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Electrostatics




POISSON'S AND LAPLACE'S EQUATIONS

Pois=on's and Laplace’s equations are easily dernved from Gauss's law (for a linear mater-
ial medium)

VD=V -zE = p, (6.1}
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Substtuting eq. (623 inlo eq. (6.1 ) gives
YV i—eVV¥) = p, (6.3)

for an inhomogeneous medium. For a homogeneous medium., eq. (6.3) becomes
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This is known as Poisson s equaation. A special case of this eguation occurs when g, = 0
(i.e., for a charge-free region). Equation (6.4) then becomes

| VIV =0 {6.5)
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RESISTANCE AND CAPACITANCE

I Section 5.4 the concept of resistance was covered dnd we derved eq. (3,16 for finding
the resistance of a conductor of uniform cross section, If the cross section of the conductor
15 not unform, eq. (3.16) becomes mnvalid and the resistance 15 oblaned from eq. (3.17):

V f!ﬂd‘l_

s |
| §oE b6




\

A. Parallel-Plate Capacitor

Consider the parallel-plate capacitor of Figure 6.13(a). Suppose that each of the plates has
an area 5 and they are separated by a distance o, We assume that plates 1 and 2, respec-
tively, carry charges +(Q and — 2 uniformly distributed on them so that
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An ideal parallel-plate capacitor is one in which the plate separation J is very small com-
pared with the dimensions of the plate, Assuming such an ideal case, the fringing field at
the cdge of the plates, as illustrated in Figure 6.13(b), can be ignored so that the feld
berween them is considered uniform, If the space between the plates is filled with a homo-
seneous dielectnc with permittivity £ and we ignore flux fringing at the edges of the plates,
fromeq. (4.27), D) = —paa, or
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and thus for a parallel-plate capacitor
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This formula offers & means of measuring the d]El-EH:lnl: mnﬂant f:, uf' a glwn dli!l!l:tl'u:

By measuring the capacitance O of a parallel-plate capacitor with the space between the
plates filled with the dielectric and the capacitance ©, with air between the plates, we find
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Using eq. (4.96), it can be shown that the energy stored in a capacitor is given by

(6.24)

To verify this for a parallel-plate capacitor, we substitute eq, (6.200 into eq. (4.96) and
obtain
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