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2019 (I)
PHYSICAL SCIENCES
Time : 3:00 Hours TEST BOOKLET Maxivmum Marks: 200

INSTRUCTION

This Tust Hooklet containg seventy five (20 Part' A'+25 Part *B” + 30 Part *C") Multiple

Cholce Questions (MCQs). You are réguired 1o answer a maximum of 15, 20 and 20

questions from part ‘A’ ‘B’ and 'C’ respectively. If more than required number of

questions are unswered, only first 15, 20, 20 questions in Parts ‘A" ‘B’ and 'C’
respectively, will be taken up Forevaluation.

2. OMR answer shest has been provided sepurately. Before you start filling: up. your
particulars, please ensure thut the booklet contains requisite number of pages and that
these are not torn or mutilated. If it is so, you may request the Invigilator to change the
booklet of the same code, Likewise, chieck the OMR answer sheet also. Sheets for rough
work have been appended to the test booklet.

3. Write your Roll No., Name and Serial Number of this Test Booklet on the OMR Answer

shest in ﬂat :pane prtrw:iad Also put your| :igmtmﬁ in tlh: space uaml.arkud

D_MM

5.  Each question in Part ‘A’ carries 2 marks, Part 'B" 3.5 marks, Part ‘C" § marks
respectively. There will be negative marking @ 25% (Part "A" (.50 marks, Part ‘B’ 0.875
miarks and Part 'C" 1 25 marks) for each wrong answer.

6.  Below each question in Part ‘A", "B’ and 'C" four alternatives or responses are given.
Only one of these alternatives is the “correct” option to the question. You have to find,
for each question, the correct or the best answer.

7. Candidates found copying or resorting to any unfair means are liable to be disqualified
from this and future examinations:

8.  Candidate should not write anything anywhere except on snswer sheet or sheets for

rough work.
9.  Useof calculstor is not permitted.

10. Aflter the t ll OVET, thq. rfn_utln 3

11. Candidates who sit for the entire duration of the exam will only be permitted ta carry
their Test booklet.

5-C-H SIECRIEN9—SCH—B



HAHT/PART-A

WX USE UEH, #i2T, ATy aur SRy 6 &
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I 1 &/ off fir oz SR s EwT £

2. wEEr, TEEr ¥ avg 2y, mew F €7 v
WAT AT WEAT E

3, dtzr, T ¥ o1y uewT ok ETeEr W @
FrE WE T A7 AT g

4. Tg wiEw s §

Of four agents Alpha, Béta, Gammea and
Delta, three have to be sent together on a
mission. Il Alpha and Beta cannot go
together, Beta and Gamma cannot go together
and Gamma and Delta cannot go together,
then which of the following holds?
L. ‘Any three agents can be sent,
2. Alpha, Delta and any one out of Beta
and Gamma can be sent,
3. Beta, Gamma and any one out of Alpha
and Delta can be sent.
4. The mission is impossible.

T FAT Sraarare gEA Ry # offm e @
=T HAET FrAT 51 #1277 e o R
e T 97 ww W A % a9y o
wFar £1 =4 Y anfran 2oft (om’ #)

5-C-H

2.

An open rectangular box is made by
excluding the four identical corners of @ piece
of paper as shown in the diagram and folding
it along the dotted lines

10cm

10 mWA % |

40 cm
— 40 em —
The capacity of the box (in em”) is
1. 8000 2, 1000
3. 4000 4. 6000
e & & s aft afr s ot &
ZE!U' 3"0] 4_39' 520
[.. 220 ] 2. 3%
3. 430 4, 5.1{]

Which of the following is the largest?
259. 3-".1' 435. 520

B 2 3u
< 4 5=

UF 45C Bl |1 & (o0 92 9¢ qEa1 &1 W
m | el 3=t d swr-sem ot o
WA | oy F9) o Haw R wefim g

Energy gained

0,0 Energy spent

st 9T = B WE FAT W AT I Ay

w7 st 2 wE

|. % 7 20 AHaW §

2, IR FHAUFH

3. g fig & w7 At ot Ty W @w
1o F

4, TF ¥ vy fAg 9T



4. A monkey climbs a tree to cat fruits, The

ameunt of energy gained from enting fruits
and the energy spent in climbing on
different branches have a relationship shown
in the figure,

Energy gained

0,0 Energy spent

The ratio of enerigy gained to enetgy spent

will be the maximum

I. at a point where the slope of the curve is
the maximum

2. al'a point where the slope af the éurve is
unity

3. at a point on the curve where the tangent
passes through the origin

4. at the highest point on the curve

s = £ F9ri ¥ 7 10 91 "/ 97 10

s A fired @ et R v §

o e st e R st

A.TAH | 9T W AT § SfEw war oy
Hie 7 FH Z

B. THH & 9iF w9 wiftasr G sfis qur
T H AN

C. T § 7 UF WA AT q AUF G000

D. 9 # W UF AT ATIRGHT 9T AT

T8 | F-aT fu o 9dt 87
l. BEETC 2. ATEIC
3. BE9TD 4, A, CT9TD

‘The length of o eylinder is measured 10 times,

yielding. 10 distinet values. Feor this set of

valugs, consider the fullowing statements,

A. Five of these values will lie above the
mean and five below it

B. Five of these values will lie above the
median and five below it

C. At least one value will lie gbove the mesn

D. At least one value will lie at the median

Which of the statements are necessarily

cormect?

1. BaandC 2. Aand C

3. Band D 4. A, Cand D

o gm7 #, 0 F% & £PAO = 40°,LPBQ =
30° 74T 9TE] FIW LAQH = 220°.

