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39T Fersfe faars/ USEFUL FUNDAMENTAL CONSTANTS

Soldelel T G HTe
Celteh faadren
SolargTel ol 3TALT
SlecHHTeT felddich
GERIRT ShT Q9T

AleR 3 fagdie
ReseT Faames
TR T
e fAadis
Wrdegd 3R

ga@'craqmm

leV
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

lev

amu

9.11 x 1073'kg
6.63 x 10734 ] s
1.6x1071°C
1.38 x 10723 J/K
3.0 x 108 m/s
8.314] K 'mole™!
1.097 x 107 m~!
6.023 X 1023 mole™?!
6.67 X 10~11 N m?kg ™2
8.854x 10”2 Fm™!

47 X 1077 Hm™?!

1.6 X 107197
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 Sh 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 92.91
Barium Ba 56 137.34 Nitrogen N 7 14.007
Berkelium Bk 97 (249) Nobelium No 102 (253)
Beryllium Be 4 9.012 Osmium Os 76 190.2
Bismuth Bi 83 208.98 Oxygen (¢} 8 15.9994
Boron B 5 10.81 Palladium Pd 46 106.4
Bromine Br 35 79.909 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 Cf 98 (251) Polonium Po 84 (210)
Carbon C 6 12.011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 140.91
Cesium Cs 55 132.91 Promethium Pm 61 (147)
Chlorine Cl 17 35.453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 27 58.93 Radon Rn 86 (222)
Copper Cu 29 63.54 Rhenium Re 75 186.23
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 44.96
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 72.59 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 52 127.60
Holmium Ho 67 164.93 Terbium Th 65 158.92
Hydrogen H 1 1.0080 Thallium TI 81 204.37
Indium In 49 114.82 Thorium Th 90 232.04
lodine | 53 126.90 Thulium Tm 69 168.93
Iridium Ir 7 192.2 Tin Sn 50 118.69
Iron Fe 26 55.85 Titanium Ti 22 47.90
Krypton Kr 36 83.80 Tungsten W 74 183.85
Lanthanum La 57 138.91 Uranium U 92 238.03
Lawrencium Lr 103 (257) Vanadium \Y 23 50.94
Lead Pb 82 207.19 Xenon Xe 54 131.30
Lithium Li 3 6.939 Ytterbium Yb 70 173.04
Lutetium Lu 71 174.97 Yttrium Y 39 88.91
Magnesium Mg 12 24.312 Zinc Zn 30 65.37
Manganese Mn 25 54.94 Zirconium Zr 40 91.22
Mendelevium Md 101 (256)

* Based on mass of C*2 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...) is 1.000050. (Values in parentheses represent the most stable known
isotopes)
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Rt T gonta & o fdeas §, S

Al SR g, fheq oFar$ qur disg

OIT-37e9T gl 3ifaastd &7 &7 arer

grdreRoT A SHfdd WA HGTHAAT W

gfdeel 3R He TSIM?

1. I 3Tt HICTS §¢, oAfehel 3eTch STt
AT S & 39 Bl

2. S 3T AlerS S i awi @, afee
REIERE

3. S 31l AlerS S i a1, afee
EIEER

4, 9 TR AES G, AfheT 3ol &R
AT R F AW 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 if

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.

To AU @ gelld A AR Asielfdh
goll Z@nT iy 91§ el A &0 R A
T I

50

35 35
20

party

M Y W us-RE & @ Faar s
SR I FEY gt &2

seats

2.

3.

0 "D
B (B

The bar chart shows number of seats won
by four political parties in a state legislative
assembly.

50
35 35

20

|

party

seats

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

1. @ 2-@
3. 9 4‘@
P da Q & HAUS TR Irefeosd

3RIfgAr A 10% AT 2% g1 P/IQ A

gfaerd Aefos sy fhaer &2
1. 120 2. 98
3. 80 4. 102

The random errors associated with the
measurement of P and Q are 10% and 2%,
respectively. What is the percentage random
error in P/Q?
1. 120

3. 8.0

2. 9.8
4. 10.2

fFder MRl # s CHANCE &

37ERT T gITead HAT ST vl 87
1. 120 2. 720
3. 360 4. 240
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In how many distinguishable ways can the
letters of the word CHANCE be arranged?
1. 120 2. 720

3. 360 4. 240

JTIdT 9fadT F AT e ?

+ 18 2
57 ? 13X6|-X9
2 - 7

2 7
1. 7% 2. Ix\X2
14 14
14 14
2 X

Find out the missing pattern.

+ 18 2
57 ? 3X6[-X9
2 = 7

2 7
1. |7 x 2. Ix\2
14 14
14 14
3 7 X 4. 2 7
2 X

diSt @ uelr A e W o3as sRA
20% T AT H 10% FT g g g1 A

FT Tolcd Tohctel :gUTiEF T d¢am?
1. 1.20 2. 1.10
3. 1.11 4. 1.09

Seeds when soaked in water gain about 20%
by weight and 10% by volume. By what
factor does the density increase?

1. 1.20 2. 110

3. 111 4, 1.09

T AT 3G W [ qrell JagH
oY a9 f, 3 & TV, F FAGERT ¢
&Y U T dig @Y U T gl (A JUT B)
W IET FuUdl § Jeehdt 1 daT &
e Foll g A T Jolell Goled & Tl
R HfeA?

