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SECTION, - A

Answer all questions. Answer should not exceed two sentences; each question
carries 1 mark

'1. Define microstate in statistical mechanics.

2. Define entropy.

3. Write two examples of Fermions.

4. How many particles can be accommodated in a single energy state of bosons?

5. Write the equation For energy of a photon, with explanation of notations.

6. Define de Broglie hypothesis.

7. What are the uncertainly products?

8. Define the zero poinl energy of a harmonic oscillalor.

P.T,O,



I Write the time dependent Schrodinger equalion of a particle in one dimension.

10. Prove that the probability +/ " y/ in quantum mechanics is real and positive.

(10 x 'l = 10 Marks)

SECTION - B

Answer any eight questions in a paragraph. Each question carries 2 marks.

1 1 . Define momentum space in statistical mechanics.

12 Explain phase space.

13. Explain bosons with example.

14. Distinguish between bosons and Fermions based on theii wave functions.

15. Explain Bose Einstein condensation.

1e Write the posturates of free electron model.

'17. Explain Rutherford's planetary model of atorn and its drawbacks.

18. Expiain how work function of a metal changes the kinetic energy of photo
electrons.

19. Explain the postulates of Bohr atom model.

20. What is black body?

21. Explain the properties of a wave function.

22 Explain box normalisation.

23. How the quantum mechanical probability is related the wave function?

24. Explain stationary states.
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Write and explain the uncertainty principle.

Explain Delta function potential.

(8 x 2 ='16 Marks)

SECTION _ C

Answer any six questions in a sentence or two, each question carries 4 marks.

27. Distinguish between canonical anci grand Canonical ensembles.

28. A coin is tossing 8 times. Calculate the probability to get 6 heads and 2 tails.

29 Distinguish between a microstale and a macrostate.

:10. Given that Boltzmann constant is 1.38x10 23 JK 1 and Avogadro number is
6.dx1023 Calculate the value of root mean square speed of molecules of Oxygen
molecule at 300K. Oxygen has an atomic weight of 16 u.

Calculate the fermi velocity of an electron if it's the Fermi energy is 3.2 eV, mass
of an electron rs 9.1x10 3' kg.

Calculate the wavelength of a photon to just emit an electron from a metallic
surface of work function 2.6 eV. Given that Planck's constant is 6.602x1034Js
and charge on an electron is 1 .6x10-1e C.

Compare the de Broglie wavelengths of an electron and a proton when they are
moving at a speed of '10000 m/s in vacuum. Mass of electron is 9.1 x10'31 kg and
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mass ofa proton is 1.66x10'z7 kg.

34. Calculate ihe wavelength of light emitted due to
n=2 state in a hydrogen a1om. Given that the
atom is -13.6 eV.

the transition from n=4 state to
ionization potenlial of hydrogen

35. The average life time of an excited atomic state
associated with the decay of the state is 500nm.
measuring the wavelength of the width of the
6.602x10' Js.

is '10-10 s. The spectral line
Estimate the uncertainty in
line. Planck's constant is
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36. The uncertainty of the velocity of particle is equal to half of its actual veloc,ty lf
Ap.Ax =r, show that the uncertainty in its position is its de Broglie wavelength.
Given that the mass of the particle is constant and no relatjvistic varjation of
mass is assumed.

37. Normalize the wave function f/(x)=Aexp( ax') where a and A are constants

over the domain -co<x<@. civen that jexp(-2ax')dx =.,8I2a.

Find the expression for probability of a particle trapped in a box of width L. The
particle can be found betlveen x, = 0.45L and x, = 0.55L.

(6x4=24Marks)

SECTION - D

Answer any two questions. each question carraes 15 marks.

39. Write a note on the Maxwell Boltzmann distribution and velocity distribution of
ideal gas molecules. Write the expressions for average speed, most probable
speed and root mean square speed. Compare these velocjties of a H2 molecule.

41.

What is quantum statistics? Derive Bose - Einstein stattstical distribution.

What is ultraviolet catastrophe of the theory of a blackbody and how it was
resolved by Planck's theory? .

42. Prcve that in Compton scattering, the change in wavelength is independent of
the energy of radiation collide with the electron. Write the expression for
Compton wavelength.

43. Explain the particle in a box problem in quantum mechanics.

44. Discuss the theory of quantum mechanical oscillator. Find its energy eigen value
and zero poinl energy.

(2 x 15 = 30 Marks)
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