ECE221S Midterm Tuesday, March 11" 03

Family Name Given Name Student Number

Please Insert Y our Namein Full and Student Number

1D, 1D, _ 1D,
x My 9z

N>D=

N>D=r, PAS = Q.. ¢ sin(ar)dr =a—1zsin(ar) - %cos(ar)
S

(1) (a) A spherica surface of radius 3mm is centered at P(4m,1m,5m) in free space. Let D = xay
C/m?. Find the net electric flux leaving the spherical surface. (2 marks)

Since D is electric flux density, the flux leaving the surfaceis gpp.dS = N xDdv . The last step
S \%
uses divergence theorem. Using the equations given above, one could also use Gauss' law

D, _,
I

\%

PdS = Q. = §.dv = FDdv.Alsofrom the equations given, NxD=
S \%

\ @P.dS = 1" (volumeof sphere) = gp(B' 10‘3)3 = 36p ~ 10"° C . Note the units are Coulombs (C).
S

(b) Find the electric field everywhere given an infinite cylinder of charge with

(3 marks)
ry=0 r <1m,
ry=2sin(2000p r) Im<r <1.5m,
ry=0 r >1.5m

Clearly, this problem is solved using Gauss' law. Due to symmetry, the fieldsarein ther -
direction. As done several timesin class, the Gaussian surface will be a cylinder of radiusr and
length L. We need to worry about threecases, r <1,1<r <15 andr > 1.5.

Gauss Law: ¢p.dS = Q,,-Also,D=Dya P ¢p.dS = D, 2por L
S S

Casel: r < 1. Sincethe charge density for r < 1iszero, there is no charge enclosed within any
surface. Therefore the flux density D =0and E = 0.

Case 3: r > 1.5. Now, the surface encloses all the charge within the length L.

L 2pl5 15
Qua =0 WAV=0002sIN(2000pr ") dr "df "dz'=2pL (Rsin(2000pr ')dr '
\ 1

001

:@Léms‘n(zooom 'y - 2o:);p Cos(2000pr ')g
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Qencl = 4p : [S' n(300q3 ) Si n(ZOOQ) )] q) COS(ZOO(D )%
1

(2000|0 )*

Since sin(2np) = 0 and cos(2np) = 1 for integer n, sin(3000p) = sin(2000p)=0, cos(3000p)=cos(2000p)=1.

Op cos(3000p ) + 200

0.5 -1 e -1

S =1 =5 u
Qenc'_2000|o L P D, (20000 )r P &oo0p )r

Case2: 1<r < 1.5. Now, the Gaussian surface encloses only some of the charge.

Qua = d dv= ‘&?SH(ZOOQJI‘ ")dr 'df 'dz' = 2pLd£sm(200Qor )dr

001

r'=r
' N

—_ r "
=4pL é—)sm( 00Qpr ') - 20000 cos(2000pr )q

(2000p .

=4pL : 200 cp —=__[sin(2000pr ) - sin(2000p )] cp cos(2000pr )+20(])-0p cos(2000p )g
esm(ZOOOpr) r u
=4le & (2000p)?  2000p cos(2000pr ) + 2oqu a

D, = 2esm(2000pr) " c0s(2000pr )+ gandD:Dra,,
r & (2000p)2  2000p 2000p
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