tl 311 UH.37%. S Y3 W19+ @ Yard 319 9D Bladderd Flaferd o of Tad &/

11. /33T a=gq,/AvbNT & ¥99 H [Q9iad 84,/ 91 I Y% Uil Wby HI0IE 8T |

Z

gemreff g 99 7 Srer # § gl
BV & |



[ FOR ROUGH WORK ]




Ko

39 Ao o adr®/ USEFUL FUNDAMENTAL CONSTANTS
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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



HIT \PART 'A'’

HAecd THET  FocdTh ThlcddT TSiadeh]

g Hr Bear - 8 3@ e W
SIHRT a5 § fh Ihicadl & helg Ulh
AT atel x @ y f[Adems W g1 Rea e
glel HETT T &F%hel d FHol &Fhel  Hl

eI §
1. 1— x/4 2. /4
3. 1—-7x 4. x

An 1infinite 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 1s

1. 1— /4 2. /4

I k—F 4. @

EIH dfdd Teh A9 oAl & Sgld bl T2l
HA¥ Bds 5 &l # 9ggdl g1 g «rd
B A dh aqd Ugdsl A 7 o a9l &
Ueh §3T g A @ B do fohda &AT A
q@”ﬁ?ﬂ(mﬁmmﬁa‘c‘l?ﬁw%ﬁ

I. 13 A

3. 5 4. 12

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

constant)?
1. 13 2. 35
3. 6 4. 12

TH o Hgl “AY SFd TS & 9F 1000 |
IS qEdsh &7, WH o Fgl gl 3qh
qrF 1000 H FH JEAH g7l IAr F Fel
“SIh g, Tl & UH FF q FH Th J&ds
39T g1 IfE 39H § dhdd Ueh A T

g, d9 s & I fhdell q&ds 82
1. 1 2. 1000
3. 999 4. 1001

“My friend Raju has more than 1000 books™,
saitd 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. 9949 4. 1001

e T & ¥ &l ar [avH 82
1. AH 2. TRY (TTITHR)

3. Il 4. éﬁéirdm

Of the following, which is the odd one out?

1. Cone 2. Torus
3. Sphere 4.  Ellipsoid

Teh O &l GeT # 3felccol afdd o

ST &, dic 3dch YItdieh ARl HIcdlh

& TS ¥ & 8ld ol STHI dIcIY &

l. 9U&T H N7 olel dlel Sl TET H
1/4 ST §AM HeTcclon gd &

2. gfe ®F & Yicdleh 3dT¥hdHA Yicdleh &+

1/4® &HA § aF g 3Helcdlor gicl/alcl g
3. Igig BT & Hedie 3i8ehdd JIcde &
12 8 3% gd & dr dg gHAT 3cdror
BIc/glcT Bl
4. Tg wHa § & FS o o gt &
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. 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. 1t 1s possible that no one fails.

39T =T ‘D’ Far3i




6.

NUT& IR 3l &I T&IT gl Iie gad T
arel 37eh &I geT f&ar I ab 9red gl arel
i 3teRl fr gEar N Ffr 19" @ A

s g & fhded N IFHT g?
1. 10 2. 9
3. 8 4. 7

N 1s a four digit number. If the leftmost digit 1s
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

Uh Jed I IRTT & Th &l fdeq W ged
& @l SId AB 31X CD A 60° dAT 120°
T HIUT §4Td &1 d9 AB:CD &

1. /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 1is

2. V2:1

1. v/3:1
3.1:1 4. V3 :4/2

% change (2014) (2015)
over

previous +10 +10
year 10+ |

year

=10 =

-10 ~10

B Physics [ Chemistry [ Biology

3RIFd ITh F AT A T Hla-ar ey

el ST ahdr g7

1. Hifder AFT H 3cdivl gl drel faeariaar
T FHoT TEIT 2015 AT 2014 H FATA Bl

2. 2013 3T 39&T 2015 H Sid faaATd & 3cdior
glel arel facanfiat & a&ar & g

3. 2014 H o9 faaATeT & 3cdior glel arel
faeanfdat $r dear i Jo=r # 2015 H
T ATET H 3cdior gl arel fagantdat
I J&AT &I 3 giar arfgu|

4. 2014 o9 TATT A 3cdIoT gl drol
facanfdar dr gear qur 2015 # sifds

AR H Icdlvl gled drel TASITTAAT
TE&IT AT ¢
% change (2014) (2015)
over
previous +20
year 107 il
5 -
e
year
-5 =
-10

-10 -10
B 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 1s the same

2. The number of students qualifying in
Biology in 20135 1s less than that in 2013



10.

10.

11.

3. The number of Chemistry students
qualifying in 2015 must be more than the

number of students who qualified in
Biology in 2014

4. The number of students qualifying in
Physics 1n 2015 1s equal to the number of
students in Biology that qualified in 2014

T 1 &@F 2 | dgoa & folT #gAda
fohdil dTell I ATl g2 Teh ATl
dcad g fob v @ &l gera 39 @
IGaT T ag o5 RBufa & af 3= Aot &t

55

Fig- 1 Fig - 2

1. 1 2 2
3. 3 4. 4
What 1s the minimum number of moves
required to transform figure 1 to figure 2?7 A
move 1s defined as removing a coin and

placing it such that it touches two other
colns 1n its new position.

C@D@@%

2. 2
4. 4

()
()

Ucdeh hled H o JIl hl J&ATHT H W
Y & dal 3T il o gl el FEATT
H gl ofcd I&dr Ad

9 10
713 8 12

15 14
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11.

12.

