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PHYSICS 

PAPER - I 

U.<eful Constnnl.s Vclodty nf light ln free space · c = 3 >< I 01 mls 
Boltzmann constant : k : L3H x 10'"'' JIK 
Electron volt ; eV• 1.602 x lcr" J 

Elect ron charac ; e = 1.602 x to-•• C 
Electrt;>n rest muss : m, = 9,109 x tcr" kg 
ProlOn mass , m, 1.672 x 10-" kg Planck 's constant ' h ; 6.62 x 10""' Is 

Stefun's conslnnl : a= 5.67 < l 0' Wm" K '. Vncuum penniltivily r.., = 8.854 x 10"11 fumd/tu 
Vacuwn penucabilily. ~= 1.: 57 x IO .. heJlry/m 

SECTION·A 

(h 10= 40) 
(n) Find Ute tuomcot of inertia of ~ slab of length /, breadU1 b aud mass M 3boul an a~is 

perpendicular to ll>c plane of /nod hand passing through the centre. 

(b) AlC It-meson has a lifetime of 2.6xiO .. sec. It JS moving\\Jth n veloc1!y 0.99 c. where c is 
the velocity of light in free space. Ho" fnr will it move in the Inborn tory bcfonl it decays? 

(c) 

(d) 

(ul 

(a) 

(b) 

(n) 

What 1s spherical abermtion'/ Obtain the condition fonuinmnrm sphencnJ abemlion for o 
combination of two tltin leJJSCS 
Ho\1 does tlte phenomenon of double refmction occur in a calcite crystal '/ Explam in brief tile 
meanings of' positive and negative tr) stal$ 
Who.t IS holography? Ho" docs 11 dirf"r Crom conventional phOl\>.gmpby'1 Mculiou the 
opplicahons of holography in modern optics. 
Equation for simple harntootc ntOllon of 4 simple pendulu~1 is 
ij + ,,,'f) - 0 

Eslablish if from ltt,grangmn fom111latiou. 

(I) 

(it) 

( i) 

(20) 
Obtain qn expression for cm:clivo:t force oxpcncnccd by a. body ln Ol rotai.Jng frame and 
1dentify the ccntnfugal force from it 

( 141 
The ungulw vclocit) of ~>c earlh relotwc to the fL,cd star is 7.:; ' w.s .sce'1 111o 
velocity of earth is IU' m/sce. Find out tho ti1agnitudc ofth~ Canolcs acceleration. 

(6) 
How does the speoini U1eory of' relativity ~0\·em il1e len gillS ol' object and time 'I 
Deri ve the o., prcssions for tltcsamo, 

(14) 
(ii) E.~plaiu !he phenomenon of twin paradox. 

(6) 
(b) What Is Huygcus principle 'J LJsing U1is principle nnd suitnblc diagram, sho\1 tltru 01is 

principlu could also l~ad to Snell 's )a" of refraction 
(2(1\ 
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+ (a) How do E~n.stem's A and B coeffio1eots t~ke care oi'spontanf.'Qus and stimulaJ.ed enuSS10n or 

ltgbt, respectively• Assuming the correctness of Plauck's law for the radiation energy 
density, <lStabltsh the relation between Einstein's A tmd B cocffidents. Why is it that the 
qrdinaJY source~ emitspontnneous radiation'/ 

7, 

(20) 
(b) Show dmt the mtensity distributi(ln Ul single slit :Fratmhofer diffraction 1s giWn by 

I • I Sin' lliJI'. 
Wh~rc. jJ ~ ;rhsu18 / ). w1th h as the slit w1d~>- A ts the radJaJ1on wavel~ngdl oml tho pal'llllel 
rays make angle IJ with the normal to the sltr. Prove !hal the condittoos for maxima are 
obmioedfrom the relation fl =tao fJ 

(20) 

SECTJONB 

Answer any four of the following 
(~ ' 10~ ~0) 

lU) A pain t charge + q is placed in frnnl of n grounded conducting sphere of radius r. at a 
distance a from its ceorre. find the potential a1 an external point due to the 1nduced charge on 
d1e sphere using the method of electncal images. 

(b) Write dowu the Lorent2. gauge coud>tion, and bt:Uce denve tbe Ul homogeneous wave 
equations fol' ~~e scalar :llld vector polenclJlls. 

