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ENSTIL CTHON:

You have opted for English a3 medium of Oucstion Paper. This Test Booklet contsing
sevenly five {20 Far' AT423 Pog B+ 39 Paet U7} Muluple Crcive Questioas {MCOs).
You erz ragiived to answsr a treximum of 15, 35 und M0 Sussions from part ‘A7 "D’ and
WO respentively. U mrors inan et ad toehior of guesiiond e answered, only firat i3,
M, 20 guestions in Pore A D a0 e tavely, wili b tadeea up for evalumion,
CMR amswsr shest har oeep provaced sepatety. Botor: you sisat filling uy yr
particubers, plome casure thal the boskin coniaing rguisite amiber of pages and thai
thoye are i tom or metnated . it i s g0, you snay regiet the livipilator io cliange the
banklet of the same cude. 1.k wige, clivck the OGN K ziswer si.eet alto. Shests for rowizh
work have beeo sppend=d forine test conhler

write your Rell Ma., Mame and Secldl Nambo sfiis Tast Buoklet on the OME Answer
shegt i the space provined abo pat oo cigniores i the space earinarked.

Yoo miws durien the apprymsiate gretze wity B black b3 oen related 10 Refl
Number, Salject Coge, Booile; Cate 1nd Cantre Cofi g ihe OMR dnswer sheei,
Btis gite sole resamsshitity of the canidste w ree £ s MGtiow tie instrections
Eiven on the Answer Skeei, failf the Lumzmer shail got e able fo decipinr
the_correct details which msy vleongely resali e logs. fwclading rejection of the
TINEEL answer shecl.

Exch question in Part ‘A’ camics 2 roarks, Pad "B A5 marks, Pan 'C" A marks
respactively. There will be negative marking @ 25% (Pau: 'A' 0.50 marks, Part 'R 0.875
:harks and Part 'C' 1.25 mucks) for each wrong saswer.

Balow eadin question in Part A", 'R° and O four allernatives wr respenses ars givell,
Uhnly one of these alternatives s the "“correci” optue fu the question, Yoo have o find,
for each question, the forrecr or the bea! 2nswer,

Candidates found copying or casoning 0 any unfair meuas are Tiable (o be diaguatified
from this and Riture examinatons,

Candidute should not write aaything wnvvnsre enucent un answer shool or shecty for
rough work.

Use of caloulator is not penimitted _

ABer fRe fest iv oviy, at the perfaraion point, tear e OME soswer sheet, haad
over the griginal QME guswer sheqt 10 {hie irvipiluior z2d rotaln the ~arfmnless
copy for yeyr tecord,

Candidates who sit for the entire dinarion of the exam will only be perinitied to carry
their Test booket.
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FTRAT FTANE TrmaiLis I OF FUNDAMENTAL CONSTANTS

| r, | Mass of electron

h Planck's constant

1931 % 107 g

& ﬁargt ol election

kg | Boltzmann consiant

¢ | Bpead of light in varaem

6 1 Newton cunstont

'Ry | Rydberg canstant

“extETe

e % sy A

| 663 x 10734 J5

(128 % 10725 S| T
30X 1P ms

;'ia?r Fra giar

357X 1070 N kg

| Rsat fore

1097 x 107 m' " |

Ny | Avezadro nember

AR T

Ep | Permittivity of vacaom

5023 % 107 moly!

T __'Fﬁrrntabii{ty of vacyum

| B854 X 10
X107 Hm

R | Molar gas constant AT M Branie 8.314 ) K mole!
1eV ey B Léx 10751
i [ iamn [ 1 amy (167 %107 kp |
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HI/PART -A

UF MNYAFR I0um x 40 cm WEAWPR ¥
g A, TR YN 5 om T i oy
gq.wﬁ;ﬁumﬂm%| e giifT F7
P ¥

1. 800 em? 2. 350 cm?

3. 400 omt 4, FHem®

A rectangular phote frame of size 30 om x
40cm has a photograph mounied at the
centre leaving a 5 cm border all around. The
area of the border is
1. 600 cm?
3. 400 cm?

2. 250 cm?
4, 700¢m?

el FR-Raw wERE @ T owed @ 2
AT, g7 oA F 1 dfedie Brodr & Tt
TR T @ e ofwde A8 faeeh B
e HaHT 69 =t F 70 aiede Had
§i 7R awat € gewr @w WAoo an
fagnt € dEant & o £ amd @ &

agt e foer §7
1. 22 223
3. 24 4, B9

At a birthday party, every child pgets 2
chocolates, every mother gets 1 chocolate,
while no father gets 4 chocolate. In tolal 69
persens get M chocdlates. iF the number of
children is half of the number of mothers and
fathers put together, then how many fthers
are there?

P22 Z. 13

.04 4. 64

17— 22 # 3% — 42 4 52— 4177 — 18% 4 192

F FT A £
1. =& 2. 12
3. 95 4. 190

What is the value of 12 - 22 432 —42 4
S +17% =187 + 1927

1, =5 2. 12

3. 63 4. 190

ﬁy=212mﬂy=4xt’${ﬁs{ & PR
fegalt a1 FEn

1 %AW 1 fawg oy

1 e & TEgHE W

3. B # wites fiigat ov

4. Rl s Ry w

The curves of ¥ = 2x? and v = 4x intersect
sach other at

only one point.

exacty two points,

more than twg points.

o point at all.

