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eV
amu

Mass of electron
Planck's constant
Charge of electron
Boltzmann constant
Velocity of light
Molar gas constant
Rydberg constant
Avogadro number
Newton constant

Permittivity of
vacuum
Permeability of
vacuum

1l eV

d1mu

9.11 x 10~31kg
6.63 X 1073% ] s
1.6 X 10712 C
1.38 x 107%3 J/K
3.0 X 10% m/s
8.314] K 'mole™
1.097 X 10" m~!
6.023 x 1023 mole™?
6.67 X 10711 N m?kg—2
8.854 x 107 Fm™1

At X 107" Hm™?!

1.6 X 10719
1.67 X 10727 kg
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LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element Symbol Atomic Atomic Element Symbol Atomic Atomic

Number Weight Number Weight
Actinium Ac 89 (227) Mercury Hg 80 200.59
Aluminium Al 13 26.98 Molybdenum Mo 42 95.94
Americium Am 95 (243) Neodymium Nd 60 144.24
Antimony Sb 51 121.75 Neon Ne 10 20.183
Argon Ar 18 39.948 Neptunium Np 93 (237)
Arsenic As 33 74.92 Nickel Ni 28 58.71
Astatine At 85 (210) Nlobium Nb 41 9291
Barium Ba 56 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Nobelium No 102 (233)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen O 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br 3 93909 Phosphorus P 15 30.974
Cadmium Cd 48 112.40 Platinum Pt 78 195.09
Calcium Ca 20 40.08 Plutonium Pu 94 (242)
Californium T 98 (231) Polonium Po 84 (210)
Carbon C 6 12.011 Potassium K 19 39.102
Cerium & 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
Chlorine Cl EF 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 2 F 58.93 Radon Rn 86 (222)
Copper Cu 29 63.54 Rhenium Re T 186.23
Curium Cm 96 (247) Rhodium Rh 45 102.91
Dysprosium Dy 66 162.50 Rubidium Rb 37 85.47
Einsteinium Es 99 (254) Ruthenium Ru 44 101.1
Erbium Er 68 167.26 Samarium Sm 62 150.35
Europium Eu 63 151.96 Scandium Sc 21 4496
Fermium Fm 100 (253) Selenium Se 34 78.96
Fluorine F 9 19.00 Silicon Si 14 28.09
Francium Fr 87 (223) Silver Ag 47 107.870
Gadolinium Gd 64 157.25 Sodium Na 11 22.9898
Gallium Ga 31 69.72 Strontium Sr 38 87.62
Germanium Ge 32 7239 Sulfur S 16 32.064
Gold Au 79 196.97 Tantalum Ta 73 180.95
Hafnium Hf 72 178.49 Technetium Tc 43 (99)
Helium He 2 4.003 Tellurium Te 2 127.60
Holmium Ho 67 164.93 Terbium Tb 65 158.92
Hydrogen H ] 1.0080 Thallium Tl 81 204.37
Indium In 49 114.82 Thorium Th 90 232.04
Iodine I 53 126.90 Thulium Tm 69 168.93
Iridium Ir 77 192.2 Tin Sn 50 118.69
Iron Fe 26 .50 Titanium T1 27 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La w 138.91 Uranium U 92 238.03
Lawrencium Lr 103 (237) Vanadium \Y 23 50.94
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium L 3 6.939 Ytterbium Yb 70 173.04
Lutetium Lu & 174.97 Yttrium Y 39 83.91
Magnesium Mg 12 24.312 Zanc /n 30 65.37
Manganese Mn 25 54.94 Zirconium /Zr 40 9122
Mendelevium Md 101 (256)

* Based on mass of C'* at 12.000... . The ratio of these weights of those on the order chemical scale (in which oxygen of natural
isotopic composition was assigned a mass of 16.0000...) i1s 1.000050. (Values in parentheses represent the most stable known
1sotopes)
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FT HUelcd ﬁmﬁrWﬁm?

1. 1.20 2. 1.10
3. 1.11 4. 1.09

Seeds when soaked 1in water gain about 20%

by weight and 10% by volume. By what
factor does the density increase?

1. 1.20 2. 1.10
3. 1.11 4. 1.09

U JIfdAT G X olFled drell Ay
HYUT & f, 9 & AT V, & HAGAC &
gl Teh ®UT 3¢ ST Tah FUI Tl (A TAT B)
9T 3T Furedl ¥ Gl ol &l &
IAAYF ol g N HT Jololl Golled & o
9 hIford?

L. fA}fB ; Va > Vg
2. fA>fB ; Vg >V,
3. fg>fa s V>V,
4. fo>f1 3 Vi > Vy

Retarding frictional force, f, on a moving
ball, is proportional to its velocity, V. Two
identical balls roll down i1dentical slopes (A
& B) from different heights. Compare the
retarding forces and the velocities of the
balls at the bases of the slopes.

l. fa>fg ; Va>Vp
2. fa>fp 5 Vg >V,
3. fg>fa ; Vg >V,
4. fg>fa ; Vy>Vpg

frdY T gafad & o faerag g, TSieiehr

ATy SR g, fhed oFag dur dlsi

FIT-3Te19T g1 3feaeid & AT drel

drdiaiorT H Sliifdd A &l &JHAT W

gfdehel 31X e YSI?

. SIS 3ihl HACTS §¢, olifchel 3cich dTenl
AT o8 & 98 F

2. SI§ 3Tehl HAlCrs oY & ddT g, oifehed
CEIERG

3. S 3Thl HICS ol & ddT g, oifchet
Tlsrg °c|

4. S 3oTehl HICTS ©¢, olfchel 3oTch dTeh!
AT 58 & a8 E

Two cockroaches of the same species have

the same thickness but different lengths and

widths. Their ability to survive in oxygen

deficient environments will be

compromised 1f

1. their thickness increases, and the rest of
the size remains the same.

2. their thickness remains unchanged, but
their length increases.



3. their thickness remains unchanged, but
their width decreases.

4. their thickness decreases, but the rest of
the size remains unchanged.

Tog AUt @m Il H IR Asielfdh
Goll CaRT Siidl 38 diel & TaH &IF #
celaT I gl
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dd e I ure-fEr # @ Hia-ar 39
STTeTehTeT AT Ter &2iTar &7

3. /\ 4. @
The bar chart shows number of seats won

by four political parties in a state legislative
assembly.

50
35 35

20

seats

party

Which of the following pie-charts correctly
depicts this information?

o
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P Ul Q & HUA JHEN®T TeGh
IYTGIT HAA: 10% dAT 2% & PIQ H

Elﬁral?-r Arefeod AYTE fHdelr g7

1. 12.0 2. S8
3. 8.0 4. 10.2

The random errors associated with the
measurement of P and Q are 10% and 2%,
respectively. What 1s the percentage random
error in P/Q?

1. 12.0 2. 9.8

3. 8.0 4. 10.2

fhaer MR allel H Asg CHANCE &

& &l SIIEYd fhdT AT TohdTl g2
1. 120 2. 720
3. 360 4. 240

In how many distinguishable ways can the
letters of the word CHANCE be arranged?
lemel:20) 2. 120

3. 360 4. 240
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Which of the following graphs correctly
shows the speed and the corresponding
distance covered by an object moving along
a straight line?

