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Na
80
Ho

I qEde Aaar
ST T GedHTA 9.11 x 10™*'kg
 ICATE IET 6.63 X 1073*] sec
ST & HAA 1.6x107¢C
A1 faais 1.38 x 10723] /K
SRR &I AT 3.0 x 10%m/sec
1.6 x 10717

1.67 x 10~27kg
6.67 x 10~ 11Nm2kg~?

; 1.097 x 107m™!
IGEGIED

TS HEAT 6.023 x 10%3mole™?

8.854 x 1072Fm™1
4 x 107"Hm™?

Ao g Aaas 8.314JK ‘mole™?*

USEFUL FUNDAMAENTAL CONSTANTS

Mass of electron 9.11 x 10731kg
Planck's constant 6.63 X 1073*] sec
Charge of electron 1,6 x:1074%¢C
Boltzmann constant 1.38 x 10~%J /K
Velocity of Light 3.0 x 108m/sec
1.6 X 1079

1.67 x 10~27kg

6.67 X 10~ 1*Nm?kg~?

Rydberg constant 1.097 x 10’m™!
Avogadro's number 6.022 x 10%*mole™*
8.854 x 10" 12Fm™!

41 x 1077Hm™!

Molar Gas constant 8.314/K ‘mole™?



LIST OF THE ATOMIC WEIGHTS OF THE ELEMENTS

Element Symbol Atomic Atomic Element Symbol Alomic Atomic

Number Weight Number Weight
Actinium Ac 89 (227) Mercury Hg 80 200.59
Aluminium Al 13 26,98 Molybd Mo 42 95.94
Americium Am 95 (243) Neodvmium Nd . 60 144 .24
Antiiony Sh =1 121.75 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 L AL 85 {210y 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 o 8 15.9994
Boron B 5 1081 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)
Caiifornium Cr 98 (251) Polonium Po B4 (210)
Carbon C 6 12.011 Potassium K 19 39.102
Cerium Ce 58 140.12 Praseodymium Pr 59 14091
Cesium Cs 55 13291 Promethium Pm 61 (147)
Chlorine Cl 17 35453 Protactinium Pa 91 (231)
Chromium Cr 24 52.00 Radium Ra 88 (226)
Cobalt Co 27 5893 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 8547
Einsteinium Es 99 (254) Ruthenium Ru 44 1011
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 229898
Gallium Ga 31 69.72 Strontium Sr 38 87.62
Germanium Ge 32 72.59 Sulfur S i6 32.064
Goid Au 79 196.97 Tantalum Ta 73 180.95
Hafnium Hf 2 178 .49 Technetium Te 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 Tl 81 204 37
Indium In 49 114.82 Thorium Th 90 232.04
lodine 1 33 126.90 Thulium Tm 69 168.93
Iridium Ir 77 192.2 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 13891 Uranium U 92 238.03
Lawrencium Lr 103 (257) Vanadium v 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 Yitrium Y 39 88.91
Magnesium Mg 12 24312 Zinc Zn 30 65.37
Manganese Mn 25 54.94 Zirconium Zr 40 91.22
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...) is 1.000050.
(Values in parentheses represent the most stable known isotopes)
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By reading the accompanying graph,
determine the INCORRECT statement
out of the following.
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Temperature
. Melting point increases with
pressure
2. Melting point decreases with
pressure
Boiling point increases with
pressure
4, Solid, liquid and gas can co-exist at
the same pressure and temperature

(73 )
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A float is drifting in a river, 10 m
downstream of a boat that can be rowed
at a speed of 10 m/ minute in still water.
If the boat is rowed downstream. the
time taken to catch up with the float

. will be 1 minute

2. will be more than 1 min

3. will be less than 1 min

4. can be determined only if the speed
of the river is known

fPrraa W@ weRt W R{ad

&7 IR A9 ard UF FGH dedl §
aur T g Rud e guH e
T HE T HTRAA qof T g
forer R a2 JmatenT wEand & ¥

forEsr a1 Al C IE-9TF dJ87 {2
1. 3 2. 10
3,19 4, 25

Consider a series of letters placed in the
following way:

UG CC S IR

Each letter moves one step to its right
and the extreme right letter takes the
first position, completing one operation.
After which of the following numbers of
operations do the Cs not sit side by side?
1L, 3 2. 10

3. 19 4. 25

afg 10 Jerort 7 F 3T /E v Jeqor F
gea ar e & @ #ia afdar sgaam
1. AT 2. ATH

3. 3Td& 4, AAF FRor



If you change only one observation from
a set of 10 observations, which of the
following will definitely change?

1. Mean

2. Median

3. Mode

4. Standard deviation

= R & e e Rt W =
AT gAGS A Fwar & afy
AT ad & 30° HT HIOT FA7GT 8,

ar IAae &1 RAfdE a1 Tt g @
Fa$ 9 &

1. 1.500R 2. 1.866 R
3. 1414R 4. 1.000R

An inclined plane rests against a
horizontal cylinder of radius R. If the
plane makes an angle of 30° with the
ground, the point of contact of the plane
with the cylinder is at a height of

1. 1.500R 2. 1.866R
3. 1414R 4. 1.000 R
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3. 9ad HUHA e FgT I, qur
Uqs & IHAHT HA AT g

4. & gar A9 & g &, AT g
G R gl

In a fast moving car with open windows,

the driver feels a continuous incoming

breeze. The pressure inside the car,

however, does not keep increasing

because,

1. air coming in from the front window
goes out from the rear.

2. air comes in as well as goes out
through every window but the driver
only feels the incoming one.

10.

3. noair actually comes in and the
feeling of breeze is an illusion.

4. cool air reduces the temperature
therefore the pressure does not
increase.

TUTH 140 Al & & 8% & a9 o
Hha a0l FAR HAeoned e Aot
T ITadw & F4T &, I Bl s
o & & & @ & g =geram 60

Hrex gr
1. 6 2. 7
3. 12 4. 4

What is the maximum number of
parallel, non-overlapping cricket pitches
(length 24 m, width 3 m) that can be laid
in a field of diameter 140 m. if the
boundary is required to be at least 60 m
from the centre of any pitch?