R U IS T N, R—

oo fodpe ok AR T Ft A mwR &
ARG & =E FA S0 AmEE aur
WoAEFA B % BATA# 5 ofy

L. SAYBE Al wowr gl |

2. EHY BY EY T 7 Enfr |

3. W B ¢ owaw s T gwee
|

4 F B I ¥Ow e it s
Tawer gt

The diamefers of the pinholes of two
otherwise identical cameras A and B are 500
wmoand 20 pm, respectively. Then the
image in camera A will be

I sharper than in B

2. darker than in B

£4 less sharp and brighter than in P

4, sharper.and brighter than in B
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A 0= ABC+ BCA + GAB &7 e A, B & ¢

UHIT TUR & 3w ¥ a7 D ¥ Ry

1

. 3789 29

2 379 8fFToy @ ol

L 299 &% a7 Y 3t

4. 29EITA H TRl & et

IFN = ABC + BCA + CAR where A B and (¢
are decimal digits, then D is divisible by

I 37 and 20

2. 37 hut not 29

3 29 butnot 47

4. neither 29 nor 37

o et § ang % fav
T80, 85. 63, 70. 70, . 70. 82. %5, 90, 93, 9%,
106, 160, 1667,

o 7§ A W awden g
1. HWgew < mTaar < mpey
TERE < HeT < Wity
HET < At < T
mftuqa{agﬁa;fmw

bl c

For the fullowing set of observed values

166, 63, 65, 70, 76, 70, 70, &2, 85, 90, 95, 45,
PR, 160, 1)},

which of the statements is true?

I.  wmode < median < mean

i, mode < mean < median

3 mean < median = mode

4. median < maode < mean

U FMRN UEs 9y & vavw der atgr
E:ﬂ:r?ima'lﬁrﬁ?fa?ﬂmﬁm
mﬁﬁ%ﬁwﬁ{mrmm
ﬁﬁrmanﬂmmg?mfa?wﬁqﬁm
T IR g} A Feh T

. 6w 4 M

. 12x: 4 6=x

A circular running track has six lanes, each |
m wide. How far zhead {in metres} shouid
the runner in the cutermost Jane start from, s

10.

& 1o cover the same distance in one lap as
the roaner in the innermaest fane?

. &= AR

i 1In 4 36r

THE T O wEw ¥ 100 W Ro
W E M % W, 20 weAt W o
ﬂwﬂﬂirﬁ'm’mis‘lm%m&gm 160
¥ 80 9%l W W o £ oy A 7 gew
e g X F 4wt & @ v e 2
U ITH AD HF B oAk wy B A
OO0 M WAt H ¥ 10 F w9 seaq fer o
HT 35 3t e B o ottty &

. A TUr B & & gUeT A B )
A WUT B & aFw gy 3arE |
Bﬁaﬁwﬁmmgfh
Am‘raﬁqﬁm#mmﬁﬁl

Al R

In an examination 103 questions of 1 mark
vach are given. Afer the examination, 20
questions  are  deleted  from evaloation,
leaving 80 questions with a tora! of 1114
marks. Studerd A had answersd 4 of the
deleted questions correctly and gol 4] marks,
whereas student B had answered |{} of the
deieted questions correctly and got 35 marks,
In this situation

I, Aand B were equally benefited,

2. Aand Blost equally.

3. Bost more than A.

4. Alost more than B,

W TE 20 km T Rwr & @ & fe
A TZ F 6 km 3 E, 58% €€ B km
wftaw fem # omar &) fer ag sme gy
A5 B WX Bl A I ¢ oaw aEe
& A3 AW 14 faer dRT wwEr ¥ oy o

efd famg & awi i
L skmyd & 2. 2MkmTEOR A
3. Mkm3cR & 4. 10 km =BT &
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13,

13.

5-A-H

A tourist drives 20 km tewards aast, tums
right and drives & km, then drives 6 km
towards west, He then tums o his 1eft and
drives 4 km and finady tums right and drives
14 km. Where is he from his starting point?

v G km lowea ds east

2. 20 I toweards west

3. 14 bom wwwards north

4 10 oo tarends suuth

i SEIDOON’ 7 YT ‘NOODLES ¥ ar

SPLOS’ # BN AT O
. SALAD 2
3. RASAM 4.

SOUPRS
O™

If ‘EELDICN means ‘MOODLES' then
what does "SPUOST mean?
l. SBALAD e
3. RASAM 4,

SOLIPS
OMIOH

TH FEY &aF Fed @ 200 ¥ woher
AW ¥ BT T ¥ R o B
melouw AR daud T AT 9 & sEd
S ¥ sofm Bosa w1 wdifw daey

i BT
1. o 2 xpe
3. a0 4 o

An ideal pendulum oscillates with angular
amplitide of 30° from the vertical. It it ig
ohserved at a random instant of time, its
mguiar deviation from the vertical is most

likcly 1o be
1. o LA O 11
KT .1 o 4. 300

UF UHAA AR UT TS W & el
R & 4w @ v e

1 WRay P
: af

3. faefia dane
4. fRafa ez

In the context of tiling a plane surface, which
of the fallowing polygons is the odd one cut?

4.

14.

Howlaierai tiangle
Squuare

Regular peutegon
B hexagon

Feo Lo opa e

frs & doF A erp & « At oy W&
I ey s’!&m#—’rfﬁm#ycﬂfzﬂmﬁm
Eon S

I .:. ,..:Ih."

