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PART A

1. In still air, fragrance of a buming incense stick will
be smelt by an observer quickest when the
experiment is carried out al

1. [ow altitede and high air temperature.
2. high altitude and low air temperature,
3, o altiods and low air temperalure.

4. high altitude and high air temperatre.

3. How many squares are there in this figure?

Iy 3 2. 14
3. 15 a4 |7

3. A mountain road as 3 sections of different slopes
its shown, What 1 the average slope s of the enzire
¢limb?

i ] 2. (1) =m={1/2)
3. lem<=v3 4. (LN3)=m=1
4. Which of the Rllowing graphs shows the

copcentration of a sugar solution as a function of the
cummslalive amount of sugar added in the process of
preparing a saturated solution {the temperature
remaining constant)?
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shown as A and B in the figure, I1 the density of
wetler 15 ¢ amd g2 s the acceleration duc o graviry,
Then

1. Aand B have equal weights.

2. A s heavier than B by an amount w,

5 Ao heavier than B by an amount P —
. Bis heavier thasy A by an amount Fog — w,

e

7. 1fthe father has bleod group © and the mother has
bleod growp AB, what are the possible bloed groups
of their children?

O, AB. A
AR
A0

B, AE
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8w Boww @ o TP 7 US # w%w v 8. Nucleiof TP and U5, accelerated through the sime
HeT e gy o 4 wdw ww (P @ potential dilference enter a uniform, transverse
frp 2 =15 7 8% T Z=16 ) 77 § yEwy megnetic field (£=15 for Pand £ = 16 for §). As

dv o awvant & they emerge from the magnetic beld
1. Fet e @ A B @ Pared 1. both nuclei emmerge undeflected,
1 32e: Pl 7. PP s deflected less than V5.

2 F o ey bﬁg.ﬂa}v#-ﬁhﬂ'g{ 3 \EP. deflected il MS

3 J-.I-F oy mwals E'i!r I%Eh?_ # ﬂ@"qﬁ g_ J . 15 aellect NS thame

4' <1 77 s » ' 4. both are equally deflected.
BT TR VRO B

9, F= T A §F wew o averd e & 9. A person chewing a bubble gum did nof experivicy
' m e B o v g w;s'e.r o E.'E.' ear pain in a jet plane while landing wherens anuir
=2 ghr o7 gw w seed G Tam ool person not chewing a gum had car pain. The Teason
avr % o Fe & 1 gewr sEw 7w § wee # oAb

fr : ) .
. chewing gum is & pain killer
1, wowas gdwwer £ 2. chewing equilibrates pressure on both sides of
2. FRETR W T W A e & 3 the ear drum
T WITETT wver g 3, chewing gum ¢loscs the car drom
3 ywEnE & Tur W 5T T oy g gew & 4, chewing distracts the person

A, FEFE FT TEFW IT W =357 Fer d 4

e ! 3 10. The reazon why a Juner eclipge dees not ocour at
10, Fv gifr & wrgee Faiee dor T A vy fall mbonis

1. o @ w et gl f s T e 1. the position of the sun is not favourable atall

2. s T gedt o offwer g @ A 0w gow o fusll moons.

e gt e o F o 2. the orbital planes of the moon and Grat of the
3. gedl @ s oyl ey T 8 earth are inelined to each other by a small
&, T A v 8 mewl 8 wEaiT wow angle,

3. the shape of the carth is not & perfect sphere,

11. o @o%r 0% ST @ G ow gemE i F 4,  the moon reflects only from ene hemisphere.
s O S BT 3

g
: s W HET T UWWY WA 11.4 boy throws a stone vertically upwards with a
o e @ owla B oowe wEE @ e certain initial velocity. Which of the following

1

B arer ot ot & v gmhw # 7 graphs depicts the velocity as a function of time, i
the acceleration due (o gravity 1s assumed 1o be
2 uniform and constant?
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T & @ aver ner oY v wm £ d ad’ 2p suspended identically from ils ends,
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. A= BB
3. Ad'=(3) BB

2, Ad'=2 BB’
4. AA'=(2) BR'
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When the bar (s level on a fulerum as shown i the
figmare, & and o are related by

1. da ="
Siod =2

2. d=2d
4. d <2

13. There are two points 4 and 4” on the eguator at
longitedes 0F and 907E, and two other points 2 and
f%an the same longitedes, respectively, but at
latitude 60°S. The distances (along the latitudss)
between the points A, 4" and B, 5" are related by

