hapter 26 The Electric Field

Chapter Goal: To learn how to calculate and use
the electric field.
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Chapter 26 Preview

Fields of Multiple Charges
You’ll learn that the electric field due to

several point charges is the vector sum
of the individual fields.

You'll also learn to use
electric field lines.
This figure shows the
electric field lines of a
dipole, two equal but
opposite point charges.
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Chapter 26 Preview

The Field of a Continuous Distribution of Charge
You'll learn a strategy for computing the electric
field of a macroscopic charged object, such as a
charged rod or a disk of charge.

W A charged object can be described by its
charge density, the charge per unit length,
area, or volume.

B The vector sum of electric fields will become
an integral. We'll develop a step-by-step

approach to setting up and evaluating these The electric field of a plane of charge
integrals. is perpendicular to the plane. Many
practical devices can be modeled as
‘We'll calculate the electric field of charged planes or lines of charge.

wires, charged disks, planes of charge, and
spheres of charge.
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Chapter 26 Preview
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Uniform Electric Fields
Two parallel conduct- 7
ing plates with equal
but opposite charges
are called a parallel-
plate capacitor.

¥ _E
| —
, N
You'll learn that parallel- <
plate capacitors are o —
important for creating a : -
uniform electric field. B —
B ——

Slide 26-5

3/22/2016

Chapter 26 Preview
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Charges in Electric Fields

Electric fields exert forces on charged
particles. You'll learn to calculate the
trajectories of charged particles moving
in electric fields.

Older televisions and
computer monitors use
a cathode-ray tube. The
picture is formed as a
changing electric field

sweeps an electron i

beam back and forth
across the screen. ":

/4
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Chapter 26 Preview
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Dipoles in Electric Fields
You learned in Chapter 25 that charged
objects of either sign attract a neutral
object. We'll understand better why this
happens.

An electric field exerts A nonuniform field

a torgue on a dipole, exerts a force on a

causing it to align with dipole, drawing it

the field. toward the stron-
ger field.
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Chapter 26 Reading Quiz
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Reading Question 26.1

What device provides a practical way to produce a
uniform electric field?

A long thin resistor.
A Faraday cage.

A parallel-plate capacitor.

A toroidal inductor.

moows>

An electric field uniformizer.
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Reading Question 26.1

What device provides a practical way to produce a
uniform electric field?

A. Along thin resistor.
B. AFaraday cage.
/C. A parallel-plate capacitor.
D. Atoroidal inductor.
E. An electric field uniformizer.
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Reading Question 26.2

For charged particles, what is the quantity g/m
called?

Linear charge density.

Charge-to-mass ratio.
Charged mass density.

Massive electric dipole.

moowm»

Quadrupole moment.
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Reading Question 26.2

For charged particles, what is the quantity g/m
called?

A. Linear charge density.
'B. Charge-to-mass ratio.

C. Charged mass density.

D. Massive electric dipole.

E. Quadrupole moment.
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Reading Question 26.3

Which of these charge distributions did not have its
electric field determined in Chapter 26?

Aline of charge.
A parallel-plate capacitor.

. Aring of charge.
. Aplane of charge.
They were all determined.

moow»
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Reading Question 26.3

Which of these charge distributions did not have its
electric field determined in Chapter 267?

oo w>»

v'E.

Aline of charge.

A parallel-plate capacitor.
Aring of charge.

A plane of charge.

They were all determined.
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Reading Question 26.4

The worked examples of charged-particle motion
are relevant to

moowp»

A transistor.

A cathode ray tube.

Magnetic resonance imaging.
Cosmic rays.

Lasers.
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Reading Question 26.4

The worked examples of charged-particle motion

are

v'B.

o

©2013 Pearson

relevant to

A transistor.

A cathode ray tube.
Magnetic resonance imaging.
Cosmic rays.

Lasers.
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1. What are the magnitude and direction of the force
experienced by a proton of charge e in an electric field E
as in the following diagram?

E ‘ [ ® }

2. (a) Determine the magnitude and the direction of the electric
field at point A. 10nC sne

(b) What is the force on a +1nC charge when it is placed at A?

