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Remember From Previous Chapters

Classical Mechanics

• Equations of motion:

⃗𝒗𝑓 = ⃗𝒗𝑖 + 𝒂⃗𝑡

⃗𝒓𝑓 = ⃗𝒓𝑖 + ⃗𝒗𝑖𝑡 + 1
2
𝒂⃗𝑡2

⃗𝒗2
𝑓 = ⃗𝒗2

𝑖 + 2𝒂⃗ ⋅ ( ⃗𝒓𝑓 − ⃗𝒓𝑖)

• Newton’s Second Law:

∑ ⃗𝑭 = 𝑚𝒂⃗

• Work-Energy Theorem:

𝑊 = Δ𝐾

𝑊 = ⃗𝑭 ⋅ ⃗𝒅

𝐾 = 1
2
𝑚 ⃗𝒗2

Electric Field

• Coulomb’s Law:

⃗𝑭𝑒 = 𝑘𝑒
𝑞1𝑞2
𝑟2 𝒓

• Electric Field:

𝑬⃗ =
⃗𝑭𝑒

𝑞0
= 𝑘𝑒

𝑞
𝑟2 𝒓

𝒂⃗ = ( 𝑞
𝑚

)𝑬⃗

Flux

• Gauss’s Law:

Φ𝐸 = ∮ 𝑬⃗ ⋅ ⃗𝑨 = 𝑞in
𝜀0
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1.1 Electric Potential Energy

• When a charge 𝑞 is placed in an electric field 𝑬⃗ , the work 

done by the electric field on the charge to move it through 

a small displacement d ⃗𝒔 is given by: 𝑊 = 𝑞𝑬⃗ ⋅ d ⃗𝒔
• The electric potential energy (𝑈𝐸) of the charge changes 

by an amount equal to the negative of the work done by the 

electric field:

d𝑈𝐸 = −𝑊 = −𝑞𝑬⃗ ⋅ d ⃗𝒔

• Integrating both sides from point A to point B, we get

Δ𝑈𝐸 = 𝑈𝐸𝐵
− 𝑈𝐸𝐴

= −𝑞 ∫
𝐵

𝐴
𝑬⃗ ⋅ d ⃗𝒔
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1.1 Electric Potential Energy

• The electric potential energy is a scalar quantity measured 

in joules (J).

• The electric potential energy depends on the position of the 

charge in the electric field.

• The electric potential energy increases when a positive 

charge moves against the direction of the electric field and 

decreases when it moves in the direction of the electric field.

• The opposite is true for a negative charge.

• The integral does not depend on the path taken but only on 

the initial and final positions A and B.

• 𝑈𝐴 can be set to zero by choosing point A at infinity.
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1.2 Electric Potential

• Dividing the potential energy by the charge gives a physical 

quantity that depends only on the source charge distribu

tion and has a value at every point in an electric field. 

This quantity is called the electric potential (or simply the 

potential) 𝑉 :

𝑉 = 𝑈𝐸
𝑞

• The electric potential is a scalar quantity measured in volts 

(V), where 1 V = 1 J/C.
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1.2 Electric Potential

• The potential difference between two 

points A and B is:

Δ𝑉 = Δ𝑈𝐸
𝑞

= − ∫
𝐵

𝐴
𝑬⃗ ⋅ d ⃗𝒔

• Notice that the potential difference does not 

depend on the test charge 𝑞, but only on the 

electric field and the positions of points A 

and B.
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1.3 External Work Done on a System of Charges

• If an external agent moves a charge 𝑞 from point B back 

to point A against the electric field, the work done by 

the external agent is equal to the increase in the electric 

potential energy of the charge:

𝑊 = +𝑞Δ𝑉

• The work done by the external agent is positive when it 

moves a positive charge against the electric field.

