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Resonance System since the Royal Festival system.
AIRO reduced the number of channels and increased the
frequency range over which the system was to operate. A
recent typical system employs 90 channels and covers the
frequency range 63 to 1300 Hz. The channel spacing is not
allocated on the basis of constant frequency, but instead
the spacing is typically four percent at low frequencies and
two percent atthe highest. This is based on the premise that
the ear’s discrimination is related more closely to a
logarithmic rather than linear frequency interval.
Obviously, the technology employed has been updated.
AIRO now uses 50 Watt MOSFET power amplifiers
instead of the 5 Watt tube amplifiers of the original system,
and instead of fixed attenuators they use a microcomputer
to change the gain. The microcomputer offers the feature
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tive. Philips, therefore, applied the system to reverberation
enhancement techniques.

Philip’s MCR, however, is not to be confused with their
Ambiophony system which predates MCR. In the Ambio-
phony system the sound near the source was picked up by
microphones, delayed by a magenetic tape waterfall type
delay unit, and then added by means of distributed loud-
speakers to the diffuse sound in the auditorium. This system,
which used the Philips EL6911 tape delay unit, was
installed in many theaters including Studio 4 in the BBC
Television Center, and the Teatro alla Scala in Milan,
where it is still in use.

The typical MCR channel is shown in Figure 4.
Equalization is applied to correct for the random-directive
sensitivity of the microphone, loudspeaker, and the transfer
function between them. The principle behind this systemis
simple and compact. In the diffuse field, sound energy den-
sity and reverberation time are directly related, so that if
the diffuse sound is amplified there will be a corresponding
increase in reverberation time. Basically then, the MCR
system is a sound reinforcement system that amplifies the
diffuse or reverbererant field, as opposed to conventional
reinforcement systems that amplify the direct field only.

Unlike Assisted Resonance, where the microphones are
placed at frequency-specific pressure antinodes, the
positions of the MCR microphones and loudspeakers are
predetermined statistically and each channel amplifies the
entire spectrum. However, each element must be in the
reverberant field with respect to any other element. In
practice it is found that for each channel about 0.8% is
added to the energy of the sound field, but only 0.6% to the
reverberation time. Increasing the reverberation time by

Figure 2. Graph showing increased reverberation
in the Royal Festival Hall

ofinstantaneous changes of every channel, with, forexam-
ple, “*presets” of opera, symphony, or speech. The latest
system installed was in Eugene, Oregon (1981), in accor-
dance with the specifications of our firm. It is a multi-
purpose hall that hosts symphony, Broadway shows, and
rock concerts. The reverb times forthese presentations are
obviously conflicting, and Figure3 showsthe AR system’s
range.

The AR system, as installed at Royal Festival Hall, was
the first application of Electronic Architecture. When first
installed, no one was told of the intrusion of electronics
into the hall. However, it was when musicians and the
music critics began favorably commenting on the hall’s
improved acoustics that, the system was announced and
subsequently expanded. It was the immediate success of
the AR system that paved the way for the acceptance by
musical communities of Electronic Architecture. Multi-
Channel Reverberation System (MCR), N. V. Philips,
Electro- Acoustrics Division.

This system was developed by Professor N. V. Franssen
of Philips Electroacoustics Division, Netherlands, in
1968. This system, as its name suggests and in common
with Assisted Resonance, consists of a large number of
channels (between fifty and 100), the exact number being
dependent on the hall and the reverberation lift required.
However, the channels are not frequency-selective, and
are, therefore, frequency independent. Franssen’s original
intent was todesign a sound reinforcement system that was
source/ listener-position independent. However, the num-
ber of channels required made this approach cost prohibi-

ASSISTED RESONANCE -HULT CENTRE -
EUGENE- OREGON US A

REYCAS

ML
n

—]
ASSISTED

N
IR N

natliat

(1] e

L 1250 0N S00M W HLEH (Y18} g
FrEgulaty

Figure 3. Reverberation times at Hult Center, Eugene, OR.

half, thus, requires over 80 channels. While it is advan-
tageous to be able to precisely define the positions of
transducers for very small spaces, it could be difficult or
impossible to find sufficient positions that both satisfy the
reverberant field criteria and provide the required rever-
beration lift.

