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Question 1 (25 Marks) 

 

a) Four 10nC positive charges are located in the z = 0 plane at the corners of a 

square of length 8 cm on a side. A fifth 10nC positive charge is located at a point 

8 cm distant from the other charges. Calculate the magnitude of the total force 

on this fifth charge for o. 

(7 marks) 

 

b) A uniform volume charge density v=0.2 C/m3 is present throughout the 

spherical shell extending from r = 3 cm to r = 5 cm. If ρv = 0 elsewhere, determine: 

i) The total charge present throughout the shell 

ii) The radius r1 if half the total charge is located in the region 

3cm<r<r1. 

(8 marks) 

 

c) A circular disk of radius =4 m,  lying on the z=0 plane, centred at z=0, =0, has 

surface charge density given by: 

2
4

/
10

mCs





  

 Determine, the electric field intensity E


at point P which is located at =0, z=3 m.  

 (10 marks) 

 



 

ENEL2FT – FIELD THEORY MAIN EXAMINATIONS – NOVEMBER 2015 Page 3 
 

Question 2 (25 Marks) 

 

a) The surface x=0 separates two perfect dielectrics. For x>0, dielectric material 2 has 

relative permittivity r2=2.4, while for x<0, material 1 has r1=1. If the electric flux 

density in region 1 is given by 2

1 /ˆ6ˆ4ˆ3 mCzyxD 


determine: 

i) E


 and D


 in dielectric material 2. 

ii) The angles that the E


 vectors make with the tangent in both 

media. 

(7 marks)  

 

b) The electric flux density in a certain region is given (in cylindrical coordinates) by: 

2/ˆcos4ˆsin8 mCD  


 

 Determine: 

i) The volume charge density, and evaluate it at P(2.6 m, 38o, -6.1 m) 

ii) How much charge is located in the region defined by: 0≤≤1.8 m; 

20o≤≤70o; 2.4≤z≤3.1 m. 

(7 marks) 

 

c) Let a filamentary current of 5 mA be directed from infinity to the origin on the 

positive z axis and then back out to infinity on the positive x axis. Find H


 at P(0, 1, 0) 

 (11 marks) 
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Question 3 (25 Marks) 

a) Two concentric spheres have a dielectric material of relative permittivity r=3.12 

placed in the region between them.  The inner sphere has radius r=2 cm, and is 

placed at a potential V1=-25 volts; while the outer sphere has radius r=35 cm, and is 

at a potential V2=150 volts. 

i) Using Laplace’s equations, solve for potential V in the region between the 

spheres  

ii) Determine the electric field intensity, E


 in the region between the spheres. 

iii) Find the surface charge on each sphere. 

iv) Determine the capacitance between the spheres 

 

 (13 marks) 

 

b) A long straight non-magnetic conductor of 0.2 mm radius carries a uniformly-

distributed current of 2A dc. Determine: 

i) The current density J


within the conductor 

ii) The magnetic field intensity H


 within the conductor. Use Ampere’s circuital 

law 

iii) That HXJ


 inside the conductor 

iv) The magnetic field intensity H


 outside the conductor. Use Ampere’s circuital 

law 

v) That HXJ


 outside the conductor 

 

 (12 marks) 
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Question 4 (25 Marks) 

a) In a region with cylindrical symmetry, the conductivity, mSe /1500 150  . 

If an electrostatic field of  mVzE /ˆ30


, is present,  determine: 

i) The expression for the current density, J


. 

ii) The total current leaving the surface defined by ∞, z=0, 0<. 

iii) The magnetic field intensity, H


. 

(8 marks) 

 

b) A surface current sheet mAyK /ˆ9


 
is located in the plane z=0, the interface 

between region 1, z<0, with relative permeability r=4; and region 2, z>0, with r 

=3. If mAzxH /ˆ0.8ˆ5.142 


determine 1H


. 

(8 marks) 

 

c) A torroid is constructed of a magnetic material having a cross-sectional area of 

2.5 cm2 and an effective length of 8 cm. There is also a short air gap of 0.25 mm 

length and an effective area of 2.8 cm2. An mmf of 200 Ampere-turns is applied 

to the magnetic circuit. Calculate the total flux in the torroid if: 

i) The magnetic material is assumed to have infinite permeability 

ii) The magnetic material is assumed to be linear with relative permeability 

r=1000. 

 

(9 marks) 

*******************************END OF PAPER***************************** 
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