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QUESTION ONE [30 MARKS]
a) Show that (¢.4)(c.B) = A.B + ic(AxB) where A and B are vectors and

o's are Pauli’s matrices

b) Find the Eigen function of the operator:-L, =— iﬁ%.

c) A particle of mass m is trapped in a potential well of:-V = %mwzxz. Use

variational method with the normalized trial wave function of:-
(1 i \/E)cos(nx/ 2a) in the limits —a < x < a, find the best value of a.
d) The first Born approximation for elastic scattering amplitude is:-f =—

(%) f V(r)e'sd3r show that V(r) is spherically symmetric and it reduces

to:- f =— (:—:2) [ rsin(qr)V(r)dr.

)  Show that-- [L2, L] =0

f) Calculate the scattering angle in laboratory frame of reference between two
photons if it is 15° in the centre of mass frame.

QUESTION TWO [20 MARKS]

a)  For Pauli’s spin matrices gy, 0, and 0, obtain the commutators:- [crx, ay],
[04,0,] and [0}, 0]

e)  Use WKB approximation to find the allowed energies of the general
power law potential V(x) = a|x|” where v = 2 and it’s a positive
number.

QUESTION THREE [20 MARKS]

a) An electron is in spinor state y = 4 [

3i
. . . . 4
1)  Determine the normalization constant A.

] hence:-

1i)  Find the expectation values (S,), (S,) and (S,).

iii) Find the uncertainties o2 , g2 and o2 .
5 % z

. . 1 .
For a harmonic oscillator V(x) = Ekxz, the allowed energies are

k] E,=(n+ 1/2)1‘1w,(n =0,1,2,...), where w = Vk/m. Now suppose
the spring constant increases slightly by k = (1 + €)k.
Find the exact energies, trivial in this case. Expand your power series
in €, up to second order.

QUESTION FOUR [20 MARKS]
Show that in spherical coordinates the angular momentum operator is given
by:- L, =—ifi[ — sind)a—ag- - cot@cotq&% :

QUESTION FIVE [20 MARKS]

a) Find the energy levels and wave functions of a system of four
distinguishable spinless particles placed in a an infinite potential well of
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b)

size a. use thi

ground state and the first excited state
Find the ground state energy and wave
interacting identical particles that are con

infinite well when the particles are

ave function of the

s result to infer the energy and the w

function of a system of N-
fined to a one dimensional
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bosons and spin - fermions.
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