12.

13.

13.

The relationship among the numbers in
each corner square 1s the same as that in
the other corner squares. Find the
missing number.

5 14

5 —_
3 11 = 16
s AN
[. 10 2. 8
6 4. 12

e & @ -7 sin(0.5°) & AT &
fheTy g2

. 0.5 2. 0.5 X —
90

3. 0.5 x — 4. 0.5 x —
180 360

Which of the following best approximates
s1in(0.5°)?

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

SH A H I FIT A

ADARN

2; v
i

L\
3. E 4.

What comes next 1n the sequence?

ADA RN
1.0 2. v
3. = 4.




14.

14.

15.

15.

16.

16.

17.

fAFT # & HT-T1 FYT difcher T T Iolc
%9

[. # §AAT T dieddl §

. H IeT-heT AT diddl {

s

2
3. H TeT-heT T dleldl g
A

W

. H §AAT 3G dieldl g

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

fAde 3R g i g3AT 1:00 pm F IRFH
&, AT 6 gel H fohcdell R Teh gal &
40° ST HIUT FATII?

l. 6 2.
3 1l 4. 12

How many times starting at 1:00 pm would
the minute and hour hands of a clock make

an angle of 40° with each other in the next 6
hours?

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

ar {5 Har 3R fohd 39e WX ¥ Tl Ucd
ST &, 39T 40 [Ade # Jdfe Aaar 30
fAee oar g1 T T Iar e @ 5 Aece
ggol Iol AT fhde Ase & drg fha, dar

d 3T Ao gem?
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?’
5 2. S

s LU 4. 25

J&IT3 & qHTAT (5, 6,7, m, 6,7, 8, n) HI

HHIOTAT ATET 6 TAT Tgolsh (FIH STc

SR 37T dTell 37h) 7 8 dl m X n=

1. 18 Z: 3D
3. 28 4. 14

17.

18.

50 cm

18.

50 cm

19.

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

1. 18 2. .3

3. 28 4. 14

T 7 PR WeA & HHER & Th
HITATAY &1 WUS &RATAT 17 g, [9H gss
Q¥ @us &Y g 38a FAEY 10x 10 X
SHAT ATT T AThdH Tohdair afgaT e
ST Hehdll 87

HS

N

© 50cm

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?

P
Mo

~ 50cm

1. 50 2. 100

3. 125 4. 250

Pl 3 9y A TE MAFR Hed g

FIey I Th gd @ T ATdr g HG0H Teh
Mol CEECINE) gl ey d gdﬂc:f hl
BT Ay 2 [AFAT g 1 AT g1 He & T

Shlell AT g9 & 9T 872
1.

3.



19. A solid contains a spherical cavity. The 1. 0 2, 2
cavity 1s filled with a liquid and includes a 3 8 /\/?_) A —tEnk (1)
spherical bubble of gas. The radii of cavity -
and gas bubble are 2 mm and 1 mm,

respectively. What proportion of the cavity 23, z=0 & I TR A TaEROT
is filled with liquid? F(a,b,c;2) =
{2 y 2 Za(a+1) ---(a—|~:r1—1)i_:i(.‘_:i—}-1)---(!'::'~+—n—1)2'?1
3 g A % o clc+1)(c+n—1)n!
8 8
gRATNT M3 g dIACH Boled
20. Red T WY F2 . D8, C16, B32, il W PP o
AGA F(a,b,c;z) TAFT elTaded TEY Sl FATT
1. C4 2. E4 T
% L2 % Glo 1. ;—EF(a,b,C;z)= iF(a—l,b—l,c—l;z)
20. Fill in the blank: F2, ., D8, C16, B32, 2 diF(a, b,c;z) = —F(a+1,b+1,c+1;2)
A64. 5 ab
| C4 ) E4 3. ;F(a,b,c;z)-—?F(a—l,b—l,c-—l,z)
3. C2 4. G16 4. =F(a,bc;z) = ZF(@a+1,b+1,c+1;2)
H77T \PART 'B' 23. The Gauss hypergeometric function F(a, b, c; z),

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

21. x=0 & E-UH, Bl —— FT Toll-

cosh (x) o)

Feged faeaRor &1 Hffeor fisar & S ag+1) ~-@da— Dba+ N~ B+n—-1 ,
L*’ o ) - — c(c+1)-(c+n—-1)n!

¢ - 4. ]
2

!

satisfies the recursion relation

Il diF(a,b,c;z) = %F(a —-1,b—1,c—1;2)
21. The radius of convergence of the Taylor : “

d C
series expansion of the function CDS; 5 o EF(G" b,c;z) = EF(G’ +1,b+1Lc+1;2)
d ab
around x = 0, is 3. —F(a,b,c;z)= —F(a—1b—-1,c—1;2)
l. oo 2. T d ab
4. —F(a,b,c;z) = —F(a+1,b+1,c+1;2)
3 = 4. 1 dz ‘

24. A fF X dUT Y er Tadd Ao X g,

SH @ 9cdsh U 8l HAlde [Addold o

dz Ueh YA Scel I 3efehi0l &l &,

W AT AW +u dAT -p & G| @
ANTHS X +Y  3HoIhivT Xl § Teh

22.  Hlec FHTR
1 e*? — 1
2mi ¢ cosh (z) — 2sinh (z)
&I, Teheh dishehl C o HHATAY dTATI

I ‘I_J]d H o %—

[0 o 1. dcod o, T8 &l TRA +p W g, ddr
3. —8/3 i —tank (%) HATET () L!CI' HAlsh faTelel ovV2 & @1yl
2. YHMAY dco opl, ATET (O dUT HAlodh
22. The value of the contour integral fa<releT 20 & @Y}

3. §ed &1, TEd oY WA +u W §, g
ATET () U9 HATdeh [ddold 20 o Y|
4., YHMHAT dcod, ATET 0 dUT HAlAH

around the unit circle C traversed in the fadelet ovV2 & Iry|
anti-clockwise direction, 1s

1 e*” — 1
= : dz
2mti ). cosh (z) — 2sinh (z)




24.

