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l. Answeranyrrooquestions: 2xZ

(a) Veri& that the dimension of the spaces

$ i,ir; r;-zll d ll iviz;i,r)| isequal

b(2h+ tx2i2+ t).

(br.Os,



(2t

(D) A system consists of two spin-half
particles. It is known that one of the

particles has spin S"=h12. If the spin

of the combined system is measured,
list the possible total spins and S, valuos
that may be obtained, along with their
corresponding probabilities.

(c) In the tight binding approximation, the
one-dimensional energy spectrum is

written as E(k)=Eo'-ZAc'c.ka wherea
is the periodicity ofthe one-dimensional
laftice, tthe wave number and Aa con$ant-

' For t e [-zr I a,tcl af, draw the plot E(&)

vs t and identi$ the Brillouin zone.

Further expandE(t) for small values of
,t and find the mass rz* of tho free
particlc.

(d) Suppose lz) is an eigengtate of a Hmil-
toni{in If with mrgy eigcnvalue E Now

ft
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(3)

consider the 
"t"t" lv)= ]O t lt)lz) where

zr is the,parity operator and [f,n1 =9.
What conclusion can you draw about the

state lz) if it is known that the energy

spectrum i s non-degene rate ?
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2. Answer any fwo ofthe following : 4x2

(a) For the spin-half system.Prove that the
time reversal operator q can be written

as 6 = qe-'dr(, where 4 is aphase factor,

S, is the spin-half operator andrKa' 
complex conjugation operator. Further
show that for a spin-halfstate

lv),o'lv)=-lv)'

(D) A system having the Hamiltonian,Elo is
perturbed by I/r so that H : Ho * Ht
where
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""=4(l :) -. "'=4(: ;)
with c << l. Findtb filmd secotrd

order shifts in the energl lovcls of I/o
using pcrhrbation thmry. Comprte the

eigenvalues of If exactly and oornparc

(c) ,Estinete thc grormd-st8tc cocrEy of a
onedimcnsiond si-pb,hamonic
oscillator usiry thc trid wrwfu tim

VG)=trcz-tl. nsc,fl*+ =oua*-)t
(d) Sholv ttdthc rotaim ntix

4(f)=6'ftYr
fu spin-half (i = lf2) crmbe wrim in
term ofPauli mtices {o,} ""

D (l) = loo(l/2)-r(6.-)'n(l/2} .

FreA'!' (d)



(s)

Usc this result to show thst

l+ = codp/2) l+), + ct trn$l 2)l-L

wtcre P md c uc the Polr and aziruthal
angles' r€spectively, ofthe unit vectc iL
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3. Answeraay qtcoftfufollowing: Exl

(a) (, Asyrtcmwifimrrycrhtrtcdlhil-
tonio flo is subjectod to a pertr"rba-

tion /which arc given as

A. FMfieeigeostatesoftheuPer-
turbed Hamiltonian IIo and the
exact eigenvalues of thetotal
Hamiltonian H = Ho+YbY
direalydiagmalidngll 2
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B. Nowfindthe energreigenvalues
of H using non-degenerate/
&generate perturbation theory
upto first order in I and compare
your result with the exact values. 2

(ir) Find the matrix representation ofthe
angukh momdntum operator J, for
7: l. Use this result to compute the

' energy eigenvalues for the Hamil-
tonian H = ?J, + bfi whire a and b

are congtants. 4 .1

(r) (, A particle of mass zr is confined
within a one-dimensional infinite
potential well of widthz, with the
walls at.r = 0 and r : Z. A perturba-
tion to the llarniltonlan of the fonn

Yx =?'Yosin(tslzxl << l) is acted

on the system. Compute the energy
levels of the z.th excited states to
the firstorderin perturbation theory. 4
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(il) Consider the angular momentum
'addition of two spin-half particles.
Usingthe -I* ladderoperators.and
orthogonality relations, reunite all the

states in the 
I ir, h; i,rl basis in terms

of those inli,iz;ru,r+) basis. You

must show all steps involved in the

computation.
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