L fa>fg s Va>Vp
2. fa>fs ;5 Vg>V,
3. fe6>fa s Vg>V,
4 fe>fa 5 Va>Vp

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

Lfa>fe s Va>Vg
2. fa>fp 5 Vg>Vy
. f5>fa; Vg>Vy
4. fg>fa 5 Vuy>Vp

et sy fr s 4.1 km &1 3H A W
Sl oI T WETS A1 1/7 T 78 & Th AT
U AT 1/8 T AN & gEX d¢ W gl I

T e EEIERE RGN
1. 5.1km 2. 49km
3. 5.6 km 4, 54km

A river is 4.1 km wide. A bridge built
across it has 1/7 of its length on one bank
and 1/8 of its length on the other bank.
What is the total length of the bridge?
1. 5.1km 2. 49km
3. 5.6 km 4. 5.4km

OA, OB, @1 OC 3 Jcd &1 B ¥
SO T dlUrS HreT gATIT I™T §1 AB
& AT 8 god H FeAT & AW & FAA

gl
A
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10.

11.

T OCB T HIT FIT {IIM?

1. 60° 2.
3. 55°

75°
4. 65°

OA, OB, and OC are radii of the quarter
circle shown in the figure. AB is also equal
to the radius.

11.
A
A B
?

O C
What is angle OCB?
1. 60° 2. 75°
3. 55° 4, 65°

fAoTelieor ¥ 3T 12 fFelenmd & s &
T g¢ # 20 A ga ufa Rk g &,
QU & & H IA:RRT g9 @RI FedqT el
gl AR g A cud f X (Jdd/MAee)

FT gl TfRT? (1 A = 20 5%) 12.
1.7 2. 80

3. 120 4. 4

Intravenous (IV) fluid 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. 80

3. 120 4. 4

Y 3= Bd atd #gdT T BY G der
B3 AP 3TH o # RN W@ ¥ 3
AgAT HT ©d T T TAHT & HF T Hr
g & 39 afFd & gAER REE i
gl et & Sl waw ankfaan sEe
38T 82
12.
i

A hall with a high roof is 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?

o # § H9-97 % TH T @1 H
MAAH g&g H AT T IS HET dF

& S gt F WE ¥ & GATAT 77
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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?
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T YR TV &hid $t diss g Far$ &
3T 4:3 §| Sdih T grs sfhelles TV
H Ig Iud 16:9 Tl IR A=At TV Hhat
I TS TA g Al 3eioh HUI T 3FeqaTd

ST fohcTaTT glem?
1. 59 2. 5:18
3. 5:15 4. 56

A normal TV screen has a width to height
ratio of 4:3, while a high definition TV
screen has a ratio of 16:9. What is the
approximate ratio of their diagonals, if the
heights of the two types of screens are the
same?
1. 59
3. 5:15

2. 5:18
4. 56

TCIIcHS ATl I JelTaR 0 & @

SIT-AT HUA GET & T B2

1. Tk gd &1 IR T A T 3T

2. AT 1S A Toh HAAS T &
AT IO T BT

3. 22/7.

4. 3H1E BT & My T A Foar

ghIS IS & AP & AT HT FT

Comparing numerical values, which of the

following is different from the rest?

1. The ratio of the circumference of a
circle to its 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.

15.

15.

16.

16.

17.

HS AfFd A AT afd T x% dof
Jola AT TAT ¥y B Sedr
YgIAT §| SATFT H FHET A F e
R foRdelr FAT 9T 2

1. (ﬂ+1)yﬁlﬂ'€
4, (ﬂ+1)

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

1. (@ + 1) y minutes

2. (m + 1) ¥y minutes

3. (ﬁ + 1) x minutes

4, (@ + 1) x minutes

TR a1fd & Tolad arell Ueh Tl 9T A
dAT B UF @A H TH WY IR T AR
qed &1 A TIfd B @Y aifd o Qe
T F FUY BR W A 40 FeAT F aar
B 30 ®eAl A dYgad ¥l I TerararT
fR & ar 3ahr fFaen @fear (weow)

fears &
1. 30 2. 40
3. 50 4. 60

A and B walk up an escalator one step at a
time, while the escalator itself 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 it is not moving?

1. 30 2. 40

3. 50 4. 60

122cm a2 1em&$r BFsamr & g & & Mar
#1 e FX TgFd A mar ¥ A
gfa foar, & a3 e a9 =¥ & et

$r ey B §
1. 9dar4cm 2. 9dYUr10cm
3. 8dAT5¢cm 4, 2dY9r1lcm
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18.

18.

19.

19.

20.

Two iron spheres of radii 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 10cm
3. 8and5cm 4, 2and1lcm

Us <Ifdd F4F 75/cL &7 T ¥ Tcohlgidd
T FT g 397 g fFemr T I 75/cL
W T IT FT 50% H HACET gl

= T U & IS e 87
1. 21 2. 12
3. 32 4. 2:3

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

1. 21 2.
3. 32 4.

T Gfa-37hIT T&AT & 3R HT AT 9 gl
37 et &1 A1 3/4 & T9@er 3 39
TE ¥ 95T T & 97 3+ g T&w

F1 87
1. 36 2. 63
3. 45 4. 54

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

1. 36 2. 63

3. 45 4, 54

ar T X dAr Y & & @ gdr 1000 km

gl TH IfFd X T AT 8 AM gaTs

T SART Y TUAT AT 10 AM S g6

qga?n%l YW 48 & A & gad

g6 U 38T R gar$ IET cant X &

AT AT 4 PM §F A offear

afFd A gas T & ek wEa afa

fordeir &2

1. 500 .7, ufa =er

2. 250 fr. &Y. ufa =er

3. 750 .3, wfa ger

4. & IS FAATAR A e fhar ST
|

20.

