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Instructions for Candidates

Write your Roll No. on the top immediately on receipt of this question paper.

All Questions carry equal marks.  Q. No. 1 is compulsory.

Answer any four of the remaining five questions.

Use of non-programmable scientific calculators are allowed

1.   Attempt any six questions out of seven. (6 x 3 - 18)

{a`jGa!culatethgbindingenergypernuclgonofan`a]phapartic[E{£HE}ifit§.totalbinding

Energyi3fgundtohg.28.3rMBV.

{E!`}1na.£Dmpten`st:atteringexpgriment,aphotoni§§eat`tered`fltanang]ecif#=gfla.Find

the§catteredwave]engthchan,geAAinteFmsofthefomptonwavelengthdt:*

tctStatethEdeBrogliehypothesi§.andexp!alnhawitreconci!t±Ei:hedualnatLirE,Q`f

matter.

{d}Whyi`§amaGro5ccipicobjeGt,l]keamc]vingtenHig.ba![unfifile`tB5hawob5er,tyablewaife

propertig§. Br unEertai`nfy ]imitatiofis?

tg) IJBfinE thE terms "gtastablE state" ar!d "Population Inversion" {n the context I)i laser
®peration-

{f}.X-rftysofutavelengEhtl..I.54mundergo,first-ardErBraggrgfle&fronfromEgrysta[

pianeiata\glancTngang!eof30°.ComputethBihtgrplanarapacingd.

{tg!BriEfly-^explatnwhyveryheaynucleftendtollndBr^gonuclgarfis5ianfromthe
starid.point6fthe`bindinggnergy`Eurve.
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Q2. {a} Desc:ribe .the phQtoe]ectri.c `effect experiment. Discuss why cla§§Ecal wave theciry
fa}led` ±o exp!aTn the existence of a threshold frequeney and+ instantaneous emission, and
how Einstein`s` phQton trypctthesis resolved these issues.                                         Ilo Mark§}

{b) A wave pecket is gover`necl by the relatiort co = cfa2. Derive the explicit.expres§{ons. for
its:

1.  Phase ve!c]ctty {Ejp)

2.  Group ue!cicity |£3g)

Show the functional relatic]nsh?p between u`g anc} #p for th?s specific, medium. (8 "ark§}

3. {a} Outline the single §iit diffi:ac:tiori thought experiment. {HeT§enberg's s]it} to Show
that attempting to measure a p'article.st spatial a.osition prec:isely introct'uce§ a
c'orresporiding ,chLinimum uncertainty in its transverse inc]menfum.                   il`O Marks}

{a)Anunstable£!ementarypartic!ehas`a]ifetine.pf2.`0x10-8s.Computethe'mTninLim
inherent uncertainty in its ,rEst energy measurement tin EV}t                                {E Marks}

4, {a} Formu`]ate the time"indepenc!ent Schr6dinger Equation for a free particle., fif]ply
appropriatebc>undarycQnditronstos'olveforthenorma[tzati`clnconstantaHdthewave
functions of an electron trapped inside a lD rigid box of length i.                  {io Marks)

{b`} A particle is 3n the groHnc] State of a one-dinenstQn`al ir!finite Square well \of width as
= 0.1, nm. compute the.expe,ctat{on value of its positicin {`¥} End mo`me"tum {p}. {8 Marks}

5. {a} E§Ea'bljsh the re!aticinsh'ip bettrye'en the Einstein coe'flit:i?n`ts ri2<i anc], BE`! for

§porit,ariEcius and stirfeula±e.d emis§ion§` Discuss the physical significance of these
cc]efficient.a regarding the thermal gquilibrium of a eystem.                                      {10 Marks}

{b} A ±hrge,|lev`el laser medium emi`ts li.ghi at a` w`are]engih of a = '694t3 nm. Find the ra`tio
of the population .of the uppEr laser ]eve[ to the louver laser leyeLat a, rc)clm ±empEr`aEure Of
I = 300 `K,.                                                                                                                     ta Marks}

6. {a} Detail the physical meaning behinc! .the Vcjlume energy,`Surface. erie,rgy{ and.
Asymmetry`enEngy`¥ermsin.the{Bethe-WeJzsacker`§emi-empiric`almassfoT.mtl!a.Ex`pTairi
how the asym`metr`y 1:erin a±t5 as a correctiori for the proton-tq-neutron ratio. {10 Marks}

{b} usiflg the liquid dro`p model parameters {`tzr, = I 5.8. t!. = 18.3, tlc = P.714t `fta = 23.2,
z3p=IZa]!inMev},I:a[cu!atethe5!ectrc]static`Con]ombenengypen±ltyandt`hesurface
ener\gy loss for a £60 nucleus.                                                                                         tg Marks}


