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Instructions for students:
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First Question is compulsory. Attempt five questions in total.
All questions carry equal marks.

Use of non-programmable scientific calculator is permitted.

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

( ﬁéﬁa‘e a Hermitian-operator-and state why physical observables mustbe represented

(b} Ghec; ,zf?theﬁperatars x2 and B, corimute with-sach vihier by evaliating: [’ar. Bl
c§ State the Bhysical conditions That & wave furiction v} must satisfy to bé considerad

(e) Express.-the angular momentum operator component L~ in-spherical polar
cobidinates;

)y Awavefungtionisgiven by i) = Asm{ ) ford. £ X £ L. Détermiine the

niermalization constant A. .
{g) Brigtly-explain the concapt of phase velosity and state s mathematical relaticnship to
group velocity.




Q2. {a) Formulate the probabxhty current density J Ffor adi‘sree—dnmensuogaé }»,.fave funghoré -
U 2
Prove the continuity equatzon ? + ¥ - J=0and interpret its physical meaning rggard ng ~
probability conseriation. {10 Marks)
{b} Show that iFtworoperators A and 8 commute, they share s'common sat of
simultaneous igenfunctions, {8 Marks)

8. {a) Consider a particle of mass m trapped inside a symimetric one-dimensional infifite
potential well defined by:

won_ §J0, —B<x<a
Vix) = {m,_ otherwise

Solve the time-independeit Schiddinger equation toderivé the normalized energy
eigenfunctions and show that the states alternatein parity. {10 Marks)

{b} Find the energy e;gemeafues for fhié ground state and thefirst Bxcited state ofa
particle fin this symmetéic:wall if tHe total width of the vell (24) 18 &5uslt. 24 {8 Marks)

Q4. (a} Using the power series method {Frobenius miéthicd), solve the time-independert

Schirbdiiger equation for a 1- finear harrmonic oscillgtor o find its energy eigenvalues.
10 Marks}

) Gwen'the ransmg operator: & and lowering operator a; prove: thefoliowmg -operational

(& arkis)

evamate the expecta o afalue's{‘ 3 aﬁd (pz}, Use theseto determme% :,e uncertamﬁes
Axand Ap,. {16 Marks)

{653 A duanturm harmonic oscillsforhas an anguler frequedicy 67 =3 x 10 eadfs.
Caleulate its zero-poirit-enérgy in electian-volts (€ V1. ‘ {8 Marks)

Qb {a} Separate the three-di mensmnai’ume-mdependent Schrogh ingerequationin
sphierical polar: coardmafes {r, D) for a central potential V(r). Explsc' Iy fsolate and solve
the gzimuthal () dependent differential equation. {10'Marks}

{b}A particle ?s.“rébré:—:‘eﬂiéﬂ By an Hitial Gaussian wave packet

. 2 . B} .
b, 0) = ( P ) exp( } Deseribe qualitatively how and Wwhy this wave
packet spreads as time progresses{f > 0). & Marks)




