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that has

It is widely accepted that the loud-
speaker is the weakest link in the
high-guality audio chain, This is
particularly the case at the lowest
working frequencies due to the

dif Hmltv of providing a useful air-

i small 1o the

sound wavelength. Thls compels the manufacturer to adopt clever but

more or less

for the

enclosure,

unit and its

The manufacturer has the resources and facilities to tackle the problems at
the mechanical-acoustical stage. This article explains that the do-it-yourself
approach that provides the best results at the lowest price is invariably the

“electronic loudspeaker”’.

Methods of

for the weaknesses of loudspeakers are by
no means new. As larwood recently
pointed out, 3 patent granted in the early
20°s already describes a “motional feed-
back” system.

The basic ides ks to somehow derive 2
stgnal that depends on the boudspeaker's
actual movement and to compare this with
the original input signal. The resulting
‘error’ sigmal is used 1o modify the drive to
the loudspeaker. One way of oblaining 3
feedback signal is to extract the voltage
thas is induced in the loudspeaker’s drive-
<ail when the cone moves

This extraction of the back-voltage has (o
be done with great care if the system is to
remaln stable. Also, not every loudspeaker
s suitable for the technique.

The design described in this article has,
Bowever, behaved itsell properly during
many demanstrations

Apart from the fact that the electronic
loudspeaker does not need 3 specially-
mounted pickup-device, which makes it
simple to build up. it can be compared 1o
normal applications of the same driver a5
follows

«) the lawer limie of ‘flat’ amplitude re-
nse |x independent of the fundamental
resomance-froquency of the driver itself
(ot of the driver in its enclosure),
&) distortion due to certaln mechanical
non-linearities in the driver can be con-
siderably reduced
©) although the frequency response re-
mains ‘flar’ below the fundamental res-
onance frequency of the driver in its en-
closure, the maximum acousticsl power
output falls off below this frequency.
It turns out however — = will be explained
later — that a 20-watt amplifies produces
more than erough sound level for domestic
listening situations
d) a Joudspeaker operating in this kind of
feedbnk system can produce good sound
gher as well as lower frequencies,
amu-ugh optimum resalts can only be
oblained when an extended ciseult is care-
fully matched to the individual loud-
speaker. On the other hand, the greater
cone excarsions asociated with extended

will aggravate the high-range
{Doppler) distartion problem, o that it is
desirable to use the electronic loudspeaker
only for the wooler-rangs.

The electronic woofer
The behaviour of & moving-coll woaler in
a closed box can be fairly scounately pre-
dicted from \|-||p|r theory (see “loud-
speaker diagnosis'). This theory can be
used to find & way to improve the bass
response.
If one ‘looks ihe loudspeaker fer
minals one ‘sees’ 8 series-connection of
two impedances — ie. a voltage divider
One of these, called the static or "blocked
impedsnce’, is the value meamured when
the woice<oil is prevented from maving
le.g fixed with glue). The other impedance
arises because of the movement of the
coll in the permanent magnetic field and
b called the dynamic or ‘motional im-
pedance’, We will refer to them as Zy and
Z respectively. The radiated sound energy
corresponds 1o the dissipation in a “radi-
ation resistance’ which forms part of Zy.
The objective in operating the loud-
speaker s 1o amange thal this dissipation
will be frequency-independently con-
trofled by the input signsl spplied to the
driving am
The problem i that both Z; and Zg vary
with frequency, (hat these variations are
by no means the same, and that fusther-
mare the radiation resistance has neither
a constant value nor i i1 a constant pro-
portion of Zy. Fity the loudspeaker de-
signer! Let us see what can be done shout
this state of affain
The approsch adopted for the electronic
loudspeaker is 1o
) note that the static impedance Zy con-
sists esventially of the voice-coll resistance
and sell-inductance in series and that it is
I well-behaved for
by means of an equivalent aegative outpat
impedance of the driving amplifier
) wse this technique Lo deal with Zg. and
then apply 3 compensation to the driving
signal, o take care of the frequency-de-
pendence of the radistion resistance. This
i mot too difficult for o loudspeaker acting

a8 3 piston in one wall of a closed box: it
turns out {see ‘loudspeaker disgnonis” else-
where in this isue) that o *flat’ frequency
response is obtained when the woltage
across the radiation resistance i made i
versely proportions] to the frequency. This
can easily be dore using a 6dBfoctave low-
pass network imserted abead of the amp
fiet im the bass chapnel. This network, to-
gether with the negative autput impedance
of the amplificr, forms the basis of the
‘electronic lowdspeaker’.

