Revolutionary Loudspeaker
and Enclosure

The author describes a fundamentally new loudspeaker system whose 12-inch
woofer utilizes 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.

still plague the field of lpudspeaker
design pay be Categorized az:

1. How 1o kecp barmonic distortion
low in the feequency region below 70 or
80 cps, especially at high power.

2. How 1o keep frequency response
wnifornr and extended at sll power levels.

3. How 1o solve the above two prob-
Fes without requiving architectural in-
stallations, very large cabinets, and dif-
fiendt final adpustments,

The loudspeaker system here deseribed
is the fruit of an investigation that was
pramarily divected towards solving the
first of these protlems, that is, iowards
creating an electro-nconstic transducer
that made wo compromise wiath law dis-
tortion bass down to 40 eps. The solu-
tion to the distorton problem trned om
at the same time to be 2 solwtion to the
problems of mniform bass frequency re-
sponsé and of cahinel size,

The greatest souree of distortion m a
typical high-quality reproducing system
15 the loudspeaker, Speaker harmonie
distortion in the bass range is wlerated
in amounts far greater than would ever
be allowed in the ampliber or picknp—
values between 3 and 10 per cent below
60 gps and at moderate power are com-
mon even in high-quality units. The
greatest single souree of distortion in the
loudspeaker itself s the nmon-lincarity ol
the voice-coil and rim suspensions which
hold the cone and voiee-coil to the
speaker frame. The elastic stifiness of
the suspending members, a property
which they must possess in order to per-
form their innctions properly, does nm
rémain constant over the excursive pith
of the cone; the further the cone moves
from its central position the greater is
the resisting force comstant of the sus-
pengions.

The design of these suspensions and
of the speaker’s moving system has been
refined but not changed udamlh over
the last bwenty years or se. The situation
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 retraced their steps, back ta
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the baste problems assoenued with con-
verting needle vibrations to sound, and
applied a mew approach, the clectrical
ong. In the present ease, instead of at-
empting 1o re-design an already re-
hined mechaneal suspension &ystem for
a linear force displacement mlnlmns}u]»
the elastic stifiness of the mechanical
suspension  system  was  substantially
eliminated, and a linear, wconshc elas-
ticity used instead. Thus, the domination
of volce-coil motion by the non-linear
elastic mechunical suspensions was also
substantinlly clininated, The phrase
Ysubstantialy elimin ited”  can  mean
many things: here it is used to denote
reduction by a fnctor between 6 and 10.

Acowustic Elasticity

The acoustic elasticity is provided by
the enclosure’s sealed-in e, which must
he compressed wihen the cone moves
back, and rarefied or stretched when the
cone moves forward. In other words the
air OF the enclosure 18 wser] as an elastic
cushion. 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 most fortunate consequences,
and it is possible to reap large extra
tividends over and above the reduction
oi distortion. The amount of acoustic
elastic stiffness available s determined
by the cubic volume of the enclosure; the
cubic volume which must be provided
(not as a minimum but a8 an optimum
valne) is af the order of one-fifth the
volume of a conventional totally enclosed
cabinet for an eguivalent speaker mech-
Anism.

The function of an infinite baffie or
totally enclosel] cabinet is to provide
acoustical separation between the waves
radiated by the front and back surfaces
of the speaker cone, waves which are
out-oi-phase and would cancel at lower
{requencies. One may ask then, why it
has not been possible 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 acoustic elas-
ticity  referved  fo, which increases
the elastic stiffness of the speaker’s mov-

ing system and raises ity main resonant
frequency, The narure of modern lowd-
speakers is such that below the resonant
freguency response falis off rapidly—at
the rate of 12 db per octave, in terms of
pressire, in an undamped unit,

Suppose, for example, we have a 12-
in. loudspeaker mechanism whose wiaim
pesonance oceurs at 50 eps in free air,
1{ we now mount the speaker in a wall
the resonant freguency will drop due to
the air load mass, perhaps to 45 eps, and
if the spenker has been well designed we
cah expect good response to \nmﬁthmt,
below 40 eps. with about 6 db of attenn-
ation at 32 ¢ps.

I we now ta]u: this same londspeaker
mechanism and mount it instead in a
conventional totally enclosed cabiner (i
second choice dictated by the landlord)
we will find that the resonant frequency
15 raised by the additional acoustic stiff-
ness of the enclosed air. Probably the
best that we can hope for is to keep the
resonant: frequency at about 50 eps. an
achievement that will certainly réquire
i cabinet volume of over [0 cu. it, A
cabinet of 5 cu. ft. will raise the reso-
nant frequency into the 60 cps region,
and the system will suffer a correspond-
g loss of bass response.

The problen, then, resolves itself into
these terms: how provide complete
aeoustic separation between the front
and back of the speaker cone, without
raising 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 €lasticity for onr speaker system as
for a conventional speaker, on the basis
of the resonant frequency we decide
upon. We then design the speaker mech-
anmism with perhaps only 10 per cent of
the elastic stiffness that it needs, so
that the resonant frequency for the un-
mounted speaker mechanism i1s subsonic,
of the order of 10 eps. For reasons that
will be apparent a little later, this speaker
mechanisnt is useless as a bass speaker
in any econventional mounting—which
was not designed for 10-cps resonance
but for 45-cps resonance.

The fival step in the construction of
the complete speaker system follows
logically. We enclose the back of the
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Fig. 2. Experimental enclosure, showing Fiberglas made wp in cheesecloth-covered “pillows.”
The enclosed velume of air, rather than mechanical suspensions, supplies elastic restoring force
to the special 12-inch speaker.

speaker with an acoustically sealed vol-
ume of air which will supply the remain-
g 90 per cent of the elastic stiffiness to
the moving system, and which will raise
the resonant frequency 1o 45 cps. The
wmterior volume of the experimental
aconstic suspension speaker, using a 12-
inch woofer and designed according to
this principle, is 1.7 cubic feet, Incréas-
ing the cubic volume will not improve
the performance of the system, but will
degrade it.

We can now compare the characteris-
tics of the infinite baffie with corvespond-
ing characteristics of the acoustic sus-
pension system. This is done in Table 1.

Spesker 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 fovce of a particnlar speaker canmnot
he deereased helow an optinmim value for
that speaker. Too low an elastic stiffness
will result in imereased bass distortion,
as the voice-coil will travel out of the
path of hinear magnetic flux on high-
amplitude low-frequency signals, or will
actually “bottom™ against parts of the
magnet structure.

The same principle may be explained
in terms of the main resonant frequency
of the speaker, which, as we have seen,
is determined by the values of elasticity
and msass, both mechanical and acous-
tical, of the suspended system. Other
things being equal it is desirable to have
speaker resonance as low in frequency
as possible, but too low a resonant fre-
quency tesulks in cone excursions too
great for the length of the magnetic path
provided by the particidar speaker.
Voice-coil excursion in the bass, for
constant radiated power, must be quad-
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rupled for each lower octave, and the
attenuation of response helow resonance
protects the speaker against over-large
EXCUrsions.

Thus when a speaker is designed with
the correct resonant frequency, voice-
cuil excursion is always kept within the
limits of linear fAux for all signals, 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 assigned high resonant frequencies,
while speakers which allow greater 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 frequencies,

With the understanding, then, that the
non-lincarity of the speaker’s elastic re-
storing force eannot be cured by remov-
ing or reducing the restoring force it-
sclf, the necessity for subsfituting an
acoustic restoring force for the decim-
ated mechanical one beeomes apparent,
Boyle’s law tells us that the restoring
foree will be symmetrical—that it will be
the same coming and going. Azoustic
pressure 15 a function of volume, and it
makes 1o difference that the variations
in pressure occur above and below nor-
mal atmospheric pressure as a reference
level. When the cone moves back the en-
clasure pressure on the back of the cone
is greater than the atmospheric pressure
on the front surface; when the cone
moves forward the atmospheric pressure
on the front of the cone is gréater than
the pressure of the rarefied enclosed air
on the back surface.

For twenty-Aive vyears the air in
speaker enclosures has been considered
an unavotdable evil. It has been unavoid-
able because of the necessity for provid-
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Fig. 1. Typizal bass frequency response, onm
axis, of the scoustic 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 stiffness raising the res-
onant frequency of the speaker above
its optimum point and cutting off bass
response. Thus the enclosed air can be
rendered innocuous by providing a very
large volume whose acoustic stiffness is
negligible; this means, ideally, an infi-
nite bafle wall installation or a wery
large, well braced cabinet, both of which
are impractical in most homes. Folded
homns solve the problem, but agawy at
the expense of large sizé—a horn that
delivers clean, non-boomy bass requires
a long flared path and an extremely large
mouth diameter. Different methods of
“taning 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, and somie by air-column res-
onance. Critical adjustments are usually
required for optimim results.

The enclosed air in the present system
is not a necessary evil but an integral
and indispensable part of the loud-
speaker, without which the speaker could
not operate properly. Since we cannot
conquer the acoustic stiffness readily we
join it and make it work for us. The en-
closure volume is so regulated that m
conjunction with the mechanical moving
system of the speaker the final resonant
frequency is precisely what has been
intended—ahout 45 eps.

When the first experimental mode) of
the acoustical 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 baffle. It was
known that the experimental speaker
would provide eomplete separation be-
tween fromt and back waves, that the
cabinet used no acoustical resonators,
and contributed no wuswanted stiffness
to the moving system, and that the re-
sistive loading on the back of the cone
in an infinite bafle would be more
equalled by Fiberglas flling in the ex-
perimental cabinet. Accordingly a control
twelve-inch speaker, identical except for
the suspension system, was mounted in
a stairwell,

The difference bewteen the experi-
mental model and the infinite bafe in-
stallation, however, was immediately
apparent. The experimental unit, because
it did not flatten the bass peaks on large
cone excursions, had a fuller and cleaner
bass, especially in the 40 to 60 cps
vegion. [n the beginning it seemed a
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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 | shows the bass frequency
response of the experimental model,
taken under open field conditions. Bass
response uniform within £134 dh, as
indicated in Fig, 1, would be ordinary
for an amplifier, but is quite unusual
for a loudspeaker system. This uniform-
ity of response partly results from the
fact that the restoring force is applied
smoothly to the whole of the cone sur-
faces, rather than io the apex and rim
of the cone by mechanical suspensions,
and partly from the optimum damping
of the resonant peak.

The practical result of such uniform
response is the absence of boominess.
Speech program material, which nor-
mally contains no energy below 100 cps,
gives no hint of the fact that the wooé)er
reaches down into the low bass. Organ
pedal notes, bowed or plucked double
basses, etc., are reproduced true in pitch
and without ringing.