= speed distance
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speed, distance

O
o
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A river 1s 4.1 km wide. A bridge built

3 48
I I across it has 1/7 of its length on one bank
% %‘ and 1/8 of its length on the other bank.
ks o What is the total length of the bridge?
7y a 1. 5.1 km 2. 49 km
0.0 — 0.0 ro— 3. 5.6 km 4. 5.4 km
9. TUs GYURUT TV Hhid $I diss d 315 &l 12. OA OB, @& OC 3§ 3d & fsurd 2
o il ¢l S T E gﬁ“ R b [SaeT Teh UG HET ST 9T &1 AB
ﬁaf%ﬂq'd 16:9 &1 ARG At TV FHhled FT AT 8 ged T Fodm & A & TA
T FATs TATA g Al 3eTch U T 3T 3
STITHIT Tohd=AT 132 A
L. 39 2. 3:18
3 31D 4. 5:6
9. A normal TV screen has a width to height T
ratio of 4:3, while a high definition TV
screen has a ratio of 16:9. What 1s the
approximate ratio of their diagonals, if the
heights of the two types of screens are the O
same? shIUT OCB T HIT FIT BI9M?
le 39 2. D:18
3. 5415 4. 5:6 1. 60° 2. 15°
I 4. 65°
10. TEICAS AT T JAAAR e # &
Pled-TT HYUA Ck‘H{T q e ©? 12. OA, OB, and OC are radii of the quarter
l. Th g $T IRTT T I HT 3e]9Td circle shown in the figure. AB is also equal
2. YSTA I H Ueh TAAS T & o the radius.
St PO @ g A
3. 22/7
4, 315 BT & MY T Sl Foam
Sehls 3l & Ab & A &l IaT T
10. Comparing numerical values, which of the

following is different from the rest?

1. The ratio of the circumference of a
circle to 1ts diameter.

2. The sum of the three angles of a
plane triangle expressed in radians.

3. 22/7.

4. The net volume of a hemisphere of
unit radius, and a cone of unit radius
and unit height.

O

What is angle OCB?

1. 60°
3: 3D”

2. 157
4. 65°

13. fAoreiaor & Rfsa 12 fhalemd & T &t

11. ey a8 & e 4.1 km 81 30 a8 W T "¢ H 20 Aam. ga ufa ham aoa &,
gl ol <l TS T 1/7 $TT AT & Teh dC GAH & T H AR gd SaRT dedT Sl

T AT 1/8 AT A & g dC W §l I mmmmeﬁmaﬁrquqﬁa@m)

#T Fel TS R 8 Far gl Tifegw? (1 AT =20 §8)
1. 5.1 km 0. 4.9 km [ 7 > 80
3. 5.6km 4. 54km 3 120 4. 4
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Intravenous (IV) fluild has to be
administered to a child of 12 kg with
dehydration, at a dose of 20 mg of fluid per
kg of body weight, in 1 hour. What should
be the drip rate (in drops/min) of IV fluid?
(Img = 20 drops)

1. 7 2. &0

3. 120 4. 4

Rl 37 o ark Agd fT B W el
g3 cafdd 38 od F ER W 81 34
Heol hl ©d Udh ®UI TIHT & shed G Tt
g o F 39 g F gAR @ &
gl T # & Pla-dr TG hiaar s8@S
okl

A hall with a high roof 1s supported by an
array of identical columns such that, to a
person lying on the floor and looking at the
ceiling, the columns appear parallel to each
other. Which of the following designs
conforms to this?

Ush Gid-37hIg TEAT & 3iehi I INET 9 g
39 Pcd &7 AT 3/4 g TS 37T 39
& ¥ 9&%H d &7 98 38 g &

FIT &7
1. 36 2. 63
3. 45 4. 54

15.

16.

16.

17,

The sum of digits of a two-digit number 1s
9. If the fraction formed by taking 9 less
than the number as numerator and 9 more
than the number as denominator 1s 3/4, what
1s the number?

1. 36 2. 63
3. 45 4. 54

ar TUEAT X a1 Y & &g H g 1000 km
gl T Ifed X TUET GHT 8 AM gd1s
AT SART Y TATAT FAT 10 AM Fol g
qg}um gl YW 49¢ & @smHE & gad
dg Yol 3T f&T galg IET @ X &
TAAT AT 4 PM sof MH dlear g
fFd I gars IAT & eleT g afa
fohaar g2

1. 500 fr.# Y. gfa =er
2. 250 fop. &Y. gfa =er
3. 750 for.#T. 9fa =T
4. &Y I3 FUALER AT Al fohar S

HehdT|

The distance between X and Y 1s 1000 km.
A person flies from X at 8 AM local time
and reaches Y at 10 AM local time. He
flies back after a halt of 4 hours at Y and
reaches X at 4 PM local time on the same
day. What i1s his average speed for the
duration he 1s in the air?

1. 500 km/hour

2. 250 km/hour

3. 750 km/hour

4. cannot be calculated with the given
information

Iy <IFd HUT AT A H x% deof
dolehd AT §AT d  y fAdC Sl
qéum g afed & AT A T Tl
W fohdedl FHT I37dT g2

1. (mu-I—l)yﬁfl?-IE'

+1

o
[« S

-+

-

)y e
)x e
) x e
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18.

18.

19.

19.

20.

If a person travels x% faster than normal, he
reaches y minutes earlier than normal.
What is his normal time of travel?

1. (@ 3 1) y minutes

X

2, (;;_0 i 1) y minutes

y ;
3. (100 + 1) X minutes

4. (1;—0 + 1) X minutes

TR 91fd & ol arell Teh JIdIbe I A
dAT B Ueh hcH H Th dlgl I hI 3R
TqGd 81 AT A B @ A FI Qe &
A & 9 B W A 40 hAl H JAT
B 30Rﬁﬁq§”ﬂﬁ%‘fl Ife  ToradreT
R & ar 3@hr fraer d@ifear (weow)

fe@rs ¢af
1. 30 2. 40
3. 50 4. 60

A and B walk up an escalator one step at a
time, while the escalator 1tself moves up at a
constant speed. A walks twice as fast as B.
A reaches the top in 40 steps and B in 30
steps. How many steps of the escalator can

be seen when 1t 1s not moving?
1. 30 2. 40
) 4. 60

12cmdAT | cm bl ASAT & oig o ar Ial
FT Ogem F TIFd fHar = gl e A
&gfd foar, & a3 Mol 9 Iy g1 el
I AT FSIT §

1. 9d4T4 cm 2. 9d4d1 10 cm
3. 8dAT S5 cm 4, 2ddr 11 cm

Two 1ron spheres of radiu 12 cm and 1 cm are
melted and fused. Two new spheres are made
without any loss of iron. Their possible radii

could be
1. 9and 4 cm 2. 9and 10 cm
3. 8and 5 cm 4., 2and 11 cm

Ueh cdidd &9 75/cL $r ¥ & Ucadigld

TlC AT 9 397 U [@r 7 9 75/cL
T T T 9Ta T 50% ITH FHATAT g
Toshlgiel d UTail ol 31Tl fehcel 87

L. 27l 2. 12
3. 32 4. 2.3

20. A man buys alcohol at Rs. 75/cL, adds

21.

