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Answer any five from the I*' 6 questions

and the 7" question is compulsory.

1. Consider a two level system where the ketsfy;>and jy>
form an orthonormal basis . Now define a new basis -
|1 >and | b2 > by

jor>= 5w w2 ) and
: >=—=(y, >—|y,>
|¢z \/'2_(' 1> =lwy>)
An operator 6 represented in | y; > basis is given by

0=
) a 1

A
- Find the representation of O in the new basis. Here ‘a’

is a constant. 6
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Constder a one-dimensional system deseribed by the

-

P.
Hamittonian H = —+ V(1)
i

41 Show that [H, x]=—-1¢ /it Pim. 2
¢hy Find the expectation value of PP in an eigen state
of the given H. 4
Hint : Use the result obtained in () to evaluate (h).
A particic of mass m s confined within an mfinite 1-D

will, between v = 0 and x = L. The cigen states of the

Hamiltoman arc given by

i b 12 max
L0, 7\!71 th A[—vr
. ‘ nhn’
Voere b ——— n=1. 20
2mi.

Consider a situation where at tme 7 == O the particle is in

) ko)

state hy (1= 01} = L
=

ta; Find ine tme-dependent IllIU)) |
th Calculare the coordinate representation of [w(!)).

re fmd (f.r[ ). I

e Checko ol {\;J(I}) comes buck 10 [y =M) after a

vertun ame 4 . If so determine 1, 4
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4. ,Using the uncertainty relation AxAp>fi/2,)estimate

.4 the ground state energy.of 1-D harmonic oscillator.

F’2 mw2 3

; 2"? 2 R TR Y
Given <x> = <P> = O for all eigen state of H and

. T
Ax=J<x?>-<x>2and AP =< P2 > 1P 52,

U

Hint: Express expec:t';;ti‘on value of Flifn terms of Ax and
4i;AP and then use uncértainty relation and miri’iTniz_dtion
wcondition, art 6

5. In the s:mullaneou(s eigen ba31s of [? and L which 1s
represented as [I, ‘m;obtam the matnx represéritation of

ILxand Ly operatqr for I=1 cage .

Given, Li=L,+(L,
Lo=L,-iL, -
Lo |l m> = h I+ D) ~m(m+1) |1, m+ 1>

Lzl m>=mh|m>
2 TR LRI PR S L I ity
LLm>=1{+ D |m>

A TR AR 1T I LSNP PR T

And the basis 18 given by (IL,m=0, :1>} 6

6. (a) Show that, in 1% order time independent
.+, perturbation theory, thet it order correctién(é‘-)thc

. .in™ eigen state is-orhcgonal to the eigen state
itself. RSUTEH 4
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(a)

(B

s

Consider a particle of charge “eTand mass m’

harmonic oscilator potential Vo=

|-

m &

! .
— mw a7 Now

apply a small clectrie field 0 magnitude falong

the + ve a-axas,

So dt=H +IF
Py
= —- - —- i} "y ety
3, :rm oA efa

Treatmg the clectric ficld perturbaiivety, caleulate

. 1] - ~
the cnargy correction o n' ereen state in 1™ order

perturbation theory.

I P
Given - a - Fop 1t
\ Xk MM
, I“mu PP
at - f-- -
V 2h FHW

Consider 1-1) harmomce oserllator problem
4pply variational method to estimate
The ground state cnergy

el wave function w, i o = A

f
]

I _
R T

Vi

Giiven j A e T s

S i e2a”

and

3

Cnven the information of ground state how do we

obtom an upper bound o the 1 excited state using

varalivngl merhod.

3
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