Lecture 26

® Chapter 26 (The Electric Field)

FE due to configuration of (source) charges (today)
parallel plate capacitor (uniform E£)

motion of (other) charges in £




Electric Field Models

A point charge

good approx. for small
An inllnilg]_x long Charged ObJeCt’ real
charged wire Wi re

Coulomb’s law

An infinitely wide lon2 = £2onl ™ D —

deq

'
charged plane

e F due to point charge

(electric field of a point charge)

® |imiting cases (check +
simpler formula): like £/
point charge very far
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Electric Field of Multiple Charges

® Principle of superposition =
F

on 4

-

1
at (x, y, 2)

q
—I—Fonq=F1onq F2onq:>Enet:Zz‘Ei B E
Strategy: picture..., identify P,find E;, >, E; (use symmetry)

EIlcl 1S the net electric

E(x, y,2) =

® FElectric field of a dipole (two field at this point.
opposite charges separated by
small distance s): no net charge,
but does have a net [/ oy
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This dipole 1s induced, or stretched, by E.

1o o1 : ~$1 O - J— v v —~ . . -

(Ed l lllle electric field acting on the + and B 255 mo [he dipole electric field
1polte charges. ' : e ]

p Yy & because the | ¥ at this point 1s in the

A G A + charge 1s OT “dipole  positive y-direction.

(Ey), + (E-) 1w 1 ey’
. The dipole electric tield
at this point is in the

negative y-direction.
G_ +q :

A water molecule is a permanent dipole
because the negative electrons spend
more time with the oxygen atom.
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has no net

charge.




Electric Field of a Dipole

. o~ 1 2
® FOr )’ >> S (Edz’pole)y ~ Areg quS

1 2p
FdJPOIC ) 4”6“ 7'3

(on the axis of an electric dipole)

o d|po|e moment:p = (gs, from negative to positive) “
The electric field vector is tangent
to the electric field line. -..,

lp

E - P~ —
PSS 47re, 1

(in the plane perpendicular to an electric dipole’

Field vector

Plcturlng E [

draw vectors or lines : Fidline

tangent: direction of £ -
The electric field is stronger where the
electric field vectors are longer and

Closer tOthhel" for where the electric field lines are

closer together.
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The electric
field vectors =
Starts On +ve, end 've are tangent to
the electric
field lines.

cannot cross (unique

The dipole moment p is a
vector pointing from the
negative to the positive
charge with magnitude gs.
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Electric Field of a Continuous Charge Distribution
® even if charge is discrete, consider it

(a) Charge Q on a rod of

continuous, describe how it’s length L. The lincar
charge density 1s

distributed (like density, even if atoms X = OIL

Strategy (based on of point charge and
principle of superposition)

The charge 1n a small

divide Q into point-like charges AQ el A A0 T AR
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find £ due to AQ

Charge Q on a surface of area A. The
surface charge density 1s n = Q/A.

convert sum to integral:

4+ + + + + + 4+

AQ — density xdz

+ + + + + + +

(x describes shape of AQ) A R

+ + + + + +5+4
+ + + + + + +

Area A )
The charge in a small
area AA is AQ = nAA.
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Electric Field of a Line of Charge | [1] nuuo
® Problem

® Strategy

>

® I . — 1 |Q| 4 A
Solution.... |, = o /(L2 _,.

What is the electric
field at this point?

The linear charge
density i1s A = Q/L.
@ Choose a coordinate s

the origin at the center of

-
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1o 10 calculate the held.

Distance r _ -~

-~

-
-
-

© Note that the field from a symmetrically

located charge segment will cancel (£)) .
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