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57 ABSTRACT 
With the objective of obtaining a far field axis pres 
sure which is frequency-independent, an electrostatic 
loudspeaker that is acoustically transparent over the 
frequency range of interest, for instance the audio fre 
quency range, comprises separately accessible copla 
nar sections or individual units arranged to carry a 
common polarizing charge per unit area and which are 
connected as the parallel components of an electrical 
network so organized that the vector sum of the cur 
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ELECTROSTATIC LOUDSPEAKER WITH 
CONSTANT CURRENT DRIVE 

This is a continuation of U.S. Pat. application Ser. 
No. 736,755, filed June 13, 1968, and now abandoned. 
This invention concerns loudspeakers and is particu 

larly concerned with high-quality electrostatic loud 
speakers. 

In high-quality direct radiator loudspeakers the area 
of the cone or diaphragm must be sufficiently large to 
radiate adequate power at low frequencies without dis 
tortion. However, a cone or diaphragm meeting this 
area criterion is directional at high frequencies so that 
it is usual to employ a system of two or three cones or 
diaphragms or separate loudspeaker units, these being 
interconnected mechanically or electrically so that 
sound is radiated from a smaller area as the signal fre 
quency increases. 

In such a system, difficulties are experienced in main 
taining a correct balance between the cones, dia 
phragms or units; in avoiding acoustic interference 
therebetween; and in ensuring that each cone, dia 
phragm or unit of the system is adequately prevented 
from significantly contributing to the radiation of 
sound at frequencies outside the range of frequencies 
intended to be radiated by it. 
Whilst these problems are common to all types of 

loudspeakers, this invention is concerned with the miti 
gation of these problems in an electrostatic loud 
speaker. 
As is well known, any electrostatic loudspeaker ele 

ment may take a variety of constructional forms but for 
the purposes of explaining the present invention it will 
be convenient to consider the construction that con 
sists essentially of two perforated rigid plate electrodes 
in parallel relationship with a flexible membrane or dia 
phragm stretched or supported in the space between 
the electrodes. If a polarizing charge is fed to the dia 
phragm and an AC signal is applied between the elec 
trodes there will be a force on the diaphragm propor 
tional to the product of the AC and DC fields and the 
fold diaphragm will move in response to this force and 
radiate sound. 
An electrostatic loudspeaker element of this con 

struction is acoustically transparent over a wide fre 
quency range between a low frequency limit deter 
mined by the stiffness or tension of the diaphragm and 
a high frequency limit determined by the mass of the 
diaphragm and any added mass due to the holes in the 
rigid electrodes. It is comparatively simple to arrange 
that these limits are beyond, or at the extremes of, the 
frequency range of interest, e.g. the audio frequency 
range. 

If such an acoustically transparent element were 
placed in a sound field consisting of a plane wave nor 
mal to the surface of the element, it is clear that the ele 
ment would not disturb the field and the diaphragm 
would move in accordance with the particle displace 
ment of the wave. If, in such circumstances, the dia 
phragm carried a charge, a voltage would appear on the 
electrodes and for the open circuit case this voltage 
would be proportional to the wave particle displace 
ment and independent of frequency. By application of 
the reciprocity theorem it can be deduced that if such 
an electrostatic loudspeaker element is fed from a con 
stant current generator it will produce a far field axis 
pressure which is independent of frequency. 
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2 
It is important to note that this behaviour of such an 

acoustically transparent element is independent of the 
area of the element and is also independent of its shape. 
The area and shape of the element will, of course, have 
a large influence on the directivity of the radiation pat 
ten. 
Suppose now that a number of such acoustically 

transparent electrostatic loudspeaker elements, each of 
any shape or size, are all mounted in the same plane 
and that each carries the same polarizing charge per 
unit area. It will be clear that no matter what individual 
AC voltages and currents may be applied to the individ 
ual elements, provided that the total vector sum of the 
currents in the elements is frequency-independent the 
far field axis response will be frequency independent. 
The foregoing conclusion applies equally to electro 

static loudspeaker elements of other constructional 
forms and to either push-pull or single-sided arrange 
ments provided that in all cases the element concerned 
is acoustically transparent over the frequency range of 
interest, e.g. the full audio frequency range. 
Thus in accordance with the present invention, an 

electrostatic loudspeaker that is at least substantially 
acoustically transparent over the frequency range of 
interest has separately accessible coplanar sections 
adapted to carry a common polarizing charge per unit 
area, these sections being so connected as the parallel 
components of an electrical network that, irrespective 
of the series branches of that network, the vector sum 
of the component currents in the individual sections 
will be equal to or proportional to the total current at 
the input terminals of the network. 
Such a loudspeaker may have a single membrane or 

diaphragm with sub-divided signal electrode(s) or it 
may comprise a number of coplanar electrostatic loud 
speaker units. 
The series branches of the said network are prefera 

bly arranged to delay and/or attenuate the signal volt 
ages applied to the individual parallel components so 
that the total radiating area and/or its effective phase 
contour varies with frequency, a well known technique 
to produce a desired directivity pattern. 
A resistor may be connected to sample the current at 

the input terminals of the said network, the voltage de 
veloped being applied as feedback in accordance with 
known techniques to control the current, and hence the 
far field axis response, independent of changes of net 
work impedance with frequency. 
A typical embodiment of the invention is illustrated 

in the accompanying drawing in which: 
FIG. 1 diagrammatically shows in front elevation an 

electrostatic loudspeaker of the constructional form 
discussed but modified in accordance with the inven 
tion; and 
FIG. 2 illustrates the circuitry associated with the 