It must be emphasized that the repro-
duced response curve is for a complete
system rather than for a loudspeaker
mechanism alone, mounted as the testing
laboratory sees fit. As an illustration of
the necessity for care in interpreting
response curves for loudspeakers alone,
it has been demonstrated that variations
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 also be emphasized that the
resonant frequency of 45 cps is for the
complete system rather than for an un-
mounted speaker mechanism, or for a
speaker mechanism mounted by the test-
ing laboratory in an infinite bafle. The
value of 45 cps was chosen to give full
response down to slightly lower than
40 cps; this low-irequency limit was
determined to-be as low as practically
required, Although the above determi-
nation was made on the basis of direct
experiment with various types of pro-
gram material, it is supported by author-
ities in the field, such as Olson?

The harmanic distortion of the experi-
mental model speaker was reduced, from
that of the control madel in the infinite
baffle, by a factor of about three. The
harmonic distortion of a later model
was measured by an ouiside testing
laboratory and found to reach 1.4 per
cent at 46 cps, 10 watts input.® It will
therefore be seen that this speaker sys-

i Harry F. Olson, “Elements of Acoustical
Fugineering,” D, Van Nostrand Co., 2nd
ed,, 1949, p. 477. Dr. Olson lists 40 cps as
the low-frequency limit required for the re-
production of erchestral music with perfect
fudelity.

* These figures were taken with the elec-
trical input as reference level, and are there-
fore favored by the low efficiency of the
system.
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TABLE |

Comparative characteristics of an infinite baffle, a 12-cu. ft. totally enclosed conven-
tional cabinet, and the acoustic suspension system, all using a 12-in. speaker mechantsm

Distortion Rasing of
duo to rasonant
above de-
sired valua
Infinite Amount normal  Very
mitie oot Sigh
current design
12-cu. it. totally  Slightly less Slight
Ioxed conven- S
Honol cabinat. than above
A:ﬂnﬁi: Practically None
::': :.:‘ hire non-existent

Acoustic Resistiva Introduction
separation damping of acoustic
betwcen on cong resonances
front and
back
Complete Good; air Possible
resistance resonance of
loads both space into
sides of which back of
cone cone faces
Complete Fair; air Pozsible
resistance standing waves
doas not load in cabinet
back of cone  unless properly
at bass damped out
frequencies
Complete Optimum; air None
resistance
loads front
of cone and
controlled
acoustic vis-
cosity applied
to back

tem has not been designed as a compro-
mise “small uni,” and it was not in-
tended that a handicap weighting of its
performance be allotted to it because of
the small size of its enclosure. It is the
author’s opinion that the bass perforni-
ance of a speaker with given magnetic
and electrical design will be optinmm,
at the present state of the art, when a
moving system with the acoustical sus-
pension is utilized: the small enclosure
not only entails no penalties but contrib-
utes a tremendous advantage from the
point of view of performance quality.
It is anticipated that the acoustical sus-

nsion principle will become increas-
ingly universal in the industry, and will
have general application to speaker sys-
tems of all sizes. One obvious applica-
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Fig.a. The assembled experimental speaker and enclosure,

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

Damping
The amount of Fiberglas dampin
material in the enclosure (see Fig. 2
is fairly eritical. The Fiberglas, in the
amount used, completely damps out
standing waves at higher frequencies
(a task made easier by the small cabinet
dimensions, since the standing waves
that tend to form are shorter wave
lengths, and such gound waves are more
casily absorbed) and reduces the O of
the moving system so that the main
(Continited on page 100)
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REVOLUTIONARY SPEAKER and ENCLOSURE

(from page 27)

resonant impedanee peak is broadened,
The O can be “controlled at will; too
little Fiberglas yields an output peak in
the bass, while too mich overdanips the
system and attenuates the bass response.

Since the enclosure is aetually an in-
tegral part of the speaker it cannat be
buile like conventional enbinets. An
acoustical seal must be provided, and
the mnrelicved pressures that are built
up are o great that an unusually large
nuinber of ribs and braces are required,
together with 34-inch walls, Figure 3
is a photograph of the experimental
model of the loudspeaker, its outside
dimensions measuring 19 % 19 x 11 in.
It nees a twelve-ineh woofer and an out-
side tweeter, the latter not shown. The
production maodel of the acoustical sus-
pension loudspeaker that will be exhib-
itel at The Audio Fair will not be
square, for greater convenience in use
on shelves or bookeases, and will utilize
a twelve-inch ywwoofer with 52.0z, Alnico
5 magnet, plus a high-frequency section
monnted within the enclosure. Either
the speaker mechanism or the enclosure
15 useless by itself. The speaker mecha-
nism alone is only half a speaker.
and mounting it it any conventional
cabiter would be no more fensible than
mounnng a conventional twelve-inch
speaker i the 1otally enclosed cabinet
of approximately L7 cubic ft. interior
volume,

Figure 4 illustrates by electrical anal-
ogy the subshitution of acoustical for
mechanieal stiffness in the moving sys-
tem, The total compliance, that is,

Ca;n."r:i"t‘r Cair

Cspc-ml;cr o8 Cflh’,

is not changed by the new design from
ifs optimum vahie in fterms of the moving:
mass and length of linear magnetic path,

An examination of the negative side
of the ledger will reveal the fact that
the acoustic suspension speaker system
is relatively ineficient, The efficiency
rating does not, however, fall outside
the rapge of wvalues for conventional
direct radiators and a 10-watt amplifier
is sufficient to provide ample volume for
a room of 3,000 cubic feet. Some of the
regsons for the relative inefficiency are:

1. There are no acoustical resenators
employed in coupling the cone to the air,

2. The moving system has purposely
been given a low 0, to damp the bass
resonant peak, and has a relatively high
mass reactance in the commercial model,

3. The voice-coil gap cannot he made
very narrow due fo the mature of the
centering spider, although the gap width
does 1ot fall outside the rauge of values
for conventional units. The acoustical
suspension speaker svstem can, of course,
be used as the driver unit for a horn
where high efficiency is required.

A patent applicadon for the speaker
system described in this article has been
filed by the author.
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Fig. 4, (a) Electrical-machanical analogy of the moving system of o conventional speaker in a
totally enclosed cabinet. Since C.ir is mode os large as possible, the non-linear C.puoxer

determines the elostic stiffness of the system.

. (b} Electricol-mechanical analogy of the moving system of the ocoustic suspension speakar,
Since Cipraier is made very large, the lineor C.ir determines the elostic stiffmess of the sys-
tem. The resultant total elastic stiffness, however, is not changed from its optimum value.
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Commercial Acoustic
Suspension Speaker

EDGAR M. VILLCHUR*

Performance data on the new loudspeaker system in which
cone suspension is a carefully controlled volume of air.

the writer described an experimental

speaker system! in which the bulk
of elastic restoring force was supplied
by the pneumatic spring of the enclos-
uers’ air rather than by the cone’s me-
chanical suspensions. The speaker mech-
anism itself had a subsonic resonant
frequency, but when mounted in its
acoustically sealed, Fiberglas-filled en-
closure the final resonant frequency of
the system was raised to a predetermined
value of about 45 cps.

The present article is a report on a
commercial unit built to the above de-
sign. It is considered that there is gen-
eral interest in performance measure-
ments of a device constructed on a new
principle; in addition quantitative data
on loudspeaker performance under care-
fully defined test conditions is relatively
rare, and it is hoped that such a report
may stimulate the publication of similar
reports on other speakers.

The commercial unit is made as a
two-way system, using a 12-inch acoustic
suspension woofer in combination with
a conventional cone-type high-frequency
speaker, and is also made as a woofer
system for use with other high-frequency
units. The system is illustrated in Fig. 1.
It was decided to report on the model
with the woofer alone for the following
reasons: (1) The point of the article
is to make a quantitative report on the
capabilities of the acoustic suspension
system, and (2) test procedures are sim-
plified and made more reliable, thus
better subject to accurate duplication
by others. Variables such as radiation
angle, microphone calibration at higher
frequencies, and interference effects be-
tween the two speakers which may make
microplhone positioning critical, are
largely eliminated. The performance of
the high-frequency section will be only
briefly summarized.

The two basic criteria of measurement
techniques are validity and reliability.
Validity refers to the degree to which
the tests measure what they are supposed
to measure, and are uninfluenced by
other factors. Reliability refers to the
accuracy of the measurements: it is an
index of the extent to which the meas-
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search AR-1W low-

urenients can be duplicated at other
times and places.
Reliability

A valuable paper on loudspeaker fre-
quency response measurements? has
pointed out the dangers involved in in-
terpreting speaker f{requency response
curves when the exact test conditions
are not known. Three such curves, made
by three different acoustic laboratories
using the identical speaker, were com-
pared with each other and shown to
differ by as much as 10 db at different
portions of the frequency spectrum.

In the present case it was decided that
unless test conditions could be estab-
lished that would make it possible for
results to be readily duplicated by any-
one with the necessary facilities and
skill, the measured data, while it might
have a limited usefulness, would be un-
suitable for publication. The frequency
response and distortion measurements
published here have been duplicated
without significant variation. It is be-
lieved that any tests conducted under
the same controlled ~conditions will
achieve results which are within 1 db
of the frequency response curve and will
add or subtract less than one per cent
to the values of the distortion curve.

Conditions Of Test

The enclosure was placed in a hole
in the middle of a 2-acre field, its face

2 Jensen Mfg. Co.,, “Loud Speaker Fre-
quency-Response Measurements,” Techni-
cal Monograph No. 1, 19-4.

Fig. 1. Acoustic Re-
frequency  speaker
system. The two-way
system uses the same
cabinet.

www /amerieanfadiohisbtorv.com

flush with the surface of the ground
(see Fig. 2). The speaker was fed from
an amplifier with a controllable source
impedance, and a microphone was sus-
pended at a distance of 5 feet above the
enclosure, on axis with the cone. This
means that the speaker was radiating
into a controlled 180-deg. solid angle,
into essentially free space, driven by an
amplifier with a controllable damping
factor.

The reliability gained by such test
conditions involves a certain sacrifice in
validity if what we are measuring is
musical fidelity. One does not listen to a
loudspeaker when one is suspended from
a boom in the middle of a field, and in
addition the effect of refraction from the
cabinet edges, which would be present
under any conditions except a bookshelf
installation, is not taken into account.

The alternatives, however, are worse.
If we test the speaker in a normally live
listening room we will get a different
frequency response curve for each micro-
phone position and for each room we
use, and interpretation becomes difficult.
Room resonances may accentuate or
suppress various harmonic distortion
products. Similarly, diffraction from the
cabinet edges will create interference
effects that will change the response
curve with even small changes of micro-
phone position. Thus RETMA Standard
SE-103, in describing methods of meas-
uring speaker pressure-frequency re-
spomnise, states that if there are no manu-
facturer specificatiens on mounting for
a direct-radiator speaker:
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Fig. 2. Field measurement of the AR speaker,
using General Radio Sound Level Meter (the
microphone is detachable).

“. .. it shall be mounted on a rigid, non-
absorbing, effectively infinite baffle. (This
:'implies a radiation solid angle of 180
eg.
“Substantially free-space conditions
shall exist in the acoustical environment
of measurement.

