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Chapter 23: Coulomb’s law 

 

Coulomb’s law 

 Any electrically charged object produces an electric field in the space around it. It could be something as small as 

an electron or a proton, or as large as a planet or star. 

 

A statement of Coulomb’s law is as follows: 

 
We consider two point charges Q1 and Q2 separated by a 

distance r (Figure 23.2). The force each charge exerts on the 

other is F. According to Newton’s third law of motion, the point 

charges interact with each other and therefore exert equal but 

opposite forces on each other. 

 

The force depends on each of the properties producing it (in 

this case, the charges), and it is an inverse square law with 

distance – if the particles are twice as far apart, the electrical 

force is a quarter of its previous value (Figure 23.3) 
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Electric potential  

When we discussed gravitational potential (page 276), we started from 

the idea of potential energy. The potential at a point is then the potential 

energy of unit mass at the point. We will approach the idea of electrical 

potential in the same way. 

Electric potential energy  

When an electric charge moves through an electric field, its potential 

energy changes. Think about this concrete example: if you want to move 

one positive charge closer to another positive charge, you have to push it 

(Figure 23.6). 

Energy changes in a uniform field  

We can also think about moving a positive charge in a uniform 

electric field between two charged parallel plates. If we move the 

charge towards the positive plate, we have to do work. The 

potential energy of the charge is therefore increasing. If we move 

it towards the negative plate, its potential energy is decreasing 

(Figure 23.7a). 

 

Potential difference is defined as the energy change per coulomb 

between two points. Hence, for charge Q, the work done in 

moving it from the negative plate to the positive plate is: 
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We can extend the idea of electric potential to measurements in electric 

fields. In Figure 23.9, the power supply provides a potential difference of 

10 V. The value of the potential at various points is shown. You can see that 

the middle resistor has a potential difference across it of (8 − 2) V = 6 V.  

 Energy in a radial fields 

The potential energy of the test charge increases as you push it. It 

increases more and more rapidly the closer you get to the repelling charge. 

This is shown by the graph in Figure 23.10. We can write an equation for 

the potential V at a distance r from a charge Q: 

 

 
The equipotentials get closer together as we get closer to the 

charge (Figure 23.11) 

T his allows us to give a definition of electric potential: 

 

Field strength and potential gradient  

We can picture electric potential in the same way that we thought 

about gravitational potential. A negative charge attracts a positive 

test charge, so we can regard it as a potential ‘well’. A positive 

charge is the opposite – a ‘hill’ (Figure 23.12). The strength of the 

field is shown by the slope of the hill or well:  

 

field strength = −potential gradient 

 

This relationship applies to all electric fields. For the special case 

of a uniform field, the potential gradient E is constant. Its value is 

given by E = ΔV / Δd  

 

where V is the potential difference between two points 

separated by a distance d. 
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Comparing gravitational and electric fields  

There are obvious similarities between the ideas we have used in this chapter to describe electric fields and those 

we used in Chapter 18 for gravitational fields. This can be helpful, or it can be confusing! The summary given in 

Table 23.1 is intended to help you to sort them out. 
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