T4 LAQB T
1. 70° 2. BoO°
3. 60° 4. 110°

In the given circle, O is the centre, £PAD =
40°, £PBQ = 30° and outer angle
LAOB = 2207,

Then £AQR is
I..70° 2. 80"
3. 60° 4 110°
ATt U sy=regy Frer e §

5y
A—> —8

qrt & Tl A T A T BIEAT I TE G,
797 G, 7y F1 FAfy 799 F Mo aey e
H FETT ATE B FX Gy F A T 0 wyrana
10% ¢ w=1fE G, ft 200 vt § A & BH
#rT aga £ arfirar 2nf _

1. 10% 2. 20%

3. 28% 4, 30%



7. A canal system is.shown in the figure

1
b —s

1

Water flows from A to B through two
channels. Gates G, snd G; are operated
independently to regulate the flow. Probability
of G; to be open is 10% while that of G, is
20%. The probability that water will flow
from Ato B is

1. 10% 2, 20%

3. 28% 4, 30%

wrerg caT Frre Y uF w94 Sy Frew e
" Frar §1 AN vy wrd et oy &,
UF T H HUL A AT FIrE A s

Foras a7 # w2 1 o ft Wt @ A
ffm:frairmtiﬁ

e
J rrr 4, 2mt

A long ream of paper of thickness ¢ is rolled
tightly. As the roll becomes larger, the length
of the paper wrapped in one turn exceeds the
length in the previous turn by

Lt 2,2t

3 omt 4, 2nt

Py r 3@ afiy wx g 4 &y vome &
P g wr vt wat 81 waw i F 4 %
warey feafy # wgww aw oy ofgw  famr
Ferer spaear &1 sifew it 4P Feaeft anfte

QO

initial

ar
ry(1+m2)
ryf (4+ )
2ry (1 +m2)

o o

5C-H

10.

10.

11.

11.

Point 4 on a wheel of radius r touches the
horizontal plane at point . It rolls without
slipping, till point A is at the highest position
in the first turn. What is the final distance AP?

QO

initial final

ar

L1+ 1)
)

2r (1 + )

oF ftamy wrfare S s S
=0 # wrgiees Sy % e #1 wat e
¥ fr W # Sifee 3 0w g A e
AT &1 Wi g A wEEm

|, e sy &

2, mgas afa &

3, u=aTEw R &

4. Rrafra srdet % i s &

R D e

In a bacterial cell, a protein is synthesized at
random location in the eytoplasm. The protein
has to reach one pole of the cell for its
appropriate function. The protein reaches the
pole by

I. chemical attraction

2. ramdom movemnt

3. enzyvmatic action

4. attraction between opposite charges

UF AP TH 32 T 1234 ¥ amm R

- WL F FHET H 7z e §) UH o

w1 wEw Tk AT F T % et gy

gﬂﬁm ey # e ofae g g7
2,30

3 ‘?ﬂ 4, 90

A precious stone breaks into four picces

having weights in the proportion 1:2:3:4, The

value of such a stone is proportional to the

square of its weight, What is the percent loss

in the value incurred due to breaking?

1. 0 2. 30

3. 70 4, 90



12,

12,

13.

13.

14,

T | WA FO6 47 2= #Ee 6 79T 8
e d s mrea L ofr s e afi g
&t T 21 a1 7 Prae e T ot T e
& sty Ty e e

1. 8 224
3, 32 4, 60

Two runners starting together run on a
circular path tking 6 and 8 minutes,
respectively, to complete one round. How
many minutes later do they meet again for the
first time on the start line, assuming constant

speeds?
1. 8 2. 24
3 32 4. 60

Frenfda g = & wr AT w7 RO
e arooft F owe 2

it Torerrens aufy
A 0.1
B 0.4
C 03
D 0.2

e # fenfaat ft raw w dsm W &7

3 2 2.4
3. 8 : 4. 10
The distribution of grades secured by students
in a class is given in the table below.
Grucde | Fraction of the
population

A 0.1

B 0.4

C 0.3

D 0.2

What is the least possible population of the
class?

i 2 24

3. 8 4.10

A T 2y, 2, %5 . X FOR T A R

T st m st adft ars deurel & gEa

aftrs ) e A a e

I, Average ( X, %3..%5,m ) > m 47
Average (X2, X3...%9) > m

2. Aversge ( xuxz..xgm ) < m U7
Average (xz..t;....xg_]'ﬁm

3. Average ( xuX3..Xm ) = m TH
Average (x;, %3, .. X3}>m

4. Average ( xpXp..Xem ) < m TET
Average (X, X3, .. Xgy=m

14, The nine numbers x,,x;,x3..%3 , are in

ascending order. Their average m is strictly

greater than all the  first  eight  numbers.

Which of the following is true?

I. Average (x;, X5 ... X9, ) > m and Average
l';Ig,.tg. poe xg.} -=m

2. Awerage ( Xy, X3, Xq. ) < m and Average
(-ti.‘i X x"}} <m

3. Average (xq, X3 ... Xg, ) = mand Average
(%2, %3, .- Xg) > m

4. Average (X4, X3 ... Xq,m) <m &nd Average
(%2, %3, .. Xg) =

15, =% & Ft7 77 By wfEarst, e, s

arfe w7 wfffre s i

1 |
e

©) C

Lo

N

15. Which among the following diagrams

represents women, mothers, human beings?

1 2

P




16.

16.

17.

17.

TF AES A uF apdt e g i #
Fort & sl v wew 8

Wik E # wrE A K wwdt F (Fel).
et oré ¥ F7E w7 W w7 (F- 1),
e o st w7 wdy Frod 82

|. WY1 HE £ 9C F9- || AT £

2. w9- | 91 & 9T - | e

3, BT, - | AT 1, A E

4, woAt-l war 1 Fr qaar FlEe o #
. T WHHT

A boy and a girl make the following

statements, of which at most one is correct;
The one in a white shirt says: “ am a girl”
(statement-1)
The one in a blue shirt says: “T am a boy"
(statemnent-11)
Which of the following is the correct
inference?
1. Statement-I is correct but statement-1I is
incarrect
2. Statement-11 is correct but statement-1 is
incorrect
3. Both the statements | and [l are incorrect
4. The correctness of the statements | and
Il cannot be ascertained.

Foreer for % frers s 57

L 17 2. 18
3. 19 4. 20

How many quadrilaterals does the following
figure have?

2. 18
4. 20

18, T 12 7 famd wr, g, e e oy i

18.

19.

19,

20,

At &, 0% =eq F 7 w0 Py 4w )
mfm A s f wwr &

i 2t
1. 1/4 2. 12
3. 1436 4. 1/55

12 balls; 3 each-of the colours red, green, blue
and yellow are put in a box and mixed. If 3
balls are picked at random, without replace-
iment, the probability that il 3 balls are of the
sume colour is

I, 1/4 2. 1M2

3. 1736 &, 1755

= SF & s pe et o aray e gatey |
o Wi g e w8 O Ay qaradl %
a1 3 w7% 7 A q et A, M AR
w3 P wre il o
L. AT w7 AT A a9 gATEy Emad T
wzavd 21t et st gare grft
ZrAT Y FTOF FEATd U
T 6 AT & O T g g

HIT A 0T FT RO AE B WA
Wﬁmﬁmﬁnﬁuﬁnﬁt

Some aliens observe that mosters call before
sunrise every day. Having no other
information about roosiers. and  sunrises,
which of the following inferences would NOT
be valid?