“The microphone shall be placed on the
axis of the speaker as specified by the
manufacturer and at a distance at least
three times the maximum transverse
dimension of the radiating area. (About
30 inches minimum for a 12-inch speaker.)
“The values of Ee¢ (signal voltage) and
Rse (driving source impedance) used in
the measurement, and the value of Rsr
fgralt’z'd speaker impedance) shall be speci-

ed.”

(Italicized portions have been inserted
by the writer.)

The conditions of measurement also
comply with the recommendations of
Standard C16.4-1942, “American Rec-
ommended Practice for Loudspeaker
Testing,” published by the American
Standards Association, for both pres-
sure-frequency response and distortion
measurements. The ASA specifies 5 feet
on-axis for microphone position.

Under the above conditions the meas-
ured data was found to be reliable, and
results could be repeated at will. The
equipment used included the following:

Krohn-Hite
430-AB.

Altec 21-BR-150 capacitor microphone,
with cathode follower output.

Freed a.c. vacuum-tube voltmeter model
1040.

(Low-frequency pressure response was
re-checked in repeat tests using General
Radio Sound-Level Meter Type 1551-A.)

Hewlett-Packard Distortion Analyzer
330B.

Dumont Oscilloscope Type 208.

Validity

In a narrow sense the validity of the
tests is assured by the use of established
and recognized techniques. The readings
did measure r.m.s harmonic distortion,
pressure-frequency response, and bass
transient response,

In a more general sense, however, it
is difficult to state that “flat” frequency
response under free-space conditions

audio oscillator, model

AUDIO e JULY, 1955

represents musical fidelity under normal
listening conditions. We know, for ex-
ample, that the perception of relative
bass content in reproduced program ma-
terial varies with the volume level of the
sound, a phenomenon called the Fletcher-
Munson effect. Room acoustics, speaker
placement, and other listening conditions
can strongly influence the actual percep-
tion of sound in the final listening.
Validation must then be made by cor-
relating objective data with subjective
judgments, and by deductions that can-
not, by their nature, be as rigorously
tested as can the data itself. It is uni-
versally accepted, however, that the
avoidance of dips and peaks in the re-
sponse curve (ignoring slope) is a good
thing. The writer then suggests that,
considering the sensitivity of control
that can be exerted over electronic as
opposed to mechanical devices at the
present state of the art, any equalization
be assigned to amplifier circuitry.?
This leaves us with a response curve
for the 180 deg. solid angle which, if flat,

T 10 worts into rated impedance of 4e (6.3 v. at 175 cps}
Sound pressure level 5' on axis at 100 ¢ps = 97.5 db® ‘
- =20 watts into rated impedance of 4w (9 v. ot 175 cps) |

\ \  Sound pressure level 5' on axis ot 100 cps =105 db*
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Fig. 3. Harmonic distortion-frequency charac-
teristic of the AR-1W, under conditions noted.

will be transformed into a response that
includes boost of the low bass when the
speaker is mounted in a corner or at the
junction of the floor and the wall. In the
case of the unit tested the effective
amplifier source impedance can be
changed externally by switching from
the 8-ohm to the 4-ohm connection, pro-
viding flexibility of bass response for
different mounting positions. A test run
was made with the speaker placed in the
corner of a normal listening room, the
driving source impedance being low—
that is, using an amplifier with a rela-
tively high damping factor. The results
of this test are indicative of general per-
formance under such conditions but not
as rigorous as the free field tests. Opti-
mum use of the acoustic suspension
system, as of any other speaker, is con-
sidered to be with an amplifier that has
a variable damping factor, which is ad-
justed to optimum (not maximum) bass
response under the conditions of oper-
ation. It is agreed among acoustics au-
thorities that there is an optium source
impedance from which to drive a given
speaker mounted in a given way for the
most uniform and extended bass, but this

3 This applies to the woofer; the prob-
lem is complicated in the case of the high-
frequency speaker by the differences be-
tween on-axis and off-axis response.
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Fig. 4. Harmonic distortion of the AR-TW in
the corner of a room.

fact is only recently acquiring general
recognition.
General Speaker Characteristics

A brief listing of characteristics of
the unit tested appears below:

Model No. AR-1W
Magnetic circuit 3.3 Ibs. Alnico 5§

6 lbs. Armco iron
Frame Cast aluminum
Nominal diameter 12 inches
of speaker
Resonant fre- Subsoriic

quency of un-

mounted speaker
Final resonant fre-

quency of system
Cabinet

43 cps +1 cps

Ribbed 34 in. stock,
dimensions 25 X
1134 x 14 in,
acoustically sealed
and filled with
Fiberglas.

It should be noted that the main fac-
tors which determine the final resonant
frequency are the mass of the moving
system, the cubic volume of the cabinet,
and the amount of Fiberglas filling, all
of which are readily subject to accurate
control. The elastic stiffness of the sus-
pensions, a factor which is not so easily
controlled with accuracy, contributes
only about 10 per cent of the total elastic
stiffness, and the resonant frequencies
of different production units can there-
fore be kept within small tolerances.

Harmonic Distortion

Distortion data is listed before fre-
quency response data in order to validate
the former. We are not interested in the
total amount of sound put out by the
speaker when stimulated at particular
frequencies, including spurious har-
monics, noise, etc., but in the output of
reasonably undistorted sound at differ-
ent input frequencies. A frequency re-
sponse rating that extends down to 32
cps has little significance if the harmonic
distortion at this frequency is 40 per

Fig. 5. Oscillograms of acoustic output of

AR-1W (conditions listed in Fig. 4) at 10

watts to rated impedance, at 32, 60, and 100

cps, respectively, from left to right. The ex-

treme uniformity of output is accidental, as

can be seen from the frequency-response graph
of Fig. 7.
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Fig. 6. Frequency response of the AR-TW under
conditions noted.

cent at moderate power, other than to
indicate that the designer has attempted
to extend the bass response turther than
he should have for that particular
speaker. Attenuated output is by far
preferable to distorted output. Similarly,
a low distortion reading at 32 cps has
little positive significance if speaker re-
sponse is down 20 db at that point. The
distortion graph of Fiy. 3 should be read
in conjunction with the frequency-re-
sponse graph of Fig. 6, so that the dis-
tortion curve refers to the reproduced
frequency range, and the frequency re-
sponse curve refers to the range of low-
distortion reproduction. The necessity
for validation of the frequency-response
curve by distortion data is clearly in-
dicated in ASA Standard C16.4-1942,
which in listing essential practices for
plotting  pressure-frequency response
characteristics states:

“Unless otherwise stated, the values of
pressure plotted shall be those correspond-
ing to the fundamental {irequencies.”
(Italics supplied.)

The graphs of Fig. 3 plot the r.m.s
distortion-frequency characteristic of
the AR-1W at 10 and 20 watts input
to the rated impedance (4 ohms). Am-
plifier gain was adjusted to 6.3 and 9
volts output across the speaker at 175
cps, and left that way for the run. The
radiation angle was 180 deg. Figure 4
plots the distortion-irequency character-
istic of the AR-1W in the corner of a
normally live living room, and Fig. 5
shows oscillograms of the acoustic out-
put of the speaker at 32, 60, and 100 cps,
with 10 watts into the rated impedance
under the latter conditions.

A word of caution about the interpre-
tation of the distortion figures must be
inserted at this point. The reference
power levels are electrical, and the in-
efficiency of the speaker (referring to
the electrical power required for a given
acoustical power) therefore favors the
readings. The sound level is also quoted,
but will be meaningless to many readers.
The only correct way to compare the
data with corresponding data from
another speaker would be at the same
sound pressure level at a given fre-
quency, not at the same electrical power
input. The range of difference in com-
mercial speaker efficiencies is probably
at least 25 to 1.

The efficiency of the AR-1W, on the
other hand, is close in value to that of
several other commercial units for
which the writer has a high regard. It
should also be noted that the etficiency
of the AR-1W remains essentially con-
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stant down to very low frequencies (see
Fig. §5), and the absolute efficiency in
the 30-60-cps octave may be greater
than that of another speaker with a
much higher over-all efficiency rating.
For example, if pressure response at 40
cps is down 9 db (which still allows for
an excellent low-frequency reproducer)
the efficiency at that frequency is re-
duced by a factor of 8, and it will re-
quire 8 times the amplifier power to
create the same sound pressure level as
at the reference level. The AR-1W used
as an organ pedal tone generator could
not be considered an inethcient speaker.

When the 8-ohm connection is used
for 180 deg. radiation conditions (mid-
wall sheli mounting) the efficiency is
halved. The conditions of the &-ohm
connection can be achieved without such
loss of spcaker efficiency by using an
amplifier with a damping factor of L.

Frequency Response

The graph of Fig. 6 plots the fre-
quency response of the AR-1W under

1
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PRESSURE

recorded with microphone and oscillo-
scope, showing slight overshoot.

Efficiency

Efficiency has no direct relation to
quality, but it does have an indirect one
in that the power demanded from the
amplifier by an inefficient speaker may
exceed the amplifier rating. If the avail-
able voltage driving the amplifier is
great enough the amplifier may then
overload and distort. It is also true that
in A-B tests the louder system tends
to sound better automatically, and an
efficient speaker has the edge in audio
salesrooms if the electrical levels are not
adjusted for equal volume from each
speaker.

Interpreted in general terms the sound
pressure levels indicated in Fig. 6 mean
that a good 10-watt amplifier is adequate
for the AR-1W or AR-1 speaker for
moderate listening levels in typical living
rooms, For larger rooms and for those
who like very high levels of reproduced
sound, at least 30 clean watts are re-
quired. The RETMA efficiency rating
of the AR-1W at 100 cps is 21.5 db.

In constructing a figure of merit for
a loudspeaker system designed for home
reproduction the question would arise
as to what place, if any, efficiency would
receive. If manufacturers were canvassed
as to the significant factors in such a

(Continued on page 33)
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Fig. 7. Frequency response of low range of
AR-1W in the corner of a normally live room.

the open-field conditions described above.
The ratio of horizontal-to-vertical scale
follows RETMA Standard SE-103,
which states :

“The length of a 10 to 1 frequency in-
terval shall be the length of 30 db on
the ordinate scale.”

The graph of Fig. 7 plots the fre-
quency response of the speaker in the
corner of a normally live living room,
fed by an amplifier with a damping
factor of 4.

Transient Response

(Good transient response is associated
with a uniform steady-state frequency-
response curve, The transient response
of the AR-1W can be predicted from
the frequency-pressure curve of Fig. 6.