25.

23.

26.

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

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

mean 0 and standard deviation gv/2

2. normal distribution with mean O and
standard deviation 2o

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

4. normal distribution with mean O and

standard deviation V2

Toleh o fadTT fARor & 3MUR T &
TR G, Toleh T AT h, SecTATT IRk,
tg fAara & garer & afd ¢ & °rdr i
3UANT Hh Uch 3HTHAAEOIh dd T, &l
gRATNT fhar a1l 7, &7 g SHF

ECLICEE S
| |h{:5 hc3
l. oz 2, 2
N"*B B
G hkg
3 \ hc*kd 4. Ge3

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

| = 2 e
& 2 * 2
k%G k%G

3 G 4 hk§
' ol L ' Gc3

Al o 98Tl 0 dUT 0’ c@arr 3uAfd
&ens dF AT (x,t) AT (x',t) 81 I&Th
0' Ifd v =LPBc & Y 39 Yo HTH &l
x-3187 & AR doldl gl TG THGATRI &
UheTd TIT x, = x + ct dAT x_ = x — ct &,
dl 0 dUT 0’ & GaUd HleAdlell cliecd
FATARUT g &9 ofdl g

| ;X — fxy E. Xe— Pz
l. x+_ \/1_7,82 a-a:"-x__ ml

2. F.= fg;u ddar x. = %x-

10

26.

27.

27.

28.

4. x. = ﬁm,?-r%n x! = %x-

Let (x,t) and (x',t") be the coordinate
systems used by the observers O and O,
respectively. Observer 0° moves with a
velocity v = fc¢ 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

. xl= x\_/l___i;* and x! = x:r/;__‘[;_,
2, Xo= %m and x_ = ﬁx_
3. xh = xﬁ_ and x_ = x_;_i?,
i, X = gi’h and x. = gx_

GSOHATT m I Tsh 3G Sl IRA H HARH
T Tufad # §, 5 #Hex fr a5 I TRy
ST &1 Ife JegaedrT o 0.9 &, 9
% @l IR FHET W YSd & Red 94
3T A & STeaT (g = 9.8 H/A” He)
1. 9.80#H/A 2. 9.10#H/A
3. 891 #HIA 4. 7.02#4A

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

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

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

gqed R & Th I & I ofSl W IR
AT AET I +Q (W A gl gGeIAld
m JdUT 319U +Q HT Th HUT JI & dol W
g ¥ 39 gl a(KR) W @I 1l gl
gieg &uT &l IATaAeTdr dodf I giadid &
dl 9§ ©IC el 3esTd HEM 3 HIolF
HTgicd & I

2 2
1. J . 3, <
2MWegR”M \ TegR M
V2 02 2
3. 2 4. -
megR™mMm N 4mTeg R°m




28.

29.

29.

30.

30.

Four equal charges of +(Q each are kept at
the vertices of a square of side R. A particle
of mass m and charge +Q is placed in the
plane of the square at a short distance
a (K R) from the centre. If the motion of
the particle 1s confined to the plane, it will
undergo small oscillations with an angular
frequency

2 2
[ \/ e 5 e
2TTEQR M NHE{,R m
2 02 2
g, |2 4. Q3
TeEgR"M \ 4T€g R°M

eAqehiehd [H42Meh Td HAI (q,p) Fd Th
d9 @1 gffecsdl H =p?q® &l gfAdC
ITA-GHRIUT I Teh JATYUTA g (Aed H A

dur B 3 §)

I. p=Be 24t g= gezm

2. p=Ae 24t g = %E—Zﬂt
3. p=Ae®, q =§E"‘“
4, p=24e™4t g= ge‘d‘zt

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

1. p=Be 24t ¢ :§€2At
0. p=Ae At g = ge—zm
3. p=.Ae, q =§e“‘“
4. p=24e 4t g= %e‘qzr

ar HATR Tole FYUTRA ST gRAT x T
1.1x & 3dfaid g, 3 Colel o a1
WRTde Il 3.0 Tl RIdeId a&d R Td
cdudlccdT V F Tk ded & @ A
Jolfeadd [T STd &1 9UH JUTRT & TYeT
fechir genRa & 3maer 3w @
1. +66% 2

3. —=3.3% 4.

+20%
—10%

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

11

31.

31.

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

1. +66% 2. +20%
3. —=3.3% 4. —=109%
T A Ud x>0 dUT x< 0 ShAL:

WRTdeddlh €, TUT €, ATl Widedd ATETH
T MW Id & & Ud # Tdh THTHA
fdegd &9 gl e 39 H RIS & A1y
fdega & T 6, FTcr g1, 9 3T A
HITd HIUT 9, UET f&ar Srar &

€,51In 68, = €, sin 6,
€;tan 6, = €, tan 6,
e,tan 6; = e, tan 6,

P W=

€.Sin 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, in the left half satisfies
x<0 x>0

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

e.tanf, = e, tan b,

s BRI =

€1SIln 681 = €, sin 6,



32.

32.

33.

33.