I. Rooster-call and sunrise may be
independeént cyelic events with the same
periodicity

2, Both may betrigoered by a common

cause

. Rooster-call may be causing the sunrise

. Sunrise cannot be thie calse of rooster

cll as (he rooster-call precedes sunrise

S S, § 7y 12 e & == W Swam S0
=1 3 W sEtE fores O W 3 |/ET ST
§ Ftear &1 wow g ww W el aw
Wﬁﬁﬁ{ﬂtﬂﬂﬂﬁﬁmi\m

1.:3
3.5 4'?

e

£ ek



20. Twenty-one litres of water in a tank is to be

21,

21.

divided into three equal parts using uniy 5 8
and 12 litre capacity cans. The minimum
number of transfors needed 1o achieve this is

I3 2.4
3.5 4.7
WHT/PART-B

TEATT m W UF Wiy s (0F R A)
e ow 3z a9 ¥ fifim & qar o0
A 1 e # 3w F Ae § us
e Tl A gga T sEa T s
e H 3ars wvdt & Gmw % o aww gy
Femmw st sear & 6wl &1 Fac W
T TEH H I =Y O § W A e
T ST FE Ry war & o we aw oSt Ay
st # s w7 faay ay &, a9 o et
e P gy e g

ﬂll ':\' X
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24t
' EmEE
wiAt
ZmeE

L (4] L

2
- ik

e

A quantum particle of mass m in one
dimension, confined to a rigid box as shown
in the figure, is in its ground state. An

infinitesimally thin wall is very slowly raised

to infinity at the centre of the box, in such a
way that the system remains in fis ground
state at all times. Assuming that no energy is
lost in raising the wall, the work done on the
system when the wall is fully raised,

‘eventually separating the original box into two

compartments, is

u:-[ |H} = e
=L 0 L = 7

g —————— -

22,

22,

23,

| Lo - nipl

lami® 7 amiet
Lo

3. = 4. 0

A —L<x< L, § Aoy T=mm om

AT qF T W AT wEA Px) =
A(L+x)E—x) 8. 5@ A woTHT=w
ot &1 s ot s 0 86t ot wnfrea
gt

(1 2.

The wavelunction of a free particlé of mass
m , constrained 1o move in the interval
—L=x< L, is Y(x)=A(L+2)HL—x),

where A is the normalization constant. The
pmbal.ﬂhw that thi.': pamcle will be found to

.& 1LY 3

.8 2. 7

i 1

3!- m 4. ﬁ
s P O (Esreey w7 93 w07 @ A B

W)y =zf(r) & & r=(x.y2) %7 %5
el wfaw & e fi), r=|r| w1 wm
21 Al o w5 Foftr G LA 9 12

I #17 Wiiew

|, 2h* 2. W?
F 32

3. 4h 4, +h

A particle moving in 4 central potential is
described by o wavefunction Y(r) = zf(r)
where r = (x,v,z) is the position vecior of
the particle snd f(r) is a function of r =
|7|. 1fLis the total angular momentum of
the particle, the value of L2 must be

I. 2h* 2. p

3. 4x2 4. %&2
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24. ‘A particle of mass m and energy £ >, in

one dimension: is scattered by the potential
shown below.
Vix) »

L

[f the particle was moving from x = =@ o
x = o, which of the following graphs gives
the best qualitative representation of the
witvefungtion of this particle?
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16.

MR NI rmndow
frEaft i =g S v T T O m
za w1 R wr E wey e wRdw =
T £, @ zewA v g Y gwd A,
AR T AT TEATT =T g

I. 10g 2. 50g

3. 100g 4. g

An object is dropped on a cushion from a
height 10 m above it. On being hit, the
cushion is depressed by 0.1 m. Assuming that
the cushion provides a constant resistive
force, the deceleration of the object after
hitting the cushion, in terms of the

-acceleration due to gravity g, is

1. 10g
3. 100g

2. 50g
4. g

s =H-2aw (woft) T w, FoftT 3w a

o &1 xw ol s o we my aff e A
o w0 P § Ry & ange § S amw

& v, ® wEwr §1 AW uw wwedty B,
fewgw g pffres s dg a@am
92 ro-FEeist & T w0 w1 oy Fm

. —rwif

2. Zradf + vyweld

3. rwif + 2vpwyfl

4. —rwlf + 2vgwyl

A tum-table is rotating with a constant
angular velocity wy. In the rotating frame
fixed to the turntable, a particle moves
radially outwards at a constant speed v;. The
acceleration of the particle in the 78 -
coordinates, as seen from an inertial frame,
the origin of which is at the centre of the
tumtable, is

I —rawdf

2 2radf + vow,f
3. radf + 2vgweB
4. —rwif + 2vgw,f

5-C-H
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2.

27.

28.

et B et o % =t d o geE o
# aftear swft &1 Foom %€ & geeliy
fais ¢ % w9 F wmw § "y diefit
iada gar &1 I 10 wTE Ad o gEET A

e g1 e &, A T A

1, et & afoer f war & By 3ot
& st

2, peft #t o st sfrafife wdft 2

3. gt w1 waft Fofry w3 73 [mom

4. qelt £t ofmwr B s § Fow
sfrafis @t

Assume that the earth revolves in a circular
orbit around the sun. Suppose the
gravitational constant G varies slowly as a
function of time. In particular, it decreases to
half its initial value in the course of one
million years. Then during this time the
1. radius of the earth’s orbit will increase
by a factor of two
2. total energy of the carth remains  constant
3. orbital angular momentum of the earth
will increase
4. radivs of the earth’s orbit remains the
same

AT om W U% s f@ww V() =
kx*,(k>0) % s Bw § i &) wwy
t = 09T 7% %7 feat sy x = A & 5wy
Aty F7ar {1 oieEg 7 ¥ Frg ger aafy
e

I. A™Y2 ¥ gayeardt &

2. A™' & wATAATAT £

3. A fndr 5ff saar

4. g-afomfie 78 & (viw wevaftam &)

A particle of mass m moves in one dimension
in the potential V(x) = kx*, (k > 0), At time
t =0, the particle starts from rest st x = 4.
For bounded motion, the time period of its
motion is

1. proportional to A~/2

2. proportional to A™1

3. independent of A
4. not well-defined (the system is chaotic)



