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Note: (i) Answer all the questions.

(ii) Answer the questions to the point.
—————————————————————————

1. (i) An electron has a de Broglie wavelength of 1.5 × 10−12 m.
Find its (a) kinetic energy and (b) group and phase velocities of
its matter waves. [5]
(ii) Show that the average kinetic energy of a particle of mass m
with a wave function ψ(x) can be written in the form

T =
h̄2

2m

∫ ∞
−∞

∣∣∣∣∣dψdx
∣∣∣∣∣
2

dx = 0 [5]

2. (i) Write the time dependent Schroedinger equation. Using
separation of variable technique split it into purely time depen-
dent and time independent components. [3]
(ii) What are stationary states? [2]
(iii) Show that the probability density of the linear harmonic oscil-
lator in an arbitrary superposition state is periodic with the period
equal to the period of the oscillator. [5]

3. (i) Calculate the energy eigenvalues and eigenfunctions of a
particle confined in a two dimensional square shaped infinite deep
potential well. Show that the eigenstates are degenerate. [5]
(ii) Calculate the energy difference between the stationary states
l = 1 and l = 2 of the rigid molecule H2. Use the Bohr frequency
rule to estimate the frequency of radiation involved during transi-
tion between these two states. Suggest a method for determining
the bond length of hydrogen molecule. [5]
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4. Solve the Schroedinger equation for the hydrogen atom and
discuss the radial wavefunction. [10]

5. (i) Prove that it is impossible to construct a completely an-
tisymmetric spin function for three electrons. [5]
(ii) Write a short note on exchange operators. Calculate their
eigenvalues. [5]
—————————————————————————–
Useful formulae:
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, where n ≥ 0, a > 0
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