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aET ‘% [ PART A

FUs S W AN, o o Bl
5 wF deer wmh g
P R ¥ Y g4 arer
N war OB oMY wr B oamen
Hiw &

Lo
-
s
e
A

Fourl @ ey

1. R/3
3. R/8

A sphere of iron of radius R/2 fixed to one end
of a string was lowered into water in 3
cylindricai container of hase radius R to keep

exactly half the sphere dipped. The rise in the
level of water in the container will be

1. Rf3 2. R/4
3. R/8 4. R/12

SIS WITH |, ST I 10 X 20X 5 u
G R B Y B UH TERE @,
e R & aufd soer, Rew g b
AT 1 g W Food ol ¥ e
H Bl gand wreswt Y snaegwar gt o

e &

el

[ T NOOST—— T

10 rimn
Unit Cell (not

e

g &
& N
10 n

Crystal (not to scale)

2. 10°
4. 10%

1. 108
3. 10"

3. A crystal grows by stacking of unit cells of

10x20x5 nm size as shown in the diagram
given below. How many unit celis will make a
crystal of 1cm® volume ?

www.examrace.com



&
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10 nm v
Unit Cell (not to scale)

Py

Snm

] S

I )
10 nm v

Crystal (not to scale)

1. 10° 2. 10°
3. 10" 4, 10
P ST SO SIS
' 1x2  2x3  3x4
2
1. 2/3 2.1
3. 2 4, eo
4. What is the value of S U SR
. ' ueol 72728 x4 0
oo ?
1. 2/3 2. 1

3. 2 4. oo

5. mmAwmmm,wm
w0 qrT, v fraer dAea 2 A §, # W
gel ¥ T §§ VR g o § R
do Y h SEETUR S TR ¥ IR B
o A T fraen R U ¥ TS wme &
h s o ¥ A dae F o § R
Ry T, @ wrF Ol w1 ER I g

1. 2h 2. 2h

4 5
3. gh 4, Y h

. A solid cylinder of basal area A was held

dipped in water in a cylindrical vessel of basal
area 2A vertically such that a length h of the
cylinder is immersed. The lower tip of the
cylinder is at a height h from the base of the
vessel. What will be the height of water in the
sessel when the cylinder is taken out?

3
1. 2h 2. Eh

4 3
3. gh 4. Z’h

. e , e B kY, # 56

SurE F U O TGS G dAY F

g srafieoit F ae €3 @ a%am g
1. R? 2. R&WZ
3. R%/3 4, 2R?

Of all the triangles that can be Inscribed in a

_ semicircle of radius R with the diameter as

one side, thef‘bigge‘s‘ft one has the area
1. R .+ 2. RA2
3. R%V3 4. 2R?
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9.

I 92 3 W oge
i, 2% 2. 3%
% 4’;3@ ‘1 500

Choose the largest number:

500

1 50 5 2400
s e o

(3]

3. @306 4. 52(3!3

w2013 = e dfewwas faflwy & 10
oA N1wE Wy wew ¥ Rl &
sl wernt @ 5 3 X 7.3 e A o
FAY & FAE W erar s § 1 sl @
FIT IV Faw ¥ ASRT g ?

1. 01 2. 1
3. 10 4, 1S

A daily sheet calendar of the year 2013
contains sheets of 10x10 cm size. All the
sheets of the calendar are spread over the
floor of a room of 5mx7.3m size. What
percentage of the floor will be covered by
these sheets?

i. 01 2.1
10 4. 100

L

o Ry 7 Ry ame $6 oot 7 ) 872

1. 56 2. 70
3. 85 4. 100

w

10,

i1,

How many rectangies {which are not squares)
are there in the following figure?

T
i
;
L. 58 2. 70
3. 826 &, 100
cafonRe &t a®b = TE d Uy
@bl + s # & (s "W

adb = aP+b%1i102) ® (304 F AR FAT
v 7 gl v A v = wgeEw gEaed g
S E &= Tgead e e ¥

1. 145

3. 436

Z. 286
4. 572

Define a®b = lem(a,b) + gcd{a,b) and a®b =
aP+b%. What is the value of (192) ® (34) ?
Here lcm = least common multiple and
gcd=greatest common divisor.

1. 145
3. 436

2. 286
4, 572

TH a7 399097 & , 7 3R & B3
o owe #w OIR Wy, uE g e
FTART & | O N HE F FH Fad v
FHeAT sl arien i aw wd 2

i 3 2.7

302 4.1
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11.

12.

i2.

13.

> enN

PN e

A square pyramid is to be made using a wire
such that only one strand of wire is used for
each edge. What is the minimum number of
times that the wire has to be cut in order to
make the pyramid?

1. 3 2.7

3. 2 4. 1

ver difdor Aerey & R T wv Ao R W
v AT ader 7w wlam 33 T@r {1 A
& wy s qeuT I g Uw A arr @ wte &
RO Farg uw 3ra @or 9 (< 45% A, W
g 30% @weasr ant dr & wlr gest @
Aeyar o ww ader K gon wife, foreeh
Brour

R+R sin @ &1
R+R cos O &
R+R tan @ &1
R+R cot 8 §1

-

A crow is flying along a horizontal circle of -

radius R at a height R above the horizontai
ground. Each of a number of men on the
ground found that the angular height of the
crow was a fixed angle 8 (< 45°) when it was
closest to him. Then ali these men must be on
a circle on the ground with a radius

R+R s5in o
R+Rcos @
R+R tan §
R+R cotd

fomd Ioaasr MW HISER 20 U Sngeaw
wHEAS 600 #r?

4 2.0
1 7

1. 2
3. 4,

6

13.

14,

14,

15,

How many pairs of positive integers have gcd
20 and lcm 6007
{gcd = greatest common divisor; lcm= least

common multiple)

4 2. 0
1

L
3. 4.7

¥ uF www & AfwoT A P owde, e

Fraer Ty B ogge He, e sTsa o A

“ag rern ¥ R g @l & agend s sEiee,
qrsa W sdar §, Ut uedw & e ae o b
vy g ey egee o o o, A
SERRT WG WG T ST @ W
Srarer &y

A egree T ggerar sir3er Tl
P sdlen =T ugear WE ATl
e ERIEE T geTar & o
iy weles ST agenaT sl ATl

e A .

