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qET %'/ PART A

1. Wﬁ%ﬁﬁ?%ﬁ?wmﬁm

1 RARSY & TEh genst g 35 @
HE 1 3w oRger W s @t 3 A

e,

2.
P ) W g Ol
SN WHIT EETAT ST & Ry oM av & 3mer
WO OUGN % HET ¥ owa A ueh a3 e
TAAT HLIT:
1. R/3
3. R/8

2. Asphere of iron of radius R/2 fixed to one end
of a string was lowered intc water in a
cylindricai container of base radius R to keep

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

3. FHIS HrEH , ST W 10 X 20 X 5 Ha
o o %,WW%TW“@WPWW,
e R & aufd sowr, R gar ¥
HUEH 18T WA, F v el & e
H Bt ges wreswt Y snaegwar et o
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Crystal (not to scale)

1. 10°
3. 10%

2. 10°
4. 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 ?
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Crystal (not to scale)

1. 10°
3. 10"

2. 10°
4. 10"
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1. 2/3 2.1

3. 2 4, oo

What is the value of 3—+ Lyt
is the value O =2z -27&'3' x4 oo 10

oo ?

1. 2/3 2. 1

3. 2 4. oo

forady el A F TR O I, TH AT
w0 o, Rraer frger fawa 2 A §, 7 W@
oR & 3weT U YER gERn Sr ¥ T
Ao B h SUAUT TS T F I B,
o s @ fraer O urT & e s @
h oSS e ¥ A doe A o § e
frar T, dr arF o urelr T Fe oA gem ?

5.

6.

3. R%Y3 4.

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?

1. 2h 2. 2h

3. $h 4. Zh
 aader , e fiew RY, % 36
SUTE F UF [T TES G FAY F el
e afiwol F wEd 93 F AAed §
1. R? 2. RWZ

3. R%3 4, 2R?

Of all the trianglé“s"%f'i'at’ can be inscribed in a

~ semicircle of radius R with the diameter as

one side, thefl')jigges‘ft one has the area
2R?

1. R?
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5 =500 7. 340
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3 4390 4, 50

Choose the largest number:

1, 25% 2. 3%

3, 4%0 4, 5°°

W 2013 @1 w dfaw-mes BfRwy & 10
G oAl H10% A F waw ¥ AT ¥
ol Wl @ 5 . X 7.3 AT Ay o
FAY & S 9T Serar Srer ¥ 1 el @
A1 9l wawl ¥ Hreerid g ?

1. 01
3. 10

2.1
4. 1(S

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?

1. 01
3.10

2. 1
4. 100

T Ry 7 ey s $E o a8 ) &2

U
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2. 7¢
4. 100
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How many rectangles (which are not squares)
are there in the following figure?

7

{

1. 58 2. 70

3. 86 4. 100

afsnRa &b a®h = TH W ux
faby + st F & (ab) a@w

adb = a®+b% {102} ® (3®4) F TR FAT

é?uﬁwmmq:agmméam
St © 8 =wgeanm 3w e ¥

1. 145
3. 436

2. 286
- 4., 572

10.Define a®b = lcm(a,b) + gcd(a,b) and a®b =

i1,

aP+b%. What is the value of (192) ® (394) ?
Here lcm = least common multipie and
gcd=greatest common divisor.

1. 145
3. 436

2. 286
4. 572

TH X & 39997 & , 5 &R & 509 =
B T W OIR WS, UF g e

FAA T | AW W BH F FH Fa a7
Frear 93l arfer AT a9 o% 2
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3 2. 7
2

3. 4.1
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13.

Eall

BN

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 Afsr Aersy d R Fr Fag ov B p %
v AIRST ader 3w @iam 3% T B A
& wy g est g uw o arnr [ R §
o Farg U IR @ier 9 (< 45°%) U, e
ag 3uF fwEad Arl o 4wl et @l
fAear or wm wder W gen v, forehr
Brsar

R+R sin 0 &1
R+R cos O ¥
R+R tan 6 &1
R+R cot 8 §1

A crow is flying along a horizontal circle of

radius R at a height R above the horizontal
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 sind
R+Rcos @
R+R tan 8
R+R cot @

foad FTUaw W AR 20 AT egeaH
HATIEH 600 Br?
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13.

14,

14,

~ dress does not suit youl”.

i5.

How many pairs of positive integers have gcd
20 and Icm 600?

(ged = greatest common divisor; lcm= least
common multiple)

4 2. 0
1

i.
3. 4.7
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During an evening party, when Ms. Black, Ms.
Brown and Ms. White met, 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
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.

w15 getcErr qoifel & & & qofw
mRow w1 & auw BT R g 9
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15.Two integers are picked at random from the

i6.

17. @9ER @

first 15  positive integers  without
replacement. What is the probability that the
sum of the two numbers is 20?

; 3 L, 1
1 3 2. 57

1 1
mmﬁwmﬁ?wqm

YR 9% afa s agw
uﬁmﬁ,mrﬁ#fﬂgra@-mgﬁw
AR arer gt #F 23 9 AE & qUr aE
ﬁzﬁamsa#@ig.e%mﬁﬁams.s%
T G & R 0 &Y & B duw &

A Ry dmame gRrwr @b amy Y
AR A F AT ;T 7

17.