Vi o ™ y!- WM

¥ l-“—'—'\"#'l-! .-.—'ﬁ.-l'.
fAfalse 3 & #19 W osu3 it &
oAy T

L 5 3d%W . FACTASEEY A A B
Fr 3 ¥0F FoE b

2. @ oy ¥H Aug WEESY H X
TR L

3. xdWT 0 ¥ AR WEHey A K op oy
¥R FEAT )

4 pENTa ¥ AT FAVEGNIT FAY A
¥ AR I X

Scatter piots for pairg of abservations on the
variables ¥ and ¥ in samples A and B are
shown in the figure.

i -
¥ n k¥ ¥

Which of the following is suggested by the

otote?

ik Correlation between rand yis
stronger in A than in B,

2. Comslation between rand y is
absent in 3.

3. Correlafios batween x and 3 is
wezker in A than in B

4, yand x have a cause - cffect
relationship in A, but not in B
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ES.

3.

16.

Xdur v & T el muaE oA, oy
C. abic T covn, FHE: & 3qua & §
Wag e e F PrmaT e Biao

X A BT F ey e KO, gER
AT e s

1. ek 3mSR
& i 3 2
3 - ok & e
3 "
Twe  soittions X and  § oo “detning

ingredients A, B rd £ i3 proposiions wibie
and c:boo, respostinely, an mict Fee e
resuliant inivtge o b AL B ognd £
proportion, it is napesiny, et

SEEITIER

3 - i axd
i. b=l = f g
F4 ?
5 -k Frn
R &= <F I P
i H

A & ndt Aol A e R e e sl
o fi . v
31 ;[*ﬂ Tl
&0
£}

Find the missing figure in the following

Syuenes.
? j

WF

4|41/ 4]
E )

3..ﬂ+

=

17

il

Tk
=0

15

Bas ABC & Al= 11,30 51, AL = Gf), 7T
BC & 7o fig 0 ¥ 7w a0 ¥

AN

(Mo o sonie}

L 1Es 1 20

3 M5 4. 380

ip trianglc ABC, ALK =11, B = 61, AQ &l
and iz the mid-point of BC. Then A is

A
% S
0

B
(Mot 1o semled

L L®.3 AR |

3. 3nE 4 &N

T HET R fE Ant & daws ¥ of
ﬁﬂ#ﬁé‘ﬁﬁfﬂﬁ%iﬁﬂﬁﬂfﬁ
HIEN Tmmar B

NI

o] ]

1. I8 2. 24
3. 3a 4, 0%

Areas of three paits of a rectangle are given
in unit of em’. What is the total ares of the
reclangle?

3] 9
i
i

&
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W R e e e, Sy
mmmmngﬂﬁtﬁuﬁﬁ?
B o Remdat 4 @ 6 &
R & o7 ¥ @ 25 9 e e R,
a frer Pt 3 S P W w
gm#.q@mmﬁmﬁﬁ

PR
3. 25 4. 7

A student is free to choose only Chemistry,
only Bioiogy or both, If out of 32 swdents,
Chemistry has been chosen by [ and
Biology by 23, then how many students have
chosen Biofogy but not Chemistry?

.. ¢ 2. la

I 25 4 7

Pl Fag T ¥ Wt oa Rtz

ST UM (faT gann Faftah I

I # SO aHT VAR (P R Ay
T FNE A B T wOeRE e
) &

z,-mmmw{maﬁm
T I W T 99T AT (59T
#r 3§

3. AT SRR wAE Awr AR R 9sa
AR & & mwraTEw ¥

4. & 3} wEm aw @A @ e
AT At F A by

The lift (upward force due to air) gencrated

by the wings and engines of an aircraft is

I.  pasitive (upwards) while landing and
negative (downwards) white taking off,

2, negative (downwards) while landing
and pasitive {upwards) while taking off,

3. negative {downwards) while landing as
well as while waking off.

4. positive (upwards) while landing as well
as while taking off,

21,

a5,

22,

.

23.

23

HINT/PART- B
HF ¢ & UF ITRwafing Any o0 £,

a O 0

o a=(u 0 u)tla’ra

D a0
mﬁmm;mwwt

1. g3 A
i @iz 4,1

One of the cigenvalues of the matrix e is

e 0 0

%, where A = (ﬂ 0 a,). The product of
0 g 0

the ather two eigenvalues af e is

I. g% 2. e™®

Lo et 4 1

TG flxd =1+ 50+ 32 Wy araip gy
(R = 1AW = x B =t - 1) m
T WO E9 f(x) = F.e R0 B A -

o’ E
1. 1/4 2. 172
32 4 4

The polynomial f(x) =1+ 52+ 3x2 s
written as a lintar combination of the
Legendre polynomials

(Pu{x) = LAM =x, P = Laa? - 1}]
as f{x) ¥, £, P (x). The value of Ey i5

l. 2 172

3. 1 4 4

C W z=0 W a X i sar g3 4
mmmm#mwmm
$ X moamg

£ r dinnr

1. 4 2. 4
3. 2 4.0

The value of the integral $ dz tanh 2z

r:' 2 sln LE
where C i3 2 circle of radius —, traversed

counter-clockwise, with oentrcat z=0,is
l. & 2 44
2 £ 1
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x-\‘ﬂn#ﬂﬂﬁﬁt m LEEAW ¥ W HoT
ﬁmﬂiﬁﬁuyuzﬂmmm
Ty @ TR & aw v o
T A oWy, B A cEAT O

nfaé gt
I e 2 AL
2 Tt ; .
Yo 1+ lni 1+%’}
S LR 2ty
2k MYy 4 Et

14em

A patticle of tass m, moving along the x-
dircction. experieaces 2 damping force -y y?,
where ¥ is a comstant and v s it
instantancaus speed. If the speed at £ = 0 Is
Vg, the spoed at time ¢ s

