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PHYSICS

; Time : 3 hours l
t..I qrFI : 3 r-fe l

I Maximum Marks : 2OO

13Tfufrac 3is: 2oo

Instructions ( fifu) :

(t) This paper is divided into tu,to Sections, Section-A and Section-B.

i vrcct A dd i iqrTrfdd i, <is-n 3rh rds-e t

@ Each Section contains eight questions.

Id6dst slrdnlctl

ftn) A candidate has to attempt twelve questions.

qs cffqrPff *1 er€ net'i sT Tfi ftqiT tl

(iu) Question Nos. 1 and 9 are compulsory and out of the rernajrring, ang
ten are to be attempted choosing five from each Section.

sr{{isr r er}r's 3TMi *{is}TntnffiW*rwtfuqiTt, !-+sEis
+d'q-d'qyc-frqiroeic|'ir

(u) Question Nos. 1 and 9 consist of 1fiue parts each. Each part will be of
6 marks. Word limit will be 150 (in relevant subjects only).

. vccriqr r efu g*fq-qia t{Fr tt n-dfi qpr + fuS o eis ftfiftd €r rr< rirqr
lsodsSfudt (crd€IqGMii)l

(a) Remaining questions will be of 14 marks each.

iq vrc r+ 3i*1* vfr'g{c 6til
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SECTION-A
ETg_A

1. Answer the following questions :

a-a-a_ _---_: :_ _ \I{qlcll{gc Y{.ll ch sil{ C:

(a) Deduce the number of resonator between frequency range u and
(Assume the wa1ls of cubic enclosure is perfectly reflecting.)

6x5=30

u+du.
A

grgft cns{ u 3ft , ' du * qtqH}a (3il-jqr{s) 6 {icql qir ffiir (ctc d fu
qfu-s \q-€rti{ fi ffi q0 d'E t qtdffid r} rfi tr)

(b) ?'n xgz coordinate system is rotating with respect Io an x,g,z, coordinate
system having the same origin and assumed to be fixed in space. The
angular velocity of xgz system relative to the x'g'z' system is given by
a=Zti-t2j +Qt+qrt., where f is the time. The position vector of a particle

at time I as observed in t|re xgz system is grven by i =(t2 +t\i-Oti ++f rt.
Calculate Coriolis and centripetal acceleration. 6

Y* xvz *}-3riff{c lqec 
"'y'r' 

s}-eritdiz fr€c + eq,{ n Sc € t fu-q6-r sTftftq
sclc t 3rh clc ii fu f-++i sik&'c *q ii 3rqRrd it ;ryzwrd t qrlH x,y,z,qT
Bffiq +T a=zti-t2j +et+4)i i, vti r qc-q s+ fttRm qr-m ir r qc-q w q*
ffi+e 6l qldsrc iqcr (ft\ft qiqrr) $t fa xs"yund + Rfi ,Tqr i
i =(t2 +t\i-'a1 ++t3f, tt *funkq *: qft+< isl"T *1ara qtr

(c/ A point charge q of mass m is kept at a distance d below a grounded
infinite conducting sheet which lies in the x-g plane. What is the
value of d for which the charge remains stationary?

q$ qT{z rrtivt lchargel q ffir trerrtrt (mass) -t st gt C* nsts S{Ifi-r{{rEz

*sfur {ftc t a ES rR {sT r-qr t q} 
'-y €q-d€ C ssRrd tt sR qd Rrr

{stationary) {6dl t fr a 6t crc wr ii
(d) A plane monochromatic light wave falls normally on a diaphragm with

two narrow slits separated by a distance d : 2.5 mm. A fringe pattern is
formed on a screen placed at a distance of 100 cm behind the diaphragm.
By what distance and in which direction will these fringes be displaced
when one of the slits is covered by a glass plate of thickness 1O pm?