18.
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ar ST @ sz

I et & gry

et

. FET TAST A T S AT 3T HFHar ¢ |
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4. s HarT A, a7 ar B & Sarw far
ST |har &

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 rest, women. Among

them, 19.9% of the women and 8.8% of the
men were willing to pay for the facilities.

i8]

£
Cad

What is the ratio of the men to women
Customers who wanted chiid care facilities?

If the survey had been conducted during the
weekend instead, how will the resuit change?

With the above data,

Only A can be answered

Only B can be answered

Both A and B can be answered
Neither A nor B can be answered

mmﬁmmtwwm
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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?

,WBQ"W.4»~/«““‘“~M.’:‘ ?
. . ]
s 180, R —— - |
-.w.asmww»”/\““*-m....,..-"
SEALE ® 175000
1. North 2. South
3. East 4, West

ol ot % dow w oEEE % 20
et 3 wede @ gy guy W w gy ferdr |
et forelt ardy Fafyat wear o

1. 20 2. 400

3. 200 4. 380

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

1. 20 2. 400
3. 200 4. 380
o C
| e
A B

o safa aY A & C TF ST O aaieni
&7 &Y UR HGT §1 3@l @ dae gd
Y. T, AT e T awh, Al g Al F wR
daerr 3 & Teen ¥ =afa @ i
ECRAY |

1. §T wEE @ gl o R R

2. %o v wedl B wear av AN ¥
3. areraT Hyerar vl & FAC JrEer IEET B

4, walr ol % v ww ¥

20‘

tnonm

EAST

A B

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

depends on the length of each step
depends on the total number of steps
is different for different paths

is the same for all paths

badi
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{4) hw + Vg i;q + _5_!

Two identical bosons of mass m are
placed in a one-dimensional potential

55 s P - } s
V(i) = ~maw x®. The bosons interact

via a weak potential,
= Vo expl-m(x, — x,)% /48]

where x; and x» denote coordinates of the
particles. Given that the ground state

wavefunciion of the harmonic oscillaior
1

{many  LIRex

ik??) e 2t ., The ground

is 1Po(x) = "
state energy of the two-boson system, to
the first order in ¥, is:

1) hw+ 2V,
s %l
(2} hw + -
s
3) ko + Vo {1+ 2]

,
{4) A + Vil 4!
% ] 4

22.

22,

23,

23.

% cidler g, fored 25°C arg @t 30 7
wer & & 0°C arg o7 a9 9% % Srer ol
&1 ww a7 oo wrEver § arr & ar
FHFT Jfam a7 ar & (o @ fAfre Fo
U Bt ufr w7 9fy °C aor v & fye
&1 % Fow 80 Py gy ww &)

(1) 0°C

Ten grams of ice at 0°C is added to 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
is lcal/gm/°C and latent heat of melting
ofice is 80 cal/gm.)

1y 0°C

{2) 7.5°C

3) 12.5°C

4y -1.25°C

vE adT @ @ guae & Rmd smaeT V, aer
Vy & Rl mwer @19 py oemrp, @ am Ty
T, & ared da 2 A eyast & fg a7
#IT BT -
PaTitpaTy

D1+P2
ViTy+Va Ty
TV,

D1V1+poV

(D1V1/T1)+(D2V2/T)
ORGTIRE

)

(3)

A vessel has two compartments of
volume V; and V,, containing an ideal gas
at pressures py and p, , and temperatures
T: and T, respectively. If the wall
separating the compartments is removed,
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the resulting equilibrium temperature will
be

P1T1+D2 T
P1tD2
VT Vo Ty
Vi +Vy
3) P1V1t+p2Vs
(P1V1/T1)+(p2V2/T2)
@) (T4T;)Y?

M

)

anr Ty > Ty & R, B ¥ sy & 9y v @
gfeer ges F(v)as) qorcres arg Ffvar o7
g vl fer fry wvar @

Tz

Fv)

M

Fv)

2 v
£ Ty Ty
A v
T
=z
[ Ty
“ v

10

24.

25.

For temperature T > T3, the qualitative
temperaturc ~ dependence  of  the
probability distribution F(v) of the speed
v of a molecule in three dimensions is
correctly represented by the following

figure:
1)
T
& .
) v
s Ta Ty

3) v

T
Q) v
SRgRsaIE, TEmpr =V @ AT BT BT

v T U g JEBIT &5 N vEr T e |
fAer e T & (¢ v& Reries &) airer sraverr
ool & 3frp Gl @1 ST START FW B
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@) e
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A systemm of non-interacting spin-Y%
charged particles are placed in an external
maguetic field. At low temperature 7, the
leading behavior of the excess energy
above the ground state energy, depends

¢ is a constant)

p
on T as:

iaar o &

determined by measuring the iime period
Ty

"anid the iength L of a simple pendulum.

are AT and AL respectively,
Ag/g in measuring g

aciional erroy

{3
Eip A et R W haeabii Y
‘Qfd) 7 ¥ P

i 2
@ ol e

H

o &y

g Y ARy F vw Rifre eifinevy
e aiedw 0.7V & e ayair e war
=12V
o Re =2k o wrery fy ot & @y

SGIR NG dr fAfssEar g Q @1 @@
gl sear & 7

i
c | iE =
(ma)l e 35 LA
8 §\>(/’ e 3244
! 39
/ . HA
/
o
, v .
3 g i2 Yol ¥)
ils Ig=

e 35 11 84

52 -
%ﬂwmw 32uA

97 VooV

27. A silicon transistor with built-in voltage

0.7V is used in the circuit shown, with
VBB == 9.7V, RB = 300 kQ, VCC =12V
and Re = 2 kQ. Which of the following
figures correctly represents the load line
and the quiescent Q point?



