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PART A

1. In still air, fragrance of @ buming icense stick will
be smelt by an observer quickest when the
cxperiment is carried out i

low altitude and high air wrperature,
high sititude and low air temperature.
tow altitude and low air temperature.

high altitude and high air temperature.

L

2. How hany squares are there m thus figure?

509 24
318 4. 17
3. A mountem road has 3 sections of differomt slopes

s shown, What s the average slope m of the enaire
climb”

45
// #
3
1.t 20 (13) = < (142}
3 lamey3 4. (n3yemel

4. Which of the followmmg graphs shows the
copgentration of a sugar solution as a function of the
cummmbstive amount of sugar added @ the process of
preparing @ saturated sclslion (the  temperature
pemaining constant)?
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S, There wre sandepiles which gre peompetrically sumlor
A i e R : bt of” differen heights, The mtio of the masses of
e the szed womprising twn candomly chosen prles will
o copral b the ramio of 1he

pile heighits,

syures of the pile heights.
cuber of the pile heghs
cuhe-ronts of the pile beights,

L

i

RS IR A DT I 6 There wrs twa wentical vissels of valume cach,
one eraply, end the other eantaming a biovk of
wiewd of weipht w, The vessels are ten filled with
waler G le the brims The vo arrangerents are
sheany as A and B the faasee, I e density of
waict 3 g0 amd 2 is the aeecleration due 1o graviry,
then

-

A
A and B have equal weights.
A 28 heavier than B by an amount w.
A 1 heavier than B by an amount Vg - we
s heavier than A by an amount Py ~ w,

A N TR

O R T IO

A i Bed s

Sr F g omn T AR wer ) 7. I the father has blood group O and the mother has
Coem e mE @ ! bleod group AB, what are the possible blood praups
of therr chiidren?

O, Al A
AH

A D
H,AB

o i B e
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8. war faww @ e P a Vs & wfw pw 8 Nucleof “Pand S, accelerated througle the e
4
{

R SRRy qaEty e wdv Fvd /P @ potential dilference enter 2 umfonm, franseerse
) for 1 As

Bro Z2=15 ¥ SF B2 =16 )1 @8 ¥ gEwny magnetic field (Z=15 for Pand £ 16
dm oy et B W they emerge from e magnetic Geld

1. both nucler emerge undefledisd
2. VP s deflected less than '8

3. TP s deflected e than 7S

4. both are equally dellected.

1. @ iy @ R fGaw @ At 8 )

2. parfr S @ AEvd en

3P ar B US @ Rl wBe £

4. T wr Rl waer o 4

9. A prrson chewing a bubble gum il not CRPRT TG
ear paut i a jet plane whle Janding wheress FEH
person not chiewiig 2 gam had car pan. e reas

9. @y anprr o w ogdew ) sy B
FE Fe @ oW oW e a9 TS
FEF mhy OV R W awed Ol sEE Gwel |

v A w B # 0 T e UF v & could be
¥ :
t. chewing gem s s pan killer
V. wmeny S 8 2. chewing equilibrates pressure on both sudes of
2. wEErT AT wTE @ Ol 5YE & e the ear drum

chewing gum cioses the car drum
chewing distracts the person

a7 wrETYe wen & 4
3. yusrn FOEER W wrE ey geat aa g E
4. wesrrg o7 aarn oF o sy FETE

St

10, The reason why a luner eelipse does not occur al

10, & ¥ & wwwew gelid dwn =i ann b : «
8 Ve el Fwn T S i every full moon is

V. i @ e e gl 8 ses T8 ek 1. the position of the sun s not favaurable st all
2w g gedt & e ow & AE OE g futl moons

oo st e A F 2. the orbital planes of the moon and that of the
3 gealt Y ety wiegel e &y earth are melined to cach other by 2 small
4w wel v @ el @ el s & angle,

the shupe of the carth is not « pertect sphere,

3
11, v 7577 oo weR @ Bl rw pnfls dv 2 4, the moon reflests only from one hemesphers.

arrphe B A www & ¢ aow
TaTelin @Y B SEAY ¥ QEEY S | 1A Doy throws & siong vertically spawards sath o
& fmr & @ ol firs gwe owe & oww certamn unital velociry. Which of the followiny
B gre oft oRtwly ey wS el &7 graphs depicts the velocity as s function of tme 47
the scccloration due (o gravey is assamed 1o be

e uniform and constant?
R, ’A‘\\,‘
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12. ¢F @ anglt O FET-MFU {p 4 o) W

el 2t e vw WA Cwws wed & e o 12.4 rigid uniform bar of a certain mass has (wo bobs

& o warT sTE o B S fya ¥ vk of the same size, i with dilferent deusiies gy and
W & wE v Wi we o ww 8 d T d 2 suspended idemtically from s ends.
3 3 9

# dra o Ry 8
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When the bar 15 tevel on a fulerum as shown i the
figrure, 4 and o are related by

1. 24 = ' 2. d >
Jod =2 4 d <2

13. There are two points 4 end A" on the eguator at
longitudes 0° and 90°E, and two other points 2 and
&7 on the sawe longitedes, respectively, hut at
latitude 60°S. The distances (along the Jatitudes)
between the points A, 4% and 8, B are related by

. AA" - BB 2. AL =2 BB
3.A4= (N3 BB 4. AL = (N BR

14.