- ¥Ppt v,
L | L it x —ian s
0 1+ Inf1+2220)
m
my 2,
- 4, —
i
Kt Fywgt teim

dmﬁar#uaﬁiaamrzj;ewz
AW W HET £ F WA AR
(~1.0) # (1,0) gt & d7 Graerar sy &)
C TR I9EAT p = x? - mrﬂwgg

I 2

1.0 (1.0

HATFAR | #1 A &
i 0 2, Zsinht
3. e¥ginh1 4, g+e-1

The integral | = I e*dz is evaluated from
the point {(-1,0} 1w {1,0) aleng the contour
€, which is an arc of the parabola y = x2 —
1, as shown in the figure,

5127 CISRMASAH—2A

26,

28,

27,

imz

(1.0 (.08

N

The value of [ is

1.0 2. Zyinht
3. eiginh 1 4 g4p-t

ﬁmiﬁmﬁnmammmg
mnﬁmx“:—;’--q- 51%+ 3y=10
Loliicii o A
Loy=24p 2 y=dx+ 3
3y Ax + By 4oy=248

In terms of arbitrary constants 4 and B, the
general soiution fo the differential equation

d’y dy
R piey -
xdx1+51dx+3y 0
is
A 1 - B
I.}'=x+3x 2 y=Ax+ 5

} y=Ax+ 8x*? 4. J’=;"+:—;
AT BT AT V) = ke (B &
UATHS PU0% & & adfa seder &
HUAR m AW YIS AT W3 arar o
mﬁ:ﬁm#rmwmﬁ?ﬁaﬂ?qg'ﬂ ey
HPAT Wy Ew RamT o 09 wew I B
k

V{r}:-—;-—%
& WA oww R oeniw dde s s oow
ﬁiﬁmgﬁmﬂmmmﬁém
st wit &1 o TE A R '
. [2kem? g)1/2 2. [12km® g1
- [12km2gIue 4. [1zkm2p]-i/

B

157 —
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9.

29,
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27. I the mtractive Kepler probtem described by
the central potential V(r) = —kfr {where k
5 & positive constant), a particle of mass m
with a4 non-zero angulor momenmium can
never reach the centre due to the centrifugat
barrier. I we modify the putentizl w

kg

r 3

Vi =

one finds that there is a critical value of the
angular momentuin 4, below which there is
oo centeifugal barrier, This vajue of &, i3

1. [1Zkm*g]i/2 2, [1Zkm2A)-"/0
3, [2ZeemBg)ife 4. [12km?p]-t/t

g x =0 ¥ ghfig V:lfﬁcnshff)#m
¥ ORI I I SSUART m ¥ R T
s I

ml

- . e

Ty

2mis
" 4. 2x / &

The time period of a particle of mass m,
undergoing small ossillations around x =0,

in the potential V = ¥, cosh (f) is

mEE
i "E 2. 2m im
4, I |22 i

. Lt
3. 2m f—
Vu Fa

T - AR HHE 4 F 4y
A=B+CHF A A fiay Presr & o &
WET O A F AT Ay A ww b
L BETCEA & aTHO- B W §
2. BAWCF AR W UNT A B gToAe
Tihs Y
3. ot & gEmEnT & 2R 9T annw
¥ A I A uFAT R
4. B CERT W Saw wuidr g
L

mLz

Consider the decay 4 + 8 + C of 2
refativistic spin- = particle 4. Which of the

foilowing statements is true in the rest frame
of the particle A7

ig

.

3b.

I. Thiespinof both B and ¢ may be%

2. The sum of the masses of B and C is
greater than the mass of 4

3. Theeneryy of B is uniquely determined
by the masses of the particles

4. The spin of both & and ' may be integral

ﬁwnta‘frﬁﬁmrﬁq‘ﬂﬂﬁwwag
R tE oA W vwaa W@ g ¥ fa
oyl

Sk

¥y W@ W F, TEF gaw § oo,
U JEE E, o A g w aRorsd gee
ER R

222204 K] 2. L2z f

3. B[ 27+ £ 4. E2t[-2p ]

Two current-carrying circular loops, each of
radius R, are placed perpendicular to each
vther, as shown in the figurs below.

The foop in the xy-plane carries a current f,
while that in the xz-plane carries 4 current
21, The resulting magnetic field B at the
arigin is

Enf a Enl,
1 EZR[2f+ k] 2. £22 25 - R]

3. B2z 4 B 4, 200 25 ]

S5r2? CISRM8-5AH—IB
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i=ALH

2Ry et P = gb 1 Ay v Agge oA
e g @ T b wed o @ st

tq e (b @ ¢ R -b) W
fargar 1 Rig /2,00 w R dgga
Bane ¥

4
(L&)
H
1
7 A i
-y .
of  wnrm *
b
g (&1
Pl S8 C ._) L
Y omag NT T pZaapT " wegllRrdb¥ 3
3 qb g4
T onegl? meg it

An clectric dipole of dipote moment F = géi
is placed at the origin in the vicinity of two
charges +q and -g & 4.8y and (L, —i),
respectively, as shown in the g o below,

¥

g (L,8)
!

