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ESL 57· L O UD S PEA K E R · QUAD 

ESL 
hi·finews 
ICONIC 
HI~FI 

It was a freak of its time, one of those off-the-wall designs more often found in the 
footnotes of audio history. Yet this full-range copper-coloured electrostatic speaker 
had a global impact. Ken Kessler on the masterpiece that was the Quad ESL ... 

W
ith the possible 
exception of the 
Zippo cigarette lighter 
and a few classic 

wristwatches, it's hard to name any 
objects over 50-years-old that match 
or better the performance of their 
current equivalents. With hi-fi , and 
the appeal of vintage components 
of remarkably 'modern ' levels of 
performance, we'd like to think 
that the challenge of my opening 
sentence would be moot. We all 
love Garrard 301 s, old Ortofon MCs 
and any number of vintage valve 
amps. But only one product from hi
fi' s Golden Age still causes designers 
to shake their heads in wonder. 

Admittedly, the original Quad ESL, 
that electrostatic loudspeaker which 
looked like a room heater, delivers 
neither the bass nor the playback 
levels demanded of today's listeners. 
But those are quantitative rathe r 
than qualitative aspects, and do not 
detract from the core truth: from 

speaker matches the naturalness, 
the authenticit y, the openness, the 
neutrality nor the musicality of Peter 
J Walker's design. And as so many of 
the 54,000 sold still survive, it's not 
impossible to hear them for yourself. 
In any collective of hi-fi nuts, one of 
them is bound to own a pair. 

ALL ABOUT THE SOUND 
Clearly, devotion to any product 
has to be based in some measure 
on real ity, on qualities relating to 
the it em's actual abilities, innate 
excellence or even uniqueness 
- however flawed . People worsh ip 
AC Cobras, not Austin Maxis. They 
cellar cases of Sass icaia, not Irn-Bru . 
With the Quad ESL, aka the '57' 
because of the year it reached the 
marketplace, the near-religious 
devotion is 90% about the sound 
quality, and perhaps 5% each due 
to nostalgia and British jingoism. 
Which ain't bad rat ios. 

By any measure, it 's a globally 
recognised masterpiece, hailed 
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in the USA, cherished in Japan, 
admired in Italy and (ironically) 
maintained in Germany by a corps of 
hard-core devotees. 

But, you're thinking, if you 
feel that a component also must 
be influential to qualify for the 
honour of milestone status, how 
can the Quad ESL 57 be considered 
anything other than a cuI de sac? 
Where are the legions of copies? 
Whom did it influence? Trust me: 
for such an original, iconoclastic 
design, its impact was felt globally. I 
understood and appreciated th is the 
first time I met Gayle Sanders, the 
co-founder of MartinLogan, over 20 
years ago, when he told me that the 
Quad was his yardstick. 

Further study revealed that nearly 
every manufacturer of electrostatics 
since the Quad appeared was 
inspired by the copper/bronze
coloured speaker from Huntingdon. 
And the shape even influenced a 

founder and ESL 

designer Peter 

Walker holds 

upanaward 

from Japanese 

audiophile 

magazine Stereo 

Sound 

LEFT: The 1956 

Hi·Fi Yearbook 
featuring the ESL 

on its cover and 

owner's manual 

from the mid '60s 



maAufacturer of dynamic speakers, 
who used almost the exact same 
form when creating the original 
Dahquist DQ-10. More telling was 
the Us€ of Quad ESLs as the basis 
for the legendary Mark Levinson 
speaker system, the HQD, which 
employed a pair of Quads per 
channel, mounted vertically, with 
the sound augmented by a cone 
woofer and ribbon tweeter. And 
if that's not enough, Quad 57s 
ih quantity provided the sound 
in SME's Music Room, until their 
successor, the ESL 63, arrived. 

A COMMERCIAL FIRST 
As the first commercially and 
sonically successful full-range 
electrostatic loudspeaker, the Quad 
was so radical and so far ahead of 
its time that one must marvel in 
retrospect at the perspicacity of 
many of the 1950s audio critics, 
who recognised this from the 
outset. Which is not to say that it 
was an immediate hit, certainly not 
at a heady £52 each - or roughly 
£2200. But many embraced it, 
even though it was, in the context 
of the period, a freak. Then again, 
it emerged in the mono era, and 
the civility of that age deemed 
much lower playback levels to be 
'realistic' compared to what passes 
for realistic today. 

Equally, audio authorities 
back then based performance on 
the reproduction of unamplified 
classical music. So, while they would 

have surely appreciated the wider 
dynamics of an orchestra, they 
almost certainly would not have 
been exposed to the quasi-physical 
lower octaves of modern amplified 
bass. Either that, or they just didn't 
care about the shortcomings of 
limited SPLs and bass extension. 
Indeed, Peter Walker told 
Hi-Fi News in his last-ever Interview 
that the only consumers who 
commented on either were those in 
the USA, who possessed far larger 
listening rooms than their British or 
European counterparts_ 

While for many the Quad ESL 
is the iconic, signature product 
of Peter Walker's Acoustical 
Manufacturing Company, it wasn't 
the company's first product, nor 
even its first speaker. Acoustical had 
been in business for 20 years when 
the ESL arrived, the company having 
produced both professional and 
domestic amplifiers, preamplifiers 
and a speaker, the now-coveted 
ribbon-hybrid, horn-loaded Corner 
Ribbon of 1949. 

That same year, DuPont's Mylar 
appeared, a material that would 
make possible the production of an 
electrostatic loudspeaker. It would 
be six years later when Walker 
would be ready to unveil such a 
beast, having mused on the subject 
since 1945 and read about the 
technology in a book published in 
the USA in 1954. 

Walker published three articles 
on the subject in Wireless World 

ABOVE: A dream 
live demo of 
stereo Quads 
given by Griffin 
RadIo at SoIihuD 

BELOW: A retail 
dlspIayof Quad 
electronics and 
bIack-griled ESI.s 
In SWI!den in the 
earty1960s 

in 1955, feverishly developing the 
speaker so that it was ready for 
production, appearing on the cover 
of the 1956 Hi-Fi Yearbook. 

Acoustical sold 1000 Corner 
Ribbons, but Walker felt that its 
performance was limited, and 
believed that. even though the 
ribbon was an excellent solution for 
achieving extended upper frequency 
response, 'from a theoretical point 
of view, an electrostatic is an 
ideal way to make a loudspeaker 
- it matches the air perfectly and 
it's all predictable, as ordinary 
loudspeakers are rather variable. 
It has some problems which are 
rather difficult, mainly due to the 
stretching of the diaphragm. It 
mustn't shrink and that sort of thing. 

'It was not an immediate hit, 
certainly not at a heady £52 

! each - or roughly £2200' 
Very high voltages, 10,000 volts 
make it difficult: 

Mylar changed that by providing 
a material that could serve as the 
diaphragm, which when chemically
treated was able to respond to the 
electrostatic charge and maintain 
its physical integrity so that the 
product could be sold commercially. 

Walker demonstrated the ESL 
for the first time in 1955, but it 
wasn't the only electrostatic in 
the marketplace. Its competition 
consisted of electrostatic tweeters, 
eg the Janzen drivers from the US, 
and even a Leak ESL tweeter, which 
would be paired in those DIY days 
with conventional woofers. . 

Because the Quad ESL was 
unique, as Walker recalled, 'it 
just competed against other 
loudspeakers, and it wasn't as loud, 
so people who wanted to shake Go 
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the windows didn't buy a Quad 
electrostatic speaker: This slowed 
down its reception Stateside, at a 
time when export was crucial to an 
economy still recovering from the 
war that ended a decade earlier. 
In part, as mentioned above, it 
was simply down to the speaker's 
inability to fill a larger room. But as 
Walker also noted, 'it wasn't very 
good with American high'powered 
amplifiers, which would just bust 
'em, spark 'em to bits: 

But salvation arrived with the 
LP and stereo. By adding a second 
speaker, there was an inherent 
increase in level, and the Yanks did 
embrace stereo before the home 
market. Again, according to PJW, 
'When stereo came along, 
you had to have two of 
'em. A bit big for that but 
it worked very well. In fact, 
after we made 400 of them, 
we modified the directivity 
because of stereo. The 
directivity pattern was made 
for mono - not quite the same 
as stereo. Serial number 409 
I think it was: For collectors, 
the change involved only -- - - - -.', 
the electrical distribution 
between the elements. Walker 
was emphatic: 'No other 
modifications as far as I knowl' 

TECH AND KNOW-HOW 
While the idea of an ultra·thin, 
ultra·light electrostatically· 
charged membrane responding with 
breathtaking rapidity to the signal 
had been around since the 1920s, it 
took Walker and the technology of 
the 1950s to make it viable. So pure 
was his design, that the original ESL 
stayed in production until 1985, 
overlapping with the Quad 63 
introduced in 1981. 

ABOVE: StacIced 
ESLs - wooden 
side rails are used. 
as specified In 
Quad instructions 

BELOW: Jg for 
stretching Mylar 
membrane 
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Never truly satisfied 
with his handiwork, 
Walker admitted that the 
original was difficult to 
develop and produce. 'It 
had what was in effect 
a woofer and a tweeter 
and getting those 
two exactly level and 
matching in response, 
that wasn't easy because 
they'd vary slightly 
- variation in the gap, 
variation in the tension 
of the diaphragm would 

upset it a bit, you see. One wanted 
to avoid that: 

As restorers - and Quad's later 
owners - found out, the original 
Quad ESL was indeed tough to 
manufacture despite the inherent 

, simplicity of stretching a thin film 
· diaphragm and suspending it 

between perforated conductive 
stator panels. Assembly was quite 
critical, with the distance between 

, the stator and the diaphragm 
: established as 0.5 to 2mm, to 
· render it efficient enough to work 
: with the low-power amps of the day. 
· Quad coated the Mylar 

diaphragm with a slightly electrically 
conductive coating, the coating 
charged to several thousand volts 
above the stator panels. An audio 
signal fed to both stators caused 
the diaphragm to be pushed and 
pulled towards one of the stators 
by electrostatic force. Because the 
diaphragm was light and fast, and 

uniformly driven, it moved in a linear 
fashion, the antithesis of a cone 
driver troubled by its own mass and 
cone break·up. This endowed the 
speaker with quick and controlled 
transient response, and bandwidth 
and frequency response wide 
enough to satisfy hi-fi criteria. 

PRISTINE PAIR 
As the lucky owner of a pair of ESLs 
rumoured to be the last serviced 
by Quad before the diaphragm 
jigs went to the restorers at QUAD 
Musikwiedergabe GmbH in Germany 
(www.quad·musik.de). I am able to 
savour the pristine sound of a fresh, 
circa 1957 pair. They're partial - of 
course - to Quad 1\ amplifiers, but 
(and I fear a curse from PJW in his 
celestial retirement home) I find 
the Radford MA 15s to deliver the 
sweetest sounds from the Quads. 
With ears accustomed to current 
high·end excess, I still note that 
the bass and level limitations are 
meaningless when it comes to the 
music itself. 

For my tastes, dominated as 
they are by vocals, the Quad ESL 
57 delivers some of the most 
natural, open-sounding midband 
performances I can recall hearing. 
Properly set up, about a third of 
the way into the room. a few feet 
from the side walls arid with slight 
toe-in, the Quads have the capac~ 
to deliver pinpoint imaging, while 
disappearing with a facility that 
remains uncanny. In essence, tl1ei~ 



sound spread is so seamless that one 
is hard-pressed, with eyes closed, 
to locate them in the room. Treble 
is ever sweet, t ransients fleeting, 
textures palpable. 

Even if you have no desire to 
own a pair, do try to hear them. 
If one were to create a list like 
those '50 Things To Do Before You 
Die', then the Quad E5L 57 would 
figure on '50 Hi-Fi Components You 
Must Hear Before You Die'. Ideally 
with a Julie London recording, via 
an SME 30 and a Koetsu, feeding 
an Audio Research REF 3 into the 
aforementioned Radfords. 

THE '57 VERSUS THE '63 
An entirely different design, the 
ESL 63 that replaced it, remains in 

50 strong is the siren call that '57 
fanatics guard them like precious 
jewellery, and pray nightly to those 
stalwart German audiophiles who 
can restore, repair and maintain 
them. If a pair turns up at an audio 
jumble - or even a singleton -
they're snapped up as quickly as 
5ME arms, LS3/SAs or Radford valve 
amps. And if that pair happens to 
be black rather than bronze, let the 
bidding begin. 

When I asked Peter Walker 
how would he have improved the 
speaker, with 37 years' hindsight, 
he told me he was limited by the 
technology of the day, and that he 
did the best he could at the time. 
Above all, he was delighted that 
the speaker sold so well that he had 

production as the 
basis of the current 
Quad models. 
And I believe that 
nothing would 
ever induce Peter 
Walker to say that 

I The original E SL stayed 
in production until 1985, 
overlapping with the ' 63' 

the '57 was its match. Indeed, I 
know Quad devotees who adore 
the '63 and find adulation of the 
older model to be little more than 
unbridled anachrophilia. 

Be that as it may, the earlier 
speaker possesses a magic, a spirit 
that - while impossible to define 
or describe - renders it something 
special, in the manner of early 
Koetsu moving-coil cartridges or 
Krell Class-A amplifiers. 

to ration them to dealers. But one 
observation places this fantastic, 
Jules Verne·ian styled masterpiece 
on a par with Goldilocks' porridge: 
'Would I have made it bigger? 
Well, then it would have upset a 
whole lot of people who wanted a 
small speaker. Would I have made 
it smaller? No, because then you 
wouldn't have enough bass. It was 
roughly the right size.' No, Peter. It 
was the right everything. c9 

ABOVE: A restored ESl from Gennany, with the grille sprayed a satin white 
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General

The notes in this section are for the guidance of the engineer who has some experience of carrying out repairs
to these speakers together with the necessary proper materials for the repair.

The QUAD electrostatic speaker consists of five components: two bass units, one treble unit, an audio trans-
former unit and an EHT supply unit. If any repairs are necessary, it should be ascertained which of the five compo-
nents is the cause and that component should be either replaced complete or repaired as appropriate.

Fault Diagnosis

Loss of Sensitivity
Check the EHT voltage, which should be: Bass 6Kv + 7%; Treble 1.5Kv + 7%.
If low, check, by disconnecting, whether due to leakage in speaker unit or fault within EHT unit. Voltages must

be checked only with electrostatic meters, as the current drawn by other types may itself damage the rectifiers.

Distortion
1. Make sure that the speaker is really at fault by comparison with a second electrostatic speaker, using a

QUAD amplifier. 
2. Check EHT voltage.

� Page   1 �
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3. Suspect intermittent breakdown in speaker units.
4. Suspect intermittent breakdown in audio transformer unit. (Note: a fault in this unit is very unlikely).

No Output at All
Suspect EHT unit or audio transformer unit after checking more obvious things like external connections, not

forgetting the leads under the transformer unit connecting the input sockets.

Background Noise
One cause of background noise in the electrostatic loudspeaker is internal discharge of the EHT supply at times

of high humidity, or high voltage, or both. This may be reduced by lowering the EHT voltage and a tap is provided
on the EHT mains transformer for this purpose.

Before the EHT unit is touched the mains should be completely disconnected and the loudspeaker left to stand
for two hours to ensure it is completely discharged.

The connections to the EHT rectifier block are normally taken from tags marked Common and 61 0V. The lat-
ter is the righthand end tag and next to it is a blank tag marked 590V to which should be transferred the lead nor-
mally connected to the 61 0V tag. Background noise may also be caused by discharge of the EHT from points
external to the loudspeaker units, at the tags on the rectifier block for example, if a hair of felt or piece of fluff comes
in reasonably close proximity to that point, or if a spike of solder or sharp point of wire permits corona discharge.

Where EHT leakage occurs via a bass unit, this is sometimes found to be discharging from one of the eyelets
around the periphery of the bass unit plates, probably to one of the aluminium brackets. In such cases a satisfac-
tory repair can be effected by slitting the polythene tape round the edges of the unit, opening the dustcover frames
and insulating the leak by applying a single layer of similar polythene tape all round the periphery of the internal
plates, on top of the existing sealing tape, and reassembling the dustcovers, again with polythene tape.

Other internal failures of insulation will probably necessitate replacing the loudspeaker unit affected.

Mechanical
If the dust seal covers should be torn, it may be necessary to replace the complete unit as there will have been

ingress of dust, which causes loss of sensitivity of the unit concerned.

Dismantling the Speaker
The loudspeaker should be switched off for about two hours before the grilles are removed, so as to ensure the

EHT unit has completely discharged.
The component loudspeaker units of the QUAD electrostatic loudspeaker must be handled with the utmost

care, partly because when not supported by the rigid frame of the cabinet they are more liable to physical distortion
which would reduce the small internal clearances, and partly because the dust covers are necessarily made of very
thin and therefore fragile plastic film.

At the rear of the treble unit are four pins located in the wooden struts of the cabinet, and as these represent
an additional hazard to the dust covers of the treble unit, the positioning of this unit requires particular care.

Soldered joints should be smoothed and rounded and all spikes of solder, wisps of wire, etc., removed as these
would tend to cause arcing at the high internal voltages used.

Removing Front and Rear Expanded Metal Grilles
The rear grille is held only by the screws around its periphery. For the front grille it is necessary first to remove

the side mouldings, the staples through the metal beneath them, and the screws under the baseboard.Then the
bottom edge of the grille is lifted gently outwards and upwards until the top rear edge may be slipped out of its
groove in the cabinet, when the whole grille will be free. Care must be taken not to strain the top curved section dur-
ing removal or the metal may split.

Replacing the Front Grille
Replacement grilles are normally supplied cut and partly preformed so the procedure is as for refitting an exist-

ing grille. It may be found helpful when working single handed, having inserted the top back edge of the sheet into
the slot in the cabinet, to hold the bottom edge of the grille under slight tension to the bottom of the wooden frame
by means of elastic bands and simple hooks of wire, such as an opened paperclip, and then to use a bar of wood
slightly longer than the width of the sheet, and with a good flat face, to bed the grille to the frame by moving the bar
progressively down the face of the grille, tacking the sides as you go, finally securing the bottom edge with the
screws removed from the old grille. Do not forget to fasten the earthing lead to the grille.
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Replacing Bass and Treble Units
1. Remove both grilles.
2. Remove the top and bottom aluminium brackets in front of the centre (treble) unit.
3. If the treble unit is to be replaced, it should now be disconnected from the audio transformer (the large rec-

tangular can on the left-hand side when viewed from the rear). This is held in position solely by four screws whose
heads are accessible below the baseboard of the speaker. If the speaker is tilted to provide access to slacken these
screws it must be restored to its upright position before they are removed or the transformer will have no support
other than its connecting wires.

4. Carefully prise out one bass unit and slide it past the front of the treble unit until the outer edge clears the
remaining bracket at top and bottom of the cabinet.

5. Either disconnect and remove the bass unit if this has to be replaced or move it far enough to enable access
to be obtained to the treble unit, as required. To remove the treble unit ensure it is free of the four pins mentioned
on page 2, then slide it sideways.into the space vacated by the bass unit already moved, and lift it out.

EHT and Audio Transformer Units
Only the rear grille need be removed to provide access to these units. Both are secured by screws through the

base board only and if the speaker is tilted to obtain access to these screwheads it must be restored to the upright
position before the screws are removed or the unit will have no support other than its connecting wires.

Place a sheet of cardboard behind the unit to be worked on to protect the thin plastic dustcover of the bass unit
from accidental damage due to specks of solder or wire ends, etc.

Note and mark the flexible connections to the unit to be worked on so as to ensure correct reconnection.
To replace the rectifier block of the EHT unit, undo the two 4BA nuts securing it to the framework of the EHT

unit and remove it. If the replacement block is found to be of a different type, it will still be electrically and physically
interchangeable with the earlier type, and the equivalent connections are shown in Fig. 1. If the leads to the loud-
speaker units have to be extended, the joints should be insulated with high voltage sleeving and staggered so that
two joints do not lie together.

To remove the Audio Transformer, after having removed the four securing screws, invert the transformer and
unsolder the wires.

Reassembling the Speaker
To reassemble, the dismantling procedure is reversed, but in addition it will be necessary to remove any wrin-

kles which may have appeared in the treble unit's front and rear dust covers, as these will produce audible rattles
when the speaker is in use. This is achieved by means of gentle heat which thermosets the plastic film, and may
most conveniently be applied by means of a small warm air blower, such as a hand-held dryer. The nozzle should
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be held about 25mm from the dust cover and moved up and down the unit as uniformly as possible at a speed of
about 75mm per second, in regular lines so as to cover the whole area. Repeat until all wrinkles have disappeared,
but always treat the whole area and do not tackle individual wrinkles separately. A certain amount of skill is required
in this operation. Obviously if the nozzle is not close enough and/or the speed of travel too great, there will not be
enough heat to affect the cover. On the other hand too much heat at one point can quickly burn a hole. When car-
rying out this process for the first time, progressively reduce the distance and speed until the desired results are
obtained.

Heat should not be applied to the bass unit covers. Any slight wrinkles in these covers will rarely have any audi-
ble effect and will in any case normally disappear as the tensions even themselves out in a few days.

After thermosetting the treble unit dust covers, the damping felts behind the treble unit must be stretched and
fixed so that there is no contact between them and the treble dust cover, as this will also affect reproduction.

Fitting New Dust Covers
Note: The plates and dust cover material acquire a static charge and if placed in a dusty atmosphere or near

any accumulation of dust it will adhere to them, with deleterious effects. Only plastic film supplied by Acoustical
should be used. Specify whether for bass or treble unit when ordering.

First remove the faulty unit from speaker as described on page 2 and strip the adhesive tape from around its
edges to release the two dustcover frames. On bass units, carefully disconnect the three wires from the terminal
board, having noted their positions, and remove the board. Clean all loose dustcover material from the wooden
frames since any pieces left to flap will buzz.

If the bass or treble unit is to be left without dustcovers for any length of time, it should be kept in a dust free environ-
ment.

Spread enough of the new dust cover material on to any clean, solid, flat surface to leave about 150 mm surplus all
around the frame, and hold in position with pieces of adhesive tape at each corner and at intervals along the sides as
required.

The materials should not be over stretched but just tightly enough to remove the wrinkles.
Adhesive can now be applied to the frame, the frame placed into position on the material and left to dry. The

adhesive should preferably be of a type which does not set brittle, such as Samual Jones' Samson C203, Evostick,
etc. When this is dry, use a razor blade to trim off all surplus cover material back to the edge of the frame. The holes
to the terminals should be BURNT through the film with a small soldering iron. If pierced cold the material will in
time split and run the whole length of the dust cover.

When a pair of covers have been made, the unit and the covers should be blown with a jet of dry air to remove
any dust particles etc., which have adhered to them, as this will cause a loss in sensitivity.

GREAT care should be taken if it is found necessary to renew any soldered joints on the plates. Anything more
than a quick touch to the tags will soften the plate material and loosen the solder tag. A heat sink is helpful here.

When reconnecting to the terminals be sure not to cross wires as this will result in the failure of the speaker to
work.

The unit should be replaced between the two frames and sealed with 50mm wide polythene adhesive tape all
around the outside edge of the frames as before.

This completes the recovering and the unit can now be reassembled into position in the speaker.

Modifications
1. At serial number 16800 (March 1966) additional filtering was added to protect the treble unit from damage

due to high level low frequency signals. Earlier speakers may be modified as described below, when they are to be
used with the Quad 303 or other suitable amplifiers of comparable output.

The components required can be obtained ready assembled on a tagboard, if required, and Fig.2 shows this
in position under the audio transformer. Alternatively, suitable resistors and capacitors from normal servicing
stocks, may be used if preferred.

Fig. 3 shows the tagboard layout from serial number 16800 onwards.

Modification procedure for loudspeakers earlier than serial number 16800 when used with the Quad 303 amplifier.
(a) Remove the AC supply from the speaker and allow two hours for the EHT to discharge.
(b) Undo the screws all around the periphery of the rear grille and remove the grille.
(c) Tilt the loudspeaker to permit access to the underside of the baseboard, taking care not to dent the front

grille.
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(d) Remove the four screws holding the audio transformer (large can on the left hand side) in place, remember-
ing to support the transformer before it is freed or it may slip and damage the left hand bass unit dustcover.

(e) Restore the speaker to an upright position and invert the audio transformer, taking care not to strain its external
wiring.

(f) Remove the two drive screws on the right hand side of the tagboard and use these to secure the small tag
board supplied, as shown in fig. 2.

(g) Rewire as shown, ensuring that the brown lead which has to be stretched to reach its new anchor point does not
press against any sharp edges of turret lugs or solder.

(h) Reassemble the speaker in the reverse order of operations (a) to (e).

2. Voltage selector and voltage selector socket changed. 
Old types no longer available. New type Stock No's. Selector-
SV5049A. Select. skt. SVB9AAA. 
The two types are not interchangeable.

3. At Serial No. 44000 the A.C. supply voltage plug and socket changed.
Stock Nos. ESL up to Serial No. 44000, plug - PP1403A, socket- PS18621.
Stock Nos. ESL after Serial No. 44,000, plug - PPP579A, socket- PSP587A.

4. At Serial No. 45590 supply indicator neon changed.
Stock Nos. ESL up to Serial No. 45590- BNSL50R.
Stock Nos. ESL after Serial No. 45590- BNT430R.
The two types are not interchangeable.
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COMPONENTS LIST

Components and circuit detail may vary slightly
depending on the age of the equipment. In case of
doubt please refer the query to Acoustical.

Assembly Oelsprs E/Speaker components list

Part No. Description
BNSL50R Neon SL50 Red
BNT430R Neon Type T430 Red
PP1403A Plug 3 pin AC SA1403
PP579A Plug 3 pin AC Euro
PP378A0 Plug L378A 4 Black 4mm
PP378A2 Plug L378A 4 Red 4mm
PS13180 Socket 4mm L1318 Black panel
PS 13182 Socket 4 mm L 1318 Red panel
PS18621 Cable end skt 3 pin AC
PSP587A Skt P587 AC cable

QELBAPA Quad ESL bass unit
QELCONA ESL mod. kit

QELES1 B ESL aluminium bracket
QELFGPK ESLfrontgrille-Black
QELFGPZ ESLfrontgrille-Bronze
QELHTPA ESL EHT unit
QELHTPC ESL EHT unit - Canada
QELHTPS ESL EHT unit - Sweden
QELHTTD EHT unit Demko
QELLAPA ESL audio transf.
QELLEGA ESL legs set

QELLMPA ESL AC supply transf.
QELREPA ESL rectifier block
QELRGPA ESLreargrille
QELSIPA ESL side rails
QELTRPA ESLtrebleunit
SV5049A Voltage selector T5049
SVB9AAA Voltage selector skt
EFMY06A Treble unit dustcover material

M11078A Treble unit dustcover frame
EFSA50A Bass unit dustcover material
M11079A Bass unit dustcover frame
I BELBAA Bass unit terminal board
FP2630A Bass unit terminal
C560PMI Capacitor 560pF
R150KKA Resistor150K10%Type 8
R180KJB Resistor180K5%Type 8
R270KKA Resistor 270K 10% Type 8
IP1401 B Polythene tape 50mm

Use on ESL up to
Serial No.44000
Use on ESL after Serial
No.44000

Round AC input connector use on ESL up to Serial
No's.44000 Use on ESL Serial No.44000 and over

Fit to speakers Serial No.16800 and below when
used with amplifiers of greater output than the Quad II
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Chapter 1

Introduction

The Quad ESL 1, introduced in 1957, has become a true icon in the realm of
high performance audio. It was revolutionary when it was introduced, the first
production full range electrostatic speaker. For many, it was a revelation, the first
uncolored speaker capable of showing what was really buried in those LP’s and
tapes. For others it was a quirky little speaker that couldn’t play loudly, and was
bass shy.
The Quad ESL, when working properly is capable of stunning bass perfor-

mance down to about 40 Hz or so depending on SPL. The bass is clean and tight,
free from box colorations and boom which is very common with box style moving
coil speaker systems. The high frequencies are very directional, and on axis ex-
tend to 20 KHz. The transient performance is amazing even by modern standards.
The limitations of the Quad ESL are in it’s limited SPL performance and it’s

directional radiation pattern. It is capable of about 100 dB and not much more.
Any attempts to push it louder will compress the transient peaks and run the risk
of damaging the speaker. However 100 dB is more than ample volume level for
most all listening situations. The other limitation of the speaker is that the high
frequencies are directional. This means that to enjoy the full range sound capable
of the speaker, one needs to be sitting on axis with the speaker. This can actually
be a good thing because there is very little energy projected off axis and this cor-
responds to few side wall reflections and a speaker which excites room resonances
less than many box speakers.
The Quad ESL is capable of reproducing vocals with a realism and clarity that
1Also called the ESL 57 to distinguish it from the newer and very different ESL 63. In this

text, I will refer to the ESL 57 as the original ESL or just the Quad ESL.

3
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is unrivaled, even by modern speakers that have the benefit of forty plus years of
technology advancement and larger final costs.
Chances are that if you are interested in the Quad ESL and this book, you are

one of the people who understand the magic of the Quad ESL, and I am “Preach-
ing to the choir” so to speak. Many words have been written about the amazing
performance of the original Quad ESL’s. I won’t repeat it here, but I will say that
listening to a set of properly working ESL’s through high resolution electronics
will be an amazing experience for just about anybody.
Quad stopped supporting the original ESL, in the early 1990’s. This left a lot

of ESL owners without replacement parts. This is particularly bad considering that
the tweeter panels are easy to overpower and arc. The ESL’s were designed in a
time when 15 watts was a lot of power. As amplifiers got more and more powerful,
tweeter burn out became a real issue with folks who pushed the speakers too hard
or had electrical failures in the electronics chain leading to the speakers. The
treble panels, also called trouble panels by some audiophiles, are the weakest link
in the everyday operation of the ESL’s. The power supplies can have problems
due to aging of the rectifier diodes. The dust covers can become brittle and split.
But none of those problems will stop a set of ESL’s faster than an inadvertent twist
of the volume dial. Later in the book, I will describe a couple circuits which will
protect the fragile tweeter panels. This book represents refinements to the rebuild
techniques that I described my Positive Feedback article and my web site.
Using the directions and illustrations provided in this text, a pair of quad ESL’s

can be repaired and kept in perfect working condition for many decades to come,
using only readily available tools and materials.
WARNING: High voltages are present inside the speaker. This presents real

and possibly lethal dangers. If you are not comfortable with working around high
voltages or do not know the proper safety procedures, never work on a charged
speaker. If the power is disconnected from the speaker and it is allowed to sit
overnight, the speaker will discharge and will be safe. Never work on the speaker
with an audio signal connected to the input transformer. Disconnect the speaker
wires before touching anything inside the speaker. When working on a charged
speaker, it is best to keep one hand behind your back at all times. This will prevent
any possible shock from traveling through your heart.



Chapter 2

General ESL Operation

Electrostatic Speakers are conceptually very simple devices, an electrical diagram
is shown in figure 2.1. The heart if the speaker is a stretched thin film diaphragm
that is suspended between perforated conductive stator panels. The distance be-
tween the stators and the diaphragm is typically small, on the order of 1/16th to
1/8th of an inch for the treble and bass panels respectively. The diaphragm is
coated with a slightly electrically conductive coating. The coating should only be
slightly conductive. The diaphragm is charged via the power supply. Typically
the diaphragm is charged to several thousand volts above the stator panels, in the
case of the Quad ESL, 1500 volts for the tweeter panel and 6000 volts for the bass
panel. There is no current flow however because the diaphragm is insulated from
the stators. The audio signal drives a step-up transformer that increases the voltage
of the signal 90 times for the tweeter and 270 times for the bass panel. The output
of the transformer is connected to the stator panels. Potential difference across
the stators causes an electrical field (a linear filed too) between the stators and
this causes the diaphragm to be pushed and pulled toward one the stators by elec-
trostatic force. There is a crossover network that diverts the different frequency
signals to the respective panels. It is important to note that the transformer itself
is part of the crossover network. It is also important to point out that the crossover
operates in the kilovolt range, which makes component replacement limited to
only devices that can handle very high voltages. The advantages to this system is
that the diaphragm is very light, so it is capable of reproducing the entire spectrum
of audio. The diaphragm is also uniformly driven, so it moves in a very controlled
linear fashion. The diaphragm is also very light, and its spring constant is high,
so the diaphragm couples very well to the air its driving, so its also well damped.
Some of the disadvantages are that the audio signal is put through a transformer.
And due to cancellation effects that plague all dipoles, they must be physically
large to produce any bass at all.
Due to limitations at the time of design, the Quad ESL is made up of three

panels. Using a sectionalized approach allows the speaker to be more efficient,
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Audio
Signal in

Power Supply

Stator

Diaphragm

Input
Transformer

Figure 2.1: Basic Electrostatic Loudspeaker Components

and the treble to be more dispersive (this speaker was designed back when 15
watts was a lot of power).
The schematic for the later model Quad ESL is shown in figure 2.2. The left

side of the schematic (shown within the dotted box) is power supply which is
bolted to the right side of the speaker when viewed from the back. The right side
of the schematic (within the dotted box) is the input transformer and crossover
assembly. The schematic shown represents the more modern crossover design,
this is the correct schematic for speakers S/N 16000 and onward. Older speakers
didn’t have the capacitive coupling to the tweeter center section. This was added
in an attempt to improve the tweeter power handling and durability. It may have
helped some, but not enough. The schematic for the older Quad ESL is shown in
figure 2.3. Quad service centers modified the older style crossover with an addi-
tional small tagboard to add the extra few components if a customer wanted that
service. The modification consists of a small tagboard bolted under the original
style crossover tagboard.
The individual panels are comprised of 5 parts as seen in figure 2.4. At the

center is a thin Mylar or saran (for the tweeter and bass panels respectively) di-
aphragm tensioned and attached to one of the two hollow perforated stator panels.
which are shown on either side of the diaphragm. The charged diaphragm will
attract dust in due to the same electrostatic forces as the diaphragm is attracted to
the stators. Essentially the charged diaphragm is a big dust magnet. Without pro-
tection, the panel assembly will fill up with dust to the point that the dust will short
out the panel and it will cease to work. To avoid this problem, Quad placed thing
stretched mylar or saran dust covers on either side of the stator panels as seen in
figure 2.4. These dust covers are stretched onto wooden frames. The two frames
are placed on either side of the stator diaphragm assembly and taped around the
perimeter.
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Figure 2.2: New Style Quad ESL Schematic
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Diaphragm
Stators

Dust Cover Frames

Quad ESL Panel (Exploded View)

Figure 2.4: Quad ESL Panel block diagram



Chapter 3

Major Parts & Disassembly

The Quad ESL is relatively easy to disassemble, but care should be taken not to
damage the thin front grille and not to damage the panel dust covers if they are not
going to be replaced. The first step is to remove the three wooden feet, this is done
by gently laying the speaker on it’s front grille on any padded surface. The feet
are held to the frame by four wood screws each. The feet are typically punched
with the a letter on the contact area of the foot to indicate it’s proper position on
the frame. When the speaker is placed face down, the foot marked “R” is actually
on the left when facing the bottom of the speaker, similarly the foot marked “L” is
located on the right side. The center rear foot is not marked.
After the feet have been removed, the speaker can be tipped up onto the base

of the frame. The wooden side panels (or trim panels) can then be removed, this is
shown in figure 3.1. Many speaker left the factory with screws for the side panels
that are too long and actually screw into the sides of the bass panels. In some cases
this damages the panels. IT is advised to either buy slightly shorter wood screws
or grind an eighth to a quarter of an inch off the end of each screw. After the bass
panels have been removed, the sides of the panels can be inspected to determine
of the trim screws are too long.
Before the front and rear grilles can be removed, they must be disconnected

from the power supply ground. There are a pair of bare wires that connect the
front and rear grilles tot he power supply. These are located under the frame base
and are shown being cut in figure 3.2. Rather than cutting these wires, they can
also be unsoldered from the eyelets on each grille.
After the grounds have been removed, the back grille can be removed by un-

screwing the screws around the parameter of the grille. The rear grille can then be
carefully removed from the frame.
After the grille is removed, all the basic components of the ESL can then be

clearly seen. An ESL with the rear grille is shown in figure 3.3. The assembly
on the right frame base is the bias voltage power supply and is also shown in
figure 3.4. This power supply will be described in mor detail in the power supply

9
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chapter. The input transformer and crossover is located in the metal box bolted to
the frame base on the left side, and is also shown in figure 3.5. Also shown here in
figure 3.6 is a broken input banana connector. Quad used plastic input connectors
that can be, and often are, broken or loose. The treble panel is in the center and is
covered by felt damping material. On either side of the treble panel is a bass panel.
The panels are removed from the front of the speaker after the power supply and
the input transformer are removed.
If the panels are to be removed, the front grille has to be removed. The front

grille is removed by first removing the staples along each side as seen in figure 3.7.
This is easily done with a small screwdriver and a pair of needle nose pliers. Then
the screws that retain the front grille along it’s bottom edge must be removed,
as seen in figure 3.8. This is most easily done by gently laying the speaker on
a padded surface so that the front grille is facing upward. The grille can then
be removed by starting at the bottom and gently pulling the grille away from the
frame. IT is attached at the top of the frame by curving around the top edge and
sliding into a recessed slot along the top rear of the frame. The grille can be
carefully worked out of that slot being careful not to unbend the grille too much.
Figure 3.9 shows the front of an ESL with the front grille removed.
After the front grille is removed, the two foam strips that support the front

grille in the center can be carefully removed from the sides of the treble panel.
This is shown in figure 3.10.
After the foam strips are removed, the panel retaining brackets can then be

unscrewed from the frame as seen in figure 3.11. There are two wood screws that
attach each bracket to the wooden frame.
After this is complete, the speaker can be turned around and the power supply

and input transformer removed. The input transformer is attached to the frame via
four screws through the base of the frame. It is most easily removed by unscrewing
the four screws while the speaker is in a vertical position by sliding the speaker
slightly over the edge of the work surface as shown in figure 3.12. The power
supply is also attached to the frame by four screws through the base of the frame.
These are removed in a similar manner to the input transformer as shown in figure
3.13.
After the power supply screws have been removed, the whole power supply

assembly can be slid backward away from the bass panel, and the electrical con-
nections can be unsoldered as shown in figure 3.14. If the bass panel isn’t going to
be removed and rebuilt, care should be taken to protect the panel and fragile dust
cover from the un-soldering operation. this is easily done by draping a towel over
the top of the frame and tucking the end of the towel between the power supply
and the bass panel. This will protect the panel and dust cover in the even that any
solder flies from the power supply as it is being unsoldered. After the four wires
are unsoldered, the power supply can be removed and set aside. The power supply
rebuilding will be discussed at length in the power supply chapter.
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Figure 3.1: Removal of Wooden Trim Strips

After the input transformer screws have been removed. the transformer box
can be tipped on it’s side and the ground and panel connections unsoldered, as
shown in figure 3.15. After the wires are unsoldered, and pulled through the
grommet in the input transformer box, the transformer assembly can be set aside.
After the input transformer is removed, the left side of the speaker will look as
shown in figure 3.16.
After both the power supply and the input transformer have been removed,

the bass panel terminal boards are accessible, and the wires from them can be
unsoldered. First the insulating tubing needs to be cut away from the center bias
supply connection as shown in figure 3.17. The connections to the bass panel
can then be unsoldered as shown in figure 3.18. If the panel or dust cover is not
going to be rebuilt, extreme care should be taken when un-soldering not to melt
the dust cover or allow any molten solder to splash the dust cover. The dust cover
is protected by placing a piece of notebook paper between the terminal board and
the dust cover.
After the bass panels have been unsoldered, they can be removed by sliding

each panel toward the center of the frame. A screwdriver can be used to carefully
push the panels inward as shown in figure 3.19. The panels are held in place on
the sides by a lip in the frame, and at the top and bottom on the outside by “L”
shaped brackets. They are held on the inside by the brackets removed earlier. The
treble panel is held in place by the bass panels in front of it, and by short pins
attached to wooden braces that pierce the dust cover frame behind it. The treble
panel can be easily removed after the two bass panels are removed.
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Figure 3.2: Cut Grille Grounding Wires

Figure 3.3: ESL With Back Grille Removed
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Figure 3.4: ESL Power Supply Assembly

Figure 3.5: ESL Input Transformer Assembly



14 CHAPTER 3. MAJOR PARTS & DISASSEMBLY

Figure 3.6: Broken Input Banana Connector

Figure 3.7: Removal of Front Grille Staples
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Figure 3.8: Removal of Front Grille Retaining Screws

Figure 3.9: ESL With Front Grille Removed
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Figure 3.10: Removal of Front Grille Foam Padding

Figure 3.11: Removal of Panel Retaining Brackets
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Figure 3.12: Removal of Input Transformer Retaining Screws
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Figure 3.13: Removal of Power Supply Retaining Screws

Figure 3.14: Unsolder Power Supply Connections
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Figure 3.15: Unsolder Input Transformer Connections

Figure 3.16: Input Transformer Assembly Removed
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Figure 3.17: Cut Bias Wiring Insulation
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Figure 3.18: Unsolder Bass Panel Connections

Figure 3.19: Removal of Bass Panel
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Chapter 4

Bass Panels

4.1 Disassembly
Both the bass and treble panels are rebuilt in essentially the same way. The elec-
trical connections differ between the panels and this changes the rebuilding sub-
tleties somewhat. However, the basic technique is the same.
The major failure mode for bass panels is either the diaphragm getting brittle

and splitting, or the dust cover splitting and not being repaired. This will allow
the bass panel to fill with dust and dirt which is electrostatically attracted to the
panel assembly just like the diaphragm is attracted to the stators.
Figure 4.1 shows a set of bass panels removed from the speaker frames. These

panels are typical of the external condition seen in many quads. The left panel
shows the front dust cover where someone has repaired a tear or split with tape.
This is probably the best method for simple repairs although it’s not an elegant
solution, and a better idea is to replace the whole dust cover. The right panel in
figure 4.1 shows the rear dust cover which has torn around the electrical terminal
strip.
The first step in rebuilding a bass panel is to cut the tape holding the two dust

covers to the stators. The dust covers are taped all around the panel sides. An
effective method is to use a razor blade knife as shown in figure 4.2. The razor
blade should slide easily in the space between the wooden dust cover frame and
the plastic stator panel. The blade is pulled around the parameter for each dust
cover. The front dust cover is then free and can be set aside. The rear dust cover
is still attached to the stator assembly by the electrical connections.
The front and rear stator halves each have an electrical connection riveted to

the bottom center of the panel. The wires from each of these terminals should be
carefully unsoldered. Care should be taken to apply heat to the strip for as short a
time as necessary to remove the wire as the terminal strip is attached to the plastic
stator which can easily melt if too much heat is applied. Figure 4.3 and figure
4.4 show the un-soldering operations. After these two wires are unsoldered, the

23
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bias supply wire must be removed, it is attached to a wiring harness and bolted
through two rivets on the panel. A small screwdriver or a wrench is used to remove
this wiring harness. Figure 4.5 shows this wiring harness and the wrench used to
remove the small nut and bolt. After the nut and bolts are removed the rear dust
cover should be free from the stator assembly, and the rear dust cover can be set
aside to be recovered later.
The sides of the stators are also covered in tape. This is to insulate the stators

and the rivets from the wooden dust cover frames. At high voltages wood is fairly
conductive, and will short out the bias voltage on the panel. This tape is needed
because the entire diaphragm is coated even under the rivet areas as well as the
edges of the diaphragm sticking out the sides of the stators. The new diaphragm
will not be coated in this area, and the risk of shorting out the diaphragm will
be reduced, but insulating tape will be added anyway as a precaution. This old
insulating tape needs to be removed to expose the rivets that are holding the stators
together. Figure 4.6 shows that bass panel tape being peeled away. This tape is
typically very old and the adhesive has deteriorated and it is very easy to remove.
The adhesive turns to dust.
After the tape has been removed the next step is to drill or push out the rivets.