Water 15 flowing through a fube as shown, The
cross-sectional arcas at A and C are equal, and
greater than the Crass-sectional area at B, [fthe
flow is steady, then the pressure o the walls at Bos

tess thar that st A and that at C,

more than that at A and that a1 C.

sane as that ar A and that at C,

more than that at A but less than thet at €

Bt g e

£5. Match the two hists

Kaw Material Producs
A Limestone | s Porcelam
B Gypsum b, Glass

€. Silwea sand ¢. Plaster of Panis
Dx. Clay d. Cement

A B C D

i a b e 4

2. d ¢ b a

3. 2 ¢ d b

% d 8 ¢ b
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18.

34

19.

Fug t
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1. Rrs ot aredtt aurhe w sl ety

Fm 2 o aedt qumien @ et SRy
2. Frv 1 ¥ow gumhn g S aiEly

Fos 2 sl wpipiin @ ae ordeiE
3. w0 awg wndr g ot sy
fivs 2 - ovy weefin o sy oftele
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20.

O

16.

7

The "C dating method is not usually used for dating
orgamic substances older than ~60,000 years, because

such objects rarely contain carbon.
such objects accumulated MC after their formatton,
in those times there was no production of *C.

" most of the "“C in the sample would have decayed.

Lol o B ol

. A szismograph receives a S-wave 60 s afier it receives

the Powave. If the velocities of P- and S-waves are 7
kny's and 6 knvs respectively, then the distance of the
seismic focus from the seismograph is

1. 2520 km 2. 42km
3. 070 km 4. T2km

. The decay of a radioactive solope P produces &

stable daughter isatope £2. The ratio of the number of
atoms of D 1o the number of atoms of P after 2 hall
tives would be

I. 14 2. 34

i3 4. 2

. The scatter plots represent the vilues measured by

two similar instruments, Point A irv the figures
represents the true valoe. Which of the following is a

correct  deseription of  the  guality of  these
measurements?
-
7
o e
Pyt g ¥
1. Fig.1 : pond accuracy, good preaision
Fig. 2 : good sccuracy, pood precision
2. Fig.l : poor accusacy. poor precision
Fig. 2 : goad accuracy, poor precision
3. Figl s poor accuraey. good precision
Fig. 2 : poor accuracy, poor precision
4. Fig.] : poor 26Curicy, poor precision
Fig. 2 : poor accuracy. good precision
. Even though the concentration of CO; 18 the same at

sea level and at high altitude, the photosynthetie rete
is higher in 2 plant grows at sea level than in 2 plant
{of the same speciesy grown st high alutude. The
reason for this s

frght intensity 15 myore af sea lovel
temperature is lower at lgher alinede,
wtmoespheric pressurc s higher at sea fevel
refative hurdity is higher at sea level.
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PART B

A vector perpendicular i any vector that Hes on
the plane defined by v+ v+ - 3 s

- 1 jek
3 i-j-k 4 He3jesk

Tae eigenvalues of the mawin A=) 2

{1.4.9}
3. {01, 13

230 The first few terms in the Laurent series for

1

{2 1)z-2)

intherepion | S0 52 and erowet 2= 103

H r =

. 1 Y “
m:{hi r:z- 2 Hjé“.z.y:’_.,_lj

Uz=D+5E -1 e T+

24, The radioastive decay of a certaln  material

satisfies Poisson statistics with 3 mean rate of A
per sccond,  What should be the minimum
dusstion of counting (in seconds) so thar the
weiative error is duss than §%9?

b, H0/4 20wt

10t 4 4. /4
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araTE
Lieiered

e £ TR Iw NumI Yoee
d’y dy . s
= +<:osx~%~=é K LB
iy dx . 2
aameT wwr & ¢ sy x=x2 00 dyfdeoar

o

sinx

b, W d
2 T waiEes 3 8
L mremm U3 #
4. wrawmwa By
27, & wgwt 4 wyer 2 ownd w3 wew dogr 3

Fre w4 Wy Hw ) g AR w4 v
# aryfirmr gw A P oot # 4 yw ¥
T WET B W wfwer aw £ ?
1. 3470 2,
3. 36770 4,

41770
2070

28. v wrmen aierE, fower e e & @ sl
wrourh F garnr omn & e A o olw fim
whaw o wraen-anite By oy sheag WEHRE
wem & ?

i

25,

26.

