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PHYSICS

Paper: PHSC4UXO

IQuantum Mechanics-Il

Full Marks : 50 Trne : Two Horrs

The ligures in the margin indicate full marks.
Candidates az rcquired to give their answers

in their own wods as far as practicable.

. Group-A

y'usta ny lout queSions : 2x4=8

l. For the angular momentum opentors j, show that

li,, i-)= zni 
", 

u/herc e = i, t i,
2. Derive the orpression for position ryace wave firnction

(r I a) = V" (r) as ar integal over the monranh.rn ryce

wave function (plcr)=$"(pl starting from the state

l").
3. Show that Clebsch-Gordan coefficients vanish unless

22=m1tm2, where the symbols have their usual
rHfiEt

P.T.O.
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(2)
4. For a one dimensional harmonic oscillator, usrng the

ladder op€rarm ,i and,it, show that the eigenvalues of
the ntrmber opemror it = at a arc rnn-negaive integers.

5. Show thar if a system possesses a symmetqr, then it
leads to degmacy of energr eigcil/alues"

6. Write down the rnatrix representation of the spin -'lz
operator, S, 

"rd 
fd its normalized eigenrrcctors in the

Itr) tasi.. Fur0rcr unite down the unitary matrix U

srrch tht til+,2) = l+,x).

Gmup-B

fusuta my lour quesi<xs : 4x4:16

7. For a one dimensional harmonic oscillator obtain the

matrix representations of the op€rators * aA F.
vcrirynat l*,F)=n.

8. Consider a twcstate system with orthonormal basis

states {lt),lZ)} . The Hamiltoniatr operator for the

sysem is e',,en by i? = e (l t)(t | 
+ 

| 
zx2l + ItX2 | 

+ l2xt l)
wherc € is a constart having tlrc dimeasion of energr.
Suppose it is *movm thd d tfune r = 0 tr sj/$em is in

$are lv(o))=ll). rina lylr).

e. Given tt"t (rlal")= -ih*F4),where lcr) is ary

I
gpneral sme. Sbow th* {x1 

p,l=12*1-tt2eiztt.



(3 )

10. Two diferent spin ] particles have a Hamiltonian

P =cr+pS,^ir+r(Sr, +Sz,) where o,,p andy are

consE s Fird 0rc energr eigenvalues ard tlre nsrnalired
eigenvectiors of the systern

11. Find the marix rcpr€sentation of the angular momentrm

op€rator i, foti =1 in the l7,z)basis such that the

i.li,nl=mnli.nl.

12. Consider a state lV) and a Hamiltonian E whose

matix rcpresentAions are given as

,., +[i]
where Eo is a constant. If energl is measured, what
values would we obtain and wift wha prrobabilities?

Group - C

Answer any llru questions : 8x2=16

13. (a) The Hamiltonian operator for a spin-ll2 system is

grven by ,=o:S, where ro is a real corstant The

state of the sysrem at r = 0 is l+,x) find the

expectation values of the operatoE S,SrS= a" u

finrction of time using tte Heisarberg picUre.

P.T.O.

[,i]=
Eo

J'
010
l0l
010
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(4)
@) Consider a oredimersiorul harnronic oscillam with

the goturd state wave function ryo(x) = 
"-?t<zfil 

,

where x, is a constant. Find the value of the

coefficient cr, so that ryr(x) = (l + a.x2 y-r2 r<zril

is orthogonal to Vo(x). 5+3

14. If the eigenvalues of J2 andJ, are given by the

eigervalrre gqrrari9115

i'lx, *7 = tt'l,l n) and /, Lr, n) = nnl),. n), tnen

show that (a) ?,>m2 (b) X=j(j+t) and

(c) -j <n< j, wlrcre the symbols have their usual

rneanins. l+2+3

15. (a) Consider the angular momentum addition of two
spin-half particles. Compute all the associated
Clebsch-Gordan coeffrcients and rcwrite all the

states in tln lir,iz;i,^) basis in terms of those

in lip i2;mt,mz) basis. You must show all steps

involved in ttp cornptfaion

@) If lo) is an eigenstate of the parity operator

i show that the corresponding eigenfunction

V"(x) is either an ever or an odd firnction ofx.
6+2



(s)
16. (a) Consider a one-dimensional potential that. is

invariant under lattice translation such that

i(a)i V 1x1i1a1 = V (x + a) = r (x). Show that the

state le) defined as le) i e'mln) is an

eigEnstate of the latice translation operator t(a).
Furth€r using the tightbinding 4proximation, fud
tlre energr eigsnwlues as a finrcion of 0 .

O) A +in-balf systerr has a Flrniltoniam H = <0S,. tf

tbe Elstem is in ltE stde l+,:) at time r = 0. Find

the probabilities of fuding tlte sy$em in th€ stales

It,.r) as frmction of time. 4+4

Intcrnel Assgsment : l0 marks
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