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Section A
Answer any 5 (1 marks each)

If Ag is the observable in the Schrodinger picture, H and H, the total and the unperturbed
Hamiltonian respectively then the observable in the Heisenberg picture Ay is

(a) e—iHot/hASeiHot/h (b) eiHot/hASe—iHot/h

(c) eth/hASe—th/h (d) e—z’Ht/hASeth/h

If the state ket in the schrodinger picture is given by \a, to; t)s then the state ket in the interaction
picture is

(a) |a, tg; t)s (b) |, to; t) seHot/P

(c) |, to; t) setHlot/P (d) |, to; t) et HIE/R

An asymptitic wavefunction()) is

(a) "/)inc + wsc (b) wz’nc + "/)sc atr — oo
(€) Yine + Yge atr — 0 (d) outgoing wave at 7 — 00

In relativistic quantum mechanics the 73 is

I 0 I 0
(a)<0 —I) (b)(O I)
-1 0 —-I 0
d
o(0) W) )

The generalized momentum p; conjugate to the generalized coordinate g; is
(a) & (b) %=
oq 9q

oL’ oL?
(c) o0 (d) o

(1x5=5)

Section B
Answer any 7 (2 marks each)

Describe the operation of time evolution operator.
Sate Fermis golden rule.
Explain electric dipole approximation in time dependent perturnation theory.
Explain hard sphere scattering.
Define differential scattering cross section and total scattering cross section.
Explain Ramsauer - Townsend effect.
Write down the Dirac matrices.
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Find the matrix o- p where p = plg + p23 + pgl;:

Write down the Lagrangian equations of motion and the Hamiltons canonical equations of
motion.

State Noether’s theorem.

(2x7=14)

Section C
Answer any 4 (5 marks each)

Explain the interaction picture in quantum mechanics and obtain the equation of motion in that
picture.

In the case of Harmonic perturbation, show that the transition rate for a transition from the
ground state |g) to the excited state |e) is same as that from |e) to |g).

Obtain the expression for the differential scattering crossection for scattering of the electron by
Coulomb potential.

Obtain Klein-Gordon equation.
Determine the current density and the charge density on the basis of Klein Gordon equation.
Derive the Hamiltonian form of the classical field equation in terms of Hamiltonian density.

(5x4=20)

Section D
Answer any 3 (12 marks each)

Discuss time dependent Perturbation theory and deduce Fermi's Golden Rule.
OR

Explain the interaction of an atom with electromagnetic field using time dependent
perturbation theory.

Obtain Rutherford scattering formula by applying first Born approximation.

OR

Explain resonances in scattering theory. with a neat diagram explain how metastable bound
states are formed.

Obtain the solution of the dirac equation for the particle at rest.

OR

Explain the second quantization of the schrodinger field and apply this formalism to a system
of bosons.

(12 x 3 =36)
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