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[57] ABSTRACT 
An electrostatic loudspeaker system includes a trans 
former whose secondary winding is connected to the 
conductive plates of an electrostatic loudspeaker and 
whose primary winding is energized by an audio input 
signal through a frequency response equalizing network 
which includes an autotransformer winding as well as 
resistive and capacitive elements. Speci?cally, the auto 
transformer winding is connected in parallel with the 
primary winding, one audio input terminal is directly 
connected to one end of the autotransformer winding, 
at least one tap of the autotransformer winding is con 
nected through a resistive element to the other audio 
input terminal and the other end of the autotrarisformer 
winding is connected to the other audio input terminal 
through a capacitive element. ' 

23 Claims, 10 Drawing Figures 
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FREQUENCY RESPONSE EQUALIZING 
NETWORK FOR AN ELECTROSTATIC 

LOUDSPEAKER 

BACKGROUND OF THE INVENTION 

The invention relates to an electrostatic loudspeaker 
comprising an electrically polarised or polarisable dia 
phragm arranged between two perforated, electrically 
conductive plates, to which an audio signal can be ap 
plied through two input terminals and comprising a 
frequency-response equalizing network comprising a 
resistor and a capacitor. Such a loudspeaker using either 
a diaphragm of electret foil or a diaphragm polarised by 
an external direct voltage for the conversion of electric 
audio signals into sound is known. 
For a good understanding of the problems involved 

in the prior art and of the steps proposed by this inven 
tion to solve them ?rst a survey of the known technol 
ogy will be given. 
An electrostatic loudspeaker is of the capacitative 

type. The capacity of a conventional, commercial sys 
tem may be of the order of 2400 pF. Due to this low 
capacity the loudspeaker is of very high impedance. 
The impedance is a pure reactance which decreases 
with increasing frequency. In order to connect an elec 
trostatic loudspeaker to a conventional low-ohmic am 
pli?er a matching transformer is required. Such a trans 
former is usually termed a “step-up transformer”, which 
serves to ensure that the low-ohmic ampli?er ?nds a 
fairly low impedance. 

Because of the frequency-dependent decrease in im 
pedance, correct matching is in practice only possible in 
the range of the highest frequencies to be reproduced. It 
has, therefore, been proposed to split up an electrostatic 
loudspeaker into a plurality of systems, each of which 
matches the correct impedance for the highest frequen 
cies to be reproduced thereby. By such a system reason 
able ef?ciency can be obtained. 1 

In practice it is found that splitting up into frequency 
bands brings about very serious problems because of 
which such relatively complicated systems do not pro 
vide the subjectively satisfying results aimed at. A vsolu 
tion proposed earlier, in which only one diaphragm 
serves to reproduce the complete frequency spectrum 
resides in the use of a frequency-response equalizing 
network comprising a parallel combination of a resistor 
and a capacitor, said network being included in one of 
the supply leads of the loudspeaker. However, the result 
of using such a frequency-response equalizing network 
is that the ef?ciency becomes very low. This known 
solution furthermore involves the great disadvantage 
that the absolute value of the impedance, which for all 
that, cannot be processed by most ampli?ers without 
problems at the highest frequencies, drops even further. 
It is noted here that the absolute value of the impedance 
at the low-frequency system resonance in the known 
systems both with and without equalizing network is so 
high that ampli?ers of some types, for example, the 
known very high-quality tube ampli?ers, will suffer 
from serious mismatching, which results in deteriora 
tion of quality, whilst in addition technical problems are 
imminent. 

Classical dynamic loudspeakers, in which, for exam 
ple, a conical diaphragm is caused to vibrate by an 
electromagnetic driving system, are not subject to the 
above-described problems involved in electrostatic re 
producers. However, the reproduction quality of elec 
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2 
trostatic loudspeakers is widely considered to be appre 
ciably better than that obtainable by electro-dynamic 
systems, whilst in addition electrostatic systems can 
provide a considerably largerdynamic range than the 
conventional electro-dynamic systems. The advantage 
of dynamic systems, however, is the materially higher 
ef?ciency. 