During an evening party, when Ms. Black, Ms.
Brown and Ms. White mei, Ms. Brown
remarked, “It is interesting that our dresses
are white, black or brown, but for each of us
the name does not match the colour of the *

dress!”. Ms. White replied, “But your white
dress does not suit you!”. Pick the correct
answer.

1. Ms White’s dress was brown.
2. Ms. Black’s dress was white.
3. Ms. White's dress was black.
4, Ms. Black’s dress was black.

yun 15 gaArAs qoiel F @ & quits
aefRew w7 & amw Y R 99 9w &
g & quitesl & g &1 20 @5 i widear
war §?

3 1

1. i 2 51
1 1

3. 108 4, 56
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15.Two integers are picked at random from the 8. ufey gesor qeawid & v oo grar

first 15  positive integers  without
replacement. What is the probability that the ar sefret & qEe ?

sum of the two numbers is 20? . L.
IUUFT HFE F @ry

, 3 1
v i > 7 \. I AT A T T R o1 W ¥ |
3. 1k 4 o= 2. ¥ FAF 8 H @ AT I A ¥ |
:5.mAaﬂrwa&a’rﬁ?é?mﬁa
16. oISt e o wEr 3T Ry wr gy ST HRS E
4 & W WAT A, W FHr B Fr oAy faa
ST |ar §

7. In a customer survey conducted during
Monday to Friday, of the customers who
asked for chiid care facilites in super markets,
23% were men and the rast, women. Among
them, 19.9% of the women and 8.8% of the
men were willing to pay for the facilities.

A. What is the ratio of the men to women
customers who wanted child care facilities?

B. If the survey had been conducted during the
weekend instead, how will the result change?

With the above data,

I. Only A can be answered

2. Only B can be answered

3. BothAandBcanbe answered
4. Neither A nor B can be answered

18.%@@3#%@3:8@337#3{1’5?&
§N Ty Yt B mmRw F s o
¢ P Y@t @ 3 VY R A s
UF WIS N Hwa A €, ot o Ad ae
& 1 T B rvardy Roaw 4w o

7. ¥R ¥ AR aF wfw ow RIL
Eé‘aw#,aﬁmam#fmga'@-mgﬁm

AR arer MET F 23 % AC & aur Sy wt

IR oAl 30 & 19.9 % R Fr 8.8 % -

T IR & B 40 2 % B e 9 | — |

A RN 2m-amer GRer A amy T 1. Ty 2. zf@wr
T A W F IS ;T ¥ 3w 4. ofRgn
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18. The map given below shows contour lines

19.

19

20.

which connect points of equal ground surface
elevation in a region. Inverted ‘V' shaped
portions of contour lines represent a valley
along which a river flows. What is the
downstream direction of the river?

200 /\"““-Mfi_

... 280, . ""‘*»--w..".m.m,

T, S B |

SCALE « 1:5000

1. North 2. South
3. East 4, West

ol 4 ofydt % dow wn prRE ¥ 20
Bt 3 wede & gy gaY @ ww Ry e |
el forel oy Tt & weur o

1. 20 2. 400

3. 200 4. 380

During a sumimer vacation, of 20 friends from
a hostel, each wrote a letier to each of all
others. The total number of letters written
was ’

1. 20 2. 400
3. 200 4. 380
D C
-
A B

v safFd Wy A ¥ C % THET U ooty
&7 = OR ST §1 30 el W e gd
£, AT, A ST T axr, °r g AW ¥ Uw

el 3 & wawn ¥ @ =aRa @ aRa

el gl _
1. %0 wew B olr oF i ¥
2, Twmmwﬁﬁﬁmw%ﬁwa
3. 3rerer sverer vt & A0 JveaT S i
4. w3 oot ¥ fw o §

20.

T NORYTH

BAST

A B

A person has to cross a square field by going
from A to C. The person is only allowed to
move towards the east or towards the north
or use a combination of these movements.
The total distance travelled by the person

1. depends on the length of each step

2. depends on the total number of steps
3. is different for different paths

A. is the same for all paths
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22.

k-3 P TEY w

e Wiy s

23.

y{ the

:f;

where x; and x» denote coordinates
paf'ticies Given that the groun d state

wavefunciion of the harmonic oscillaior
et y en e

M
15 yylx) = ~_;—- j e 22, The ground
state energy of the two-boson system, to
the first order in ¥, is;
1) hw+ 2V,

ity = V{l{%
{2} hw + "

23. A

v eidler ry, fored 25°C am @7 30 7w
el &, ¥ 0°C arg &7 a9 I/ av S T
&1 uw a7 ooy wrEver § arr & ar
IHHT i w17 Far 87 (orer B Rfre Fow
| P 9y w gy °C o svw @ frgerr
&1 7 wor 80 Fart gfy wa &)

(1) 0°C

2) 7.5°C

(3) 12.5°C
(4r ~1.25°¢C

Ten grams of ice at 0°C is added tc a
beaker containing 30 grams of water at
25°C. What is the final temperature of the
system when it comes to thermal
equilibrium? (The specific heat of water
iz lcal/gm/°C and latent heat of melting
of ice is 80 cal/gm.)

dy o° C

£ ’730 'S

5

(3) 12.5°C
@y ~125°C

7 @it @ gl wvge § e snae Vy aer
a8 .fc‘m»f# R ZIN py Tl p, & am Ty
i Ty & el W 27w eygst & v
5 fear g @b uRen errEeer

s
PiTi+paTy

D1+D2
ViTy+V, Ty
D1V +paVy
@ T P2V /T3)
(4) (1,7 )H°

{

vessel has two compartments of
volume ¥, and ¥, , containing an ideal gas
at pressures py anﬂ P2, and temperatures
respectively.  If the wall

compartments is removed,

y
41 &i )‘f 1 2

separating the
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24.

the resulting equilibrium temperature will
be

P1T1+p2 T
P1tD2
ViTy Vo Ty
VitV
3) P1V1+paVs
(PaV1/T)+(@2V2/T2)
ONGVIYRE

M

)

am Ty > Ty & for, Bfdw o aig & 9t v @&
yfser gest F(v)as) yomcres arg fefver o
e g e R avar 8-

Tz

Fv)
e

@)

v

(2) v
£ Te Ty
3 v
Ty
@ v

10

24,

25.