F A i
TOl Ta@izmy 1T N

4 B

The efectrostatic potential st ihe peint
(L72,6}is

I Ef.f.!..;_.._z__J s A o

Tomey W2 [Fapt T meg il ani]tie
” qh Lo
P o weAf
TEEQLZ H!{le

4 (Young) & 2R-IWdT wim & vermodt
targfad e F s g & o
BT F e R a5 wr e oA
T 3 F UEF yar ® S ¥ ow dor
o & mvwr T SwEr g 9 of gr a2
wﬁmﬁmwaﬁrmﬁlmmﬂw

11

33.

GG LN I

banc—Fmig Wﬁmﬁ'ﬂ' veeAr
;ht:!ffpht‘n n. E‘
2 2
1. 5 Z =
a N z
e "'3— 4. J;

A monacliomatie and linearly polanised light
i used in a Young’s douhle sitt expariment,
A lintar polarizer, whose pass axis is at an
angle 45° to the polarization of the incidens
wave, is placed In front of one of the tlits, IF
bz wnd L respectively, denote the
maxinum and minimum intensities of the
iriGrerence  pattern on  the BCTeEn, the
visibility, defined as the ratip maxlmin ;o

Imetlangn”
1 £ a 2
Yoz WO
g 3 z
3. E-‘Lz 4, =
¥ 2

et a“qzjﬁia: € =4 F IEERT AR
A Rega e o gaRa ad 8 ww
&7 & T Jah e

Bayy=Fk#, cos{wt — ax ~ ay3y)
B, el 4, Reeri ¥ g T doge A
Etx, )k
1. i- MoHyc(—/3i + j) cosf ot — ax ~ av3y)
2 7 uaHee (V31 + ) cos(uwt — ax — av3y)
1, % aHoc (V31— ) cos{at — ax — @y3y)

4. i Hoflge (—/3F — P eos{wt ~ ax — ay3y)

An elestromagnetic wave propagates in 8 non-
rmegnetic medium  with rtelative permittivity
€ = 4, The maghetic field for this wave is

H(x.yY = k By cos{wt — ax - av3y)
where ffy is & constant.  The corresponding
tiectric field F {x, ¥} 1s

I } #oHyc(—V3i + 1) cos(wt — gx — av3y)

2, i HoHoe (V3L + f) cos{eat — ax -~ a3y}
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3. 3 dgHae (V3 — ) cos{at — ax — av3y)

4. % HoHoe (—V3i— ficos{wt — ax — ay3y)
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5. 3/2

2. 7/2
4. 142

The ground seate emeroy of an anisoLropic

harmonic oscillaor described by the polettial
L ; P

Vix, vz} = Emm"xz F 2wyt + 8l

{in vnits of A is

I 5/2
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The product Ax Ap of sncertaintics in the
position  and  momenton: of 2 sinple
barmoaic ascillator of mass m and anigitlin
FEGUetey w in the pround stme 10}, is /2.
The value of ihe produer &x Ap in the st
e” NN (whare £ s 5 constant and B is
Momentum oparatar) ig

L (mwft
Y=

A . =
3. i 1z FawE?

AR TR 9T F el o ade e
g

1 2 . 1 -
P = ﬁ¢2ﬂﬁ[ﬂ + j;‘i’-nq{?!} = ;Fgﬁbmn{"}

12

38,

a7

37

2k

38.

T G () AW TlET oF 2firecfimey 4y
e sarad ¥ 3w wweer & 3o

FT ST A ¥
L =108V 2. —62eay
3. —45¢Y 4, =51eV

Let the wavefunction of the electron in a
hiydrogen atom be

1 : 3
WF — \TE{;rmnﬁr} A+ ﬁ¢21—t{ﬂ - ‘E‘;ﬁmu(ﬂ

where . {F) are the siponstates of the
liamiftonian in the standard notagion. The
wapectadion vaiue of the enerps in this siate is
-1t v L —p2ev
I -95eV 4, —51uv
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3691 4. 1Y

Fhree identical spin-2 purticles of mass m are
corrfined (o a enedimeusional box of fenpth
L, but are otherwise frec, Assuming tha thoy
are nof-interacting, (he energies of the lowest
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; - 4 rh
Bvd CMergy eipenstakes, in uaits of T dFE
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2. af + 873
loralpes
4. cal+ fr

The heat capacity €, at constant volume of
metal, as a function of termperature, 1s
al + 7%, where @ and 8 are constants, The
temperature dependence of the entropy at
constant volume is
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he ratational encrgy levels of 4 molecuie are

Ee= To 0004 1), where £ = 0,1,2, . and I,
a

is its moment of inertia. The contribution of
the rotalional motion 1o dhe Hetmholz free
cnergy per molecule, at low temperaiures in g

ditute  gas  of these molecules, Is
spprosimately
5 nt
II]( —_———a—
— or i 2 H O IpkrT
L—kT(14 2] 2 g7 e Rip
fra

3.-kgT 4, —3kpTe ka7
gfe-qrarey woy Sl ofy w5 o Sy
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" firw ) l flas )
I tank (k;,T df, 2J:;nﬁmzlzzh (za:g'
The wibrational metion of a diuloiiic

motecule may be considered to be that of a
siple  harmenic  oscillator  with angular
frequency w. If 4 gae of thess thelecules is at
2 temperature T, what is the probability that 3
randomly picked molecule will be found in

its lowest vibrational state?
At Ao

l. 1~p &7 2. g #kp

3. tanh (:—:’;
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LConsider sn ideal Fermi gas in a grand
canonical ensembie at a constant chemicsl
potential. The varfance of the ocrupation
fiumber of the single particie energy level
with mean accupation number 7 is