The bass transient response was also
checked visually with square waves and
an oscilloscope. Figure 8 illustrates the
response of various speakers to a square
wave of subsonic fundamental frequency.
In (A) the cone of an ideal speaker
moves forward to the top of the square
wave and remains completely motionless
over the horizontal portion, while air
pressure at the microphone decays
smoothly. There is no hangover whatso-
ever. A poorly damped system is repre-
sented by the acoustic output in (B),
which exhibits definite ringing after the
initial stimulus, (C) is the acoustic out-
put of the AR-1W speaker system as

www /amerieanfadiohisbtorv.com
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Fig. 8. (A) Acoustic output of a speaker with
unlimited and perfectly uniform frequency
response, when stimulated by first half-cycle
of square wave. (B) Acoustic output of poorly
damped speaker system, same stimulus. (C)
Oscilloscope photograph of acoustic output of
AR-1W to first half-cycle of a square wave of
8 cps fundamental frequency. The rounding of
the initial impulse is due to the lack of woofer
high-frequency response.
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Ravel: Bolero, La Valse, Valses Nobies et
Sentimentales, Alborada del Gracioso,
Pavane pour une Infante Defunte. Orch. du
Th. Champs-Elysées, P. de Freitas Branco.

Westminster WL 5297.

Ravel: Bolero, La Valse.
Honegger: Pacific 231.
Dukas: Sorcerer’s Apprentice. The Paris
Conservatory Orch., Ansermet.
London LL 1156.

These two should have plenty of hi-fi appeal, for
one thing. Qur scout finds both brilliantly re-
corded, the Westminster “spectacularly so” (no
doubt with Westminster’s ultra-brilliant close-up
technique of microphoning), the London “with
better balance and fuller body.” Both discs are
well chosen collections of related hi-fi-style ma-
terial, and those who know the respective West-
minster and London styles of recording will hardly
be dissappointed in either case.

The two feature pieces on both. Bolero and La
Valse, Scout #1 finds musically not too satisfac-
tory : both feature slow tempi that, he feels, detract
from the vitality and drama of these two tours de
foree of dramatic climax.

Debussy: Nocturnes for Orchestra (Nuages,
Fetes, Sirénes).
Ravel: Rapsodie Espagnol, Menuet Antique.
Paris Conservatory Orch., Fournet.

Epic LC 3048.

Scout #£1 is full of enthusiasm for this disc and
feels that these are ‘‘definitive’” performances. He
particularly likes the Ravel Rapsodie which he says
has no equal on LP by a wide margin and makes
a remarkable listening experience.

I might add that Fournet’s work in other rec
ords ['ve heard recently would confirm this judg
ment; he is evolving into one of the best conduc
tors of French music we have on records. The
Scout speaks of the “distinctively Gallic sound of
the horns” in the third movement of the Rapsodie
—this. of course, would be due to the peculiar
Irench-type instruments, quite unlike the ordinary
“French” horns of other nations and played with
a tell-tale vibrato, like a saxophone. where all
other horns play without vibrato. The French-style
horn playing is absolutely dreadful in Wagner or
Brahms, but in French-composed music it is. need-
less to say, entirely natural and proper.

An adequate recording, not as fancy in sound as
some competitive versions (Mercury, Angel)—this
release dates from awhile back (last summer) be-
fore Lpic had hit the hi-fi stride it now maintains.
Get this one for the music, not the fi

Franck: Symphonic Variations.

Fauré: Ballade.

Saint-Saens: Piano Concerto #5. Jean
Doyen; Magda Tagliaferro (Saint-Saéns) -
Lamoureux Orch., Fournet. Epic LC-3057.

Another Fournet-conducted disc and our scout
again approves heartily. The Saint-Szens, with
pianist Tagliaferro, is well ahead of competition on
M-G-M and Vox, he feels; the Franck and Fauré
with Doyen at the piano benefit from the “fine
idiomatic support” of the orchestra and Fournet.
A first class musical offering in all respects, it
would seem. (Indeed, I trust this account so well
that I'm going to have to put the disc aside and
play it anyhow-——ghost or no ghost. T expect it to
be a pleasure. There's nothing like French music
well played.)

Recording, Scout says, is ‘‘good middle-period
Epic.”” Readers will remember that this department
called attention last year to Epic’s initial difficul-
ties with the new Phillips imported recordings and
prophesied that things would soon improve. They
have and Epic is out in front soundwise this year.
The present dise dates from the end of last year
when things were beginning to go well technically
—hence, *‘good middle-period.”

Offenbachiana (adapted and orchestrated
Rosenthal}. RIAS Symphony, Rosenthal.
Remington R-199-183.

Offenbach-Rosenthal: Gaité Parisienne.
Chopin: Les Sylphides. Philadelphia Orch.,
Ormandy. Columbia ML 4895.

Three ballet scores adapted from 19th century
works not originally ballet-intended, but two of
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them, at least, are so well known now as to be
more fameus in the ballet form than in the original.
Ballet suites of this sort have had wide popular
success as musical numbers (minus the ballets)
and so it’s not surprising that Manual Rosenthal
has tried to follow up the phenomenal success of
his “'Gaité Parisienne” with another from the same
composer.

“Lightning seldom strikes twice’” is Scout #1’s
succinct comment on the Remington ‘“Offenbachi
ana,” above, that is the result. Ile thinks it of
little interest, though the playing is “live and
bouncy’’ with nice orchestral coloring. In all truth,
Oftfenbach wrote some pretty thin stuff to pad out
the relatively few bits of really fine music in his
enormous output of opera. It takes a very careful
search to come up with music as consistently good
as “Gaité Parisienne.”

As to “Gaité” itself, on Columbia, Scout reports
it is a fast. virtuoso concert performance, over-
brilliant. This, I'd say, is what usually happens
when a top virtuoso orchestra takes up a popular
light item und makes a big thing of it.

“Sylphides,” he says, has a fine string sound
(it's predominantly a string piece, arranged from
the piano originals) not too heavy and beautifully
recorded.

SUSPENSION SPEAKER

(from page 20)

figure of merit a strange correlation
could undoubtedly be made between the
features of a particular manufacturer’s
speaker and the qualities emphasized as
most important to the figure of merit.
Manufacturers of low-efficiency speakers
would tend to deny the relevancy of effi-
ciency, while manufacturers of high-
efficiency speakers would probably take
an opposite stand.

At the risk of the writer’s seeming to
have an ax behind his back in need of
grinding, it is submitted that efficiency
should not appear in the main term of
a figure of merit for loudspeakers, but in
a second term connected by a plus sign.
The second term would include other
factors such as price and size. Low efti-
ciency simply means that for given per-
formance results more money, weight,
and space must be invested in amplifying
equipment. The relative cost, in terms
of these three factors, of the added elec-
tronic capacity can be calculated, but
should not be reflected in the index of
quality.

In the case of the Acoustic Research
woofer, efficiency has been deliberately
traded for extended and uniform bass
response and low distortion. It is obvious
that the magnetic circuit used in the AR
woofer is sufficient for a motor of very
high efficiency. The sacrifice of efficiency
is justified, in the mind of the writer, by
the performance data reported in this
article.

High-Frequency Speaker

The high-frequency speaker used in
the model AR-1 system is an 8-inch
direct radiator. Its performance charac-
teristics, as used in the system with a 12
db/octave bass-droop network and pad,
and as measured by Acoustic Research,
are: frequency response 800—13,000 cps
+5 db, and distortion over above range
with 10 watts input, 1 per cent maxi-
mum.
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Loudspeaker Damping

The author presents an interesting and thorough discussion of the effects of mechanical,
electrical, and acoustic damping on frequency response, resonances, and transient performance.

NE OF THE Lkss widely understood
subjeets in audio, it would appear,
is damping and transicnt response,

particularly in relatien to loudspeaker
systems, The following is a general out-
line of the problem, and an attempt to
vlear up some of the more prevalent
miseoneeptions,

Some of the material here presented,
hy virtue of the fact that it is eontrary
to many popularly accepted (and even
published) ideas, may appear w  be
radieal in approach. 1t is, however, en-
tirely eonservative. The subjeet has heen
well investigated in the hiterature; the
main eoncepts in this artiele, for ex-
atuple, appear in o nueh more complete
and  mathematieally rigorous form in
Beranck's Acousties,' al 0 motor engi-
neer should easily recoghize the lack of
novelty of the hasic ideas relative to
oleetro-magnetie dnmping.

Terminology

Before procoeding further we must
he clear about the meaning of our terms.
Danmping rvefers exclusively to the intro-
duetion of a registive clement into a
vibratory oseillntory system. This resis-
tive clement may be eleetrieal, meehan-
ival, or aconstieal,

If we imtroduce alternating cuergy
into an cleetrical or wechanieal system
—we could apply a.e, to an eleetrieal
virenit, or vibratory foree to a meehan-
ieal device—the system will wespond,
oscillating in the grip of the applied
stimulus. The extent to which the system
will oseillate, foudly referred to as its
Sprosponse” by audiofans, depends on its
impedanee, Impedanee may he thought
of as mwechanieal, aconstieal, or cleetrieal
intransigence—the unwillingness to he
moved or to pass eurrent nnder the par-
ticular conditions involved.

The reactire part of the impedanee,
associated with snch charaeteristics as
mass, elastieity, inductanee, ete,, allows
the load to accept cneryy lor storage
ouly, not for absorption. A frictionless
system of a weight on o spring would

* dewnstie Nescareh, Tne., 24 Thorndike
Nb, Cambridge 41, Mass.,

Vleo L. Berauek, leowsfics,
i Boouk Co., 1954,
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Fig. 1. Response of o direct-rodiator

speaker system, in the region of reso-

nance, ot different values of Q of its
mechanical system, (After Beranek)

oo on bobbing forever once il was
started, The real or resistive part of the
impedance, associated with electrieal re-
sistanee, friction, and viseosity, permits
the load to accept energy permanently,
L, to absorh it {or, ns 0 the ease of
radiation resistance, to aceept energy
fur one-way transmission).

When we coneern ourselves with how
the system aets, not during the time
when it is working steadily, but at the
very start, on the “aftack,” and also at
the end, after the stimulating and pre-
sumably controlling foree has been re-
moved, (the “decay™). we are dealing
with transient vather than stoady-state
response,

Attack and Decay

[t would he uselul to consider conerete
examples of the transient response of
mechanieal systems, Let us eonsider two
such examples: the response of a kettle
drum to the impact of the drumstick,
and the response of a loudspeaker to
a signal representing the drum’s  re-
eorded sound.

When the drumstick falls it produces
a deformation of the stretehed skin, The
veloeity of the initial, complex move-
ment of the membrane over the distanee
travelled will not be in <tep with the
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natural frequeney of the drum's me-
chunieal-acoustical system. The strike
sound, instend of having the same piteh
as that to which the drum is tuned, will
exhibit fundamental eompouents of much
kigher frequeney.

