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1.1 Electric Charges is everywhere!
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1.2 Can you induce and transfer electric?

• Yes, one way to do it is by friction 

between two different materials.

• Electrons can be transferred from one 

material to another, resulting in one ob­

ject becoming:

‣ Positively charged (losing electrons) 

and,

‣ The other becoming negatively 

charged (gaining electrons).
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1.3 Origin of Electric Charges

Cartoon of an atom

Electrons are shown in green

• The sources of electric charges are elec­

trons and protons that make up atoms 

and molecules.

• Point Charges (like electrons) are ob­

jects that have electric charge and are 

small enough to be treated as points (of 

zero size!).
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1.4 Electric Force between Electrically Charged Objects
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1.5 Magnitude of the Electric Force

Coulomb’s Law: The magnitude of the 

electric force 𝐹𝑒 between two point 

charges 𝑞1 and 𝑞2 separated by a distance 

𝑟 is given by:

𝐹𝑒 = 𝑘𝑒
|𝑞1||𝑞2|

𝑟2

where 𝑘𝑒 is the Coulomb’s constant, 

given by:

𝑘𝑒 = 1
4𝜋𝜀0

≈ 8.988 × 109 N ⋅ m2/C2

and 𝜀0 ≈ 8.85 × 10−12 C2/ N ⋅ m2

is the permittivity of free space.
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1.5 Magnitude of the Electric Force

The smallest unit of charge is the charge of an electron (𝑒) or a proton (𝑝), which is

|𝑒| = 𝑝 = 1.602 × 10−19 C.

Quiz

How many electrons in one coulomb (𝑄 = 1 C)?

Answer:

𝑁𝑒 = 𝑄
|𝑒|

= 1 C
1.6 × 10−19 C

≈ 6.25 × 1018  electrons.
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1.5 Magnitude of the Electric Force

Example 1.1

The electron and proton of a hydrogen atom are separated (on the average) by 

a distance of approximately 𝑑 = 5.3 × 10−11 m.

Find the magnitudes of the electric force and the gravitational force between the 
two particles.
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1.5 Magnitude of the Electric Force

Solution 1.1

We use Coulomb’s law to find the electric force between the electron and proton.

𝐹𝑒 = 𝑘𝑒
|𝑞1||𝑞2|

𝑟2

Both the electron and proton have the same charge magnitude:

|𝑞1| = |𝑞2| = |𝑒| ≈ 1.6 × 10−19 C
Therefore the electric force between them is:

𝐹𝑒 = 𝑘𝑒
𝑒2

𝑟2 = (9 × 109)
(1.6 × 10−19)2

(5.3 × 10−11)2 = 8.2 × 10−8 N
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1.5 Magnitude of the Electric Force

For the gravitational force, we use Newton’s law of gravitation:

𝐹𝑔 = 𝐺
𝑚𝑒𝑚𝑝

𝑟2 ≈ 3.6 × 10−47 N

The ratio between the two forces is about
𝐹𝑒
𝐹𝑔

∼ 1039

indicating that the gravitational force is negligible compared to the electric force 
at atomic scale.
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1.6 Direction of the Electric Force

⃗𝑭12 = 𝑘𝑒
𝑞1𝑞2
𝑟2  𝒓12

• 𝒓12 is a unit vector pointing from charge 

𝑞1 to charge 𝑞2.

• ⃗𝑭12 reads as:

• The force on charge 2 due to charge 1, 

or

• The force exerted by charge 1 on 

charge 2.
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1.6 Direction of the Electric Force

Repulsive Force: If 𝑞1 and 𝑞2 have the 

same sign, then ⃗𝑭12 is along 𝒓12.

Attractive Force: If 𝑞1 and 𝑞2 have op­

posite signs, then ⃗𝑭12 is opposite to 𝒓12.

⃗𝑭21 = − ⃗𝑭12
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1.7 Electric Force due to Multiple Point Charges

The net electric force ⃗𝑭1 on a point charge 𝑞1 due to multiple point charges is the 

vector sum of the individual forces exerted on 𝑞1 by each of the other charges.