29. ‘mtew # w0 (niEe o o 7iw) S a

T AT 74§ A 7 & o R
fre oy % argey nitafZa ww Raromar 2

(A « a A1)

x

& 3R ar % o i Fosraw S seen §
T 7 e S ey 5w

1. & Tfx (sifde) $r =f & 7 oAt
2. ¢ Wife (altdy) 1 of 7 w2 arofy
3. £2 itz (st 1 =F & =3 wAroft
4, 2 %ife (atd0) i =f { 72 Al

. The infinite square-well potential of a particle
in & box of size a is modified as shown in the
figure below (assume A < a)

= P

The energy of the ground state, compared (o
the ground state energy before the

perturbation was added

1. increases by a term of order £
2, decreases by a term of order &
3. increases by a term of order £2
4. decreases by a term of order £*

. Fadt 3 % 3 areyg A F www www A ol

ww gEwE & IR § Ay =i, (9
i, = 1,2.3) A % srfrersiiore wry g6
1. (7,7,0) 2. (7,4.3)

3. (14,0,0) s (223

11

30. The clements of a 3 % 3 matrix A are the

31.

.

products of its row and column indices
cigenvalues of A are

1. (7.7.0) 2. (7,4.3)
3. (14,0,0) : 3-3-‘1‘—;%

frer oftag &, Bl 43 D ¥ sEws
(aen) g # wiftwar p a9y wETAS
(FrRg iAoz (1 -p) &

{D}
{D}
= 53
1|
|
ftey & qeia e geer i widw
gt
1. 2-p-p*
2. 1-p)*
3. a-ppt

4. (1-p)(1-p)

In the following circuit, each device D may be
an insulator with probability p, or a conductor
with probability (1 — p).

{T}
g I°L
{D}

o]

l
'

The probability that a non-zero current flows

through the circuit is

L 2-p-p*

2 a-pt

3. (1-p)?p?

4 -pa-pH)



32.

32.

33

34.

34

afsfiar sfdw y(x = 1) = 0 % w19 72w
et j—:+ (1+x)y=e"*
Ral-GEiu
|, D =x
o
2 E__:'?,_.-x
3. —-{:ﬂe"‘

4. (x—1)%e~*

The solution of the differential equation
x i’—'+ (1+x)y=e* with the boundary
condition y(x =1) =0, Is

I., tr-:'?e'\!
T

fxX=1) _»
2, = e

{1-x}
3. g *

4 (x=1)%e~=

Ffire emmeer [ 40 v am g
L. 4n/3 2. 2r/3
im 4. mf3

The value of the definite integral J;"ﬁ—‘;ﬁ is

I. 4m/3 2. 2n/3

iw 4. mf3
n-qAE ¥ P gy sl ¥ oo
T AT mer g% P W% R v i
# ofd 1 g R & 1 a2 Bz IEs
A H F At & A7 ovar F 3 F kv any
1 T gy

! Ll

1. &% sin (32) 2, %sln(ﬁ)
3. S tan () 4. Garan ()

Consider a planar wire loop as an n-sided
regular polygon, in which R is the distance
from the centre to a vertex, If & steady current
I flows through the wire, the magnitude of the
magnetic ficld at the centre of the loop is

l. %sin(?) 2, %ﬂn(ﬁ)
3 etan (%) s Geren(3)

5-C-H
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35.

3S.

T A% 0.5 yum w7 vF A7 arany et A
"o Awadty fam sehi a0t 2R F
s =7 & aftw £ aar y = 0 79 o Proh
&1 T i wfer kywar k, Remam

At st @ W oA 30° F, AW vT T
=fawon R ¥ B gwie (Ben)-sos
Sl

1, 1.0 pm
3. 0.58 ym

2. 0.29 ym
4,05 pm

Two coherent plane electromagnetic waves of
wavelength 0.5 pm (both have the same
amplitude and are linearly polarized along the
Z -direction) fall on the y = 0 plane. Their
wave vectors kyand k; are as shown in the
figure,

-

[f the angle 8 is 30°, the fringe spacing of the
interference pattern produced on the plane is

. 1.0 um 2. 029 pm

3. 0.58 pm 4. 0.5 um

=T wHi Tordy et ) sE ® A
Frer & & o Ry wft ofefia wfdy
T 8 (e 7 f st 3 Rro st
THTE AR T 0 UF f, T wEE w3y v
BT 5774 31)

LAx(D,-D)=0

2, Ax(H - H)= |,
.8 (B -D)=0

4 A-(B-8)=0



36.

1.

37,

38,

38

Which of the following is not a correct
boundary condition at an interface between
two homogencous diclectric media? (In the
following 7i is @ umit vector normal to the
interface, o and j, are the surface charge and
current densities. respectively.)
LAxX(By=Dy)=0

2. fix(H—-H,)= |,

A -Dy)=c

4. fi-(B-B)=0

HTTH FTATY AT 97 wk-areftr R s
wregw & Fgadfiaar e g

45, 0 O

( [1] 4.-?“. 0 ),ﬂ'ﬁt!n Ih{iqi gl EH
i) 0 O

aregn # y-fear § w7 oft x -far o gfiw
(477 7 o i it @ §eT ky F w4 H) £

1. 4ky 2. 2ky
3. 9%, 4. 3kg

The permittivity tensor of a uniaxial anisotr-

opic medium, in the standard Cartesian basis,
48 0 O

is(ﬂ dey ﬂ),whureenisamnmnt.
0 0 9

The wave number of an electromagnetic plane

wave polarized along the x -direction, and

propagating along the y -direction in this

medium (in terms of the wave number kg of

the wave in vacuum) is

L 4y
3. 9k

Froofafem s Bofle sdfas s oW
%ﬁaﬁﬁ:{zphh*aaﬁnum
fRggiw 51 UF N =a SEwt & qug

2, 2k
4, 3k,

fafirs s dft
l. 3Nkg/2 2. 3Nkg/4
3. Nky 4, Nkg/2.

The Hamiltonian of a classical nonlinear one
dimensional oscillator is H = #pﬁ + Ax*
where 4 > 0 is a constant. The specific heat
of a collection of N independent such
oscillators is

. 3Nkg/2 %
3. Nkg 4.

INkg/4
Nkg/2

5-C:-H
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39.

40.