1. 6 2. 7

3. 12 4. 4

ﬁrm&gaﬁwﬁﬁ%,sﬂﬂ:a’ra@ﬁ
ﬁwmwﬁwmgmmm

et & alava & waer ¥ wear
L 1/4 2. 13
3. 12 4. 1

The product of the perimeter of a
triangle, the radius of its in-circle, and a
number gives the area of the triangle.
The number is

1. 1/4 2. 173

3. 12 4. 1

3cAd IST ST & | HUI F P &

sferede gyt 1 it dwr &
1. 70 2. 400
3. 120 4. 190

The maximum number of points formed
by intersection of all pairs of diagonals
of convex octagon is

1. 70 2. 400
3. 120 4. 190
w9 el & wagh #F vw we

fdt g8 8, orad amm @ 3ng 3=
HRE FH A W@ Tha & TEY Scay &
Tqgq HErA|
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Each of the following pairs of words
hides a number, based on which you can
arrange them in ascending order. Pick
the correct answer:

[.  Cloth reel

J. Silent wonder
K. Good tone
L.,
1.
3.

Bronze rod
LK, L1 2. LJLK,L
K.L,J 1 4, K,JL,LL

Byt & & fhe &7 7 228 & §A

7
1. 28 2, 2¢
=8 216 4. 2222

Which of the following values is same

as 229
1. 26 2. .28
3. 2 ;. g
fe 2a
x b2
ch
84
8d6

T UET ab,cTUT dEUHVT IHF &l

dd at+tb=
1. 4 2. 9
3. 11 4, 16
If 2a
X b2
ch
84
8d6

Here a, b, ¢ and d are digits.
Thena+b=

13.

13.

14.

14.

15.

15.

3. H 4. 16

UF 12mx4m N IAEEHER Sd TR
A @ gaa @EHt | A ¥ @
fGem # 45°F FoT W BT W HFF A
frrof uscdr & & eRad W SR
FATA &1 T FT TG FIAT g2

1. 24m® 2. 36m’
3. 48m? 4. 60m’

A 12 m X 4 m rectangular roof is resting
on four 4 m tall thin poles. Sunlight falls
on the roof at an angle of 45° from the
east, creating a shadow on the ground.
What will be the area of the shadow?
. 24m’ 2. 36m’
3. 48m’ 4. 60m’

UEH 9FY H Fue A9 dfery Sraer
CRTde 9% 24 cm x480m%m
Srad AFIH 56 cm @& T W@ ST

& gl
I. 8cm 2. 32cm
3. 37.5cm 4, l6em

Find the height of a box of base area 24
cm X 48 cm, in which the longest stick
that can be kept is 56 cm long.
I. 8cm 2.
3. 37.5¢cm 4,

32 cm
16 cm

TFgl T T HAd dFd IS T P
THF TS a0 @ ARG Wod a8y
F gad & T ¥ IR FEd §2
FFY FT HAAAT 20 cc & o FFET &
T HIAA FIT M

1. 3ed 2. 400cc

3. 40cc 4. 80cc

An infinite row of boxes is arranged.
Each box has half the volume of the
previous box. If the largest box has a
volume of 20 cc, what is the total
volume of all the boxes’?

1. Infinite 2.
3. 40cc 4.

400 cc
80 cc
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A0 B Q. C—p
A Qg Bd ¢ ?

1. 4 2. B
3 s 12

16.  Find the missing element based on the
given pattern

A0 B Q. C—-p
A. 4 B. c ?

1. 4 2. P
3 b a. o

17. & =afdq wfae 8T 0100 9 oF
GO & T HUA ;AT HRH FW @Y
AU W ¥IfAE FHET 0900 §F, €Y
mﬁqgﬂm%lagmm
amr 3@ O TfRE @Aw 2100 S
YE & AU A U W FAW AT
T A I e ¥ o 3wEE garhy
G T [AY FA IHF AT U F
AT & & 10 6 fiy & ar g3
H A A ¥ FA A way ey
ur aE &

1. 486 2. 208
3. 256e 4. 366T

17. A man starts his journey at 0100 Hrs
local time to reach another country at
0900 Hrs local time on the same date.
He starts a return journey on the same
night at 2100 Hrs local time to his
original place, taking the same time to
travel back. If the time zone of his
country of visit lags by 10 hours, the

18.

19.

19,

duration for which the man was away
from his place is

. 48 hours 2
3. 25hours 4,

20 hours
36 hours

AT & - vE O wEar § Sy [

r(1/123+) + r(-lz’lZEM) =72

ar

r4321 4 -4321 _ o

1. 2 2
3. 23087 4. 2[234

4(4321/1234)

Let r be a positive number satisfying
r(1/1234) 4 .(-1/1234) _ 2

Then

p4321 4 -4321 _ 9

5 93211234

F4

T 3087 23
3. 2 4.

ABC U& oF g ®I0T Bysr § Y &
Hﬁqr—créa‘aia'{aiaﬁﬁa%nﬁnﬁuc
T AC W Iigeq aw Ry S §)
a’%ﬁ'fﬁ&'ﬁﬂiﬁa%‘,a’rm

l. a 2. mu
alt 4. al2n

ABC is a right angled triangle inscribed
in a semicircle. Smaller semicircles are
drawn on sides BC and AC. If the area
of the triangle is a, what is the total area
of the shaded lumes?
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21.

21.

l. a 2. ma
3. an 4. al2m

U A HA & HET oo gud o
N 3T FHAT § TR vE Eredt o &
WA & gEy gl & oFor Ad @,

FoifE

I 9 i AR g fr At

1 gorer F 3w seae B

Y Y Jorer A A F i

A ) g

3. 3AT & 9 F e F ao agdr
& SEfH AN F uA & e
X Fdr Bl

4. difear gefda &9 s § sefn
greft safFaera & w3 )

(S ]

An ant can lift another ant of its size

whereas an elephant cannot lift another

elephant of its size, because

I, ant muscle fibres are stronger than
elephant muscle fibres.