⃗𝑭1 = ⃗𝑭21 + ⃗𝑭31 + ⃗𝑭41 + … + ⃗𝑭𝑛1
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1.7 Electric Force due to Multiple Point Charges

Example 1.2

Consider three point charges located 
at the corners of a right triangle as 
shown in the figure, where

𝑞1 = 𝑞3 = 5 𝜇C
𝑞2 = −2 𝜇C
𝑎 = 0.1 m

.

Find the resultant force exerted on 𝑞3
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1.7 Electric Force due to Multiple Point Charges

Solution 1.2

The net force exerted on 𝑞3 is:

⃗𝑭3 = ⃗𝑭13 + ⃗𝑭23

𝐹23 = 𝑘𝑒
|𝑞2||𝑞3|

𝑎2 = (8.988 × 109)
(2 × 10−6)(5 × 10−6)

(0.1)2 = 8.99  N

from the figure, we see that the direction of ⃗𝑭23 is along the negative x-axis. 
Therefore,

⃗𝑭23 = −8.99 ̂𝑖 + 0 𝑗
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1.7 Electric Force due to Multiple Point Charges

𝐹13 = 𝑘𝑒
|𝑞1||𝑞3|

(
√

2𝑎)
2

= (8.988 × 109)
(5 × 10−6)2

2 ∗ (0.1)2 = 11.2  N

• The direction of ⃗𝑭13 is at 45° above the positive x-
axis, because

tan 𝜃 = 𝑎
𝑎

= 1 ⟹ 𝜃 = tan−1(1) = 45°

Therefore,

⃗𝑭13 = 𝐹13,𝑥 𝒊̂ + 𝐹13,𝑦 𝒋
= 𝐹13 cos 45° ̂𝒊 + 𝐹13 sin 45° 𝒋
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1.7 Electric Force due to Multiple Point Charges

⃗𝑭13 = 11.2 cos 45° ̂𝒊 + 11.2 sin 45° 𝒋
= 7.94 ̂𝒊 + 7.94 𝒋

Therefore, the net force on 𝑞3 is:

⃗𝑭3 = ⃗𝑭13 + ⃗𝑭23

= [𝐹13,𝑥 + 𝐹23,𝑥] ̂𝒊 + [𝐹13,𝑦 + 𝐹23,𝑦] 𝒋
= (7.94 − 8.99) ̂𝒊 + (0 + 7.94) 𝒋
= (−1.04 ̂𝒊 + 7.94 𝒋)  N
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1.7 Electric Force due to Multiple Point Charges

Example 1.3

Three point charges lie along the x-
axis as shown in the Figure. The posi­

tive charge 𝑞1 = 15𝜇C is at 𝑥 = 2 m, 

the positive charge 𝑞2 = 6𝜇C is at the 

origin, and the net force acting on 𝑞3 
is zero.

What is the x coordinate of 𝑞3?
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1.7 Electric Force due to Multiple Point Charges

Solution 1.3
⃗𝑭3 = ⃗𝑭13 + ⃗𝑭23 = 0 N

Therefore, the two forces on charge 𝑞3 has to be equal in magnitude and opposite 
in direction,

𝐹23 = 𝐹13

𝑘𝑒
|𝑞2||𝑞3|

𝑟2
23

= 𝑘𝑒
|𝑞1||𝑞3|

𝑟2
13

|𝑞2|
𝑟2
23

= |𝑞1|
𝑟2
13

⇒ 𝑟2
23|𝑞1| = 𝑟2

13|𝑞2|
𝑥2|𝑞1| = (2 − 𝑥)2|𝑞2|
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1.7 Electric Force due to Multiple Point Charges