The rivets can also be carefully ground away. Drilling the rivets out is the easiest
method, it enlarges the rivet holes slightly, but that isn’t a problem. A ���� inch
drill bit works very well, figure 4.7 shows a rivet being drilled out. Care needs to
be taken when drilling out the rivets, especially in the corners, that only light drill
pressure be used to prevent cracking the stators. Care also needs to be taken to
prevent the drill from crashing down on the stator when the rivet drops free, this
can also crack the stator.
There are two rivets that should not be drilled out. They are the rivets that are

under the nut and bolts that held on the bias supply wiring harness. These are rivets
that only rivet into each stator half and do not prevent the stators from separating.
After all the rivets have been removed, the two stators can be carefully pulled
apart. This will reveal the diaphragm and years of dirt and dust. You may find that
the coating on the diaphragm looks uneven, like it was applied haphazardly, and
in many cases it probably was. Figure 4.8 shows the bass panel diaphragm and
the uneven coating.
The bass panel diaphragm can now be removed from the rear stator. It can be

removed by cutting it in the center and pulling pieces of the diaphragm toward
the edges. Another trick is to tape the parameter of the diaphragm with good
sticky masking or packing tape, and then pull the diaphragm up by the tape. The
diaphragm will usually come off cleanly and in one piece that way. Figure 4.9
illustrates this technique. At this point the stator panels are ready to be cleaned
and have a new diaphragm installed. If all four bass panels are disassembled at the
same time, it’s a good idea to number the panel pairs so they can be reassembled
as the same pairs. The rivets were not installed with the precision that will allow
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Figure 4.1: Quad ESL Bass Panels

different stators to be interchanged.

4.2 Stator Inspection and Repair

Bass panel stators rarely arc badly enough to melt the plastic. The real problem
with the bass panel stators are that the insulating grey paint starts to flake off and
make a mess. This isn’t really a big issue and all that needs to be done is to take a
stiff brush and remove any of the loose paint and vacuum out the stators. On rare
occasions, particularly in very humid or salt air conditions, do the stator panels
conductive coating corrode. This corrosion produces conductive oxides, which
can be seen as a white salty looking residue. This should be cleaned off with a
stiff brush or a scraper using a light touch, the silver conductive tap on the inside
of the stators corrodes under these conditions. The panel should be wiped down
on the inside with isopropyl alcohol (either 91% or 99% pure obtained from a
large drug store), when corrosion is seen on this silver tape, as the oxides can
form tracks that cause panel shorts.
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Figure 4.2: Removing The Dust Covers

Figure 4.3: Un-soldering Rear Bass Stator Wire
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Figure 4.4: Un-soldering Front Bass Stator Wire

Figure 4.5: Removing The Bass Bias Wiring Harness
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Figure 4.6: Removing The Bass Stator Insulating Tape

Figure 4.7: Drilling A Bass Panel Rivet
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Figure 4.8: Bass Panel Diaphragm

Figure 4.9: Removing The Bass Panel Diaphragm
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4.3 Diaphragm Replacement

After the stators have been cleaned and inspected, the next step is to install a
replacement diaphragm. The original Quad bass diaphragms were a saran type
material that has a lower modulus of elasticity than the mylar used for the tweeter
panels. This allows that bass panel to have a lower resonant frequency. It is a
material very similar to the bass panel dust covers. A replacement material which
has nearly identical properties can be obtained from hardware or home stores. it
is used to insulate older windows against winter cold. The material is marketed
by 3M, Frost King, Ace and others. The window plastic comes in a thinner indoor
use variety and a thicker outdoor use type. the thinner variety is the ideal gauge.
This film is very easy to use and is heat shrunk with an ordinary hair dryer.
The film must be held flat and slightly tensioned to remove wrinkles prior to

being glued to the rear stator. To do this, a stretching jig can be built, as seen in
figure 4.10 and a photo of a completed jig can be seen in figure 4.11. The design
show has the ability to tightly tension the diaphragm by tightening the wing nuts.
This isn’t necessary if the bass and treble panel diaphragms are tensioned by heat
shrinking. The jig has two sized top and bottom sections, for bass and treble
panels.
The diaphragm replacement process is started by first cutting a piece of the

saran film to the size of the jig. The film is then taped to the top sides of the inside
(movable) boards on the jig. This is done with the least hassle by using small
pieces of tape and taping opposite sides while pulling the film tight. After the film
is taped all around it’s parameter on the jig, the film needs to be cleaned so the
epoxy will stick. The film is wiped down on both sides with isopropyl alcohol
(91% or 99%) using a small piece of paper towel. Both sides of the diaphragm are
then vacuumed off as are both sides of both stator halves.
It is now time to make the diaphragm slightly conductive. This is done by

rubbing graphite into the film. First place a stator in the center of a table hollow
side up, and carefully place the diaphragm and jig over the stator with the film
resting right on top of the stator. Take a roll of masking tape and apply tape to
the top of the diaphragm over the parameter rivet area of the stator. The object is
to mask off the outer area where the stator are riveted together so no conductive
coating is applied there, but there is coating everywhere over the hollow parts of
the stators. Carefully lift off the jig and diaphragm after the parameter outline is
masked on the diaphragm and then remove the stator. Wipe off the table surface
and check to make sure it is smooth with no dirt or other debris that will puncture
the diaphragm. If the table has a rough surface a large piece of glass makes an
excellent surface to work on. Place the jig back on the table with the film side
closest to the table, the tape should be on the top surface.
Apply powdered graphite, which can be purchased from a hardware store as

lock lubricant, to a cotton ball and firmly rub the graphite into the film. This
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takes a lot of pressure and is real drudgery. The coated area of the diaphragm will
turn a darker color and won’t easily wipe off if the graphite is being applied with
sufficient force. All the area of the diaphragm has to be coated. When the whole
area that was masked off has been coated with graphite, vacuum off the whole top
surface and surrounding area to remove any stray graphite powder. Any graphite
flakes that find their way into a panel is a sure short. It is not necessary, but the
excess graphite can be removed by wiping the panel with a paper towel soaked
in alcohol. This will raise the resistance of the diaphragm, but care should be
taken to not completely scrub all the graphite away. However, in practice it is
very difficult to remove all the graphite using alcohol. Then carefully remove the
masking tape and vacuum again. There should be a dark square in the center of
the clear film on the jig.
The back stator is then placed in the center of a table and a small amount of

epoxy is mixed on a card. Five minute epoxy works well once the technique for
fixing panels is learned. However it cures too fast to make a first try at panel
repairs enjoyable. For the first couple panels, it’s a better idea to stick with 30
minute epoxy. Squeeze out about a one inch by ��� inch high puddle of epoxy
and the same size puddle of hardener on a small card or folded sheet of paper. Mix
well with a nail or wooden match stick. Then apply the epoxy on the perimeter
edges of the rare stator. It is least messy to only apply epoxy between the rivet
holes. This can be seen in figure 4.12. As soon as the parameter has epoxy applied,
carefully place the jig on top of the stator so that the film touches the stator. Before
lowering the jig carefully line up the coated part of the film so that it is lined up
on the stator like it was when it was masked off. Then lower the jig so the film
touches the stator. Rub the parameter of the stator with a paper towel to squeeze
out the epoxy. Then place the front stator directly over the rear stator like they
were assembled. Then pile books or other heavy objects on top of the front stator.
Stacks of books at least 6 inches high work well, as seen in figure 4.13. Wait for
the epoxy to cure.
When the epoxy has cured, The books or weights can be removed as well as

the front stator. The diaphragm can then be heat shrunk using an ordinary hair
dryer. Slow sweeping strokes will work well, as seen in figure 4.14.
The rivet holes need to be recut so that the nut and bolt assemblies can be

push through to secure the stator halves. However cutting the film can cause it to
split (like a candy bar wrapper). It is a much better idea to melt the holes with a
soldering iron. This can be seen in figure 4.15.
The bass panel can then be reassembled using 4-40 nuts bolts and washers.

The ideal length bolt is a ��� inch long pan head philips bolt. A washer on each
side and a nut is the perfect length for the bass panels. Each panel requires about
65 bolts. It’s easiest to start by bolting through the rivets where the bias supply
attaches to the stators, because that is the smallest holes and the hardest to line up.
After all the bolts are in place they are tightened down, as shown in figure 4.16.
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Figure 4.10: Diaphragm Stretching Jig Plans

After all the bolts have been tightened, the panel can be cut away from the rest
of the film on the jig. A razor blade works well for this. Cut along the stator edge
so no film sticks out. Then place the panel is a dust free place, it is now ready for
new dust covers and insulating tape.

The insulating tape that was removed around the parameter of the stator as-
sembly can now be replaced. It is not absolutely necessary to replace this tape
especially if care was taken to prevent the conductive coating from being applied
to the area where the diaphragm was glued. However it is a good idea to replace
the tape just as an extra precaution. Two layers of the thick insulating tape de-
scribed in the parts and tools chapter works very well. However three or four
layers of standard high quality packing tape will also work. Figure 4.17 shows the
insulating tape being applied to the parameter of a stator assembly. Figure 4.18
shows a corner of a bass panel with the insulating tape in place.
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Figure 4.11: Diaphragm Stretching Jig

Figure 4.12: Bass Epoxy Application
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Figure 4.13: Bass Panel Diaphragm Curing

Figure 4.14: Bass Diaphragm Heat Shrinking
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Figure 4.15: Bass Diaphragm Rivet Hole Melting

Figure 4.16: Bass Panel Bolt Tightening
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Figure 4.17: Bass Panel Insulating Tape Application

Figure 4.18: Bass Panel Insulating Tape
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4.4 Dust Cover Replacement

This section is useful as a final step when completely rebuilding panels or if the
bass panel is working fine, but the dust cover is split or has holes. The dust
covers and the wooden frames should be removed by cutting the parameter tape
as described in the panel disassembly section. The wires are then unsoldered as
described in the disassembly section.
The original dust cover film is removed by either pulling the tape off the

wooden frames, or more cleanly by carefully cutting the film at the edge of the
wooden frame as seen in figure 4.19, then removing the old tape. The wooden
frames can be washed or wiped down with a damp cloth to remove the years of
dust and dirt as well as any powdered tape adhesive residue.
When the frames have dried, they can be recovered with new film. The sup-

plies needed are shown in figure 4.20. These include enough window treatment
film to cover the two dust covers, a bottle of ordinary rubber cement or a common
contact cement, some masking tape, scissors, and a table large enough to hold the
dust covers.
The dust cover film is placed flat on the table and pulled tight using several

strips of masking tape around the parameter of the film. The front face of the
dust cover frame is then coated with cement and the dust cover is placed on the
film. books or other wights are added on top of the dust cover frame to hold it
firmly against the film (the dust cover frames are warped due to the curvature of
the panels when installed in the speakers). After the glue is dry, the edges of the
film can be cut away using a pair of scissors. The film should be cut flush with the
edge of the dust cover frame. Repeat this process until all the needed dust covers
are complete. The dust covers should be vacuumed out to remove any dust and
dirt.
The rear dust covers need the terminal strip and wiring installed. A piece of

tape is applied to the outside of the back dust cover about the same size as the
terminal strip. This piece of tape is applied right under where the terminal strip is
attached and reinforces the dust cover film to prevent it from splitting where the
wiring passes through the dust cover.
The holes in the dust cover where the terminal strip attaches to the wooden

frame need to be melted out using a soldering iron. The terminal strip can then be
attached to the wooden frame. Never cut the holes for the wiring, or the film will
split, always melt them. Figure 4.21 shows the holes for the wires being melted
in the bass dust covers. The terminal strip can be bolted to the frame using the
same nut and bolt assemblies used to attach the stators together. The wires are
then carefully fed through the dust cover and soldered to the terminal strip again.
The rear stator wire is soldered quickly to the electrical tab on the rear stator. The
bias wiring harness can then be attached to the stator by attaching the eyelets on
the harness to the appropriate nut and bolts on the stator, this can be seen in figure
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Figure 4.19: Bass Panel Dust Cover Removal

4.25. The front stator wire is carefully fed through the hole in the stators and
quickly soldered to the tab on the front stator.
After the wiring is complete, the dust covers and stators can be re-vacuumed

and taped together. Figure 4.22 shows a stator panel being vacuumed. Figure 4.23
shows the dust covers and stator being taped around the parameter. The tape is
applied to the top face of a dust cover frame and pulled around the edge of the
panel assembly to the other dust cover frame face. The tape should extend a bit
past the edge of the panel and wrapped around to the next side and trimmed. The
tape from one side should overlap the adjacent side, so the corners have two layers
of tape; one from each adjacent side.
After all four sides have been taped, the dust covers can be tensioned using an

ordinary hair dryer. This can be seen in figure 4.24. The dust cover should pull
tight with no wrinkles. The completed panel can be seen in the closeup of the
terminal strip shown in figure 4.25. The panel is now ready to be reinstalled in the
speaker frame and rewired to the power supply and input transformer.
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Figure 4.20: Bass Panel Dust Cover Supplies

Figure 4.21: Bass Panel Dust Cover Supplies
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Figure 4.22: Bass Panel Dust Removal

Figure 4.23: Bass Dust Cover Taping
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Figure 4.24: Bass Dust Cover Heat Shrinking

Figure 4.25: Completed Bass Panel Terminal Strip
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Chapter 5

Treble Panels

5.1 Introduction
The Quad ESL treble panels do not suffer from the degradation over time that
affects the bass panel diaphragms and dust covers. So, if the treble panel is not
over-driven and arced, it’s performance should not change over time. However,
the treble panels are easily arced when using high powered amplifiers with the
Quads. A picture of an arced treble panel is shown in figure 5.1. The Quads
were designed during a time when 15 watts of power was a lot. The treble panels
arc when the treble panel voltage exceeds about 3300 volts. This corresponds to
about 20 watts or so depending on frequency content. Quad changed the crossover
network to improve the power handling and reduce the tweeter panel burnout re-
sulting from over-driving when using some of the newer and more powerful Quad
transistor amps. When the crossover design change didn’t solve the problem, a
diode bridge and zener diode clamping circuit was offered as protection for the
tweeter. However, many folks believe that this circuit is detrimental to the sound
quality. The treble panel is made up of three electrically separate vertical panels
each almost 2 inches wide. The two outer sections are driven in parallel, with the
center section being driven separately. This is a clever way to improve high fre-
quency dispersion, such that the highest frequencies are only driven by the center
section, but the lower frequencies handled by the treble unit are produced by all
three sections.

5.2 Disassembly

The Quad ESL treble panels are disassembled similarly to the bass panels. After
removing the treble panel from the ESL frame (see disassembly chapter), the rear
felt damping pad can be removed. The vast majority of the ESL’s have the felt
pads stapled to wooden strips that run vertically down each side of the treble unit.

43



44 CHAPTER 5. TREBLE PANELS

Figure 5.1: An Obvious Treble Panel Burn

The felt pad is stapled to the rear of the treble unit through the wooden strips.
These can be removed by carefully prying the wooden strip away from the dust
cover frame on the back of the treble panel. Figure 5.2 shows the bottom of the
felt pad being pulled away from the rear of the treble panel.
The dust cover is prevented from vibrating and rattling by four tensioning

points. These tensioning points are nut and bolt assemblies with protective felt
washers that clamp the dust cover to the stators. These bolt assemblies prevent
the dust covers from being removed, and should be removed prior to removing
the dust covers. The removal of the bolts and felt washer assemblies is shown in
figure 5.3.
After the felt washers are removed, the dust covers can be cut away from

the perimeter tape, this is shown in figure 5.4. Unlike the bass panels, there is
no terminal strip for the electrical connections, so the dust covers remove easily
from each side of the treble panel. The stator assembly is then exposed and the
insulating tape can then be removed. The tape removal is shown in figure 5.5.
The high voltage polarizing or bias supply connection is via two bolts which

clamp two eyelets to rivets which are connected internally to the panel. These two
nut and bolt assemblies must be removed before the two stators can be separated.
This is shown in figure 5.6.
To separate the two stator halves, the sixty or so rivets must be removed. This

is most easily done by carefully drilling them out. A ���� inch drill bit works
very well to drill out the rivets. A small drill press makes drilling out the rivets
relatively painless, although a hand drill will work as well. Figure 5.7 shows a
rivet being drilled out in a drill press. Care must be taken, particularly with the
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corner rivets, that the stators are not cracked by exerting too much force when
drilling out the rivets.
At this point, the two stators can be carefully pulled apart to expose the old

diaphragm. If the panel has been arced, it should be fairly obvious. A treble
panel arc is shown in figure 5.8. Not only does an arc destroy the diaphragm, it
frequently has enough energy to damage the stators in the area of the arc. The
failure mode after an arc is that the ragged hole in the diaphragm comes in contact
with one of the stators and thus shorts out the diaphragm not allowing it to charge.
When the arc is severe enough to melt the stators, the carbonized and melted
stator will frequently come in contact with he diaphragm or even the other stator,
thus shorting the diaphragm to the stator and even one stator to the other. The
diaphragm is most easily removed by taping the perimeter of the diaphragm with
masking tape. Then the tape is carefully lifted off, and the diaphragm should pull
away from the rear stator. This is shown in figure 5.9
The majority of arcs in treble panels are fairly small, in the order of ��� inch or

less in diameter. These require little panel repairs. The carbonized burned plastic
is carefully scraped away with an Exacto knife. The bare plastic and conductive
paint can be covered with a little red glyptol or corona dope (see supplies section),
but is not necessary.
If the burn is large or the panel has arced at the connecting rivet, the conductive

paint may have to be repaired. This is particularly damaging if the panel arcs
at the rivet, which can easily cause the conductive paint around the rivet to be
burned away breaking the contact from the rivet to the rest of the stator. A highly
conductive paint is available for fixing circuit board traces, and works well to
repair the stators (see supplies section). If this material is difficult to obtain, auto
parts stores sell a conductive paint designed to repair the resistive heating elements
used as rear window defrosters in modern automobiles. Figure 5.10 shows the
silver repair paint around a burn which occurred at the rivet junction. The stator is
tested by measuring the resistance from the terminal on the outside of the stator to
the conductive coating on the inside of the stator around the perforated holes. The
easiest way to measure the resistance is to clip one of the ohmmeter leads onto
the solder tab on the outside of the stator. Push or gently scrape the grey paint
around a stator hole on the inside of the stator until the meter shows a non-infinite
resistance. It’s easiest to learn the technique on a non damaged stator section.
A healthy painted stator should measure in the 8-10 kohm range. But this value
does vary depending on the thickness of the conductive coating. The conductive
coating covers the perforated area, and stops about ��� inch away from the edges
of each vertical cell.
The smaller holes do not need to be repaired as a general rule, as long as the

conductive coating on the inside is still largely intact. Even holes as large as ���
inch in a stator can be considered small when considering the whole driven area
verses the damaged area.
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Figure 5.2: Removing The Rear Felt Pad

When learning the rebuilding technique, it’s not uncommon to have to rebuild
a panel several times. Heat shrinking the diaphragm requires a careful technique
and too much heat will melt a hole in the diaphragm. The tweeter panels may
need to be rebuilt decades from now as well. So being able to remove the epoxy
prior to another rebuild is an important part of a panel rebuild. However it is not
necessary to remove any material for the first rebuild, thus if the panels being
worked on have never been rebuilt, this part isn’t necessary. The epoxy can be
removed via chemical means using acetone, but the stators are plastic and too
much exposure to acetone will soften them. The easiest way to remove the old
epoxy is to use a Dremel moto tool and a drum sanding attachment. The epoxy
can be easily removed using light pressure and moving back and forth to prevent
too much heat build up. Figure 5.11 shows the epoxy being removed from a
previously rebuilt panel. Figure 5.12 shows the resulting panel after the epoxy is
removed. The epoxy sands off as white flakes and powder, the stator material is
a black plastic, so it’s easy to see when the epoxy has been removed down to the
stator material. The stators are now ready to be rebuilt.
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Figure 5.3: Removing The Dust Cover Retaining Screw Assemblies

Figure 5.4: Removing The Dust Cover
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Figure 5.5: Removing The Insulating Tape

Figure 5.6: Removing The Bias Wire Retaining Screws
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Figure 5.7: Drilling Treble Panel Rivets

Figure 5.8: Treble Panel Burn
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Figure 5.9: Removing The Old Treble Panel Diaphragm

Figure 5.10: Conductive Paint Repair
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Figure 5.11: Grinding Epoxy On Previously Rebuilt Panel

5.3 Diaphragm Replacement
The diaphragm can now be replaced, this is done in a very similar manner as the
bass panel diaphragms. Figure 5.13 shows the stretching jig, stators and a pice of
mylar. The mylar is taped to the inner portions of the stretching jig such that it
is free of wrinkles. This is most easily done by positioning the mylar then taping
opposite sides while pulling it taught with the tape. Figure 5.14 shows a piece
of mylar taped to the stretching jig. It is not necessary to draw the mylar tight
with the stretching jig if the diaphragm is to be heat shrunk. Heat shrinking tends
to result in diaphragms of more uniform and consistent tension than using the
stretching jig. But satisfactory results can be obtained with the stretching jig.
It is now time to make the diaphragm slightly conductive. This is done by

rubbing graphite into the film. First place a stator in the center of a table hollow
side up, and carefully place the diaphragm and jig over the stator with the film
resting right on top of the stator. Take a roll of masking tape and apply tape to
the top of the diaphragm over the parameter rivet area of the stator. The object is
to mask off the outer area where the stator are riveted together so no conductive
coating is applied there, but there is coating everywhere over the hollow parts of
the stators. Carefully lift off the jig and diaphragm after the parameter outline is
masked on the diaphragm and then remove the stator. Wipe off the table surface
and check to make sure it is smooth with no dirt or other debris that will puncture
the diaphragm. If the table has a rough surface a large piece of glass makes an
excellent surface to work on. Place the jig back on the table with the film side
closest to the table, the tape should be on the top surface.
Apply powdered graphite, which can be purchased from a hardware store as
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Figure 5.12: Treble Panel With Previous Epoxy Ground Off

lock lubricant, to a cotton ball and firmly rub the graphite into the film. This
takes a lot of pressure and is real drudgery. The coated area of the diaphragm will
turn a darker color and won’t easily wipe off if the graphite is being applied with
sufficient force. All the area of the diaphragm has to be coated. When the whole
area that was masked off has been coated with graphite, vacuum off the whole top
surface and surrounding area to remove any stray graphite powder. Any graphite
flakes that find their way into a panel is a sure short. It is not necessary, but the
excess graphite can be removed by wiping the panel with a paper towel soaked
in alcohol. This will raise the resistance of the diaphragm, but care should be
taken to not completely scrub all the graphite away. However, in practice it is
very difficult to remove all the graphite using alcohol. Then carefully remove the
masking tape and vacuum again. There should be a dark square in the center of
the clear film on the jig.
The back stator is then placed in the center of a table and a small amount of

epoxy is mixed on a card. Five minute epoxy works well once the technique for
fixing panels is learned. However it cures too fast to make a first try at panel
repairs enjoyable. For the first couple panels, it’s a better idea to stick with 30
minute epoxy. Squeeze out about a one inch by ��� inch high puddle of epoxy
and the same size puddle of hardener on a small card or folded sheet of paper. Mix
well with a nail or wooden match stick. Then apply the epoxy on the parameter
edges of the rare stator. It is least messy to only apply epoxy between the rivet
holes. This can be seen in figure 5.16. As soon as the epoxy has been applied to
the perimeter of the stator, carefully place the jig on top of the stator so that the
film touches the stator. Before lowering the jig carefully line up the coated part
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of the film so that it is lined up on the stator like it was when it was masked off.
Then lower the jig so the film touches the stator. Rub the parameter of the stator
with a paper towel to squeeze out the epoxy, as shown in figure 5.17. Then place
the front stator directly over the rear stator like they were assembled. Then pile
books or other heavy objects on top of the front stator. Stacks of books at least 6
inches high work well, as seen in figure 5.18. Wait for the epoxy to cure.
When the epoxy has cured, The books or weights can be removed as well as

the front stator. The diaphragm can then be heat shrunk using a heat gun. Heat
guns can be purchased at electronics stores to heat shrink tubing, they can also
be purchased at hardware stores for stripping paint. A larger rather than smaller
heat gun seems to work best. The shrinking technique is a little tricky and should
be practiced on a piece of mylar taped to the stretching jig before trying to shrink
an epoxied diaphragm. If the heat gun is too close and or moving too slowly, the
diaphragm will overheat and melt. Too little heat and it won’t shrink. A back and
forth motion across the short side of the stator moving smoothly past the stator
on each side tends to work well. The heat shrinking of a treble panel is shown in
figure 5.19.
There are other ”wipe-on” coatings that can be used in place of the graphite

rubbing technique. Shown in figure 5.20 is an Indium Tin Oxide polyester resin
coating being applied to the treble diaphragm after head shrinking. The advan-
tages of graphite is that it will not evaporate over time like many wipe on coatings
will, including the original Quad ESL coatings. The advantage of wipe-on coat-
ings is that they are much less work than graphite and can be made to be higher
resistance than graphite. However the higher resistance doesn’t effect the sound
quality of the speaker. If wipe-on coatings are used, the graphite rubbing step
described above can be eliminated and the coating is applied after heat shrinking.
However, the graphite technique is straightforward and difficult to do incorrectly,
the wipe-on coatings can be tricky to apply properly and can wear off.
The rivet holes need to be recut so that the nut and bolt assemblies can be push

through to secure the stator halves. As with the bass panels, the rivet holes should
be melted using a cheap soldering iron. If the holes are cut rather than melted, the
diaphragm will likely split.
The panel can then be reassembled using 4-40 nuts bolts and washers. The

ideal length bolt is a ��� inch long pan head philips bolt. A washer on each side
and a nut is the perfect length for the treble panels. Each panel requires about
65 bolts. It’s easiest to start by bolting through the rivets where the bias supply
attaches to the stators, because that is the smallest holes and the hardest to line up,
these two bolts can be used without washers as well. Figure 5.21 shows the bolts
being installed in a treble panel.
After all the bolts have been tightened, the panel can be cut away from the

rest of the film on the jig. A razor blade works well for this. Cut along the stator
edge so no film sticks out. The panel can now be tested before installing the dust
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Figure 5.13: Panel Repaired And Ready To Rebuild

covers, this is shown in figure 5.22. Great care should be taken when testing a
panel as shown. The audio transformer can produce lethal shocks and should not
be touched while in operation. A function generator is useful for producing the
audio input signals.
The insulating tape that was removed around the parameter of the stator as-

sembly can now be replaced. It is not absolutely necessary to replace this tape
especially if care was taken to prevent the conductive coating from being applied
to the area where the diaphragm was glued. However it is a good idea to replace
the tape just as an extra precaution. A layer of the thick insulating tape described
in the parts and tools chapter works very well. However three or four layers of
standard high quality packing tape will also work.

5.4 Dust Cover Replacement
Unlike the bass panels, treble panel dust covers rarely need to be replaced un-
less the panel is being rebuilt. The treble panel dust cover is mylar and does not
become brittle like the saran bass panel dust cover.
The original dust cover film is removed by either pulling the tape off the

wooden frames, or more cleanly by carefully cutting the film at the edge of the
wooden frame as seen in figure 4.19 in the bass panel rebuilding section, then
removing the old tape. The wooden frames can be washed or wiped down with
a damp cloth to remove the years of dust and dirt as well as any powdered tape
adhesive residue.
When the frames have dried, they can be recovered with new film. The sup-
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Figure 5.14: Mylar Diaphragm Taped To Stretching Jig

Figure 5.15: Vacuuming Panels And Mylar Diaphragm
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Figure 5.16: Application of Treble Panel Epoxy

Figure 5.17: Smoothing Treble Panel Epoxy
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Figure 5.18: Weighting Panel While Epoxy Cures

Figure 5.19: Heat Shrinking Treble Panel
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Figure 5.20: Applying ITO Coating To Treble Panel

Figure 5.21: Bolting Treble Panel Together with ������ �� Bolt Assemblies
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Figure 5.22: Testing Treble Panel

plies needed are shown in figure 5.23. These include enough mylar film to cover
the two dust covers, a bottle of ordinary rubber cement or a common contact
cement, some masking tape, scissors, and a table large enough to hold the dust
covers.
The dust cover film is placed flat on the table and pulled tight using several

strips of masking tape around the parameter of the film. The front face of the
dust cover frame is then coated with cement and the dust cover is placed on the
film. books or other weights are added on top of the dust cover frame to hold it
firmly against the film (the dust cover frames are warped due to the curvature of
the panels when installed in the speakers). After the glue is dry, the edges of the
film can be cut away using a pair of scissors. The film should be cut flush with the
edge of the dust cover frame. Repeat this process until all the needed dust covers
are complete. The dust covers should be vacuumed out to remove any dust and
dirt.
The dust covers and stators can now be re-vacuumed and taped together. The

treble panels are taped in a similar fashion to the bass panels, as see in Figure
4.23. The tape is applied to the top face of a dust cover frame and pulled around
the edge of the panel assembly to the other dust cover frame face. The tape should
extend a bit past the edge of the panel and wrapped around to the next side and
trimmed. The tape from one side should overlap the adjacent side, so the corners
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Figure 5.23: Treble Panel Dust Cover Ready To Be Rebuilt

have two layers of tape; one from each adjacent side.
After all four sides have been taped, the dust covers can be tensioned using the

heat gun. The heat shrinking process is the same as the diaphragm tensioning, and
thus requires careful application of heat to prevent a hole from being melted in
the dust cover. The dust cover should pull tight with no wrinkles. The completed
panel can be seen in figure 5.25. The panels are now ready to be reinstalled in the
speaker frames and rewired to the power supply and input transformer.
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Figure 5.24: Treble Panel Dust Covers Glued To Frames

Figure 5.25: Finished Treble Panels
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Chapter 6

Power Supply

6.1 Introduction
The Quad ESL power supply is typically problemwhen a Quad ESL that has never
been abused looses efficiency. This is manifested as one speaker becoming less
loud over time when compared to the other. This is caused by the rectifier diodes
in the rectifier block becoming leaky and not producing enough bias voltage.
The power indicator lights on the back of the power supplies are often burned

out or blinking. The neon bulbs in the lamp assembly can be replaced, but the
lamps are not critical to the operation of the speakers.
The input connectors were manufactured by Bulgin and are no longer avail-

able. Spare connectors can be found, but they are getting scarce. The bulgin
connectors can be replaced with more modern IEC connectors if desired.
The power supply schematic is shown in figure 2.2 or figure 2.3. The two

schematics show the old and new style Quad ESL’s, however the power supplies
are the same between each style.

6.2 EHT Block Rebuilding
The vast majority of all Quads sold use the newer style EHT modules that consist
or a phenolic or plastic box which is open at the top. The EHT circuit board
is sticking out of the top of the box. The box is filled with bee’s wax which
covers all the traces and components on the circuit board. This type of module
can easily be rebuilt. The most early Quad ESL’s have an epoxy block that houses
the EHT components. This block cannot be easily rebuilt. A circuit board has
been designed to replace this epoxy EHT block, but will work in place of the
newer blocks as well. The circuit board and schematic is shown in figure 6.1.
The EHT modules can be tested using a commercial high voltage probe, or a

high voltage probe can be constructed simply using a pair or 750 megohm resistors
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available from digikey. The two 750megohm resistors are placed in series making
one 1500 megohm resistor, and this resistor is used with a multimeter’s internal
10 megohm resistance to form a voltage divider. The negative terminal of the
multimeter is attached to the frame of the power supply. The positive test lead
is clipped to one end of the two series resistors and the other end of the resistors
is touched to the 1500 volt tap and the 6 kV tap. The meter would be set on
DC volts and should read about 10 volts for the 1500 volt tap and about 35 volts
for the 6 kV tap. The reason the 6 kV tap doesn’t read 40 volts is that the high
voltage probe loads the supply down. WARNING: The high voltage supply isn’t
very powerful, but can still give a nasty shock. Treat it with respect and obey good
testing practices.
The EHT block assembly is located at the top rear portion of the power supply,

it is shown in figure 6.2. First the two wires from the transformer must be unsol-
dered to free the block from the rest of the power supply, this is shown in figure
6.3. The EHT blocks are held in place by two screws which must be removed, as
shown in figure 6.4. After the EHT module is removed from the power supply, the
two screws should be reinstalled in the EHT box to prevent wax leakage during
the rebuilding process, see figure 6.5
The circuit boards in the EHT blocks can now be removed by gently melting

the wax. A pie plate or a Pyrex measuring bowl works well to hold the wax. A
convenient method to melt the wax is to place the EHT modules in a container
and place the container in the oven set at about 300 - 325 degrees F. It will take
about 30 - 60 minutes to melt the wax within the boxes, do not turn up the heat to
speed up the process, the wax has a low flashpoint. After all the wax has melted,
the circuit boards can be removed from the boxes.
Figure 6.7 shows the circuit boards removed from the wax and boxes and ready

to rebuild. The EHT circuit consists of a pair of voltage adjusting resistors, a string
of diodes and capacitors wired as a Cockroft-Walton multiplier. Occasionally
the carbon voltage setting resistors will drift and the voltage will be slightly off
compared to the other EHT. The ceramic capacitors rarely ever go bad. The diodes
are the typically in need of a replacement.
There are two styles of the modern EHT circuit boards. The earlier version

uses 16 diodes set up as 8 series pairs. The newer design uses only 8 high voltage
diodes. These two board versions are shown in figure 6.8. After rebuilding many
EHTmodules, it appears that the 8 diode modules go bad more frequently than the
older 16 diode versions. New high voltage diode can be used, but are much more
expensive than the common 1N4007 1000 volt diode. The high voltage diodes
used by Quad are model number GP02-30. The most cost effective solution to
replacing the EHT diodes is to remove the 8 or 16 diodes and replace them with
16 1N4007 diodes. One EHT should be worked on at a time, and the other used
as a guide to insure that the diodes are installed correctly. The completed boards
should look like figure 6.9. After the circuit boards are rebuilt, they can be placed
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back into the boxes and the potting wax poured back into the boxes. After the
boxes have cooled, they can be reinstalled in the power supplies, and the two
transformer wires reattached. Extra bee’s wax can be purchased from craft stores
or candle making shops. However, the wax doesn’t need to completely cover the
caps, as long as the diodes and cap leads are covered.

6.3 Lamp Rebuild
The Quad power supplies have neon lamps to indicate that the speakers are pow-
ered up. These lamps are connected directly to the mains wires and do not effect
the operation of the speaker. However when doing a thorough rebuild, it’s a nice
touch to have the lamps working again. The neon lamps consist of a translucent
red front cover that houses the neon lamp and dropping resistor. When the front
cover is removed and the rear wires unsoldered, the terminals and lamp assembly
can be removed.
Before the lamp assembly can be removed, the rear wires must be removed,

figure 6.10. The lamp assembly can then be pushed out of the power supply frame
if desired, although the power supply frame holds the lamp assembly and can
make reassembly easier.
The rivets holding the front cover have a slight twist to them. One way of

removing them is to use a fine pair of diagonal cutters to grasp the head of the
rivet. The rivet is removed with a counter-clockwise pulling motion, as shown in
figure 6.11.
The parts of the lamp assembly are shown in figure 6.12. One neon lamp lead

is spot welded to one of the terminals that protrude from the back of the lamp
assembly. The other neon lead is twisted to one lead of the dropping resistor.
The other lead of the dropping resistor is spot welded to the other terminal. The
neon lamp is replaced with a new NE-2 bulb or one of the NE-2 variants. The
dropping resistor value is determined from the data sheet for the particular neon
bulb chosen. A 1/4 watt resistor is sufficient for this use. The lamps and resistor
is replaced in the same orientation as the old lamp and resistor. The leads are
soldered to the terminals rather than spot welded.
The terminals and lamp assembly are carefully pushed back into the lamp

housing. The red lamp cover is put in place, and the two rivets are carefully
pushed back into place. The power supply leads are then re-soldered to the lamp
assembly.

6.4 Bulgin Replace
The original Bulgin connectors work well and look good, but like all phenolic
parts, are brittle and can easily be broken, as seen in figure 6.13. The Quad ESL’s
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Figure 6.2: Quad ESL Power Supply

Figure 6.3: Unsolder EHT Block
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Figure 6.4: Unscrew EHT Block

Figure 6.5: Replace EHT Screws
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Figure 6.6: Wax Ready To Be Melted

Figure 6.7: EHT Boards Removed From Melted Wax
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Figure 6.8: Cooled Boards Ready To Rebuild

Figure 6.9: EHT Boards With New Diodes
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Figure 6.10: Unsolder Neon Bulb Leads

Figure 6.11: Carefully Removing Neon Bulb Cover Retaining Rivets
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Figure 6.12: Neon Lamp Parts

are often sold without the plugs. The need to replace the connectors stems more
from the inability to find replacements rather than any shortcoming on the part of
the connector.
The connectors can be replaced with IEC connectors, but the IEC connector is

square and the old bulgin connector is round. This is shown in figure 6.14. This is
the classic dilemma, of trying to fit a square peg in a round hole. To accommodate
an IEC connector, the round hole must be ground out a little, this is shown in figure
6.15. When the connector is installed, the finished power supply looks quite good,
as seen in figure 6.16.
There is another possible replacement for the bulgin connector, it’s called a

Power-On connector by Neutrik. It should be basically a drop in replacement for
the bulgin connector.
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Figure 6.13: Unscrew Broken Bulgin Connector

Figure 6.14: Bulgin and IEC Connectors
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Figure 6.15: Grinding Round Hole For A Square Plug

Figure 6.16: Installed IEC connector



Chapter 7

Input Transformer

The Quad input transformer is an essentially trouble free portion of the speakers.
The audio input jacks are a weak point in this component. They are very cheap
quality banana connectors with plastic bodies and threads. Most of the ESL’s have
loose banana connectors, and if they have been handled badly, the connectors can
be broken.
The plastic input jacks can be easily replaced with higher quality modern

equivalents. The input wiring must be unsoldered, as seen in figure 7.1. Then
the old jacks can be unbolted, as seen in figure 7.2, and new banana jacks can be
bolted in place. The input wiring is then re-soldered to the new jacks.
Many folks find the narrower than usual banana jacks to be a problem when

attaching speaker cables to the speakers. More modern 5 way binding posts can
be added to the input transformer by grinding out the banana jack holes slightly
as seen in figure 7.3. Note that a piece of paper towel has been carefully taped
in place to prevent metal shavings from falling into the crossover and transformer
portions of the case.
If the treble panels have been arced, there is a chance that the crossover compo-

nents in the input transformer assembly have been damaged. The resistors should
be checked with an ohm meter and compared to the schematic as shown in figure
2.2 and figure 2.3. The capacitors in the crossover rarely go bad, and the resistors
only occasionally are damaged by arcing.
To prevent future treble panel arcing, a protection device can be added to the

input transformer. Quad produced a diode bridge and zener diode clamping cir-
cuit to protect the tweeter. However their circuit effects the sound of the speaker.
A better modern alternative is to use a gas discharge tube. It works much like a
spark plug to arc at a lower voltage than the treble panel arcing point. When the
gas discharge tube is not arcing, it has a very large resistance and a very small
capacitance, so it doesn’t effect the sound of the speaker at all. The original quad
circuit and the gas discharge tube are shown in the add-on’s chapter, figure 9.9.
The treble panel arcs over around the 3 kV to 3.3 kV point depending on man-
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Figure 7.1: Unsolder Audio Input Jacks

ufacturing tolerances. So a discharge tube that arcs at a low voltage will protect
the tweeters. One model of gas discharge tube that works well is made by ”CP
Clare” and is model number CG3-1.5L. It looks like a fat ceramic resistor that is
soldered in place under the input transformer. It is connected electrically to the
tweeter secondary winding on the input transformer. It connects to pins 9 and 7
on the new style input transformer, as shown in figure 2.2. Or it is connected to
pins 7 and 6 on the old style input transformer as shown in figure 2.3.
Figure 7.4 shows a completed new style input transformer with the original

banana jacks replaced with a modern five-way binding post. A CP Clare Gas
discharge tube has also been added for tweeter protection.
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Figure 7.2: Unbolt Audio Input Jacks

Figure 7.3: Grind Input Jack Holes For A 5-Way Binding Post
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Figure 7.4: Finished Input Transformer (With Gas Discharge Tube)



Chapter 8

Wiring & Reassembly

Reassembly of the Quad ESL requires reversing the steps taken to disassemble
the speaker. However, extreme care should be taken to not puncture the fragile
dust covers. The vertical treble panel support members in the frames have 4 metal
pins that pierce the rear treble panel dust cover frame, and are an extreme hazard
to the treble panel dust covers. The pins help to hold the treble panel in place.
Soldering the bass panel wiring and power supply connections must be performed
with caution to avoid accidental bass panel dust cover damage.