loudspeaker of FIG. 1. 
The loudspeaker illustrated in the drawings com 

prises a circular diaphragm 1 supported between a pair 
of electrodes 2, 3 that are each divided into concentric 
sections with the various sections connected by imped 
ances 4. In this respect, the arrangement is equivalent 
to that of a group of serially connected loudspeaker 
units with impedances therebetween, the purpose of 
which is both to provide an improved impedance match 
to the amplifier and to provide an improved directivity 
characteristic. However, in known arrangements of se 
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rially connected units, the objective of a level axis re 
sponse is sought by 

a. designing each unit to cover a small part of the 
audio frequency range with a more or less level re 
sponse and the required sensitivity in that range 
and then designing the network to distribute the 
frequency spectrum accordingly; and/or 

b. connecting the units in the form of a delay line ter 
minated with a resistor equal to the characteristic 
impedance of the line, so that the axis response will 
be uniform over that part of the frequency range 
where the ratio of the acoustic radiation resistance 
to the square of the total load impedance can be 
held constant. There is, therefore, considerable de 
viation from level response in the region where the 
diameter of the loudspeaker is about one-third of 
a wavelength. 

Both these expedients depend for success upon accu 
rate control of the series impedances. 

In the arrangement of the invention, as typified by 
that illustrated, however, the vector sum of the currents 
through the sections is monitored and with charge uni 
formity and acoustic transparency of each section a 
level axis response is obtained completely independent 
of wavelength to loudspeaker dimensions and com 
pletely independent of accurate control of the series 
impedances. It is, of course, desirable to maintain rea 
sonable control of the series impedances to avoid devi 
ation in the polar response. 
Charge uniformity is conveniently achieved by the 

expedient of employing a diaphragm of high resistivity 
as more fully explained in U.S. Pat. Nos. 3008013 and 
3008014: in FIG. 2, the diaphragm 1 is shown con 
nected to a polarizing voltage source 5 through a resis 
tor 6 but in practice the resistance represented by resis 
tor 6 is distributed in the diaphragm 1. Acoustic trans 
parency is obtained, for the frequency range of interest, 
by appropriate selection of diaphragm tension and 
mass as above mentioned. 
A convenient method of controlling the vector sum 

of the currents in the individual sections is by means of 
a resistor 7 to sample the current flowing to the sec 
tions of one electrode, e.g. electrode 2, and to develop 
a voltage that may be applied via line 8 as feedback to 
the amplifier that feeds the loudspeaker through the 
usual transformer shown at 9. Care must be taken to 
keep stray capacitance to a minimum to ensure that the 
current through the resistor 7 is indeed proportional to 
the true vector sum of unit currents. In a practical loud 
speaker, virtually complete and automatic control of 
axis response may be obtained from about 100Hz to 
10,000Hz. The high frequency limit is due to stray ca 
pacity and lack of acoustic transparency. Clearly if 
these limits are measured or calculated, corrections 
can be applied either by replacing the feedback resistor 
by a more complex network or by applying an electrical 
correction circuit external to the loop. The low fre 
quency limit is due to lack of acoustic transparency, 
This is associated with the fundamental resonance of 
the diaphragm 1 at say 40 c/s and this must be damped 
electrically and/or mechanically as would be done with 
a conventional electrostatic loudspeaker. 

4. 
What is claimed is: 
1. An electrostatic loudspeaker system that is at least 

substantially acoustically transparent over a predeter 
mined frequency range and comprising, a pair of loud 
speaker terminals, a plurality of separately accessible 
coplanar voltage driven sections operatively connected 
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to have a common polarising charge per unit area ap 
plied thereto, an electrical network connecting said 
sections to said terminals such as to improve the 
non-directionability of the loudspeaker at high audio 
frequencies, a pair of input terminals, constant-current 
driving means connected between said pair of inputter 
minals and said loudspeaker terminals, the voltage 
across said loudspeaker terminals driving the loud 
speaker in response to an audio signal applied to said 
input terminals, the far field axis-pressure response of 
said loudspeaker system being directly related to the 
driver current of said driving means, and means for 
controlling said driving means in a manner such that 
the vector sum of all the currents in said coplanar sec 
tions is made to follow the instantaneous amplitude of 
said audio signal applied to said input terminals. 

2. An electrostatic loudspeaker system in accordance 
with claim 1, including a single diaphragm operatively 
associated with said coplanar sections, and each of said 
sections including a pair of electrodes disposed on op 
posite sides of said diaphragm. 

3. An electrostatic loudspeaker system in accordance 
with claim 1, wherein said means connecting said sec 
tions to said input terminals comprise a network in 
which said sections are parallel-connected compo 
nents, said network having series branches arranged in 
a manner to produce a predetermined directivity pat 
ten. 

4. An electrostatic loudspeaker system in accordance 
with claim 1, wherein said driving means includes a 
sampling resistor connected at said input terminals, the 
voltage developed across said resistor being applied as 
feedback to maintain the current independent of 
changes of the impedance with frequency. 

5. An electrostatic loudspeaker system in accordance 
with claim 1, including a flexible diaphragm of high re 
sistivity, each of said sections including a pair of paral 
lel signal electrodes disposed one on each side of said 
diaphragm, and each of said seconds being of equal 
area and being electrically isolated from one another. 

6. An electrostatic loudspeaker in accordance with 
claim 1 wherein said controlling means includes means 
for monitoring the vector sum of all the currents in said 
coplanar sections, and a feedback connection to said 
driving means for maintaining said vector sum directly 
proportional to the voltage of said audio signal applied 
to said input terminals. 

7. An electrostatic loudspeaker according to claim 6, 
wherein said sections are connected as parallel imped 
ances in said network and said monitoring means com 
prise a single resistor connected in series in the network 
to carry the total current flowing in said sections, 
thereby to develop a feedback voltage thereacross pro 
portional to said total current. 
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