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Abstract

An expression for the force exerted on electrets by slot-type electrodes is derived.

NE obvious application of electrets is the construction of devices which can be

used for transforming electric energy into mechanical energy and vice versa. In
the past, such devices were of little practical importance essentially because of two
deficiencies; first, the mechanical force available from electrets with traditional elec-
trode arrangements was very small; second, the electrets were losing their polarization
as a result of the absence of shielding.

The slot effect allows one to eliminate both these deficiencies by providing al-
most complete shielding combined with adequate mechanical force.

Consider an electret of thickness t, dielectric constant e, and effective surface
charge density ¢. resting on a conducting plate, as shown in Figure 1. Let there be
another conducting plate with a slot of width w and length 1 at a distance d above
the electret. As we shall show, if a voltage V is applied between the two halves of
the upper plate, the electret will experience a horizontal force
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We call this phenomenon the “slot effect.”
To obtain Equation (1), let us apply the basic electrostatic force equation in the
form
Fo = © f pEady (2)

to the upper surface of the electret under consideration. Replacing pdv by o dS =
geodddx, where o, is the total effective surface charge of the electret, we have

Fe = °l fooExdx . (3)

The charge oo is given by gee = ¢ — P, + Py, where ¢ is the real surface charge,
P, is the normal component of the polarization outside the electret, and P, is the
normal component of the polarization inside the electret, both measured at the upper
surface of the electret. However, P, = 0 and

Pi =P — e (e —1)E; , (4)

where P, is the remanent polarization of the electret, and E, is the normal compon-
ent of the electric field in the electret. We can write therefore for ge:

et =0 + Pr —ele — 1)E: = a0 — (e — 1)E,, (5)
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FIIGUBE 1. Slot-type electrodes above an electret resting on a grounded conducting
plate.

where 0. = ¢ -4 P, is the effective surface charge of the electret, Equation (3) be-
comes then
Fi = °1 feEdx — °1 feo (e — 1) EiExdx (6)

where the integrals are extended over the entire upper surface of the electret, Since
s is constant, it can be factored out from under the integral sign. The first integral
is then

o] foeEudx = °l aofExdx = °1 o.Vs (7)

where V. is the voltage measured along the x-axis between the extreme points of the
upper surface of the electret. If the electret is sufficiently thin, which we assume to
be the case, the end effects of the electret may be neglected, and this voltage may be
replaced by the voltage V.. between the points a and b lying in the regions of the
homogeneous electrie field, The force is then

F. = %1 Vay — °1 % eofle — 1) E{Edx. (8)

If the slot is sufficiently narrow, which we also assume to be the case, Ei may be
considered constant throughout the entire left half and the entire right half of the
electret, so that we can write, using subscripts “17 and “¥” for “left” and “right”,

Fe= %5 Vais — Ve (e — 1) En _f"..Ede = & & bte— L) Ei; _r"oE,dX,

1
or, since [Edx = [fEdx = — Vo,
2
1
Fr = °[oe — — €ale — 1) (En + Ex}] 1 Ve . (9)
2
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The fields E;; and Ei can be found as follows. At the upper surface of the

electret we must have
D\ —Du=uo, (10)

where D. and D, are the normal components of the displacement at the upper sur-
face inside and outside the electret. Since D = P 4+ &E, we have from Equations
(4) and (10) (remembering that P, = 0, and ¢ + P: = ou)

&€ Bi — eEy = ae . (11)
v A%
Since the voltage between the upper and lower plates is — — for the right half and —
2 2
for the left half, we have
1
Eiit4+ Ead=—V, (12)
2
and
1
Ei:t 4+ Eoxd=——V. (13)
2
From Equations (11), (12), and (13) we obtain
2 o‘..d —i— EoV
Ey = ———r j (14)
¢, (ed -+ t)
and
2 U'ed — eoV
Elr = . (15)
26, (ed + t)

Combining Equations (9), (14), and (15), we obtain for the force equation

°(1 + d/t)
A R os TV - (16)
1 4 ed/t

Now, the potential at the point a with respect to the lower plate is, by Equation
(14),
2 ged + &V
P = ———— t g (17)
2 e (ed + t)

and the potential at the point b is, by Equation (15),

2 oud — &V
i e i i (18)
2 e (ed 4+ t)




Hence the voltage Vi = ¢u — ¢ i3
v

A . . (19)
1 4+ ed/t

Combining Equations (16) and (19), we finally obtain Equation (1).

It must be pointed out that Equation (1) is subject to the assumption of a suf-
ficiently thin electret and a sufficiently narrow slot. The extent of the validity of this
equation must be verified, therefore, by experiments. Such experiments are reported
in the paper by Jefimenko and Walker [1].
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