±𝑥√|𝑞1| = (2 − 𝑥)√|𝑞2|

±𝑥√|𝑞1| + 𝑥√|𝑞2| = 2√|𝑞2|

𝑥(±√|𝑞1| + √|𝑞2|) = 2√|𝑞2|

⇒ 𝑥 = 2
√|𝑞2|

±√|𝑞1| + √|𝑞2|

𝑥 = 2
√

6 × 10−6 C
±

√
15 × 10−6 C +

√
6 × 10−6 C

𝑥 = 0.774 m or 𝑥 = −3.44 m
Only the positive 𝑥 value is physical and acceptable here. The negative value is 

rejected because the net force will not be zero if 𝑞3 is not between 𝑞1 and 𝑞2.
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1.8 Electric Force and Weight of Charged Objects

Example 1.4

Two identical small charged spheres, 

each having a mass of 3 × 10−2kg, 
hang in equilibrium as shown in the 

Figure. The length 𝐿 of each string is 

0.15 m, and the angle 𝜃 is 5°.

Find the magnitude of the charge on 
each sphere.
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1.8 Electric Force and Weight of Charged Objects

Solution 1.4

• There are three forces exerted on each sphere:

1. The gravitational force (downward),

2. The tension in the string (towards the point of 
suspension),

3. The electric force due to the other sphere.

• Since the spheres are in equilibrium, the net force 
on each sphere is zero.

• Using Newton second law for the left sphere, we 
have:
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1.8 Electric Force and Weight of Charged Objects

∑ 𝐹𝑥 = 𝑚𝑎𝑥

+𝑇 sin 𝜃 − 𝐹𝑒 = 𝑚(0)
⇒ 𝑇 sin 𝜃 = 𝐹𝑒        (1)

∑ 𝐹𝑦 = 𝑚𝑎𝑦

𝑇 cos 𝜃 − 𝑚𝑔 = 𝑚(0)
⇒ 𝑇 cos 𝜃 = 𝑚𝑔        (2)

• To eliminate T (since it is not given), we divide 
equation (1) by equation (2)

tan 𝜃 = 𝐹𝑒
𝑚𝑔

⇒  𝐹𝑒 = 𝑚𝑔 tan 𝜃
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1.8 Electric Force and Weight of Charged Objects

• The spacing between the two spheres is

𝑟 = 2𝑎 = 2𝐿 sin 𝜃
• From Coulomb’s law, we have:

𝐹𝑒 = 𝑘𝑒
𝑞2

𝑟2

⇒ 𝑞2 = 𝐹𝑒
𝑟2

𝑘𝑒

𝑞 = √𝐹𝑒
𝑟2

𝑘𝑒
= √(𝑚𝑔 tan 𝜃)(2𝐿 sin 𝜃)2

𝑘𝑒

𝑞 = 4.42 × 10−8  C
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1. Coulomb’s Law

2. Analysis Model: Particle in a Field (Electric)

3. Electric Field Lines

4. Motion of a Charged Particle in a Uniform Electric Field



2.1 Electric Field Concept

An electric field is a region of space around 

a charged object where other charged ob­

jects experience an electric force.

𝑬⃗ =
⃗𝑭𝑒

𝑞0

𝑬⃗ = 𝑘𝑒
𝑞
𝑟2  𝒓
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2.2 Direction of the Electric Field
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2.3 Total Electric Field due to Multiple Point Charges

The net electric field at point 𝑝 is the vector sum of the electric fields at 𝑝 produced 

by each individual charge,

𝑬⃗ = 𝑬⃗1 + 𝑬⃗2 + 𝑬⃗3 + …

Since 𝑬⃗𝑖 = 𝑘𝑒
𝑞𝑖
𝑟2

𝑖
 𝒓𝑖, then

𝑬⃗ = 𝑘𝑒 ∑
𝑛

𝑖=1

𝑞𝑖
𝑟2
𝑖
 𝒓𝑖
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2.4 Examples:

Example 2.5

A water droplet (قطرة ماء) of mass 3 × 10−12 kg is located in the air near the 

ground during a stormy day. An atmospheric electric field of magnitude 6 × 103 
N/C points vertically downward in the vicinity (بالقرب من) of the water droplet. 
The droplet remains suspended (معلقة) at rest in the air.

