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Electric Field Due to Continuous Charge Distributions

« So far, we have only considered Forces and Fields due to point charges. It is
also possible to have continuous charge distribution along a line or a surface
or in a volume.

« |t is customary to denote the line charge density, p, [C/m], surface charge
density , ps [C/m?], and volume charge density, p, [C/m?®] as shown in Fig. 2.9.

« The electric field due to each of the charge distributions p, ps and p, may be
regarded as the summation of field contributed by the numerous point charges
making up charge distributions.

« Thus the electric field intensity for these continuous charge distribution
systems can be found by modifying the eqn. (2.9) to become:
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Fig. 2.9 Different types of charge distributions.




Electric Field Due to Contmuous Charge Distributions
E =

a I—a V' /m
47?5? dre 1

- Electric field intensity, £ can be found by replacing dQ in (2.12) with differential
charge element as: [p,dl] for line charge density, [psds] for surface charge
density and p,dv for volume charge density, and then integrating.

* For line charge distributions, the electric field intensity £ is given by:

—a V/m
47?5?

 For surface charge distribution, the electric field intensity £ is given by:

S o
« For volume charge distribution, the electric field intensity £ is given by:
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1 - Line Charge (Finite - infinite length)
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Case (2) Infinite Line Charge
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The total field at P is
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Case (2) Infinite Line Charge
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Due to line symmetry , There is a radial component only
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Ex (1)
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= Solution
It is required to Find € abT-

Cx,4Y,2)=206,8,3) m.
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2 - Surface Charge




Case2. Electric Field Intensity for Surface Charge Distribution

the contributionto E, at P from this differential-width strip is then:

7 Pr  ~ PRy d xd
F=—= g = Es V/m = JE = ps 'V COSHZ ps A
222,p * 27, | R, [ LN 27e x4y

Adding the effects of all the strips, we get:
E\»: :Os J‘ 7Xdy7 — ps tan—lZ
S 2me, Y xT+y 2rme, X
For infinite sheet y — o and Ex is given by:
E = Pi tan 2| =5
T 2re, x|, 2¢ y
If the point P were chosen on the negative x axis, then:

Ps ,
Eo==7 (2.25¢)

* For thefield is always directed away from the

positive charge. This difficulty in sign is usually
overcome by specifying a unit vector 4,, which is /
normal to the sheet and directed outward, or away g
fromit. Then: g _ 2:0_5&” (2.25d) - \
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g » So The Electric field of infinite plane of charge:

E
., Field is uniform and constant to

* o in both directions
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Electric field is proportional to the line
density, and therefore to the charge
density, p,= g/A

E=Fs 4.
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Ex(3) > If a second infinite sheet of charge, having a negative charge
density —p; is located in the plane x = a, we may find the total field
by adding the contribution of each sheet (Parallel plate capacitor)

™

(assume separation small compared to the size)
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> In the region x> a:

E+_;:ax E:—;:ax E=E +E =0
» Forx<0
E+:—%ax E:%ax E=E +E =0
» ForO<x<a:
E =254 E =P, E-E +E =54
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Case (4) Electric Field Intensity for A circular disk Charge Distribution
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Electric Field Due to Continuous Charge Distributions
Electric Field Intensity for A circular disk Charge Distribution

From Fig. 2.13, we get: r=htana = dr=hsec’a and ;2 L ;> = )2 sec’ &
Substitute these vales in the above equation, electric field intensityz is:

E = I (f tan a)(hzsec @) cosada 4 == Isin ada 4.
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If the radius, a becomes infinite the o — 90°, we get:
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/EX(4) E-Field due to circular disk of raduis ‘a’ charged
umformly wnth surface charge density ‘ps’
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Cn\;nc\vicu\ Coerdinates (r dz): -
R= —-rar+ 50,
“ R = {rov W)
Then each differential ch arge
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results in a differential Force:
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EX (5) A Circu.!ar Cf:':k cJC f’ﬂcf.:'u_g y© = o W t‘-S fGC,fch
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= Salution :
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_/ Case (5)
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EX (6) : Find E at the origin if the following charge distributions
are present in free space: point charge, 12 nC
at P(2, 0, 6); uniform line charge density, 3nC/m atx =-2, y = 3;
uniform surface charge density,0.2nC/m? at x = 2.

Solution:

This image cannaot currently be displayed,
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Thank, you for your attention

Dr, Moataz Elsherbini