Panel Installation
The treble panel is carefully placed against the frame’s vertical treble panel sup-
ports. Do not press the treble panel into the pins protruding from the front of the
supports yet. Figure 8.1 shows the treble panel placed in a cleaned and painted
wooden frame. Another set of hands to hold the treble panel while installing the
first bass panel can be helpful.
Figure 8.2 shows the first bass panel set in the frame. The bass panel has to

be carefully slid behind a set of brackets mounted at top and bottom of the frame.
The panel is slid into place by placing the bass panel so it overlaps the treble panel
with the bass panel’s outside edge tucked behind the retaining brackets at top and
bottom of the frame. Extreme care should be taken to insure that the terminal strip
at the bottom of the bass panel does not puncture the treble panel dust cover. The
bass panel is then pushed toward the outside of the frame. The second bass panel
is installed using the same technique, and is shown in figure 8.3.
The bass panels must now be pushed over the lip on the edges of the frame.

This requires that the bass panel be pushed forward from the back. This is best
done, by pushing forward on the rear dust cover frame with one hand while push-
ing the panel to the outside of the frame with the other hand. The rebuild bass
panels are slightly thicker due to the protrusions of the nut and bolt assemblies
used to reattach the stator panels. This can make pushing the bass panels over the
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Figure 8.1: Treble Panel Installed In Frame

outer lip a bit of a struggle. Care must be taken not to puncture the dust cover
when performing this final installation step. Figure 8.4 shows both bass panels
pushed into place.
After the two bass panels are firmly seated in place, the treble panel can be

centered between the two bass panels. This is done by pushing the center of the
treble panel forward from the rear center , so that it no longer contacts the four
retaining pins on the vertical supports. The panel can then be moved back and
forth to center it between the bass panels. After centered, the panel can be pushed
onto the four retaining pins. This is done by pressing on the front center of the
bass panel dust cover frames which are resting against the treble panel dust cover
frame.
The aluminum retaining brackets can now be screwed in place as seen in fig-

ures 8.5 and 8.6. These brackets hold the panels firmly in place, preventing the
bass panels from slipping off the side rails and also preventing the treble panel
from shifting by not allowing the inside edges of the bass panels to shift forward.
The extra thickness of a rebuilt treble panel and bass panel can make the bottom
bracket difficult to install. However the top bracket should fit into place easily.
The bottom bracket can be screwed in place farther forward in the frame. This
causes the bracket to be tilted due to a lip in the frame. Another solution if the
bracket cannot be made to fit is to bend the front outside corners outward as seen
in figure 8.6.
After the two retaining brackets are installed and screwed in place, the speaker

can be turned around and the panels, input transformer, and power supplies can be
wired. A speaker ready to be wired is shown in figure 8.7.
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Figure 8.2: First Bass Panel Installed In Frame

Figure 8.3: Second Bass Panel Installed In Frame
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Figure 8.4: Bass Panels Pushed Into Position

Figure 8.5: Installing the Top Retaining Bracket
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Figure 8.6: Installing the Bottom Retaining Bracket

Figure 8.7: Panels Installed and Ready To Wire
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Wiring

Both bass panels in the Quad ESL are wired in parallel. This step is performed
first when reassembling a speaker. In most cases the original wiring can be reused.
Wiping the wiring down with alcohol to remove the decades of dirt and grime is
a good idea. In cases where the wire cannot be used due to insulation damage or
insufficient length, other high voltage wire can be used. Two uses for high voltage
wire are television flyback wire or test lead wire, which is readily available from
television repair shops or mail-order electronics catalogs. The bass panel wiring
can have as much as 12,000 volts between any two leads, so high voltage wire or
other insulating schemes must be employed.
The original bass panel leads are typically reused, there is a long lead and a

short lead in each of the three colors (red, white, and black). The read lead is used
for the bias supply, and the white and black are used for the front and back stators.
It is very important that the panel are wired correctly, a mis-wiring will result in
an obvious lack of performance in the assembled speaker.
The right bass panel (when viewed from the rear of the speaker), has the bias

lead from the power supply attached to it’s center terminal. This means that on
the center terminal of the terminal strip, there will be two leads connected. The
left-most terminal is the rear stator, and has the long white lead attached to it. The
right-most terminal is the front stator, and has the long black lead attached to it.
The center terminal is the diaphragm attachment and has the long red lead and
short red lead attached to it. A doubled over sheet of notebook paper carefully
placed between the terminal board and the dust cover will protect the dust cover
from any stray soldering iron movements or splattered solder. The five wires on
the three terminals are soldered as seen in figure 8.8. After these first wires are
soldered, small lengths of heat shrink tubing are slipped over the wires and slid
over the terminals. It is then heat shrunk (with the notebook paper in place to
protect the dust cover) as seen in figure 8.9. The three long leads are carefully fed
through the holes in the vertical treble panel support members. The short white
and black signal leads are attached to the left bass panel. Short lengths of heat
shrink tubing are now cut and slid onto the wires. The white, red and black wires
are soldered to the left panel terminal strip, after placing the folder notebook paper
between the terminal board and the dust cover. After the joints have cooled, the
lengths of heat shrink tubing are pushed over the terminals and shrunk. If done
correctly, there should be no metal showing on the terminal strips, and the right
panel should have a short and a long red lead attached to the center terminal. The
left panel should have a short and long white lead attached to the left terminal and
a short and a long black lead attached to the right terminal.
The input transformer can now be wired, as shown in figure 8.10. There are

two different input transformer designs as seen in figure 8.11. The older (before
S/N 16,000) type is shown at the top of figure 8.11, with the labeled connections
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for the treble and bass panels. The newer input transformer style is shown at the
bottom of figure 8.11. The required connections for the bass and treble panels
are labeled. There is a third input transformer possibility that is discussed in
Appendix A, which is an old style transformer which has been modified to the
new circuit style. The connections for this modified transformer are shown in
Appendix A. The ground wire also need to be soldered into place. Before bolting
the input transformer in place, the treble panel bias wire and the ground wire
should be carefully threaded through the two holes in the vertical treble supports
in the speaker frame.
The original Quad ESL did not have any way of limiting the total charge on

the panels over the time-constants of the audio band covered. For most linear
performance an Electrostatic cell should have the diaphragm charge be constant
over the whole period of an audio wave. This is easily done by placing a high value
resistor in the bias supply line that charges the diaphragm. This limits the speed
at which a panel will charge or discharge and also limits the charge migration to
and from the panel as the diaphragm is being driven. The original panels rely
on a very high diaphragm resistance to limit charge migration. This can have
problems over time as the already very resistive coating ages. Rebuilt panels
using the techniques described here have lower resistance diaphragms than the
originals, and thus bias limiting resistors are added to the bias leads, as shown in
figure 8.12. A good ballpark value of bias resistor values is ���� for the pair of
bass panels and ���� for the treble panel. The resistors shown here are ����

5% carbon film resistors. They are soldered in series and heat shrunk to the end
of the treble and bass panel bias leads. The other end of the resistor strings are
soldered to the power supply as shown in figure 8.13. The ground wire from the
input transformer is also soldered to the power supply. Care should be taken when
soldering the power transformer not to damage the bass panel dust cover. After the
three connections are soldered to the power supply, it can be bolted to the frame
using the original hardware.
After the power supply connections are soldered, the wires going to the power

supply can be dressed for neatness as shown in figure 8.14. The input transformer
is shown in figure 8.15. The finished power supply and bass panel wiring is shown
in figure 8.16.
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Figure 8.8: Soldering Bass Panel Wires

Figure 8.9: Insulating Bass Wiring With Heat Shrink Tubing
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Figure 8.10: Soldering Input Transformer Connections

Final Mechanical Assembly
The front and back grilles can now be reinstalled. First the foam pads need to
be re-glued to the front of the bass panel dust cover frames. The foam strips
are attached with a suitable adhesive; rubber cement works quite well. Figure
8.17 shows the rubber cement being applied to the bass panel dust cover frames.
Figure 8.18 shows the front pads being attached.
The rear damping pads need to be reattached to the treble panels. On some

Quad ESL models, the felt pads are stapled through wooden strips to the treble
panel. On these models, the ends of the staples can be cut off with diagonal
cutters, and the wooden strips are glued to the rear treble panel dust cover frame.
On models that lack the vertical wooden strips, the felt pads are stapled directly to
the rear treble panel dust cover frames. Figure 8.19 shows a felt pad being stapled
to the treble panel.
The rear grille can now be attached. It is simply set in place and screwed to

the frame. Figure 8.20 shows the rear grille being screwed in place.
The front grille is installed by first placing the lip on the top of the grille front

in the slot in the rear of the frame top. This is accomplished by holding the front
grill away from the bottom of the frame while pushing the top of the grille into the
slot in the frame. The bottom of the grille is then pulled downward and against
the frame. It is then screwed to the bottom of the frame and stapled to the sides.
Figure refgrille side staple shows a custom grill stapled to the side of the frame.
The wooden side panels can now be reattached. However the factory screws

used on some ESL units were too long and actually damaged the sides of the bass
panels. This is shown in figure 8.21, where the damage to the side of the bass
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Figure 8.12: Soldering Bias Resistors In Place

Figure 8.13: Soldering Power Supply Connections
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Figure 8.14: Wiring Neatly Dressed and Ready For Final Assembly

Figure 8.15: Input Transformer Finished and Bolted In Place
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Figure 8.16: Power Supply Finished and Bolted In Place

panel can be easily seen. A simple solution if you have found damage to the bass
panels before rebuilding them is to trim off the ends of screws as seen in figure
8.22. Shorter screws can also be used and are probably a better idea, although
trimming the ends of the screws works quite well.
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Figure 8.17: Applying Glue For Front Grille Pads

Figure 8.18: Attaching Front Grille Pads
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Figure 8.19: Stapling Rear Felt To Treble Panel

Figure 8.20: Screwing The Rear Grille In Place
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Figure 8.21: Problems Caused By too Long Side Panel Screws

Figure 8.22: Shortening The Side Trim Strip Screws



Chapter 9

Improvements & Add-Ons

Probably the biggest two improvements to the Quad ESL’s are elevating them us-
ing stands and replacing the fairly opaque original grilles. The original grilles can
be replaced by a variety of perforated metal or mesh screen materials. However
some sort of grille should always be used, due to the high voltages present on the
outside of the bass panels when in operation, and the delicate nature of the dust
covers.
A good material for new grilles, particularly if grille cloth is to be used, is a

coarse mesh window screening. The window screening shown in figure 9.1 has
holes which are about ��� inch on a side. It is easily bent into shape and holds the
shape well. Perforated metal with fairly large openings also works well, although
it is considerably more expensive.
Figure 9.2 shows the wire mesh bent to shape and loosely fit over the top

corner of an ESL frame. The mesh was painted black so it will not show under
the black grille cloth. Extreme care must be taken when bending the mesh over a
completed speaker, as the mesh can easily tear a dust cover. It is best to bend the
mesh to shape on an empty frame. After the mesh is bent to shape, the grille cloth
can be attached. This can easily be accomplished by stretching the grill cloth over
the mesh and hooking it on the sharp edges of the mesh, as seen in figure 9.3.
It can be sewn in place although that is not necessary. The ends of the cloth are
tucked between the mesh and the frame and are thus held in place.
Figure 9.4 shows the side of the installed replacement grille stapled to the

frame. The original or replacement side panels will nicely cover the staples and
edges of the new grilles, producing a clean professional looking speaker.
Elevating the ESL’s and aiming them at the primary listening position pro-

duces a big improvement in imaging and the sense of realism. There have been
several stand designs in the past, including a commercial one from Arcici. The
Arcici stands are not particularly attractive, and on occasion will not mount well
of the sides of the frames are not in good condition. The most substantial portion
of the ESL frames are the bottoms, and they are also the most convenient point
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Figure 9.1: Cutting Wire Mesh To Size For Replacement Front Grilles

Figure 9.2: Bending Wire Mesh To Shape
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Figure 9.3: Attaching The Grille Cloth To The Mesh

Figure 9.4: Stapling The Grille To the ESL Frame
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Figure 9.5: Suggested Hardware For Stand Mounting

for mounting stands.
Figure 9.5 shows one type of possible hardware useful for mounting stands.

The heart of the system is threaded ”T” nuts that are installed inside the bottom of
the frames. The holes are drilled in the frame bottoms as shown in figure 9.6. The
installed T-nuts are shown in figure 9.7.
The hardware shown above to install stands works well with the stand design

shown in figure 9 and figure 9.8. The location to drill the holes in the frame base
and in the top of the stands. The stands are designed to use standard dimensional
lumber.
The original Quad ESL’s were designed during a time when 15 watts was a lot

of power for a home amplifier. The ESL’s were designed to be used with the 15
watt Quad II amplifier. When higher power amplifiers are used with the ESL’s,
there is a risk of overpowering and arcing the treble panels. When the Quad
303 amplifier was introduced, it’s high power output caused problems with treble
panel arcing. Quad devised a protection circuit for the treble panel, as shown
in the top of figure 9.9. Many users have commented that the Quad protection
circuit changes the sound of the speaker. If the diodes in the bride fail as an open
circuit, the protection circuit will not function and has no indication that it is not
functioning.
A replacement for the Quad protection circuit is shown at the bottom of figure

9.9. The circuit is a gas discharge tube, which are manufactured by a number of
companies. The model number listed in figure 9.9 is from CP Clare. This gas
discharge tube is an ideal protection device. It has a very high resistance (gig-
ohms) and a very low capacitance (pF) when not triggered, thus is has essentially
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Figure 9.6: Drilling Holes For Stand Hardware

Figure 9.7: Installed Stand Hardware
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Figure 9.8: Quad ESL Stand Design
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no impact on the ESL circuit performance. When the voltage across the tube is
exceeded, 1500 volts in this case, the tube strikes over and is essentially a dead
short, capable of sinking hundreds of amps. The device can strike over thousands
of times without any damage to the device. The point of the circuit is that the
tube will arc over before the treble panel does. The treble panel arcs over at about
3200 volts, however this can vary slightly from unit to unit, and also varies with
humidity etc.
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7 9

QUAD Parts:
Diodes:

Zener Diodes:
GP02-30
BZT03C220

Part Specs:
Diodes:

Zener Diodes:
3 KV ???
220 Volts 5 Watts

SDS Labs Suggested Replacement:
CP Clare 

CG3-1.5L
(1500 volts)

Gas Discharge Surge Protector

7 9

Quad Treble Panel Protection Circui:t

Figure 9.9: Original Quad Protection Circuit and Gas Discharge Replacement
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Chapter 10

System & Room Considerations

The Quad ESL is an amazingly transparent and detailed speaker. It will easily
show deficiencies in source components. However, it is a polite speaker, never
harsh or boomy. It allows even badly recorded albums to be listened to without
the sort of harsh reminders that many other high resolution speakers can possess.
The user would be well served to make sure the rest of the audio system is up to
the Quad ESL performance standards.
The Quad ESL was designed during a time where 15 watts was a lot of power.

consequently, they are very happy with smaller amplifiers. They are a reactive
load and can give many single ended tube amplifiers fits due to their low damp-
ing factor. Amplifier choices are a personal thing, and hotly debated by many.
My personal preference is to drive the Quads with tube amplifiers, but this is by
no means anything more than a personal preference. There are many very good
sounding EL-84 (6BQ5) based amplifiers out there that work very well with the
Quad’s. EL-34 based amplifiers also work well, but their extra power is generally
not needed. Obviously the KT-66 based Quad II amplifier works extremely well
with the the ESL’s. The important thing to realize when selecting an amplifier to
use with the Quad ESL’s is that the amp will probably never be asked to put out
more than about 10-15 watts, and the amplifier will be driving a highly reactive
load.
The selection of speaker wire is also hotly debated. The original input banana

plugs can limit the choices somewhat. It will be tough to hook up garden hose
wire to those narrowly spaced plastic banana plugs. If boutique wire is going to
be used, changing the input jacks may be a good idea. My preference again is to
use small mono amps and place them close to the speakers making the speaker
wire issues essentially non-existent.
The Quad ESL is a dipole speaker with some rear baffling. It is also very

directional at high frequencies. As a dipole, there is significant energy projected
from the rear of the speaker. This means that if the speaker is placed very near a
wall, the sound reproduction will be effected. The diaphragms are also effected
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by the pressure field generated by a close proximity to a wall or other large object.
If room considerations permit, the speakers should be placed a couple feet

away from a rear wall if not more. Due to the directionality of the high frequen-
cies, the speakers should be aimed at the listening chair. This toe-in can be ad-
justed to taylor the tonal balance to the listener’s taste and to slightly compensate
for failings in source components (although fixing the source problem is a much
better idea). For best imaging and best overall reproduction, the speakers should
be placed on stands with the front face of the speaker tilted forward into a vertical
position.
The speakers sound best when allowed to fully charge. A pair of speakers

consumes about 3.5 watts of power to keep them charged. This value is a func-
tion of panel leakage, and will be lower in a rebuilt set of speakers. This power
consumption means that it will cost about the same as a candy bar each month to
leave them plugged in.
As described earlier, the charged speakers attract dust and dirt. From time

to time, the speakers can be vacuumed using the brush attachment on a vacuum
cleaner. For the ambitious, the rear grilles can be removed and the inside of the
speaker vacuumed out. The less dirt there is near the panels, the less dirt can get
pulled into the panels themselves, and the more trouble free the speakers will be
long term.



Chapter 11

Shipping & Storage

The Quad ESL’s are large speakers, there’s no doubt about it. As such, shipping
can be a problem. The speakers aren’t as fragile as they seem, the grilles and
wooden frames provide protection for the delicate parts inside. However, don’t
underestimate the abuse that a shipping company can inflict on a large package.
The cheapest way to ship a set of Quad ESL’s is via UPS. Current UPS guide-

lines mandate that there should be at least 4 inches of packing on all sides of the
contents for a damage claim to be covered. If a quad ESL is packed with these
guidelines the resulting package is now too large to fit within the UPS size guide-
lines. I have had many speakers shipped to me with undersized packaging and
they have arrived undamaged. If they were damaged, there is really no recourse to
get them fixed if they are not packaged in accordance with UPS guidelines. In fact
the original packing boxes for the Quad ESL’s are considered under-packaged by
UPS standards.
If the speakers are packed with lots of padding, there are other options to

ship these “oversized” boxes. Yellow Freight will transport them as will the other
freight carriers and moving companies. However this option is two to three times
as expensive as the UPS option.
Storing the Quad ESL’s does not require a lot of effort. They should be stored

in the same sort of environment that furniture should be stored in. This means that
they should not be stored in a moist basement, or a very hot attic. If they are going
to be stored for a long time, wrapping each speaker in plastic to keep out the dust
is a good idea.

107



108 CHAPTER 11. SHIPPING & STORAGE



Chapter 12

Needed Supplies & Tools

There really aren’t any exotic tools needed to repair a set of ESl’s. Patience and
care are the keys to success. A large flat table is essential for panel rebuilding.
Some people prefer to buy a piece of thick glass slightly larger than a bass panel
to use as a flat surface for rebuilding. this isn’t necessary if a flat sturdy work
surface is available. The tools and supplies listed below are what I use, but many
other types will work well.

Supplies:

Item Brand Use

Clear Packing Tape Manco Attaching dust covers
Insulating Tape Manco Insulating panel edges
Masking tape Manco Attaching mylar to stretching jig
Epoxy Devcon (5 minute) Attaching diaphragm to stator
Rubber Cement Ross Attaching dust covers to frames
Mylar Dupont (0.5 mil) Treble diaphragms & dust covers
Window Film 3M (interior) Bass diaphragm & dust covers
Heat Shrink Tubing Bass panel connection insulation
Nuts,Washers, & Bolts 4-40 Stainless Rivet replacements
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Tools:
Item Brand Use

Stretching Jig See Figure 4.10 Diaphragm attachment
Razor Blades SIngle Edge Removing diaphragms etc
Screw Drivers Flat & Philips Tightening panel bolts
Open End Wrench Tightening panel bolts
Heat Gun Ungar Tensioning treble diaphragms
Hair Dryer Conair Tensioning bass diaphragms
Soldering Iron Weller Reattaching electrical connections
Staple Gun Swingline Speaker reassembly

Additional Useful Tools:
Item Brand Use

High Voltage Probe Simpson Power supply testing
Multimeter Fluke Speaker component testing
Function Generator Heathkit Speaker testing
SPL Meter Radio Shack Speaker testing

A useful high voltage probe can be constructed yourself using a couple high
voltage, high impedance resistors. The high voltage probe shown in this document
contains a 1500 megohm resistor. A pair of 750 meg resistors should cost less than
$10.00.
The supplies and tools listed above are the types used for the refurbishing the

speakers shown in this book. However many other types of supplies will also work
well. Good quality tape should be used, it is the one barrier that prevents dirt from
entering the panels. Stainless steel nuts and bolts are a very small increase in cost
over galvanized steel, and prevent corroding, as many of the steel parts are prone
to in the original speakers.
The best tools that will make the refurbishing task easier is a large, well-lit,

clean workspace. A sturdy flat tabletop of about 3 feet by 5 feet in size is needed.
If the workspace is not flat, a piece of glass slightly larger than the bass panel can
be used as a flat surface to rebuild the panels.
All the parts listed above are easy to find with the exception of the 0.5 mil

Mylar. A good source for mylar is the ESL Information Exchange, the contact in-
formation is shown below. Avoid the urge to use 0.25 mil mylar, it is very difficult
to get uniform results and to keep the diaphragm tensioned to satisfactory results.
The high frequeny roll-off of the 0.5 mil Mylar is much higher than the bandwidth
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of the speaker, so the thicker mylar does not impact the speaker performance in a
negative way.
The ESL Information eXchange provides the expensive and difficult to obtain

items required to make an ESL speaker system. These include the following: My-
lar to make diaphragms Audio matching transformers Power supply transformers
for the bias supply. (For both domestic and overseas markets.) Parts kits for the
a conventional power supply as well as a switching power supply. Other products
are planned... Note: The ESL info exchange does not have parts for the Quad
ESL’s specifically, only for scratch building ESL’s.

Barry Waldron
ESL Information eXchange
1847 Country Club Drive
Placerville, CA 95667 U.S.A.
esl@information4u.com
(530) 622-1539

The Quad repair facility in the united states is QS&D in Virginia, however at
the time of this writing, they are no longer fully supporting the original ESL. They
can be contacted here:

QS&D
33 McWhirt Loop #108
Fredricksburg, Va 22406
(540) 372-3711
http://www.qsandd.com
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Appendix A

Quad ESL Service Manual

The notes in this section are for the guidance of the engineer who has some expe-
rience of carrying out repairs to these speakers together with the necessary proper
materials for the repair.
The QUAD electrostatic speaker consists of five components: two bass units,

one treble unit, an audio transformer unit and an EHT supply unit. If any repairs
are necessary, it should be ascertained which of the five components is the cause
and that component should be either replaced complete or repaired as appropriate.
The following notes may assist diagnosis of faults:

Loss of Sensitivity
Check the EHT voltage, which should be: Bass ��� � ��; Treble ����� � ��.
If low, check, by disconnecting, whether due to leakage in speaker unit or fault
within EHT unit. Voltages must be checked only with electrostatic meters, as the
current drawn by other types may itself damage the rectifiers.

Distortion
� Make sure that the speaker is really at fault by comparison with a second
electrostatic speaker, using a Quad amplifier.

� Check EHT voltage.

� Suspect intermittent breakdown in speaker units.

� Suspect intermittent breakdown in audio transformer unit. (Note: a fault in
this unit is very unlikely).
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Figure A.1: Quad ESL Components
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No output at all
Suspect EHT unit or audio transformer unit after checking more obvious things
like external connections, not forgetting the leads under the transformer unit con-
necting the input sockets.

Background Noise
One cause of background noise in the electrostatic loudspeaker is internal dis-
charge of the EHT supply at times of high humidity, or high voltage, or both. This
may be reduced by lowering the EHT voltage and a tap is provided on the EHT
mains transformer for this purpose. The connections to the EHT rectifier block are
normally taken from tags marked Common and 610V. The latter is the right-hand
end tag and next to it is a blank tag marked 590V to which should be transferred
the lead normally connected to the 610V tag.
Before the EHT unit is touched the mains should be completely discon-

nected and the loudspeaker left to stand for two hours to ensure it is com-
pletely discharged.
Background noise may also be caused by discharge of the EHT from points

external to the loudspeaker units, at the tags on the rectifier block for example, if
a hair of felt or piece of fluff comes in reasonably close proximity to that point, or
if a spike of solder or sharp point of wire permits corona discharge.
Where EHT leakage occurs via a bass unit, this is sometimes found to be

discharging from one of the eyelets around the periphery of the bass unit plates,
probably to one of the aluminium brackets. In such cases a satisfactory repair can
be effected by slitting the polyethene tape round the edges of the unit, opening
the dustcover frames and insulating the leak by applying a single layer of similar
polyethene tape all round the periphery of the internal plates, on top of the existing
sealing tape, and reassembling the dustcovers, again with polyethene tape.
Other internal failures of insulation will probably necessitate replacing the

loudspeaker unit affected.

Mechanical
If the dust seal covers should be torn, it may be necessary to replace the complete
unit as there will have been ingress of dust, which causes loss of sensitivity of the
unit concerned.

Dismantling The Speaker
The loudspeaker should be switched off for about two hours before the grilles
are removed, so as to ensure the EHT unit has completely discharged.



116 APPENDIX A. QUAD ESL SERVICE MANUAL

The component loudspeaker units of the QUAD electrostatic loudspeaker must
be handled with the utmost care partly because when not supported by the rigid
frame of the cabinet they are more liable to physical distortionwhich would reduce
the small internal clearances, and partly because the dust covers are necessarily
made of very thin and therefore fragile plastic film.
At the rear of the treble unit are four pins, located in the wooden struts of the

cabinet, and as these represent an additional hazard to the dust covers of the treble
unit, the positioning of this unit requires particular care.
Soldered joints should be smoothed and rounded and all spikes of solder, wisps

of wire, etc., removed as these would tend to cause arching at the high internal
voltages used.

Removing Front and Rear Expanded Metal Grilles
The rear grille is held only by the screws around its periphery. For the front grille
it is necessary first to remove the side mouldings, the staples through the metal
beneath them, and the screws under the baseboard. Then the bottom edge of the
grille is lifted gently outwards and upwards until the top rear edge may be slipped
out of its groove in the cabinet, when the whole grille will be free. Care must be
taken not to strain the top curved section during removal or the metal may split.

Replacing the Front Grille
Replacement grilles are normally supplied cut and pre-formed so the procedure
is as for refitting an existing grille. It may be found helpful when working single
handed, having inserted the top back edge of the sheet into the slot in the cabinet,
to hold the bottom edge of the grille under slight tension to the bottom of the
wooden frame by means of elastic bands and simple hooks of wire, such as an
opened paperclip, and then to use a bar of wood slightly longer than the width of
the sheet, and with a good flat face, to bed the grille to the frame by moving the
bar progressively down the face of the grille, tacking the sides as you go, finally
securing the bottom edge with the screws removed from the old grille. Do not
forget to fasten the earthing lead to the grille.

Replacing Bass and Treble Units
� Remove both grilles.

� Remove the top and bottom aluminium brackets in front of the centre (tre-
ble) unit.

� If the treble unit is to be replaced, it should now be disconnected from
the audio transformer (the large rectangular can on the left-hand side when
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Figure A.2: Rectifier Block Types and Connections

viewed from the rear). This is held in position solely by four screws whose
heads are accessible below the baseboard of the speaker. If the speaker is
tilted to provide access to slacken these screws it must be restored to its
upright position before they are removed or the transformer will have no
support other than its connecting wires.

� Carefully prise out one bass unit and slide it past the front of the treble unit
until the outer edge clears the remaining bracket at top and bottom of the
cabinet.

� Either disconnect and remove the bass unit if this has to be replaced or move
it far enough to enable access to be obtained to the treble unit, as required.
To remove the treble unit ensure it is free of the four pins mentioned on
page 3, then slide it sideways into the space vacated by the bass unit already
moved and lift it out.

EHT and Audio Transformer Units
Only the rear grille need be removed to provide access to these units. Both are
secured by screws through the base board only and if the speaker is tilted to obtain
access to these screw heads it must be restored to the upright position before the
screws are removed or the unit will have no support other than its connecting
wires.
Place a sheet of cardboard behind the EHT unit to protect the thin plastic

dustcover of the bass unit from accidental damage due to specks or solder of wire
ends. Etc.
Note and mark the flexible connections to the rectifier block so as to ensure

correct re-connection.
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To replace the rectifier block of the EHT unit, undo the two 4BA nuts secur-
ing it to the framework of the EHT unit and remove it. If the replacement block
is found to be of a different type it will still be electrically and physically in-
terchangeable with the earlier type, and the equivalent connections are shown in
figure A.2. If the leads to the loudspeaker units have to be extended, the joints
should be insulated with high voltage sleeving and staggered so that two joints do
not lie together.

Reassembling the Speaker

To reassemble, the dismantling procedure is reversed, but in addition it will be
necessary to remove any wrinkles which may have appeared in the treble unit’s
front and rear dust covers, as these will produce audible rattles when the speaker
is in use. This is achieved by means of gentle heat which thermo-sets the plastic
film, and may most conveniently be applied by means of a small warm air blower,
such as a hand-held dryer. The nozzle should be held about 18 from the dust cover
and moved up and down the unit as uniformly as possible at a speed of about 3”
per second, in regular lines so as to cover the whole area. Repeat until all wrinkles
have disappeared, but always treat the whole area and do not tackle individual
wrinkles separately.
A certain amount of skill is required in this operation. Obviously if the nozzle

is not close enough and/or the speed of travel too great, there will not be enough
heat to affect the cover. On the other hand too much heat at one point can quickly
burn a hole. When carrying out this process for the first time, progressively reduce
the distance and speed until the desired results are obtained.
Heat should not be applied to the bass unit covers. Any slight wrinkles in these

covers will rarely have any audible effect and will in any case normally disappear
as the tensions even themselves out in a few days. After thermosetting the treble
unit dust covers, the damping felts behind the treble unit must be stretched and
fixed so that there is no contact between them and the treble dust cover, as this
will also affect reproduction.

Fitting New Dust Covers

NOTE: The plates and dust cover material acquire a static charge and if placed
in a dusty atmosphere or near any accumulation of dust it will adhere to them,
with deleterious effects. Only plastic film supplied by Acoustical should be used.
Specify whether for bass or treble unit when ordering.
First remove the faulty unit from speaker as described on page 4, and strip the

adhesive tape from around its edges to release the two dust cover frames. On bass
units carefully disconnect the three wires from the terminal board, having noted
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their positions, and remove the board. Clean all loose dust cover material from
the wooden frames since any pieces left to flap will buzz.
Spread enough of the new dust cover material on to any clean, solid, flat sur-

face to leave about 6” surplus all around the frame, and hold in position with
pieces of adhesive tape at each corner and at intervals along the sides as required.
The materials should not be over stretched but just tightly enough to remove

the wrinkles.
Adhesive can now be applied to the frame, the frame placed into position on

the material and left to dry. The adhesive should preferably be of a type which
does not set brittle, such as Samual Jones’ Samson C203, Evostick, etc. When
this is dry, use a razor blade to trim off all surplus cover material back to the edge
of the frame. The holes to the terminals should be BURNT through the film with
a small soldering iron. If pierced cold the material will in time split and run the
whole length of the dust cover.
When a pair of covers have been made, the unit and the covers should be blown

with a jet of dry air to remove any dust particles etc., which have adhered to them,
as this will cause a loss in sensitivity.
GREAT care should be taken if it is found necessary to renew any soldered

joints on the plates. Anything more than a quick touch to the tags will soften the
plate material and loosen the solder tag. A heat sink is helpful here.
When reconnecting to the terminals be sure not to cross wires as this will result

in the failure of the speaker to work.
The unit should be replaced between the two frames and sealed with 2 wide

polyethene adhesive tape all around the outside edge of the frames as before.
This completes the recovering and the unit can now be reassembled into posi-

tion in the speaker.

Modifications
At serial number 16800 (March 1966) additional filtering was added to protect the
treble unit from damage due to high level low frequency signals. Earlier speakers
may be modified as described below, when they are to be used with the Quad 303
or other suitable amplifiers of comparable output.
The components required can be obtained ready assembled on a tagboard,

if required, and figure A.3 shows this in position under the audio transformer.
Alternatively, suitable resistors and capacitors from normal servicing stocks, may
be used if preferred.
Figure A.4 shows the tagboard layout from serial number 16800 onwards.

Modifications to loudspeakers earlier than serial number 16800 when used with
the Quad 303 amplifier:

� Remove the mains supply from the speaker and allow two hours for the
EHT to discharge.
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Figure A.3: Input Transformer Modification

Figure A.4: New Style Input Transformer
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� Undo the screws all around the periphery of the rear grille and remove the
grille.

� Tilt the loudspeaker to permit access to the underside of the baseboard. tak-
ing care not to dent the front grille.

� Remove the four screws holding the audio transformer (large can on the
left hand side) in place, remembering to support the transformer before it is
freed or it may slip and damage the left hand bass unit dustcover.

� Restore the speaker to an upright position and invert the audio transformer,
taking care not to strain its external wiring.

� Remove the two drive screws on the right-hand side of the tagboard and use
these to secure the small tagboard supplied, as shown in figure A.3.

� Rewire as shown, ensuring that the brown lead which has to be stretched to
reach its new anchor point does not press against any sharp edges of turret
lugs or solder.

� Re-assemble the speaker in the reverse order of operations 1 to 5.
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Figure A.5: Quad ESL schematic



Appendix B

ESL 63 Information

Serving the newer Quad electrostatic speaker, the Quad ESL63, is really beyond
the scope of this book, however rebuilding the panels can be done using essentially
the same techniques. The schematic of the ESL63 is shown in figure B.1.
The panels are very easy to rebuild. They are held together with clips around

the parameter and two bolts through the center. The speaker dust covers come off
as a unit and cover all four assembled panels. The same 0.5 mil mylar can be used
to rebuild these panels as well.
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Figure B.1: Quad ESL63 schematic
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Refurbishing the Quad ESL

 

(or How to Cure Audio Burnout)

 

By Sheldon D. Stokes

 

Have you changed interconnects more than you changed underwear last month?  Have you
been listening to some bizarre audio-yucca test disk (track 7) over and over because you think it’s
the most revealing piece for checking your system out?  Have you banished some of your music
because it’s “unlistenable” on a high resolution system?  It’s time to take a deep breath, and a step
back.  I suspect that 95% of all High-End audio enthusiasts are music lovers.  That’s is what got
me interested in audio in the first place.  But how many “audiophiles” can forget about the sound
of their systems, and just sit back and enjoy the music?  I used to be constantly “aware” of my sys-
tem; even when I was trying to just sit back and enjoy the music.  It becomes an obsession.  Herb
Reichert described it the best when he said, “Get the tweak monkey off your back” (positive Feed-
back, issue 9).  If you haven’t read his article, you should, he’s dead on...  

I cured my audio burnout with a new set of speakers (a fix for the addict).  But these are no
ordinary speakers, they are finicky, bass limited, no top end, dynamically challenged, beamy,
unreliable, terrible to drive monsters; at least that’s what non-owners say.  I’m talking about
Quads; the original Quad ESL’s; Walker’s wonders.  I’m not going to go into the Quad ESL 63, as
I don’t have enough experience with them to write yet.  Much has been printed about these clas-
sics, so I’ll just touch on some of the major points.

The Quads convey the human voice with a
sense of naturalness that no other speaker I’ve
heard has even come close to.  The Quads do not
sound limited in the treble region.  The treble is so
natural, and free of harshness (those of you with
dome tweeters will be amazed), but it’s  not
recessed at all.  The bass the Quads produce (down
to about 50 Hz) is very clean and fast.  If you use
them in a small room, the bass response is as close
to perfect as I’ve heard.  The individual features
don’t do the speaker justice, you have to just sit and
listen.  The people who have heard a properly set-
up Quad system know exactly what I’m talking
about, you don’t think about the stereo anymore,
you are lost in the music.  It’s like you have always
been outside listening to music through a window, and now, your inside in your comfy chair.  But
I’m not here to get you to buy Quads, because then there will be less of them out there for me.
I’m here to tell you how to re-furbish the Quads you already have, or are running out to buy right
now.

Electrostatic Speakers are conceptually very simple devices, an electrical diagram is
shown above.  The heart if the speaker is a stretched thin film diaphragm that is suspended
between perforated conductive stator panels.  The distance between the stators and the diaphragm
is typically small, on the order of 1/16th to 1/8th of an inch.  The diaphragm is coated with a
slightly electrically conductive coating.  The coating should only be slightly conductive.  The dia-

Audio 
Signal in

Power Supply

Stator

Diaphragm

Input 
Transformer

Figure 1:  ESL electrical diagram



 

phragm is charged via the power supply.  Typically the diaphragm is sitting several thousand volts
above the stator panels.  There is no current flow however because the diaphragm is insulated
from the stators.  The audio signal drives a step-up transformer that increases the voltage of the
signal typically 50 or so times.  The output of the transformer is connected to the stator panels.
Potential difference across the stators causes an electrical field (a linear field too) between the sta-
tors and this causes the diaphragm to be pushed and pulled toward one the stators by electrostatic
force.  

The advantages to this system is that the diaphragm is very light, so it is capable of repro-
ducing the entire spectrum of audio.  The diaphragm is also uniformly driven, so it moves in a
very controlled linear fashion.  The diaphragm is also very light, and it’s spring constant is high,
so the diaphragm couples very well to the air it’s driving, so it’s also well damped.  Some of the
disadvantages are that you are running your audio signal through a transformer.  And due to can-
cellation effects that plague all  dipoles, they must be physically large to produce any bass at all.
Many modern ESL’s are heavily equalized to get decent bass response, and that tends to make
them less efficient than dynamic drivers.  For a more complete discussion of ESL’s I recommend
Roger Sander’s ESL book.  It’s a wealth of information on the technical aspects of building your
own electrostatic loudspeakers, or just understanding the principals of them more thoroughly.

 

Due to limitations at the time of design, the Quad ESL is made up of three panels.  Using a sec-
tionalized approach allows the speaker to be more efficient (this speaker was designed back when
15 watts was a lot of power), and the treble to be more dispersive.  The Quad ESL with it’s front
grille off can be seen in 

 

Figure 2

 

. The two bass panels and single center treble panel can be

Figure 2:  Original Quad ESL’s



 

clearly seen.  The Quad ESL’s are now between 15 and 40 years old, and probably could use a
good cleaning and checking over even if they seem to be working fine.  The dust covers need to be
intact in order for them to stay working.  So the first step is to unplug them and wait an hour or so
for them to discharge.  If you are worried, you could wait overnight.  The high voltage power sup-
ply is wimpy and discharges quickly.  But I don’t want to be responsible for any deaths.   

 

Disassembly:

 

  Shown below is the schematic for the Quad ESL, it is included here as a reference for dis-
assembly and servicing.

The first step is to unscrew the wooden end panels.  After these are removed, the staples
for the front grille should be carefully removed with a screwdriver.  After all the fasteners are
removed, you should be able to carefully peel the front grille off it’s frame.  The back grille should
just screw in place with about 20 screws.  Now you should be looking at a dusty and interesting
looking set of “guts”.  Examine the dust covers on all the panels for rips, tears or any sort of
breaks.  You might have to remove or pull back some wooly covers from the back of the speaker
(more on those later).  The dust covers are a clear heat-shrink Mylar, and are there to keep the dust
out of the “works”.  Dust is attracted to the diaphragm just like the diaphragm is to the stators, so
dust will get pulled into the inner workings of the speaker and short out the whole mess without
the dust covers.  So you need to have dust covers with no holes.  If your covers look fine, just dust
them with a vacuum, or carefully wipe them down with some soap and water.  I used Windex on
my old ones.  If you find any small tears, you can patch it with a little tape.  But that is only a stop-
gap measure.  Chances are the dust covers are getting brittle and will fracture in other places.  It’s
time to bite the bullet and replace them.  

 

Replacing dust covers:

 

Replacing the dust covers is time consuming and a pain, but it’s not that hard.  The bass
panels use heat shrink window  insulating film for dust covers.  3M makes a nice kit that contains
all the film and double sided tape you’ll need.  The tweeter uses a 1/4 mil mylar for recovering.  I
haven’t seen a tweeter that needed to be recovered that wasn’t fried.  So your probably safe in not
recovering those.    

The bass panels can be removed from the speakers by carefully removing the brackets on
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Figure 3:  Quad ESL Schematic Diagram



 

the front  of the speaker in front of the tweeter panel at the top and bottom.  After removing the
four screws that hold the two brackets, turn the speaker around and unsolder the wires that attach
to the terminal boards at the bottom of each of the bass panels.  Note where each wire goes.  IT’s
a good idea to cover the area around the terminal board with a towel or rags because if a bit of sol-
der drops onto the dust cover is will go right through the dust cover and quite possibly through the
diaphragm as well.  After unsoldering, the bass panels can be removed from the speaker.  From
the front of the speaker carefully push one of the panels toward the center of the speaker, it will
pop off the ledge on the vertical side of the speaker and should slide outward as it moves toward
the middle of the speaker.  The other panel is similarly removed.    If your tweeters are in need of
work (arced of bad dust covers), you’ll have to unbolt the audio transformer box and flip it over
and unsolder the four wires from it’s underside.  Note the position of each wire.  You’ll also have
to unsolder the power lead from the power supply.  