The amplitude of the steady-state
sound that will ultimately appear due
to the hlow will depend on the imped-
anee of the drum's primary wmoving
system, relative to the applied foree,
The amplitude and doration of the
initial, higher-pitehed attaek sound will
depend on the impedanee of the drum
to higher frequency stimuli, and the Q
at these higher frequenvies, The wore
amenable the drumhead is to moving at
veloeities and amplitudes corresponding
to higher frequeneies than its funda-
mental, the erisper will be the attack
sound. The nature of the transient acous-
tieal attack is therefore a Funetion of
the frequeney response of the drum—
the relative amount of sound it puts out.
when stimulated at different frequencies,

Onee the drumstick hounees off, the
drum is on its own. It ean operate only
on the encrgy that was supplied in the
single stroke, as it will receive no more
energy until it is hit again, We know,
of course that the sound continues, If
the drum were totally undamped it
would continue to vibrate forever, but
mechanieal and acoustical resistance pro-
vide light damping to absorb the vibra-
tory cnergy gradually, and the sound
takes a relatively long time to die away
unless it is checked by the player, This
is the deeny: the length of deeay time
depends on the amount of dampimg,

In the ease of a loudspeaker repro-
diteing the kettle drum's sound a similar

Maeh el L"w'd 1 d
[ due to machanical and
magnatic domping | ecousticol systems.

r:n M C

| Ruaa

Force on

— A
voice-coll

Fig. 2. Simplified electrical analegy to

mechanical system of a specker, includ-

ing the mechanical resistance introduced
by magnetic domping
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analvsi= applies, The initial stimulus j=
provided, not by an external blow, but
hy a snege o signal enrrent from the
ampliticr, and  the attendant  magnetic
field built up around the voiee coil. And
sinee the speaker should vibrate only
when the signal so dictates, it nst have
a highly dimped mechanieal system. I
the speaker cone, like the drumbhead it-
sclf, continned to vibeate after the eon
trolling  stimulns  had  stopped  thewe
wonld be o hopeless confusion of sound,

The guality of the reproduced attack
sound, s in the ense of the deam, is
a funetion o the speaker's response
to higher-frequeney sound  eomponents,
Thus the attack sounds veproduced by
multispeaker svstems are controlled, not
by the low-Trequeney  performanee of
the wooler, but by the performanee of
whatever unit ix assigned to reprodueing
the mid and higher frequeneies, and
may involve the woofer it=elt little ov
not at all, depending on how low the
vrossover Frequency i, By detinition, a
woolor which covers only the low-fre-
gueney range cainot aud s not mtended
to respond to mest  transient  attack
somuds, Ttx contribution te a ervizp drum
beat is 1o move, however Inniberingly,
i acenvate veprodiction of the funda
wental and lower havmonie fregnencies
ouly; the <harper attack  components
are reproduced and contributed by other
spenkurs,

Sa muech for the general background
of the problem. We way vow tuen onr
attention to the moerve speeitic question
of loudspeaker dnmping.,

Magnetic Damping in Speakers

Speakers ave damped. in their wain
resonaneo region, in three wavs: we-
chanieally, throngh friction i the sns-
pensiets, aconstieally, through  varions
methods of applying aconstie resistanee
and through the air lond resistanee, and
magnetically. In bass-reflex and o
syatems aeonstic damping normaltly pre-
dominates; in divect-radiator  svstews
most of the burden of damping falls on
the electro-mngnetie system,  Damping
of cote hreak-up mudes of vibration, at
higher frequencies, alzo takes place in
the come material and in its edge tormi-
nition, but this ix not the subjeet of the
preseut artiele.

Magnetie damping results in an addi-
tional mechanieal vesistanee heing ap-
plied to the moving svsten, This me
chanicul resistaner ean be investigated
directly in a very simple wanner—if one
shurts out the terminals of o londspeaker
containing a Taivly heavy magnet, and
then tries to work the eone baek and
forth manually, it will feel as though the
voier-eoil Dhas heen dmmersed in a vis-
eotts Huwid, The apparent viseosity dis-
appears ax xoon as the terminal <hort is
removed. When the spenker is conneeted
to an amplifier with o low souree re-
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Fig. 3. Test set-up for measuring speaker performance. The speaker sees a controlled
solid angle of 180 deg.

sistanee the mmplitier sonree resistanee
veplices owr experinental short, If the
sonree resistance is paised in value (lower
damping factor) the mechanienl damp-
ing  pesistanee = correspowdingly  de
Crefse |-

The effeets of speaker magnotie damp
inge e twotold @

Lo It prevents vibration  from
comtinning after the sigual has stopped
{hangover).

20t eontrols hiass vesponse in the
Prequeney region of resomanee, perhiaps
an ovtave on each side,

The first of these effects ix menernlly
known and  widely  commented  upon,
while the second is not =0 well known.

The mechanieal resistanee introduced
hy magnetic damping may beeome the
major element in the speaker’s wmeehan
ieal impedanee o the region of reso-
nanee, where nmss and complinnee ve-
actanees eancel each other ont. Actually,
the influenee begins ot some fregueney
shove pesommiee, when the mnss veact-
aner beeoes equal to the damping we
chanieal resistanee,

The extent of the infhronee of damp-

ok

Fig. 4. Recorded
speaker response
curves for differ-
ent values of am-

plifier  damping W
factor, open field [~ ﬁ;:'}.‘rﬁa
S gy factert » y
conditions. The . w offans
calibration  curve r
| 3

for the recording
equipment, not in-
cluding micro-
phone, appears at
the top, (See Fig.
5 for corrections).

www.amerieaasadiehistery.com

g s a Tunetion of the value of woving
mass in relation to the damping resist-
anee, more precisely, on the wmeclanical
Q of the system, Where the resistance is
small velative to the mass reactonee at
vesomamee (a high-Q system) the etfeet
of damping on hass response is <nall;
where the value of resistance is large in
relation to this mass reactance the effeet
on bass response is great. This i= a <im-
pliticd way of saying that which is de-
seribed exactly by the well-known fam-
ily of eurves representing the frequency
responze of resonant systeris for differ-
cut vilues of Q. Figure 1 reproduces o
sot of sueh curves, specitieally appliod
to the seowstic ontpat of speakers.® All
dvianie lnulspeakers, of eourse, are
mmss-elasticity vesonant systems.

The erux of the matter is thal for that
valie of Q which will hring the resonant
peak down to a flat curve, the damping
will also be sueh os to prevent any hang
over. For lower values of Q@ the hang-
Also wee 1 L L, Shorter,

dlesipn, ' o 382
o L SN

2 [hid,, 226,
“lowlspeaker  cnlinet
Wivelese Waorkd, Vaol, O,
| BUNTEN
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Fig. 5. Response curves of Fig 4, corrected

for the calibrated errors of recorder and

microphone (calibration curve for the lat-
ter appears in inset),

over will continne to be dmmped out in
neither hetter nor worse fashion, but
other things being equal, there will he
an attennation of hass response as indi-
eated in Fig. 1.

The meelanicnl Q of n system is eon-
trolled by the relative values of mass and
resistive olewents at the resonant fre-
squeney, according to the relationship:

_qu;gﬂf
y= I3

M = nnws

R =wwehanieal resistanee

wgp=2x times the resouant fre-
queney of the system. (Note
that weM is the muss reaet-
anee at resonanee)

wlere

In the vase of a londspeaker this ex-
presgion may be elaborated into:

0= wp M
TR e Ry+ R,
where
M =wmasx of voice-coil awl cone,
plus  acousticul  mass  re-
fleeted into the system
Ri=aconstienl resistnnee
Ry =wmechanical resist;inee of sus-

pensions
Rp=cquivalent  mechnnieal  re-
sistanee  nssociated with

magnetie damping. This is
It -t

equal to TS e
where B s the air gap flux
density, [ is the length of
wire in the gap, Fpe is the
vobee ¢oil resistanee, K,y is
the amplitier souree resist-
anee, mul Ky is any other
e, resistanee in the line,

The dynamienl analogy te the mechan-
ieal system of o lowdspeaker, ineluding
the meehauieal resistanee due to mag-
netic Jdamping, is shown in Fig. 2, Sinee
the amplifier sonree  resistanee  deter-
mines the valne ot this magnetie dump-
ing meclunieal resistanee, a variable
damping factor control enn he used, par-
tienlarly with a direet-radintor speaker,
to contrel the Q over a fairly large
range of values,

It can be seen in Fig. 2 that at fre-
gquencies well nbove resonance the equiv-
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alent  electrical  eireuit is  induetance
controllnd, that is, the net reactanee is
inductive, representing mass control in
the speiaker’s meehanieal system, As the
frequency is lowered in the direction of
resonance the net induetive reactanee de-
crenses, and eurrent flow (velovity in the
mechanical system) correspondingly in-
crenses, This is 13 it should be; the eone
veloeity of a direct-radiator spenker, for
constant acoustieal power, must doulle
with each lower bass oetave in order to
offset the progressive deerease in nir-
load resistanee,

At some frequeney, depending on the
speaker nsed—perhaps an oetave above
resonanee—the mnet induetive renctanee
will become equal to the total resistance.
E will thenceforth, as the frequency is
lowered, aet to reduee eurrent progres-
sively, compared to the rising value that
woukl exist in n pure LC eireuit. That
value of B which produces a @ of ahont
1 gives an approximately flat eurve, with
neither resonnut peak nor binss nttenna-
tiot,

If R, is swamped by large values of
ofther resistive elements due to the na-
ture of the speaker syvstem, its effoct will
obviously be minor.

Below resonance the net eapacitive re-
actunee of the cirenit bogins to mount.
until it is greater in value than the total
R. An fwtave or 80 below resonince, then,
R again loses its influenve,

It should he clear at this point that
the abzolmte value of the mass of the
speaker's moving system has no relation
whatever fo damping or hangover. It is
the nmss-resistance ratio that influences
the Q. The only exeeption to the former
statement iz provided by the new eleetro-
statie units, where the mass of the very
hght diaphragm may be kept so low that
the controlling resistive element is the
actual air load resistanee. In sueh a ense
all system eonstants heeome tied to a
fixed reference of resistanes.

Nor does the ahsolute value of the
mass infleence attack performanee, What
is needed for the proper reproduction of
attack sounds is: (a) the same level of
system response at the attack frequeneies
as at the fundamental, however this is
achieved, and (h) uniform response in
the region of attack frequenecies (corre-
sponding to proper dmmping in this
range), so that the attack frequencies
themselves don’t ring.