For temperature T > T, the qualitative
temperaturc  dependence  of  the
probability distribution I7(v) of the speed
v of a molecule in three dimensions is
correctly represented by the following

figure:

T2
1)

Ty
& N
2 v
k) Ta T,

&) v

T
@ v
sl afFaTElT, qawmr -Ve @ ST B ®T

v 9 Yo G JEe &5 5 vaEr T e |
fFer a9 T & (¢ v Reriad &) 3irer sraver
ol & e oIl BT ST ATART T FHR

(lj cT
@) T
@ ee/m

@) ¢ (T  fic =@t )
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A systern of non-interacting spin-Y%
charged particles are placed in an external
magnetic fieid. At low temperature 7, the
leading behavior of the excess energy
state energy, depends

[ ey
e gry

26, T ! sy 4 ver simdera T @

neasuring the iime period
L of a simple pendulum.
i in the measurements

PIA7 2 12
5 IAL] |aT]?
ﬁ: 35 \!——:—.— . M,'.;m..
Z 2
{ /AL 247N
\4) =13 - {.,.....,
\‘! EA T
27 Rifdreprr gy

[ % Wy gy ]
= 300 kL2, Vo

7 owar
=12V
7 I

[#52d

8 Van= 9.7V,

11

SEAN G dur fAfgar g Q w1 wE
glafatre wvar & 7

l——-mt 1
RB :_i:

%ﬁ Vee
Vg ==
i 11_* ,,, I
ts I=
(#Aa) e e gi 1A
%2 P 32;A
3 3034

ic g EB =
{mA) s e 35 1

6\ //’" U—— | T 1

| / 5/5(:;::»-— - 30uA
TN
@ 5// e, :;?Nﬁ T

IE""’
e 35 LA

27. A silicon transistor with built-in voltage
0.7V is used in the circuit shown, with
Vm} == 9.7V, RB = 300 kQ, VCC =12V
ana Re = 2 kQ. Which of the following
figures correctly represents the load line
and the quiescent O point?
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Re
Rp i ﬁ *
. =l
N 1 - ] G
|
C iB =
("3“% e 36N
. s 3248
o miemrmem—ers JOUA
3&
) 87 VW)
‘C lﬂ *
(mA) oo 35 LA
P 2pA
ammmmmrrn 30 LA
Q

28.

28.

8—fAe Gawkov  dfeTweT

e vF
srey-sigtg—aRad® (ADC) @ sy fde
B 1.0V R20V aF 0 & a R
BreT ,

Q) smRafda weur

(2) gy &rm

3) o geT Hou W ST BN
Q) ar T agm

If the analog input to an 8-bit successive-
approximation ADC is increased from 1.0
V to 2.0 V, then the conversion time will
(1) remain unchanged

(2) double

(3) decrease to half its original value

(4) increase four times

9, o gulfar T & vw fgaved @fe @

Regerekly gfiekr R,geaah ainRa C, aleedler
o et B & argr WA GrgeY Arar ST
& Raa S & & g & 1000 @ave g
PR & sy g o 150V @15V o
frear &1 afe PRe @t aifar SpF & @
gwpr Ryt gl s & -

A
B = v@’j RE C:L:
@ 10°Q
(2) 1080
3) 10'Q
@ 10°Q

- 29.-The insulation resistance R of an insulated

cable is measured by connecting it in
parallel with a capacitor C, a voltmeter,
and battery B as shown. The voltage

across the cable dropped from 150V to

15V, 1000 seconds after the switch S is
closed. If the capacitance of the cable is
5uF then its insulation resistance is
approximately

v@b RE =
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31.

e
R o

25

%o o 2, g R 3 N 9y 4 e wresdael woye
e a ;w:u«; ﬁﬂm, O3 f;yr” 4‘;5 = x1% walic un
& £

.

S {61 is less

'3} 3280
(4) 4.01°

g fRrreer a3 S ¥ v gider 7 S9wer
W?(WW#‘ vfarcﬁf‘q%wmtﬁ
-y cﬁ?f&'ﬂi#ucpmﬁ g e

mmﬁmﬁﬁwvm’?fﬁwﬁ
@ femver a4 A T 9T 7 aawe A

(Pt % worer 2w ¢ &)
o (1-2)"

o (1-%)"
@) (1“")
)

@ (1-

The area of a disc in its rest frame S is
equal to 1 (in some units). The disc will
appear distorted tc an observer O
moving with a speed » with respect 1o S
along the plane of the disc. The area of
the disc measured in the rest frame of the
observer O is (¢ is the speed of light in
vacuum)

ST & Bt

32.

- g} ~ﬂ£r€1 arasr wogr
aredt Wy & wr W
AT ¢ B YF wor Rew &

LY

12 oy weHErE Yy ur 8 wery
n & g w5 B Ryl cb‘f‘
T4 cf‘i e B c‘\iﬁ :? g7 75 &
&Y HIERE g &

. i i
fipait &“{ . -
i 5 SRy

e @i

6“2d2
\/ ﬁeQmR‘
. 62%d
{4} W ggmRe
A particle of charge e and mass m is
located at the midpoint of the line joining
two fixed collinear dipoles with unit
charges as shown in the figure, (The
particle is constrained to move only along
the line joining the dipoles.) Assuming
that the length of the dipoles is much
shorter than their separation, the natural
frequency of oscillation of the particle is

B—are— R—s

i

3

[
2. £
.

N e,m T
oo ye! ‘ma--a»:
o 24
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33.

33.

M \] nﬁee‘:::ﬁ
o [
® 3?-1

Rere affy @ a5 wrer wer) areh Merl & g

eof Rwer X ow e 1 w1 YorT gl 81

fweor & wrev, gy @ v (oI fvor @ wherd @)

:12»777 o sty ) ¢ uY t«‘—m;ﬁ‘nf"lr wfer
WY far eerr gRaTOr AT §

12
@ $L 7 and |S'| = T
12
@) S |(~%) and [Sl P
,2

@) §)1d and [§] =

dntleq |it] r?