What is the electric charge on the droplet?
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2.4 Examples:

Solution 2.5

• Gravity pulls the droplet downward with a force equal to its weight 𝑾 = 𝑚 ⃗𝒈.
• The electric field exerts an electric force ⃗𝑭𝑒 = 𝑞𝑬⃗ on the droplet in the upward 

direction.

• Since the direction of the electric field is downward, then it is negative:

𝑬⃗ = −𝐸 𝒋
• Since the droplet is at rest, the net force on it is zero:

𝐹𝑒 − 𝑊 = 0
𝑞(−𝐸) − 𝑚𝑔 = 0

⟹ 𝑞 = −𝑚𝑔
𝐸

=
(3 × 10−12)(9.8)

6 × 103 = −4.9 × 10−15 C
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2.4 Examples:

Example 2.6

Charges 𝑞1 and 𝑞2 are located on the 

x-axis, at distances 𝑎 and 𝑏, respec­
tively, from the origin as shown in the 
Figure.

(A) Find the components of the net 
electric field at the point P, which is 

at position (0, 𝑦).
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2.4 Examples:

Solution 2.6

𝑬⃗ = 𝑬⃗1 + 𝑬⃗2

𝐸𝑥𝒊̂ + 𝐸𝑦𝒋 = (𝐸1,𝑥  ̂𝒊 + 𝐸1,𝑦 𝒋) + (𝐸2,𝑥  ̂𝒊 + 𝐸2,𝑦 𝒋)
= 𝐸1(cos 𝜑𝒊̂ + sin 𝜑𝒋) + 𝐸2(cos 𝜃𝒊̂ − sin 𝜃𝒋)

⇒ 𝐸𝑥 = 𝐸1 cos 𝜑 + 𝐸2 cos 𝜃
⇒ 𝐸𝑦 = 𝐸1 sin 𝜑 − 𝐸2 sin 𝜃

where 𝐸1 and 𝐸2 are found by:

𝐸1 = 𝑘𝑒
|𝑞1|
𝑟2
1

= 𝑘𝑒
|𝑞1|

𝑎2 + 𝑦2

𝐸2 = 𝑘𝑒
|𝑞2|
𝑟2
2

= 𝑘𝑒
|𝑞2|

𝑏2 + 𝑦2
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2.4 Examples:

(B) Evaluate the electric field at point P in 
the special case that

|𝑞1| = |𝑞2|      and     𝑎 = 𝑏
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2.4 Examples:

At these conditions, we have:

𝜑 = 𝜃     and   𝐸1 = 𝐸2
Therefore,

𝐸𝑦 = 𝐸1 sin 𝜃 − 𝐸1 sin 𝜃
𝐸𝑦 = 0

𝐸𝑥 = 𝐸1 cos 𝜃 + 𝐸1 cos 𝜃 = 2𝐸1 cos 𝜃

𝐸𝑥 = 2𝑘𝑒
𝑞

𝑎2 + 𝑦2 cos 𝜃

𝐸𝑥 = 2𝑘𝑒
𝑞

𝑎2 + 𝑦2 ( 𝑎
√𝑎2 + 𝑦2

) = 2𝑘𝑒𝑞𝑎
(𝑎2 + 𝑦2)3/2
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2.4 Examples:

(c) Find the electric field due to the electric dipole when point P is a distance 

𝑦 ≫ 𝑎 from the origin.

When 𝑦 ≫ 𝑎, then 𝑎2 + 𝑦2 ≈ 𝑦2, therefore (𝑎2 + 𝑦2)3/2 ≈ 𝑦3. Thus,

𝐸𝑥 = 2𝑘𝑒𝑞𝑎
(𝑎2 + 𝑦2)3/2 ≈ 2𝑘𝑒𝑞𝑎

𝑦3
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1. Coulomb’s Law

2. Analysis Model: Particle in a Field (Electric)

3. Electric Field Lines

4. Motion of a Charged Particle in a Uniform Electric Field



3.1 Electric Field Lines Concept

A convenient way of visualizing electric 

field is to draw lines known as electric 

field lines.

