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PHYSICS — GENERAL
Paper : DSE-A-2
(Modern Physics)

Full Marks : 65

Candidates are required to give their answers in their own words
as far as practicable.
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The figures in the margin indicate full marks.

1. Answer any five questions. 2x5

2.

(a)

(b)
(c)
(d)
(e)
()

The work function of a tungsten surface is 5-4 eV. When the surface is illuminated by light of
wavelength 175 nm, the maximum energy of photo-electron is 1-7 eV find out the Plank’s constant
from the data.

State the Heisenberg’s Uncertainty principle.

Write down the Schrodinger equation for free particle.

In special theory of relativity what do you understand by time dilation?
What do you mean by Stimulated Emission of Radiation?

Write down the basic postulates of special theory of Relativity.

(g) Show that the Lorentz transformation equations are reduced to the Galilean transformation equations
under approximation. v <<c.

Answer any three questions. 5%3

(a) Discuss the operation of Ruby Laser with a suitable diagram. 5

(b) Using the Heisenberg Uncertainty principle justify the absence of electron inside the nucleus. 5

(c) A 2MeV gamma photon is scattered through an angle of 180° by a free electron. What is the recoil
kinetic energy of electron? 5

(d)

(e)

Show that the length of a rod which moves parallel to the length with respect to an inertial observer
appears to be contracted. At what speed should a clock be moved so that it may appear to lose
1 minute in each hour? 3+2

Establish the Einstein’s velocity addition relation in special theory of relativity. Two particles are
coming towards each other with a speed of 0.7c, with respect to laboratory. What is their relative
speed? 3+2
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Answer any four questions.

3. Find the expression of change in wavelength in Compton Scattering. What is the maximum wavelength

change in Compton Scattering? 7+3
4. (a) Deduce the relation between the phase velocity and group velocity for de-Broglie waves.
(b) Calculate the de-Broglie wavelength of electrons of energy of 104eV.
(¢) Find the eigenfunction of the operator di , for the eigenvalue K. 5+3+2
X
5. (a) Write down the relativistic relation between the total energy and momentum of a particle explaining

(b)

(c)

(b)

(b)
(c)

the symbols. Hence obtain the expression for momentum of a photon of frequency 7.
Derive the expression for the kinetic energy of a particle in relativistic mechanics. Show that for
low velocity v <<, this takes the form 5 mv? for a classical non relativistic particle.

A body of rest mass m breaks up into two parts of masses m; and m, with speeds v, and v,
respectively. Show that my > m, + m, using the principle of mass-energy conservation.
2+D)+3+D)+3

A system is described by the following wave function
y(x)=4 sin# 0<x<!

=0 otherwise

(i) Find the normalization constant A4.
(ii) Find the expectation values of position (<x>) and Linear momentum(< p>)of the system.

Prove that

4 oo
i

where the symbols have their usual meanings. (2+2+2)+4

Define Einstein’s A, B coefficients. Establish a relation between them.
Describe the optical pumping process in lasing action.

What is metastable state? Mention its utility in laser. (2+3)+2+(1+2)
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. (a) What are the basic postulates of wave mechanics?

(b) Find the probability that a particle can be found between x = 0.4 and x = 0.6 when the particle
is bound to x axis with wave function

_Jax for 0<x<1
v 0 otherwise

Calculate the average value of x of the system. 5+(2+3)