So mateh has heen said and written
contrary to somwe of the above conelu-

# Arthur A, Janszen, ' An electrostatic
lowlspeaker development,’’ p, 8%, JAES,
Vol 3, No, 2, April, 1955,

sions that it was felt that a set of aetual
field measurements, illustrating the main
points of discussion, wonld prove hoth
interesting and  informative.  Accord-
ingly a direct-radiator speaker system
of kuown eharaeteristies was fed hy an
amplifier with controllable damping fae-
tor, and faeilities for measuring the
speaker frequeney response and deeay
charaeteristies were provided, as illus-
trated in Fig, 3. The test set-up in which
the speaker is sunk into the ground in
the middle of an open field, its face flush
with the surface, have been deseribed by
the writer.! The speaker sees a controlled
solid angle of 180 deg., and test eondi-
tions conform to ASA and RETMA
specifications. Validation of the fre-
queney-response curves of the speaker
used as representing essentinlly funda-
mental ontput was also deseribed in the
article referred to,

The equipient. nsed ineluded the tol-

lowing :

AR-AIW  Acoustie Research  speaker
system {woofer only)

Fairchild 275 power amplifier, with
variable damping factor

Bruel and Kjaer beat frequency oseil-
lator BL-1014, wmeelnienlly ecou-
pled to:

Bruel and Kjaer level recorder (auto-
matie) BL-2304

Electro-Pulse pulse generator 13L0A

Bruel and Kjaer mierophone ampli.
fier BL-2601

Altee  21-B3R-150
phone

capacitor wicro-
The acoustie ontput of the speaker
over ils frequeney range was measured,
using the automatie frequeney-level re-
corder, at an input power of 20 watts.
These enrves were re-run on the same
graph paper® with all conditions the
=ame, except for a change of setting of
the damping factor contrel (thereby
changing the damping resistance and
the speaker's mechanical Q). The results
are reproduced in Fig, 4. 1t will be seen
that the curves conform elosely to the

4 Edgar M, Villehur, ¢ Commereial acons-
tie suspension speaker,’” . 18, Avpro, July,
1953,

s Unfortunately, 30

db  per eeade

(Ameriean standard) graph paper was not
available, and 20 Jdb per decle paper had
to he nsnd,

Fig., 6. Acoustic output of speaker, as monitored by microphone and oscilloscope, in

response to step-front of low-frequency square wave: A (left), With amplifier damp-

ing foctor of 6; B (center), with damping factor of 1; C (right), With daomping
factor of 0,1,

WWww. amefiasmaiadiahistery.com
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theoretically plotted enrves of Fig. 1,
espeeially when they have heen eorrected
for the calibrated errors in recorder and
microphone (Fig. 5),

The effect of the increased amplifier
souree resistance on the npper frequeney
range ean also he seen: this is due to the
rising electrical induetive reactance of
the voice-coil.

Figure 6 is n series of three oscillo-
scope photos of the wave forms of the
acoustienl output of the speaker, in
response to the step front of a low-
frequeney squarve wave, They represent
magnetic damping conditions associated
with each of the three curves of Fig. 5.
Note that there is no significant dif-
ferenee between the reecorded hangover
associnted with a properly damped and
an over-dumped systenn. Ringing at the
speaker’s resonant frequeney is elearly
seen, however, in the under-damped eon-
dition, as is a large increase in the
slight initial secondary ringing. at a
higher frequeney, which shows up as a
disturhanee halfway down the first deeay
slope.

It should be possible at this point to
see the error in that misconeeption ahout
damping which denies ability to the am-
plifier souvee resistance to damp the
speaker mechanieally beenuse of the lat-
ter’s low conversion eflicieney. Magnetic
damping is, of eonrse, powerless to con-
trol effects which take place in the eourse
of energy transfer hetween the mechan-
ieal system of the speaker and the sur-
rounding air, hut it is of paramount jm-
portanee in eontrolling the mechanieal
system itself, Tt should also be noted that
the magnetie dammping of the speaker is
a function of the magnetie field strength
and of the amount of copper in the gap.
Sinee these two taetors do not uniquely
determine electro-acoustie eflicieney (the
mass of the moving system, and the
method of eoupling the diaphragm to
the air are at least as important), there
is no direet relationship hetween electro-
acoustie efficieney and damping. The
AR-IW used in these tests, for example,
a speaker with very low over-ull effi-
ciency, has unusually high magnetie
damping due to its heavy magnet and
to the large umount of copper in the
gap. It is, as a matter of fuct, in danger
of being over-damped when improperly
used, as under eonditions similar to
those of the lower curve of Fig. 3 (180
deg. solid angle of radiation, high damp-
img faetor), in whieh bass attenuation
can he seen.

Figure Tn is a recorded graph of the
frequency response of the speaker in a
living room, with the two extremes of
damping factor used in Fig, 4, Note that
the over-ntl shape of the enrve is affected
by changing the damping factor, in the
sanie way as it was in Fig. 4, but that
the irregularities due to the acoustieal
environment of the room are eompletely
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Fig. 7. A (top),
Response curve
of speaker
mounted in
two-sided cor-
ner of room.
Lower curve is
for damping
factor of &, up-
per curve s el
for damping
factor of 0,1,
B (bottom), Re-
sponse curve ey 800 by merm
of the same
speaker in a
different posi-
tion in the
same room at
damping foc-
tors of & ond
i.

Lt

uninflueneed, This illustrates the inde
pendenee of room ringing—associated
with peaks and dips in the steady-state
trequeney-response enrve—from damp-
ing in the speaker system itself. The
enty damping that ean have any cffeet
here is that eonneeted with the reom sur-
faces; neither maguetie, mechanieal, nor
aconstical damping of the speaker’s
moving system ean affeet a eure. The
latter point is further illustrated in Fig.
b, a frequency response record of the
same speaker in a different part of the
SOMe roon,

Effect of Solid Angle Seen by Speaker

It may have been noted that the con-
dition of high damping faetor produeed
bass attenuation when the speaker radi-
ated into 180 deg. in the open field, but
that the same high damping faetor is
assoeinted with essentially uniform re-
sponse down to 30 ¢ps in the indeoor
measurement (ignoring room-derived ir-
regularities, and eorreeting for niero-
phone and recorder). In the room the
lower damping factor produces a some-
what exaggerated bass. The primary
veason for this lies in the facet that the
speaker in the room was mownted so
that it faced into a reduced solid angle
(90 deg.)—in a corner, off the floor.

Figure 8, also horrowed from Rera-
nek’s Acoustics, shows the change in bass
response produeed by vestrieting the
solid angle seen by a speaker. Higher-
frequency eomponents arve coneentrated
in the avea ahead of the cone. and if the
environmental solid angle seen by the
speaker does not similarly restriet the
non-directional hass, it will be thiuned
out relative to the treble. As might be
expeeted, below the frequeney at which
the speaker’s signal becomes cssentially
non-direetive cach sneeessive halving of
the solid angle douhles the hass power,
or raises the respouse eurve hy 3 dh.

It would seem to he a good idea for

www.amedeastadiehistery.com
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someone to design an equalizer network
to produce variable bass boost to com-
pensate for this effeet on performanee
due to change in solid angle. In the
meantime the closest approximation to
sneh a cirenit is a variable damping
eontrol, which gives the usor additional
flexibility in tailoring the low bass ve-
sponse of his system to the conditions
of speaker mounting. Lowering the
damping factor may also affect the mid
and high frequencies, and a eiveuit
whieh only varied the damping faetor
(from a high value down to one-half
or s0) over the bass frequency range
would be useful.®

Other Misconceptions

1 would like to add some farther com-
ments to this article in an attempt to
lay to rest some of the old wives' tales
ahout speaker damping, The insertion
of a few numbers into the general rela-

(Continned on puge 84)

% The writer has, sinee completing the
draft of this artiele, learned of sueh an
amplifier design available commercially—
in the MeIntosh MC-304 and MC-604.
Tests on a sample MC-604 showed it to
perform precisely aceording to expeetation,

20

20 50
FREQUENCY IN CPS

100

RELATIVE RESPONSE IN db

Fig. B. Effect of restricting the solid angle

seen by o loudspeaker. The top curve

(A) is for a solid ongle of 45 deg.; each

succeeding lower curve represents an in-

crease of the solid ongle by a foctor of
2. (After Beranek)

27



ALLIED'S own knight® Hi-Fi COMPONENTS

MONEY-SAVING HI-FI » COMPARABLE TO THE FINEST

* Advanced Design, Performance and Styling

* Qutstanding For Superior Musical Quality
== * You Get the Very Finest For Less

' * Each Unit Guaranteed For One Full Year

s, T80
Only §7.95 down
NEW knight Stereophonic-Monaural Preamplifier

For use with any monsural or stereo Hi-F) System

Features: Tnstant switching Lo monaural or sterco and reverse
« For Stereo or Monaural Use left and right channels. Separale u'.‘illu'mu]t rn!!:l. M:ﬂler

| » volunw control; separate Rass und Treble; full phono
*1E Channe_: rape OLFM ,AM and tape equalization (monaural), respoose, = 10
+ Channel "Reverse" Switch db, 20-20,000 cpa; inputs G E.. Pickering. Ceramic
« DC on All Tube Filaments Fhuno, Tape Head A, Tape Head B, Mic, Tuner,

.

: (20410 ohms wnp. ), Aand B Main Qutputs (eathode
Scratch Filter followers), Size: ¥ 1M x 74" UL Approved.
Rumble Filter

Shpg. wi., 10 Ihs 5?950
Loudness Switch Model KN.700. Net, .01, Chicugo. only

|
Full Equalization i Tape Pre or Crystal, vutputa-— A and 13 Hecorder

NEW knight 32-Wait Basic Hi-Fi Amplifier

Model KN-632

$7450
Only 37.45 down
Amazing value-—ideal for use with preamp sbove. either
nnu.ly for monoural use or in pairs for steren. [Response,
i  dlb, 20 ta A00M0 cps. Harmonie distortion ot rated
;ol *m:tpul 05, (st nud-frequencies); never excesds | W,
‘ l" o from 0 o Jﬂﬂ!lﬂ cps Internwsd, distortion at full oul put,

= More Power For Your Hi-Fi Dollar
« Ideal For Stereo Systems
« Distorlion: 0.5% Mid-Frequencies
» Variable Damping Control

Sensitivity., M voll for rated output. Size: 774 x 1435
\ 'n’nj' Shpie. wi., 24 [hs, ‘?450
Model KN-632. Net FOM Chicagn. only

SELECT FROM A COMPLETE LINE OF MONEY-SAVING Wnbght HI-Fl COMPONENTS

salis i, - ——
D) —— Ty = 5
4 0.2 = I 0 0L .6 B9
l—"‘"‘ o 000 et O
STEREQ MONAURAL UNI-FI™ TUNER It-waTT DELUXE 1S WATT “"BANTAM"

PREAMPLIFIER AMPLIFIER COME HIFI AMPLIFIER HI-il AMPLIFIER

St « ,---— e
DELUXE Fi-AM CHANTAM" FM.AM Th AM TUNER- 10-WATT “MINI-FI™
HI-FI TUNER Hi-FL TUNER PREANP COMB. HI-FI AWPLIFIER

ALLIED RADIO

EASY TERMS
AVAILABLE

Aaantoods HEFL Coadane e
404-PAGE ALLIED RADIO, Dept, 17-K7 37th
100 N. Western Ave., Chicago 80, il year
195 shup the following WINTGHTT -1 oo s
A“.'ED Ship Lhe L
CATALOG = — * enclused

O Send FREL 908 ALLIED d04-aee Catalog

Your Buying
Gulde to the ,
warld's largest selection of Hi-Fi com- Neme - — —
ponents, complete music syst

recorders, Public Address Equlpmenl Address
—as well as Everything In Electronies.

