
Revolutionary Loudspeaker 
and Enclosure 

The author describes a fundamentally new loudspeaker system whose 12-inch 
woofer util izes an enclosure volume of only 1.7 cubic feet, but whose bass per­
formance is claimed to be superior to that of a true infinite baffle installation. 

THREE OUTSTANDING PROBLEMS that 
still plague the field of loudspeaker 
des ign 11Iay be categorized as: 

1. How to keep harmonic distortion 
low in the f requeue), region below 70 or 
80 cps, especially at high power. 

2. How to keep frequcncy response 
UlIlJorlll and ex tended at all power levels. 

3. How to solve the above two prob­
lems without requiring arch itectural in­
stallations, vcry large cabinets, and dif­
ficult final adjustments. 

The loudspeaker system here described 
is the fruit of an investigation that was 
primari ly direc ted towards solvi ng the 
firs t of these pro ,lcI115 , that is, towards 
creating an electro-acoustic transducer 
that made 11 0 compromi se with low di s­
tortion bass down to 40 cps. The solu­
tion to the distortion problem turned out 
at the same time to be a solution to the 
problems of uniform bass frequency re­
sponse and of cabinet si7.e. 

The g rea test source of distortion in a 
typical high-q ua lity reproduc ing system 
is the loudspeaker. Speaker harmonic 
distortion in the bass range is tolerated 
in amounts far g re.lter than would ever 
be allowed in the a mplifier or pickup­
values between 5 and 10 per cent below 
60 cps a nd at moderate power a re com­
mon even in high-quality units. The 
greatest single source of distortion in the 
loudspeaker itself is the non-linearity of 
the voice-coi l and rim suspensions which 
hold the cone and voice-coi l to the 
speaker frame. The elastic st iffness of 
the suspending members, a property 
which they must possess in order to per­
form their fun ctions properly, docs not 
remain constan t over the excursive path 
of the cone: the further the cone moves 
fro111 its central posi tion the g reater is 
the resisting" force constant of the sus­
pensions. 

T he design of these suspensions and 
of the spe;lker 's m:)Ving system has been 
refined but not changed radically over 
the last twenty years or so. The s ituation 
is comparable to that of the acoustic 
phonograph in the nineteen twenties­
there wasn 't much further to go in the 
direction of improved performance until 
designers relraced their steps, back to 
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the basic problems assoc iated with con­
verting needle vibrations to sound, and 
applied a new approach, the electrical 
one. In the present case, instead of at­
tempting to re-design an already re­
fin ed mechanical suspension system for 
a linear force displacement relationship. 
the clastic stiffness of the mechanical 
suspension system was substantially 
eli minated, and a linear , acolfstic elas­
ticity used instead. Thus, the domination 
of voice-coi l Illotion by the non-linear 
elastic mechanical suspensions was also 
suhstantially eliminated. The phrase 
"substantially eliminated" can mean 
many things ; here it is used to denote 
reduction by a factor hetween 6 and 10. 

Acoustic Elasticity 

The acoustic elasticity is provided by 
the enclosure's sealed- in air, which must 
be compressed when the cone moves 
back, and rarefied or stretched when the 
cone moves forward. In other words the 
air of the enc1nsure is used as an elastic 
cu~hion, which supplies to the special 
speaker the restoring force that the mov­
ing system is by design deficient in, and 
that it needs. 

Such use of the enclosure's air turns 
out to have 1110St fortunate consequences, 
and it is possible to reap large extra 
div idends over and above the reduction 
of di stortion. The amount of acoustic 
clastic stiffness avai lable is determined 
by the cubic volume of the enclosure; the 
cubic volume which must be provided 
(not as a minimum but as an optimum 
vallie) is of the order of one-fifth the 
volume of a conventional tota ll y enclosed 
cabinet for an equivalent speaker mech­
ani slll. 

The function of an infinite baffie or 
totally enclosed cabinet is to provide 
acoustical separation between the waves 
radiated by the front and back surfaces 
of the speaker cone, waves which are 
out-of-phase and would cancel at lower 
frequencies. One may ask theil , why it 
has not been poss ible to simply house a 
speaker in any small enclosed box, or 
even to close up the back of the speaker 
frame so that it is airtight, in order to 
achieve the necessary separation. The 
answer lies in this same acoust ic elas­
ticity refer red to, which increases 
the elastic stiffness of the speaker's mov-
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ing system and raises its main resonant 
frequency . The nature of modern loud­
speakers is such that below the resonant 
frequency response fa ll s off rapidly- at 
the rate of 12 db per octave, in terms of 
pressure, in an undamped unit. 