28.

Let u(x'y)wxw;w(x’ —y’} be the real part of an
analytic function f{2) of the complex vatiable
zwx+iy. The imaginary partof f(z) is

b oyixy 2.
oy

Let y(x) be a continuous real function in the range

(and 2r | satstying the inhomogencous
differential equation:

¢ 3'1 1/ ;{\
sinx%*«cesxgzétrm-) . The
dv dx 2

value of dy/dx at the point x=a/2

is confinuous

1.
2. has a discontinuity of 3

3. has a discontinuity of 13
4, has a discontinuity of |

A ball 18 picked st rundoms from one of two boxes
that contain 2 black and 3 white and 3 black and 4
white balls respectively. What is the probability
that it is white?

4170
29170

b 34770 2.
3. 3670 4.

The bob of a simple pendulum, which undergoes
small oscillations, is immersed in water. Which of
the following figures best represents the phase
space disgram for the pendulum?
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1. %.rpz V' {x) 2 §;+?(x)
3. %i‘z ¥ ;‘(x} 4, g;-+ V(x)

v AT wifgre weeet v o e Tf
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Fudt g # Rum oF el peemrs mo 9 e
why & wid oW ¥ Ren F wewr # ) ke
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29, Two events, separated by a (spatial) distance

9 » 10" m, are simultancous in one inertial frame,
The tme mierval between these two evenis ina
frame moving with 3 constant speed 0.8 ¢ (where

the speed of Jight ¢ = 3= 10° mas)is

L. 6ds 2 s
3. 20s 4. Os
30. if ihe Lagrangian of 2 particle moving in one
dimensionsis gvenby L= «;’t—» -~ {x}, the

2x
Haud itonsan is

e L
1 —apt oV P — Pl x
w4 1 (x) addty
3 “l—.i” + ¥{x) 4. 3«- + V{x)
2 o 2x )

31. A horizona] cireular placform rotates with a
constant angular velocity € dircoted vortically
upwards. A person seated at the centre shoots a
vuliet of mass wr hortrontally with speed v The
acce leration of the hullet, in the reference frame
of the shooter, 15
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1. waed el v 2vQ 1, 2410 hisright
2. gwRted ak ) 2. 2vtohisleft
3. v ol el vQ) 4 3. o his rigit
4. gwEr e e ¢ 4, v to his left

32. witw A A=t f‘x;+.l_2.;,wgf F p fuy | 32, The magnetic field corresponding to the vector
2 r

potential
wRw & e wr dw B
o d e g ¢ im~1”’xr+l—9?
- - 2 7
L F 2. -F where F is a constant veetor, is
s 30 - 30, R "
3 F+*;:? 4. F-;-;r 1. B 2. -F
3 ].:'«*39-1' 4, ;‘3«,.3.9,;
l‘ t’

33, An electromagnetic wave is incident on @ water-air
intecface.  The phase of the perpendicular
component of the electric field, £, , of the reflected
wave into the water is found 1o remain the same for

=it angles of incidence, The phase of the magnetic

33. o O erd-sar R W
mﬁamezwx}ma@%rma%f&gw
&% @ aw ww ot wewn ol ST w08

fvd vy e £ FIET o7 W2 omaw

1. wRaftr 78 Bt field H

2. 3x/2eRuide sid & 1, docs not change

3, r/2 o gt 2. changes by In/2

4w ofaffly okt # 3 changesby 7w/ 2
4. changes by &

34, The magnetic ficld at a distance R from a long
straight wire carrying a steady current [ is
praportional to

34, R Ry ey [ 87 95 AT SN 0% o o
aw ¥ R g o gt a9 v e o ghw
L R 2. IR

3. PR 4 I/R

1. IR 2. IR

3. IR 4 I/R

BS.WW% MR FE W F FEET @ IEE

Wy ey f, fraw et (n,,nr,n:)l?, 5
srqr s § 4 oRees &

35. The component along an arbitrary direction #,

with direction costnes (n,.n’,n,) ,of the spnofa

spin - % particle is measured. The resull is

.8 2

L o 2 t%n, 3%
B "
3. i"g"(ﬂgfﬂ"}ﬂ') 4. If“;i: 3 r‘é‘("ﬁ*")-}"") 4. ‘.f“z
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36, m s G UE ST g ®Y @ v w9 | 36, Aparticke of mass e s in a cubic box of size &

wge & Ran @ ¢ wgw  # aw The powntial inside the box
(Ugx<a Usy<a 0L < )ﬁ'z«rs T & (0cx<a 0<y<a 0<z<a)szeroand

powmy s # ) s e wut # witesfe infanite cutside. H the particle 15 in an eigenstate of
Hr'h ‘ :' 14

