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l PHYSICS 

PAPER· I 

SECTION ·A 

I ul II 

J 

I. A.n.S IVCI"OII.)' fo ur oru •• followiJJE 

" ·'· 

.1, 

(3) 

(b) 

(c) 

(d) 

(e) 

(o) 

(+x 10 - ~01 

I !sing plan" polu.r cD-ocdiM.tes. oblllin ll:ipi"O$SlOtl5 fo1' lhe generalized fnn:e• (4 and Q,, • 
pnrlide ofmo.ss m moving in 11 phtoe. 
What is lhe~peed ofill1 eleetron mo•>ic~& relath•islio:ally wiU1 energy of I MeV? 
What is the potential through wlticb the electron must be accelerated to gain this speed1 
Pive vibration• nf~u:ol amplltude~; art: •uperpo~ed with all in pha•e and lhen with $u~-essivc 
phase d01'erence of 6. Calculate the ratio of U1e resnlt1n1 intensities in the two cases. 
Compare Galileon onrl Lorenl7 lranslorrnatiofiil. ~ho\Y that Golilean tmnsto m1ation is a 
speci31 case of tl~e Lotentz trunsfOJ'mntioJt. 
Decive expressions for acceptance angle and numerical apperture of an opticnlli b1-e, 
l)iscusn he propec1ies of the moment of inertia tensor. 
I' our poinl mo!ISC$ , coeh ~ual TOm, art: placed at (h, (), 0). tO, h. 0 ). (0. fl. b) ond {b. h. h), 
Evalll.'ltc: incrtia tensor for thi~ systcrm. 

(20) 

(b I I) educe th~ l..ngr.lllge·s Ci(Uiltion or motion from Humilton• s ]lrinciple. 

(• ) 

(20) 

Consider two inertial from~ of re.f<lf~n~e S1 ~Uld S1 willt theira;(C$ p•roUeltQ e~~h other and 
iJ1cir orlgins comciding nt t = 0. 1fS2 l~ moving with respect to Si with velocity ~ = A:V. where 
~: i~ J unit ' 'odor along tbc z·axi~, write down the :Lot cntz tranJc:l'ormntion relatioll.> between 
c_o .. ordin:s.lqs :and trme m.e,as~ed in St 3nd s~. Gc:ner:Ui"c thi~ re,.'iull for the case= v- rv. ~ j\11 

(20) 

(b) (.'ons,dcr twro waVe$ &iven by 

~~ tHin l2Jr"tl ~ ) and 

(• ) 

• (2 · X) J! ~ trun n n11- .J., 

with the ~arne amplitude ~ nnd ~lightly dil,t'erenl frequencies travell ing in the ~nmc dire.:.t.ion. 
tlt in.g the principle or supcrpo~ilion. ShOll' tlJa\ miniiiiUTI\ (If m•ximum diRplnC<:lncnl ill a 
siv!!tl. pOint rc:pc:lll< AI. rcgU]M Ullet'I'Ois oftimo. 

(201 
Sltow U1ot when ligblp3~-ses from nir inlfl 3 medium of refractiw imle:< 1~ itswovelength f. ln 

oir ~bung<:ll l1> ~ in the medium. Hence prove LllliL if> drop of liquid is introduc..~ bctw~;<;n 
.u 

Ut~ lens md lhe gloss plotc in Nell IOn·· rings device, ih<'ll 

(U:.r-0!}.. 
JL - ( l ' } 

D •• ,-D~"" 
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1o16 

given d1a1 41/p). =( Ll~., - /)!),.. 
HereR 1S tbe radius of curvature of Ute lens. An eqU1conveK lens of focal length 80 cnr (II of 
matenal is equol to 1.55) 1S pl~ced over a plane glass plate Newton's rill£s are formed w1th 
gm:nlight (), = 5.46 ' 10.; em), Deduce the diameter oflhe lirst clark ring round 1he eenlrc of 
the fringe syslem, 

(20) 
!b) DistingUish between sn1gle shl and double slit dlrl'racllon pa1tern. Discuss the mlss10g orders 

on a double sht diffracliou panem when 

(j) u=b 
(il) (I =btl and 
(liil 11 b = it 

where n is slit width and b is double slit separation. 

SECTION I 
5 Answcr~ny four oFt he followml!' 

t4 10= 40) 

(a) Give the three dimensional relation betWeen the electrostatic field ii ~nd the scalar potetllrdl 
4• Sbow thai the 1'1eld Is 1rrotaoonal. What ts dte ph~s1cal significance of E. bemg 
~rrolati~na11 From the relation betWeen S and~ Qbtaut Poisson's and Laplnce s eq).latioll~. 