(c) The four anns of ;t Wtteatstone brid.Ye have thefotlowmg reststunQes. 
1~411 = lO()O,k"'. =I 00, ll,,, = 50 and 111., = 600 
A galvanometer of 15 n res>;>t;mce is connected across BD. Caltulate the current through tl1e 
galv311Qmeter when a potential difference Qf I OV tS maiulllmedacrossAC 

(~) Wnte 11 short note ott Clumdrasekh::rr htm1 nnd discuss us observational consequet>Ces. 
(~} The mean energy of molecules oftjelium is <E>; 3,92 10'21 j . Detem1ine the mean speed v 

oftbe helium molecuJ~s L1nde1' d1e same condibQJL 
tnl Two 111fjuJt~ ronducl~Jg plates are plaeed par.ll lel to the Y+·plane 011 .t tj and x - d 

respectively The plata ac .r - ll>s earthed and thru at ,r = tits kep> ar a constant potennal ~"' 

The space between the plates is lilied with elec.trii: charge of volume density p =p.,;v/ d 
Deteruune the pomnual at ,t WhNa 0 ~ x s tl Also obtain the surface charge density on each 
plnte 

( [)) (i) For a sertes LR crrcu1t. show ~~a~ l~e tnmsjent current IS g1ven by 
E _..,1.. 

t,.= - 'R• . 
Where 6 is the bultety ernr 
Whru is the lime constant oftbe LR circ\llt? 

(20) 

( 14) 
(ii) A l · vOIL battety bavin,g a neglig-ible rt'Slslallce is applied tom Iron-cored coil haVing 

~ re~tstance of I n 1\nd inductance I heniY What will be the currenl ~fler 1/5 
second? 

16) 
B11efly ouill11e ~1e lheoty of scaHering Qf electro,rn~~gnel1c radiation by a bound 
eleu~n ru>d hence denve the condi lion f<1r Rayleigh scattering, 

(20) 
lbi (1) What is Wien 's displacement law'/ How do you obraiu it from Planek's law'? 

(li) 
(12) 

An lhcandesc~nt lamp filamem has an area of 50 mml nnd Ot>~rates at a tempernttire 
of 2 I 27 •c_ Assume that all the ener!!Y furnished 'to the lamp is mdiated ffom it If the 
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s. (3) 

3 uD 
tilamcnt nets h"ke P bL,ckbQdy. How much power ntust be furnished to lhe lamp when 
opernting? 

(8) 

St.11e ;md pmve the lnw of equipMtition of energy. AJ>ply it to find the •pecitic heat at 
con;otapt volume (Cv) of diourmic molcc:ul~ like H~. N, etc. Compart: ynur ]'l::oiUit wilh 
experunontill ob•eNoLion;. 

(2~) 
(b j Outline the Deb,ye 's lhe<Jry of specilic he31 of sol id~. Flow does il compare with experiment? 

(201 
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I IDS.l!ltrl 

PHYSICS 

u,.. or lfseJul consilio Is 

Mas~ of proton = 1.673 1 o-•• kg 

Mass of neutron~ L675x !O-r kg 

Mass ofelecttuo = 9.1 t J0-.11kg 

l'l•molr conte.IImt = 6.626 10-"",ts 
Bollzm~nn con•tont = L380 )0_., JK-o 

Bohr Mn~e«m = 9.27:' 10 "A I m' 

Electronic ch:u-ge = Ul\12 10 ... r 
Atomic mllii• unit ( u) = 1.660 I 0"11 kg 

= \r.llAieJ 

Velocity oflight in vacuum. c = 3 w•,7L<' ' 

I. Answ~r any lor orllte!ollowing: 

PAPER -II 

m{:H) 
tu(:H) 

m( ~'C ) 

m(i!' I'Je) 

= IO,ll07825u 

= 1.1)1410211 

= 12.0000011 

= 19.99243911 

= -1.00260311 

m( ~n) = I .OlJ8665u 

SECTION-A 

(A) Tile mcrut lifetime oftb= eta mc~on is known to l>e7 10·•• ' . 1fthe reli'l mlli!B ofthi~ paT1.iclc 
is. 550 MeV. whnt t• lhe oncenninl)' in its rest mass? 

( )()) 

nll Nonnalizc the was function VI= lle ..... '1 fjnd the probability of ~IC ll3tticle bci:n~; betW!XI1 0 
nnd 1 a. 

( 10) 
(e) What dCl yQu understl!nd by eigcn values uod eigenfunCI.ion .,.( an opcrntor? Find tl1e 

eigenfunction of the momentum operntor P,. oi~cns.• the eigenva lues for d1is operntor. 

(10) 

(d) The frequc'IICY ~>f absorption line lor HCI in the rotational spectrn is 6.3ti 1011 H: for th~ 
lr.niJiilion L ~ 0 to L - I. Caleulnte tl•e boud l"nglh of BCI molecule (mas& of chlorin~ - 35 
u). 

( 10) 

(~) A hydrog<oot oloou in it~ gJ'Ound stale ill placed in a magnetic .Udd 0.05 T, Calculnte g factor 
and l1enoc obtnin $plitting or "'"'~'ll)' level. 

( 111) 
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2. 

3.. 

4. 

