Summary of chapter 23

Prepared by Dr. A. Mekki

1. The eectric flux through a planar surface in a uniform dectric fidd E is

F=EA cosq

where the angle q is between the vector E and the vector A. The vector A is
aways perpendicular (normal) to the surface in consideration.
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» Ingened f = EAcosq

If the dectric fieddd E is not uniform then we must perform the integration
to calculate the dectric flux using the rdlation



F = oEdA
If the surface is closed, then the dectric flux is given by;
F = pEdA
2. Thedectric flux through a closed surfaceis dso given by;

£ = denc
e

where Oy iISthe charge ingde the closed surface.

3. Gauss law datesthat F , the dectric flux through a closed surface, is given
by

Fc= o .dA= Sinc
€o

where gy is the charge enclosed by the Gaussan surface and g, is a the
permitivity of free space equa to 885 x 10 C*/N.nT .

Note: Gauss law is generally used to calculate the eectric field for a highly

symmetric charge distribution.

4. Examplesof the use of Gausslaw in calculating the electric field.



(i) The éectric field near the surface (outsde) of a charged conductor is

S E

Eout =
0

4+ o+ 4

22

s isthe surface charge density= q/ A (C/m).

The dectric fidd insde any conductor is zero, since the charge always
moves to the surface of the conductor and remains there. So there is
NO charge insde a conductor.

Ein:0

(i) The dectric field due to charged sphericd shel of radius R,
whether it is insulator or conductor, is:

Since thereis no charge insde the shell

The dectric fidd outsde the shdll is Eout = k%
;

where r is the distance from the center of the shell to the point outside
the shell.



(ii1)  The dectric field due to an infinitdly long, draight line charge, at a
point that isaradid digancer fromthelineis

CF + + +9

| isthe linear charge density = g/L (C/m)

(iv) The dectric fidd outdde an thin infinite non-conducting plane
sheet of charge density s is

t1

(v) The dectric fidd due to a non-conducting (insulating) solid sphere
of charge q digtributed uniformly thought the sphere of radiusR is

and E =ki

out 2



(vi) The dectric fidd due to a conducting solid sphere of charge q and
radius R.

Since this is a conductor, the charge g will be distributed ONLY
on the surface of the sphere and NOT indde it!

Ein =0

9
and Eout - kr_z

r isthe distance from the center of the sphere to the point outside
the sphere where the dectric field is to be evauated.



ummary

Charge Digribution E(N/C) | Location
Conductor of chargedendty s 0 ingde
S outsde
eO
Infinite thin line charge carrying a
chargedensity | okl
r
Non-conducting infinte thin plane sheet| _S
carrying acharge density s 2,
Soherical shell of radiusR and chargeq 0 r < R(indde)
(Conducting and norn-conducting) e
r2 r > R (outside)
Non-conducting solid sphere of radius R| kg, r < R(insde)
and chargeq R3
k_g r > R (outside)
r
Conducting solid sphere of radius R and| 0 r < R(indde)
chargeq
kq r > R (outside)
I’2

Is the linear charge dendty (C/m)

I
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is the surface charge density (C/n)
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is the volume charge density (C/m”)




