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Question 1 

(a) 	 Determine the electrostatic field If at the point (1,1,0) for 
the following scalar potentials 

(i) 	 <P = (7r4Y) . [3 marks] 

(ii) 	 <P Hcos(O). [3 marks] 

(b) 	A surface, with height h has a radius, also equal to the height. 
uniform surface of the cone a uniform a. 

(i) Find potential, <p(a), at the vertex point a. [5 marks] 

(ii) Find the potential, <I> (b) , at the centre top b. :5 marks] 

(i) Show that <I>(b) <I>(a) = ah [1 In(l + J2)] [3 marks]
2Eo 

infinite grounded metal lie parallel to the xz-plane, one at 
y = 0, the other at y = a as ahown in figure 1. The left end, X' = 0, 
is of[' with an infinite strip insulated from the two plates and 
maintained at a specific potential, Va (y). 

Figure 1: 

(i) separation method to find a general solution for the x- and 
y- components of the potential inside the two plates. 

[3 marks] 



(ii) 	 After the conditions, the general solution can 
be written (too 

00 

VCr;, y) = I.: ) sin 	 (1) 
n=l 

Employ Fourier's trick to find the coefficients en Vo(y) = Va· 
Write the expression V(x, y) for potentia.l. 

[3 marks, 
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Question 2 

(a) A conducting sphere of radius a is held at a constant potential \10 with 
to infinity. At a distance a from its surface (2a from its center) 

the potential is \~o. Calculate potential at a distance a/2 from its 
sur face ( .5a from center) . [ 6 marks1 

(b) Two point charges are placed in free space 	at a distance d from each 
other in free space. One charge is positive and equal to Q) the second is 
negative and equal to as shown in Figure 2 A. Point P is the center 
point between the two charges. Now a conductor is brought into the 
vicinity of the two charges so the configuration is as in Figure 2 
B. 

Q <..:~_-'!d___)o._Q 

",. I'· 

Q.---P~~~~)o. -Q ~/M'% 
Figure A 	 Figllr~ Ii 

Figure 2: 

(i) 	 Find the change the electric field intensity at point P caused 
by conduct.or.[ 9 marksj 

(ii) 	 Calculate the change in the potential at point P caused the 
conductor.[ 3 marks] 
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(c) A solid conductor of radius b length L has a ~nown conductivity 
0-. Two arc now into the conductor, parallel to the axis 

the conductor, each hole being of a (a < 6/2) Figure 3). 
Calculate the in resistance of the device due to drilling of 

holes. The IS along the cylinder (i.e, a..s if the 
current flows along the cylinder). [ 7 marks] 

Figure 3: 
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Question 3 

(a) 	 A sphere contains a charge whose is p(T, B) = 

kcos(¢), ¢ are the standard spherical coordinates. De
termine (Hint:ConsideT the of 
the 

27fa:l 
where Cl' is a constant with dimensions of current. The current along; 

cylindrical shell, flows the - z direction, is uniformly distributed 
acrOtls t and is such that total current flowing the 
shell is 0 posite to that through cylinder. 

Figure 4: 

(i) 	 Show that surface charge density in the cylindrical shell is 
K=_D: .[ 8 marks, 

(ii) 	 Determine the magnetic field at all locations. [ 7 marks] 
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Question 4 

(a) 	 An infinitely long cylindrical extending between 1m :; T :; 3Tr/, 

contains a uniform charge density Po. By applying Guass's Law, filld 

n ill the shell regioll.[5 marks] 

(b) 	 A cylindrical conductor whose is coincident with the 
a 	radius a and carrie::; a current characterised by a current 

' Jo + 1 1 J' d ' h' d' 1 d' 1 = 	:r~-, W'lere 0 IS a constant an r IS t e ra la Istance 
T 

the cylinder's axis. Obtain an for the magnetic field 
T > a. [10 marks] 

(c) 	 Find fJ 1 for figure 5, if ~ i) + 22 Vim, C1 = co, C2 = 2co 
a boundary with a surface charge density of Ps = 2.2 X 10- 11 Cjm 2 ,[10 
marks] 

-------~--------~------

Figure 5: 
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Question 5 

(a) 	Suppose the circuit in 6 has been connected for a long time when 
suddenly, at t 0, the switch 8 is thrown, bypassing the 

(i) 	 What is the current at any subsequent time f;'? [5 marks] 

(ii) is the total delivered to the . [6 marks] 

(iii) 	 Show this CIl8rgy is equal to the originally stored in the 
inductor. [4 marks] 

Figure 6: 

(b) 	Sea water at frequency v = 4 X 108 Hz has a permittivity t = 81(0) 
permeability 11- = [La and resistivity p = 0.23 n . m. Consider a par
allel plate cd,pacitor in sea water driven by a voltage 
~fO COS(21Tvt), vVhat is the ratio of conduction current to displacement 
current? [ 10 marks] 
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Appendix 

Some useful information: 

1(n) dipole potential 
1 p' f 

<P dipole 
47rEo 

l(b) dipole: 

p = i l.rp(f')dT
Jv 

2 for Legendre polynomials 

2 

2e + 1 

3 .:v1axwell's general equations; 

aExE= at 

\7x 1+at 
,D =p 

.13 0 

where 15 = ,and H 113 
J1 

4 :Maxwell's equations in a nonconducting medium: 

\7x =( 

5 

'if gt =I t 

if e' = I! 
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6 Permeability of space {Lo 1.25663706 x 1O-6(fI1m), 

7 Permit.tivity free space EO = 8,854 xlO- 12 (Flm), 

8 Gauss's theorem: 

9 theorem: 
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J -7 
. d l = ~iolenclosed 
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