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• Electric force is a conservative force
• A force is said to be conservative if the work done by the force is 

independent of the path, that is, it depends only on the start and end points. 
• Hence, a potential energy function (𝑈𝑈) associated with the electric 

force can be defined such that: 
𝑊𝑊 = −Δ𝑈𝑈
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• Moving a mass up increases its gravitational potential 
energy by 𝑚𝑚𝑚𝑚𝑚𝑚
• 𝚫𝚫𝑼𝑼 = −𝑊𝑊 = −𝑚𝑚𝑚𝑚𝑚𝑚 cos 180 = 𝒎𝒎𝒎𝒎𝒎𝒎
• Recall: work done by a constant force is 𝑊𝑊 =

𝐹𝐹 𝑚𝑚 cos𝜃𝜃 where 𝜃𝜃 is the angle between the force 
and displacement

• Similarly, moving a positive charge opposite to a 
uniform external field (𝐸𝐸): 
• 𝚫𝚫𝑼𝑼 = −𝑊𝑊 = −𝑞𝑞𝐸𝐸𝑚𝑚 cos 180 = 𝒒𝒒𝒒𝒒𝒎𝒎
• Try calculating Δ𝑈𝑈 when the positive charged is moved 

in the direction of the field
• What about a negative charge?
• What if the charge is moved perpendicular to the 

field?
• What if the charged is moved at an angle with respect 

to the field?
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• The electric potential energy of a positive charge:
• decreases when it moves in the direction of the electric field (Δ𝑈𝑈 −)
• increases when it moves opposite to the electric field (Δ𝑈𝑈 +)

• The electric potential energy of a negative charge:
• increases when it moves in the direction of the electric field (Δ𝑈𝑈 +)
• decreases when it moves opposite to the electric field (Δ𝑈𝑈 −)

• Note that in general the potential energy decreases in the direction of the electric force
• Electric potential energy (𝑈𝑈) a scalar physical quantity, measured in Joules (J)

• All-in-one formula when a charge is moved in a uniform electric 
field 𝐸𝐸

Δ𝑈𝑈 = −𝑞𝑞𝐸𝐸 Δ𝑠𝑠
Δ𝑠𝑠: displacement parallel to the electric field. Take it positive if it is in the 
direction of the field and negative if opposite to the direction of the field
𝐸𝐸: magnitude of the electric field
𝑞𝑞: the charge, with sign (+ or −)

5





Copyright ©2022 John Wiley & Sons, Inc. 6

24.1 Electric Potential

Definition : The electric potential V at a point P in the electric field of 
a charged object is:

0 0

W UV
q q

∞−
= =

where W∞ is the work that would be done by the electric force on a positive 
test charge q0 were it brought from an infinite distance to P, and U is the 
electric potential energy that would then be stored in the test charge–object 
system.
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Potential Energy of Charged Particle

If a particle with charge q is placed at a point where the electric 
potential of a charged object is V, the electric potential energy U of the 
particle–object system is:

.U qV=
The SI unit of the electric potential is J/C = Volt (V)

𝟏𝟏 𝐕𝐕 = 𝟏𝟏 𝐉𝐉/𝐂𝐂 : the energy of 1 C charge changes by 1 J when it moves through a potential difference 
of 1 V



Example

• A 3 μC charge is moved through a potential difference of 640 V. What is its 
potential energy change?
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Work vs. Change in Electric Potential
Change in Electric Potential. If the particle moves through a 
potential difference ΔV, the change in the electric potential 
energy is:

( ).∆ = ∆ = −f iU q V q V V

Work by the Field. The work W done by the electric force as 
the particle moves from i to f:

( ).f iW U q V q V V= −∆ = − ∆ = − −
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Work-Energy Conservation
Conservation of Energy. If a particle moves through a change ΔV in 
electric potential without an applied force acting on it, applying the 
conservation of mechanical energy gives the change in kinetic 
energy as