U §TH I 7 ST F0h [HeAq @
g % "Wy & wanr §, S 6 JaErd s
st #r fiw ands &5 7% "o WA £
FeRgAET ¥ ITE F g F Wl F wew a4
sfafimar §g wHm: 9.82147 m/s Fq
0.02357 m/s’ e B o & 7w &
gratfis w7 & Puifts o wegg =9 w7
w7y T g '

l. 9.82 4 0.02 /s

2. 9.8215 4 0.02 mv/s’

3. 9.82147 £ 0.02357 m/s’
4. 9.82 + 0.02357 m/s’

In an experiment to measure the acceleration
due to gravity g using a simple pendulum, the
length and time period of the pendulum are
measured to three significant figures. The
mean velue of g and the uncertainty §g of the
measurements are then estimated osing a
calculator from a large number of
measurements and found to be 9.82147 nv/s®
and 0.02357 m/s’, respectively. Which of the
following is the most accurate way of
presenting the experimentally determined
value of g7

1. 9.82 +£0.02 m/s*

2. 9.8215 £ 0.02 mfs°

3. 9.82147 £ 0.02357 m/s’

4. 9.82 + 0.02357 m/s’

frr Remgee 10 § e wfadw R oo
seqradt (ac) Fer womar mm ef Ty #
5 g afen gt

s |
= gi-
....2 T
1. 125W 2. 9%
3.25W 4. 215W



40. An ac signal of the type as shown in the
figure, is applied across-a resistor R = 110,

The power dissipated across the resistor is
1. 125 W 2.9W
3.25W 4. 215W

41. TS npn zifawr 9w fares e &
= R ger g &

afy wfadaw &, 1 wfrrw & g1 € &7 svEe
oY FTeE Vi TAT WAL 9% A V. ¥ ofeds
o T EA

l. Vg 70T V514t o s

2, Wy TV J1AT 92 AaE

3. Vg T2 st V, 78 s

4, Vg T T Vi 0T o

41. An npn-transistor is connected in a voliage
divider configuration as shown in the figure
below.

0V

Fly=B0kE) RS
A ipeso

R=20k0)

o —
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42.

42,

If the resistor R, is disconnected, the voltages
Vz at the base and V- at the collector change:
as follows.

1. both ¥y and V¢ increase

2. both Vy and Vi decrease

3. Vg decreases, but Vi increases

4. Vg increases, but Vi decredses

e o afong # v 51 Fefe 51

311
c
bj :’
aft ¥ = AB+CD & @7 1T G, 79T G, ¥
waar: e & g 2o
I. OR 79T NAND
2. NOR 79T OR

3. ANDTYTNAND
4. NAND 797 OR

A
T

G_’ ¥

Let ¥ denote the output in the following

logical cirguit.

IfY=AB + (D, the gates G, and G, must,
respectively, be

1. OR and NAND

2. NOR and OR

3. AND gnd NAND

4. NAND and OR

aorae 1072 Frdar it Y someft # g7 wor 20
e arawarat F F fdt F oft & wwer &
sfwor utdt w7 sfireay W T wfteas
g

1. 20ky

2. 3kg

3, 10 (In2)ky

4, 20(In2)ky




43. In a system comprising of approximately 10?3

distinguishable particles, cach particle may
occoupy any of 20 distinet states, The
maximum value of the entropy per particle is
nearest to

1. 20kp

2, 3kp

3. 10(in 2)kg

4, 20(In 2)kg

. AT T, AGIT, 9T (MR T < Ty &) Sefty
AT aear # e afafgs s & ae & o
Ffr § a9 o orF 8 $ x-2% &

P(Vx)

P(Vx)

b o
PVx)

i
(V)

Ti Tz

Vx

44. Consider a classical gas in thermal

equilibrium at temperatures T, and T, where
Ty <T; .- Which of the following graphs
correctly represents the qualitative behaviour
of the probability density function of the x-
component of the velocity?

P(Vx)

PV

=
P(Vx)

45, smadt dw Y ey e pv = BT £

g F9 areATl 9% T wEe # s
av

TR i

1. 1/T? % =9 % sroardt gem

2. 1T % =9 soard g

3. TR w9 H R Eom
4. AT & AwATTEE T
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45. The equation of state of an ideal gas is
pV =RT ., At very low temperatures, the
volume expansion coefTicient ;:T—Pm constant
pleswre
|, diverges as 1/7%

2. diverges as 1/T
3. vanishes as T
4. is independent of the temperature

HIT/PART-C

46. FATIE, yEFm-feT F=AE om WO
aE Bed Vi y2) = k(e 4 y% + 2%)
# 2 otk % wATeRE fgow f w7 mw

74T A7 49T S B = Bok (781 B, fegvrs
8) #ire ¥ g A Ry wrar g1 s

46. A charged, spin-less particle of mass m is
subjected to  an  amractive  potential
Vix,p.2) = Tk(x* +¥7 +2%), where k is a
positive constant. Now a peérturbation in the
form of a weak magnetic field B =Bk
(where B, is a constant) is switched on. Inlo
how many distinet levels will the second

excited state of the unperturbed Hamiiltonian 48
split?

l. § 2 4

3. 2 4. 1

47. et momm & s=rwe mo % wEfiE e §
werey i W e v =-Ee"’f" i
afifey P 7 =y 8, @i @ @90 R Ao
Feaoim &1 2% srvreft soor £ m s ko
sebToA S 26 21 41 It At s o
FTFATT AT B

mia’r*
a 1_&*(1+k=ni:in=ﬂj
miad gt

5-C-H

47.

zm?a? R
e e ikt
M (2REREL5IRT 28)
4 Aoty

TN A4RTR Ein d )7

3,

The elastic scattering of a charged particle of
mass m off an atom can be approximated by
the potential V(r) = E =TI where & and R
are positive constants. If the wave number of
the incoming particle is k and the scattering
angle is 261, the differential cross-section in
the Born approximation is

miaint
AR (I +REREaTn2 )
miatRt
n_*{z_ai'n‘umt 43
amPatn®
N2k A +5in 28 )
smigint
T M4 R sint g )

I

2,

I

Pt B o s k e St sy

w qRETT W w? = ak + fE° & a7 &
=&l @ Aar § warers s § B gt
FEAT T WIAT4T A 9T WU AW UF A A7
W £, 9B

:._s.ﬁ 2

1 fa 1

. The wave number k and the angular

frequency @ of a wave are related by the
dispersion relation w* = ak + g&?, where a
and f are positive constants. The wave
number for which the phase velocity equals
the group velocity, is

ISJ% EJ_
i%ﬁ ;J;



49.

