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Last time

• Coulomb’s Law

• force from many charges



Warm Up Question
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4 Figure 21-15 shows two charged
particles on an axis. The charges are
free to move. However, a third
charged particle can be placed at a
certain point such that all three particles are then in equilibrium. (a)
Is that point to the left of the first two particles, to their right, or be-
tween them? (b) Should the third particle be positively or negatively
charged? (c) Is the equilibrium stable or unstable?

5 In Fig. 21-16, a central particle of
charge !q is surrounded by two cir-
cular rings of charged particles.What
are the magnitude and direction of
the net electrostatic force on the cen-
tral particle due to the other parti-
cles? (Hint: Consider symmetry.)

6 A positively charged ball is
brought close to an electrically neu-
tral isolated conductor. The conduc-
tor is then grounded while the ball
is kept close. Is the conductor
charged positively, charged nega-
tively, or neutral if (a) the ball is first
taken away and then the ground connection is removed and (b)
the ground connection is first removed and then the ball is taken
away?

7 Figure 21-17 shows three situations involving a charged parti-
cle and a uniformly charged spherical shell. The charges are given,
and the radii of the shells are indicated. Rank the situations ac-
cording to the magnitude of the force on the particle due to the
presence of the shell, greatest first.
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Fig. 21-18 Question 8.

Rank the arrangements according to the magnitude of the net
electrostatic force on the particle with charge "Q, greatest
first.

9 Figure 21-19 shows four situations in which particles of
charge "q or !q are fixed in place. In each situation, the parti-
cles on the x axis are equidistant from the y axis. First, consider
the middle particle in situation 1; the middle particle experiences
an electrostatic force from each of the other two particles. (a)
Are the magnitudes F of those forces the same or different? (b)
Is the magnitude of the net force on the middle particle equal to,
greater than, or less than 2F? (c) Do the x components of the
two forces add or cancel? (d) Do their y components add or can-
cel? (e) Is the direction of the net force on the middle particle
that of the canceling components or the adding components? (f )
What is the direction of that net force? Now consider the re-
maining situations: What is the direction of the net force on the
middle particle in (g) situation 2, (h) situation 3, and (i) situation
4? (In each situation, consider the symmetry of the charge distri-
bution and determine the canceling components and the adding
components.)

Fig. 21-19 Question 9.
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8 Figure 21-18 shows four arrangements of charged particles.

10 In Fig. 21-20, a central particle of charge !2q is surrounded by a
square array of charged particles, separated by either distance d or d/2
along the perimeter of the square. What are the magnitude and direc-
tion of the net electrostatic force on the central particle due to the
other particles? (Hint: Consideration of symmetry can greatly reduce
the amount of work required here.)
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Overview

• forces at a fundamental level

• electric field

• field from many charges

• electric field lines

• net electric field



Forces at a Fundamental Level

Often people think about two kinds of forces: contact forces and
field forces (ie. forces that act at a distance).

In mechanics problems, all forces except gravity are from direct
contact.

Gravity is a field force.

The electric and magnetic forces are also field forces.

And actually, at a fundamental level, all forces that we know of are
field forces.
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Forces at a Fundamental Level

Contact forces are a result of electrostatic repulsion at very small
scales.

Fundamental forces:

Force ∼ Rel. strength Range (m) Attract/Repel Carrier

Gravitational 10−38 ∞ attractive graviton
Electromagnetic 10−2 ∞ attr. & rep. photon
Weak Nuclear 10−13 < 10−18 attr. & rep. W+,W−,Z 0

Strong Nuclear 1 < 10−15 attr. & rep. gluons

Gravity is actually quite a weak force, but it is the only one that
(typically) matters on large scales - charges cancel out!
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Fields

field (physics)

A field is any kind of physical quantity that has values specified at
every point in space and time.



Vector Fields

In EM we have vector fields. The electrostatic force is mediated by
a vector field.

vector field (physics)

any kind of physical quantity that has values specified as vectors at
every point in space and time.

vector field (math, 3 dimensions)

A vector field is a vector-valued function F that takes a point
(x , y , z) and maps it to a vector F(x , y , z).



Fields

Fields were first introduced as a calculation tool.

A force-field can be used to identify the force a particular particle
will feel at a certain point in space and time without needing a
detailed description of the other objects in its environment that it
will interact with.