[

Wi

i T Voo
Vap = I
lc fn=
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e 32pA
g 30pA
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(1) 0 87 VgV
‘0 lBu
(mA) - 3B5pA

J s JLPA
ammemeren 30 LA
Q

28.

280

e vE
srgey-gigtg—-aRade (ADC) @ sy fAde
1.0V @20V 7 9o & a R
plel .

§—fae wmwlaw  w@i~meT

(1) sRaffa

(2) gy &rm

(3) o/ gqeT How W S BN
(4) ar T T3

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

12

29,

o eufar mar @ ve Regavl dfier @1
Reerly gl Rgaah aala C, aleedee
o e B & wrer wAre GIgeN arar oIk
& Raa S & & g & 1000 Wavs g
PR P g g @ 150V 7 15V g
frear &1 afy dRer @ eRar SpF & @
T Rt gl s &

I

= v(#) Rz o

!-i

@ 10°Q

) 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




31.

]

@

o b9
bt

m.,, approximation cos ¥ =

1 1s valid up
0 3 decimal places as long as {6} is less
than: (take 180°/% = 57.29°)
{1) 1.28°
2y 1.21°
{3) 3.28°
{4y 4.01°

o favrreer a3 S ¥ v giber & dawer
vE & (FT Arge W) | afder @ e @
wr—-ary S @ wed F u @ 9T & g arer
‘x""‘fﬁ«’.’ﬁ?(} FlkeT & f3ga grr § | aw O
@ ARPve o 4 A T AT o dvve A
(ﬁa‘fﬁ'ﬁmfﬁﬁ?ﬁc?‘)

@ (1 B ”_)'1/,{.

o (1-5)7"
® (1-%)
@ (1-%)7

The area of a disc in its rest frame S is
equal to 1 (in some units). The disc will
appear distorted to an observer O
moving with a speed u with respect to 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)

M (1- ";'2‘)1/2
® (1-2)™

® (1-2)

o
(€8

“*“z;fi:f? t”i'? W
qer STEY ¢ BT VH F0 R %1
LE wE g e wieders dar uv & e
% >'3‘%§WWT"Z}@,MW7§}
35§19 @) g B go F 9gq ev £
ST @ m—'"?!cﬁ st & -

M_z,i i B
fr em - s
- s

24 2d
| 6e2p?
1
@ + megmad®
6eZR
(2} \/ms md*t
6e2d?
(3) n‘e‘,ng
6e? d
@ 2
32. 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

e R — R
]
g : :
H
ol e & gt o
- e,m - %
) e
2d 2a
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33.
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34,
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Rere aléy W a> wrer werer arsh Werl &1 as
A feer & g arr 1 owr gorT glar 8/
Rwor & wrgv, sy @ v (orr fvor @) wiersd @)
gerar o sy Syat g8y wrgly wlder
S @) fan e aRearor e §

IZ
@ $L i and |S‘| el
@ S (=) and |§] = Z%WTE |
35.
12

@) §1li and |$]=

4ne, |il) 2

12

T cxmsmeon: ..fmn....m

Amteq (]

@) §||% and |$]

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 5 outside the beam at a radial
distance r (much larger than the width of
the beam) from the axis, are

IZ
M 5L and |§] = s
. o ,..,\ o IZ
@) S||(=i) and |§]|= aneq [ul vt
Sy G Lo
@ SNE and [S]= s
12

@ §||% and i.ﬂ ==

4t eq il r*

35.

o iR A A A-A+f, ww i o=
r(t) ¢ & @ sFur yRafr glar & (Suyaer

At A) >R e aor gawid 85 saRaft
& ar afewr fvg (@) »F Gaelldrpd: 5 JoR
gRaffe g wrm =@fed

1) d ~r

2y © +r

(3) ® — ar/ ot

4 © + ar/ ot

If the electric and magnetic fields ace
unchanged when the vector potential /&
changes (in suitable units) according to
4> A4 £, where ¥ = r(t) 7, then the
scalar potential ® must simultaneously
change to

(1 ® —r
@2) © +r
@ @~ dr/ot
@) @ + ar/ ot

2
p = Py (- ) ~1/70 cos? @ @ B o T
T vor e ander geT v [ g
Ry et @ yRvrT g1 arel fya airgef wr
Bafly aea &

(1) 2rpery

(2) mperg

3) pore

4 mpore /2

Consider an axially symmetric static
charge distribution of the form,

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

(1) 2mpyry
(2) mpyry
(3) pore

@) mpore/2



37.

37.

