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QUESTION ONE [30 MARKS]|
) Show that 0,0, = ig, where g, = [0 1], iy = [? Bl] are Pauli’s L[> marks]

' _ Y 1 0
spin matrices.
b) Find the Eigen function of the operator:-L, = —ih Zz%‘ [5 marks]
c) Use variational method to find the ground state energy of the one [5 marks]
dimensional harmonic oscillator H = ﬁ% + =mw?x? using the trial

wave function Y(x) = Ae ™ wherebisa constant and A is determined
by normalization.
d) The amplitude of scattering by spherically symmetric potential V (r) with [5 marks]

momentum transfer q is given by:-A = fﬂm MV(T) 4mtr?dr. Use Born

approximation to show that for the case of Yukawa -type potential, this
leads to an amplitude proportional to (g2 + m2c?)~1.
e) Show that:- [f,x,ﬁy]l,b = ithp,y [5 marks]

f) Calculate the scattering angle in laboratory frame of reference between two  [5 marks]
photons if it is 10° in the centre of mass frame.
QUESTION TWO [20 MARKS]

a) State the approaches used in the theory of scattering. [2 marks]
b) Give any four particles which may be used in scattering experiments. [2 marks]
c) What information regarding particles may be gathered in 2(b) above? [4 marks]
d) Define the terms:- incident flux and impact parameter. [2 marks]

¢)  Use the WKB method to estimate the energy of a one dimensional [10 marks]
harmonic oscillator.

QUESTION THREE [20 MARKS]|
Show that in spherical coordinates the angular momentum operator is given

by~ L. = —ih%.
QUESTION FOUR |20 MARKS]

a) An electron is in spinor state y = A [5:] hence:-

i)  Determine the normalization constant A. [2 marks]
ii)  Find the expectation values (S), (S,) and (S,). [6 marks]
iif) Find the uncertainties g, 0§ and a3 . [6 marks]
Use first order perturbation theory to calculate the energy of the n™ [6 marks]

excited state for a spinless particle of mass m moving in an infinite
well of length 21 with walls at x = 0 and x = 2L where:-

_(00=sx<2L _
V(x) = {OO ihormise V(0 = AVod(x — L) and 2 « 1

QUESTION FIVE [20 MARKS]
a) Find the ground state energy and wave function of a system of N- [12 marks]
interacting identical particles that are confined to a one dimensional




. . . o 5
infinite well when the particles are bosons and spin = fermions.

Consider a system of three non-interacting identical spin % particles [8 marks]

: ; ¥ 5 :
that are in the same spin state 5,5) and confined to move in a one-

dimensional infinite potential well of length a and potential

V(x):{0f0r0<x<a
co  otherwise
ground state and first excited state.

find the energy and wave function of the