1. Ad = ga* 2. Ad'=12BB"
3ooAU=(VIBE 4 Ad4'=(N7)BE"
14.

e A . L
& L=
Water is flowing through a ftube as shown, The
tross-sectional arcas at A and C arg equal, and

greater than the cross-sectional arez a1 B, If the
Flow is steady, then the pressure on the walls at B is

less than that at A and that at ¢,

more than that at A and that at .

same ag that at A andd that at O,

mwze than that at A but less than that at ©,

T,

15 Mateh the taco lists

R Muargrial Frodue
A Limestone [ a. Porcelam
B. Gypsum b, Glass
C. Silica sand c. Plaster of Farig
. Clay | d. Coment |
A B C Iy
L. a k c d
z, d ) b a
3. a C d b
4, d & [ b
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17.

organic substances older than ~60,000 years, because

1. such objects rarely contain carbon.

2. such objects accumulated C after their formation.
3. in those times there was no production of “C.

4, "most of the "'C in the sample would have decayed.

A seismopraph receives a S-wave 60 s after it reccives
the P-wave. If the velocities of P- and S-waves are 7
ks and 6 km/s respectively, then the distance of the
geismic focus from the seismograph is

2. 42 km
4. T2 km

1, 2520 km
3, TOM km

18, The decay of a radioactive isolope P produces a

stable daughter isotope [, The ratio of the number of
aterns of 0 o the number of atoms of P after 2 hall
lives would be

I. 1/4
35 &
The scatter plots represent the values measared by

two similar instruments. Point A in the fgures
represents the true value, Which of the following is a

correct  desceiption  of  the  guality of  these
measuremenis?
£ SL TN

1. Fig.1 : pond accuracy, good precision
Fig, 2 1 peod accuracy, pood precision
2. Fig.]l :poor accuracy, poor precision
Fig, 2 : good accuracy, poor precision

3. Fig.l < poor accuracy, pood precision
Fig, 2 ; poor accuracy, poor precision
4. Tigl : poor aecuracy, poor precision

Fig. 2 : poor accuracy, good precision

. Even though the concentration of CO; is the same at

sea level and at high altitude, the photosynthetic mte
is higher in a plant grown at sea level than in a plant
{of the same species) grown at high altitude. The
reason for this iz

fight intensily 13 more 3l sea lovel,
temperature is lower at higher altitede,
atmespheric pressure is higher at s=a level.
relative husmadity is higher at sea level.
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' PART B I

A veclor perpendicular o any vagtor that lies on
the plane defined by x+ p+z =3, is

I Pwj g ek

3. f—jri: 4. Er:+3j+5.£
f1 2 3]

The eigenvalues of the mawix A= 2 4 &
3 6 9

are

Lo (1.4.9) 2 (03:7)

i (0 113) 4. (0.0, 14)

The first fizw terms inthe Laurent series for
1

in the region | £|z{£2, and around r=]is

1r e L it g
L. —jI+:-=-3'+z"—....]ll-.—l-.-:w.f_.______]
2+ TR g
(S
3. i..[!-l-l-r jzl] I+E+'—1_+__J
4 £ 2 B

£ 2(z-D+5z-1V"+Tz=1+..

The radigagtive decay of a cerain malerial
satisfies Poisson statistics with a mean rate of A
per second,  What <hould Be the minimum
duration of counting {in secoads) so that the
refative error i loss than (%7

I, H0si 2. 1otrad
3. [y i . I3
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Let u(x,y)=x +~;—{x’ —'f} be the real part of an

analytic function f'{z) of the complex variable
z=x+i). The imaginary part ::nffl[r}l is

b y+xy 2. v

3 ¥ d: pi=x

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

[t and 2 , satisfiying the inhomogeneous
differential equaticn:

I . "
sim;'=2l }+c&sxd—}=§[x—£ . The
Friy Friy

3 2
value of dyv/dx ot the point x=7/2

15 confinuous

has a discontinuity of 3
has a discontinuity of 143
has a discontinuity of 1

A ball 12 picked at random from one of two baxes
that contain 2 hlack and 3 white and 3 black and 4
white balls respeclively. VWhat is the probability
thar it is white?

170
29/70

I. 3470 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 diagram for the pendulum?

1
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30.