Imagine a charge q0. We want to know the force it would feel if we
put it at a specific location.
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Fields
Imagine a charge q0. We want to know the force it would feel if we
put it at a specific location.

The electric field E at that point will tell us that!

F = q0E

System

Charges (source of E-field)

FE

Field
Environment

Charges (source of E-field)
+ + + + + + +

- - - - - - -

+q



Fields

System

Charges (source of E-field)

FE

Field
Environment

Charges (source of E-field)
+ + + + + + +

- - - - - - -

+q

The source of the field could be another charge or charges, but we
do not need a description of the sources of the field to describe
what their effect is on our particle. All we need to know is the
field!

(This is also true for gravity. We do not need the mass of the
Earth to know something’s weight: FG = m0g.)



Vector Fields
2 - dimensional examples

Irrotational (curl-free) field.



Vector Fields
2 - dimensional examples

Solenoidal (divergence-free) field.



Force from an Electic Field

C H A P T E R
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Fig. 22-1 (a) A positive test charge
q0 placed at point P near a charged ob-
ject.An electrostatic force acts on the
test charge. (b) The electric field at
point P produced by the charged object.
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Some Electric Fields

Field Location 
or Situation Value (N/C)

At the surface of a 
uranium nucleus 3 ! 1021

Within a hydrogen 
atom, at a radius 
of 5.29 ! 10"11 m 5 ! 1011

Electric breakdown 
occurs in air 3 ! 106

Near the charged 
drum of a photocopier 105

Near a charged comb 103

In the lower atmosphere 102

Inside the copper wire 
of household circuits 10"2

Table 22-1

22-1 The physics of the preceding chapter tells us how to find the electric
force on a particle 1 of charge #q1 when the particle is placed near a particle 2 of
charge #q2.A nagging question remains: How does particle 1 “know” of the pres-
ence of particle 2? That is, since the particles do not touch, how can particle
2 push on particle 1—how can there be such an action at a distance?

One purpose of physics is to record observations about our world, such as the
magnitude and direction of the push on particle 1. Another purpose is to provide a
deeper explanation of what is recorded. One purpose of this chapter is to provide
such a deeper explanation to our nagging questions about electric force at a dis-
tance. We can answer those questions by saying that particle 2 sets up an electric
field in the space surrounding itself. If we place particle 1 at any given point in that
space, the particle “knows” of the presence of particle 2 because it is affected by the
electric field that particle 2 has already set up at that point.Thus, particle 2 pushes on
particle 1 not by touching it but by means of the electric field produced by particle 2.

Our goal in this chapter is to define electric field and discuss how to calculate
it for various arrangements of charged particles.

22-2 The Electric Field
The temperature at every point in a room has a definite value. You can measure
the temperature at any given point or combination of points by putting a ther-
mometer there. We call the resulting distribution of temperatures a temperature
field. In much the same way, you can imagine a pressure field in the atmosphere;
it consists of the distribution of air pressure values, one for each point in the
atmosphere. These two examples are of scalar fields because temperature and air
pressure are scalar quantities.

The electric field is a vector field; it consists of a distribution of vectors, one for
each point in the region around a charged object, such as a charged rod. In princi-
ple, we can define the electric field at some point near the charged object, such as
point P in Fig. 22-1a, as follows: We first place a positive charge q0, called a test
charge, at the point. We then measure the electrostatic force that acts on the test
charge. Finally, we define the electric field at point P due to the charged object as

(electric field). (22-1)

Thus, the magnitude of the electric field at point P is E $ F/q0, and the direction of
is that of the force that acts on the positive test charge. As shown in Fig. 22-1b,

we represent the electric field at P with a vector whose tail is at P.To define the elec-
tric field within some region, we must similarly define it at all points in the region.

The SI unit for the electric field is the newton per coulomb (N/C). Table 22-1
shows the electric fields that occur in a few physical situations.
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but also:

E =
F

q0

1Figure from Halliday, Resnick, Walker.



E-Field from a Point Charge

We want an expression for the electric field from a point charge, q.

Using Coulomb’s Law the force on the test particle is
F→0 =

k qq0
r2

r̂.

