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Chapter 7  Electrodynamics

There are really two forces involved in driving current around a circuit: the
source, f;, which is ordinarily confined to one portion of the loop (a battery, say),
and an electrostatic force, which serves to smooth out the flow and communicate
the influence of the source to distant parts of the circuit:

f=f +E. (7.8)

The physical agency responsible for f; can be many different things: in a battery
it’s a chemical force; in a piezoelectric crystal mechanical pressure is converted
into an electrical impulse; in a thermocouple it’s a temperature gradient that does
the job; in a photoelectric cell it’s light; and in a Van de Graaff generator the
electrons are literally loaded onto a conveyer belt and swept along. Whatever the
mechanism, its net effect is determined by the line integral of f around the circuit:

szf-dlszs~dl. (7.9)

(Because f E - dl = 0 for electrostatic fields, it doesn’t matter whether you use
f or f;.) £ is called the electromotive force, or emf, of the circuit. It’s a lousy
term, since this is not a force at all—it’s the integral of a force per unit charge.
Some people prefer the word electromotance, but emf is so established that I
think we’d better stick with it.

Within an ideal source of emf (a resistanceless battery,4 for instance), the net
force on the charges is zero (Eq. 7.1 with 0 = 00), so E = —f;. The potential
difference between the terminals (a and b) is therefore

b b
V=—f E~dl:ffs-dl:ffs-dl:8 (7.10)

(we can extend the integral to the entire loop because f; = 0 outside the source).
The function of a battery, then, is to establish and maintain a voltage difference
equal to the electromotive force (a 6 V battery, for example, holds the positive ter-
minal 6 V above the negative terminal). The resulting electrostatic field drives cur-
rent around the rest of the circuit (notice, however, that inside the battery f; drives
current in the direction opposite to E).?

Because it’s the line integral of f;, £ can be interpreted as the work done per
unit charge, by the source—indeed, in some books electromotive force is defined
this way. However, as you’ll see in the next section, there is some subtlety in-
volved in this interpretation, so I prefer Eq. 7.9.

4Real batteries have a certain internal resistance, r, and the potential difference between their termi-
nals is £ — Ir, when a current / is flowing. For an illuminating discussion of how batteries work, see
D. Roberts, Am. J. Phys. 51, 829 (1983).

SCurrent in an electric circuit is somewhat analogous to the flow of water in a closed system of pipes,
with gravity playing the role of the electrostatic field, and a pump (lifting the water up against gravity)
in the role of the battery. In this story height is analogous to voltage.



