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Potential difference and electric potential 





Work and Potential (V)
The work done by the electric force in moving a test 
charge from point a to point b is given by
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Dividing through by the test charge q0 we have
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Rearranging so the order of the subscripts is the same 
on both sides



Electric Potential
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From this last result

We see that the electric field points in the direction of 
decreasing potential
Work (W) = Ua – Ub = q (Va - Vb)

We get E
dx

dV
ldEdV  or  


We are often more interested in potential differences 
as this relates directly to the work done in moving a 
charge from one point to another



Units for Energy

There is an additional unit that is used for energy in 
addition to that of joules

A particle having the charge of e (1.6 x 10-19 C) that is 
moved through a potential difference of 1 Volt has an 
increase in energy that is given by

eVjoulesVqW 1106.1 19  



General Points for either positive or negative charges
The Potential increases if you move in the direction 
opposite to the electric field

and
The Potential decreases if you move in the same
direction as the electric field

Electric Potential

∆𝑉 = −𝐸 𝑑 cos 180
   ∆𝑉 = +𝐸 𝑑

∆𝑉 = −𝐸 𝑑 cos 0
     ∆𝑉 = −𝐸 𝑑



What is the potential difference between points A and B?
ΔVAB = VB - VA

a) ΔVAB > 0 b) ΔVAB = 0 c) ΔVAB < 0

E
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Example 1

Points A, B, and C lie in 
a uniform electric field.

Since points A and B are in the same relative horizontal 
location in the electric field there is no potential 
difference between them

The electric field, E, points in the direction of decreasing 
potential
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Point C is at a higher potential than point A.

True                         False

Example 2
Points A, B, and C lie in 
a uniform electric field.

As stated previously the electric field points in the direction of 
decreasing potential

Since point C is further to the right in the electric field and the 
electric field is pointing to the right, point C is at a lower potential

The statement is therefore FALSE



If a negative charge is moved from point A to point B, its electric 
potential energy

a) Increases. b) decreases. c) doesn’t change.
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Example 3
Points A, B, and C lie in a 
uniform electric field.

The potential energy of a charge at a location in an electric 
field is given by the product of the charge and the potential at 
the location (pE=q 

As shown in Example 1, the potential at points A and B are 
the same

Therefore the electric potential energy also doesn’t change



Units for Energy

There is an additional unit that is used for energy in 
addition to that of joules

A particle having the charge of e (1.6 x 10-19 C) that is 
moved through a potential difference of 1 Volt has an 
increase in energy that is given by

eVjoulesVqW 1106.1 19  



Electric Potential (V) due to point of charge
We define the term to the right of the summation as 
the electric potential at point a
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Like energy, potential is a SCALAR

We define the potential of a given point charge as being

r

q
VPotential

04

1




This equation has the convention that the potential is 
zero at infinite distance

V     



The net potential V at the origin is simply the algebraic sum of the potentials due 
to each charge taken in isolation. Thus,

The work W which we must perform in order to slowly moving a charge q3 from 
infinity to the origin is simply the product of the charge and the potential 
difference. Thus, 

Example



Electric Potential(v) due to dipole 

Line BA is on the z axis. The positive charge is at (0, 0, a) 
and the negative charge is at (0, 0, -a)
We consider an electrical potential at the point P, due to 
the electric dipole moment

𝑣 =
𝑘𝑞

𝑟

𝑣 =  

𝑣 = 𝑘𝑞
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𝑟
−
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Equipotential Surfaces

• It is possible to move a test charge from one 
point to another without having any net work 
done on the charge.

• This occurs when the beginning and end points 
have the same potential

• It is possible to map out such points and a given 
set of points at the same potential form an 
equipotential surface



Equipotential Surfaces

• The electric field does no work as a charge is moved 
along an equipotential surface

• Since no work is done, there is no force, qE, along the 
direction of motion

• The electric field is perpendicular to the equipotential 
surface



•Capacitor 



Capacitance and Dielectrics







Types of capacitors 
• 1- parallel plate capacitor

° …….(26-3)        due to the geometry      

parallel plate capacitor

2- cylindrical capacitor
° due to the geometry    

Where a= the small radios, b= the bigger radios and = 
the length of the cylinder 



Types of capacitors 

3- Spherical capacitor 
° due to the geometry 

• Where a= the small radios, b= the bigger 
radios



Connection of Capacitors
1- parallel combination  
. The individual potential differences across capacitors 
connected in parallel are the same and are equal to the 
potential difference applied across the combination. 
V=
. The total charge on capacitors connected in parallel is 
the sum of the charges on the individual capacitor 
Q= 
The equivalent capacitance of parallel connected is the 
algebraic sum of individual capacitance 

= parallel connection 

Q1 = 𝑐  𝑣
Q2 = 𝑐  𝑣
Q3 = 𝑐  𝑣

𝐶  𝑣 = 𝑐  𝑣 + 𝑐  𝑣 + 𝑐  𝑣

Q= 𝑄  + 𝑄  + 𝑄  
𝐶   = 𝑐  + 𝑐  + 𝑐  



Series combination
• The charges on capacitors connected in series are  

the same
• = 
• The total potential differences across any number 

of capacitors connected in series is  the sum of the 
potential difference across the individual capacitors 

• v= 
• The inverse of the equivalent capacitance of series 

connection is the algebraic sum of  inverse of the 
individual capacitances 

• = 

𝑄= 𝑐  𝑣 = 𝑐  𝑣 = 𝑐  𝑣
v= 𝑣  + 𝑣  + 𝑣

= +  +

= +  +



Example 



• The work done in charging the capacitor appears as electric potential 
energy  U stored in the capacitor as in the following forms 

• ………1 

•

• …………3
• The unite of energy is joule (J)



Energy density 

• The energy per unite volume known as the energy density 

•

•   = °

•  

The energy density in any electric field is proportional to the square of 
magnitude of the electric field at a given point.



Dielectric 
• The capacitance of a set of charged parallel plates is 

increased by the insertion of a dielectric material.

• °

• Also °

°

• if we put the dielectric between two plates of the 
capacitors, then the capacitance is increased as in the 
following form   

• c ° where k = the dielectric constant 

• K= 
°

The dielectric is the free space (air)