P ra———

@ S|t and |S]: pr P
A current [ is created by a narrow beam
of protons moving in vacuum with
constant velocity % . The direction and
magnitude, respectively, of the Poynting
vector § outside the beam at a radial
distance r (much larger than the width of
the beam) from the a,xis, are

IZ
@ &L and |§]= pm e
I?.
(2) S !l(“u) and IS! = Z;z’;my
12

@) S| and !Slm

an?eg |l 12

’2

Forire e oo

4rc?eq [T v

@ S| and |$]

14

34.

35.

35.

o wfer fvg A, A- A+ §, w@r o=
r() P & @ swar aRafla glar & (swgad
aresl W) R feg qor yawla a7 saRafkia
& ar afrer Ry (D) &) awerfisa: e qor
gRaffer & G =ifed -

@ -7

(2 © +r

(3) ® ~ ar/

@ @ + ar/ ot

if the electric and magnetic fizlds ace
unchanged when the vector potential A
changes (in suitable units) according fo
B> A4 £, where # = r(t) 7, then the
scalar potential ® must simultaneously
change to

O © ~

@) © +r

@3 @~ ar/ot
@) ®© + ar/ ot

2
P = Py () -~/ cos? @ @ B F
ol o e andyr T uw [Er 5
sy et @ YR g1 @l fya airgef wr
Brofla gew & :
(1) 2mpory
(2) npory
3) pore
#) npory /2

Consider an axially symmetric static
charge distribution of the form,

p = po (%)a e~/ cos g

The radial component of the dipole
moment due to this charge distribution is

(1) 2mpory
(2) mpory
(3) pory

@) mporg /2
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37.

37.

fji’i\r 112 mer
?/'ﬁ oy

Loi o

3

£

1
— f A4
1/4 trepr3/4
& i - I5]
fiéé V2 aer2/s

ST AT,
(b
N e

] ad

in waich the z-component 5,
of the spin is diagonal, an electron is in 2
spin staie
L fa+ i),/«‘/‘é‘sé
Y= e
V2/3 )

in & bag

The probabilities that a measurement of
5, will yield the values A/2 and —#/2
are, respectively,

(1) 1/2 and 1/2
(2) 2/3and 1/3
{3) /4 and 3/4
{4) 1/3 and 2/3

VF UH-idn amedt Slewm o s
Faver 1) = 510) + b,|1) Wﬁr?'cvﬁam
[0) @er |1) w5er amer smeer oor e
gwiforT swms @ Afde avd & aur by
PRI by U9 areaias e & | Rvenud x wT
TEIRIET 7T SRRy () ¥ e a9 g e
M) b,=0, (by=1)

@ b = =b,

)
@) by = b,
@) b= b
Consider the normalized state |p) of a

particle in a one-dimensional harmonic
oscillator:

1) = b4]0) + by|1)

38.

39.

siefer quUU & dez {1

) @ v mery
BT & BT S G YT & T )
ﬁfzzlzr ;’air 8 1 ey wowtn @ g
200 TGN 8 ¢ U0 e @ weew var @
e eT-de BRI (s A @ e
(1) 5.62 A

%) 6.67 A
5 3.75 A
4 1334

A muon (¢ ) from cosmic rays is trapped
by a proton to form a hydrogen-like atom:,
Given that a muon is approximately 200
times heavier than an electron, the longest
wavelength of the spectral line (in the
analogue of the Lyman series) of such an
atom will be

(1) 5.62 4
(2) 667 A
(3) 3.75A
#1334

N wahT fvg 4 Rua ve ww @
srarAdigE e worT W) = zf(r) @
fémrxnar?, &l f(r) Aoy a7 r & werr
&1 ware L2 (sl w1fw Hfw g o
) @1 eI &

(1) K%/4

() n%/2

(3) A2

(4) 2h?
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39. The un-normalized wavefunction of a 41, A unit vector fi on the xy-plane is at an

40.

40.

41.

particle in a spherically symmetric

potential is given by

B = 2 ()

where f(v) is 2 function of the radia
variable 7.
operator [ (namely the square of the
orbital angular momentum) is

(1) h?/4

V) h2/2

3) n?

4) 2hn?

wrg far wrar & 1

o0

— o
H, (%) = = gmtit2tx
E p n!

n=0
H,(0) @t 77 &

W 12
Q) 6

(3) 24
@) -6

Given that

00

H.(: t" e bR REX
n(x);;'g""“‘ e

the value of H,(0) is

) 12
)6

3) 24
4 ~6

7L v arae wRw & o xy-wer 4 1 @ weof
#1200 oy v & wfRer i =al+ b i v
P = af+ b1 @ S @ B 60° gl AR
(1) b =+3a/2

() b= 2a/V3
(3) b=a/2
@b=a

The eigenvalue of the

o

42.

43,

5

angle of 120° with respect to £ . The angle
between the vectors @ = af + b i and
g = a7 bi will be 60° if

1 b=+3a/2

e x 4 iy O g7 e werl Qo y) T
Ay z W () dvefie worT gl § 7

(1) S, ) == (x + by — 8)°
(4 + x* ~ y* + 2ixy)”
@) f e y) = (x4 i)’ (1~ x ~ iy)?
(3) F(x,y) = (% = y* + 2ixy - 3)°
@ Fly) =@ —x+iy)* Q2+ x+iy)°

With z = x - iy, which of the following
functions f(x,y) is NOT a (complex)
analytic function of z 7.
() f(x,y) = (x + iy ~8)°

(4 + x? — y? 4 2ixy)’
@) f(x,y) = (x +iy)’ (1~ x — iy)®
B fy) = (% —y? +2ixy ~3)°
@ fly) = (L~ x+iy)*@+x+iy)°

. B V(r) = ~k/r, wel k ve Reris 8 o

TEIT m e BNy WA L wr v 9y v
geTrpR PET o s el 81 4l o gewr
Bl avy far oy & owe e dle
@ Fhr s &

(D mk? 213

(2) mk? /L3

(3) VZmk? /13

(@) 3mk? /1P

A planet of mass m and an angular
momentum L moves in a circular orbit in
a potential, V(r) = —k/r, where kis a
constant.  If it is slightly perturbed
radially, the angular {requency of radial
oscillations is

www.examrace.com
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44.