• The work done by the external agent is equal in magnitude 

but opposite in sign to the work done by the electric field 

when it moves the charge from point A to point B.
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1.4 Electron Volt

• When an electron (charge 𝑞𝑒) is accelerated through a 

potential difference of 1 V, it gains an energy of

𝑞𝑒 × 1 V = 1.6 × 10−19 J

• This amount of energy is called an electron volt (eV):

• Typically, very small energies of particles are expressed in 

electron volts rather than in joules. For example, an energy 

of 3.2 × 10−19 J is more conveniently expressed as 2 eV, 

therefore,

Energy in eV = Energy in J
1.6 × 10−19 J/eV
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2.1 The relationship between Electric Field and Electric 

Potential
• For a uniform electric field 𝑬⃗, the potential difference 

between two points A and B separated by a distance 𝑑 along 

the direction of the field is simplified to (no integral needed):

Δ𝑉 = −𝐸𝑑

• The negative sign indicates that the potential at point B is 

lower than that at point A.

• The electric field can have a unit of volts per meter (V/m).
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2.2 Electric Potential Energy in a Uniform Electric Field

• Now, if a charge 𝑞 moves through this potential difference, the change in its electric 

potential energy is:

Δ𝑈𝐸 = 𝑞Δ𝑉 = −𝑞𝐸𝑑
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2.3 Equipotential Surfaces

• Point (B) and (C) are at the same potential; there

fore, moving a charge from (B) to (C) requires no 

work against the electric field, since Δ𝑉 = 0.

• The vertical line connecting points (B) and (C) 

has the same potential at every point along it.
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2.3 Equipotential Surfaces

• An equipotential surface is a surface on 

which the electric potential is the same at 

every point.

• No work is done by the electric field when a 

charge moves along an equipotential surface 

because the potential difference is zero.

• Equipotential surfaces are always perpendic

ular to the electric field lines.

• In a uniform electric field, the equipotential 

surfaces are equally spaced parallel planes.
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2.4 example

Example 2.1

A 12-V battery is connected between two 
parallel plates as shown in Figure. The 

separation between the plates is 𝑑 = 0.3
cm, and we assume the electric field be
tween the plates to be uniform.

Find the magnitude of the electric field 
between the plates.
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2.4 example

Solution 2.1

𝐸 = Δ𝑉
𝑑

= 12
0.3 × 10−2 = 4 × 103 V/m
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2.4 example

Example 2.2

A proton is released from rest at point 
(A) in a uniform electric field that has a 

magnitude of 8 × 104 V/m . The proton 
undergoes a displacement of magnitude 

𝑑 = 0.5 m to point (B) in the direction 

of 𝑬⃗. Find the speed of the proton after 
completing the displacement.
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2.4 example

Solution 2.2

Δ𝐾 + Δ𝑈𝐸 = 0

(1
2
𝑚𝑣2 − 0) + 𝑒Δ𝑉 = 0

⟹ 𝑣 = √−2𝑒Δ𝑉
𝑚

= √−2𝑒(−𝐸𝑑)
𝑚

=
√

2𝑒𝐸𝑑
𝑚

𝑣 = √2(1.6 × 10−19)(8 × 104)(0.5)
1.67 × 10−27 = 2.8 × 106 m/s
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3.1 Electric Potential Due to a Point Charge

• The electric potential difference between two points 

A and B due to a point charge 𝑞 is given by:

𝑉𝐵 − 𝑉𝐴 = − ∫
𝐵

𝐴
𝑬⃗ ⋅ d ⃗𝒔 = … = 𝑘𝑒𝑞(

1
𝑟𝐵

− 1
𝑟𝐴

)

• Choosing 𝑟𝐴 = ∞, we get 𝑉𝐴 = 0, and the electric 

potential at point B due to the point charge 𝑞 is:

𝑉 = 𝑘𝑒
𝑞
𝑟
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3.2 Electric Potential Due to Point Charges

• For a group of point charges, the total electric potential at a point is the sum of the 

potentials due to each charge:

𝑉 = 𝑘𝑒 ∑(𝑞𝑖
𝑟𝑖

)

• Notice that the electric potential is a scalar quantity (no vector addition); therefore, 

we can add the potentials algebraically, taking into account their signs.
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3.3 Electric Potential Energy of two Point Charges

• The electric potential energy of a system of two point charges 𝑞1 and 𝑞2 separated 

by a distance 𝑟12 is given by:

Δ𝑈𝐸 = 𝑞2Δ𝑉

therefore,

𝑈𝐸 = 𝑘𝑒
𝑞1𝑞2
𝑟12
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3.4 Electric Potential Energy of a System of Point 

Charges

If the system consists of more than two charges, the 

total potential energy of the system is the sum of the 

potential energies for all pairs of charges:

𝑈𝐸 = 𝑘𝑒(
𝑞1𝑞2
𝑟12

+ 𝑞1𝑞3
𝑟13

+ 𝑞2𝑞3
𝑟23

+ …)
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3.5 Example

Example 3.3

As shown in the Figure, a charge 𝑞1 = 2𝜇C 

is located at the origin and a charge 𝑞2 =
−6𝜇C is located at (0, 3) m.

