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2021
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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[English Version]
The figures in the margin indicate full marks.
Answer question nos. 1 and 2, and any four questions from thre rest.
1. Answer any five questions :

2×5

(a) What is the advantage of Planck’s law over Rayleigh–Jean and Wien’s radiation law?
(b) An electron falls through a potential difference of 100V. Calculate the de Broglie wavelength of the
electron.

(3)
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(c) At what speed should an electron move to double its rest mass? Given that velocity of light in free
spaces c = 3×108 m/s.
(d) What is meant by Lorentz–Fitzerald length contraction?
(e) In quantum mechanics, what is wave packet? Can it be normalised?
2

x
,    x   ; where A and  are constants.
(f) Normalise  ( x)  Ae

(g) What is metastable state?
2. Answer any three questions :

5×3

(a) Obtain an expression for probability current density in quantum mechanics.
(b) Define Hermitian operator. Show that the operator xp
ˆˆ x is not an Hermitian operator.
(c) If 1(x, t) and 2(x, t) are both solutions of Schrödinger wave equation for a given potential V(x, t).
Then show that  = a11 + a22 in which a1 and a2 are arbitrary constants is also a solution.
(d) With the diagram, explain the working principle of He–Ne Laser.
2 4

(e) State the basic postulates of special theory of relativity. Prove that E 2  p 2 c 2  m0 c , where the
symbols have their usual meaning.
3. (a) Show that the amount of wavelength shift of a photon scattered by a free electron given by,
   c (1  cos ) , where c is Crompton wavelength and  is the angle of scattering.

(b) Describe Davison–Germar experiment. What is its significance?

6+4

4. (a) Write the Schrödinger equation of a particle moving in a one-dimensional potential V(x).
(b) Deduce the relation between phase velocity and group velocity of matter wave. Show that the phase

c2
velocity of matter wave = v , where c is the velocity of light in free spaces, v is particle velocity.
(c) Using Heisenberg’s uncertainty principle, show that an electron cannot reside inside the nucleus of
an atom.
2+(2+2)+4
5. (a) Deduce the relation between Einstein’s A and B coefficient.
(b) Write the properties of LASER.
(c) Write down the working principle of Ruby Laser.

4+2+4

 0, x  0
6. (a) V ( x)  
Solve the Schrödinger equation for the step potential and use it to find the
V0 , x  0
expression for reflectance and transmittance.
(b) A particle is in a one-dimensional ragid box. Solve its Schrödinger equation and normalise the wave
function.
6+4
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(4)

7. (a) Prove that if any velocity is added to velocity of light in free space the result is same as the velocity
of light in free space.
(b) Deduce the formula used in part 7(a).
(c) Using Lorentz transformation equation, deduce the expression for Length contraction and Time
dilation.
3+3+(2+2)
8. (a) The expectation value of observable is    * 
ˆ d  . From this expression, show that ̂ is an



Hermitian operator.
(b) Angular momentum operator is given by Lˆ  rˆ  pˆ In spherical polar coordinate, find the components
Lˆx , Lˆy , Lˆz .

(c) Prove that the eigenvalues of an Hermitian operator are real.

2+5+3

