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PHYSICS — MINOR
Paper : MN-4
(Modern Physics)

Full Marks : 75

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.

Answer question no. 1 which is compulsory and any five questions, taking
at least one question from each Group.

. Answer any five questions : 3x5

State the postulates of special theory of relativity.

What do you mean by crystalline and amorphous solid? Cite one example of each.

Calculate de-Broglie wavelength corresponding to the most probable velocity of thermal neutron at
300 K. Given Kg = 1.38x1023 J/K and neutron mass = 1.67x10727 kg.

2.2
Normalize : y(x)=4e * * , —a<x<o where 4 and o are constants.

Explain the existence of domains in a ferromagnetic material.

Find [Lf, Pﬂ commutator for evaluation.

State Planck’s law of blackbody radiation.
A 2 MeV gamma photon is scattered through an angle of 180° by a free electron. What is the recoil
kinetic energy of the electron?

Group — A

Write down Lorentz transformation equations and show that the time interval between two events
is minimum in the Lorentz frame in which events (assuming time separation) take place at the same
place.

At what speed v will the Galilean and Lorentz expressions for length differ by 2%?

Show that the relativistic kinetic energy of a particle of mass m is T = (m — mg)c?, where my, is the
rest mass of the particle. (2+4)+3+3
Using the photon concept write down Einstein’s photoelectic equation and explain the characteristics

of photoelectric emission.

Show that Planck’s law of radiation reduces to Wein’s law for v >> KT and to Raleigh-Jeans law
for hv <<KT.

e

Explain Compton effect and explain the Compton wavelength from AA = (l—cos (p) , where ¢
c

my
is scattering angle. +2)+(2+2)+(1+3)
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Explain wave particle duality. What is wave packet?

What is the uncertainty in the momentum of an electron, which is restricted 1o a region of lincar
dimension of 10 nm?

Using Hciscnberg uncertainty principle, show that an electron cannot reside inside the nucleus of an
atom. (242)+4+4
Derive the time independent one-dimension Schrodinger wave equation.

Normalise the following wave function :

L OHmV . . .
vy, (v) = A sin? ™ for particle confined in a length 0 <x < L.
/

l'ind the cigenvalue (£,) lor n-th state. dtdr4
Group-B

Discuss briefly the differences in the nature of bonding found in diamond and NaCl crystal.

NaCl crystal has a cubic structure. 17 its density is 2.163 em/em? and its molecular weight is 58.45,
caleulate its lattice constant.

Write down and explain Bragg’s law of X-ray diffraction. (22 )H4+(143)

Define phase velocity and group velocity of matter wave.

Show that the phase velocity of the matter wave can be greater than velocity of light.

B 7

Compute the mass “m’ and speed *v" of an electron having Kinetic energy = 1.5 MeV.

[Given rest mass ol clectron, my=9.1-1073" ke, velocity of light, ¢ = 3108 nvs]. 44+4

Explain the occurrence of diamagnetism. Does the mechanism take place in all substance?

Derive Curie’s law ol Paramagnetism using Langevin's theory.

Explain domain structure in a ferromagnetic material with dircet experimental evidence.
(2+1)+5+4

What is bandgap? Compare the bandgap values of conductors, semiconductors and insulators.

What do you mean by #-type and p-type semiconductors? What is the role of dopant concentration
on the Fermi-energy of n-type and p-type semiconductors?

Write short notes on : Tonic bond and Covalent bond. (2+2yH(2+2)H2+2)