These lines have the following (5) 

properties:

1. The direction of the electric field at any 

point is tangent to the field line at that 

point.
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3.1 Electric Field Lines Concept

2. The density of the field lines 𝜌 (num­

ber of lines 𝑁  per unit area of a 

sphere) is proportional to the magni­

tude of the electric field in that region.

𝜌 = 𝑁
4𝜋𝑟2 ∝ 𝐸 ∝ |𝑞|

𝑟2

• When comparing the number of lines 

between two charges 𝑄1 and 𝑄2,

𝑁2
𝑁1

= |𝑄2|
|𝑄1|
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3.1 Electric Field Lines Concept

3. Field lines originate on positive 

charges and terminate on negative 

charges.

4. The number of field lines leaving one 

positive charge equals the number 

of field lines entering one negative 

charge.

5. Field lines never cross each other.
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3.1 Electric Field Lines Concept

• The electric field magnitude at A is 

greater than that at B.

• The electric field magnitude at C is 

zero.

• The electric field terminates at infinity.
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3.1 Electric Field Lines Concept

• The number of filed lines leaving +2𝑞 

is two times grater than −𝑞,

𝑁+2𝑞 = 2𝑁−𝑞

• Only half of the field lines from +2𝑞 

terminate on −𝑞, while the other half 

extends to infinity.
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1. Coulomb’s Law

2. Analysis Model: Particle in a Field (Electric)

3. Electric Field Lines

4. Motion of a Charged Particle in a Uniform Electric Field



4.1 Newton’s Second Law for a Charged Particle in an 

Electric Field

From Newton’s second law, the acceler­

ation of a particle of mass 𝑚 and charge 

𝑞 in an electric field 𝑬⃗ is given by:

∑ ⃗𝑭 = 𝑚𝒂⃗

In the case where the only force acting 

on the particle is the electric force ⃗𝑭𝑒 =
𝑞𝑬⃗, then:

⃗𝑭𝑒 = 𝑞𝑬⃗ = 𝑚𝒂⃗

Therefore, the acceleration of the parti­

cle is:

𝒂⃗ = 𝑞
𝑚𝑬⃗
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4.2 Recall the Equations of Motion

Equations of Motion at Constant Acceleration

⃗𝒗𝑓 = ⃗𝒗𝑖 + 𝒂⃗𝑡 (1)

⃗𝒓𝑓 = ⃗𝒓𝑖 + ⃗𝒗𝑖𝑡 + 1
2 𝒂⃗𝑡2 (2)

⃗𝒗2
𝑓 = ⃗𝒗2

𝑖 + 2𝒂⃗( ⃗𝒓𝑓 − ⃗𝒓𝑖) (3)

Remember

⃗𝒓 = 𝑥𝒊̂ + 𝑦𝒋
⃗𝒗 = 𝑣𝑥𝒊̂ + 𝑣𝑦𝒋

𝒂⃗ = 𝑎𝑥𝒊̂ + 𝑎𝑦𝒋

Therefore: Equation (1) and (2) becomes:

⃗𝒗𝑓 = (𝑣𝑥𝑖 + 𝑎𝑥𝑡)̂𝒊 + (𝑣𝑦𝑖 + 𝑎𝑦𝑡)𝒋

⃗𝒓𝑓 = (𝑥𝑖 + 𝑣𝑥𝑖𝑡 + 1
2
𝑎𝑥𝑡2)𝒊̂ + (𝑦𝑖 + 𝑣𝑦𝑖𝑡 + 1

2
𝑎𝑦𝑡2)𝒋
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4.3 Examples

Example 4.7

A uniform electric field 𝑬⃗ is directed 

along the 𝑥 axis between parallel plates 

of charge separated by a distance 𝑑 as 
shown in the Figure. A positive point 

charge 𝑞 of mass 𝑚 is released from rest 
at a point A next to the positive plate 
and accelerates to a point B next to the 
negative plate.