21.

22.

water, and sells it at Rs.75/cL. making a
profit of 50%. What is the ratio of alcohol
to water?

L, 2l 2. lg2

3. 3:2 4, 2:3

HIT \PART 'B’

Teh 39l SARD ¥ gdHR m &l T dg
IR Sl 81 9&ca & JcmEn, g Uh
HNaHAGA ool -yv, Sl v 3Pl dlcgifuleh
M dAT y Th 31X g, HedHd Fal gl
IRfAS afd qed dUT m =10 kg, y = 10
kg/s, dUT g ~ 10 m/s” ¢ I W, AT ¢

dhUs A 9IRA I (HleT A) &
. 10(t+1—e™®)

2. 10(t—1+¢e7Y
3. 5t4—(1-e¢Y)
4, 5t°

A ball of mass m i1s dropped from a tall
building with zero initial velocity. In addition
to gravity, the ball experiences a damping

force of the form -yv, where v 1is its
instantaneous velocity and y 1s a constant.
Given the values m = 10 kg, y = 10 kg/s,
and g ~ 10 m/s’, the distance travelled (in
metres) 1n time t 1n seconds, 18

1. 10(t+1—e™b)

2. 10(t—1+et)
3. 5t? —(1-—e?)
4. 5t=
1 23 Z
0O 0 1
AT AT &

1. M3— M?°—10M+121=0
2. M3+ M?—12M+101=0
3. M3— M?—10M+101=0
4, M3+ M?—-—10M+101=0




22.

23.

23.

24.

24.
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1 3 2 5
The matrix M = | 3 —1 (| satisfies the
0 0 1
equation
1. M3— M?—-—10M+121=0
2. M+ M*— 12M+101=0 -
3. M3— M?2— 10M+101=0 |
4. M>+ M*— 10M+101 =0
L
f(t) ={F’ V<L Bl ATCATH FITAIOT &
1 t>T
1. —(1—e™5")/s?T 26.
2. (1—e5)/s%T
3. (1+esh)/seT
4. (1—es")/s°T
The Laplace transform of
t
1 t>T
26.
1. —(1—e=St)/s?T
2. (1 —e=St)/s°T
3. (14+e=51)/s°T
4. (1—e")/s“T
T SIAERMeT facey a3 & guel TH
AT 0T 3T ITd v & 1Y Jrfaeiie
gl T & IRA dF H AT 7T ¢ #H, -
g & o & 3O 9IRd g ¥ |
1. vt 2. — >
3. w\/l—i g B
c 1_1_?_2_

A relativistic particle moves with a constant
velocity v with respect to the laboratory
frame. In time 7, measured in the rest frame
of the particle, the distance that it travels in
the laboratory frame is

1. vt 2

cdfdd A, Tk &uT [AHT V(x,y) =x + 2y
H Bl (FT A Sl FaAl & o) fae A
T Bid-ar A afaiierdar &1 Teh 373X g2

L. p}f T pr 2. Px — Zpy
3. px+2p, 4. py + 2p,

A particle in two dimensions is in a potential
V(x,y) = x + 2y. Which of the following
(apart from the total energy of the particle)
1s also a constant of motion?

1. py —2px 2. DPx —2py
5. Pyt Zpy 4. py + 21

oo L =%m3§:2 —%kxz — kxxt | Tdlad

Th 0T T ITdehl 3Pl JUIT Il &

. Ush HddHAfed I ATdd gleleh

2. AT & Y IRAAAAMS radHeA oD
I Teh IATCA A el

3. §HY AR IREIRAT Jod T
HIaATST 3Tad aleleh

4. Th HFd Ul

The dynamics of a particle governed by the

Lagrangian
1 ., 1., 5 : .
L= Smx* — Ekx — kxxt describes

1. an undamped simple harmonic
oscillator

2. a damped harmonic oscillator with a
time varying damping factor

3. an undamped harmonic oscillator
with a time dependent frequency

4. afree particle

Fary el (x,y) Wdd@e e
(En) & WY x={adq y=-(@2-9?) @
T &1 ¥R m JUT HONT IRETRdr
w IFT THh TAfdH WA AEd adsh &
oISl &

1

L. -m[§? +1% — w?(§ +1?)]

2

1

2. Tm(E+n?) (2 +77) - 20?(E + 7))

1 1

3. 3mE +0?) (82 + 17 — ;w?én)

1

4. Em(fz + n%) (52 + n* —&mz)



27,

28.

28.

29.

29.

30.

11

The parabolic coordinates (¢,1n) are related
to the Cartesian coordinates (x,y) by x = én

and y = %(fz —n?). The Lagrangian of a

two-dimensional simple harmonic oscillator
of mass m and angular frequency w 1is

1

L om[§% +10° — w?(§% + 1)

1

2. ~m(§% +n?) [(5'2 +172) - 2 w?(§% + nz)]

1 1

3. 2m(E% +02) (82 + 1% — 2 w?én)

4. Tm@E +0?) (2 +77 -5 0?)

gfd a¥ T & ¥ & &aRa gha ar d=ar
AT RAVRBT W faur] 997 aF asf A
307 8 $H @ HH Teh & &Ad gld &l
OIehdT &

3
4

2,
—e™* 4. (1 —e™?)?

Consider two radioactive atoms, each of
which has a decay rate of 1 per year. The
probability that at least one of them decays in

the first two years is

1, - y 2
4 4

3. 1—e™* 4. a1 B2 )4

BT f(x)=5— @ HRA FIROI

x242
[O dx f(x)e™* §
1. 2me V2l 2. \2me V2K
T2k T —V2|k|
3. ﬁe 4. @E

The Fourier transform [~ dx f(x)e™* of the

-

function f(x) = g A8

1. \2me V2IK 2. 2 eV2k
T -2k T o—V2Ik]

3. ﬁe 4, \/EE

Jcdeh u‘igré wdad & ey T 92 W g,
Sl &g T @y ¥ g 2w W T&ud gl
dg x-3187 & FHGY IET Hd T Tehduil
AT ddel § 9ered fohar Srdr g

30.

31.

W

* 1!

-

W

Uh eI Ug W x-378T ¥ V& 6 = nd/w
10T UT AT cgfaeeor =Ea#

. n=123.. % T LT &

2. n=123.. % olT 3=adq &

3. n= %;; & T 3TaaA ¢

4, Had n=0% faU T &

A screen has two slits, each of width w with
their centres at a distance 2w apart. It 1s
illuminated by a monochromatic plane wave
travelling along the x-axis.

1

* . >

-
[

W

The intensity of the interference pattern,
measured on a distant screen, at an angle
6 = nA/w to the x-axis 1s

1. zeroforn=1,2,3...

