The “Bi-Phonic Coupler”’

A Unique Hi-Fi Speaker System

By ABRAHAM B. COHENY/ President, Advanced Acoustics Corp.

An unbaffled system, using a large flat wooden diaphragm rather than a
small paper cone to radiate hi-fi sound, promises fewer decor problems.

undergone a period of evolution en-

gendered, in the main. by the prog-
ress that has been made in the design of
the “heart” of the syvstem itsclf-—the
driver unit. In the carliest days of
sound reproduction the driver unit con-
sisted of an over-powerful ecarphone
coupled to a “morning-glory” type horn.
In fact, such a system was orviginally
called a ‘loudspcaking telephone,”
which in due time became fore-short-
ened to simply “loudspeaker.” The
morning-glory horn of the early days
was not a thing of living-room beauty,
but this was not a matter of great con-
cern, for its lack of decorative merit
was compensated by the fact that it
made possible the technical marvel of
mechanically reproduced sound.

From these early beginnings, the
loudspeaker mechanism has been im-
proved to the point where any present
advance is measurable only in the *last
decimal place.” This is not generally
true, however, for the cnclosures that
up to now have been as important to
the proper reproduction of sound as the
loudspeaker itself. In the history of en-
closure design we have gone through
phases involving the large flat open
bhaflle; the large closed hox approximat-
ing the infinite baflle; the horn-loaded
baflle; the bass-reflex baflle; the com-
bined rear- and front-loaded enclosure:
and, most recently, the small scaled
box. Thesc systems have ranged from
large, massive, wardrobe-type of cabi-
netry that were awe-inspiring in size
tand diflicult of placement), to the very
small enclosures that today are lumped
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lOUDSPEAKER system design has

into “hookshelf” category or system.

The one common characteristic of all
of these systems is that, in some form
or another, they arc boxes that house a
separate sound producer-—the loud-
speaker itself. These boxes must some-
how be fitted into the gencral pattern
of furniture arrangement and, because
they are boxes, all have a “live” side. a
“dead” back side. and must be used in
such a fashion as to show their faccs
and hide their backs.

The loudspeaker system to be de-
scribed-—called the “Bi-Phonic Cou-
pler,” Fig. 2 -in addition to being a

Fig. |I. Radiation resistance seen by piston
in small sealed box is about half that seen
by the same piston in a true infinite baffle.
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radical departure from conventional
design has broken through the “decor
barrier.” It is a lire system in that it is
not boxed. It radiates from both sides
of its thin contour so that it may be
placed. if desired, in the center of a
room to fill the room with sound pro-
duced uniformly from both sides. Be-
cause it is thus freed from the boxed
container, it is also freed from the con-
ventional loudspeaker location areas,
although it may, of coursc, be used in
these conventional spots if desired.

Of more intercst to the technical
man is the way in which the very deep-
est of hass and breadth of sound can be
obtained from a system which is so
radically different from conventional
loudspeakers—-a system which uses no
conventional cone, is completely un-
baffled, and produces its sound from the
vibrations of a very stiflly held wooden
panel which is, literally, as *'stifl as a
bhoard."”

Loudspeakers generally reproduce
sound by the vibrations of rigid “pis-
tons,” which are loosely suspended. In
gencral, the cone-type loudspeaker
makes use of a deep-formed molded, or
folded. paper cone so that it may ob-
tain, by this construction, some meas-
ure of rigidity while it is vibrating.
Such a flexibly supported rigid cone
structure vibrates and produces sound
when driven by an electrical signal ap-
plied to its voice coil which is immersed
in the magnetic circuit. The degree to
which such a rigid piston produces
sound is determined by its size and how
it is baflled—a baflle signifying a device
which prevents the rear wave of sound
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from the diaphragm from interfering
with the front wave. Such a baffle,
called an infinite baffle, is one which
theoretically should be uniplanar with
the piston surface and extends infinite-
ly far in all directions of the plane. In
actual practice, a large wall between
two rooms with the piston mounted in
the wall fairly well towards the central
part of the wall very nearly constitutes
an infinite baflle. for there exists com-
plete front-to-rear isolation of the
sound vibrating from both sides of the
speaker. And yet, because of the large
volume of the rooms involved. the loud-
speaker is radiating in relatively free
space on either side.