34.
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frdl urd A TAfAh gqq?‘ma%—arég x- ddr1
-ECH AU B, = By(x2 — y?) d&T B, = 0
gl 394 y-gceh o Tod et ol § &
PloT-AT HaFEdol AR & AT §2

1. B, = Byxy
2. B, =—-2Byxy
3. B, =—By(x*—y?)
1
4. B, =B, (E::r:3 — xyz)
The x- and z-components of a static
magnetic field in a region are B, = 34.
By(x* —vy?%) and B, =0, respectively.

Which of the following solutions for its y-
component 1s consistent with the Maxwell
equations?

1. By, = Byxy

2. By, =—2Byxy

3. B, =—By(x*—y?)
4. B, =By Gx3 — xyz)

Uh Yehld &4 B, 9d x>0 H Bz §
dar e @l Se1g T Bl x <0 Wid @
x>0 9d # Th IR Id v=vx & TY
xy-dod # T IFdeer 9rer, S9e areg
| (x-T&2M & FATAY) TAT h (y-[&2M &F FATR)

g, A Srar gl e rawr b oA A 35,

fras foT 3TaaA faeg@ae® a0 (EMF)

STl B9
1. [ =8 h= 2. =4, h=
3. =86 h=4 4. =12 h=

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- 35.

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

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

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

36.

0 O L do & Jddd H Bagd T Tah-
AT 37T I8 & 37T YT geudAmT
m & T Hur Hr Tufa THTHTTh <EXl

theldd YP(x) = \E(g sin (2?) | gsin (4%)) q

fear Srar &1 Ife 3gehr FoiT Ay ST

IHT 9ROMTH JAT FaiT hl ATET AT HHU:

3

h? 2h? 73 h?
l. 5, —— dnd -
2mlL mlL 50 mL
h?2 h2 19 h?
8mL? ’ 2mlL? 40 mL2
3 h2 2h? d 19 h2
' 2mL2’ mlL? 10 mL2
h2 2h? 73 h?
4. >, — and 5
aml mlL 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

h(x) = \[(2 sin (zfx) + gsin (4%)) If its

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

respectively
h? 2h? 73 h?
2mL2’  mlL2 50 mL>2
h? h? 19 h?
2, =y = nd. ———=
8mL?’ 2mlL 40 mL
h? 2h? 19 h?
3. , and
2mL2’ mlL? 10 mL2
h? 2h? 73 h?
-+, >, — and >
8mL2’ mL 200 mL

ﬁﬁﬂﬁﬂﬁﬂﬂ“&ﬂﬂﬂﬂ*l{%%ﬂﬁﬂﬁ
L,L, dur L, § o sACAHATS

[ L, DL },LE] $I H T Tlellhd fohdT ST
dohclT &

1. kL. (L2 -12) 2, lslls
3. hL, (21 —13) 4. 0

IfL,, Z}, and L, are the components of the
angular momentum operator in three

i T i

dimensions, the commutator [fx, LxLyLz]
may be simplified to

1. ihL,(LZ —L3) 2. HilsLyl
3. ihL,(2L% — Lz) 4. 0

Y

Al fh gSgioll WA & held [dHd )
T cﬂcﬁad-l—a?ﬂ' g¢ Sl 3H YhR
gRafdd fhar arar & & & fea
viF) = -2 = dd ST g, Sel g Th

W g :

qﬁaﬁ-‘lﬁ fdorg & Far &+
A0 AT E,,,




36.

3.

3.

38.

. ndd | W @M E, W m W Q0
ntlTﬁﬁ-‘lT%qﬂ [ AT m W =gl
ndd m W AW §, R | W AT
AT AT FalcH FE&ITAHT n, [ JAT m
W gEgsed: A §

st

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

wr - Ze* g
potential is  V(r) = ——+ =,

a constant. The energy eigenvalues E,;,, 1n
the modified potential
1. depend onn and [, but not on m

depend on n butnoton [ and m

2
3. depend on n and m, but not on [
4. depend explicitly on all three quantum

numbers n, [ and m

where g 1s

frdl TAT-TAWeT gfAccal & JTAJL U
dur E, ¥ HId 3TAeI R
1) dgr |2) gl Ife gHy

AT E,
HITATT HAL:
t=0 9X d¥ |Y(t = 0)) =sinf|1) + cos 0|2)

Hg dl g8g ¢t W @WO)|w()) & A
gIat:

1. 1

2. (E,sin?@ + E, cos? 0)//E?* + E?
3. elfit/hging + etB2t/M cos 9

4. e~ lEit/hgin2 g 4 e~tE2t/hng2 g

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

1, 1

2. (E;sin?8 + E, cos?0)/JE? + EZ
3. elfit/hging 4 etB2t/h s

4. e Eit/hgin2 g 4+ e~ lE2t/Mh 529

3T Al W U fduRATOET 3707 arel

I @1 gid 3707 fafrse e g

. 8kg 2. 3.5k,
3. 45kg 4.  3kg

38.

39.

39.

40.

40.

41.

