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Er the past 30 years virtwally all
loudspeakers have used the moving
coil principle as their fundamental
mode of operation.

Acoustical have now developed a
radically different type of loud-
speaker and the reader may well ask
three questions.  Why abandon the
well tried moving coil drive 7 Why
choose an electrostatic principle ?
What advantages and disadvantages
does this offer the listener ?

This booklet attempts first 1o
answer these questions and secondly
to present details of the first full
range distortionless loudspealker.

The reader interested in a technical
analysis of the subject is referred to
a series of articles in “*The Wireless
World,” May, June & August, 1955,
copies of which can be supplied by —

THE ACOUSTICAL
MANUFACTURING CO. LTD.

PURNITURE and PURNISHINUGS by
Heals of Tottenham Court Road, London
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Changing from one principle of operation to another merely
discards one set of limitations and difficulties and replaces
them by an entirely different set. The choice will depend
upon which set, with skilful design, is the least limiting in
the attainment of the design objective.

Of course, a principle is merely a tool of the designer
and is no guarantee whatsoever of final performance.
Nevertheless, a principle will usually show itsell as trends in
design and some understanding of such trends is perhaps
the best way by which the reader can gain some assessment
of the final results when mere words are the only vehicle
available to describe such an ethereal quality as sound.

With few exceptions the transfer ol electrical energy 1w
sound energy is achieved by first converting the electrical
energy into a mechanical form by causing mechanical
vibration to occur in a diaphragm or cone. Such a system
has many resonances, thousands of which can be significant
in the reproduced sound. Each resonance accepts electrical
energy in an amount depending upon its structure, stores
it and then radiates it as sound. Each resonance differs
from its neighbour in a manner virtually impossible to pre-
dict and equally impossible to control.  The “art™ in
moving coil design consists in endeavouring (o even out
these resonances so that they arc least objectionable.

By using an electrostatic drive, the diaphragm can be
energised in such a way that the majority of these resonances
are not energised. Further, since the diaphragm can be
some hundred times lighter than a conventional cone, the
energy in storage, and hence the effect on those resonances
which are excited, can be and is virtually eliminated.

The result of removing the stored energy is to make
a much more intimate contact between the electrical forces
and the air into which sound is radiated. The effect is
termed ““ smoothness.”
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* Smoothness ” must not be confused with an even
frequency response or with balance. These relate to the
ability of the loudspeaker to treat all parts of the frequency
spectrum equally. Thus shrill, brilliant, woolley, hollow,
disjointed and similar comments usually indicate an uneven
frequency response and are distinct from smoothness.  An
even frequency response is, of course, an equally important
requirement and is a matter of skill in design regardless of
operating principle. In other words, changing from moving
coil to electrostatic principles neither helps nor hinders in
this respect.

What then is the aural effect of smoothness? It is clearly
related to the degree of musicalness of the loudspeaker.
Thus if a loudspeaker which is smooth and yet has an
unbalanced frequency response reproduces a violin, the
sound will be that of a real and narural violin, the effect of
unbalance being that of playing under peculiar conditions. \
If the loudspeaker is not smooth, then the violin will never
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be natural, nu matter how ~ level 7 the frequency response.
The best that can then be achieved is an imitation some-
times even bordering on caricature.

Absence of smoothness quickly causes fatigue to the
musical car, a state of affairs which can well worsen the
wider the frequency range. Lack of smoothness is largely
responsible for the disillusionment experienced by many a
proud owner of ** Hi-Fi " when demonstrating to his
musical friends.

The sensitivity of a loudspeaker s important in that
determines the power output of the amplifier needed to
produce the required volume of sound in the listening room.

Theoretically, the sensitivity of an electrostatic design
can be increased as desired, but if this is to be done without
degrading other features then the difficulties and cost
increase rapidly.  Economically then, it is obvious that the
pursuit of sensitivity should cease when the cost of further
increase is more than the cost of a similar increase in
amplifier power. This may well occur at a lower sensitivity
than that attained with most moving coil loudspeakers.
This does not affect acoustic performance although it may
represent a concealed cost in that the amplifier power
requirements may be increased.




