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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.

Answer question nos. 1, 2 and any four more questions from the rest.

1. Answer any five questions : 2×5

(a) How many photons does a 40 W source of light at wavelength 600 nm emit per second?

(b) Find the de Broglie wavelength associated to an electron accelerated to a potential difference of
1000 V. Given, the mass of electron = 9.1×10–31 kg.

(c) An electron is confined in a space of linear dimension 1 Å. What is the minimum uncertainty in
its linear momentum?

(d) Show that (x) = A exp(ikx) (A = constant) is an eigenfunction of the linear momentum operator.
What is the corresponding eigenvalue?

(e) What do you mean by stationary state? Does the state (x, t) = A exp(–x2 – ikt) represent a
stationary state? Given, k is a real number.

(f) State the postulates of special theory of relativity.

(g) Give an example of each of a three-level and four-level laser system.

2. Answer any three questions : 5×3

(a) Write down Einstein’s photoelectric equation and discuss how it explains the characteristics of
photoelectric effects.

(b) Derive the equation of continuity in one dimension for the probability in quantum mechanics. How
will this equation reduce for a stationary state?
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(c) Show that the linear momentum operator is a Hermitian operator. If x̂  and p̂  respectively represent
the position and momentum operators, show that ˆ ˆ ˆ ˆxp px  is a Hermitian operator.

(d) Establish the relation 2 2 2 2 4
0E p c m c  , where the symbols have their usual significances. How

are the energy and linear momentum of a photon related?

(e) What do you mean by the term population inversion? Show that population inversion is the necessary
condition for lasing action.

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

 1 cosc    

where c is the Compton wavelength and  is the angle of scattering. Calculate the numerical value
of c, given the mass of electron = 9.1×10–31 kg.

(b) The photoelectric work function of sodium is 2.7 eV. Find the threshold frequency and threshold
wavelength for photoelectric emission.

(c) Explain the importance of Davisson-Germer experiment. (4+1)+3+2

4. (a) Derive the relation between phase velocity and group velocity of matter waves. Show that the
group velocity of matter wave is same as the velocity of the particle.

(b) Uncertainty principle forces us to reject the idea of Bohr’s orbit.— Explain.

(c) What is the linear superposition principle in quantum mechanics? (3+2)+3+2

5. (a) A system is described by the following wave function :

( ) sin , 0n xx A x l
l


   

= 0, otherwise.

(i) Find the normalization constant A.

(ii) Find the expectation values of position  x  and linear momentum  p  of the system.

(b) Prove that

pd x
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where the symbols have their usual meanings. (2+2+2)+4
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6. (a) A particle is bound to x axis with the following condition
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Calculate the probability density between the limit x = 0.42 to x = 0.54. Also calculate the expectation
value of x.

(b) Write down the basic postulates of wave mechanics. (2+3)+5

7. (a) A rod of proper length L0 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

2 2
0 1 /L L v c 

where c is the speed of light in vacuum.

(b) The average lifetime of -mesons with a speed of 0.95c is measured to be 6 × 10 – 6 sec. Calculate
the average lifetime of -mesons in its rest frame. Given c = 3×108 m/s.

(c) Derive Einstein’s velocity addition theorem in special theory of relativity. 3+3+4

8. (a) Derive the relation between Einstein’s A and B coefficients.

(b) Find the ratio of the rate of spontaneous emission to the rate of stimulated emission by a bulb at
temperature 2000 K at wavelength 550 nm. Does the bulb produce coherent light? Explain.

(c) What do you mean by metastable state? What is the typical lifetime of metastable states?
4+(3+1)+(1+1)