49,

5-C-H

o Per szfig dos A [l e F @
4% E=(a,00) a7 S=dm &3 B=
(,02a) wr7ar 2, 951 e F BEiEHiA ¥
wrae e 3w & 999 gu v sen sEeiw
T B ¥ W9 % S E' = (EL @, 0) 79
B' = (a,B},a). 7% ¢ =1 wHIwAl # E, 790

By, % W g0y aw
I. 2ad9Ta 2 2ad9T-a
3. a9 —2a 4 —gT9T2a

An incriial observer A ol rest measures the
electric and magnetic field E = (a,0,0) and
B = (a,0,2a) in a region, where @ is a
constant. Another inertial observer B, moving
with & constant wvelocity with respect to A,
measures the fields as E' = (EL, a,0) and
B‘={¢.B;.n:]. Then, in units ¢ = 1, E; and
By, are given, respectively, by
. —2aand a y 2
3. aand —-2a 4,

2a and —a
—a and 2

uw g @ aww 39 go & warers xR
% oE gy B AR AR § aeihl w59y
g Fwe & = <er & (R 3

_.Lp ﬂ
AR DN AL\

L L
uft & Rem 7 Rl dus a5 o= ol
Frga et oot w7 74w 3w g
T %,h—ﬁ? 2. LJi-p2
3. LpJi-f2 4 L

A point charge is moving with & uniform
velocity fo along the positive x-direction,
paraliel to and very close to a corrugated
metal sheet (see the figore below),

SHECRIEMS—SCH—2A
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5L

=1

Wi T oS S R Bem e dm
wrET Ot & T g 1 S0 S ol F
AT T ¥ g 24 § % sEe veam W
it W amg F AN R T ow & (ww
0 < h < R) ¥+ % 73 721 343 f1 /9 =0
F I WA T FS 5 WM W WA
R (2 cosy + Scos6,) & i w4,
Frdzfimd -

TWE g2 8w O w6 W S f dwaw
waw it h o Pndar &l

A solid spherical cork of radius R and specific
gravity 0.5 floais on water. The cork is pushed
down so that its centre of masx is =t a distance
h (where 0 < h < R) below the surfice of
water, and then released. The volume of the

part of the cork above water level a-.nnﬂ(}'-
cosfy + 3cos® 6 ). where 6, is the angle s
shown in the fgure.



At the moment of release, the dependence of
the upward forceonthecorkon h is

. FEUHIA my AT my F FW UF gEEe-Ae
pHATE ¥ A A wF gu £ A A B
2

Ql.m,
TS T 9T TATA my AT S0 e
a1 ST HIW L F HTS FETHT AT B
@t &y Predia e e « rnfio am 1w,
o Prdts Fdars o, -7 Sow v
mbmﬁmﬁéﬁ

LY )

,|i n-g.,-‘—i = ql\{ut, +maitn
4 Iz g

H: ro ) (o +malrg

. Two particles of masses m; and m; are
connected by a massless thread of length £ as
shown in figure below,

ole

The particle of mass m; on the plane
undergoes & circular motion with radius r,
and angular momentum L. When a small
radial displacement ¢ (where e <1y ) is
applied, its radial coordinate is found to
oscillate about vy . The frequency of the
oscillations is
Mg
{my +mzlr,

i"‘:*’!‘fi (]
’ Frgg ’ Imap
3. i'ﬂ'l-;ﬂ‘?Fq l‘h t’"'l"*'mi]rl

. Tft = 5 e x %7 7o % ar ofita

AT HHTFELIT
dtx d*x
Ez+2ﬂzﬁi_‘f+{ﬂ+—-d"]xzﬂ
aaffa i afk 0> A8 few
#aa: q# &g 77 s &= s
s e (lx] ~ oo} F 3f= s
vt P ¥ 4. e
dme: B 0/ o —n/4 9w =
=TT

e

. The time evolution of -a coordinate » of a

particle is deseribed by the eguation
d*x d*x

3 —+2Hz—-~+{ﬂ"—ﬂ‘].r=ﬂ

det de?
For f1 > A, the particle will

I. eventually come to rest at the arigin

2. eventually drift to infinity (|x] —= =)

3. oscillate about the origin

4. eventually come to rest at /4 or —01/4

; mmtﬂiwmwﬁmﬁ=§%+

alx|" &, F5t @ 74T - gATEAS Radw din ¥

a2 wrAl & o nal we At s B, Fingr
Frsfar Py e 2t

I. n* 2 we

3. HH{I'+2] 4, anf{rd-‘I‘j

SOECRIENS—5CH—28



54. The Hamiltonian of a gquantum particle of
1
mass m is H =:—m+l!frl", where @ and r are

positive constants. The energy E, of the nth
level, for large n, depends on n as

1. ni‘f 2 pre2

3. ptfr+2) 4, nArlred)

88, s 0wl s 2 7 sifle anr g A
st wib afniy

z
de
d(cos6) |Z{2I + 1)e'® sin & Py(cos B}I

&1 et =gt sefivfa # St Freraw war
Rrearys s % fm 8, w91 p-aiw & fyw s,
& SR8 = 8y/2 1w wor et 6
AR "R B ¥ W Iy T 8 amo Ay
sawet 9T FT AW A cos B F T W
% o g

1. 0 2. +1

3. —Zcos?d, 4. Zcos s,

35, In the partial wave expansion, the differential
scattering cross-section is given by

T
EF:EE:E = |Z{2! + 1)e'% sin & #/(cos 8)
I

where 8 is the scattering angle. For a certain
neutron-nucleus scattering, it is found that the
two lowest phase shifis §; and &; correspon-
ding to s-wave and p-wave, respectively,
satisfy §; = 85/2. Assuming that the other
phase shifis are negligibly small, the differen-
tial cross-section reaches its minimum for
cos f equal to

. 0 2 12

1

% —;-:ns‘ 8, 4. scos?dy
56. m::—xﬁ(ﬂ, Tk &(x) Fow e

wE A g, aretaw wr § aalE@w g el

HHTEWATT WAl 9T /i &1 0F # gwrow

eyt
L -&8(x) 2. &(x)
X 4. 0

19

. The operator x-:;ﬁ'(x]. where §(x) is the

Dirac delta function, acts on the space of real-
valued sguare-integrable functions on the real

line, This operator is equivalent to
. - 8(x) 2..8(x)
3% 4.0

. o firfta argfas ww w7 27 3ow i 9y A

wAFAT 1/4 F 7w 3 fg 97 mm wmar
£, At wArE wifiwr 3/8 & 15 a7 9 A
T e &1 N T ¥ 9 S A
o e g