(A) Find the speed of the particle at B by 
modeling it as a particle under constant 
acceleration.
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4.3 Examples

Solution 4.7

Since the motion of the particle is along the x-axis, we can use the scalar form 
of the equations of motion (motion in one dimension).

𝑣2
𝑓 = 𝑣2

𝑖 + 2𝑎𝑥(𝑥𝑓 − 𝑥𝑖)
• The particle is released from rest at point A, therefore 𝑣𝑖 = 0.

• The initial position is 𝑥𝑖 = 0 and the final position is 𝑥𝑓 = 𝑑.

• The acceleration of the particle is given by:

𝑎𝑥 = 𝑞 𝐸
𝑚
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• Therefore, the speed of the particle at point B is:

𝑣2
𝑓 = 0 + 2(𝑞 𝐸

𝑚
)(𝑑 − 0)

⟹ 𝑣𝑓 = √2𝑞𝐸𝑑
𝑚
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(B) Find the speed of the particle at B by modeling it as a nonisolated system in 
terms of energy.

Using the work-energy theorem for a nonisolated system, we have:

𝑊 = Δ𝐾
𝐹𝑑 = 𝐾𝑓 − 𝐾𝑖

(𝑞𝐸)𝑑 = 1
2
𝑚𝑣2

𝑓 − 0

⟹ 𝑣𝑓 = √2𝑞𝐸𝑑
𝑚

We get the same result as in part (A). Therefore, both methods are valid to 
analyze the motion of a charged particle in a uniform electric field.
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Example 4.8

An electron enters the region of a 
uniform electric field as shown in 

the Figure, with 𝑣𝑖 = 3 × 106 m/s 
and 𝐸 = 200 N/C. The horizontal 

length of the plates is 𝑙 = 0.1 m.

(A) Find the acceleration of the elec­
tron while it is in the electric field.
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Solution 4.8

• Since the electric field is along the y-axis, the acceleration of the electron is 

only along the y-axis, therefore 𝑎𝑥 = 0.

• The acceleration along the y-axis is given by:

𝑎𝑦 = 𝑞𝐸
𝑚

= (−𝑒)𝐸
𝑚𝑒

=
(−1.602 × 10−19 C)(200 N/C)

9.11 × 10−31kg
𝑎𝑦 = −3.51 × 1013 m/s2

Finally, the acceleration vector is: 𝒂⃗ = 𝑎𝑥𝒊̂ + 𝑎𝑦𝒋
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(B) Assuming the electron enters the field at time 𝑡 = 0, find the time at which 
it leaves the field.

𝑥𝑓 = 𝑥𝑖 + 𝑣𝑖𝑡 + 1
2
𝑎𝑥𝑡2

since 𝑎𝑥 = 0, then
𝑥𝑓 = 𝑥𝑖 + 𝑣𝑖𝑡

⟹ 𝑡 =
𝑥𝑓 − 𝑥𝑖

𝑣𝑖
= 𝑙

𝑣𝑖
= 0.1

3 × 106 = 3.33 × 10−8 s
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(C) Assuming the vertical position of the electron as it enters the field is 𝑦𝑖 = 0, 
what is its vertical position when it leaves the field?

𝑦𝑓 = 𝑦𝑖 + 𝑣𝑦𝑖𝑡 + 1
2
𝑎𝑦𝑡2

= 0 + 0 + 1
2
(−3.51 × 1013)(3.33 × 10−8)2

= −1.95 × 10−2 m
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Suggested Problems

9, 12, 15, 20, 21, 24, 25, 30, 35, 38

Book: Serway, R. A., & Jewett, J. W. (2018). Physics for Scientists and Engineers (10th 

ed.)

Chapter: 22 - Electric Fields
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