(1) mk? /213
2) mk?/13

3) V2mk?/13
(4) V3mk?/13

v @7 F word gEmT m @ v S BT
I

L"‘1 > —b
=5 mk x

& far e & ot b v Reriew & 1 (B o
1 @ cy Revios ofd & ) &or fAdena x(1)
Yt g7 g a7 uar &

1 w;%tz + ot + ¢,
2) it + ¢y
3) €1€08 (%) + ¢,8in (%)

bt . bt
=Y+ -
(4) cycosh (m) Cpsinh (m)
The Lagrangian of a particle of mass m
moving in one dimension is given by
- 1 2 b
=5mi X

where b is a positive constant. The
coordinate of the particle x(f) at time ¢ is
given by: (in the following ¢; and ¢; are
constants)

1) —=t?+eit+e,
(2) it + Cy

3) cycos (%3) + ¢, 8in (%f)

{4) cicosh @Z} + ¢3sinh (%—f-)

% T Aifhom i
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45. veHaErT BT r aor d91E £ #7 vF JaT qur
Bar R &7 U& el va Ha Gade oY Bie o
g o o & wel-aw ve @ I w & o
3 frae e aeT wed & aer I Mer wwaT @
ST g% TV @ Wy ggwer & ar o waeer
@ ST 9% W T P Ay gge:

14ré
(1) 4 15R2

@) 4V \/%

4v
G =

@ VJ%

45. A uniform cylinder of radius r and length
¢, and a uniform sphere of radius R are
released on an inclined plane when their |
centres of mass are at the same height. If
they roll down without slipping, and if
the sphere reaches the bottom of the plane
with a speed ¥, then the speed of the
cylinder when it reaches the bottom is:

a v e

 15R2

Q) 4V \/;—g-;

4V
3 =

14
@ V=
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ST 9T PART 'C'

Wi fve @ wew Ay, = (Ao,Al,Az,A3), A“ = k(~xyz,yzt, zxt, xyt ) & Ry v 8 ol k v
Rerviar 81 fagge & # o wew
(1) k(yz zx,xy) : - @) k(xy.2)

3) (0,0, 0); o . @  k(xt,yt,zt)

The components of a vector potential 4, = (Ag, Ay, Az, A3) are given by
Ay = k(—xyz, yzt, zxt, xyt )
where k is a constant. The three components of the electric ficld are

1) k(yz, zx,xy) ) k(x,y,2)
3) (0,0,0) (@) k(xt,yt,zt)

aﬁwﬁmeﬂﬁgmﬁwwﬂ——pe @ fory (Rer F b = 2ksin, E = h2k?/2m) waiit
Wf(e)swﬁl%wwé’

. 2mp . ___2mp
M R2(u2+b2)2 @ K2 (u2+b?)
_2mp - _2mp
@) - @ ~FGEe

In the Born approx1mat10n, the scattering amplitude f (9) for the Yukawa poten’aal
e H"
V(r) =
is given by: (in the following b = 2 k sin 72 JE = h2k?/2m)

__mp - y . 2mB
M) = e , @) ~ R
2mp amp
@) ~mmar @) ~ Gy

af gV = V(r)a%wwmaﬁ?iﬁw#?ﬁammmaﬁwmmﬁﬁ@m?ﬂim
¥ =231 + Y210~ \/—1,021 1]#WWL2+L2 T TR 7 & |

(1) 39h2/25 @) 13k2/25
@) 2 h @) 26n%/25

If P, denotes the eigenfunction of the Hamiltonian with a potent1a1 V= V(r)
then the expectation value of the operator L% + I3 inthe state

Y= 3 [31/’211 + P210 = V15 Pa14] A

is

$/46 BJA3-EAH—3B
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(1) 3972/25 2) 13#2/25

(3) 2 A2 () 26A%/25

xy- # et 7o, 1.0 9 dawer areht vw gael aradt agew @ afav y-or @ Rer ¥ Qe
1:)-*« xp{-~iwt) vafea gidr 8/ aradt agay & aas © goiRka suf & 17 3H1E 8%

Wﬂj{) i gv &

(2) Ihlw?/(12re4c®)

o @ lLhw?/(24me,c?)

went /{¢) = Iy exp(—~iwt) flows in the direction of the y-axis through a
aren "J om” kept in the xy-plane. The rate of total energy radiated per
! »§ the metal sheet at a distance of 100 m is

(1) fqw/{(12neec™) @) ILw?/(12reyc3)
3 Lhiw/(12rey,c®) @) lyw?/(24ne,c3)
. UF 1l arto e gy
V(,x;y)m{cg O<x§{§w I<y<a

w e ¥ Bl gwe ywmrded s W g
M TEX Ny, my
. (Ty
Ynon, (6, 3) = = bm( - ) sm( . )

WET Ny, = 1,23, ) 9fa g v ey

q,m{ A O<x<q/,, 6<y<?/,
’ "i 0 g
ey By Wiy 8, al yerg SedfonT s @t wuif 9v i Vy o o1 w8
n , Yo S
W7 @ {1:’:%2]
L Vof 3?_}
@ 2[1+25] R

Consider a two-dimensional infinite square well
: 0 I<x<aq, 0<y<a
V() = | ’

o  otherwise
Its normalized eigenfunctions are
Yo 0, (V) = 42“ sin (nxn’x) sin MZ)
Tegedly W1 a a a

where vy, n,, = 1,2,3, - . If a perturbation
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a a
H={ Vo 0<x<;, 0<y<;-

. ] 0 otherwise
is applied, then the correction to the energy of the first excited state to order V; is

me @21t 55]

@ 2f1x2] @212

q) SBRIT waET @F, S, 7 S, o A wof e=—J81S, @ wer Wy amw T W Gl
ey ¥ & v tla vae & ga@ an A AR | scwmfe T @ Rrl ymr*ﬁz»‘?mwwrf
C/kyT & sryerre sgordft & ol C & -

(1) -2/ @) -7
@ @) 4J

Consider a system of two Ising spms S, and.S; taking values £1 with interaction energy
givenby &=-J81S;, when it is in thermal equllxbnum at temperature 7. For large T, the
average energy of the system varies as C/kpT, with C given by