. fi(1 - 2
T 4 L
aon -
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Cansider the futlowing circuir, vonsisting of
an RS flip-flop and twe AND giites,

s QL"-ﬂ

R f:l'-—-..
———

Which ef the following connections wili
attow the cotire circit to act as a JK Hlip-
flop?
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. connect ) to pin t and § 1o pia 2

. coanect { to pin 2 and § to pin | : ¥
. connect Q to K input and § to I inpwt

cannect Q to § input and Q to K input

L Bl e

ool

43. frr AEws wRel ¥ Y480 F He
o £, &t 4, 8 5w o gl wT #
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i)
1
l
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forfar vt g woe Rmrm o wear ¥

I ¥ =ABC + ABC + ABC + ABC i
2. Y=ABC+ ABC + ABC + ABC
3. ¥ = ABC + ABC + ABC + ABC
L. Y =ABC+ ARC + ABC + Al

43. The truth teble below gives the valuc
Y(d, B,Cy where A, B and € are binary 3. e
variables.

] t

4% A cinusoidal signal is an input 1o the following

———"{ﬁﬁﬂﬂh
o bt 0 D o e (i | G | B

il R e RN P— R =Y ]
bt 1=F =l e o hat 13 PR
£

The autput ¥ can b represested by circunt
L Y=AFC + ABC + ABC + ABC .
2. ¥ = ABC + ABC + ABT + A8C $

3. Y =43¢+ ABC + ABC + ABC ;
4. Y=ABC + AR + ABC + ABE
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44, T SRy 9 v sl S B

S ¥ Which of the feliowing graphs best describes
the output waveform?
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45. A sinusoidal volage having a peak value of
Vo 15 an input to the following circuit, in
which the DC voltage is V.

L

Culput

o i

Assuming an ideal diode, which of the

following best describes  the output
waveform?
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Gx(1-x), f<xr<x<l
(e’ — 1), Dy <1
x'{1—x), Dex<xel
'—%x[l—x’}. Dex<x <1
%x’{l—x]. Dax=<rxr<i
LRl s DR
The Green’s function Gix,z") for the
cquation 2 y( 5 - f(x), with the boundary
values _)r[ﬂ} Gand p{1) =0, is
y -;x{‘l—x'}, Dex<x' <1
= L - x)

2 Glrx') =

3 Flex")

l.
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7 xx'—1), Qwrax<l
2 Gy = {7 T TR
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1. 32 2 10
J. 12 4. 16

A 4 x4 complex matrix A satisfies the
refation ATA =41, where | is the 4% 4
identity matrix. The number of independent
real parameters of 4 is

. 32 PN

Iz 4. 14
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The contour £ of the following intepral

jgv’(x_—ﬁu_—_:

25)2

in the mmp]cx z-planc is shown in the ligure
belaw,



This integral is equivalent to an integral along
the contours

49, WA (trapezoidal) T & @R 02 H
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FE & oot A wATHEA [ xide & A

AL
1.0.30 2. 0.39
3, 034 4. 027

The value of the integral fﬂl x?dx, evaluated
using the trapezoidal rule with a step size of

0.2, 18
1, £.30 2. .39
3. (.34 4, 0.27

T o ¥ rE-fada oo ® (aeged
gt #) g L= 1@ - xt) ¥ mww
¥ Wao §I Rwffsa on o3 gRme=0
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51.
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52.

52.

The mation of & particle in one dimensica is

deseribed by the Lagrangian £ =
%({%}2 - xi) it sutiable ynlis, The value of
the actton along the classical path from x = 0

att=0toxy =xgetf =42, i3

.....'EE_ 2 Ex*tant
" ogsinitg G 2
a 1x2mt[ _I.E.._
3 3o D 2ensd by

Frefassa vy oo st s o
tiAw e, sugeEn sameat o,
H=§{p2+x2} i g 37 (p+viz)am

YUt {AY HAFHS N
. ¥Ip—x 3 p—+2x
‘3op+Zx 4. x ++Ip

The Hamiltonian of =2 classical
dimensional karmonic oscitlator is

H= %(pz + x2}, in suitable units. ‘The total

ohe-

lime derivative of the dynamical variable

(ﬂ+ﬁx}is :
1. vip—x 2 p-ix
3. p+Ex 3. x++2p

FEIAH m T BRyY FRY e W ouw
eIy For ApATE A T AR Ay
A Fow Em d o t=0uT Py Ry B
RN FIF ¢/2 W A WA T F GEE
forere wHE AdaT?

1 mrc me
.l‘ 3 g 2 ce
o nic 3 mte
3. u"z_es 4, T

A relativistic particle of mass m and charge &
it moving in & unilorm electric fieid of
strength €. Starting from rest at £ =0, how
much time will it take ta reach the speed ¢/27

Jome g e

" 3 g T BE
me I me
v o L v
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uH FEElT B R wE-EEEA e Fomr
UH-TAM Yahd 87 B ouwgEl & swad
g oam ugEw A &) e
B[~ |B|' = 29 & wqfse # 1 wg A
& WE fAee ¥ 0 aw @ 05 A&
Sgelg b A gad gy 25k B @
T BT # e ohew ¥ §w g
Cela) SR

L =+ 2. 7045
3. Z0HR 4, 7(1+ 1)

