Wide Range Electrostatic

Loudspeakers

3—Complete Systems :
Loudspeaker, Room Relationships

By P. J. WALKER®

I.\' the first part of this article wc;rhowcgl that forrn
given size, the apparent efficiency of an electrostatic
unit rx'z:;my':1 be fnc‘;cased by reducing the bandwidth
which that unit is required to cover. An obvicus
method of increasing the overall effiéiency of 4 com-
plete electrostatic syatem, theretore, fs to divide the
system into a convenient number of frequency bands
und 1o feed them via crossover networks, Optimum
design is obtained by increasing gaps and arcas with
decreasing frequency. )

An alternative metiiod of increasing apparent effici-
ency is to subdivide the Joudspeaker area into 2
number of smaller units euach covering the whole
frequency range, the units being coupled by inductors
0 that the whole loudspeaker becomes 3 transmission
line. (Fig. 1) The acoustic radiation resistance
arpcm a3 conductancs in parallel with each capacitive
clement. For 3 fixed total area, and neglecting losser,
the efficiency varies directly with the number of
subdivisions.

Considezation of these twb systemy shows that {re-
guency division has comsiderable advantages over
transmission line divisions for most complere 4ystems
of domeitic size und power requircments, Fiest, if a

Jes |t
Fig. 1. Capagitive lsudipeakar wlements coupled with ine
3 ta form @ tramimittion line.

dng:u' xﬂs:mnve unit is tubdi;ided into a two-unit
apparent efficiency is increased 16 times,
%; obtain the sumne increase tranamisvion line
division would requirc a minimum of 12 divisions.
the total area of the loudspeaker is lazge, and
the capacitance of each

electrostatic systems, a novel situstion arises. The
quality criterion of a loudspeaker usually concentrates
on three performince parameters, a3 measured in an
unlimited atmesphere, (a) Ability to &
required sound intensity over the audio specteum with
negligible non-linearity distortion. (b) The sound
pressure over the designated listening area should
be independent of frequency throughout the audio
runge, (<) Operation should be aperiodic,

Complete loudspeakers designed on the principles
which we have been discussing are capable of meeting
these three requirements to a new and exciting degree.
We shall see that different designs and approachey
differ not so much in 1ems of (a), (b) and (<) above,
but in other factors of importance to quality repro-
duction; factors which have previously had to take
second plice or have been masked in the struggle
for (u), (b) and (cL y

Corner Mounting
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As an example, the form
of corner electrostatic

Fig, 7 and designed for ol
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As ean be seen by the following summary, this form
of loudspeaker leaves litle 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 catise no reflections in the range of that unit

3, The loudspeaker and its enclosure are completely
predictable. .

4, The (3), (b) and (c) requirements previously men-
tioned can be met virtually to perfection.

5. Radiation throughout the whole frequency range
is homogeneous; there iy no source displacement and
no phase problems ar crossover, i

8. Total radiated energy (as well as axial pressure)
is ind dent of frequency, -

7. ‘ﬁ?&oudspaker/mom relationship is good.

Item 6 deserves further mention.  The normual fre-
Quency respunse spesification of a loudspesker is in
terms of sound pressure produced on the axis or over
a limited Hatening arc. The mean spherical mdmdqn
(total power output)is not wsually specified, although it
will have a3 profound effest in 4 room because the
intensity of indirect sound is dependent upon it 1If
high-frequency mdiation is limited 1o 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 12dB in the mean radiared re-
sponse. This preduces an artificial step in the acoustic
ratio {ratio of dircct to indirest sound) producing un-
narural hardening of the reproduced sound.

Doublet Sources

We now come to consideration of the doublet ns a
sound source and we shall see that it possesses proper-
tics of copsiderable significance in improving loud«
speaker/room refationships, B&:s‘doublct we mean 3
diaphragm, radiating on both 3

If we assume a 12in-15in unit (moving coil or elec-
teostatic) mounted in 3 4ft-3ft baffle, we find that the
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Fig. 4. Equivalent circuits at high and low frequenci
the acoustic icading nn the lcudspecker of Fig. 1, o of
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acoustic system has three main faults. (1) The acous-
tic air loud fulls to very low wvalues at wavelengths
larges than the baffle size.  (2) The acoustic load is very
frregular at low frequencies and ({3) reflections {rom

the baffle edge occur at requencies.  The
vecond, and third faults can be mitigated by adopting
peculiar sha;

If, instead of a baffle, we construct a te elec-
trostatic unit of the same ares; the position is com-
pletely altered,  The resistance per unit area and the
tatal working area are both increased so that the air
lood Is many times that of the baffle case. The load,
;x;cd amequenﬂy the performance, is regular und pre-

table.