& FumT ggvey 7 £ g

“ﬁ;"'z

(2) 2/3
(3} 1/4 wer3/4
(&) 1/3 agr2/3

In a basis in which the z-component 5,
of the spin is diagonal, an electron i in 2
spin state

o= (‘(1 + i)/\/g\%
V2/3 )

The probabilities that a measurement of
S5, will yield the values A/2 and —#/2
are, respectively,

(1) 1/2 and 122
(2) 2/3 and 1/3
(3) 1/4 and 3/4
(4) 1/3 and 2/3

vamﬁxﬁz?wraﬁfa’ww;mmaﬁa&ﬁ

e ) = by|0) + by|1) w fAar e
[0) @er |1) w5er s sraeer oo gems
gwiforT sraeemsl @ e s & aer by
T by U7 areafds v & | T x or
TERIT A el ) ¥ s a9 g e
ey bz—O (by = 1)

(2) b, = EIH
@) by = b,
“ b= b,

Consider the normalized state |) of a
particle in a one-dimensional harmonic
oscillator:

W) = b410) + b,|1)

15

38.

39.

i(j} and E }
st excited states 1

?
are  real

cte the ground and
grﬁtﬂ'ﬂiy, and b
constants, The
lisplacement x in

mum when

1) by =0, (by=1)
- 1
(45 93 = by

iR f%?vﬁ% vE wygsi (i) @) v mer
wmr b U gTEgom @#argrm#%ﬁw
TE ;mgavﬁﬁﬁganvs“mm & g §
200 T AN 8 1 0 oy @) wWeew var @
el avr—def SR (emEe A @ s
(1) 5.62 A

) 6.67 A
3 3.75A
4 i33A

A muon (u ") 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
atem will be

(1) 562 A
(2) 6.67 A
3) 3754
4133 A

nad: wafa g ¥ Reg ve sw @
srarardiga e werm Y(F) = zf(r) ®
f&ar e & wigt f(r) By wv r @1 wer
&) darw L2 (arify wle B wir a7
) BT fewIfreE g/ & :

(1) h*/4

(2) n?/2

(3) h2

“4) 2h?



39. The un-normalized wavefunction of a

400

40.

41.

particle in a spherically symmetric

potential is given by

(P = zf (r)

where f(r) is a function of the radial
variable 7.
operator I (namely the square of the
orbital angular momentum) is

) h%/4

O 1?/2

3) n?

(4) 2n?

wrg far wrar & 1

00

gy tﬂ

n=0
H,(0) @r arr &

—t2428x

1) 12
(2) 6

(3) 24
“4) -6

Given that

00

tn
H,(x) e

n=s0

the value of H,(0) is

~t2p20x

@ 12
(2) 6

3) 24
@ —6

fi v wra R & o ay-arer % 1 @ weof
¥ 120° oy gv &) Rk U =al-+b A vd
P = afi+ b1 @ g @7 @ 60° g gl

(1) b =+3a/2
(2) b = 2a/V3
(3) b=a/2

4 b=a

The eigenvalue of the

16

41,

42.

43,

43.

A unit vector i on the xy-plane is at an
angle of 120° with respect to £ . The angle
between the vectors @ = af + b i and
¥ = an -+ b1 will be 60° if

(1) b =+/3a/2
) b=2a/V3
) b=aj2
4y h=a

7= x4 iy o0 g7 e el f(x,p) ¥4
Far z W1 (Hge) dvelfie worT el g2

(D fCoy) = Gty -8
(4 + %2 ~ y? -+ 2ixy)”
@) F e y) = (x -+ iy)" (L~ x — iy)?
3 Fx,y) = (x? ~ y* + 2ixy ~ 3)°
@ F(x,y)y = (L —x+ip)*Q+x+iy)°

With z = x -+ iy, which of the following
functions f(x,y) is NOT a (complex)
analytic function of z 7.
1) f(x, 3') = (x + iy —8)*
(4 + x2 = y? + 2ixy)”
@) fO,y) = (x+ t:y)"(l x = iy)®
@) f,y) = (x? = y? + 2ixy - 3)°
@ fO,y)=Q-x+iy)*@R+x+ iy)®

A V(r) = ~k/r, wei k vo Reris & o
FEIT m T @il WA L wr v 9% v
gﬁmw#wvrw:fr?/ g} o gewr
o ety Rar orar & wwed Ay @l
@ @rofy g & :

(1) mk? V213

(2) mk? /13

3) VZmk?/13

@) 3mk? /13

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 frequency of radial
oscillations is

5



44,

44,

17

(1) mk2 /213 4S. vHeErT Bowr v o J41g £ BT U@ 6T aur

(2) mk?/L3 3% R &7 v& Mol 9o aa a5ae oY e o
VImk? /13 g e 3 @ wel-aw v @ FaE w & 1 gl
(3) Vemk® /L 3 et R wie e & o aft mher T @
(4) V3mk?/L ST 7% Y V B wrer qgaer & at de wwee
@ SENYTT T P ggar:
wﬂv#wﬁfmmﬁwww W&’Wwe I
1 , (1) 4 15R2
L=§mx2~bx
¥ ey arar 8 o7eT b v Rerra & | (e o () 4V /r;.?
c1 @ ¢y Rervies oid & ) &or [Adfenas x(t)
TG ¢ g gww 12y oiar 8 3 4
G 7=
b
1) ——t?+ct+c,
Zm @) V‘[l%
2) o1t + ¢y

