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Introduction

It is now fifteen years since the first experimental system was installed in

the Royal Festlval Hall. Since that time, Assieted Hesonance has found fur-

ﬁ: :.pplicationa and this short paper outlines its develomment and uses in
ime. . . .

[4) 5 of Aspisted Resonance

Assisted Resonance was developed for the Boyal Festival Hall by Peter Parkin
and bis colleagues at HRS epecifically to counter the lack of warmth experi-
enced over the first few peasons. Drastic alternatives of fncreasing the au-
ditorium volume or reducing the audience capacity were rejected by the acousti-
cians and the concept of lemgtheming the hall's reverberation time by a large
number of frequenéy selective channels comprising an electro-amcoustic feedback
syatem waa bom. The full system of 168 chammsle has now been in operation for
over ten years, over which time the Hoyal Festival Hall has been ranked amongst
the world's leading concert halls.

Development
Following this initial success, it was decided to inetall a second system at

the Central Hall at York University and through the work involved there to de-
velop the approach with the aim of offering the optimum comtercially visble
aystem. Attention was focused on the relationehip between the frequency selec-
tivity of and spacing between individual channels with regard to the resulting
1ifts in reverberation time across frequency range. From this study and other
data from subsequent installations it is possible t¢ offer the following guide
to the available lift in octave band reverberatlion timea for two typical sys—
tem sizes.

No. of Percentage Lift in Octave Band

Charmels 125 Hz 250 Hz 500 Hz 1000 Hz
12 100 80 50 25
90 100 90 67 50

Naturally the specific circumstances and the design aims of the acoustica_con—
gultant will determine the cholce of parameters for a particular application.

Design Tool in New Multi-Purpose Halls

The first commercial oystem was installed in the Concord Pavilion in
California. A& truly multi-purpose facility, this 3500 seat covered amphi-=
theatre, with additional seating on the surrounding laun‘ror 4500, presented
the consultant with the problem of attaining acoustic criteris for symphonic
muaie in the absence of auditorium walls. Be turned to Asasisted Resonance to
provide the agoustics to suit the use. The pavillon bas operated now for five
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years offering a wide programme including rock music, jazz, cpers, ballet and
orchestral worke culminating in perhaps the most successful concert there to
date, when Leonard Bernstein conducted the few York Philharmonic in Mahler's
First Symphony on 16th June to the rapturous applause of over 8000 people.

The next system also went to America. The Bcottsdale Centre for the Performing
Arte in Arizona was concelved as a conventional 1500 seat theatre, Assisted
Resonance was incorporated into the deeign =o as to extend ite range of uses.
Other than for drama, when the system is not used, the considerable local com-
_mmity interest in chamber mueic has encouraged the use of the hall for this
purpose, a function for which the assisted reverberstion time is well suited.

British interest in Assisted Resonance was revived with two new local authority
halls, the Alfred Beck Centre in Hillingdon end the Hexagon in Reading. The

500 peat Alfred Beck Centre in its paturel state is suited to drama and modem
music which form its major wses, 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 Januaxy 1978, at the end of his concert with the London
Symphony Orchestra John Georgladis praised the hall with the public comment
nit's the first of all the new halls in the country that sounds like a concert

hatl".

Of these four systems, where Assisted Nescnance was specifically used as one of
the measures to achieve a multi-purpose facility, the Concord Pavilion and the
Hexagon emerge es the most successful for which due tribute should be paid to
the respective acoustica consultants, Christopher Jaffe 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 variety of events rather than having to be satisfied with a fixed compromise.

Future Projects

(ur current involvement is with four halls. Two are new multi-purpose centres
in Britain, at Harrogate and at Plymouth. The others comprise & new suditorivm
in Ceechoslovakia which shall have a twin 120 channel system designed to oper—
ate in conjunction with a movable ceiling, and the 40 year old manicipal auwdito-
rium in Kansas City for which Assisted Hescnance will be a remedial measure.