DISTORTION —

An electrostatic loudspeaker may be constructed 1 such a
way that non-linearity and therefore distortion is effectively
non-existent.®  This will hold good up to a certain fixed
maximum power output per unit area of diaphragm. Beyond
this power level, distortion will occur.  With a moving coil
system, distortion is small at low levels and increases more
or less as the power increases, there being no clearly defined
point of abrupt change.

Having designed an electrostatic loudspeaker for a
given maximum power, the distortion at any level up to that
maximum power will be lower than that of an equivalent
moving coil loudspeaker. If, however, the maximum de-
signed power is exceeded then distortion will be severe and
an equivalent moving coil system, similarly overloaded,
would be very much more acceptable.

Clearly, therefore, an electrostatic design can be and
in fact must be closely related to its environment. A design
for the highest grade domestic listening would be entirely
unsuitable in a large public room. Similarly an electro-
static design for a public hall would also be unsuitable for
domestic use, since quite apart from any consideration of
size and cost, the larger speaker would be less intimate in
the home.

#Covered hy British and Foreign Patents.
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For serious listening o & reproduced sound the stimulus at
the ear should be similar to that obtained in natural
listening. In terms of loudness therefore (and always pro-
vided that domestic conditions permit) the sound pressure
at the ear should be of similar intensity to that experienced
in a favourable seatl in the concert hall.

An electrostatic loudspeaker of quite modest size can
produce this intensity under normal home listening
conditions.

This * favourable seat *” intensity level provides ample
margin of distortionless power for all types of serious
listening at home.

Enclosures are boxes, cabinets, baffles, horns and other
structures which, apart from producing a pleasing housing
for the loudspeaker, form part of the operation of the loud-
speaker and must be designed with the loudspeaker as a
single entity.

Enclosures may be used to useful effect in electro-
static loudspeaker design as with any other type of drive.
Due to electrical characteristics peculiar to an electrostatic
system however, it is possible to construct an electrostatic
loudspeaker in a form known technically as a doublet
without the heavy losses incurred when this is attempted
with a moving coil drive.

A doublet offers both advantages and disadvantages
over a cabinet system, and these may be briefly sum-
marised:— :

(a) Sound radiation is confined to one plane instead of three,
reducing modification of the sound by the listening
room characteristic by the same degree:
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{01 A doublet does not utilise an enclosure so that problems
of unwanted enclosure resonances do not arise:

{c) The price to be paid for these advantages is a reduction
in power output and/or restriction in frequency range.

The effects of rooms and cabinet enclosures are

largely confined to the low and middle registers and a

doublet assists at these frequencies in producing smoothness,

the aural effect of which has already been discussed.,

The effect of directional characteristics on reproduced sound |
is extremely complex and is much more subtle than the
obvious requirement of an even response throughout the
listening area.

In view of the larger radiating area it is more diflicult,
and hence more expensive, 1o obtain what is usually con-
sidered a desirable characteristic with an electrostatic
system than with a moving coil system.

However, there are a number of methods by which
this disadvantage can be mitigated in order to obtain a
musical balance throughout a reasonable listening area
without recourse to the more elaborately shaped construc-
tions and without introducing the lack of homogeneity
usually difficult to avoid with such constructions.
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In terms of reliabihity & number of problenis are inherent
and unique to electrostatic loudspeaker design:—the effect
of high voltages; plastics under stress; dust; moisture and
moisture vapour; and temperature changes are the more
obvious ones.  With present technology these hazards can
be reduced to negligible proportions provided care is taken
not to exceed any maximum ratings specified.

& THE WORLD’S FIRST
FULL RANGE
ELECTROSTATIC
LOUDSPEAKER

Develaped by
Acoustical Mamfacuing
Company Limited and

denionstrated to an

-
i
i
i

i
-
i
i
i

invited audience of the
country's leading
audio engineers

on May 2fst, 1935,
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THE OBJECTIVE

Listeners interested i sound reproduction i the home can
broadly be divided into two groups.

The individual interested in music can rarely attend
all the live concerts of his choice. He therefore, installs a
loudspeaker in his home so that he can enjoy music having
removed the problems of time and place.

