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PHYSICS I r----------------------
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3 

PAPER - I 

SECTION A 

(.J 10-40) 
(3) nte l.llgmngJOII for a S)SlCIII wilb IWO degrees<)( iree<IOm IS )\tVen by 

1. xz • ;? 1 ~)'. ,.l. y1 (X nnd )'being Cnnc:sion) 
Show Ibm !he sy~tem executes simple harmonic motion \\1tb re$pect 10 the J.!enemlized 
coordin~tcs " and 'I ond hence find I ho angulnr lh:qucnc) l~f o;;dllnuott!t 

(b\ Ob!llin the 2 2 ma1rl' for refrnlllion lhrough u spherical $11rtillll: 
(c) Usmg Fermat's pnnciple obuun the Snell's law of refraction for llg.lu u1cideni on a plane 

surfnoe 
(d) Explnin whar is optical activity Ho\V is i1 qtlmttified1 Wbat are deJ(JTO rolruory and lea\o 

mtalnl) cr) S1nls'l 

(e) 

(a) 

1\ 25 em long tube contlllnmg Su{!ar solu11on I$ pln<ed between two cre>SSed Nicols and 
illtllnlltared bl lii;l•l or wavelength A ~6500 A_lithespeullic rotru ion IS 40 und the optical 
!lll&lion t:n'oduocd i~> 10'. what is the strenl!lh of 1hc S\)Julion? 
Show thm a rigicl body has only six deg:n:es of ITeedom_ Ho11 are these six qegrees of 
fr~~dum ~hos<m? Whnt I• I he rd4Nnntc of l:.nl<1''• nnJ!IdS inlhi~ uonn~ctron'l 
Derive the follo"1Dil equaoon of motion for a rocket which suffers variation in mass during: 
liS llijtlll 

1\!!U. P. I(~ • uJ! d_M Ill _, <11. I 

ll~ra M is the hlass or the r<10ket nt ~n} msmnt llf tune t, 11 rs the whxny <lf eJCChxlgns ma>s 
and VIS the \elocity of the rocket 

(20) 

(b) Show that the two body central force problem can be reduced to un eqmYnlent one body 
problem. 

(a) 

(20) 

1\ beam of particles of half hfe 2.8 I 04 s lrnvels m the labornlotY !Tame ""'h a speed of 0.96 
hntq the vai11CIIy vi' hJ>ht Ho1V much doc~ the b.am lruvel bc:t'ore the par1Lclc tl n• foil$ 10 11~ 
uf ns i011Jal valu~? 

(201 

(b) Show thai there are two posit10ns of a co.nvC'rsing lens to form real trna11.es or all object on a 
screen kept ar a fixed dJstance D socb tbar D > 4C.. Hence_ prove thai !he sae of the objectlS 
J!IVOn by J!\1~ , whereh1 and h1aro lhesl>esoilhe two rcaJ •q•ngcs 

(20) 

(u) l!xpllun uupolan~. lwearly polarized nnd cucularl) pl)!lltlLed lighL Ill)\\ "' untmlru:•st:d 
h{!J1l conwrteclmto cirrulnrly llPiarized light11nd nmilysed? 

('20 
(bl Oi:ri~c nn o:'pre~~SIOn ior the lineuc:s~ c:OI:f'licletll tt·oel'lidc:nl !lc finesse) 111 the multiple: bc~m 

mterferometry, 
(20) 
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SECTION .. B 
5 Answer lll)y four of the followmg; 

b. 

(a) C<>ns1uer a neutral system of poUJI charges. Q,. Qz, Q,~, Q; _ , whi.cb are located at t],.; 

end pomts of a set of vectors i[.r,, r; ... ,drawn J'rom the ongm of a courdmate system 
Show that the d1pole moment ;t = 'l;(4f, I S 1n<jependem of the origin of the coordinate system 

(b) Two rc;versiblu heat ung1ncs fit and EJ are connected m s<mes between a hut rescrvOJr at a 
tentperature Tt of 600 K and a cold reservoir at a. temperature T! of 300 K Engme Et 
rece1 ves 500 kJ of heat lrom the hoi reservoir, If ~ 1• and '1~ ilre the efticiencies of' E1 and E1, 

respectively. are of the same magOJtude. ueterntjoe 
(I) the tempe1a ture at which heal is rejected by E1• 

(11) work done by el nncl e,. 

