Problem 5.17
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(theintegral is split because the expression for E is different in the two regions r <a and r >a).
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Problem 5.23

a)J=10*x2+y?»d, =  J(-34,6)=10"(9+16)a, =25x10'a, A /m?

b) Using the current continuity equation VJ =— a@%

a@%:_vj:—vm“(x%r y2)a,]=0

o= Jds = | =[10°(x? + y2)4, (oxclyd))
S S

[The surfaceiscircular, so it iseasier to use cylindrical coordinates than rectangular coordinates).

Using x*+y?=p? and CTSzpdpdgﬁéz

541073 27 5x10°° 4 B0 e
=] ] a0 edpde)=] | 10“03dpd¢=10“<2ﬂ>%r -10'(2m &
¢=0 p=0 im0 =0 .

| =9.82x10°=9.82uA



Problem 5.34

b) The boundary isthe x —z plane. Therefore the tangential and normal components of E, are:
E, =104 +124, and E,, =-63,

E, =E, =108 +124,

D, —-D, =p,=0 (theboundary ischarge free)

D,, =Dy, = &E,=6E, = E, = g_lEln = E,, = 3, x(-6)=-4
g, 4.5¢,
~.E,=E, +E,, =103, - 44, +123, (Answer)

To find the angle that E, makes with respect to the y - axis:

qut =10a, +123, = E,=vV10°+12°=+244=1562 (Magnitude of the tangential component)

E,,=-44, = E,, =4 (Magnitude of the normal component)

" 0,= tanl(:—Z) —tan l(%) _7564°  (Answer)
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c)w, :1552
2

. 1
Inregionl = wel=5(3so)[102+(—6)2+122]=42030=3.72nJ/m3

Inregion2 = w_,= 1 (4.5¢,)[10° + (-4)* +12*] =585¢,=5.177nJ /m®
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Problem 6.1
a V =5x%’z2 = E=-VV =—15x%%z4, +10x°yza, +5x°y “4,)
E(-31,2) =—[15x9x1x 24, +10x(-27)x1x 24, +5x(-27)x14, ]

E (-31,2) =—270d, —5404, — 135,

b) D =¢E =-2.25¢,(15x *y °za, +10x°yzd, +5x°y °4,)
= —33.75¢,x °y *z8, — 22.5¢x°yza, —11.25¢,x ’y 8,
Using Gausss law in differential form p, = VD

p, =—67.55,xy “z —22.5¢,x°z

p, (-31,2)= 67.55,x 3x 2+ 22.5¢,x 27x 2

p, (-31,2) = 1620¢, = 14.34x10°° =14.34nC/m?

Another way to solve this problem is to use Poisson's equation:

VI - 537\/2+(a?\/2+(3"'§/2=_p_v
£ oxX® oy° oz £

0*(5x%y’z) O*(5x°y’z) O*5xyv’2)  p
Ox 2 oy? oz* &

= 30xyZ+10x%Z+0=- = p, = —&(30xy °z +10x°z)
&

P, (=31,2)= -2.25%,[(30(-3)(2) —10(27)(2)]
p, (-31,2) = 2.25¢, (180 + 540) = 14.34 nC/m?

Which is the same answer as above.



Problem 6.5
LaPlace's equation states that V&/ =0

a) V =e > cos(13y)sinh12z

v/ = 82\/2 oA/ az\/
ox? oy? 82
Note that M:coshx and M:sinhx
dx dx

VA& =25 cos(13y )sinh12z —169% * cos(13y )sinh12z +144e > cos(13y )sinh12z

V¥ =0
b) V _zcosp o ya :li(pav )+i262\/2 +82\/2
p pop  op p°op° oz
\4Y% :li(—p—Z C()ZS¢)——cos¢+0 > vy =10 (ZCOS¢) Z_cos¢
p op p P pop p
%" =ZCOS¢—%COS¢=O
p> P
30coso 10 1 oV 1 oV
OV =— & v?v:—z— ) ( )+ 2
r or r’sind o6 00" r<sinf o0¢
10 60cos6 1 o ,. ,30sno 1
VV =—=—(r? — —(sin® + 0
rzar( re ) rzgneae( r? ) rzsine()
_60cost 0 1 30
V¥ = —(9)-
r2 ar(r) r‘sing 60( 9)
VAV, _60cos0 30 (Zsmecose)
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