Radiation Resistance

When a vibrating piston is mounted
in such an infinite bafflc, its sound out-
put, at a given frequency, is governed
by the radiation resistance it "“sees” at
that frequency. This dependence of the
radiation resistance upon piston size
and applied frequency is shown graphi-
cally in Curve A of Fig. 1. It will be
observed that for a given frequency (or
wavelength) the radiation resistance
will vary directly as the radius of the
piston. Since the acoustic power that
the piston can deliver is a direct func-
tion of the radiation resistance it sees,
then to produce an increase in radiated
power at a given frequency (for a given
electrical input power) the piston ra-
dius would have to be increased. This
would increase the C/x ratio and move
the radiation resistance operating point
higher up on the curve. This, basically,
is why a 15" speaker produces better
low-frequency radiation than a 12", for
example, all other controlling elements
remaining unchanged.

Thus, theoretically, it is possible to
increase the radiation resistancc for a
given frequency at will by going to
larger and larger diaphragms with in-
creasingly better reproduction at low
frequencies. Practically, however, there
are physical limitations imposed on
making conventional diaphragms too
large. Molded paper cones become phys-
ically unstable and do not act as true
pistons when they get too large— for
they begin to flex within themselves.
Second, the larger they get, the deeper
they must be made to maintain some
measure of the mechanical stability.

Fig. 2. Cross-section of speaker system.
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Furthermore, with its accompanying
magnet structure, the large size cone-
type speaker becomes excessively large
and deep necessitating an even larger
and deeper box-type enclosure in which
to house the speaker- -whose function
it will be to baffle the rear-radiated
wave from the front.

Curves are given in the literature
which indicate that for a true infinite
baffle, the radiation resistance, as seen
by the piston mounted in that baffle, is
approximately twice the value of the
radiation resistance for the same in a
small sealed box; usually smaller than
8 cubic feet (Curve B, Fig. 1), The rea-
son for this is that although the small
sealed box may prevent front-to-rear
wave cancellation, the piston does not
“sec” the large. flat, infinitely extend-
ed baffle planc. Instead, the radiation
diffracts around the small box edges
and thereby loses some of its forward
projection radiation. The small box ra-
diates into *‘full acoustic space” of 4w
steradians while the true infinite baffle
radiates into “half space” of 27 steradi-
ans, with, of course, an attendant power
gain when it thus radiates into only
half the volume of the small box. Thus,
simply sealing the back end of a piston
in a box does not necessarily result in
optimum acoustic coupling to space.

Now, let us consider the situation
which would arise were we to free our-

Coupler may be placed vertically, hori-

zontally, or even hung directly on wall.

selves from the baflle entirely. Again,
we look to the established literature
and find that there is a curve of radia-
tion resistance of a piston radiating
without aid of a baffle at all. This curve
(Fig. 3) merely verifies what we have
learned from everyday practice, name-
ly, that for a given size piston radiating
at a given frequency, radiation efficicn-
cy will be greater when baffled than
when unbaffled. Thus, for instance, if
the piston is sealed off and operating at
some frequency such that the ratio of
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piston circumference to wavelength 1s
0.35 (as in Fig. 3A), then the radiation
resistance will be 0.015 acoustic ohms
per ¢m®. However, for the same piston
unbaffled. operating at the same fre-
quency. the radiation resistance drops
to .0001. This effect simply leads to the
well-known conclusion that when un-
haffled the piston will not produce as
much low-frequency power as when
bhafled.

