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Chapter 21: Electric potential

Electric Potential
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What is Potential Energy?

Think! a object of mass m is lifted 
against the gravitational force – it will 
have a potential energy

m
mg

h

To lift this object at height h, we 
need to work against the 
gravitational force (= mg), 

Where g is gravitational constant 
= 9.8 m/s2

At height h, it gains the extra 
energy, which is called potential 
energy

Potential Energy change = work done

= Force x displacement

= mg x h

What about charged object in E-fields?
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What is Electric Potential Energy (Uelec)?

Just like gravitational force, 

electrostatic force is conservative

To see how the potential energy of  

of a charge changes with position, 

think that we placed a positive 

charge qtest, in uniform electric field 

created by a parallel plate capacitor

++++++++++++++++

----------------------------

qtest

�It will accelerate towards negative 
plate

� To bring the qtest upwards, we 
need to apply external force (Fext) 

�How much? Equivalent to the 
electrostatic force exerted on the qtest

due to the electric field E

F electrostatic= E qtest

�Work done = Force x displacement d

This work done by external force = the 
increase in electric potential energy (Uelec) of 
qtest = Eqtestd
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Electric Potential Energy continued…

�Gravitational potential energy 
always increases, when you lift an 
object

� Electrostatic potential energy of 
charge particle depends on the 
direction of electric field 

�Electric potential energy of a 
charge particle will increase when 
we move it against the direction that 
the electrostatic force would 
normally tend to move it 

++++++++++++++++

----------------------------

qtest

d



Dr. Mangala Singh, 1P22/1P92Brock University

What is Electric Potential (V)?

�Electric potential, also called 
voltage, is related to Uelec in the same 
way, as electric field E is related to 
the electrostatic force

� The change in electric potential 
(∆V) is defined as 

++++++++++++++++

----------------------------

qtest

d

elec

test

U
V

q
∆ =

Units of electric 
potential  = J/C  
(also called volt, 
V)

1 J/C = 1 V

1. Electric potential 
depends on the source 
charges that create E-
field and not on the test 
charge

2. It is a scalar 

3. It tells how much a 
charge will gain energy 
when it moves from a 
point 1 and 2
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Example Problem
A uniform electric field of 1000 N/C is established between a parallel plate capacitor. A 
particle with charge of +0.005C is moved 3 cm from the negatively charged plate to the top 
plate. 

1. Change in electric potential energy Uelec? 
U elec = Eqtestd
[ Given qtest = 0.005C; d= 3cm= 0.03m, E= 1000N/C]
Uelec= (1000N/C)(0.005C)(0.03m) = 0.15J

2. Change in electric potential (∆V) = Uelec/qtest

= 0.15J/0.005C = 30V
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Uelec associated with point charges

Test charge qtest

test source
elec

q Q
U K

r
=

Source charge Qsource

Uelec energy needed to bring 
qtest & Qsources together from 
 infinity
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Electric Potential continued…

elec source

test

U Q
V K

q r
= =
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Electric potential and potential energy due to multiple point 
charges

i j

elec

ij

i

i

q q
U K

r

q
V K

r

= ∑

= ∑

Multiple charges: 
1. Apply superposition rule

2. Calculate potential energy for 
every pair of the charges

3. Sum algebraically
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Problem: Two charges q1 and q2 lie in x-axis (see Fig) 

(a) What is total electric potential at P

+ -

(3,0)m

P
(0,4) m

5µc

-2µc

1 2

1 2

( )P

q q
V K

r r
= +

Vp= (9x106Nm2C-2)[5x10-6C/4m –

2x10-6C/5m]

= 7.65 x 103 V

(b) How much work will be required to bring a 3rd charge at point P?

= q3Vp

Say q3 = 3µC; Work = 2.3 x10-2 J
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Potential of a Parallel-Plate Capacitor  

-

-

-

-

-

-

-

+

+

+

+

+

+

+

+

elec

elec test

test

U
V U Vq

q
= ⇒ =

Uele(x, q)

q<0

q>0
V(x) 

V depends on the reference point

Uelec also depends on the sign of the test charge
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Find electric potential (V) of the capacitor at point x? 

elec
U Workdone qEx= =

capacitor

o

Q
E

Aε
=

o

Q
V x

Aε
⇒ =

c

x
V V

d
= ∆

Potential difference (∆V) between two plates separated by d ? 

c

c
capacitor

V V V Ed

V
E

d

+ −∆ = − =

∆
⇒ =

--------(1)

--------(2)

--------(3)
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The Potential Inside a Parallel-Plate Capacitor

Slide 21-25

elec

0

U Q
V Ex x

q A∈
= = =
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Application
Energy gained by a charged particle going through a potential difference

-

-

-

-

-

-

-

+

+

+

+

+

+

+

+

Kinetic energy (K.E.) of a particle of mass m and velocity v = ½
mv2

Find initial kinetic energy = ½ mvi
2 

Final kinetic energy = ½ mvf
2

Potential energy change = q(Vf-Vi)

Since energy is conserved 

Initial K.E. + initial Potential Energy 

= Final K.E. + Potential energy

½ mvi
2 +qVi = ½ mvf

2+ qVf
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Charged Particle Moving Through a Potential 

Difference 
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Brookhaven National lab
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Problem

A parallel-plate capacitor is held at a potential difference of 250 V.  A proton is fired 
toward a small hole in the negative plate with a speed of 3.0 x 105 m/s. What is its speed 
when it emerges through the hole in the positive plate? (Hint: The electric potential 
outside of a parallel-plate capacitor is zero).
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Electric Potential of a Point Charge
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Electric Potential: Charged Sphere

Outside of a sphere of charge Q the potential has the same form as 

for a point charge Q:

If the sphere has radius R and the potential at its surface is V0, then 
the potential a distance r from its center can also be written

0

R
V V

r
=
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Relationship between Electric Potential and Electric Field
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Electric Potential and Electric Field for Three Important Cases

Slide 21-32
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A Conductor in Electrostatic Equilibrium
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A Topographic Map

Slide 21-21
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Summary 
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Summary 


