PC10372, Mathematics 2
Wor kshop Sheet 10 Solutions

1)

V-V = 3y—2x

flux = /// (3y — 2x) dxdydz-B/ ydy/ dy::/ dz—Q/ dxx/ dy/ dz
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For the sphere use spherical polar coordinatesd\$o= r2sin dr df d¢, and x
rsinf cos ¢, y = rsinfsin ¢
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flux = /()27T/()7T/()1(3sin¢—2cos¢)rsin«9rzsin9drd9d¢
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But/O sin ¢ dé :/O cospdep = 0

sothatflux = 0

2) () is the charge enclosed, so

@ _ [ EdS= [ (V-E)aV
€0 hemisphere surface hemisphere
V-E = 2C
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so? — 20 [dv =200 = S CR?
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By direct evaluation:

Flux = ¢ [ (ai+yj) R sin0d0de+C [ (zi+yj) - (~k)dvdy

curved surface base

Note that the second term is zero sidée k = 0. Now usex = Rsinfcos¢, y =
Rsinfsing,i-1r = sinfcos ¢ andj - ¢ = sin ¢ sin ¢, so that

flux = CR’R /OW/2 sin® 0 df /0% (sin2 ¢ + cos’ ¢) dp = CR*2x /07T/2 sin (1 — cos? 0) df
cos® Qrm _ 4AnCR?
0

= 2rCR? |— cos
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Q 1
/SEd—S - E_()ZE_O/VpdV

sincep is the charge density, integrating it over the volume gieghe total charge. But
using the divergence theorem,

(E-dS = [ V-EdV
andso/VV-EdV = e—lo/vpdV

Since this must be true for all volumes, the integrands mestdual so

vV.E = 2
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