An exploded view of a Quad ESL Bass panel is shown above.  Note the dust cover frames.
The dust cover film is either taped or glued to the outside surface of those frames.  The diaphragm
is riveted between both stator panels and comes apart as a single unit.  Both dust covers are taped
to the stator assemblies around the perimeter.  Removing the tape around the parameter frees the
front dust cover and the back is then only held in place by the wires going to the stator assembly
which are soldered to the terminal board bolted to the frame of the back dust cover.  Carefully
unsolder the terminal board being extremely careful not to let any solder fly into the stator assem-
blies.  Also note where the wires were soldered.  The back dust cover should now be free.   

Clean the old dust cover film and as much glue and dirt off the dust cover frame as possi-
ble.  Then cut a piece of window weatherizing shrink film about two inches wider and taller than
the dust cover frame.  Place this film on a table and pull it tight using masking tape at the corners
of the film.  Take the double sided tape and apply it to the front surface of the frame all the way
around.  Remove the tape backing and press the tape into the film.  push down hard and rub back

Diaphragm

Stators

Dust Cover Frames

Quad ESL Panel (Exploded View)

Figure 4:  Quad ESL Panel (exploded view)



 

and forth a little bit to insure it’s stuck there.  You can now remove the masking tape and life the
frame and film up.  rub the film into the tape to insure it’s contacting the tape fully.  You can then
cut off the excess film.  You can also glue the film in place if you don’t want to use the double
sided tape.  Be sure to stack a weight on top of the frame to make sure it’s contacting the film as
the glue is drying.  Unbolt the terminal board and repeat the procedure for the back frame.   

Now bolt the terminal board back to the back frame.  With your soldering iron, burn the
three holes for the wires.  If you cut the holes instead of burning them, the film will tear very eas-
ily like a candy bar wrapper.  You are ready to solder the wires back onto the terminal board and to
tape the whole thing together.  Of you want, you can blow any accumulated dust out of the panel
with canned air (available at most photo stores).   Carefully tape the panel together, being very
neat and careful with the corners.  Any open spots will let dust into your panel.  After the panel is
taped together, take a hair dryer and shrink both dust covers.  The covers will draw tight and all
the wrinkles will come out.  They will look very nice and professional if you do a careful job. 

 

Rebuilding Power Supply EHT Blocks:

 

  

Figure 5:  Quad ESL Power supplies (new circuit cards)



 

The newest of the Quad ESL’s
are now 16 years old, and the oldest
are 40.  The diodes Quad used in the
power supplies are most likely getting
pretty tired and leaky.  If you are
experiencing a loss of efficiency in
one or both of your speakers, or your
bass isn’t as extended as it used to be.
Then you ar probably in need of an
EHT tune-up.  The Quad ESL’s have
two different types of rectifier blocks.
The early ones used a non-serviceable
epoxy block.  So you’ll have to built
my circuit boards.  The newer rectifier
blocks were either wooden or plastic
boxes with a circuit board sticking
vertically out of the top of them.  The
box is then filled with bees wax as a
primitive corona dope (corona is the
ionization of the air due to very high
electric field gradients, that actually
make the air conductive and glow.
this discharge is a leakage path that
will prevent your power supply from
fully charging).  Quad changed to
these new block with serial numbers
16000 (or so) and higher.  If you have
the new blocks, you’re in luck, they
are fairly easily overhauled.  Unscrew
the power supply modules from the
base board of the Quad.  Carefully
pull it away from the bass panel, and
cover the bass panel with a towel.
Unsolder the wires going to the
speaker, and note where they go.  You
can now unsolder the wires to the rec-
tifier block, and unbolt the block from
the transformer frame.   The EHT
blocks should then be put in a
brownie pan or something similar, and
placed into the oven set to 300
degrees.  The wax filling the boxes
will then melt out and you can remove
the circuit boards and solder new
diodes into each board.  There is six-
teen diodes in each block.  I have been using 1N4007 diodes for several years now with good
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results.  The capacitors are ceramic units and should be good for life.  If you want to you can
replace those as well, although I never have.  You then can pour the melted wax back into the
boxes after placing the circuit boards back into the boxes.  You can cover the holes in the side of
the boxes with tape so the melted wax doesn’t run out.  

If you have one of the original epoxy rectifier blocks, you can use the circuit board shown
below to make new rectifier boards.  I covered the boards with a conformal coating I got from an
electronics store.  If you can’t find any conformal coating or corona dope, you can use a liberal
coating of bees wax.  After soldering the  transformer wire back to the circuit board, you are ready
to mount the power supplies back onto the speaker base boards.  

The new rectifier diodes and dust covers (If needed) will most likely get your ESL’s work-
ing like new again.  It’s amazing what an improvement a new power supply can make to an aging
set of Quads.  The next topic I’ll cover is what to do if you have panel damage.  

 

Panel Damage:

 

The most common failure of Quad ESL’s other than power supply problems is arcing the
tweeter panels.  The Quad ESL’s were designed in a time when 15 watts was a lot of power.  I
doubt if Peter Walker could foresee 200 watt transistor amps being plugged into his little fragile
speakers.  The owners manual warns against using an amplifier that can produce more than 35
volts at the speaker terminals, or you risk arcing the tweeter panel.  Arcing the tweeter panel
means exactly what it sounds like.  You drive the tweeter membrane so hard that it touches the sta-
tor panel and the charge on the diaphragm discharges through the audio transformer and the
resulting arc burns a hole in the diaphragm.  If it’s a small arc, you might be all right.  But I’ve
seen arcs so bad that they melted a bit of the plastic stator panel.  Many times the arc won’t be
strong enough to melt the 1/4 mil mylar, but it will be strong enough to burn away the conductive
coating where the power supply meets the diaphragm.  This prevents the diaphragm from charg-
ing up, and you get no music. This didn’t used to be a big problem, as you could buy a new
tweeter panel for about $100.  But they are no longer available, in fact I bought the last original
tweeter panel in the US for $475.  But all is not lost if you have a fried tweeter (or bass) panel
because I have figured out how to rebuild them, and I’m being nice enough to share my knowl-
edge with you.  

Figure 7:  Arced Tweeter Panel



 

Let’s take a close look at the exploded panel diagram shown earlier.  Notice the center
three elements.  There are two stators and a mylar diaphragm.  The coated mylar diaphragm is
stretched and glued to one stator, and the other is sandwiched to the first and the whole thing is
held together by about 60 rivets.  Both the tweeter and bass panels have the same kind of construc-
tion.  The dimensions are just different.  The stators are flat on the outside, but have three rectan-
gular cavities on the inside that allows the mylar diaphragm to move.  There are three cavities
instead of one large cavity because the diaphragm must be supported every so often so it doesn’t
get sucked into a stator (see Sanders’ book for more info).  So what had to be done was figure out
a good coating to use to make the mylar just slightly conductive, and a method to stretch the mylar
on the stator panel.  

Some of you might think that because we want an electrically conductive diaphragm, met-
allized mylar would be a good choice, but that’s too conductive.  The first reason is that if the
panel arcs the charge is too free to move and create a very powerful arc that can actually set the
mylar on fire.  Second is the issue of charge migration when the diaphragm is moving.  The dia-
phragm is attracted to a stator because of the electrical charge on it’s surface.  As the diaphragm
starts to move, one point will be closer to the stator than another, and if the charge is very free to
move (read: low impedance), then the charge on the diaphragm will migrate to that spot and the
motion will be non-linear.  Ideally you want the charge fixed to the diaphragm permanently.  But
it’s sufficient to make the time constant of the charge migration to be longer than the period of the
lowest desired frequency (audio frequency).  Sanders has a very good discussion of this in his
book, I’ll recommend it again.  So what is needed is a coating that has a very high but finite resis-
tance.  

The original Quad ESL diaphragms used a white paint-like substance that was very slop-
pily applied.  This coating has a very very high resistance, so high that it can take hours to charge
the diaphragm up.  This is ideal from a charge migration standpoint, but not good from a arc resis-
tance and aging standpoint.  If you arc the panel slightly and burn a little bit of the coating off
(near where the power supply attaches) many times the diaphragm is just too resistive and the
humidity in the air discharges the diaphragm faster than the power supply can charge it.  This was
the failure mode that happened to my tweeter panel.  The second problem with this approach is
that it seems that this paint coating evaporates over the years.  Because the resistance is already so
high any higher and your running into the same problems are slightly arcing the panel.  I had a
bass panel that had only half of it’s diaphragm being driven because the coating had evaporated
and only  the bottom half of the diaphragm could charge up.  

So the ideal coating would be very stable over time, and have a high enough resistance to
keep the charge stationary, but not so high that the panel stops working if it’s arced.  If a hole is
burned in the mylar, the ragged edges can touch the stator and discharge the diaphragm.  This is
the common failure mode with severe arcing.  

I use a graphite rubbing technique like many home-brew ESL builders.  You can’t get
much more inert than carbon.  But my technique is slightly different.  If you rub graphite onto a
mylar surface, you will get a surface conductivity reading of 50K-200K ohms per square.  This is
pretty low by Quad standards.  So I added another step.  I liberally rub the graphite into the mylar,
and check to see that the diaphragm is conductive everywhere, I then take a paper towel wetted
with 91% isopropyl alcohol (not rubbing alcohol), and rub as much of the graphite off as I can.  IF
you rubbed it in hard, you won’t be able to remove all of it.  And you’ll get a very high resistance
reading (it’s higher than 100 meg ohms per square, where my meter reads to).  This is the trick to
making ESL panels that compare to the Quad original ESL panels.  IF you wanted to spend a lot



 

of money, you can call a mylar coating company and get them to coat some 1/2 mil mylar with
Indium Oxide.  That is the coating that commercial ESL makers like Martin Logan and Soundlab
use for their diaphragms.  You don’t expect the ML folks to be rubbing their fingers off with little
cotton balls full of graphite do you?

For the diaphragms, I use 1/2 mil Dupont Mylar that I bought from Roger Sanders for all
the panels.  You can also buy if direct from Dupont, but you are going to have to buy about 20 lbs.
of it, which will be about a mile of mylar, and cost you about $250.  Make sure you are getting
genuine Dupont mylar, Roger warns against imitations, apparently he’s had bad luck with others.
The original Quad tweeter panels used 1/4 mil mylar, but it was tensilized.  Nobody seems to
make tensilized mylar anymore, it seems that the things they needed tensilized mylar for are now
being done with another type of film.  Without tensilizing, the 1/4 mil mylar is just not strong
enough to stay tensioned, and after some time the diaphragm sags and gets stuck to a stator.  The
1/2 mil is still much much lighter than the air it’s driving, so it still works very well.  (I can’t hear
a difference).   Quad used a weird saran type of membrane for their bass panels.  I think they did
this for ease of manufacture, but I’m not sure.  I use the 1/2 mil mylar, and they work great (argu-
ably better than my stock bass panels).  

The factors you have to be concerned with are diaphragm tension, and surface conductiv-
ity.  The tension of the diaphragm counteracts the attractive pull of the mylar toward the nearer
stator panel due the diaphragm charge.  The higher the tension the higher the force keeping the
diaphragm in the center of the gap between the stators.  It’s not something that you should worry
about, if your tension is too low the panel won’t work, if it’s high enough, it will.  I use a tech-
nique that is different than Sanders, you can pick which you want to try.   He uses a hot air gun to
heat shrink the mylar after it’s epoxied to one of the stators (mylar will shrink about 10% with
heat).  The problem with this technique is that it takes a bit of finesse, if you are not careful you’ll
burn a hole in the mylar.  It’s a good thing to try if you have your diaphragm epoxied to one stator
already and got the panel assembled and realized that the tension is too low.  You just increase the
tension with a hot air gun.  A hair dryer doesn’t work, it doesn’t get hot enough. 

I use a mylar stretching jig, a diagram of it is included here.  I cut and firmly tape the
mylar to the perimeter of the jig.  First I tape the mylar in place with masking tape, pulling it tight
and as smooth as possible.  I go around the edges of the mylar and jig twice with clear packing
tape.  The first ring of tape goes on the mylar and wood about 1/3 mylar 2/3’s wood.  I then put
another ring of tape that’s 1/3 first tape and 2/3s wood.  This will curve around three sides of the
wood, and will very firmly hold the mylar to the jig without gluing it.  If in doubt epoxy it there.  I
slightly tension the mylar.  I tighten each of the wing nuts on the frame, and tap around on the
mylar like I was tuning a drum.  I get a nice but not too tight tension.  I then go clean off my din-
ing room table top with Windex and then distilled water.  You want a surface that is very clean.
Ideally you would use a cleaned piece of glass (Sanders’ recommendation), but I found my
smooth table top to be adequate.  I set the jig on the table top with the mylar touching the surface
(actually it floats about 1/8 inch above it.  I lift up one half of the jig and slide a stator assembly
underneath.  Be careful not to push down on the mylar at the corners of the stator assembly.  I then
take 1” wide masking tape and mask off a rectangle in the center of the mylar that is about 1/2 an
inch smaller than the stators all the way round, I use the stator itself as a guide.  You want to mask
off the area around the perimeter  of the stator so the edges of the diaphragm don’t get charged
where it sticks out of the sides of the stator assembly.  This will prevent one possible discharge
path for the diaphragm and could make your fixed panels last longer.  After you masked off the
area, remove the stator assembly and you are ready to graphite.  This is total drudgery.  You can



 

get powdered graphite in tubes that are sold as lock lubricant.  
 Put a little bit on a
cotton ball and start
rubbing 

 

hard

 

.
You’ll be surprised at
how little graphite it
takes to cover the
diaphragm.  Rub
right up and onto the
masking tape.  You’ll
know if you’re rub-
bing hard enough if
you look closely and
can see a graphite
glaze.  If the mylar is
wanting to wrinkle
up, the tension isn’t
high enough,
increase it.  Take
your multimeter and
a couple of pennies,
and put the pennies
about 6 inches apart
on the diaphragm.
Place your multime-
ter in the high kilo-
ohm setting or the
mega-ohm setting
and start measuring
the resistance
between the pen-
nies.  You should get
reading everywhere
on the diaphragm
with no discontinuities.  If you have any discontinuities, rub them out with the graphite.  After you
are convinced that your panel is continuously coated, take a paper towel and wet it with 91% iso-
propyl alcohol and rub as much graphite off as you can.  You’ll see the coating lighten up and also
become more uniform.  If it’s not totally uniform, don’t worry about it, it will work just fine,
remember it’s a static charge.  Rub for a little bit, but don’t rub for a long time of you will risk
making discontinuities.  I have tried to rub the graphite totally away, but it doesn’t seem possible,
so you don’t have much to worry about.  After you are done with this step, it’s time to take the
making tape off.  Carefully peal it away from the mylar.  

Now you’re ready to crack open your stator panels.  You need to remove all the rivets.
This is also total drudgery.  Before you can remove the perimeter rivets, you’ll have to remove the
tape around the perimeter.  This tape is insulation to protect the diaphragm charge from leaking
through the wood speaker frame (now do you see why we masked off the edge of the dia-
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phragm?).  You’ll get sticky and dirty removing the tape.  After the tape is gone, you can remove
the residue with the 91% alcohol if you want to.  It makes it nicer to work with the panel, but it’s
not necessary.  I crimp the bottoms of each rivet with the tips of a small pair of diagonal cutters.  I
squeeze once in one direction and then again at 90 degrees, so there are four crimps.  The rivet
then will push out.  You have to develop your own system for removing the rivets.  You can grind
them off with a Dremel moto tool, but that tends to melt the plastic stators.  After you have
removed all the rivets, you can pull the stators apart.  The diaphragm will be stuck to one of them.
You’ll notice how poorly the conductive coating was applied.  And you’ll probably see some dirt.
As the dust covers aren’t totally effective.  Check out what went wrong with the diaphragm, and
remove it.  Inspect the stator panels for any signs of burning or melting.  If the panel was arced
badly, you might have to sand the area lightly and give is a coating with corona dope to insulate it.
Be very careful sanding the tweeter stators, as the conductive material is a paint under the grey
insulating overpaint.  If you got an arc right over the rivets where the center (brown) wires hook
onto the panel, you may have to replace the conductive paint as well.  Electronics stores or cata-
logs sell special paints that are designed to fix circuit boards.  These work really well to repair the
conductive paint coating.  After applying the conductive paint, cover your repair with corona
dope.  When the stators are repaired (if necessary) and dry.  Vacuum off both stators and both
sides of the mylar.  You want to get all the graphite dust off.  If you get a bit of that in the panel,
you’re lost for sure, as it’s very conductive.  Now pick the worst of the two stators if they were
repaired, this is going to be epoxied to the non conductive side of the diaphragm.  Lift the jig off
the table and tension it more.  You want a nice tensioned feeling like the head of a large drum, but
don’t overtighten it, you should feel where the mylar starts to resist more tightening.  Now mix up
a bit of two part epoxy.  Use the clear stuff with no fillers. (you don’t want anything conductive in
there).  I mix up a circle about 1.5 inches around and 1/8” high for a panel.  But you should mix
up a bit more until you get the hang of how much you need.  Better to throw a little away than to
have to mix again.  I don’t use the 5 minute epoxy, because I like a little bit more working time.
The stuff that curse in an hour or two should be fine.  If you get the process down it can be done in
much less than 5 minutes (but that brings up the issue that you are blowing way too many panels).
After you mix up the epoxy spread a thin bead of it around the perimeter of the stator panel, all the
way around.  Lift up the corner of the jig and carefully slip the epoxied stator panel under it.  Now
after you have slipped the stator panel under the jig, pick up the other side and carefully position
the conductive rectangle in the mylar so it’s centered on the stator, with a uniform amount of non-
conductive area on each side.  Now lower the mylar onto the stator, and pile stack of books on top
of the mylar and stator.  Before I add the books I run my finger around the edge to push the epoxy
fully onto the mylar.  Let the epoxy dry fully, a thin film takes longer to dry than what’s left on
your mixing card.  

After the epoxy has cured, unstack the books, and pick the jig up, the stator should be
tightly clinging to it.  Now take your soldering iron and burn the holes in the diaphragm where
each rivet hole is.  If you cut them, the mylar will split like a candy bar wrapper.  Now it’s time to
improve the diaphragm contact scheme tremendously (this is the main reason that the tweeter pan-
els fail so easily in my opinion).  Take a little bit of copper foil (I suppose aluminum foil will
work, although I haven’t tried it) and cut two little strips about 1/16th of an inch wide by about 1
inch long.  Note where the power comes in to the diaphragm on the other stator (the one that isn’t
epoxied to the diaphragm), it will be two rivet areas down where all the wires connect.  The rivets
will be on the support strips.  Take the foil strip and put about 5/8th of an inch on the support strip
and push the rest through the rivet hole and to the outside of the stator, then push it down so it’s



 

lying against the outside of the stator.  You just increased the diaphragm contact area for the high
voltage by a couple orders of magnitude. The next step is optional, I’ve found it nessesary in some
cases; take some 1/4” wide masking tape (or you can cut it that wide), and run a strip of it down
both support strips on this stator.  But stop it where the foil is located, and restart it after the foil.
This actually increases the spacing of the stators a little bit, but don’t worry, when you’re done
with the panel you’ll squeeze that tape pretty flat (Because you are going to be using little 4-40
nut and bolt assemblies instead of rivets.).  Without this tape, some panels can become unstable
and arc.  I believe this may have been because there was too little diaphragm tension, the newest
panels I’ve made don’t need this extra tape.  Now after that it done, place the foiled stator on top
of the diaphragm and line the holes up.  This next step is easiest if you suspend the jig between a
set of chairs.  You’ll need a bunch of 4-40 x 1/2” bolts (I use pan head), flat washers and nuts.  put
a flat washer on the bolt and feed it from the free stator through to the epoxied stator  and put
another flat washer and a nut on it.  I put the bolt head on what will be the front because it stick
out less.  After you put all the bolts in and the nuts are finger tight, go back and snug them down.
You want them snug, but not really really tight.  After they are all tight, you can cut the panel out
of the mylar on the jig.  You want the graphite side to be the front, because when you bend the
panel slightly, you want the diaphragm to curve away from the coated side, it’s less likely to arc
that way.  

Figure 9:  Tweeter Panel Stator Epoxied To Diaphragm in Stretching Jig



 

Now you can replace the dust cover, and the bolts and felt washers that keep the tweeter
dust cover from rattling.  It’s a good time to replace the mylar on the treble panel dust cover as
well.  It’s done similarly to the bass panel, except you don’t heat shrink it, and you ise the 1/2 mil
mylar.  Also you don’t have a terminal board to deal with.

Replacing the diaphragms in a bass panel is very similar, except the conductive coating on
the stators is on the outside, so you never have to worry about fixing it.  The power being supplied
to the bass panels also much better, so you won’t have to deal with the little foil strips.  

 

Conclusions:

 

After rebuilding all six panels and both power supplies in a set of Quads, I auditioned
them against a mint condition pair that I use as my reference speakers.  I did near field listening
with the same signal being fed to both.  I put my refurbished speaker next to an original one and I
would move back in forth trying to distinguish any differences.  I can’t hear any difference, and
neither can any of my faithful listening folks that I always recruit.  I thought there would be some
sort of differences, after all I’ve done some pretty radical surgery.  But from a geometry and an
electrical operation standpoint, they are essentially unchanged.  Actually I think the new bass pan-
els put out a bit more bass, I think this is due to my original woofer’s coating starting to go.  But I
can’t really tell because an ESL performance is effected by the parameters of the room it’s placed
(the damping is a function of room dimensions and placement position in that room), so I’m not
going to commit on that one.  

I hope you can keep you magical Quad ESL’s running for a long time to come.  I would
like to hear any comments or suggestions you have about rebuilding the Quads.  I am in the pro-
cess of starting a small business to rebuild Quad ESL panels, so if you are unsure if you can per-
form the repairs or don’t feel like the hassle of doing it yourself, I can do it for you.  I will rebuild
a bass panel (complete with a new dust cover) for $250, and a treble panel for $225.  I will also
rebuild your EHT units for $85 a pair for the wax varieties, and $100 a pair for the new circuit
cards for the epoxy varieties.  I can be reached at the following e-mail address:  stokes@exis.net.
I also have an audio web site where you can get my DAC schematics, or other designs (headphone
amp, phono stage etc) and I have a Quad ESL refurbishing page where you can learn more.
Here’s the URL:  http://www.clarkson.edu/~stokessd.  I can also be reached at the following
address:

Sheldon D. Stokes
103 Windy Cove Apt I
Hampton VA 23666
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QUAD Parts:
Diodes:

Zener Diodes:
GP02-30
BZT03C220

Part Specs:
Diodes:

Zener Diodes:
3 KV ???
220 Volts 5 Watts

Quad ESL
Tweeter  Protection

Circuit

SDS Labs Suggested Replacement:
CP Clare 

CG3-1.5L  
(1500 volts)

Gas Discharge Surge Protector

7 9
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Stewart Penketh Element Repair
 

From Stewart Penketh in Canada I have received the following information about his Quad ESL element repair hobby.

Background
Several years ago, when I found out how much it would cost to repair an arced treble panel on a Quad ESL-57, I rebuilt it
myself. I then bought several damaged ESL-57's from a local store, rebuilt them, and sold them back to the store. The proprietor
began referring Quad ESL owners to me, one of them being a member of the local audio association ("L'Association Montrealaise
des Audiophiles"). This resulted in my rebuilding a pair of ESL-57's for one member, and a pair of B&W DM-70 treble panels for
another. To date I have built over 65 panels, split about equally between ESL-57 and ESL-63. Repair work initially arose from
word of mouth referral, so that most of my clients are in Montreal. The recent reference to me on the "ESL Hotline" has resulted
in work for clients in Ontario and Alberta. I presently own four pairs of ESL-57's and two pairs of ESL-63's. One pair of each is an
untouched reference, while all others are modified.

Charges
My charge to repair an ESL-63 panel would be $300 Cdn (which converts to approximately $200 US), excluding shipping, and
presuming that you remove the panel and replace it.  In addition, if you live out of the province, you have the cost of packaging
and shipping the speakers, and if you live outside Canada, there may be customs duty to consider. QS&D perform Quad-
authorized panel repairs in North America, and their rates (in US  dollars)  are quoted on their website. This will permit you to
assess whether my charge is reasonable.

Materials
The  film  I use for ESL-63 diaphragms is 3 micron Mylar ("Hostaphan Polyester") purchased from MT Audio Design in Sweden.
For ESL-57 treble panels I use 12 micron Mylar, and for ESL-57 bass panels I use Saran. To the best of my knowledge (since
Quad does not volunteer information) these are the same materials and the same thicknesses as the film Quad itself uses.
For your information, a micron is one millionth of a metre. Thus the ESL-63 diaphragm is one three-thousandth of a centimetre
thick.

Diaphragm Coating
The diaphragm coating I use yields a resistivity over 1,000 megOhm, sufficiently high to ensure that the panel can reproduce all
frequencies without charge migration.

Repair
The original Quad panel is held by seven bolts (three down the centre-line of the panel, and one at each corner) and several
spring clips. My panels have about 20 1/2" bolts around the perimeter of the panel.  These are more effective than spring clips

http://www.qsandd.com/


(which tend to snap over time), significantly increase the structural rigidity of the panel, and reduce the likelihood of the
diaphragm "creeping." Although I have not yet encountered an ESL-63 whose high-voltage supply needs rebuilding, Quad advised
me that after about 20 years power supplies may begin to fade, and that their charge for a replacement pair of ESL-63 EHT units
is $290 Cdn, plus postage.  Frankly, that is exorbitant, as the components in the EHT unit cost less than $10.  I have rebuilt many
ESL-57 EHT units, but have not yet rebuilt an ESL-63 EHT unit.

References
The  ESL-57  Hotline ("home.pacbell.net/drquad/index.html") comments that it has received user advice that my ESL-63 repair
work is meticulous. A link on the Quad home page is to a Montreal site Quad Francophone. Select the "livre  d'or" icon, then the
"voir  les messages"  icon, and scroll down to the following messages. You needn't understand French to get the drift of what they
are saying : -)  a February 27, 2001 posting by Gilles Lepine. He advised the site's administrator (in  French) that I repaired an
ESL-63 panel for him, that the panel works excellently, and  strongly recommends my services because I am honest and
meticulous and my rates are fair. an  April  18,  2001 posting by Jean-Pierre Levesque. He advised the site's administrator (in
French) that I gave him free, generous and effective advice on how to perform his own repairs, and warmly recommends me to
anyone contemplating rebuilding an ESL-57.

Performance of Repaired Panels
My ESL-57 and ESL-63 panels seem to have a more extended bass response and a slightly higher sensitivity than a stock Quad
panel. "The Electrostatic Loudspeaker Design Cookbook" by Roger Sanders (the designer of Innersound Eros electrostatic
speakers), advises that sensitivity is driven by diaphragm tension, and I believe that my tension is somewhat higher than Quad's.

I have speakers which consist of eight ESL-63 panels stacked in two layers of four, yielding two more bass panels than in a
Quad-989. The upper four panels function as in a normal ESL-63, while the lower four function as bass panels. Each segment on
all of the lower four panels is fed from the outermost delay line of the upper four panels, so that Quad's concentric circle delay
line is respected. As a point of reference, one of the two stacked pairs consists of original ESL-63 panels. By contrast, each of
the eight panels on the other pair was rebuilt. Listeners tell me that my rebuilt Quads play deeper than the stock Quads, but in
other respects are identical. To put this in perspective, Peter Walker (the founder of Quad) said that it is easy to build a single
speaker which sounds fantastic. The real difficulty is to employ unskilled labourers to build 100,000 ESL-57 and ESL-63 speakers
over a 40-year period, and have each one sound excellent.

Additional Information on ESL-57 Repair

Identifying the Problem
The following simple guidelines should help you to work out what your ESL problem is: 

Bass Panel 
Quad ESL-57 bass panels have their conductive coating on the outside of the panel. Consequently  bass  panels are extremely
difficult to arc, and are rarely damaged. If  the  bass  panel  is  not  working,  or  plays extremely quietly, it is
probably because the  EHT (high-voltage) rectifier unit is defective. If you want  to have it repaired, send only the EHT unit itself,

http://www.quad-hifi.co.uk/
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and not the entire  metal  frame  and transformer assembly. I offer more details about EHT repair and replacement options later
on this page. Often, there is corrosion-effluorescence on the panel around the rivet. It is purely on the conductive paint on the
surface of the panel, and has no impact on the panel's performance. See more later on this page.

Treble Panel
Quad ESL-57 treble panels have their conductive coating on the inside of the panel. Consequently they are easily arced. 
If  the treble panel is not working at all, it is probably badly arced, and requires a rebuild.
If the treble panel works, but there is a buzzing sound : -
  if there are also sparks, then there is arcing damage and the panel requires a rebuild
  if there are no sparks, then the dustcover has probably lost its tension or is torn and must be replaced.

Damaged Dustcovers
Unless  they  have  been torn, bass panel dustcovers rarely need to be replaced. However, the dustcover film Quad uses on the
treble panel loses its tension over time, and the film eventually sags onto the convex front of the panel, and then buzzes
whenever music is played. Quad bass and treble panel dustcovers behave differently because they use different material. To 
check  whether  the dustcover is the problem, simply remove the front grill, check the tension of the dustcover,  and play music to
determine where the buzzing comes from. At the same time, you'll be able to see whether there are any arc burns on the treble
panel. If the problem is just a torn or buzzing dustcover, I suggest you fix it yourself. Unless you are a perfectionist, it's not
worth the time and money to send panels to me just to have dustcovers changed.
I  have  seen speakers which had been used with torn dustcovers for long periods of time, and was surprised to find that
nonetheless the panels were in excellent
condition. If they are not in a dusty environment, the panels seem to remain quite clean. Even if there is dust accumulation inside
the panel, you may be able to remedy it by removing the dustcovers and vacuuming the "naked" panel. Don't worry that you may
damage the diaphragm, it's pretty sturdy, and is sufficiently  tensioned that no vacuum cleaner is likely to suck it up against
the stator panel and rip it (if you actually do rip it, it's because it was already damaged). Just make  sure that you disconnect the
speaker and let it completely discharge, so that any dust stuck on the diaphragm loses its static attraction to the diaphragm and
can be sucked off.

Replacing Dustcovers
To replace a dustcover, buy a package of 3M Window Seal Kit from any hardware store. Follow Sheldon Stokes' instructions on
Quad ESLPages for disconnecting the treble panel wires from the transformer, and for removing the treble panel from the
speaker. Then remove the front and rear dustcovers from the treble panel proper by cutting through the tape around the panel
perimeter. Because the tape is over twenty years old, the glue on it has turned to powder, so proceed slowly, avoiding getting
dust in the panel. Once the panel is removed, vacuum it carefully to remove any dust that may have escaped, and put it in a
clean garbage bag. Remove film, tape, glue and crud from the two dustcover frames, and attach the film from the window seal kit
to the frame using the double-sided tape supplied with the film. Make sure the film is evenly tensioned and has no creases, and
your new dustcovers should last for another twenty years. Attach the two dustcovers to the panel with duct tape. You have to
pierce the dustcover to accommodate four bolts which pass through both the panel and the dustcover. Do not puncture the
dustcover, as it may rip. Instead, melt the holes with a fine-tip soldering iron. Re-install, taking care not to puncture the
dustcovers against the exposed nail heads on the frame uprights that Quad uses to hold the panel in place. If you work slowly,
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and if you are neat and precise, you will have an immediate and audible improvement in the performance of your Quads.

Arcing
If you are not familiar with Quad ESL-57's, bear in mind that the speaker was designed in the mid-1950's to work with 15-watt
amplifiers, and has no protective  circuitry. Given this, an amplifier putting out as little as 30 watts  may arc the treble panel. Even
the Quad 303 amplifier can arc an ESL-57, although it was designed specifically for it. You will be surprised at how loudly an
ESL-57 can play, but take care to play within the speaker's limits. If you do decide to play loudly, do it at night, in darkness, so
that you will be able to see if arcing is occuring. At the point of arcing small flashes of blue light come from various points on the
treble panel, and the music acquires a rough edge (like a blues harmonica), as if the amplifier is overloading. Turn down the
volume, or else you may damage the panel. The speakers play purely right up until the point of arcing, so the transition is abrupt.
You can find the speaker's limit by gradually raising the volume until you see the point at which arcing begins. The speaker will
probably be damaged if you raise the volume beyond this limit, or if you play near this limit for a long
time.

Effluorescence
Occasionally, you will see what appears to be rust on the panels. It is typically on the bass panel only, and in the vicinity of the
panel's rivets. My understanding is that this is not rust but rather effluorescence. This is a benign chemical reaction between the
rivet, the panel and the paint, which occurs as chemicals leach out of the paint over time. When the speaker is not in service,
which is 99% of the time, we have rivet heads, each carrying a 6,000 volt charge, projecting from an uncharged stator panel. I
suspect that the charge each rivet is carrying is sufficient, over time, to stimulate a chemical reaction which does not occur
elsewhere on the bass panel, or anywhere on the treble panel. Effluorescence has no impact at all on the integrity of the panel
itself. The reaction is purely on the surface of the panel, while the panel interior and diaphragm remain in pristine state. I found it
impossible to remove the effluorescence from my own panels without causing damage, and so left the panels as they
were. Because rivets holding the two stator panels together pierce the charged diaphragm, Quad had to mask both bass and
treble stator panels so that there is no conductive paint in the vicinity of any rivet, so as to avoid a short-circuit. Consequently, the
area around each rivet is inert as far as producing sound is concerned.

Charges

Complete  speaker rebuild $1,000 Cdn/$650 US per speaker (replace diaphragms, dustcovers, new EHT
unit)

Enquist EHT unit $200 Cdn/$130 US per unit
Quad replacement EHT unit $85 Cdn/$56 US per unit
Replace dustcover $100 Cdn/$65 US per panel
Panel  rebuild $300  Cdn/$200 US per panel (replace diaphragm and dustcovers)



The cost of shipping a panel within Canada is about $25 Cdn (including $500 Cdn insurance), so that the total cost of a panel
repair would be about $350 Cdn. In addition, US clients may have customs duty to consider. Typically, an ESL-57 needs new
EHT units and rebuilt treble panels. Bass panels rarely  need rebuilding.  Unless they have been punctured, bass panel dustcovers
rarely need to be replaced, whereas treble panel dustcovers typically need replacing, for reasons explained earlier. 
Check  out the Sheldon Stokes website Quad ESLPages. He offers a repair service (specifying charges in US dollars for each
service) and gives instructions on how to remove and replace panels, and on how to repair them, if you are tempted. In addition,
QS&D perform Quad ESL repairs, and their rates (in US dollars) are quoted on their website. To  confirm  that my rates are
reasonable, check rates charged by Sheldon Stokes and by QS&D.

Guarantee
I guarantee my work, excluding only arcing damage due to speaker abuse. An ESL-57 is very fragile, and the client must take
care to avoid damage when installing a rebuilt panel himself.

EHT Voltages
I also offer rebuilt ESL-57 EHT (high-voltage) supplies. The specified voltage is 1,500 VDC for the treble panel, and 6,000 VDC
for the bass panels. Quad high-voltage supplies tend to weaken after about twenty years. Low volume is a sign that the
EHT supply is defective. To confirm, you have to test with a high-voltage probe. Take  note  however, that a general-purpose
high-voltage probe will not give the correct reading for the bass output of the EHT unit. The reason is that the probe has an
impedance of 1 Gigaohm, while an impedance of at least 10 Gigaohm is required if the probe is not to load the circuit. This
loading  the circuit is not a problem under normal circumstances, as high voltages are typically associated with currents of 
several Amperes or more. Relative to a current  flow of  several  Amperes, the drain of the probe is insignificant. It is only when
the current is almost nonexistent (as is the case in an EHT unit), that the current drain of the probe becomes significant, to the
point that it even corrupts the reading. In other words, when the probe tries to take a reading of the EHT's voltage output, it does
so by demanding a greater current-flow than the EHT unit can deliver, and so actually reduces the voltage it is trying to read. If
an Enquist EHT unit gives a reading of 5,400 volts on a standard high-voltage probe and a Quad unit gives a reading of 4,900
volts, that corresponds to a true 6,000 volt output.

Replacement EHT units
I offer EHT units that I rebuilt myself, replacement units purchased from Quad in England, or units from Anders Enquist in
Sweden.
Rebuilt original units cost about $120 Cdn per pair. I rebuild them if the client wants, but prefer not to, as the EHT is markedly
inferior to the Enquist. I have all the parts needed to rebuild old Quad EHT units except the capacitors, and it would take me
about one week to get them, and another week to rebuild them. If the EHT units on your Quads are the epoxy (i.e. not repairable)
type, I possess several repairable EHT units. If  your Quads are not the epoxy type and if you are handy with a soldering iron and
can read a circuit diagram, you can rebuild your own EHT units. Parts would cost about $40, and rebuild time would be about 4
hours. However, you'll need to invest another half-day just to find the parts; Radio Shack and Future Electronics don't stock 3kV
capacitors or 22 Megaohm resistors. Sheldon Stokes' website specifies the parts required, and the steps to take.

I offer brand-new replacement rectifier units from Quad in England for $170 Cdn a pair, which is the same price I pay
Quad. Another source of Quad EHT units is QS&D whose price is $125 US (about $200 Cdn), plus shipping. 

I also offer the Enquist EHT Supply, top-of-the-line printed circuit boards from Anders Enquist in Sweden, for $200  Cdn/$130 US
per unit. If you want to know more about them, go to the Quad page on The ESL Circuit. Scroll down until you find Enquist. A
picture of the Enquist EHT supply is found here. Whereas the Quad EHT unit has no current-limiting resistor at its output, the
Enquist unit has a 22 Megaohm resistor, which enables the Enquist unit to maintain a higher voltage even when the probe is
"loading" it (or when the diaphragm is leaking). This ability of  the Enquist EHT unit to preserve a higher voltage while under load
suggests that the Enquist EHT is superior to the Quad  EHT. The Enquist EHT will ensure the charge on the diaphragm is
preserved at 6,000  volts, while the Quad EHT will occasionally permit the charge to fall below that, and such a voltage drop
would affect speaker performance. With the Enquist EHT, each panel is fed separately, and each panel is completely isolated
except for the brief instant that the EHT unit is actually charging it, while  the Quad EHT is not isolated. This too should have
audible consequences. In  addition, because  each panel's neon lamp flashes whenever that particular panel is charging, you can
see the health of your panels - how well they hold a charge. For your information, the specification of the capacitor used in the
Enquist EHT unit is 4,700pF/3kV.  4,700 pF corresponds to 0.0047 uF. The Enquist EHT uses two capacitors on each rung of the
"ladder," which means that they can jointly deliver 0.0094 uFarad. The rating that Sheldon Stokes specifies for the single capacitor
that the stock Quad EHT uses on each rung of the "ladder" is 0.01 uF/2kV. The Enquist EHT unit attaches to the rectifier frame
where the old Quad EHT unit originally went, and is held by 1.5" 4-40 carriage bolts and 1" stand-offs (all of which I supply). You
simply solder the two current-feed wires from the step-up transformer, one earth wire, and the three output wires (one to the
treble panel, and one each to the bass panels). Take care to put a sheet of cardboard between the speaker panel and the EHT
unit when you are installing it. The dustcover (and possibly even the diaphragm) can easily be punctured by a solder splash or a
loose wire.
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Logistics
Decide what needs to be repaired, and which tasks you wish me to perform. If you only wish me to repair an ESL-57 panel, 
follow  Sheldon Stokes' instructions on his Quad ESL Pages on opening the speaker and removing and replacing the panel.
If you need ESL-63 repair, I will send instructions on opening the speaker and removing and replacing the panel. You will need
wire cutters, a screwdriver and a soldering iron. You will also have to buy a package of Window-Seal kit (cost  about  $10), to
replace the speaker's dustcover. Sheldon Stokes' website advises  that  Quad  itself  recommends  3M window-seal kit for
dustcovers. If  you  ever send me an item for repair, it is best to send it to my workplace, as  there  is  no-one  at  my  house 
during  the  day to receive a package. In addition,  the  mail-room employee is used to getting packages for me, and knows that 
they are fragile and valuable. 

Please  ensure  that  you pack the panel very securely, to ensure that it is not damaged in transit. I usually repair a panel in one
week, excluding time in transit.

Stewart Penketh 

Stewart Penketh's ESL-63 (Crosby Mod) assembly picture series
Stewart Penketh's ESL-63 repair picture series 
Stewart Penketh's ESL-57 repair picture series
Stewart Penketh's instructions on how to make stacked ESL-63s

EMAIL Stewart Penketh

 

 

This site uses frames, but if you have found this page
via a search engine and do not see a frame on the left
side of this page, you can use the home button to get

to the main frame of the MT Audio Design site.
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Stewart Penketh ESL-57 Repair Pics
 

From Stewart Penketh in Canada I have received some additional information and very nice pictures describing the Quad
ESL-57 repair process.
Five new pictures and text describing bass panel repair was added July 12, 2002.

This image shows the ESL-57 from the rear with the grill removed, and with the output transformer also removed and
placed upside down behind the speaker.  This is so as to disconnect the treble panel's wires from the transformer.

 



This image shows the ESL-57 from the rear with the grill removed, and with the treble panel's wires disconnected from the
output transformer. Given that the output transformer is heavy, and the wires connecting it to the bass panels are fragile,

the transformer has been bolted back in place while the treble panel is being repaired, to avoid accidental damage.
 



This image shows the ESL-57 from the front with the grill removed, and with the two brackets which hold the panels in
place also removed. Removal of these locking brackets permits the two bass panels to be slid out of their bed in the frame,

which in turn allows the treble panel to be removed.
 



This image shows the ESL-57's bass panels slid partially out of their bed in the speaker's frame, sufficient to permit the
removal of the treble panel.

 



This image shows the ESL-57 with the treble panel removed.
 



This image shows the treble panel with its dustcovers removed.
 



This image shows the tools I use to remove the rivets from the treble panel.
 