In an inertial frame, uniform glectric and

magnetic fields £ and B are perpendicular o
a2 s

each other and satisfy |E{ — [B| =29 (in

saitable units). In another inertial frame,

which moves at a constant wvelocity with
respect to the first frame, the magnetic field is

2v5 k. In the secornd frame, an eleciric field
consisteat with the previous abservations is

1. :%_(E+j} 2.7+ B
3 H0+k 4. 7(1+])
FONT WG o B RAgge daba ol

meam & Fofl 8 o B T memw A
wgFn angfe dx & fhe  adais
ﬂ[w]#"l—(ﬁ}z?,ﬁﬁmmﬁlﬁi
@ = wof2 B UC EHE AN FUT WAy Fu
F IR wy /v, BT
3 7. 14
3. 23 4 2

Electromapnetic wave of anpular frequency
& 15 propagating in a medium in which, over
& band of frequencies, the refractive index is
z

nw) = 1 - (f:) , where wq is a constant,
The ratio v/v, of the group velocity to the
phasze veloeity at @ = w, f2 i3

l. 3 2, 174
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57.
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Z
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1. = 2. e

g 3
3- M 4. M

A rotaring spherieal shell of uniform surfaee
charge and mass density hae tolaf mass M and
charge . If its angular momentum is L and
magnetic moment is i, then the ratic p /L 1s
d g

1. o 2. T
e L)
3. o 4. =

HELF ‘éx:[')rpz“i‘sp)r ?1 mLI T B
W POl BT owr TAT Eea
(HTEY ¥ ww ) o« & e R
THRF & x-Ted & g & Hrgeed {d,.x]
g

1 ~th{zp, + yp,)
3. ith(zp: + ¥py)

2. ~ih(zp, ~ yoy)
4. h(zp, - ¥P,)

Consider the operator A, =L,p, - .E.Ip:;.,

'where L, and p; denote, respectively, the

components of the angular momentum and
momentum  operators. The  comumutator
{Az.x], where x is the x-component of the
position operater, is .

L —th(zp, +¥py) 2. —ih(zp. —yp,)
3. ik(zp; + ypy) 4. ih(zpz — ypy)

T-TE A7 F v R
H=2paix ¥, & 4> 0) | Bremm
Haer fr 3T & A a R g v B
1. A% 2, A2

3. 27 4. A3

A one-ditnensional system is described by the
2

Hamilionian H = I+ djxl (where 23 0),

The ground state energy varies as a function of 4

BS

}. A5/2

3. aY?

2. ;{2,"3
4. AM3
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58, I the position of the electron in the groung
statc of a Hydrogen atom s measured, the
probability that it will be found at o distance
r 2 A (@, being Bohr radius) is nearest 1o
I. 891 2. 066
3, 032 4, 0.13
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59, A system of spin-2 particles is prepared to be
in the eigenstate of o, with eigenvaloe +1.
The system is rotated by an angle of
60° about the x-axis. After the rotation, the
fraction of the particles that will be mgasered
to he in the eigenstate of &, with eipenvalug

+1is
I.1/3 2. 2/3
3 1/4 4. %/4
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1. e f{ o8] +e~Fl) g o2

3. tanh(B}) 4. coth(f]}
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The Hamiltontan of a one-dimensional lsing
model of ¥ spins {V large) iy

N
H = "JFZ Tifipr

i=1
where ihe spin o; = +1 and 1 is a pasitive
cORstant. At inverse temperature § = LEsT,
ihe correlation Ruiction between the nearest
neighbour spins {oya;, .} is
I e~ [{eFl 4 o~8T) 2 o281
3. tanh(gf} 4. coth(#f)
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3. e 4. T2

At low  temperstures, in  the Pebya

approximation, the contribution of e
phonons to the heat capacity of a twoe
dimensional solid is proportionat to

1, 72 TR

3. T2 4. 73/

UF T TEE AR (W ) o oo
- Taw 9 g7 T ) eF s &
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&S ql M W R g=1-p 4w
@ o Ey THAET-HE e

Ax =/ (x2} = (x}? g

B
- {} + —
1 a.\}"ﬁp? 2. HN@E
3. 2a/Npq 4. av'N

A particle hops on a one~dimensional fattice
with lattice spacing a. The prabability of the
particle to hop fo the neighbouring site 1o s
right is p, while the corresponding probabiiity
to hop to the left is g = 1 — 5. The root-
mean-squared deviation Ax = f{x?) — {x}2
in displacement after ¥ steps, is
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1. 1/T34 2. 1/7?

3. 1T 4. 1/T°

The eperpy levels accessible to 2 maolegule
have energies £, =0, E; =4 and Ex = 24
{where A is a constant). A gas cof these
matecules i in thermal equilibrium  at
teraperatuse T. The specific heat at constant
volume in the high temperature limit
{keT » A} varies with temperature 28

[ BT 2, 1/T?

3. /T 4, 1/T2
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The input Vj to the following circuit is 2
square wave 8s shown in the following
figure.

i

Which of the waveforms best describes the
output?
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H#g & wHoag
{10.¢.10.0,9.9,9.9,9.8,9.9,9.9,9.9,9.8,9.9}
AW RBaes s wdvaR s

l. Q.10 2. 007

3. 6.01 4. 0.04

‘The standard deviation of the foitowing get of
dafs
{10.0,10.0,89,5.%9,9.8,9.9,9.9,9.9,9.8,0.9}
is neargst ta
L. 0,19

i 001

2, BI?
4. 0.04

FRMTAN O] HF wREfaE P X Rae
ot d2 & H0om™ o FEviwer
Romar & amoiaw r ¥ Ay @nw
wnH st fRaw Il

I, .05 em™t 2. 0.11em™t

3. 0323oem!? 4. 00Iem™?