(lu) hent reJected by engine Ezm1hecold reservOir, and 

(iy) efficienc.ies 111 and 111 of the C!ngines 

(c) Explam why rul1abat.o dernagnet1>:al.ion of a pararnagnet1c malertal causes cooling. 
What lS the praatn:al applic<won of th1s phenomcnol11 

(tl) The bysler<>sis loop of a spcccmen of cron we1gluug l 0 kl! is t:qwvaknt iJJ arcn ltl 250 Jflll' of 
II'Ou_ Find the I<1SS of cnerg,y per bour at iJ>e r.uc of 50 l·lz/s. r\ssumc den~1ty of tron as 7 J> 
kg/m1 

Ill) 

\•) 

Find thefonn QJ' MiL~well"s equations in terms of E and ll for a I! near and isou·opic mcdturn 
The.potenb«l due It> a lmear quadrup~,>le· 1s gtven by 

(a,.,•a-1) ~ 
V=Qd . ;\ I 

IG:u>o y 

wltereQd is a constant Compute tbe elecltostatic field for this potential, 
(20 

tb) At a given instant." certmn system has a current density given by 

J =A (.r;x + )'3,li t-z"i). 
wbere A IS p()SITI\'e constant 
(1) In whnt umt:; will A be measured'/ 
(il) At tblS instant, what is the rate of change of i.be charge density al tlte f1Q1Dl (2, -l. 4 ) 

ntetre'/ 
{tii) Cons1der the total charge Q ooutamed wllhllt a sphere ofradJOS n centred aJ the ongm_ 

At cllls 1nstanL whatts the rate at which Q ts changmg Jlllln>e? 
{20) 

7 tn) W!>at do yw wtder~1.and by covanance of Maxwell ' s equations? Wn t.e the co-variant. F';t, and 
contravariant f,, oomlionents of electrOtnagnetJc Jleld tensor in matnx fo1'm, 

(2Q) 

(I>) Gwe the proof of$1eftll1·Holt:zman l~w !Tom thermodynamic cons1derat1ons 

(U) 

(20) 

DIScuss w1tb ne-cessary theory the J-K effect fur a vaJt cler Waal 's gas. What is the practical 
apphcauon of' Ute J- J< lJoule-Kelvtn el'rect)'l 

{20) 
fb) Dcnve an express ton ror the-averl,;lge ener.gy of an oscillator on the basis of Einstein's theory 

Show that. at ~jgh temperatures 

~~ I:T. 
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Row Oebye modified Einsrem's 'Theory? 

Elc<:tron chorge 
Electron mass 

va~eum p<mninivity 
V ocuum penne3bility 
Velocity Dl'lighl 
Elrx:tron vob 
BoiiZmnrin ConSlllnl 

1;· ·crol Constants 
: c: ~ 1.6()2 1 o·•• eoul. 
: rno: 9.109 .• 10'31 kg 

• I:<Q : 8. 85~- Ill''~ F•r.•lilm 
: j.to = 1.257 IO"" Henrytrn 
:c :c3 IO$rn/• 
: cV ~ 1.602 • Jo·•• J 
: k = t.3s 1 o·~· Y"l\.. 

3 of6 

(2(\) 
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'~----- PHYSICS 

Mass of proton 
Muss of neutron 
Mass of electron 
Planc.k ¢0nstam 
Boltzmann C onsraot 
Bohr magneHm 
E!lectromc charge 
Atomic mass UJJit (amul 

PAPER ·II 

SECTION A 

Useful Constants 
= (,673 . 10'17 kg 
= I ,675" I o-n kg 

=9. II ' 10'31 kg 
= 6.626 • .10-J.l Js 

= I .380 " HY23 Jk'1 

= 9 273 • 1 o·14 Alm1 

= 1.602 " 10'19 c 
= 1. 660 x 1 o·"' kg 
= 93 1 MeV 

VCiocity ofl iglu in vacuum. c= 3 ~ JO" ms"1 

rn(:F!) = l-.007825 amu 
m(~fi) = 2.0~4102 nmlt 
m (t H ) = 3.016049 amu 

m(~•c) = 12.000 00 amu 

m('t~e) = 1.9 .992439 nmu 
m(~He} = 4.002603 amu 

Answer Bny four oF the l'ollowing 
(a) The electron spin operator. can be wnucn m the matnx form in wms of tl1c Paull spm 

operator ii ~ 2.r. where 

Ox~(~ A) ;o, =(~ o) ,o , ~ (~ 
Show tl1ru 

u ; = l:u~ = l; cr; = I 

and 
a :r.CI y =- - C ;O'x..::: iCY: 

ctJcr• = -<1,01 = icr, 
O",Or= -<S,p• = icr, 

( I 0) 

(b \ State and explain the Heisenberg's. uncenalnly prinCiple Show that· tbe nat ural lme width of a 
Spectral llne foll\lWS from this principle, 

( 10) 

(\!) SUite Franck-Condon principle ~nd disc~ss irs appliClll ions in molecular spectroscop)' 
( 1 0) 



ww
w.
ex
am
rac
e.c
om

5 01 " 

(d) Bxplnon th~ rote of moleculurh)•drogen oon spectrum on aslronomy 
(I 0) 

le) D ISCUSS lhe npplicauon or Raman eiTeet lO molecular strucmre.. 
(lh) 

l Ia) Whal os WKB approxomahon'l The potenhal seen by an alpha par1tcle msode a nucleus can be 
represented as sho\\·n below. 