(b) Whal is gauge tmnsfomlBIIOJI? IZ~plam ilw Coulomb and Lorentz gauges. 
(c) Using d1e £irs! and second laws of tltermodynamics, sbow that Td~ = dH - Vt/P where 

symbols have their o;ual111eanings. Using this. find the cbange in enll'OP.Y for a constant 
pressure proc~. 

(d) Mention the physical la"s behind the four Maxwell"s equntions or electrodynamics. Qj,·e 
Justification for the modification affected by Mn.' we.ll io Ampere's law 

(e) Expla111 tbe concept of negauve temperature. 
6. (il) Cl>nsider ~ discrCI•'S)'Sttn1 of cl1argc diS!tibution lp, ql. .q: ... , placet! 01 y, ,p1 ••.• r, write 

the CKprcssions ( wuhout dcnvauon1 for U1c monopole and dtpole moments. 
Using 1he fal111wing CJ<jlression, obtain all the oomponcn1s of the quadl'l1pole moment rcnsor 
()i UJeabo,•c ~h<!rge d1stribu1ion. 

Qik= ~)t(J f,k, - ri<i., )(P=x,Y.=) 
I• I 

!:Jere 8,1 rs tbe Kronecker dcltiL 

(20) 

(bi Consider a rectangular loop having sides" and b lying in they:: plane of o Cartesinn 
coordinut~ system, with the orignt lrx:ated at the centre of the loop W~en the loop is rotating 
about z-a~is .so lhatlhe angle of rotation~ = all a magnetic field, B=ws~oos(M dz)' is 
switcbed on. Find the emf induced m I he loop. 

7 lUI Consider the followmg COil\pOitents of F: and H fields ,yjucb are l!"'en by 

E, :-Ho~(; )wn(';;' )l!iu(/u- ..wl 

If, -s,~ (i}ln(';;' )~nn(l;r- u>t) 

li..a ,. - Hocus(':; )af>S{/a -cud 

(20) 
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8. 

3 uf6 
Show that if ~nd if are mutually peipendlcular Md .also verify !hot if o.nd if satisfy 
n llthe.Mllxwelr~ <l<JUalions in ' '3C11llli1. 

(20) 

(b ) OeJi,·e Planck'$ law for bbck bodv cadintioJI . U$e itln oblllin Wien'$ disp!Jieemenl bw ;..nd 
Stefan 'B<Jlt7.mann law. 

(20) 
(a) Deri\'1: ClaWiius..CJnpcyron equation, E.~lain when:;, il applicable? 

(20) 

(20) 

(i) IMi>dily Utt cquatioo t tl, = cJU t P<N io.r lbc present case. 
(ii) Writ~ doWJtlheiirstMaxwell n::l~tlon for tltis case. aud 
(iij) Show tl10t the temperature tails wbeo thelilm is adiabatically stretched. 
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l.c=========PHYSICS:-.:::::::==::::=====::::::::~f 
PAPER- II 

SECTION · A 

I. Answer·any tour oflhe following 

3. 

4. 

(4 10 = 40) 
(• ) The litctime of 3ll ~~cited sL11e of ~n olOm is 104 • · Crdculate the cnerg) width of such • 

~tale. 

(b) 

(c) 

(10) 

C'nlculote !he Fermi energy in ;;V lor •odium whose ulomio wo:ighl j,; 23 and density i• (),97 • 
to' 1\1! m. 

00). 
A rodioactive elcmenl bovi!tg m••• number A = 216 emils-c;t-pnrtioiCll of energy +Me\' with 
a probabolity of 10'19

• (.:;)lculnte the lt~lf life of the element making use of the relation for 
nuclear rndlus R ~ l.2Nf.\ FermL 

(10) 

(d) C'alculaie the lAnde g-factor for 3S, and 3P1 levels. HmV" many-, · hn"" and ·c> lines ore 
observed for tlte transition 3P,-3S11 

(e) '!'he potenlial energy for a diatom•~ molecule is givon by 

I' (R)=n,[l -exp{-tt(R-~)}J. 
11hc-ro Do. '' and R,) •rc constnnt$. Shi>W thnl VCR) is minimum al .R ~ Ru. Obtnin the 
e;Spncsslon for lite I:..Oqucncy of osc.il!:otion for Uti.s potential. 

(10) 

(a) ,\ "ave J>OCk<:l '" fomJod by aslng a w""" t\mctiou A•~'" where A ts a con~lonL 
Obb in an e.xpression for • A· from nonnali7,1tion condition and otl<o calculate the value for 
the probability of the partide between ll and 1/u. 