(3) cycos (EE) + ¢,sin (P-E) _ ) .
» m m 45. A uniform cylinder of radius » and length

bt bt ¢, and a uniform sphere of radius R are
(4) cycosh (—-) + c,sinh (——) released on an inclined plane when their
m m centres of mass are at the same height. If

they roll down without slipping, and if

The Lagrangian of a particle of mass m the sphere reaches the bottom of the plane

moving in one dimension is given by with a speed ¥, then the speed of the
cylinder when it reaches the bottom is:
1 ., b I
=ZmxT — 0x 141¢
2 M V«J 15R?
where b is a positive constant. The
coordinate of the particle x(f) at time ¢ is @) 4V [ o
given by: (in the following ¢; and ¢; are 15R
constants)
@ =
1) —=t% +c;t v
(1) ettt ot+c | _
@) it + o, @ Vs

(3) cycos (—f—nf) + C,sin (?n-t-)

(4) crcosh (%) + cysinh )
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46.

47,
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48.
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smer "' PART_'C

Wi fv @ wew Ay, = (Ao,Al,Az, A3) Au = k(~xyz,yzt, zxt, xyt ) & R v & ol k v
Rerviz 81 fegga & #

) k(yz, zx, xy) X : 2) k(x,‘ y,2)

3) (0,0,0) T @ k(xt,yt,zt)

The components of a vector potential A, = (Ao, Ay, Az, A3) are given by

Ay = k(—xyz,yat, zxt, xyt )
where k is a constant. The three components of the electric field are

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

af:fwfsmwgrmﬁwvcr)w”" @ forr (Fw7 F b = 2ksins, E = h2k?/2m) wailf
mmf(e)sw#ﬁwwmr.?

_ 2mp e . _ 2mp
0y h2(u2+b2)2 @ n2(u2+b2)
. - o 2B
(3) hzm o - : (4) ﬁZ(uZ.H,Z)S ‘

In the Born approxxmatlon, the scattering amplitude f (6) for the Yukawa potentlal
e
| V(r) =
is given by: (in the following b = 2 k sin 7£ JE = h2k?/2m)

__amp - y i
T : @) ~ By

__amp_ __amp
(3) hzw (4) h2(u2+b2)3

afe V= V(r) @*Wﬂﬁﬁiéﬁ?ﬁﬁﬁaﬁmﬁwmfﬁﬂpmm fAiffee e & aF s
¢=§[3¢211+¢210“\/—].—5-w21_1] #W\’WL%"' Lﬁ, WWW? ‘

(1) 39h2/25 - @) 13h2/25
@) 2 h? @) 261°/25

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

=3 [31/’211 + 1210 — V15 ‘1’21—1] #

is

S$/46 BJAN3-5AH—3B
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(1) 3942/25 (2) 13#2/25
(3) 2 h? (4) 26h%/25

xy-¥prer % vt 7w, 1.0 9’ s arelt v qaeh nad) wgay @ siav y-onr @ Rer 4 e
grr [{(t) = Iy exp(~iwt) yafea gkt &/ ardt agey & aas)’ © yaiRa &of @ 117 375 8%
77 100 ) 79 7 &

(1) Liw/(12ms,c%) (2) Ih*w?/(12neyc3)

(3) L w/12my0%) @) lyw?/(24meyc?)

49, An oscillating surrent /{0 = 1’8 exp(-—iwt) flows in the direction of the y-axis through a

§ e} mami sheet of arez 1.0 cm” kept in the xy-plane. The rate of total energy radiated per
unit area Tom the sarfaces of the metal sheet at a distance of 100 m is

() fow/(12meqac®) ) I,2w?/(12meqc?)
3) Liw/(12reyc®) @) Lyw?/(24re,c3)
. UF -3y s SeR gqu
, 0 0<x<aq, I<y<a
Ve = {; e

@ g Fa) gud yamRiied gheee W &
NalXy . My Y
Unyn, (X, ) = "“bln( " )sm( o )

WET Ny, My = 1,2,3, 0 | 9fe 9 v &y

wel ¥ O<x<q/y, 6<y<?/,
Lo JFgYr

F1 [T a8, ar yerT gedfory aaver # eoif 9v e Vy g @r wen & -

o2l et

Consider a two-dimensional infinite square well
0 O<x<aq, 0<y<a
V(xy) = { Y

i o  otherwise
Its normalized eigenfunctions are

Y, ny (x,y) = ~ Sln (nx;t;t) sin (ny:y

wherte 1y, n, =143, .1Ifa pcrturbanon
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a a
H’-—={ Vo 0<x<3, 0<y<;3

. ) 0 otherwise
is applicd, then the correction to the energy of the first excited state to order Vj is

e @21t

@2 @21+2

@ GIBRIT eawT aF, Sy e S, it A wuif e=—J 815, @ @ 5 ay T W SR
arraeer ¥ & g tlar vod & 9@ an F RER | scwRe T @ for), nvnaﬁaﬁmwmrf
C/kyT & sy sgerdft & ol C & -

1) 27 @ -7
3 / @) 4J

Consider a system of two Ising spms S, and.S; taking values £1 with interaction energy
givenby &=-—J8;S,, when it is in thermal cqulhbrlum at temperature 7. For large T, the
average energy of the system varies as C/kpT, with C given by