(A) Find the total electric potential due to 
these charges at the point P, whose coordi
nates are (4, 0) m.
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3.5 Example

Solution 3.3

𝑉𝑝 = 𝑘𝑒(
𝑞1
𝑟1

+ 𝑞2
𝑟2

)

𝑉𝑝 = (9 × 109)(2 × 10−6

4
+ −6 × 10−6

5
)

𝑉𝑝 = −6.29 × 103 V
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3.5 Example

(B) Find the change in potential energy 
of the system of two charges plus a third 

charge 𝑞3 = 3𝜇C as the later charge moves 
from infinity to point P.
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3.5 Example

Solution 3.3

Δ𝑈𝐸 = 𝑈𝑓 − 𝑈𝑖 = 𝑞3𝑉𝑝 − 0

Δ𝑈𝐸 = (3 × 10−6)(−6.29 × 103)
Δ𝑈𝐸 = −1.89 × 10−2 J
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4.1 What is a Conductor?

A conductor is a material that contains 

free charges (electrons) that are unbound 

to any atom and therefore can move 

throughout the material.

What is Electrostatic Equilibrium?

When a conductor is placed in an elec

tric field, the free charges inside the 

conductor will move in response to the 

electric field until they reach a state of 

electrostatic equilibrium, where there 

is no net motion of charges within the 

conductor.
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4.2 What are the Four Properties of a Conductor in Elec­

trostatic Equilibrium?

1. The electric field inside the conductor 

is zero, whether the conductor is solid 

or hollow.
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4.2 What are the Four Properties of a Conductor in Elec­

trostatic Equilibrium?

2. If the conductor is isolated and carries 

a charge, the charge resides on its 

surface.

• The net charge, electric field, and flux 

inside the gaussian surface is zero.
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4.2 What are the Four Properties of a Conductor in Elec­

trostatic Equilibrium?

3. The electric field at a point just out

side a charged conductor is perpen

dicular to the surface of the conductor 

and has a magnitude 𝜎/𝜀0, where 𝜎 

is the surface charge density at that 

point.
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4.2 What are the Four Properties of a Conductor in Elec­

trostatic Equilibrium?

To find the electric field just outside a 

charged conductor, we use a small gauss

ian cylinder that extends just outside the 

conductor’s surface. The flux through 

the curved surface is zero, but the flux 

through the flat surface (outside the con

ductor) is:

Φ𝐸 = ∮ 𝑬⃗ ⋅ d ⃗𝑨 = 𝐸𝐴 = 𝑞in
𝜀0

= 𝜎𝐴
𝜀0

⟹ 𝐸 = 𝜎
𝜀0
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4.2 What are the Four Properties of a Conductor in Elec­

trostatic Equilibrium?

4. On an irregularly shaped conductor, the surface 

charge density is greatest at locations where the 

radius of curvature of the surface is smallest.

• Even though charges are nonuniformly distributed 

on the surface, the electric potential is constant 

everywhere on the surface of the conductor.

𝑉𝐴 = 𝑉𝐵
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4.3 Electric Field and Potential of a Conducting Sphere

A conducting wire is con

nected to two conducting 

spheres spaced far apart. 

The electric potential is the 

same on both spheres,

𝑉1 = 𝑉2,

and the electric field just 

outside the surface of each 

sphere is:

𝐸1
𝐸2

= 𝑟2
𝑟1
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4.4 A Cavity Inside a Conductor

• When there is no charge inside the cavity, 

the electric field inside the cavity is zero, 

even if there is an electric field outside the 

conductor!

• This cavity is also known as a Faraday 

Cage and is used to shield sensitive elec

tronic equipment from external electric 

fields and electromagnetic radiation.