PR E s & # T AT £ energy F =l it wavefunction 15
2ma” 2ma”
ok PR -4 -
(20 Sy Gore 20 . dax | dmwy | bar
Lo = 20 S e SEE e 1Y e Loy~ SIR e SHY e §O e
Tl @ P ey a a a
fa N (2 ax 4wy 3az
20y = o 2 = 1 = sip——sin—=sin —
e ) L1 @ a ua
.- P
e B B 25 dxx | Rmw . 27z
{2 . oarx o Rry o Ims - . Xz Az
o= S sin T in 2T gin 2T o= 1 S sin——sin—=sin—>
L) e It ed L} W o o
el P T a 4
f2Y 7 mx, Xmy | derx f2 . o®mx . Amy o dmr
4= 2] sinsin sm 4. =] R e
et ] 4 4 g @ a a@

17, wd b oy ewf s fwy 5"’(?‘}«‘“ fya | 3T Lty denote Gie eigenfunctions ul'a

X [P TN oo s Hihe w . T ‘
R sl R w e, Offe Hazabtornan for a sphencally symumetnie potential

. . . Vo). The wavelunction

. { = = -
oy Fem W ‘*_:iw.«.k NSy, o0y, [ sen

T
(V“hﬂmvi |

:gcmum(mu Gﬂi‘v’ ot

. H 5 Vo
H.L @ 1 2 Hox ! 1. !i. 17 an¢ f.: = Hoand i,
. . B E2 e H 5 P |
3 e L 4. 1237 4 30 M end 1S 4 17 and 2
38, gmrise -’“:ﬂ?‘~ Wopt s 38, The commutaee v, p o
. ! 2ikxp 2 Mbip e px
i 2ikap 2. 2;‘.’:{1;1 R v o P
R . . . 3 hopr 4 ik ep— py)
30 nhp A ib{xp- g ! e

Conuder o $vstem of non-mierachng partiches o
o shimzasens ubeving the dispersion relation

20, -t wse fhewte peit o gend g 39

WORNE I uNETY wee pom 1 &) Srdee |

: . . . . | L N e bogo 1lae

wedd 2w woa koawr whm e ve goks &' where & s the enerygy, b s the
. y Iy shegr by A erpoy v I Bt sraer e
oAy fwie B Rl mesr }.;(F} P d wavevestor, § 1 en imleger at 4 o consmant, The
denmary oesiztes, N {4}, i propoctional w
fei i .
i £ 2 ot 1. & 2 &
. f ‘V o

5 i 4 = ] £ 4 £



40. N grey ity o owl Wi @ fiv gw B
T o wew o ment # P

i N+l 2. :V

_1}/7
3. N(NH);'z 4 N

41, N wut @@ vw e Rroet arges Voo g
T & o g ol &

Pk Tin[ap (k7Y )N

Y g r?zmcr q k, deewda ferow %)
S way & 0 v @ adalie ol @

L. - NET

s

" Tln[.aﬁ (k7Y 7/ ?m,\rkﬂr

]

TR

4 NKT m(a,gr J(k,T)

42, Py guld ma etdenenw Wiy 9t o P

s V, ow e @ f}r‘-f Vo o @7 aeg d
._.(WA -
o N-."u‘ L ]
v,z ¥ > e g

AL
L ]

. ~033V 2. 050V

3, - LBV 4. ~025V

43, v5 yww FOEw T W o§ sy swRfnr
g FILSVE SmAweadw Freaw
# awd g Y R0%  wrwd g vy dews
frwsr wher aoatile we & 7

1. 5.0=10" 2 1S w0
3. 08=10" 4, 2.5%10°
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40, The number of ways in which vV identical bosons
can be distributed in two energy levels, iz

LS 2 N{N—l)ﬁ

3 N(N+I)f/2 4. N

. The free cnergy of & gas of NV particles ma
volume ¥ and at g emperature 7 s

FN T ap (k7Y /N,

where ay 38 3 constant and &, denotes the

Boltzmann constant. The intemal encrgy of the gas
is

3
Lo MT
2. %mg

s wkrfap (k) /N]»%ng

o wTifal/(hT)"]

. Inthe op-amp circont shown in the figure below,
the wput voltage V, is 1 V. The value of the output
Vit

%
- L ”%
"

PR YTIN ,,w‘m“? ,M‘”‘ 1K

P I Yo
\?': 1w g t/ ,/ W |
J =i

i

-050V
-0.25V

1. -033V 2.
L R AY 4,

. An LED operates 3t 1.5 V and 5 mA i forward
bias. Assuming an 80% extemal efficiency of the
LED, how many photons are emitted per second?