BRIEF SUMMARY OF THE INVENTION 

With regard to the foregoing, the invention has for its 
object to construct an electrostatic loudspeaker in a 
manner such that the ef?ciency is considerably raised to 
the same order of magnitude as that of electro-dynamic 
reproduction systems. , 
A further object of the invention is to design an elec 

trostatic loudspeaker so that the absolute value of the 
impedance is limited within a smaller range. Finally, the 
invention has for its object to provide an electrostatic 
loudspeaker system in which the frequency response 
can, within given limits, be adapted to individual needs 
without the need for using complicated and expensive 
means. 
For solving all problems and limitations of the prior 

art an electrostatic loudspeaker according to the inven 
tion as de?ned in the preamble is provided with an 
auto-transformer, in which one end terminal is directly 
connected to one audio input signal connection, the 
‘other end terminal is connected through a capacitor to 
the other audio input signal connection and the tapping 
is connected through resistor to the other audio input 
signal connection. Since the auto-transformer is opera 
tive only for low frequencies, it may be relatively sim 
ple and cheap. 
The known frequency-response equalizing network 

has a time constant corresponding to a transition fre 
quency in the low tone range, that is to say, of the order 
of magnitude of some tens up to 200 Hz. According to 
the invention, it is preferred for the resistor and the 
capacitor to-have in common a time constant of the 
order of magnitude of 40 its corresponding to a transi 
tion frequency of the order of 4 kHz. 

In order to permit adapting the frequency response of 
the loudspeaker within given limits to personal feeling, 
local conditions or the like, the auto-transformer may 
have a plurality of taps connectable, for example, by 
means of a switch selectively to the resistor. Moreover, 
the resistor or the capacitor or both may be adjustable. 

Existing electrostatic loudspeakers can be improved 
by applying the invention. To this end the invention 
provides a series network comprising an auto-trans 
former, a resistor and a capacitor in the above-described 
circuit arrangement. 

BRIEF DESCRIPTION OF THE ‘DRAWING 
FIGURES 

The invention will now be described with reference 
to a drawing, in which 
FIG. 1a is a schematic representation of a known 

electrostatic loudspeaker without equalizing network, 
FIG. 1b is a graph of the absolute value of the impe 

dance thereof as a function of the frequency, 
FIG. 10 illustrates the relative ef?ciency of the loud 

speaker as shown in FIG. 10 as a function of the fre 
quency, 
FIG. 2a is a schematic representation of a known , 

electrostatic loudspeaker with a frequency-response 
equalizing network, 
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FIG. 2b is a graph of the absolute value of the impe 
dance thereof as a function of the frequency, 
FIG. 20 shows the relative efficiency of the loud 

speaker of FIG. 2a as a function of the frequency, 
FIG. 3a is a schematic representation of an electro 

static loudspeaker embodying the invention, 
FIG. 3b is a graph of the absolute value of the impe 

dance thereof as a function of the frequency, 
FIG. 3c is a graphical representation of the relative 

efficiency of the loudspeaker of FIG. 3a as a function of 
the frequency, 
FIG. 4 shows an autotransformer with a plurality of 

taps and an equalizing network embodying the inven 
tion. 

DETAILED DESCRIPTION OF THE 
INVENTION 

FIG. 1a illustrates quite schematically an electro 
static loudspeaker system comprising a diaphragm 3, 
polarisable through bias terminals 1, 2 and arranged 
between two perforated, electrically conductive plates 
4, 5, to which can be applied an audio signal originating 
from two input terminals 9, 10 through a transformer 6 
having a primary winding 7, a secondary winding 8 and 
a central tap. The transformer 6 may have a transforma 
tion ratio of primary to secondary 1:60. Thus such an 
impedance transformation to the input terminals 9, 10 of 
the capacity between the plates 4, 5 takes place that a 
variation of the absolute value of the impedance with 
the frequency is obtained as is illustrated in FIG. 1b. 
The highest value of about 140 Ohm corresponds to the 
fundamental system resonance. The lowest value of 
about 2 Ohm lies in the range of the highest frequencies 
to be reproduced. Between the highest and lowest im 
pedance values the impedance behaves purely reac 
tively. 
FIG. 1c shows the frequency response of the loud 

speaker system shown in FIG. 10. Clearly apparent is 
the rising tendency which is generally not desirable, as - 
will be obvious, with regard to a sound reproduction 
true to nature. 
FIG. 2a shows a known electrostatic loudspeaker 

system in which a frequency-response equalizing net 
work comprising a resistor 11 and a capacitor 12 is 
arranged in the supply lead between the input terminal 
10 and the primary winding 7. Without going into de 
tails reference is made to FIG. 212, from which it will be 
apparent that the extreme values of the absolute impe 
dance are even further apart than is indicated in FIG. 1b 
for the loudspeaker system of FIG. 1a. In particular, 
attention is drawn to the extraordinarily low value of 
less than 2 ohms occurring at the topmost frequencies. 
A further, extremely serious disadvantage of the con?g 
uration is that the efficiency is very low as compared 
with the efficiency of the loudspeaker shown in FIG. la 
as is indicated in FIG. 10. For the curves of FIGS. 10 
and 2c the same reference value of 0 dB is taken. 
The time constant of the resistor 11 and the capacitor 

12 has a value such that the transition point of said 
network lies, for example, at 80 Hz. 