L]
v

7
N I .

NP

2

-

-

- Two events, separated by a (spatial) distance

9 10" m, arc simultaneous in one inertial frame.
The vime interval bebween these bvo ovenis in a
trame moving with a congtant speed 0.8 ¢ (where
the speed of light ¢ = 3 = 16° mfs) is

2.
4.

40 5
0=

1. 605
3. Ms

If ithe Lagrangian of a partizle moving in one

dimensions is given by £ = -;-n- - F{x), the
x

Harmltonian ig

Dt Lt
L g F(x) 2, EI++=|[:..-j|
3. Lo o Lrv(x)
2 2x

3l.

A horizontal cireular placform rotates with a
consiant angular veloeity € ditected vertically
upwards. A person seated at the centre shoots a
buller of mass pr horizontally with speed v The
seceleration of the bullet, in e reference fTrame
of the shooree, is
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31,
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34,

35,

2viD to his right
2 to his left
+{1 to his right
11 to his left

ek b =

The magnetic field corresponding to the vector
potential
A 1 ~FuF -J-E r

?‘=

where F is a constant veetor, is

. F T s

- - 31}_
3., FieF iy o=
?"

i'"

An electromagnetic wave s incident on a water-air
interface.  The phase of the perpendicular

camponent of the electric field, E, , of the reflected

wive it the water is found to remain the same for
all angles of incidence, The phase of the magnetic
field H

L does not change

2. changes by 1z 2
3. changes by 7./
4 changes by &

The magnetic ficld at a distance R from a long
straight wire carrying a steady current § is
proportional to

1. IR 2. IR
Sl . 4. I/R

The component along an arbitrary direction A7,
with direction cosines l:n M, ] of the spin of a

spin - -é— particie is measured. The result is

. D 2 i%az:
P h
L ti{nx --H_.r+.l'1'=:] 4. :I:E!-
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36, A particle of mass o is in a cubic box of size .
The potential inside the box

{ﬂ sx<a Usy<a 0= z{a.}és zare and
infinite outside. [f the panticle is in an ¢igensiate of

14z*K TH
energy £= —, its wavefuinetion is
2o
372 =
(2% .. dax, 5wy bz
l. w=|=— sin sin 51m
&1 ) & & &
(2 R A3
o ows=|= sin sin 5in
T ) el or o
F T G Brp . 2xz
 w=|—=1 sin sin sin
o) iy Iy o
Y
! AT o, ST PO E -
4, r=| J S0 = SIN ——= 1 ——
L il i o

37, Let g, denote the eigenfunctions of 2

Hamgllonian for a sphercally symmeinec patential
VII."}. The wavelunction

i =
e :E[wm # 45 ey wafl0 ||.u-'!|:_! 1530

eizenfunclion only of

1. H,Lane L, 2. Hoand L,
5. H end 1} 4. Iiand L
38, The commuator | x5, 07 | i
1. Zihxp 2 Yhirp+ pr
Ao Xihpx 4. Zin{xp- pr)

38, Consider g svatem of non-merchng particles in
d ainmensions obeving the dispoersion relation
=48 where £ is he enerey, & 15 the
waveveolorn, ¥ 15 zn infererand A oa cansman, The
density of states, V[ &), is proportional to

[}



40. N wrey amlT of el @ @ dig S o
rJJ.:FIIF i:uF':rﬁ'-?r_rr#?
I, N+l 2. J’Ir'[.i".’-l}l.'li
3. N(N+1}/2 4 N

41.

43,

43,

N ot aret o ShT ooy amme VT ave
T & o 7o ool &

F=Nk,Tn [aurf{ﬁhrj“"zf.ﬁ.f:!.
B ag v Rereie Bk, aleewn Rerwiw ol
FiEe s @ 0 e @ anatie wul

3
L SNkT

5.
2 SNT

5. WETIn|ap (k7)Y NV ]- =Nk, T

Wk Tn| a7 f(kT) |

ey gmifEt o altvarenw gl giiowr & P
o VG, rwals B Aefa vy W i
1K

— i p—————

|

1K i '
AR \\\x\ K| oy
L I/.Jw 25

i }
=K

| E:

-I-

-0.50%
=25 ¥

1o =EEEN i)
3. —1.00V 4,

WF UEW Orowe ohw T =) s
g F 1SV T SmAwaly 2,093
#t amEd smr b B0 Aet gl R devs
b s o o e v o A

1.5 = 10"
2.5 = 10"

L. 5010 X
R A [ b 4,
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40, The number of ways in which Y identical bosons
can be distributed in two encrgy levels, 15

N{N—EII;“E

N

I N+l %
3. N(N+1)/2 4.