21.

21.

22.

The distance between X and Y is 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 is his average speed for the

duration he is in the air?

1. 500 km/hour

2. 250 km/hour

3. 750 km/hour

4. cannot be calculated with the given
information

HIT \PART 'B'

AT Lzémxz—%kxz—kxict & gafed

T HUT I JAfAHT 5TPT guiaT FHam &

1. UH 3AqHGT T ATGd Glolh

2. §HY & WY IRadeRiie 3asHe IoTih
g T AT ITad alelh

3. §HY fAR IRETRCT JFd Th
JeIgAfed 3ad gl

4. U HFA HUT

The dynamics of a particle governed by the
Lagrangian
L= %mxz - %kx2 — kxxt describes

1. an undamped simple harmonic
oscillator

2. adamped harmonic oscillator with a
time varying damping factor

3. an undamped harmonic oscillator
with a time dependent frequency

4. afree particle

Fdag Aged (v,y) Waddd  fAGemedr
En) & T x=MIW y=-(§%-n?) &
T §l geguR m dur HolT TRaERAr
w FFd TH gfAfdA W IEd aed #w
AT &

1 —m[E + 3% — w2(§ +1?)]

2. Im@E+1?) (€2 +72) - 202 + 1)

2

3. %m(fz +1?) (5‘2 +7? — lwzfn)

2

4 imE 412 (82 +07 - 0?)



22.

23.

23.

24.

24.

25.

The parabolic coordinates (§,1) are related
to the Cartesian coordinates (x,y) by x = &

and y =§(<§2 —n?). The Lagrangian of a
two-dimensional simple harmonic oscillator
of mass m and angular frequency w is

“m[§2 + 1% — w2(§2 +n?)]

=

n

w

2m(g? +n?) (§2 + 7% — 2 w?én)

sm@E2 417 (82 432 - 0?)

E

gfd a¥ UH & e F &d g ar s
gt ARt WO faER| wyH o ast A
3dH T 7 ¥ SH Td & &R_d g Hir
ST &

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. % 2 %

3. 1—e7* 4, (1—-e72)?

W f(x) = HRA TR

2, dx f(x)eks &

1. 2m e V2IKl 2. \2me V2K
T —V2k T ,—V2lk|

3. 7 4, 78

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

function f(x) = x% is

+2
1. \/Ene_ﬁ“" 2. \/zne_ﬁk

T2k I —V2|k|
3. 7 4, 7

T 3 SART § GeOR m & TH 3G
FRER STl 81 I&ca & 3femEn, de T
aHAcT §F -yv, S8l v 3TP dIcelioh
A TN y TR IR E, T FCA &l
URfA aTfd e AT m = 10 kg, y = 10

Sm(E 402 [(£2 +32) - 022 + 02|

10

25.

26.

26.

27.

kgls, TUT g ~ 10 m/s* & It W, @FT ¢t
dus & qiRd gl (AT #A) ¢

1. 10(t+1-e™Y

2. 10(t—1+e™)

3. 5t2—(1-¢eYH

4. 5t?

A ball of mass m is 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 is its
instantaneous velocity and y is a constant.
Given the values m = 10 kg, y = 10 kg/s,
and g = 10 m/s?, the distance travelled (in
metres) in time t in seconds, is

1. 10(t+1—e7Y)

2. 10(t—1+e7H

3. 5t2—(1-¢eY

4, 5t2
1 3 2
341?ng=<3 -1 0>3menwam
0 0 1
AT T &
1. M3— M?—-—10M+121=0
2. M34 M?—12M+101=0
3. M3— M?—10M+101=0
4. MP4+ M?— 10M+101I=0
1 3 2
ThematrixM = (3 —1 0] satisfies the
0O 0 1

equation

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

t

f(t):{?' 0<t<T
1 t>T

FT ATCATH FUTAOT &

1. —(1—e5T)/s?T
2. (1—eST)/s2T
3. (1+esT)/s?T
4. (1—eT)/s?T



217.

28.

28.

29.

29.

The Laplace transform of

f(t):{ﬁ, 0<t<T

1 t>T
—(1—-e=5T)/s?T
(1 —esT)/s?T
(1 +e5T)/s?T
(1 —esT)/s?T

> Wb oE

THh JIAERIeT &6y dF & auel Uh
3mafarhr &or R afd v & G afaehe
gl T & JRA dF H AT §AT 7 H,
SRR & oF # 388 9Ra gl

1. vt 2. =
v
-=

v2 vt
3. vt ’1 -= 4, —
c 2
-z

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. =
v
-z
v2 vT
3. vt 1——2 4.,
\} c 2
1-=

aﬁﬁﬂ A, T Hur (Aea V(x,y) =x+2y
# §l (FT T FA Foil & elman) e &
T Fia-ar ot afaiear #1 e =R &7

1 by — 2py 2. px— Zpy
3. pxt2py 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)
is also a constant of motion?
1. py — 2D,
3. pyt 2p,,

2. Dy — 2p,,
4, py + 2px

30.

30.

31.

31.

