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Last time

• introduced charge

• conductors

• insulators

• induced charge



Warm Up
Do both balloons A and B have a charge?

Static Electricity  Name:   
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Charge Interactions 
 

Read from Lesson 1 of the Static Electricity chapter at The Physics Classroom: 
 

http://www.physicsclassroom.com/Class/estatics/u8l1c.html 
 

MOP Connection: Static Electricity:  sublevel 2 
 
1. Review:  Fill in the following blanks with the words electrons or protons. 
 

____________________ are negatively charged and ____________________ are 
positively charged.  As an object begins to gain or lose electrons from its atoms, it 
becomes positively or negatively charged.  A negatively charged object has more 
____________________ than ____________________ .  A positively charged object has 
more ____________________ than ____________________ . 

 
2. Charged objects interact with one another. One can observe the interactions and infer information 

about the type of charge present on an object.  Complete the following statements to illustrate your 
understanding of the three types of charge interactions: 

 

 a.  Oppositely-charged objects  . 

 b.  Like-charged objects  . 

 c.  A charged object and a neutral object will  . 

 
3. Your physics teacher has prepared the room for the class's entry by 

suspending several inflated balloons from the ceiling.  Upon entering the 
physics room, you observe two balloons being drawn towards each other 
as shown at the right.  The attraction of these balloons for one another 
provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
4. As you look around the room, you observe two other balloons being 

pushed away from each other as shown at the right.  The repulsion of 
these balloons from one another provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
5. In one part of the room, there are two balloons - one hanging straight 

down and the other being attracted to it.  This is evidence that _____. 
a.  balloon A is charged and balloon B is neutral 
b.   balloon B is charged and balloon A is neutral 
c. balloon A is neutral and balloon B is negative 
d. balloon A is neutral and balloon B is positive 
e. … nonsense!  This would never happen if the balloons are identical 

and simply suspended by strings. They will attract each other and both 
be deflected from a vertical orientation.  

 

(A) yes

(B) no, neither is charged

(C) at least 1 is charged.



Warm Up
Do both balloons A and B have a charge?

Static Electricity  Name:   
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Charge Interactions 
 

Read from Lesson 1 of the Static Electricity chapter at The Physics Classroom: 
 

http://www.physicsclassroom.com/Class/estatics/u8l1c.html 
 

MOP Connection: Static Electricity:  sublevel 2 
 
1. Review:  Fill in the following blanks with the words electrons or protons. 
 

____________________ are negatively charged and ____________________ are 
positively charged.  As an object begins to gain or lose electrons from its atoms, it 
becomes positively or negatively charged.  A negatively charged object has more 
____________________ than ____________________ .  A positively charged object has 
more ____________________ than ____________________ . 

 
2. Charged objects interact with one another. One can observe the interactions and infer information 

about the type of charge present on an object.  Complete the following statements to illustrate your 
understanding of the three types of charge interactions: 

 

 a.  Oppositely-charged objects  . 

 b.  Like-charged objects  . 

 c.  A charged object and a neutral object will  . 

 
3. Your physics teacher has prepared the room for the class's entry by 

suspending several inflated balloons from the ceiling.  Upon entering the 
physics room, you observe two balloons being drawn towards each other 
as shown at the right.  The attraction of these balloons for one another 
provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
4. As you look around the room, you observe two other balloons being 

pushed away from each other as shown at the right.  The repulsion of 
these balloons from one another provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
5. In one part of the room, there are two balloons - one hanging straight 

down and the other being attracted to it.  This is evidence that _____. 
a.  balloon A is charged and balloon B is neutral 
b.   balloon B is charged and balloon A is neutral 
c. balloon A is neutral and balloon B is negative 
d. balloon A is neutral and balloon B is positive 
e. … nonsense!  This would never happen if the balloons are identical 

and simply suspended by strings. They will attract each other and both 
be deflected from a vertical orientation.  

 

(A) yes

(B) no, neither is charged

(C) at least 1 is charged. ←



Warm Up
Does this happen?