Copyright © 2008 Pearson Education, Inc.,, publishing as Pearson Addison-Wesley.
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Chapter 26 Content, Examples, and
QuickCheck Questions
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Electric Field Models
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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 )
models of a positive &poingeharge

point charge and an @

infinitely long negative s

wire. An infinitely long _
. . charged wire =

We also will consider _ >

an infinitely wide =

charged plane and a

charged sphere.
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Electric Field of a Point Charge

E= 4771-50:]_2; (electric field of a point charge)
¢ '

% A !/ 7 “ " £ 2

N -

o~ ~ - /I\ -~

v g

PR R ~ 4N N
? H

The Electric Field

= The ele(?tric field TABLE 26.1 Typical electric field strengths
was defined as:
5 o Field strength
E=F,,/q Field location (N/C)
where F’m . is the Inside a current- 1023=107"
. carrying wire
electric force on . >
Near the earth’s 102-10*
test charge q. surface
= The SI units of Near objc_cls charged 10°-10°
lectric field by rubbing
electric rield are Electric breakdown in 3% 10°
therefore air, causing a spark
Newtons per Inside an atom 10"
Coulomb (N/C).
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The Electric Field of Multiple Point Charges

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

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

(Epedy = (B + (B, + -+ = (E),
(Encl)_\‘ = (El)_\' + (EZ)_\\ +eee = E(Ez)|
(Encl): = (El)z + (E2): +e = E(El):

3/22/2016




QuickCheck 26.1

What is the direction o
of the electric field at
the dot?
B D.
C.
@ \_\'
+0 -0
E. None of these.
© 2013 Pearson Education, Inc. Slide 26-22

QuickCheck 26.1

What is the direction A.

of the electric field at

the dot?
B- ’
®
+0 e

E. None of these.
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Problem-Solving Strategy: The Electric Field of

Multiple Point Charges

The electric field of multiple
point charges

Model charged objects as point charges.

For the pictorial representation:

Establish a coordinate system and show the locations of the charges.
Identify the point P at which you want to calculate the electric field.
Draw the electric field of each charge at P.

Use symmetry to determine if any components of E,,, are zero.
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Problem-Solving Strategy: The Electric Field of

Multiple Point Charges

The electric field of multiple =
point charges O

The mathematical representation is gm., = EE,-‘

For each charge, determine its distance from P and the angle of E, ; from the axes.
Calculate the field strength of each charge’s electric field.

Write each vector E, in component form.

Sum the vector components to determine EM,.

If needed, determine the magnitude and direction of E.

sess Check that your result has the correct units, is reasonable, and agrees
with any known limiting cases.
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QuickCheck 26.2

What is the direction of the electric field at the dot?

A

+Q =0 C.

E. The field is zero.
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QuickCheck 26.2

What is the direction of the electric field at the dot?

E. The field is zero.
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QuickCheck 26.3

When r >> d, the electric field
strength at the dot is
A 2
daregr-
20
B. Ameyr?
40
C. dareyr?
Y
D. darey(r? +d*)
E. 90
daregr
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QuickCheck 26.3

When r >> d, the electric field

strength at the dot is

A 2
degr-
2
B. _QZ
d7regr
4
‘/C. 7Q1
4arenr”
4
D 2 __
darey(r” +d°)
E. _“2
dreyr
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w20 @
d
‘+2Q@ . .
w0 @

Looks like a point charge 40 at the origin.
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Electric Dipoles

= Two equal but
opposite charges
separated by a
small distance form
an electric dipole.

= The figure shows
two examples.

©2013 Pearson Education, Inc.

A water molecule is a permanent dipole
because the negative electrons spend
more time with the oxygen atom.

o

g Y e

P

(i)
tyy

This dipole is induced, or stretched, by
the electric field acting on the + and
charges.
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The Dipole Mo

= ltis useful to define the @
dipole moment p, =

The dipole moment p is a

:l{ vector pointing from the

shown in the figure, as negative (o 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 Dipole Electric Field at Two Points

¥

= The dipole electric field
. at this point is in the
TEd-rm\c positive y-direction.

E, >E_ s,

because the

RS

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

}G‘

T
K = /I\t
Jr‘\—f"' E. L E
A dipole L ,/"*q dipole
has no net
charge.
©2013 Pearson Education, Inc 26

The Electric Field of a Dipole

On the axis of an electric dipole

1 _
(Epore)y = (E ), +(E), = 7{% +(7q)2—‘
Ane, | (=) (yFSTD]

E,>E.- e The dipole electric field (| -1 7%”7“
because it " atihis point is in the T 4mey | (y—0.5-5)(y+0)5-5)°
har - positive y-direction -
closer
The dipole clectric ficld yoos
at this point is in the
by meSalive y-direction (E. ) 1 2gs
q : ~ =17
dipote)y = 3
; 7€,y
S ; 0
R 4
:
A dipole —-q E g

has no net
a

earson Addison-Wesley.
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The Electric Field of a Dipole

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

L2

Edipolc = 0 (on the axis of an electric dipole)

d7re r

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
4me, P

Edipm &= (bisecting plane)

= 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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Tactics: Drawing and Using Electric Field Lines

Drawing and using electric field lines

@ Electric field lines are continuous curves drawn tangent (o """ o

the electric field vectors. Conversely, the electric field-" o

vector at any point is tangent to the field line at that point. /" o

@ Closely spaced field lines represent a larger field strength, s —L
with longer field vectors. Widely spaced lines indicatea .. / Field Line

smaller field strength. P

© Electric field lines never cross.