E =
F

q0
=

(
1

��q0

)
k q��q0
r2

r̂

The field at a displacement r from a charge q is:

E =
k q

r2
r̂



Field from a Point Charge

The field at a displacement r from a charge q is:

E =
k q

r2
r̂

This is a vector field:

+

Fig. 22-6 The electric field vectors at
various points around a positive point
charge.
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Fig. 22-4 Field lines for two equal positive
point charges.The charges repel each other.
(The lines terminate on distant negative
charges.) To “see”the actual three-dimen-
sional pattern of field lines,mentally rotate
the pattern shown here about an axis passing
through both charges in the plane of the page.
The three-dimensional pattern and the elec-
tric field it represents are said to have rota-
tional symmetry about that axis.The electric
field vector at one point is shown;note that it
is tangent to the field line through that point.

Fig. 22-5 Field lines for a positive point
charge and a nearby negative point charge
that are equal in magnitude.The charges at-
tract each other.The pattern of field lines and
the electric field it represents have rotational
symmetry about an axis passing through both
charges in the plane of the page.The electric
field vector at one point is shown; the vector
is tangent to the field line through the point.

positive test charge at any point near the sheet
of Fig. 22-3a, the net electrostatic force acting on
the test charge would be perpendicular to the
sheet, because forces acting in all other direc-
tions would cancel one another as a result of
the symmetry. Moreover, the net force on the
test charge would point away from the sheet as
shown.Thus, the electric field vector at any point
in the space on either side of the sheet is also
perpendicular to the sheet and directed away
from it (Figs. 22-3b and c). Because the charge is
uniformly distributed along the sheet, all the

field vectors have the same magnitude. Such an electric field, with the same mag-
nitude and direction at every point, is a uniform electric field.

Of course, no real nonconducting sheet (such as a flat expanse of plastic) is infi-
nitely large, but if we consider a region that is near the middle of a real sheet and not
near its edges, the field lines through that region are arranged as in Figs. 22-3b and c.

Figure 22-4 shows the field lines for two equal positive charges. Figure 22-5
shows the pattern for two charges that are equal in magnitude but of opposite
sign, a configuration that we call an electric dipole. Although we do not often use
field lines quantitatively, they are very useful to visualize what is going on.

22-4 The Electric Field Due to a Point Charge
To find the electric field due to a point charge q (or charged particle) at any point
a distance r from the point charge, we put a positive test charge q0 at that point.
From Coulomb’s law (Eq. 21-1), the electrostatic force acting on q0 is

(22-2)

The direction of is directly away from the point charge if q is positive, and directly
toward the point charge if q is negative.The electric field vector is, from Eq.22-1,

(point charge). (22-3)

The direction of is the same as that of the force on the positive test charge:
directly away from the point charge if q is positive, and toward it if q is negative.

Because there is nothing special about the point we chose for q0, Eq. 22-3
gives the field at every point around the point charge q. The field for a positive
point charge is shown in Fig. 22-6 in vector form (not as field lines).

We can quickly find the net,or resultant,electric field due to more than one point
charge. If we place a positive test charge q0 near n point charges q1, q2, . . . , qn, then,
from Eq.21-7, the net force from the n point charges acting on the test charge is

Therefore, from Eq. 22-1, the net electric field at the position of the test charge is

(22-4)

Here is the electric field that would be set up by point charge i acting alone.
Equation 22-4 shows us that the principle of superposition applies to electric
fields as well as to electrostatic forces.

E
:

i

! E
:

1 " E
:

2 " # # # " E
:

n.

E
:

!
F
:

0

q0
!

F
:

01

q0
"

F
:

02

q0
" # # # "

F
:

0n

q0

F
:

0 ! F
:

01 " F
:

02 " # # # " F
:

0n.

F
:

0

E
:

E
:

!
F
:

q0
!

1
4$%0

 
q
r2 r̂

F
:

F
:

!
1

4$%0
 

qq0

r2 r̂ .

+

–
E

E

+

+

halliday_c22_580-604hr.qxd  7-12-2009  14:16  Page 582



Field Lines
Fields are drawn with lines showing the direction of force that a
test particle will feel at that point. The density of the lines at that
point in the diagram indicates the approximate magnitude of the
force at that point.
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PART 3

Although we use a positive test charge to define the electric field of a charged
object, that field exists independently of the test charge. The field at point P in
Figure 22-1b existed both before and after the test charge of Fig. 22-1a was put
there. (We assume that in our defining procedure, the presence of the test charge
does not affect the charge distribution on the charged object, and thus does not
alter the electric field we are defining.)