Unbaffled Piston

However, there is another way of
looking at this relationship whereby it
will be possible to realize as much
power from an unbaffled piston as from
a baffled one. Using the same relation-
ships, we are going fo choose a radia-
tion efficiency level that we might ex-
pect from « bored piston operating at
a given frequency and find what size
wunbaffled piston will correspond to the
same radiction resistance level. Thus,
for a given level of radiation, we simply
move horizontally from the baffled
curve to the unbaffled curve and can
now find a different circumference-to-
wavelength ratio for the unbaffled pis-
ton which will produce the same radia-
tion output as the small baffled piston
ratio of piston circumference to the
same wavelength. From Fig. 3B, it will
be seen that for a radiation resistance
of .0015 for a C/x of .1 {small box con-
dition), we move horizontally to the
unbaffled curve and find a value close
to .53. Since, however, we are maintain-
ing the wavelength, x, constant, then
the circumference of the unbaffled pis-
ton will have to be approximately five
times as large as the baffled one to pro-
duce the same power output at that
given frequency. Thus, by simply choos-
ing the right size radiator, we may
theoretically reproduce, by means of an
unbaffled piston, any desired low-fre-
quency power equivalent to that of a
considerably smaller boyed piston.

However, for purposes of adaptability
to home use, a piston size of 15" x 22"
was chosen and even this size is not too
critical. For example, if we use the
figure of .0015 radiation resistance level
for a circumference-to-wavelength ra-
tio of .1 for a baffled piston and move
horizontally to some intermediate value
of C/x such as .4, which for a fixed fre-
guency means a piston four times as
large as the bafflled one, then we find
that we are ahmnost, but not directly on
the curve representing an unbaffled
piston. At this point of C/x equal to 4,
which represents an almost unbaffled
piston condition, we may expect the
same level of radiation as a baflled pis-
ton of one quarter its size.

Now the expression “almost un-
baflled” may seem paradoxical. This is
actually only a matter of semantics for
what we mean by a closed box is really
a device that prevents the rear wave of
the speaker from coming around to the
front. Actually, then, the phrase “some-
where between a closed box and an un-
bafMed piston” may be restated as “at
some condition of radiation where part
of the rear wave is kept from interfer-
ing with the front wave.” With this in-
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Fig. 3. {A) For a giv-
en wavelength, a fixed
size piston will pro-
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duce much less low-
frequency power when
unbaffled than when
baffled. (B) However,
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terpretation, it becomes fairly easy to
provide the necessary control of the
radiation from the back side so that the
piston will operate on the intermediary
characteristic indicated on the graph.

The rear-wave control is actually a
combination of acoustic resistance ma-
terial and an aperture screen which, to-
gether, provide just the right attenua-
tion of the rear radiation to allow the
free piston to produce the necessary
output power without aid of conven-
tional baffling. By actual measurement
the rear attenuation is very small, so
small in fact that only accurately cali-
brated measuring instruments can de-
tect the difference in level between
front and rear radiation the ear cer-
tainly cannot hear the difference. In
brief, then, by selecting a comparative-
ly large piston and judiciously control-
ling the rear radiation through a small
measure of acoustic resistance, it is
possible to achieve, from the essentially
unbaffled piston, low-frequency per-
formance equivalent to that obtained
from small pistons in sealed boxes.

Because the piston is essentially un-
baffled, it performs as a dipole radiator,
ie, each side acts as a radiator of
acoustic energy. As a dipole radiator,
the spatial distribution of the sound
coming from the radiator is a “figure-
8" pattern (Fig, 4), that is, there is one
lobe of radiation from one side and an-
other lobe of radiation from the other.
Such spatial distribution differs con-
siderably from that of a piston in a
closed hox from which the radiation is
generally hemispherical for the low
frequencies, For the dipole radiator,
then, low-frequency orientation is more
directionally positive—which is of spe-
cial value in stereo reproduction. In
conventional boxed systems, the diffu-
sion of the lows throughout the room
makes sterco orientation of the lows
difficult but with the dipolar directivity
of the unbaffled piston, this low-fre-
quency ambiguity is eliminated.

Mechanical Problems

In order to provide the necessary pis-
ton action for the large radiation sur-
face and still keep the structure flat,
special methods had to be developed to
obtain the necessary combination of
rigidity and compliance of the panel.
This was accomplished by using light,
yet rigid, wood sections cemented to-
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gether and braced in the rear with stra-
tegically spaced wooden members. This
provides not only the necessary rigidity
to the panel but is also effective in ad-
justing the acoustic response of the sys-
tem.