2. ant has proportionately thicker legs
than elephant

3. strength scales as the square of the
size while weight scales as cube of
the size

4. ants work cooperatively. whereas
elephants work as individuals

ATIT/PART-'B'

afafam & ddged x*+4y? =8 W uH
FOT T &I e Rl ot W oap fig
(,y) = (21) W § duUr 3§ I3 FT x-
eH 6 (3UGFA FHSAT M) Bl 3w

afa &1 y-uew §
L. =3
3001

=2
4

o

A particle moves in two dimensions on the
cllipse x? +4y%2 =8. At a particular
instant it is at the point (x,y) = (2,1) and
the x-component of its velocity is 6 (in
suitable units). Then the y-component of
its velocity is

1) =3 2. =2
3.1 4. 4
o dx
22. gAEA [ — H A
= 3. 3
3. wfin 4, 2nm

22. The value of the integral [ 1:{; is
. = 2. =
V2 YR

3. V2nm 4. 2m

.30 & e Ry & cutor m g

HEIHS T FFA TH HEd FeoA [ (L)
9 REn

w Ry &w, @
n=0+1,42,- & §d +1 & R
3oeT Weled &1 BRA fawawor

f(f)= Z a”emiru/T

n=-oo

t = %{Zn-l)

# IAH aq, 558 BT o &
. (1" 2. ~sin™®

nmn 2
goosy nmw
3. rsmT 4. nm

23. Consider the periodic function f(t) with

time period T as shown in the figure
below.
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The spikes, located at t = >(zn-1), where
n=0,41,42,--, are Dirac-delta func-



24.

24,

25.

25.

tions of strength +1. The amplitudes a,, in
the Fourier expansion

oo

f(t)-: Z anezmnt/?‘

n=-—om

are given by
—_1)n 2 sin™®
1. (-1) —sin—
- . . nm
i 1% LSIn— nm
2
e STecdm @der AL, AABAWC W

fad | A & @dey B oA ¢/2 & @Y
TAAT &, YT B ¥ FUE C AR /10 &
gry 38 fGar A adar 81 A W ARG C
#r oy &

3c 4c
1. = 2. =

c V3e
3. z 4. )
Consider three inertial frames of reference

A, B and C. The frame B moves with a
velocity c¢/2 with respect to A, and C
moves with a velocity ¢/10 with respect
to B in the same direction. The velocity of
C as measured in A is

3c 4c
1. = 2. —
7 ¥
3. £ 4&
7 Y7
oy gfafaw & v afas dx & amereh

L=>mi’ +mxy §, T 35 pfAeeat &
L. H=2pepy+5-03

m

1 1
H = —PxPy + ;“paz'

m

m

2
1 1

3. H=—ppy—5-p;
1 1

4. H=—ppy—-pi

m

If the Lagrangian of a dynamical system in

; p ; 1o g
two dimensions is L= -z-mx2 + mxy,
then its Hamiltonian is

ok 1 .2
l. H=—ppy + Py

m

1 1
2. H=—pypy+—03
. 1 1
3. H=—pypy—5-D5 "

1 1
4. H = —DPxPy _'ﬂpg

m

10

26.

26.

27.

27.

28.

d?x

HaFA GHEOT ﬁ~3-§{+2x=0 o
el 3 t=0 W x=0awt=1wW
x=1% dl t=2 9T x FT A &

l. e?+1 2. e?+e

3. e+2 4. 2e

Consider the differential equation
B H L5 e, 18 =0 2r p=0
dt? dt :

and x =1 at t =1, the value of x at
t=2 18

. e?+1 2. e4e

3. e+2 4. 2e

U gAqS faegd gedh aior ue z-far
#H yImer § x-fem F sTEaw Ruga &
£ 10 V/im. 9 3% &9%a W Afed vd
YahT WOT B & HieoAdled ITadA
A HAT: &

1. 3.3x 1077 watts/m> TT 10 tesla

2. 3.3x 1077 watts/m> FUT 3.3 x 1078 tesla
3. 0.265 watts/m” TAT 10 tesla
4, 0.265 watts/m> d4T7 3.3 x 1078 tesla

A plane electromagnetic wave is travelling
along the positive z-direction. The
maximum electric field along the x-
direction is 10 V/m. The approximate
maximum values of the power per unit
area and the magnetic induction B,
respectively, are

1. 3.3x 1077 watts/m” and 10 tesla

2. 3.3 % 10" 7watts/m* and 3.3 X 10 8tesla
3. 0.265 watts/m’> and 10 tesla

4, 0.265 watts/m” and 3.3 X 1078 tesla

feega wifas fera v qur afeer fea
A F e wuieelt (v,4) - (V. A") &
Fle-|T FATHT FATATOT &2

. (V'=V+ax, A'=4+ atk)

2. (V'=V+ax, A =4A- atk)

3. (V'=V+ax A=A+ at {)

4, (V'=V+ax, A'=4- ati)



28.

29.

29.

30.

30.

Which of the following transformations
(v,A) > (V',A") of the electrostatic

potential V and the vector potential Aisa
gauge transformation?

. (V' =V+ax, A=A+ atk)
2. V'=V+ax, A'=A—- atk)
3. (V'=V+ax, A=A+ ati)
4. (V' =V+ax, A =A- ati)
aRd L, L @ L/2 FFd vs BfEA

I g y # fPua e w0 & fow
GUH Ieaford IaEAT FAT E, dUT LY
IaEAT FAT E, H A &

1. 32 2
3. 41 4.

The ratio of the energy of the first excited
state E;, to that of the ground state Ey, of a
particle in a three-dimensional rectangular
box of sides L, L and L/2, is

1. 32
3. 4l

L) —

2. 2
4. 4:

11

A B yz-dd WALTAF  €on TUT Eright B
2y AR F T F R HEAE AT B
FTTAT FAT & O €renet Erigne = 1:2 &1 IR

Tl WG EEAE AT 8T Feq =

c(i+j+k) (@& ¢ 3R B, @ aF TF

mﬂﬁmgrighl %:
1. c(2i+]+k)
2. c(i+2f+2k)
3. c(Gi+]+k)
£ c(i+%f+i-§)

Suppose the yz-plane forms a chargeless
boundary between two media of
permittivities €epe  and  €pjgny Where
€left: Eright = 1: 2. If the uniform electric
field on the left is Epeq = c(i+]+k)
(where ¢ is a constant), then the electric
field on the right Eigp, is

. c(2t+j+k)
2. c(i+ 2] +2k)

31.

31.

32.

32.

33.

33.