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

1. 8kg 2. 3.5k
3. 4.5 kg 4. 3kg

SId Ueh 3 UHUNdeh I &l IRIAS
WA V, ¥ 3V, dob &GISAT: faedaid
fpar SITar §, 39HT d9 T, & T A
aRafcd &lar &1 o 3q9Td T/T, &

Lo: 2. (g)m

3. (%)M3 4. 3

When an 1deal monatomic gas i1s expanded
adiabatically from an initial volume V; to

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

X 2 ()

3. @ua 4. 3

IR™AT V &I U dad1, ogH 37eer 3
& N U §, Teh ©¢ dlel GaR &anr al
39@sl H died gl Il ©IC 39@S &
A V/3 B, o 38H TUd 0T
T&AT &l JE0T ¢

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

2N /9
VN /3

A box of volume V containing N molecules
of an i1deal gas, i1s 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 in it, 1s

1. N/3 2. 2N/9
3. VN 4. ~/N/3

Teh faA H, FAafahT RRYUMA™sd o
& Teh I o ﬁﬁil—q’l/(x)=fx‘x‘(3|3fcr
Teh 3T §) & e foham SArar g
HAIIROT Felel € (B = —)

1
kgT
I 4mi 2 2MIT
. ﬁ3a2h2 ' ﬁaﬂzhz
8mim
ﬁaazhz

Imm
A \],{5’31112}12




41.

42.

42.
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A gas of non-relativistic classical particles
in one dimension 1s subjected to a potential

Vix)=a ‘ X ‘ (where « is a constant). The

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

1 4mm 0 2mi
) w BEHZhE ! \J 33{12}12
smrm amrm
3 \ BS::xzhz 4. \‘ ﬁ3a2h3

fordr T ei:l%ﬁajg?-rirmf I dieedl
Vo f@eiar g

VE
I=1,(1—-—
”( Vﬂ)

STl I, dar V, 33X gl fohdl 9T H I

W 9] dleedl V FI deld §“~!?r [ T HIYA

frar Srar g1 gre Vv, aur /I, AreEd:

59 YR [uiRd fd o1 @+d &

1. [-V2 3Ti@ T 9gurdr U9 y-3d: T3

2. [-V?3Teld@ &
% 3T T FUT, T y-37d.T3

3. +/I-V 3Tei@ &I YauTdl Tq y-3d:T3

4. IV 3@ &I y-3d:@5 dAT 9JuTdr
% 3eIUTd T FUT UG y-3d:T3

y-31d: @8 AT 9Tl

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

VZ
I =1 (1——)

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

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

43.

43.

44.

. —
B)@_'i/

faFT 6T I SIa&UTcHAsd [T H A o
Jcdeh deh-§IR T T Tdeld 7, o

+5V

— -

OO &l FIRUT [dod 3Tadd g Id deh-

fader A 9T B 39 IHHAUT Hl Ad o
1. (0,1)- (1,1 2. (1,1)-(01D
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
18 Liaise

+5V

QWD —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) 4. (0,0) - (0,1)
fArT A I fAfase aleedr 1, & T

gRay # fAe1d dieedr V, &1, @eT ader &I
H O Dld-aT AScdH Ufdiarecd hidl g°

=
0
10K
| "
~, 5K L
vi o——MWV-—- s
o V;
0.5Vo—wW—e— F
5K %ml(
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. ; ; | ; ; 10K

44. 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

45. AT 9T & TH FGMYUT Wd T THh
STl LED &I digdr ded dleed A, = 660
nm X AT IMHAIT g, disls 20nm &




45.

46.

46.
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Y| Ife HAANUT IONF AWCES & ATY
—K(A—2,) & §9 H dcodl &, S8l a,
daur K 9 3IY g, HdAM¥sd H [dAeheldl

QhIAr gl

1. oArl-[aEUTad, ME AT diddl dced
Pl TAI @ §T

2. Sd-faEuriad, T FTATAT drgdr
Scel o Gy

3.  old-TaeUIud, IS AT drddl
deol & A @A g

4.  WATA-TGEATT, Ueh FGHATAT digdr
dca & 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 ag — K(4 — 4y),

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 \PART 'C'

heled

Fx) = 8(%) + Z —

(STET §(x) ‘Fs’ich Seel-Hold g) H BRI
FATROT [ dx e f(x) T 87

) 1 1
C 1-ik 1+ik
1 1
3. — 4, —
k+1 k—1

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

dn
) = 6@+ ) —
=1

where §(x) 1s the Dirac delta-function?

47.

47.

48.

1 | 1
C1-ik 1+ik

1 1
3 et o
HATRA THTHIOT

D, t)= )Lf dx'dt’
fdw dlk e ik(x—x")tiw(t-t")

(2m)? w? — k? —m? + ie

¢ (x',t")

cas 3-ECI'=hoI mﬂa»—{UT d JeT &

(atz - m? + ie)qb(x, £) = =21 ¢3(x, t)
2 (S5 g+ m —ie) $(x,0) = 29%(x,0
3. (& - +m? —Le)qf)(x £) = =31 ¢2(x, t)
4. (;:2 LE) (x,t) = =407 (x,t)
The integral equation
d(x,t) = )Lf dx'dt

dow dk e—ik(x—x’)+im(t—tf)

¢°(x',t")

(2m)? w? —k? —m? + i€

1s equivalent to the differential equation
| 0% | 0° o i s _ 1 3
1. (m2 P10 +1€)qb(x,t) = 6/1(;’) (x.t)

0. (atz ) (x,t) = 1 d2(x, t)
3 (;; — +m? —ze)(p(x £) = —31 ¢2(x, t)
4 (- S+ m? —ie) p(x,0) = -2 $(x, 1)

Ush ©: 3(9dd Hg G ={e,a,b,c,d, f}
HHE 0Tl ATfeIehT T Teh AT ToAe=T UEN
T g (AFT # ¢ &1 dcgdAs 37939 e gl)

a b C d T
e a b C d f

b e d

e X i y Z

~|l ol s e
~|lalolsalala

giafsear x, y dur z &l gl diigy:
l. x=a, y=d ddl z=c¢
2. x=c,y=a ddl z=d



48.