To examine the role of an electric field in the interaction between charged
objects, we have two tasks: (1) calculating the electric field produced by a given
distribution of charge and (2) calculating the force that a given field exerts on a
charge placed in it. We perform the first task in Sections 22-4 through 22-7 for
several charge distributions. We perform the second task in Sections 22-8 and
22-9 by considering a point charge and a pair of point charges in an electric field.
First, however, we discuss a way to visualize electric fields.

22-3 Electric Field Lines
Michael Faraday, who introduced the idea of electric fields in the 19th century,
thought of the space around a charged body as filled with lines of force. Although
we no longer attach much reality to these lines, now usually called electric field
lines, they still provide a nice way to visualize patterns in electric fields.

The relation between the field lines and electric field vectors is this: (1) At
any point, the direction of a straight field line or the direction of the tangent to a
curved field line gives the direction of at that point, and (2) the field lines are
drawn so that the number of lines per unit area, measured in a plane that is
perpendicular to the lines, is proportional to the magnitude of . Thus, E is large
where field lines are close together and small where they are far apart.

Figure 22-2a shows a sphere of uniform negative charge. If we place a positive
test charge anywhere near the sphere, an electrostatic force pointing toward the
center of the sphere will act on the test charge as shown. In other words, the elec-
tric field vectors at all points near the sphere are directed radially toward the
sphere. This pattern of vectors is neatly displayed by the field lines in Fig. 22-2b,
which point in the same directions as the force and field vectors. Moreover, the
spreading of the field lines with distance from the sphere tells us that the magni-
tude of the electric field decreases with distance from the sphere.

If the sphere of Fig. 22-2 were of uniform positive charge, the electric field
vectors at all points near the sphere would be directed radially away from
the sphere. Thus, the electric field lines would also extend radially away from the
sphere.We then have the following rule:

E
:

E
:

Fig. 22-2 (a) The electrostatic force
acting on a positive test charge near a

sphere of uniform negative charge. (b)
The electric field vector at the loca-
tion of the test charge, and the electric
field lines in the space near the sphere.
The field lines extend toward the nega-
tively charged sphere. (They originate
on distant positive charges.)
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Electric field lines extend away from positive charge (where they originate) and
toward negative charge (where they terminate).
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Figure 22-3a shows part of an infinitely large, nonconducting sheet (or plane)
with a uniform distribution of positive charge on one side. If we were to place a

Fig. 22-3 (a) The electrostatic force
on a positive test charge near a very

large, nonconducting sheet with uni-
formly distributed positive charge on
one side. (b) The electric field vector 
at the location of the test charge, and
the electric field lines in the space
near the sheet.The field lines extend
away from the positively charged
sheet. (c) Side view of (b).

E
:

F
:

halliday_c22_580-604hr.qxd  7-12-2009  14:16  Page 581



Field from many charges

The field is just the force divide by the charge.

So, what is the force from many charges?

Fnet !

Fnet,0 = F1→0 + F2→0 + ... + Fn→0

Enet =
Fnet
q0

Total electric field:

Enet = E1 + E2 + ... + En
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Question about field from point charges

Consider a proton p and an electron e on an x axis.

CHECKPOINT 1

The figure here shows a proton p and an electron e on
an x axis. What is the direction of the electric field due to the electron at (a) point S and
(b) point R? What is the direction of the net electric field at (c) point R and (d) point S?

x
S e pR

58322-4 TH E E LECTR IC F I E LD DU E TO A POI NT CHARG E
PART 3

Sample Problem

Net electric field due to three charged particles

Figure 22-7a shows three particles with charges q1 ! "2Q,
q2 ! #2Q, and q3 ! #4Q, each a distance d from the origin.
What net electric field is produced at the origin?

Charges q1, q2, and q3 produce electric field vectors 
and respectively, at the origin, and the net electric field is
the vector sum To find this sum, we first
must find the magnitudes and orientations of the three field
vectors.

Magnitudes and directions: To find the magnitude of 
which is due to q1, we use Eq. 22-3, substituting d for r and
2Q for q and obtaining

Similarly, we find the magnitudes of  and to beE
:
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Fig. 22-7 (a) Three particles with charges q1, q2, and q3 are at the
same distance d from the origin. (b) The electric field vectors 
and at the origin due to the three particles. (c) The electric field
vector and the vector sum at the origin.E
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Find the net field
at this empty point.