E= Ll
Lo} Lo ]

— pa |
+
LR R +
—y
+ +
=

= —

afg Py Gq7 FFRE L & "eH L &
A WERE Nioaaa|[L L) L] 38 @A

If L; are the components of the angular
momentum operator L, then the operator

zi=1,2.3[[1.. Lg], Li.l equals
L E
3. 3L

2L

2.
4. -—-L

6t3 + 3sin 4t HT ATCATH FATAIT &

l a6 12 4 36 12
st s%418 R LI T 1
18 12 36 12
3. =% 4. =
st 5216 3  s2+16

The Laplace transform of 6t + 3 sin 4t
is

I 36 12 2 36 12
ot 52416 o5t s?-1e
. 18 12 36 12
3. s 4. Stz
s s4=16 5 54416

s QAT [ya V(x):§x3+1:-x“, i)
>0 & H FIAT m H TH &I
Toar ¥ aEgraedr fAgit 4 @ §

| 2a o] a
J3mp - Jmg

3 — 4, 2
12mfi 2amfl

A particle of mass m moves in the one-

dimensional potential V(x) = gx3 +~§

where a,f > 0. One of the equilibrium
points is x = 0. The angular frequency of

x4

small oscillations about the other

equilibrium point is

1 2 2 @

y ... 4, ==
12mf 24mp



34. UHIE GUAH F UH FUT xy-a7 F 5w

34,

36.

TR T & i) = y(e) aur yo) =
—x(t) &l anwﬁwm‘rwq'gﬂm?
% a8 vw welh a7 ¥ Y 3@ v @
Feafraa g

1. El(xzi-yz) 2.
3. x+y 4,

1e.2 _ .2
;= y?)
xX=y

A particle of unit mass moves in the xy-
plane in such a way that x(¢t) = y(t) and
Y(t) = —x(t). We can conclude that it is
in a conservative force-field which can be
derived from the potential

1. %(x2+y2) 2.
3. x+y 4.

1.2 2
s (x*=y%)

x=y

T 2R A 1 esla TEERT 8T F xy-Fer

T AT 300 m/is F TA TF W o
Il el & T &1 S ue - &
L Vim & U fatgd & anp fear smar
&, gl FET & Feg

l. 39e T@ar ¥

HOT x-f&M A 1 mis I A e

(551

3. U 2T A 1 mss Y & Torar
4. 97 xR H 1 m/s 7Y @ gwar ¥
- A proton moves with a speed of 300 m/s in

a circular orbit in the xy-plane in a
magnetic field 1 tesla along the positive z-
direction. When an electric field of | V/m
is applied along the positive y-direction,
the centre of the circular orbit

I, remains stationary
2. moves at | m/s along the negative x-

direction

3. moves at | m/s along the positive z-
direction

4. moves at | m/s along the positive x-
direction

fAga®d Awgor F ww A For &
TR FY p(x) ¥ FUT WAT FwqOr F
¢W) = [Y(x)e P hdy ¥ fafése frar
ST &1 A y(x) W HFERF T 4y B

12

36.

37.

37.

TY(x) =yv(x+a) | Rar smar ¢ STE «a
I E, @ Top(p) 309 far smar 2

L. —apg(p)

2. e /R (p)
3. erar/hg(p)
4 (1+7a0)0p)

The wavefunction of a particle in one-
dimension is denoted by Y(x) in the
coordinate representation and by ¢(p) =
Jw@e P*"dx in  the momentum
representation. If the action of an operator
T on Y(x) is given by Tip(x) = P(x +
a), where a is a constant, then T¢(p) is
given by

l. —ape(p)

2. em'ar/hg(p)
3. e*ar/hg(p)
4. (1+;ap) 9

wﬁnﬁwmmmvzgk(z)ﬁw
A &, STET k(t) Uh FHA-TA wrerer ¥
ar Sv). Rna i & seafda ww (1)
#r afade g7 &

1dk k
L =)+ 7 {xp + px)

L N
Zd!(x)+2m<p)
-k—(x + px)
A

ldk , o

2r1£<x>

!\J

= L

A particle moves in one dimension in the
potential V ‘-—%k(t)xz. where k(t) is a
time dependent parameter. Then %(V}.

the rate of change of the expectation value
(V) of the potential energy. is

[ 5%(x2}+-2£m(xp+px)
2 FH )+ (p?)
3. E’:—n(xp-#px)

e



38. UF gfa-3raedr @9 & vE wor i e

38.

39.

39.

lﬁmzﬁmﬁwﬁazw
AT HIEAT 2 & IAEUT | F GFAT H
T ¢, &1 TR T F, For T 39w
| & 9=t i wifdear ¥

[21 1
. —= SR -
Lip+tay Liz+iy

3 tizatay
Fra+iy

Liz—ty
Liz+ty,

In a two-state system, the transition rate of
a particle from state 1 to state 2 is ty5. and
the transition rate from state 2 to state | is
t21. In the steady state, the probability of
finding the particle in state 1 is

| 2.

Lig+ita,

[3¥
STR TP

- Lialyy 4
tigt+iay '

typ—t3,
tiptty,

GHAIT m A N IR
fufafea &0t & w g7 # ww
V(i) =a(x*+y?) & s gfafaer giAiRe
Rearda frar smar &, s@ o o g
IR B A9 T W a7 & AT e

FoleT g (;3‘ = ;;—T)
N
[G'5] %)
N o
) . ()

A system of N non-interacting classical
particles, each of mass m is in a two-
dimensional harmonic potential of the
form V(r) = a(x?® + y?) where «a is a
positive constant. The canonical partition
function of the system at temperature T

is(p =—L):

N

3, (zin:})"

ZmH)ZN
afi

. )
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40.

41.

41.

SoFAl 0 FUr fEt p # wigant #@
n=p=A7'3/2exp(—~5:;:r)a:dﬂT3f@?ﬂﬂ?{
fFar s @@t &, ot g, S5 qur 4
R §l AR A ywR F ams @
afeefeard -2z & g # E, ar
ATAHAT HT A9, 71 & v WAF Basy
€. 9 vaurar & arer:

I E,/(2ky) 3
3. —E, [(2ky) 4.

Ey [y
_Eg /kh'

The concentration of electrons. n. and
holes, p, for an intrinsic semiconductor at
4 temperature T can be expressed as

n=p=AT32exp (— ) where E, is

Eg
2kgT/’
the band gap and 4 is a constant. If the
mobility of both types of carriers is
proportional to 7=%/2_ then the log of the
conductivity is a linear function of T-1,
with slope

L. E,/(2ky) 2. E, [ky
33 -Eg /(2ky) 4, —Eg /kg
7T B QA 1, CaTSIE FHAT g =z

¥ G Sl g oA B g v
m&a:m&mmé,ﬁpaﬁrm‘r
AT qF I 1% 8 T B o dr v
AT o wrew 7w 4R 3% ¥ eawr

# Tt w7 R saE Secan
. 2% 2. 4%
3. 12% 4. 13%

The viscosity n of a liquid is given by
at

B np
Poiseuille’s formula n=—, Assume

that | and V can be measured very
accurately, but the pressure P has an rms
error of 1% and the radius a has an
independent rms error of 3%. The rms
error of the viscosity is closest to

l. 2% 2.
3. 12% 4.

