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Figure 11.6.1 (a) Electroquasistatic .
system having one electrical terminal pair

v and one mechanical degree of freedom. (b)
E — Schematic representation of EQS subsystem
with coupling to external mechanical

system represented by a mechanical
(a) - (b) terminal pair.
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Fig. 11.6.1,11.6.2,11.6.3, 11.6.4, 11.6.5,11.6.6, 11.6.7, 11.8.1, 11.9.4 from Electromagnetic Fields and Energy,
by Hermann A. Haus and James R. Melcher. Fig. 3.36 from Electromagnetic Field Theory: A Problem Solving
Approach, (c) 1987 by Robert E. Krieger Publishing Company. Used with permission.
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Figure 3-36 A parallel plate capacitor (a) immersed within a dielectric uid or with
(b) a free space region in series with a solid dielectric.
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Figure 11.6.4 Apparatus used to 0
demonstrate amplification of voltage as the
upper electrode is raised. (The electrodes
a::.pini(iauy charged and then the voltage § \J—J% = gA e 1—%{3\{
source is removed so ¢ = constant.) The 5
electrodes, consisting of foil mounted on

Vo o ' insulating sheets, are about | m x 1 m,

. with the upper one insulated from the A _ g‘g c; g
frame, which is used to control its position. J. X - i
The voltage is measured by the electrostatic

voltmeter, which “loads” the system with a
capacitance that is small compared to that

electrostatic of the electrodes and (at least on a dry day) g«rA%)g Q{Ag > O

voltmeter a negligible resistance. )
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; : Figure 11.6.5 Closed paths followed b 0
A L : (b) in cyclic conversion of energy from M‘m
DV, Vv mechanical to electrical form: (a8) in (g,v) A .

(a) plane; and (b) in (f, §) plane.

e A — B. With'v = 0, the upper electrode rests on the plastic sheet. A voltage V, is
applied.

e B — (. With;the voltage source removed so that the upper electrode is electrically
isolated, it is raised to the position £ = L.

C — D. The upper electrode is shorted, so that its voltage returns to zero.
o D — A. The upper electrode is returned to its original position at £ = 0.

Is electrical energy converted to mechanical form, or vice versa?
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€ T depth Figure 11.6.6  Slab of dielectric partially

o extending between capacitor plates. The
3 ¢ spacing, a, is much less than either b or - _(_ J _C._ ( c - éo)
; ,,J, R the depth ¢ of the system into the paper. - a
X Further, the upper surface at £ is many

' .. D spacings a away from the upper and lower
: edges of the capacitor plates, as is the
L— lower surface as well.

Figure 11.6.7 In a demonstralion of the  * Q - 0< r

polarization force, a pair of conducting 2.

iransparent clectrodes are dipped into a [ C & ‘—éo)
liquid (corn oil dyed with food coloring). = =

They are closer together at the upper right z 2 o
than at the lower left, so when a voltage is Q ﬂ N Ay

applied. the electric field intensity decreases
with increasing distance, r. from the apex.
As a result, the liquid is seen to rise to a
height that varies as |/r2. The electrodes
are about 10 cm x 10 cm, with an clectric
field exceeding the nominal breakdown
strength of air at atmospheric pressure,

3 x 105 V/m. The experiment is therefore
carried out under pressurized nitrogen.
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Figure 11.8.1 An electric dipale = %(_Z . VB ET

exp'efiences a net electric force if the
gols;u;:e c.l';-arge g is subject 10 an electric - K (
eld B(r + d) that differs from E(r) actin = (P \ z evin
on the negative charge g. . ’ LP ’ V = \
Ccl,

Figure 11.9.4 In terms of the Kelvin
force density, the dielectric liquid is pushed
into the ficld region between capacitor
plates because of the forces on individual

,'.'T o o dipoles in the fringing field.
& %%@ @ @ @ Vo .
g o 9RO AT L 2
P=(c—eo)E% ®, @@@ 8 €a 5
o @0b88 |
Depth o
{ |
I xo x

A linear dielectric is always attracted into a free space
capacitor because of the net force on dipoles in the nonuniform field. The dipoles are
now aligned with the electric field, no matter the voltage polarity.
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