49.

49.

S0.

3. x=c,y=d ddl z=a
4. x=a, y=c dAdl z=d

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

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

e |x |J |y |z

~lalo|s el
~Salolsaln

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

CRRES f(x) =3x3—4x -5 & EFIF—FF &l
JeR1dcll ~geA%aa faf carT ged THY,
EﬂTﬁﬂ$ AT x =2 forr Srar g1 31l

IR H 3HHT Al $qd Ahedd &

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

In finding the roots of the polynomial
f(x) =3x>—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. 1.559 4,

1.656
1.551

WH F H 3ol E dAT 3T p dlel Teh Ul
_l E+psc

¥ AT gaar y = In (- pgc)ﬁqﬁaﬂfﬁa%l

%H F & HcdT & 39T v = (0,0,B8¢) F T

ITfcrRitel F/ thel H gdr y' o

1. y"=y+iln(1—[)’2)

2. y'=1vy ——ln (H’G)

B
3.y —y+ln(l+§)
4., y -—y+21n(1+';)

50.

S1.

S1.

52.

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

1 E+ b L | L
y = —11‘1( pgc). In a frame F' moving with
2 E—p3cC

velocity v = (0,0, 5c) with respect to F, the
rapidity y’ will be

1. y’=y+—In(1 - B?)

2.y —y——ln(Hﬁ)
5. y'=y+1n(222)

4. y —y+21n(1+§)

Sideh Weld F(g,P) = g?P SRT Ush fafgd

FITROT  (q,p) — (Q,P) efFecAl H(q,p) =
Lo +Lqt (T @ T B IR ) W R

ST &1 (Q, P) T Ifa-g#eoT §:
. Q=P/a dUT P=-BQ
. Q=4P/a dUT P = —LQ/2

1
2

3. Q=P/a dUT P = . PO
4. Q =2P/a Ul P = —fQ

A canonical transformation (g, p) = (Q, P) is
made through the generating function
F(q, P) = g*P on the Hamiltonian
H(q,p) = > + g
1P 2aq? 4 1
where a and [ are constants. The equations
of motion for (Q, P) are

. Q =P/a and P =—BQ
2. Q0 =4P/a and P = —£Q/2
3.0 =P/a and P = 2;2 pQ

4. Q =2P/a and P = —fQ

Bfaa A7 afasier v& a3 &1 dmEne

I, = émxf + m(xs + x%) — %kxf - %k(xz + x4)*

g fear rar g1 a1fa & T&aad 3T g8

1. hdol ol

2. hdd Foll, YW@ T T Teh °gceh U4
IV T &l Tsh T

3. hddl Fal Ud W& HAI & Uh Uch

4. hael Foll TG VT I HT Th Hch




52.

D3

S3.
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The Lagrangian of a system moving in three
dimensions 1s

1 1 1
I, = melz + m(xz + x5) — Ekxlz — Ek(xz + x3)?
The independent constant(s) of motion i1s/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

BT R& T Mol S, W faar af T
ThdHIT AT Uedcd p (W@l gl 39H @
RASAT a < R/2 &1 Tah BIET Ml S,, Hlch
fAeprer fear srar 81 39 f6 Ry & g
AT &, aAl Ml & g T b =AR/2 A
qufra £

S, & 3eX foig P W faegga &7 &

1, —n 2 (r — nia)
3&p 3&ga
B i -

3. 224 i, al
5Eﬂ 3EDR

Consider a sphere S; of radius R which
carries a uniform charge of density p. A
smaller sphere S, of radius a < R/2 1s cut
out and removed from 1t. The centres of the
two spheres are separated by the vector

b = AR /2, as shown 1n the figure.

54.

54.

D

.

The electric field at a point P inside S, is

R ~ R - o~
1. &—f D L (r —na)
3€&p 3&pa
R A a -
3. B2 4. £
68{] SEQR

forelt faferse facer e & Rl qur ey

Y

AT & AT @MFAT ShEAT H) HAU:
E=3%+ 4y dO B=37 gl 38 BH &
98T Tolel dlell Ueh SIScary Welsh faea
AT & URAT 9rdr g |E'| = 4. 399 AT
IT I &1 T 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 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
L. 5 2. 9
3. 0 4. 1

Uh THAAT Jash &9 B A fdegd Onr [
Bl dgad Id U Trer, Togehr BFsar a §, &7
I@T STar g1 Ife arer O o9 fSar A @
= fpar STar g, of 917 @ § o F T
gl 3TEOT T &

1. F=0 dAT T=mna’lAXB

2. F=EIxB aaT=0
41T

3. F=:—£1><B dAT T=I1AixB

4. F=0 d4T T =——1IB

Hp€q

A loop of radius a, carrying a current I, is
placed 1n a uniform magnetic field B. If the
normal to the loop i1s denoted by 1, the force F
and the torque T on the loop are

1. F=0and T =na’l i X B
). F=E2IxB and T =0
41T

3.F=f—j—‘iIxB and T=1AXB

1

Ho€o

4. F=0and T = IB




56.

S6.

S7.

