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2020
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.

1. Answer any five questions : 2×5
(a) State Plancks law of black body radiation.
(b) Calculate the work function in eV for a metal, if the photoelectric threshold wavelength is = 680 nm.

 = 6·67×10–34 J.sec.
(c) Calculate the de Broglie wavelength of an electron whose accelerating potential is 300 V. Mass

of electron = 9·1×10–31 kg.
(d) State Heisenberg uncertainty principle.
(e) Write down the physical interpretation of wave function .
(f) State the basic postulates of the special theory of relativity.
(g) Two particles are coming towards each other with a speed of 0·7C, with respect to laboratory.

What is their relative speed?
(h) What is meant by optical pumping?

2. Answer any three questions :
(a) Define phase velocity and group velocity and deduce the relation between them. 2+3
(b) Write down Einstein’s photoelectric equation and explain the characteristics of photoelectric effect.

2+3
(c) Using Heisenberg uncertainty principle, justify the absence of electron inside the nucleus. 5
(d) In relativity what do you understand by time dilation. Deduce an expression for it. 2+3
(e) What do you mean by population inversion? Show that, population inversion is a necessary condition

for Lasing action. 2+3

Answer any four questions.

3. (a) Show that the shift in wavelength of a X-ray photon due to scattering by a free electorn is given
by

 1 cos
o

h
m C

   

where the symbols have their usual meanings.

(b) Calculate the maximum wavelength shift in above case. Given that the mass of electron is
9·1×10–31 kg.

(c) What is the importance of Davisson-Germer experiment. 5+3+2

4. (a) Derive Schröedinger time independent wave equation.

(b) Solve the above equation for a particle enclosed in a one dimensional rigid box of side ‘L’ and
obtain its eigenvalues. 4+(4+2)
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5. (a) Explain wave-particle duality. What is wave-packet?

(b) What is the uncertainty in the momentum of an electorn, which is restricted to a region of linear
dimension of 10 nm?

(c) What do you mean by normalisation of a wave function? (2+2)+3+3

6. (a) Prove the relation : E2 = p2c2 + 2 4
o ,m c  where the symbols have their usual meanings.

(b) Calculate the percentage of contraction in the length of a rod in a frame of reference moving with
a velocity of 0·6C in a direction parallel to its length.

(c) Deduce the relativistic velocity addition theorem. 4+3+3

7. (a) What are the basic postulates of wave mechanics?

(b) Explain orthogonality of wave function.

(c) Prove that the eigenvalues of a Hermitian operator are real. 5+2+3

8. (a) Describe Ruby laser with a suitable diagram.

(b) Derive the relation between Einstein’s ‘A’ and ‘B’ coefficients. 5+5


