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The Field Model

The photos show the = s ==
patterns that iron filings - =S

make when sprinkled = — 4
around a magnet. /

These patterns suggest
that space itself around
the magnet is filled with
magnetic influence.

This is called the
magnetic field.

- -

The concept of such a “field” was first
introduced by Michael Faraday in 1821.
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The Electric Field

If a probe charge g experiences an electric force at a
point in space, we say that there is an electric field £ at
that point causing the force:
F.__ at ( )
= XN, 2
E(X, ¥, :) = 0“"4
q

The units of the electric field are N/C. The magnitude E
of the electric field is called the electric field strength.
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Electromagnetic Field Applet

Setup: Single Charge

Mouse = Add - Draggable Charge
Show Electric Field () ~
Medium Accuracy ~

Stop Calculation
Enable Current
Draw Equipotentials

Resolution
Brightness
Equipotential Count

[ »
[

http:/iwww falstad.com
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http://www.alstad .com/emstatic/

The Field Model /B

= Afieldis a
function that
assigns a vector
to every pointin

space. —

i \/\ In Faraday’s view, A alters
The alteration of //R\/k\ the space around it. (The wavy
space around a /_\\/_f\\\ lines are poetic license. We
mass is called the don’t know what the alteration
gravitational field. @ looks like.)

In the Newtonian view, A

F .
@ AonB  exerts a force directly on B

Similarly, the
space around a
charge is altered
to create the
electric field.

Particle B then responds to
the altered space. The altered
space is the agent that exerts

the force on B
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The Electric Field

.-This is the electric
field vector at point 1.

i & hl\ is the electric
field vector at point 2.

The dots are the
points at which
the field is known.
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The Electric Field

P Charge ¢ is being used as a probe
ong charge. The force on ¢ tells us that
there’s an electric field at point 1.

Point 1

an q
Point 2
Now charge ¢ is placed at point 2.
There’s also an electric field here

that differs from the field at point 1.
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The Electric Field of a Point Charge

What is the electric +®
field of g at this point?

®/Poinl charge
q
2013 peren o, e

The Electric Field of a Point Charge

.

a

3. The electric field is
E=F g
q It is a vector in the
direction of F, g
= The electric field a distance r from a point charge q is
given by:

’

E= %, away from ¢
4mey r
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The Electric Field

A charged particle with charge g at a point in space
where the electric field is E experiences an electric
force:

-

F qgE

ong —

= |f g is positive, the force on the particle is in the direction
of £

= Thg force on a negative charge is opposite the direction
of E.
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The Electric Field of a Point Charge

1. Place ¢’ at the point

i ong'
to probe the field.
F,
P -
Lt g 3
- .
Ze - ;
PR 2. Measure the
- A ’
C z force on q'.
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The Electric Field of a Point Charge

If we calculate the field

at a sufficient number of
points in space, we can
draw a field diagram. ~e

Notice that the field
vectors all point straight
away from charge q.

A

N O

Also notice how quickly
the arrows decrease in
length due to the
inverse-square
dependence onr.
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Unit Vector Notation

we

L
P2
The unit vectors specify
the directions to the points.
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The Electric Field of a Point Charge

- q ~
4eg r-
0 > “~
= A negative sign in front of
a vector simply reverses 7 f \ ~
its direction.

= The figure shows the electric
field of a negative point charge.
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Electric Field Models

Most of this chapter will be concerned with the sources
of the electric field.

= We can understand the essential physics on the basis of
simplified models of the sources of electric field.

The drawings show [z point charge

models of a positive @
point charge and an
infinitely long negative
wire. An infinitely long B - =
We also will consider |charged wire =

an infinitely wide ==

charged plane and a =

charged sphere. -
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Unit Vector Notation

Electric field at point 1 _ E,

is in the direction of 7. ",
1

Ey
— ®

3
NE,

. AN

E, is in the direction of 7,."

Lug

2}‘

E=
4mey r
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Chapter 26 The Electric Field

Chapter Goal: To learn how to calculate and use
the electric field.
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Electric Field of a Point Charge

E= =P (electric field of a point charge)
4me, re
H !
~ A\ ! 7 X & J
oS P il
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The Electric Field

The electric field
was defined as:

E=Fy,lq

where f;nq is the
electric force on
test charge g.

The Sl units of
electric field are
therefore
Newtons per
Coulomb (N/C).

TABLE 26.1 Typical electric field strengths
Field strength
Field location (NIC)
Inside a current- 1072—107"
carrying wire
Near the earth’s 10°-10*
surface
Near objects charged 10°-10°
by rubbing
Electric breakdown in 3% 10°
air, causing a spark
Inside an atom 10"
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Electric Dipoles

= Two equal but A water molecule is a permanent dipole
opposite
charges
separated by a
small distance
form an electric

dipole. A L E + E

H H i
1 )

because the negative electrons spend
more time with the oxygen atom.

This dipole is induced, or stretched, by
the electric field acting on the + and
charges.
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+ charge 1S @] vv~  pusiuve yunveuui.
gl ]
closer. «eeeee2y
E

The dipole electric field
at this point is in the
negative y-direction.

sJ G}_’q’ T E,

ipole

A dipole
has no net
charge.
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The Electric Field of Multiple Point Charges

= Suppose the source of an electric field is a group of
point charges qy, ds, ...

= The net electric field Ifnet at each point in space is a
superposition of the electric fields due to each
individual charge:

Bneds = (B + (B, + -+ + = D (E),
(Bosdy =TED, + By + - = X, (B,

(Ened, = (B, + (B, + - = D (E),
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The Dipole Moment

The dipole moment p is a

It is useful to define the

dipole moment [_): _’; vector pointing from the
shown in the figure, as negative to the positive
the vector: charge with magnitude gs.

P = (gs, from the negative to the positive charge)

= The Sl units of the dipole moment are C m.
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The Electric Field of a Dipole
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The Electric Field of a Dipole

I'he electric

field vectors e
are tangent to
the electric

field lines.
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The Electric Field of a Dipole

= The electric field at a point on the axis of a dipole is:

%
B 1
dipole =~

P Amrey 1

E (on the axis of an electric dipole)

where r is the distance measured from the center of
the dipole.

= The electric field in the plane that bisects and is
perpendicular to the dipole is

1 LI

m 3 (bisecting plane)
ol

Edipolc S
= This field is opposite to the dipole direction, and it is
only half the strength of the on-axis field at the same
distance.
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The Electric Field of Two Equal Positive Charges

N\

This figure
represents the
electric field of two
same-sign charges
using electric field
lines.

7
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