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full marks for the questions.

1. Prove that in the polar co-ordinate
representation, the Heisenberg uncertainity
is given by, ALAA2h/2, where L and 6

represent angular momentum and the angle
of the position vector with respect to x-axis
respectively. 3

2. Justify if the following wavefunction is well-
behaved or not ? )

tan x

0\/1__?, x € —(o0, )
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3 An

(a)

(b)

(c)

(d)

(e)

14 (CHM

swer any four from the following :
2x4=8
ui]:az is the physical significance of
~(x)=L/2, for an electron moving i
straight chained conjugated pf.:rlyent:n

where L is the length of the polyene

What 1
| is the molecular interpretati
an eigenvector ? e

. n
ln

e ~"la0

H-atom is given by Wls(r)=
3
» ks . EaO
which is an
_ exponenti
v ‘ ially d i
bchUOn in r. How does the 1 ecayfng
come spherical in shape ? o

Eval
valuate the commutator [f:' g}]

Calculate th
B Ue energy of 3 non-interacti
apped in a box of length %
ngth L.

For the w

what Iscm“a'-'tfunmmn of the H

s € reason behind the N
0.¢)=R(r)Y(6,¢4) ? rpression

-1)104/6G
2

dzbl'
izati n number

polynomial and vis the quan
Find out the expression for the |

wavefunction.
5. gtarting from a Q-dimensional Hamiltonian
ital basis, show that the

in the 18 atomic orbit :
ital of a Ha molecule 18 given DY

'L(lsa +1sg), where A and Brefer t© the two

ded together by a constant
a4

potential V.
OR
2 .
prove that i——3 jsnota Hermitian operator.

6. S stcmatlcally predict the lnear
combinations of the contributing orbitals for
the r-bonds’ wavefunctions i1l as-butadienc
using Hiickel theory:
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7. Answer any one:

fa) The wavefunctions of thre :
j e mol
orbitals are given by : meUss

.-k 3
4-n-gvat |3
¢2=W1+ﬁW2

D 3
% ¥ ﬁ!ﬂb—J;wa

»

Answer the following :

i) Ex
press the
braket .mOIECUIEI' orbi .
" e notation using thrbltals in
s as basis. Oesatornic
i) Find =LA
- _ ;
& - € normalization constant f;
or
1.5

#%) Show that ¢, ang

to each other., ¢3 are orthogonal

(v) Whij
i Ls
cncrg?;;b”al has the p: >
14 (CHM-1) 104/ wRy:? ¢ highest
1.5

How does &
simple
from
diato mi
quant'lZc
E, =+ 1/2)he
vibrational gquan
the angular fre

(b)

_ The wavefunct.io
/  F-atom is given by,

—

1
v(p)= 51737 (a.;.

(@) How many nodes

gketch and explain

function of r.

(c) What
represent ?

9. Answer any th

(a) Construct the

of M electrons an
the spin orbitals

from y(r) ?
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diatomicC

harmonic vibr
gchrodinger S
c moleculé,
d vibration
whereé

n for an excited el

* Tﬂ 7 -18p+ 2p?)e

orbital can the wave

ree from the following :

» equatl
ShOW t :
al energy is g1ve

per and @ 1S
1+5=6

ectron in

-p3, p=9r/A0

are present ? 1

the radial part as a
2

function
1

3x3=9

Hamiltonian for a system

d N nuclei. What are
that you can construct
1.5+1.5=3
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(b) Whal is a product wavefunction ? What
v is the advantage of an STO over Hartree

product ? 1.5+1.5=3

(c/ The pnperturbed wavefunctions for th
infinite square well are :

‘ P 2
01 Fon( )
a a
If one applies perturbation as given in

the figure, find th
’ e fi 3
to the energies. b L=

i

W,

| i !

(d) Identify p©) and )

problems : for the following

1-53‘2-3

(I;‘ An 0s :
cillator
governed b
y the

potential

2
U(X)=£X_+ J"xa A bxll
2

10. Answer any

(a) what is th
Derive the expr ]

order energy
degenerate
independent P
eorerm. Find the
tion having
1+3=4

tion th

(b) State the varia
f a trial func

optimum form ©
form e™".

Use the following Standard Integral :

n_ —oax n!
rxe dx =—1z
0 a"

(c) Derive the form of the secular
determinant considering & fixed set of
two basis functions (linearly dependent

on parameters] and hence find the
expression for the optimum energy. 4
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(d) What are Born-Oppenheime,
approximations ? How will you solve the
electronic and nuclear Schrédinger

equations for a many electron system ?
1+3=4

(e) What is Stark effect ? Derive the
expression for spin-orbit coupling
7 Hamiltonian (Hgp). . 1434

11. Account for the form of the Zeeman effect
when a magnetic field is applied to the

transition 3D2—>3Pl . 2
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