3, 

J,, I ~ 
t' 

V(r) = - Yo 
=?,Zez 

r 

R· o. ,. -

f't>l' r < H 

forr > R 

where R os lhenuclearradlus. t. and Z represenl the ntomtc numbers oflhe alph:. panode and 
tl1e nucleus. Assummg I • rl. obtrun an expressoon for the Jj feu me for alpha decay 

(20) 

(h) Wnte dO\m the SchrOdonger equnuon for a li near ham1onoc oscollator and obtam the (mer~ 
eagenva1ues. 

tal 
POl 

Describe S tem-Gerlach e.xpcrlmenl Explaon how 11 demonstrates the discre1e nature of the 
magnetic momem or an mom. 

( 15) 

(bl Whar JS the significance of nne structure correcuon'! Calculate the energy shm due to spon­
orbn mtera~uon term m H-bke S) s1em. 

(15) 

I~) A!;sumong L,SJ couplnl!l. holds. llsl Lbe possible line structure lemlS lbr Lite roll o\\olly 
conligurations: 

(a) 

( I ll) 
!1) 2p1 

(li) ( ls)1 (2sl (2p)' 
Explain the unded~ lng principle of nuclear magnetic reson811ce spectroscopy. Why does a 
spimung nucleus precess in a magnetic ficld1 Descobe NMR spectromeler. 

(30) 

(I>) Show I hat n diatomic mOlecule cm1 nol ha' enny arbitrary 1 al~e or rotaliQnnl enerro , 
( 10) 

SECnONB 

5, Answer nny four o[ the Mlowmg 

, (a) Deleouine from the g1ven data whether tl1e following reactJons are e:xotl1em1ic .or 
Clldothem1ic -

II (I) 



ww
w.
ex
am
rac
e.c
om

7 

6 ofl'o 
(b) Calculate tho rew1l energy of ~ I·« nucleus when It emits a gamma photon of energy 14 keY 

(10) 
(c) Beam ofThermnl neurrons IS employed in CI)'Stal strucrure stud1es. Justify d1is statement 

(Room temperature ~JOO K) (10) 
{d) Wh1ch of the follow111l! reacnons are permmed or not penmtted by vanous conservanon 

laws? 

(i) K- +- P -+ :r• 1- rr 
(i•) I<~ +- n. _, l:' + ~ 
(iii) 1r· + p -+ K- + E' 
((u) ~t• --i 11' + v 

11 0) 

(c) On the basis of bMd mod~l. explain the flow of charge~ carriers 111 ·u p-n d1od~ under lite 
Influence of ah extemal bias 

(a) 
(10) 

Write down the serni~empincalmass formula for a nucleus, Explain the signiftcance of ~nell 
term occurring in it. Discuss the stability of a nllc.leus against P-decay What ciTect of the 
pairing term <in ~lability? 

(25) 

(b) What are mirror nuclei'l How does rl1e charge Independence of 1\Uclear forces emerge from 
this concept? 

(a) 

(IS) 

Glve some cbaractenstlc properties of strange partJcles wbicb distmguis~ them from non­
strange ones: 
Write the Geii·Mru:m-Nish.ij11na relation and show how this is used for the elassi1iearion of 
elementmy particles 

(15) 

(bl Wht is a Joseph son Junction? Explain the phenomenon of tunneling of cbarge carriers 
ac:ro.ss such a junction How does th1s tunneling differ fi'om a single-partkle tunneling 
between two superconductors separmed by an insulator'!' 
D1scuss DC and AC 1!!5ephson etTeciS Derive the relatoon 

v:2ev 
II 

where the symbols h~ve their usual meanings 
(25) 

8, ta) Obtain an exptes.~lon for ~>e- gain of an operational amplifier in the U!vertmg mode., Explain 
how 1tcan be employed ns (i) rm adder, (ii) an integrator and (H i) a differenliator 

( l5) 

(b) Explain the funcrions of A-LU, primary memo!)' and secondruy memory in a computer 
systenL 

(c) Fi111! tbe Boolean. expression for the output (X) 111 rl1eofolltl\V1ng ClrCUit 
ti l)) 

• ---,.---j..l""'\ 

' 