Suppose, for example, we have a 12-
in. loudspeaker mechanism whose main 
resonance occurs at SO cps in free air. 
H we now mount the speaker in a wall 
the resonant frequency will drop due to 
the air load mass, perhaps to 45 cps, and 
if the speaker has been welt designed we 
can expect good response to ~ol11ething 
below 40 cps, with about 6 db of attenu­
ation at 32 cps. 

If we now take this same loudspeaker 
mechanism and mount it instead in a 
conventional totally enclosed cabinet (a 
second choice dictated by the landlord) 
we will find that the resonant frequency 
is raised by the addi tional acoustic stiff­
ness of the enclosed a ir. Probably the 
best that we can hope fo r is to keep the 
resonant frequency at about SO cps, an 
achievement that w ill certainly requi re 
a cabinet volume of over 10 cu. ft. A 
cabinet of 5 cu. ft. will raise the reso­
nant frequency into the 60 cps reg ion. 
and the system will suffer a correspond­
ing loss of bass response. 

The problem, then, resolves itself into 
these terms: how provide complete 
acoustic separation between the front 
and back of the speaker cone, w ithout 
rai s ing the resonant frequency above 
what we want it to be, and without a 
wall installation or a monster cabinet? 
The answer dovetails with the solution 
for suspension distortion referred to pre­
viously. We select the values of mass 
and elastici ty for our speaker ~ystem as 
for a conventional speaker , on the basis 
of the resonant frequency we decide 
upon. V'I.'e then design the speaker mech-· 
anism with perhaps only 10 per cent of 
the elastic stiffness that it needs, so 
that the resonant frequency for the un­
mounted speaker mechanism is subsonic, 
of the order of 10 cps. For reasons that 
wi ll be apparent a little later, this speaker 
mechanism is useless as a bass speaker 
in any conventional mounting- which 
was not designed for lO-cps resonance 
but for 45-cps resonance. 

The final step in the construction of 
the complete speaker system follows 
log ically. VI/e enclose the back of the 
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Fig. 2. Experimental enclosure , showing Fiberglas made up in cheesecloth-covered "pillows," 
The enclosed volume of air, rather than mechanical suspensions, supplies clastic restoring force 

to the special 12-inch speaker. 

speaker wi th an acoustica lly scaled vo l­
ume of air wh ich will supply the remain­
ing 90 per cent of the clastic sti ffness to 
the moving system, and which will raise 
the resonant frequency to 4S cps. T he 
interior volume of the experimenta l 
acoustic suspension speaker, using a 12-
inch woofer and designed according to 
this principle, is 1.7 cubic feet. Increas­
ing the cubic volume will not improve 
the performance of the system, but will 
degrade it. 

We can now compare the character is­
tics of the infinite bame wi th correspond­
ing characteristics of the acoust ic sus­
pension system. This is done in Table 1. 

Speaker Restoring Force 

Speaker suspensions serve two pur­
poses, that of centering the voice coil in 
the magnetic gap so that it does not rub, 
and that of providing elastic restoring 
force to the moving system. The restor­
ing force of a particular speaker cannot 
be decreased below an optimum value for 
that speaker. Too Iowan elastic stiffness 
will result in increased bass distortion, 
as the vo ice-coi l w ill travel out of the 
path of l inear magnetic fl ux on high­
amplitude low-frequency signals, or will 
actually "bottom" against parts o f the 
magnet structure. 

The same principle may be explained 
in terms of the main resonant frequency 
of the speakcr, whi ch, as we have seen, 
is determined by the values of elasticity 
and mass , both mechanical and acous­
ticaL of the suspended sys tem. Other 
things being equal it is des irable to have 
speaker resonance as low in frequcncy 
as poss ible, but too 10\\' a resonant fre­
quency results in cone excursions too 
g rea t for the length of the magnetic path 
prov ided by the particular speaker. 
Voice-coil excursion in the bass, for 
constant rad iated power, must be quad-

rupled for each lower octave, and the 
attenuation of response below resonance 
protects the speaker aga inst over-large 
excursions. 

Thus when a speaker is designed with 
the correct resonant frequency, voice­
coil excurs ion is always kept within the 
limits of linear flux for a ll s ignals, re­
gardless of frequency, up to rated power. 
Small speakers which can only allow 
short voice-coil travel relative to their 
power rating, and which provide rela­
tively poor coupling to the air are prop­
erly ass igned high resonant frequenc ies, 
while speakers which allow g reater ex­
cursion, or can radiate the same power 
with less excursion due to some special 
means for matching them to the air, 
(such as a horn, for example) can be 
given lower resonant freque ncies. 