@ Electric field lines start from positive charges and end on negative charges.
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The Electric Field of a Dipole

!
N #

\‘ /
@ This figure represents
P =y the electric field of a
¥ I I ¥ dipole asa field-
~ b a—t vector diagram.

R
70N

©2013 Pearson Education, Inc. Slide 26-36

3/22/2016

12



using electric field lines.

©2013 Pearson Education, Inc.

The Electric Field of a Dipole

This figure represents the electric field of a dipole
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The Electric Field of Two Equal Positive Charges

7

&

This figure represents
the electric field of
two same-sign
charges using electric
field lines.
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QuickCheck 26.4

Two protons, Aand B, are in
an electric field. Which
proton has the larger
acceleration?

A. Proton A.
B. Proton B.

C. Both have the same
acceleration.

©2013 Pearson

—%
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QuickCheck 26.4

Two protons, A and B, are
in an electric field. Which ~ Stronger field where

roton has the larger field lines are closer
p ; 9 together.
acceleration?

ey

=@

v’A. Proton A.
B. Proton B. Weaker field where

C. Both have the same field lines are farther
. t.
acceleration. apar
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QuickCheck 26.5

An electron is in the plane :

that bisects a dipole. What
is the direction of the electric
force on the electron?

C.

E. The force is zero.
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QuickCheck 26.5

that bisects a dipole. What
is the direction of the electric
force on the electron?

An electron is in the plane T
B D.

Slide 26-42
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Continuous Charge Distributions

The linear charge
denS|ty of an ObJeCt of Charge Q on a rod of
Iength L and Charge 0 length L. The linear

is defined as charge density is
A= QIL.
_9 :
A== LL
L 4

Linear charge density,
which has units of
C/m, is the amount of
charge per meter of
length.

The charge in a small

length AL is AQ = AAL.

©2013 Pearson Education, Inc.
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QuickCheck 26.6

If 8 nC of charge are 1.0cm
placed on the square loop

of wire, the linear charge
density will be

1.0 cm

A. 800 nC/m.
400 nC/m.
200 nC/m.
8 nC/m.
2 nC/m.

mo o w

©2013 Pearson Education, Inc. Slide 26-44

QuickCheck 26.6

If 8 nC of charge are L.0em
placed on the square loop

of wire, the linear charge
density will be

1.0 cm
A. 800 nC/m.

B. 400 nC/m.
+/C. 200 nC/m.
D. 8 nC/m.

E. 2nC/m.

©2013 Pearson Education, Inc. Slide 26-45
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Continuous Charge Distributions

The surface charge
density of a two-
dimensional distribution
of charge across a
surface of area A is
defined as:

7’?:;

Surface charge
density, with units
C/m?, is the amount of
charge per square
meter.

Charge Q on a surface of area A. The
surface charge density is § = Q/A.

Area A K
The charge in a small

area AA is AQ = nAA.

Slide 26-46
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QuickCheck 26.7

A flat circular ring is made from a
very thin sheet of metal. Charge
Q is uniformly distributed over the
ring. Assuming w << R, the
surface charge density 7 is

A ORzRw.
B. Q/dzRw.
C. Q/nr%.
D. QRR:.
E. OQ/zRw.

Charge Q
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QuickCheck 26.7

A flat circular ring is made from a
very thin sheet of metal. Charge
Q is uniformly distributed over the
ring. Assuming w << R, the
surface charge density 7 is

A OR7Rw.  Tpe ring has two
./B_ QldrRw. sides, each of area

c. o 2mRw.
D. Qnzr:.
E. Q/zRw.

©2013 Pearson Education, Inc.

Charge Q

Slide 26-48
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Problem-Solving Strategy: The Electric Field of

a Continuous Distribution of Charge

The electric field of a continuous Q
distribution of charge

Model the distribution as a simple shape, such as a line of charge or a
disk of charge. Assume the charge is uniformly distributed.

For the pictorial representation:

@ Draw a picture and establish a coordinate system.