A R a=%(x+ip)HﬂTaT=%(x—ip)t’EF
T AT reldh & fieetel qur afed HoRe
g, 3 SHEAT H @ godAd, Sl
IRAEIRAT AT A T TH ST =T gl I
AdF T YR NTEAT  [0) § dAT A TH
FFAY A B, AT [P)=exp(la’ —1"a)|0)
F (P|x| ) T TR AT FT 2

1

1. |4 2 e

141% +

1 % 1 *
3. =@-2) 4 Z(A+A)

Let a =%§(x+ip) and af =\/i§(x— [
the lowering and raising operators of a simple
harmonic oscillator in units where the mass,
angular frequency and A have been set to unity.
If |0) is the ground state of the oscillator and 4
is a complex constant, the expectation value of
(Ylx|y) in the state |P)=exp(Aa’ —21"a)|0),
is
1

1. A 2. e

1 *
4. Z(A+1)

141% +

3. ii(A -

Th THRE & 7T=p—qd, @ § TIJT
TERE, A= (4, 4,,A,) afger @sa aon q
fega 3y & fafdse #=ar g1 Il
B = (B,,B,,B,) du&rg &7 &1 fafdse awar
g, dr afgyr TFRE T x 7T F z-U<H §

1. ighB, + q(Axpy — AyPyx)

—iqhB, — q(Axpy — AyDx)

—iqhB,

iqhB,

> w

Consider the operator 7 = § — g4, where
is the momentum operator, 4 = (4,,A,,A,)
is the vector potential and q denotes the
electric charge. If B = (B,,B,,B,) denotes

the magnetic field, the z-component of the
vector operator 7 X 7 is

1. iqth + Q(Axpy - Aypx)
2. _iqth - Q(Axpy - Aypx)
3. —iqhB,

4. iqhB,



32.

32.

BFear r aur gfaiygsdr p i TEH Aol
TR Afshehl 3T ofd Geehrg &7 B H
HIONT I w & AT AN gl oot =T &
S AR, Ueh dlecHIel SiIsT ST &

Tg A §F T 3HA HaRks gfay

3d &, dlecHex HI ardel

1. w,B,r?—T?]TptlTﬁfﬁﬁT%

2. w,BAU r AN &, W p W &

3. Y=Y §, Fifeh UIer & 37e Silel arelr
gashrar 3ifarg aRafda =8t gvar

4. Y+F g, Fifh B I fewm & vk faegd
URT TET &

A conducting circular disc of radius r and
resistivity p rotates with an angular velocity
w in a magnetic field B perpendicular to it. A
voltmeter is connected as shown in the figure
below.

JIIR¢

\_0

D > DV

" —

Assuming its internal resistance to be

infinite, the reading on the voltmeter

1. dependsonw,B,r and p

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

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

4. is zero because a current flows in the
direction of B
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33.

33.

34.

34.

xy-del # T&yd, ﬁ?ﬂTaE‘lﬁWﬂW
dR TS g 3eIH W §, A 9T g
TGS T EAA A=A, cos0 §, ST&T A, Th
TR § dUT PTG x-378T & H AT
ST &1 adel & hg A fdegd &1 ¢

1. E=-2g 2. E=2g
4epa 4epa

3. E=-2oj 4 E=k
4epa 4Ttega

The charge per unit length of a circular wire
of radius a in the xy-plane, with its centre at
the origin, is A = Aycos0, where A, is a
constant and the angle 6 is measured from
the positive x-axis. The electric field at the
centre of the circle is

= Ao o = Ao o
1. E=-= 2. E=—"
4epa 4epa

= Ao o = Ay 1

3. E=—-=2 4, E=—"k
460(1 41'[60(1

gdd disis w F & X T 98 W g,
oo% ¥z ™ g ¥ g 2w W RFua §
g x-318T & FHAA IET I Tdh THUir
AT T F gded fFar sar g

*

¥

UH FT 9T W x-308T § FUET 0 = nd/w
FIUT T AT sFfaeor =

1. n=123.. FRU T ¥
2. n=123.. & 0 3=gad7 §
3. n=222..% fov souan §
4, FaA n=0% [T LT &

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



35.

35.

36.

13

*

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

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

2. maximum forn = 1,2,3 ...
. 135
3. maximumforn ==-,-,-..
222
4. zeroforn = 0only
T fAegddeera aier i faegd &7

E(zt) = E, cos(kz + wt)i + 2E, sin(kz + wt)],
SET o JdAT k Uo7 WX g1 T giafafca

AT &

1. g z-fem # amr A e @Fa:
CIECEGICIC)

2. ROT z-FERM H AT A Teh Fecld:
gfad aeT

3. ®HUT z-fem & AT A v Ardgechya:
gfad aeT

4, Wz-%anﬁwmwagﬁaaw
FT

The electric field of an electromagnetic wave is

E(zt) = E, cos(kz + wt)i + 2E, sin(kz + wt)] ,

where w and k are positive constants. This

represents

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

2. acircularly 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

el e fodlm 93 & @ ogedd
THASRT  Foll AT ®elel o (x) aUr
P, (0) Bl fm = § 1 gy (x) = i (x) aam
zpl(x)zadd—ll:,a%'i' a U JqEAES T Bl
HAEAT P, A HAI HHN I YA AT &

36.

37.

37.

38.