\¥ ith the unders tanding, then, that the 
non-linearity of the speaker's elastic re­
storing force cannot be cured by remov­
ing or reducing the restoring force it­
self, the necess ity for substituting an 
acoustic restoring force for the dec im­
ated mechanical one becomes apparent. 
Boyle's Jaw tells us that the restoring 
force will be symmetrical-that it will be 
the same coming and going. Acoustic 
pressure is a function of volume, and it 
makes no difference that the va riations 
in pressure occur above and below nor­
mal atmospheric pressure as a reference 
level. When the cone moves back the en": 
closure pressure on the back of the cone 
is greater than the atmospheric pressure 
on the front su rface; when the cone 
moves forwa rd the atmospheric pressure 
on the front of the cone is g reater than 
the pressure of the rarefied enclosed air 
on the back surface. 

For twenty-five years the a ir in 
speaker enclosures has been considered 
an unavoidable evil. It has been unavoid­
able because of the necessity for provid-
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Typical bass frequency response, on 
the acoustic suspension speaker under 

open field conditions. 

ing acoustical separation between the 
front and back of the cone, and it has 
been an evil because of the effect of the 
added acoustic stilfness raising the res­
onant frequency of the speaker above 
its optimum point and cutti ng off bass 
response. Thus the enclosed air can be 
rendered innocuous by providing a very 
large volume whose acoustic st iffness is 
neg lig ible; this means, ideally, an infi ­
nite bame wall installation or a ver\' 
large, well braced cabinet, both of which 
arc impractical in most homes. Folded 
horns solve the problem, but again at 
the expense of large size-a horn that 
delivers clean, non-boomy bass requires 
a long flared path and an extremely large 
mouth diameter. Different methods of 
"tuning out" the stiffness of the enclosed 
air have also been used, some using 
Helmholtz resonance, as illustrated by 
the various and popular bass-reflex type 
enclosures, a nd some by air-column res­
onance. Critica l adjustments are usually 
required for optimum results. 

The enclosed a ir in the present system 
is not a necessary evi l but an integral 
and indispensable part of the loud­
speaker, wi thout which the speaker could 
not operate properly. S ince we cannot 
conquer the acoustic st iffness readily we 
j oin it and make it work for u::; . The en­
closure volume is so regulated that in 
conjunct ion wi th the mechanical moving 
system of the speaker the final resonant 
frequency is precisely what has been 
intended-about 45 cps. 

\"'hen the first experi mental model of 
the acollstical suspension speaker was 
planned it was reasoned that the bass 
performance, at worst, would be equal 
to that of an equivalent conventional 
speaker in an infinite baffie. It was 
known that the experimental speaker 
would provide complete separation be­
tween front and back waves, that the 
cabinet used no acoustical resonators, 
and contributed no u'1lwanted sti ffness 
to the moving sys tem, and that the re­
s istive loading on the back of the cone 
in an infinite baffie would be more 
equalled by f iberglas fillin g in the ex­
perimental cabinet. Accordingly a control 
twelve-inch speaker, identical except for 
the suspens ion system, was mounted in 
a stairwell. 

The difference bewteen the experi­
mental model and the infinite bailie in­
stallation, however , was immediately 
apparent. T he experimental unit, because 
it did not fl~tten the bass peaks on large 
cone excurSIOns, had a fu ller and cleaner 
bass, especially in the 40 to 60 cps 
reg ion. In the beginning it seemed a 



little unreal to hear the fundamentals 
of organ pedal notes, which could be 
felt as. well as heard, issuing from this 
little box. 

Later measurements of frequency re­
sponse and harmonic distortion indicated 
the reasons for the bass sounding as it 
did. Figure 1 shows the bass frequency 
response of the experimental model, 
taken under open fie ld condi tions. Bass 
response uniform within ± 10 db, as 
indicated in Fig. 1, would be ordinary 
for an amplifier, but is quite unusual 
for a loudspeaker sys telll . This uniform­
ity of response partly results from the 
fact that the restoring force is applied 
smooth ly to the whole of the cone sur­
faces, rather than to the apex and rim 
of the cone by 1llechal1ica~ suspensions, 
and partly fro 111 the optimum damping 
of the resonant peak. 

The practical result of such uniform 
response is the absence of boominess. 
Speech program materia l, which nor­
l1Ia ll y contains 110 energy below 100 cps, 
gives no hint of the fact that the woofer 
reaches down into the low bass. Organ 
pedal notes, bowed o r plucked double 
basses, ctc., are reproduced true in pitch 
;llld without ringing. 

