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INSTRUCTIONS: Answer questions one and any other two questions  

QUESTION ONE - (30 MARKS)  

a) What is a linear operator?       (1 Mark) 

b) List any three conditions that   wave function  should satisfy.   (3 Marks) 

c) Normalise the wavefunction 

���� � ��	
� in the limit 0 ≤ x ≤ a where k is a constant (3 Marks) 

d) List any three postulates of Quantum mechanics.    (3 Marks) 

e) Let f(x=1) = 0.2, f(x=3) = 0.25 and f(x=4) = 0.55. Calculate: 

(i) The Average value of x       (2 Marks) 

(ii)  The second moment of x       (2 Marks) 

f) (i)  What is degeneracy?       (1 Mark) 

(ii)  What is the degree of degeneracy if the three quantum numbers nx, ny and nz have 

values 1,2 and 3         (2 Marks) 

g) A particle is described by the lowest (n = 1) normalized energy state 

L
kQ

2
)( =  Sin X

L

Π
 in a one-dimensional box of length L. What is the probability that   

it will be found between x= 0 and x =	


�
 ?     (4 Marks) 
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h) �ℎ��	�ℎ��	�ℎ�	������������,
dx

d
A =
∧

, and multiply, xB =
∧

, operators do not commute.	

(2 Marks) 

i) Estimate the penetration distance for a very small dust particle of radius mr 610−=  and 

density 34 /10 mkgP =  moving at smv /10 2−= if the particle impinges on a potential step 

of height equal to twice. It’s KE in the region to the left of the potential step.  (6 Marks) 

 

QUESTION TWO (20 MARKS) 

a) The wave function has the form 

    

 
( )
x

axSin
AexQ ikx−=)(  where a and A are constants. Determine the normalization 

constant A for the wave function between -∞   to +∞     (7 Marks)

 Hint: The following integral relationship may be used 

adx
x

axSin

20
2

2 Π=
∞

   

 

b) Starting from a one-dimensional wave equation derive the Schrodinger time-independent 

wave equation.         (9 Marks) 

c) Determine whether the wave function below is a momentum eigen function. 

      

( ) 






 Π= x
L

nSin
L

xQn

2
       (4 Marks) 

 
 
 
QUESTION THREE (20 MARKS) 
a) The simplest continuous distribution is the so called distribution where; 

���� = constant  = A                0 ≤ x  ≤ b 

                          = 0  Otherwise         
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Evaluate: 

(i) The mean of x        (5 Marks) 

(ii)  The second moment of x      (3 Marks) 

(iii)  The variance of x       (2 Marks) 

 

b) Solve the Schrodigner Time Independent Equation for a free particle of mass m moving 
freely in x-direction i.e Obtain the expressions for Eigen functions, momentum and 
energy.          (10 Marks) 

  

QUESTION FOUR (20 MARKS) 

a) Verify that ASinkx=ϑ  as is the eigen function of the Hamiltonian operator for a particle 

in a box. What is the eigen value?      (4 Marks) 

b) Consider an electron in a one-dimensional box of length 12
0

A . How large is the energy 

difference 56 EE −  in ; 

(i)  eV         (6 Marks) 

 

(ii)  Cm -1         (3 Marks) 

c) Calculate the energy difference between n = 1 and n=2 levels for an electron 

( )kgxm 31101.9 −=  confined to a one-dimensional box having a length of 4.0 x 10 -10m. 

What wavelength corresponds to a spectral transition between these levels?(7 Marks) 

 

 


