


18.1 Electric Potential Energy 

Remember the equations from mechanics and the 
fact that the work done is change in energy 

𝑊𝑎→𝑏 = 𝐹 𝑠 cos ∅ =  𝑈𝑎 − 𝑈𝑏 = 𝑊𝑛𝑒𝑡 = ∆𝐾𝐸 



𝑊𝑎→𝑏 = 𝐹 𝑠 cos ∅ =  𝑈𝑎 − 𝑈𝑏 = 𝑊𝑛𝑒𝑡 = ∆𝐾𝐸 

Apply this to electric fields 

𝑊𝑎→𝑏 = 𝐹 𝑠 = 𝑞′ 𝐸 𝑠 

𝑊𝑎→𝑏 = 𝑈𝑎 − 𝑈𝑏 
= 𝑞′ 𝐸 (𝑦𝑎 − 𝑦𝑏) 

Test charge 

Electric potential energy 



Comparing 
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Potential Energy of Point Charges 
It’s useful to calculate the work done on a test charge 𝑞′ when it moves in the 
electric field caused by a single stationary point charge q.  

𝑊𝑎→𝑏 =
𝑘 𝑞 𝑞′

𝑥
= 𝑘 𝑞 𝑞′  
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Making U = 0 at infinity is a convenient reference level for 
electrostatic problems, but in circuit analysis other 
reference levels are often more convenient. 



18.2 Potential 





In the context of electric circuits, potential is often 
called voltage.  
For instance, a 9 V battery has a difference in 
electric potential (potential difference) of 9 V 
between its two terminals. A 20,000 V power line 
has a potential difference of 20,000 V between 
itself and the ground. 













EXAMPLE 18.3 Potential of two point charges 
Two electrons are held in place 10.0 cm apart. Point a is midway 
between the two electrons, and point b is 12.0 cm directly above 
point a.  
Calculate the electric potential at point a and at point b. 



Remember that potential 
is simply potential energy 
per unit charge. 

Parallel plates 

We choose the potential 

V to be zero at y = 0 (point 
b in our sketch). 



18.3 Equipotential Surfaces 
 

An equipotential surface is defined as a surface on which 
the potential is the same at every point.  
 
No point can be at two different potentials, so 
equipotential surfaces for different potentials can never 
touch or intersect. 
 
The potential energy for a test charge is the same at every 
point on a given equipotential surface, so the field does no 
work on a test charge when it moves from point to point 
on such a surface.  







E must be perpendicular to the surface at every point. 
Field lines and  equipotential  surfaces  are  always 
mutually  perpendicular.  
 
We can prove that when all charges are at rest, the 
electric field just outside a  conductor must be 
perpendicular  to  the  surface at  every point.  
 
It follows that, in an electrostatic situation, a conducting 
surface is always an equipotential surface. 





Equipotential 
surfaces within a 
capacitor 



18.4 The Millikan Oil-Drop Experiment 



Droplet  stationary  
𝑞𝐸 = 𝑚𝑔 

So 

𝑞 =
𝑚𝑔

𝐸
 

we can find E from 

𝐸 =
𝑉

𝑑
 

and find m from 

𝑚 = 𝜌𝑉 = 𝜌
4𝜋𝑟2

3
 

and r from terminal velocity 



Now we can measure the charge on a droplet. 
Each droplet will have a different charge (+ or -). 
 
So with MANY measurements and knowing that 
 

𝑞 = ±𝑛 𝑒 
 
We can determine e. 
 
(Where n is an integer and e is the charge on an 
electron) 



An electron has a charge of 
 

1.602 𝑥 10−19 𝐶 
 
 

Electrovolt 
 
An electrovolt is a unit of energy 
 
If we move an electron through a potential  difference of 
1V 
 
∆𝑈 = 𝑞𝑉 = 1.602 𝑥 10−19   x   1  
 

1 𝑒𝑉 = 1.602 𝑥 10−19 J 



18.5 Capacitors 







We can define the surface charge density as 

𝜍 =
𝑄

𝐴
 

Where Q is the charge on the plates and A is the area of the plates 
 

𝐸 =
𝜍

𝜖0
=

𝑄

𝜖0𝐴
=

𝑉

𝑑
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18.6 Capacitors in Series and in Parallel 















18.7 Electric Field Energy 
 
 
Many of the most important applications of capacitors 
depend on their ability to store energy.  
The capacitor plates, with opposite charges, separated 
and attracted toward each other, are analogous to a 
stretched spring or an object lifted in the earth’s 
gravitational field.  
The potential energy corresponds to the energy input 
required to charge the capacitor and to the work done 
by the electrical forces when it discharges. This work is 
analogous to the work done by a spring or the earth’s 
gravity when the system returns from its displaced 
position to the reference position. 



Energy in a capacitor 
 

𝑉 =
∆𝑊

∆𝑞
 

∆𝑊 = 𝑉 ∆𝑞 =
𝑞

𝐶
 ∆𝑞 

 

𝑈 = 𝑊𝑡𝑜𝑡𝑎𝑙 =
𝑉

2
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𝑉
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𝐶𝑉 =

1
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Where V/2 is the average potential 
difference during the charging process. 
 



Energy  density in an Electric field 
 

 

 Since          𝐶 =
𝜖𝑜𝐴

𝑑
   𝑎𝑛𝑑   𝑉 = 𝐸𝑑 

 
 
 

𝑢 = 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 =  
𝐸𝑛𝑒𝑟𝑔𝑦
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18.8 Dielectrics 
 
Placing a solid dielectric between the plates of a capacitor 
serves three functions. 
 
First, it solves the mechanical problem of maintaining two 
large metal sheets at a very small separation without actual 
contact. 
 
Second, many insulating materials can tolerate stronger 
electric fields without breakdown than can air. 
 
Third, the capacitance of a capacitor of given dimensions is 
greater when there is a dielectric material between the 
plates than when there is air or vacuum. 





Dielectric constant of the material, K 
 

𝐾 =
𝐶

𝐶𝑜
 

Where C0 is the capacitance in a vacuum 



𝐾 =
𝐶

𝐶𝑜
 

 

𝐶 = 𝐾 𝐶𝑜 
 

𝑉 =
𝑉𝑜

𝐾
 

 

𝐸 =
𝐸𝑜

𝐾
 





Dielectric Breakdown 
 
The maximum electric field a material can withstand 
without the occurrence of breakdown is called 
its dielectric strength. 



18.9 Molecular Model of Induced Charge 



Induced negative                                    Induced positive 