1. -= 2. 0
h 2h
3. = 4. =

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

Yo (x) and P, (x) = a‘%’f , Where «a is a real
constant. The expectation value of the
momentum operator in the state ) is

1, -

a?

2. 0

3 L 4, 2

a? a?

x F AGOT AT W HFRF 0 =x +- TN

AR | FATAAATS [a, cosx] &
1. —sinx 2. cosx
3. —cosx 4. 0

Consider the operator a=x+% acting on
smooth functions of x. The commutator

[a, cosx] is
1. —sinx 2. cosx
3. —cosx 4, 0

T AT &LV T 1= [exp () - 1],
carT HiAeafFad &, Sl T a9 § 9Ur a
T LR E S T AW V& TEAT B
el A sgFd dleedr v & faw faw
@l A A HiT-AT TEr 2

3

log I

av/T

N
log 1

aV/T



38.

1 ﬁ
0
3. Ei }
2
3

0 1 2 3

av/T
4
3
2
-1
4. &
A
2
=3 n
0 1 2 3

aV/l

The [-V characteristics of a device is
aVv .
I=1I[exp(%)—1| where T is the
temperature and a and I are constants
independent of T and V. Which one of the

following plots is correct for a fixed applied
voltage V7?

3

=
log 1
- X

av/T
2
1
~ 0
2 =
5
- 1
-2
-3
0 1 2 3
aV/T
2
1 //ﬁ
= 0
3. 3
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39.

39.

40.

40.

S
log 1

0 1 2 3
aV/l

Ga,n, N TS U &l LED (FhreT 3cHoieh
31O1E) F Tihy ATETH &1 GaN dAT InN & &3
AT HA: 35 eV dur 1.5 ev  §l IR
Gadn,N F &5 AT x & AT FITHIT
I@ea: aRafda gar &, aeeed 400 nm &
AT U1 F I F o E—R x @

AT § (he ~ 1200 eV-nm )
1. 095 2. 0.75
3. 050 4. 033

The active medium in a blue LED (light
emitting diode) is a Ga,In; 4N alloy.The band
gaps of GaN and InN are 3.5 eV and 1.5 eV
respectively. If the band gap of Ga.n; 4N
varies approximately linearly with x, the
value of x required for the emission of blue
light of wavelength 400 nm is (take hc =

1200 eV-nm)
1. 0.95 2. 0.75
3. 0.50 4. 033

9eg 9IS L % UH GlaaHd I g A
g N ”Rufaffea o & g w® fGar|
Ife g & Fof Fot EF, aF g (Uh
Ao BRI & 3erman) &

1 Nkyin(2E)

2. Nkgin(%)

3. 2NkyIn(1E)

N

4. I%kgln (%)

Consider a gas of N classical particles in a
two-dimensional square box of side L. If the
total energy of the gas is E, the entropy
(apart from an additive constant) is

1 Nkgln(25) 2. Nkyin (%)
3. 2NkyIn (2F) 4. 1kyin (%)



41.

41.

42.

42.

43.

A w b P

U Tdd THT IAeieosd HAUT W faar|
e FHT =0 W TH FeA =ied g3,
39Tt FEH &, TAT t dAT t+dt & &I
afed g fr WRkar bede ¥ & S §,
J@T b Ud 3 gl & 3cdicadk &eAl &
T &1 Fa1 3iaa AT g2

1. = 2. |%
b b

3. l\/& 4 =
24l 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 is given by bt dt,
where b is a constant. What is the average
time between successive steps?

21 T

1. = 2. -
b b

1 |m b4

et H=|" jj] ¥ FaRE
SfaTR dF 1 HiIAOT Folel &

. ZSinh(ﬁ\/m)

. 2cosh(,8\/m)

% [cosh(ﬁm) + sinh(ﬁ\/m)]

% [COSh(,B\/m) - sinh(ﬁm)]

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

[_]/5 :6] is
14
2 sinh (,Bw/yz + 52)
2 cosh (ﬂw/yz + 52)
% [cosh (B,/yz + 62) + sinh (B\/yz + 62)]
% [cosh (B,/yz + 62) — sinh (B\/yz + 62)]

0.1 um AT arer vk fAfder For HF ST
% TS A, ST T=300K 9T §, & el
Jrar g1 Rfoer aur Sa & gdca wAAw: §
2000 kg/m® T 1000 kg/m®| T 3Taradel
F FNRUT, FUT gAAT 3MYT & o X oA&r
TEdTl 3T & dd & FUW HUT & AT
EDIER
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43.

44,

44,

1. 1073 m 2. 3x10™*m
3. 10*m 4. 5x107°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 is not
always at the bottom of the container. The
average height of the particle above the base
of the container is approximately

1. 1073m 2. 3x107™*m
3. 107*m 4. 5x107°m

T ooyt & @ la-ar, T B
F(A,B,C) =Y(1,2,4,6) & 3HT & o1dr &2

4. boax1q
[>o 1, MUX F
|
c 'Sy S

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




45,

lo4x1
1, MUX F

Iag, s,

A B

i ax1
I, MUX F

g, s,

A B

1{'1 4X1
I, MUX F

lhoax1
I, MUX F
I

C 351 So

N d § ARG FAIR Fd Tl f Th
SEr # T R # Ui eER |
GehreT EaNT géred  far Srem gl
Bigiadiey ¥ AaEaR gfdafdd serer
T drgar [ o dEeET 1 & Bed & §9
# R &7 g = B

B spectrometer

incident
white light

partially
reflecting mirror

<~——— airgap
glass plates

o
e
d

45.