!S qrfrd clcHiFs yq, a niq qmrq sq i \r* glss"fc qt m t, M A Sfid
fr1is Ae i n S d = 2.5 mm t 3rmrr Eli t r srqxrq * fr$ I oo "- fi qfr w ld
Sc (ci) c{ \rs fi}q H ffidr t r ffi EA" ct eh fuq fuTr fr n fis frenfr a t}qr,
qR frm q* fr*c ql qis fi Qz t Fci fsqr qrdr t, fus*l der$ io rr- il
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/e) Consider a heteronuclear diatomic molecule with moment of inertia L
Using classical statistical mechanics, ca1culate the specific heat C(7) of
ttris system at temperature ?. (Consider only the rotational motion of the
molecule. )

2.

qffi frqq qrFffiq Ac{crg-$ 3{g c{ frqr{ 6t R's-*r qse 3rqoi (+fz air iqRlqrl
r tr wifu*-e qiffi qiBrfi qr rcfr,T s{i ES, W yuniff (fteq) ql arqqrq

GRts{) r c{ frFrs sqr c( ? ) +l vrr fr*'rct t t*q-o 3rg *r Eptq rrft *1 eiRsn t {dt r )

Exarnine the scattering produced by a repulsive central force

that the differential cross-section is given by

o(e)de=+ - (x-lldx
2E x" (2 - x)' sutnx

where x is the ratio of 0/n and E is the energz.

3. Two spaceships A and B each of sane rest length -L, are moving in the same

direction with speeds ? *U f respectively where c is the speed of light.
Calculate the time taken by spaceship A as measured by B to overtake
B completely. (See figure below.)

i oiafteT qrq A 3+r B, fr{ii }i+s fi tR Et ru t, ${ cs 8lqw t nw, f efr IJJ
fi .rft i qm G t, fti c yqrvr ff qrs t r eiaftq. qrq. A dro aidftH qFr a d ft nrt t
elailm q1 ;1 6* q-q1 qqq fi {qHT st, iqr fr B arr crcr qrdr' t r (ft-i Rq .rq ful el
.f--:r . \q{s tj

-xr = 
- 

si h nIIr
r"

74

q*.yftrsdrr Adhci{
i-wn Rqi qsr t

k
o(0)d0 =;i

,zr)

----9 \ ^-t- - ---J\.''lEl x, U/7I cbl 3l5ql( E dl( r, J'{l E I

74

f = 4 anr ss* s-fi:tc fi li? eir Mt fu ffiRrrre sis-

(x -LJdx
*212 - 

"12 
*o'_n*
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4. (a) What do you understand by the covariance of Maxwe11,s equations? 6

ffi€ + qm*{sii } ftsarT (s}-itq{) Q snc wr ec-flfr ii
1rb./ Using the Maxwell's equations in tensor form, write the covariant F

a'd contravaria't Ptsv cimponents of electromagnetic fie1d tensor in mat#
form. tt

sRiT (tgr) * sq ii ffid + €rffi sT 3cqtT *tt ge, t+gn-gqfiq Q-r tq{ +
€-$iqjsq fu oh ft-tqiq.m 6fgatrr) Fuv q-di d qtr€ * sq ii fui i

5. An arnount of charge q is uniformly spread out in a layer on the surface of a
disc of radius a.

endil 1q61 qffwxgofuq., ffiiff-qr "t, *qcec{l|sq-Git €qrqsqQffi
EQ EI

, U"" elementarJr methods based on the azimutha,l symmetry of the charge
distribution to find the potential at any point on the axis of symmetry. 7

eqfrfr * 3Tq (\l-ffiq :lis ftT+fl) q{ M S fq-E c{ tqvq tq}tprq-el drd fiftS ffi
frS ilan kdrq fi $-SSQm qcsqdt qr gnqfrd jreift--s frfudi qr sqqlT qir

(b) With the aid of (a), ftnd an expression for the potentia_l at any point r|rl>a\
as a;r expansion in angular harmonics.

/ai fi v6r+m t qMq ETqlfutr il vs{oT t Gq ii ffi rff ftiE rlrl>a) qr QiiRrqo
+ftqggiacmetr

6. (a) A parallei beam of monochromatic light of waveiength 600 nm is incident
normally on a surlace.

6ss "- 
qiqff qrd qffi+Ds j-FIqI .Fi q-$ €qgiil gq Cs sdE qr q;q.rq u'q i

encfrd'd-dT ir
(i) How many photons or radiation fall per sec on a surface in order to

produce a force of 10-o N, if it is observed that 50% of incident photon
are reflected by the surface?

qle.16 isr qR fu so% 3Trqftd s)aic €-d-d t cfu'trf, Ele t, n) ro-6 N 6r qcr

strd qd t fuS qi€ q{ yft +*s m sHl qr ftfs$T m t ?