This image shows the treble panel's two stators opened.  An arc burn is clearly visible on both stators. In the foreground
are the panels' original rivets. The reddish colour on the perimeter of the stators is the natural colour of the plastic used in

the stator. Quad covers this with a grey paint.
 



This image shows the arc burn on the diaphragm and on the interior of the rear stator, to which the diaphragm is bonded.
 



This image shows the diaphragm removed from the stator, and the hole burnt in the diaphragm and on the interior of the
stator.

 



This image shows the stator panel clamped to a workbench, and the epoxy on the perimeter of the panel being scraped off
with a wire brush. The straight-edge clamped over the stator prevents the wire brush from damaging the panel interior.

 



This image shows the materials I use to repair the arc burn on the treble panel. After cleaning the soot deposited by the
arc burn with a toothbrush, I cover the burn area with electrically conductive paint.  I use Loctite rear window de-fogger

paint, which can be bought in any store selling automotive supplies. I then conceal this with Tamiya grey plastic modeller's
paint, which can be bought in any hobby store.

 



This image shows the interior of the stator panel after it has been repaired. I cannot find a shade of grey that matches
Quad's original colour exactly.

 



This image shows two thin strips of copper foil leading from the two holes where the EHT wire is connected to the two bolts
which  feed high-tension charge to the diaphragm. These strips improve the transfer of the charge to the diaphragm. A
later image shows the copper strips projecting on the outside of the panel, in direct contact with the EHT bolt. This self-
adhesive copper foil can be bought at any store selling stained-glass supplies. The foil is so thin that it has a negligible

impact on the stator-to-diaphragm gap. In fact, any Quad panel with a few loose rivets would probably have a greater gap.
 



This image shows the tensioned diaphragm in the stretching jig laid over a stator panel, for the purpose of masking the
diaphragm prior to coating.

 



This image shows the masked and tensioned diaphragm prior to coating.
 



This image shows rear stator panel being bonded to the diaphragm.
 



This image shows rear stator panel after it has been bonded to the diaphragm.
 



This image shows the diaphragm after it has been bonded to the stator panel, with bolt pass-through holes melted in
it. When it is torn, Mylar tends to rip like candy-wrapper. Holes must be pierced in the diaphragm at each bolt-hole, so that

the bolts do not rip the diaphragm when they are installed.
 



 

This is another image of the diaphragm with bolt pass-through holes in it.
 



This image shows a detail of the treble panel after it has been re-assembled.  Notice the bolts which replace the original
Quad rivets, and notice the continuation of the copper foil strip from the interior of the panel, to the panel exterior, where
they are in contact with the EHT contact bolts. The wire from the EHT to these bolts is not visible because it connects to

the rear of the panel.
 



This image shows the rebuilt treble panel with its dustcovers replaced.
 



This image shows a Quad rectifier unit with its original EHT block, and the replacement Enquist EHT unit alongside it.
 



This image shows a Quad rectifier unit with a replacement Enquist EHT unit installed, and the original Quad EHT block
alongside it.

 



This image shows the lug to which the wire from the output transformer is attached. It shows that the lug did not attach
well, and it took two attempts to get it to grip. Although I cannot be certain, it seems that this defect occurred when the

panel was originally built by Quad, as the rivet could only have been clamped from the interior when the panel was open,
and there are no signs that the panel was subsequently opened by one of its owners. I have seen several instances of the

bass panel rivet pulling free of the stator panel. The cause seems to be softening of the stator panel's plastic under the
heat of soldering speaker wires to the panel solder lug. The paler paint around the immediate area where the lug contacts
the stator panel is the conductive paint which transmits the amplifier output over the entire stator panel. Elsewhere on the

panel the conductive coating is concealed under the grey paint Quad used to cover the panel.  Other images show that the
natural colour of the plastic used in the stator panel is either deep red or white.



This image shows a torn bass panel diaphragm. Once a rip occurs, the film splits like candy wrapper. Unlike the treble
panel diaphragm, which is made of Mylar, the bass panel diaphragm uses a form of Saran. The reason is that Mylar is
inelastic, and the bass panel diaphragm must be elastic so as to accommodate the diaphragm displacement needed to

reproduce bass frequencies. This in turn probably forced the decision to have the conductive coating on the outside of the
panel, so as to preclude arcing damage. By contrast, the ESL-57 treble panel has its conductive coating on the inside. This

means that it is possible to drive the treble diaphragm into contact with the conductive coating, but not the bass
panel. Consequently, unlike ESL-57 treble panels, ESL-57 bass panels are rarely damaged, and rarely need rebuild. On

this image, and on the following image, the streaks on the diaphragm indicate how haphazardly Quad's diaphragm coating
was applied. It was painted on crudely and erratically with a brush, and as you can see, the thickness of the coating varies
dramatically over the diaphragm.  This may explain in part why it can take up to a day for a Quad panel to build up to a full

charge.



As with the previous image, note the streaks on the diaphragm indicating how unevenly the diaphragm coating was
applied. Note also that the metal rivet holding the solder lug passes through to the interior of the stator panel, where Quad

covers it with an adhesive plastic film to prevent the diaphragm from coming into contact with the rivet and arcing. The
conductive strips running around the panel perimeter and down the two centre spacer strips transfer the EHT charge to the
diaphragm. The conductive coating on the exterior of the panel is applied only to (i.e., aligned with) the perforated area that
you see on this interior view. Thus there is no overlap between the exterior conductive paint and interior conductive strips,

but a considerable part of the radiating area of the diaphragm is not driven, and is passive. The undriven area is a width of
about half an inch on either side of each conductive strip, corresponding to a total undriven panel width of about 3

inches. Given that the bass panel is only 13 inches wide in total, the undriven width comprises a significant part of the total
width. On the ESL-63, the undriven width is negligible, comprising just half an inch around the panel perimeter.



This image shows the way Quad attached the speaker wire to the bass panel, viewed from the inside (foreground panel)
and outside (background panel). The lug is attached to the stator panel by means of a metal rivet. Elsewhere on the stator
panel, the conductive coating is only on the outside of the panel, but at this specific point, the rivet conducts the charge to
the inside of the panel. A rule of electrostatic design is that the stator-to-diaphragm gap must be constant over the entire

stator panel. Quad violated this rule on the ESL-57 bass panel, and the stator-to-diaphragm gap is very small at this
particular point and the panel is pre-disposed to arc there. Quad's solution was to cover an area of about 2 inches by 2

inches around this rivet with a thick plastic shield, to prevent arcing. This is not an ideal solution. What happens is that air
is trapped at the point of greatest diaphragm displacement, and in addition the effective radiating area of the panel is

reduced. There was obviously no audible difference, or else Quad would not have done it. Nonetheless, it's surprising to
note that some of the steps Quad adopted when it originally manufactured the ESL-57 were quite crude. While it's easy to

be critical with hindsight, the truth is that it was an incredible speaker then, and still is.



This image shows the way I attach the speaker wire to the bass panel, viewed from the inside (foreground panel) and
outside (background panel). The lug is attached to the stator panel by means of a non-conductive nylon bolt. This means
that the stator-to-diaphragm gap is constant, that there is no need to shield the bolt, and consequently none of the stator
panels holes are blocked. In addition, there is no risk of the lug pulling free, as occasionally happens with the Quad rivet.



This image shows the rear of an ESL-57 bass panel after its wiring and dustcover have been replaced. I re-connect the
panel's wires to the speaker with insulated set-screws. This is cleaner and simpler than soldering them, and it also makes it

easier for the client to re-install his own panels after I have rebuilt them.
 



This image shows the rebuilt ESL-57 from the rear, prior to replacing damping mats and rear grill.
 



This image shows the rebuilt ESL-57 from the front, prior to replacing the front grill.
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By P. J. WALKEH* Wide Range Electrostatic 
I.-Principles of Design for Operation at Low as well as High Frequencies 

A closer examination of underlying principles 
leads to the conclusion that the electrostatic 
loudspeaker may well supersede the moving coil 
for high-quality sound reproduction. Designs 
recently developed have proved to be capable of 
reproducing the full audio-frequency range, with 
harmonic distortions no higher than those of the 
associated amplifier. 

E VERY loudspeaker designer must, at some time 
or other, have looked longingly at the electrostatic 
principal of drive as a solution to his problems of 
improving quality of reproduction. The movement of 
a diaphragm driven all over its �urface is entirely pre
dictable. The diaphragm can be as light as required. 
The impedances influencing performance can be pre
dominantly acoustic and-since there are no shape 
restrictions�ntirely under the control of the designer. 

What has held it back? First, the fact that in its 
generally known form it is intrinsically non-linear and 
even in a push-pull construction linearity can only be 
approached for small amplitudes. Secondly, in order 
to obtain adequate sensitivity the available gap is 
small; the diaphragm movement limited and largely 
stiffness controlled, both factors restricting its use to 
high frequencies. Thirdly, that being essentially a 
capacitive electrical load, it is difficult to match to an 
amplifier. 

The first of these objections, that of non-linearity, 
can be removed completely by an expedient which is 
spectacular in its effectiveness and simplicity. The 
second and third difficulties will resolve themselves, as 
we shall see later, when the designer makes his choice 
of the interdependent mechanical, acoustical and elec
trical variables. 

Fig. I (a) shows diagrammatically the connection of, 
a conventional electrostatic loudspeaker in which the 
polarizing voltage is applied to the centre diaphragm 
and the signal in push-pull to the outer perforated 
fixed plates. Under conditions of nO signal, Fig. 1 
(b), and assuming the diaphragm to be central, there 
will be equal and opposite attractive forces on the 
diaphragm. If one fixed plate is now made positive 
and the other negative so that the diaphragm will be 
deflected to the right, the effective capacitance will 
increase, and to satisfy the relationship Q =CE the 
charge Q will also increase and will be supplied by a 
current i during the movement. The force actin� on 
the diaphragm per unit area will, however, b� pro-

portional to 
( E +d2e!2)2 

The 

relationship will be non-linear. Note that the charge 
Q, although varying, does not enter directly into the 
relation. 

Suppose that after having charged the diaphragm 
electrode the source of polarizing potential is discon-

• Acoustical Manufacturini Co., Ltd. 
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nected (Fig. I(d)). The diaphragm now carries a 
constant charge Q which experiences a force propor
ional to the product of the field intensity and the 
charge. This force will be independent of the posi
tion of the diaphragm between the plates since both 
Q and the distance between plates are constants; the 
only variable is the applied voltage e. Note that the 
difference between d1 and d2, although varying, does 
not enter into the relation. 

The above is perhaps an over-simplification, but it 
shows that distortion is not necessarily inherent in the 
electrostatic principle. 

The" constant Q" method of operation has another 
very important advantage in that it reduces the risk 
of collapse, which occurs at large amplitudes with the 
conventional method of connection, when the negative 
stiffness resulting from electrical attraction exceeds 
the positive mechanical stiffness of the diaphragm. As 
the diaphragm approaches one of the fixed plates the 
capacitance is increased, but as the charge Q has been 
assumed constant, E must fall since E=Q/C. • 

Professor F. V. Hunt of Harvard University has 
shownt that the criterion for dynamic stability under 
large excursions is that the time constant RoCo of the 
charging circuit (Fig. ICe)) should be large compared 
with 1/2f, the half-period of the applied frequency. 
This also supplies the condition for low distortion and 
Professor Hunt gives the results of measurements 

. (Fig. 6.14, p. 212, lac. cit.) showing the dependence of 
second harmonic distortion on both the degree of un
balance due to displacement of the central electrode (in 
terms of 6.C/C) and of the ratio of time constant to 
half period 2fRoCo• Even when this latter parameter 
was reduced to unity, and the diaphragm displaced by 
a distance equivalent to a capacity unbalance of 25 per 
cent, the second harmonic did not exceed 0.5 per 
cent, when driven at ISO cis by 780 V r.m.s. (plate-to
plate) with a polarizing voltage of 500. Third and 
higher harmonics were always less than the second. 

So much for the driving mechanism; it now remains 
to see how it fares when coupled to the air and to an 
amplifier. 

It will help in understanding the broad principles 
involved if we start by considering a loudspeaker 
whose diaphragm is large compared with the longest 
wavelength of sound to be reproduced. Under these 
conditions the mass reactance of the air load on both 
sides of the diaphragm can be neglected and the impe
dance per unit area 2pc offered to the motion of the 
diaphragm is predominantly resistive (pc=42 mechani
cal ohms per cm'). With constant voltage driving the 
diaphragm the force will be proportional to the applied 
signal voltage and independent of frequency. If the 
load is resistive the velocity, and also the acoustic 
power output, will be independent. of frequency. 

At very high frequencies the mass reactance of the 
diaphragm can exceed the radiation resistance and will 
cause a falling off in velocity when the force remains 
constant; the acoustic output will then decline by 

t .. ElectroacousticS" by F. V. Hunt, chapter 6. Published by 
John Wiley & Sons (Chapman & HaU) . 
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Loudspeakers 
with Negligible Distortion 

6 db/octave, but, with suitable choice of diaphragm 
material, not until a frequency of 20 to 2S kc/s is 
reached. (How different from the average moving 
coil in which the cut-off starts at about 1,000 cis and 
must be sustained by focusing of high frequencies 
along the axis or by juggling with cone "break-up.") 

Sirt?-ilarly at 
.
low frequencies a 6 db/octave falling 

off with reducmg frequency will result when the re
actance �ue to the stiffness (reciprocal of compliance) 
of the diaphragm exceeds the resistance air load. This 
state of affairs is shown graphically in Fig. 2. Unfor
tun�tely, it is not so easy to put the frequency at 
whIch the stiffness begins to exercise control outside 
the audible range. The choice of stiffness will be 
dict.ated by the necessity of constraining the diaphragm 
agamst the forces associated with the polarizing vol
tage. Under "static" conditions (URoeD less than 
unity) these forces can increase as the diaphragm 
approaches the fixed plates and must be limited by a 
suitable choice of stiffness, polarizing voltage and plate 
spacing. The plate spacing also determines the elec
trical capacitance of the loudspeaker, and the imped
ance offered to the amplifier at the frequency chosen 
for" matching." 

Thus the bandwidth available for constant output, 
under the ac<?ustic conditions postulated, is limited at 
l.ow frequencIes by the diaphragm stiffness required 
tor stability and at high frequencies by the conditions 
of matching to the amplifier. (The inertia cut-off will 
always be well above the matching frequency and can 
be ignored. ) . 

The true efficiency of an electrostatic loudspeaker is 
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very high indeed, but it is difficult to realize because 
of the large wanless current which has to be pro
vided due to the electrical capacity of the loudspeaker 
unit. Thus it is necessary to waste watts in the amplifier 
or in resistances associated with crossover networks 
of which the loudspeaker may be part. For purposes 
of simplification, therefore, it is convenient to use the 
term "apparent efficiency" the meaning of which is 
the ratio of the acoustic power output of the loud
speaker to the amplifier volt-ampere output necessary 
to provide the required voltage across the loudspeaker 
capacity. 

The way in which the designer can trade band
width for" apparent efficiency" is illustrated by Figs. 
3 and 4. In both cases we assume the maximum 
output will be available at the high-frequency 
matching limit, and that constant voltage will be 
available at this and lower frequencies. 

In Fig. 3 let curve (a) represent the response with 
a given electrode spacing D = 1. If we double the 
spacing the diaphragm stiffness required for stability 
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Fig. 2. Variation of acoustical and mechanical impedances 
with frequency in (J diaphragm which is large compared with 
wavelength. 
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Fig. I. Essential differences in the operation of electrostatic loudspeakers with" constant voltage" and" constant charge" on 

the centre diaphragm. 
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Right: Fig. 3. Low-frequency 
response can be extended, at 
the expense of .. apparent 
efficiency," by increasing the 
plate spacing and re-matching 
to the amplifier at f2' the upper 
frequency limit. 
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can be halved and the low-frequency cut-off goes 
down an octave. At D=2 the capacitance is halved 
and the impedance doubled, but because the power 
is limited the volts rise by only .; 2 when the amplifier 
is re-matched. Thus the field strength V ID avail
able to drive the diaphragm is reduced to ';2/2 and 
the response falls by 3 db. We have thus gained 
an octave for a drop of 3 db in output, and, of course, 
the necessity of finding twice the polarizing voltage. 

We can, if required, regain the lost efficiency by 
re-matching an octave lower at the top end, as shown 
in Fig. 4. We now keep D (and C) fixed, and with 
it the low-frequency cut-off. The field strength 
available for driving the diaphragm will be propor
tional only to the voltage available from the amplifier. 
If we re-match an octave lower Z will be doubled 
and V will increase to v' 2, so there will be a 3-db 
rise in acoustic power for the loss of an octave at 
the high-frequency end. 

Since very high efficiencies are not a pre-requisite 
of high-quality reproduction, it is convenient to 
arrange the apparent efficiency to be similar to the 
effi�iency obtained from present-day commercial 
moving-coil speakers. Setting the efficiency at this 
level and applying polarizing voltages permissible in 
the given air gap, we find that the available bandwidth 
for level response is about four to five octaves. 

Below the iow-frequency cut-off we have the stiff
ness of the diaphragm controlling response, a large 
proportion of it under conditions where the 
"apparent efficiency" is high and wasted. (At low 
frequencies the impedance is high, and less power 
is required to maintain constant voltage.) Thus, by 
a progressive change of "matching" in this area, 
one can compensate to extend the level response 
below the mechanical cut-off. The effect of this 
mechanical stif'fness is best considered when we deal 
wito possibl;! forms of loading, since it can be lumped 
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CONSTANT 
Left: Fig. 4. Alternatively, with 
constant spacing and a fixed 
low-frequency limit the high
frequency response can be ex
tended, again at the expense of 
.. apparent efficiency," by vary
ing the frequency f2 at which 
the capacitive impedance is 
matched to the amplifier. 

in with the acoustical circuit loading the loudspeaker. 
A high polarizing voltage is desirable in order to 

place a high value of charge Q on the diaphragm. 
Each small unit area of the diaphragm can be fed 
with a high voltage at very high impedance, thus 
charging up that part of the diaphragm in relation 
to the fixed plates. In this arrangement of the loud
speaker, where the signal is applied to the fixed plates 
only, there are no signal currents due to the wanted 
signal in the diaphragm itSelf, so that this arrange
ment of high-impedance charging of each unit area 
of the diaphragm is permissible, and is essential for 
linearity in any practical construction. Any tendency 
for the air to conduct between the diaphragm and the 
fixed plate at any point in the loudspeaker merely 
causes a slight drop in the voltage at that area on 
the diaphragm, so that in this way high voltages can 
be applied without any danger of sparking. 

Since the charge on 
the diaphragm is un
varying, it follows that 
the force on the dia
phragm is completely 
independent of the 
position of the dia
phragm in the space 
between these electrodes 
and the system in linear. 
With this arrangement, 
then, it is no longer 

Fig. 5. High-frequency 
lInit with dimensions large 
compared with wavelength 
designed to cover fre
quencies from 1,000 cIs to 
'he upper limit of aud
ibility. 



necessary to' restrict the allowable motion of the 
diaphragm to a small percentage of the available gap. 
Again, there is no restriction to the ratio of signal 
voltage to polarizing voltage. The only non-linear 
element entering the system at all is that due to the 
compliance of the diaphragm, and since in moSt 
designs this is not a controlling factor in the motion 
of the diaphragm its importance is small. There is 
no difficulty in producing units on this principle, the 
distortion content of which is even lower than that 
of present-day amplifiers, and many times better than 
a moving-coil loudspeaker of normal efficiency. 

We have seen, then, that it is now possible to 
design loudspeakers on the electrostatic principle for 
a given bandwidth, over which the forces are acting 
directly on to the air. We have seen that this band
width can be placed anywhere in the audio range 
and that linearity represents considerable improve
ment on anything hitherto produced. The design 
of a loudspeaker unit on such principles is therefore 
purely one of applying it to its acoustical load to give 
any required performance. 

We have so far assumed the simple case of 2 pc 
loading on the diaphragm. Ignoring for the moment 
horn loading, this can only be achieved in practice 
at high frequencies, or for cases where the diaphragm 
is very large indeed. 

A simple single unit construction for high fre
quencies is shown in Fig. 5. This loudspeaker covers 
the range from 1,000 cis to the upper limits of 
audibility. Such a unit could, of course, be used 
with conventional moving-coil speakers for low fre
quencies, but the assumption that moving-coil units 
operate like distortion-less pistons at low frequencies 
is very far from the truth. It is obviously desirabl·� 
to introduce the benefits of the electrostatic principle 
throughout the whole frequency range. 

By way of showing what can be done, Fig. 6 shows 
a more complex design of electrostatic loudspeaker 
which, when properly 10::lded, covers the whole 
frequency range from 40 cis up to the limits of 
audibility. In a future article it is proposed to discuss 
the operation of such loudspeakers, i.e., when size 
is no longer large compared to wavelength, and to 
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Fig. 6. Unit of mOre 
complex design which, 
with proper acoustic 
loading, covers the range 
from 40 c!s to the upper 
limit o f  a u d ibili ty_ 
Measurements on this 
and the unit of Fig. 5 
indicate total harmonic 
distortions of less than 
I per cent. 

show the b a s  i s of 
design approach for 
the whole frequency 
range. 

Distortion measure
ments on these units 
gave figures well below 
1 %. M e a  s u r e -
ments were made out 
of doors, and noise, 
wind, and other re
strictions due to imper
fect conditions made it 
difficult to get reliable 
figures below 1 %. In
spection of the residual 
waveform indicates that the distortion due to the units 
is considerably lower than this figure. 

Similar remarks apply to frequency response, due 
to the fact that it is virtually impossible to achieve 
perfect loading conditions. Measurements produce 
responses which are within 2 db of the predicted 
curves, but the major part of these small discrepancies 
may be attributed to the approximations assumed in 
the structures used for loading. 

Since 1953, electrostatic loudspeakers have been the 
subject of joint development between Ferranti, Ltd., 
of Edinburgh, and The Acoustical Manufacturing Co., 
Ltd., of Huntingdon. Some of the techniques in
volved in the design of these loudspeakers are the 
subject of joint patent applications by P. ]. Walker 
and D. T. N. Williamson. 
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Wide Range Electrostatic 
Loudspeakers By (', .I, WALKER' 

2-Problems of Air Loading Different Requirements oj Mvvillg-coil 
and Electros tatic Drive U1Iits 

I N the first part of this article we showed that it 
was possible to design and construCt electrostatic 
driving units which were capable of applying a force 
which virtually acted directly on to the air, and we 

showed that this force was linear. This state of affairs 
applied over a bandwidth of several octaves for any 
single unit, depending upon the efficiency required 
from that unit, and it was further sho\vn that that 
bandwidth could be placed anywhere in the audio 
range. 

The only mechanical impedance likely to affect 
performance is the suspension compliance of the 
diaphragm, necessary to offset the negative com
pliance due to electrical attraction. We can therefore 
begin to draw an electrical analogue circuit of the 
mechanical elements of the loudspeaker as in Fig. 1, 
showing the force fed in series with a capacitance. 
In practice the compliance will considerably exceed 
the electrical negative compliance, so that this capaci
tance Cd is almost solely due to the diaphragm com
pliance. 

For simplicity we ""rill restrict consideration to units 
driven from constant-voltage sources, so that no 
elements need be included to indicate amplifier source 
impedance. 

. 

Since the loudspeaker will be coupled to the air, 
we can now add the front air load radiation resistance 
R, and the front air load mass, M, and we can include 
the impedance Z which represents the impedance 
presented to the back of the diaphragm. 

The impedance Z may include dissipative terms in 
the form of absorption and/or acoustic radiation re
sistance. With most acoustic devices the analogy 
elements change with frequency and the problem, 
as '.'.rith all loudspeaker design, is to arrange matters 
so that the power developed in the radiation resistance(s) 
is independent of frequency. 

The electrostatic unit differs from the moving coil 
in that there is no large mass component (cone and 
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Fig. I. Elementary equivalent circuit of mechanical and 
()coustical parameters of an electrostatic loudspeaker. 
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speech coil) which normally appears as a large in
ductance in series with Cd' The absence of this 
inductance profoundly alters the requirements for Z, 
and since Z is the cabinet or back enclosure it is to be 
expected that the form of cabinet for electrostatic 
units will follow trends entirely different from those 
that have been evolved for moving-coil units. A further 
difference is that the shape of the diaphragm area 
is more versatile, so that Rf and ,\1, may be indepen
dently varied over reasonable limits. 

Due to the absence of large mass we can, if we wish, 
arrange the constants so that Rf is large compared with 
the other elements, and therefore becomes the COll
trolling factor for the equivalent current in the circuit, 
i.e., the velocity of motion of the diaphragm. This 
means that the impedance looking back into the loud
speaker can be very low. When this is so, any increase 
in the acoustic resistance on the front of the diaphragm 
will result in "educed power output. If, on the other 
hand, the impedance of the loudspeaker is made to 
appear high by arranging that the total impedance is 
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Fig. 2, Mass and radiation resistance loads on Circular 
diaphragm in free air. The normalized frequency scale 
is in terms of the relationship of diaphragm size to 
wavelength. 
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large compared with Rf then an increase in aC9ustic 
resistance on the front of the diaphragm \vill result in 
increased power output. This ability to control the 
impedance looking back into the diaphragm is a useful 
feature in designs where R, is subject to fluctuations 
due to surroundings, horn reflections, etc., and, in 
particular, where one loudspeaker unit is influenced by 
another unit at cross-over frequencies. 

In order to show the action of an electrostatic unit 
which is small compared to the wavelength of the 
radiated sound it is convenient to commence with a 
circular shape, because impedance information is readily 
available for such a shape. Load impedance for other 
shapes IS best obtained by considering the diaphragm 
as a number of unit areas of equal size and calculating 
the impedance of each unit area, taking into account the 
mutual radiation due to the presence of all other unit 
areas. 

Fig. 2 shmvs the load on a piston operated in an 
unlimited atmosphere without a baffle. The diaphragm 
compliance reactance Xr(E) is also drawn. Between 
11 and 12 the controlling factor is the air mass, and the 
velocity of motion will vary directly with frequency 
until resonance between Xc(E) and Xma is approached. 
R, however, falls rapidly with frequency, and the 
power output will fall at approximately 6db per 
octave With declinmg frequency. (Exactly the same 
would occur with a moving coil unit, control this time 
being the mass of cone and speech coil designated 
X",(MC). XcCMC) is the moving-coil suspension 
compliance.) 

Multiple diaphragms without baffles, having the 
above characteristics, form the basis of design for 
loudspeakers to provide the directivity of a doublet. 
Such a system has useful attributes in relation to the 
listening rooms, a subject to be dealt with in a later 
article. 

Above 12 the velocity of the moving-coil unit would 
still be controlled by X",(MC) (except for cone 
" break-up ") and, since the resistance becomes con
stant, the response will fall with increasing frequency. 
In the electrostatic case above 12 the velocity will 
be controlled by the air load resistance, and the res
ponse will be independent of frequency. 

Extending this comparison to units in very large 
baffles we have the curves of Fig. 3. Here the radia
tion resistance varies with the square of the fre
quency below 12' With a moving coil the response 
will be level below 12 and will fall with frequency 
above 12' With the electrostatic the response will be 
level below 12 and also level above 12' but there will 
be a step in response so that the output level above 12 
will be 3db higher than that below 12' 

A simple arithmetical example will make clear the 
reason for this step. With constant force F applied 
to the diaphragm, the velocity of movement will be 

F V and the power expended usefully in the 
R2+ X2 

radiation resistance will be P = (V F ) 2 X R 
R� + X�, 

At IB in Fig. 3, neglecting Z due to the declining air 
mass reactance, we have for a constant force F = 1, 

R 2 P = R 2 = 4 = t· At lA' on the other hand, the air 

mass predominates and, if R can be neglected in 

R 0.01 
calculating the velocity of motion, P = X 2 = (0.2) � 
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Fig. 3. Mass and radiation resistance curves (or a circular 
diaphragm in a large baffle. The power radiated at any 
(requency (A well below (z is half that radiated a((requencies 
(8 well above (2 (see text). 

0.01 
f f A ' 'I 1 " = --- = 1-, or hal the power at B' simi ar re atlOn-

0,04 
ship will be found for any other pair of values of R 
and X at points below 12' 

This change in level can be overcome by deviating 
from the circular piston shape. For wavelengths 
large compared to the diaphragm size the resistance 
per unit area is dependent upon the new area and not 
upon the shape, whereas the mass is mainly dependent 
upon the smaller dimension. By elongating the dia
phragm shape the output level below 12 can be made 
equal to that above 12' 

We have so far been considering a comparatively 
small diaphragm in a flat baffle, the latter being very 
much larger than the piston, and the size of the com
plete system is obviously that of the baffle. The reason 
that the piston has been kept small is purely for the 
convenience of the moving-coil unit, because its 
diaphragm is driven at only one point. In the electro
static case we no longer have this restriction, and it 
will always be preferable to increase the size of the 
piston (without increasing the total size of the com
plete system). This will usually be necessary because 
there is a limit to the available amplitUde of move
ment, and thus, for a given power output per unit 
area, we have a minimum limit to the radiation re
sistance in order that the diaphragm excursions may 
be attainable. Increasing the size of the piston for a 
given power output has the double advantage of 
reducing power requirements per unit area, and, 
where the loading is below 2pc, of increasing the 
radiation resistance per unit area, and therefore re
ducing the amplitude required to provide that power 
output. For reasons of efficiency we shall in any case 
limit the high-frequency response of the llllit so that 
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optimum design is obtained by increasing the area 
of the diaphragm to the point where the piston just 
begins to become directional at the frequency which 
we have chosen for cross-over (set by the efficiency 
laid down in the design requirements). 

Continuing the consideration of the air load on 
diaphragms, reference should be made to horn loading . 
Here we have large resistive and mass components 
due to the horn. Fig. 4 shows the load of an idealized 
horn to which has been added Xm(MC), the cone 
mass of a typical moving-coil loudspeaker which might 
be used with such a horn. It will be seen that at low 
frequencies the cone mass is largely swamped by the 
horn impedance, so that the design of horns for 
electrostatic units differs very little from the design 
for moving-coil Units. Although we can now have the 
advantages of a virtually distortionless driving unit, 
we are still left with the disadvantages of practical 
horns, which are present independently of the drive 
units. Horns are normally used to match the high 
impedance of moving-coil diaphragms to the low 
impedance of the air. Since we have no such funda
mental mismatch with the electrostatic loudspeaker, 
and since diaphragm shape and size are not funda
mentally restricted, we shall not normally have to 
resort to the use of horns to the same degree. It should 
be remembered, however, that any back enclosed 
volume is a direct function of throat area, so that in 
some applications it is possible to use space for provid
ing a length of hom in exchange for saving in size of 
capacitive enclosure. Again, we may wish to restrict 
the front-wave expansion in order to maintain a 
reasonable resistance per unit area at low frequencies 
(utilizing the corner of a room, for example). 

One of the most desirable diaphragm shapes for 
electrostatic designs is that of a strip havmg a length 
(lOgether with floor or wall image) large compared to 
A/3 at the lowest frequency of interest, and a width small 
compared to wavelength at the highest frequency of 
interest. The strip may be curved along its length if 
desired, provided the radius of curvature is not less 
than )./3 at the lowest frequency. 

To consider the load on such a strip it is convenient 
to assume the strip as being infinite in length (legiti
mate provided it is at least A/3 in length) . With such a 
diaphragm there will be no expansion of sound in the 
direction of the length since all pressures along the 
length of the strip will be equal. Expansion from any 
given element of the diaphragm takes place in one 
plane only and �ill therefore take the form S = Sox. 
This is the expansion of a parabolic horn. At low 
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frequencies the front air load resistance is falh�g 
directly with frequency (instead Off2 as with the circular 
piston shape) . The advantages of the strip shape 
may now be enumerated:-

(a) The air resistance even at low frequencies 
(since R ex. f) is sufficient to de-"elop adequate 
power with reasonable diaphragm amplitude. 

(b) The narrow diaphragm gives good dispersion 
for several octaves (up to the frequency at 
which width Rl>./3). 

(c) The narrow diaphragm enables other units to 
be placed close to it, thus being less than 
t wavelength apart at cross-over frequency. 

(d) The frequency limitations, amplitude at the 
low end, and directional problems at the high 
end, fit in nicely with the 4-5 octave range which 
we established in Part I of this article for 
satisfactory efficiency. Thus a strip shape can 
form one basis of design for our ideal-the 
perfect loudspeaker. 

It will be obvious that a curved front source similar 
to that illustrated in the photograph of Fig. 5 in 
Part r of this article will give similar distribution to a 
strip, and, due to the larger surface, smaller spacing 
may be used and higher efficiency may thus be 
achieved. In such a case however, the diaphragm 
must be large compared to wavelength in both dimen
sions, because it is the nature of curved surfaces to 
become directional when the radius of curvature 
is comparable with the wavelength. When the dia
phragm is large compared to ,\ it is impossible to 
design an intimate acoustic cross-over. This small 
inherent imperfection would appear to preclude its 
use in a "perfect" loudspeaker design, although 
its" efficiency" advantages will have obvious applica
tions in some practical compromise designs. 

Although designs free to the air on both sides have 
useful attributes, it is obviously desirable also t o 
produce loudspeakers in cabinet form, enclosing the 
rear. This rear enclosure, if it is to be of reasonable 
size, will be the controlling factor for the diaphragm 
velocity, at least at low frequencies. 

With any unit, the high-frequency limit will be set 
by efficiency requirements, and the low-frequency 
limit by amplitude limitation or by the compliance 
of the enclosure in series with the diaphragm com
pliance. This compliance will ,resonate with the air 
mass on the front and back of the diaphragm (unless 
the diaphragm is so large that the loading is pc-for 
example, as in the curved diaphragms previously 
mentioned). Since the total mass is small, this reson
ance will usually occur above the lowest frequency 
of interest. It may be dealt with in two ways, (1) by 
adding acoustic mass within the cabinet to reduce 
the resonant frequency to the lowest required fre
quency, or (2) critically damping the resonant 
frequency and maintaining response below this 
frequency either by re-matching or by a secondary 
acoustic resonant circuit) or both. 

There are innumerable ways in which either of 
these alternatives may be achieved. Consider the first 
alternative. Suppose that the enclosure is made deep 
and narrow (or fitted with partitions so that it appears 
deep and narrow to the loudspeaker): then, at wave
lengths just under four times the depth, the reaction 
on the diaphragm will be pOSItIve. This will effectively 
force the reSOnance to the l wavelength reasonance of 
the depth of the enclosure. Absorbent wedges may 
now be fitted to control the resonance and to present 
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Fig. 5. Strip loudspeaker, long compared with wavelength, 
and of width d, mounted in a wall, with the back of the 
diaphragm loaded by a tube with cross-sectional area equal 
to that of the diaphragm and of a length 5d, blocked at the 
far end. Resistance (ftbre--glass wedge) included in tube 
to control impedance. 

a purely resistive load at all higher frequencies. 
Sound compression within the \vedges becomes 
isothermal, decreasing the speed of sound, so that the 
depth of the enclosure cm be reduced accordingly. 

Fig. 5 shows the impedances of a strip unit loaded 
on this principle together with a curve showing the 
power output radiated as sound for constant applied 
voltage. The output is extended by more than an 
octave Over that which would be obtained if the same 
volume of enclosure were allowed to act as a lumped 
ca paci tance. 

Turning nO\\' to the second method of extending 
the low frequen�y range, Fig. 6 shows a diaphragm 
loaded by a capaeit�ce leading through resistance 
and inductance int� a· larger capacitance. Both 

Fig. 6. Diaphragm loaded by an equ ivalent capacitance 

C1 leading through an acoustic mass anq res istance M� 
and R2. into.a larger capacitance (2' 

RI -
MI CI Mz Rz Cz 
C3 
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Fig. 7 shows a strip 
diaphragm loaded by a capacitance with series resis
tance, all elements continuing along the whole length 
of the structure. With this assumption there will be no 
waves in the enclosure along its length so that the con
stants can be calculated on a sectional element of 
thickness t. If the cross section of C2 has dimensions 
which are many times smaller than the wavelength, 
then C2 will behave as a capacitance (independent of 
length). If this proviso is not met then Rz must be 
distributed to avoid C2 appearing as a multi-resonant 
circuit. 

Where the unit crosses over to another unit for 
low frequencies then R2 may be adjusted to give a 
Q of 0.7 so that the cross-over components are already 
present in the acoustic circuit. 

When the lower-frequency unit is arranged so that 
the two diaphragms are close and intimately coupled, 
then R\ will be incr-eased in value by the mutual 
radiation of the low-frequency unit. R2 is then re
duced to restore Q and we find that if R\ is larger 

-- f-. -- - -- ---+_ 
1-- --- - --_.- - -f-- -

Fig. 7. In a long cylindrical structure the air column will 
be driven equally at all points along its length and no 
appreCiable long itudinal standing waves can be established, 
at frequencies other than that corresponding to 10./4. 
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than R2 a useful self-compensating effect takes place. 
If the voltage applied to the low-frequency unit is 

reduced at cross-over due to tolerance in its cross
over components then Rl is automatically reduced and 
the output of the higher-frequency unit increases at 

A I� 
Rl 

crOSS-over. t cross-over out 0: CRl + Rz)2 

Where the enclosure of Fig. 7 is used for the unit 
covering the lowest part of the audio range, bass 
response may be extended by rematching Or by 
introducing a secondary resonant circuit and utilizing 
back radiation from the diaphragm. If an aperture is 
provided at one end of the enclosure, opening to the 
air, then, when the enclosure length is i- wavelength, 
resonance will occur along its length, and there will 
be radiation from the aperture. 3/4, 5/4 resonances, 
etc., will not arise, because the enclosure is excited 
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by a force distributed al ong its length. At frequen
cies above the! wavelength, the enclosure will behave 
approximately as a capacitance, as if the aperture 
were not present. 

The next part of this article will deal with elec
tros ta tic units as part of delay lines, and the application 
of various complete designs, " built in," " boxed in " 
and "doublet " in relation to the listening-room, 
Complete electrostatic loudspeakers can take several 
different forms, each of which in terms of frequency 
response, distortion and sound dispersion can meet a 
specification virtually to perfection. When the listen
ing-room and subjective factors are considered it 
becomes impossible to lay down a rigid specification . 
To adopt a quotation "Each design is perfect, but 
some designs are more perfect than others "! 

Acknowledgement. Fig. 2 is based on Fig. 5. 9, p. 127 
of " Acoustics" by Leo. L. Beranek (McGraw Hill). 
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Wide  Rang e  
L o ud speake rs  

E l e c t r o s t at i c  
3-Complete Systems : 
Loudspeaker/ Room Relationships 

lly P. J. WALKE H *  

I N the first part of th is  article we showed that for a 
given size, the apparent efficiency of an electrostati c 
unit may be i ncreased by reduci ng the bandwidth 
which that unit is  requ ired to cover. An obvious 
method of increasing the ov erall efficiency of a com 
plete electrostatic system, theretore, is to divide the 
system into a convenient number of frequency bands 
and to feed them via crosso\"er networks. Optimum 
�esign is  obtained by increasing gaps and areas with 
decreasing frequency. 

An alternative method of i ncreasing apparent effici
ency is to subdivide the loudspeaker area i nto a 
number of sm aller u nits  each covering the whole 
frequency range, the units being coupled by i nductors 
so that the whole loudspeaker becomes a transmission 
hne. (Fig. 1 . ) The acoustic radiation resistance 
appears as conductance in parallel with each capacitive 
element. For a fixed total area, and neglecting losses, 
the efficiency varies directly with the number of 
subdivisions. 

Consideration of these two systems shows t h at fre
quency divi sion has considerable advantages over 
transmission line divi sions for most complete systems 
of domestic size and power requirements . Fi rst, if a 

Fig. I .  Capacit ive loudspeaker elements coupled with in
ductances to (orm a t ransmis sion line. 

single nine-octave u nit is  su bdivided into a two-uni t 
system, the apparent efficiency i s  increased 1 6  times. 
To obtain the same i ncre ase by tra nsmi ssion line 
divi sion would require a minimum of 1 2  di\·i sions. 
Unless the total area of the loudspea ker is  large,  and 
the plate separation small,  the capacitance of each 
section of the transmission line becomes very small 
indeed and requires \"orrespondingly large i nductance 
which must be of relati\'ely high Q. 

This apparent effici ency ad\'antage of frequency su b
dividing over tral1smis�ion line dividing holds until 
the bandwidth of each u nit  i s  reduced to two octaves. 

Apart from transm ission l ine subdivision applied to 
individual units of a frequency-divided system, prac
tical consideration norm ally limits transmission line 
techniques to large-area diaphragms. When such is 
the case, however, additional faci lities are available 
to the designer both i n  the accurat e control of direc
tional characteristics and in providing a con stant phase 
contour, independent of frequency. 

In discussing various possible form s of complete 

* Acoust ical Manufacturing Co. Ltd. 
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electrostatic systems, a novel situ at ion arises. The 
quality criterion of a loudspeaker usually concentrates 
on three performance parameters, as  measu red i n  an 
unlimited atmosphere. (a) Abil i ty  to produce a 
required sound i ntensity over the audio speccum with 
negligi ble non-linearity distortion. (b) Thl! sound 
pressure over th e  designated li stening area should 
be independent of frequency throughout the audio 
range. (c) Operation should be aperiodic. 

Complete loudspeakers designed on the principles 
which we h ave been discussing are capable of meeting 
these three requirements to a new and exciting degree. 
We shall see that different designs and approaches 
differ not so much in t erms of (a), (b) and (c) a bove, 
but in other factors of importance to quality repro
duction ; factors which have previously had to take 
second place or h a ve been masked in the struggle 
for (a), ( b) and (c). 

Corner Mounting 
There has been a strong tendency in  loudspeaker 
design to make use of the corner of a room. This  i s  
because a t  low frequencies  the air load resistance for 

l.....r-. 

a given size of diaphragm 
. � is i ncreased 8 times over 

t h a t  of an unlimited 
atmosphere. 

Since the rat io of ca binet 
" stiffness " to air load 
resi stance is i ndependent "t . I of diaphragm size, any in-

_. J 

---, j 

crea se of resi stance due to 
bou ndary walls and floors 
fundamentally reduces the 
size of cabinet requi red for 
a given performance. 

As an example, the form 
of c o r  n e r electrostatic 
loudspeaker illustrated in 
Fig. 2 and designed for full 
performance d o w n to 
40 cis  utilized an internal 
resonance with a Q of 3 
and a bui lt-in enclosure of 
1 0  cu ft. Fundamentally 

the enclosure s ize could be 
reduced either by ( I )  in
creasing Q, (2) reduci ng 
power and apparent effi
ciency requirements, or (3) 

Fig. 2. Wide- range electro
static loudspeaker in a 
reson an t corn er enclosure. 
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Fig.  3. Cylindrical e lectro
static loudspeaker. Each 
strip car ries the full fre
quency range and the 
sections a re coup led to 
form an e lectrical trans
m ission line. The inductor 
assembly is shown below. 

restflctmg frequency range. Any one factor may be 
traded for any or all of the others. 

It shou ld be noted that with the diaphragm are a 
of Fig. 2 the resi stance could be substantially increased 
by reshaping the whole of the low-frequency area 
near the floor so that, with the boundary reflections, 
its  dimensions laterally and vertically are similar. 
Such a form, with a suitably shaped treble unit above 
it, can be designed to give a level  response in direct 
radiation to the listening area, so that the (a), (b), (c) 
requirements are not affected. Homogeneity on the 
other hand, due to t he physical spacing of units, is  
destroyed. This may be more important than is  
generally realized, particularly in rooms of normal 
dome stic size. 

The high-frequency section (centre strip in Fig. 
2) is  sealed at the rear by an enclosure of width 
equal to that of the strip and incorporating a fibre
glass wedge to offer almost pure resi stance throughout  
the range of  the unit. This sealing is nece ssary in 
order to maintain front air load resi stance by pre
venting coupling between front and back. 

Fig. 3 shows an entirely different form of corner 
design.  The diaphragm area covers the whole surface 
and extends around the back to form an enclosed 
cylinder. Every part of the diaphragm carries the 
whole frequency range. The surface area is divided 
into units to form a transmission line. The total 
volume is 1 5  cu ft. The step in diameter is  introduced 
because the transmission l ine rotates around the top 
portion and thence around the bottom portion. The 
time delay in the sound expanding from the top 
portion to the diameter of the bottom portion is  equal 
to the time delay of the electrical voltages in the 
transmi ssion line. 

The complete assembly is placed a small distance 
from the corner of a room so that the boundary reflec-
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tors are aiding at the lowest frequency of interest. The 
large diaphragm area together with the boundary re
flections provide a loading approximately equal to pc 
at 30-40 cis.  Internally there is acoustic resistance 
treatment, so that there will be resistive loading at high 
frequencies, changing to a capacitive load due to the 
lumped enclosure at low frequencies. S implified 
equivalent circuits for high and low frequencies are 
shown in Fig. 4. The turnover occurs at about 400 c / s  
and it is obvious that with constant voltage the re
s ponse wil l  be level above 400 c / s and drop at 
6dB/ octave below this frequency. This  is corrected 
by progressively rematching to the amplifier below 
400 cis .  The section shape may be elliptical to  give 
a degree of direction at high frequencies. 

It  is  obvious that the corner boundaries will intro
duce peaks and troughs throughout the frequency 
range. These are, however, exactly the same as  occur 
naturally with live speech or music ori ginating near 
boundaries in a room. To what degree these effects 
are important must at the present time be a matter 
of conjecture. It  can safely be said that the subjective 
effect is  by no means as alarming as the appearance 
of the response curve. 

The advantage of a corner position has already been 
noted. This advantage is not gained without consider
able detriment in other directions.  If we wished to 
excite every room· resonance to its ful lest exten t with 
a sound source of high internal impedance, we put this 
source in a corner because this is  the position of 
highest impedance for every mode. In placing our 
loudspeaker in a corner therefore we are placing it in 
the worst possible position if our aim is smooth aperi
odic sound. 

Although the present trend appears to be to tolerate 
this state of affairs in the interest of the organ's 32ft 
rank (or reduction of cabinet size), the inherent 
smoothness of electrostatic loudspeakers once experi
enced is not lightly thrown away, and there is added 
impetus in attempts to improve the loudspeaker/ room 
relationship. 

Double Wall Enclosure 
The s trip " twin" unit design of Fig. 2 may be built  
into a wal l  in s uch a way that most room modes are 
not excited or are excited only feebly. If it is  an out
side wall, the rear enclosure may be added externally. 
If an inside wall  it may spread over the wall so that 
from the appearance point of view it has virtually dis
appeared. Fig. 5 shows the general form of installa
tion. The s trip unit extends from floor to ceiling and 
the low-frequency sections are backed by Sin wide en
closures 41£t in length, with fibreglass wedges incor
porated. The impedances and response are shown in 
Fig. 5 (June issue). With the dimensions of this ex
ample, d = l Oin since both Sin units are coupled, and 
the response will be within 3dB of 1 kc / s  response 
down to 35 ci s. These figures include floor, one wall  
and ceiling, but do not, of  course, include the effects 
of other room boundaries. Assuming a 2in thick wall 
for rigidity, the volume of a room of 300 sq ft floor 
area would be reduced by 2 % .  

There can be no initial excitation of floor to ceiling 
modes because vertical excitation is evenly distri buted. 
Modes excited in a direction parallel to the wall on 
which the speaker i s  mounted will be reduced in 
number. Assuming a rectangular room, the number 
of modes excited will be some four times less than 
the number excited by a corner floor posi tion. 
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As can be seen by the following summary, this form 
of loudspeaker leaves little to be desired. 

1 .  The enclosure being " built-in " can be com
pletely rigid. 

2. The only fold in the enclosure is narrow com
pared to wavelength and being close to the diaphragm 
can cause no reflections in the range of that unit. 

3.  The louds peaker and its enclosure are completely 
predictable. 

4. The (a), (b) and (c) requirements previously men
tioned can be met virtually to perfection. 

5. Radiation throughout the whole frequency range 
is homogeneous;  there is no source displacement and 
no phase problems at crossover. 

6. Total radiated energy (as well as axial pressure) 
is independent of frequency. 

7. The loudspeaker/room relationship is good. 
Item 6 deserves further mention. The normal fre

quency response specification of a loudspeaker is in 
terms of sound pressure produced on the axis or over 
a limited listening arc. The mean spherical radiation 
(total power output) is not usually specified, although it  
will have a profound effect in a room because the 
intensity of indirect sound is dependent upon it. If 
high-frequency radiation is  limited to a segment of, 
say, 90 ° x 30 ° (a typical figure) and bass radiation is 
hemispherical, and if the axis response is level, then 
there will be a step of 1 2dB in the mean radiated re
sponse. This produces an artificial step in the acoustic 
ratio (ratio of direct to indirect sound) producing un
natural hardening of the reproduced sound. 

Doublet Sources 
We now come to consideration of the doublet as a 
sound source and we shall see that it possesses proper
ties of considerable significance in improving loud
speaker/ room relationships. By a doublet we mean a 
diaphragm, radiating on both sides. 

If we assume a 1 2in- 1 5in unit (moving coil or elec
trostatic) mounted in a 4ft-Sft baffle, we find that the 
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the acoustic loading on the loudspeaker of Fig. 3. 
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Fig. 5. Sectional plan showing one method of rear enclosure 
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acoustic system has three main faults.  (1) The acous
tic air load falls to very low values at wavelengths 
larger than the baffle size. (2) The acoustic load is very 
irregular at low frequencies and (3) reflections from 
the baffle edge occur at higher frequencies. The 
second, and third faults can be mitigated by adopting 
peculiar shapes. 

If, instead of a baffle, we construct a composite elec
trostatic unit of the same area, the position is com
pletely altered. The resistance per unit area and the 
total working area are both increased so that the air 
load is  many times that of the baffle case. The load, 
and consequently the perfonnance, is regular and pre
dictable. 

The construction is that of strip units progressively 
increasing in plate spacing and area from the centre 
line. Due to the air load resistances involved for each 
strip, the permissible bandwidth is reduced over that 
which could be obtained if the back radiation were 
sealed off and it is necessary to split the frequency 
range into three to obtain efficiency comparable to a 
two-way " sealed " system. 

Any unloaded strip considered alone will have a 
resonant frequency when the diaphragm stiffness 
reactance equals the air load mass reactance. This 
is, however, placed below the frequency range 
of the strip, so that the mutual radiation of the 
adjacent strip carrying a lower frequency range in
creases the radiating area and prevents the application 
of any effective mass. The complete system is there
fore entirely free of resonance except at one low fre
quency (usually placed at 30-35 ci s). The Q of this 
resonance is adjusted to mamtain response to this 
frequency. 

The complete loud speaker has a cosine characteristic 
and this i s  substantially maintained through the range.  
It  cannot radiate sound in the direction of its surface, 
horizontally or vertically, so that it cannot excite room 
modes in two out of the three room dimensions. It 
will only excite modes in the remaining dimension 
when placed at a region of maximum velocity for that 
mode. (The impedance looking into the loudspeaker 
is low.) 

Having a " cosine " polar characteristic the mean 
spherical radiation is reduced by a factor of 3 at all 
frequencies, so that quite apart from freedom of mode 
excitations any colour due to the room is reduced by 
a factor of three. This  is exactly analogous to a 
" velocity " microphone. In the same way that a " velo
city " microphone is used in place of a " pressure " 
microphone to reduce studio colour, this �' velocity " 
speaker will reduce colour due to the li stening room. 

Listening tests comparing " pressure " and 
" velocity " speakers of otherwise similar characteristics 
indicate that a velocity characteristic may well have 
important features for high-quality reproduction. An 
el ectrostatic loudspeaker of this type correctly posi
tioned in the room meets all requirements as did the 
" wall " form previously described, with the addition 
of an even better loudspeaker/ room relationship. The 
fact that it requires to be free standing well within 
the room may or may not be advantageous. 

The more the acoustic ratio is reduced (provided 
always that it is reduced equally at all frequencies), 
the more one approaches the state of affairs that the 
pressure at the ears is a replica of the pressure at 
the position of the microphone in the concert hall or 
studio (ideal headphone conditions). It must be em
phasized that many arguments for and against this 
condition have been proposed. It  is outside the scope 
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Fig. 6. Stereoph ony from a s ingle transm ission line loudspeake r, with separate channels 
feeding each end of the line. 

the relative importance of 
the many factors involved 
are needed. (a) Source 

of these art icles to enter these arguments other than 
to say that with a monaural channel the choice must 
be an restha.tic one. 

A complete l istening room can be designed to pro
duce pressures throughout the room which are more 
or less equal to the pressures at the studio micro
phone. 

A tube of small diameter compared to wavelength 
fitted with a piston at one end, and terminated at the 
other by a resistance of pc will give pressures any
where in the tube which are directly proportional to 
piston velocity and independent of frequency. Pro
vided that the area of the piston equals the tube cross
sectional area, then the requirement of small diameter 
disappears. 

A rectangular room with a diaphragm covering one 
wall and correct termination on the opposite wall 
meets the requirements .  The space behind the dia
phragm must be at least  l Oin deep and treated like 
the speaker in Fig. 3. The equivalent circuit is the 
S2-me as Fig. 4. The sound absorption treatment of 
th-:: opposite wall must ideally be several feet in depth. 

Sound intensity throughout the room is independent 
of position (including the distance from the 
diaghragm). The apparent sound source is always in 
3 direction perpendicular to the diaphragm and, of 
course, moves as the l is tener moves. 

The same loudspeaker may be used for stereophony. 
With transmission line matching and feeding the 
signal at one end the wavefront wil l  be til ted, due to 
time delay. Separate signals may be fed from either 
end to produce two tilted wave fronts, one for each 
signal . Since each apparent origin is perpend icular 
to its wavefront, the aspect angle from the listener is 
:! constant and entirely independent of the listener's 
position over a large triangular area (Fig. 6). The rela
tive intensity of the two signals is also constant. 

A fixed angle, two-channel system of this type 
may be obtained with a less elaborate listening 
room. The strip arrangement of Fig. 5 may be in
stal led horizontal ly instead of vertically. If each unit 
is a transmission line along its length, then two cylin
drical wavefronts will be produced with exactly the 
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movement with frequency, 
(b) Homogeneity, (c) Acoustic rat io, (d) Mode excita
t ion, (c) Phase contour, etc. All are factors which 
can only be tentatively as sessed after long usage.  

The author wishes to thank Ferranti Ltd. for per
mission to publish the result of work jointly carried 
out, and to acknowledge the invaluable work of 
D. T. N. Williamson, W. D. 01 iphant, and their 
colleagues at Edinburgh. Thanks are due to J .  Wat
son, J . Collinson and others at the Acoustical Manu
facturing Company, and to the several special ists who 
have been able to assist with problems in their own 
field. 
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COMPLETE SPECIFICATION. 

Improvements relating to Electrostatic Loudspeakers. 

We, FERRANTI LIMITED, a Company regis~ 
tered under the laws of Great Britain, of 
Hollinwood, in the County of Lancaster, 
and .PETER J AMES WALKER, a British Sub-

5 ject. c/<l: The Acoustical M.anufacturing Co. 
Ltd., Huntingdon, County of Huntingdon, 
do hereby declare the invention, fur which 
we pray thaJt a patent may be granted to us, 
and the method by which it is to be per-

10 formed, to be particularly described in and 
by the following statement:-

This invention relates to electrostatic 
loudspeakers, by which term is meant a 
louds.peaker which depends f.or its action 

15 on the force of elect,rostatic attraction be
tween a movable or flenble diaphragm 
electrode and a rigid plate electrode secured 
closely parallel to it. 

To reduce non-linear distortion it is 
20 usual to locate the diaphragm between two 

such fixed plate electrodes, one at least of 
which may ,be perforated or may be of 
lattice construction to allow motion of air 
through it. 

25 To increase the sensitivity and avoid a 
frequency-doubling effect caused by attrac
tion taking place on both halves of the signal 
wave[oMl it is also usual to apply a steady 
polarizing voltage so as to maintain a bias-

30 ing potential between the diaphragm on the 
one hand and each of the two fixed plates. 

The polarizing and audio-frequency signal 
voltages may be applied in either of two 
ways:-

35 (1) The positive terminal of the polariz-
ing source 10 (see Fig. 1 of the accom
panying dra.wings) is connected to one fixed 
plate 11 and the negative terminal to the 

other fixed plate 12, the signal voltage from 
a source 13 beiugapplied hetween the dia- 40 
phragm 14 and the ;point 15 of mid
potential of polarizing source 10; or 

(2) The signal voltage from source 13 is 
applied 'by way of a transformer 16 (see 
Fig. 2) to the fixed plates 11 and 12 and 45 
the pol~rizing v!oltage 10 is applied between 
the diaphragm 14 and a centre tap 17 .on 
the transformer secondary 18. 

F.or good sensitivity the polarizing volt-
age should 'be high. and diflicultyhas been 50 
experienced with known arrangements of 
the above-descr1bed kinds through the ten
dency of a spark discharge to occur between 
the diaphragm and the :plates, with con-
sequent audible distortion. 55 

With arrangement (2), the damaging effect 
of such a discharge may be reduced by in
serting a resistance 19 (see· Fig. 2) of high 
value in the connection between the .polariz-
ing source 10 and the diaphragm 14; this 60 
resistance has the effect of preventing the 
full polarizing voltage from being applied 
continuously .once a sp~rk current develops 
but does not prevent a spark from occurring. 
With loudspeakers of ·all but the smallest 65 
size. hOlWever, this arrangement is not satis
factory because the capacitive charge stored 
in the louds.peaker is considerable and suffi
cient in itself to cause damage if a spark 
should occur. 70 

With arrangement (I), the insertion of 
resistance large enough to. prevent s-parking 
is not practicable because all connections 
carry the signal currents and the presence 
of such a resistance would increase the time- 75-
constant 'Of the circuit too much. 

An object of the present invention is to 
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provide an electrostatJc loudspeaker with 
improved linearity of response. 

Anothelfobject is to provide an electro
static loudspeaker which allows the appIica-

;) tion of a high ,polarizing potential to the 
diaphragm electrode without the occurrence 
in operation of ,audible distortion due to 
sparking between the diaphragm electrode 
and the fixed plate electrodes. 

10 As electrostatic loudspeaker units in 
accordance with the invention have physical 
characteristics which make them suitable 
for combination in arrays, another object 
is to provide' an array of such units. 

15 A further object is to provide a loud-
speaker stage (by which is meant the com
bination of a loudspeaker unit with its 
source of polarizing potential) including at 
least one electrostatic loudspeaker unit 

20 having improved linearity, which stage 
allows of the application of a high pollariz
ing potential at the diaphragm electrode of 
the unit without the occurrence in operation 
of audible distortion due .to sparking be-

25 tween the diaphragm electrode and the 
fixed plate electrodes. 

In accordance with the present invention 
an electrostatic loudspeaker unit comprises 
tJwo rigid plate eleotrodes in close paralIe! 

30 relationship insulated from one another and 
secured between them a diaphragm electrode 
of flexible material the electrical resistivity 
of the surlace of which lies wlithin a range 
of the order of 2 x 109 to 1 X lOI!! ohms per 

35 unit square. there 'being :provided at least 
one polarizing electrode in contact with the 
diaphragm. 

Also in accordance with the invention 
there is provided a loudspeaker stage inc1ud-

40 ing at least one electrostatic loudspeaker 
unit as set forth in the preceding paragraph, 
driving means for applying an audio
frequency signal to the plate electrodes of 
the unit, and polarizing means connected to 

45 said polarizing electrode, or to each ;polariz
ing electrode. as the case may be, for main
taining the diaphragm electrode at a high 
uniform electrostatic charge with respect to 
the plate electrodes. 

50 In the accompanying drawings:-
Figures 1 and 2 are schematic diagrams 

of known arrangements of electrostatic 
loudspeakers; 

Figure 3 shows an electrostatic loud-
55 speaker stage in accordance with one em~ 

bodiment of the invention. in part as a 
schematic diagram and in part as a section 
through a loudspeaker unit, the thickness 
and spacing of the components being con~ 

60 siderably exaggerated for clarity; 
Figures 4 and 5 show to an enlarged 

scale .parts of Figure 3 but to a modified 
construction ; 

Figures 6 ,to 8 show sections through parts 
65 of loudspeaker units in accordance with 

other embodiments, the thickness and spac
ing of the components being again exagger
ated; 

Figures 9 and 10 are sectional views of 
arrays of loudspeaker units in accordance iO 
with the invention; 

Figure 11 is a view in perspective of an
other array, partly in expanded form; 

Figures 12 and 13 are sectional vielws of 
two other arrays; 75 

Figure 14 is a sectional view through an~ 
other embodiment; and 

Figure 15 is a schematic diagram of a 
further embodiment. 

In carrying out the invention in accord- 80 
ance with one form hy way of example. an 
e1ectmstatic loudspeaker includes a number 
of loudspeaker units each of which com
prises a flexible diaphragm 21 (see Fig. 3) of 
resistive 'sheet material such as nylon, the 85 
electrical resistance of which satisfies certain 
requirements which will be specified later. 
The sheet is sandwiched between two 
closely-parallel plates 22 and 23 which can 
be of metal or conductive material or con- 90 
ductively coated material or of conducting 
material with an insulating sheath depend~ 
ing on .constructional and operating require
ments. [[he, size of the units is determined 
either by constructional requirem~nts or by 95 
acoustic loading requirements of that par· 
ticular radiating area. By way of example 
a rectangular unit of 6" x 6" size might form 
part of a larger area of similar units. or on 
its own would be suitable for radiating 100 
medium and high audio frequencies. Plates 
22 and 23 are thick enough to be rigid and 
both of them are perforated, as depicted at 
24, to provide apertures for the emission of 
sound waves and prevent "cushioning" of 105 
the vibration. The diaphragm is secured in 
tension by being clamped throughout its 
periphery between peripheral polarizing 
electrodes in the form of metal strips or 
foils 25. These strips are themselves llO 
clamped between plates 22 andZ3. strins 26 
of poly.thene or other convenient insuiatirtg ,. 
material being inter,posed between strips 25 
and the .plates to insulate the plates -from 
one another and, the diaphragm f.ram the 115 
plates. 

Conductive strips 25 should extend in
wards, as shown in the drawing, beyond in
sulation strips 26 to prevent any Jeakage be
tween the diaphral!m and the olates which 1:20 
would cause a voItllge drop across a free 
part of the diaphragm, for such a voltage 
drop would 'Prevent the full polarizing volt-
aile from apoearing on the diaphra!!)'11 and 
would render the performance of the 125 
loudspeaker unit unPredictable. The spac-
-in!! between the diaDhra!!m and the olate is 
sufficient to allow free vibration of the dia
fI,hragm at the maximum amDlitude required. 
Suitable terminals 221 and 231 are provided 130 
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in electrical connection with the plates and 
a further terminal 211 .connected to the con
ductive strips 25 and hence to the dia
phragm. The units may be assembled side 

5 rby side with the outer surfaces of the per
forated plates coplanar. Other possible 
assemblies ,will also be discussed later. 

The two plate terminals 221 and 23 1 of 
each unit are connected respectively to the 

10 ends of the secondary winding 28 of a signal 
output transformer 29 common to all the 
units .the primary winding 30 of which is 
energized by the final stage 31 of signal 
amplification. Each unit is polarized by 

15 connecting a source 32 of high tension of 
several hundred volts per centimetre of spac
ing between the diaphragm terminal 211 and 
a centre tap 33 on transformer secondary 28: 
as a safety precaution .the more "accessible of 

20 the two plates. plate 23. say. is .connected to 
earth. Alternatively, where more conven
ient, the polarizing supply may be returned 
to either end of the transformer secondary 
28 instead of to the centre tap 33. 

25 The electrical resistance of diaphragm 21 
is determined by three considerations. 

In the first plac-e the surface resistance 
must be high enough to maintain sufficiently 
constant the total charge on both sides of 

30 the diaphragm of an elemental area despite 
the variation of the" capacitance of this ele
mental area due to the audio-frequency 
vibration af the diaphragm. 

By "sufficiently constant" is meant con-
35 stant enough to render distortion inappreci

able to the trained ear. Such constancy of 
charge reduces non-Enearity due to the 
quadratic nature of the forces which are 
involved if .the diaphragm potential is fixed. 

40 Owing to the fact that in any practical loud
speaker the diaphragm does not operate as a 
rigid piston because of the necessity for 
supporting members and because acoustic 
impedances are not always uniformly distri-

45 buted over its area, ,the same degree of im
provement is not ·obtainable by the insertion 
of resistance external to a conducting dia
phragm. 

Secondly, the resistance must also be high 
50 enough to prevent audible distortion due to 

sparking in normal operation, so that if a 
spark should tend to occur between a small 
area of the dia-phragm and 'One of the plates, 
the discharge current flowing in the areas of 

55 the diaphragm adjacent to the discharging 
area causes the potential of the discharging 
area to be reduced below the value required 
to maintain the discharge. hence only a very 
small charge is dissipated before the voltage 

60 becomes thus reduced and distortion due to 
the spark is accordingly rendered inaudible. 

Thirdly, the upper limit to the value -of 
the resistance i,s deterunined by the necessity 
of allowing the ;polarizing charge to spread 

65 uniformly across the diaphragm from the 

polarizing electrode or electrodes within a 
reasonably short time after switching on the 
supply. 

A range of surface resistivities of the 
order of 2 x 109 to 1 X 1012 ohms per unit 70 
square is found to satisfy the above require~ 
ments. 

A suitable material for the diaphragm is 
nylon, the surface of which, owing to its 
affinity for mois.ture, has the above stated 75 
resistance range over the relative humidity 
range 95% to 38%. 

Electrostatic loud&peakers have been p'ro~ 
posed which have diaphragms of polythene. 
cellulose nitrate, or other plastic materials. 80 
But as these materials have ·an almost negli
gible affinity for moisture their surface resis
tivities remain toC} high {even at the maxi
mum value of humidity likely to be en
countered) to allow of a uniform spread of 85 
the polarizing ,charge within a reasorrable 
time after switching on the supply. 

The upper limit to the value of the polar
izing potential is determined by the onset of 
ionization in the spaces between the dia~ 90 
phragm and the plates; which will occur at 
approximately 70 volts per mil of the space 
between either plate and the diaphragm. 

It will be noticed that the energizing 
system is that of arrangement (2) (Fig. 2), 95 
previously mentioned, that is, the AF cur
rents which energize each unit, flow only in 
the orUter electrodes; a diaphragm resistance 
that is high enough to satisfy the require
:ments indicated above is ,far too high for 100 
the diaphragm to take the AF currents-in 
accordance with arrangement (I)-without 
considerable attenuation and distortion. 

fThe use "of the conductive strips 25 is 
rendered advisable because of the high re- 105 
sistivity of the diaphragm. If the pOlariz-
ing potential were to be applied at 
a point or at a few points on the· peri
phery of the diaphragm and the interven-
ing portions of the periphery where separ- no 
ated from the plate electrodes me['ely by 
the insulation .strips 26, the leakage through 
the latter from the diaphragm would prevent 
the diaphragm from being uniformly 
charged. The insertion of conductive strips 115 
between the diaphragm and the insulating 
supports ifemoves these leakage paths from 
the high-resistance diaphragm itse1i and 
transfers the leakage directly on to the power 
supply where it need :cause no- embarrass- 120 
ment. 

Where the diaphra~m area is smaIl com
pared with the wavelength radiated, the fre
quency i"esponse may be equalized by 
mechanically ~oading parts of the diaphragm 125 
either by thickening or Iby adding button
shaped portion'S of -other material. in each 
case as depicted at 2P in Fig. 4. At the 
higher frequencies these loaded 'Parts re
main relatively stationary and vibrational 130 
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displacement occurs mainly in the inter
mediate areas of low mass. fro.m which areas 
effective treble radiation takes place. At 
the lower frequencies the diaphragm vibrates 

5 as a who.le, the increased mass lowering the 
bass res-onan.ce frequency. 

In the constructio.n of Fig. 3 there is some 
wasteful capacitance in areas not contribut
ing to. so.undo.utput. These areas are co.n-

10 stituted in eff-ect by the plates 22 and 23 on 
the one hand and the co.nductive strips 25. 
the insulatio.n 26 acting as the dielectric. To. 
prevent such loss the modified co.nstructio.n 
shown in Fig. 5 may Ibe employed. 

15 In this constructio.n the plate electrodes 
are in the fo.rm of metallized areas 34 car
ried o.n the inner surfaces of rigid sheets of 
insulatio.n 35 between the peripheries o.f 
which are clamped the co.nductive strips 25 

20 and diaphragm 21. which co.mponents may 
be as already described with reference to 
Fig. 3. Components 34 and 35 are per
fo.rated. as depicted at 36, for emission o.f 
sound. The metallized areas 34 stop sho.rt 

25 o.f the diaphragm periphery so that no por
tions of the plate electrodes constituted by 
these areas are in register with the co.nduc
tive strips 25. There is accordingly less 
capacitive loss in areas net usefully contri-

30 buting to sound output. 
The distance 37 between the periphery 

of each metallized area 34 and the inner 
periphery of the strip 25 on the same side 
of the diaphragm should be great enough 

35 to prevent an io.nizing discharge but short 
eno.ugh fo.r a fringing field to be established 
to the furthermost limit of the free dia
phragm. 

In electrostatic loudspeakers where the 
40 signal is applied 'between the fixed plates. 

conditions of operation are o.ccasionally such 
that the signal voltages applied are suffici
ently high to cause sparking between the 
fixed plates thro.ugh the diaphragm. This 

45 damages the diaphraglm and is acoustically 
unpleasant. Although it is possible to pre
vent this by sheathing the fixed plates in 
insulating material. practical difficulties are 
experienced in the production o.f perforated 

50 sheathed electrodes in keeping the sheathing 
continuous. 

By the use of a perforated dielectric shield 
.41 (see Fig. 6) of high permittivity placed 
between each fixed electrode 42 and the dia-

55 phragm 43~ the field conditio.ns may be 
arranged to preserve the field strength in 
the major portion of the air gap. and there
fo.re net substantially to alter the o.perating 
conditions of the lo.ud-speaker. By doing 

60 this, however. the distance between the fixed 
electrodes' has heen increased and the field 
strength in the air between the co.nd ucting 
surfaces through the perforations substan
tially reduced. In order to maintain the 

65 polarizing field in the gap. and to. prevent 

the dielectric shield 41 acqumng a charge, 
the material o.f the shield sho.uld have suffi
cient co.nductivity to. prevent charges due to 
ionic co.nductio.n from the diaphragm from 
accumulating o.n them and should be in e1ec- 70 
trical co.ntact with the adjacent fixed elec
tro.de. 

The lo.udspeaker may be arranged so. that 
the diaphragm .fo.rms to a large extent its 
o.wn insulating support. Such an arrange- 75-
ment is shown in Fig. 7 for a loudspeaker 
unit of the kind described with 'reference to 
Fig. 3. 

fhe diaphragm 21 is clamped between the 
insulation strips 26 direct. In place o.f the 80 
co.nductive strips 25 o.f the Fig. 3 arrange
ment. po.larizing electrodes in the form of 
co.nductive strips 44 are adherently in con-
tact with a free part of the diaphragm adja-
cent to the peripheral part fixed between 85 
strips 26. The clearance between strips 44 
and 26 may ,be of ,the order o.f one eighth of 
an inch. The po.larizing voltage is applied 
to. ·strips 44 by insulated connectio.ns (no.t 
shown) bro.ught thro.ugh the periphery of 9(} 
the unit at some co.nvenient po.int. 

Strips 44 may be "printed" on the dia
phragm or may be in the fo.rm of graphite
pencilled tracks. Each sho.uld extend. paral-
lel to the adjacent fixed periphery of the 95 
diaphragm and displaced inwardly from it 
by the small distance o.f the order men
tio.ned. throughout the peripheral region of 
the diaphragm. It is not essential that there 
should be two. such strips. o.ne one each side 100 
of the diaphragm, a single strip o.n o.ne side 
only may be sufficient. 

To prevent flashover between strips 44 
and those portio.ns o.f plates 22 in register 
with them. shielding strips 45 o.f insulatio.n 105-
are interposed. being secured to the inner 
surfaces of the plates. 

In ,this arrangement the strips 26 serve 
mainly to insulate the plates 22 from one 
ano.ther. The high-vo.ltage insulation be- llo. 
tween diaphragm and plates is here provided 
to a large extent Iby that part of the dia
phragm between the conductive strips 44 and 
the fixed periphery of the diaphragm. A 
co.nsiderable saving o.f insulating material is 115 
thereby effected. 

Shields 45 are no.t required where the 
Io.udspeaker is of the type described with 
reference to Fig. 5. so long as strips 44 are 
ISpacedsufficently o.utwardly fro.m the metal- 12() 
lized areas 34 to prevent flasho.ver. Polariz-
ing strips 44 'again replace strips 25. the 
arrangement being as shown in Fig. 8. 
. The physical :properties, such as their 
flatness and lightness. of electro.static loud- 125-
speaker units in accordance with the inven-
tion make them suitable for 'Combination in 
arrays. Some arrays of such units will now 
be ,briefly considered. 

Where eco.no.my ,of space is to be con- IOO 
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side red. the units may be arranged in a zig
zag for.mation, as shown in Fig. 9. Since 
a considerable area of each diaphragm is 
effective in moving the air through the rel!-

5 tively small exit port 51 of each V-shaped 
cavity, quite ·a large amplitude o,f vlbration 
is produced there by quite a small amplitude 
of vibration of the diaphragm. Because of 
this it is possible to reduce the spacing be-

10 tween the diaphragm and the plate elec
trodes and to employ a lower polarizing 
voltage and signal voltages, facilitating the 
design of the output transformer. The depth 
52 of each V -shaped cavity should not be 

15 substantially greater than a quarter of a 
wavelength of the highest frequency to be 
radiated. 

Where only a ·small space is available
for instance where the loudspeaker is part 

20 of a domestic radio-receivel'- the zig-zag 
formation may be used in the modified form 
shown in Fig. 10. The plate electrodes 53 
are stacked in parallel with each other by 
two frames 54 of insulating material, the 

25 arrangement being such that adjacent plates 
h'a'Ve opposite edges free. The spacing be
tween electrodes is shown much exagger
ated. rrhe diaphragm 55 takes the form of a 
continuous sheet !Which interleaves the fixed 

30 plates in a zig-zag manner, passing over 
each of the free edges in turn, each edge 
being insulated Where the diaphragm passes 
over it. Each plate 53 (except the two 
outermost plates at the ends of the stack) 

35 thus serves as the outer electrode of two 
adjacent loudspeaker units. The supporting 

. frames 54 are designed to allow the emission 
of sound waves from between consecutive 
electrode plates; the latter accordingly need 

40 not be ·petforated. Since each plate (except 
the two outermost) forms part of two units 
it is subjected in operation to equal and 
opposite electrostatic forces and hence need 
not be of great rigidity; each plate may 

45 accordingly be in the form of a sheet of non
conducting material the surfaces 'Of which 
carry a metallic coating. 

In a dev~lopment of the foregoing 
arrangement (see Fig. 11) the -stack of fixed 

50 plates may be self supporting, instead of 
being supporred by frames.. Each plate 
56 rests on the plate beneath, as depicted 
in the lower part of the drawing. with a 
portion of the diaphragm 57 intervening. As 

55 with the embodiment of Fig. 10, the dia
phragm is again in the form of a single 
sheet, being separated by insulation 58 
where is passes Olver the edge of a plate; 
this is clearly depicted in the upper part of 

60 the drawing, where two of the plates are 
shown widely spaced apart to reveai): the 
method 'Of construction. The edge of each 
plate opposite to that over which the dia
phragm passes has several short ·strips 59 of 

65 insulation folded over it at widely spaced 

intervals to ·insulate the plate from the dia
phragm where is passes over the edges· of 
the plates on each side and to. maintain a 
space between c~secutive plates to allow 
vibration of the diaphragm. 70 

The sound waIVes issue through the gaps 
60 between the spaced strips. 59 of insula
tion. The ass·embly is retained in position 
by two vertical V-shaped channels. which 
contain the respective ends ·of the plates. 75 
One of these is shOlWn at 61, >the other being 
omitted for clarity. Connections from alter~ 
nate plates are made to a lead 62, contained 
in chaI1!nel 61, the intervening plates being 
connected to another lead 63. 80 

If in a large composite loudspeaker the 
frequency ran.ge is divided and applied to 
se.parate sectioos of the whole area, then it 
is possible to arrange matters so that the 
depth of a complete folded: loudspeaker is &5-
no longer Hmited by the quarter-waveleugDh 
restriction previously mentioned. By way 
of example,. a complete loudspeaker can be 
folded as in Fig. 12, so as to have two side 
panels 65 and 67 and a rear 'Panel 66. If the 90: 
two side panels 65 and ,67 are arranged to 
handle low frequencies only, then the dimen
sions can be arranged so that acoustic reson
ances ·which would normally be associated. 
with the cavity depth 68 occur at frequencies 95· 
above the upper frequency limit of the side 
panels. Since these side panels are not 
themselves producing energy at the resonM 

ance frequencies concerned and are of low 
mechanical impedance it follows that they 100· 
arer acoustically transparent and the com
plefe system bebaves as ~f there were no 
resonant enclosure. 

In each 00[ the arrangements of Figs. 9 to 
12 the polarizing potential may be applied 105 
to the diaphragm in any convenient manner. 
Where the polarizing electrodes are not car-
ried by a free part of the diaphragm, they 
ghould advisably be inserted at each of the 
points where the diapocagm is supported in 110 
order to avoid leakage paths dis·charging the 
diaphragm, as in the arrangements of Figs. 
3 to 5. 

Although in the foregoing descriptions the 
3!pplications of the invention have been con- 115 
fined to individual units, such applications 
are by no means so restricted. By way of 
example, Fig. 13 shlOws a diametrical section 
thl"Ough a circu1ar composite unit. with the 
thicknesses of the components. again exagM 120 
gerated. The circular diaphragm 71 is ren
dered conductive over two separate por
tions. an annular .portion 72 lower-frequency 
reproduction. and concentric with it a cir
cular Iportion 73 for upper-frequency repro- 125-
duction; in effect, therefore, two separate 
diaphragm electrodes 72 and 73 are pro
vided. 

The corresponding pI:ate electrodes are 
similar to the kind aLready described with I3o. 
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reference to Fig. 5. Those associated with 
diaphragm electrode 72 are in the form of 
annular metallic films 74 carried' on the 
inner surface of rigid discs 75 of insulation. 

;} Annular conductive strips 76 are employed 
as before to apply the high potential to the 
periphery of diaphragm 72. Perforations 77 
are formed through discs and films for the 
emission of sound. 

10 The ,plate electrodes associated with dia-
phragm 73 are in the form of circular metal
lic films 78 also carried by discs 75. Annular 
conductive strips 79 engage the periphery of 
diaphragm 73. Discs 75 are so moulded 

15 that films 78 are located nearer the associ
ated diaphragm 73 than are films 74 to the 
associated diaphragm 72, since the latter re
quires a greater amplitude of vibration. These 
diffe.rent spacings require the application of 

20 different polarizing potentials; no difficulty 
is experienced in applying these since con
ductive strilPs 76 and 79 are electrically 
independeIJlt. 

Where the dia'Phragm electrode is s.mall 
25 compared with !the wavelength radiated the 

frequency response may be equalised by 
mounting the loudspeaker unit8l (see Fig. 
14) as the ,front closure member of a shallow 
box 82 the back closure member of which 

30 is a stretched membrane 83 of thicker ma
terial .than Ithe diaphragm electrode of the 
unit. At the higher frequencies the dia
phragm vibrates alone. the backward radi
ation !being cushioned by the air in the box 

35 without causing appreciable vibration of the 
membrane because of the latter's greater 
mass. At the lower frequencies the dia
phragm and the membrane together with the 
air enclosed betlween them vibrate as a 

40 whole; the mass of the .air and the mass of 
the mem'brane are thus effectively added to 
the maSlS of the diaphragm and so reduce 
the bass resonance frequency. 

A stereophonic tWlO-channel sound system 
45 having the novel acoustic properties des

cribed in the following paragraph may be 
attained from an array of spaced units by 
arranging them for AF energization as the 
consecutive elements of a delay line. which 

50 itself is energized at each end by signals de
rived from different channels. 

By way of example a number of units 
may be mounted side by side across the wan 
of a room each unit being coupled to the 

.35 adjacent unit by a suitable inductor. If a 
signal is now fed in at one end of this struc
ture, which forms a delay line, there will be 
a time delay in the electrical signals applied 
to the loudspeaker surface across the room. 

60 It follows that the wavefront of the sound 
will no longer be parallel with the loud
speaker diaphragm, but will be tilted. A 
separaJte signal fed in to the other end of 
the delay line will produce a wavefront of 

65 the same tilt but in the opposite direc,tion. 

Since the perceived direction of a source olf 
sound is always perpendicular to the wave
front it follows that the observ.er will per
ceive Itwo sound sources the aspeot angle of 
which is constant and entirely independent iO 
of the lis.tener's position over a large area. 
Such an arrangement is shown in Fig. 15. 
The delay line is formed by connecting to
gether in series an approprialte number of 
ind,uctors 85 to form a series path 86 and 75 
interconnceting opposite poinJ1:s on the path 
by ,way of the plate electrodes of loud
Slpeaker units 88, which accordingly act as 
shunt capacitors. The diaphragm electrodes 
are conneoted in parallel to one pole of a 80 
source 89 of high potential the other pole 
of which is earthed. Incoming signals are 
applied by way of transformers 90 to the 
ends of the line. these signals being derived 
from appropriately spaced microphones (not 85 
shown) at ,the transmitting station. 

The se.ries inductors 85 need not be SCip
arate components. The plate electrodes of 
each unit 88 may themselves be made in
ductive-for example. by being formed of 90 
spiral conductive tracks sprayed on perfor-
ated insulating plates, the ;perforations lying 
in between the turns of the spiral coil. 

A true binaural .effect may be achieved, in 
a loudspeaker of large total area with its 95 
units mounted in .side .. by-side relationship 
across an auditorium. by scanning the units 
horizontally, and if necessary ver;tically. in 
synchronism with a s1milar scanning of an 
array of microphones at the transmitting 100 
studio. Scanning may be accomplished elec
tronically or by a sL.l'J1iple rotating selector 
switch. 

In ,such a case there is reproduced in the 
auditorium a replica of the sound waves 105 
passing throu.g1h a plane in the concert hall. 

This feature of an electrostatic loud
speaker of large total area is of importance 
in cinema ~pplications, especially where the 
radiating .surtlace forms the screen on which no 
the picture is projected. For this purpose 
the outside surface of one of the perforated 
plates of tlhe 110udspeaker may b~_ treated 
with reflecting beads in the -manner of a 
cinema screen, or pref~ra:bly- embossed with 115 
a p.atltern of sma:lLlenses cakul'ated to give 
the correct light -distribution. 

WHAT WE CLAIM IS:-
1. An elec,trostatic loudspeaker unit 

cOOlprising two rigid plate electrodes in 120 
cloSe parallel re}.atilonship insulated from 
one another and secured between them a 
d.iaphragm dect;rode of flexible material the 
electrical resistivity of the sutt-ace of which 
lies within a mnge of the order of 2 x 109 to 125 
1 x 1012 .ohms per 'unit square, there being 
provided at least one polarizing electrode in 
contact with the diaphr:agm. 

2. A loudspeaker unit as claimed in 
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Claim 1 wherein the diaphragm electrode is 
of nylon. 

31. A [ouds,peaker unit as claimed in 
either of the rPreceding daims wherein por-

5 tions of the diaph['agm electrode are mecha
nical[y Jo,aded by Ibeing thickened by the 
Soame lOr other material, thereby improving 
the bass response. 

4. A loudspeaker unit as claimed in 
10 any of the preceding claims wherein said 

polarizing eleatrode is in contact with sub
s.tantially ~he who1e of the periphery of the 
diaphragm electrode and is insulalted from 
both the 'plate electrodes. 

15 5. A loudspeaker unit as claimed in 
Claim 4 wherein no portions of the plate 
e>lectrodes are in regis~er with said polariz
ing electrode, thereby reducing ca,pacitive 
loss in areas not usefully contributing to 

.20 sound output. 
6. A loudspeaker unit as claimed in 

any of OIaims 1 to 3 wherein said polariz
ing electrode is 'adherendy in contact with 
a free ,part of the diaphragm electrode adja-

25 cent to a fixed 'Part lIhereof, .the arrangement 
being such that the portion of the diaphragm 
between .said parts serves as some at least 
of the insulation between the polarizing elec
trode and ithe plate .electrodes. 

ao 7. A douds-peaker unit as claimed in 
Claim 6 where a portion of the inner sur
face of a said plate eilectrode is in register 
with said polarizing electrode, wherein a 
~hield of insulation is interposed between 

a5 said portion and said polarizing electrode 
to prevent flashover. 

8. A loudspea;ker unilt as claimed in any 
of .the preceding claims wherein the plate 
electrodes are perforated ror the emission of 

40 snuod waves. 
9. A loudS1peaker unit as claimed in 

Claim 8 wherein there is inteI'posed between 
the diaphragm electrode and each plate 
electrode a perforated dielectric shield in 

45 electrical contact with tlhe adjacen.t pla,te 
electrode and of sufficient conductivi.ty to 
c<)nduct to that eleruode any charges 
a~q.u~red ,by the sh[eld due to ionic conduc
tion from the diaphragm. 

50 10. A loudspeaker unit a's da~med in 
an.y of the preceding claims wherein the 
unit is mounted ,as the front closure member 
of a shallow box tlhe back closure memiber 
uf which is a stretched membrane of thicker 

55 material ,than ,the electrode of the unit, 
whereby lower bass resonance is attained. 

11. A loudspeaker stage including at 
Il~ast one electrostatic IOouds.peaker unit as 
claimed in any of the preceding claims, driv-

60 ing means for applying an audio-frequency 
signal to the plate electrodes of theuni1:, and 
polarizing means 'connected to s,aid polariz
ing electrode, or to' each polarizing elec~ 
trode, as the case may be, for maintaining 

65 the diaphragm electrode at a high uniform 

electrOostatic charge ,with respect Lto tlhe pla,te 
electrodes. 

12. An array of electrostatic loudspeaker 
units each as claimed in any of Claims 1 to 
3 wherein the units are stacked with all the 70 
plate eleotrodes parallel and with· the dia
I,hragm electrodes in tlhe form of a con
tinUOUS sheet which interleaves the plate 
electrodes in .a zig-zag manner. 

13. An array IOf electros,tartic loudspeaker 75 
units as daimed in any ,o.f Claims 1 to' 9 
wherein the units are of rectangular shape 
and are assembled in a zig-zag formatiOon. 

14. A ['oudspeaker ~ge including .an 
array 'of electrostatic JoudSipeakcr units as 80 
daimed in either Claim 12 or Claim 13, 
Ilriving means for aPlP'lying an audio-fre
Iluency signal to ·each pair of pla,te elec-
t rades of each unit, and poillrizing means 
for maintaining each diaplbragm electrode at 85 
a high uniform electrostatic charge with 
respect to the plate e~ectrodes of the associ
ated unit. 

15. An array of electrostatic loudspeaker 
units' each ,as claimed in any of Claims 1 to 9 90 
wherein each unit is adapted ·no be ener
gized by an audiOo-frequency signal within a 
frequency !band in'{iividual to that unit. 

16. A louds,peaker- stage including an 
array of eleotrosta.tic loudspeaker units as 95 
claimed in Claim 15, driving means for 
applying signals in appropriate frequency 
bands to the respective pairs of iplate elec
trodes of the units. and 'POolarizing means 
for maintaining each diaphragm electrode 100 
at a high electrostatic charge with respect 
tOo the pla,te electrodes of the assodated 
unit. 

17. A loudspeake[' stage including an 
array of electrostatic loudspeaker units in 105 
side-by-side rela,tionslhip each unit being as 
claimed in any of Claims 1 to 9, the units 
being conneoted for audio-frequency ener
gization of ,the respective 'Pairs of plate elec
trodes as consecutive shunt elements of a 110 
delay line, means for energizing said delay 
line at each end by audiOo-if'requency signals 
derived Hom different channels, whereby a 
binaural effeot is attained, and polarizing 
means for maintaining each diaphragm dec- 115 
trode at a high electrostatic charge with re
spect ,to tlhe plate electrodes .of the associ-
ated unit. 

18. A loudspeaker stage including an 
array of electrosta·tic loudspeaker units each 120 
unit being as daimed in any of Claims 1 to 
10, the units ibeing folded so as to present 
tMrOo side panels and one rear panel, driving 
means for applying tOo each pair 'Of plate 
electrodes of the units audio-frequency sig- 125 
nals in only a lO!Wer~ff'-equency hand, further 
driving means for '~p!plying to the plate elec
trodes of only the rear :pane~ audio-fre
quency 'signals in 'Only a higher-frequency 
band, and polarizing means for maintaining 130 
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each diaphragm eleotrode at a higih electro
static charge with respect to the plate elec
trodes of the associated unit. whereby the 
side panels are acoustically transparent and 

5 the loudspeaker behaves as if there were no 
resonant enclosure. 

19. A loudspeaker unit stage, or array 
substantially as ihereinbefore described with 
reference to the accompanying drawings. 

M. E. SIONS, 
Agent for the Applicants. 

PROVISIONAL SPECIFICATION. 

Improvements relating to Electrostatic Loudspeakers. 

10 We, FERRANTI LIMITED, a Company regis-
tered under the laws of Great Britain, of 
Hollinwood, in the County of Lancaster, 
and PETER JAMES WALKER, a British Sub
ject. c/o The Acoustical Manufacturing Co. 

15 Ltd., Huntingdon, County of Huntingdon, 
do hereby declare this invention ,to be des
cribed in the following statement:-

This invention re;late,s to electrostatic 
loudspeakers, by which term is mean:t a 

20 loudspeaker which depends for its action on 
the force of electrostatic attraction between 
a movable or flexible diaphragm electrode 
and a rigid plate electrode secured closely 
,parallel to it. 

25 fTo reduce non-Hnear distortion it is usual 
to locate the diaphragm between two such 
fixed plate electrodes,one at least of which 
may be perforated or may be of lattice con
struction to allow motion of air through it. 

30 To increase the sensitivity and avoid a 
frequency-doubling effect .caused -by attrac
tion talking place on both halves of the sig
nal waveform it is also usual to apply a 
steady polarizing vol,tage so as ito maintain 

35 a constant difference of potential between 
the diaphragm on the one hand and each of 
the tJwo fixed plates, the plate potentials 
with reSjpect ,to the diaphragm being of oppo
site sign. 

40 The pOlarizing and audio-frequency signal 
voltages may be applied in either of two 
ways:-

(1) the positive term~nal of the polarizing 
source is connected to one fixed plate and 

45 !he negative Iterminal to the other fixed 
plate, the signal voltage !being applied be
tween the diaphragm and the point of mid 
potential of tlhe polarizing source; or 

(2) the signal voltage is applied by way 
50 of a transformer Ito the fixed plates and the 

polarizing voltage is applied between the 
diaphragm and a centre tap on the trans
fonner secondary. 

For good ·sensitivity the polarizing volt-
55 age should be high. and difficulty has been 

experienced with known arrangements of 
the above-described kinds through the ten
dency of a spark discharge to occur between 
the diatphragm and the plates. 

60 With arrangement (2), the damaging effect 
of such a discharge maybe red,uced by in
serting a resistance of high value in the con-

nection between the polarizing source and 
;the diaphragm; this resistance has the effect 
of preventing the full polarizing voltage 65-
from being applied continuously once a 
spark current develops but does not pre-
vent a spark from occurring. With loud
speakers of all but the smallest size, how
ever, this arrangement is not swtis.factory 70 
because the capacitive charge stored in the 
loudspeaker is considerable and sufficient in 
itself to cause damage if a spark should 
occur. 

With arrangement (1), the insertion in the 75 
connection to the diaphragm of a resistance 
large enough to prevent ,sparking is not prac
ticable bxause this connection now carries 
the signal currents and the presence of such 
a resistance would increase the time-con- 80 
stant of the circuit too much. 

An object of the present invention is to 
provide an improved electrostatic loud
speaker. 

A further object of the invention is to 85 
provide an electrostatic loudspeaker which 
aHOlWs the use of a high polarizing voltage 
without the disadvantage above referred to. 

In accordance with the present invention 
an electrostatic loud'speaker includes one or 00 
more loudspeaker units each of which com
prises two rigid oUiter plate electrodes hav-
ing between them a. diaphragm electrode of 
flexible material the electrical resistance of 
which material is high enough to allow the 95 
unit to be polarized by a high direct voltage 
substantiaUy without spa11king betWeen said 
electrodes when in operation, the unit being 
adapted to, be energized by audio frequency 
voltages applied to the said outer electrodes 100 
only. 

Where the loudspeaker has a plurality of 
said units, said electrodes may be of reot
angular shape and the units may be 
assembled in a zig-zag formation, the said 105 
outer electrodes having apertures for the 
emission of sound waves; alternatively. said 
units may be stacked with all the said outer 
electrodes in parallel with one another and 
the. diaphragms form a continuous sheet UO 
which interleaves said outer electrodes in a 
zig-zag manner, the said outer electrodes 
being spaced -apart to aM'ow vibr.ation of the 
diaphra~s and emission of sound waves. 

The frequency response of each or any of 11& 
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said units may be substantially equalized 
by energizing the unit by two transformers 
one of whioh has a good response at low 
f:requencies only the other a less but steady 

5 . response at higher frequencies; or by thick
ening parts of the diaphragm thereof or by 
loading said parts with portions of other 
material; or by mounting the unit as the 
front closure member of a shallow box the 

10 back closure member of Iwhich is constituted 
by a stretched membrane of thicker material 
than the dia;phragm of the unit. 

Means may be provided for deriving from 
the variations of the interelectrode capa-

15 citances of a unit during the vibration of the 
diaphragm thereof a feedback voltage where
by improved linearity of amplitude response 
is attained. 

Said units may be connected for energiza-
20 tion by the audio..frequency signals as the 

oonsecutive elements ·of a delay line; in 
which case the delay line may be fed at a 
plurality of points by signals derived from 
a plurality of ,channels, whereby a binamral 

25 effect is attained. 
Where the resistivity of the air gap be

tween said electrodes varies with humidity, 
the resistivity of the diaphragm may be 
arranged to be such as to- vary correspond-

ao ingly with humidity. whereby the ratio of 
the resistances of the air gap and diaphragm 
is maintained constant. 

In carrying out the invention in accord
ance with one form by way of example, an 

35 electrostatic 'loudspeaker includes a number 
of loudspeaker units each of which com
prises a flexible diaphragm of resistiVe sheet 
material sandJwiched between tw.o closelyw 
paranel metallic plate electrodes .of rect-

40 angular shape and roughly 5" x 25" size. 
The plates are thick enough to Ibe rigid and 
both of them are perrorated Ito provide aper
tures for the emission of sound waves and 
prevent '·cushioning" of the vibration. The 

45 diaphragm is secured in ten'Sion :by being 
clamped near its edges between the ;plates, 
strips of polythene or other convenienlt in
sulating ma.terial OOing intenposed between 
the clamped portions of the diaphragm and 

50 the plates to efllSW'e that the diaphragm is 
insulated from the plates. The spacing be
tween the diaphragm ,and the plates is suffi
cient to allow free vibration of the dia
phragm at the maximum ,amplitude required. 

55 Suitable terminals are provided in electrical 
connection w:ith eaoh plwte and the dia
phragm. The units may be aSlSemb1ed side 
by side with the outer surfaces of the perw 
rorated .plates coplanar. ather possible 

60 assemblies will be discussed :later. 
In operation, the two plate terminals of 

each unit are connected respectively to the 
ends .of the secondary winding of a signal 
output transformer common to all the units 

65 and energized by the final stage of signal 

amplification. Each IUIlit is polarized by 
connecting a source of high tension of abDut . 
IkV lbet:ween the diaphragm and a centre 
tap on .the transformer secondary; as a safety 
precaUition the perforated :plate, being the 70 
more .accessible IOf the two plates, is ,con
nected to earth. 

The loudspeaker 'above drescribed is found 
10 give good resuLts, the resistance of the 
diaphragm being high enough to prevent 75 
sparking in normal operation; if a spark 
should occur in lsome 'small ama of th;e 
diaphra~, the discharge 'current flowing in 
the area'S ·adjacent to the discharging area 
causes the 'Potential of the latter area to be 80 
reduced below the value required to mainw 
tain the discharge. Only a Vlery small charge 
is dissipitated before the voltage becomes 
thus reduced and !the S'park is accordingly 
rendered harmless. !It will be noticed that 85 
the energizing sYlStem is that 'Of arrangement 
(2), previously mentioned, that is, the AF 
currents which energize each unit flow only 
in the outer electrodes; a diaphragm resis
tance that is high enough ito prevent spark- 90 
ing i'8 ~oo high for the diaphragm to take 
the AF currents-in accordance with 
arrangement (1)~thout considerable 
attenuation and distortion. 

Some arrangements of the Jouds.peaker 95 
units wiU now be briefly referred to. 

Where economy of space is to ibe can
sidered~ the units may be arranged in a zig
zag formation. Since a considera.ble area 
of each diaphragm is effective in mOlVing the 100 
air 1hrough the relatively small exit port of 
each V-<sbaped cavity, quite a large ampli 
tude of viibration is produced there by quite 
a :small amplitUde. of vibration of the dia
phragm. Because of this it is possible to· 105 
reduce the spacing between the diaphragm 
and ithe fixed plates and to employ a lower 
polarizing vokage. lThe depth of each V w 
shaped cavity should not 'be substantially 
greRiter ·thana quarter of a wavelength of the 110 
highest ;frequency to be radia.ted. 

Where only a small space is availalble-
for instance where the 'loudspeaker is part 
of a domestic radio receiver-lthe zig-zag 
formation may again be !Used. The fixed 115 
pla1tes or outer electrodes aore stacked in 
paraUel with each other by iIIW'o frames of 
insulating material, the arrangement being 
such that adjacent plates. have opposite edges 
free. The diaphragm takes the form of a 12~ 
continuous sheet which interleaves the fixed 
plrutes in a zig-zag manner, passing over 
each of !the free edges in turn, each edge be-
ing insulated w-here ,the diaphragm passes 
over it. Each fixed plate (except the two 125 
outeI1Illost plates rut the ends of the stack) 
thus serves as the outer electrode of tJwo 
adjacent loudspeaker units. The supporting 
frames are designed to allow the emiission of 
sound waves from between consecutive fixed 130· 
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plates; the la.tter are accordingly not per
forated. Since each pla.te (except the two 
outermost) forms part of two 'uni~s it is sub
jected in operation to equal and opposite 

;) eleatrootatic forces and hence need not be 
of great rigidi:ty; tach plate may according 
be in the form of a sheet of non-oonducting 
material the surfaces of which carry a 
metallic coating. 

10 In a development_ of the foregoing 
arrangement the stack affixed plates may 
be s:e1f supporting, instead of being sup
ported by frames. Each plate rests on the 
plate beneath, with a 'portion of the dia-

1.5 phragm intervening. The edge of each plate 
opposite to that over which the diaphragm 
is folded has several short strips of insula
tion .folded over it at widely spaced inter
vals to insulate the plate from the dia-

to phragm where it passes over the edges of 
the plates on each side and to maintain a 
space between consecutive plates to allow 
vibration of the diaphragm. The sound 
waves issue through the gaps between the 

25 s.paced strips of insulation. The assembly 
is retained in position hy two vertical U
shaped channels which contain the respec
tive ends of the plates. 

As with other loudspeakers. radiation 
30 from the back surface of the diaphragm must 

be prevonted from reaching the listener. As 
the acoustic 'behaviour of an electrostatic 
loudspeaker .of large 'total area is different 
from that .of a conventional moving~coil 

35 loudspeaker. different methods of suppress
ing the back radiation are required. The 
assembly of units may fer example be 
mounted in side-by-side relationship across 

_ a whole or part of a room. Or the units 
40 -may be arranged in a comer of a room so 

that the front surfaces of the electrode com
bine to fonn a quadrant of the curved sur
face of a vertical cylinder the axis of which 
coincides 'with the vertica,l line of the corner 

45 and the height .of which is comparahle with 
the height of the rooin. Or the front surfaces 
may be combined to form a concave surface 
to focus the sound energy at a selected 
poiTht; wl,th this arrangement there is a dis-

50 tinct focussing of the higher frequencies. 
which appear to originate from the axis of 
the cylinder. Speech,.in particula.r. because 
of the atbsenc-e of very low frequencies, 

~ appears to emanate from the res.tricted area 
55 - of the focus and therefore sounds more 

natural than if it were radiated diffusely. 
The electrical characteristics of the elec

trostatic loudspeaker facilitate ,the electrical, 
_ equalization of the frequency response. For 

60 . example, when the hack radiation is en
closed. the electrical impedance 'of an elec
trostatic loudspeaker rises at low fre
quencies. To take advantage of this charac
teristic t:he loudspeaker is fed by t:wo trans-

65 former:s. One of these has a low primary 

inductance and a low turns ratio so that its 
response is approximately proportional to 
frequencie's up to, say, 200 c/ s and there
after maintains a value (determined by the 
turns ratio) which is approximately constant 70 
with frequency. The other trans[.ormer has 
a large primary inductance with a large 
turns ratio and is shunted by a condenser 
so as to, resonate at a frequency of, say, 
20 cjs. The combined output voltage 75 
therefore rises sharply with frequency to 
20 c/ s and thereafter falls to the steady 
value determined by the low ratio trans
f.ormer. The higher voltage thus available 
at low frequencies compensates for the low 80 
frequency attenuation caused by the en
closure and as a result the 'Power output is 
substantially constant with frequency. 

Where the diaphragm area is small com
pared with the wavelength radiated. the fre- 85 
quency response may also be equalized by 
thickening purrs of the dia.phragm or load-
ing them with Ibutton-shaped poctions of 
other material. At the higher frequencies 
these loaded .parts remain relatively station- 90 
ary and vibrational displacement occurs 
mainly in the intermediate areas of low 
mass, from which areas effective treble radi
ation takes place. At the lower frequncies 
the diaphragm vibrates as a whole. thereby 95 
providing effective bass radiation. 

In a further arrangement for this pmpose 
a loudspeaker unit, as first described above, 
may be made to form the front closure 
member ·of a shalJo.-w box the back closure 100 
member .of which is a stretched membrane 
of thicker material than the diaphragm. At 
the higher frequencies the diaphragm vi
brates ·alone, the backward radiation being 
cushioned by the air in ~he box without 105 
causing appreciable vibration _of the mem
brane owing to the latter's greater thickness. 
At the lower frequencies both the diaphragm 
and the membrane and the air enclosed be
tween them vibrate as a whole; the mass of 110 
the air and the mass of the membrane are 
thus effectively added to the mass of the 
diaphragm and so produce more effective 
bass radiation. -

In each of ,the embodiments so far des- 115 
crilbed. improved linearity of amplitUde re
sponse may be achieved by the use of feed
back derived from the variation in inter
electr:ode capa-citance caused by the vihra-
tion of the diaphragm. A circuit for doing 120 
this will now be described. 

Each loudspeaker unit may be considered 
as two variable c.ondensers in series hav
ing ,the diaphragm as a common ele~trode. 
The common point of these two conden- 125 
sers (the diaphragm) is connected by way of 
the polarizing source to the centre tap of 
the transformer secondary. as already des
cribed. The trwo condensers can therefore 
be further considered as the two adjacent 130 
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arms olf a bridge netwo,rk, the other adja
cent arms of which are the two halves of the 
secondiary winding. In the present arrange
ment an impedance, which may be in the 

5 form of a tuned circuit, is connected in 
series :betlween the diaphragm and the polar
izing source, a radio-frequency voltage is 
applied acmss the other diagonal of the 
brjdge-Le., across the fixed plates 'Of the 

10 loudspeaker unit-, and the out-of-balance 
voltage -thereby set up across the impedance 
is 1."ectIified and applied as the feedback to 
the audio amplifier. Where the impedance 
of the ,two halves of the secondary winding 

15 is not predictable these two arms of the 
bridge may be const1tuted by two conden
sers, connected respectively across the wind

. ings to by-pass them at radio frequencies. 
To isolate .the windings from the RF cur-

20 rents a rejector circuit is connected between 
each end of the secondary and !the corre
sponding condenser. 

If the :balance point of the! bridge is 
reached when the diaphragm is central, the 

25 amplitude of the out-of-halance signal re
presents only the extent of the displace
ment of the diaphragm, ·and the direction of 
the displacement is represented by the phase 
of ,the RF current. The rectifier, therefor, 

30 must be some special formlof phase sensi~ 
tive rectifier. Alternatively, the capacitance 
'Of one of the additional condensers may be 
increased SIO t1mt a (balance is re!ached when 
the diaphragm is at its maximum displace~ 

35 ment. The feedback voltage is then repre
sen.ted by the 'Variation of the out-or-balance 
RF about some mean value. In this case 
only a simple rectifier circui,t is required. 

Where the circuit is arranged to he 
40 balanced when the diaphra~m is central, an 

RF voltage of constant amplitude may be 
added to the 'out~of-'balance voltage before 
rectification. 

Where difficulty is experienced in main-
45 taining signal voltages across the units of 

a loudspeaker and in matching them to the 
output stage of the audio amplifier, the 
units may Ibe connected in series w.ith in
ductors [or AF energization as the con-

50 secutive elements of a delay line designed 
to have a .cut-off frequency in the ultrasonic 
frequency range so that its -transmission 
characteristics are sensibly constant with 
frequency over the audio range. The line 

55 may he ,terminated in its ,characteristic im
pedance and as many loudspeaker units as 
are required may be added without altering 
the impedance presented t'O the amplifier 
output circuit. 

60 Alternatively, the line may be left un-
terminated so that at least a portion of the 
energy reflected from the open end is radi
ated from the units in its second passage 
aIong the line. Greater efficiency is thus 

65 possrble. 

Because of :the delay associated with each 
unit, an electrostatic loudspeaker comprising 
many units exhibits a re!ver:beration effect. 
This apparent reveIl~ration is increased by 
the use of an unterminated line and this is 70 
considered a desirable feature since it lends 
an illusion of distance, and spaciousness not 
normally associated !With listening in small 
rooms. 

The delay line is a lossy one, for some 75 
energy is radiated acoustically !by each unit 
and -the v01tage available at successive· units 
will diminish. To distribute the power loss 
equally among the units the impedance -of 
the line may lbe made to rise towards the 80 
end by suitable adjustment of the value 
o,f the series inductors and! or the capaci
·tance as represented by the :area of the units • 
or by us·e of transformer couplings. 

The series inductors need not be separate 85 
components. The fixed pl:ates of each unit 
may themselves he made inductive, for ex
ample by being formed of spiral conductive 
-tracks sprayed on perforated insulating 
plates, the 1Jeriorations lying in between the 90 
turns of the spiral coil. 

The pO'Wer loss may :also he distributed 
by so adjusting the series inductors and I or 
the capacitance of Jthe units as to achieve 
a progressively !:ower frequency .cut-off 95 
along the line. The bass response is thus 
approximately uniform along the line where-
as the trelble response falls off after the first 
few units. Such an arrangement c'Ompen
sates for the relativdy low bass response 100 
of electrostatic loudspeakers. 

As lwas stated above, the connection of 
several loud.speaker units as an untermi
nated delay line has the effect of increasing 
the re.venberation time. In a two-channel 105 
system of sound reproduction the two out
puts maybe applied. to opposite ends of the 
delay line. Two sources of sound are thus 
produced from .the diaphragm of each unit. 
In general. because of the "tilt" introduced 110 
a t each unit and the .consequent tilting of 
the radiating acoustic wavefronts in oppo-
site senses, the two sources will appear to 
be separate. This :arrangement has the ad
vantage over arrangements employing two 115 
separate loudspeakers in ·that each signal 
uses the whole of the radiating surface, 
thereby producing greater response. 

The delay line may Ibe fed by two chan-
nels in other ways, fOil' example one input 120 
at the centre of the Hne and the other 
input, by way of an adjustalble :amplifier, to 
one or both ends, to give the effect of a 
source near to the listener and a second 
source more distant. The illusion of near- 125-
ness is conveyed partly by suitably adjust-
ing the v'Olume in the latter channel and 
'Partly by the short rever-beration time 
associated with the centre-fed signal. If the 
relative volumes are determined by the 130 
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distribution of the microphones at the 
transmitting station, an approximation to 
a binaural effect may ibe achieved. 

Since the main cause of tbinaural effects 
5 in a concer.t hall is perception o.f rever

berant sounds, such effects may be achieved 
rea1istically in the electrostatic speaker from 
a three~hannel system by feeding the out
put representing the direct sound into the 

10 centre of the delay line and the other two 
outputs representing the il"everberant sounds 
into. opposite ends of the line, thereby 
producing three apparent sources-one of 
direct sound and the others of reverberant 

15 sound. 
A true hinaural effect may be achieved, 

in a Ioudspeake1r of large total area with its 
units mounted in side-lby-side relationship 
across an auditorium. !by scanning the units 

20 horizontally, and if ne'cessary vertically, in 
synchronism with a similar scanning of an 
array of microphones at the transmitting 
studio. Scanning may be accomplished 
electronically or iby a simple rotating 

25 selector switch. 

If a multi-channel sys-tem is permissible. 
one channel ibeing allocated -to each micro
phone and correS/ponding loudspeaker unit 
or group of units, then no scanning arrange
ments are necessary, 'provided the micro- 30 
phones are sufficiently directive. 

In each case .there is reproduced in the 
auditorium a replica of the sound waves 
passing through a plane in the concert 
~ll. M 

This feature of an electrostatic loud
speaker 'Of large total area is of importance 
in cinema applications, especially where the 
radiating surface forms the screen on which 
the pic.ture is projected. For this purpose 40 
the outside surface of 'One of the perforated 
plates or the loudspeaker may be treated 
with reflecting Ibeads in the manner of a 
cinema screen, or preferably embossed with 
a pattern of small lenses calculated to give 45 
the correct light distribution. 

M. E. SIONS, 

Agent for the Applicants. 
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Tbis invention relates to electrostatic loudspeakers, by 
wbichterm is meant a loudspeaker wbich depends for 
its action on the force of electrostatic attraction between 
a movable or flexible diaphragm electrode and a rigid 
plate electrode secured closely parallel to it. 

To reduce non-linear distortion it is usual to locate 
the diaphragm between two such fixed plate electrodes, 
one at least of which may be perforated or may be of 
lattice construction to allow motion of air through it. 

To increase the sensitivity and avoid a frequency
doubling effect caused by attraction taking place on both 
halves of the signal waveform it is also usual to apply 
a steady polarizing voltage so as to maintain a biassing 
potential between the diaphragm on the one hand and 
each of the two fixed plates. 

The polarizing and audio-frequency signal voltages 
may be applied in either of two ways: 

(1) The positive terminal of the polarizing source 10 
(see FIGURE 1 of the accompanying drawings) is con
nected to one fixed plate 11 and the negative terminal to 
the other fixed plate 12, the signal voltage from a source 
13 being applied between the diaphragm 14 and the point 
15 of mid potential of polarizing source HI; or 

(2) The signal voltage from source 13 is applied by 
way of a transformer 16 (see FIG. 2) to the fixed plates 
1'1 and 12 and the polarizing voltage lit is applied be
tween the diaphragm 14 and a centre tap 17 on the trans
former secondary 18. 

For good sensitivity the polarizing voltage should be 
high, and difficulty has been experienced with known ar
rangements of the above-described kinds through the 
tendency of a spark discharge to occur between the dia
phragm and the plates. 

With arrangement (2), the damaging effect of such 
a. discharge may be reduced by inserting a resistance 19 
(see FIG. 2) of high value in the connection between 
the poLarizing source 10 and the diaphragm 14; this resist
ance has the effect of preventing the full polarizing vol
tage from being applied continuously once a spark cur
rent develops but does not prevent a spark from occur
ring. With loudspeakers of all but the smallest size, 
however, this arrangement is not satisfactory because the 
capacitive charge stored in the loudspeaker is consider
able and sufficient in itself to cause damage if a spark 
should occur. 

With arrangement (1), the insertion of resistance large 
enough to prevent sparking is not practicable because 
aU connections carry the signal currents and the presence 
of such a resistance would increase· the time-constant of 
the circuit too much. 

An object of the present invention is to provide an 
improved electrostatic loudspeaker. 

Another object is to provide an electrostatic loud
speaker with improved linearity. 

Another object is to provide an electrostatic loud
speaker wbich allows the application of a high polarizing 
potential to the diaphragm electrode without causing in
jurious sparking to occur in operation between· it and 
the fixed plate electrodes. 

As electrostatic loudspeaker units in accordance with 
the invention have characteristics wbich make them suit-

2 
able for combination in arrays, another object is to pro
vide an array of such units. 

A further object is to provide a loudspeaker stage 
including at least one electrostatic loudspeaker unit hav· 

5 ing improved linearity, which stage is adapted for th .. 
application of a high polarizing potential at the dia
phragm electrode of the unit without. causing injurious 
sparking to occur in operation between it and the fixed 
plate· electrodes. 

10 In the accompanying drawings, 
FIGURES 1 and 2 are schematic diagrams of known 

arrangements of electrostatic loudspeakers, 
FIGURE 3 shows an electrostatic loudspeaker stage 

in accordance with one embodiment of the invention, in 
15 part as a schematic diagram and in part as a section 

through a loudspeaker unit, the thickness of the compo
nents being considerably e~aggerated for clarity, 

FIGURES 4 and 5 show to an enlarged scale parts of 
FIGURE 3 but to a modified construction, 

20 FIGURE 6 shows a section through a part of a loud-
speaker unit in accordance with another embodiment. 

FIGURES 7 and 8 are sectional views of arrays ofloud
speaker units in accordance with the invention, 

FIGURE 9 isa view in perspective of another array, 
26 partly in expanded form, 

FIGURES 10 and 11 are sectional views of two other 
arrays, 

FIGURE lla is a plan view of the composite 'array of 
FIGURE 11 with the upper plate electrode structure re-

30 moved, 
FIGURE llb is a schematic diagram of the energizing 

circuitry of the loudspeaker stage of FIGURE 11, 
FIGURE 12 is a sectional view through another em

bodiment, 
35 arid FIGURE 13 is a schematic diagram of a further 

embodiment. 
In . caTrying out the invention in accordance with one 

form by way of example, an electrostatic loudspeaker 
includes a number of loudspeaker units each of which 

40 comprises a flexible diaphragm 21 (see FIG. 3) of re
sistive sheet material such as a plastic of suitable resis
tivity or coated to have suitable resistance-for example 
nylon-the sheet being sandwiched between two closely
parallel plates ZZ and 23 which can be of metal or can· 

45 ductive material or conductively coated material or of 
conducting material with an insulating sheath depending 
on constructional and operating requiremeilits. The size 
of the units is determined either by constructional re
quirements or by acoustic loading requirements of that 

50 particular radiating area. By way of example a rec
tangular unit of ,6" x6"size might form part of a 
larger area of similar units, or on its own would be 
suitable for radiating medium and high audio frequencies. 
Suitable values of the resistance of the diaphragm will 

65 be discussed later, in which discussion it is to be under
stood that reference is being made to the electrical sur· 
face resistance of the diaphragm, rather than to its 
volume resistivity. Plates 22 fu"1d 23 are thick enough 
to be rigid and both of them are perforated, as depicted 

60 at 24, to provide apertures for the emission of sound 
waves and prevent "cushioning" of the vibration. The 
diaphragm is secured in tension by being clamped 
throughout its periphery between peripheral conductive 
members in the form of metal strips or foils 25. These 

65 strips are themselves clamped between plates 22 and 23, 
strips 26 of polythene or other convenient insulating ma
terial being interposed between strips 25 and the plates 
to ensure that the diaphragm is insulated from the plates. 

Conductive strips 25 should extend inwards, as shown 
70 in the drawing, beyond insulation strips 26 to prevent 

any leakage between the diaphragm and the plates which 
would cause a voltage drop across a free part of the 
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3 
diaphragm, for such a voltage drop would prevent the 
full polarizing voltage from appearing on the diaphragm 
and would render the performance of the loudspeaker 
unit unpredictable. The spacing between the diaphragm 
and the plates is sufficient to allow free vibration of the 5 
diaphragm at the maximum amplitude required. Suit
able terminals 22' and 23' are provided in electrical con
nectionwith the plates and a further terminal 21' con
nected to the conductive. strips 25 and hence to the dia
phragm. The units may be assembled side by side with 10 
the outer surfaces of 1:!he perforated plates coplanar. 
Other possible assemblies will also be discussed later. 

The two .plate terminals 22' and 23' of each unit are 
connected respectively to the ends of the secondary wind
ing28 of a signal output transformer 29 common to 15 
all the units the primary winding 30 of which is ener
gized by the !final stage 31 of signal ampHfication. Each 
unit is polarized by connecting a source 32 of high ten
sion of several hundred volts per centimetre of spacing 
between the diaphragm terminal 21' and a centre tap 33 20 
on transformer secondary 2-8; as a safety precaution the 
more accessible olf the two plates, plate 23, say, is 
connected to earth. 

Provided the charge on the diaphragm is substantially 
incapable of changing during the period of one half cycle 25 
of the lowest frequency being handled, a simpler method 
of connection may be adapted, and the polarizing supply 
may be returned to either end of the transformer sec
ondary 28 instead of to the centre tap 33. 

4 
It will be noticed that the energizing system is that 

of arrangement (2) (FIG. 2), previously mentioned, 
that is, the AF currents which energize each unit flow 
only in the outer electrodes; a diaphragm resistance that 
is high enough to satisfy the requirements indicated 
above is far too high for the diaphragm to take the 
AF currents-in accordance with arrangement (I)-with
out considerable attenuation and distortion. 

The use of the conductive strips 25 is rendered ad
visable because of the high resistivity of the diaphragm. 
l!f the polarizing potential were to be applied at a point 
or at a few points on the periphery. of the diaphragm 
and the intervening portions of the periphery were sep
arated from the plate electrodes merely by the insulation 
strips 26, the leakage through the latter from the dia
phragm would prevent the diaphragm from· being uni-
formly charged. The insertion of conductive strips be
tween the diaphragm and the insulating supports removes 
these leakage paths from the high-resistance diaphragm 
itself and transfers the leakage directly on to the power 
supply where it need cause no embarrassment. 

Where the diaphragm area is small compared with the 
wavelength radiated, the frequency response may be 
equalized by loading pmts of the diaphragm either by 
thickening or by adding button-shaped portions of other 
material, in each case as depicted at 21' in FIG. 4. At 
the higher frequencies these loaded parts remain rela
tiIVely stationary and vibrational displacement occurs 
mainly in the intermediate areas of low mass, from which 
areas effective treble radiation takes place. At the lower 
.frequencies the diaphra:gm vibrates asa whole, the in-
creased mass lowering the bass resonance frequency. 

In the construction of FIG. 3 there is some wasteful 
capacitance in areas not contributing to sound output. 

The electrical resistance of diaphragm 21 is deter- 30 
mined by three considerations. In the first place the 
resistance must be high enough to maintain substantially 
constant any charge carried by any elemental area of 
either side of the diaphragm when the diaphragm is 
vibrating at an audio frequency. 35 The<>e areas are constituted in effect by the plates 22 

and 23 on the one hand and the conductive strips 25, 
the insulation Ui acting as the dielectric. To prevent 
such loss the modified construction shown in FIG. 5 may 

This reduces non~linearity due to the quadratic nature 
of the forces which are involved if the diaphragm poten
tial is fixed. Due to the fact that in any practical loud
speaker the diaphragm does not operate as a rigid piston 
because of the necessity for supporting members and be- 40 
cause acoustic impedances are not always uniformly dis
tributed over its area, the same degree of improvement 
is not obtainable by the insertion .of resistance external 
to a conducting diaphragm. 

The resistance must also be high enough to prevent 45 
injuriDus sparking in normal operation. So that if a 
spark· should tend to occur between a small area of the 
diaphragm and one of the plates, the discharge current 
flowing in the areas of the diaphragm adjacent to the 
discharging area causes the potential of the discharging 50 
area to be reduced below the value required to maintain 
the discharge. Only avery small charge is dissipated 
before the voltage becomes thus reduced and the spark 
is accordingly rendered harmless. 

Thirdly, the upper limit to the value of the resistance 55 
is determined by the necessity of allowing the polarizing 
charge to spread uniformly across the diaphragm. Re
sistance values of the order of several hundred megohms 
per unit square are found to satisfy all these require
ments in loudspeakers of normal size; resistance values 60 
of the order of several thousand megohms may however 
be used. As used herein, the term "megohms per unit 
square" has reference to the electrical surface resistance 
()iI sheet material the resistive nature and surface condi
tion of which are such that much of the current flow 65 
therethrough is across the surface of the sheet, and means 
the electrical resistance presented by such sheet material 

be employed. 
In this construction the plate electrodes are in the 

form of metallized areas 34 carried on the inner surfaces 
of rigid sheets of insulation 35 between the peripheries of 
which are clamped the conductive strips 25 and dia
phragm 21, which components may be as already de
scribed with reference to FIG. 3. Components 34 and 35 
are perforated, as depicted at 36, for emission of sound. 
The metallized areas 34 stop short of the diaphragm 
periphery so that no portions of the plate electrodes con
stituted by these areas are in register with the conductive 
strips 25. There is accordingly less capacitive loss in 
areas not usefully constituting to sound output. 

The distance 37 between the periphery of each metal-
lized area 34 and the inner periphery of the strip 25 on 
the same side of the diaphragm should be great enough 
to prevent an ionizing discharge but short enough for a 
fringing field to be established to the furthermost limit 
of the free diaphragm. 

In electrostatic loudspeakers where the signal is ap
plied between the fixed plates, conditions of operation 
are occasionally such that the voltages applied are suffi
ciently high to cause sparking between the fixed plates 
through the diaphragm. rrhis damages the diaphragm 
and is acoustically unpleasant. Although it is possible to 
prevent this by sheathing the .fixed plates in insulating 
material, practical difficulties are experienced in the pro
duction of perforated sheathed electrodes in keeping the 
sheathing continuous. 

By the use of a perforated dielectric shield 41 (see 
FIG. 6) of high permittivity placed between 'each fixed 

to the flow of current from edge to edge across the sur
face of a square sheet, which resistance is independent 
of . the actual dimensions of the sheet. 

The upper limit to the value of the polarizing poten
tial is determined by the onset of ionization in the spaces 
between the diaphragm and the plates; which will occur 
at .approximately 70 volts per mil of the space between 
either plate and the diaphragm. 

