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Electric potential 
 

3.1 Electric Potential Energy 
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Special Case: Charge in a Constant Electric Field 
 

• the work done by the field on the charge is given by 
 

 
 
 
 
 
 
 
 
 
 
 

 
• the change in the gravitational potential energy of the mass  

 

 
 
 
 
 
 
 
 
 
 
 

moving charge, q: in the 
same direction as the 
electric field, 

Movement of charge, q: is 
opposite to the direction of 
the electric field 

A mass falls in a 
gravitational field. 

positive charge moves 
in the same direction as 
an electric field 
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3.2 Definition of Electric Potential 
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Other unit of electric field: 
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Example 3.1 Energy Gain of a Proton 
A proton is placed between two parallel conducting plates in a vacuum  
The difference in electric potential between the two plates is 450 V. The proton is 
released from rest close to the positive plate. 
 
What is the kinetic energy of the proton when it reaches the negative plate? 
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3.3 Equipotential Surfaces and Lines 
 

 
 
Equipotential surfaces (red lines) from a constant electric field.  
The purple lines with the arrowheads represent the electric field. 
 
Notes 
1. The surface of any conductor forms an equipotential surface. 
2. Equipotential surfaces are always perpendicular to the electric field lines at any 
     point in space. 
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3.4 Electric Potential of Various Charge Distributions 
 

• to relate the work done to the change in electric potential 
 

 
 

• the usual convention is to set the electric potential to zero at infinity. With this 
convention, we can express the potential at some point r in space as 
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Point Charge 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• q1 and q2 are negative charges. why? 
 

• q3 is positive. why? 
 

• The black line has voltage = zero 
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Fixed and Moving Positive Charges 

 
 
 
 
 
System of Point Charges 
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3.5 Finding the Electric Field from the Electric Potential 
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Potential of a Conductor 
 
Since the electric field is equal to the rate of change of potential, this implies that the 
voltage inside a conductor at equilibrium is constrained to be constant at the value it 
reaches at the surface of the conductor. 
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23.6 Electric Potential Energy of a System of Point Charges 
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1. An electric field is created by two parallel plates. At which of the following points is the electric field 

the strongest? 
A. A               B. B              C.C             D.D                
E. The electric field is the same at all points 
 

 
 
 

2. An electric field is created by two parallel plates. Which of the 
following points corresponds to the higher electric potential? 
A. A               B. B              C.C             D.D                
E. The electric potential is the same at all points 
 
 
 
 
 
 
 
 

3. A uniform electric field is created by two parallel plates 
separated by a distance of 0.04 m. What is the magnitude of 
the electric field established between the plates? 
A. 20 V/m 
B. 200 V/m    
C. 2,000 V/m            
D. 20,000 V/m  
 E. 0 V/m 
 
 
 
 
 
 

 
 

 
 

4. An electric field due to a positive charge is represented by 
the diagram. Which of the following points has higher 
potential? 
A. A                      
B. B                    
C. C                        
D. D                   
E. E 
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5. An electric field due to a positive charge is represented by 
the diagram. At which of the following points is the electric 
field strongest in magnitude? 
A. A                      
B. B                    
C. C                        
D. D                   
E. E 
 
 
 
 
 
 
 
 

 
 
 

6. An electric field due to a positive charge is represented by the 
diagram. Between which of the following two points does the 
electric field do zero work on a moving charge? 
A. A and B                      
B. B and C                   
C. C and D                       
D. D and E                   
E. E and A 
 
 
 
 
 

7. In the above diagram, the electric potential at point A is V. What is the electric potential at point B in 
terms of V? 
A. 2 V                        B. 4 V                        C. V                       D. 1

2
 V                         E. 1

4
 V 

 
 
 
 
 
 
 

8. In the above diagram, the magnitude of the electric field at point A is E. What is the electric field at 
point B in terms of E? 
A. 3 E                        B. 9 E                        C. E                       D. 1

9
 E                         E. 1

3
 E 
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9. A non-uniform electric field is represented by the 
diagram. At which of the following points is the 
electric field greatest in magnitude? 
A. A                           B. B                         C.C                         
D.D                      E.E 
 
 
 
 

 
 
 

10. A small conducting sphere is placed in a region of a 
non-uniform electric field. What is the direction of the 
electric force on the sphere applied by the field? 
 
 
A.                             B.                                  C.                           
 
 
 
 
 
D.                          E. 
 

 
 
 

11. A non-uniform electric field is represented by 
equipotential lines. What is the direction of the 
electric field at point A? 
 
 
A.                             B.                                  C.                           
 
 
 
 
D.                          E.  
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12. A non-uniform electric field is represented by 

equipotential lines. How much work is done by the 
electric field when a positive charge of magnitude  
1 µC moves from point A to point E? 
A. 0 µJ           B. 20 µJ          C. 40 µJ        D. 60 µJ        
E. 80 µJ 
 
 
 
 
 
        

13. A non-uniform electric field is represented by 
equipotential lines. A positive charge with a 
magnitude of 1 µC moves in the following path: 
A→B→C→D→E→A. How much work is done by 
the electric field? 
A. 0 µJ           B. 20 µJ          C. 40 µJ        D. 60 µJ        
E. 80 µJ 

 

 

 

1. E 
2. A 
3. C 
4. A 
5. A 
6. C 
7. E 
8. D 
9. E 
10. A 
11. E 
12. C 
13. A 
 

 
 
 
 