Summing it all wp it can be stated that the
radiated sound energy corresponds to the
dissipation in the radistion resistance; that
for a constant voltage across this resistance
the dissipation will increase in proportion
to the square of the frequency; that fora
flat frequency response this voltage must
therefore be inversely proportions] to the
frequency — this calls for a 6dBjoctave
low-pass network; that this voltage can be
forced to the required value once the
series impedance Zy has been eliminated
by means of o megative amplifier outpat
impedance, The driving amplifier will then
automatically deliver the required drive
cumrent

Negative output impedance

A megative oulpat impedance can be
achieved by means of the arrangement
shown as a block-diagram in figure 1. "A"
in this diagram represents the gain of the
driving power-amplifier, The loudspeaker
is represented s Zy, comsisting of the
impedances Z; and 24 in series. Ty b a
feedback current-semsing impedance, con-
mected between the ‘cold” loudspeak
terminal and amplifier carth return.
The valtage drop across 2 is found from:

=g
(since the current through feedback net-
waork [ is negligible) so that

The output impedance ts worked out a
follows:
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Figura 1. Biock disgram of the for
achuving & negative output impedance.

Fagure 2. Practical realisanion of the “slestromie
. Adjustmant s carried cut by

sbowt old-tmhinasd TRF recsivers with ‘rese.
sion'? |

o= Arvj—vg = Au.olw.:-u,
AsveHAT-1jvg = ArvgHAT-1) -w.,

After some tidying up:
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in which the cutput impedamce has been
intraduced as
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This is negative provided ﬂul Al 1,
To e slalic d
the loudspeaker we require:
heralds the onset of oscillation. A slightly | through the loudspeaker & ‘matched” to
o= -y bower setting, for which the system just | the amount of force which the drive-anit

Assuming that this is successfully dome we
d:
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The voltage drop across the dynamic im-
pedance (vg) is mml, proportional 1o
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A - Asvg!

the Incoming signal voltage (ve). This
schieves the first ohjective.
Practical

For many moving coil loudspeakers the
impedance Zy at bow frequencies is pre-
dominanily a resistance! the resistance of
the deiving coil (Rgh It is therefore suf-
ficieal to use » resistor { Ry in figure 2) as
the sensing chement for the current-feed-
Back (Z1). The compensation in this range
Jset up by adjusting the feedback sitemua-
%01 () o that :
Rg = {Af-1)-Ry
This can conveniently be done using the
cizcult of figure 2. The amount of (posi-
tve) current feedback is adjusted by Py,
Starting with the slider of Py at the canth
==, withoul any input signal, slowly tum
* =p Py until a “howl’ from the loudspeaker

remains stable, s optimal.

One or two more practical aspects appear
from the circuit disgram. The buffer stage
Ty} has been included to prevent adjust-
ment of the volume control Py from up-
sctting the calibration by meeans of Py,
Whether this stage is necesary or not will
depand on where the volume control was
placed in the criginal amplifier

The one place where the volume contral
may not be located is in the power ampli-
fier iself! The gain factor A must nemain
constart, On the other hand, if the volume

can handle without damage, then the
‘price’ for an extension of flat bass fre-
quency respomse is reduced full-drive
sound level throughout the whole working
range of the waofer.