1.5 10"
2510

1 5.0%10" 2.
3. 0.8x30" 4,
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4. 10w ol ¥ My @ by, = 35Q 7 By | 44 The transistor in the given circuit has iy, = 35Q
= 100081 & ; w7 sy wfivdes By = 10000, ard k= 100061 f the load resistance R, ~

T akedar 7 g waw 8 )

A T 10009, the woltape and current gain  arc,
vV respectively,

© Vg

oy
IR A

T

1. A5 7 + 35

2. M e-3s 1. —337 438

30 35 a-097 3 354-3%

4. Y8 - 35 I A5 g-0.97
4. DYR7-35

43wy el o b wgell weat o gabn | 45, The experimentally measured transmission spectra

sk R e R fre F awld ad 8 of metal, msulator and sericonductor thin films are
e fmet v wier wr owwn &M e L e shown b the figure. H ean be inferred that £, H and
WL @ aindy it correspond. 1espectively, to

z |
f( ( : };ﬁ f

y

Teransion (%

ramrtnaneagen o5 g

i
i -
s o
I !
Wyedeagin o
iR 3151
U rwmerd s o o Lo imsulator, semiconductor and metal
N SERE
;o e s 2. semiconductor, metal snd msularor
v AR b B S 3 metal, semiconductor and insulaor
3o g SlEEE T pusad 4. msulator, metal and semiconductar
4 erEERL G s
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arr C

0 -n, w
ulrentir gy A= ny 0
A {

ny @ nyon, T o0, At $ wew € 8§ SR

sy

o000 i 2. 0,1 -1

3000, b+, 1 4 0.0.0
0 —m o

The cigenvalues of the wtisymmetric matrix, A=| #, 0 -n, | wheren,, ny, and gy are
-n, W 0

the components of a unit vectol, are

1o 0, d, ~i 0.1 -1

30 1ed —1-i 40,00

famr &% @ fa e wr sllaw 8 7

. 1
1. Eﬁ {Zm— +in N}

13

—m

& l
Lieny ( —_ N

";'m.l

51
3.0 dim | Y —e ~InN o lim Yy e
tm (S -] tm X
Which of the following limits exists?

Ll |
L fm (Z“" +1n N]

el

4

184

X
}i:m [z;m -laN
i~
30 lim tzﬁ ~In N} 4. l‘ﬁ Z——

e & w9r vw HE w1 e CsE ardt St on 94 E
Waﬁz ?ﬁi‘)g\’wmﬁ;\”?ﬁmwsmwhﬁ&eﬂfﬁ
meﬂ?awwamm!%%wm?ammm?a FW wEr
W@amm#wrawﬁam*vﬂmwmwmsw
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I :..‘l_i 2 "‘: 3 N+l 4 NN +])
3 2 2 2

A bag voatans nuaty balls, gach with o number painted on . There ere exactly o balls which
tuave the number # (namely one ball with 1, two balls with 2, and so on untl Mballs wih Non
them} An experiment consists of choosing a ball at randorn, nating the number on o and
rememing it ta the bag, I the experiment is repeated & large nunber of times, the average value of
the mumber will tend 10

20+ N N 51 NN~
. 1 53 y vl 4 YN~
3 2 2 2
V" F o
FIFFT | e QO8] = |8 W7 57 8
L Y
I, -2a/R 2 -miR 3 omR 4 2x/R
c T S
The watue of the integral | -~ 008~ 1 15
o R V2R
. ~2x/R 2. -x/R 3 om/R 4. 2a/R
wrirt whew | o], pl} @ ge ¢
v v p| PR i3 44
The Poisson bracket { ], ip| ! has the value
U |rlp) 2 Ap 303 4

- - Ly | v, ) . s ’
- P SR e {5} = Z(ﬁ =2} % wet e o Bl on # ves v Qav Al

ET R ARG B0 sy & srarrie Bene g & e @) gden sk g@} 5t

b gy 8 T SETRT =2 A s e siad wf ar ae
P R A R T R S B e
3 W ot w ot gyl & A coe R

A W a e W s o oW oTEy aff ve wrdal

Consider the motion of g classical paricle in a one dimensional double-well potential
, 1, - H . )
Fixy= -{(fx - 3) - Af the particle is displzeed mfingesams Hy from the minimuns an the positive

x-xes (and frction 15 neglectedy, then

5A
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1. the particle will execute simple harmonic motion in the right well with an angular frequency

w=\2
2. the particle will execute simple hannonic motion in the right well with an angular frequency
=2
the particle will switch between the right and Ieft wells
e particle will approach the bottom of the right well and settle there