@) -2/ @ -7
3 A @ 4T

o B A, B, C R g v @r ef S & wit g a7 £ 1 waar & | A 5 felt e 7 Sy =1,
Sp=1 @ Se=-1 ?IWW’?&-’?S%#W’?JHH wifyar 1/3 P arer g aewar 81 Sy + S+
Sc smRafier v8, ga@t wfwar & :

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

Consider three particles 4, B and C, each with an attribute S that can take two values +1.
Let 84 =1, Sg=1 and Sc =-1 at a given instant. In the next instant, each § value can
change to — S with probability 1/3. The probability that S4 + Sz + Sc remams unchanged is

@) 2/3 @ 1/3

3) 2/9 4) 4/9

ﬁavmarﬁmw)ﬁa?m w(x) Aexp(—bx?) & 7T %, aﬂwﬁaféa‘er-mﬁwgaﬁ
?ﬁﬁ*ﬁmfﬂH——am-a&(x) aﬁwmnamfwvﬁm?

[wPa f e~ttdt = F(a + 1)]

(1) —ma?/4nh? ?) —maz/‘Z)nh2

(3) —mic?/mh? () —ma?/VEnh
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54.

4.

5S.

35.
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The bound on the ground state energy of the Hamiltonian with an attractive delta-function
potential, namely
hz 2
== om g~ 2@

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

[Note: [° e~¢t%dt = I'(a + 1)]

(1) —ma?/4nh? (2) —ma?/2nwh?
(3) ~ma?/mh? 4) —ma?/\/Snh?
3 g aE B g fEn mﬁ’#wwﬁmw&wvmﬁaﬁw@am?/aﬁﬁwm

veIr, Huild €y, 3eo 9T Sgg (>0 % arrg tﬁs'r?‘ﬁaarmvr-; e goeht By v
AT & aer g, g & WA &) ot Ep aor Eg FH: BRRIAE aor e daF 7 e
el %ol & Ep— Ep 7 g0 aar 2 9

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

single particle states with energies €, 3g9 and 5go, (€9 > 0). One system is populated by
spin- ; fermions and the other by bosons. What is the value of Er— Ep where Er and Ej
are the ground state energies of the fermionic and bosonic systems respectively?

(1) 6¢o () 2¢
3 4e @ &
Ve Sithaeht sl @1 AR Vi(t) = Visin(wt + 6;) # sgar & w#7 V,, w, 0; e v BT

@ I mawmﬁlﬁwﬁﬁaﬁwﬁéwmmmw 781 & 3 V. e wer
0, & #W%mm?/aﬁmmwmwﬁwaﬂgﬁrm ST i amfr w
&, @) Ry smer & at s fefe e @

(1)% ViV.cos(6; - 6,) 1 AA [cos(ai‘— 6,) — cos G ot + 6; + 9,)]
3 ViV, sin(6; - 6,) ORAA [cos(Gi - 6,) + cos (% wt + 6; + 6,)]
The input to a lock-in amplifier has the form Vi(t) = V; sin(wt + 6;) where Vi, 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 V. and phase 0,. If the multiplied
signal is fed to a low pass filter of cut-off frequency w, then the final output signal is

(1)-21- ViV.cos(; — 6,) oV, [cos(@,- - 6,) — cos th +6; + 9,)]

@ ViV, sin(8; - 6,) @ Vil [cos(8; — 6,) + cos Got+6, + 6)]
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86, whar gy w(0,t) = 0 = u(L,t) @or Rl gfer u(x, 0) = sin(ax/L) wer

56.

57,

57‘

58.

g;u(x, gm0 = sin(2nx /L) ¥ qer @ gow 3l ayaerer wHlavor

a2 a?

(1) sin(nx/L) cos(at/L) -+ Lgin(2mx /L) cos(2nt/L)
2m
(2) 2sin(zex/L) cos(at/L) sin(x /L) cos(2nt/L)
(3) sin(ax/L) cos(2mt/L) + ;"l-;sin(wa/L) sin(wt /L)
(@) sin(ax/L) cos(nt/L) -+ Lo sin(2nx /L) sin(2nt/L)
20

The solution of the partial differential equation

32 a? .
-3?2u(x, t) =~ b;?-u(x, t) = ()

satisfying the boundary conditions u(0,¢) = 0 = u(L, t) and initial conditions u(x, 0) =
sin(ix/L) and -(%u(x, t)|¢=o = sin(2nx/L) is

(1) sinax/L) cos(nt/L) + -f,; sin(2nx/L) cos(2nt/L)

(2) 2sin(nx/L) cos(nt/L) - sin(nix/L) cos(2nt/L)

(3) sin(nx/L) 'égs(Znt/L) o+ %sin(an/L) sin(éttv/L)'

(4) sin(nx/L) cos(nt/L) + f;;sin(an/L) sin(2xt /L)

grdslorr-ggeiRay oy HD @ g B afy a ueargart @ dra @ g@ 0.08 d Hley 8, aar
greglorT gesmey e 938 MeV/c*& aF & wgrrr golf sraver wofsl i efav AE erprr 80

@® 107V (2) 10~2eV

(3) 2x107%V. -~ = . , 4) 1073eV

Consider the hy&fbééxi%mifériuﬁi 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 :

@107V, . @107

@3) 2x107%V o #1070V

v wee T @ Y, drwaﬁrp, arTt o o T b a) e, i siwed PV, P, T,

H ey avd & o o7 e @ 85 fn . wia wer, 2 A 40° o 50% ¥ e 8w & 0
w1 # uRaffa grd &1 7 E. 7% ). @), o, B ol v a yRaer %1 ST fFT T &1
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59.