Like Assisted Resonance, the MCR system’s rever-
beration is dependent directly upon system gain. Both systems
operate at only-5 dB to-10 dB below feedback, and as such
there is only a small margin of error. The theoretical limit
for raising the original diffuse-field level is 12 dB. However,
coloration sets in just above 5 dB of gain and system
instabilities are encountered beyond 6 dB of gain, where
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Figure 4. Simplified block diagram of basic
reverberation system.

there is a doubling of the reverberation time. The MCR
system has a continuous checking system that inspects the
electronic gain to detect the onset of problems. It does not,
however, check the total loop gain since this would involve
continuous acoustic measurements. There are also two
detection and measuring microphones which are placed
between the sound source and the system microphones.
These microphones provide advance warning of levels
outside the system’s capability (10 dB SPL) such that
overload and distortion will not result.

To date, five MCR systems have been installed, the
most recent is in Limehouse Studio I, London, where it is
intended to provide an acoustic climate suitable for
orchestral presentations in an otherwise acoustically dead
space. Similarly, the Hans Rosbud Studio Sudwesfunk
broadcasting organization in Baden-Baden (Federal
Republic of West Germany) has been provided with a70-
channel MCR system. The first auditorium to be pro-
vided with an MCR system was the one in Philips POC
Congress Centre, Eindhoven, (1981). The POC system
consists of 90 channels, so that the reverberation time can
be increased in steps from 1.1 seconds to about 1.7
seconds. An MCR installation has also been fitted at the
Claude Debussy Theatre of the Palais des Festivals et des
Congres, Cannes (France). The 66 channels can be used
toincrease the mean reverberation time from 1.45 seconds
to 2.0 seconds. The Saalbau, a multi-purpose hall at the
Weinstrasse, in Neustadt Netherlands, is the most recent
MCRinstallation. Ithas 79 channels, and through the mid-
range it raises the reverberation time from 1.25 seconds to
2.0 seconds.

REVERBERATION CHAMBERS AND ACTIVE
ACOUSTICS—Bolt, Beranek, & Newman: John W.
Ditamore; Paul S. Veneklasen

Prior to the advent of electronic delay and reverberation
devices, external chambers were used as the source of
additional reverberation to be added to halls. In a system of
this type, microphones fed loudspeakers in an isolated re-
verberation chamber located elsewhere in the facility.
Additional microphones were used to pick up the rever-
berent sound and feed it to loudspeakers distributed
through the facility.

In 1965, David Klepper (now with KMK) and Russell
Johnson (now with Artec) worked in conjunction with
John Ditamore, an independent theater consultant on the
faculty of Purdue University. They designed and specified
anelectronic reverberation/surround system for the Miller
Auditorium, University of Western Michigan, Kalamazoo.
The system used conventional microphoning and mixing
techniques, with the console feeding a power amplifier
driving an Acoustic Research loudspeaker in a reverbera-
tion chamber, well isolated from the auditorium.

The reverberation chamber had an adjustable drape to
vary the reverberation time from about one to three
seconds at mid-frequencies, depending on the extent of the
drape exposed from its pocket. The signal in the reverbera-
tion chamber, which was completely non-parallel, was
picked up by an omnidirectional condenser microphone,
fed through a tape-loop delay unit (built from an Ampex
350), and delivered through amplifiers to a number of
Altec 604 coaxial loudspeakers above a panel-array ceil
ing and behind sound-transparent walls. This system
worked well for orchestral performance, and is still in use,
although some modern digital equipment has been added.

MULTI-CHANNEL REVERBERATION SYSTEM
LIMEHOUSE STUDIO 1, LONDON U.K.
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Figure 5. MCR system graph at Limehouse Studio 1
in London.