Static Electricity  Name:   

©  The Physics Classroom, 2009 Page 1 

Charge Interactions 
 

Read from Lesson 1 of the Static Electricity chapter at The Physics Classroom: 
 

http://www.physicsclassroom.com/Class/estatics/u8l1c.html 
 

MOP Connection: Static Electricity:  sublevel 2 
 
1. Review:  Fill in the following blanks with the words electrons or protons. 
 

____________________ are negatively charged and ____________________ are 
positively charged.  As an object begins to gain or lose electrons from its atoms, it 
becomes positively or negatively charged.  A negatively charged object has more 
____________________ than ____________________ .  A positively charged object has 
more ____________________ than ____________________ . 

 
2. Charged objects interact with one another. One can observe the interactions and infer information 

about the type of charge present on an object.  Complete the following statements to illustrate your 
understanding of the three types of charge interactions: 

 

 a.  Oppositely-charged objects  . 

 b.  Like-charged objects  . 

 c.  A charged object and a neutral object will  . 

 
3. Your physics teacher has prepared the room for the class's entry by 

suspending several inflated balloons from the ceiling.  Upon entering the 
physics room, you observe two balloons being drawn towards each other 
as shown at the right.  The attraction of these balloons for one another 
provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
4. As you look around the room, you observe two other balloons being 

pushed away from each other as shown at the right.  The repulsion of 
these balloons from one another provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
5. In one part of the room, there are two balloons - one hanging straight 

down and the other being attracted to it.  This is evidence that _____. 
a.  balloon A is charged and balloon B is neutral 
b.   balloon B is charged and balloon A is neutral 
c. balloon A is neutral and balloon B is negative 
d. balloon A is neutral and balloon B is positive 
e. … nonsense!  This would never happen if the balloons are identical 

and simply suspended by strings. They will attract each other and both 
be deflected from a vertical orientation.  

 

(A) yes

(B) no



Warm Up
Does this happen?

Static Electricity  Name:   
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Charge Interactions 
 

Read from Lesson 1 of the Static Electricity chapter at The Physics Classroom: 
 

http://www.physicsclassroom.com/Class/estatics/u8l1c.html 
 

MOP Connection: Static Electricity:  sublevel 2 
 
1. Review:  Fill in the following blanks with the words electrons or protons. 
 

____________________ are negatively charged and ____________________ are 
positively charged.  As an object begins to gain or lose electrons from its atoms, it 
becomes positively or negatively charged.  A negatively charged object has more 
____________________ than ____________________ .  A positively charged object has 
more ____________________ than ____________________ . 

 
2. Charged objects interact with one another. One can observe the interactions and infer information 

about the type of charge present on an object.  Complete the following statements to illustrate your 
understanding of the three types of charge interactions: 

 

 a.  Oppositely-charged objects  . 

 b.  Like-charged objects  . 

 c.  A charged object and a neutral object will  . 

 
3. Your physics teacher has prepared the room for the class's entry by 

suspending several inflated balloons from the ceiling.  Upon entering the 
physics room, you observe two balloons being drawn towards each other 
as shown at the right.  The attraction of these balloons for one another 
provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
4. As you look around the room, you observe two other balloons being 

pushed away from each other as shown at the right.  The repulsion of 
these balloons from one another provides evidence that ______. 
a.  both balloons are charged with the same type of charge 
b.   both balloons are charged with the opposite type of charge 
c. both balloons are charged - either with the same type or opposite type 

of charge 
d. only one of the balloons is charged;  the other is neutral 
e. at least one of the balloons is charged;  the other is either charged or 

neutral 

 

 
5. In one part of the room, there are two balloons - one hanging straight 

down and the other being attracted to it.  This is evidence that _____. 
a.  balloon A is charged and balloon B is neutral 
b.   balloon B is charged and balloon A is neutral 
c. balloon A is neutral and balloon B is negative 
d. balloon A is neutral and balloon B is positive 
e. … nonsense!  This would never happen if the balloons are identical 

and simply suspended by strings. They will attract each other and both 
be deflected from a vertical orientation.  

