The Electric Field

Definition of the electric field:

- F
E = —
q0
SI unit: N/C

Here, q, is a “test charge” — it serves to allow
the electric force to be measured, but is not
large enough to create a significant force on

any other charges.



The Electric Field

If we know the electric field, we can calculate the
force on any charge:

F - gF

The direction of the force E —
. +2.80 pC O

depends on the sign of e

the charge —in the

direction of the field for a

positive charge, opposite F ©-9.30 pC
to it for a negative one. -
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The Electric Field

The electric field of a point charge points radially away
from a positive charge and towards a negative one.
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Electric Field Lines

Electric field lines are a convenient way of
visualizing the electric field.

Electric field lines:

1. Point in the direction of the field vector at every
point

2. Start at positive charges or infinity
3. End at negative charges or infinity

4. Are more dense where the field is stronger



Electric Field Lines

A parallel-plate
capacitor consists
of two conducting
plates with equal
and opposite
charges. Here is the
electric field:
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Coulomb’s Law for the Field

Coulomb’s law for the =
force on g due to Q: =

_9Q _ =
_?_qE

Coulomb’s law for the
field E due to Q:




Example 1

What is the electric field strength at a distance
of10 cm from a charge of 2uC?

= _kQ _ 9x10°x2x10°
e (10 x 10-2)2
= 181)(;_103 = 1.8X10N/C

So a one-coulomb charge placed there
would feel a force of 1800,000 Newton.



Gauss’s Law

« (Gauss’s law makes it possible to find the electric field
easily in highly symmetric situations.

« Drawing electric field lines around charges leads us
to Gauss’ Law

 The idea is to draw a closed surface like a balloon
around any charge distribution, then some field line
will exit through the surface and some will enter or
renter. If we count those that leave as positive and
those that enter as negative, then the net number
leaving will give a measure of the net positive charge
Inside.



Electric lines of flux and Gauss’s Law

* Theflux ¢ through a plane surface of area A due to a uniform field E

is a simple product:
¢ = EA where E is normal to the area A. '

« ¢0=E A=0xA=0 because the normal component of E 1s 0

E
 0=E ,A=EcosqgA
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Approximate Flux

CD:ZE o A4
Exact Flux
@z(ﬁEOdﬂ
dA = hdA

Circle means you integrate
over a closed surface.
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Find the electric flux through a cylindrical surface in a

uniform electric field E
s = disss

AA: Gaussian
0 F / surface
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Flux froma.+b.+c. =0




Electric lines of flux and
Derivation of Gauss’ Law using Coulombs law

Consider a sphere drawn around a positive point charge.
Evaluate the net flux through the closed surface.

Net Flux = CDZCj)EOdZ :CjSEcoséb’A:(j;EdA CEIIr(]) :
0S U =

For a Point charge E=kq/r?
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Gauss’ Law

chet — qenc /80

This result can be extended to any
shape surface with any number of
point charges inside and outside the
surface as long as we evaluate the
net flux through it.