@ Identify the point P at which you want to calculate the electric field.

@ Divide the total charge Q into small pieces of charge AQ, using shapes for
which you already know how to determine E. This is often, but not always, a
division into point charges.

@ Draw the electric field vector at P for one or two small pieces of charge. This
will help you identify distances and angles that need to be calculated.

© Look for symmetries of the charge distribution that simplify the field. You
may conclude that some components of E are zero.
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Problem-Solving Strategy: The Electric Field of

a Continuous Distribution of Charge

The electric field of a continuous @
distribution of charge

The mathematical representation is E,, = S E,.

Use superposition to form an algebraic expression for each of the three com-
ponents of E (unless YOUu are sure one or mors zero) at point P.

Let the (x ) coordinates of the point remain variables.

Replace the small charge AQ with an equivalent expression invelving a
charge density and a coordinate, such as d, that describes the shape of charge
AQ. This is the critical step in making the transition from a sum to an
integral because you need a coordinate to serve as the integration variable
® Express all angles and distances in terms of the coordinates.

Let the sum become an integral. The integration will be over the one coor-
dinate variable that is related to AQ. The integration limits for this variable
must “cover” the entire charged object

Check that your result is consistent with any limits for which you know
what the field should be
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The Electric Field of a Finite Line of ge

| Total charge Q Example 26.3 in the text
uses integration to find
the electric field strength
at a radial distance rin
the plane that bisects a

r rod of length L with total

e

A charge Q:

What is the electric
field at this point? 1 ‘Ql

ot y E =
« The linear charge 4meq r N/ 12+ (LI2)

density is A = Q/L.

~
I S S e o S e |

©2013 Pearson Education, Inc. Slide 26-51
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QuickCheck 26.8

At the dot, the y-component of the electric field due to the
shaded region of charge is
A. M X hd ¥ Charge Q
dmeg(x* +y) " x L x / .
B (QIL) dx s X — —dr I
| dwe(xP+y) y L
L
c (o/ 3 dx % x
dmeg(x” +y7) 2+ »
D. (Q/Lz dx IRV |
dmeg(x” +y7) x4 y?
E (Q/L) dx % y
’ Amen/x 1 P4yt
Slide 26-52

QuickCheck 26.8

At the dot, the y-component of the electric field due to the
shaded region of charge is
cos f= L
A. 7(@’[‘) dx X b P=0 : 5% ¥ Charge ¢
dmey(x* + ) x i L x / .
(Q/L) dx x — —dx I
B — . 5%~
4mey(x” + y°) ¥y L
c (Q/L) dx x
T dmeg(x’ +y%) xi+ y:
(Q/L) dx y
D. T X
V 4meg(x” +y7) m
E @uds oy
Codmen/xihy? Va4
© 2013 Pearson Education, Inc. Slide 26-53

An Infinite Line of Charge

The field points straight away

from 1I1cLI|11u at all points. The electric field of a thin,

— “alH . uniformly charged rod
+ .
T + e may be written:
B
—— i = 1 2]Al 1
- — + —_— rod — 4 EPPE
+ TE€ T N1+ 4L
R i e
L
D i T If we now let L — oo, the
= + T last term becomes simply
- —— + —_— y .
+ 1 and we’re left with:
4?4— + —_—
5 ’ Infinite Imelof charge E 1 2|A|
The field strength decreases ine — =
with distance. e 4mey T
© 2013 Pearson Education, Inc. Slide 26-54
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A Ring of Charge

(a)
. The field is zero
J inthe center
Maximum
field strength

(b)

| T P T T T ™2
J”W R 2R 3R 4R

©2013 Pearson Education, Inc.

= Consider the on-axis
electric field of a positively
charged ring of radius R.

= Define the z-axis to be the
axis of the ring.

= The electric field on the
z-axis points away from
the center of the ring,
increasing in strength until
reaching a maximum
when [z| = R, then
decreasing:

L e
41760 (Z2+ RZ)3IZ

Slide 26-55

(Ering)z =

3/22/2016

A Disk of Charge

Disk with
_—radius R and
charge @

The charge of
the ring is AQ,.

Field due
toring i

“-Ring i with radius r, and
area AA,. If we unroll the
ring it looks as shown below.
Area AA, = 2@rAr
\ i JAr
1

©2013 Pearson Education, Inc.

= Consider the on-axis
electric field of a positively
charged disk of radius R.

= Define the z-axis to be the
axis of the disk.