59.

ng:‘t}&“"‘&mﬁ"“ -

4

fer glaer & @ gat o waref 9

(O v<85f F ofvwep<larm:>40°C h>50%

@)y v<BS R A magerp<lart>40°C, h<50%

N v>85fE @ g gep<l ok > 40°C. h <50 %
24 9 b

G v>85 @ gl gerp<2 e r<40°C, 5>50%

Four digital outputs V, P, T and H monitor the speed v, tyre pressure p, temperature ¢ and
relative humidity 4 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.

S

Which of the following conditions will switch the lamp ON ?

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

(2) v<85km/hr,p<2bar, t>40°C, h< 50 %

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

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

;me(O}m 1 &?WWWW%=x2WF?VZEW?Wt§WﬁWW

@ 1 , 2) 2
3 12 | @ o

The solution of the differential equation
dx
2

.__...;:;x'

with the initial condition x(0) = 1 will blow up as ¢ tends to



24

@ 1 _ @ 2
@ 12 @) o

60. = 5 u aavrer [0,1] ¥F vaswar afa arglow a¢ & arV = —~clnu I8l ¢ ¢ arwifAw Reria
gllézrféal%rm[o,oo) ¥ wre Rae v @ ar Ve ararmaiey § §fed g & ar ¢ @7 4 g

‘@) 2 @ 1/2
3) 1 @) —1

60. Let u be a random variable uniformly distributed in the interval [0,1] and V = —cInu,
where ¢ is a real constant. If ¥ is to be exponentially distributed in the interval [0,c0) with
unit standard deviation, then the value of ¢ should be :

1) In2 2) 1/2
31 @ ~1
1 , :
6L s T o A YT &
1.2,-t 1.2 -t
(€)) ste (2)-2-t +1—e
B) t—1+et | @ St*(1-e™
61. The inverse Laplace transform of - ey is
1.2, oy L2 -t
1) stoe : (Z)Et +1l—-e™
@) t—1+e™t @ st (1-e™)

62. d Raweri-f ¥ v go-s @Y warasa wie ¥ e et

®2d @6
@) d(d+1)/2 . @ d!

62. The number of degrees of freedom of a rigid body in d space-dimensions is

) 2d 26
@) d(d +1)/2 @) d!

63. zEET m asrwzﬁvrwﬁwaﬁﬂ/(x) = ax -~ bx? W'Wﬂ‘mwmw#z% oieT a, b
1‘?@1?7‘?1:"2?/Bwaﬁvﬁwamn#?wwéwi?fz}vwvgwaﬂﬁvsa‘vﬂéﬂraﬁz’: -
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64.
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65.
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(1) (64a°/9m?b)*/* @) (64a3/27m?b)V/*
(3) (16a*/27m?p)*/* (4) (3a3/64m2p)1/4
A particle of mass m is at the stable equilibrium position of its potential energy
V(x) = ax — bx?

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

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

@) (16a*/27m?*p)"/* 4) (3a®/64m?p)V/*

afe siregE A e B wafatg 6 [A, B ] =1 &) qur ave & wel | awrre aare & ot
(1) [e4,B] = e4 () [e4,B] = [e?,4]
@) [e%B]= [e7%,4] @) [e4,B] =1

If the operators A and B satisfy the commutation relation [A, B ] = I, where [ is the identity
operator, then

(1) [¢4,B] = 4 (2) [e4,B] = [€5,4]

(3) [e4,B] = [e7B, 4] (4) [e4,B] =1

veE o Ffedt

1 1 z
H =5y - ay)® + 5 (py - bx)
W a3 8 oiEr a aarh Reris & o7 p,, Dy, X ey & a7 537 &/ a aurh @ 5 A v
R (py, — 3y) v (py + Zx) YRR ghft 9 |

Ma=-3 b=2 @) a=3 b=-2
@ a=2 b=-3 @a=-2 b=3

A system is governed by the Hamiltonian

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

G145 BJMA 3-BAH—4A
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Ma=-3, b=2 2 a=3, b=~2
@a=2 b=-3 @a=-2, b=3

sgiT fe g wTHfer @ SuaT 9, FIR—eTIg @) avE SUART ¥ I arch enfeams are T g
Tfor Weaeq qar & 9 [T § gelagia  GHIT m, SR T R, aR—aefer £, TIT TR U BIE
arwer A 8

(1) mA/(ne?®) (2) zero
(3) me/(ne?A) | @) mVA/(ne?6%)

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 A4
respectively. ]

(1) mA/(ne??) (2) zero
(3) mé/(ne?4) | (4) mVA/(ne?¢?)

o My, e My @ ey Fer -ty Ry e (e o o awtar T &) @ R
wielT aReror 4 :

11
2 - — e
w™(q) =k (M1 * Mz)