As the lowest working frequency s re-
duced past the ‘mormal’ loudspeaker-in-
bax cutalf, compersation of the response
requires rapidly increasing cmoum or
drive-pawer for 4 given sound level,
the drive-power is limited, the power n-
sponse must fall off. This ks not so dra-
matic 3 it may sound, however, since the

control s in ane of the p cire
cuits the buffer stage will usually not be
neeided,

Low-pass network

We already indicated that a 6dBjoctave
low-pass network i required ahead of the
power amglifier, The ehoice of rolloff
point is 8 comprom

The rolloff point nl the netwark deter-
mines the lower limit of compensated re-
sponse. If this solloff point is placed a1
40 Hz, for example, the response curve
of the electronic loudspeaker will be essen-
tially flat from 40 He to at lesst 300 He
Om the other hand it is undesirable to place
this lower limit unnecessarily far down the
frequency range. This is because the exten-
slon of bass response has 1o be "pasd for'.
I we assume that the maximum cumment
which the power amplifier can pass

level in any masic
spectrum (including organ pedal!h rolls off
at approximately 6B octave below ahout
100 Hz, so that the maximum power that
the loudspeaker can deliver matches the
maximum power (hat i required over the
whole frequency range.

How many watts?

What is the desirable loudness level — and
therefore how much power is mecessary
~ is probably the ‘camse célebre’ of hifi
teproduction. The physical situstion i saf-
ficiently flexible to provide grounds for
‘objective’ justification of almost any
subjective opinion, while opinions vary
between the extremes of ‘shatteringly loud
and the devil take the neighbours' and
“the loudest passages shoubd ot impede
normal conversation.'

We will try to steer 8 middie-course —
based om the requisement that the maxi-
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Figurs 3. Block disgram of @ multi-way system
which wie the loushipaskes” in the
bass channel Such & systam will ba described
in & further article.

Figurs 4. Tha frequency repoms of a5 loud-
wasker in 57X 87X 6 11 closad cabinat,
and withaut comeensation.

Powaze® % 1y = dr =9 107 = |00 milik
;ll}. where we have fnserted 3 mmu

LEELEEH

and 10°* watts per metre?

for the direct intensity (1), ie. 90 dB. A
loudspeaker with 1% efficiency will do this
on 10 watts of ebectrical input ~ and only
“scoustic susporsion” woofers with heavy
moving systems are less efficient than
this! A 20-watt amplifier for each of two

The driving amplifier

The driving amplifier uied in this system
must reach & very high standard of per-
rom.m Not every 'high fidelity ampli-
satisfies the require-

y By

I 1 1
i} it
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f==c=s

mum sound level should be “reasonable”
and ‘acceptable’ in the ‘narmal domestic
listening sifuation’ (whatever that may
be). The very wards indi that this will
be pure conjecture — yet it would sarprise
us if we found ourselves very far off the
mark.
For reproduction of “seriows’ muskc (sym-
phony concent, haroque recital ete.) a
strong case exists for playback at the same
apparent loudness bevel a3 that of the osig-
uul per(uruum. l-a( a typical concert
Tall 4 neu level duﬂu

— iregueney ) masan

erated ina large hall, where the ‘indirect’ or
“reverberant’ saund field behaves quite dif-
ferently to that in 3 domestic listening
room, A similar apparent loudness
appeans 1o be achieved in the Latter situa-
tion when the reproduced dymamic range
s about 40 dB - with fortissimo peaks at
) dB. Most recording companies pro-
duce material with s 40 dB dymamic
range, which was monitored at this %0 dB
fortissimo-peak level And they should
knaw.

Let us therefare assume that oar ‘elee-

atthe muumeluuvoabum 105 dB near
the front. (The reference level for these
decibels is the normal threshold of bearing
intensity of 107 watts per metre®.)
The average level of a fortissimo pasage
h mach lom Al the other end of the

nge, the pianissimo peak level is typically
3! ta 4! dB (just far enough abave the
nake due 1o the airconditioning!)
‘This 60 dB dynamic range can aaly be tol-

tronic must be able to pro-
duce momentary loudness peaks of 90 B
in typical domestic surmoundings. Siscr
the indirect field takes time to build up
intensity, i will be the loudspeaker’s
direct radiation intessity which must be
shle 1o reach %0 dB. Assume fusther that
the Istener b5 3 metres from the loud-
speaker, which radistes evenly in all diree-
tions (a fair ssumption up to about
400 Hz ). The required acoustical powe:

mls.

The most impartant requisement is that

the amplifier be umconditionally stable,

with any load.

