ENEE 380H ELECTROM AGNETIC THEORY
Solutions to First Exam ination, Fall 2000
(1) Gauss's theorem is i Z

D ¢dS = divD dV

but divD =%, therefore 1 7
D ¢dS = %dV =9Q:

This is Gauss's Law

Erect a small Gaussian box with face area ¢S in the boundary of the conductor, the normal
component of E (E ) is zero on the conductor side. Therefore, application of Gauss's law
gives I

D ¢dS =2E,¢S =H%sCS;
which gives
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E h:

At 0.5m D , =2,2E,, sOE, =%s=(%2); which gives E ,=11.29 V/m
At 2m, D , = 23E ,, S0 E , = %s=2,; which gives E , =112.9V/m. 0

(2)Distances from each charge to P are: ryp = 17;rgp = P 5 rcp = 8.
The potential at P relative to V=0at 1 is
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Vo = = 23:94V :

i=A B C
The potential at P if V at 1 is 3V is 3V higher than this 26.94V.
The distances of the three charges from (0,0,0) are ry o = P 14:rg o = P 14:and ro g = P 3.
Therefore relative to V=0 at 1 , V(0,0,0)is
X Qi

V (0;0;0) =
( ) o P00

= 48:33V:

Therefore, relative to V=0 at (0,0,0) Vp =23.94-48.33=-24.39V.

(3) R
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Between the spheres draw an imaginary Gaussian spherical surface and integrate to nd

radial eld. 0

Er = ———dr:
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Between inner sphere and surface of dielectric coating
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Between outer surface of dielectric layer and outer sphere
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Vos = r= :
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The arrangement is equivalent to two capacitors in series, C; and C,. C; = 80%2,=103,
C, = 16%42p=10%: Overall C = 40%2=(3:10%)=0.371pF.
The force is the same as for two charges +Q and j Q spaced 4mm apart:

_ 10%7%,

F = :
644 2

If you want to you can calculate stored energy U and evaluate j dU =dr.

(4)Use method of images. Put extra charge of-1C at (1,1,-1) and 1C at (-1,-1,-1). At point
(1,1,0) the distances to the four charges are 1,1, 3, and 3. The elds from the charges at
(1,1,1) and (1,1,-1) add up and act normal to the surface plane of the conductor. The
charges at (-1,-1,1) and (-1,-1,-1) are equal but they act at an angle to the surface with
cos(i) = 1=3.

At (1,1,0) the normal E eld is

i 2 2cos(p) ¢
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En =i

which gives
i 13
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this eld acts in the j z direction. The surface charge density at (1,1,0) is %s = 20E, =
i 13=27% C=m %2 At (-1,1,0) the surface charge density is 13=27% C =n 2

At (0,0,0) thereisno E ,, so %s = 0.
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