3
4,

52. vw oy ow A @ mewe 1.5 % 10° B0 @ 76.5 vo wwww F wed £ A v o wew @
vy a e weanes w27
I. 650 2. 600 & 3 5738 4. 500 %0
52, What is the proper time interval between the occurence of two cvents if in one inertial frame the
events are separated by 7.5 = 10° m and eecur 6.5 5 apart?
I 650s 2. 640 I 575« 4. 5005
83, wwmwr -Bw A vt oy owww oaw W g o T 5w 0F W
V. ofr r<R o .
Viry={ " # e gl & g oY R od fere ot ga) Vs ¥, o el
gz r>R
frar wrg o @ ofsedieen F wroers gek sy
o st o gem w et G By 2 s ol wen d poen wga B oo
3.0 st qf wew oy s oo # o A, o g e e o whi e B
53, A free particle deseribed by a plane wave and moving in the positive s-direction undergoes
seatiering by a potential
. Vil 2R
Vir)=¢ ©
R Y
I V, is changed to 2F,, keepang B fixed, then the diferential scattering eross-section, tn the
Born approxamation,
b, mcreases to four unees the orgimal value 2. intreases W twice the onginal value
3 decreases 1o half the onginal value 4. decreases 1o one fourth the ariginal value
N L aR Y I . ;
5S4, gw-fodty feogw V(x]ul o | ! F B ogE gl FOIEEEE v ewe
’ o G xy o
i
HE . :
wle) = 3»:“[% (a’ ¥ )& o v Bary ofET fFar aer 0 W & B sann #
a’t '
s §
8107 RDI12—8 AH—2A
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Which of the following is a sell-adjoint operator i the spherical polar goordinate system

(r.6 ¢p?

& 2 —inl s 8y il
sin’@ oF a0 sing 26 &

Fror 5 9 v Gt fray d 2

1

. |ExBf 2. BB 3. EF+|Bf 4 |E[H

Which of te following quantities iy Lorentz mvanant?

L |ExBf O

Ef +B 4. | |Bf
wr @ e Ao ABC @ @it 3 s 4 awfiEer sde QL (8 -2Q v @ B

f

Ty @ e PRl i e T e sy &

—

1. 3 lﬂQ ; 2. 4 \;‘(};aQ ; 3. - \-‘XQQ j 4, 0

Charges (0. ¢ and =200 are placed on the vertices of an equilateral triangle ABC of sides of
fength ¢, as shown in the figure

N

The dipole moment of this confrguration of charges, irrespective of the choice of arigin, 15

Lo 2aQi 2. - x‘@ﬁ‘Q i 1 -\3aQ 4. 0
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. , . my .
g ov PR v geealtt s mow meen grd e ENE W v A e —— F 22 m
¥

W 2 g W8 fun § 3 e B o o gty A e x wme

Iy Imxy
oo R L5 54
¥ ¥
S alzt
32 4. ——L—r 2
e r

e momr r s

¥
| 3myz n Imay
— e
E r
. 3:.4:§':: Sy
3, 3. - - - }

r

o warEt @ A i w7 o, = Jo @ ame w waery B 5 aomr T oo g
b

: s . < fihes - ) _
daf Ghea, 2 wn B ot wr § 7 e i cm o T 5 2 wonelt et v weer &

¥ ¢

I PR YR Y 7 20 xlexaxt)/Z
t\ 4

4. X';;'{l«&x* le);'[

Acsviten has two normal mudes of vibration, with frequencies oy and o, = 2m, . What is the

probabity that at wenipermture 77, the systeat has an energy less than dha, ?

i
ST

Unothe follywing x = Cand Z s the parntion fanction of the sysiem ]

i ;t”;'{.t.‘iell"‘).,”(z 2 .t'f";”(%-x-;-,!:]'jz
3 z!”(‘%Zr"i;‘fx 4, ,r}‘{l~x~v2.v’),’f2

SR - M owmms Tw gaEts Y OH P oy @ oww 8wl

M o= tanh ‘;'A’! *7‘ ;W g # 2o vt #F W & 3,;‘;0_3"; . A{(O)WAI([I ;U);‘é
N Fi

S P G faor w3
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. 1- M7 (0) ,  1-=M(0)
Cr-T.(1-M ) Toor-T,
1-M'(0) , =M
T+T, ' T

The magnetization M of a ferromagnet, as a function of the tempertagre T and the magnetic

field 71, is described by the equution M = tanh(%« Mo «-?) In these units, e zero-fickd

magnetic susceptibility in terms of M (0)= M (H =0} s given by

| 1-M7(0) 5 1-M{0)
’ 7‘4;.(1—1»1*(0)) CT-T
., L= M7 (0) A 1- M7 (0)

I'+T, T

wftg He' st ofedel w4 217 K we v 9w £ 3 @ owrs e el & 7 sl He',

Freen v gty He' o o gone o 59 8 4 By o o9 S W el st P (e
i aw oftgd g W &)

1. 217mK 2. 217 mK 3 217K 4. 217 uK

Bose condensation oceurs in liquid He® kept at ambient pressure at .17 K. At which
temperiture will Bose condensation oceur in He' in guseous state, the density of which is 1600
timies smaller than that of liguid He'?