@) 27 @ -7
3) F @ 4J

o7 B A, B, C R g v @1 ef S & wit g a7 £ 1 wasar & | A £ felt e Sy =1,
Sp=1 aerSe=-1 ?I;H?W#F?Sw#qﬁdﬁﬁ aifyear 1/3 P grer g gowar 81 Sy +Sp+
Sc sraRaffer ¥8, ga@t mifdear & :

) 2/3 @) 1/3
@ 2/9 @ 4/9

Consider three particles 4, B and C, each with an attribute S that can take two values +1.
Let Sy =1, Sz =1 and Sc=-—1 at a given instant. In the next instant, each S value can
change to — S with probability 1/3. The probability that Ss + Sz + Sc remams unchanged is

) 2/3 , @) 1/3

@ 2/9 @ 4/9

oo s we () = Aexp(—bx?) @ vwaT ¥, ol Secr-weT v g
et st H = — 10, 25— aB(x) o s s a7 e &+

[ f e~tttdt = I‘(a + 1)]

(1) —ma?/4mh? (i) —ma? [ 2mh?

(3) —ma2/nh? () —ma?/\Emh
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The bound on the ground state energy of the Hamiltonian with an attractive delta-function
potential, namely
L
0T cm —— —— 5
H 2m dx2 @ (x)

using the variational principle with the trial wavefunction Y(x) = 4 exp(—bx?) is

[Note: fowe""tadt =T'(a + 1)]

(1) ~ma?/4nn? (2) —ma?/2mh?

(3) ~ma? /h? 4) —ma?/\Snh?

@ yuF aF & IR # fEn m#wmw#mam-wmmwglaﬁwmm
aavelry, Hald gy, 3gy @ Sy (€0>0) # arr & wer vo o5 oo L aret st BRfEr @

2
AT & @ gw, Tl ¥ wfed &1 oret Ep aar Ey T GEfAAE aor SR a5 & e
sl Huild & Ep— Ep T 7o 7y 2 9

(1) 6go @ 2
3 4g 4 &
Consider two different systems each with three identical non-interacting particles. Both have

single particle states with energies €, 3g and 5S¢, (go > 0). One system is populated by
spin- -;- fermions and the other by bosons. What is the value of Er— Ep where Er and Ep
are the ground state energies of the fermionic and bosonic systems respectively?

(1) 62 (2) 2¢
3) 45 ) &
V@ et g @1 e Vi(t) = Visin(wt + 6;) # sgar & wsr V,, w, 0; »aeEr: fRv waa

@ 3T, aﬂgﬁrﬁ%ﬂ?/ﬁﬁ%ﬁﬁ?w%mmaﬂgﬁrw 78! 8 smar V. e s
0, 8 #gm%wrwms’/aﬁgmmwmwﬁwaﬂgﬁrrﬁm S siaw sy w
&, @ Rar s & at s frfe v @

)3 ViVycos(6; — 6,) @ Vil [cos(6; - 6,) - cos (Gwt+6,+ 6 )|
3 ViV, sin(g; - 6,) @ ViV, [cos(e,- - 8,) + cos G wt + 6; + 6,)]
The input to a lock-in amplifier has the form Vi(t) = V;sin(wt + 6;) where V;, w, 6; are
the amplitude, frequency and phase of the input signal respectively. This signal is multiplied

by a reference signal of the same frequency w, amplitude ¥, and phase 6,. If the multiplied
signal is fed to a low pass filter of cut-off frequency w, then the final output signal is

W5 ViV;cos(6; - 6,) Vi [cos(a,- ~ 6,) — cos (3wt +6; + 6.)|

3 V; V. sin(g; - 6,) NG R A [cos(@i - 6,) + cos (52[- wt + 8; + 6’,)]
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86, har gy u(0,t) = 0 = u(L,t) aor Rl gfeer u(x, 0) == sin(ax/L) @or
g;u(x, gm0 = sin(@nx /L) @} ger war gow I ayaeser wHfleeor

a2 8?
5z-2-u(x' t) o Eﬁu(x, t) = (} @1 8F 3}' ’

(1) sin(nx/L) cos(ut/L) -+ f;sin(Zﬁx/L) cos(2nt/L)
() 2sin(ex /L) cos(at/L) ~ sin(rx /L) cos(2nt/L)
(3) sin(ux/L) cos(2nt/L) -+ ;f-;sin(z'mx/L) sin(it /L)
(@) sin(ax/L) cos(ut/L) -+ ;’ﬂ sin(Zux /L) sin(2nt/L)

56. The solution of the partial differential equation

o ulx, t) az‘u(x i) = ()
G Ve Tt TN T | -
satisfying the boundary conditions u(0,t) = 0 = u(L, t) and initial conditions u(x, 0) =

sin(ex /L) and »g;u(x, )| =0 = sin(2nx/L) is

(1) sinGux/L) cos(nt/L) + L sin(znx/L) cos(2nt/L)
(2) 2sin(nx /L) cos(ut/L) ~ sin(aix/L) cos(2nt/L)
(3) sin(mx/L) ‘cos(2nt/L) + % sin(2mx/L) sinnt/L) |
(4) sin(nx/L) cos(ut/L) + f;;sin(mx/ 1) sin(2xnt/L)
87, mgstar-ggdRay ey HD @ sr 4 fAar afy g yeargell @ dver @ 5@ 0.08 F Hew &,
grggiory gy 9 938 MeV/c2e ar & g goff sraver worfsil i afee AE ST g

57. Consider the hydrogen-deuterium molecule HD. If the mean distance between the two
atoms is 0.08 nm and the mass of the hydrogen -atom -is 938 MeV/c?, then the energy
difference AE between the two lowest rotational states is approximately

M 107%v . . L (@) 107 %V
@) 2x10"%V ‘ (@) 1073eV

58. v whee Tl @) AR v, Y 7 p, AL o ol Swekr b @ s iy s TV, P,

H wifier avd & W o meer B 85, A A mRy ger, 2 @ 40° aur 50% ¥ G gt amd & 0

& 1 & uRaffa g1 &1 Frfa B g awd) o) o) @ e vw @ yRaer a7 5T s oI &1
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59.