2. maximum forn = 1,2,3 ...
* 13 5
3. maximum forn =-,—-,—...
ML
4. zerotforn = 0 only

Ush Taegddsehig diel &1 fdedd & &
E(z,t) = E, cos(kz + wt)i + 2E, sin(kz + wt)] ,

el w JdaT k 9«1 33X g1 Ig gfaf=afaca

AT &

. g zfeem & ImT A e @Ha:
T R ol

2. ROT z-f&T A IMET A Teh Fedrad:
g R ol

3. U7 7-TCRT H IMET hld Teh a'éf:lbrrlildi
giad R

4. 4o z-T&m A IET A THh Hﬁgﬁd SEE
FT



31.

32.

32.

33.

33.

34.

The electric field of an electromagnetic wave 1s

E(z,t) = E, cos(kz + wt)i + 2E, sin(kz + wt)j ,

where w and k are positive constants. This

represents

1. a linearly polarised wave travelling in the
positive z-direction

2. a circularly polarised wave travelling in
the negative z-direction

3. an elliptically polarised wave travelling in
the negative z-direction

4. an unpolarised wave travelling in the
positive z-direction

fedt Tk fadm T3 & & A
TAAT ST Fall dldl ®elel o (x) AT
P, (x) 81 em IR § 1 9o (x) = ¢g(x) T
Y, (x) =a%, S8l « Teh diEdideh 3 gl
ITAT o, A I bR hl IR AT ¢

h

1. — e 2. 0
h 2h
3. — 4. —

Consider the two lowest normalized energy
eigenfunctions Y,(x) and Y,(x) of a one
dimensional system. They satisfy qo(x) =

x d :
Yo(x) and P4(x) = a% , Where « is a real
constant. The expectation value of the

momentum operator in the state Y4 1s
h

. —= 200
h 2h
3. = 4 3

x & AU Foled W HHRF a=x +-- T
A | shATdTAHTS [a,cosx] &

l. —sinx
3. —cCosx

2. COSX
4. (

: d _
Consider the operator a = X +— acting on

smooth functions of Xx. The commutator
la, cos x] is

1. —sinx 2 COSX

3. —COSX 4. (

AT b a=%(x+ip)HﬂTaT=%(x—ip)W
I AT el & faFeded dAT g ThRh
8, 3o Sh1sAT H S8l gecIHAlT, HIolT

34.

3S.

35S.

36.

IRETRAT d2AT A &l Uk SgUAT 9T gl Ife
gleleh & YR IIEAT  |0) &8 dAT A Tah
iFAY 3R g, 3aTAT |P)= exp(Aat —21"a)|0)
H (Y|x|W) T TcATRT AT FIT g7

1. |1 2.

 ;

3. V2i

(4= 1)

Let a = %(x +ip) and a' = \%(x — ip) be
the lowering and raising operators of a simple
harmonic oscillator in units where the mass,
angular frequency and h have been set to unity.
If |0) is the ground state of the oscillator and A
1S a complex constant, the expectation value of
(Y|x[) in the state |P)=exp(Aal —2A"a)|0),

1S

1. |4

1 % & * )
3. = (A1) 5 —{1+1

Ush TPR& § T=p—qA, ST&T § A
HhR&, A= (A, A4A,,A,) afear fasa aar g
fdega maw # fAfcse #ar gl 3l
B = (B,,B,,B,) Ussd &F I fAfcse T
g, dl Gfcer TFRES T X7 Pl z-8CHh g

. ighB; + q(Axpy — AyDy)

2. —thBz _ Q(Axpy '_ Aypx)
3. —ighB,
4. ighB,

Consider the operator 7 =  — gA, where 7
1s the momentum operator, A= (Ax,Ay,Az)
1s the vector potential and g denotes the
electric charge. It B = (Bx, By, BE) denotes

the magnetic field, the z-component of the
vector operator T X T is

L iqth + Q(Axpy o Aypx)

2, _iqth o Q(Axpy o Aypx)
3. —iqghB,
4. iqhB,

Bsar r dur 9fadYyehdr p $HI Th dlels
IR Afshehl 3TH oF Yahig &9 B H
IO 9T w & TT gAA 8 et =T &
& TR, Teh dlecHey SISt ST &




36.

37.

_JI h“ ——

Jg AGd gF fF 3HA IJdARe gfawy

3Id g, diecHIey &l I

1; m,B,rFI'QJTpEITﬁ?ﬁT%

2. w,BdAT r ﬁrm%,qﬁpwaé‘r

3. T &, Fifeh I & 3T STl dlell
dehry 3fAarE IRafdd =Tel gl

4. YT g, FIh B Hr fgem A v facyd
URT §6cl &

A conducting circular disc of radius r and
resistivity p rotates with an angular velocity

w 1n a magnetic field B perpendicular to it. A
voltmeter is connected as shown in the figure

below.

dll

internal resistance to be

its

infinite, the reading on the voltmeter

1. depends onw,B,r and p

2. depends on w, B and r, but not on p

3. 1s zero because the flux through the
loop is not changing

4. 1s zero because a current flows in the

Assuming

direction of B

xy-de # &gd, 341 a 9 6 gdaeR
dR [SE#T dheg 3¢9H W g, @ 9fd sa1s
SIS T AU A= A,cosO &, STal 1, Th
X & JdAT BT QU x-378T H oA AT
ST 81 adel & g H faegd &7 &

. = Ao & Ao A
. E= 1 2. E=-—"-i
dega dega

- - - ] -

3. E=——""j 4. E=—-kF
4ega 4Tega
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37.

38.

38.

39.

39.

. gl

The charge per unit length of a circular wire
of radius a in the xy-plane, with its centre at
the origin, 1s A = Aycos0O, where Ay 1s a
constant and the angle 6 is measured from
the positive x-axis. The electric field at the
centre of the circle 1s

1. E=—"20j 9. E=-oj
4Eﬂﬂ 4Eﬂa
. i . 4 -
3. E = 2 4. E =-—">2
4Eﬂﬂ 4T[E.Dﬂ.
__6' .
amo@?—‘l H = [-—]/6 —}f] 3 Jdield T

GIaEAX dF I AIAA0T FeleT g

I Zsinh(ﬁ\/}’z 3 52)

2. 2 cosh(ﬁJyz S 52)

g % [cnsh(ﬁ\/yz n 62) + sinh(ﬁ‘\/yz n 52)
|cosh(py/y2 + 62) — sinh(p/y? + 62)

1

4. -
p

The partition function of a two-level system
governed by the Hamiltonian H =

[—yc? :i] .

. 2 sinh (/3\/]/2 + 62)

2 cosh (ﬁ\/yz + 52)
:cosh (ﬁJ]/z + 52) + sinh (B\/yz + 67
:cosh (B\/yz + 52) — sinh (B\/yz + §%

B | = D] =

)
)

0.1 uym 3T drel T TATIRT HUT hl ST
& Tdh T, S T=300K 9 &, H =relm
STar g1 RAfoer gur a3 & gdca FAA: §
2000 kg/m’ AT 1000 kg/m’| AHIT 3T
% HRUT, HUT gHT AT & dol 9T dal
(@dll Y & del o 39T ol I 3Ed
315 ©

. 1073 m
3. 10™*m

2. 3x10™*m
4. 5x10™° m

A silica particle of radius 0.1 um is put in a
container of water at T =300 K. The
densities of silica and water are 2000 kg/m’
and 1000 kg/m’, respectively. Due to
thermal fluctuations, the particle 1s not
always at the bottom of the container. The
average height of the particle above the base
of the container i1s approximately

1. 10> m 2. 3x10™*m
3. 107*m 4. 510> m



40).