41. The free cnergy of a gas of V particles ina
volume ¥ and at a temperature T is

F=Nk,Tn {g{ll-" [kﬁ]!"]! z‘.'J.?'-’_;:..

where a, 15 @ constant and &, denates the
Baoltzmann constant, The intemal cnergy of the gas

15
1. %M:ST
2 %Nkﬂf

3 ."-’k_.,i"ln[:;',, v (k) fﬁ]-% Nk, T

o swTin[ay /(K1)

42, In the ap-2mp circut shown in the figure below,
the input voltage ¥, iz 1 V. The value of the oulput

‘5'.:. 5

=050V
=025V

Li Q35N Z.
3. —Lo0Y 4.

43. An LED operates at 1.5 WV and 5 mA in forwiasd
bias. Assuming an 30% extemnal efficiency of the
LED, how many photons are emitted per second”

1.5 = 10*
2.5= 10"

1. .50=10!" r
3. OEx10"™ 4.
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44, 12t 7 gfimy & PRewev @ R, =350 7 k. | 44, The transistor in fhe given circuit has by, = 3500

= 10009 & ; 77 s piteEw B = 10000, and fr. = L000LL If the load resistance R, =

it ek 7 ey maer B
? ¢ 1000€2, the wvoltzpe and  current  gain - are,

- i
b ‘lf.;, respectively,

HL = Vg
Rp

g

= o
+

—-ln|||_+_.‘-.|,.-,_.-._.-_

1. 57 +35
L - B8 A
i g-0W 2. -359-3%
4. 098 ¥-35 3. 357097
4. QOB F-33
43. g e o afarer gaed! val of gabw | 45, The experimentally measured transmission spectra
it n e g ey e oA amid v B of metal, insulztor and serniconductor thin films are
ay e v qfay ar wwer & 8 a1 @ shown in the figure. It can be inferred that 1, 1T and
1l =F amfe wlal Il correspond, respectively, to

J =
.

It armirdisian £

1
£ [
F .'ll / o [ : / iz
4 i
: =i R et
_—-ij.r i B LD

ll-'l'r\r:lr.lsl"" Lz ":"rl'-".‘:l:'.1|_!L'| s b ]
Tl anlniaE T o il lator, s:-:nﬁcnnrhzr:u::ra_m:] rmetal
e Ry semuconducter, metal and msulator
P e : metal, semiconduector and insulawer
S A o 4. amsulator, metzl and semiconductar
SR e F arefereies

e
R —




4a.

47

47,

48.

1
slrwmi arE A=| ny 0
L= N,
& i
T | W

3. 01+, =1=i

The eigenvalues of the antisymmetric matrix, A=

tle components of a unit vector, are

[. 0,7 =i
3,00 1=l =1=i

B & & v i e slfeo & 7

' —_ N
1. }m[ﬁl +In] ]

ol 1

1
3, lim

w{;f; -in¥ |

15

" C

J

:
¥y

0

-n,

-

Bd

Which of the following limits exisis?

S
I; A:lﬂ[Z—th]

mlm

3 ’Eli_l'.ll [;i;ml—,t;;-—]n .’-.-’]

vor A # apg @ 8
faerty |
Tyl
& g ai

aE et 1, 2 am a2, .
wy o UF T gE g T
FEwrE wr v e T & @ AT e E

4.

—n | Wl wony T p, TE AR F gew & i

o, 1, -1
0.0 0

3
f

_nl

1]

where s, , my and n, are

it S|
0.0 0

fi (32 -

L

-~

M -I
lim » —
i

rml PF

2 i1
li [ — —In "v‘J
Vo El; m :

g

N

lim zL

N el

B TF U T HF futw # :‘n'aa‘r-.wzrrﬁﬂaﬁ'mum‘n'r?ia*_f
e TR BN st R 0 | TE RERT F M,
Bz o & @ qrw ot wer & | 3 AT
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44,

50,

5,

51,

51.

