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1. Flux of the Electric Field

Electric flux is the rate of flow of the electric field through a given area
(Fig. 1). Electric flux is proportional to the number of electric field lines going

through a virtual surface.

Flux is proportional to the density of flow.

Figure 1: Electric Flux: Electric flux visualized. The ring shows the surface boundaries.

The red arrows for the electric field lines.

Flat Surface, Uniform Field: We begin with a flat surface (Fig. 2) with area

A in a uniform electric field E. The total flux @ is then:

P = j E.dA (total flux)

P = j (E cos0) dA (total flux)

When the electric field is uniform and the surface is flat:
® = (E cosf)A (uniform field, flat surface)

Figure 2: An electric field vector pierces a small square patch on a flat surface.



Example: A nonuniform electric field given by E =3xi+ 47 pierces the

Gaussian Square area dA with length 2 m. what is the flux throw the surface
when x= 3m point in the positive direction of the x axis.?

Solution:
" J E-dd = J (3.0xi + 4.0)) - (dA1)
— J [{3.{31}{54’,4]{ g+ Hﬂ'}{r:hd.jj rf]

= J (3.0xdA + 0) = 3.E]IJ x dA.

The integral [ dA gives us the area A = 4 m? of the surface:
®, = 3.(}J (3.0)dA = Q.DJ dA.

®, = (9.0 N/C)(4.0 m?) = 36 N-m*/C.

Closed Surface. Let’s use the closed surface in (Fig.3) that sits in a
nonuniform electric field. To use Gauss’ law to relate flux and charge, we
need a closed surface.

An inward field is negative flux. An outward field is positive flux
P = ':;} E ilr;{ {net flux).

The loop on the integral sign indicates that we must integrate over the entire
closed surface, to get the net flux through the surface (flux might enter on one

side and leave on another side).
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Figur 3: A Gaussian surface of arbitrary shape immersed in an electric field.

2. Gauss’ Law

Gauss’ law relates the net flux @ of an electric field through a closed
surface (a Gaussian surface) to the net charge genc that is enclosed by that

surface. It tells us that:

gg® = .. (Gauss’ law).

Ep (# E ff;{ = (one (Gauss’ law).

The net charge genc is the algebraic sum of all the enclosed positive and
negative charges, and it can be positive, negative, or zero.
If Qenc IS positive, the net flux is outward; if genc 1S Negative, the net flux is

inward.



Jenc In figure above given below:

Oenc=01 +(2-03+ Q4

3. Gauss’ Law and Coulomb’s Law

we rewrite Gauss’ law as:
eojgﬁ.dff= eoygEcose.dA = Qenc

As shown in (Fig.4) for a particle with positive charge g. Then the electric
field has the same magnitude E at any point on the sphere (all points are at

the same distance r).

Figure 4: A spherical Gaussian surface centered on a particle with charge g.

we know that the electric field at E the patch is also radially outward and
thus at angle & = 0 with dA.So, we rewrite Gauss’ law as

eojgﬁ.d/f= songdA=qenC



Here genc = 9. Because the field magnitude E is the same at every patch
element, E can be pulled outside the integral:

eoEidAzq

We already know that the total area of the sphere is 47r?:
sE (4mr?) =gq

1
E = <
Ate, 12

Example: Figure below shows, in cross section, a plastic, spherical shell with
uniform charge Q= -16e and radius R = 10 cm. A particle with charge q=5e
Is at the center. What is the electric field magnitude at (a) point P; at radial

distance r;= 6 cm and (b) point P, at radial distance r,=12 cm?

Solution:
The only charge enclosed by the Gaussian surface through P; is that of the

particle. Qenc=5e and r = r; = 0.06 m.

I:Fl'.'r.l.'
E=—2"_
daregre "
5(1.60 x 10719 C)
 47(8.85 X 10~ 2 CYN -m?)(0.0600 m)?
=2.00 X 10~ 6N/C. (Answer)




The only charge enclosed by the Gaussian surface through P, is that of the
particle. genc=0q + Q =5e —16e =-1leandr=r,=0.12 m.

—enc
E=—T0
dmegr
— [~11(1.60 X 10-1°C)]
47(8.85 X 10~ 2CZYN-m?)(0.120 m)?

= 1.10 X 107°N/C. (Answer)

4. A Charged Isolated Conductor

If an excess charge is placed on an isolated conductor, that amount of charge
will move entirely to the surface of the conductor. None of the excess charge

will be found within the body of the conductor.

Thus, the magnitude of the electric field just outside a conductor is
proportional to the surface charge density on the conductor. The sign of the
charge gives us the direction of the field. If the charge on the conductor is
positive, the electric field is directed away from the conductor toward the

conductor if the charge is negative.

If o is the charge per unit area, then Qenc IS equal to o A. When we substitute

o A for Qenc and EA for @:

g EA = aA.
EJ- -
FE = — {conducting surface).
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