EE331—EAMPLE #18: COULOMB’S LAW: POINT, LINE, AND SURFACE CHARGES
A point charge of 10 nC is located at (0,0,3). An infinite lipe= 1, = = —3 carries a charge of 30
nC/m, and an infinite plane = 1 carries a charge of 20 nCfmFind E at the origin. Assume = «,.

First make a sketch using Cartesian coordingtas.due to point, line, and surface charges:

E=E,+E,+Es (1)

We find eaclE independently and then add the results
together.

Point Charge:
For a point charge we have:

Q r—r

- 4re, |r — /|3

(2)

Eq

We can’t exploit symmetry so we proceed to identifyr, ', r —r’, and|r —r’|3. Q is the value of the
point charger is the observation location (for this problem, the origirf)ere we want to calculate
the value of the electric field, and is the location of the point source that gives rise to thetatec
field. Thus,
Q=10"% r=(0,0,0), ' =(0,0,3), r—1' = (0,0, —3)
v -1/’ = {(x — )+ (y—v)+ (2 — z’)ﬂg/2 = {(—3)2]3/2 =27
[Note that we've suppressed units here, but always keep themnd!] Using these values in (2)
gives
1078 (0,0, —3) 1078 _

Eo = — — 9.9864a
0 e 27 Some a, 9.9864a, [V/m] (3)

Line Charge:

The electric field equation for a line of charge is given by:

1 rp(r—r)
E. = = dl’ 4
P e S e =P @)

where the line charge density can be a function of position. By symmetry, at the origin é&ierno
E, componentéxplain!). Again, we identify all the parameters needed to perforenitibegration:

p, =3x107% r=(0,0,0), v'=(2/,1,-3), r—1' = (—2/,-1,3)

=2 = (=) + (—1)2+ (32 = [+ 1072, = ao

and limits of integration from-oc to co. We use all these values in (4) to get:

0
3x 1078 oo (a7 —1,3) da’
E, = /

drg,  Jooo  [2/* + 10]3/2 ®)
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We can use an integral table to get:

/OO dx B 2/00 dx B 2x |oo 2
—oo [22 + a2]3/2 "o [22 + a2]3/2 VR a2 a2
We’ll come across this integral often.
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Using this result in (5) gives:

3x 1078 2
E;, =——(0,—1,3)— = —53.9265a 161. 4a, 6
b= g (0L 3) 5 = ~53.92658, + 16177944 V/m 6)

Surface Charge:

The electric field equation for a surface of charge is given by

L [ pr—1)
E 5 ! 7
5 dre, Js Jr—1']3 d5 0

where, as with the line charge, the surface charge depsitgn be a function of position. Bgym-
metry, at the origin there is nb, or E, componentéxplain!). Again, we identify all the parameters
needed to perform the integration:

ps =2 X 1078, r=1(0,0,0), v' = (1,¢/,2), r—1' = (=1, -y, —2)

vt = [ () ] = P aS = e
and limits of integration from-oco to oo for both integrals. We use all these values in (7) to get:

_SOO o0
E, — ﬂ/ dy,/ . 17475'5@

o 47te, +y? + 2/2]3/2

o 2x107 -8

T dre / / 1+ y’2 + 2?32

2 ﬂ__LloSa [

- Are, o y?+1 7 0o yi+1

_ Lmsax tan~ g = _Lloggxf = —1,129.43308, V/m (8)
e, T 2

Finally, we add (3), (6), and (8) together to find the totat#ie field at the origin:

E(0,0,0) =Eq + E; + Eg = —1,129.4330a, — 53.9265a, + 151.7930a, V/m