J:I'l'r f T N ]r ]
i EE ;. X 2. g Db
2 2 2

A bag contains many balls, each with a number paimted on il There are exactly a balls which
have the number » (namely one ball with 1, vaa balls with 2, and so on uzil N balls with N on
them). An experiment consiste of choosing a ball at random, noting the number on it and
refuming it ta the bag, 15 the cxperiment @5 repeated 2 large number of times, the averape value of
the number will tend

IN +1 5 N+ N{N+1)

1. : ; :
3 2 2 2

i [xr:ﬂ
T —c:x:rs—|n':i='rr O
Lhm L 2% ) i .

. =2a(R 2. -—afR 3. =#/R 4. 2=fR

L] - b
The value of the integral I : : 'HTEﬂﬁ-[% et s
—N-'r- = ] ;

ra

1. =2a/R 2. -x/R i alR 4. 2x/R

4

it wher | ||, p|} @ g #

1. il |pl + Hi: 3 4. 1
The Poisson bracket <: Irl. pl} has the value
Lo |el]p| L F.p R 4. 1

2 I i 3 X
- A G T F{;}::{xl —1} i o o F Bt ew @ ges oov Bew ) a2
T AT R & swmrmaw G w8 (i o} e s g &t

wr E7d g & weT ST =2 & ww wree sl i g wE

w0 3 @w A whlte srgliy @ =2 F W wEE s O oy we )

F0 gt & ard aEl @ 4t @ g

T IR Y H T O 9T WY I8 6F AR 1 4

e

Constder e motion of & ¢lassical particle ina ene dimensional double-well potential
; b 2
Fix)= El{ﬁ = 3} - [fthe particle is displzeed infinitesimally from the minimum an the positive

x-ais (and friction 15 neglecicd), 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 harmonic motion in the right well with an angular frequency
=2

3. the particle will switch between the right and left wells

4. the particle will approach the bottom of the right well and settle there

v wEE B 4 ot mEmE 7.5 % 10° de o6t 7 6.5 we ey  weet & & 7 s mewe @
it wier wrEnTT w7

1. 650 & 2. 600 % 3 575 4. 500 #Ha

What 15 the proper time interval betaeen the occurence of two cvents iFin one inertial frame the
events are separated by 7.5 = 10° m and occur 6.5 5 apant?

I. 650 2. 000 3. 5T5s 4. 500s

greE z-lewr A ged tE owaww @9 W Ao = g0 FW o fhw

V, #fF r=<R
Tf"l[r}={ % J & gt B & 0 ol R oo fere v g V@ 28, o ol
0o r=R

gy wrg, ot @ aEwdtaee F s yakl s

1. & o o @ S ager # 2.t o g @ g A B
3. ave ol aem e w8 ey # 3. Tt OF TET F OO G B W

A free particle described by a plane wave and moving in the positive z-direction wndergoes
scatiering by a potential

If F, is changed to 2F,, kecping R fixed, then the differential scattering cross-section, in the

Barn appresioaticon,

1. increases o four lmes the onginal value 2. inmgreases W wice the ongioal valus

1. decreases 1o half the original value 4, decreases 10 one fourth the original value

0 =% x| =a

F [ o H"?f."f."fh-'.l?q-'l:? ¥ETTEifE AT W
o & | 5o

va-fdhn i oam I*’l[.-rl:{

W{} ‘__,l:,”[I:T—fzmﬁw-ﬁ?ﬁ.ﬂ'ﬁmﬂﬁﬁ?ﬁ?ﬁgymaﬂﬁpq;qamrﬁ;,r
AT B

8/07 RD/M2—5 AH—2A
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AT i 11
i g g 3 A

Teng® Tma’ Smat

Avarnionadl catoulaton 15 done wth 8 sormalzed tnal wavelunction ;r,rl[_:_-]l =

o dvs one-dumenstana) paleniial weil

4 i
|!|r.:|:|-

P bk slite anecny 15 estinoeed o be

i b ]
| T . Tk - ?I'.lll
5 o e a e

g . . L 3
R EXITE iy

)=« W DExEl

[ b I U

LT 2 . o M FER L‘.ﬁ::__..{—:lr SEVET i Fr SR o R '1:'-'-"??3; &

, _.f.-? 2 . _ﬁ_j_'._-'.r_" © 2hiat
Bl W Jinl? . npd”

=]

i e i eze-dimension as e the patsnsal

Ve 4 42

Fixys §-F, il 0gxgr

Hdreng i ol deast oo bouesd siate, the minirum depih of the potential is

4,

. his” it 20wt

! L T ik L - 4.
T H 2mrs T

LT RN PR Al e 8 ) 7 B 9 Ei e e ey £ 7

il A P I e

- I.j_r-._. it n TR

s A i . sin & @0

[
-t

4.