0.8

0.6

Intensity

0.4
0.2

490 500 510 520 530
A

g AT g F Fad IO e F
I TAT T dUT e Tole & I TAg o

WIafdd I & ST cITQhIoT gedr g, ar
&l d 3 fAshedd &

1. 12pm 2. 24um

3. 60 pum 4. 120 pm

A pair of parallel glass plates separated by a
distance d is illuminated 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.

B spectrometer

incident
partially white light
reflecting mirror
v
<«——— airgap
’W ””” glass plates
d
1
0.8
>
206
3
£ 0.4
0.2
0
490 500 510 520 530

A

Assuming that the interference takes place
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
1. 12pum 2. 24 um
3. 60 pum 4. 120 uym



46.

46.

47.

47.

"I \PART 'C'

BSdT a & & e ddelhR Tolel gan,
S gl d & e § (38T d <a®), Th
AR Tl HURA T Al gl 39
ImaRT fhar S g1 T @ F faegd
URT [ B, d9 € & dg @ gl a/2 W
Tolel & oI g OROT §

1 1

1. R 2, Ko
na 2na

1 I

3, Ko 4, Hol
a 4ma

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

I I
1, K 2 Kol
mwa 2ma

I I

3 Kol 4, Hol
a 41TQa

Bsr o & a1 ThEAEd: AR fegd-
UL 3 INeT A TUT B A FHol AU HAM:
+Q a@ur -Q &I T # e AR 9 T
qE & WY e W S §

gfg Mer Ash Fg & Q[a@ v, &, 9ar B&
FEH Vy § AIARV, -V &

1. 2 p—
4mepa 2mega

3. 2 4, =2
2mepa 4mEQQ

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 in the figure.

17

48.

48.

49,

49.

If the potential at the centre of the sphere A
is V, and that at the centre of B is Vg, then
the difference V, — Vg is

1. = 2. —2
4mega 2mega

3. 2 4, =2
2mEga 4mega

Hafreyor xn+1=1+1+3x F TH W
3T T x =2 &l IG 8 x,=2+¢,
AT Xy =2+ €, o, STBT €, AU €444

BIC &, A €41 /€, & AT

1 -1 2 1
2 4
3 1 4 -2
3 3

A stable asymptotic solution of the equation

3 is x=2. If we take
1+xp,

Xp, =24+€,and x,.q = 2 + €,41, Where €,
and €, are both small, the ratio €, /€, is

approximately
1. -2 2. -2
2 4
3 -1 PR
3

Xne1 =1+

3TeYE U & 3T 2 X 2 dAchHb 3YE |
qgr uBel g 0%, 07,07 Uh HHG A6l
S| (3T IOTT & 3eR) Teh FHE Sellel
& foT, S g7 IR 3MTeggl 1 MR HIAT
g, AR FYeIaH 2 X 2 ITeggl H HE&l

&
1. 20 2. 8
3. 12 4, 16

The 2 x 2 identity matrix I 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) is

1. 20 2. 8

3. 12 4. 16



50.

50.

51.

51.

52.

sin45° = 0.7071, sin50° = 0.7660, sin55° =
0.8192 AT sin 60° = 0.8660 & &I 3T X,
=geeT @ AR fafr & aRefoid sin52°

FT HleeThied 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
3. 0.788

2. 0.776
4. 0.798

A & e ™A H FAT  FEHOT

P=pZL & wF g fOo) Bl t=0W
gRfAs 9y —w<x<o & AU

f,0)=e>* & o @M t>0 F U
f(x,t) 308 f&ar I §:

[3uaefT THTHRT: ffooo dx e = [m/a]
x2
1. ——e Tt
Vi+Dt
x2
2. ! e 1+2Dt
VitzDt
1 x?
x/1+4—Dte 1Habe
x2
4., e 1+Dt
Let f(x,t) be a solution of the heat equation
2
U~ p2L in one dimension. The initial
ot dx2 )
condition at t =0 is f(x,0) =e™* for
—o < x <o, Thenforall t >0, f(x,t)is

given by
[Useful integral: [~ dx e~ = \[m/a.]

1 _ o x
1. e 1+Dt
Vv1+Dt
1 _ L
2. e 1+2Dt
Vv1+2Dt
1 _ L
e 1+4Dt
V1+4Dt
_x
4. e 1+Dt

ar gaAtaAT el & TH qUT Ay Taa]
& dg, OH d T URH H IR &
Rufd & o, =t et 7 aifaar e Bl
ifaw oifaat & &g Fior 9 (TEETRTET IF
A) T
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52.

53.

53.

o4.

54.

2. 0=m
T<o<nm
2

=TS
I

A
SRR

<

SR

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) is

1L 6== 2.
3. 0<6<7 4 Z<6<m
o g s ve) = -5, S k>0 au
0<n<2g & dqam Hell W faur| Fear
R %I Tsh aellehR el &1 JHTdcied Hiel T; §
JM BSAT 2RH T, & @ T/Ty &
1. 25 2. 2
3. 23t 4. 2n

Consider circular orbits in a central force
potential V(r) = —Ti where k>0 and

0 <n < 2. If the time period of a circular

orbit of radius R is T; and that of radius 2R
is T, then T, /T; is
n 2
1. 22 2. 23"
3. 227! 4. 2m

JIRRIeT JF & ANl I ¢/2 W IAET
FA g Th AT e 9v fJEn
9 WRH dF A 98 SRERAr vy & y-
fafoT 3cafoId e 81 U FAou HHISH
(G AE & wy W AE &) vEwRIEr &
gl A S aifdw dgus & Awcdn B,
T y-fafaor Bield &1 3c@oeT giar &, ar

V3 1
1 71/0 2 \/_51/0

1 2
3. 7 Vo 4, \/;vo
Consider a radioactive nucleus that is

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



55.

