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• When a test charge (q0) is placed in an electric field, it experiences a force q0E

• The force (q0E) is conservative

• For an infinitesimal displacement ds of a 

charge, the work done by the electric

field on the charge is F . ds = q0E . ds. 

• As this work is done by the field, the 

potential energy of the charge-field system 

is changed by ΔU = - qo E . ds

• For a finite displacement of the charge from 

A to B, the change in potential energy is



❑ Electric potential (or simply the potential) V is potential energy per unit charge  U/q0

The potential is characteristic of

the field only (source charge distribution), 

independent of a charged test particle 

that may be placed in the field. 

Potential energy is characteristic of the 

charge–field system due to an interaction

between the field and a charged

particle placed in the field 

❑ potential has a value at every point in an 

electric field

❑ potential energy is a scalar quantity means 

that electric potential also is a scalar quantity

❑ The potential difference  ΔV = VB -VA between 

two points A and B 

❑ The potential difference (ΔV) between A and B depends only on the source charge 

distribution (consider points A and B without the presence of the test charge), 

while the difference in potential energy exists only if a test charge is moved between the points.



❖ Assume a charge moves in an electric field without any change in its kinetic energy

❖ The work performed on the charge is changes the potential energy of the system 

W = ΔU = q Δ V 

Electric potential unit is volt (V) 

1 J of work must be done to move a 1-C charge through a potential difference of 1 V.

Electron volt (eV) is a unit of energy and defines the energy a charge–field system gains or 

loses when a charge of magnitude e (that is, an electron or a proton) is moved through a 

potential difference of 1 V. 





(a) When the electric field E 

is directed downward, point B 

is at a lower electric potential 

than point A. When a positive 

test charge moves from point 

A to point B, the charge–field 

system loses electric potential 

energy. 



❑ The change in the potential energy

❑ If q0 is positive, then ΔU is negative. 

We conclude that a system consisting of a positive charge and an electric field loses 

electric potential energy when the charge moves in the direction of the field.

❑ Electric field does work on a positive charge when the charge moves in the direction

of the electric field.

❑ If a positive test charge is released from rest in this electric field, it experiences an electric 

force q0E in the direction of E (downward in Fig. 25.2a). Therefore, it accelerates 

downward, gaining kinetic energy.

As the charged particle gains kinetic energy, the charge–field system loses an

equal amount of potential energy

❑ If q0 is negative, then ΔU is positive and the situation is reversed:

A system consisting of a negative charge and an electric field gains electric potential 

energy when the charge moves in the direction of the field. 

❑ If a negative charge is released from rest in an electric field, it accelerates in a direction 

opposite the direction of the field. In order for the negative charge to move in the direction of 

the field, an external agent must apply a force and do positive work on the charge.





A uniform electric field directed 

along the positive x axis. Point B is 

at a lower electric potential than 

point A. Points B and C are at the 

same electric potential.

Equipotential surface

is given to any surface consisting of a 

continuous distribution of points having the 

same electric potential.

The potential difference VB - VA   is equal to the 

potential difference VC  - VA







The potential difference between points A and 

B due to a point charge q depends only on the

initial and final radial coordinates rAand rB. 

➢ Isolated positive point charge q produces 

an electric field that is directed radially 

outward from the charge.

➢ The electric potential difference 

at a point located a distance r 

from the charge

A and B are the two arbitrary points 

➢ The electric field due to the point charge

Potential difference between any two points A and B in a field created 

by a point charge depends only on the radial coordinates rA and rB



❖ To choose the reference of 

electric potential for a point 

charge

applying the superposition principle

Easier to evaluate V than to evaluate E.

➢ Potential energy of a system of two charged particle 

➢ total potential energy of the system of three charges





Selected Solved Problems (Chapter # 25)

Q1: A proton is moved from the negative plate to the positive 

plate of a parallel-plate arrangement. The plates are 1.5cm 

apart, and the electric field is uniform with a magnitude of 

1500N/C.

A)What is the potential difference between the plates?

B) How much work would be required to move 

a proton from the negative to the positive plate?

C) If the proton is released from rest at the positive plate, 

what speed will it have just before it hits the negative plate?

Problem 6 Page 787

The difference in potential between the accelerating plates in the electron 

gun of a TV picture tube is about 25 000 V. If the distance between these 

plates is 1.50 cm, what is the magnitude of the uniform electric field in this 

region?
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