4 %
13 %
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42.

43,

43.

FOT FoT FgEABT oAU e AT A X
Wﬁﬁﬂmﬁlﬂﬁgﬂ'ﬁ?ne g
6T n U Uit & & oF & UgrY EE

Ieqard H &
I. NlInn 2. ninN
N! N!
3. In (F) 4 In n!(N—-n)!)

A system of N distinguishable particles,
each of which can be in one of the two
energy levels 0 and €, has a total energy
ne, where n is an integer. The entropy of
the system is proportional to

. Nlnn

3. m(%)

B /T F o 3R Ty f FEEEEr
F Y ufdEy, wEasfea @A
o U FfREE-FIRA FHE) §

dT  Tvyap

Rar AT &, 8T vy, A9 AT F i
HOT F TG §, AT Q o FoAT S
AT AT S AT g1 I amsa meelf
da R & e wWar g, @ @[
Rt & Pla-ar @l 2

a
£

2, ninN
4, ln( i

1 2.

InP

InP

The condition for the liquid and vapour
phases of a fluid to be in equilibrium is
given by the approximate equation

dP . =
8t (Clausius-Clayperon equation),
dar TVyap

ni(N-n)!

)
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where vy, is the volume per particle in
the vapour phase, and Q, is the latent heat,
which may be taken to be a constant. If the
vapour obeys ideal gas law, which of the
following plots is correct?

a Q_L
£ =
Gipre———=2t'T Bf—— I
3 a 4 a
£ o S
0 —T 0 T
4. RF REF (@) dwr (b)) F @@ T

aftgaf o fEm:

=10V

(b)

oy REt @ @ (p) # gt &
URTATRY (B,.) FAA: 100dUT10 &, @

I. FAY: WHHT T4 Hed &7 W FH
E2GHY

2. FAA: Hed Td G 8T W FH
LG R

3. Qe Heed & # & A §

4, 2T wfpa &7 d FH A §



44.

45,

45.

Consider the circuits shown in Figures (a)
and (b) below.

= 10v

(b)

If the transistors in Figures (a) and (b)
have current gain (fB;.) of 100 and 10
respectively, then they operate in the

1. active region and saturation region
respectively

2. saturation region and active region

respectively

saturation region in both cases

4. active region in both cases

d

A gyt & ¥ #ar v Befg
hAOT S HH F@T 82

Control D_ oy

2.
P
Gl Dr
3. .
ip —EDD,]
i ﬂFD“{DM
4.

Control

Which of the following circuits behaves as
a controlled inverter?

15

46.

46.

Control —D_ op

2. e
i st I
Control _"L'ti_;L‘DD
3. !'?'_"T;L)j
=
Cantrul — T:{)DJ
4,

iﬂ’—y—-D~ =

Control '— _DJ
HATT/PART-'C'

alwife gfRker xx, S@T x Bfaw &
ufa-aly & sdty Ras & F 6
WaT dd g gofa & ghe, 3 6 aca,
FagaoiT wgaeadl # yvufed @ ¥
@i, & FeET & ded, 3 GG
& deal & Y@ gOa=t & & wuela
gid 8) e

. 4dur2dca @ &

2, 5auT1dcE g

3. 2@l aa ®

4, 4, 1TUT1dE AT &

The rank-2 tensor x;x;, where x; are the
Cartesian coordinates of the position

vector in three dimensions, has 6
independent elements. Under rotation,
these 6 elements decompose into

irreducible sets (that is, the elements of
each set ftransform only into linear
combinations of elements in that set)
containing

l. 4 and 2 elements

2. Sand | elements

3. 3,2and | elements

4. 4,1and | elements
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47.

48.

48.

e F ) UH-fAw aver gEEor
2t = p2 2L v g ¥ AR 0= 0 W
& QT fr0)=e T L(x0=0F
ar wfasy & Wt @Fg >0 F AT
f(x,t) & IO FHA B &

[ erte)
2. e“(X"vﬂz
3. le-tx-ut) 4 3 p-(x+vr)?
o4 4
4. 1 [E ~(x-vt)? 4 e-(xﬂ;t)z]
2

Let f(x,t) be a solution of the wave

3 f _ o 8%f
=V ax?

equation ——
att=0,f(x,0)=e* and 2 (x,0) =0
for all x, then f(x,t) for all future times
t > 0 is described by

| e_(xz,_vztz)

5 e—(x—m)z

in 1-dimension, If

U W i - N W 2
3 ;e (x—vt) +;e (x+vt)

4. %Ie—(x-—vt)z + e—(x+vr)2]
et wery ¥ whoTa & v waswd ok
%2 (0,¢) = a* + b cos? 0 T e .y
afy IETHST FOUT F FoFE N§ ar g
TFEF gAY W gdota ot i dEr B
1. EN(@a?+b?)

3
4n‘N(a2 +%b2)
4N Gaz +%b2)
4HN(a2 +§bz)

oW

The differential cross-section for scattering
by a target is given by
do
ﬁ(ﬂ, @) = a* + b%cos? 6.
If N is the flux of the incoming particles,
the number of particles scattered per unit
time is
I. SN(a? +b?)

21,2
2. 4nN (iz +1b?)
1 1 2.4 1302
3. 41:!\-’(2& +3b )
4. 4nN (a® +3b?)

3
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49. 3wy GR@AOT 2 m x | m IFd TH
ydm S qus SO aRERdr
w=10° rad/s & T &1 3§ AL qUH
# Fla-¥ EgwEy fAegd AR (1) #
FHIROT B
1. TEj. TEq 3R TEx

TEjo TE; 3R TEy

3. TEgp. TE 3R TE,,

4. TEy. TE; 3R TEx:

J

49. Consider a rectangular wave guide with

transverse dimensions 2 m X | m driven
with an angular frequency w = 107 rad/s.
Which transverse electric (TE) modes will
propagate in this wave guide?