& Ry wirar & orat a o e aor K warh Rerdw &) eafy @ afd 8

: 4‘M1M2 ‘2 qa
1ij1 (M1+M2)2sm (2 |

K(My+M3) . K
(1) 2M1 My a (2) 2(M1+M2) a

K(My+M3) KM{Mq
@) \ MM, a (‘1)\J_2(1‘41"'l‘42)3 a

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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1 1 4M M. qa
2 _ 1412 .2
@) =K <M1 Mz) 1 ijl M, + Mp)z ™ ( 2 )

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

K(My+M3)
@ 2My My @ 2(M1+Mz)

[K(My+M7) f KMy M,
@) \j My M, “ ) 2(M;+M,)3 a
vE get W (Z,A) @1 sr-gaf MeV % wafvefed srfar
3 N - 2)?
B(A,Z) ~ 164 — 204%/3 — ZZZA“1/3 + 30£——X—)—

& 3wl & ot N=A — Z, =gk wear &) fef A @ WG¥ ARG Ty 7 wae v gey
I

4271 A
w3142
‘ A2/3 -1 A A4/3
®501-5) @3 (1+%)
The binding energy of a light nucleus (Z, 4) in MeV is given by the approximate formula

- 3 N - 7)?
B(A,Z) ~ 164 — 204%/3 — ZZZA 173 4 30£—-——l—
where N = 4 — Z is the neutron number. The value of Z of the most stable isobar for a given
Ais
~1

o 3(-5) @3(1+%)

P Q T THD GG B [, ol i a + @ - pt+ ouo W w=garrT A gl &

RATT w1 faerr germ 105 MeV/e? @ aor 9fa e @ 2 HIEH WEvS & gl waee wof

mww&uwvgmm:aﬁm@?#Gﬁwﬁchfrwﬁemw‘gaaswugﬁ##w
=g BT T8 BT e g |

M et @)1-et
(3) 1-e? (@) e~10
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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 proper 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 2)1-—e?
3 1—-e? @e
0.75 frel, & B—are warer argT 3 @ o B & d g 0.2 A T &)1 AR & e @
are 4 O, & o e @ ek & . . :
(1) 8.85 uF | (2) 88.5 nF ’
(3) 8.85pF ~ (4) 8.85nF
The conductors in a 0.75 km long two-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 puF | . (2)885nF
(3) 8.85 pF (4) 8.85 nF
vy e 7 G TR T

ka 1
g = 28 [ s;‘in2 <% sinzka]

& Ry o & ot k Wi, a s Reriw, £q v Reiw foreedt e ot @ & o |ka|<x 1

afr arerE ¥ % &% WAy @ o @ ang wear 1/3 & ar vl ol &

(1) &/4 - @
(3) 25/3 - (4) 5¢/3
The electron dispetsion relation for a one-dimensional metal is given by

ka 1
& = 2¢ [ sin® — — —sinzka]
L 2 6
where k is the momentum, a is the lattice constant, & is a constant having dimensions of
energy and |ka| < m. If the average number of electrons per atom in the conduction band is
1/3, then the Fermi energy is i
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(1) g /4 Q) ¢,
(3) 2¢/3 4) 5¢,/3

72. ErfgIoE Ty @ geleRe wol savard E, = —13.6/n%eV © 29w & 9f ve awv @
TIAT @ 1= 100 ¥ 0% qeoreres S YR 8 ) 6T 1 IeE A ST Yar-Rvar 8

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

72. The electronic energy levels in a hydrogen atom are given by E, = —13.6/n?eV. Ifa
selective excitation to the n = 100 level is to 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. 1gfam geiiggl &3 @t Gof URETT A} E =uhk & et u w1 qur k @ & e ge7ed D(E)
Hol g% 39 g v & -
) IWVE ) VE
3 E (4) constant

73. If 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) INE ) VE
) E (4) constant

74. forz & quid T3 Sv srgEeS qleeT @ A & fan
afe g My av fRfdver & daar 1, & aor o Uil & 7 @ AmEw By qume & My @ g x w
eIl P v wiert #) ool gaed & -

R,= R,=R
: N | .
.
i =
e
x|
M1 P Mz
1) (1/c)e™ () (y/c)e™

) U/c)(e®™ + =) \ @) (I, /c)e?e*
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Consider the laser resonator cavity shown in the figure.

Ry=1 R,=R
|
15y L Sheed
i )
T —
%\E—w—-———':-:ﬂwz
M, P M

If I, 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 at a distance x from
M] is

(1) Uy/c)e™™ @) (I1/c)e™
3) Uy /c)(e™ +e™™) @) (y/c)e*™
n‘a:a:vr% areir vas o A BT & A - B+ C+ D @ ergur glar & ol ffaa & fr B e C ot
szt Vi are) aor &) wor D @ RrY argwer wamor gl wr wqof e @
1,3 55 o '
1) 5'1'_2’2'5' 3; ‘ (2) 0,1
1 1357
(3) et > ‘ @555

A spin-¥; particle A undergoes the decay

A->B+C-+D
where it is known that B and C are also spin-% particles. The complete set of dllowed
values of the spin of the particle D is

wi12233 @ 0,1

' 135 7
3 Eonly : “) E)E)Eagsf‘“‘