40.

[/ 9R9Ul # @ Hid-A1, TAT Bolod
F(A,B,C) =Y(1,2,4,6) &l 3IHAT H oTdl g?

C >0 lo
h ax1 |
1. 1, MUX F
_Iast Sy
A B
C lo
o i 4x1
2 11, MUX F
38, S,
A B
c—1l
i 4 x1
3., -
l, MUX F
|
r 351 SD
A B
0 lo
i 4x1
4. i ‘ I, Mux @ F
|
C JSI So
A B

Which of the following circuits implements
the  Boolean  function F(4,B,C) =
2.(1,2,4,6)?
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41.

41.

0 g
4 ‘ h ax1
: o I, MUX F
C ( "’s. S
A B

Al d F HAPT AR &I Tolel HI Teh
. T & Uy 3TaR e
YhIA CdRT Yaied fhar Srdr gl U
TegiAler § ANAEER gfdafdd gehrer
$r digdr | Y GEEET 1 & Bedd & ®9
H =3 & gurr 3 gl

B spectrometer

N

partially /
reflecting mirror

N\

el & &=

incident
white light

«——— airgap
glass plates

o

: [
, |

o — -
E
i I
i |

Intensity

0.2 |

490 500 510 520 530

g AG §U F daw FUO T &
ETAST O dUT Ao cole & F9dr gag @
Rrafdd 912l & §rg cIfdeior gedr g, ar
&Y d uh Adean §

2. 24um
120 um

. 12um
3. 60 pum 4.

A pair of parallel glass plates separated by a
distance d 1s i1lluminated by white light as
shown in the figure below. Also shown is the
graph of the intensity of the reflected light I
as a function of the wavelength A recorded
by a spectrometer.
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B spectrometer 2

/T

/ < incident
partially / white light
reflecting mirror

(sJ
log |

} < airgap
“T ----- glass plates

S
log |

Intensity

0.2 t

490 500 510 520 530 aV/T

42. The I-V characteristics of a device can be
Assuming that the interference takes place expressed as [ = I [exp (.‘LV) s 1]? where T
only between light reflected by the bottom £
surface of the top plate and the top surface of
bottom plate, the distance d is closest to
. 12 pum 2. 24 um
3. 60 im 4. 120“;1111 voltage V'

3

1s the temperature and a and I¢ are constants
independent of T and V. Which one of the
following plots 1s correct for a fixed applied

42. TH IT F [V AT [ = I, [exp(i—v)—ll,
CaRT fAeafedad & Sel TA9 § 9 a L

dur [ 3R g S T aYr V ¥ FEdT g |
CRIRGER e dicedl V & ToT A&
TorEl H A HiA-a1 gl g 2 0 i
aV/T
3
2
.
3 2.
1 8
0 : -
0 | 2 i |
aV/T
2
1
. 0
2. &

s
log |




43.

43.

44,

44.

=
log |

avll

Galn, N fAsg weh el LED (YhTem
3cdoieh SIAS) H Tfehd ATEIH g1 GaN adT
InN & &8 37adel HHALA: 3.5 eV TAT 1.5 eV
gl If¢ Galn, N &l o2 IdTT x & 1Y
et Mg gRafda gar & dEeer
400 nm & sl YPrI & 3cdold & fold
HTEaTh x &l AT & (he ~ 1200 eV-nm

HToT)
1. 0.95 2. 0.75
3. 0.50 4.  0.33

The active medium in a blue LED (light
emitting diode) 1s a Ga/Jn; N alloy. The
band gaps of GaN and InN are 3.5 eV and
1.5 eV respectively. If the band gap of
Ga,In;_ N varies approximately linearly with
x, the value of x required for the emission of
blue light of wavelength 400 nm 1s (take
hc = 1200 eV-nm)

1. 0.95 2.
3. 0.50 4.

(/5
V.83

qred &dls L % Udh g gir g8 H
RRaa N Rufaftsa ot & 39 W Aan|
ofg g & For FoAT E B, @ g (TH
Aoy FEie & 3rerrdn) &
1 ngln(LzE)

3. 2NkyIn (”E) 4. 12kyln (g)

2. Nkyln (%)

Consider a gas of N classical particles in a
two-dimensional square box of side L. If the

total energy of the gas i1s E, the entropy
(apart from an additive constant) is

l. Nkgln (LEE) 2. Nkgln (=)

3. 2Nk In (LF) 4. kg ()

45.

43.

46.

46.

47.

Ueh Tdd AT Ideed FAT W Gar|
Ife §AT t=0 U Th A EIﬁT—T'g?i
ATl heH oh, AT ¢t dAT t+dt & &
gfed @ & wiRear btde ¥ & I &,
S8l b Uk HW gl & 3cclcdl FGHAl &
8T T FIr AT FHT 82

2T T

1- — 2. —
b b

1 T T

3. - |- 4. =
2 b 2b

Consider a continuous time random walk. If
a step has taken place at time t = 0, the
probability that the next step takes place
between t and t + dt i1s given by bt dt,
where b 1s a constant. What is the average

time between successive steps?
i

2T T
1 \4? 2 -
1 W T
3. E B‘ 4. 5

HIT \PART 'C’

sin45° = 0.7071, sin50° = 0.7660, sin55° =
0.8192 TAUT sin 60° = 0.8660 & I AT W,
=g I FATAY A T YRehiald sin 52°

FT Gloddhicd AT &

1. 0.804 2. 0.776

3. 0.788 4. 0.798

Given the values sin45° =0.7071,

sin50° = 0.7660, sin55° =0.8192 and
sin 60° = 0.8660, the approximate value of

sin52°, computed by Newton’s forward
difference method, is

1. 0.804 2. 0,776

3. 0.788 4. 0.798

A & s [@F A Fvar gHRom
"f"—”c_)t)j T Th g f(x,t) 8l t=0W

Elﬂfﬁ?ﬁ gfaegyl -—w<x<owo & AU
ar gl t>0 & AU

f(x,0) =e™ &I
f(x,t) 388 f&ar Srar &:
39l @A [ dx e

=.rn/a.]



47.

48.

48.

49.

1 - X
2 e 1+2Dt
V142Dt

4
1 o
3. e 1+4Dt
v1+4Dt

P

4 e 1+Dt

Let f(x,t) be a solution of the heat equation
d-p az_£ in one dimension. The initial
at dx

condition at t =0 1is f(x,0) = e™*" for
—oo < x < o, Thenforall t>0, f(x,t)1s
given by

[Useful integral: f_cl dx e~ %" = m/a.]