Sk

A’

—

;;%{gl—f}

sh:
dma’
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mis

)
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nrée

- Hrsin & i
el
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Which of the following is a sell-adjoint operator in the spherical polar coordinale system
(r, & g} ?

B & #' 3 el
2 O L L R o L
sin'e op iy S Ting o8 MY

ey A o w whew A E 7

I P

.. |ExB[ 2 [B-[B 3. [Ef+fsf - 4 [EfR

Which of the fellowing quantities is Lorentz invanant?

1. |ExBf 2. B[ -B[ 3 |Ef+8 4. |Ef|8[

v @ e A ABC @ wef F S ¥ emfge ande @, 0 7 20 T A F

{ o

ey @ G- e s e oy g ang #
. +2aQi 2. 3a0 j 3. —V3aQ j 4. 0

Charges 0. @ and =20 are placed on the vertices of an equilateral riangle ABC of sides of
tength ¢, as shown in the figure

i

The dipale mament af this configuration of charges, imespective of the choice of oripgin, is

l. 4 2 H 2. '_'-JI'EI.':-'Q _; Lo - "-"l::'*.“f-fﬂ _|' 4. 0
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mr
—— & 13T m

s v av R ye g ST moR a8 e geery wiEe B A e

AR 7ot 1 R A @ ot By v o geEhy g o xouow #

Imy: 5 Jmxy
e P e
i r
1 Imxz 4 _'*.‘-.lrr!:3 - I}'J
s e F c 3 Trr
¥ £

The vector potential A due 10 a magnetic moment M ata poin? € s given by

muxr . ey e =
Aoz ——— U m s directed along the positive z-axs, the v-component of the magnetic field,
r

the paint r, is

Imyz 5 Jumxy
1. : 5 _dmry
4 2
r r
A : 1
L & jm{r - .1-_1:}
g AREE i§, T
o ot

O WS & EET B MG ey 7 oa,o= 2oy wwy g gamew Bt F oo T ow g
ot el Ao, 7 3% B B o A £ 7 B # x=e ™ 5 7 qupt ar aiwer woe )

1

I 'r.:l:'“"?’t!}.-"% L .1'};[l-i-_r+x?}llr{3
L v 1e2e)/z b W (1rre2e)fz

A system has two normal modes of vibration, with frequencics a, and e, = 2a . What is the
probability that af temperature T, the system has an energy less than e, 7

- X = i TTI G X %
[In the following x = ¢ Vand £ 15 the parition function of the svstem. ]

L. .r?:'{.-.-.l-lr";]}.-":‘.-j' 7 Iﬁlil-x-*fjfﬁ
5 ¥ (leae)fz 3 Hlexran)fz

TEHleTEw W gema M, arms TR gauils 8% H @ wew o ww F wellen

M = mnhlr %"&-{+{iJ #ooffr & 0w vt F gy o gl s M(0)=M(H=0)%
h

HETE T ge Gor v #
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1-M*(0) 1-M7(0)
L. : 2. —
r-7.(1-M*(0)) r-T,
r 1
. 1=M(0) Pt ]
T+T T:

The magnetization M of a ferromagnet, az a function of the tempertawre T and the magnetic
ficld JT , is described by the equation M = tanh[i;rf M+ ';f] In these unils, the zero-fickd

magnetic susceptibility in terms of M{0)=M{H =0) is given by

a 1- M7 (0) , 1=M{0)
Cr-n(1-M7W) - T-L
1- 447 (0] . 1-M(0)
o : r

adi He' @ ofedet s & 217 K ov v v £ # @y e wwlda gl & i Tt He',

Rrawr e ity He* o mor g o &9 & # fvs ovenr 9T any weme waidn s 7 (e
fiF ax offgd & e &)

1. 217 mK 2. 217 mK Y. 2.7 pK 4. 217K

Bose condensation oceurs in liquid He® kept at ambient pressure at 2,17 K. At which
temperature will Bose condensation occur in He' in paseous state, the density of which is 1000

times smaller than that of liquid He'?
{Assume that it is a perfect Bose gas.)