(ii) Al wil.at rate will temperature of the plate rise if its mass is 20 gm
and specific heat is 2000 J /kg "C?

ufrE q.p 6rqqpq fus <{ i q.e,Tr qR {€FFT trqsn 20 sm S{ frRrq am
20oo J/kg 'c i?
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lrbJ A flask is fr11ed with 13 gm of an idea.l gas at 27 'C and its temperature is
raised to 52 "C. What will be the mass of the gas that has to be released
ln mainiain the lemnerafr'rre nf the sas in thc flask at 52 "C and Lhe
pressure remaining the same? 5

7. (a)

27'crRgs wifs rs sm 3iKsi+st WEenf ert{Fq+drqqqq} 52.CdiFq.dr
qq1 vm t t wrw ii tq 6r drqqF{ sz .c qt eqR {€} * <qrq e"cn {6} + ftc *S
Tri erd ts'er feqn .pTT EirrT?

A system, maintained at constant volume, is brought in contact with a
thermal reservoir at temperature Ir. If the initial temperature of
the system is ?., then calculate the chdnge in the total entropy (AS). You
may assume that the specific heat of the system is independent of
temperature.
qs fr{ec, frq-sT sFqtc arzkr;T q:n g:{r t, *} arqcn ? c{ qs er+d is-qiq{
(qanrq) * eE-S ii drqr qrnt t r qR frec (yqr$) ql wfo+ drccn 

" 
t, A !F-d

{<iff i cie-dr (^s} fi rrunr st 1 srq q5 qn vo} i fu s"TrFff ql ffrTs &t drqqn
q{ firft € tl
Assume now that the change in system temperature is brought about
through successive contacts with I[ reservoirs at teinncrafirrc

T + LT, T + 2LT, .-..--...., Tf- LT, Tf

where NA T = Tf - l. What will the change in the total entropy in the
limit N -+ .. arid A? -+ 0?

3rs crc dfrS fr dHqfq r + 
^T, 

T + 2LT, .........., Tf- LT, +, R lrtsqiq{ * €H
Fhs {iq-sT * qrqq n fr€c dtccr{ i ck-dc ETqr qmr t, s€i N Lr = rr- 7,,

n-+ - S{ 
^?-+ 

0 fi qftdcT ii S'f, FqTff i wr qffs-dq €}fi2

1'cl Comment on the difference between (a) and (b) in the light of the second
Iaw of thermodynamics.

sqsaFrfi (qffifu€) + gs\ ffqc * 3rT+s il 1"7 ei{ fbl + *"q 3if,"{ \{ ftqoft +i r

8. Two thin s5immetric glass lenses, one biconvex and the other biconcave, are
brought into contact with optical power of 0.50 D. Newton's Rings are observed
in reflected light with wavelength l, = 0'61 pm.

d q-at ecsq-d'r ild rfrrq e{, 1'* svutt-o erh gwn cuw*co, 0.s0 D fi 3tTerd qrq{

It gq-+ t eR fr t r qrrsffia y-srqr i qec s-dq (fr..T) cfrdfHfr ftq rrq t, ffi dtqM
I = 0.61 pm tl
(a/ Determine the radius of the tenth dark ring. 8

t*l (rotr') €T+ nn ff ffqr sT cH fi-*-rel
(b) How the radius of that ring will change when the space between the

lenses is filied up with water? (Refractive index of water is 1.33) 6
qe ils * frq 6r {qq ct* t rri Rqr qrf,r t * 3q rsq ff fi-w1 gq 

"* 
qrqft ? (qd

sr 3tTeiis Eq-sib t r.:s)
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SECTION-B

€g-B

9. Answer the following questions :

ffiftawi*sqri,
[c/ Consider the neutral H, molecule,

electrons. If both electroni go into the
explain the Pauli exclusion principle.
state and first excited state?