 

(A) yes

(B) no← consider Newton’s 3rd law



Overview

• Force from a point charge

• Quantization of charge

• Charge conservation



Electrostatic Forces

For a pair of point-particles with charges q1 and q2, the magnitude
of the force on each particle is given by Coulomb’s Law:

F1,2 =
ke q1q2

r2

ke is the electrostatic constant and r is the distance between the
two charged particles.

ke = 1
4πε0

= 8.99× 109 N m2/C2



How Coulomb’s Law was found: Torsion Balance694 Chapter 23 Electric Fields

23.3 Coulomb’s Law
Charles Coulomb measured the magnitudes of the electric forces between charged 
objects using the torsion balance, which he invented (Fig. 23.5). The operating prin-
ciple of the torsion balance is the same as that of the apparatus used by Cavendish 
to measure the density of the Earth (see Section 13.1), with the electrically neutral 
spheres replaced by charged ones. The electric force between charged spheres A 
and B in Figure 23.5 causes the spheres to either attract or repel each other, and the 
resulting motion causes the suspended fiber to twist. Because the restoring torque 
of the twisted fiber is proportional to the angle through which the fiber rotates, a 
measurement of this angle provides a quantitative measure of the electric force of 
attraction or repulsion. Once the spheres are charged by rubbing, the electric force 
between them is very large compared with the gravitational attraction, and so the 
gravitational force can be neglected.
 From Coulomb’s experiments, we can generalize the properties of the electric 
force (sometimes called the electrostatic force) between two stationary charged par-
ticles. We use the term point charge to refer to a charged particle of zero size. 
The electrical behavior of electrons and protons is very well described by modeling 
them as point charges. From experimental observations, we find that the magni-
tude of the electric force (sometimes called the Coulomb force) between two point 
charges is given by Coulomb’s law.

 Fe 5 ke 
0 q1 0 0 q2 0

r 2  (23.1)

where ke is a constant called the Coulomb constant. In his experiments, Coulomb 
was able to show that the value of the exponent of r was 2 to within an uncertainty 
of a few percent. Modern experiments have shown that the exponent is 2 to within 
an uncertainty of a few parts in 1016. Experiments also show that the electric force, 
like the gravitational force, is conservative.
 The value of the Coulomb constant depends on the choice of units. The SI unit 
of charge is the coulomb (C). The Coulomb constant ke in SI units has the value

 ke 5 8.987 6 3 109 N ? m2/C2 (23.2)

This constant is also written in the form

 ke 5
1

4pP0
 (23.3)

where the constant P0 (Greek letter epsilon) is known as the permittivity of free 
space and has the value

 P0 5 8.854 2 3 10212 C2/N ? m2 (23.4)

 The smallest unit of free charge e known in nature,2 the charge on an electron 
(2e) or a proton (1e), has a magnitude

 e 5 1.602 18 3 10219 C (23.5)

Therefore, 1 C of charge is approximately equal to the charge of 6.24 3 1018 elec-
trons or protons. This number is very small when compared with the number of 
free electrons in 1 cm3 of copper, which is on the order of 1023. Nevertheless, 1 C  
is a substantial amount of charge. In typical experiments in which a rubber or glass 
rod is charged by friction, a net charge on the order of 1026 C is obtained. In other 

Coulomb’s law X

Coulomb constant X

2No unit of charge smaller than e has been detected on a free particle; current theories, however, propose the exis-
tence of particles called quarks having charges 2e/3 and 2e/3. Although there is considerable experimental evidence 
for such particles inside nuclear matter, free quarks have never been detected. We discuss other properties of quarks 
in Chapter 46.

Charles Coulomb
French physicist (1736–1806)
Coulomb’s major contributions to sci-
ence were in the areas of electrostatics 
and magnetism. During his lifetime, 
he also investigated the strengths 
of materials, thereby contributing to 
the field of structural mechanics. In 
ergonomics, his research provided an 
understanding of the ways in which 
people and animals can best do work.
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Figure 23.5  Coulomb’s balance, 
used to establish the inverse-
square law for the electric force.

1Figure from Serway & Jewett, Physics for Scientists and Engineers, 9th ed.