Concluding Comments :
With the Kansas City installation, Assisted Hesonance shall have returned to its

original use as -a remedial measure for an existing concert hall, in the mean-
time having been proved a guocesaful tool for multi-purpose auditorium design
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High amplitude Amplification
fen Dibble

zlectroacoustics 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. Unce the act itself has been perfected,

the next consiferation is the ability of the sound system to convey the

energy and excitement of the music to the audience. The 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-Fi

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

concert sound system must surpass by a wide margin, the guality of the I
sverage home Zi~-Fi. Ko lonper can the osnd rely on the power of its back
line amplificstion, the acoustic power of the drum kit and get by with a
pair of coluzn loudspeakers for vocals.

Une of the prime limiting factors is acoustic coupling, or feedback and
it will be clear that the standard practices such as limiting freguency 3
response, frecguency shifting, the use of line-source loudspeakers etc,

are ing,progriate to this application. The guestion is often asked as. to

why the local F.A. man gets feedback in = given venue with 2 pair of

columns and a 50w, amplifier, while the next day, & rock band turns up g
and successfully uses a 10,000 watt scund system with no feedback !
sroblems! we shall first consider a tyrical rock band reguirement.

with a staundard rock band line up of two electric guitars, bass guitar,
kevboards, drime and vocals, as many zs 30 input channels will be
reguired. Scme of these will be microptiones for the woices, Grums, piano,
ete. while ethers will be direct injected feeds from the back line
amplifiers and electronic keyboard instruments. Sometimes, ithe keyboards
and drums are pre-mixed on stage by meens of submixers prior to feeding
tne main wivinr ceonscle, #ost concert hall stages are acousticaliy fairly
iive and tnis, in conjunc.ion with & sigh ambient nolse level pruv.des
little sepsrstion belween betweel. scurces thereby meking adeguate control |
very difficult. The solution is to '"direct inject' as many sources as
sosible and often, transducers are phnysically attached to the instruments
it avoid tHe use of uicrophones., iUncse microphones that reisin are used !
in very close :reoxiwity to the eound source and asre carefully selectea [
for uniform 'cardioid' directionsl characteristics and freedon from '
overlioad at very high 8FL's.

cagable of acce tinr the very high sicnal levels coming off the stage
without overiosd. wormally, up te four bvands of parametric egualisation
will be provided along with full signsl monitoring facilities. sy care-
ful choice of ricrophones and careful design of the console electrenics,
most of the contributing factors of poor sound guality and excessive
feedback have Leen overcome.

|
The mixing console is usually located ocut in the auditorium and must be |
21.
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- 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 Ireguency response = say LOKz. - 16Kdz. with
controlled radistion 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 belng optimlised té & particular part of the frequency
gpectrum end esch fed from & band pass filter. However, at the orders of
amplifier power normally employed, passive fllters of the type normally
fitted to domestic loudspeaksr systen are not a practicable preposition
due to insertion losses and to the physical size of the capacitors and
inductors that would be necessary. For these reasons, and alsc to provide
control over the balancing of the loudspeaker system, it is usual to
crossover a8t low level, either 3, &, or 5 ways and to separately amplify
each band of frequencies for feeding to the appropriate -section of the
loudspeaker system.

In mddition to mctive crossover as this technigue is termed, it is usual-
to employ ¥rd octave graphic equalisers and compressor/limitors in the
signal chain prior to amplification, the graphics being used in conjunction
with & real time analyser for room equalisation and the compressor/limitors
to prevent amplifier clipping and loudspeaker overleoad. 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 S0KHz within 3dB or so, with distortion figures
below 0.1%, rise times better than 3ysece and power cutputs of up to 700w.
par channel stereo. So muck has been writen on this particular topic and
most commercislly avallable products excede the performance reguirements
by a huge margin, that there is little of any relevance to add. It is ususl
to employ the largest amplifiers to feed the low=frequency section of the
loudspeaker aystem, as despite the relatively high efficiency available
from a properly deaigned low freguency reproducer, this remsins by far the
least sensitive part of the system.