In recent years a second group has arisen which,
- though previously little interested in music, nevertheless
obtains considerable emotional satisfaction from  the
sensation of sound, particularly reproduced sound under
their own control.

With both groups the appeal is to the emotions via
the ear, but it is clear that the character of the stimulus
giving the satisfaction is entirely different.

In a loudspeaker designed for the first group, the
essentials are that the loudspeaker itsell” should be as un-
obstrusive as possible, it must be non-fatiguing and have
the minimum of those distortions musically unacceptable.
'Y The loudspeaker forms no part of the artistic chain.

In the second group the loudspeaker does become
part of the artistic chain and it is required to produce
maximum emotional effect having chosen suitable music and
other sounds to assist it.

A loudspeaker designed for the second group will
never be suitable for the first group.  The reverse, however,
is possible, since distortion effects can be added electroni-
cally. This approach is, in fact, similar to that commonly
used in recording, i.e. multi-microphones, echo chambers,
frequency distortion, etc. Such a procedure can only be
artistic if applied with the utmost discretion and taste.
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s a design o modest size intended Tor the highest grade of
music listening under domestic conditions. It is suitable in
rooms from 1,000 to 5,000 cubic feet, and is capable of
providing distortionless reproduction under such conditions
up to a volume level similar to that experienced in the
concert hall.
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1t is designed with every emiphasis towards the natural,
non-fatiguing and unobtrusive quality desirable for serious
listening to music of all types.

There is no doubt that the very unobtrusiveness of
the speaker will seem an anticlimax to many people because
of the complete absence of ** spectacular Hi-Fi.,”  For the
rest, there will be a degree of naturalness which has given
rise to such expressions as *° Freshness,” ** Relaxed,”
“ Transparent,” ** Window on the Orchestra.”

:?.
{

The loudspeaker 1s iree standing and being a doublet 1t
exhibits all the desirable characteristics of such a system
already referred to on page 8. It does not require the use
of corner positions and is in fact uncritical of position
except that it should not be operated closer than 2 feet
from any wall or large surface parallcl to the plane of the
loudspeaker. Both front and back radiation should be as
unrestricted as possible.

Good musical balance will be obtained when the
listener is seated in the area covered by an angle of nearly
90° symmetrical to the front axis of the loudspeaker.

OPTIMUM
LISTENING
AREA




The loudspeaker is supplied complete with butlt-in networks

for direct operation from a low impedance amplifier source

and incorporates its own polarising supply ready for con-
nection to AC mains.

The loudspeaker is designed for operation with a
standard QUAD I amplifier. Other amplifiers may be
used provided they are designed to meet or are adapted to
meet the specific parameters given on this page. Failure (o
meet this requirement will result in inferior performance or
unreliability.

The loudspeaker cable connecting amplifier to loud-
speaker can be of the calibre of standard lighting flex for
lengths up to 20-30 feet. For longer runs, correspondingly
thicker cable should be used. In addition, the loudspeaker
requires a supply of AC power. The consumption is
negligible and this power may be switched by intercon-
necting with the amplifier on/off switch.

The loudspeaker will operate shortly after the AC
supply is switched on.

The overall power efficiency will be lower than that
of conventional systems, so that the QUAD electrostatic
loudspeaker with a QUAD II amplifier will produce a
maximum power output similar to that of an 8-10 watt
amplifier coupled to a sensitive high grade moving coil
loudspeaker.

SPECIFIC AMPLIFIER REQUIREMENTS

. When adjusted to a fixed suitable output tap, the amplifier
should be capable of delivering at least 15 watts at low
distortion when a resistive load is varied between 30 ohms
and 7 ohms.

2. The amplifier must be siarically and dynamically stable
completely independent of the resistance or reactance of
the load.

An inductance of up to [10uH may be inseried in series
with the load during these tests.

3 With a 30 ohm resistive load, the amplifier should at
no time be capable of producing more than 35 peak
volts across the loudspeaker terminals.

4 The source impedance of the amplifier should be not nore
than 2 ohms in the frequency range 100-5,000 cfs and not
more than 6 ohms in the range 40-20,000 ¢/s. Ideally
this impedance should be equivalent 10 a 1-2 ohm resistor
in series with a 40ul inductance.