Electrostatic Forces: Coulomb’s Law

F1,2 =
ke q1q2

r2

Remember however, forces are vectors. The vector version of the
law is:

F1→2 =
ke q1q2

r2
r̂1→2

where F1→2 is the force that particle 1 exerts on particle 2, and
r̂1→2 is a unit vector pointing from particle 1 to particle 2.



Coulomb’s Law

Coulomb’s Law:

F1→2 =
k q1q2
r2

r̂1→2

Does this look a bit familiar?

Similar to this?

F1→2 = −
G m1m2

r2
r̂1→2



Coulomb’s Law

F1→2 =
k q1q2
r2

r̂1→2
696 Chapter 23 Electric Fields

same sign as in Figure 23.6a, the product q1q2 is positive and the electric force on one 
particle is directed away from the other particle. If q1 and q2 are of opposite sign as 
shown in Figure 23.6b, the product q1q2 is negative and the electric force on one par-
ticle is directed toward the other particle. These signs describe the relative direction 
of the force but not the absolute direction. A negative product indicates an attractive 
force, and a positive product indicates a repulsive force. The absolute direction of the 
force on a charge depends on the location of the other charge. For example, if an x 
axis lies along the two charges in Figure 23.6a, the product q1q2 is positive, but F

S
12  

points in the positive x direction and F
S

21  points in the negative x direction.
 When more than two charges are present, the force between any pair of them is 
given by Equation 23.6. Therefore, the resultant force on any one of them equals the 
vector sum of the forces exerted by the other individual charges. For example, if four 
charges are present, the resultant force exerted by particles 2, 3, and 4 on particle 1 is

F
S

1 5 F
S

21 1 F
S

31 1 F
S

41

Q uick Quiz 23.3  Object A has a charge of 12 mC, and object B has a charge  
of 16 mC. Which statement is true about the electric forces on the objects?  
(a) F

S
AB 5 23 F

S
BA  (b) F

S
AB 5 2 F

S
BA  (c) 3 F

S
AB 5 2 F

S
BA  (d) F

S
AB 5 3 F

S
BA  

(e)  F
S

AB 5 F
S

BA   (f) 3 F
S

AB 5 F
S

BA

Example 23.2   Find the Resultant Force

Consider three point charges located at the corners of a right triangle as shown in 
Figure 23.7, where q1 5 q3 5 5.00 mC, q2 5 22.00 mC, and a 5 0.100 m. Find the 
resultant force exerted on q3.

Conceptualize  Think about the net force on q3. Because charge q3 is near two 
other charges, it will experience two electric forces. These forces are exerted in dif-
ferent directions as shown in Figure 23.7. Based on the forces shown in the figure, 
estimate the direction of the net force vector.

Categorize  Because two forces are exerted on charge q3, we categorize this exam-
ple as a vector addition problem.

Analyze  The directions of the individual forces exerted by q1 and q2 on q3 are 
shown in Figure 23.7. The force F

S
23  exerted by q2 on q3 is attractive because q2  

and q3 have opposite signs. In the coordinate system shown in Figure 23.7, the 
attractive force F

S
23  is to the left (in the negative x direction).

 The force F
S

13  exerted by q1 on q3 is repulsive because both charges are positive. The repulsive force F
S

13  makes an 
angle of 45.08 with the x axis.

S O L U T I O N

Figure 23.6 Two point charges 
separated by a distance r exert a 
force on each other that is given 
by Coulomb’s law. The force F

S
21 

exerted by q2 on q1 is equal in mag-
nitude and opposite in direction to 
the force F

S
12 exerted by q1 on q2.

r

q1

q2

r12ˆ

When the charges are of the 
same sign, the force is repulsive.

a b

F12
S

F21
S

!

!

q1

q2

When the charges are of opposite 
signs, the force is attractive.

F12
S

F21
S

!

"

!

!

"

F13
S

F23
S

q3

q1

q2

a

a

y

x

2a!

Figure 23.7  (Example 23.2) The 
force exerted by q1 on q3 is F

S
13. The 

force exerted by q2 on q3 is F
S

23.  
The resultant force F

S
3 exerted on q3 

is the vector sum F
S

13 1 F
S

23.