Paul S. Veneklasen filed for a patent on a *““Method for
Synthesizing Auditorium Sound” in May of 1967, was
granted U.S. Patent Number 3,535,453 in October, 1970,
which is shown in Figure 6. This system utilizes a rever-
beration chamber and a delay tube to provide both the
reflection patterns and reverberation of a large auditorium
in a smaller room. The system was conceived for use with
either a natural or amplified source. The system was des-
cribed to have a more natural room sound, hence the use of
the word ‘synthesized,’” rather than ‘artificial’ reverbera-
tion provided by tape delay systems. The Veneklasen sys-
tem was installed at the Classic Beauty Collection, San
Sylmar Museum, Sylmar, California, to enhance the
acoustics of an auditorium where a large Wurlitzer theater
pipe organ is played regularly.

Veneklasen’s Auditorium Synthesis method was also
used by his firm as a research tool. The progression of
direct, envelopmental, and reverberant sound were pre-
cisely controllable. One of the most important facts first
demonstrated was that, as important as are time delays and
directions, the relative levels of the three key components
of auditorium sound are most important. They also found
that, the preferred levels vary with taste and program
material, and in particular, the ratio of reverberant versus
direct sound is more important than the reverb time itself
and controls the clarity.

In 1974, John Ditamore served as theater consultant to
Rudder Auditorium at Texas A & M University in College
Station, Texas, and designed a sound reinforcing system
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Figure 6. Paul S. Veneklasen’s method for
synthesizing auditorium sound.

including ‘active acoustis.” In a manner similar to the
University of Western Michigan system, an external
reverberation chamber was used to provide additional
reverberant sound through loudspeakers located through-
out the ceiling, sidewalls, and balcony soffits. The levels of
both the direct sound from proscenium speakers and the
reverberant sound were independently adjustable. The
basic reverberation time at mid-frequency, without the
active acoustics system, was 1.4 seconds. This was
increased to 1.8 second with the system in use.

REVERBERATION ENHANCEMENT WITH
ELECTRONIC DEVICES—Bolt, Beranck & New-
man; J. Jacek Figwer; Theodore J. Schultz; David L.
Klepper; Towne, Richards & Chaudiere, Inc.

In the late 1960s, Bolt Beranek & Newman served as
acoustical consultants on a project to improve the acous-
tics of Kresge Auditorium, a 1238-seat multi-purpose
auditorium on the Massachusetts Institute of Technology
campus. In conjunction with a series of suspended plaster
sound reflecting panels designed to counteract the un-
desireable acoustic qualities of the room’s dome-shaped
ceiling, a number of experiments in electronically assisted
reverberation were conducted in 1967-1969. The result
was a systemn designed by Jacek Figwer, using a Kuhl's
plate as the reverberation source and two rows of four
loudspeakers installed above the reflector panels. The
front row speakers point upward and the sound is reflected
from the ceiling. The rear speakers point downward.
Signal delay is used to provide the correct arrival time of
the reverberant sound following the direct sound. The two
system microphones are hung from the reflector panels
over the orchestra. **In the technical minded community of
M.I.T., the intrusion of electronics into the world of music
did not seem to create any adverse reactions,” accordingto
Dr. Figwer. The block diagram for the system, and the
resulting lift in reverberation is shown in Figure 7.

In 976 t0 1977, Figwer designed an underbalcony system
in conjunction with Ted Schultz, physical acoustics con-
sultant for Bolt, Beranek, & Newman, Inc., on a project
involving the Orpheum Theatre in Vancounver, British
Columbia. The concept was to obtain reverberation from
the upper portion of the hall itself, which was not lacking in
reverberation, and introduce this natural reverberation
into the deep, low overhang underbalcony area through
loudspeakers in the balcony soffit No additional delay
was required due to the geometry involved. The intent was
to keep the installation a secret, but word leaked out,
resulting in skepticism on the part of the conductor and
musicians. However, Schultz reports that after initial tun-
ing and adjustments, the musical community was delighted
with the system’s ability to remove the balcony.

