
INDIAN INSTITUTEOF TECHNOLOGY, KHARAGPUR
End-Spring Semester 2017 -18

Date of Examination: 26th Apr, 2018 Session:AN Duration 3 hrs
Subject No.: PH41010 Subject Name: QUANTUMMECHANICS-II
Department/Center/School: PHYSICS FullMarks: 50

Instructions: - No queries will be entertained during the examination.
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A. (1) Write right hand side in Schrodinger picture for H = Ho + Vet): atl\l1(x, t)1 =?
(2) For the same Hamiltonian, fill the gap: at I\l1 (x, t)H = ·.. I\l1(x, t)H'

(3) A bound electron subjected to a constant magnetic field Bo at y direction. The interaction

Hamiltonian in terms of spin eigen states of s; Hint = - (ehBo) (Fill the gap)
2mec

(4) Find the FWHM ofmax(l - IxL O)?
.. . ( ) ( ) {eXPC-i[w+wo]t) eXPC-ifw-wo]t)}(5) What will be rotating wave approximated result of H t = V t + ?

W+Wo W-Wo

(6) Ifi is time ordering operator: i (A(tl)B(tz)) =7

(7) What are the powers of perturbation matrix and energy distribution in the transition rate expression?
(8) To explain Rutherford scattering experiment, is the Lipmann-Schwinger equation is enough or we
require different scattering theory?
(9) For Yukawa potential, do you expect divergence in differential cross-section in particular
directions? If so, specify the directions.
(10) For a one-dimension delta potential, write the expression of scattering length in terms of strength
of the potential. (1xlO = 10M)

B. (1) Define a time dependent potential, Vet), in interaction picture. Derive the dynamical equation of
VI (t) in terms of unperturbed Hamiltonian.
(2) Explain the advantage of Dyson series approach for single particle non-relativistic time-dependent
perturbation theory (TDPT) over conventional TDPT procedure.
(3) Is it possible to converge Dyson series for any finite scattering potential? If so, write the
procedure.
(4) Consider an electron of mass m is initially at one of the particular eigen-states (i-th, say) of one-
dimensional Harmonic oscillator with frequency w.
i) An electric field is applied for a time interval i starting at (=0. Calculate the probability to make a
transition to 151 and 2nd order excited state compare to initial state using 151

-order approximation of the
Dyson series.
ii) If the above electric field varies linear with time for that interval i, what will the probability to find
the electron in the n-th excited state at t -7 co'] [4+2+4+5+5=20M]

P.T.O.



C. I) Define partial wave.
2) Write plane wave in terms of partial waves.
3) Find the total wave function of the scattered system for incoming plane wave and spherically
symmetric scattering potential.
4) Derive (xlE, l, m) in terms of spherical harmonics functions.
5) Find the value of (xlE, l, m) when Ixl ~ 00.

6) Find the scattering amplitude for system described in (3) in terms of partial waves.
7) Find the validity condition of 15t order Born approximation of scattering theory for Yukawa
potential.
8) Derive the oscillating behavior of the radial part of total wave function (at asymptotic case) of
scattered wave in terms of phase shift.

[1+1+1+3+2+4+4+4 = 20M]
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