{Assume that it is a perfect Bose gas.)

1. 2.17mK 2. 217wk 3. 217K 4. 217uK

v Fhe fred) B aren Tav § @ skee Rent pfSom ffiew @ a8 Qe o afe Pl
& armrr v} 27w wmwm wrg, w0 Rew ob 0 @oww e amaeesr gv Gt Rwr e o
ftdvo # et el gy wedl 8

1.2 24 308 4. 16

Consider black bady radiation contained in 2 cavity whose walls are a1 temperature 7. The
radiation is in equilibrium with the walls of the cavity, 1f the temperature of the walls is inercasced
w027 and the radiation is allowed to come to equilibrium at the new temperature, the entropy of
the radiation increases by a factor of

g

1. 2 2. 4 3. 4. 16
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64, 129 2 v Femefla 1 4 Befr O e o9
iwiem b, AB=LCD-GLF=17G=4
D=EF=07G=1)

o AB=0.C,

oy

P
=4
s
s
o
F
-
e

. Lo
64, The output, O, of the given ool i cases | and M, whare
Case ] 0 AB=LCD=0EF - undG=0

Case li: AB- ﬂ.f.l’) =k F ‘defe‘
ar, rospectively

g
e - i
[
. H
o ! Yoo
& 3 G
| 1R 24l 3. 0,4 4, !

ORI ER e wsidd at va peendt FEe @ i wbvew W00 Bro oo oy of Ao e
& by genre o wewrgrar e 2w 10 Bown o
s R e ey e or el & wftel N g pork ofted ¢

Al mrrey ow &

e wE s wlior @ wedt Rty g aamy # pedh wRatv @ sweer @ w8
:I:m':':, e

[T T, 2 30xr’ I Odexta 4. 0510

65, ressumee stran gango ts fastened 1o a steel Mture 2l subjected to 3 stress of 1000 kgnv', Bf
the pruge factar i 3 and the madalus of dlasteny of steel is
T ke o fractomal chinge i resistnce of the strain gaope due 1o the spphied
R T

gattge factor 15 defined as he oo of the fractional changs in resislnce W the

iNoter e

boLA < n T IRT AR TR Ve 4 08w
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s AV 7 syl f, % o oy avy wy g Bl Bl we gnle s @ ge avd
@ wwr wu F VA2, s & ufdes Perd € 0 aft wed qRd e i E
A sz § Bt s & @

. F=2f,ed=1V 2 [=fim0gaslyV
- - f, = 1

3 = a =1V 4, edly A= V
f=07 2 Jega A=

Consider a sinusoidal waveform of amplitade 1 V and frequency f,, . Stanting Irom an abilrary
initial time, the waveform is sampled at intersals of 142/}, 10 the corresponding Fourier

spectrum peaks at 2 frequency I and an ampltude A then

. F=2f,and A=1V 2. f=fyand 05421V

_ - — f - 1

3 F=0and A=1V 4. f==2and 4= eV
2 V3

RCMO mr g gt werw 3.842 dodle wr & wa UC0 @1 3,673 oo we #
o argre el Y sepn 8

1. L.BS1 2. 1.286 i Lode 4. 1038

‘The first absorption gpecienm of "C 0 is at 3.842 om™ while that of “C*0isat 3673 em
‘The ratio of thely moments of mertis 18

. 1851 2 1286 3 L0406 4, 1038

v oAy 4 gumv-ser sar Hoso LS Amowmm & ol L3 S e vdegly W
Fafim 7 maww sty win & ¢ el P, T R, @ S By @

1. }—aif 2. -‘—cﬁf 1 daiw 4. Ea.’z“‘
2 2 2

- -

The spu-orbit intcraction in an atom is given by H =aL.8, where Lund § dennte the orbutal
and spin angular marsenta, respectively, of the electron. The splittig between the Jevels ;‘:’1,;.