= The electric field on the
z-axis points away from
the center of the disk, with
magnitude:

Nz <
(Egig): = 5 — 2
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A Plane of Charge

= The electric field of a plane of charge is found from the
on-axis field of a charged disk by letting the radius R — .

= The electric field of an infinite plane of charge with surface

charge density 7 is:

E

plane.

©2013 Pearson Education, Inc.

plane =
250

= For a positively charged plane, with 77> 0, the electric
field points away from the plane on both sides of the

= constant

= For a negatively charged plane, with 77 < 0, the electric
field points fowards the plane on both sides of the plane.

Slide 26-59
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A Plane of Charge

+£ z>0
N By ="
HHEE At E AT A1 E=e
tHtE Attt E At EA 1
RARRRRNRRRARRRR R
TR RN RN RAR AT
WAL L
R AAAARY 7

Two protons, Aand B, are @ B
next to an infinite plane of !
positive charge. Proton B is - +® il
twice as far from the plane JERT

as proton A. Which proton St
has the larger acceleration? 7

A. Proton A.
B. Proton B.
C. Both have the same acceleration.

©2013 Pearson Education, Inc. Slide 26-61

QuickCheck 26.9

Two protons, A and B, are

next to an infinite plane of

positive charge. Proton B is

twice as far fromthe plane .4 I
as proton A. Which proton gy
has the larger acceleration?

®--®
>
\

e
4+
o
4+t

++
+

ey
e
++t

\

A. Proton A.
B. Proton B.
+/C. Both have the same acceleration.

©2013 Pearson Education, Inc. Slide 26-62
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A Sphere of Charge

A sphere of charge Q and radius R, be it a uniformly
charged sphere or just a spherical shell, has an
electric field outside the sphere that is exactly the
same as that of a point charge Q located at the center
of the sphere:

= Q
E 2

— forr = R
dreyr

sphere =

©2013 Pearson Education, Inc. Slide 26-63

The Parallel-Plate Capacitor

= The figure shows two

electrodes, one with d

charge +Q and the other —

with —Q placed face-to-

face a distance d apart. Area A

= This arrangement of two

electrodes, charged

equally but oppositely, is

called a parallel-plate g %

capacitor. +0 )
= Capacitors play important

roles in many electric

circuits.

©2013 Pearson Education, Inc. Slide 26-64

The Parallel-Plate Capacitor

= The figure shows two

capagcitor plates, seen The capacitor’s charge resides on the
from the side. inner surfaces as planes of charge
= Because opposite Slld?l :iw of Bl - 3 -
charges attract, all of T | H* -
the charge is on the ) N .
inner surfaces of the E, E _S E-
two plates. E,=0 Ew| | Ea=0
= Inside the capacitor, i
the net field points L
toward the negative
OQutside the capacitor,  Inside the capacitor,
plate' E, and E_ are opposite, E, and E_ are parallel,

= Qutside the capacitor so the net ficld is zero.  so the net field is large.
the net field is zero.

©2013 Pearson Education, Inc. Slide 26-65

3/22/2016

21



The Parallel-Plate Capacitor

The electric field inside a capacitor is

E’mwim, = E’+ +E = (Eﬂ, from positive to negﬂtive)
0

Q - .
——, from positive to negative
€A

where A is the surface area of each electrode.
Outside the capacitor plates, where E, and E_ have
equal magnitudes but opposite directions, the electric
field is zero.
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QuickCheck 26.10

Three points inside a - N -

parallel-plate capacitor are o E =

marked. Which is true? + =
-7

+ 1 —

A. E >E,>E, + 2 =
_

B. E <E,<E, -+ -
— >

C. E,=E,=E, + 3 =
_

D. E =E;>E, + —

—_— .

[+] ]
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QuickCheck 26.10
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Three points inside a - . -

parallel-plate capacitor are + E —

marked. Which is true? + —
-

+ 1 =

A. E>E,>E, + 2 —
_—

B. E <E,<E; ar —
— e

V/C. E,=E,=E, + 3 —
_

D. E =E;>E, + -

—_—

] ]

© 2013 Pearson Education, Inc. Slide 26-68
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The Ideal Capacitor

= The figure shows the
electric field of an
ideal parallel-plate
capacitor constructed
from two infinite
charged planes

——p — | | Thisis
—_— —— |~ | anedge
— —— |- | view of the
electrodes.

The ideal capacitor is
a good approximation
as long as the E
electrode separation d The field is uniform, pointing from
is much smaller than the positive to the negative electrode
the electrodes’ size.