(0) 
3 nO 

Write do"'n the gcncr:~l fonn of !he Scht6dlngcr cqW~tfon foro particle. Discu,-, the J•hy<ical 
slgnltican~e of the wnve funclicm. Obt..m an e.~pression for ~1e proba~ility current u.msity 
ond calculate it tor • particle moving with • constant velQcitr ;, 

(13) 

(b) Colculote ~n expression for Uu; trontmis!ion coe.ffident ft>r ~ p;trticl~ ~ouncing ~ potentiol 
borri.;r of height l•~nnd width u •uch duot ols enorgy E 1 ~. \V)utt i• qo,anrum 10nneling1 
E.xpl"in qualitntivety the phcnomcnnn Qf a d•~•Y-

(4) 

(251 
\Yritc down ll•t: com)lld,e Sc.hrOdinJ!<'f cquntion for • 6ingle e[c!WOn otom in ophtrical 
coordinates. SepArate the equotion into radia l part and. •ngular part, Obtnin th~ a.•ymptotic 
<olutfon oft he radinl <XI'tation. 

flUl 
(h) St•tc nnd explain the Fr•nck-Condon principle nnd .Jc~CU-<lo It& •ole ln tho undcrAIAoding ofth¢ 

inten~ity of vibtrotiorml·electronlc !<J)CCtr:o. 

ta) 
1201 

WbM ito tneont b) \lie term 'Pol:uu tobility'? llow i< it rclo•«< 10 "Ramon effect? Dl<<lll.>S 
bnelly th.; qu:mtum theory ofR.~mnn effeCt. 

t20l 
(h) Give ~n elemetiiMY lhcory uf oucl~r mngneti<:~ nc•onancc. Bn~tly dcscnl>e the es,•entiot p~rll< 

OJ' mi NMR t J)eelitJmt:rcr. 
120) 

SECTION B 

s. r'>.lt!Wot' any four of th" rono.1• ing; 
(•) INim~te tht: hi.ndins cuc:r(ty of a deutercJn i11 MoV. \Vlt,y L• itslllble7 

( ll)) 

(b) ~B decny• v ia P-dccay. The ot11mie m....., of this ismope of boron i• 11,0H354u; Write 

down Ute rc•ctioJJ equ:•tion for lltis dc:c:~y. \Vhol kinelic energy i& gin:n to tbe decny 
product>1 

( 10) 
I c ) \VIuoh of the l'qltQwmg rcacllous viql>le (:a-) one (or JJlOI'O) uon•mvatinn law($) 'I .N"me the 

conservation law ( t ) v1olah'd In eaoh case: 

(i) u, I p > II • ti-

(/1) P• p .. p • n I K ' 

lllf) fl '-p~ ~~~ p - A, 4 K• 

(/v) tr ~~~ -~ /\ .... \ ' 

( t') A. p > n 1 A 

(d) Wlulelo you.ulid~·tMttnd by Coop.:r pait>1 
Explain d. c. and a,e. Joseph ~on effec:t 

( 1 (\) 

(10) 

(e) Sbnw thot ~>e Olaxim.um proportion of the nvolbhle volup1e which m.w be filled by h:trd 
spho::rcs llmiJtg.:d on • simple eubil! hltllce is 0,52. 

( Ill) 
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li. 

7. 

(a) 

r, on 
Di!!wss the voriou! factor~ that detcmUne Ute swbility of • nuc)eU$ and hence write .down the 
semi- empiric.1J mass formula. Appl) lt to e:'(p)ain the stnbHit) of a nucle\J!I a~inst niph• 
dccil,V. 

(2()) 

(b ) Give 3 ~implc theoretical cxplanndon of i'vlr••• Bouer Effect Show how h Is applied t~ study 
the hy)ledine spliUin& Mthc nuc)CJ!t<:nerg~ 10\ cl~ takin~ a S(ICOific. example. 

(20) 

(a) :stale -ami pro,•e De Morgan 's lllws. 
( IOJ 

(b) Give the Jogi.: circuit Jor the BoolcaJI expreuion A.B +- A.B.C-. A.B.C D . Write down the truth 
table lor tb.is expression. 

(20) 

(c) BsplAtn in trinsic and cxlrinsic scm.icooduct~m. Obtain 011 cxpr.,.•ion for illtriu~ic 
concentration and C:\1Jl:1in its l.emper~turo dapetldcmce. 

(10) 

!1. (a) DilJ.:us.; Kronig·P<:ru1cy mudcl for tlu~ mouon of lllt el•-cunn iu a pot·iO<Hc one·dimtll.!ionol 
square well polenti:d. Explain lb~ origin of allowed ond Jorb1ddon anergy band.'i'. Show from 
E·k plot d1at lhem~teriab enn be clas~ilied into condltcton~. insulator.< lind semicond.u..:ton. 

(20) 

(b) lh:plain tbe bai ic cons"ervat.ioo law& Uliccl to study the fuodam<•nlnl tntunctioos involving 
e lemetltary 1~1r1icles. 

(10) 

(c) Dlllcuss tho quark struoture of meson• and baryons . 

( 10) 