3 2
and “f}, 38

3 = 5 rd
1. -:}—c's'h; 2. Sl 3. 3ulk 4. Sak”
2 2 2
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J= i J= Qe @ g ad s wew @ wom wme w1 kG ey 8v 8
16«10° A & fefem 7 ceol 4 Seldm oo # ) 3R wew e wapw dor 1849 A @ waw
he

& S | aren or g-tens w7 ey o 22x|0° S0l o gwnm v e d)
8
L2 2. 32 LR 4 117

The spectral bne corresponding to 4n atomic vansition frem J= 1t J= 0 states splits i a
magnetic field of 1 kG wio three componenis separated by 1.6+107° A, 1f the zero field spectral
fine carresponds W 1849 &, what 1s the g-factor correspondin gothe J =1 stame? {You may use

he

— =221 )
;2{4
1. 2 2. Mz 101 4, 172

T TR N s R @ vem dy oV o el o soevwar £ 0 ow wRe 1200 K 7300
K atryas & g ensgovey 4 & RSl # wesr g @1 sqwm n(1200K)/n(300K ) smer

P
&

Lo exp{-30) 2 exp{-13) 3 exp{ls) 4. exp(30)

The energy requared 1o ereate o hattice vacancy in & erystal is equal to 1 eV, The ratio of the
member densities of vacancies #{1200K)/n(300 K} . when the crystal is at equilibrium at 1200
K and 300 K, respecively, is approximitely

L expl-30 2. oxp{-13) 3 exp{is 4. exp(30
[-3t) ‘ ,

G bt Rt S ar ST T (k) (3-cosk a-cosk a-coska) @ A
FERE s R aamegrd & e 8 iy §

4 Ty ey
{ rrai 3 2 e I PBew 4w N2
The dispersion relation of plonons 2y solid iz given by

{e)j[k)»:f ;

Ui velocuy of the phonons a1 Lirge wavelength s

e

3-coskaocosk a-cosku)

i ¥ —
b

i . © i
DTN RN 2 ma 3 YN 4 maly?
L i % B urey
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L wrg ) v wgw & srwtt o ofien ye(x)=w (o L)@ o wed oo odueie o ant i

freet ¢ afd vty %(X)S*»}fﬂmmm 5 gl g, :%}mﬁ any & o @ aw o ow Ay
v "

sl v V(x)=V cosgy s e & el g, Qafl a1 ow geby spw @ gel 0 8

aivr frgia @ g et wod o Wiy w0

1254 Y
L Ve, fel CNL N W ——
‘ 2\ g2y g -2kg )

3. Vel 4. e +5)

Consider an electron in 2 box of kength L with periodic boundary condition (¥ )=y (x+1).

. h ; . .
£ with energy &, == what is the correction (o its
2m

If the electron s in the 1w, (x):—l—me‘
Vi
energy, o second order of perturbation theory, when it is subjected to 3 weak pericdic potential

V(x)=V,cosgu, where g is an integral nultiple of the 2774, 7

v 43 ~ 3
L Wis s 5 . wi‘; - ] r— 1
g 2ky gl -2k

3. V,j(f:pzx)/"s; 4 K e,)

“aPb e of Few smwn @ gEsv @eva J‘”;%-_ & Wk wEE I s e

JP::—;’{ & 1 o R oeeh g s A Rissn sy awwe aven § oot st S
ety B §

1. E2 # E3 2. M2z E} 3. EZ v M3 4, M2Za M3

The ground state of % Pb nucleus has spin-parity J° -]2~ . while the first excited state has

Je x%« < The electromagnetic radiation enntted when the nucleus makes a transition from the

first excited state o the ground state are

1. Eland E3 2. Mland E3 I EZandM3 4. MZand M3
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Ay piFeat & wndt sRisid &

3 * ¢

A K +p— i +m Vo
Bopau -2 KT +K°
(“7 E:v 3 p&'}:i‘@

Lo A e B Syt o O Pl 2 A wee B e O telw
3 AP B St o O rde & A BEE B Pgogeem T (B

The dopunant mterachons undesying the following processes

DK +paLx
E oq+p K+ K
A

are

L Arstrong, B:clectmonagnenie and Crwesk 20 Azstrony, B weak and C: weak

3. A weak, B clectremapnenic and Costron 40 A weak, 8 clectromagnetse and O weak

ai ey v v whary o of f=2 wmy nw v & el v gow Nl e g
. 3
£ Won g T RET TR B weedshn poad o p, @8 a0 e ol @ B

comr (po+p, Y i 0

L fmy I my,

£

s , T
Aoomy )-8 Fmyrgi-1

10 Higgs boson of mass iy moving with a speed 3= - decays into o pinr of photons, then the

3
[

revariazt muss of the photon puir is

Invote: The mvariant mass of o systens of teo particles, with four-mnments p, and p. s

4
(p+m)
oo fmy, L omy
" A ' ey
¢ LT I 4. fnyy ,j'l Fia





