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L. Answer the following questions : 1x7=7

(@) Write down the quantum mechanical s
form .of total energy operator of a
particle moving in x-directiorn. '

(b) * Determine whether or not y(x)=e* is -
an acceptable wave function.
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(c) Show that [X, Sxc? Sx

~/(d). How does the number of superimposed
" waves, forming a wave packet, affect
the localization of the particle ?

(e) - What is.Landé g-factor ?

() ‘What_is the total number of energy
Jevel (or degeneracy) for the nth state
of hydrogen atom ?

(g9 The splitting of a spectral line in the
presence of external electric field -

termed as ‘
() Anomalous Zeeman effect

(ii) paschen-Back effect
(iii) Normal Zeeman effect

(iv) ‘Stark effect

-

2. Answer the following questions : 2x4=8
(a) - What is the physical significance of the

wave function (x, t) ?
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(b) A particle: with total energy E 1is
influenced by a potential energy V(x).
Show that the !
Schrodinger equation can be written

one-dimensional

& in the form

1 2
\;agx—;+k2 —U(x):\ w(x)=0
where,
2mV X
and U(x) = _?_g_)

2mE
k2= -

. . ., d
(c) Show that Px = _-m@? is an Hermitian

o
b

operator.

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

w(x,t)= Aexp (— ikt——@ xQJ

h

- where both A and k are constants.
Determine the explicit form of the

potential. 3
6\:\“:‘9‘5 ‘i',(f?\
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3. Answer any three of the following

(a) What do you mean by expectatlon -
~.value of a dynarmcal varlable ? Find .

the expectation value <p>- and <p2?>
for the wave function.

| yx(x):,/Z/L sin'(%‘) for O<|x|<L
- for |x|>L

S | ﬂ‘ 14(2+2)=5

(b) Show that if v (F) and y,(7) are two
o 1ndependent 'solutions  of  the
Schrodmger equatlon then '

V/(") a1V’1(r)+a2V’2(r)

is also a solutlon of the Schrodmger
‘ equatmn ‘What does it imply ?

1

{d ‘What are momentum space wave
functions ? Show that these wave
functions can be obtained as Fourier
-‘transfortn of posmon _space wave

t'.-:
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5x3= 15 '

4+1= 57

funct10ns T 1+4=5

@

(e) .

Write down the radjal wave function’

 for ls state of hydrogen atornv.’ Also, -
compare the probabilities of a 1s

electron in the hydrogen atom being at.

‘a distance ao from the nucleus than at

a distance a0/2 . . 1+4=5

State Pauh s excluswn pr1nc1ple An

atomic state is denoted by *Dg,. Give

’ ‘the values df L, Sand J. What should-

“be the mlmmum number of electrons
', 1nvolved for the state ? 2+3 5"

What 1is the need for normahzatlon of a
wave: function ? Calculate the normal1zat10n' '

by

ponstant of a wave fune'u,on (at t=0) glven"'

W)= aeke? ) gie

known as the Gaussian wave packet.

Determine (@) the probability density, “and
(b) the probab111ty current denS1ty of the

Wave funct10n o ' 2+3+5=10
-cﬁyf““ &
- o ' e ACC. A0 ?i\ . _
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o "OR |

j A ﬁnlte 'square potent1a1 well of depth Vo 1s

- deﬁned as’ R :

' 0 for- x<0

V(@)= -V for O<x<L
1.0 (‘for»x>L

Set up Schrodmger equatlon for the
_ potential well. Also solve using’ approprlate
~ boundary - conditions and determlne the

| energy elgenvalues o 2+8=10 |

(i) Write down Schrodinger equation for a

“linear ‘harmonic oscillator. What are

“the elgen-values and elgen-functlons
of the Hamiltonian of a linear
harmonic = oscillator ? Explain the
31gn1ﬁcance of zero-point energy of the
oscﬂlator T 142+42= 5

(i) Find the expectatlon value ,of energy
when the state -of harmonic oscillator.
is descnbed by the following wave

functlon .
v (xit) =75 [w&n )+ (6t)]

" where v, (x,t) and v, (x,t) are wave
functions for the ground state and the
- first excited state respectlvely S
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-~

ground state of hydrogen atom.

Or

' erte down Schrodmger wave equatlon for

hydrogen atom in . spherical polar-

' coordlnates Separate the equation into

» radlal and two angular parts Also, from’ the

radial part of the Schrodmger equation,
find the elgenvalues of energy E for the

LT 1424710

(i) Describe and explain L-S- Aeou-piing‘ .
Under what condmon .does 1t hold ?

(u) B Under what x:ondltlon L-S couphng '

cuag

"‘breaks dpwn, "and what k1nd of new
_coupling: tayes place ?

‘r‘-:v\‘~ %f

ﬂfvjs‘*ﬂ.f‘

(i) Descrlbe J-J couphng Illustrate L-S

~and J J _couphng ‘with the help‘ of
vector diagram. - |
| 343+4=10
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Or ]
With a suitable diagram  illustrate the
Stern-Gerlach experiment. What is the
significance of inhomogeneous magnetic
field used in Stern-Gerlach experiment ?
explain mathematically.
In a Stern-Gerlach type experiment, the
magnetic field varies with distance in

z-direction according to dB, /dz=14 T /mm.
. Silver atoms travel a distance x =3'5cm
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 1025 kg and its magnet1c moment

is 1 Bohr magneton

- 3+3+4=10
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