TE“,. TEm and TEgg

TE 0. TE; and TEqy

-!‘Em. T‘El{] 8ﬂd ’I‘EH

TEN. 'I‘Ew and TE::

LB —

50. yAY-AFT oA z>0 H farygdm U
e &

EG ) = Ege %1% cos(kyx — wt) |
Bt = e ki[k, sin(kyx — wt)l

+ ko cos(kyx — wt)k]

Y A I & e w. k, YTk, U HW
¥ x-Rar & AeT FSAT WGE

2

1. Egkz e~ 2kiz
Zpgw
2

9. hukze—Zk,z
Hot
)

3, Lok o-2kgz
g

1 a "
4. ;ceaEge ez

. The electric and magnetic fields in the
charge free region z > 0 are given by

E(F t)=  Epe ™% cos(kyx — wt)]
o E,
B(r,t) = ﬁ-e"‘iz[kl sin(k,x — wt) i
+ ko cos(kox — wt)k]
where w, k; and k, are positive constants.

The average energy flow in the x-direction
is



51.

51.

52.

52.

2
1. Bokz ,-2ky2
T 2pow
2
2' %e_zklz
How

Elky
3. —0°1 e 2kqz
2ugw

1 -
4. SceEde

A 1l em dwr gfady 1 Q F
FeadR dR” 9T xy-de H 957 {1 O 2-
fer # s wHEAE e &7 Swer
AT ] sH &F o 10tesla® Ytesla T
A g omar 1 aR i B oo g &
aftd Hraer § qerear

1. 3.1x107* coulomb
2. 3.4x10™* coulomb
3. 4.2x10"* coulomb
4. 5.2x10™* coulomb

A uniform magnetic field in the positive z-
direction passes through a circular wire
loop of radius 1 cm and resistance | Q
lying in the xy-plane. The field strength is
reduced from 10 tesla to 9 tesla in 1 s. The
charge transferred across any point in the
wire is approximately

1. 3.1%107* coulomb
2. 3.4x10™* coulomb
3. 42x107* coulomb
4, 5.2%10™* coulomb
de aafds a0 @, hbTW cH A W T&H

daue [0, 1] & UF UHEAA WiASAr
7 # IRRSHFS: A T
a+b>2c g & wlwar &

1. 2.

Rl W
= Wi

3. 4.

Three real variables a, b and ¢ are each
randomly chosen from a uniform proba-
bility distribution in the interval [0, 1].
The probability that a + b > 2¢ is

1. 2.

N= bW
= wN

3. 4.

S/15 CRS/15—5CH—2A
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53.

53

54.

54.

TS 9fRET x =0 W y=2 & Y
e FHET 2 = x? —y W A=W
A &y T yayz . x =1 AT
HT FoA-fAf &, T HAT FAA: 1 qAT
%*mﬂwmgﬁﬁl

(}'u) = y(u:))/)’u;z) A

. —1/2 2.
3. 1/2 & 1

Consider the differential equation

2 =x?—y with the initial condition
y = 2 at x = 0. Let y(4) and y(y/7) be the
solutions at x = 1 obtained using Euler’s
forward algorithm with step size | and -;»
respectively.

The value of (‘y(l) - y(lfz))h’(lfz) is

1. —1/2 2. -1
3. 1/2 4. 1
AW B g qutp R e dF F R

fAges aur w391 | PAe St A &
aia-ar fafed &2 '

A: Q= 5q* TP, = 5p*

B: @ =%(p+q) T P, =700

1. Ada@TAdR aB

2. ATUTB gr

3. Fad A

4, Fdd B

Let g and p be the canonical coordinate

and momentum of a dynamical system.
Which of the following transformations is
canonical?

1 1
A Qy =ﬁqz and Py =‘§P2

B: ;= (p+q)and P, ==0@-q
1. neither A nor B

2. both Aand B

3. only A

4. onlyB
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55. 0% fEl REa v =-lx?+lxt & 2. p
sl fRefr ot & v gAfe gt
@R IR 3 & #ign) F7 RAfEg )

sfafafra B Rt F sia-ar axar i W@M
L p

\_~/ | ‘

4,
SG.ML*WE‘EW@MT@
4 UHHATT: dfed §1 afe saer Yot sud
AR afd v A afRhT o vy @
frar smer &, @ @feehe Ye gEmo
AT I 9T S A T e ¥
Q v? Q ’ v
4- [. }:_ 1 o ;) 2. L 1 - ;;
Q Q
3. — 4, ——
= -5
56. A rod of length L carries a total charge Q
distributed uniformly. If this is observed
in a frame moving with a speed v along
the rod, the charge per unit length (as
55. Which of the following figures is a measured by the moving observer) is
schematic representation of the phase 2
space trajectories (i.e., contours of 1 2(1 ~-Z 2. 21 _E;
constant energy) of a particle moving in a ¢ e L 3
one-dimensional potcntnal . - 4. _272‘
V(x) = —Exz +4x4? L1z {(1-7)

1. 57.aamr:{ma=rummf&aaav=§mm2x2

\ * W 0w ww ¥ e
x a= [2(2+2)) e frr 3 4
/ mﬁmm%.

l. wa 2. —iwd
3. wat 4, jwat

/\P
=

© S/15 CRS/15—5CH—2B
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59.

A particle of mass m is in a potential
: 5
V= ;mwzxz, where w is a constant. Let

a= ’%(fﬂfﬁ) In the Heisenberg

- da . .
picture ¢ isgiven by

Ll

—iwd
iwat

1. wda
3. wat 4.

el cRfdr avafes gy @afe &
faw

(@) @O = {%Q)- % ()

¥ Q1 fes wifes a3 afRy Y sy
€1 5 IRt & Bl YRE deRe @
ey gfafafde e Wrew waiaRor
ZaRT wEftd §1 W regg 1 w9 5w
TR TAT ST THAT ¢

) (1? 1_01)1 . (1{1) 1{1))0
o 5(1 _1) 4 Ti(1 1)

Two different sets of orthogonal basis
vectors

((0) O} = {5 () & (C))

are given for a two-dimensional real
vector space. The matrix representation of
a linear operator A in these bases are
related by a unitary transformation. The
unitary matrix may be chosen to be

ey % 3

1 0
s & ) + 50 1)

M 3SR wawot v Bwor & ofst
# Rua €1 &y yuwelt & i 9
dr egachrar ISR sreateafsmar oy
B a9 T dF & AT BofeT 30
ﬁ'ﬂl’sﬂ?ﬂ%( =é;:

2e%F! + ge= P/

2e3F] + gefl

2e38] 4 6e= 38 4 3Pl 4 3¢~
(2 cosh 8))?

g b R
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59.