4+ttt
]
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A Real Capacitor

—
= Qutside a real capacitor WA o e N
and near its edges, the "B
lectric field is affected “I -
e X H——— |-
by a complicated but + > I
weak fringe field. €| H——| |«
= We will keep things b . >
f +H — — [~
simple by always <| 4 . q »
assuming the plates are | ——
very close together and N P
using E = n/g, for the 5 = =
magnitude of the field
inside a parallel-plate A weak fringe field extends
capacitor. outside the electrodes.
© 2013 Pearson Education, Inc. Slide 26-70

Uniform Electric Fields

= The figure shows an

electric field that is the
/ same—in strength and

/ 4, direction—at every

point in a region of

/ /E/v' / space.
o e » Thisis called a

/ uniform electric field.

/ = The easiest way to

produce a uniform
electric field is with a
parallel-plate
capacitor.

©2013 Pearson Education, Inc. Slide 26-74
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Example 26.7 Charge Density on a Cell Wall

AIFIRA Charge density on a cell wall

Example 25.7 noted that the electric field strength in the cell wall
of a neuron is typically 1.0 X 107 N/C. This electric field is estab-
lished because the outer surface of the cell wall is positive and the
inner surface negative. What is a typical surface charge density on
the surface of a cell wall?

moDEL Although cells are roughly spherical, the wall thickness is
much less than the radius of the cell. Locally, at a point inside the
cell wall, the curvature is negligible, so we can model the cell wall
as a parallel-plate capacitor.

3/22/2016
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Example 26.7 Charge Density on a Cell Wall

m Charge density on a cell wall

visuALIZE The figure below shows a section of the cell wall. The
charges are due to ions, not electrons, but that doesn’t affect our
analysis.

Surface charge
Outside of cell density n

+++++++++F+

l l E l —Cell wall

Inside of cell
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Example 26.7 Charge Density on a Cell Wall

Charge density on a cell wall

soLVvE The electric field strength inside a capacitor is E = /e,
The surface charge density needed to produce a known field is

7= €E = (8.85 % 1072 CYNm?)(1.0 X 10" N/C)
=8.9% 1075 C/m?

. Surface charge
OQutside of cell / density n
e oty

E —Cell wall

Inside of cell
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Example 26.7 Charge Density on a Cell Wall
Charge density on a cell wall

Assess The charge density may seem rather large, but cells are
very small. A typical cell is =10 um in diameter, with a sur-
face area of =~3 X 107" m? At a surface charge density of
9 X 107 C/m?, the total charge on the outer surface of the cell
is =3 X 107" C, or = 200,000 ions.

. Surface charge
OQutside of cell / density n
e oty

E —Cell wall
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Motion of a Charged Particle in an Electric Field

= Consider a particle of charge g and mass m at a
point where an electric field E has been produced
by other charges, the source charges.

= The electric field exerts a force fonq =qE.

ong

The vector is the electric  The force on a positive charge  The force on a negative charge is
field at this point. is in the direction of £ opposite the direction of E.

Slide 2679

Motion of a Charged Particle in an Electric Field

= The electric field exerts a force 1:"'on 0= qE_'on a charged
particle.

= [f this is the only force acting on ¢, it causes the
charged particle to accelerate with

=
- ! on g q >
m m

= |n a uniform field, the acceleration is constant:

gE
a = — = constant
m
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Motion of a Charged Particle in an Electric Field

= “DNA fingerprints” are
measured with the
technique of gel
electrophoresis.

A solution of negatively
charged DNA fragments
migrate through the gel
when placed in a uniform
electric field.

Because the gel exerts a

inversely proportional to

3/22/2016

drag force, the fragments
move at a terminal speed
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QuickCheck 26.11

A proton is moving to the right in a
vertical electric field. A very short
time later, the proton’s velocity is

>
—
=i
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QuickCheck 26.11

A proton is moving to the right in a
vertical electric field. A very short
time later, the proton’s velocity is

AV
A 1‘ v
B.
W C. / Vertical acceleration
E. *
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QuickCheck 26.12

Which electric field is responsible for the proton’s

3/22/2016

trajectory?

o

©2013 Pearson Education, Inc.

. |l —

| = e D

<ﬁ:‘.};’[f::!:; ] N = — —~
A. B. C D. E
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QuickCheck 26.12

Which electric field is responsible for the proton’s
trajectory?
v
¢ |l ==~
‘I arabolic 1 l =& —
/rr;jctr;’l(:ry l l \\ E— — /
A. B. C. D. E.

Dipoles in a Uniform Electric Field

= The figure shows an
electric dipole placed in
a uniform external The electric field exerts
electric field a torque on this dipole.

