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Electric field due to a charged disk

+E Idea: superpose several rings, of

P infinitesimal width dR

Charge per unitarea (g = iz
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Charge of ring of radius R and width dR
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38P. At what distance along the central axis of a uniformly

charged plastic disk of radius R is the magnitude of the clectric

field equal to one-half the magnitude of the field at the center of

the surface of the disk?

2, z* +R*

where R is the radius of the disk and o is the surface charge density on the disk. The

magnitude of the field at the center of the disk (z = 0) is E, = a/2&,. We want to solve for
the value of z such that E/E, = 1/2. This means

ANALYZE Squaring both sides, then multiplying them by z* + R?, we obtain z* = (22/4)
+ (RY4). Thus, z* = R*3, or z= R/~/3. With R = 0.600 m, we have z = 0.346 m.
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Electric Dipole Moment
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The direction of dipole moment 1s taken from negative to positive charge.

Using expression for the electric field of the dipole, we find
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Dipole in an electric field

A point charge feels a force proportional to the electric field

> = F = q E
. AN,

. v Ak Assume the field 1s constant throughout
— 2 the size of the dipole.

=y — Forces are equal and opposite: no net

- - - force! Forces act at different points,
' therefore they have a nontrivial torque.

The dipole is being
torqued into alignment.

b T=Fdsml=qgEdsin6d

()
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The torque acting on the dipole can be writtenas T = PxFE

The cross product takes care of the sin 6 in the magnitude and
the direction 1s given by the right hand rule (clockwise in the
figure).



The torque felt by a dipole in a field implies the ability to do work (for instance, turn the
shaft of a motor). The potential energy is given by

pu—y

U= —p+E (potential energy of a dipole).

It is maximum when p and E point in opposite directions, and minimum when they
are parallel (note the minus sign). The dipole is “wound up” when it is opposing the
field, ready to do work, and cannot do any more work when it is aligned with the

field.

Microwave ovens operate by generating alternating fields and making the
dipoles present in the water molecules align and realign, creating friction among

the molecules. Negative Side
Water

Molecule

H.O

104.5°
Positive Side




S9E. An electric dipole consists of charges +2¢ and —2e sepa-
rated by 0.78 nm. It is in an electric field of strength 3.4 X
10° N/C. Calculate the magnitude of the torque on the dipole
when the dipole moment is (a) parallel to, (b) perpendicular to,
and (¢) antiparallel to the electric field.

56. (a) Equation 22-33 leads to 7= pEsin0°=0.
(b) With #=90°, the equation gives

r=pE =(2(16x10™° C)(0.78 10~ m)) (3.4 x10° N/C) =85x 10 N-m

(c) Now the equation gives 7 = pEsin180°=0.

Maximum torque is at 90 degrees.



62P. An electric dipole with dipole moment (c) If an external agent turns the dipole until its electric dipole
moment 1s

p = (3.00i + 4.00§)(1.24 X 10~ 30 C-m) p = (—4.00i + 3.00§1.24 X 10-* C-m),

LA ' . T ) how much work is done by the agent?
is in an electric field E = (4000 N/C)i. (a) What is the potential

energy of the electric dipole? (b) What is the torque acting on 1t?

U =-p-E=~-{(3.001+4.0G)(124x10™C-m) || (4000N/C)
= —1.49x107 J.

(b) From Eq. 22-34 (and the facts that ixi=0 and jxi=-k), the torque is
£ = pxE =[(3.001 + 4.00)(1.24x10™°C-m) |x[ (4000N/C){ | = (~1.98x107 N m)c
(c) The work done is
W=AU=A(-p-E)=(p,-B,)-E

= (3.001 +4.00j) - (~4.00 +3.00j) (124 x 10™C-m) - (4000N/C)i
=347x 1071,



Example : Arc of Charge

* Figure shows a uniformly
charged rod of charge -Q
bent into a circular arc of
radius R, centered at (0,0).

* What 1s the direction of the
electric field at the origin?

(a) Field 1s O.

(b) Along +y * Choose symmetric elements

* X components cancel

(c) Along -y



Example : Arc of Charge

* Figure shows a uniformly
charged rod of charge -Q
bent into a circular arc of
radius R, centered at (0,0).

* What 1s the direction of the
electric field at the origin?
(a) Field 1s O.

(b) Along +y @ * Choose symmetric elements
* X components cancel

(c) Along -y



Arc of Charge: details
y

* Figure shows a uniformly
charged rod of charge —Q bent
into a circular arc of radius R,
centered at (0,0).

* Compute the direction &
magnitude of E at the origin.

450
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dE . =dE cosO = kng cost 2
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a

. . , E= sin @
Generalizing the previous result: dre,r "

along the symmetry axis, with 4 = g/r@ with € in radians. In this problem, each charged
quarter-circle produces a field of magnitude

= __lgl A R | 242|g]
|E|= sin® = .
ral2 dne,r =4 dme, v

That produced by the positive quarter-circle points at —45°, and that of the negative
quarter-circle points at +45°.

(a) The magnitude of the net field is

1 22|q| 1 4|q|
N2 cosaso=—— 141

En:l X = 2 ( o 2
’ 4re, mr 4re, wr

_(8.99x10° N-m*/C*)4(4.50x102C)

=20.6 N/C.
7(5.00x107 m)? 0.6 NIC

(b) By symmetry, the net field points vertically downward in the —j direction, or —90°
counterclockwise from the +x axis.



From last class:

gR _ 4,(2R)

E =
: 4z, (R +R?) " 47 [QR) +RT”

E

right ring

=

fring —

Simplifying, we obtain



Summary:

Definition of Electric Field
e The electric field at any point

E=—. ]
2 Eq. 22-1
Electric Field Lines
e provide a means for visualizing the
directions and the magnitudes of

electric fields

Field due to a Point Charge

* The magnitude of the electric field E set
up by a point charge g at a distance r
from the charge is

__ 1 la
dme, r*’

E Eq. 22-3

Field due to an Electric Dipole

* The magnitude of the electric field
set up by the dipole at a distant point
on the dipole axis is

1
E=——2

= : Eq. 22-9
2mey T

Field due to a Charged Disk

* The electric field magnitude at a
point on the central axis through a
uniformly charged disk is given by

Lo (1 ; ) Eq. 22-26
281,1 \m



Summary:

Force on a Point Charge in an Dipole in an Electric Field
Electric Field * The electric field exerts a torque on a
* When a point charge g is placed in an dipole

external electric field E L
7=p X E. Eq. 22-34
* The dipole has a potential energy U

associated with its orientation in the
field

F = gE. Eq. 22-28

U= -p-E. Eq. 22-38