𝑉𝐴 = 𝑉𝐵
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Suggested Problems

1, 2, 3, 8, 34, 35

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

ed.)

Chapter: 24 - Electric Potential
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5.1 Electric Potential and Potential Difference

Problem 5.1
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5.1 Electric Potential and Potential Difference

Answer 5.1

𝑊 = 𝑄Δ𝑉

𝑄 = −𝑁𝑎𝑞𝑒 = −(6.02 × 1023)(1.6 × 10−19) = −9.63 × 104 C

Δ𝑉 = 𝑉𝑓 − 𝑉𝑖 = −5 − 9 = −14 V
Therefore,

𝑊 = (−9.63 × 104)(−14) = 1.35 × 106 J
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5.1 Electric Potential and Potential Difference

Problem 5.2
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5.1 Electric Potential and Potential Difference

Answer 5.2

a) Δ𝐾 + Δ𝑈𝐸 = 0

(0 − 1
2
𝑚𝑣2

𝑖 ) + 𝑞Δ𝑉 = 0

⟹ Δ𝑉 = 𝑚𝑣2
𝑖

2𝑞
Using 𝑞 = −𝑒 and 𝑚 = 𝑚𝑒 for an electron, we get

Δ𝑉 =
(9.11 × 10−31)(2.85 × 107)2

2 × 1.6 × 10−19

Δ𝑉 = −2.31 × 103 V
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5.1 Electric Potential and Potential Difference

b) The stopping potential for a proton is greater than that for an electron because 
the proton has a much larger mass than the electron, and therefore requires more 
energy (and thus a greater potential difference) to stop it.

C)

Δ𝑉𝑝

Δ𝑉𝑒
= −

𝑚𝑝

𝑚𝑒
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5.2 Potential Difference in a Uniform Electric Field

Problem 5.3
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5.2 Potential Difference in a Uniform Electric Field

Answer 5.3

a)
𝐸 = Δ𝑉

𝑑
= 600

5.33 × 10−3 = 1.13 × 105 N/C.

b)

𝐹 = 𝑞𝐸 = (1.6 × 10−19)(1.13 × 105) = 1.8 × 10−14 N

c)

𝑊 = 𝐹 ⋅ 𝑠 = (1.8 × 10−14)((5.33 − 2.9) × 10−3) = 4.37 × 10−17 J
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5.2 Potential Difference in a Uniform Electric Field

Problem 5.4
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5.2 Potential Difference in a Uniform Electric Field

Answer 5.4

a)
𝑉 = 𝐾𝑒 ∑ 𝑞𝑖

𝑟𝑖
= 𝑘𝑒(

𝑄1
𝑟

+ 𝑄2
𝑟

) = 103 V

where 𝑟 = 𝑑
2 = 0.175 m

b)

𝑈𝐸 = 𝑘𝑒
𝑞1𝑞2
𝑟12

= −3.85 × 10−7 J

The negative sign indicates that the potential energy of the system is attractive, 
and you would need to do positive work to separate the charges to infinity where 
the potential energy would be zero.
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5.2 Potential Difference in a Uniform Electric Field

Problem 5.5
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5.2 Potential Difference in a Uniform Electric Field

Answer 5.5

a) 𝐸 = 0

b) 𝐸 = 𝐾𝑒𝑄/𝑟2 = 7.99 × 107 N/C

c) 𝐸 = 0

d) 𝐸 = 𝐾𝑒𝑄inside/𝑟2 = 7.34 × 106 N/C

where 𝑄inside = (8 + −4)𝜇C = 4𝜇C is the charge enclosed by the gaussian 

surface at radius 𝑟.
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5.2 Potential Difference in a Uniform Electric Field

Problem 5.6
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5.2 Potential Difference in a Uniform Electric Field

Answer 5.6

a) 𝐸 = 0
𝑉 = 𝑘𝑒𝑞/𝑅 = 1.67 MV

b) 𝐸 = 𝐾𝑒𝑞/𝑟2 = 5.84 × 106 N/C
𝑉 = 𝑘𝑒𝑞/𝑟 = 1.17 MV

c) 𝐸 = 𝐾𝑒𝑞/𝑅2 = 11.9 × 106 N/C
𝑉 = 𝑘𝑒𝑞/𝑅 = 1.67 MV
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