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Charges are the basic unit of study for electricity. Protons that are in the nuclei of 
atoms are positively charged, and electrons that orbit the nuclei are negatively charged. 
Electrons and protons have an equal and opposite charge. One electron has a charge 
of    -1.602 x 10-19 coulombs or -1.602 x 10-19 C, and one proton has a charge of +1.602 
x 10-19 C. Just like the Earth exerts a force on the moon and vice versa, charges exert 
forces on other charges that are separated in space. However, gravitational forces are 
attractive in nature whereas electrical forces, or Coulomb forces, can be attractive or 
repulsive. Like charges repel and opposite charges attract. The amount of force 
between two charges is given by Coulomb’s Law: 
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where ε0 is a constant called the permittivity of free space, q1 and q2 are the charges 
and r is the distance between the two charges. The direction of the force on one charge 
is either towards (attractive) or away (repulsive) from the other charge. The electric 
force is a vector quantity, just like other forces that you have learned about, since it has 
magnitude and direction. To describe the force that charges exert on each other when 
they are separated in space, it is convenient to define an electric field (just like a 
gravitational field aids in explaining gravitational force). A charge creates an electric 
field around it. When another charge is placed in that electric field, that charge feels an 
electric force exerted on it (and the original charge feels an equal and opposite electric 
force exerted on it). We can visualize the electric field by carrying around a “positive test 
charge q0” and determining what kind of electric forces are exerted on it as shown in 
Fig. 1. This method maps out the electric field lines. The denser the electric field lines, 
the stronger the electric field. In the figure the test charge q0 will be repulsed radially 
outwards by the positive charge that created the electric field. When the test charge is 
placed closer to the positive charge, then the electric field strength is stronger. An 
electric field is also a vector quantity since it has magnitude (strength of the field) and 
direction. 

 



 

 

 

 

 

 

 

 

 

 

 

 

 Figure 1. A positive charge has an electric field around it depicted by the blue arrows. The density 
of lines is greater closest to the positive charge, indicating a larger electric field strength. A test charge, 
q0, can be placed around the positive charge to map out the electric field lines. 

 

Since a charge has a force exerted on it due to the electric field, that force can do work 
on the charge (�⃗�𝐹 ∙ 𝑑𝑑 = 𝑊𝑊 = ∆𝑈𝑈).1 The amount of electric potential energy U that a 
charge has is the amount of energy it would gain or lose if it moved from the point a to 
point b. It depends on where the charge is within the electric field. The electric potential 
V for a charge is the electric potential energy divided by the charge.  

 

Go to: 

https://phet.colorado.edu/sims/html/charges-and-fields/latest/charges-and-
fields_en.html 

Check the boxes Electric Field, Values, and Grid. Put a 1 nC positive charge on the 
grid. The field direction is indicated by the arrows. The electric field strength is indicated 
by the intensity of the arrows (brighter white  higher electric field strength, dimmer 
white  lower electric field strength). The electric field strength should fall off as 1/r2 for 
a singular charge. You can add a yellow sensor at any point on the grid which will 
display the electric field strength at that point.  

1. Draw a sketch of the electric field lines for the 1 nC positive charge. 
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2. Use the voltmeter by dragging it out of the box and onto the grid to find points 
that are all at the same potential (equipotential lines). Sketch and label a few 
equipotential lines (i. e. find points that are all at 12 V) on your drawing. How do 
these equipotential lines compare to your electric field lines? 
 

3. Add a negative point charge to the grid. 
 

4. Draw a sketch of the electric field lines for the two charge configuration. 
 

5. Create another charge configuration and sketch the electric field lines. 
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