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INSTRUCTIONS 
1. Do not write anything on this question paper. 
2. Answer question ONE and any other TWO questions. 

 

QUESTION ONE 

(a) What property of radiation (light) was realized in both photoelectric effect 
and Compton effect?                                                                        (2 marks) 

(b) What are ‘matter waves’ ?                                                           (2 marks) 

(c) State and explain de Broglie’s hypothesis.                                  (3 marks) 

(d) Calculate the de Broglie’s wavelength for: 

       (i) a photon of kinetic energy 70 𝑀𝑒𝑉.                                        (3 marks) 

       (ii) a 100𝑔 bullet moving at 900 𝑚/𝑠.                                          (3 marks) 

(e) Explain the concept of particle-wave duality as a complementarity. 

                                                                                                      (3 marks) 

(f) State and explain Heinsberg’s Uncertainty principle.                  (2 marks) 

(g) Estimate the uncertainty in the position of: 

        (i) a neutron moving at 5.0 × 106 𝑚/𝑠.                                      (3 marks) 

         (ii) a 50.0 𝑘𝑔 mass moving at 2.0 𝑚/𝑠.                                      (3 marks) 

         (iii) comment on which case from (i) and (ii) above has meaningful   

            uncertainty.                                                                        (2 marks) 
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(h)  (i) Explain what it means by ‘Quantization rules’.                    (2 marks) 

      (ii) State Plank’s quantization rule, and Bohr’s quantization rules. 
                                                                                                 (2 marks)    

QUESTION TWO 

(a) Derive the energy of the hydrogen atom using Bohr’s formulas. 
                                                                                       (7 marks) 

(b) Derive a relation that predicts the frequencies of the line spectra of 
hydrogen.                                                                        (8 marks) 

(c) A thermal neutron has a speed that corresponds to room temperature 

𝑇 = 300 𝐾. What is the wavelength of the thermal neuron?       (5 marks). 
 

QUESTION THREE                                           

(a) Let two functions 𝜑 and 𝜙 be defined for 0 ≤ 𝑥 ≤ ∞. Explain why 𝜑(𝑥) = 𝑥 

cannot be a wavefunction but 𝜙(𝑥) = 𝑒−𝑥2
 would be a valid wavefunction. 

                                                                                          (4 marks). 

(b) Consider a particle in a well with potential given by: 

                     𝑉(𝑥) = {
0,       0 ≤ 𝑥 ≤ 𝑎  
∞,     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Show that 𝜓(𝑥, 𝑡) = 𝐴 𝑠𝑖𝑛(𝑘𝑥)𝑒𝑥𝑝(𝑖𝐸𝑡/ℏ) solves the Schrodinger equation 
provided that 

𝐸 =
ℏ2𝑘2

2𝑚
       (10 marks)                   

(c) Suppose 𝜓(𝑥, 𝑡) = 𝐴(𝑥 − 𝑥2)𝑒𝑥𝑝(−𝑖𝐸𝑡/ℏ). Find 𝑉(𝑥) such that the 
Schrodinger equation is satisfied.                                         (6 marks) 

QUESTION FOUR 

(a) A particle of mass m is trapped in one dimensional box with a potential 
described by: 

                     𝑉(𝑥) = {
0,       0 ≤ 𝑥 ≤ 𝑎  
∞,     𝑜𝑡ℎ𝑒𝑟𝑤𝑖𝑠𝑒

 

Solve the Schrodinger equation for this potential.                    (5 marks) 

(b) Given the wavefunction 

                       𝜓(𝑥, 𝑡) = 𝐴(𝑥 − 𝑥2),     0 ≤ 𝑥 ≤ 𝑎 
(i) Normalize the wavefunction                                      (5 marks) 

(ii) Find 〈𝑥〉, 〈𝑥2〉 𝑎𝑛𝑑 𝛥𝑥                                                    (10 marks) 

QUESTION FIVE 

a) A particle of mass m in one dimensional box is found to be in the ground  

state: 

                                          𝜓(𝑥) = √
2

𝑎
  sin (

𝜋𝑥

𝑎
). 

             Find 𝛥𝑥𝛥𝑝 for this state.                                                (10 marks) 

(c) Suppose that a wavefunction is given by  

                                                𝜓(𝑥) = 𝐴(𝑥5 − 𝑎𝑥3)              
    Find  𝛥𝑥  and  𝛥𝑝.                                                           (10 marks) 