FIG. 3a shows an electrostatic loudspeaker system 
according to the invention. It comprises, apart from the 
aforesaid parts known from the prior art, an auto-trans 
former 13, one end terminal 14 is directly connected to 
the input 9, the other end terminal 15 through a capaci 
tor 16 to the input 10 and the tap 17 through a resistor 
18 to the input 10. 

4 
Reference is now made to the graphical representa 

tion of the absolute value of the impedance as a function 
of the frequency measured by a loudspeaker as shown in 
FIG. 36. It is apparent that the magnitudes of the abso 
lute value of the impedance vary considerably less than 
is the case in the known technology. In this example, in 
which the reproducer itself has a capacity of about 2400 
pF, the transformer has a transformation ratio of 1:60, 
the resistor 18 has a value of 8 Ohm and the capacitor 16 
a value of 5 pF, the maximum value of the impedance is 
always lower than 70 Ohm, whilst the lowest value is 
more than 4 Ohm. 

Reference is now made to FIG. 30, from which it is 
clearly apparent that a straight frequency response is 
obtained, whilst with respect to the loudspeaker system 
of FIG. 2a the ef?ciency has improved by about 6 dB. 

In the embodiment shown in FIG. 3a, a tap at half the 
overall winding is chosen. Other transformation ratios 
may be used, which will be discussed with reference to 
FIG. 4. 7 

With respect to the operation of the loudspeaker of 
FIG. 30 it is noted that for lower frequencies the capaci 
tor 16 may be considered to be absent so that to the 
primary winding 7 of the step-up transformer 6 is ap 
plied a voltage twice as high as the voltage prevailing 
between the end terminal 14 and the central tap 17. For 
higher frequencies capacitor 16 constitutes a short-cir 
cuit so that, so to say, the auto-transformer 13 is put out 
of operation. This strongly simpli?ed argumentation is 
not intended to give a conclusive declaration of the 
excellent properties of the loudspeaker embodying the 
invention as found in practice. This is only meant to 
provide a base for a calculated good understanding of 
the invention. 
FIG. 4 shows an auto-transformer 19 having three 

taps 20, 21, 22 connected to the corrresponding ?xed 
contacts 23, 24, 25 of a switch 6 having a mother 
contact 27 connected to the resistor 18. It will be obvi 
ous that by a selection of the tap 21, 20 or 22 by means 
of the switch 26 a given adaptation of the frequency 
response of the loudspeaker can be obtained. This adap 
tion relates to the lower frequencies. 
The invention is not limited to the embodiments de 

scribed above. For example, reference is made to the 
possibility of using a variable resistor 18 and/or a vari 
able capacitor 16. Moreover, the auto-transformer may 
be provided with more taps or else with one tap, which 
does not correspond to the middle of the winding. 
As a matter of fact, the use of loudspeakers as head 

phones is lying within the scope of the invention. 
Finally, reference is made to the possibility of using 

electret systems, which do not require external bias 
voltage as applied to the terminals 1, 2 in the embodi 
ments described herein. 

I claim: 
1. An electrostatic loudspeaker system comprising an 

electrostatic loudspeaker having an electrically polar 
ized or polarisable diaphragm arranged between two 
perforated electrically conductive plates to which an 
audio signal covering a predetermined frequency range 
can be applied through two input terminals, a frequen 
cy-response equalizing network comprising a resistor, a 
capacitor and an autotransformer winding having oppo 
site end terminals and at least one intermediate tap, one 
end terminal of which winding is directly connected to 
one of said input terminals, the other end terminal of 
which winding is connected through said capacitor to 
the other of said input terminals and the tap being con 
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nected through said resistor to said other input terminal 
and means connecting said end terminals of said auto 
transformer winding to said perforated electrically con 
ductive plates for supplying a frequency response equal 
ized audio signal to said plates so that the variation of 
input impedance of the electrostatic loudspeaker system 
over said predetermined frequency range is reduced. 

2. A loudspeaker system as claimed in claim 1 charac 
terized in that the resistor and the capacitor have in 
common a time constant of the order of magnitude of 40 
as. 

3. A loudspeaker system as claimed in claim 1 or 2 
characterized in that the auto-transformer has a plural 
ity of taps selectively connectable to the resistor. 

4. An electrostatic loudspeaker system as de?ned in 
claim 1 wherein said means comprises a transformer 
having a primary winding and a secondary winding, 
said primary winding being connected in parallel across 
said opposite end terminals of the autotransformer 
winding and said secondary winding being connected 
to said electrically conductive plates. 

5. A loudspeaker system as claimed in claim 4 charac 
terized in that the resistor and the capacitor have in 
common a time constant of the order of magnitude 40 

s. 

p 6. A loudspeaker system as claimed in claim 4 charac 
terized in that the autotransformer has a plurality of taps 
selectively connectable to the resistor. 

