DISTORTION IN

Electrostatic Loudspeakers

CONDITIONS NECESSARY

AFTER holding undisputed supremacy for a
quarter of a century the moving coil principle of
drive for loudspeakers must now meet growing com-
petition from the electrostatic principle, which has
been shown to be capable of intrinsically better per-
formance from the point
+  of view of non-linearity
: distortion.
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Qd =  tortion levels. The
s A : material presented was
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B QV _ «AV® % readers who remember
2d 2d* i the Vogt loudspeaker' of
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the late ’20s may not have
seemed to include any
new feature. Like the latest designs it operated on
the push-pull system with a polarizing voltage
applied through a resistance to a thin diaphragm sup-
ported midway between perforated metal plates, to
which the signal was applied “differentially” (i.e.,
in push-pull).

This form of construction gave a marked im-
provement over the single fixed plate electrostatic
loudspeaker, but non-linearity due to the increased
force as the diaphragm approached either of the two
fixed plates was acknowledged and to some extent
compensated by adjustment of the elasticity and dia-
meter of the diaphragm.

This non-linearity arises because the force acting
on the diaphragm, which is always zero in the mid
position, increases when the diaphragm is displaced
—except in one particular set of circumstances, which
we shall discuss later.
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(1) Conducting diaphragm, mid position, directly connected
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The displacement need not °

FOR LINEAR OPERATION

be due to the applied signal voltage and can be
mechanical. It is, in fact, convenient at this stage
to forget the effect of the signal and to concentrate
only on the stability of the diaphragm under the
influence of the polarizing voltage alone, for if there
is a non-linear force already in action the signal
can only add to it.

Some useful basic electrostatic formulee are given
in the accompanying panel, and if we apply them
to the four diagrams we should be able to see why
some electrostatic loudspeakers distort and others
do not. The formula assume the use of ration-
alized MKS units and that «=total permittivity of
the space between electrodes, A—area of electrodes,

C,

(2)
L e i <AV
T 2(d—x)* 2(d+x)? Lo iy
 2xAVZ2dx S xAV
R P dtw)

(2) Conducting diaphragm, directly connected and displaced
from mid pasition

C=capacitance, Q=charge, V=voltage and F=
force. The thickness of the central diaphragm has
been exaggerated so that the existence of conduct-
vity between the two surfaces can be shown by
~arizontal shading.

Diagram (1) represents a diaphragm exactly
centred between the fixed plates with a polarizin
voltage V, which will be the samc on both side,
since the diaphragm is a conductor. The capacit
ance on both sides is the same, so the charges wil
also be equal. While the diaphragm remains cen
tral it will experience no resultant force.

In diagram (2) the diaphragm has been displaced
a distance x. Both faces are still at the same poten-
tial, but the capacitances on each side are enequd
and there must be a redistribution of charge. Ther
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