6x5=30

which has two protons and two
lowest energ, bonding state, then
What is the total spin in ground

6

qiriiiroiT H2 3Tg, frqiiA jizi{ shA{fr*4ictr uRi,itVd-*61ftcraqcsiiiq
t, ft qrsaft 6r aq{Sq ql fr'<ra * qrqlqir mts ez 3ft: sd

cffic)sQzfrWfr]A-d-{it
(bl consider a particle which lies on a circle (its coordinate x takes values

in [0' 2zR] and we identify x = x + 2nR). Let assume that the wave function
of the particle is periodic in x : ry(x + 2nR) = ry(x). What set of values can
its momentum take? If it is not periodic (e.g. V(x + 2nR) = eary(x)), what
will happen?

crc d fu gs q.ur Td qr Rrd t tVs-mT frdqTiE x s,T crq [0, znn] t t 3rh
x= x+ 2nR) sE i) I cr+ d fu sur ;or +qdF{FT (artr we-c) x: y(x + 2nR) = ry(x)
d 3r-{P--* qfis}fr-s tr Ee-nr i*,r cdi q 6t+-ur sgqs (tz) i q*ar ti qR q-r
--a- --_.c( \ /t'iqltrcb r6t 6 (e.9. V(x - 2ttR) - e*.'lrlx)l, dt RTf EIrfT ?

(c/ consider the groun^d state of a dumbbell-shaped morecule : mass of each
nucleus = !.7 v 19-24 gm, equilibrium nuclear separation = 0.75 A. Treat the
nuclei as distinguishable. Calculate the energz difference between the
first two rotational levels for this moiecule. Take h = 1.05 x 1O-27 ers_sec.

ssd * 3rrs-R * urg ff W s+*pn fi vfu*-e-rT qi , y*q; qrFr+ tqfuqql *l
trqqn = 7.7 x to2a sm,EffiescqRvtffieq fagdqlrtrEler*ur) = 0.7sAl

{d* qfr s-sq-31srr qrr$lt E€ :lg + fuq q-t-0 a qlff kri (itaT-{d ++m) + dq
tqi 3id{ fi qq-a1 eit a = 1.05 x 10-27 e.g-"ec t q*t tl

(d) Explatn why baryon of spin 1 and an antibaryon of electric charge +2
cannot exist according to the quark model.

cis-d + 3r$TR ft-{ 1 ql AftEH 3ft ft-gd sr*sr +z ql q&&ft{q
+W r0 d qrar ir

Physics/214A



10.

/e/ A tritium atom in its ground state beta decays to He+. Immediately after
the decay, what is the probability that the helium ion is in its ground
state, and in 2p state? 6

\rs Afrqq qrqlE 3rr$ W sqren ii *a tpl eq 6ril t He* frr etq * grd sK Hr
vrkf,dT t ft frfrqc e{q-q 3rqi W q+*plT ertr zp erEen i tr

Consider a step functional potential V (x) = V O (x) and particles of energr
E > V incident on it from both sides simultaleously. The wave function is

lAeitu aB.-ik", x<ot'*'= 
1r.tn" + De-ier. x>o

crqit QciiE{q-€frtRrqe v(x) = v@ (x) ahvrffo-e Btisc{S E> ygssTq*it
3ilqfr-d dfr it +q.iE{Tq (atr q-ocl t

lAeitu q g"-it'", x<o
v{xl = i

lce'a'+DetQx, x>o
l;----=

---J . l4ln-E -s-\tlFl K =,/ *, Ctt q =ln-
[a/ Determine two relations among the coefficients A, B, C and D from the

continuity of the wave function and of its derivative at the point x = 0.

fr-g 
" 

= 0 ct diq q-6q 3rh w+ sqirer"T (3ft+e-q) fi ftidra'r t g"ns A, A c*r
D+*qi*dqfulftaetr

(b/ Determine the matrix U defined by the relation

(Jqc\ (uttutz t[Ge)
IrteJ=lu"u")le')

. Show that U is a unitarJr matrix.

ftq iaiq (nrfuic) anr qhrTfrn ttrw 1eng5y u trtrlfta *tr

({rr)={urrur")[f*)
WtsJ \u2ru22)l^[qD)

ftu(ff uqs g*ricir err{Etl

(c/ Write down the probabilit5r current conservation ald show that it is directly
related to the unitarity of the matrix U. 4

s]nRftTE (erftsm) 6iz *q{siq t4d 3ft: frGT( fu q-d 3n€E (t-fr-tr) usr FT.c's-dl
1g-StftA) tftqrftitu-ntr

