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INSTRUCTIONS: Answer questions one and any other two questions  

The following relations may be useful; 
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  = ½ (1 – Cos 2x) 𝑆𝑖𝑛2𝑥

Take planks constant h= 6.63 x Js and mass of electron m= 9.1 x  kg. 10 ―34 10 ―31

QUESTION ONE (20 MARKS) 

a) Explain any two features of photoelectric effect that classical physics couldn’t explain. 
(4 Marks) 

b) Outline any four conditions that a wave function must satisfy for it to properly 𝛹(𝑥,𝑡)
describe a real physical situation.      ( 4 Marks) 

c) Given the Eigen value problem  (x) = a  (x). Identify;   (3 Marks) 𝐴 ∅ ∅
(i) The Eigen function      
(ii) Operator  
(iii) Eigen value 

d) Show that   is an Eigen function of the momentum operator x = - ih . Find the 𝑒𝑖𝑘𝑥 𝑃
∂

∂𝑥

corresponding Eigen value.       (5 Marks) 
e) (i)   What is a linear operator?       (1 Mark) 

(ii)   Show that the square operator is a non-linear operator.   (2 Marks) 
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f) Evaluate the commutation relation.      (2 Marks) 

         [𝑥 𝑃𝑥]

where  is the position operator and the momentum operator.  𝑥 𝑃𝑥 

g) State the normalization constant for quantum mechanical wave functions.     (2 Marks) 

h) Normalize the wave function given by ; 

) = A  in the region 0       (4 Marks) 4(∅ 𝑒𝑖∅ ≤ ∅ ≤ 2𝜋

 

QUESTION TWO (20 MARKS) 

a) Find the de-Broglie wavelength of; 
(i) A 15ev electron (Take speed of light as 3x m/s) 108

 
(ii) A 200g baseball moving at 30m/s 

b) If a particle is localized between x = -a and x= + a and its space wave function is  

        ) = A cos ( ). Determine the normalization constant A.   (7 Marks) 𝛹(𝑥
𝜋 𝑥
2𝑎

c)   (i)    Define a Hermitian operator.      (2 marks) 
 
 (ii)   Given the operators  =  and  = i h , evaluate if they are Hermitian.(7 Marks) 𝐴

𝑑
𝑑𝑥 𝑃

𝑑
𝑑𝑥

QUESTION THREE (20 MARKS) 

a)  (i)  The solution to a one dimensional wave equation ; 

=       is of the form  = 4(x) cops wt are where 4(x) is the spartial 
𝑑2Ψ(x,t 

𝑑𝑥2  
1

𝑉2

𝑑2Ψ(x,t 

𝑑𝑡2 𝛹(𝑥,𝑡)

amplitude of the wave. Use this solution to derive the time independent schrodinger 
equation.         (7 Marks) 

     Write the time independent Schrodinger equation in (i) above as an Eigen value (ii)
problem.         (2 Marks) 
 

b) A particle is described by the lowest (n =1) normalized energy state Sin  in Ψ(𝑥) =  
2
𝓁

𝜋
𝓁 𝑥

a one dimensional box of length . What is the probability that it will be found between x 𝓁

= 0 and x= ?         (5 𝑙
2

Marks) 
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c) (i)    Calculate the energy difference between n = 1 and n=2 levels for an electron confined 
to a one dimensional box having a length  of m.   (3 Marks) 4 𝑥 10 ―10

(ii)    What wavelength corresponds to a spectral transition between the two levels in (i) 
above?         (3 Marks) 
     

QUESTION FOUR (20 MARKS) 

a) Stat the four postulates of quantum mechanics.    (4 Marks) 

b) Consider a linear harmonic oscillator as a quantum particle of mass m. If it obeys 

Hooke’s law with a restoring force F proportional to the mean distance from the rest 

position.i.e F = - kx. 

(i)    Derive the equation for the potential energy for the particle. (4 Marks) 

(ii) Set up the Hamaltonian for this quantum particle.   (3 Marks) 

c) A particle is trapped between x = 0 and x= L in a realistic potential square well as 

illustrated below potential V(x) 

          
RegionI RegionII RegionIII Position(x)

         Determine the wave function in the regions I, II and III.   (9 Marks) 
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