In 1984 at Klepper Marshall King Associates, Ltd.,
David Klepper designed a simple, but comprehensive,
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Figure 7. Block diagram for the Kresge Auditorium reverberation system.
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sound reinforcement system for the University of Hartford’s
Lincoln Theatre, in West Hartford, Connecticut. The system
re-used existing JBL loudspeaker clusters, which can pro-
vide reinforcement by themselves, or serve as precedence
loudspeakers in conjunction with a distributed system of
Electro-Voice PRO-12 loudspeakers, partly on delay. The
Music School’s Lexicon 224 reverberation unit has been
used with the system to add liveness to chamber music per-
formances and will be programmed for orchestral concerts
in the future.

Electronic Reflected Energy System (ERES)—Jaffe
Acoustics, Inc.; Technical Acoustics, Inc. When an Elec-
tronic Forestage Canopy (EFC) was installed at the
Oakland Paramount Theatre in Qakland, California, in
1973, the involvement of Jaffe Acoustics in the field of
Electronic Architecture began. Historical renovaton did
not permit the installation of forestage reflector panels,
required for providing critical early reflections in the theat-
re. In conjunction with the natural excitement of physical
volumes acoustically coupled with a hall—such as acous-
tic ‘moats,’ stagehouses and organ chambers—to extend
and enhance reverberation in a hall, Jaffe Acoustics
developed a system to electronically energize these coupled
volumes—the Reverberant Field Energizer (RFE). This
system was first used in 1977 at Laurie Auditorium, San
Antonio, Texas, and was granted U. W. Patent #4,061.876 in
December, 1977. In the following years, these systems
evolved into the Electronic Reflected Energy System, or
ERES.

ERES uses loudspeakers distributed throughout a hall
to enhance or provide natural reflection patterns for the
proper perception of sound in the hall. While other elec-
tronic architecture systems deal primarily with reverberation,
ERES provides presence, running liveness, reverberation,
and warmth in a concert hall, theater, or multi-purpose
performing arts facility. Any or all of the four channels
may be used individually or simultaneously, depending on
the acoustic requirements of the hall itself and particularly
the intended program of the space. ERES can be used to
correct acoustic deficiencies in an existing hall, however, a
number of multi-purpose theaters have been constructed
with ERES included as an integral part of the acoustic
design of the facility. The four basic channels of ERES are
shown in Figure 8 .

The first two channels are provided through the use of
digital delay devices and strategically located distributed
groups of two- and four-inch loudspeakers. Delay times
are set to provide or augment the envelope of early field
reflection patterns for a specific audience area. Each
transducer requires 10-20 Watts of amplifier power. The
second two channels are provided through the use of a custom,
multi-tap digital reverberation device and distributed
eight-inch coaxial and twelve-inch loudspeakers. The cus-
tom reverberator provides a diffuse package of late arriving
reflections, gradually decaying but pseudo-randomly
varying in amplitude and time spacing, which combines
with the natural reverberation decay of the room. The
reverberation time, the level of the reverberant field, or
both, may be increased. Each transducer requires 20-50
Watts of amplifier power.

Sound pick-up is in the late field of the sound source, by
microphones implanted in overhead reflector panels.
Although a number of microphones are provided for dif-
ferent programs({symphony, symphony pops with soloists,
chamber, chorus), generally only one microphone is used
for a particular function. One or more notch filters are pro-

vided to remove primary feedback frequencies if necessary.
Technical Acoustics Inc., a wholly-owned subsidiary of
the Bozak Corporation, New Britain, Connecticut, currently
manufactures a line of products for Acoustic Field
Management Systems using ERES and other technology
under license from Jaffe Acoustics for applications in per-
forming arts and religious facilities, as well as corporate
boardrooms and conference rooms.

AMBIENCE ENHANCEMENT BY TOWNE,
RICHARDS, AND CHAUDIERE, INC.

