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INSTRUCTIONS: 

 The paper consists of two sections. 

 Section A is compulsory (30 marks). 

 Answer any two questions from section B (each 20 marks). 

 

QUESTION ONE 

 

a) What is the smallest possible uncertainty in the position of an electron moving with 

velocity 106 m/s?                            (3 marks) 

b) Show that  [𝑥, 𝐸𝑥] = −𝑖ℏ𝑣                                                                                    (5 marks) 

c) Show that for a one-dimensional square - integrable wave-packet, 

∫ 𝑗(𝑥)𝑑𝑥 =
〈𝑝〉

𝑚

∞

−∞

 

Where𝑗(𝑥), is the probability current?                                       (7 marks) 

 

d) State the mathematical operator for position, momentum and energy for a normalised wave 

function.                                                                                                                               (3 marks) 
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e) Write down expression for time independent Schrodinger equation in one dimension.  

                               (2 marks) 

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

  𝑉(𝑥) = {
0 0 ≤ 𝑥 ≤ 𝑎
∞ Otherwise

 

Solve the Schrödinger equation for this potential. Taking Ψ(𝑥, 𝑡) = Ψ(𝑥)𝑒−𝑖𝐸𝑡 ℏ⁄      (8 marks) 

 

g) Explain two failures of classical mechanics from the photoelectric experiment that led to 

quantum mechanics approach                                    (4 marks) 

 

QUESTION TWO 

Prove that      
𝑑〈𝑥〉

𝑑𝑡
=

〈𝑝〉

𝑚
  Where 〈𝑥〉and 〈𝑝〉are the mean values of the coordinate and momentum 

of the particle, respectively.                                                                (20 marks) 

 

QUESTION THREE 

a) State the mathematical equation for expectation values momentum, kinetic energy and 

hamilitonian as used in quantum mechanics                             (3 marks) 

b) Show that the momentum operator −𝑖ℏ
𝜕

𝜕𝑥
   is Hermitian operator. Obtain eigenfunction 

of momentum operator                        (17 marks) 

QUESTION FOUR 

a) What are the two conditions for normalization of a wave function                      (2 marks) 

b) Consider a particle described by a wave function ρ(r, t). Calculate the time-derivative 

𝜕𝜌(𝑟,𝑡)

𝜕𝑡
 where ρ(r, t) is the probability density and show that the continuity equation 

𝜕𝜌(𝑟,𝑡)

𝜕𝑡
+ ∇. J⃑(r, t) = 0 is valid, where J(r,t) is the probability current                                        

      (18 marks) 

QUESTION FIVE 

a) Derive Time – dependent Schrödinger equation and hence write it in three dimension 

given that the wave equation is Ψ = A𝑒𝑖(𝑘𝑥−𝜔𝑡)                                                  (18 marks) 

b) The Schrödinger equation is a first order equation with respect to time discuss.  (2 marks) 

 