= The net force on the F
dipole is zero. 7 "i ; E

The electric field exerts a g > P
torque on the dipole
which causes it to rotate.

©2013 Pearson Education, Inc. Slide 26-86
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Dipoles in a Uniform Electric Field

= The figure shows an
electric dipole placed in
a uniform external
electric field.

= The torque causes the F. F,
dipole to rotate until it is B
aligned with the electric
field, as shown.

a'
+

This dipole is in equilibrium.

Notice that the positive
end of the dipole is in
the direction in which E
points.
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QuickCheck 26.13

foroa m he sleors reigr 1| B3 | A
A. Dipole A. 2 B
B. Dipole B. ¢

C. Dipole C. B c
D. Both dipoles A and C. <

E. All three dipoles. \T

QuickCheck 26.13

foroa e st 0" | = | A
A. Dipole A. ol | B
B. Dipole B. @
C. Dipole C. = o
D. Both dipoles Aand C. &

V'E. All three dipoles. [}
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QuickCheck 26.14

torque in the electric field?

A. Dipole A.

B. Dipole B.

C. Dipole C.

D. Both dipoles A and C.
E. All three dipoles.

©2013 Pearson Education, Inc.

Which dipole experiences no net

3

A.

|(+
L

~D
w

&

D)

_ &

Slide 26-90

QuickCheck 26.14

torque in the electric field?

A. Dipole A.
B. Dipole B.
+/C. Dipole C.
D. Both dipoles A and C.
E. All three dipoles.
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Which dipole experiences no net

3

A.

e
L

D
w

D

_ &
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Dipoles in a Uniform Electric Field

The dipoles align with the electric field.

—_— —

E—
_— —_—
E E
—_— —_—
e e

Excess negative charge  Excess positive charge
on this surface on this surface

©2013 Pearson Education, Inc.

= The figure shows a
sample of permanent
dipoles, such as water
molecules, in an
external electric field.

= All the dipoles rotate
until they are aligned
with the electric field.

= This is the mechanism
by which the sample
becomes polarized.

Slide 26-92
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The Torgque on a Dipole

The torque on a dipole placed in a uniform external
electric field is

T=2XdF, =2(ssin6)(¢E) = pEsin §

©2013 Pearson Education, Inc. Slide 26-93
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Example 26.10 The Angular Acceleration of

a Dipole Dumbbell

IV EEIEIN The angular acceleration of a dipole dumbbell

Two 1.0 g balls are connected by a 2.0-cm-long insulating rod
of negligible mass. One ball has a charge of +10 nC, the other
a charge of —10 nC. The rod is held in a 1.0 X 10* N/C uniform
electric field at an angle of 30° with respect to the field, then
released. What is its initial angular acceleration?

mopeL The two oppositely charged balls form an electric dipole.
The electric field exerts a torque on the dipole, causing an angular
acceleration.
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Example 26.10 The Angular Acceleration of a

Dipole Dumbbell

The angular acceleration of a dipole dumbbell

visuaLize The figure below shows the dipole in the electric field.

s=2.0cm

[
E = 1.0 x 10* N/C
1.0g,~ 30°

—10nC—/

©2013 Pearson Education, Inc. Slide 26-95
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Example 26.10 The Angular Acceleration of a

Dipole Dumbbell

The angular acceleration of a dipole dumbbell
soLve The dipole moment is p=gs= (10X 10°C)x
(0.020 m) = 2.0 X 10"'® Cm. The torque exerted on the dipole
moment by the electric field is

7= pEsinf = (2.0 X 107 Cm)(1.0 X 10* N/C)sin30°
=1.0X10°Nm

You learned in Chapter 12 that a torque causes an angular acceler-
ation o = 7/, where [ is the moment of inertia.

-

5=20cm

E = 10X 10'NIC

— = _—
=3 N
102C Slide 26-96
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Example 26.10 The Angular Acceleration of a

Dipole Dumbbell

The angular acceleration of a dipole dumbbell

The dipole rotates about its center of mass, which is at the center
of the rod, so the moment of inertia is

2
I=mr?+myry® = 2m 2%

2
1
= Em.v2 =20% 107 kgm?

Thus the rod’s angular acceleration is

1L.OX10°N
a= T= 71m1 = 5.0 rad/s*
I 20x107kgm*

_—

5=20cm

= 1.0 X 10*NIC
10g .
— E—
102G Slide 26-97
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Example 26.10 The Angular Acceleration of a

Dipole Dumbbell

The angular acceleration of a dipole dumbbell
Assess This value of « is the initial angular acceleration, when
the rod is first released. The torque and the angular acceleration
will decrease as the rod rotates toward alignment with E.