The construction is that of swip units progressively
ifcrasing in plate spating and ares from the centre
line. Due to the air load resistances involved for each
strip, the permissible bandwidth is reduced over that
whiﬁ c;ul;d be obrained if the tmd:kt r&i&n?n wete
sealed o it is necessary to spli weacy
range into three to obmin efficlency :ompamz?c to 1
rvo-way “sealed” swstem,

Any unloaded stnp considered alone will have a
resonant frequency when the disphragm  stiffness
reactance equals the air lood mass reactance. This
is, however, placed below the frequency range
of the 3rip, so that the mutual rdiation of the
adjacent swip carrving a lower frequency in-
creases the radiating aren and prevents the application
of any ¢ffective mass. The complete system s thete-
fore entirely free of resonance except at one low fre-
quency (usually placed at 30-35 ¢/3), The Q of this
resonance is adjusted o muanuin response to- this
frequency.

e%h:cnmpluc Ioudspeaker has a cosine characteristic
and this is substantinlly maintained through the range.
It cannot radiate sound in the direction of its surface,
horizontally or vertically, 40 that it cannot excite room
modes in two out of the thres room dimensions. It
will oply excite modes in the remaining dimension
when placed at a reg:on of maxumum velocity for that
gnt.aldc. )(Thc impedance locking into the loudspeaker:
is low, ;

Having a “cosine” polar characteristic the mean
spherical radiation is reduced by a factor of 3 at all
frequencies, 1o that quite apart from freedom of mode
excitations any colour due to the room is redu by
a foctor of three. This is exactly analogous to
* yelocity " microphone. In the same way thar a * velo-
city " microphone is used in place of a * pressure
microphone 1o reduce studiy colour, this * velocity
;pfhktr'wiﬂ reduce colour dne te the ﬁn:nins room.

&

32

tening  tests. comparing “pressure”  and
*velocity " speakers of atherwise similar characteristics
indicate thar a velocity characteristic may weil have
important features for high-quality reproduction.  An
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To summarize, the elec-
trontatle prnelple Is capable
of surmannting the present
Lmitations of othee methods
of drive, It s capable of
overcoming  the  present
tweeter /woaler  gancept 1o
rmducc " dmﬂz cotpled,
negrnted asvembly,  The
problem  of  loudspenker/
room relationships (cotmon
10 alt Toudspeakers) still re«
mulnyg although the design
wmxhl(y af the  electros
suitie mokes it possible o
deaign for optimum relations
-hu‘ Il these can ever be
defined
{ channel, ‘

A closer understanding of
the relative importunce  of

for o monnural

L with separate channels

Fig. 8, Stareophany fram o single tr / line p

feeding eoch end of the line,

of these articles to enter these arguments other thin
1o say that with a monaural channel the cholce munt
be an wathetic one,

A complete listening moom can be designed to pro-
duce pressures throughout the room Which are more
ot losy eqqual to the pressures ot the studio micro-
phone,
: A wbe of small diameter compared 10 wavelength
fitted with o piston at one endd, and terminated at the
other by o resistance of j¢ will glve prexsures any-
whete in the tube which are direcily proportional 10
plston velocity and independent of frequency, I'ros

vided that the ares of the piston equaly the tube cross«
sectional pren, then the requirement of smull diameter
disuppeurs,

A rectangular room with 4 diaphragm covering one
wall and correct termination on the opposite wall
meets the requirements, The space behind the dine
phragm must be at least 10in deep and treated ke
the speaker in Flﬁ& The c%uivalmt cireuit iy the
same us Fig. 4, e sound absorption treatment of
the opposite wall must ideally be several feet in depth.

Sound intensity throughout the room iy ent
of paosition  (including  the  distance  from

1), The apparent xound source is always
1o the diaphragm and, of

T

the mnn&dlucwn invalved
are nee e (n)  Source
movement with  [requency,
(o Hmmrunelly. (¢} Acoustie ratip, (d) Mode excita-
on, () Phase contour, ete, Al are factors which
can only be tentatively assessed after long usage.
The author wishes 1o thank Ferrantl Ltd. for per-
mission 10 publish the result of work jointly carried
out, and o udmuwlcd&; the invaluable work of
DTN Williamson, W Do OF iphant, and their
colleagues at Edinburgh.  Thanks are due 10 J. Wate
son, 1. Collinson and others ar the Acoustical Manus
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;;nrde been able to assist with problems in their own
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