60.

Consider three Ising spins at the vertices
of a triangle which interact with each other
with a ferromagnetic Ising interaction of
strength J. The partition function of the
system at temperature T is given by

1
(8= o)
1. 2e3B] 4 ge= A
2. 2e73B) 4 gefl
3. 2e3F) 4 6e~3F) 4 3Pl 4 30P)
4. (2coshp))?

e Ry & oY ) ofuy vg e
SR JETRT F v ad B
TAET FIAT &7

010 |

0.05

0.00

Vi

-0.05

-0.10

(et A= & @Ay 3T A §)

1, 1.00
o050 ke AV

0.00 — t

Vo

-0.50 -

-1.00

1.00 |
0.50

0.00

Vo

-0.50 |

-1.00




3. 1.00 b~ o« . o

0.50 - ==

(s

0.00

Vo

050 |- - -

-1.00

4. 1.00

0.50 ¢ - -

£ 0.00

E7, 517 1| S

-1.00 }-

60. For the circuit and the input sinusoidal
waveform shown in the figures below,
which is the correct waveform at the
output?

0.10 |-
0.05

0.00

Vi

-0.05 |

0.10

(The time scales in all the plots are the
same.)

1. 1.00 |-

050 | - -\~ -

2 0.00
-0.50 |-

-1.00

1.00 }-

0.50

66 .

050 B\ - /- -

Vo

.00 | M- - =
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3. 1.00 |-
os0 b - - _

0.00

Vo

050 b - -

-1.00

4, 1.00 }-
0.50

0.00 t

Vo

D80 f = o

-1.00 | S S e =i

61. Trr Y s afgy &, 25°Cc W uffeex
#r ogfer 3 kQ ¥ IO W oIWe

iy 9fd °c 150 Q F7 gar &1 30°C
W aRoy & et aees B
T
o
W
-1V
O—— AW S
1K Vout
1. =375V 2. =225V
3. 225V 4, 375V

61. In the circuit given below, the thermistor
has a resistance 3 kQ at 25°C. Its
resistance decreases by 150 Q per °C upon
heating. The output voltage of the circuit
at 30°C is

T

_@_

-1V
o——ww—! |
IK y
out
l.. =375V 2, =225V
3., 225N 4, 375V

62. A& o & v RYF ifAeeh
H=cd -p+pme®? Rufaffsa daw
E? =p?c? + m?c* ¥ #IT B vy
dadrr s (¢,4) F amder o & For H



62.

63.

v Rufaftsa  sefr-ddor w@&w 3
(E - q$)? = c2(p — 24)" + m?c*| ¥a: &
ftga dedfr &7 & & e & fAv
BY& e &

1. c&'-ﬁ+§ﬁ-ﬁ+ﬁmc2~e¢

2. cd-(P+A) +Bmc® +ed

3. c(@- p+edp+24|) + pmc?

4. cd-(p+%4) +pmc* —ed

The Dirac Hamiltonian H=ca:p +
Bmc? for a free electron corresponds to
the classical relation E? = p?c? + m2c*,
The classical energy-momentum relation
of a particle of charge g in a
electromagnetic  potential (¢, 4) s
(E—q¢)* =c*(p— %ﬁ)z + m2c*.
Therefore, the Dirac Hamiltonian for an
electron in an electromagnetic field is

. c@-P+2A-A+pmc?—ed

2. cd-(p+2A) + fmc? + e
3. c(@- p+ep+YA|) + pmc?
4. c&'-(ﬁ+§ff)+ﬁmc2—e¢
& gfasdt e [y
_(Vpfor r<a
V(r)_{ocfor r=a

STV, @7 a U1 AW §, &aT Foll E &
TH FOT H FholF gar &l HeT Fel
@A #, Fa wEolEw oRew ¥
am4fta2(f;tanhka—1)z, T ki=
ZW-E)>0 1 #HE Voo # o,
o B o & v Ma @ Rwfasa

sehrofer afREs &7 raura @
I 4 2. 3
3.1 4. 12

. A particle of energy E scatters off a

repulsive spherical potential

Vofor r<a
Vir)=12
) {0 for r=za
where V;; and a are positive constants. In the

low energy limit, the total scattering cross-

. 2
section is o = 4ma? (ﬁ tanh ka — 1) )
where k2 =22 (Vo —E) > 0. In the limit
Vy = oo the ratio of o to the classical
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65.

65.

66.

scattering cross-section off a sphere of
radius a is

1. 4 2. 3
3. 1 4, 12

. AT t=0 W, & @A § 3ls g

N & i3t Fo7 3 / faaor aiw
A § REor s ¥ D I gy L W
Pua v g & 9 v @@ ailRa
FOIT &Y G&AT L dYT §AF t W 39

g sk &
. N g-t*/ant) 2. ML o-ape/i?
VanDt ' VanDt
N —L2/(aDt) 4 —4Dt/L?
Ji6npe3 ¢ I

. A large number N of Brownian particles in

one dimension start their diffusive motion
from the origin at time t=0. The
diffusion coefficient is D. The number of
particles crossing a point at a distance L
from the origin, per unit time, depends on
L and time t as

I N o-t?/4Dt) o _NL_ -apt/i?
" Vanbt " anDt
2 1a:m e—L2/(4Dt) 4 Ne—4Dt/L

AT W a I ATHRUT 99 ATdE &
(111) ad ¥ TERES 1=a & X-BRor
wrafda gar &1 @9a 9 #vor ARTE

e
1. n/6 2. w/4
3. m/3 4. m/8

X-ray of wavelength 1 = a is reflected
from the (111) plane of a simple cubic

lattice.  If the lattice constant is a, the
corresponding Bragg angle (in radian) is

1. m/6 2. m/4

3. /3 4. m/8

.d9 4 K dur 8 K & fov sfomes &

wifas gahry & § FAW 11 mA/m TUT

5.5 mA/m | HFHHIT AT & TSI
1. 84K 2. 106K
3. 129K 4, 150K

The critical magnetic fields of a super-
conductor at temperatures 4 K and 8 K are
11 mA/m and 5.5 mA/m respectively. The
transition temperature is approximately

1. 84K 2. 106K

3. 129K 4, 150K
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np? Hofas gt & P 9 gd=t

'Se» *Po, P, P, auT 'D,, H# ¥ Fia-Ar
HTEATIEAT £ 2

L. Py 2: g,

3. °p, 4. p,

Of the following term symbols of the np?
atomic configurations, 'Sy, *Py, *P,, *P, and
'D,, which is the ground state ?

