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1 Answer the fbllowing’iqrjestions s 1x7=7
(a) Write down the quantum mechanlcal

form of total energy operator of a
'partlclg mov1ng in x-direction.

(b) - Determine whether or not pix)=e* is
an acceptable wave function.
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S 2.

(c) .

(d)

e

(a)

Show that | X, =3 [== 2

Sx? 8x

How does the number of superimposed
- waves, forming a wave packet, affect
- the locahzatmn of the particle ?

What is Landé g-factor ?
() * What is the total number of energy = .
o leve]l (or'degeneracy) for the nth state ~
~of hydrogen atom ?
(@) - The sphttmg of a spectral line in the -
- presence of extemal electnc field is
‘termed as . ‘ -
() Anomalous Zeeman effect
(i) Paschen-Back effect '
(iii) Normal Zeeman effect
- (iv) Stark effect
Answer the follov'vin.g questions : 2x4=8
What is the physibal significance of the

~ wave function w(x,t) ?
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(b) A particle with total energy E is
influenced by a potential energy V(x).
Show that the one-dimensional
Schrodinger equation can be written
in the form

2

T, -
[dx +k —U(x)}w(x)—o

where,

a i d A
(c) Show that Px = —”"aj'; is an Herritian

operator.

(d) A particle of mass m and moving in g
potential v(x) has the wave function

, k
W(x,t) = Aexp (— lkt_—ﬁanQJ

where both A and ‘k' are COnSténtS
Determine the explicit form of the;,
potential. b
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I‘a)

®)

©

3. Answer any three of the followmg

S5x3=15

What do you mean by expectatlon
value of a dynamical variable ? Find
the expectation value <p>- and < p2>
for the wave functlon L |

y/(x) JQ/L sm( ) for 0<|x|<L
Cfor  |x|>L

© 1+(2+2)=5

Show that if y, (F) and ¥, (F) are two

indepenident . solutions of the |
Schrodinger equation, then

l//(r) ax i (r) +ay ¥, (r)

is also. a solution of the Schrodlnger

equation. What does it imply ?
4+1-5

.Wha_t. are momentum space wave.

" . functions .? Show that these wave

functions can be obtained as Fourier
transform of pos1t10n space wave

functions. - 1+4=5
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' (d) Write down the radial- wave function -
for 1s state of hydrogen atom. Also,
compare the probabilities of a ls
electron in the hydrogcn atom being at‘
a distance ag from the nucleus than at

~ a distance aq, /2 - 144=5

(e) “State Pauli’s : exclusion p_riﬁmple.- An
afdmic state is’ 'deno,ted by -8 DE,",2 . Give -
‘the values of L, S and J. What should |
be the minimum number of electrons’

' 'im'rolveﬂ for the state ? . 2+3=5

4. What is- the need for normallzatlon of a .
wave function ? Calculate the normahzatlon
constant of & wave function (at t=0) given
| : '//(JC) ae( 2 "2/2) etkx
' known as the Gaussmn wave packet

Determine (a) the ‘probability density,. and
(b) the probab111ty current dens1ty of the
- wave functlon o - 2+3+5=10 ‘
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OR
A fimte square potent1a1 well of depth V, is
o ’deﬁned as’ . :
A O for  x <O ‘
V(x)={ -V for 0s5x<L .
' 0 ’for';x>,L _ 4
‘Set up Schfadlriger -equéﬁoﬁ for the
" potential well. Also solve .using appropriate

boundary eonditions . and determine ' the
energy eigenvalues. . - - D4+8=10 -

- 5. () Write down Schrodmger equation for a -

~ -linear harmonic oscillator. What are
the eigen-values and eigen-functions
of the Hamiltonian of a linear -
harmonic oscillator - ? - Explain the
significance of zero-pomt energy of the
oscﬂlator : . 1+2+2 5

(i) Find the expectation value of .energy -
- when the state of harmonic oscillator
. is. described by the followmg ‘wave
. function : . . ‘

)=k Iyl o oo n

where A (x, t) and y;(x,t) are wave

functions for the ground state and.the -
first excxted state respectively. S,
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»ground state of hydrogen atom
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Write down Séhfiidinger wave equation for

hyclrbgen atom: in sphe.rical' polar ..

coordinates. ‘Separate the equation. into

radial and two angular palr'tsf"AlsQ, from the

- radial part of the Schr'cidinger’ equation,
find the eigenvalues of energy E for thel |

1+2+7=10

f) Describe and explain L-S- coupling.

- Under what. condition does it hold ?
(i) Under what condition L-S coupling
 breaks down and what kind of new

couphng takes place 'P

. (zfi’i) Describe J-J coupling. Illustrate L;S'

and J-J coupling: with “the help of
* vector diagram.
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-

- or

- With a suitable diagram illustrate the

Stern-Gerlach experiment. - What' is the -
31gn1ﬁcance of inhomogeneous magnetic
ﬁeld used in Stern-Gerlach expenment ?

‘ expla.m mathematlcally

In a: Stern-Gerlach type expenment the
magnetic field -varies with distance -in

z-direction according to dB,/dz=14 T /mm.
Silver atoms travel a distance x =35 cm
through the magnet. The speed of atoms

~ emerging from oven is v =750 m/sec. Find
" the separation of the two beams as they

leave the magnet. Mass of silver atom
= 1-8 x 10725 kg and its magnetic moment

is 1 Bohr magneton.
3+3+4=10 -
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