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INSTRUCTIONS: Answer question one and any other two questions 
 

QUESTION ONE (30 MARKS) 

a) Coulomb’s law states that the electrostatic force on a charged particle q due to q2 is 
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r is the vector from 2q to 1q . Using vector algebra, write down 

an expression for the force on 1q at R due to N charges Nratq jj −−= ,2,1 (5 marks) 

b) Determine if the following vector field is conservative    (5 marks) 
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c) A force ( ) ∧∧∧→
+−−= kyjxziyxF 232 43 displaces an object through a displacement 

→
dr . 

Calculate the work done in this process assuming SI units    (3 marks) 

d) A body is rotating about an axis with circular angular velocity 
→
ω . Take 

→
ω to lie along 

the x-axis. Express 
→
r  in circular cylindrical coordinates and using circular cylindrical 

coordinates, calculate         (6 marks) 

i. 
→→→

= rxv ω  

ii. 
→→

∇ vx  
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e) Solve Laplace’s equation 02 =∇ ψ in cylindrical coordinates for 
ρ
ψψ =  (6 marks) 

f) Show that the following three forms of spherical coordinates of )(2 rψ∇ are equivalent  

(5 marks) 
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    QUESTION TWO (20 MARKS) 

a) Let fandnyxrf n 0);,( ≥=  defined on the entire plane. For fn ,0≤ is defined on 

the x-y plane for all integers n (puctured,plane). Use extended Green’s theorem to 

show that f is conservative on the punctured plane for all integers n. Then find a 

potential function           (20 marks)

          

     QUESTION THREE (20 MARKS) 

a) Write down Laplace’s equation in cylindrical coordinates    (2 marks) 

b) By use of separation of variables, show that Laplace equation give rise to Bessel 

equation          (10 marks) 

c) Solve the Bessel equation in (b) above     (8 marks) 

                 

QUESTION FOUR (20 MARKS) 

a) State De moivres theorem        (2 marks) 

b) Use D moivres theorem or otherwise to evaluate 
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ii. ( )31
33 i+−         (11 marks)

        

        


