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Suppose we wish to move a péint charge Q from point A to point B in an electric field
~ E as shown in Figure 4.18. From Coulomb’s law, the force on Q is F = QE so that the
work done in displacing the charge by dl is

dW = —-F-dl = -0k - dl (4.58)

The negative sign indicates that the work is being done by an external agent. Thus the total
work done, or the potential energy required, in moving Q from A to B is

B
W= -0 J’ E-dl (4.59)
A

Dividing Wby Q' in eq. (4.59) gives the potential energy per unit charge. This quantity,
denoted by V,z, is known as the potential difference between points A and B. Thus
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RELATIONSHIP BETWEEN EAND V-

As shown in the previous section, the potential difference between points A and B is inde-
pendent of the path taken. Hence,

Vea = —Vag
that 1s. ‘I-"".."i.q. + VAH — § E - dl = )

or

‘ i|;1:'cu={:- (4.73)

This shows that the line integral of E along a closed path as shown in Figure 4.19 must be
zero. Physically, this implies that no net work is done in moving a charge along a closed
path in an electrostatic field. Applying Stokes’s theorem to eq. (4.73) gives

jI;E-dIZJI[F}{E]~dS=D

or

| vxE=0 (4.74)




dV==-E-dl=-Ed-Edy-Ed
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Comparing the two expressions for dV, we obtain

Thus:




