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NEW QUAD
CTROSTATIC"

IN JUNE 1979, at a meeting of the Audio Engineering
Society, British Section, Peter Walker of Acoustical
Manufacturing (QUAD) presented details of a new form of
prototype electrostatic loudspeaker. That his work was
considerad to be of great importance was demonstrated by

the unusually large audience.

The design is not yet ready for commercial release,
nevertheless the lecture proved to be so interesting that a

full report is given here.

Asfar as possible an attempt has been made to quote his
speech ad verbatim since his explanation could not be
further simplified without loss of detail.

E VERY loudspeaker de-
signer  has  looked at
electrostabics:  what  a
mice way of doing things, if anly
it would work! When a mowving-
ol speaker 15 made, you start
with a lot of force on a speech
coil and 1o match that 1o the
load presented by the air, you
nead a large horn — and then it
can be very good indeed. But
an elgctrostatic speaker. which
15 & very thinsheet of compara-
tively large area with a small
force on i, 15 already matched
to the air load as ifitweare at tho
apen end of the horn. In effact,
there 15 no matching problem,
Also, cones which are rather
difficull to keep working ovar a
widae bandwidth, ara
UNRECas5any. Elecirostatic
principles therefore, have their
appeal, but also their
problems

If an electrastabic 15 made
large enough 1o be loud at low
frequencies, an octave higher
in the audic band it beging 1o
become too diracthional
Effimency problams  arise
which have been solved by the
use of a separale bass umit and
midsigh  frequency  wnil
Other dewices have been
thought of. ingluding acoustic
lenses. curved surfaces or
even long strips, but all of

Femous faca, famous pesonality,
Peter Walker of QUAD.

these take something away
from the basic simplicity of the
dewvice, After all. a simple
electrostatic element 15 a vary
predictable thing and we know
exacthy what It can ar cannot

do.
When complications are
added, such as curved

surfaces, lenses and 50 on. it
also happens that the acoustic
results are also more difficult
to predict. Tonight | hope to
show a better way of producing
an electrostatic speaker n
which wvery nearly the whole
perfarmance 15 encoded in its
electrical drive currents,

The point of this s that if the
design can be accomplished
uzging electncal  terms  to
predict acoustic perfarmance,
then thase same electrical
paramalers can ba
manoauvred, to grve a boost at
high frequencies, or to provide
delays, orto alter diractivity. All
this cam be dona with tha sura
knowledge that the acouslc
pearformance will fallow axactly
the modifications 1 the
current

Let us starl wath the sory
simple and popular concept of
a sound source as a pulsating
sphere. Perhaps it can be
imagined as a large beachball,
the surface of which pulsates

in and out owver i1s whole
surface. Such a sound source
could be regarded as the
equivalent of an omni-direc-
tignal microphonea.
Alternatwely, the sphere
could be made tovibrate to and
fro along a single awis, the
whole thing moving logether.
The result of this would be a
directivity pattern in the form
of a dowublet, or figure of eight.
It 15 the speakear equivalant of a
nbbon microphone. Following
that, ong could imagine a
sphera that is both pulsating
and also vibrating along one
axis, If the proportions of these
wo mohons werg adjusted
correctly. the result would be g
speaker having a cardioid
directiaty pattern. Of course, it
15 impossible to make any of
these things for the obvious
reazons that controlling the
whole surface of a sphere
accurately is beyond our
engingering capability. Even of
you were able to drve the
whole surface correctly, the
internal intarference patterns
would upset the results.

This 15 why. 1o control the |

directivity of 8 speaker over &
wide band. Mowving-coil
systems use three unins, one
large in & large box, a smaller
one in & smaller enclosure and
a very small one on top. Of
course, the small uml can
come very close 1o perfectly
reproduce the model | have
described. but it i3 not
powerful engugh to repro-
duce low fraquencres well,

It iz my opinion that we pay a
price ftor this complexity, it 15
nat easy 10 add multiple units
together to obtan a homo-
ganadaus sound. As an allarna-
tive. what we can do iz to
imagine the pulsating sphere.
Then it should be possible to
take a plane in space, 30cm or
s0 in front of the pulsating
sphere and olot all the air
presgures and wvelocities
through that plane

If than we could make the
plane surface than mowve in the
gsama fashion to mimic the
measured results, you would
‘gsea’, or rather hear, a perfact
picture of ths sphere. You
canngt make the sphere. but it
15 possible (o raproduca an
acoustic picture of it. This is
part of whatwe are trying to do.

A simple example will clanfy
this point, If 1 take a circular
frame of about 90cm (3-feet}

ASKS
BASIL LANE

diameter and ower 1t stratch a
film of Melinex, 3.5 micro-
maters thick, it can be thought
of as a plane inthe air, If Thold it
in front of my face and
continue to speak, you will
continue to hear me. The
impartant question was did
you hear a degraded sound
quality?

Of course, the answer 15 yas,
thera were losses of about one
decibal at 14kHz, and o cure
this we could go on 1o axperi-
ment with other plastics 10
determing which would
produce the best results. But
this 15 not really necessary
because the effects are quite
predictable. Tha affect of that
membrane betwean you and
mea could have been predicted
over 100 years ago by Lord
Rayleigh and all he had as tast
instruments were candle
Hlames and elastic bands!

What is the point of this?
Obviously. when | first spoke
without the membrana, you
heard me — my aciual voice,
When | moved tha plastic shaet
over my face, vyou were
listening 10 a reproduction of
my vaicel | say it was a repro-
duction because the air
preassure varnaugns at your
ears were due to the vibra-
tions of the mambrane.

Of course, | know the force
causing the membrane to
mowe, came from the air
pressure vanations produced
by my voice. But you wera not
e know that — what you
actually heard were the resulls
of the membraneg vibrating and
sounding rather hke Peter
Walker.

S0 you now see, that of we
could reproduce thosa forces
on that membrane by an
alectrical mathod and they
axactly mimic the effects of my
voice on the mambrane, then |
would switch on the electrical
circuit, go away elsewhere and
you would hear Peter Walker.

How did the force distribute
isell on  the membrane?
Obviously, thea pressure
reached the centre first and
then reaches larger diameters
aon the plane progressively,
until the outer adge is reached.
It does this fairly quickly, At low
frequencies. wirtually the
whole membrang moves
together, bul at higher fre-
guengies wa would see forced
wave molions spreading from
the centre, with an ingcreasing
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numbear of expanding circles
g5 the frequency increased,

in fact, s addiion to the
farced wbrations, there are

This mdea was n fact
suggested ocver 50 years ago.
=20 why was of not used and
where does it go wrong? If this

mambrame of about 90cm {3-
feat) diameter. the output
would fall by about
3dBs0ctave below 3JI00Hz

imaginary pulsating  sound
source and 50 notl so much ar
15 being wvibrated, Above about
300Hz, undulations of about

This 15 because the siza of the 6dB 1o 8d8 would appear in
migmbrane iz smaller than the the frequency response
total wave front created by our because of the discontinuities

was all we did, the fhinal
reproduction would not be
quite correct. First, with a

s 3

athar macharical wibrations
set up due to the stiffness and
mass of the membrane. Thasea
travel 1o the ouler adge at a
miuch slower rate and have to
be suppressed since they
could colour the sound repro-
duction

We have reached the first
and imporiant stage and that is
to demonstrate that a mem-
brane aof this type has quile
small and precdiciable I

degradanion 1o a sound field

Thus. rather like an amplifier, gt Forng
all that 1z necessary 15 1o make H‘"“'-.
it good enough or 1ts purpose.

In an electrostatic speaker
it 15 possible w arrange ring-
shaped electrodes on each |
side of this membrane, at a
spacing of about 2.5mm, make
them conductive and perfor-
ated 1o allow the air 10 move |

(a] Redial dalay and attenuvation of signal cwrrenis
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caused by the finile size of the
membrane. The edge of the
membrane reflects energy
back in to the cenlre 10
produce interference patterns.

So how can we eliminate
these problems — are they an
ebstruction to making a good
loudspeaker? To understand
that we need 1o look at the
basic transduction method of
the speaker, see how it
operates as 8 microphoneg ang
because all theze things are
reversible, calculate its
reciprocal behaviour as a
speaker (o seef a solution can
be found,

Looking at the Fig. 7, the
cutar dashaed lines represent
the perforated metal
electrodas. the solid line repra-
szgnts a membraneg that 15 50
light and sounrestrained that if
we put the davice in any sound
figld, then the membrane will
mave with the movement of the
air particles of the sound figld,
There are no baffles or boxes
surrgunding it and at the
mament, we do not define the
total area

The forces on the mem-
brane will be egual and
opposite because we havd
applied a charge as shown
Because the guter electrodes
are equally charged with the
game polanty, there is no
voltage difference between
them. But what happens if the
membrane is mow physically
moved to the left? There 15 no
glectrical connachan o the
elements and therefore charge
cannat  migrate. So  from
school physics lessons. we
remamber that the woltage on
the left electrode reduces in
propartion to the distance
maoved by the membrane and
convarsaly, the voltage on the
rnight elecirode risasin asimilar
proportion.

The force on the membrane
has not changed because the
gradiant of the elacirostatic
hald remains the same, How-
ever, a voltage difference has
now appeared between the
outer electrodes and we know
that it follows a law of propor-
tenality  with  the distance
moved by the membrane,

We now only need one othar
ingredient to see how the
device will wark as a micrg-
phone since we already have a
device that produces a voltage
propartignal  to air-particle
displacement. That is a point
source of sound having a
constant voluma velocity will
produce in the far field, an air
dizsplacement which s
independent of frequancy.

Pulting these two lacts
together, we can now state that
a source producing a constant
velocity of air motion wall
produce a constant voltage on
the electrostatic element. By
reciprocity, we can also say

that if current is pushed into
the outer electraodes of the
elecirostatic elemant, pressure
will ba produced in the far field,
that wall be independent of
frequancy.

Thig cen be caloulated aanily

by wusing the wery Simple
formula

Sound _E F. 1
pressure T 4 . o
Nm= [Mewtons per sgquare

rratre)

This says that f you nut 2
polarising charge (E} 2cross
two plates separated by 3
distance egual to 2d (say
20000 mm), and you feed
inte the electrode a current of
gbout Sma {I). then 21 3
distance along the axis (r} of
say two metres and we accapt
that ¢ 15 a constant {the speed
of sound n ar), then youw will
obtain a resulting air pressure
of a little over two Newtons per
square metre or just over
100dB of sound pressure.

You may ook at this formula
and ask whal happened 19 the
frequency dependency? In fact
it 15 irrelevant, you will obtain
10048 of sound pressure at
any frequency and also
regardless of the diaphragm
size, providing the current fed
to the electrodes is SmA!

Of course, there are limita-
tions, because if you make the
elerment too small, a SmA
currant  would break the
davice, 50 it has to be made
large enough to accept the
currant and we will also have 1o
accapt that the fowar the
frequency. the greater will be
the voltage that appears for the
same SméA.

This can ba simply summed
up in wo basic statemants:

1. If a linear electrostatic
speaker is constructed as an
acoustically  transparant
plane of unifarm transduc-
tion wwith alastrode cusrents
separately accessible over the
araa of the plane, then the far
fizld axis response is simply
and directly refated to the
vector sum of the electrode
currents,

2 The pressure at any angle off
the s can be derved by the
summation of the currents for
aach elemental area, WIh:dUE
regard to its doublel dirac-
tmvity function and its spatial
relationship.

Now perhaps, you can see
what we are getting at. With
this dewvice, if the current in
each of the ning electrodes is
measured and then added
together. it is possible to calcu-
late axactly. the sound
préssure at any point. Of
course, some extra calcula-
thions are necassary o take into
account the directraty func-
tion, but this 15 not all that
difficult.

Taking & closer look at this

fFrg. 2a). the speaker com-
prises a urut i which the outer
elactrades are divided nto six
annular nngs of equal area and
the electrical signal iz fed fo
tha centre first and then an to
the others we an inducicnce
and resistance.

The circuit 15 actually a little
morg comalex, but szsen-
tially, the nurnooe s fo delsw
the outward spread of the
driving srgnal in wery much the
gsame fashicn ag the zaund
pressure from my voice spread
across the membrane used in
the garher axpanmant.

In practice it 1% important to
gently attenuate the current
and voltage down the delay
line to prevent reflections.
Remember that earlier. | had
mentioned that the acoustic
output of an ordinary
membrane would show GdB-
BdB undulations 0 response.
Thase are an exact analogue of
the delay-line parametars,
when the delay line iz not terms-
inated. So by electricel mea-
surement and celculation, the
delay lime reflections can be
eltmingted amd immediately,
the acoustic cutput vanations
will disappear.

Obviously, the success of all
this depends upon the wnit
being acoustically trans-
parent and this needs a little
qualification.  First, the
membrane 15 situaled between
the eleciredes axpanencing an
equal force of atiraction to
either electrode. In practice
this 15 not exaclly stable and
the membrane will always
move to one or the other
electrode. To eliminate this,
tension has to be applied to the
membrane, bul this naturally
affects the performance. The
methad used to determing the
changes involve looking at the
motional current of the
speaker,

The next drawing (Fig. 3)
shows a simple bridge circuil,
It the polansing supply [E} i3
swilchad off, the radiation
impedance becoames infinity
leaving just the static capaszi-
tance of the spezker in the
circuit. Now the bridge can be
adjusted 1o give a null reading

in the meter, using the
balancing capacitor. If the
polansimg  wollage 15 Aow

restored, the bridge besomes

Note from Quad

unbalanced due to the
motional impedance of the
membrane and the meter
shows the resultant current,

A graph produced by this
method and showing the
performance  at |lowear
tequencies is given in Frg. 4.
The small variations at high
frequancies are due 1o the
reflection of the speaker
output. revarberating around
the reom and being picked up
by the speaker again.

The low Irequency
resgnance is an instance of
where the speaker 15 not com-
pletely  acowstically trans-
parent and the stifiness of the
mamkbrana qnupled to the
mass of the air load has same
effect. At high frequencies, the
speaker again departs Irom the
ideal model because the mass
of the diaphragm and that of
the awr around the electrode
perforations produces a small
loss above 10kHz.

By modifying the current
drive to the speaker n an
opposite direction, all these
faults can be curad. The results
are shown in Fig. & and 15 a
cunve taken at two metres on
axs. The acouslic powar
autput 15 smooth up to about
1kHz and then reduces down
by about 6dB at BkHz. This
indicates the affects of
incraasing diractivity at high
frequancias.

So finally, what iz new about
all this? Really, it is a lot of old
ideas litted together. Kellog in
1929 proposed the connec-
tion of a senes of electrostalic
elements by inductars as a
delay line. His idea was 1o
improve efficiency and reduce
the power regquirement from
amphfiars. Shorter of the BBC
took out a patent w1941
describing the connection of a
sanes of annular rings using
resistors and Jansen, in 1953,
suggested vamanans on the
same theme,

In effect therefore, all | have
dene 15 1o collect all these
ideas and add a little work
which says thatf you can make
the device acoustically trans-
parent. then the performance
can be predicted. Wa think that
thig is very important since it
anablas cofrechian te  the
perfarmance 1o be made very
easily and after simple labora-
tary measurements.

Peter Walkar

In the July issue of PracTical He-Fi our Chiel Engineer is quoted as
saving "thar the INF loundspeakers are demned insevzitive’. We wish it o
be clearly understood that this remark was based on expenence witha par-
tscular boudspeaker some years ago and should not be construed as apply-

ing to current IMF produection models which are of comparable effi-
ciency 10 other high quality loudspeakers and of greater efficiency than
our own clectrostatic lowdspeaker.

R I Watker,

Acousticel Mannfactising Co. Lrd fQLIAD)
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