In the compensated -mm. nl'ln all, the
lifier loud-

. which meets the requirements wit

ample mangin. [t was indeed
llI(Il the electronic loudspeaker in mind.
This amplifier, like most ‘six-transistor’
circuits, has its input and cutput voltages
in-phase. If an amplifier which reverses
the signal phase is to be used, it will be
mecesiary 10 insert a phase revorsal in the
feedback path. This can be simply achieved
by replacing the figure 2 lmnmmea, .
so-called *virtual earth® mi:

The loudspeaker

In principle the lowdspeaker and its en-
closure do mol have Lo meet any severe
requitements. 1T the best results are 10 be
obtained, attention must nometheless be
paid 10 ome of two details,

The volume of the enclosure will detes-
mine the fundamental resonance fre-
quency of the compensated system — and
this i the point 2l which the power re-
sponse starts to roll off. For normal dom-




#atic listening a volume of 15 litres is ade-
qual = 15 cubic decimetres =

0. - Af you
mast!) I only background music is to be
seproduced, the enclosure will do as soon
& the driver fits inside it!

The enclosure should also be almost air-

25 drill a small hole (sbout 2 mm &) in the
sear panel. This will enable variations of
‘stmospheric pressure to equalise thom-
selves. The smount of leakage is correct
when the come of the mounted driver
takes several seconds o recover position
it has been gently pushed a small
amaunt inwards, momentanly held station-
wry and then released. (N.B. Amplifier
wwitched off!h
Fizally, the walls of the box must be saffl-
cently ‘solid". They must not vibrate —and
therefore contribute to the radistion —
snder the influence of the stropg pressure
<hunges in the driven box. Stiffening ribs
may be applied if necessary. Damping
material is mot strictly necessary: bul a
sngle pad of glass-wool of similar material,
Sibemounted I the middle of the en-
cloed votume, will control standing waves
= the box. The latter can give audible
smuble, particularly if the enclosure is

Sxizly large

The drive-urit itsell should in principle
meet thiee requirements: it must be able
8o handle sufficient power input; the
magnet must be large enough to guansntee
a8 envarying flux through the entire coll
Saring large excursions of the cone; the
cone itsell and the fromt-surround must
Ee reasonably stiff. 1t must behave as a
ston!

Special high-compliance woofers wing a
mbber front-surround are less suitable for
i application, particularly when in a
small enclosure, the cone is driven
smtwards at high input levels theve b 3
tendency for the surround to be sucked
mwards!

The slectronic multi-way system

B s best 1o wse the electronic loadspeaker
= the woofer in 8 multi-way system.
t‘!m 3 shows the block diagram of such

an artangement.
The ampifier Ay is a small high-quality
amplifier (6-10 watts) which drives only
the treble loudspeakes(sh. If desired the
reproduction of mid-range and Iweeter-
range may be sc d, This can be done
by means of a dividing network after Ay or
by the use of 8 separate mid-range power-
amplifier Ay {dotted).

The bass drive-unit and amplifier As to-
gether form the “clectronic loudspeaker”
The low-pass  siep-network described
earlior is imstalled ahesd of this amplifier.
The combination must meet the require-
‘ments mentioned sbave

The Block disgram finally includes a buffer
stage with dividing networks for the bas
and treble paths. These networks, like the
low-pass step network, are built up from
RC sections and buffer clrcuits.

In a further srticle we will describe com-
plete two- and three-way systems based
on the use of ‘equa-amplifiers’. Details
will be given of the dividing circuits and
measurement results. ”

(1o be continued)

In the texs, figeres and unavoidstée formulss
the follawing symbols have besn used:
2, = mavc [locked') impedance of the

drbe unit

2y = dynamic Cmatiansl’] impedsnce of
the drive unit

Iy = total impedance of the loudspesker
drbee wnit

—Zy = negutive lekiving ) imped

= output impedance af the smplifier

. i

Fo = radisted sccustical pover

Yo = woltmge scrom the spsech coil

¥y = incoming signal volige

w = modified amolifier input voltage

ve = curment woltage sereas 2y

v = fesdback vol

wg = woltsge acrom the maticnsl impedance

W = woltageacron the sastic impedance

Ay = copper resstance of (R driving
{vaken’l coll

M= hﬂnﬂmuwm

1 = deedbeck fac

A= meruammuu-m

b =

la = imlninv of 1?- ‘ereet’ louchpasken

radation