The diatomic molecale HF has an absomption
line in the rotational band at 40 cm™* for the
isotope K. The comesponding line for the
isotope 'F will be shifted by approximately

i, 085¢m™? 2 Gliem!

3. 033 cm™? 4, 0.01cm™?
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1. 3/4

3174

2,172
1.0

The excited state (n=24, =2} of an
¢lectron in an atom may decay to one ar more
of ihe tower enerpy levels shown in the
diagram below,

I-D i1 i

OF the total emitted light, a fraction 174
comes from the decay o the stake (=2,
f =1} Based on selection rutes, the
fractional intensity of the emission line due to
the decay to the stete (= 3, 1 = 1L willbe
1. 3/4 =1

3. 1/4 40

TH S AIRET BT HATA tem’ §1 43 nm
#t #3-aied & (FrEs 7Cg A4 = 500 om W)
IS T T #E & Al (mode) WRT

2. 108

!

3 igt? 4. 107

The volume of an optical cavity is | cm®.
The number of modes it can support within 2
bandwidtn of G. 1 nm, centred at A == 5800 nm,
is of the order of
1. 10F

3. 1

2. 108
4. 107
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Barium Titanatc (BaTi0, ) eryetal has & cubie
perovekite structure, where the Ba® jons are
at the vertices of a unit cube, the 02~ jong are
8t the centres of the faces whiie tie Ti2% ic ot
the centre. The number of pptical phonuen
modes of the crvstal is

[}
| -
| :::-:G I#‘“"’
P
|__.n 4 .
o~ o
T# pa? £
. @ O
12 2 L5
35 4. 18

ol Few (W) # v s &
foar v @(k) =y - ai® B oowg F=73
¢ o, W o RS Rwvw £ wa
FE @y A A ga oA w1 mgearn
WAeT W TR BER % 3wy g
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T1.

T2.

72,

The dispersion relation of optecal phonons in
2 cuoic crysial is piven by wik) = (g ~ k¥
where wy and a are positive constants, The
contribution to the density of states due 1o
tese phonons  with frequencies Just below
e1g is proporticnal to

I, {-D..'u fe, m)lfﬁ 2. {Cd.g = {U}S’az

3 fawg ~ w)® § {osg —w)
ffosts  dmmm (Fed; & Towm

A A wRE @w e om

(Erigrse TG BT E Tt 136 ey,

Fiela o7 wodgmeis 12 7w farew &

TAIPNT F I pegany 0.4 m, &1} E &

31 307 A et #2 & yverwm ¥ g

WO yad oy
401ey

[ 2. 008 ey
J. 0NZey

4. 0.04 eV

A silicon orystal is doped with phosphorus
atams. {The binding energy of 2 H atem is
13.6 eV, the dielectric constant of silicorn ig
12 and the eftective mass of electrons in the
crystal is 0.4 m..) The gap between the dongr
encrey fevel and the bottom of the conduction
band is nearest to
1. B.01eV

3. 002 eV

R R R S W Ay
g, famd anEae dufE %
Vo = Fir) I o0y & savsify offar ¥, o
F(r) YBIw o ast - @5 www o f
T T, F4W UEHA s FoREaE ¥
A wRy ¥ 4T wgeifiaa
I=3/2 @0 172 ¥ dww wEnlw ¥
WO W HADT iy 0/000,, TN

1. 32 2. 1/4

3.8/4 4. 1/7

2. 0.08eV
4, 0,04 2V

Assume that plon-nucleon scattering af jow
enwzgies, in which is05pin is conserved, is
ueterived by the  effective interseiinn
ptential Ve = F(r) T - .?,_-_. whers Fir)isa
functicn of the radial separation + and i, and
fi denats, respegtively, the isospin vectors af
4 plon and the nucleon. The ratin
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Tr=3 72/ Fr=y 2 Of the scottering erass-sections 7s,

corresponding o fotal Isospins £ = 342 and
172, is
P32
3. 5/

2. 1/4
4, 1/2

TF ANS  SEEN-HAGT 2t #r Seaiohr
Marwm F Tmw fRoT sEelE F @y
= T3 yEar & e o & R
faT TTHROLAAT 0* 81 ' e T fafaor
E g #

1. S gfaym

- B T

- FeT FfyE

YR et

A nucleus decays by the emission of a
pamma ray trom an sxcited stete of spin-
parity 2% ta the ground stare with spin-parity
0%, What is the type of the corresponding
radiation?

1. magnetic dipoie

2. electric quadrupole

3. eleciric dipols

4. magnefic quadrupole

FA-AR Ay % fuidw zEwe & SR
e 3o sy e & e ww

= L R

ot €, = 135 MeV

2+ — € * 1.25Mev
a* E, » 1.17 MeV

E, = 0.56 MeV

AE

Dt ¥, = OMev
TR K, B wawo-gAer g
1. it % 3
3 2T i 2t

The low lying encrgy levels due to the
vibraticnal excitations of an  even-cven
nlciens ate shown in the figure below,

o* E, = 1.35 MeV
px — B = LI5Mev
4¥ E; 3 117 MeV
~JAE
i¥ E, = 0.56 MeV
AE

o L By » 0 MeV
The spin-parity jP of the level & is

1. 1¥ 2. I°

3, 2° 4, 2t
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