Towne, Richards, and Chaudiere’s involvement with
Electronic Architecture, or as we call it, Ambience
Enhancement, has been in the area of broad-band enhan-
cement of reverberation, in conjunction with the facility’s
sound reinforcement system.

This approach has been the result of typical projects
with budget limitations and multi-use program requirements.
It is not always possible to have sufficient volume for
music programs (hence, inadequate reverberation), and
speech-related programs are best with relatively little
reverberation. This conflict (speech vs. music) can be
resolved for much less money using Ambience Enhance-
ment as compared to adjusting reverberation by architec-
tural means.

Our first experience was at the Capitol Theater restoration
in Yakima, Washington. This Pantages theater originally
opened in 1920, functioned for a time as a movie theater
and was restored as a community multi-purpose performing
arts facility in the late 1970s. Our calculations indicated
the hall would be on the dry side for classical concert use
and since a good house sound reinforcement was needed,
we looked into the possibility of adding some reverberation.

The sound system was designed as a combination point
source/delayed distributed, primarily since the seating
under the deep balcony could not see the cluster centered
over the proscenium. A Quad Eight CPR-16 digital reverb
unit was fed from one of the outputs of the sound system
console and fed to the four delay zones as well as directly to
speakers in the domed ceiling of the theater. The reverb
unit was operated as a single-channel device.

The opening concert with Jan Peerce and the Yakima
Symphony was positively enhanced by judicious use of the
system. It was determined that any attempt at ** more is better”
could be disastrous, particularly in view of the inherent
coloration of the CPR-16.

The next two installations used a similar approach, but
with the Lexicon224. These systems, one at the McMinnville,
Oregon, Community Center, a multi-purpose facility gen-
erated out of an old National Guard Armory building, and
the other at South Kitsap High School Auditorium, a 700
seater in Port Orchard, Washington, were a definite
improvement over the Capitol Theater system, but were
still basically a single channel system.

The next installation, in a multi-purpose room at the
new Jewish Community Center on Mercer Island,
W ashington, incorporated two basic improvements. In all
of the previous installations, the distributed speakers were
all ceiling mounted and exposed. In the Jewish Com-
munity Center, there were both ceiling and side wall
speakers, totally concealed, which were wired on alternate
circuits to the left and right incoherent outputs of the 224
reverb unit.

In the previous installations, the sound system operator
had access to all the reverb unit controls. At the JCC, the
224 control head was preset and put in the equipment rack.
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The sound system controls and a single reverb control
were mounted on a panel at the back of the hall. The effect
was the best yet.

The latest system is presently being installed in a multi-
purpose auditorium on Kodiak Island in Alaska. The hall
is very similar to the South Kitsap High School Auditorium,
but the system will use the Lexicon PCM-60 which is less
expensive than the 224, and will have only ceiling dis-
tributed speakers, but will be wired on alternate *left/
right” circuits.

Characteristic Frequency Spectrum  Time Arrival
Presence 250 - 6000Hz 0- 20 msec
Liveness 250 - 2000Hz 300 - 2500 msec
Reverberation 20 - 1500Hz 300 - 3000 msec
Warmth 20- 250H: 60 - 300 msec

Figure 8. Four basic channels of ERES.

Two other systems, one at another Pantages Theater

restoration and the other for a new State University
Theater building, were carried through design but not
implemented to date, due to budget constraints. All of the
systems can apply the reverb to the reinforcement mix
and/or dedicated ‘‘ambience” mics. The latter can be
PZM'’s mounted on the orchestra shell overheads. Where
“idiot proof”’ user operation is a requirement, preset
parameters with a simple “‘dry to wet” control can be
used effectively.
Our limited experience shows that properly implemented,
broad-band ambience enhancement can provide a positive
effect that would not be possible without it. We see an
increasing potential market in community and institutional
multi-purpose performing facilities. Where competent
resident operators are available, the wide range of select-
able parameters in state-of-the-art reverberation devices
can be used to good advantage for special effects, and/or
varying program requirements.
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Figure 9. Simplified block diagram of the basic RODS
system.

