Solutions
Marking: M1 a correct method, A1 the correct answer, B1 an independent mark.

Each answer shows the steps, then the result.

2.1
) . . . A
a coaxial cylinder of radius r and length L; no flux through its ends; £ - 27rL = —;
€o
2.0 x 107°
= =71 , away f he li
27 X 8854 x 107 x 0,050 119 V/m, away from the line

2.2

one sheet: E = % =2.82 x 10° V/m; at B the two fields add: 5.65 x 10° V/m, from
0
+ to —; at A and C they cancel: 0

2.3

£,50A 4.7 x 8854 x 10712 x 1.0 x 107

5C2OZpJ 1.0 x 104 =416 pF; W = 1 x41.6x10712x5.0> =
2.4

tangential part continuous: Fs, = 1000 sin 60° = 866 V/m; normal D continuous: Es, =
1000c0s 60°_ 67 V/m; F, = /8662 + 1672 = 882 V/m at tan’ % = 79° to the
normal

3.1

fora<r<b

Gauss on a coaxial cylinder: E =

AL b 271 x 2.3 x 8.854 x 10712
V=—In—;C= =923 pF
e L a’ In 4 pF/m
-V is largest at r = a: 10 72 kV /m; at the surface of the inner
= rn(b/a) © S =% 0.0010 x Ind ’ * surtace
conductor, where breakdown starts first
3.2
image —¢q at 5.0 cm below the plane; the field above is that of ¢ and —¢q
, . q 8.99 x 109 x 10 x 10~ .
at P both fields point down: F = 2 x m =2 X 0.050° =72x10
V/m, into the plane
2 9 —832
q 8.99 x 10” x (107%) _
= —¢oF = —0.64 pC/m?; F = = =90x10° N
7= 7= nC/m? dmeo(2h)2 0.102 % ’
towards the plane
3.3
Q Q Vv 30 x 10° .
V=——adF=—— s0F=—FE=———=30MV/m: just at
(2) dmega an dmega?’ 50 a’ 0.010 /m: just
breakdown
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(b) C = 4mepa =111 pF; Q = CV =33 nC

30 x 10?
d E<15MV >——— =20
(c) nee < /m, so a > 15 % 10° cm
(d) the field near a conductor goes roughly as V' over the local radius of curvature, so a
sharp edge has a much higher field and starts corona there; round off every edge,

or hide the screw inside a smooth larger shape such as a corona ring
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