1Figure from Serway & Jewett, Physics for Scientists and Engineers, 9th ed.



Electrostatic Constant

The electrostatic constant is:

k =
1

4πε0
= 8.99× 109 N m2 C−2

ε0 is called the permittivity constant or the electrical
permittivity of free space.

ε0 = 8.85× 10−12 C2 N−1 m−2



Example

The diagram a shows two positively charged particles fixed in place
on the x axis.The charges are q1 = 1.60× 10−19 C and
q2 = 3.20× 10−19 C, and the particle separation is R = 0.0200 m.
What are the magnitude and direction of the electrostatic force
F2→1 from particle 2 on particle 1?

56721-4 COU LOM B’S LAW
PART 3

HALLIDAY REVISED

Sample Problem

(b) Figure 21-8c is identical to Fig. 21-8a except that particle
3 now lies on the x axis between particles 1 and 2. Particle 3
has charge q3 ! "3.20 # 10"19 C and is at a distance from
particle 1. What is the net electrostatic force on particle
1 due to particles 2 and 3?

The presence of particle 3 does not alter the electrostatic
force on particle 1 from particle 2. Thus, force still acts onF

:
12

F
:

1,net

3
4 R

Finding the net force due to two other particles

(a) Figure 21-8a shows two positively charged particles fixed in
place on an x axis.The charges are q1 ! 1.60 # 10"19 C and q2 !
3.20 # 10"19 C, and the particle separation is R ! 0.0200 m.
What are the magnitude and direction of the electrostatic force

on particle 1 from particle 2?

Because both particles are positively charged, particle 1 is re-
pelled by particle 2, with a force magnitude given by Eq. 21-4.
Thus, the direction of force on particle 1 is away from parti-
cle 2, in the negative direction of the x axis, as indicated in the
free-body diagram of Fig. 21-8b.

Two particles: Using Eq. 21-4 with separation R substituted
for r, we can write the magnitude F12 of this force as

Thus, force has the following magnitude and direction
(relative to the positive direction of the x axis):

1.15 # 10"24 N and 180°. (Answer)

We can also write in unit-vector notation as

. (Answer)F
:

12 ! "(1.15 # 10 "24 N)î

F
:

12

F
:

12

 ! 1.15 # 10 "24 N.

  #
(1.60 # 10 "19 C)(3.20 # 10 "19 C)

(0.0200 m)2

 ! (8.99 # 10 9 N $m2/C2)

 F12 !
1

4%&0
 

!q1!!q2!
R2

F
:

12

F
:

12

KEY I DEAS KEY I DEA

R
x

q2q1

(a)

x
(b)

F12

R3__
4

x
q2q3q1

(c)

x
(d)

F12 F13

This is the first
arrangement.

This is the second
arrangement.

This is the third
arrangement.

This is the particle
of interest.

This is still the
particle of interest.

It is pushed away
from particle 2.

It is pushed away
from particle 2.

It is pulled toward
particle 3.

It is pushed away
from particle 2.

It is pulled toward
particle 4.

This is still the
particle of interest.

x

y

q2q1

q4

3__
4 R

(e)

( f )

θ

x

y

θF12

F14

Fig. 21-8 (a)
Two charged parti-
cles of charges q1

and q2 are fixed in
place on an x axis.
(b) The free-body
diagram for particle
1, showing the elec-
trostatic force on it
from particle 2. (c)
Particle 3 included.
(d) Free-body dia-
gram for particle 1.
(e) Particle 4
included. (f ) Free-
body diagram for
particle 1.

particle 1. Similarly, the force that acts on particle 1 due
to particle 3 is not affected by the presence of particle 2.
Because particles 1 and 3 have charge of opposite signs,
particle 1 is attracted to particle 3. Thus, force is di-
rected toward particle 3, as indicated in the free-body dia-
gram of Fig. 21-8d.

Three particles: To find the magnitude of , we can
rewrite Eq. 21-4 as

We can also write in unit-vector notation:

F
:

13 ! (2.05 # 10 "24 N)î .