_

s=20cm

E=1.0x 10'NIC
—
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Dipoles in a Nonuniform Electric Field

©

2013 Pearson Education, Inc. Slide 26-99

Suppose that a dipole is /E

placed in a nonuniform

electric field, such as the / .

field of a positive point S

charge. Orlig
The first response of the \ o

dipole is to rotate until it

is aligned with the field. N

Once the dipole is aligned, the leftward attractive force
on its negative end is slightly stronger than the rightward
repulsive force on its positive end.

This causes a net force to the fleft, toward the point
charge.

Dipoles in a Nonuniform Electric Field

2013 Pearson Education, Inc. Slide 26-100

E
P
A dipole near a negative
point charge is also —
attracted toward the point  (— F.e—E D
charge. : i—- -~
The net force on a dipole
is toward the direction of \E

the strongest field.

Because field strength increases as you get closer to
any finite-sized charged object, we can conclude that
a dipole will experience a net force toward any
charged object.

Example 26.11 The Force on a Water Molecule

©2013 Pearson Education, Inc. Slide 26-101

SU\VILFIEEN The force on a water molecule

The water molecule H,O has a permanent dipole moment of mag-
nitude 6.2 X 107 Cm. A water molecule is located 10 nm from
a Na* ion in a saltwater solution. What force does the ion exert on
the water molecule?

VISUALIZE The figure below shows the ion and the dipole. The forces
are an action/reaction pair.

F gipole on ion " jon on dipole
i = )
@ = B

Na® ion i Water molecule

3/22/2016
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Example 26.11 The Force on a Water Molecule

m The force on a water molecule

soLvE A Na' ion has charge g = +e. The electric field of the
ion aligns the water’s dipole moment and exerts a net force on it
We could calculate the net force on the dipole as the small dif-
ference between the attractive force on its negative end and the
repulsive force on its positive end. f\ltemalive]y. we know from
Newton's third law_lhal the force Fiipgre on ion has the same mag-
nitude as the force Fiy, o gipoie that we are seeking. We calculated
the on-axis field of a dipole in Section 26.2. An ion of charge
g = e will experience a force of magnitude F = gE . = eEgipore
when placed in that field.

4

F gipole on ion " jon on dipole
OIS e
. Water molecule

3/22/2016
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Example 26.11 The Force on a Water Molecule

m The force on a water molecule

The dipole’s electric field, which we found in Equation 26.11, is
1 2p
Eupole = ——
dipole = e
The force on the ion at distance r = 1.0 X 10 m is

1 2ep o
Biipolnonion — EEdipols — HT = 18X 107N
Thus the force on the water molecule is Fiy, o gipote = 1.8 X
107N,

E " ion on dipolc

dipole on ion
O e

Na® ion ~ Water molecule
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Example 26.11 The Force on a Water Molecule

m The force on a water molecule

Assess While 1.8 X 107 N may seem like a very small force,
it is =10"" times larger than the size of the earth’s gravitational
force on these atomic particles. Forces such as these cause water
molecules to cluster around any ions that are in solution. This
clustering plays an important role in the microscopic physics of
solutions studied in chemistry and biochemistry.

4

F gipole on ion " jon on dipole
O e
Na® ion S Water molecule
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Chapter 26 Summary Slides
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General Principles

Sources of E

Electric fields are created by charges.

- . n
Two major tools for calculating E are

+ The field of a point charge:
L4
4are r?

+ The principle of superposition

3

Multiple point charges
Use superposition: H= E, i fz + E“ S O
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General Principles

=
Sources of E
Continuous distribution of charge

« Divide the charge into segments AQ for which you already
know the field.

« Find the field of each AQ.
« Find E by summing the fields of all AQ.

The summation usually becomes an integral. A critical step is
replacing AQ with an expression involving a charge density
(A or ) and an integration coordinate.
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General Principles

=
Consequences of E

The electric field exerts a force on 7 4
Z i E
a charged particle: ,_-'_/
i P
The force causes acceleration: i;/7

= (q/m)E‘
Trajectories of charged particles are calculated with kinematics.

©2013 Pearson Education, Inc.
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eneral Principles

Consequences of £
Trajectories of charged particles are calculated with kinematics.

_——

The electric field exerts a torque on ]
a dipole: D

)

7= pEsing _

The torgue tends to align the dipoles with the field.

In a nonuniform electric field, a
dipole has a net force in the direction

E
of increasing field strength. Fe——"GC D
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