REVERBERATION ON DEMAND SYSTEM
(RODS)—ACOUSTIC MANAGEMENT SYS-
TEMS, LTD.

RODS is the most recent development in the area of
electronic architecture and was developed by Peter Bar-
nett, formerly with AIRO(the developers/suppliers of the
AR system). This system is designed to integrate with
ERES and provides only the reverberation content. The
diagram of Figure 9 shows a simplified block diagram of
the basic system. The essence of the system is as follows:
Switches Sl and S2 are controlled by a microprocessor.
The state of the switches is dependent upon the sound field;
when the field is either steady or rising, Sl is closed and S2
is open. When the sound field starts to fall, Sl opens and S2
closes, releasing the stored reverberation into the space.
Since Sland S2 cannot be closed at the same time, the pro-
blem of coloration due to recirculation is much reduced.
Clearly this is a much simplified account, since Sl and S2
are not, in fact, switches, rather they are digitally-controlled
attenuators.

Because the reverberation level in one frequency band
could be falling while another is rising, there is a need to
increase the number of frequency dependent channels.
The expanded block diagram of Figure 10 shows a com-
prehensive system. The system operates on the same prin-
ciple as the basic system, but each channel operates
independently in afixed frequency bandwidth. In addition,
delay units and input and output transducers have been
added to ensure that the reverberation is delivered in a
natural fashion.

EPILOGUE

The viability of electronics in imitation of architectural
acoustics has been shown as an adjunct to basic architec-
tural and noise-reduction acoustic design techniques. An
outline of the seven basic types of elctronic architecture
techniques established a perspective on the technology. It
was also shown that the use of electronic architecture gives
the architect and/or owner unprecidented freedom for
expression in architectural statement and flexiblity, while
providing true multi-purpose spaces with the appropriate
good multi-purpose acoustics. Likewise, these techniques
allow for complete and precise control of the acoustics by/
for the composer/musician enhancing and extending the
limits for both performers and listeners alike. The increas-
ing interest in performance-space electroacoustics, and its
economic and functional attractiveness, is manifest in
applications from small boardrooms to large multi-purpose
halls. Perhaps, the next horizon are real home hi-fi
ambience systems!
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& L.C. Keijser, presented at the Convention of the Audio
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acoustics through the careful application of audio technol-
ogy, augmenting deficient natural acoustics or providing
the complete ambience in a ‘‘dead” space. An electronic
analogy of walls, canopies, ceilings, and physical volumes
can be created, which responds to a sound source as would
physical structures.

A basic ERES channel consists of a microphone, mic-

TIME SPECTRUM INTENSITY DIRECTION

[ ] [ea | o I > '_[ﬂ"‘
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Basic channel for reflected energy: system.

rophone preamplifier, frequency shaping network, signal
delay, power amplifier, and loudspeaker. The location of
the loudspeaker provides the “D” in “DIFT”; the other
three characteristics are controlled in the electronic path.

Unlike a recording or sound reinforcement audio chain,
which typically condenses a multiple of input transducers
intoone or two output channels, an ERES begins with very
few input transducers (usually a single carefully placed
microphone) and expands through independent signal pro-
cessing channels into a multitude of independently placed
and adjusted output transducers, numbering in the hun-
dreds in large installations. Appropriate location and
signal processing enables these channels to imitate the
behavior of architectural reflections in a concert hall,
church, or other desired space. ERES, like the Philips
MCR system, does not amplify the direct field, which con-
tains unblended, amplitude-only information; ERES amp-
lifies the diffuse sound which is a true representation of the
intensity or total power and is fully blended. This aspect of
which sound-field that is being amplified is what differen-
tiates ERES from conventional sound systems.

