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FIGURE 17-6 Equipotential lines (the green dashed lines) FIGURE 17-7 Equipotential lines (green. dashed) are always
between two charged parallel plates are always perpendicular to the electric field lines (solid red), shown here for
perpendicular to the electric field (solid red lines). two equal but oppositely charged particles (an “electric dipole™).

The fact that the electric field lines and equipotential surfaces are mutually
perpendicular helps us locate the equipotentials when the electric field lines are
known. In a normal two-dimensional drawing, we show equipotential lines, which
are the intersections of equipotential surfaces with the plane of the drawing. In
Fig. 17-6, a few of the equipotential lines are drawn (dashed green lines) for the
electric field (red lines) between two parallel plates at a potential difference of
20'V. The negative plate is arbitrarily chosen to be zero volts and the potential of
each equipotential line is indicated. Note that E points toward lower values of V.
The equipotential lines for the case of two equal but oppositely charged particles
are shown in Fig. 17-7 as green dashed lines. (This combination of equal + and -
charges is called an “electric dipole,” as we saw in Section 16-8; see Fig. 16-31a.)

Unlike electric field lines, which start and end on electric charges, equipoten-
tial lines and surfaces are always continuous and never end. and so continue
beyond the borders of Figs. 17-6 and 17-7. A useful analogy is a topographic
map: the contour lines are essentially gravitational equipotential lines (Fig. 17-8).

We saw in Section 16-9 that there can be no electric field within a
conductor in the static case, for otherwise the free electrons would feel a force
and would move. Indeed a conductor must be entirely at the same potential in the  Conduciors are
static case, and the surface of a conductor is then an equipotential surface. (If it~ cquipotential surfaces
weren’t, the free electrons at the surface would move, since whenever there is a
potential difference between two points, work can be done on charged particles
to move them.) This is fully consistent with our result, discussed earlier, that the
electric field at the surface of a conductor must be perpendicular to the surface.

FIGURE 17-8 A topographic map (here, a portion
of the Sierra Nevada in California) shows continuous
contour lines, each of which is al a fixed height above
sea level. Here they are at 80-ft (25-m) intervals. If
yvou walk along one contour ling, you neither climb
nor descend. If you cross lines, and especially if vou
climb perpendicular to the lines. vou will be changing
your gravitational potential (rapidly, if the lines are
close together).
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