&l HAUTHATA JGT o Teh JUT YA Thehd
& d¢, OaH ¥ Th UYRA H IR Hr
feafa & o, =t drer & arfadar AT &
ATAH AT & T HIT 6 (YIRRATAT dF
) ¥

. 6=

3. 0<6<- 4.

2. B=m
—<f<m
2

After a perfectly elastic collision of two

identical balls, one of which was initially at
rest, the velocities of both the balls are non-

zero. The angle 6 between the final
velocities (in the lab frame) 1s

1. = g 2. 0=m

3. 0<6 < 4. —<B<m

T T oG V(r) = -, @ k>0 T
0<n<2§ & Tdae el W Tar|
fsar R &I T gl FHEIT H A
AT T, ¢ dUT FAT 2RHA T, §, af T,/T,

3

1. 22 .

2
23"

3. 27t 4. om

1/

49.

50.

50.

S1.

51

Consider circular orbits in a central force
potential V(r) = —Tin, where k >0 and
0 <n<2. If the time period of a circular
orbit of radius R 1s T; and that of radius 2R
i1s T, then T, /T 1s

1. 22 2
3. 27+ 4. 20

Zn
23

YAETRATAT odF o HUET dfd ¢/2 W IAE
Flal dld U AT Afde W faan|
97 HARMA dF H dg IRl v, & y-
ATHIUT IcHlSTd T &l Th EIsT JIh

(S R & 9y W AL §) vIwremer H
gl Iie Sl &TdAsh THIeh & fdehedd g,
U y-Tafehiur wieid &l 3cdoidd 8idr g, ar

e W 3T UiaTd IRETRAT &
V3 1

1. ?Vﬂ 2 \Tiv.ﬂ

3 : £
3. Ev[] 4 J;Vu

Consider a radioactive nucleus that 1is
travelling at a speed c¢/2 with respect to the
lab frame. It emits y-rays of frequency v, in
its rest frame. There 1s a stationary detector
(which 1s not on the path of the nucleus) in
the lab. If a y-ray photon 1s emitted when the
nucleus 1s closest to the detector, its observed
frequency at the detector 1s

VK] 1
1. ?;“VU Z. ;E?VU

1 2
3. jJ%’VU 4n ‘JE;VU

AT f& oudegd OIS  e=10 TAT
gfalieehdr p = 10! Q-m dlel Ueh 3YICH
H AFd QY 3URRYd &1 30H Fga qur
IEA & olT AT GHIRIOT & 39IET
JTCd, 3YTGlel & 3EX & 31 Helcd &l 1/e
q &g gl & T 33E™yse AT S8

fAhedH &
1. 10°%s 2. 10%s
3. 10%s 4. 10s

Suppose that free charges are present in a
material of dielectric constant € = 10 and
resistivity p = 10** Q-m. Using Ohm’s law
and the equation of continuity for charge, the
time required for the charge density inside
the material to decay by 1/e 1s closest to



S2.

S2.

23,

53.

10° s
10 s

1. 107°s D
3. 10%s 4.

&l & heg (0,0,0) W TS Tad @IH
HET +q & G, xy-FGAdT # FsATa Hr
ddehR el H ThaAA HIfiT afd w &
AT 3AA —g &I T HUT IATaMer g1 Al
fo faferor &1 digad f9g (0,0,R) W I,
ddr (2R,0,0) R I, &1 R>» a, % T 37e70rd

IZX‘(I%-:

1. 4 2. i

3, = 4. 8
8

A particle with charge —g moves with a
uniform angular velocity w in a circular orbit
of radius a in the xy-plane, around a fixed
charge +q, which is at the centre of the orbit
at (0,0,0). Let the intensity of radiation at
the point (0,0,R) be I; and at (2R,0,0) be
[,. The ratio I, /I, for R > a, 1s

1. 4 y, =

1

3, 4. 8

sar a & @ Ao TR Telel EaNl,
ST et d ¥ 3T & (ST8T d K a §), Th
JATAX Tolc URA &A=™T Al gl 39
ARG fohar Srar g1 ow AT faegd
URT [ §, d9 Tl & &g @ g a/2 R
Tolel & oI dahrT WROT &

Mol ol
1. — 2. —
TTa 21Ta
Kol Kol
3. = 4, =2
a 4mTa

A parallel plate capacitor 1s formed by two
circular conducting plates of radius a
separated by a distance d, where d < a. It 1s
being slowly charged by a current that is
nearly constant. At an instant when the
current 1s I, the magnetic induction between
the plates at a distance a/2 from the centre
of the plate, 1s

i ol 5 Ho!
" Ta © 2ma

5 ol q Kol
T oa " 4ma
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54.

54.

S3.

DO,

BFsar a & & THFAET: IMARNT -
el B el A dUT B H ol AU HAM:
+Q TUr -Q gl T # Y IFTER I T
gEY & 1Y HeH W S g

I MoT A g H [FHT V, &, 99T B &
$g H V; g dl IRV, -V e:

[ —= % —
4TTEgQ 2MEQQ

3. — 4, =
2T EQA 4TMega

Two uniformly charged insulating solid
spheres A and B, both of radius a, carry total

charges +Q and -(Q, respectively. The
spheres are placed touching each other as
shown 1n the figure.

If the potential at the centre of the sphere A
is V, and that at the centre of B is Vj, then
the difference V,; — Vj 1s

fe g, —2

4TTEA 2TMEQQ
3, — 4, —2

2TTEQA 4mMEqQ
g x,,,=1+— @& Th &

1+xn
3YIMHT 8 x = 2 %I qic gH X, = 2+ €y
dA x,.,=2+€y. ©o, BT €, dUT €44
BIC 8, eTUTd €,41/€, & AITHI
1. —
3. —

1

Ly e

4

q, =t
3

1
2
1
3

A stable asymptotic solution of the equation
3
take

1+x,

X, =2+e€,and x,,,1 = 2 + €,,41, Where €,
and €,,,, are both small, the ratio €,,, /€, 1s
approximately

s x=2. If we

Xn+1 =1+



56.

56.

21,

5l.

HTSIG UM & e 2 X 2 AcHASD IHTegg |
dAuT 9i3ell HTYE 0%, 07,0% Teh THE Al
ST | (3TeYE U & 37eX) Teh FHE Sollel
& T, St 37 IR 3iTeggl I ATMHST AT
g, 3MMATeh eIdH 2 X 2 Tl I F&T

4

L. 20 2.
3: 12 4. 16

The 2 X 2 identity matrix [ and the Pauli
matrices ¢*,0”,0” do not form a group
under matrix multiplication. The minimum
number of 2 X 2 matrices, which includes
these four matrices, and form a group (under

matrix multiplication) 1s

1. 20 2. B
3 12 4. 16

GCOATT m & Uh HFd MAfEhT HoT @'
T, %TIEFWH—CQP+BmC
p A RS § dAT @ = (a,, ay,a,) ?-r&lTﬁ
IR 4x4 TS0 3Hegg g, ¥ HAOd gl
calUT bR 3 YhR HATFd Thar ST

ol &

1. Zﬁ(cp — aH)
2. 2ictap

3. —Ha

4, -—-zﬁ(r:p + aH)

The dynamics of a free relativistic particle of
mass m 1s governed by the

Dirac Hamiltonian H = ca.p + fmc*, where
p is the momentum operator and

a = (ay, @y, a,) and B are four 4 X 4 Dirac
matrices. The acceleration operator can  be

expressed as
2ic

1. —(r:p—a:H)
2. 2ic%ap
3. EH&

2ic

4. ——(cp + aH)

19

S8.

S8.

59.

Th a7 H @YU g JFd TH HoT HiviT
TRATRAT @ & T T Had [9HaT H g
39 gAI-[AMR faegd &F E(t) = Ae~t/7)°
eI AT ST &, ST A T 7 ¥ef 3R
& dUT wr >» 1 gl I ¥ sl ¢ - —oo
H &HUT 36l HUR-JATEAT H a1,
t - +o0o H I8 9ol TUH Scdiold JaEAT H
gt 1 TTRisdr $8& 3T A ¢

1. e~ %(‘”T)E 2 EE({”T)E

3. 0 ..

(wT)?

A particle of charge g in one dimension is in
a simple harmonic potential with angular
frequency w. It is subjected to a time-

dependent electric field E(t) = Ae~(¢/ )*
where A and 7 are positive constants and
wt > 1. If in the distant past ¢t — —oo the
particle was 1n 1its ground state, the
probability that i1t will be in the first excited
state as t — 400 1s proportional to

EE(MT)E

1
(wT)?

1. e 3@ 2.

3: U 4.

U 3ed cfafadm st e, 9@ tah
37T et /T A a&ﬁ?ﬂ IRT g, I AR eSh
HHUT I 9|

0‘0‘0

g frdl ff Aeedd sl TUd W
faelieT gl &1 9TR-edr §AT g drf o
T FeHAT & 916 FHUTRAT S TRIAS AT
g3 a9y 3Tel bl AT YTidehdl o

1 1

L, = 2y =
36 216
1 1

v 4. —
18 12



59.

60.

60.

61.

61.

Consider a random walk on an infinite two-
dimensional triangular lattice, a part of which
1s shown 1in the figure below.

If the probabilities of moving to any of the
nearest neighbour sites are equal, what is the
probability that the walker returns to the
starting position at the end of exactly three

steps”?
1 1
1. — 2. —
36 216
1 1
3. — 4, —
18 1.2

fopdlY TRATO] fr HATHSC YR HTEAT TUT
afaur 3gyse Icafad  3gEar gl gl
HIEATIHT & T Foll el ¢ gl A et
dmdar (Be>» 1) WX TAISC FSAT @A T

ST &
1. ky(Be) 2. kyePe
3. 2kg(Be)PePe 4. kg

An atom has a non-degenerate ground-state
and a doubly-degenerate excited state. The
energy difference between the two states 1s €.
The specific heat at very low temperatures
(Be > 1) 1s given by

. kg(Be) 2. kgePE

3. 2kg(Be)?ePe 4. kg

I H Solagidl Pl Tah gldfad I A=
ST Gohdl g, oGl YW@ Foil-gddT o
E=|plv & S& §=(pop) T v T
3R gl Ife 9fa sHhre 9% H Solacldl
fr T&AT p g, a 9fd SHE &ABA Foll

gHh 3He]qTd H &
1. p?/2 2. p
3. pif3 4. p*

The electrons in graphene can be thought of
as a two-dimensional gas with a linear

energy-momentum relation E = ‘ﬁ ‘ v,
where p = (Px,py) and v is a constant. If

20

62

62

63.

p 1s the number of electrons per unit area,
the energy per unit area is proportional to

1, /2 2. p
3. pl/3 4, p?

e aRuy &, [ deear v, 2V §,
V.. =16V, R, =2kQdUT R, = 10kQ &I

Voo

v, G

i I8

W
—-

R, & IR-UR 10 mW 2Ted TadRoT et &

forT R, &1 319 AT g

1. 12kQ 2. 4kQ
3. 8kQ 4. 14 kQ

In the circuit below, the input voltage V; 1is
2V,V..=16V, R, = 2 k() and
R; = 10 kQ.

o Ve

Vi ®

=

The value of R, required to deliver 10 mW
of power across R; 1s
1. 12 kQ

3. 8k 4,

2. 4KkQ
14 kQ

al SATThIT Fehd Teh 1V & Tohel 0T
I 3T®Y IUTeh (VATATIT FHeIoR) 3R
388 513 U e 9Re ftheex (LPF) H
Ao ST 2

V,= 5cos (100¢)
O

Multipher

LPF
f.=5Hz
1IIIIIIrE'Hr_il'

O
V5 =20 cos(100¢ +7/3)



63.

64.

64.

65S.

gf¢ LPF T 39dedd dREIRdl f. = 5 Hz &,

ar H dlecd Vot g

1. 5V 2. 25V
3. 100V 4. 50V

Two sinusoidal signals are sent to an analog
multiplier of scale factor 1 V™1 followed by a

low pass filter (LPF).
V= 5cos (100¢)
Multiplier ¢ EF;FHE O
il UDLL[

[""\.
V5 =20 cos{100¢ +71/3)

If the roll-off frequency of the LPF 1s f, = 5
Hz, the output voltage V¢ 18
. 5% 2.
3. 100V 4.

25V
S0V

fhdl A T IAUY a9 & Held & 9 H
A9 9 3Tehs fde1ad &

T(°C) 2 4 6 8

R(Q) | 90 105 110 [115

Hiehsl & T {Wh gAdA-adl fthe &

39T T UIcd R §ATH T bl YduTdr &

1. 6Q/°C 2. 40/°C
3. 20/,C 4. 8 Q/,C

The resistance of a sample i1s measured as a
function of temperature, and the data are

shown below.

T°C) | 2 4 6 8

R(Q) | 90 105 | 110 [115

The slope of R vs T graph, using a linear

least-squares fit to the data, will be
1. 6 Q/C 2 A L0

3. 200°C 4. 8 °C

ROl Tk ohgid  faog
V(r) =Vyre ™" cdN, el V, d9T u 4o
3R &, 8IdrT &1 ST &l HAIMaUT § & SIar
g=1dl>»u & g-oo0 WA A  d4
dicoddhcsd H TehlUld IRTOE g TN 3H YhR
GE

| x"edx = %f&‘”dx T TITIT X Hehdl g
1. g°° 2. q~*°

Uch U] o]

3. @° 4. ¢q°

65.

66.

66.

67.