1. 217 mK 2. 217 mK 3. 219pK 4. 207 pk

v FET faree Binl g T oav & ﬁm&rﬁgﬁmﬁﬁw:ﬁm#ﬁm'mﬁﬁ}ﬁm}'
# arore wt 2T A% TR W T R o 9% oume we aveney o apd Rar o o
i # et goelt g went B

5 2 Sy 3. 8 4. 1o
Consider black body radiation contained in a cavity whose walls are at temperature 7. The

radiation is in 1I|Lll|1hl'l1.ll'l'l with the walls of the cavity. I the temperature of the walls is increased

10 2T and the radiation is allowed o come to equilibrium at the new temperature, the entropy of
the radiation increases by a factor of

1y 23 2. 4 3. 8 4, 16
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53w gftger F emEf T3 11 8 frir O w2t
(FEr e I, A, B=1L,C.D=0LEF=17G=10
zar il AB=0C,D=0EF=07G=1)

- )_L\--

o

AT
E F g

o 1.0 2 D 3,00 L PR T |

H
The output, O, of the given cirguil in cases | and 11, where

Casel: A B=1;0C,
Caseil; AB=0:C. D=
wre, respectively

J=EF=lalG=0
cEF=0and =1

2 e

L L
C— ™ ‘L"'}
L

S

T
|" I_'J I - —'D} o
(3 F 4

. L0 e | 3. D 4 L

T A Ep gl et UE e gEew @ wr whewy 1000 B oo R e A ot o
o anfr sy oy 8 g owE o e 3 & o g of vemaeen w2 % 10" S o
ool Ao E T R A Ry @ e grd pel & gl o gl ol ot 8 -

(e el s g & rcl sfedr g meE @ mEd oRale @ i
Tl B

b EERET 2. 30107 L0164 05x107
A resislamee strain gauge s fastened to a steel fxtere and subjected to a stress of 1000 kg'm’. IF

the gauge factor is 3 and the moadulus of elasticily of steel 5
2% 1 kpfny, then the fractional change in resistance of fe strain gauge due 0 the applied

ATt 15

(Notes The gauge factor is defimed as the ratio of the fractional change in resistance o the
lraceronzl change in length.)

I bS = T i B R 3 016x 107" 4. 05 = 107
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66. o |V g gl f, % 0w sy avr &y o GER o Rl e gefie s E g e
2 Fer wE 12 wreie 4wy Fe @ £ 0 o weT wRE werw a [ a
A awars & i ger & @

1. f=2f,aA=1V 2. f=f,70£A51Y
— 2 4 =
3. f=07 A=1V 4, _;':i':lqr A=
2 Sk

6. Consider a sinusoidal waveform of amplitede 1V and frequency . Starting rom an arbilrary
initial time, the waveform is sampled at intervals of 172/}, If the comesponding Fourier

spectrum peaks at a frequency j:mul an-amplitude A then

1. f=2f,and A=1V 2. F=fand 0421V
1. F=0and A=1V & f=%mm j:?]___ o

67. M0 @ e smwive W 3.842 dodl e & wE UC0 @ 3673 sonta ! me oy
g e amyel W agmw E

1. 1.451 2. 1280 i, Lodé 4, 1038

67.  The first absorplion speetrum of C"0 is at 3842 e while that of “C"0 s ar 3.673 em .
The ratio of their moments of ez is

. 1.851 2 1286 3. 1.6 4. 1.033%

68. e gy ¥ gEww-wer srgemger M=ol S S e £ o L7 8 e rodcld
it 7 g wfy i &t R, T 6, @ dta A
[ D 5 Lajp 3. dai’ 4. o
2 2 2

68, The spin-orbil interaction in an atom is given by & =a L8, where L and § denote the arbital
ans spin angular momenta, respectively, of the electron. The splitting between the Jevels A

1 '
and “f},, is

I5 E:Hr" 2. ]-n::r.F!! 3. 3abt 4. J—'S-f.l.l'.'
2 2 I
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J=1d J= ol ov g e Ry e @ owrn werw w1 kG geely 8w 8
L6107 A & Arfaw am weal & fwlw meft & 1 37 oy s e by 1849 A & v

& J= 1z ww g-ew o Py i =2x10° ol wr Ty W T #)
g
| PRI 2. 312 K SO 4 2

The speetral ling corresponding 1o an atomic wangition from J =1 to ./ = ( stares splits in a
magnetic field of 1 kG oo three componems separated by 1.8 107 A, 1 the zere field specteal
hine carresponds o 184% &, what is the g-factor corregponding to the =1 staie? {You may use
he

— =2=10"em.)