Physics/44A IP.T.o.



ir:r. (a) The probability of finding the electron somewhere inside a shel1 of

radius r and of thickness dr is proportional to lRn.1 f1l2r2 dr' The factor

f a" ,, 

-ttl 
I 
t gives the probability density at radius 'i *f it" tft" factor r2 dr

is p'r'tportionat to the volume of the shell' For the 1s state of hydrogen'

at what radius is the maximum of 1R,"., 11112 r2Z

fi"q , etr ff ar+ q* t-e (she1l) * 3iqlq-€l S E++liq ftro+ fi irfus-dl

lR- . (r) 12r2dr ilsqqcrfi 1ffi |1 en* (*-+at) 
1 n",, (r) | 

2 frwr' * vfo*al

*# t" t *m qrw ? ar +d + 3ilqiq + qqEqtff *m t t trr$sc fi 1 s eref€r

Gz) + fldq, fu{ frqr qr 3rfu*f,c i l*"., 1r\12 12?

/bl Calculate the expectation value (r) for the ground state of hydrogen'

How does this result compare with the result found using the Bohr

theory?

5rtdsq fi Ao e-+w + frs 3TqqT m (r) fi {urqr fr1 dr por"; S fr-<ia et

3qqt.T ql* vm qftrnq'* qTeI Es cftqTc fi gcrr i* ttfr il

/c/ Eva-luate the expectation value (f/r) for the ground state of hydrogen'

How does this result compare with the result found using the Bohr theory?

Comment on how (t/r) compares to 1/(r)'

6rr*'sc ff W 3i-q{PTr } frq ortm qn (1 / 4 6r {€isr et r dt & fu<ia 61 3c*rr

q.t* lrn qfurn * qrq Es qftqrq ff EiriT A* $-fr f t ftxufr *t fr (t 7 r), t 7 (r)

t ne-cr A* qraT tt

(d) Evaluate the expectation value \t l'2) f"t the ground state of hydrogen'

Note the following useful formula, valid for integer n > O :

6 -lfr-dr
I r"e ' dr = ---,-=J ^rt-toq

4

nl
I r"e - dr --
J
o

err$s-{ ff W 3{-srPrT * frq sr}m qrq (r 7 

" 
) m Sqisq *1 | Frqftfud 3c+Ifi q*

clz 6t, gurls (i&qr) n> s $ ftqqrq :
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12. For light nuclei in shell model-

+dqigdii{6rilfirs+ftq-

1aJ Using the harmonic oscillator shell mode1, describe the expected
configurations for the ground states of the light stable nuclei with A 3 4,
speci$zing also their total L, S, J and T quantum numbers and parity. 5

alq1fus 3t'ftf{zt Ff, qird qr gqdFr eri E<. A < 4 4 qre{ Eqr en rrfim q W
s-qrpn + fuq :lqiqa f+qrs qt wh qtr 3qsr ii-d (Ed) ,, s. J rTr r Eizq Gr
efu sqil frHs +ir

(b) For aHe, what states do you expect to find at about one oscillator quantum
of excitation energr? 5

as" q fuq anq is'q ge=p{r ii 3iT{ sii fi qqr+r !s uiffic{ Hizq Eirs} Si sra=
\ I^.t{d 6l

(c/ Which radioactive decay modes are possible for each of these states? 4

Ec afr+*rr-rS i t y-ds + ftq 61{-i \Rq}qm qq qte {irrq ti

13. The magnetic susceptibility is measured on a diamagnetic sample, which is
suspected to be contaminated by Mn. The measurement gave the following
results :

iiqftq {iffie-dr *1 go ffi-gq6q d * * qrdT i, fiiq* run anr 1fta fr} q1 6tra
tr +q{ifz (qrc) + ERr frR qfturq m :

T(K) 300 180 145 115

lt,5l]Xru - -8.88 -8.50 -a-24 -/ 60

/a/ Show that the sample contains a paramagnetic contamination.

ftu( fu +1r fr cs 3r-giiq6m e-gor ir

1bl Calculate the concentration of Mn under the assumption that they occur
-- ')+ . ,^ "q.as rvln- rons wtln [Jd-J conttguratlons.