F
:

13

  ! 2.05 # 10 "24 N.

 #
(1.60 # 10 "19 C)(3.20 # 10 "19 C)

(3
4)

2(0.0200 m)2

  ! (8.99 # 10 9 N $m2/C2)

F13 !
1

4%&0
 

!q1!!q3!

(3
4R)2

F
:

13

F
:

13

F
:

13

A
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k = 8.99× 109 N m2 C−2 or ε0 = 8.85× 10−12 C2 N−1 m−2

1Question from Halliday, Resnick, Walker, 9th ed



Example

The diagram a shows two positively charged particles fixed in place
on the x axis.The charges are q1 = 1.60× 10−19 C and
q2 = 3.20× 10−19 C, and the particle separation is R = 0.0200 m.
What are the magnitude and direction of the electrostatic force
F2→1 from particle 2 on particle 1?

56721-4 COU LOM B’S LAW
PART 3

HALLIDAY REVISED

Sample Problem

(b) Figure 21-8c is identical to Fig. 21-8a except that particle
3 now lies on the x axis between particles 1 and 2. Particle 3
has charge q3 ! "3.20 # 10"19 C and is at a distance from
particle 1. What is the net electrostatic force on particle
1 due to particles 2 and 3?

The presence of particle 3 does not alter the electrostatic
force on particle 1 from particle 2. Thus, force still acts onF

:
12

F
:

1,net

3
4 R

Finding the net force due to two other particles

(a) Figure 21-8a shows two positively charged particles fixed in
place on an x axis.The charges are q1 ! 1.60 # 10"19 C and q2 !
3.20 # 10"19 C, and the particle separation is R ! 0.0200 m.
What are the magnitude and direction of the electrostatic force

on particle 1 from particle 2?

Because both particles are positively charged, particle 1 is re-
pelled by particle 2, with a force magnitude given by Eq. 21-4.
Thus, the direction of force on particle 1 is away from parti-
cle 2, in the negative direction of the x axis, as indicated in the
free-body diagram of Fig. 21-8b.

Two particles: Using Eq. 21-4 with separation R substituted
for r, we can write the magnitude F12 of this force as

Thus, force has the following magnitude and direction
(relative to the positive direction of the x axis):

1.15 # 10"24 N and 180°. (Answer)

We can also write in unit-vector notation as

. (Answer)F
:

12 ! "(1.15 # 10 "24 N)î

F
:

12

F
:

12

 ! 1.15 # 10 "24 N.

  #
(1.60 # 10 "19 C)(3.20 # 10 "19 C)

(0.0200 m)2

 ! (8.99 # 10 9 N $m2/C2)

 F12 !
1

4%&0
 

!q1!!q2!
R2

F
:

12

F
:

12

KEY I DEAS KEY I DEA

R
x

q2q1

(a)

x
(b)

F12

R3__
4

x
q2q3q1

(c)

x
(d)

F12 F13

This is the first
arrangement.

This is the second
arrangement.

This is the third
arrangement.

This is the particle
of interest.

This is still the
particle of interest.

It is pushed away
from particle 2.

It is pushed away
from particle 2.

It is pulled toward
particle 3.

It is pushed away
from particle 2.

It is pulled toward
particle 4.

This is still the
particle of interest.

x

y

q2q1

q4

3__
4 R

(e)

( f )

θ

x

y

θF12

F14

Fig. 21-8 (a)
Two charged parti-
cles of charges q1

and q2 are fixed in
place on an x axis.
(b) The free-body
diagram for particle
1, showing the elec-
trostatic force on it
from particle 2. (c)
Particle 3 included.
(d) Free-body dia-
gram for particle 1.
(e) Particle 4
included. (f ) Free-
body diagram for
particle 1.

particle 1. Similarly, the force that acts on particle 1 due
to particle 3 is not affected by the presence of particle 2.
Because particles 1 and 3 have charge of opposite signs,
particle 1 is attracted to particle 3. Thus, force is di-
rected toward particle 3, as indicated in the free-body dia-
gram of Fig. 21-8d.

