& Labrary

Carmel Colleg .

auvem, Salcete.

U AR , . GEG-12

B.Sc. (Semester — V) Examination, October 2015
PHYSICS
Wave Mechanics

Duration: 2 Hours ' Total Marks: 80

1

Instructions : 1) All questions are compulsory.
2) Figures to the right indicate marks.
3) Symbols have their usual meaning unless otherwise stated.
4) Use of non programmable calculators is allowed.

Answer any four of the following : (4%4=16)

2
a) For a particle represented by a wave group, show that AX . AA > Z:—
T

AX and A\ represent uncertainities in position and wavelength.

b) Sketch the probability densities * (x) y(x) for the states with n = 1, n = 2
and n = 3 for a particle in finite rectangular well.

c) Obtain operator expressions for kinetic energy and momentum.

d) Explainthe operation of Esaki diode with respect to wave mechanical tunneling
of electron wave function across a potential barrier.

e) Write four conditions for a wave function to be well behaved.

f) State Bohr's postulate about stationary states in view of De Broglie’'s
hypothesis. If two identical particles are accelerated through 100 V.and 200V,
_ what is the ratio of their wavelengths.
Answer any four of the following : (4%4=16)

a) Explain the terms eigen values and eigen functions. What is meant by
symmetric and antisymmetric wave functions ?

b) What is parity operator ? For a particle in symmetric potential show that the
degenerate eigen functions must have a definite parity.

c¢) Write Schrodinger’s equation for the motion of the particle inside rectangular
3-D box. What are degenerate states of energy ?

P.T.O.
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d) Whatis a wave group ? How itis produced ? What is physical significance of
group velocity ?

e) Forthe particle represented by wave group show that AE At > }{L ;
T

f) State De’Broglie hypothesis. Show that the De Broglie wavelength of a gas
h
particle of mass m attemp T is given by A = ———— . Where k is Boltzmann
(3mkT)”

constant.

3. A) P) Give Max Born’s interpretation of a wave function. What is meant by
normalization of the wavefunction ?

Q) An electron beam is accelerated through the potential difference of 12000 V.
Find De Broglie wavelength of electron.
OR

X) Two wave trains differ slightly in angular frequency W and propagation
constant K, but have same amplitudes construct a wavegroup associated
with the particle.

Y) An a particle and a proton are accelerated from rest through the same
potential difference V. Find the ratio of De Broglie wavelengths associated
with them.

B) Describe Davisson Germer experiment.

4. A) P) Using energy and momentum operators deduce Schrodinger’s time
dependant wave equation.

Q) Compare the uncertainties in the velocities of an electron and a proton
confined in a 10A° box. Mass of proton = 1 amu.

OR
X) How does diffraction at a single slit support uncertainity principle ?

Y) Compare the uncertainties in the momenta of an electron and a proton
confined to 20A° box. Mass of proton = 1 amu.

B) Usingtime dependant wave equation obtain Schrodinger’s time independent
wave equation. ‘
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5. A) P) Obtain expression for energy quantization associated with a particle in
infinite square well.

e
Q) An eigen function of a operator i is y(x) = sin 2x. Find corresponding

eigen value.

OR
X) A particle is moving in a one dimensional potential given by V =0 forx <0
and V =V, for x > 0. Find the transmission coefficient if energy of particle
EeVg - -

n

aX ._1 n a
Y) Showthat — =nx""" + x" —.
) oX 15).4

B) Set up Schrodinger’s time independent equation for linear harmonic oscillator.
Solve it by operator method. Show that the energy Eigen values are

E- :(n+ yz)hw

6. A) P) Apply Schrodinger’s time independent equation for finite potential well and
show that is has two classes of solutions.

Q) A beam of electrons each of velocity V constitutes current of 50 u A,
moving along X-axis. An abrupt potential step at X = 0 reduces the velocity
of electrons proceeding beyond the step to 0.25 V. What is the current
beyond potential step.

OR

X) Find the expectation value (X) for the position of particle trapped in a box
L wide. '

Y) lllustrate Bohr's correspondence principle by considering probability density
of particle confined to move in infinite rectangular potential well whose

2
normalized eigen functions are Wn(X) = \/E sin o

B) Set up STIE for particle trapped into a 3 — D box of side lengths L4, L, and L4
and discuss its solutions.