Since the entire structure is made of
wood, the problem was made more com-
plicated by the fact that a single large
panel of wood would not be of uniform
density, nor of uniform flexure char-
acteristics. In order to overcome this
problem, the piston panel is made of
five strips of selected woods—each strip
having the same density and elasticity.
Once these individual strips have been
selected for uniformity and density,
they are ready for assembly.

The type of glue or cement used is of
extreme importance in maintaining vi-
brational strength of the panel. Simple
cabinetry types of glue are not suitable
in that they are essentially hard and
hrittle and would be shattered by the
violent (although small) vibrations of
the piston. Yet, on the other hand, it is
not possible to use very flexible glues
that would not shatter since these flex-
ible glues would not provide the proper
adhesion of the panels to provide the
controlled piston action required. Ac-
cordingly, the adhesive material adopt-
ed was a specially devised combination
of both thermoplastic and thermoset-
ting types.

Once the panel had been assembled
and tested, it was found to contain un-
desirable, although not excessive val-
leys and peaks. To eliminate these ir-
regularities, it was found necessary to
brace the back of the piston with stra-
tegically placed struts and mass damp-
ing elements which smoothed out the
response characteristic of the piston
panel. Because the wooden panel and
its necessary bracing involved consider-

Fig. 4. The unbaffled piston {left) pro-
duces a figure-8 pattern while ordinary
baffled speaker radiation is hemispheric.
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able weight (approximately 185 grams)
its means of suspension became one of
great stiffness, even to resonate at 20
cps. In fact, the suspension turned out
to be more of a rigid clamp than a
flexible support. To prevent undue me-
chanical noises from the piston vibra-
ting against its clamp, a soft, com-
pressed rubber seat which grips the
piston under pressure was incorpor-
ated, allowing it to flex in this tight
grip without vibrating against hard,
noise-producing surfaces. Actually, this
design has eliminated the flexible sup-
port of the conventional speaker cone
with its attendant edge-resonance ef-
fect and structural fragility.

Because the piston is so rigidly sup-
ported, there is minimum excursion of
the piston as a whole which permits the
voice coil, which is attached to the pis-
ton, to be practically completely linked
with the magnetic gap of the circuit.
In this structure, where the voice coil
is so completely linked with the gap,
high electrical efficiency can be ob-
tained with magnetic non-linearity re-
duced to a minimum because of the
practically immobile large diaphragm.
High electrical efficiency invariably
leads to high electrical damping, both
of which together produce the condi-
tions for excellent transient response
characteristics. Moreover, the large
(15" x 22”) piston itself sees a high
radiation resistance which is true radi-
ation damping—effective in producing
good transient response.

While the piston is, by itself, a wide-
range reproducer, it was felt that sea-
soned audiophiles would prefer a little
more highs so a tweeter was incorpo-
rated in the system. The tweeter is a
high-efficiency, driver-type unit in which
the radiating surface is a molded phe-
nolic dome-type diaphragm. It is only
slightly horn-loaded and has a phase-
equalizing button for extending the
very top range of the system. The net-
work used is a simple high-pass filter.
No effort was made to eliminate the
high frequencies from the woofer sec-
tion. This has two effects. First, by
routing some of the high-frequency
power to the woofer, there is a better
balance of level between the tweeter
and woofer section and, second, the
middle- and high-frequency power ra-
diated by the woofer, which comes from
a comparatively large surface, mini-
mizes the pinpoint effect of the usual
tweeter radiation.

Decor and Applications

Let us now discuss some of the possi-
hilities of decor and application inher-
ent in this design. Instead of a cloth-
covered box, the audiophile can now
work with a furniture-finished, panelled
structure which is decorative from both
sides and whose sound is not radiated
through, or impeded by, a grille cloth.
Because it is so thin (4%"), it may be
hung on the wall very much as a pic-
ture might be. In fact, there have been
a number of inquiries regarding the
possibility of painting a picture on the
surface of the panel spo that it would

(Continued on page 129)
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