39.

a‘«!‘;‘wmj

ey giet o ey gl o werfh )
D v<BSB F glvda,p<2ai:>40°C  h>50%
() v<85 P A ohy men p <7 a > 407 O, i < 50 %

By ve85f A gl aenp<2 9k > 40°C, h<50 %

e

@ v>85 @ L gRr gep<lakr<40°C, h>50 %

Four digital outputs V, P, T and H monitor the speed v, tyre pressure p, temperature ¢ and
relative humidity # of a car. These outputs switch from 0 to 1 when the values of the
parameters exceed 85 km/hr, 2 bar, 40° C and 50%, respectively. A logic circuit that is used
to switch ON a lamp at the output E is shown below.

T e
-—

Which of the following conditions will switch the lamp ON ?

(1) v<85km/hr, p <2bar, t>40°C, h>50%
(2) v<85km/hr,p<2bar, t>40°C, h<50 %
(3) v>85km/hr,p<2bar,t>40°C, h <50 %
(4) v>85km/hr, p <2 bar, t <40°C, h> 50 %

wrefe gfaer x(0) = 1 %W%Wﬁ%ww%:xzwmwmﬁmt §9P [AFe T
g: ’

a1 - 2) 2
3 112 4 o«
The solution of the differential equation
dx
a7

with the initial condition x(0) == 1 will blow up as ¢ tends to
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@ 1 . @ 2
@) 12 @) «©
¥ B u ererer [0,1] & vewemrr aida wglow v ¢ qerV = —~clnu W& ¢ e arifaw Rerw

g%zg’féafavm[o,oo) ¥ e RacT v & e Vs srarmaiey § §fea gir & ¢ a7 a5 g

1) 2 @) 1/2
31 @) -1
Let u be a random variable uniformly distributed in the interval [0,1] and V = —cny,

where c is a real constant. If ¥ is to be exponentially distributed in the interval [0,%0) with
unit standard deviation, then the value of ¢ should be :

1) In2 ) 1/2
@ 1 @ ~1
1 :
S O gorT awr YT B
1,2,-t 1,2 -t
(1) ;tie @) t*+1-e
@) t—1+et | @ 32 (1—e™)
The inverse Laplace transform of = (:4.1")' is
@) itz . @iti-e
@) t—1+e™t @ st2 (e
i - ¥ g gE-fis @ s D 9 e e
®2d @6
3 d(d+1)/2 . @ d!
The number of degrees of freedom of a rigid body in d space-dimensions is
(M2 @6
@) d(d+1)/2 ) d!

TP W&WW&WW@‘W‘V(@ = gx — bx® o vl wrRmErer v ¥ 8 oel a,b
fRerei &1 e A @) sl g @ Rrl WW??E‘;WWW?W%’EFII gar @Ry :
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(1) (64a®/9m?p)*/* () (64a3/27m?b)1/*
(3) (16a3/27m?b)t/* (4) (3a3/64m2b)!/*
63. A particle of mass m is at the stable equilibrium position of its potential energy
V(x) = ax — bx3

where a, b are positive constants. The minimum velocity that has to be imparted to the
particle to render its motion unstable is

(1) (64a®/9m2h)1/4 (2) (64a3/27m?p)1/*

(3) {(16a3/27m*p)1/* (4) (3a3/64m2p)1/4

64. Rt sirage A aur B wafafrg wair [A, B ] =1 #) gur avd & wet | acorw wons & ar
(1) [e4,B] = e (2) [e4,B] = [e?,4]
3) [e4,B] = [e7F,4] @ [e4,B] =1

64. 1f the operators A and B satisfy the commutation relation [A, B ] =1, where [ is the identity
operator, then

(1) [e*,B] = e4 | (2) [e4,B] = [e5, 4]
(3) [eh, Bl = [e7?, 4] (4) [e4,B] = I

65. vE o3 et

1 1 z
H =5 = ay)® +5(p, - bx)
W PR 8 @ET a aurb Rerie § T p,, Dy, x @Ty & Har ggeft &1 a aurd @ B amf o
R (py — 3y) v& (p,, + 2x) wetrer gt 9

Ma=-3b=2 @ a=3, b=-2
G)a=2 b=—3 @a=-2 b=3

65. A system is governed by the Hamiltonian

1 1 2
H =5 (pr = ay)® + 5 (py — bx)
where a and b are constants and p,, by are mornenta conjugate to x and y respectively.
For what values of a and b will the quantities (px —~ 3y) and (py + Zx) be conserved?

BI45 B 3-BAH—8A
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Ma=-3, b=2 @@ a=3 b=-~2
@a=2 b=-3 @a=~2, b=3

gl ol g8 e @ 994 ¥, FIRT-TTET A avE SuART ¥ 3 areh enfeam are dr g
Tfor e aur & 9 [ gl GHAIT m, FelagT € R, aR—aefer £, T TR U BT
arawer A ¥

(1) mA/(ne?¥) (2) zero
(3) me/(ne?A) | @) mVA/(ne?¢?)

Using the frequency-dependent Drude formula, what is the effective kinetic inductance of a
metallic wire that is to be used as a transmission line? [In the following, the electron mass
is m, density of electrons is #, and the length and cross-sectional area of the wire are € and 4
respectively. |

(1) mA/(ne??) (2) zero
(3) m#/(ne?A) 4) mVA/(ne??)

67. WMlmanwmﬁww—ﬁm@—WWW(ﬁ@ﬁa#aWW?) & ford

67.

wiekT gReyor | .

