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Wide your Roll No.  on the top immediately on receipt Of this question paper.

First Question is compulsory. Attempt five questions in tctch

AIl questions  carry  equal marks.

Use Of nan-progrc[mmable sciehiific  caleulator is perndfted.

Q1.          Attempt any six of the following sub  questions,  each carrying three marks.

(E`§E`alfqF.aHermi#anpperatct.andstatewftyphysE€alabservab!esmustpe'repres€nted
b#[hEm=

(E`Sqhapk#[heQpera€dr§#anvdS.t`£Qmrmte\trith.eachtiftye`rb.y``eva!u~ati.ngE¥/`jz?If],

tdy'5,t5`tetheBFiysicalt;8*diEian5'±ha.tawaue,furi`grign`giv{£-}muFLsatisftytcba€cri§Gdered

act;eptaF[e.
(3j'Whp~is`'i-t`inp`o`s5ib]efer`apaRIic!etEappedina8n'e-dimer[±®`d§1bt>xt&ha`jeaz^er®

9E€uH`#-i,t€£eiEnef§`y¥

(£jEkpre§§"theaB9ularmoment8mQp§fatoresntpBnentiz,`in§pheFi€ar,P`e}ar
g`Bff#nase§J

i*}Aw@fyefun`t:td.fiEii§-giv±nky.gr{,¥}=#Biir:::`-    =    :::, for fl ± i ± i. EeterminB the

nEm a[Tzatl-'dri censin[ jfu

fe!Brie`£byexp[aintheEd`nceptofpha§e'tyelcc]kyanE`stateit<§maThematJ€a[re!±fron§hipt~a
grauptyBic6'ifty.



::.vtea::::::nt:ft¥:qp::::::,g;u::n;=e:sfydf:rr;£=#ft:.#:§:::;aom3:{a¥;:vge#tnaSr#nft;g`~
proha bilfty Qon§ertratien.                                                                                                          I-10 REark§}

tb}Shgivthatif:tw6QperalpreA^aridScpmmute,theSsh^area.€pmmQnse±Qf
siinul{aneou§ E[gerfun,ction§,                                                                                             {8 Mark§}

Q3L {a} Consider a pactiele t]f mass i» trapped inside a eymETietric one-dimensional infinite

potential we[T defir[ed by:.

mix,-(:' -a < a < a
otberwis.e

Soivethet.rme-indeSendeifeS.chf6din9erequation:to.ifer.rtyether]ormalizecle.rfergy
eigerEfu.pet-]`gr}§ a.Sd sftou. that the st`.ate.s aifemate`in Parky.                                        {10 searke}

ife}Fin`d`the.er]engyeigeftyalue§'f`qr±h.a.S`roqnv,a§{gte'andthe`.fiiste*Gitedstate®f`a

paBticie fn{his dyinrfue[ife.uel] iEih'e tblalwidtH of the dell (Ztz} tis equ'al 'to 2rir.     t8 mark§}

@4. {a} tJsingj±he power Series. method.:{Frobenitj§ mathpd}.¢,v§q!ve.the. time-ind±penderfe
Seh`fa.c!tngereqLtatloftfor@'1'-i)linearhgrfudnico5ci.[[atorfo`firadits€nergy-a?genvalues.

tie charke}

i:±£:f§nb::s:raisin9`aperator¢tandleveringoperato[B,ip_rQve\thefel,loov{ng>`aperatr-ena|

•1,. ¢l*:,-; -#l#.i, i?
•±., :d?|H} =L.iffiiF`* '±i

Q§. !?!, For
eva[LJate grie'`expectation ¥a[des~{tjc3 and €pz}. use thee?tc!`defermrrie#h~e 8`nE:§rfa.iffitg§

4x and Af!r-                                                                                                                tis ndal'±§}

{BSfifuantumharmon¥€S§ti!]aforJhasLanangutarfreq.ile#eyOf.`ds=.3*1`0]4fa`ars.
calculate its zerfe-point Energy in e!ectren-uC!Its €eY}.                                               {8 Mz=fk§}

Q6.{a}<§€parate.quethree-dimens'Eon±Lij-me-in€epEpdentsQhr5`ffiBgEreF`uaticm¥n
spfie`rica!pe{`arq-oerdinatesfr7.>8tiS)feraperltra:Spfe`rl[fal'Ttr}.`Exp`]icitly3solap?ngsq!ve
th e arirfutithaS {fr3 depen`3erit. diferefEtl`al eq uatl.ci-ri.                                                  {qo.caark§}

{8} & particle i§ represejifed `by an Eri|ti3} GaL}ssian waife paf keg

rfe,b} =.i{  i  }-H4exp{  i i  }. Desc`ribequ.alitatiuely hourandtry the-suave

packet spreads as time progres§e§ {f > B}.                                                        ta "ark§}