55.

56.

56.

A fF Wdegd  dUie e =10 Ul
gieRIehdl  p = 10'* Q-m dTel U 3UTGIA
A FqFT IEY URYST g1 A FgHE Tur
IAY F T AT FHROT & 39T F
gred, 39TGTeT & 376X o AU Geded Hl 1/e
T &gR¥d g & faU Fags dFHT HH

RApead &
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 is closest to

1. 10°s 2. 10°s

3. 10%s 4. 10s

HET & deg (0,0,0) W Fya & F=3#7
IAA +q & TG, xy-ade § Bsara i
TR HETT H THHAA HIONT afd o &
HIY 3AA —q HT Tk HOT Afaeie &1 Al
f& fafeor & dgad &g (0,0,R) W
AT (2R,0,0) R L, IR > a, & AT 35eard

12/11%3

1. 4 2. %

3. = 4. 8
8

A particle with charge —q 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
I,. Theratio I,/I;, for R > a, is
1. 4 2.

1

3. 1 4. 8
8
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57.

57.

58.

58.

al SIIEhIT Hehl Toh 1V™! & Thel 0T
I IHeIET AU (TATAT HecroaR) 3R
3|9 S8 Us A 9R& fhee (LPF) &
for S #

V= 5cos (1004)

Multiplier

o
V=20 cos(1007 +7/3)

gfe LPF &1 39dedel SRETRAT f, =5 Hz §,

ar et areear v, &

1. 5V 2.
3. 100V 4,

25V
0V

Two sinusoidal signals are sent to an analog
multiplier of scale factor 1 V=1 followed by a
low pass filter (LPF).

V= 5cos (1004)

Multiplier

o
V5 =20 cos(100¢+1/3)

If the roll-off frequency of the LPFis f, = 5
Hz, the output voltage V¢ IS

1. 5V 2. 25V

3. 100V 4, 50V

fohdl SToet o1 GfoRIEr a9 & el & &9 H
A W3S fAFaiad &

T(°C) 2 4 6 8

R(Q) | 90 105 110 |115

3w & o @F ~geaA-a9 e &

3UART ¥ UIcd R §17 T &I YgUIdr §:

1. 6Q/frC 2. 4Q/C
3. 2q/C 4. 8Q/°C

The resistance of a sample is measured as a
function of temperature, and the data are
shown below.

TCC) | 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. 6Q/rC 2. 4Q/°C
3. 2qQ/°C 4. 8Q/rC



59.

59.

60.

60.

T HUT & JHUT TH g [as7d
V(r) = Vyre ™ CdNI, SeT V, a9 p el
3R §, 8T &1 FOT #T HAIROT § & e
g=1dl»u B qoo HAT H  dlel
Aleethed H JHUT IRTIE ¢ W 50 TR
R g

[ x"e%dx = %feaxdx T 9T T Fohd o]

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

[You may use [ x"e%dx = ;%f e *dx]
1. g8 2. q2

3. ¢? 4, q°

T a7 & & &ur, @AHT V(x) = 46(x — a)
H B 3TH TEHAA P(x) 9T FAd gl

x=aW%ﬁW%

1. i—’;‘Azp(a)
2. A@W(a) —yY(-a)
3. 24
2m
4. 0
A particle in one dimension is in a potential
V(x) = A6 (x — a). Its wavefunction ¥ (x) is

continuous everywhere. The discontinuity in

d .
av atx =als
dx

1. 22 A(a)
2. A(a) -y (-a))
3. 24

4. 0
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61.

61.

62.

62.

GoAT m & Tk HFd IMAfATRT FOT Hr
afaedhr, forem gfFeeedl H = cd.p + fmc?, i@t
p HAT HERE § dAT d = (a,, a,,a,) 99T S
IR 4x4 53U gy €, @ Hanfad @
TRUT PR 39 YR ffcgad fhar o
HohelT &

1. Z5(cp — aH)

2. 2ic%ap

3. THa

2ic

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

Dirac Hamiltonian H = cd.p + fmc?, where
p is the momentum operator and

a@ = (ay, ay,a;) and B are four 4 x 4 Dirac
matrices. The acceleration operator can  be
expressed as

1. Z5(cp - aH)
2. 2icap

ic -
3. zHa

2ic

4, —T(Cﬁ+&H)

T fam A AU g IFA TH FHOT Ol
IREIRAT w & T W IJad Fdg 7 g
30 TR fegd 8 E(t) = e WD’
3T AT ST &, STgl A Ul 7 9l 3R
€ TU wr» 1 8 I FeT el - —oo
H ST AT HYUR-IGEAT H AT, dr
t > +oo & TE 3T GUH Icaford EEqT A

glel T TRl $HS 3HeUTd H &

1 2 1 2
1 ) e —3(0)1') 2 ) eE(wr)
3. 0 !

(wr)?