It must be emphasized that the repro­
duced response curve is for a complete 
sys tem rather than fo r a loudspeaker 
mechanism alone, mounted as the testing 
laboratory sees fit . As an illustration of 
the necessity for care in in terpreting 
response curves for loudspeakers alone, 
it has been demonstrated that va riations 
in mounting the same speaker in differ­
ent commercial cabinets can change the 
effective bass cut-off frequency by an 
octave, and the amplitude of the bass 
resonant peak by more than 10 db. 

It must a lso be emphasized that the 
resonant frequency of 45 cps is for the 
complete sys tem rather than [or an un­
mounted speaker mechan ism, or for a 
speaker mechanism mounted by the test­
ing laboratory in an infinite baffie. The 
value of 45 cps was chosen to g ive full 
rC3pollse down to slightly lower than 
40 cps ; this low-frequency limit was 
determined to be as low as practically 
required. Although the above determi ­
nation was made on the bas is of direct 
experiment with various types of pro­
grall1111ate rial, it is supportcd by author­
ities in the field, such as 01so l1. 1 

T he harmonic di stortion of the experi­
mental model speaker was reduced, from 
that of the control model in the infinite 
bame, by a factor of about three. The 
harll10nic distortion of a later model 
was measured by an olltside testing 
laboratory and found to reach 1.4 per 
ccnt at 46 cps, 10 watts i l1put.~ It will 
therefore be seen that thi s speaker sys-

I Harry F. OISOIl, "Ehments oj Aeoflstical 
Engineeriug," D. Van Nostrand Co., 2nd 
cd., 1949, p. 4i7. Dr. 0 15011 li sts 40 cps as 
the low-frequcncy limit required for the re­
production of orchcst ral music with perfect 
rldeli ty. 

: These figures wc re takcn with the elec­
trica l input as reference lcvel, and arc there­
fore favored by the low efficiency of the 
system. 

TABLE I 
CompororiYe characteristics of on infinite baffle, a 12-cu. ft. totally enclosed cony?n­
tiona I cabinet, .. nd the .. caustic s uspen~ion syste m, all usin g a 12-in. spe .. ker mechanism 

Distortion Raising of 
due to resonant 
suspensions fr equency 

above de-
sired value 

Inf inite Amount normal Ver; 
baffle and to speake rs of Slight installation 

current desig n 

ll-cu . ft . totally Slightly less Sli gh t 
enclosed conven_ than above tion al cabinet 

Acoustic P ractically None 
suspe nsio n non-existent system 

tem has not been designed as a compro­
mise /Isma il unit," and it was not in­
tended that a handicap weighting of its 
performance be a llotted to it because of 
the small size ·of its enclosure. It is the 
author's opinion that the bass perform­
ance of a speaker with given magnetic 
and electrical design will be optimum, 
a t the present sta te of the art, when a 
mov ing system with the acoustical sus­
pens ion is utilized; the small enclosure 
not only entails no penalties but contrib­
utes a t remendous advantage from the 
point of v iew of performance quali ty. 
It is anticipated that the acoustical sus­
pension principle will become increas­
ing ly un iversal in the industry, and will 
have general application to speaker sys­
tems of all s izes. One obvious appl ica-

Acoustic Resistive Introduction 
separatien damping of acoustic 
between on cono resonances 
front and 
b<lck 

Complete Good; air Possible 
resistance resonance of 
loads both space into 
sides of which back of 
cone cone faces 

Comple te Fair; air Possible 
res istance standing waves 
does no t load in cabinet 
back of cone unless properly 
at bass damped out 
frequencies 

Complete Opt imum; a ir None 
resista nce 
loads f ront 
of cone and 
contro lled 
acoust ic v is-
cosity app l ied 
to back 

tion is in electronic organs, where pedal 
note fundamentals of low frequency can 
be produced cleanly and a t high power 
from a speaker systcm installed right in 
the console. 

Damping: 

The amount of Fiberglas damping 
materia l in the enclosure (see Fig. 2) 
is fa irly cr it ical. T he F iberglas, in the 
amount used, completely damps out 
standing waves at higher frequencies 
(a task made eas ier by the small cabinet 
dimens ions, since the standing waves 
that tend to form are shorter wave 
lengths, and sllch sound waves are more 
eas ily absorbed) and reduces the Q of 
the moving systcm so that the main 

Fig. 3. The assembled experiment .. 1 speaker .. nd enclosure. 



resonant impedance peak is broadened. 
The Q can be cont rolled at will; too 
little F iberglas yields an uutput peak in 
the bass, while too much ovcrdamps the 
system and attenuates the bass response. 