The effect of a larger physical volume is provided by a
special reverberator containing a large digital memory,
through which signal passes only once (no electrical recir-
culation). The reverberator releases a dense string of
replicas of the original sound, appropriately tapered and

LOBBY LEVEL ’ B =

randomized in amplitude, time and phase, through a num-
ber of incoherent output channels. Between releases the
room’s early and late reflective fields are always devel
oped, giving the decay a uniform character and avoiding
coloration, The custom reverberator was designed by our
firm and was first used for the NBC television programs
““Live from Studio 8 H,” featuring the New York Philhar-

Block diagram of system at Silva Hall

monic Orchestra, (Editor’s note: this application will be
discussed in greater detail in Wade Bray's article which
will appear next month).

ARCHITECTURAL FREEDOM

A classic example of a facility incorporating innovative
architecture are the Silva and Soreng Halls in the Eugene,
Oregon, Performing Arts Center. Figure 1 shows an
orchestra level plan of the two halls, and Figure 2 shows a
section of Silva’s 2200 seat multi-purpose hall. In order to
accomodate a wide variety of loudspeaker systems, the
proscenium arch is sound transparent. Reflective panels
located behind the transparent proscenium at critical areas
and an orchestral shell provide substantial early reflec-
tions.

The acoustics of this hall would not be satisfactory for
symphonic programs without the use of electronic arch-
itecture. In Silva Hall, the natural acoustics are sup-
plemented by ERES, which supplies the early reflection
package that is not sufficiently provided by the architec-
ture. In addition, an Assited Resonance System extends

e -~ * ERES
-
w J— £RES . —
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Figure 1. Orchestra level plan of Silva and
Soreng Halls.

Figure 2. Section of Silva Hall’s 200 seat hall.
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ERES system at Circle Theatre.

area typical of this type of theater. With narrow sidewalls
and a renovated stagehouse, including a Jaffe Acoustics
designed reflector system (concert shell), the natural
early-field was excellent; thus, only a minimal early-field
system was required to augment presence and running
liveness in the underbalcony and low-ceiling upper mez-
zanine. The late-field system was designed to provide the
additional reverberation required for the symphony. A
number of coupled physical volumes were energized, in-
cluding the stagehouse over the reflectors, the organ cham-
bers, and an acoustic-moat constructed from the old
orchestra pit. SLF field speakers, located in the same
spaces, provided additional warmth for the low-frequency
instruments. Several warmth speakers were also located in
the underseat return air plenum which coupled to the hall
through over one-hundred *“mushrooms.”

Electronic architecture, in the form of ERES, was able
to transform the Circle Theater from a movie palace into a
concert hall. The symphony could not have used the space
within the guidelines of historic preservation without elec-
tronic architecture. With the acceptance of electronics in
the concert hall environment, both acoustic and historical
requirements were met, thereby, giving a special space
such as the Circle Theater a new lease on life.

The ERES installation at the Circle continues to be well
received as the Symphony begins its second sold-out

season in its new home. Musicians, concert goers, and
critics have been pleased with the Symphony’s sound in
the theater.

ERES has also been used successfully in other facilities
for symphonic production including Whitney Hall, Ken-
tucky Center for the Arts, Louisville, Kentucky; Salle
Wilfred Pelletier, Place des Arts, Montreal; NBC Studio
8H, New York City; and Kansas City Music Hall, Kansas
City, Missouri; among others. Upcoming projects utilizing
ERES include a 2,100-seat, multi-purpose hall at the
Anchorage, Alaska Performing Arts Center, designed by
architects Hardy Holzman Pfeiffer Associates, the arch-
itects of the Eugene facility, and a 1,200-seat, multi-
purpose theater in Columbus, Ohio.