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) = de~t/D°,
where A and t are positive constants and
wt >» 1. If in the distant past t - —oo the
particle was in its ground state, the
probability that it will be in the first excited
state as t — +oo is proportional to



63.

63.

64.

1. - %(wr)z

1
e eg(wr)z

1
(wt)?

3. 0

U 3Hed gfafasd Beysr s, S
37 e R & g 1T §, W ARiRoS
gFoT 9 faanr|

NN/

gy Y off Adeaw wrR Tod W
el g Hr WR—Far AT § ar S
AT FeAT & 16 HAUTRAT I IRFS TUTH
R I 3 6T FT IIAehdr g2
1. = !

36 " 216

1 1
3. = 4, —

18 12

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

NN\
\VAVAVAV
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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. — 2. —
36 216

3 L 4 L
18 12

fohely ORATT] & JTEATHSE MR 3HTEAT Jur
gfaur JUHSC  3cdfold  IEEdT gl gl
ATt & T FoAT IR & g1 3 =T
aml (Be» 1) W AR FvAr s@w &

ST &
1. ky(Be) 2. kye P
3. 2kz(Be)?eFe 4. kg

21

64.

65.

65.

66.

66.

An atom has a non-degenerate ground-state
and a doubly-degenerate excited state. The
energy difference between the two states is ¢.
The specific heat at very low temperatures

(Be >» 1) is given by
1. kgz(Be) 2. kpe e

3. 2kg(Be)?e~F¢ 4. kg

IR H Solacledl I Tk gfafdd IF AT
ST @ohar g, e M@E For-aa9r gEy
E=|plv & S& p=(pup,) T v @&
3R B I ufd sHE Fha F gdderr
;T e p g, A 9 SHS &EAwA Sl

s s 8
1. p3/2 2.
3. plf3 4. p?

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

energy-momentum relation E = |3]v,
where p = (py,py) and v is a constant. If

p is the number of electrons per unit area,
the energy per unit area is proportional to
1. p3/? 2. p

3. p'/3 4. p?
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1. 12kQ
3. 8kQ

2. 4kQ
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In the circuit below, the input voltage V; is
2V,V.. =16V, R, =2kQ and
R, =10 kQ.
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69.

The value of R, required to deliver 10 mW
of power across R; is
1. 12kQ 2. 4kQ
3. 8kQ 4. 14kQ
FaTor fAuAr gart o sfafeanGh) & &
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(i) wt+n->A"+K*t

i)y 7 +p->A°+K°
1. (i) dor (i) a=r
2. Fad (i)
3. had (i)
4. @ ar (i) & ar (i) 70.

Which of the following reaction(s) is/are
allowed by the conservation laws?
i) mr+n->A°+K*
(i) m +p->A°+K°
both (i) and (ii)
only (i)
only (ii)
neither (i) nor (ii)
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A particle, which is a composite state of
three quarks u,d and s, has electric charge,
spin and strangeness respectively, equal to

1. 1,1 1 2. 0,0 —1

3. 0 % —1 4, —1,-1 11
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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 u and y are constants. If
an electric field E is applied in the positive
x-direction, the time dependent velocity of
an electron is

(in the following B is the constant)

1. proportional to cos (B - % at)
2. proportional to E
3. independent of E
4. proportional to sin (B - % at)
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1. 1:2 2.
3. 2:1 4,
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V2:1

A thin rectangular conducting plate of length
a and width b is placed in the xy-plane in
two different orientations as shown in the
figures below. In both cases a magnetic field
B is applied in the z-direction and a current
flows in the x direction due to the applied
voltage V.

@B

DR g
ol

@B

+M‘\
v

If the Hall voltage across the y-direction in the
two cases satisfy V, = 2V, the ratio a: b must

be
1. 1:2 2. 1:4/2
3. 2:1 4, 2:1
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Consider a hexagonal lattice with basis
vectors as shown in the figure below.
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If the lattice spacing is a = 1, the reciprocal
lattice vectors are
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2. 153 P Ip
3. 15,3 % D
4, 535 'p 3p D, %D

In the L-S coupling scheme, the terms arising
from two non-equivalent p-electrons are
1. %s,'p,°P,'D,°D

2. 15,35 P, 1D
3. 15,35 3%p, 3D
4, 's,%,'p, %P, D, °D
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1. 2 2. 3
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The total spin of a hydrogen atom is 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
spin-1 state to the number in the spin-0 state
is

1. 2 2. 3

3. 12 4. 1/3
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dF 3cdiold 9Tl ¥ TEA: dAT drdaa:
IRd Icore, et & &R & T&ar gl
FAT AT (300 K) H, 98 IRERT oras
A adiTr 3caasT T9d; 3c89dT ¥ 99T g,
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1. 108 Hz 2. 10°Hz
3. 10° Hz 4, 10"Hz
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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 is nearest to

1. 10 Hz 2. 10°Hz

3. 10°Hz 4., 10" Hz
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( ;}HeiH e 1H3¥ SeTHTT § AT

4.0026 amu, 3.0161 amu 4T 1.0073 amu, AT 1

amu = 938 MeV.)

1. 32.2 MeV 2.
3. 19.3 MeV 4.

3 MeV
931.5 MeV

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

a tritium and a proton?

iH and 1H are 4.0026

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

1. 32.2 MeV 2. 3 MeV
3. 19.3 MeV 4, 931.5 MeV

(The masses of ;}He,
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