(2U) 

(h) Oe11m11ine the energy eigen valuts ond the con'llspomling eigen i'unctiqns !'or • portiQie of 
mas~ ·m' in an infinite on.:-dimeo~ionaJ votenlioJ well. 

(n) Prove llm11he operntorR rr,,ct,.U; defined by 

;; a~ Jl;,,c~ : tp,;;,a : r.r 
;;,u = ;;;,,p =- lt~.;i./.1=- fl 
s~ti$fy the •ante: tlll:ttionship liS Patll ~pin malciecs. 

(2()) 

(l>) Describe with the holp of a diogJ'l1UI Ute Slcrn-Gerlo~h cxporiment. What is Ute signiu">nl uf 
this <:XJll-1'imen1'/ 

(20) 

(a ) \Vlwt i~ Ute principle ofNud~r Magnetic. Rosuunnco? 
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(b l Outline tlta construjltion of 811 NMR spectrome.ter 

(c) D~seribe tltcorig111 of Raman lines du~. 10 pure rotational transidons. 

5 oro 
( 10) 

(10) 

( ]0) 

(II) Classify lbe Raman and infra-red Yibrational modes tn lbe linear lri-aroraic molecul~ carbon 
dio1<ide. 

SECTION B 

5, Ans1wr any four of the tollowmg 

(a) Calcuhue th~ binding energy per nucleon for ;;sr nucleus. 

Given 
mass of prqton = 1.0078 amu 
mass of neutron z I .0087 amu 
mass of 3'Sr = 86.9089 amu 

(b} Calculate the Q-value of the reaction 

Gtven 

/) : ""' l'h ~d- ""'f'h 

~of proton ~ I .0078 amu 
mass of deurron = 2.0 I 4 'I amu 
mass of 20'M> = 207.9766 amu 
mass of .lfl'll'b = 206.9759 amu 

(10) 

(4lr 10 = 40) 

(IO) 

(c) 

( 10) 
Determute which of I he folln\vmg ()ecay$/reatltons is. forbtdden/al loweo and explam why• 

\i ) p +p ->i\+A 
(ii) n --t p + e- + u. 
(iiiJ-rr .. p _, ,.,.. + l:' 
{iiJ) 11' -> ,,. -t u· - -~·~ 

( 10) 

Lead m the superconducrln* state has ~nil cal temperntme of Ci 2 K at zero magnellc field nnd 
cntical field 0f0-64 MA nl at 0 K. DetermUJe tbe crillcal field al4 K. 

( lO) 

(c) The damsbeet for a cenain enhancement type MOSFET reveals that ll'l (ON) = I 0 mA ar VoR 
= · 12 V and Vtls (111) = -3 V l,s the device P-ch;mnel or ·channel? Pind Jhe val ue of l., 
when V ()>; = -6 V 

( 10) 
(a) Write the semi-emptncal mass formula and e,.:plabt e-ach term. 

( 15) 
(b) Wbal are ll•e characteristics of nuclear forces? Name any four of them. 

(5) 

(c) Wh3l do you understitnd b.y p~rity violntion i1t beta decay? Describe an experiment for its 
vcrifJc.ation 
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7. 

~-

(n) 

(c) Hoi\ aftl Josephson-junclionll 3Jlplied in squid type.magnelont~t.:rs'l 

6 u( II 

(20) 

(20) 

(lUI 

( a) 

( IU) 

Moking use of opernlionol mnplirlefS, let "I' an tmalog c in:uil rn olitain lhe solution of the 
following differentia l c~uolion : 

J',. 0\' 
--;•A\ ~ - - • K1,._ ,t -=- O 
tiJ til -

(b) Draw 3 d rcuildiagraw for ulransilllor push-puU amplifllto'.E.~plaiu ils workill£. 

(c) Clive salient features uf a INTEL 8085 onicropo-ocessor. 

l.isl of useful con,1ant 

Ma.s of proton : I.UJ 7 10'11 1cJJ 
l'vloss ofneulron : 1.675 10-21 kg 
lvlA~• of electron : 9.11 • 10·ll kg 
Planck coot~lanl : 6.(;,26 I o·l' kg 
lloltzmaDJJ consl:llnt : 1.3 RO 1 o·13 JK1 

Elc.:cronic cbao'ge! l.602 10·•• c 
Awmic m3!1K unit (amu): 1.660 lo-!1 1-8 

; 931 M~V 

Velocity oflight.in Yacuum, c ~ 3 lOW ms1 m (•u.) ~ 4 .. 00260:l amu 

Avogadro numb<lf · mo = 6.02.3 IO:J 

(20) 

(15) 

(SJ 