Uch T YU I 3FI9ET FIC, TIRd 2a
Ueh Jd1 gl 9T Tieer k & TM faum3it &
ToT d1&AT 9fdey Y(+a,y) = Y(x, +a) =0
JFA FHIRIOT

Vi 0° w* _
m*l‘ E"‘l‘(cz kz) Y(x,y) =0

HI AT Hd Teh Hold Y(x,y) $ Ta W
3oy faera-deshra faurd ot S £

=goTdA faer &1 dgfcd w &
L w?= c? (k?+2)
2. w? = c? (k2+2—2)
3. w2 = c? (k2 +5)
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 Y (x, y) which
obeys the equation

s 0% w? >
@4‘@4— ?‘—k w(xy)—[)

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

l. w?= c? (k2+2i;)
2. w? = c? (k2+z—§)
3. w? = c? (k2+%)
4 02 = c? (kK2 +5)

AT V(x) = ~maw?x?

2

+ gcoskx o 3T

GegHAlT m o Teh Ul G faan| o

ggdrer (gTAife) fa¥a %mmzxz

hI ol
s

H g H9YH &
gRadd &:
kzﬁ)

1. gexp (
)

3. gexp(

¢ deh 3

JEAT Fall H

% gexp(kzﬁ)

4, gexp(

2Mc

kzh)
4mew
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38.

S8.

59.

Consider a particle of mass m in a potential
V(x)

the ground state energy, compared to the

= %mwzxz + g cos kx. The change in

. . ‘ 1 ~
simple harmonic potential Emmzxz, to first

order in g 1s

Lgew(-5m) 2 gew (i)
e (=30) 4 gew (=)

AT Vix) =alx] # TUT gcTAT m &

Uh $HUT & WKB Hloolched

mf\/ﬁ' — V(x)dx = (n +%) A,

(ST8T a dUTh ddel fdg § U n=10,1,2)
H TUIRT FA-ERT &

LBy = [ ()]

2 B=[(n+ )]

3hia (n N l)rﬁ
2
| hma

4 By = | (n + i)]m

3. E,

Il

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

b

ﬁf JE = V(x)dx = (n + %) AT,

(where a, b are the turning points and
n=0,12-), are
) 2/3

1. E, = hra ( ]
- M( 3
5. By = [P (n+ )]

By =[]

2 By

Uh TdH H GcOHAT m I Teh Ul [aHd
V(x) = —ad(x) (ST8T a@ TH 9 3 g), &
gHATd H AT gl 3Tkl AT 3HaEdT H
TUADS  (Ax)(Ap) H AT &:

1. 2% 2. h/2

3. /N2 4. 2h




59.

60.

60.

61.

61.

A particle of mass m moves in one dimension
under the influence of the potential V (x) =
—ao(x), where a i1s a positive constant. The
uncertainty in the product (Ax)(Ap) in its
ground state 18

1. 2h 2. k)2
3. h/V2 4. /2h

2
fasra V(x)—hﬁ * H gG»ATT m Hl Teh
FUT WX AR | TEHAAST Tl dRIThel

P(x) = (E)we—“zﬁ & 3UANET G IHTehield
3 qu 39EAT ol o

2 1

[ —hf_mdxxe ax® = — g1

20

f_ dx x*e™ " = = T IGAT A |
4o

8 h23113

am

o hZBUS

8m

hZBle o}

2

3. = R2pB1/3 4.

3Im

The ground state energy of a particle of mass

. . W2B 4
m in the potential V(x) = —x

6m
using the normalized trial wavefunction

Y(x) = (E)IM e—c:rxz/zﬁ i

, estimated

T
[Use [£[% dxx%e™®" == and
y | A 20

Z(” dx x*e—ax’ ==

T 7 —00 42

S §2p1/3 8 2211/3
1 - h*p 2 = h*p

2 p2p1/3 3 22p1/3
3. = 12 4. = n2p
&A1 gedcd 10 WA 9fd &7 q.AL W

Cs WATUBT & Th I W Rl 9
HARUT g HUN & AT ¢ FHell dITGEd
& AT g, 39 I diT 3Hb [dhedH o

(Cs 37UT T geTATT 22.7 x 10726 foh.aT. o)
l: I RITTE J. IR0 K
3. 1x103 K 4. ZRI10°PK

Consider a gas of Cs atoms at a number
density of 10" atoms/cc. When the typical
inter-particle distance i1s 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 1074 kg.)

62.

62.

63.

63.

64.

2. 7x107°K
4. 2x1078K

1. 1x107°K
3.1 %x10°K

g 3ada W ' dF f:T A& Fr
E(T) d9 T W 39 YR @8R 9rar 3
E(T) = aT? + bT*.
T H Tedr S(T) g
1. —aTz --;bT4

s

dr di9 & U$ Hod &

2. 2aT* + 4bT*

3. 2aT + %bT3 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

il %aTz & ibT‘* 2. 2aT? + 4bT*

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

T EAeHl dcg X, ¥ oW &Ra gar §,
S 3T Uk TARN ded Z o &IRT giar gl
X A YJTR RIS A, s dAMYH Zds
al &g 1, gl g, YRH H ohdodl X
Ny WA &, 39 FHA (t K 1/4, T
1//1)Er{ Z & GIATOLIT sl {EAT gl

1 2 A145

(A1 + 42)Not

3. (A + 1,)2N,t2 4.

A radioactive element X decays to Y, which
in turn decays to a stable element Z. The
decay constant from X to Y 1s A, and that
from Y to Z is A,. If, to begin with, there are
only Ny atoms of X, at short times (t < 1/44

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

L. 52422 Not? 21z

2y +25) Vot
4. (A + 1,)N,t

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

Ush HUIRA UehA® &l Juid: 3eolicd
AT AR Tolel & & g1 39 31
e & TUET Tolel H Tk &l 10° HIUT d&
gATAT STl & $R-FTal 61 3987 X §U
A & @oel 7 fOeard@ # URsHS o

FdcaAdedl AU L1, &
1. 89 2
3. 17:18 4.