( ).f iK q V q V V∆ = − ∆ = − −

Work by an Applied Force. If some force in addition to the electric force 
acts on the particle, we account for that work

app app.K U W q V W∆ = −∆ + = − ∆ +



• In general, for a mass moving from A to B due to a conservative force:

• For the electric force:

• So that

• Or:

Δ𝐾𝐾 =
1
2  𝑚𝑚 𝑣𝑣𝑓𝑓2  −

1
2  𝑚𝑚𝑣𝑣𝑖𝑖2 =  −𝑞𝑞 ∆𝑉𝑉 = −Δ𝑈𝑈
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Example
• A particle of mass 2 × 10−9 kg and charge 6 𝑛𝑛C has a speed of 18 m/s at a point 

where the electric potential is 250 V. It moves through a point where the electric 
potential is 110 V. What is its speed at this second point? (answer: 34.11 m/s)
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Example

• A proton is accelerated through a potential difference of −2 V 
a) what is the change in its potential energy?

b) how fast will this proton be moving if it started from  rest?
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Example

• A proton at rest is released in a uniform electric field. What potential 
difference must it move through in order to acquire a speed of 6 ×
107 m/s?

14



Copyright ©2022 John Wiley & Sons, Inc. 15

Characteristic of Equipotential Surface

Adjacent points that have the same electric potential form an equipotential surface, 
which can be either an imaginary surface or a real, physical surface.

For the positive point charge below, the green lines represent equipotential 
surfaces

Section 24.2 
Equipotential Surfaces and the Electric Field
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Electric field lines (blue) and cross sections of equipotential surfaces (gold) for (a) a uniform electric field, 
(b) the field due to a charged particle, and (c) the field due to an electric dipole.

Examples of Equipotential Surfaces



• Question: Is the electric potential at point 1 in the figure greater than, 
less than, or equal to the electric potential at point 3?
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Equipotential Surfaces and The Electric Field
• The work done to move a charge from any point on the equipotential surface to any 

other point on the equipotential surface is zero since they are at the same 
potential. Furthermore, equipotential surfaces are always perpendicular to the 
electric field lines

• The electric field must be perpendicular to equipotential lines. Why?
• Otherwise, work would be required to move a charge along an equipotential 

surface, and it would not be equipotential. 

• In the static case (charges not moving) the surface of a conductor is an 
equipotential surface. Why?
• Otherwise, charges would flow, and then it wouldn’t be a static case. 
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Energy Changes for Paths Within and Between 
Equipotential Surfaces
The adjacent figure shows a family of equipotential 
surfaces associated with the electric field due to some 
distribution of charges. 
o The work done by the electric field on a charged particle 

as the particle moves from one end to the other of 
paths I and II is zero because each of these paths begins 
and ends on the same equipotential surface and thus 
there is no net change in potential.

o  The work done as the charged particle moves from one 
end to the other of paths III and IV is not zero but has 
the same value for both these paths because the initial 
and final potentials are identical for the two paths; that 
is, paths III and IV connect the same pair of 
equipotential surfaces.
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Potential Difference vs. Travel Along Path in Electric 
Field

The electric potential difference between two points i and f is :

,
f

f i i
V V E ds− = − ⋅∫

 

where the integral is taken over any path connecting the points. 

 In a uniform field of magnitude E, the change in potential from a higher 
equipotential surface to a lower one, separated by distance Δx, is

.V E x∆ = − ∆
 From this relation, electric field has units of V/m, which is the same as N/C

 The electric potential decreases in the direction of the electric field (Δ𝑉𝑉 − ve) and 
increases opposite to the direction of the electric field (Δ𝑉𝑉 + ve) 



Example
The electric potential at point B in the parallel plate capacitor shown is less than 
the electric potential at point A by 4.5 V. The separation between the points A and 
B is 0.12 cm, and the separation between the plates is 2.55 cm.

a) Find the electric field within the capacitor
b) Find the potential difference between the plates. 
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Potential Change for a Radial Path through a Particle-Generated Electric Field (part one)
The electric potential difference between two points i and f is:

For radial path

,
f

f i i
V V E ds− = −∫



The magnitude of the 
electric field at the site 
of the test charge

.f i R
V V E dr

∞
− = −∫

We set ( )0 atfV = ∞

and Vi =V (at R)

2
0

1 .
4

qE
rπε

=

2
0 0

1 10
4 4R

R

q qV dr
r rπε πε

∞
∞  − = − =   ∫

Section 24.3
 Potential due to a Charged Particle
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Potential Change for a Radial Path through a Particle-Generated Electric Field (part two)

Solving for V and switching R to r, we get the electric potential for a point charge:

0

1
4

qV
rπε

=

The potential due to a collection of charged particles is:

( )
1 10

1 charged particles .
4

n n
i

i
i i i

q
V V n

rπε= =

= =∑ ∑

Thus, the potential is the algebraic sum of the individual potentials, with no 
consideration of directions.
A positively charged particle produces a positive electric potential. A negatively 
charged particle produces a negative electric potential.
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Potential due to a Charged Particle: 
Checkpoint

The figure here shows three arrangements of two protons. Rank the 
arrangements according to the net electric potential produced at point P 
by the protons, greatest first.

Answer:
Same net potential (a) = (b) = (c)
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Home Practice 

Solution:
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Work to Move a Charge Through an Electric Field

dsSuppose that a positive test charge q0 moves through a displacement       from one 

equipotential surface to the adjacent surface. The work the electric field does on the test 

charge during the move is – q0 dV. On the other hand the work done by the electric field may 

also be written as the scalar product ( )0 .q E ds⋅
 

( )0 0 cos ,q dV q E dsθ− =
or

cos .dVE
ds

θ = −

Since cosE θ is the component of E


in the direction of ,ds we get:

.s
VE
s

∂
= −

∂

Section 24.6 Calculating the Field from the Potential

Equating these two expressions for the work yields:
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E


If we take the s axis to be, in turn, the x, y, and z axes, we find that the x, y, and z 
components of     at any point are:

Thus, if we know  for all points in the region around a charge distribution—that is, 
if we know the function V(x,y,z) we can find the components of      ,and thus    
itself, at any point by taking partial derivatives.

For the simple situation in which the electric field    is uniform

E


E


E

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Extra Practice 1

Solution:



29

Extra Practice 2

Solution:
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Extra Practice 3

Solution:
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Electric Potential Energy Between a Pair of Charged Particles

 The total potential energy of a system of particles is the sum of the potential energies for 
every pair of particles in the system.

 The electric potential energy of a system of charged particles is equal to the work needed to 
assemble the system with the particles initially at rest and infinitely distant from each other. 

For two particles at separation r,

( )1 2

0

1 two-particle system .
4

q q
U

rπε
=

Section 24.7 Electric Potential Energy of a System of Charged Particles
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Electric Potential Energy Amongst Three Charged 
Particles (part one)

Sample Problem

The figure shows three charges  
fixed at the vertices of an 
equilateral triangle. . What is the 
electric potential energy U of this 
system of charges? 

Assume that d =12 cm and that:

1 2 3, 4 , and 2 ,q q q q q q= + = − = +

in which q =150 nC.

What is the eletric potential energy 
of the system?
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Answer to Sample Problem 

The negative potential energy means that negative work would be done in to create the three-charge 
structure.



Copyright ©2022 John Wiley & Sons, Inc. 34

Potentials and Electrical Field Strength of a Charged Isolated Conductor
An excess charge placed on an isolated conductor will distribute itself on the surface of 
that conductor so that all points of the conductor whether on the surface or inside come 
to the same potential. This is true even if the conductor has an internal cavity and even 
if that cavity contains a net charge. Our proof follows directly from:

a) A plot of V(r) both inside and 
outside a charged spherical shell 
of radius 1.0 m.

b) A plot of E(r) for the same shell.

Section 24.8 Potential of Charged Isolated Conductor
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Practical Application

It is wise to enclose yourself in a cavity 
inside a conducting shell, where the 
electric field is guaranteed to be zero?
A car (unless it is a convertible or made 
with a plastic body) is almost ideal!