Send for your FREE copy today. s Ay Sinte

84

WWW . amerfiaanaiadiahi skarv.com

DAMPING

(fron puge 20)
tionships that we have diseassed should
Lelp in thie eonneetion.,

1) Lot us study the ease of a speaker
whose nomiual hmpedanee is 8 oluns,
The doe. resistiance of its voire-coil will
he of the order of 6 oluns. Thus the total
d.e. resistanee that the speaker sees,
looking baek al the wplifier, is eqguul
to the smn of the amplifier sourve v
sistunee, the d.e. resistinee of auny sevies
choke from a erossover network, and its
own d.e. resistinee. (The representation
of internal resistanec by an cxvernal re-
sistor of eyuivalent value is standard
praciive for generator diagrams.)

The .. resistanee of the series elioke
is likely to be about 0.5 olin. The souree
resislanee ol the amplitier, with a danp-
ing faetor as low as 4, will be 2 olis.
The total resistanee seen by the speaker
is then 8.9 olins.

Eliinating the ehoke (4 component
which is  sometines  zeverely  frowned
upon) gives us a reduction (rom 8.5
ohiis 10 8 ohis Doubling the danipiug
fuetor (halving the souree resistanes)
woves us oanother sweeping redietion, to
7 ohms. In hriet we ust remembey
that, even with the speaker
shorted out by Leavy evpper

terminals

wire of
0L ohum vesistanee, the smallest brak
g resistanee we can ever achieve is
001 oluns, There s thus dittle to be
gained by worryving about «uall resis
tive components i the speaker line. or
by in sing  the dinping  factor to
astronomival values,

2) If we evnneet u seeoud, identical
speaker i oseries, the total miternal dee
resistanee is mereased to 12 ohms. But
the ratio belween resistianee and reaet
ance remaing the same, as we now lave
a 16ohm systenn, and the damping 1=
unclhingzed, (Bach B-olun voice-eni]l may
be thonght of as one-half of a LG-ohw
voice-coil.) The series eonneetion is per
featly wood praetive.

) Another well gueted nisconception
relates to the faet that the coupling, o
hass frequencies, between an infinitely
batlled cone and the air o whieh it
radiates deereases as the frequeney is
lowered, and that this decrease 1= eom
pensated by progressively  ncreasmg
spraler coue veloeity. ag discussed pre-
viously.

The belief has sumehow gained ground
that the luss in acoustieal eonupling re-
terred 1o has to do with the low buss
regions only, below one or twe hundred
eps. and that the compensating inerease
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moeoue velocity ic related 1o speaker

resonanee: thal s, that the resonant. spec‘acu‘ar. .. NEeWwW

peak s used to “fill i the aeoustieal :

o Tape System Components
Aetually the air-load resigtance pre

sented to the enne deerenses with fre

aueney aloan orvderly ate (o Tactor of I E N I R o N
J

e octave), below a frequeney which
i= o funetion ot the cone dianuwter for ®* STEREO * MONAURAL
a 1Z2aneh speaker abont 80 ep<. No
change in this prom:

Sﬂ[ﬁd the Tape units to meet your needs

the extreme low hass. The theoreticaliy Pentron combines professional features and custom styling with build-

weal compensation for the deerease in ing-block flexibility. You buy what vou want and add to vour svstem

atr Joad resistainee would he  provided when you desire—from the simplest monaural system to the all inclusive
; stereo systems.

jVi‘ ]II-J‘-' oeeirs E'Il

by a purely mas--controlled mechanical

systern. withont resomanes, which wonld PENTRON LEADERSHIP FEATURES

dictate a doubling of cone veloeity for

Precision made and tested professiorial head assembly

viteh lower octuve. (The electrienl anal with Azmur-X spring loaded screw adjustment.
gv 1= a purely inductive cirenit—for Simple single rotary control. ]
the same  applisd  voltage, et Four nutpu}s plus twe AC convenience cfutlets.
" bl hok 11 donbl : ) Mounts VERTICALLY, horizontally. or at any angle.
trongh the choke wrl doubbe with _f‘m- ] S[)Pi-'d chanHe lever at front panel.
lower octave, dne 1o the progressively Removable pole pieces in heads. as easy to change as a phono needle.
decreastug indnetive reactanee.) Sueh a Automatic self-energizing differential braking.
svstem 1= o nen-existent entity, hot of
the spenker’s resonant peak is properly
damped the mechanical svstem acts o basic specifications
il 1t were purely mass-controlled  ut TM series
] mechanisms
fregueneies above resonanee. and  Uhe
COMBINATION HEAD:
proper eompensation is provided Frequency response:
. , 40-14,000 cps wi e
1) As the frequeney of the input equa ,°l|;1°’5'r;;:|p{[?_p"
signal 1o o lowdspeaker is lowered in the PR el
direction af vesonance, the electrie width: Ls mil; impedance
IFeCLION € onanee, | le eleetrienl 1m o perilbdc Rl
pedance of the speaker rises fur ahove ohms; Inductance of erase
. | . % section: 60 mh « STACKED
= nominal vaiue. perhaps hy 5 or 6 HEAD: trach width: 080~
it ~ " i I ; S ’ &3P width: .15 mil:
times, Wiath a highalamping-factor amn |n~oggzgce:35ﬂ0 ohms »
plifier the voltage across the sponker fLE’,ps;’hﬁggf',E,:j”
remal fie sl 3 1 33aips. « CAPSTAN ORIVE:
remaing (ss;sen...flly cou.«t.mt,_ mvolving Idier driven + MOTOR:
a severe drop in the electrienl power 4 pole induction type,
. o . individually balanced «
deawn from the amplifier: with a lower DUTPUTS: 4 standard pin
¥ ; . ) = ] . jack outputs to accept
damping {aetor the dvap in eleetrieal shielded phono plug
hass power is less severe; and with an ":DN“M["CEW"‘“S:
iy - G o Pt - g mechs
even lower datmiping  factor eleetrieal power switch Euppluer
HYWPr may  rems: «ansinnt, g nv with removable mounting
1 May rematnl eonsian or mayv BrACKEIS B ith Ehoc
merease towirds vesonanee. That ealne mounts

of damping factor whieh aehivves the
most uniform aconstical output and op-
tirm perfornsnee is not tied (o 2 con P"eaum'e"s ) -

dition of unitorm clectrien) power, bt

15 a funetion both of the partienlar
speastker nsed, mud ol its conditions of

mounting. While high damping factars

o

CA-11

= -
ave gencrally wost <initable for horn or .._.e"“

CA-13 CA-15

resonant-tvpe svstems, the sine is not

¥ ; : . i Tape Playback only. Re- Tape playback preamp and re- Stereo dual channel J}Iay-
neeeszarily teue for direct-radiainre, No sponse: 20-20.000 CEE' Sig- cord amplifier. Response: 20-20.- back. Response: 20-20.000
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Another Look at Acoustic

Suspension

EDGAR M. VILLCHUR?

In order to clarify some apparent misunderstandings about the functioning of the acoustic suspension
principle, its originator reiterates some of the basic philosophy and adds some supporting information,

URING THE PAST YEAR an increasing
number of articles about the type
of speaker system known as “acous-

tic suspension” or “air suspension” have
appeared, whether or not these terms
were actually used.

An article! in the Mareh, 1959, issue
of this magazine attacks almost every
point which the writer has used as a
theoretical basts for explaining the
aecoustic suspension design. At the same
time the anthors deseribe another high-
compliance-speaker/sealed -enclosure
combination whose design they appar-
ently justify on other grounds. Without
taking up each point in turn, the writer
felt that this would be a good opportun-
ity to review some of the basic principles
of the acoustie suspension system, and
perhaps prevent some misconceptions
from getting started,

* dcoustic Research, Inc., 24 Thorndike
8t., Cambridge 41, Mass.

1Robert C. Avedon, Wayne Kooy, and
Jack E. Burchfield, “Design of the wide-
range ultra-compact Regal speaker system,”
Avplo, March, 1959, pg. 22.

One statement in partieular is made
in the above-mentioned article which, if
true, destroys as invalid the entire basid
of the aconstic suspension speaker sys-
tem. This is the statement that the air
in the cabinet of an aconstic suspension
system is significantly non-linear.

The first aim of the acoustic suspen-
sion design, over and above uniformity
of frequeney response, compactness, and
extension of response into the low-bass
range, is to reduee significantly the level
of hass distortion that had previously
been tolerated in loudspeakers. This is
accomplished by substituting an air-
spring for a mechanical one. If, as
claimed by Messrs. Avedon, Kooy, and
Burchfield, the sealed cushion of air in
the small cabinet is in actuality less
linear than a good mechanical suspen-
sion, the writer has been barking up the
wrong tree. Replacing a non-linear ele-
ment—the elastic restoring force of the
mechanical suspensions of a speaker—
with another element even more non-
linear certainly does not put us ahead.
Here is the first published theoretical
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ohjection to the acoustie suspension sys-
tem, that the writer is aware of, which
is really germaine to the subject and
whieh, if correet, invalidates the whole
idea.

Linearity of the Acoustic
Suspension System

There are three basic types of speaker
mounting for bass reproduction—the
horn, the resonant enclosure (bass re-
flex, acoustical labyrinth, and so on) and
the direct-radiator baffle.

Onee 2 haffled direct-radiator system
is chosen, it should be clearly understood
that bass performance depends exclu-
sively upon eone exeursion, assuming a
rigid cone. Knowledge of the distance,
damping characteristics, and linearity of
the motion of a given speaker cone—in
short, knowledge of the position of the
cone at every instant of time—will en-
able us to descrihe bass performanee
without knowing the size of the eabinet.
This is like saying that knowledge of the
diameter and r.p.n. of the wheels of a

Fig. 1. (A), left. Graph showing non-linearity of air when volume is compressed and expanded by a large amount—in this case
approximately + 25 per cent. (P, = normal atmospheric pressure.) The curvature of the transfer characteristic produces the wave
distortion shown. (B), center. Enlarged center portion of the same graph. Note that the curvature of the transfer characteristic
is all but undetectable. (C), right. Further enlargement of the center portion. Although this section of the transfer characteristic
{the heavy diagonal line) still represents a volume change of + 5 per cent, the curvature for such a small change is not apparent.
The actual maximum air volume change in an AR-1 speaker cabinet is + 0.75 per cent, one-sixth of the section shown.
(By permission from "‘Acoustics,” by Beranek. Copyright 1954, McGraw-Hill Book Co. Inc.)
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vehicle will enable us to prediet road
speed, without knowing the horsepower
of the engine, the nmmber of eylinders,
or other side matters,

Cone amplitude is dependent (assum-
ing that the speaker is capable of suffi-
eient excursion) on the bass resonant
frequency of the woofer as mounted ; re-
sponse drops 12 db per octave below the
resonant frequency, Linearity, or ab-
sence of distortion, depends primarily on
the nature of the elastic restraint seen
by the cone, and on the homogeneity of
magnetie flux over the voice-coil path,
the latter normally taken care of by
voice-coil overhang.