CONCLUSION

Electronic Architecture is not a replacement for physi-
cal acoustics. Other aspects of acoustic design such as
sound isolation, elimination of echoes, HVAC noise con-
trol and the reduction of excessive reverberation, mustrely
on physical acoustic solutions. At present, electronic
architecture is most effective when used in conjunction
with good physical acoustic design practice. However,
after twelve years of development and application, ERES
has proven itself a sophisticated and cost effective tool in
the design of all types of performing spaces. [ ]
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Speaker and mic on ceiling at Health Services
Center.

cert hall ERES, they developed a **Boardroom Sound
Reinforcement System,” and were granted patent
#3,992,586 in 1976. Jaffe’s boardroom system is based
upon modules which consist of two loudspeakers oper-
ating in anti-phase, such that there is a *“cancellation-
zone’’ in between the loudspeakers, where a micro-
phone is then placed. The loudspeakers in a module do
not reproduce any sound pickup from its microphone;
the loudspeakers only reproduce signals from mic-
rophones in the other modules. This technique allows
for a stable system since the microphone is not in the
direct field of the loudspeakers. Thus, there is a suffi-
cient amount of gain-before-feedback due to the geo-
metrical relationship of the talker/microphone/loud-
speaker/listener. Additionally, the reverberation times
in these types of rooms is usually on the dry side,
especially in the vicinity of the acoustical ceiling. This
helps even more by ensuring that there is not much in
the way of reverberant energy to be amplified. The only
physical requirement is that a maximum noise level of
NC25 should be measured in the room. That is what
might be called the *‘physical-alignment” part of the
system.

Now, for the electronic side of the story. Everybody
knows that when the distance from a source is doubled,
its SPL drops by 6 dB—that is, the inverse-square law.
So the electronics in the mainframe are set-up to com-
pensate forthe 6 dB drop-off by increasing the gain at a
rate of 6 dB as the distance from the source is doubled.
This is, of course, field-adjustable to compensate for
any reverberant energy that may contribute to the level.
Signal delay is also incorporated to take advantage of
the well known ““Haas-effect’” or ‘“auditory fusion-
zone.”” This simulates the**early-field”’ reflections one
would normally hear a lot more efficiently (no absorp-
tion or diffraction from architectural materials). Be-
cause of the incremental delay introduced to the signal
the source is never ““colored’” by the loudspeaker. In
addition to the gain afforded by the *‘cancellation-zone”
microphone placement, narrow-band notch-filtering is
also employed for extra system stability.

Jaffe’s first specified boardroom installation was the
General Electric Corporate Headquarters in Fairfield,
Connecticut. After the highly successful installation at
GE, the boardrooms of prestigious corporations soon
followed suit, they included Federated Stores, IBM,
Natomas Company, Utah International Corporation,

and Mitsubishi Corporation in New York. Because of
the need for this technology to be brought to its full
potential in the marketplace, Technical Acoustics In-
corporated, a wholly owned subsidiary of Bozak, Inc.,
was formed. TAI licenses the technology from Jaffe,
manufactures *‘ready-to-install’’ Boardroom Systems,
and directly supports those interested in specifying or
installing the ‘‘Jaffe Boardroom System’ with com-
plete design specifications on a project-by-project basis.
TAI currently manufactures a mainframe that houses
individual cards that perform the various I/O, mixing/
matrixing, filtering, delay, and amplification functions.
They also manufacture two different configurations of
the ceiling loudspeaker/microphone module. The notch-
filter cards that are included with the system feature
two sets of four filters each. Each card has dip switches
so that the notch-filters may be assigned to any part of
the circuit, or disabled if necessary (for example, AV
playback). Other options that the mainframe can ac-
commodate include AV inputs, recording outputs, tele-
conferencing interface, link-ups of multiple spaces,
hard-of-hearing loops, and translation system inter-
face. Recently, GE renovated their board room and
decided to update the original Jaffe Boardroom Sys-
tem. This time, instead of a custom-wiredinstallation, a
TAI mainframe and modules were installed which in-
corporated teleconferencing features. A true tes-
timonial when a client orders the same system after ten
years of use!

“HOT-CEILING”
A further development of the Boardroom System is
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Box with cover off at Health Services Center.

Small Business

The IRS conducts workshops to help
small business owners understand
their tax rights and responsibilities.
Contact the IRS for information.
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