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QUESTION ONE [30 MARKS]

a)
b)

g)

IfA=3x*and B = dix. Show that 4 and B do not commute.

Show that the function Y(x) = cxexp (—%xz) is an eigen function of the

d? . ;
operator (xz = d—xf) and hence the corresponding eigen value.

Find the probability that a particle trapped in a box L wide can be found between
0.45L and 0.55L for ground state.

A  particle has a Il-dimensional wave function given by:-

Y(x) = \Esin ?—1{5 Find the expectation value of X in the interval [0, L].

e = . . ; & o o BE 1 .
The Hamiltonian of a simple harmonic oscillator is given by H = ——+ Emwx2

prove that: [;?)x, ﬁ] =— ihmw?x.
Write down the two Heisenberg uncertainty relations involving energy and
momentum. Hence estimate the kinetic energy in MeV of a neutron confined to

a nucleus of diameter 10 fm.

' _ iy
Show that the wave functions ¥, (x) = J%smpf—x and Y, (x) = J;S mme e

orthogonal.

QUESTION TWO |20 MARKS]

a)

What boundary conditions do wave functions obey?

(b) A particle confined to a one dimensional potential well has a wave function

given by:-
0 forx < —L/2
P(x) =4 Acos (?) for =L/2<x<L/2
0 forx =~L/2

(1) Sketch the wave function Y(x) = cos (3%)

(ii) Calculate the normalization constant A

(iii) Calculate the probability of finding the particle in the interval
—L/4<x<L/4
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(V) Using the Schrodinger equation(-— ﬁ—) (ilf—) = Ey show that the energy [5 marks]
2m/ \dx 252
E corresponding to this wave function is given by:- QZT;LZ ;

QUESTION THREE [20 MARKS]

. D . s .
a)  Show that the momentum operator -—LEE-; is a Hermitian operator. Hence obtain [5 marks]

Eigen function and Eigen values of py.
b) A particle moving in one dimension is in a stationary state whose wave function ~ [15 marks]

is given by:-
0 forx >=a
P(x) = A(1+ cosﬁ) for—as<x<a
a

0 forx>a
Find the magnitude of A so that (x) is normalized, Evaluate Ax and Ap hence

verify that AxAp = g
QUESTION FOUR [20 MARKS]

a) The one- dimensional time-independent Schrodinger equation is given by [4 marks]
2 2
(— :—m) (d i&”)) + U(x)P(x) = Ey(x) give the meaning of the symbols in this
equation.
b) A particle of mass mis contained in a one-dimensional box of width a. the [12 marks]

potential energy is infinite at the walls of the box x = 0 and x = a and zero in
between 0 < x < a. Solve the Schrodinger equation for this particle and hence

" : I
show that the normalized solutions have the forms 1, (x) = ﬁsm-":—x and E, =

hén?
8ma®’

¢) Forn = 3, find the probability that the particle will be located in the region [4 marks]
a/3=x<2a/3.

OUESTION FIVE [20 MARKS]

a) Find the expectation values of kinetic energy, potential energy and total energy [8 marks]

_T/ao

of hydrogen atom in ground state for )y = - where aj is the Bohr’s radius.

Ay
hog2y oV W b ooy Vo - [12 marks]
Vi,b+m1pand = —ZmiV Y +ih1[) show that J, =

2mi

b) Using %‘f =—

velAl.




