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._e~_Introduction» '
It -is now fifteen years since the first experimental system was installed in
the Berst Festival Hall. Since that time, Assisted Resonance has fond has
the: applications and this short paper outlines its development and uses in
that time. ’ ‘ ’

Orm of Assisted Resonance
Assisted Resonance was developed for the Royal Festival Hall by Peter Patio
and his colleagues at 333 specifically to counter the lack of wamth experi-
enced over the first few seasons. Drastic altematives of incieaeing the au—
ditorium volume or naming the audience capacity were rejected by the acousti-
cians and the concept of lengthening the hall's reverberation time by a large
mamber of frequency selective channels comprising an elastic-acoustic feedback
system was hem. The m1 system or 168 channels has now been in operation for
over ten years, over which time the Royal Festival Hall has been ranked amongst
the world's leading concert halls.

Develomnt
Following this initial success, it was decided to install a second system at
the Central Hall at York University and throng: the work involved there to de-
velop the approach with the aim of offering the optimum comezcially viable
system. Attention was focused on the relationship between the frequency selec-
tivity of and spacing between individual channels with IBM to the resulting
lifts in zeverberstion time across frequency range. From this study and other
data from subsequent installations it is possible to offer the following guide
to the available lift in octave band reverberation times for two typical sys-
tem sizes .

No. of Percentage Lift in Octave Band

Channels 125 Hz 250 Hz 500 Hz 1000 Hz
___—____—_——-———

72 100 BD 50 25

90 100 90 67 50 .

Naturally the specific circumstances and the design aims of the acousticacon-

sultant will detsmine the choice of parameters for a particular application.

has Tool in New Mnlti- se Halls

The first commercial system was installed in the Concord Pavilion in

California. A truly mun-purpose facility, this 3500 seat covered amphi-

theatre. with additional seating on the surrounding lawn for 4500. presented

the consultant with the pnohlan of attaining acoustic criteria for symphonic

music in the absence of auditorium walls. Es turned to Assisted Resonance to

provide the acoustics to suit the has. The pavilion has operated. now for five
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years offering a wide programme including rock music, Jazz. opera. ballet and

omhestral works culminating in perhaps the most successful concert there to

date, when Leonard Bernstein conducted the New York Philhamonic in Mahler's

First Symphony on 16th June to the rapturous applause of over 8000 people.

The next system also went to America. The Scottsdale Centre for the Perfoming

Arts in Arizona was conceived as a. conventional 1500 seat theatre. Assisted

Resonance was incorporated into the design so as to extend its range of uses.

Other than for drama, when the system is not used, the considerable local com-

munity interest in chamber music has encouraged the use of the hall for this

purpose, a function for which the assisted reverberation time is well suited.

British interest in Assisted Resonance was revived with two new local authority

halls, the Alfred Beck Centre in Eillingdon and the Hexagon in Reading. The

500 seat Alfred Beck Centre in its natural state is suited to drama and modem

music which fom its major uses. whilst with the system in operation successful

chamber music concerts have been staged. The Hexagon, in its wide usage, caters

for Varied tastes including an almost monthly concert by one or other of the

London orchestras. In January 1976. at the end of his concert with the London

Symphony Orchestra John Georgiedls praised the hall with the public cement

"It's the first of all the new halls in the country that sounds like a concert

hall".

01' these {our systems, where Assisted Resonance was specifically used as one of

the measures to achieve a multi—purpose facility, the Concord Pavilion and the

Hexagon emerge as the most successflnl for which due tribute should he paid to

the respective acoustics consultants, Christopher JaII‘e and Sound Research

Laboratories. In both cases, through good design and the use of Assisted Re-

sonance, the consultant has achieved his goal of providing good acoustics for a

a variety of events rather than having to be satisfied with a fixed compromise.

Future Projects
Our current involvement is with four halls. Two are new multi-purpoee centres

in Britain, at Earrogate and at Plymouth. ‘The others comprise a new auditorium

in Czechoslovakia which shall havs a twin 120 channel system designed to oper-

ate in conjunction with a movable ceiling, and the 40 year old municipal audito-

rium in Kansas City for which Assisted Resonance will be a remedial measure.

