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Answer any five full questions.

1. (i) If the eigenvalues of J? and J. are given by J*|A.m >= AlA.m
and J.|\.m >= m|A.m >. For the simultaneous eigenvector of J? and
J.. |\.m > show A > m®. Take h = 1. [3]

(ii) Show that L x L = iL. i4]°

(iii) Determine the orhital momenta of two electrons in the conlig-
uration p'd'. [3]

2. (i) Calculate the energy correction due to spin-orbit coupling
for hydrogen atom. (5]
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(ii) Given the matrix for H" and H' as ("i ) ( A ”1 in

0 By
the orthonormal basis |1 > and |2 -, determine the
(a) energy eigenvalues (2]
and (b) energy eigenfunctions. (3]
3. (i) Using WKB method calculate the expressions of wavefunc-
tions in classical region. (4]
(ii) Write the Hamiltonian for a Helinm atom. (2]

(iii) Estimate the ground state energy for a Helium atom using the
variational method with the trial wavefunction
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4. (i) Obtain expression of transition probability for a time depen-

dent harmonic perturbation. (5]

(ii) €alculate the Einstein B coefficient for the n=2, I=1, m=0,
n—1. 1=0. m=0 transition in the hydrogen atom. (5]

5. (i) Discuss the phase shift technique used to study the quantum
scattering process. [5]

(ii) In a scattering experiment, the potential is spherically sym-
metric and the particles are seattered at such energy that only s
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and p waves need to be considered.

(a) Show that the differential cross-section o(f) can be written in
the form a(8) = a + beosfl + censh, [2]

(b) What are the values of a, b, and ¢ in terms of phase shifts? [3]
6. (i) Using the Klein-Gordon equation show that the expressions
for relativistic and non-relativistic position probability densities
are different. [3]

(ii) Obtain different anticommutation relations with the help of

Dirac Hamiltonian. (3]
(iii) Prove that the operator i, where a stands for Dirac matrices,
can be interpreted as the velocity operator. (4]
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