Hy

. 2 2, 32 Fue 4, 1472

T TECE B G S #@ v 8y | eV @t wel o orovaser # ) @w =i 1200 K 7300

K o A g e 4 8 RS @ e gww @ sgwe a(1200K ) n(300K) s

L. exp{-30) 2 exp(-13) 3. exp(l3) 4. exp(30)
The eneriy required 1o ¢reate 4 latice vacancy in 2 cryvstal is equal to 1 eV, The ratio of the

nembor densities of vecancies HI:]E{I{I [:{}I;fnlijﬂﬂ [{:] . when the crystal is at equilibrium at 1 200
K and 300 K, respectively, is appraximaiely

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

G att sl F weE o @y of (k)=e] (3-cosk a—cosk a—cosk.e) @ far
W E ) s o F s a it #

— —

[. -:'.:i'::'-'_.".x-'_":- 2. pear o iee 4, m,:,ﬂ_.-".di

The dispersion relation of phonons ina solid is given by
e’ (k)= {E—cns E,n--ms;:'f__a—cc-sk_.n}.
Lhe velocuy ol (ie phonons at Large wavelength i

b, anafa3 2. ey 3. GJiwe 4. ﬁ:,lnirx."i
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L mmmd w v wgw & srwfl ohar ofa pe(x)=w(ar L) @ e ved oo oewls @ an o

: 22

far  oF v M{-‘f}=-"jl,]rn:"“afnrﬁ.'r # Fal g, ='r;—'r‘a? wny & 3 w9 W W 0F e
4

srlf fwm ¥ (x)=V, cosgx s aen & wel g, Qx/Lo# o e agw g @S @

sibr Pt & s gowt ol a gl T d P
_mlfr 1 ] ]

¥ , )
2\ g v 2kg g =2k )

L Ko

1 F A |:‘f¢ —E }Ilr"a:ﬁ 4, I«"[f_lf-"{*'_:'ll +-!:'r:|

Consider an electron in a box of length L with pericdic boundary condition p(x)=w {x+ L).

If the electron is in the 1w, |::.1':]=—4.3"E'T with energy &, = . what is the correction 1o its

VI 2
energy, to second order of perturbation theary, when it is subjected 10 a weak periodic potential
FI:I:I= Foeos g, where g is an integral multiple of the 27/ % .

2
L Ve fel S e
gt +dkg gt -2kg |
3. If?l:st—ga]ll,.flsi 4. I":,!J."II{.I:*-I-EJ

“oPb WA o freew smwer e ogeew wr J'”-;%-ﬂ il e

JP=E ¥ ww mAE vrel! el s @ Fewr smen § Swen s Bt e S
weral e &

1. E2 ¥ E3 2. Miz E} 3. EZ 7 M3 4. MIz M3

The ground state of % Pb nucleus has spin-parity JP=% . while the first excited state has
i =-§—:’ - The electromagnetic radiation emitted when the nicleus makes a transition from the

first excited state to the ground state are

1. E2and E3 2, M2and E3 3 E2?and M3 4. M2 and M3
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Fe it & wedl s

A K4p—oZ+x g
B. pidn = K +8°

LB pex’

1. Ao L B |=.'5"113"n7<.?|r.}3 g O Fefer 2, A, B Frfm ey O Few
3. A FEE B: fmgwetr g Cwdd 4, A Bem B Bgrgmam 7 e

The deminant interaclions undeslying the following processes

D K-+p—=E+m
E, p+p — K7
F. T' = p+a’

are

L. A:strong, B:electromagnenc and Coweak 2. Acsrong, B weak and € weak

3. A weak, B eleciremapnenic and C: strong. 4. A2 weak, B electromagnetic and O weak

af3 TRy, B (B R W ol ﬁ=f oW wE v & oet o g olerl i am gl
& ot wers g o ey g o Mg - weewdn p @ p @ @ F @t ooel! @ R
e () E O

. Bmy 2 g

T T i PR
Jl. mli.lll"vlll-lﬁ "i. ﬁmH"""«'I_ﬂ
i , ; v ;
s Higgs boson of mass pr, moving with a speed F=— decays into a par of photons, then the
L
pvarianl mass of the phoon par s
[Mote: The invariant mass of a svstens of two particles, with four-momenta @ and o, is
2
[+ )
L Hmy i omy

————

T 4. p S