The arrangesent ol the loudspeaker array is largely pre-determined by the
physical fectors governing the performance of certain types of transducer.
for example, 8 12" drive unit deoes not usually provide sufficient low
frequency energy to reproduce the open 'E' string of a bass guitar (42Hz)
so B 15" or 18" unit is usually employed in 8 very larced horn loaded
enclosure to handle frequencies up to about 400Hz. In order to avoid the
el ects of desvler distortion and to retain dispersion control, 12" cone
loud speakers, sometimes horn loaded, sometimes working as.direct radiators
will handle the lower mid band, between about 4UOHz and 1.6KHz. Above this
freguency, the response of a 12" unit beccmes razged aid radietion angle
starts to narrow, B0 we ¢rossover again to a large radial horn with higa
power compr-ssion drive unit., Such a4 horn is likely te provide unifrom |
projection of the upper mid band up to abouk SKHz, at whieh freguency,

s specially designed high frequency radiator takes the response to the
audiatory limits. On gwore cowmpact syastems, the functions of the -bass and
lower mid sections, or upper mid and high frequency sections may be combined
into single units to provide & 2 way or 3 way array with restricted
performence at each end of the apectrum and gome sacrifice in radiationm.
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High azplitude Amplification = 3

It is =susl to zim for a radiation angle of 90%horizontal and 40" vertical
and tris is easily achieved using standar components. However, if audience
ars szated in cleose proximity to the loudspeaker array it 1 often necessary
to previde near-field coverage of the mid and upper freguencies and this

is usually achieved by means of an acoustlic lense assebly. Thiz is basically
a cocrression drive unit snd horn with & series of specially shaped plates
acroses 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 ioudepeaker system with long throw projector herns. These are highly
direc:zional with dispersion angles of about 20%and are intended to project
the miidle and upner freguencies over very large distances. The on-axig

$PL is very high indeed and cere zust be taken to ensure that nc audience
are witain direct near field range.

hat tzen has been achlieved?

1. A common form of distortion due to acoustic overloading of microphones
and electrical overloading of the front end electronics has been
elizinated thereby removing the harmonically related response pesks
thus generated.

2. All cubseguent electronics have gufficient headroom to handle a large
dynamic range without clipping, with ultimate control By compressor/
licitors.

3. Electronic egualisaticm is employed so that output energy from the
gvstem is reduced at frequencies where room modes would otherwise creats
a response peak with its atteancant certainty of acoustic coupling.

= loudspeaker system is carefully designed to engure a smootn, peak
ee resrolise with controlled forward propogation at all freguencies
sreby ensuring that very little direct energy from the loudspeaker
vetem is presesnt in the vicinity of the microphones. Further, by
areful orientation of such & loudspeaker array, first reflections can
e

sfeciively zur;rezsed.

Using these techniques, high gquality sound reproduction, free from feedback,
ringizg and distortion cen be provided at SPL's of up to 120dB(a) without
stress on tne reproducing system.

“owever, we fini one main rroblem, in that by designing to throw all the

cutpust rower lntoe the auditorium, we have a situstion where the musiciansg |
have 3:fficulty ir kzaring their own vosals sbove the high ambient sound |
level on stege. also, they have little 'feel' of the overall scund being |
fed to *he sudiense. This problem is overcome by the uge of B secend, '
eatirely indeperdsnt sound system on stage, where technigues similar to |
those mew under discursion are employed to provide moritor londspeakers

for each individual zusician, This systewm can either be controlled from

the mein mixing censole, or in the case of & larger type of system, a

sevnsrate moniter mixing console will be employed actuslly on the stage.

In thie =itustion, hundreds of watts are being fed to loudspeakers placed
immeciztely benind and delow the microphones without fecdback!
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