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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 from the rest.

1. Answer any five questions : 3%5

(a)
(b)
(©)

(d)
(e)

®

(8

(b

State Heisenbergs uncertainty principle.
State Planck’s law of black-body radiation.

An electron falls through a potential difference of 100V. Calculate the de-Brogle wavelength of
the electron.

In quantum mechanics, what is wave packets? Can it be normalised?

What do you mean by crystalline and amorphous solid? Give example.

Given an operator A= %, find which of the following is an eigenfunction :

fx) = e¥, glx) = x%.

X-rays with a wavelength A = 1.54 A undergo first order Bragg’s reflection from a set of planes
in a cubic crystal at a glancing angle 22.5°. Calculate interplanar spacing.

Distinguish between conductors, insulator and semiconductors on the basis of energy bands.
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2. A particle of mass m is confined to a one dimensional infinite potential well of width L, such that (x)
=0 for 0 < x < L and V(x) = o elsewhere.

(6350)

(2)
(b)
(c)
(d)

(a)

(b)

(©)
(d)

(a)

(®)

().

(d)

(a)
(b)

(©)

(2)

(b)

(c)

Derive the time independent Schrédinger equation.
Normalise the wave function.
Derive the expression for energy eigenvalues.

Calculate the probability of finding the particle with 0 < x < L/4 in the first excited state.
4+2+3+3

A metal has a BCC structure. The atomic radius of the metal atom is 0.143 nm. Calculate the
lattice constant and find the interplanar spacing for the (2, 0, 0) plane.

Explain why (1, 0, 0) reflection is completely missing when x-ray diffraction is performed on a FCC
crystal. State the general rule allowed in FCC lattice.

Explain why crystalline solids are anisotropic while amorphous solids are isotropic.

Define Moseley’s law and explain its importance. 4+(2+1)+2+(2+1)
Give one difference between (i) covalent and metallic bonds (ii) Hydrogen and Van der Waals
bonds.

Differentiate between direct and indirect semiconductors. Provide one material example for each.

What is the Fermi energy level? How does doping shifts the Fermi level in n-type and p-type
semiconductor? ‘

Define the forbidden energy gap of an insulator. Describe the distribution of electrons in the
valence band and conduction band of an insulator at absolute zero and at ordinary temperature.

(I+D+2+1)+2+2)+(1+2)
Derive Curie’s law of paramagnetism from Langevin’s theory.

A paramagnetic gas. has a density of 4 x 1028 atoms/m®. Each atom has a dipole moment equal
to 1 Bohr magneton. Calculate the Curie constant of this gas and the magnetic susceptibility
at 300k. 1 Bohr magneton = 9.2 x 10724 Am2.

What is Curie point? Compare the properties of ferromagnetic, paramagnetic and diamagnetic
substances. , O SHQHDH(13)

A rod of proper length L is moving uniformly with velocity ‘v’ along its length with respect to an
inertial frame of reference. Show that the length measured in that inertial frame is

c ‘
where c¢ is the speed of light in vacuum.

The average life-time of p-mesons with speed of 0.95C is measured to be 6 x107 sec. Calculate
the average life-time of p-meson in its rest frame. Given that C = 3 x 108 m/s.

Derive the Einstein’s velocity addition theorem in special theory of relativity. 4+4+4



(a)
(b)
(©)
(d
(2)

(b)
(c)

(a)

(b)
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Find the expectation value of momentum of a particle whose associated normalised wave function
is y = defr—o0) where symbols have their usual meaning.

Explain orthogonality of wave function.
Prove that eigenvalues of Hermitian operator are real.

Explain wave particle duality. S5+243+2
A particle is bounded to x-axis with the following condition :

5-x 0<x<l1

0  otherwise.

w(x)={

Calculate the probability density between the limit x = 0.42 to x = 0.54. Also, calculate the
expectation value of x.

Write down the basic postulates of wave mechanics.

Extablish the relation E2 = p2c2 + mq ¢4, where the symbols have their usual significance.
5+4+3

What-do you mean by dia-magnetism? Give the example of solid where this property is found.
Derive the expression for magnetic susceptibility for dia-magnetic sample.

Write short notes on :
(1) Direct band-gap semiconductor

(i) Indirect band-gap semionductor. ' 6+6
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