Lecture 8: Electrostatics

Superposition: line charges, surface charges,
volume charges, Chapter 4: pages 115-126
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Charge Distributions
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line charge: charges are aligned in a line. linear charge density C/m
surface charge: charges are distributed over a surface. surface charge
density C/m?

volume charge: charges distributed over a volume. volumetric
I 3
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ESF of a Uniform Line Charge
|

the line charge is represented , P4
by an infinite number of <>a\
infinitesimal line elements of R
charge

dQ = pdz’ L

the field of the line charge is
a superposition of the fields

created by each linear charge
element dQ. v
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ESF of a Uniform Line Charge (Cont’d)

the contribution of each differential element is

odz" (r—r’)
E= :
Are |r—r'P

I"= Z’az, p’:O
r=pa,, 2z=0,0<¢p <27

problem is cylindrically symmetric — choice of ¢ does not matter.
assume ¢ = 0 and work in the p-z plane.
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ESF of a Uniform Line Charge (Cont’d)

Integrating along z', the directions of a, and a, do not change
(why?)
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changing variable to «, we have

dre p
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ESF of a Uniform Line Charge (Cont’d)

Epzﬂi-(cosag—cosm)
Are p

Ez=&°£'(3ina2—3in0{1)
Are p

for an infinite and uniform line charge: s =180°, a2 =0°

— Ep — 1 . pl y Ez — O
21 P
the contributions of the upper and lower halves of the infinite

line charge add up in the radial direction while canceling in the
Z direction.



Infinite Plane with a Uniform Surface Charge

A

dQ = p,ds=p, pdpd e
P(0, 0, h)
1 dQ,

Are R i

R =|R| = (p2+h2)1/2

dE =

R=p(-a,)+ha,
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Infinite Plane (Cont’d)
pspdpde(p(-a,) +ha,)
47Zgo(,02+h2)3/2

because of symmetry, o component of total electric
field vanishes!

dE =

27T ©
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Infinite Plane (Cont’d)

-

E, - 25 -—
s v<o0 —
g An =
.
for a plane with finite area, the field
IS not uniform and is a function of —

position
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Parallel Plate Capacitor

two infinite planes with opposite

uniform surface distributions

field between planes double while

field outside vanishes!
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In practice, the area of the plates are «——
finite and there is fringing fields!
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Field Plot of Capacitor
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Sphere with Uniform Volumetric Density

- JE — 1 d? a,
Adre R
dvat(r', 0, ) dQ = 'Ovdv

dv=r’?sin@'dr'd0'd ¢’

ap =Co0Saa,+sinaa,

because of symmetry, p
component vanishes!

COS & dv
for a certain ¢, the field contributionis Ez= 4ﬂg ,m
defined by r’' and R ’
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Sphere (Cont’d)

using cosine rule for triangles
2 2 r2
_|_ —
cosa =~ RTr
2ZR 7
2 y2 2
_|_ —
cosg =L 1 : R
271
: RdR
sin@'d@’ = —
Zr

dé’

as ¢’ changes from 0 to «, R changes from

Z—1' to z+r' (whyisz greater thanr'?)



Sphere (Cont’d)
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Sphere (Cont’d) —

0, a ZZ_rIZ ’
E.= r'' R— dr

R R=z-r'
E, = Ar'dr’
4802 j
1 4 Q
EZ: wa v | =
472'6‘022(3 ,0) Adrreyz°

In general, for any point outside the sphere at a distance r from
the centere 0
E =

Arce, r

~ar equivalent charge at the origin!



Sphere with Uniform Charge (Cont’d)
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