Conclfliiig Comments

With the Kansas City installation. Assisted Resonance shall have returned to its

original use as -s remedial measure for an existing concert hall. in the mean-

time having been proved a successful tool for multi-purpose auditorium design
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High amplitude Amplification

lien Dibble

olectroacoustice Consultant. Rugby.

The concert hall platform is the music industry's shop window where new

performers will be trying to attract the attention of the talent scouts

and promoters while established bands will be promoting the sales of

records and concert hall seats. Once the not itself has been perfected.

tne next consideration is the ability of the sound system to convey the

energy and excitement of the music to tne audienco.‘rhe sound system is

the band's only channel of communication and success or failure will

hinge upon its performance. The widespread availability of home Hi-F1

systems has created an audience which is atonea to sound quality and the

concert sound vste must surpass by a wide margin, the quality of the

average home -Fi. No longer can the 35nd rely on the power of its back

line amplification, the acoustic power of the drum kit and get by with a

pair of coluln loudspeakers for vocals.

   

 

one of the prime limiting factors is acoustic coupling. or feedback and

it will be clear that tne standard practices such aslimiting frequency

response, fr uency shifting. the use of line-source loudspeakers etc.

 

are insJyrorriate Lo tnia as lication. Tne question is often asked as.to

why the local F.A. man gets feedback in a given venue with a pair of

columns and a 50w. amplifier. while fine next day, a rock band turns up

and successru113 usesa 10,000 watt _cu d system with no feedback
[roilemsl we anal]. first consider a _ cal rock band requirement.

  

with a standard rock band line up of two electric guitars, bass guitar,

keyboards, Hrzne and vocals, As many as 30 input channels will be

reqlired. Seas of these will be micr .cnes for Lne voices. nruns. piano,

etc. while o‘Hers will be direct injected feeds from the back line

Lifiers ati electronic keyboard in.‘ruments. Sometimes. the Keyboards

drums are pre-mixed on stage by us of aubmixers prior to feedinf
ine main r' '1; rorsolc. :nst concert w 11 stages are acoustically fairly

11v; and t is, in conjunction with a z ambient Luisa level per-u=s
lALtlc seysrstion between between sources thereby making adequate control ‘

VCP] diliicult. Tne solution is to ‘ rect inject' as many sources as

gosiole and often, transducers are ghysically attached to the instruments
:c avoid the use I: lizcronhones. Those microynones that re.‘ in are used

in very close Era ty to the sauna source and are carefully selected
for uniform 'card oid’ directional characteristics and freedom from

overload at very hlflh SPL'a.

 

    

    

    

  

 

The mixing console is usually located out in the auditorium and must be

ca;acle of accejting the very high 5i n31 levels comingoff the stage
without overload. normally, up to four bands of parametric equalisation

will be Provided along with full signal monitoring facilities. oy care—

ful choice of ;1:rophones and careful iesifn of the console electronics,

most of the contributinu factors of poor sound quality and excessive

feedback have seen overcome.

2L



 

Proceedings of The Institute of Acoustics

High Amplitude Amplification - 2

' Before the remainder of the signal processing equipment is considered. we

must take a look at certain aspects of the loudspeaker system. The design
objective must be full range frequency response - say #05:. -'16KH¢. with

controlled radiation and good sensitivity. This cannot be achieved with a
single wide-range reproducer or by stacking multiple Hi-Fi type enclosures.

The loudspeaker array must be assembled from a number of different types
of transducer. each being optimised to a particular part of the frequency

spectrum and each fed from a band pass filter. However. at the orders of

amplifier power normally employed. passive filters of the type normally

fitted to domestic loudspeaker system are not a practicable proposition

due to insertion losses and to the physical size of the capacitors and

inductors that would be necessary. For these reasons. and also to provide

control over the balancing of the loudspeaker systemI it is usual to

crossover at low level. either 3, k. or 5 ways and to separately amplify
each band of frequencies for feeding to the appropriate-section of the
loudspeaker system.