Three particles: To find the magnitude of , we can
rewrite Eq. 21-4 as

We can also write in unit-vector notation:

F
:

13 ! (2.05 # 10 "24 N)î .

F
:

13

  ! 2.05 # 10 "24 N.

 #
(1.60 # 10 "19 C)(3.20 # 10 "19 C)

(3
4)

2(0.0200 m)2

  ! (8.99 # 10 9 N $m2/C2)

F13 !
1

4%&0
 

!q1!!q3!

(3
4R)2

F
:

13

F
:

13

F
:

13

A
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Answer: F2→1 = −1.15× 10−24 i N

1Question from Halliday, Resnick, Walker, 9th ed



Force from many charges

Forces from many charges add up to give a net force

This is (very grandly) called the “principle of superposition”.

The net force on particle 1 from particles 2, 3, ... n is:

Fnet,1 = F2→1 + F3→1 + ... + Fn→1



Example

Consider three point charges located at the corners of a right
triangle as shown, where q1 = q3 = 5.00 µC, q2 = −2.00 µC, and
a = 0.100 m. Find the resultant force exerted on q3.

696 Chapter 23 Electric Fields

same sign as in Figure 23.6a, the product q1q2 is positive and the electric force on one 
particle is directed away from the other particle. If q1 and q2 are of opposite sign as 
shown in Figure 23.6b, the product q1q2 is negative and the electric force on one par-
ticle is directed toward the other particle. These signs describe the relative direction 
of the force but not the absolute direction. A negative product indicates an attractive 
force, and a positive product indicates a repulsive force. The absolute direction of the 
force on a charge depends on the location of the other charge. For example, if an x 
axis lies along the two charges in Figure 23.6a, the product q1q2 is positive, but F

S
12  

points in the positive x direction and F
S

21  points in the negative x direction.
 When more than two charges are present, the force between any pair of them is 
given by Equation 23.6. Therefore, the resultant force on any one of them equals the 
vector sum of the forces exerted by the other individual charges. For example, if four 
charges are present, the resultant force exerted by particles 2, 3, and 4 on particle 1 is

F
S

1 5 F
S

21 1 F
S

31 1 F
S

41

Q uick Quiz 23.3  Object A has a charge of 12 mC, and object B has a charge  
of 16 mC. Which statement is true about the electric forces on the objects?  
(a) F

S
AB 5 23 F

S
BA  (b) F

S
AB 5 2 F

S
BA  (c) 3 F

S
AB 5 2 F

S
BA  (d) F

S
AB 5 3 F

S
BA  

(e)  F
S

AB 5 F
S

BA   (f) 3 F
S

AB 5 F
S

BA

Example 23.2   Find the Resultant Force

Consider three point charges located at the corners of a right triangle as shown in 
Figure 23.7, where q1 5 q3 5 5.00 mC, q2 5 22.00 mC, and a 5 0.100 m. Find the 
resultant force exerted on q3.

Conceptualize  Think about the net force on q3. Because charge q3 is near two 
other charges, it will experience two electric forces. These forces are exerted in dif-
ferent directions as shown in Figure 23.7. Based on the forces shown in the figure, 
estimate the direction of the net force vector.

Categorize  Because two forces are exerted on charge q3, we categorize this exam-
ple as a vector addition problem.

Analyze  The directions of the individual forces exerted by q1 and q2 on q3 are 
shown in Figure 23.7. The force F

S
23  exerted by q2 on q3 is attractive because q2  

and q3 have opposite signs. In the coordinate system shown in Figure 23.7, the 
attractive force F

S
23  is to the left (in the negative x direction).

 The force F
S

13  exerted by q1 on q3 is repulsive because both charges are positive. The repulsive force F
S

13  makes an 
angle of 45.08 with the x axis.

S O L U T I O N

Figure 23.6 Two point charges 
separated by a distance r exert a 
force on each other that is given 
by Coulomb’s law. The force F

S
21 

exerted by q2 on q1 is equal in mag-
nitude and opposite in direction to 
the force F

S
12 exerted by q1 on q2.

r

q1

q2

r12ˆ

When the charges are of the 
same sign, the force is repulsive.

a b

F12
S

F21
S

!

