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1. Please read the instructions given in the question paper CAREFULLY. 
 

2. This question paper is printed on both sides of the paper. 
 

3. Please write your answers on the answer booklet provided. 
 

4. Answers should be written in blue or black ink except for sketching, graphic and 
illustration. 

 
5. This question paper consists of TWO (2) sections. Section A and B. Answer all 

questions in Section A. For Section B, answer three (3) questions only.  
 

6. Answer all questions in English. 

 
7. Do not open the question paper until instructed to do so 
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SECTION A (Total: 40 marks)  
 

INSTRUCTION: Answer ALL questions. 

Please use the answer booklet provided. 

 

 

Question1 

 

In Cartesian coordinates, vector A is directed from origin to point P1 (3, 2, 4) and vector B is 

directed from P1 to point P2 (-1, 3, 2). Determine: 

(a) Vector A          (2 marks) 

(b) Vector B          (2 marks) 

(c) A · B          (3 marks) 

(d) A x B.          (3 marks) 

 

 

Question 2 

 

Given point P1 (2, π/4, 2) and vector  defined in 

Cylindrical coordinates. Express P1 and vector A in Spherical coordinates and evaluate A    

at P1           (10 marks) 

 

 

Question 3 

 

A section of a sphere is described by  

Find the: 

 

(a) Surface area of the spherical section      (5 marks) 

(b) Enclosed volume         (5 marks) 

 

Question 4 

 

For the scalar function , determine its directional derivative along the direction 

of vector   and then evaluate it at P (3, - 1, 2).    (10 marks) 

SECTION B (Total: 60 marks)  
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INSTRUCTION: Answer THREE (3) questions only. 

Please use the answer booklet provided. 

 

 

Question 5 

 

(a) Given vectors  ,    and  .  Find: 

(i) The magnitude, A and unit vector      (4 marks) 

(ii) The angle between vector      (4 marks) 

(iii) A vector D whose magnitude is 9 and whose direction is perpendicular  

       to both B and C        (6 marks) 

(b) Determine the divergence of    at (2, -2, 0).  (6 marks) 

 

Question 6 

 

(a) A square plate in the x-y plane is situated in the space defined by 0  x  2 m and  

     0  y  3 m. Calculate the total charge on the plate if the surface charge density is  

     given by s = 4xy2 µC/m2        (5 marks) 

 

(b) A square with sides 2 m each has a charge of Q1 = Q2 = Q3 = Q4 = 20 µC at each of its  

     four corners as shown in Figure 1 below. Determine the electric field, E at a point P, 5 m  

     above the center of the square.       (15 marks) 

 

Figure 1 
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Question 7 

 

(a) A proton with charge q = 1.6 x 10-19 C moving with a speed of 2.5 x 106 m/s through a  

     magnetic field with magnetic flux density of 2.5 T experiences a magnetic force of   

     magnitude 3 x 10-13 N. Calculate the angle between the magnetic field and the proton’s  

     velocity.          (5 marks) 

 

(b) A 6 cm x 12 cm rectangular loop of wire is situated in the x-y plane with the center of the  

     loop at the origin and its long sides parallel to the x-axis. The loop has a current of 20 A  

     flowing anti-clockwise direction when viewed from above. Determine the magnetic  

     field, H and magnetic flux density, B at the center of the loop. Take µ0 = 4π x 10-7 

           (15 marks) 

 

Figure 2 

 

Question 8 

 

(a) Determine voltages V1 and V2 across the 2 Ω and 4 Ω resistors shown in Figure 3 

below. The loop is located in the x-y plane, and its area is 4m2. The magnetic flux 

density is (T) and the internal resistance of the wire may be ignored.  

(10 marks) 

 

Figure 3 3 
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(b) The wire shown in Figure 4 below carries a current I = 10 A. A 30 cm long metal rod 

moves with a constant velocity  m/s. Find V12.    (10 marks) 

 

 

Figure 4 

 

 

 

 

 

 

 

 

 

 

END OF QUESTION PAPER 
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APPENDIX 
 
Table 1: Summary of vector relations 

 
 
Table 2: Coordinate transformation relations 
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FORMULA 
 
 
Vector analysis 
 
 
Gradient of a scalar T: 

 
 
Directional derivative of T along l: 

 
 
Divergence of a vector E: 

 
 
Laplacian of a scalar V: 

 
 
 
 
 
Electrostatics 
 
 
Charge distributions: 

 

 

 
 
 
Electric field due to multiple charges: 
 

 
 

 
 

 

6 
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Magnetostatics 
 
 
Magnetic force: 
 

 
 
Fm = quB sin θ 
 
 
Electromagnetic (Lorentz) force: 

 
 
 
Magnetic flux density: 

 
 

 
 
 
 
Maxwell’s equation for time-varying field 
 
 
Magnetic flux: 

 
 
 
Transformer emf: 
 

 
 
 
Motional emf: 
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