In addition to active crossoveras this technique is termed. it is usual
to employ ird octave graphic equalisers and compressor/limiters in the
signal chain prior to amplification. the graphics being used in conjunction

with a real time analyser for room equalisetion and the compressor/limiters

to prevent amplifier clipping and loudspeaker overload. Surprisingly
perhaps, the power amplifiers themselves presen the least of the problems.
as these are available from many sources with frequency responses that are
flat from almost DC to 50KHz within idB or so. with distortion figures

below 0.1%. rise times better than )qsecs and power outputs of up to 700w.
per channel stereo. So much has been writen on this particular topic and
most commercially available products excede the performance requirements
by a huge margin. that there is little of any relevance to add. It is usual
to employ the largest amplifiers to feed the low-frequency section of the
loudspeaker system, as despite the relatively high efficiency available
from a properly designed low frequency reproducer, this remains by far the

least sensitive part of the system.

The arrangement of the loudspeaker array is largely preédetermined by the

physical factors governing the performance of certain types of transducer.

For example, a 12“ drive unit does not usually provide sufficient low

frequency energy to reproduce the open 'E' string of a bass guitar (kzflz)
so a 15" or 18" unit is usually employed in a very larged horn loaded

enclosure to handle frequencies up to about #0032. In order to avoid the
effects of doppler distortion and to retain dispersion control, 12“ cone
loudspeakersI sometimes horn loaded. sometimes working ss.direct radiators

will handle the lower mid handI between about l«DOE: and 1.6KHz. Above this

frequency. the response of a 12" unit becomes ragged and radiation angle

starts to narrow, so we crossover again to a large radial horn with high

power compr-:_.sion drive unit. such a horn is likely to provide unifrom _

projection of the upper mid band up to about SKHz, at which frequency.

a specially designed high frequency radiator takes the response to the
audistory limits. On more compact systemsl the functions of the bass and

lower mid sections. or upper mid and high frequency sections may be combined

into single units to provide a 2 way or } way array with restricted

performance at each end of the spectrum and some sacrifice in radiation.
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It is usual to aim for a radiation angle of 90'horinontal and uU'vertical

and this is easily achieved using stander components. However. if audience

are seated in close proximity to the loudspeaker array it is often necessary

to provide near-field coverage of the mid and upper frequencies and this

is usually achieved by means of an acoustic lense assebly. This is basically

a congression drive unit and horn with a series of specially shaped plates

across the mouth of the horn arranged to provide wide spread of energy in

the horizontal plane at reduced wavefront energy levels. Conversely. in a

particularly long hall or outdoor stadium. it is usual to suppliment the

usual loudspeaker system with long throw projector horns. These are highly

direc nel with dispersion angles of about 20'and are intended to project

the ci;ole and up‘er frequencies over very large distances. The on-axis

SP; is very high need and care must be taken to ensure that no audience

are wizhin direct near field range.

  

  

what then has been achieved?

1. A common form of distortion due to acoustic overloading of microphones

and electrical overloading of the front end electronics has been

elisinated thereby removing the harmonically related response peaks

thus generated.

2. All subsequent electronics have sufficient headroom to handle a large

dynamic range without clipping. with ultimate control by compressor]

limiters.

3. Electronic equalisation is employed so that output energy from the

system is reduced at frequencies where room modes would otherwise create

a response peak with its attendant certainty of acoustic coupling.

   

   

u. TL oudspesker system is carefully designed to ensure a smooth. peak

f response with controlled forward propogation at all frequencies

t' eby ensuring that very little direct energy from the loudspeaker

s r em is present in the vicinity of the microphones. Further. by

c ful orientation of such a loudspeaker array. first reflections can

‘: ,ressed.

Using leso techniques. high quality sound reproduction. free from feedback.

ringing and distortion can be provided at SPL's of up to 120dB(A) without

stress on the reproducing system.

However. we find one main problem. in that by designing to throw all the

cut_ ' wer into ‘“ auditorium. we have a situation where the musicians

have iculty in tearing their own vocals above the high ambient sound

level on stage. Also. they have little 'feel' of the overall sound being

fed to e audience. Jls problem is overcome by the use of a second,

entirely independent sound system on stage. where techniques similar to

those row under discussion are employed to provide monitor loudspeakers

for ea indiv al :usician. This system can either be controlled from

the main mixing console. or in the case of a larger type of system. a

separate monitor mixing console will be employed actually on the stage.

In this =ituetion. hundreds of watts are being fed to loudspeakers placed

inmeci tely behind and below the microphones without feedback:
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