70 electrode 42 and the diaphragm 43, the field conditions 
may be arranged to preserve the field strength in the 
major portion of the air gap, and therefore not substan
tially to alter the operating conditions of the loudspeaker. 
By doing this, however, the distance between the fixed 

75 electrodes has been increased and the field strength in 
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. the air between the conducting surfaCes through the per- area, then it is possible to arrange matters so that the 
forations substantially reduced. In order to maintain depth of a complete folded loudSpeaker is no longer 
,the polarizing field in the gap, and to prevent the dielec-limited by the quarter-wavelength restriction previously 
trie shield 41 acquiring a charge, the material of the mentioned. By way of example, a complete loudspeaker 
shield should have sufficient conductivity and be in elec- Ii can be folded as in FIG. 10, so as to have two side panels 
trical contact with the adjacent fixed electrode. ·65 and 67 and a rear panel 66. If the two side panels 

Electrostatic loudspeaker units in accordance with the 65 and 67 are arranged to handle low frequencies only, 
invention have cl!aracteristics which make them suitable then the dimensions can be arranged so that acoustic 
for combination in arrays. Some arrays of such units resonances which would normally be associated with the 
will now be briefly considered. . 10 cavity depth 68 OCCUr at frequencies above the upper 

Where economy of space is to be considered, the units frequency limit of the side panels. Since these side panels 
may be arranged in a zig-zag formation, as shown in are not themselves producing energy at the resonance 
FIG. 7. Since a considerable area of each diaphragm frequencies concerned and are of low mechanical im-
is effective in moving the air through ,the :relatively smail pedance it follows that they are acoustically transparent 
exit port 51 of each V-shaped cavity, quite a large am- 15 and the complete system behaves as if there were no 
plitude of vibration is produced there by quite a small resonant enclosure. 
amplitude of vibration of the diaphragm. Because of Although in the foregoing descriptions the applications 
this it is possible to reduce the spacing between the ·ofthe invention have been confined to individual units, 
diaphragm and the plate electrodes and to employ a such applications are -by no means so restricted. By way 
lower polarizing voltage and signal voltages, facilitating 20 of example, FIG. 11 shows a diametrical section through 
the design of the output transformer. The depth 52 of a circular composite unit, with the thicknesses of the 
each V-shaped cavity should not be substantially greater components again exaggerated, while FIG. lla is a plan 
than a quarter of a wavelength of the highest frequency view of the same unit with the upper plate electrode 
to be radiated. structure removed so as to show the concentric arrange-

Where only a small space is available-for instance 25 ment of the diaphragm electrodes. The circular dia-
where the loudspeaker is part of a domestic radio re- phragro 71 is rendered conductive over two separate por-
ceiver-the zig-zag formation may be used in the modi- tions, an annular portion 72 for lower-frequency repro-
fier form shown in FIG. 8. The electrodes 53 are stacked duction, land concentric with ,it a circular portion 73 for 
in parallel with each other by two frames 54 of insulating upper-frequency reproduction; in effect, therefore, two 
material, the arrangement being such that adjacent plates 30 separate diaphragm electrodes 72 and 73 are provided. 
have opposite edges free. The spacing between e1ec- The corresponding plate electrodes are similar to the 
trodes is shown much exaggerated. The diaphragm 55 kind already described with reference to FIG. 5. Those 
takes the form of a continuous sheet which interleaves associated with diaprhagm electrode 72 are !in the form 
the fixed plates in a zig-zag manner, passing over each of Mnular metallic fi.Ims 74 carried on the inner surface 
of the free edges in turn, each edge being insulated where 35 of rigid discs 75 of insulation. Annular conductive strips 
the diaphragm passes over it. Each plate 53 (except 76, are employed as before to apply the hlgh potential 
the two outermost plates at the ends of the stack) thus to the periphery of diaphragm 72. Perforations 77 are 
serves as the outer electrode of two adjacent loudspeaker formed through discs and films .for the emission of sound. 
units. The supporting frames 54 are designed to allow The plate electrodes associated with diaphragm 7'!t are 
the emission of sound waves from between consecutive 40 in the form of circular metallic films 78 also carried by 
electrode plates; the latter accordingly need not be per- discs 75. Annular conductive strips 7f) engage the pe-
forated. Since each plate (except the two outermost) riphery of diaphragm 73. Discs 75 are so moulded that 
forms part of two units it is subjected in operation to films 78 are located nearer the associated diaphragm 73 
equal and opposite electrostatic forces and hence need than are fi.Ims 741 to the associated diaphragm 72, since 
not be of great rigidity; each plate may accordingly be 45 the latter requires. a greater ampUtude of vibration. 
in the form of a sheet of non-conducting material the These different spacings require the application of dif-
surfaces of which carry a metallic coating. ferent poJarizing potentials; no difficulty is experienced in 

In a development of the foregoing arrangement (see applying these since conductive strips 76 and 79 are 
FIG. 9) the stack of fixed plates may be self supporting, electriCally independent. 
instead of being supported by frames. Each plate 56 60 The polarizing and audio-frequency signal voltages 
rests on the plate beneath, as depicted in the lower part may be applied to each of the two units of the com-
of the drawing, with a portion of the diaphragm 57 inter- posite array shown in FIGS. 11 and I1a in a manner 
vening. As with the embodiment of FlG. 8, the dia- similar to' that illustrated in FIG. 3. As shown in FIG. 
phragm is again in the form of a single sheet, being sep- llb, the two plate electrodes 74 of the O'nter annular 
arated by insulation 58 where it passes over the edge of 55 unit are connected respectively to the ends of the sec-
a plate; this is clearly depicted in the upper part of .ondary winding of a lower-frequency signal output trans-
the drawing, where two of 'the plates are shown widely former, while the two ,plate electrodes 78 of the circular 
spaced apart to reveal the method of construction. The unit are simiIarlyconnected to the ends of the secondary 
edge of each plate opposite to that over which the winding of an upper-frequency signal transformer. Each 
diaphragm passes has several short strips 59 of insula- 60 unit is individually po.[arized by conneoting a source of 
tion folded over it at widely spaced intervals to insulate high tension between at least one each of conductive 
the plate from the diaphragm where it passes over the strips 76 or 79 and a centre tap on the secondary of the 
edges of the plates on each side and to maintain a space associated signal output transformer. 
between consecutive plates to allow vibration of the di- Where the diaphragm electrO'de is small compared 
aphragm. 65 with the wavelength radiated the frequency response may 

.The sound waves issue through ,the gaps 60 between be equalized hy mounting the loud9peaker unit 81 (see 
the spaced strips S9 of insulation. The assembly is re- FIG. 12) as the front closure member of a shallow box 
tained in position by two vertical U-shaped channels 82 the back closure member of which isa stretched mem-
which ,contain the respective ends of the plates. One of brane 83 of thicker material than the diaphragm elec-
these is shown at 61, the other being omitted for clarity. 10 trode of the unit. At the higher frequencies the dia-
Connections from alternate plates are made to a lead phragm vibrates alone, the backward radiation being 
62, contained in channel 61, the intervening plates being cushioned by the air in the box without causing appreci-
connected to another lead 63. able vibration of the membrane because of the latter's 

If in a large composite loudspeaker the frequency range greater mass. At the lower frequencies the diaphragm 
is divided and applied to separate sections of the whole 76 and the membrane together with the air enclosed be-
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tween them vibrate as a whole; the mass of the air and 
the mass of the membrane are thus effectively added to 
the mass of the diaphragm. and so reduce the bass reso· 
nance frequency. 

A stereophonic two-channel sound system with novel 6 
acoustic properties may be attained from an array of 
spaced units by arranging them for AF energization as 

8 
than those applied to. the plate electrodes of a second 
unit, thereby producing.· a difference· in the amplitudes 
of vibration of said diaphragm electrodes,. the spacing 
between the diaphragm electrode and the associated plate 
electrodes of said second unit being greater than the 
spacing. between the diaphragm electrode and the asso-
ciated plate electrodes of said first-named unit so- as 
to permit free vibration of each diaphragm electrode at 
the niaximum amplitude produced by the audio-frequency 

the consecutive elements of a delay line, which itself is 
energized at each end by sign·als derived from different 
channels. 

By way of example a number of units may be mounted 
side by side across the waH of a rOOm each unit being 
coupled to' the adjacent unit by a suitable inductor. If 

10 signals appEed to the associated plate electrodes, and 
means fol' co-ntinuously 'applying to said diaphragm elec
trodes polarizing voltages differing in accordance with the 
differences in said spacings, the electrical surface resistance 

a signal is now fed in at one end of this struoture, whioh 
forms a delay line, there will be a rtimedeJay in the elec- 15 
trieal signals applied to the loudspeaker surface across 
the room. It follows that the wavefront of the sound 
will· no longer be parallel with ilie loudspeaker dia~ 
phragm, but will be. tilted. A separate signal fed into 
the other end of the delay line will produce a wavefront 20 
of the· same tilt but in the opposite direction. Since· the 
perceived. dir·ection of a source of sound 1S always per
pendicular to the wavefront it follows that the observer 
will. perceive two sound sources the aspect angle of 
which is constant and entirely independent of the listen- 25 
er's position over a large area. Suchan arrangement is 
shQwnin FIG. 13. The delay ldne is formed by connect-
ing to'getherin series an appropriate number of induotors 
85 to fO'rm .a series path 86 and interconnecting opposite 
points on the path by way of the plate electrodes Qf 30 
loudspeaker units 88, which accordingly act as shunt 
capacitors. The diaphragm electrodes are connected in 
parallel to' one pole of a source 89 of high potentia-I the 
other pole of which is earthed. Incoming signals are ap
plied by way of transfDrmers90' to the ends of the line, ~{j 
these signa·Is being derived from 'appropriately spaced 
microphones (not shown) at the transmitting station. 

The series inductors 85 need not be sep'arate com
ponents. The plate electrodes of each unit 88 may them
selves be made inductive-for example, by being formed 40 
of spiral conductive ·tracks sprayed on perforated insulat
ingplates, the perforations lying in between the turns of 
the spiral coil. 

A true binaural effect may be achieved, in a loud
speaker of large total area with its units mounted in side- 45 
by-side relationship across an auditorium, by scanning 
the units horizontallY,and if necessary vertically, in 
synchronism with a similar scanning of an array of 
microphones at the transmitting studio. Scanning may 
·be ·accomplished electronically or by a simple rotating 50 
selector switch. 

In such a case there is reproduced in the auditorium a 
replica of the sound waves passing through a plane in 
the concert hall. 

This feature of an electrostatic loudspeaker of large 55 
total area is of importance in cinema applications., espe~ 
cially where· the radiating surface ·forms the screen on 
which the pioture is projected. FQr this purpose the out
side surface of one of the perforated plates of the iQud~ 
speaker may ·be treated with reflecting beads in the man- 60 
ner of a cinema screen,or preferably embossed with a 
pattern of small lenses calculated to' give the correct light 
distribution. 

What we claim is: 
L A loudspeaker stage compdsing a composite array 65 

of at least two electrostatic loudspeaker units each having 
two rigid outer. plate electrodes in close parallel relation
ship,an individually vibratable diaphragm electrode of 
flexible sheet material having a high electrical surface 
resistance located between and spaced from said plate 70 
electrodes, and means foi" insulating said diaphragm elec
trode from said plate. elech'odes, driving means for ap
plying audio-frequency signals. to the plate electrodes o-f 
each of said units, the frequencies of the signals applied 
to the plate electrodes Qf one of said units being higher 75 

of each of said diaphragm electrodes being of the order 
of from several hundred to several thousand megohms 
per unit square, said resistance being such as to maintain 
substantially constant any electrostatic charge carried by 
a.TlY elemental surface area of said diaphragm electrode 
despite changes of capacitance when the diaphragm elec
trode is subjected ito audio-frequency vibration, and .to 
allow sufficient current to flow in the surface of said 
diaphragm electrode from said voltage applying means 
to maintain a substantially uniform electrostatic charge 
thereon despite leakage due to iQnization. 

2. A loudspeaker stage comprising a composite array 
of at least two electrostatic loudspeaker units arranged 
in concentric relationship and each having two rigid 
outer plate electrodes in close parallelrel:J.tionship, an 
individually vibratable diaphragm electrode of flexible 
sheet material having a high electrical surface resistance 
located between and spaced from said plate electrodes, 
and means for insulating said diaphragm electrode from 
said piate electrodes, the diaphragm electrodes of said 
units being formed by individually vibratable portions 
of a continuous diaphragm sepamted from Qne another 
by other portions Qf the same diaphragm which are fixed 
relative to the plate electrodes of said units, driving 
means for applying to the plate electrodes. of each of said 
units audio-frequency si~f1.aJs within a frequency band 
individual to that unit, the frequencies of the signals 
applied to' the plate. electrodes of Qne Df said units being 
higher than those applied to the plate electrodes of a sec
ond unit, and means for continuously applying a polariz
ing voltage to t..1e diaphragm electrode of each unit with 
respect to the plate electrodes of the same unit, the 
electrical surface resistance of each of said diaphragm 
electrodes being of the order of from several hundred 
to several thousand megohms per unit square, said re
sistance being such as to maintain substantially constant 
any electrostatic charge carried by any· elemental surface 
area. of said diaphragm electrode despite changes of ca-
pacitance when the· diaphragm electrode is subjected to 
audio-frequency vibration, and to' allow sufficient current 
to flow in the surface of said diaphragm electrode from 
said voltage applying means to maintain a substantially 
uniform electrostatic charge· thereon despite leakage due 
to ionization. 

3. A loudspeaker stage comprising a composite array 
of a central electrostatic IQudspeaker unit and at least 
one additional electrostatic loudspeaker unit surround
ing and substantially coplanar with said central unit, 
each 'Of said units having a pair of outer plate electrodes 
and a diaphragm electrode of flexible material located 
between and spaced from said plate electrodes, a pair of 
rigid members of insulating material disposed in parallel 
relationship on opposite sides Df said diaphragm elec-
trodes and having inwardly projecting annular ribs be
tween which are fixed the peripheral portions of said 
diaphragm electrodes, said plate electrodes being carried 
by the inner surfaces Qf said rigid members within said 
ribs and insulated thereby from said diaphragm elec-
trodes, and a member of good electrical conductivity in 
contact with the peripheral portion of each of said dia
phragm electrodes through which a polarizing voltage 
may be applied to the associated diaphragm electrode. 
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4. A loudspeaker stage as claimed in claim 3 wherein 

the diaphragm electrodes of said units are formed by 
individually vibratable portions of a continuous dia~ 
phragm. 

10 
tinuQusly applying a polarizing voltage to the diaphragm 
electrode of each unit with respect to the plate elec
trodes of the same unit. 

8. A loudspeaker stage as claimed in claim 7 wherein 
the loudspeaker units are of rectangular shape and are 
assembled in a zig-zag formation. 

5. A loudspeaker stage as claimed in claim 3 wherein 5 
the spacing between the plate electrodes and the dia~ 
phragm electrode of the unit in the center of said con~ 
centric array is less than the spacing between the plate 
electrodes and the diaphragm electrode of the surrounding 
unit. 

9. A loudspeaker stage as claimed in claim 7 wherein 
the loudspeaker units are stacked with all of their plate 
electrodes parallel and with their diaphragm electrodes 

10 in the form of a continuous sheet which interleaves the 
plate electrodes in a zig-zag manner. 6. A loudspeaker stage comprising a composite array 

of electrostatic loudspeaker units folded so as to present 
two side panels and one rear panel, each of said units 
having two rigid outer plate electrodes in close parallel 
relationship, an individual vibratable diaphragm elec- 15 
trode of nylon located between and spaced from said 
plate electrodes, and means for insulating said diaphragm 
electrode from said plate electrodes, driving means for 
applying to the plate electrodes of each of said side 
panel units audio-frequency signals in only a lower fre- 20 
quency band, additional driving means for applying to 
the plate electrodes of said rear panel unit audio-fre
quency signals in only a higher frequency band, and 
polarizing means for maintaining an electrostatic charge 
on each of said diaphragm electrodes with respect to 25 
the plate electrodes of the associated unit, whereby the 
side panels are acoustically transparent and the loud
speaker behaves as if there were no resonant enclosure. 

10. A loudspeaker stage as claimed in claim 7 wherein 
the loudspeaker units are arrayed in side-by-side rela
tionship and which includes means connecting the respec
tive pairs of plate electrodes of said units for audio
frequency energization as consecutive shunt elements of 
a delay line, and means for energizing said delay line 
at each end by audio-frequency signals derived from 
different channels, whereby a binaural effect is attained. 
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ELECTROSTATIC LOUDSPEAKERS 
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signor to Ferranti, Limited, Hollinwood, England, a 
company of Great Britain and Northern Ireland 

. Filed Sept. 12, 1957, Ser. No. 683,578 
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17 Claims. (Ct. 179-111) 

This invention relates to electrostatic loudspeakers, by 
which term is meant a loudspeaker which depends for its 
action on the force of electrostatic alttraction between a 
movable or flexible diaphragm electrode and a rigid plate 
electrode secured closely parallel to it. 

This application is a continuation-in-part of each of co
pending applications Serial Nos. 522,354 and 616,856, 
now abandoned filed July 15, 1955 and October 18, 1956, 
respectively. 

2 
sparking to occur in operation between it and the fixed 
plate electrodes. 

Another object is to provide a loudspeaker unit of the 
character described wherein a minimum of high-grade 

5 insulating material is required. 

10 

As electrostatic loudspeaker units in accordance with 
the invention have characteristics which make them suit
able for combination in arrays, another object is to pro
vide an an-ay of such units. 

A further object is to provide a loudspeaker stage in-
cludingat least one electrostatic loudspeaker unit having 
improved linearity, which stage is adapted for the appli-· 
cation ofa high polarizing potential 'at the diaphragm elec
trode of the unit without causing injurious sparking to 

15 occur in operation between it and >the fixed plate elec
trodes. 

In the accompanying drawings, 
FIGURES 1 and 2 are schematic diagrams of known 

arrangements of electrostatic loudspeakers, 
To reduce non-linear distoI1tion in electrosltatic loud- 20 

speakers it is usual to locate the diaphragm between two 
fixed plate electrodes, one at least of which may be per
forated or may be of lattice construction to allow motion 

FIGURE 3 shows an electrostatic loudspeaker stage in 
accordance with one embodiment of the invention, in part 
as a schematic diagram and in part as a section through a 
loudspeaker unit, the thickness of the components being 
considerably exaggerated for clarity, of air through it. 

To increase .the sensitivity and avoid a frequency- 25 
doubling effect caused by attraction taking place on both 
halves of the signal waveform it is also usual to apply a 
steady polarizh,g voltage so' as to maintain a biassing po
tential between the diaphragm on the one hand and each 

FlGURES 4 and 5 are fragmentary sectional views of 
two modifications of the construotion of FIGURE 3. 

FIGURES 6 and 7 are sectional views of further modi
fications of the loudspeaker units shown in FIGURES 3 
and 5, respectively. 

of the two fixed plates. 
The polarizing and audio-frequency signal voltages 

may be applied in either of ItwO ways: 

30 FlGURE 8 shows a section through a part of a loud
speaker unit in accordance with another embodiment. 

FIGURES 9, 10 and 11 are sectional views of various 
arrays of loudspeaker uruts in accordance with the inven
tion, and 

(1) the positive terminal of the polarizing source 10 
(see FIG. 1 of the accompanying drawings) is connected 
to one fixed plate n and the negative terminal to the other 35 
fixed plate n, -the signal voltage from a source 13 being 
appUed between the diaphragm 14 and the point 15 of 
mid potential of polarizing source Ii); or 

FIGURE 12 is a sectional view of still another embodi
ment of the invention. 

In carrying out the invention in accordance with one 
form by way of example, an electrostatic loudspeaker 
includes a number of loudspe.aker units each of which (2) the signal voltage from source 13 is applied by 

way of a transformer 16 (see BIG. 2) to the fixed plates 
11 and 12 and the polarizing voltage 10 is applied between 
the diaphragm 14 and a centre tap 17 on the transformer 
secondary 18. 

For good sensitivity the polarizing voltage should be 
high, and difficulty has been experienced with known ar
rangements of the above-described kinds through the 
tendency of a spark discharge to occur between the dia
phragm and the plates. 

Wi,tharrangement (2), the damaging effect of ,such a 
discharge may be reduced by inserting a resistance 19 
(see FIG. 2) of high value in the connection between the 
polarizing source 10 and the diaphragm 14; this resistance 
has the effect of preventing the full polarizing voltage 
from being applied continuously once a spark current de
velops but does not prevent a spark from occurring. With 
loudspeakers of all but the smallest size, however, this 
arrangement is not satisfactory because the capacitive 
charge stored in the loudspeaker is considerable and suffi
cient in itself to cause damage if a spark should occur. 

With arrangement (1), the insertion of resistance large 
enough to prevent sparking is not practicable because all 
conneotions carry the signal currents and the preSence of 
such a resistance would increase the time-constant of the 
circuit too much. 

An object of the present invention is to provide an im
proved electrostatic loudspeaker. 

Another object is to provide an electrostatic loudspeaker 
with improved linearity. 

.Another object is to provide an electrostatic lOUdspeaker 
which allows the application of a high polarizing potential 
to .the diaphragm electrode without causing injurious 

40 comprises a flexible diaphragm 21 (see FIG. 3) of resis
tive sheet material such as a plastic of suitable resistivity 
or coated to have suitable re·sistance-for example, ny
lon-the sheet being sandwiched between two closely
parallel plates 22 and 23 which can be of metal or con
ductive material' or conductively coated material or of 

45 conducting material with an insulating sheath depending 
on constructional and operating requirements. The 
size of· the units is determined either by constructional 
requirements or by acoustic loading requirements of that 

liO particular radiating area. By way ,of example a rectangu
lar unit of 6"x6" size might form part of a larger area 
of similar units, or on its own would be suitable for radi
ating medium and high audio frequencies. Suitable values 
of the resistance of the diaphragm will be discussed later, 

6;) in which discussion it is to be understood that reference 
is being made to the electrical surface resistance of the 
diapIiragm, rather than to its volume resistivity. Plates 
22 and 23 are thick enough to be rigid and both of them 
are perforated, as depicted at 24, to provide apertures for 
the emission of sound waves and prevent "cushioning" of 

60 the vibration. 'J1he diaphragm is secured in tension by 
bdng clamped throughout its periphery between periph
eral conductive membeI1S in the form of metal strips or 
foils 25. These strips are themselves clamped between 
plates 22 and 23, strips 26 of polythene or other conven-

65 ient insulating material being interposed between strips 
25 and the plates to ensure that the diaphragm is 
insulated from the plates. 

Conductive strips 25 should extend inwards, ,as shown 
70 in the drawings, 'beyond insulation strips 26 to prevent 

any leakage between the diaphragm and the plates which 
would cause a voltage drop across a :f!ree p;art of the 
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tial is dete'rmined by th~ onset of ionization in the spaces 
between the diaphragm and the plates, which will occur 
at :approximately 70 volts per mil of the space between 
either plate and the diaphragm. 

It will be noticed that the energizing system is that of 
arrangement (2) (FIG. 2), previously mentioned, that 
is, the audio-frequency currents which energize each un1t 
flow only in the outer eleotrodes;a diaphragm resistance 
that is high enough to satisfy the requirements indicated 

diaphragm, for such a voltage drop would prevent the 
full polarizing voltage from ,appearing on the diaphr·agm 
and would render the performance of the. loudspeaker 
unit unpredictable. The spacing between the diaphragm 
and the plates is sufficient to allow ,free vibration of the 5 
diaphragm at the maximum amplitude irequired. Suitable 
terminals 22' and 23' are provided in electrical connec
Hon with the plates and a fur.ther terminal 21' is con
nected to the conduct:ive strips 25 and hence to the dia
phragm. The units maybe assembled side by side with 
the outer surfaces of tlle perforated plates coplanar. 
Other possible assemblies will also be discussed later. 

10 above is far too high for the diaphragm to take the audio
frequency currents-in accordance with arrangement 
(1 )-withoutconsiderable attenuation and distortion. 

The two plate terminals 22' ,and 23' of each unit are' 
connected respectively to the ends ·of the secondary wind
ing 28 of a signal output transformer 29 COOl1I1on to all 
the units the primary winding 30 of which is energized by 
the final stage 31 of signal amplification. Each unit is 
polarized by connecting a source 32 of high tension of 
several hundred volts per centime,tre of spacing between 
the diaphvagm terminal 21' and a centre tap 33 on trans
former secondary 28; as a safety precaution the more ac
cessible 'Of the two plates, plate 23, say, is connected t'O 
earth. 

Provided the charge on the diaphragm is SUbstantially 
incapable of changing during the period of one half cycle 
of the lowest iirequency being handled, a simpler method 
of connection may be adopted, and the polarizing supply 
may be returned to either end of the transf'Ormer second
ary28 instead of to the centre tap 33. 

The electrical resistance of diaphragm 21 is determined 
by three considerations. In the first place the resistance 
must be high enough to maintain substantially constant 
any charge carried by any elemental area of either side 
of the diaphragm when the diaphragm is vibrating at an 
audio frequency. 

This reduces non-linearity due to the quadratic nature 
of the forces which are involved if the diaphragm poten
tial is fixed. Due to the fact that in any practical loud
speaker the diaphragm does not operate as a rigid piston 
because of the necessity for supporting members and be
cause acoustic impedances are not always uniformly dis
tributed over its area, the same degree of improvement is 
not obtainable by the insertion of 'l"esistanceextemal to a 
conducting diaphragm. 

The resistance must also be high enough to prevent in
jurious. sparking in normal operation. . So that if a spark· 
should tend to occur between a smaIl Mea of the dia
phragm 'and one of the plates, the discharge' current flow
ing in .the areas of the diaphragm adjacent to the discharg
ing area causes the potential of the discharging area to 
be reduced below the value required to maintain the dis- . 
charge. Only a very small charge is dissipated before 
the voltage becomes thus reduced and the spark is ac
cordingly rendered haJI1llless. 

Thirdly, the upper limit to the value of the resistance 
is determined by the necessity of allowing the polarizing 
chavge to spread uniformly across the diaphragm and 
must be low enough to allow sufficient current to flow 
to maintain the electrostatic charge despite leakage from 
the central part of the diaphragm tmough the air by ion
ization. A resistance value of 1000 megohms per unit 
square has been found to satisfy 'aU these requirements 
in loudspeakers of normal size; howeverr, resistance values 
ranging from several hundred megohms to several thou
sandmegobms per unit square may be used. As used 
herein, the term "megohms per unit square" has reference 
to the electrical surface resistance of sheet material the 
resisHve nature and surface condition of which are such 
that much of the current flowtheretmough is across. the 
surLace . of ,the sheet, and means the electrical resistance 
presented by such sheet material to the flow of CUl'Ient 
frQlIll edge to edge across the surface of a square sheet, 
which .resistance ,is independent of the actual dimensions 
of the sheet. 

TI;te _ upper limit to the. value of the polarizing paten-

The use of the conductive strips 25 is rendered advis
able. because of the high resistivity of the diaphragm. If 

15 the polarizing potential were to be applied at a point or 
at a few points on the per.phery of the diaphragm and the 
intervening portions of the periphery were sepa.rated from 
the plate electrodes merely by the insulation strips 26, 
the leakage through the latter from the diaphragm would 

20 prevent the diaphragm from being uniformly charged. 
The insertion of conductive strips between the diaphragm 
and the insulating supports removes these leakage paths 
from ·the high-resistance diaphragm itself and transfers 
the leakage directly on to the power supply were it need 

25 cause no embarrassment. 
Where the diaphragm area is smaU compared with the 

wavelength mdiated, the frequency response may be 
equalized by 'loading pavts of the diaphragm either by 
thickening or by adding button-shaped pOl'tions of other 

30 material, in each case as depicted at 21' in FIG. 4. At 
the higher frequencies these :loaded parts. remain rel'a
tively stationary and vib!rationa~ displacement occurs 
mainly in the intermediate areas of low mass, from which 
a,re'as effective trebe;l radiation takes place. At ,the lower 

35 frequencies the diaphragm vibrates as a whole, the in
creased mass 'lowering the bass resonance frequency. 

In the construction of FIG. 3 there is s'Ome wasteful 
capacitance in areas not contributing to sound output. 
These areas are constituted in effect by the plates 22 

40 and 23 on the one hand and the conductive strips 25, the 
,insulation 26 acting as the dielectric. To prevent such 
loss the modified construction shown in FIG. 5 may be 
employed. 

In this construction the pilate electrodes are in the 
45 form of metallized areas 34 carried on the inner surfaces 

of rigid sheets of inSUlation 35 between the peripheries 
of which are clamped the conductive strips 25 and di
aphragm 21, which components may be asaJready de
scribed with reference ,to FIG. 3. Components 34 and 

50 35 are perforated, as depicted at 36, for emission of sound. 
The metallized areas 34 stop short 'Of the diaphragm pe
riphery so that no portions of the plate eleotrodes con
stituted by .these a.eas are in register with the conductive 
strips 25. There is accordingly less capacitive loss in 

55 areas not usefully contributing 10 sO'Und output. 
The distance 37 between the periphery of each metal

lized a'fea 34 ,and the inner periphery of the strip 25 on 
the same side of the diaphragm should be great enough 
to prevent an ionizing discharge but short enough for a 

60 fringing field .to be established ,to the furthermost limit 
of the free diaphragm. 

In the modified form of the invention shown in FIG. 
6, the loudspeaker unit includes a diaphragm. elect,rode 
21 of resistive sheet material secured by being clamped 

65 ,between parallel-plate elect'roGes 22 and 23, with strips 
101 of comparatively low-grade insulation interoosed, 
simwlar to ,the arrangement disclosed in FIG. 3. in the 
present arrangement, however, the conduotve strips 25 of 
FIG. 3 are omitted and the insulation 101 is of a com-

70 paratively low grade instead of being of a comparatively 
high grade. 

In place of the conductive strips 25 of FIG. 3, there 
are provided conductive strips la2, which are adherentIy 
incontaot with a free part of the diaphragm 21 adjacent 

'15 to the peripheral part where the diaphragm is secured be-
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tween strip,s 161. Strips 11}2 may. be . "printed" on. the 
diaphragm or may be in the form of graphite-pencilled 
tracks. Each strip should extend, parallel to' the ad· 
jacent fixed periphery of ~he diaphragm and displaced in· 
wardly from it by a distance 103, of the order of one 5 
cighth of an inch (shown much exaggerated in the draw
ing), throughout the peripheral region of the diaphragm. 

electrode 42 and the diaphragm 43, the field conditions 
may ,be arranged to preserve the field strength in the 
major portion of the air gap, and therefore lIlot substan-
tially to 'alter the operating conditions of the loud
speaker. ·By doing this, however, the distance between 
the fixed electrodes has been increased and the field 
strength in the air between the conducting surfaces 
through the perforations substantially reduced. In order 
to maintain the polarizing field in ,the gap, and to prevent 

It is not essential that there should be twO' such strips, 
one on each 'Side of the diaphragm, since a single strip on 
one side only of the diaphragm may be sufficient. 

The polarizing voltage is appIied to strips 102 by way 
of metallized strips or lines 104 extending outwards 
through high-grade portions of insulation 105 at some 
cenvenient point. 

10 the dielectric shield 41 acqui£ing a charge, the material 
of the shield should have sufficient conductivity and be 
in electrical contact with the 'adjacent fixed electrede. 

To prevent flashover between strips 102 and ,those per- 15 
tions of ,the inner surfaces of plates 22 and 23 in register 
w1th them, shielding strips 106 of insulation are inter
posed, being secured to the inner surface of the plates, 

Except that the potential for the diaphragm electrode 
is applied' by way of strips 102 instead of by way of 20 
strips 2S as in FIG. 3, the loudspeaker operates in a simi-
lar manner to that above described. 

The necessary high-grade insulation between the di
aphragm electrode 21 and plates 22 and 23 ;is provided 
to a >large extent by that portion 107 of the diaphragm 26 
material between the free part to which strips 102 adhere 
'and the part secured between strips 101. The strips 101 
therefore serve mainly ,to insulate the plates 22 and 23 
from one another and may therefore, as already stated, 
be of low-grade insulation except where at 105 the high 80 
voltage conductors 104 pass through. A considerable 
sllving of high-grade insulating material as thereby ef
fected. 

That portion 108 of the diaphragm material enclosed 
within strips 102 may be treated to render it slightly more 35 
conductive than the portion 107 outside the strips which 
acts largely as insulatien for the diaphragm. It should 
however be understeed that it is net essential 10 treat 
the diaphragm in this way, for the diaphragm material 
may be of uniform conductivity throughout. Any slight 40 
leak'age across the portion 107 acts merely as a small extra 
load in the high-tension supply and does not seriously 
reduce the diaphragm potential. 

Shields. 106 are not required where the loudspeaker 
is of the type disclosed in FIG. 5, so long as strips 102 45 
are spaced sufficiently outwardly from the metallized 
areas 34 10 prevent flashover. This 3JITangement is shown 
in FIG. 7 wherein the rigid sheets of insulation are shown 
at 35, the met~11ized areas at 34, the perforations through 
34 and 3S at 36, and the diaphragm at 21 as in FIG. 5. 50 
Strips 102 'again replace strips 25 O'f FIG. 5, the distances 
109 between strips 102 and the nearest points on areas 34 
being sufficient to prevent flashover. A lOW-Wade insula· 
tion may again be used for the main insulation 35 be
meen the plate electrodes, thereby again economizing in 55 
bigh-grade inSUlation. 

Blectrpstatic loudspeaker units in accordance with ilie 
invention have characteristics which make them suitable 
for combination in arrays. Seme arrays of such units 
will now be briefly considered. 

Where ecenomy ef . space is to be considered, ,the 
units may be arranged in a folded or zig-zag formation, 
as shown in FIG. 9. Since a considerable ~rea of each 
diaphragm is effective in moving the air through the 
relatively small exit port 51 of each V-shaped cavity, 
quite a large amplitude ef vibration is produced there
by quite a small amplitude of vibration of the diaphr8Jgm. 
Because of this it is possible to reduce the spacing be
tween ,the diaphragm and the p~ate electrodes and to 
'employ a lower polarizing voltage and signal voltages, 
facilitating the design ofllie output transformer. The 
depth 52 of each V -shaped cavity should not be substan
tially greater than a quarter of a :wavelength of 'the 
highest frequency to he radiated. 

If in a large composite loudspeaker the frequency 
range is divided 'and applied to separate sectiens of the 
whole area, then it is possible to arrange matters so 
,that the depth of a complete folded loudspeaker is no 
longer limited by the quarter-wavelength restriction just 
mentioned. By way of example, a complete loudspeaker 
can be folded as in FIG. 10, so as to have two side 
panels 65 and 67 and a rear panel 66. If the two side 
panels 65 and ,67 are ·arranged to handle low frequencies 
only, then the dimensions can be ,arranged . so that 
'acoustic resonances which wou~d normally be associated 
with the cavity depth 68 occur at fu-equencies above the 
upper frequency limit of the side panels. Since .these 
side panels are net themselves producing energy at the 
resonance frequencies concerned and are of low me
chanical impedance it follows that they ,are acoustically 
transparent 'and the complete system behaves 'as if there 
:were no' :resonant enclosure. 

Although in the foregoing descriptions the 'applications 
of the invention have been confined to individual units, 
such applications are by no means so restricted. By way 
of example, FIG. 11 shows a diametrical section tllrough 
a circular composite unit, with the thicknesses of the 
components again exaggerated. The circular diaphragm 
71 is rendered conductive over two separate portions, an 
annular portion 72 for ,lower·frequency reproduction, 
and concentric with it a circular portion 73 for upper
:frequency reproductien; in effect, therefore, twO' separate 
,diaphragm electrodes 72 and 73 are provided. 

It . should be understood that the term "diaphragm 
electrode" or "diaphragm," as used above ·and in the 
claims in connection with the embodiments of FIGS. 
6 and 7, refers not merely to that part of the diaphragm 
within the strips ill2 but to the entire sheet of flexible 
material extending inWiards from, and inoluding, the 
clamped peripheral portion. 

60 The corresponding plate electrodes are similar to the 
ikin:d already described with reference to FIG. 5. Those 
associated with diaphragm electrode 72 are in the form 
of annular.metaIlic films 74 carried on the inner surface 
of rigid discs 75 of insulation. Annular conductive strips In electrostatic leudspeakers where the signal is applied 

between the fixed plates, conditions of operation are 
occasionally such that the voltages applied are sufficient
ly high to cause sparking between the fixed plates through 

65 76 areempJoyed as before to apply the 'high petential 
to the periphery of diaphragm 72. Perforations 77 are 
formed through discs and films for the emission of 
sound. the diaphragm. This damages the diaphragm and is 

acoustically unpleasant. AHhough it is possible to pre
vent this by sheathing the fixed plates in insulating mate- 70 
rial, practical difficulties are experienced in the produc
tion of perforated sheathed electrodes in keeping the 
sheathing continuous. 

. By the use of a perforated dielectric shield 41 (see 
FIG. 8) of high permittivity placed between each fixed 75 

The plate electrodes associated with diaphragm 73 a'fe 
in tbeform of circular metaJlicfilms 78 also carried 
by discs 75. Annular conductive strips 79 engage the 
periphery of di·aphragm 73. Discs 75 are so moulded 
that films 7Sare 10cated neaTer the associated diaphragm 
73. than are films 74 to the associated diaphragm 72, 
since the latter requires a greater amplitude of vibration. 
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These different spacings require the application of dif- electrodes is in register with said conductive member, and 
fereillt polarizing potentials; no difficulty :is experienced including a shield of insulation interposed between said 
in applying these since conductive strips 76 and 79 are portion of the inner socface and said conductive member 
electricalIy independent. to prevent flashover. 

Where the diaphragm eleoN-ode is small compared 5 9. A loudspeaker unit as claimed in claim 1 including 
with tlJe wavelength radiated the frequency response a shallow box having the unit so mounted as to form the 
may be equalized by mounting the loudspeaker unit 81 front closure member of said box, and 'a back closure 
(see FIG. 12) as the front closure member of a shallow member comprising a stretched membrane of thicker ma-
boxSZ ,the back closure member of which is a stretohed terial than the diaphragm electrode of the unit, whereby 
membrane 33 of thicker material than the diaphragm 10 lower bass resonance is attained. 
electmde of ,the unit. At the higher frequencies the lO. An electrostatic loudspeaker unit comprising two 
diaphragm vibrates alone, the backward radiation being rigid outer plate electrodes in close parallel relationship, 
cushioned by the air in the boC){ without causing appreci- a diaphmgm electrode of nylon located between and 
able vibl'ation of the membrane because of the latter's spaced from said plate electrodes, means for insulating 
greater mass. At the lower frequencies the. diaphl'agm 15 said diaphragm electrode from said plate electrodes, 
and the membrane together with the air enclosed be- means for applying audio-frequency signals to said plate 
tween them ,vibnate as a whole; the mass of the air electrodes, and means for continuously applying a polar~ 
and mass of the membrane are thus effectively 'added to izing voltage to said diaphragm electrode with respect to 
the mass of the diaphragm and so reduced the bass reson- said plate electrodes. 
ance frequency. 20 11. An electrostatic loudspeaker unit comprising a pair 

It will be understood that the loudspeaker units of of rigid sheets of insulating material disposed in spaced 
the folded arrays of FIGS. 9 'and 10 and that of the box parallel relationship, a diaphragm electrode of flexible 
arrangement of FIG. 12 may correspond in structure to material located between said rigid sheets and having its 
any of the embodiments of FIGS. 3-8. periphery clamped between the peripheral portions of 

W'nat we claim is: 25 said sheets, the central portiQn of said diaphragm elec-
1. An electrostatic loudspeaker unit comprising two trade being spaced from the inner surfaces of the central 

rigid outer plate electrodes in close parallel relationship, portions of said sheets, ;a pair of outer plate electrodes 
a vibratable diaphragm electrode of flexible sheet mate- carried by the inner surfaces of said sheets in spaced 
rial having a high electrical surface resistance located relationship to said diaphragm electrode, and at least one 
between -and spaced.fromsaid plate electrodes, means for 30 strip of conductive materia,l in contact with and extending 
insulating said diaphragm electrode from said plate elec- around the peripheral portion of said diaphragm electrode 
trodes, means for applying audio-frequency signals to said through which a polarizing voltage may be applied to 
plate electrodes, and means for continuously applying a said diaphragm electrode. 
polarizing voltage to said diaphragm electrode with re- 12. A loudspeaker unit as claimed in claim 11 wherein 
spect to said plate electrodes, the electrical surface re- 35 the peripheries of said plate electrodes are smaller than 
sistance of said diaphragm electrode being of the order the peripheral portion of said diaphragm electrode with 
of from several hundred to several thousand megohms which said conductive strip is in contact, whereby no por-
per unit square, said resistance being such as to maintain tions of said plate electrodes are in tI'egister with said con-
substantially constant any electrostatic charge ca,rried by ductive strip. 
any elemental surface area of 'Saiddiapbragm electrode 40 13. A loudspeaker unit as claimed in claim 11 wherein 
despite changes of capacitance when the diaphragm elec- the peripheries of said plate electrodes are smaller than 
trade is subjected to audio-frequency vibration, and to the clamped periphery of said diaphragm electrode, and 
allow sufficient current to flow in the surface of said dia- said conductive strip is interposed between the clamped 
phragm electrode from said voltage applying means to periphery of said diaphragm electrode and the peripheral 
maintain a substantially uniform electrostatic charge 45 portion of one of said sheets of insulating material. 
thereon despite Ieakage due to ionization. :14. An electrostatic loudspeaker unit comprising two 

2. A loudspeaker unit as claimed in claim 1 wherein rigid outer plate electrodes disposed in spaced parallel 
portions of the. diaphragm electrode are loaded in such relatiQnship, a vibratable diaphragm electrode of flexible 
manner as to improve the bass response.· sheet material. located between 'and spaced from said plate 

3. A loudspeaker unit as claimed in claim 1 wherein 50 electrodes, means for insulating said diaphragm electrode 
the plate electrodes are perforated for -the emission of from said plate electrodes, means for apply.ing audio-
sound waves. frequency signals to said plate e1ectrodes,and means for 

4. A loudspeaker unit as claimed in daim 3 including continuously applying a polarizing voltage to said dia-
a perforated dielectric shield interposed between the dia- phragm electrode with 'respect to said plate electrodes, 
phragm electrode and each plate electrode of sufficient 55 said last-named means including at least one member of 
conductivity tOo prevent the build-up of a charge thereon, good electrical conductivity in contact with ·and extending 
said shield being in electrical contact with the adjacent parallel to the periphery of said diaphragm elecN-ode and 
plate electrode. insulated from both of said plate electrodes, the electrical 

5. A loudspeaker unit as claimed in claim 1 wherein surface resistance of said diaphragm electrode being of 
said voltage applying means includes a source of potential 60 the order of from several hundred to several thousand 
and a conductive member connected to said source and megohms per unit square, said resistance being such as 
adherentIy in contact with a free part of the diaphragm to ~aintain substantially constant any electrostatic charge 
electrode adjacent to a secured part thereof, the portion earned by any elemental surface area of said diaphragm 
of the diaphragm material between said parts serving as electrode despite changes of capacitance when the dia-
at least some of the insulation between the diaphragm phragm electrode is subjected to audio-frequency vibra-
electrode and the plate electrodes. 65. tion, and to anow sufficient ·current to flow in the surface 

6. A loudspeaker unH. as claimed in claim 5 wherein of said diaphragm electrode f.rom said voltage applying 
said conductive member extends throughout the periph- means to maintain a substantially uniform electrostatic 
eral i'egion of the·diaphragm. charge thereon despite leakage due to ionization. 

7. A loudspeaker unit as claimed in claim 6 wherein 70 15. A loudspeaker unit as claimed in claim 14 wherein 
the diaphragm material enclosed within said conductive no pOliions of the plate electrodes are in register with 
member .is more conductive than that poxtion of the dia- said member of good electrical conductivity, whereby 
phragm material between the free and secured parts there- capacitive loss is reduced in areas not usefully oontribut-
of. ing to sound output. 

8. A loudspeaker unit as claimed in claim 5 wherein 75 16. An electrostatic loudspeaker unit comprising a pair 
a portion of the inner surface of ,at least one of said plate of rigid perforated sheets of dielectric material disposed 
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in spaced parallel relationship, a diaphragm electrode of 
flexible material located between said sheets and having 
its periphery clamped between the peripheral portions of 
said sheets, the centml portion of said diaphragm elec
trode being spaced from the central portions of said 
sheets, a pair of perforated outer plate electrodes carried 
by said sheets ill spaced relationship to said diaphragm 
electrode,and at least one strip of conductive material 
in contact with and extending around the peripheral por
tion of said diaphragm electrode through which a polar
izing voltage may be applied to said diaphragm electrode. 

17. A loudspeaker unit as claimed in claim 16 wherein 
said plate electrodes are carded by and in electrical con
tact with the outer surfaces of said rigid sheets, and said 
sheets are of sufficient conductivity to prevent the build
up of a polarizing charge thereon. 
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