1. Py 2, 'S
3. P, 4. P
sfafear ?D+§D—'3He+n° vad

HAARAT3T ganT g A& Gwar Fifn
dE ZHF HIEIUT & Jooted Far &

1. &ofrr g@aer 2. faega smwr
3. SRI= dEar 4, EAEOT

. 2 2 4
The reaction 1D + 1D - 2

proceed via strong interactions because it
violates the conservation of

1. angular momentum

2. electric charge

3. baryon number

4. isospin

He 4 7% cannot

A & g7 FRr ABT & affE f@wa
w Bfew aRs 3Ed dew @
slemiea #wa I sgEaw @ Fe
HaEArHT F FrofT FAT FAHT: (=0
aur (=18, = @ st & oerat
aur =elat & vl @te) &
e § 2

4 16 2 8
1. EHE G 88Cl 2; iD aar ?E;e
3. 2Hz’.- GEL 4Be 4. 2He aar 6 C
Let us approximate the nuclear potential in

the shell model by a three dimensional
isotropic harmonic oscillator. Since the
lowest two energy levels have angular
momenta [ =0 and [ =1 respectively,
which of the following two nuclei have
magic numbers of protons and neutrons?

4 16 2 8
1. ﬁHe and 88 0 _2. iD and 4182:3
3. 2He and 4BE 4, 2He and 6 C
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74

d-m # s wedt S g gfiegor
U (k) = Ak®, STRT A T s 3R &, "
HARIOT FIAT &1 SH-HSHCBA HEAA
T F T 3efeT et & S

o

E(d-s]/s

o f bl — 1 %€
a

SEl ¢ UH HW E, ou=0F fav sfr
aRfaa TB?!T TRA| TE 8 Tl ¥ 5

1. E < : 2. -<-<-

% SN 4.

An ideal Bose gas in d-dimensions obeys
the dispersion relation e(k) = AkS, where
A and s are constants. For Bose-Einstein

condensation to occur, the occupancy of

excited states
[ o]

N,_,:cf
0

where ¢ is a constant, should remain finite
even for 4 = 0. This can happen if

eld=5)/s

Rt — 1 %€

d
. £k 5 lgfel
a_ 1 .32
3. =>1 4, -<-<1
s 2 5

fAmr B3 7 oF 9Ruy F RAv, Zrmem
AU HefhHA T ABCDH I IRy

aﬁrﬂwa%.

clock 3 bit dng

counter
A B C

Flip —D
Flop

E:

MSB LSB

l. 8545251595 (mod6)
2. 824-52-9-5- 3 (mod6)
3. 2-55-59-51-53(mod5)
4, 8-25-21-3->7(mod5)

For the logic circuit given below, the
decimal count sequence and the modulus of
the circuit corresponding to A B C D are

clock 3 bit ring

counter
A B C

MSB

LSB
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1 8—»4—)2—&—»9—)5(m0d6)
2. 8—>4->2—>9—>5—>3(mod6)
3. 2-+5-b9—’1—>3(m0d5)
4 8~*5—»1—)3—>7(m0d5)

IS & vw gRRE wew F e
FoFdfAS Sedo E(K) = vk @ R
ST, SEl v Iedemt B oafy ¥

HITUTH &1 Oelcq 38F Jegara 7 €
l. E 2. E32
3. EV? 4, E?

The low-energy electronic excitations in a
two-dimensional sheet of graphene is
given by E(ic') = hvk, where v is the
velocity of the excitations. The density of
states is proportional to

1. E % B

3. EBV? 4. E?

e o FaE N ant F@ew Fer
C=1 & It &, aF Fea-fehSar
T St g a3my & v ¢ &
FE H AR gERE & DU hw vww
aRafda war gem
. L+3(B-5-C)
i+ (B-S+C)
L+ (B+S-C)
i+ (B+S+0)

B2 owoN

The charm quark is assigned a charm
quantum number C = 1, How should the
Gellmann-Nishijima formula for electric
charge be modified for four flavours of
quarks?

L. Ii+-(B-S-C)
2. Ii+5(B-5+0)
3. :3+5‘(B+s-6)
4. I3 +3(B+5+C)

SRRAE 3] A FufaF Eert so
E,=ho(v+l) aur qoife  smeard
S B =Bj(j+1) & @y @ & F@iv
AT j 30T quites §| 39 HEwAoT a3

et et aiftes od ifaw sreeamt
vS1TU ;<2 ¥ gfaefa § 3k wu=
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75.

75.

faftgt av = 41997 Aj = +1 & e ¥

al HHAYT F HTAT IeaaH Folt &
l. hew-3B 2. hw-B
3. hw+4B 4. 2hw +B

A diatomic molecule has vibrational states
with energies E, = hw (v + -:—) and
rotational states with energies E;=
Bj(j + 1), where v and j are non-negative
integers. Consider the transitions in which
both the initial and final states are
restricted to v < 1 and j < 2 and subject
to the selection rules Av= +1 and

Aj = £1. Then the largest allowed energy

of transition is
l. hw-3B
3. hw+4B

2, hw-R
4, 2hw + B

He-Ne @8 Ne #r & Falt raeamsid, st
226 eV ¥ BT § & I9ANT awar B
TS GO A TUTR v Rufydt
H 398 Iavar qur Ao saemid
A FEATH FT I 1/20 §1 GF
qed a9 T (SeCHA MY
kp = 8.6 x 107° eV/K)

1. 109K 2.
3. 108K 4,

108 K
10* K

A He-Ne laser operates by using two
energy levels of Ne separated by 2.26 eV,
Under steady state conditions of optical
pumping, the equivalent temperature of
the system at which the ratio of the
number of atoms in the upper state to that
in the lower state will be 1/20, is
approximately (the Boltzmann constant
kg = 8.6 X 1075 eV/K)

108 K
10*K

1. 109K 2.
3. 105K 4,
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