Since the enclosure is actua lly an in­
tcgral part of the speaker it cannot be 
built like conventional cabinets. An 
acousti cal seal must be provided, and 
the unrelieved pressures that are built 
up arc so great that an unusually large 
numbcr of ribs and braces are required, 
together with ~-inch walls. Figure 3 
is a photograph of the experimental 
model of the loudspeaker, its outside 
dimensions measuring 19 x 19 x 11 in. 
lt uses a twelve-inch woofer and an out­
side tweeter, the latter not shown. The 
production model of the acoustical sus­
pension loudspeaker that will be exhib­
ited at The Audio Fair wi ll not be 
square, for greater convenience in use 
on shelves or bookcases, and will utilize 
a twel ve-inch woofer with 52-oz. Alnico 
5 magnet, plus a high-frequcncy section 
mounted within the enclosure. Either 
the speaker mechanism or the enclosure 
is useless by itself. The spcakcr mecha­
nism a lone is only half a speaker, 
and mounting it in any convcntional 
cabinct would be no more feasible than 
mounting a conventional twelve-inch 
speakcr in the totally enclosed cabinet 
of approximately 11 cubic ft. interior 
volu l1lc. 

Figlfre 4 illustrates by electrical anal­
ogy the substitution of acoustical for 
mechanical stiffness in the moving sys­
tem. T he total compliance, that is, 

C llpefl !.c r Cull' 

C 8llcaker X C (l h.' 

I '::; not changed by the new design from 
its optimum value in terms of the moving 
mass and length of linear magnetic path. 

An examination of the negat ive side 
of the ledger wi ll reveal the fact that 
the acoustic suspension speakcr system 
is relatively inefficient. The efficiency 
rating does not, however, fall outside 
the range of values for conventional 
direc t radiators and a lO-watt amplifier 
is sufficicnt to provide ample volume for 
a room of 3,000 cubic fee t. Some of the 
reasons for the relative inefficiency are: 

1. Thcre are no acoustical resonators 
employ cd in coupling the cone to the air. 

2. The moving system has purposely 
bcen given a low QJ to damp the bass 
resonant peak, and has a relative ly high 
mass reactance in the commercial model. 

3. The voice-coi l gap cannot be made 
very narrow due to the nature of the 
centering spider, although the gap width 
does !lot fa ll outside the range of values 
for convent ional units. The acoustical 
suspension speaker system can, of course, 
be used as the dr iver unit for a horn 
where high efficiency is requircd. 

A patent application for the speaker 
systcm described ill this article has been 
filed by the author. 
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Fig. 4. (a) Electrical-m ec hanical anal ogy of the moving system of a conventianal speaker in a 
totally enclased cabinet. Since C 'lr is made as large as poss ible, the non - linear C . l.nl<u 
dete rmines the e lastic stiffness of the system. 

(b) Electrical-mechanical analog y of the moving system of the acaustic suspension speaker. 
Sinc e C "l'eokor is made very large, the linear C al r determines the clastic stiffness of the ~ys­
tem. Th e resultant total clastic stiffness, however, is not changed from its optimum value . 

THE PEDAL TONES OF THE ORGAN 
--tIle u p per Ila rm onic s oj st r inf[s a nd brass 

reprodnced fully a.nd nat"raity by the Aco1is t·;c Research AR-l 
lo·ndspealw-r sy ste",' (12" woofer, separate IfF section) 

Within it s 25 watt power rating the 
AR-l compares fa vorably with theatre­
type folded horns and elaborate wall 
inst all a tions. 

The aim of the research project out 
of which the AR-I was developed was to 
create a loudspeaker that made no com­
promise with disrartio n-f rcc bass down 
to 40 cps. The fact [hOlt the cabinet 

• Pa tenl allplied (ur br Edgar ~1. Vil1chllr. 

had IU be sma ll to perform its special 
fun ct ion tu rn ed our to be a welcome 
blH second ary dividend. 

So far as we know, the un iformity of 
fr equ ency response and low distortion of 
the ;\ R-l set new s tandards for the 
speaker indus try. When you listen to 
this ra dically new system do 11Ot. make 
allQ1{1t1'll ces fo r siu or price. 

Rm. 714 at th e 
x . r. ,\Julio ~':lir 

$185.00 net 
IlIrch or MahOlt~ ny 
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Acoustic Research Inc. 
23 rvl t. Aubmll St., Cambridge 38, Mass . 