L

1. AVN 2.4 =

ELd N
!LE.J; 4.&J;

. At each time step, ‘a random walker in one-

dimension either remains at the same point
with probability 7, or moves by a distance 4 to
the right or left with probabilities 3/8 each.
After N time steps, its rool mean squared
displacement is

1. &VN 2.8 |—

16

aN 3N
s af afE

. it srefir fo s, 5, 7o s, A& 2w ouw

+1 %1 #T A ®EEAT 21 FAw0 e
H =—](5:5; + $:5;) = hS, &, 5] 7T h
gATeRE R B aTTEE T = 1/ (k) 9T
HIFATaEAT # Sy FT AT F097

1. tanh?(8))

2. anh(Bh) tanh?(B])
3. sinh(Bh) sinh*(8))
4.0

. The Hamiltonian of three Ising spins §,, 55

and 5., each taking yalues +1.is

H =—] (5:5; + 5,53) — hS;, where J and h
are positive constants. The mean value of 5
in equilibirium at a temperature

T= 1Kkpm. is

1. tanh?(8))

2. tanh(Bh) tanh?(#])

3. sinh(Bh)sinh?(8/)
4.0



4959 m ¥ WA | daew vt § g
ﬂfFrr;lm’—i-hl_‘-l-i ¢ & WEia
ud b oS ReoE f1a 9 P wE g
b w7 9% Hifa® W fAEE I9C A WE W

AT T & AT W 9 Sgad g, 9%
g

1. J10a/3 2. J16a/3

3. 5Va 4. 2Va

The free energy of 2 magnetic system, as
function of its nmgnetisstion m, is F=
;m’-%h‘i-%m'. where @ and b arc
positive constants. At a fixed value of @, the
critical value of babove which the minimum
of F will be at a non-zero value of magneti-

sation, is
1. J10a/3 2. Ji6a/3
3. 5Va 4 ZVa

A e ¥ o S0y (op-amp) I

s arraree ofiteds ofiow 5 faw

awy P yf@arar =1 fan g e

1. Frer P affamer aar 5== felyg
ufdamar

2. R faw staerer =g B W
=TT

3. F=% Frae sRamy 3w 3= G
affarar

4. === e aftmrey may e fob
gfE=rm

For optimal performance of an op-amp based

curreni-to-voltage convener cincuit, the input

and output impedance should be

1. low inpul impedance and high eutpm
impedance

2. low input impedance and low output
impedance .

3. high input impedance and high output
impedance

4. high input impedance and low output
impedance

a2 sftew x=2sinx ¥ TEw W
Fema ¥ B spaawsT e §F =59 9
oty st g

2~ 2080 J + Xy COS ¥ )
Lt = B
Zit_:l-.'l.'.- cos
1-2cosx,
1% =2y Sil Xy, )
3. Xppa = mﬁ =
— Ta-1-2cosx, +sinx, )
x._-‘!.l’lt._

2 g1 =

4. Xus1

If the Newton-Raphson method is used to find
the positive root of the equation x = Zsinx,
the iteration equation is

A

2{zin X ~Xy €05 Xy)
1=Zcosxy

2 Xppr =
3. g4y = B Lsconxy Ty sinz,)

Fu—2sinz,

_ xa-1—2{cosx+sinzy, )
4 Xyq = FeORT P

. YITed WA SWaal RrEE 1 aid S

F+e’x=AcosQr g, Wl A s @
FR Q=@ 9%, TR WA [@E 9w
TIEAT F AATH

1. affa a F Aga @ A &

2. wAE ¥ AT i % wEnT AT £

3. |G H AT U 4T Sy A SEAT R

4. TWW ¥ HTA =27 WA vy f Fgar 2

The eguation of molion of a forced simple
harmonic oscillator is 4 wix = Acosit,
where A is a constant. At resonance D = @,
the amplitude of oscillations &t large times
1. satorales 1o a finite valoe
2. increases with time as Vi
3. increases linearly with time
4. increases exponentially with time
[é) wur (‘1’) A wefes s #§ FEf
T ) AP
11 171 m
3(1)?“"3(.—1)# e A
=1 aegg =7 R s gy
2 30
LG 2) 2o 1)
1 3
(o 1) a3 9

#RIE A ¥ Wgg



63, TMWAMumm

G' = mmubnﬁisspmmedbf(u)and(ﬂ)
In another basis spanned by 7 (}) and
T;’(}:) the matrix representation of A is

L. ;- %) 2, (3 2)
Yl 5 :) a, @ ‘D

. u% B # 3 v § ow R
faart B aaEy dfan adi woew
Farereor ey 3 e 2

pix)

n Z2a 3a da x

32 k wiw " § v e owEE wEEEy

WA 1 BT ZEETH Sk A) ® Far s,
at ST S(k, A)/5(k,0) Fm

[ms(&
2. cos® (uu)
3. Hsm( )

2 Eﬁ}
i, x-‘n’ sin [z

. Consider an array of atoms in one dimension
wilh an ensemble ‘averaged parigdic: density
distribution as shown in the figure.

pix)

LT

4 o«
ifkis thl: wave m:mbcr nnd §(k, &) denotes
the Fourier transform of the density-density
correlation function, the ratio S(k, A)/S(k, 0)
is

5C-H

65,

67,

- cos(2)
2 o (4)
3 opsin(%)

g (y)

FOT FAT qFET () = 2, /3 = 1) AT UH
fesmafira s ufEs vt 49 (5, = 1/2)
# et o aanfts & o 1 R gw i
# srw wefty Foft w3 w1 Bfrg g &
?ﬁwﬁﬂmﬁu_zja_z]mﬁ

g i miAsaT gt
1. 2/5 2. 2/3
3. 1/5 4. 1/3

A doubly charged ion in the angular
momentum state (J =2, /3 = 1) mests a gas
of polarized electrons (53 = 1/2) and gets
neutralized. If the orbital angular momentum
transferred o the process s zero: the
probability that the neutral atom is in the
=2, 5=2) sinte is.

1. 2/5 2. 2/3

3. 1/5 4, 13

FrEsraw  F sacageamgs Frag s o

s 5 A e it 1 st ey ¥
% WS AT F £, 95 e

I. $00 K 2 100K
31K 4. | mK

The range of the Inter-atomic potential in
gpzeous hydrogen is spproximately 5 A, In
thermal equiltibrium, Ehiie miakimumn
tempernture  for  which  the  atom-atom
sedttering is dominantly s-wave, is

I, 500 K 2. 100K

3. I K 4. I mK

Faft s & iy ofy ¥ dm ==t =
B =B[(J+1)cem™ § 9% ] =012, 747
B Ratis 81wz it Trae wwe suw Fras
Al = 0,42 57 979 war gl A F e
BT U WA = aar 0f s et
F 7 1 7 (em ™' ) 0T
1. 68

3. 48

2. 128
4. 88



67,

69,

69.