Field toward

Field toward
Field away

We next must find the orientations of the three electric
field vectors at the origin. Because q1 is a positive charge,
the field vector it produces points directly away from it,
and because q2 and q3 are both negative, the field vectors
they produce point directly toward each of them. Thus, the
three electric fields produced at the origin by the three
charged particles are oriented as in Fig. 22-7b. (Caution:
Note that we have placed the tails of the vectors at the
point where the fields are to be evaluated; doing so de-
creases the chance of error. Error becomes very probable
if the tails of the field vectors are placed on the particles
creating the fields.)

Adding the fields: We can now add the fields vectorially
just as we added force vectors in Chapter 21. However, here
we can use symmetry to simplify the procedure. From Fig.
22-7b, we see that electric fields and have the same di-
rection. Hence, their vector sum has that direction and has
the magnitude
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which happens to equal the magnitude of field E
:

3.

Additional examples, video, and practice available at WileyPLUS

We must now combine two vectors, and the vector
sum that have the same magnitude and that are
oriented symmetrically about the x axis, as shown in Fig.
22-7c. From the symmetry of Fig. 22-7c, we realize that the
equal y components of our two vectors cancel (one is up-
ward and the other is downward) and the equal x
components add (both are rightward). Thus, the net electric
field at the origin is in the positive direction of the x axis
and has the magnitude
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What is the direction of the electric field due to the electron
only at point S and point R?

(A) leftward at S , leftward at R

(B) leftward at S , rightward at R

(C) rightward at S , leftward at R

(D) rightward at S , rightward at R

1Figure from Halliday, Resnick, Walker, page 583.



Question about field from point charges

Consider a proton p and an electron e on an x axis.

CHECKPOINT 1

The figure here shows a proton p and an electron e on
an x axis. What is the direction of the electric field due to the electron at (a) point S and
(b) point R? What is the direction of the net electric field at (c) point R and (d) point S?
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Sample Problem

Net electric field due to three charged particles

Figure 22-7a shows three particles with charges q1 ! "2Q,
q2 ! #2Q, and q3 ! #4Q, each a distance d from the origin.
What net electric field is produced at the origin?

Charges q1, q2, and q3 produce electric field vectors 
and respectively, at the origin, and the net electric field is
the vector sum To find this sum, we first
must find the magnitudes and orientations of the three field
vectors.

Magnitudes and directions: To find the magnitude of 
which is due to q1, we use Eq. 22-3, substituting d for r and
2Q for q and obtaining

Similarly, we find the magnitudes of  and to beE
:
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Fig. 22-7 (a) Three particles with charges q1, q2, and q3 are at the
same distance d from the origin. (b) The electric field vectors 
and at the origin due to the three particles. (c) The electric field
vector and the vector sum at the origin.E
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Find the net field
at this empty point.

Field toward

Field toward
Field away

We next must find the orientations of the three electric
field vectors at the origin. Because q1 is a positive charge,
the field vector it produces points directly away from it,
and because q2 and q3 are both negative, the field vectors
they produce point directly toward each of them. Thus, the
three electric fields produced at the origin by the three
charged particles are oriented as in Fig. 22-7b. (Caution:
Note that we have placed the tails of the vectors at the
point where the fields are to be evaluated; doing so de-
creases the chance of error. Error becomes very probable
if the tails of the field vectors are placed on the particles
creating the fields.)

Adding the fields: We can now add the fields vectorially
just as we added force vectors in Chapter 21. However, here
we can use symmetry to simplify the procedure. From Fig.
22-7b, we see that electric fields and have the same di-
rection. Hence, their vector sum has that direction and has
the magnitude
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which happens to equal the magnitude of field E
:

3.

Additional examples, video, and practice available at WileyPLUS

We must now combine two vectors, and the vector
sum that have the same magnitude and that are
oriented symmetrically about the x axis, as shown in Fig.
22-7c. From the symmetry of Fig. 22-7c, we realize that the
equal y components of our two vectors cancel (one is up-
ward and the other is downward) and the equal x
components add (both are rightward). Thus, the net electric
field at the origin is in the positive direction of the x axis
and has the magnitude

(Answer) ! (2) 
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 E ! 2E3x ! 2E3 cos 30&
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What is the direction of the electric field due to the electron
only at point S and point R?