11 | 4M,M qas|
2 = _ 1412 )
w?*(q) K(——M1+--—-M2) 1ij1 -——--—-——-——-——(M1+M2)2sm (—-—2 )] |
& Ry aar & et a werr grae aor K war Revia &) eafy @l € -

K(M1+M2) . - K
(l) 2M1 M3 a (2) 2(M1+M2) a

K(M;+M2) KMiMy
(3)_ M, “@ \} 2+

The phonon dispersion for the following one-dimensional diatomic lattice with masses M,
and M, (as shown in the figure)

is given by

$/46 BJ/13~-5AH—4B
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11 AM, M qa
w2(a) = 1 _ M 094
(@ (M1+M2) li\/l A A (2)

where a is the lattice parameter and X is the spring constant. The velocity of sound is

K(M1+M2)
O 2M M, @) 2(M1+Mz)

R
K (M +My) ’ KM M,
®) \/W ¢ @ 2(My+M;)3 .

v gepl wifrw (Z,A) @ sar-wof MeV & afvalRd BT
, 3 N — 2)?
B(A,Z) ~ 164 — 20A%/3 - ZizzA“i/3 + 30£————l-
@ arft & weT N=A ~ Z, gk wer &1 fdt A @ WE¥ grARE qearst o wae werh gery
wZ T8
A2/ 71 A
w3 (1- '1“63‘) @3
) A2/3\ A A4/3
o 5(1-4)" @3 (1+%)
The binding energy of a light nucleus (Z, 4) in MeV is given by the approximate formula

.3 N — 2)?
B{A,Z) =~ 164 — 204%/3 ~—;;;z*iA 1/3 4 39 E—-———l-

where N = 4 — Z is the neutron number. The value of Z of the most stable isobar for a given
Ais

A PLIE N : A
w5 (1-%5) | @ 3
. A2]3 A A4/3
@}’“(1“133“) @3 (1+5)
P Q AT TS GAHT e sl wrara + @ - pt + ouo W =gt A gld &

R @1 faRrr geErr 105 MeV/e? @ aar 9fa ofir are 2 AIgeEl WBvS &) A weee gl

welt—#w B7 ¥ 2.1 GeV & af sty g 96 5 @ gﬁwﬁwwwwvg‘zﬁﬁm
=gy @7 7w e g g

) et @)1-et
(3) 1-e2 @) et
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69. Muons are produced through the annihilation of particle @ and its antiparticle, namely the
process

a+d - ut+p
A muon has a rest mass of 105 MeV/c? and its pioper life time is 2 ps. If the center of mass
energy of the collision is 2.1 GeV in the laboratory frame that coincides with the center-of-
mass frame, then the fraction of muons that will decay before they reach a detector placed 6
km away from the interaction point is
) et Q2)1-e?

@ 1-e? @) e0

70, 0.75 fref; @ - warwr argT ¥ @ e B & o g8 0.2 WL aerT &1 AR & e @
2w 4 ol 8 ar engeT @ enar & 3 . :

(1) 8.85 pF | (2) 88.5 nF °
(3) 8.85 pF . (4) 885nF

70. The conductors in a 0.75 km long tw6_~wire transmission line are separated by a centre-to-
centre distance of 0.2 m. If each conductor has a diameter of 4 cm, then the capacitance of

the line is
(1) 8.85 uF | (2) 88.5 nF
(3) 8.85pF (4) 8.85nF

71 vl ag @7 ST e
1
&g = Zeo[ginzf;—gsinzka]
'@ foar o & it k Wi, a S Reie, v Reim forae) R ot w1 & e |ka|<x 81
afy arrE ¥3 % &v e @ goapa @ ang wear 1/3 & ar vl wof & '

(1) &o/4 - @s
3) 2¢/3 ‘ : (4) 5¢,/3

71.. The electron dispersion relation for a one-dimensio_nal metal is given by

ka 1
&y = 2&9 [ sin? - gsinzka]

where & is the momentum, a is the lattice constant, & is a constant having dimensions of
energy and |ka] < 7. If the average number of electrons per atom in the conduction band is
1/3; then the Fermi energy is .
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{1) 50/4' 2) &g
(3) 2g/3 (4) 5&,/3

72. Frfgrom gy @ gl wol smeard E, = —13.6/n%eV w22 @ &1 9 ve aww @
gIarT @ rn= 100 ¥¥ 0% qereTes Sl Bvr 8 a) 6T @1 GeE S ST YR &

(1) 6.5 MHz {2y 6.5 GHz
(3) 6.5Hz {4) 6.5kHz
72. The electronic energy levels in a hydrogen atom are givenby E,, = ~13.6/n?eV. Ifa

selective excitation to the n = 100 level is io be made using a laser, the maximum allowed
frequency line-width of the laser is

(1) 6.5 MHz (2) 6.5 GHz
(3) 6.5Hz (4) 6.5 kHz

73. 15w geiggi o3 @t wof TRETT A} E =uhk & it u afY qur k w@dr & srqeelr e D(E)
Sl gv 59 g [l &
) IVE 2 VE
Q) E (4) constant

73. 1f the energy dispersion of a two-dimensional electron system is E = uhk where u is the
velocity and £ is the momentum, then the density of states D(E) depends on the energy as

1) IWE @) VE
Q) E (4) constant

74, foF 4 guld T v SeE qledT F AR F fan
afe o1 My v RfEeer @) daar 1, & o o Il & 7 & T B Ry e & My 9 g x w
el P oy pler &) ool gaed @ -

Ry=1 R,=R
: 1 R
e
= =
D
X
M1 P M2
M (Ui/c)e (2) (1 /c)e*
(3) (Iy/c) (e + e—ox) ‘ 4) (I, /c)e?**
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74.

73.

15,

30

Consider the laser resonator cavity shown in the figure.
|
L= : 001
—t
PR—
x
t
M, F Wl

If 1; is the intensity of the radiation at mirror M, and o is the gain coefficient of the medium
between the mirrors, then the energy density of photons in the planc P ata distance x from
M1 is

() (y/c)e™ ™ @) (I /c)e™
3) (/) (e™ +e™™) @ (/c)e*™
sl Y arstr v @ A a7 e A > B+ C+ 1) @ argar glar 8 el AT & A B aerC
vl Vs, are) oy &) wwr D @ Ry srper e ol oy wqol ayer &
1,3 .5 ’
@) 5: 11-'5:2r'§p 3, °_"' @) 09 1
1 1357
(3) FFaer _ @ s

A spin-Y particle A undergoes the decay

A-=B+C+D o :
where it is known that B and C are also spin-% particles. The complete st of allowed
values of the spin of the particle D is .

1, 3 5 - : ,
1) Ei 1)5# 2;;; 3,00 ; {2) O, 1

: : 1357,
® "‘?:’Ollly : @ 2157570
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