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QUESTION ONE [30 MARKS]

a) For Pauli’s spin matrices, show that:- g,0,,0, = 1.

; . " + . d
b) Find the Eigen function of the operator:-L, = —ih =
c) Show that the spin-orbit interaction energy is given by

B e i Lg2 - 12— 5%).
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4 For a state of angular momentum |1, m) show that AL,AL, = —

e)  Consider elastic scattering of 50MeV neutrons from a nucleus. The
phase shifts measured in an experiment are &, = 96°, §; = 72°, 6, =
60°, 6; = 35°, 6, = 18° and &5 = 5° where §; = 0 for l = 6. Find
the total cross section and estimate the radius of the nucleus.

f) Calculate the scattering angle in laboratcry frame of reference between two
photons if it is 10° in the centre of mass frame.

QUESTION TWO [20 MARKS]
a)  Use variational method to estimate the ground state energy of a hydrogen

2 2
atom. Use trial wave function ¥(r, 8, ¢) = e ™/%and H = -zr-'—m— vz + e?

b) Use the WKB approximation method to estimate the energy levels of the
states of an electron that is bound to the Ze nucleus with Coulomb field of
V(r)=—2Ze?/r.

QUESTION THREE [20 MARKS]

a) An electron is in spinor state y = A [?;L] hence:-

i)  Determine the normalization constant A.
ii) Find the expectation values (S,), {S,) and (S;).

iif) Find the uncertainties 7, o¢,and of,.

b) The 2s wave function of a hydrogen atom is given by
3/2
Y200(r, 6,9) = v’% (2—;0) (2 = 53) e T/2%with perturbation V(r) = :—2

use the perturbation theory to calculate the first order shift in energy.

QUESTION FOUR |20 MARKS]

IfL, = —ih (x% - y%), x = rsinfcose, y = rsinfsing, % =
IR "% T P

% = sinfcose % s wsg%wa—i; :SL q;%. Show that L, = ih%
b) Show that: - LXL = ihL.
QUESTION FIVE |20 MARKS]

a) Calculate the differential cross sectiof in the first Born approximation
for a Coulomb potential V(r) =|Z,Zje? where Z,e and Z,e are the
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b)

charges of the projectile and
of an alpha particle (Z; = 2 and
(Z, =79 and A, = 197), if the
in lab frame is 8; = 60°find the

given by V(x) = {0 e e

corresponding wave functions o'

cox <0,x 2

': the

et respectively. Consider scattering

A; = 4) from a gold nucleus particle

cattering angle of the alpha particle

scattering angle in CM frame.

icles of half spin and confined [10 marks]
I of width 1 whose potential is

enerally the energy and wave

i nh2m?
- - and
2ma

Determine the ground state, the

xcited states energies and their
ystem