The current commereial speakers em-
ploying the acoustie suspension system

-Ain which the overwhelming part of
cone restoring foree is due to the air-
spring—have resonant frequencies rep-
resentative of the lowest in the field (the
AR-1, for example, has a mounted reso-
nant frequency of 43 eps). There are no
published  technical arguments, to the
writer's knowledge, which e¢ould lead
anyone to expect any less execursion
capability trom a speaker in a 2-cubic-
foot enclosure, with a given resonant fre-
quency as mounted, than from a
speaker in a 15-cubie-foot ecabinet,
where the two systems exhibit the same
final resonant frequency. The speaker
cone is obvionsly not ahle to sense the
difference hetween mechanical suspen-
sion stiffness and air-pillow stiffness,
ignoring questions of linearity, when it
is deciding how far to move in response
to a given applied foree.

Until the appearance of the above-
mentioned article, there has also been
nothing in the literature which would
lead one to expect less linearity from a
speaker utilizing an air-spring. On the
contrary, hoth theory and practice
clearly point to a significant increase in

Fig. 2.
amounts,

Fiberglass, in
being used to fill
speaker cabinet.

weighed-out
an AR
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linearity and reduetion in hass distor-
tion. Now, however, we have on reecord
an argument that does prediet higher
rather than lower hass distortion. The
argument is stated as follows:

“It has been contended that the me-
chanieal suspengion non-linearity is much
greater than the extreme linearity of the
air-spring or sealed air volume of the
cabinet. This is not true.

“. .. It is extremely difficult to make
this process [air compression and rare-
faction at an audio rate] anything other
than adiabatic. The physics text will also
show that adiabatic comnpression is in-
herently non-linear so when it is
said air suspensions are inherently more
linear than mechanieal suspensions a mis-
statement has been made, for mechani-
cal suspensions are often made that are
more linear than these compaet air
springs.

“. .. the non-linearity of the air sus-
pension overshadows any reduction in
digtortion derived from a throw longer
than %-in,”

Linearity of the Air Spring
in the Speaker Enclosure

The interior volunie of the enelosure
of an AR-1 or AR-3 speaker system,
making approximate allowance for the
space taken up by the spenker itself and
by the nine reinforeing braces, is 1.5 ft.3.
The effective eone area for a 12-inch
speaker may be enlenlated on the basis
of a 10-inch diameter flat piston, as 78,5
sq. in.2. Therefore, when the eone is un-
dergoing peak-to-peak excursions of 14
inch, the enclosure volume is alternately
decreased and inerensed by 19.6 eu. in.,
the volume taken up by a center-to-peak
excursion of the cone. This is readily
caleulable, in relation to the 2592 cu.
in. of the enclosure, as representing a
volnme change of 0.75 per eent. Such a
volume change, in turn, ean be converted
to terms of linearity, either by the well
known gas equation? or by a chart3 re-
lating pressure and volume of air above
and below atmospheric pressure.

The gas equation tells us that the
pressure of our enclosed body of air will
be inversely proportional to its volmue
raised to the 1.4 power. If we halve the
volume, the pressure will not be merely
doubled, but will be increased by 24, or
2.64. The non-linearity indicated is sig-
nifieant. On the other hand, when the
volume is changed by a very small
amount (in this particular ease 0.75 per
eent) the variation of pressure change
from the inverse of volume change will
be insignificantly small.

When the speaker cone moves back
half an inch and deereases the air vol-
ume to 0.9925 of its former value, the

Jf‘(u constant) (For cert
including air),

2p= ain gases,

3 Leo L. Beranek, “.dcoustics,” pg. 274,
MeGraw-Hill Book Co., 1954,

4+ Ibid., pg. 4, 220.
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air pressure would, in the perfeetly
linear case, increase by a factor of
1.00755, Instead, in the non-linear case,
it increases by a facetor of (1.00755)'-4,
or 1.01. Raising the former number to
the 1.4 power hardly changes it. The
non-linear aberration involved—the dif-
ference between 1.00755 and 1.01—is of
the order of one-fourth of one per cent,
a totally insignificant figure in the field
of loudspeakers.

One may achieve a better intuitive un-
derstanding of the mathematical prin-
ciple illustrated above by an exercise in
which different numbers are raised to a
given power. For example, 10° equals
100; the ratio between the base number
and its square is ten to one. 22 equals 4,
and the ratio has decreased to only two
to one. As the number being squared
approaches one the ratio hetween it and
its square also decreases, until, when the
number is one, it is equal fo its own
square. This is why the number 1.00755,
when raised to the 1.4 power, is in-
creased by only 0.24 per ecent.

The preceding analysis ecan also be
represented graphically, as in (A), (B),
and (C) of Fig. 1.

Adiabatic and Isothermal
Pressure Changes

The non-linearity described is charae-
teristic of a volume of air subjected to
pressure changes when there is no
chance for the heat generated to flow out
of the system. When a volume of air is
compressed and heated, the accompany-
ing rise in heat and henee in molecular
activity inereases the number of moleeu-
lar collisions, and the air is effectively
stiffened. Such a pressure change, ac-
companied by a change of temperature,
is called adiabatic. Pressure changes as-
sociated with sound in free atmosphere
are adiabatic, and sound pressure
changes in an unlined speaker cabinet
are also adiabatie, because the walls of
the eabinet are unable to conduet the heat
generated by these pressure changes
quickly enongh to the outside atmos-
phere.

1t the speaker cabinet is filled with
the proper kind and amount of material
such as fiberglass, the air of the eabinet
is exposed to a very large area of ma-
terial, provided by the interstices and
convolutions of the fiberglass. The gen-
erated heat of the compressed air can
flow very quickly—this means within the
period of the audio frequency pressure
change—into the fiberglass, and back
again. Thus the temperature of the air
itself, and the corresponding molecular
activity, remains constant. Such pressure
changes are called isothermal. The iso-
thermal behavior of air in a cavity filled
with the proper absorbent material has
been known for years, and is deseribed
in the literature.t

(Continued on page 75)

25



ACOUSTIC SUSPENSION

(from page 25)

Thus even the tiny amount of distor-
tion assoeiated with air non-linearity is
not present in an acoustic Suspension
system designed according to the writer’s
patent.® It is true that the primary pur-
pose of the fiberglass is not to eliminate
distortion due to air non-linearity (which
is so small in amount as to be without
significance to hegin with), but it is in-
teresting to note that even this small
amount of distortion does not remain.
The air-cushion of the acoustie suspen-
gion speaker enclosure has heen de-
seribed, and 1 believe with accuracy, as
a near-perfect spring.

Further Effects of Fiberglass
in the Cabinet

The article referred to also contains
the following statements:

“Curves were run on a sealed box sys-
tem . . . with and without the interior
of the box filled with sound absorbent
material. . . . With accurate recording
equipment the results show a negligible
difference between the two curves. Fill-
ing the interior of small cavities thh
sound absorbent material is unnecessary.”

This, too, is in direet contradiction to
theory and practice deseribed by the
writer.

The change from adiabatic to isother-
mal conditions ereated by the fiberglass,
as we have seen, decreases the stiffness
of the enclosed air by a factor of 1.4.
This is the equivalent of saying that the
effective cubic volume of the cahinet is
inereased 1.4 times. The result is a re-
duction of the resonant frequeney of
the speaker as mounted (assuming that
at least three-quarters of the elastic re-
storing force is due to the air cushion)
by about 16 per cent.

Such a differenee would have to show
up clearly in the response curve. Since
no difference in bass response was noted
by Messrs. Avedon, Kooy, and Burch-
field, it must be assumed that their (un-
specified) sound absorbent material was
not of the type that created isothermal
conditions in the amounts used.

At the Acoustic Research plant the
amount of fiberglass that is used in the
cabinet (see Fig. 2) is determined by
measurements of the bass resonant fre-
queney of the systemn with and without
the fiberglass; that amount of fiberglass |
which reduces the resonant frequency
from approximately 51 cps to 43 eps is
the correct amount for the AR-1 or
AR-3.

In addition to the function just de-
seribed, the fiberglass damps out the fa-
miliar standing-wave resonances that

s E. M. Villchur, “Sound Translating De-

vices,” U. 8. Patent No. 2,775,309, Deec.,
1956.
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Fig. 3. (A), feft. Automatic frequency-respanse trace, on o linear 1000-cps sweep, of

o stendard AR-2. Marker pips are at 350 and 1350 cps. (AR’s anechaic chambers ore

nat svitoble for meosurements ot low frequencies.) Harizontel divisions are in 1-db

steps. (B), right. Response troce of the same speaker system over the some frequency

range, with the fibergloss remaved fram the cabinet. All ather measurements are the
some as in (A), Disploy is an o Ponoromic Sonic Analyzer, model LP1a.

would form in a rectangular wooden en-
closure, resonances which would create
easily measurable peaks and dips in the
frequeney response of an otherwise
smooth loudspeaker. In Fig. 3, (A}
shows the aeoustic frequeney response
trace, recorded automatically, of a stand-
ard AR-2 woofer in the range between
350 and 1350 ¢ps. (AR's indoor measur-
ing facilities are not adequate at lower
frequencies) (13} in Fig. 3 is the response
trace of the same speaker system with
the fiberglass removed from the cabinet,
measured in the same anechoie chamber
with all conditions held constant. The
response irregularities of the latter are
ohvious.

Enclosure Leaks
The three authors are quoted again:

.“Need the cavity behind the driver be
sealed dbsolutely air tight, resorting even
to a stethoscope to determine air leaks?
. . . It is seen that nowhere was the out-
put reduced by more than 1 db with a

Fig. 4. Stethascope check for air leaks.
The specker is being driven by a 20-cps
signol.
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, reproduction

total of 8 %-in. holes. . . . Therefore, a
well erafted box with reasonable joinery
is ull that is necessary.”

ITere the writer must plead half-guilty
to the implied charges of over-design.
The extreme eare used in conserving :
good acoustic seal at the AR plant, care

which involves gaskets between the
speaker flange and the cabinet, and
stethosecope checks (see Fig. 4), is a

“touch-up” rather than a basie opera-
tion. In return for a relatively inexpen-
sive additional proecedure, we receive
freedom from the danger of slightly de-
creased low-bass output, and more im-
portant, freedom from a sort of hissing
noise that would aceompany low-fre-
queney program material of high power
when leaks are present.

Conclusion
Messrs. A., KK, and B. state:

“The ultra-compact cabinet has one
big advantage: small size. However, no
diminutive speaker system can perform
because of its size. On almost every point
of performance the small cabinet speaker
is at a disadvantage. These performance
problems must be solved on a compromise
basis.,”

It should be clear by now that the
authors do not have to worry about non-
linearity of the air in the cabinet, and
I can find no other disadvantages to the
hox deseribed in their artiele that have
to do directly with the fidelity of sound
sather than with efficiency.

There is a group of old wives’ tales in
the audio field whieh are not subjeet to
the attack of reason, but enly give way
to time. For example, there is the old
saying, almost forgotten by now: “Tri-
odes are always sweeter-sounding than
pentodes.” Another oft-repeated maxim
states that bass reproduction from a
small speaker enclosure is inevitably in-
ferior to that from a large one. In my
opinion, the support for this principle
derives merely from its own repetition.

P:
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