70.

The cnergy levels comresponding to the
rotational motion of & molecule are E =
Bi() + 1) em™ where | =0,1,2, ..and B is a
constanl. Pure rotational Reman transitions
follow the selection rule 4 =0,+2. When
the molecule is iradiated, the separation
between the closest Stokes and anti-Stokes
lines {inem™') is
1, 6B

3. 48

632.8 nm 9T THTHT T T He-Ne #a7 1
wiEET 35 om B T 9T oF vk S o #
a1 #1 7R Auw ofEw # & 9 e 13
GHz Ay = Rem F i E A qew &
ST AAe et 4wy geft

1.1 2.2
3.3 4, 4

2, 128
4, 88

. The cavity of a He-Ne laser emitting at 6328

nm, consists of two mirmors separated by a
distance of 35 cm. If the oscillations in the
faser cavity oceur at frequencies within the
gain bandwidth of 1.3 GHz, the number of
longitudinal modes allowed in the cavity is
Tiav] z .2

3. 3 4. 4

3Be AT Tt I srEwar F gt
# wfim 21 7ran & o wewoawar (4 ot
arar ww fafa o § af s oww w5 A
HAA-FI 107305 AT It ArE

e s r-EET %1 5T Er
I 2¥ S
3. 07 4, 4=

An excited state of & §Be nucleus decays into
twio a-particles which are in a spin-parity 0+
state. If the mean life-time of this decay is
107** 5, the spin-parity of the excited state of
the nucleus is
S

30"

FfEAT v, 797 ARt e~ FY wmuTeg
T, Faq v, + e s v+ e W
s i ferest

2.3
4, 4

M= %ﬁrf % (GO, ) (i, G s (2))
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72,

# i dgag f1 IvRetfe wfear & ot
oftew £ 72 A= f st ™ f=
PEdcdCE T T
1. 1/E2

3. E

2. E*
4, VE

The elastic scattering of a neutrino v, by an
clectron e, i.¢, the reaction v, + e~ = v, + e,
can be fmnbe.d by the interaction Hamiltonian
e = =G %x (D (x)y i, () ), (b))
The cross-section of the above process
depends on the centre of mass energy E, as

1. 1/E% 2. B*?

3. E 4. VE

Bl gyt +n, n—y+y, e +
Ve +v, W o oAver e 1, 0, 4T
Tmﬁ:ﬁ%ﬁ"ﬂ'ﬁﬁﬂqﬁ
L e <t <7, <
<y

TF = Tﬂ G
Y <<,

The mean life-time of the following decays:
ot ay by T e T, +
Vi, BrE T, Ty and 1, , respectively. They
satisfy

I. T <Tp <1y 2 ST, < Ty
3T, <1y <71y 4 ,<1, <1ty

ETUTE JUTIT F1

I'=xT% Fa/*aT (exp(eV [kpT) —1) &
sf¥veaw w7 £ 77t B, = w3
SFTA &, V ETATE 9% BY AT reear 9rA £,
T3¢0 717 % S F17 %7 78 g5 ¥
ATINTT & WA a 797 « Fawis & srae 1
v ufera # Fofty g8 ¥ =0 i avwn

=
— O

L

R T F ek Pro smeed S W
ST Tk VWY AT AT A VAT E
" E oA uftads W omEn adEs




73.

e v w7 2o (Rt a oan b fRats

4]
1. aT®+ b 2. aT+b
3. aT*+ b 4. aT + b7?

The forward diode current is given by
I = kT%e~50/*s7 (exp(eV [kyT) — 1), where
Ej, is the band gap of the semiconductor, V is
the voltage drop across the diode, T is the
temperature of the diode operating near room
temperature and, a and k are constants. A
diode is used as a thermal sensor in the circuit

shown b'e-lnw.I |
e

b
Cm———
—_—

IfV is measured using an ideal voltmeter 1o
estimate T, theé variation of the valtage V.as a
function of T Is best approximated by (in the
following a and b are constants)

l.aT®+b 2. aT+b
3.ar*+b 4, aT +b7?

uF AT-UT (op-amp) ¥ AE EEE
Ry =1 kQ uwad #uthisi €, =1 pF #97
Cz = 0,1 uF & F97a7 afewa 5 Hay w2

Ry
R Yy y—

__f{ﬂ_

G
Vio—i} >——u’h‘.
[*

wg uferg fpe & = f aef w0
1. 5% 7Iow e

2. e areE e

3. &% wrow ey

4, ¥z gediwrs feee

A circuit constructed using op-amp, resistor
Ry =1 ki) and capacitors C; =1 uF  and
C; =0.1 yF, isshown in the figure below.
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This circuit will act as a
I. high pass filter
2. low pass filter

3. band pass filter
4. band reject filter

v BT o, 79 BCC (FEEfed w9
o) frew § gfta-Fezaw ofad o8

grt

l. ag 2. 3ay/2
3r ﬁaﬂ 4- ﬁﬂu

The third-nearest neighbour distance in a BCC
(Body centered cubic) crysal with lattice
constant ay is
l.ag
3.43a,

2. 3a,/2
4, V2a,

wiwmE # gedw wwew e § 32
IR WA BN g W e T
TR AYT T F YA TR W
0.1m, 797 0.5m, § W&l m, THwF W
o wemmm &1 b= W TrEETE 10
21 wrrdaia ¥ 3wt et 9 grdise ® =t
=) W A WA, (Frean RBaers $ sk
#) wEmrieta € Fww =9t Bror § owa

AAAE &
1. 2x1073 2. 2% 107"
3. 8%x10™ 4, Ix 107

A bound electron and hole puir interacting via
Coulomb interaction in & semiconductor is

alled an exciton, The effective masses of an

clectron and 2 hole are about 0.1m, and
0.5m, respectively, where m, is the rest mass
of the electron. The dielectric constant of the
semiconductor is 10,  Assuming that the
energy levels of the excitons are hydrogen-
like, the binding energy of an exciton (in units
of the Rydberg constant) is closest 1o

l..2 %10 2.2x107
3.8x10™* 4. 3x 1077
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