Mn ff eirdr ff {upqr sq cTRoTr + F{d s;i fr a Mn2* sTrqii * sc I {3d1 fuqrg
* srq tt

{cl Determine the diamagnetic susceptibility of the substrate.

s-q?" fi vinie.firq €-aEcitddr qir fwffta otr

5
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The primitive translation vectors of a hexagonal space lattice may be taken a9

/t \
| 32a l^ ( a\^

"'=l z )-.lz)s
/1\
I sza l^ ( a\^

"2=-l 2 l**b)a
^t'ag=cz

(tLo)^ rovtt=l 2 l*la)o\./
/r \
I sza l^ ( a\^

""___l z l*\z)o
\/

as=ci

r 1 \^
ur=lznlszalx+(h/als

\./
r 1\^

u2 = -l zn 1 si " li + 12" 1 
"71\./

bs--{2n /Q2

- 
_l '.il"

:--i , .1,;:.
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15. If the proton is approximated as a uniform charge distribution in a sphere of
. radius R, show that the shift ofan s-wave atomic enerry 1evel in the hydrogen

atom, from the value it would have for a point proton, is approximately
/11 .

LE* =:-:.o lVr*(0) l' R', using the fact that the proton radius is much

smaller 
"than the Bohr radius. Whv is the shift much smaller for non-s

states?

" The 2s hydrogenic wave function is

eaol 3 tz nt rz (' - 

^ 
)"*[- 

^ 
J

What is the approximate splitting (in eV) between the 2s and 2p levels

induced by this effect? [ao= 5 x 1O-9 cm for H, R= 1O 13 cm] 14

qft fei{ q} E-;qT n }.td I qr+eqrq eTla{r frarT * sq t wgr66 6* -t* t, A RqrE

gcf H{ ff ferw, \t$ fq{ t'Ri{ + frC as-s qrq !, drnrrr te,' - f e2 | v'.'(o) 12 B2

f , Ee cea w w-*l art E< t* izi+ B-q qh ( e o hr ) ffqr i {g( 6ta t I r,Ion- s 3rEer

*frqftrqe-{dg}a+itti
zsilt-qtifto wi,r q-sc i '

eaoi-3 / 2 7J t 2 

lt' 
^).*l- ^)

F€ erTH i ika z' *r zp wii + *q Wqrfta ftqrs{ 1.v llm ii
tH * ftC ao: $ x lQ-e cm, R= 10-13 cml

16. (a) Prove that the Weigner-S eitz cell for any 2-dimensional Bravias lattice
is either a rectangle or hexagon.

slkd 6t fr ffi S z-enqrd ifu{q (Bravias) +fu€ + frC *nr-d-E *a qr d
3ilTd t qr yflq il

/b/ Show that the ratio of the lengths of diagonals of each parallelogram face

of the Weisner-Sei? cell for the face centered cubic lattice is J2 :1. 3

<nfEq fu q-c* ifiEn q{ dfus (qrf,s) + fuq frrr dr'e +€ + y-+*' qc|cid{ E-Siq
q-trs + ffi ff ff or erEvrn uE' r tr
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l

.

(c/ Show tJrat every edge of the polyhedron bounding the Weigner-Seitz cell
t;

of, the cubic lattice is !' times the lensth of the conventional cubic cell.4-

Rf( fs qGs +Eq + frr{-fr$i-€*1erq6G qrdqfdt{rcqly+smqisq
\ ----.--:!- 

- 

f:
\oouncung,, q,r-qit{qr *.fc-s+dffffH Y U{tt

+

{d/ Show that the angle between any two lines (Bonds) joining a site of a

diamond lattice to its 4 nearest neighbours i* "o"-t[-]l = lOg"2A'.\3i
tprtE fdr wds +&{ * €rn *1 ss+ + f+*-rrq rrdRrq} i trfl } ffi ft fu di A tqrsfi

\ ^ - 
\ -rl 1)* d-q ;m q+or 

"."-t [-iJ = ros.za' tr

I
t

**,*
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