!

q1

q2

When the charges are of opposite 
signs, the force is attractive.

F12
S

F21
S

!

"

!

!

"

F13
S

F23
S

q3

q1

q2

a

a

y

x

2a!

Figure 23.7  (Example 23.2) The 
force exerted by q1 on q3 is F

S
13. The 

force exerted by q2 on q3 is F
S

23.  
The resultant force F

S
3 exerted on q3 

is the vector sum F
S

13 1 F
S

23.

1Figure from Serway & Jewett, pg 696, Ex 2.
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particle is directed away from the other particle. If q1 and q2 are of opposite sign as 
shown in Figure 23.6b, the product q1q2 is negative and the electric force on one par-
ticle is directed toward the other particle. These signs describe the relative direction 
of the force but not the absolute direction. A negative product indicates an attractive 
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Example 23.2   Find the Resultant Force

Consider three point charges located at the corners of a right triangle as shown in 
Figure 23.7, where q1 5 q3 5 5.00 mC, q2 5 22.00 mC, and a 5 0.100 m. Find the 
resultant force exerted on q3.

Conceptualize  Think about the net force on q3. Because charge q3 is near two 
other charges, it will experience two electric forces. These forces are exerted in dif-
ferent directions as shown in Figure 23.7. Based on the forces shown in the figure, 
estimate the direction of the net force vector.

Categorize  Because two forces are exerted on charge q3, we categorize this exam-
ple as a vector addition problem.

Analyze  The directions of the individual forces exerted by q1 and q2 on q3 are 
shown in Figure 23.7. The force F

S
23  exerted by q2 on q3 is attractive because q2  

and q3 have opposite signs. In the coordinate system shown in Figure 23.7, the 
attractive force F
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23  is to the left (in the negative x direction).

 The force F
S

13  exerted by q1 on q3 is repulsive because both charges are positive. The repulsive force F
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13  makes an 
angle of 45.08 with the x axis.
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Figure 23.6 Two point charges 
separated by a distance r exert a 
force on each other that is given 
by Coulomb’s law. The force F
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21 

exerted by q2 on q1 is equal in mag-
nitude and opposite in direction to 
the force F
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12 exerted by q1 on q2.
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Figure 23.7  (Example 23.2) The 
force exerted by q1 on q3 is F

S
13. The 

force exerted by q2 on q3 is F
S

23.  
The resultant force F

S
3 exerted on q3 

is the vector sum F
S

13 1 F
S

23.

Answer: Fnet,3 = (−1.04 i + 7.94 j) N

1Figure from Serway & Jewett, pg 696, Ex 2.
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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.

–3q –q

Fig. 21-15 Question 4.

+4q

+2q

+q

–2q

r

R

–2q

–7q –7q

–2q–2q

+4q

+q

Fig. 21-16 Question 5.

R
2R R/2

+8Q

–q+2q

+6q

–4Q
+5Q

(a) (b) (c)

d

Fig. 21-17 Question 7.

+Q
p

p

d

2d
(a)

+Q
e

p

d

2d
(b)

+Q
p

e

d

2d
(c)

+Q
e

e

d

2d
(d)

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.

x

y

+q

+q+q

(1)

x

y

–q

+q+q

(2)

x

y

+q

–q+q

(3)

x

y
–q

–q+q

(4)

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.)

+2q

–5q

+3q

–3q

+4q
–7q

–2q

–7q
+4q

–3q

–5q

+2q

Fig. 21-20 Question 10.

halliday_c21_561-579v2.qxd  16-11-2009  10:54  Page 574

** View All 
Solutions Here **

** View All 
Solutions Here **



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.



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.



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



Vector Fields
2 - dimensional examples

Irrotational (curl-free) field.



Vector Fields
2 - dimensional examples

Solenoidal (divergence-free) field.



Summary

• Force from a point charge

• Force from many charges

• vector fields

Quiz Friday, start of class.

Homework

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

Serway & Jewett:

• Read Ch 23

• Ch 23, onward from page 716. Conceptual Qs: 5; Section Qs:
11, 13