A particle 1s scattered by a central potential
V(r)=Vyre ™", where V, and u are
positive constants. If the momentum transfer
g is such that g = |g| >» u, the scattering
cross-section in the Born approximation, as
q — oo, depends on g as

dﬂ
[You may use [ x"e®™dx = 5% e dx]
I« @ 2. g -
3. g* 4. q°

U a7 A T &1, AT V(x) = 46(x — a)
H gl 39T d@Thdd ¥(x) 93 Tdd gl
X =a Wgﬁaaidrﬁ%

1. T AY(a)
2. A(Y(a) —yY(—a))
3. iA

Z2m
4. 0
A particle in one dimension is in a potential
V(x) = A6(x — a). Its wavefunction 1 (x) is
continuous everywhere. The discontinuity in
W atx = ais
dx Y
I ﬁAi,b(a)
2. A(Y(a) —yY(-a))

2

3 4

2m
4. 0
et T A g 3TER 3R |iGer Jad

Uah YR JATasd 9T 9an|

Ya

< a—=>

e STARIRTT a =1 8, A gcshA SiTeleh

() (=2

Z (4;’0)’ (2:’ f;)




67.

68.

68.

69.

69.

Consider a hexagonal lattice with basis
vectors as shown in the figure below.

YA

=
X

/;ﬁh\
< \ a1,7 :
%a%

If the lattice spacing is a = 1, the reciprocal
lattice vectors are

A ( 27T ZH)
)’ 3 '3
2 (2.0).(2.3)
3 (0.5) ()
v (25) (3

L-S JIHT TAASTAT H & Hded p-Folacial

a ﬁﬁ uc 8

i, “8.*B. B D."D

2. 's.’s.'p, 'D

3. 8.°8. 7P D

4. '8.°5.'P,°P."D.,’D

In the L-S coupling scheme, the terms arising
from two non-equivalent p-electrons are

L. =8 °P;"P;"D,"D

2. 'S,°S,'P, 'D

3. 5°S,°P,°D

4, '5,%8. PR, D.°D

JEESE GYHATI] hl chel TshUI Solehglel 2T
oYt ekt & TeEult & AT & &1 3o
a9 AT A, YdhvUl-1 FEAT H T@d
URATUT hI TEIAT dUT TIhoT-0 HTEAT H

&d ER?TFUTHT T HEIT &I U &

L, 2 2. 3
3. 1/2 4. 1/3

The total spin of a hydrogen atom 1s due to
the contribution of the spins of the electron
and the proton. In the high temperature
limit, the ratio of the number of atoms in the

70.

70.

71.

71.

72.

spin-1 state to the number in the spin-0 state
1S

1, 2 2. 3

3. 172 4. 1/3

Teh dTdRT (HTSUTehT) TATROT H Teh GfaEa’
dd 3cdiold 3{aEdT ¥ T&d: dUT drdiad:
ORI 389, i d &R—-d g dohdr gl
HAT dIT (300 K) H, g TRaar Sae
A a9 3cdold ad: 3cdald @ 9o g,

S fdhedd &
1. 10" Hz 2. 10° Hz
3. 10° Hz 4. 10'"Hz

A two level system in a thermal (black body)
environment can decay from the excited state
by both spontaneous and thermally
stimulated emission. At room temperature
(300 K), the {frequency below which
thermal emission dominates over
spontaneous emission 1s nearest to

1. 10" Hz 2. 10° Hz
3. 10° Hz 4. 10" Hz

IRH & FATd H | TFh a-FUT I Teh
felgea qur e vieid & QaAfled & &
foIT T BIela I FgAdH FaAT &l AT glelr
AT T?

( ;He,iH?—r%lT }H% ccTHATT § AU

4.0026 amu, 3.0161 amu JdA4T 1.0073 amu, dA4T 1

amu =~ 938 MeV. )

L. 32.2Me¥ 2.
3. 19.3 MeV 4.

3 MeV
031.5 MeV

What should be the minimum energy of a
photon for it to split an a-particle at rest into

a trittum and a proton?

(The masses of 4He 3H and 1H are 4.0026

271
amu, 3.0161 amu and 1.0073 amu,
respectively, and 1 amu = 938 MeV. )

3 MeV
031.5 MeV

1. 32.2 MeV P
3. 19.3 MeV 4.

GLEIoT TATAT arT fAFeT ATAThan3m) # &
HIT-a1/a 31ng g/8?
i) wmt+n-A"+K"
i) w +p-o>A"+K°
1. (1) dUT (i) eraAr
2. @hdd (i)




72.

73.

73.

74.

74.
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3. Shddl (i)
4. o @l (), o ar (ii)

Which of the following reaction(s) is/are
allowed by the conservation laws?

i) mt+n->A"+K*
i) w~+p->A"+K°

1. both (1) and (11)
2. only (1)

3. only (1)

4. neither (1) nor (11)

Uch hUT, oIl dled &diehl u,d dAT s I T
TIFd ATAT &, & Tdegd 3Mae, TIshvl
T ﬁﬁﬂdl hA: &

1. 1, -1 2. 0,0 -1

3. 0, 2, —1 4. —1,—z,+1

2’
1
E:

A particle, which 1s a composite state of

three quarks u,d and s, has electric charge,
spin and strangeness respectively, equal to

1. 1, -, -1 2. 0,0, -1

E
3. 0, =, —1 4. —1,—= 41
2 2

Siieleh [ETH o Jofd WAUBT & TH
ThfdH YWl W ﬁ?ﬂTl Th sc‘-'lcrgld T
ol g e(k) = u—ycos(ka), STgT 3T Al
kg, pddl y 3R gl I g x-3787 &
feem # we faega & E o) fohar ST g,
U Solacld o T e afa

(7T & B U& 3= §)

1. cos (B—%at) & 3103L{|d & %

2. E & 3UId H &

3. Ed &EdT g

4. sin (B —-%at) C 3103q|d p= %

Consider a one-dimensional chain of atoms
with lattice constant a. The energy of an
electron with wave-vector k is e€(k) = u —
y cos(ka), where 4 and y are constants. If
an electric field E is applied in the positive
x-direction, the time dependent velocity of
an electron 1s

(In the following B is the constant)

1D,

; E
proportional to cos (B — % at‘)

proportional to £
independent of E

a3 b =

E
proportional to sin (B — % at)

fr T A S 3R, OETs a dAm
disls b dlell T TIT Udell dleleh Telc
xy-dol H &I 3ofer AfRTT=IrEr # I@r Ardl
%Imwﬁiz-ﬁ%ﬂﬁﬂm&!?)ﬁ
o] fohdT 1T &, U7 x-féem & &9 T
dleest V & HROT fdegd 4R d&d! ¢

Yy

A A @B
V, o

¥ ¥
+|!|i|

V

gfe gl fawar | y-fgem & 3IR-UR ghd
dleedl V, =2V, & JHAYT Har g, ol

3'Iu:I:‘-IIrI a:b ‘5"|a||

1. 1:2 2. 1:4/2
3. 2:1 4. +2:1
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A thin rectangular conducting plate of length a
and width b 1s placed in the xy-plane in two 4 $ R
different orientations as shown in the figures ()

below. In both cases a magnetic field B 1s
applied 1n the z-direction and a current flows 1n
the x direction due to the applied voltage V. V, K

A
@B ¥ v

+MILI
| y

If the Hall voltage across the y-direction in the two

l cases satisty V, = 2V, the ratio a: b must be
1. 1:2 2. TinZ
" 3. 2:1 4. 2:1

[ FOR ROUGH WORK ]




25