(A) leftward at S , leftward at R

(B) leftward at S , rightward at R

(C) rightward at S , leftward at R ←
(D) rightward at S , rightward at R

1Figure from Halliday, Resnick, Walker, page 583.



Question about field from point charges

Consider a proton p and an electron e on an x axis.

CHECKPOINT 1

The figure here shows a proton p and an electron e on
an x axis. What is the direction of the electric field due to the electron at (a) point S and
(b) point R? What is the direction of the net electric field at (c) point R and (d) point S?
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Sample Problem

Net electric field due to three charged particles

Figure 22-7a shows three particles with charges q1 ! "2Q,
q2 ! #2Q, and q3 ! #4Q, each a distance d from the origin.
What net electric field is produced at the origin?

Charges q1, q2, and q3 produce electric field vectors 
and respectively, at the origin, and the net electric field is
the vector sum To find this sum, we first
must find the magnitudes and orientations of the three field
vectors.

Magnitudes and directions: To find the magnitude of 
which is due to q1, we use Eq. 22-3, substituting d for r and
2Q for q and obtaining

Similarly, we find the magnitudes of  and to beE
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Fig. 22-7 (a) Three particles with charges q1, q2, and q3 are at the
same distance d from the origin. (b) The electric field vectors 
and at the origin due to the three particles. (c) The electric field
vector and the vector sum at the origin.E
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Find the net field
at this empty point.

Field toward

Field toward
Field away

We next must find the orientations of the three electric
field vectors at the origin. Because q1 is a positive charge,
the field vector it produces points directly away from it,
and because q2 and q3 are both negative, the field vectors
they produce point directly toward each of them. Thus, the
three electric fields produced at the origin by the three
charged particles are oriented as in Fig. 22-7b. (Caution:
Note that we have placed the tails of the vectors at the
point where the fields are to be evaluated; doing so de-
creases the chance of error. Error becomes very probable
if the tails of the field vectors are placed on the particles
creating the fields.)

Adding the fields: We can now add the fields vectorially
just as we added force vectors in Chapter 21. However, here
we can use symmetry to simplify the procedure. From Fig.
22-7b, we see that electric fields and have the same di-
rection. Hence, their vector sum has that direction and has
the magnitude
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which happens to equal the magnitude of field E
:

3.

Additional examples, video, and practice available at WileyPLUS

We must now combine two vectors, and the vector
sum that have the same magnitude and that are
oriented symmetrically about the x axis, as shown in Fig.
22-7c. From the symmetry of Fig. 22-7c, we realize that the
equal y components of our two vectors cancel (one is up-
ward and the other is downward) and the equal x
components add (both are rightward). Thus, the net electric
field at the origin is in the positive direction of the x axis
and has the magnitude

(Answer) ! (2) 
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What is the direction of the net electric field at point S and
point R?

(A) leftward at S , leftward at R

(B) leftward at S , rightward at R

(C) rightward at S , leftward at R

(D) rightward at S , rightward at R

1Figure from Halliday, Resnick, Walker, page 583.



Question about field from point charges

Consider a proton p and an electron e on an x axis.

CHECKPOINT 1

The figure here shows a proton p and an electron e on
an x axis. What is the direction of the electric field due to the electron at (a) point S and
(b) point R? What is the direction of the net electric field at (c) point R and (d) point S?
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Sample Problem

Net electric field due to three charged particles

Figure 22-7a shows three particles with charges q1 ! "2Q,
q2 ! #2Q, and q3 ! #4Q, each a distance d from the origin.
What net electric field is produced at the origin?

Charges q1, q2, and q3 produce electric field vectors 
and respectively, at the origin, and the net electric field is
the vector sum To find this sum, we first
must find the magnitudes and orientations of the three field
vectors.

Magnitudes and directions: To find the magnitude of 
which is due to q1, we use Eq. 22-3, substituting d for r and
2Q for q and obtaining

Similarly, we find the magnitudes of  and to beE
:
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Fig. 22-7 (a) Three particles with charges q1, q2, and q3 are at the
same distance d from the origin. (b) The electric field vectors 
and at the origin due to the three particles. (c) The electric field
vector and the vector sum at the origin.E
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Find the net field
at this empty point.