11:12
33:30



64.

63.

21

Two completely overlapping semi-circular 65. The state diagram that detects three or more
consecutive 1’s 1n a serial bit stream 1s

parallel plates comprise a capacitive transducer.

One of the plates 1s 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 2o Adzl2

3. 17:18 4. 35:36

s foe 3TeTshaT Iidr A dieT T 3™ HAT
| T A faAeeT 3aear At A Sld-ar Sidr

0
V
0

1

66. AN Faieh AT H, HARY Ter-3afer AG=Al

% & f, 3dA% ’IA gIAS m, &

fp-—\/i aRT

=

gafad g1 Tl a Tsh

uad g, foger AuRer S g

Al m, = 6400 + 160 MeV ddT f, = 180 +
15 MeV Uah #HAT & JFAgASd AT I

T &l a & 3

%cﬂdﬁaﬁ%’



66.

67.

67.

68.

68.

2. 900 (MeV)"”
4. 2400 (MeV)"

1. 175 (MeV)*
3. 1200 (MeV)™*

The decay constants f, of the heavy
pseudo-scalar mesons, in the heavy quark

limit, are related to their masses m, by the
a

N
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 1s
1. 175 MeV)*?

3. 1200 (MeV)™*

relation f,, = , Where a is an empirical

2. 900 (MeV)™*
4. 2400 (MeV)™*

AP, ST P AT FT Th AT
THIUET WRd &, H Soldedl W Tan| Ife
W -TIH H golacidl & UR&YUT Hau
e(k) = ck (ST&T ¢ U 33X g) o Srar g,
ar Bt FT &, Solacl I JEIT-Ualcd p

X 39 Y AN &
1. &z oc pt/? 2. Epocp
3. epoc p?l® & g pls

Consider electrons in graphene, which i1s 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. &g oc p1/2 2.
3. &g o p2/3 4.

Ep o€ P

en oc pl/3

Alel foh UXATOISAT &l UH-[AHT S@ell A
WIATAT T Hgicd I TGl & HqId H
gl I n ORATUBRN T FE&AT Golcd § qAT C
WAl 6T A &, @ SeT5 3Tdfed ©

1. 2mcn 2. 2men
3. V/3mcn 4. men/2

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. 2nten 2. \2men
3. V3mcen 4. mcn/2
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69.

69.

70.

70.

71.

71.

T Twiceh & T Solacid I &85 Fall, Th
faferse k-feom & Tl &(k) = A — B cos 2ka
& FT H g S8T A dUT B 3= § aur
0<ka<m k o f&Fd gRAT W Solagld
HT BIol-AAT STIER 819

. Zcka< & 2.
4 4

A

Edkai’n

i

3. 0< ka < — 4. Teka<
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:

I, E < e 2= % L.l
4 4 2

3.0<ka<Z 4. T<ka< Z

4 2 4

“Ti & oI DI HT AT HIEAT &

Solgciileh dedTd  [Ar]3d%4s? §| HIAH
gl fafesel H, 3§ fdeard & fav
T A & Sia-ar gHa g1 g2

1. F; 2. 8,

3. 1p, 4.

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. “Fj3 2. S5,

1 3
3. "D, 4. °Py

geehrg & 03 T %'ﬂﬂ‘maﬂﬁgﬁw
AIROUT  SHATT 9HIT 99T H 660 nm
AT (TUSFCHT) IWT & Tcohl o sld ol

fQurea ©
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.,
3. 8§ pm

10 pm
4. 6 pm



72.

72,

73.

73.

U C-FR WA & Foll TR 2 eV A
g gl A [ HET IJaeAqr A 4 x 102
AT & JAT ATHT F YE gled & A Tgel
7x10%° UIAT 3cdleld 3aeAm H 9id
P ara & Fad Tk JdOT Tod H fhder

Fall [Aeholal?
1. 24.6] 2. 2247
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 104%Y atoms are pumped into the excited
state just before lasing starts. How much
energy will be released in a single laser

pulse?
1. 24.61] 2. 224]
3. 98] 4. 48]

g6 69l Pledssy (LHC) # 27 fh.aAY. o«
Ueh ddilhR 9 H &I A Fal arel Weld
T 3odr fEam3t # 9Iid gidr 81 Ush Hleld-
Jeld Tl H GeqATT-hg-Fal Al 14 TeV
g, O W 9¥ & 9IRT A H Wl @Al

9T datar 3™d FTa 1 AS3dH Yleddhcs

T &7 @ a7 87
1. 12 ns 2. 1.2 us
3. 1.2 ns 4. 0.12 us

In the large hadron collider (LHC), two equal
energy proton beams ftraverse in opposite
directions along a circular path of length
2’7 km. If the total centre of mass energy of a

23

74.

74.

T3

1.

proton-proton pair i1s 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 Z,
3. 1.2 ns

1.2 us
4. 0.12 us

A o ga &g gfaas # £, 9fd wgfdorar
dr gedT Feilr fAfcse #Ar gl 3equrd

Es(33A1) : Es(S4Zn) &
1. 2:3 2.
3. hi3 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

1. 213 2. 4:3
3. 5:3 4., 3.2
N YMAAT & ITAR  J7Al  ATAF

AR deha ITEET & (IE feImr amm ®
& T dieiad & fav g, =1, g, = 5.586, AT

Ush =ggidd & Tl g, =0, g; = —3.826.)
1. —1.913 uy 2. 14414 uy
3. 4.793 uy 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

[ FOR ROUGH WORK ]
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