Page tourieen




The loudspeaker is supplied ¢
for direct operation from a lc
and incorporates its own po
nection to AC mains.

The loudspeaker is d
standard QUAD I amplific
used provided they are desig
meet the specific parameters g
meet this requirement will res
unreliability.

The loudspeaker cable
speaker can be of the calibre
lengths up to 20-30 feet. Fo
thicker cable should be used.
requires a supply of AC f
negligible and this power m
necting with the amplifier onj:

The loudspeaker will .
supply is switched on.

The overall power eflic
of conventional systems, so
loudspeaker with a QUAD
maximum power output simi
amplifier coupled to a sensi
loudspeaker.

SPECIFIC AMPLIFIER RE(

1. When adjusted to a fixed su
should be capable of delive
distortion when a resistive |
and 7 ohms.

2. The amplifier must be siai
completely independent of
the load.

An inductance of up to 10
with the load during these t

i With a 30 ohm resistive 1
no time be capable of pr
volts across the loudspeakc

4 The source impedance of the
than 2 ohms in the frequenc
more than 6 ohms in the r
this impedance should be eq
in series with a 40uH induct

Puge Fourteen

AMENDMENT

e e
to=Ee
“a B0
uga-ﬂ
oS4
'U;ggg
:'C'D.U
geac
0o E20
2z
= o o4&
VB Toarid
<
w - g
z 857
EF o
E8F2
"e®5
-—.lUcuﬂi
L o~
=g =B
o &= 8
ﬁmu‘i‘;\
=
2 3¢
O e =
5 2 5B
2o
T o U
£00 g
O g2
= D
=
‘E%Eg
Nay
Es2+
iy g
Lace
Cogco
i:"‘mE
w P58
Oau:'o
wﬁ:‘u
_Eﬁg%’
8xz8
B Q-
O‘acﬁu
=gl
sECS
TEES
=
(R =
e
25 2

ever, they are usually unsuitable for other reasons.

We therefore withdraw the detailed requirements shown here and recommend
that only a standard Quad Il Power amplifier or one specifically designed for the

Quad loudspeaker be used.

.



The loudspeaker is unaffected by temperdatures up to 307 C,

The loudspeaker will operate indefinitely with Rela-
tive Humidities of up to 90% and will safely withstand
reasonable periods of up to 100%, RH. If, however, tem-
perature and humidity conditions are sufficiently severe and
prolonged that moisture is able to precipitate inside the
loudspeaker, then damage is likely to result.  This may
preclude the use of the loudspeaker under certain tropical
conditions.

The loudspeaker is completely sealed in plastic film
and is immune from the effects of dust.




MAXIMUM OUTPUT

BANDWIDTH

DISPERSION

IMPEDANCE

AC POWER
CONSUMPTION

AC YOLTAGE RANGE

DIMENSIONS

WEIGHT

6 ft. on axis in free space 93 dB referred to 0002
dynes/cm? in frequency range 50 ¢/s.~10 Ke/s.

100 dB referred to -0002 dynes/em?
in range 70 c/s.—7 Kc/s.

Total integrated radiation equivalent to 95 phons
in enclosures up to 5,000 cubic feet

with average reverberation.

45 ¢/s.~18 Kefs. Rate of attenuation outside band —
asymptotic to |8 dB/8ve.

Approximately 70" Horizontal 15° Vertical.

30-15 ohm in range 40 ¢/s-8 Kc/s falling above 8 Kgjs.
(see power amplifier requirements).

Negligible.
100-120, 200-250 volts 50-60 ¢/s.
See drawing.

Net 35 Ibs. (16 Kilos approx.).
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ACOUSTICAL MANUFACTURING COMPANY

uarantee

This insirunient
iy guaranteed against
any defect in marerial or

workmanship

Jor a period of twelve months

from the date of purchase.
We undertake
1o replace within this period.,
Jfree of charge, such parts
as may prove on examination
to be defective
provided that the instrument
has been operated within
the conditions
specified in this booklet
and was purchased at
our full current

retail price.
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