7. A loudspeaker system as defined in claim 1 wherein 
one or both of said capacitor and said resistor are adjust 
able. 

8. A loudspeaker system as de?ned in claim 2 wherein 
one or both of said capacitor and said resistor are adjust 
able. 

9. A loudspeaker system as de?ned in claim 3 wherein 
one or both of said capacitor and said resistor are adjust 
able. 

10. A loudspeaker system as de?ned in claim 4 
wherein one or both of said capacitor and said resistor 
are adjustable. 

11. A loudspeaker system as de?ned in claim 5 
wherein one or both of said capacitor and said resistor 
are adjustable. 

12. A loudspeaker system as de?ned in claim 6 
wherein one or both of said capacitor and said resistor 
are adjustable. 

13. In combination with an electrostatic loudspeaker 
having an electrically polarized or polarizable dia 
phragm arranged between two perforated electrically 
conductive plates and a transformer having a primary 
winding and a secondary winding in which said con 
ductive plates of the loudspeaker are connected to said 
secondary winding, the improvement which comprises: 

autotransformer means for energizing said primary 
winding from an audio input signal covering a 
predetermined range of frequencies such that the 
electrostatic loudspeaker system exhibits a reduced 
input impedance variation over said predetermined 
range of frequencies. 

14. In the combination as de?ned in claim 13 wherein 
said autotransformer means comprises an autotrans 
former winding connected across said primary winding 
and having at least one intermediate tap, one end of said 
autotransformer winding being connected to the audio 
input signal through a capacitor while the other end of 
the autotransformer winding is connected directly to 
the audio input signal. 
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6 
15. In the combination as de?ned in claim 14 wherein 

said autotransformer means also includes a resistor con 
necting said intermediate tap to the audio input signal. 

16. In the combination as de?ned in claim 15 wherein 
said resistor and said capacitor are of values exhibiting 
an RC time constant of about 40 usec. 

17. In the combination as de?ned in claim 15 wherein 
said transformer has a transformation ratio of about 
1:60. . 

18. In the combination as de?ned in claim 16 wherein 
said transformer has a transformation ratio of about 
1:60. 

19. An electrostatic loudspeaker system which com 
prises an electrostatic loudspeaker having a pair of input 
terminals, a transformer comprising a primary winding 
and a secondary winding, the ends of said secondary 
winding being connected to said pair of input terminals, 
an autotransformer winding connected in parallel with 
said primary winding and having at least one intermedi 
ate tap, a pair of audio signal input terminals adapted to 
receive an audio input signal covering a wide range of 
frequencies, one of said audio signal input terminals 
being connected with one end of said autotransformer 
winding and the other audio signal input terminal being 
connected through a resistor to said intermediate tap 
and to the other end of said autotransformer winding 
through a capacitor, whereby that portion of said auto 
transformer winding between said tap and said one end 
thereof tends to operate as a primary winding as the 
frequency of said audio signal decreases and the entire 
autotransformer winding tends to operate as a primary 
winding as the frequency of said audio signal increases. 

20. An acoustic loudspeaker system as de?ned in 
claim 19 wherein said capacitor has a value of about five 
microfarads and said resistor has a value of about eight 
ohms. 

21. An acoustic loudspeaker system as de?ned in 
claim 19 wherein said transformer has a turns ratio 
between its primary and secondary windings of about 
1:60. 

22. An electrostatic loudspeaker system which com 
prises an electrostatic loudspeaker having a pair of input 
terminals, an autotransformer winding having at least 
one intermediate tap and opposite ends, and means con 
necting the opposite ends of said winding to said pair of 
input terminals, a pair of audio signal input terminals 
adapted to receive an audio input signal covering a 
predetermined range of frequencies, one of said audio 
signal input terminals being connected with one end of 
said autotransformer winding and the other audio signal 
input terminal being connected through a resistor to 
said intermediate tap and to the other end of said auto 
transformer winding through a capacitor, whereby that 
portion of said autotransformer winding between said 
tap and said one end thereof tends to operate as a pri 
mary winding as the frequency of said audio signal 
decreases and the entire autotransformer winding tends 
to operate as a primary winding as the frequency of said 
audio signal increases to attain good ef?ciency of the 
electrostatic loudspeaker system over said predeter 
mined range of frequencies while obtaining moderate 
variation in input impedance of the electrostatic loud 
speaker system over said range of frequencies. 

23. An electrostatic loudspeaker system as de?ned in 
claim 22 wherein said means comprises a transformer 
having a primary winding connected in parallel with 
said autotransformer winding and a secondary winding 
connected to said input terminals of the electrostatic 
loudspeaker. 
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