Field toward

Field toward
Field away

We next must find the orientations of the three electric
field vectors at the origin. Because q1 is a positive charge,
the field vector it produces points directly away from it,
and because q2 and q3 are both negative, the field vectors
they produce point directly toward each of them. Thus, the
three electric fields produced at the origin by the three
charged particles are oriented as in Fig. 22-7b. (Caution:
Note that we have placed the tails of the vectors at the
point where the fields are to be evaluated; doing so de-
creases the chance of error. Error becomes very probable
if the tails of the field vectors are placed on the particles
creating the fields.)

Adding the fields: We can now add the fields vectorially
just as we added force vectors in Chapter 21. However, here
we can use symmetry to simplify the procedure. From Fig.
22-7b, we see that electric fields and have the same di-
rection. Hence, their vector sum has that direction and has
the magnitude
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which happens to equal the magnitude of field E
:

3.

Additional examples, video, and practice available at WileyPLUS

We must now combine two vectors, and the vector
sum that have the same magnitude and that are
oriented symmetrically about the x axis, as shown in Fig.
22-7c. From the symmetry of Fig. 22-7c, we realize that the
equal y components of our two vectors cancel (one is up-
ward and the other is downward) and the equal x
components add (both are rightward). Thus, the net electric
field at the origin is in the positive direction of the x axis
and has the magnitude

(Answer) ! (2) 
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What is the direction of the net electric field at point S and
point R?

(A) leftward at S , leftward at R

(B) leftward at S , rightward at R

(C) rightward at S , leftward at R ←
(D) rightward at S , rightward at R

1Figure from Halliday, Resnick, Walker, page 583.



Field Lines

The electrostatic field caused by an electric dipole system looks
something like:

 25.4 Obtaining the Value of the Electric Field from the Electric Potential 755

25.4  Obtaining the Value of the Electric Field  
from the Electric Potential

The electric field E
S

 and the electric potential V are related as shown in Equation 
25.3, which tells us how to find DV if the electric field E

S
 is known. What if the situ-

ation is reversed? How do we calculate the value of the electric field if the electric 
potential is known in a certain region?
 From Equation 25.3, the potential difference dV between two points a distance 
ds apart can be expressed as

 dV 5 2 E
S

? d sS  (25.15)

If the electric field has only one component Ex, then E
S

? d sS 5 Ex dx . Therefore, 
Equation 25.15 becomes dV 5 2Ex dx, or

 Ex 5 2
dV
dx

 (25.16)

That is, the x component of the electric field is equal to the negative of the deriv-
ative of the electric potential with respect to x. Similar statements can be made 
about the y and z components. Equation 25.16 is the mathematical statement of 
the electric field being a measure of the rate of change with position of the electric 
potential as mentioned in Section 25.1.
 Experimentally, electric potential and position can be measured easily with a 
voltmeter (a device for measuring potential difference) and a meterstick. Conse-
quently, an electric field can be determined by measuring the electric potential at 
several positions in the field and making a graph of the results. According to Equa-
tion 25.16, the slope of a graph of V versus x at a given point provides the magnitude 
of the electric field at that point.
 Imagine starting at a point and then moving through a displacement d sS along 
an equipotential surface. For this motion, dV 5 0 because the potential is constant 
along an equipotential surface. From Equation 25.15, we see that dV 5 2 E

S
? d sS 5 0; 

therefore, because the dot product is zero, E
S

 must be perpendicular to the displace-
ment along the equipotential surface. This result shows that the equipotential sur-
faces must always be perpendicular to the electric field lines passing through them.
 As mentioned at the end of Section 25.2, the equipotential surfaces associated 
with a uniform electric field consist of a family of planes perpendicular to the 
field lines. Figure 25.11a shows some representative equipotential surfaces for this 
situation.

Figure 25.11 Equipotential surfaces (the dashed blue lines are intersections of these surfaces with the page) and elec-
tric field lines. In all cases, the equipotential surfaces are perpendicular to the electric field lines at every point.

q

!

A uniform electric field produced 
by an infinite sheet of charge

A spherically symmetric electric 
field produced by a point charge

An electric field produced by an 
electric dipole

a b c

E
S

 

Notice that the lines point outward from a positive charge and
inward toward a negative charge.

1Figure from Serway & Jewett



Summary

• vector fields

• electric field

• field of a point charge

• net field

Homework
• Collected homework 1, posted online, due on Monday, Jan 22.

Serway & Jewett:

• Read Ch 23

• Ch 23, onward from page 716. Section Qs: 23, 33, 47, 49


