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An early proposal tor actlve attenuators Is in a patent by Lueg filed in

Germany In 1933 and tn the USA In 1934 {1). Hls methods are similar to some
which are current today. Proposals for obtalning phase oppositlon of the input
wave form included the following: (a} for a single frequency by adjusting the
distance between the microphone and the loudspeaker: (b) for a source in open
space the phases are controlled by placing the microphone and loudspeaker at the
same dletance from the source: (¢) for non-sinusoldal waves the nolse was fo be
detected at the location of the loudspeaker, which was then driven In phase
opposition,

These systems were not practical, largely because of problems of feedback, and
there does not appear to have been further devetopment for about twenty years
when Olsen introduced hls electronic sound absorber. Some of the proposals
wera simllar o those of Lueg but Olsen was successful In developing hardware
and does glve laboratory rese!ts. In two papers in The mid-1950's (2, 3) he
proposed locallsed nolse reducers for occupants of vehicles, machline operators,
machinery nolse control, nolse reduclng headsets, duct nolse reduction, etc.

Clsen did not publish development of hls work outslde the laboratory although
some aspects were followed up by otherst-

Transformer nolse (4}, Conover used a loudspeaker placed close to the trans-
former. Prellminary tesfs gave extremely promising results but fleld studies
were disappointing. The method flrst flltered out the 120, 240 and 360 Hz
harmonics of the &0 Hz power wave, phase shifted and amplltude controlled them
appropriately bafore adding them Into the power amplifler Input. Field trials
on a 15,000 kYA transformer with measurements at a distance gave attenuations
of nearly 30 dB at 50 feet away to the front of the transtormer, reducing to
about |0 dB at 125 feet, but tha resilts were less satisfactory at angles fo
the axls, there belng an Increase In sound level outside a beam of about 20
wide, Fleld tests continued to ba dlsappointing and an attempt was made to
include automatic adjustment of amplitude and phase of the auxilliary sound
source, but this also falled becauvse the feedback loop was unstable.

Holse reducing headsets (5, &), Active ear defenders were under development in
the mid 1950's and preliminary resuits on pure tones indicated an additional
attenuatlon of 10 dB over 100-1200 Hz. However, the werk does not seem to have
progressed beyond the oxperimaental stage.

The next major development occurred about 10 years later, In the mid=-1960's,
with 1he work of Jessel in Marseille {7). He Introduced a new development to
active attenuators in that his system absorbed the sound energy Instead of
taking 1t from one part of space to reappear elsewhere. In order to glve
absorption.lt is necessary to have a complex attenuating source system which
gives unldirectional radiatlion, unllke a monopela system which radlates
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vriiformly, The'&impiast uildirectional radiator has a cardloldresponse pattern
and Jéssel obtained this with a dipole/monopole combinatlon. Jessel and.hls
co-workers have alse made slignigicant contributions to the theory of active
atfenuators, largaly based on development of Huygen's Principla.

The effectivenass of cancellation between the primary noise Plp} and secondary
noise[P{s) from the attenuator system 15 estimated as follows, when the two
noises are not In exact antiphase. Let P(pl}=A cos wt and P(s)=-B cos (ut + $).
Then |t can be shown that the attenuation coefficlent detined as:

A= 10 I Pip) lzi 5 =10 log (I - 2Beosp + Boran
woniol e 09 (1 - Zgeoss + —

The attenuation obtalned depends on both the amplltude error and the phase error
and it the attenuation Is to be at least 15 or 20 g8 an amplitude error of

about| 10% Is permissible with a phase error of about 0.1 radlans. However, if
the amplltudes and phases are carefully contrelled, very high attenuations are
potentially avallable. It is easliest to obtain the correct ampiitude and phase
condition at low frequencies (long wave length) and this Is where active atten-
uators are most useful.

Basic types of actlive attenuators are as iliustrated In Fig 1. In tha conven-
flona! moncpole a simple time delay arranges for the required phase opposition
between the travelling waves and the cancelling input. Thers Is fesdback
between the loudspeaker and the microphone and this glves problems. In the
Chelséa monopole the simple time delay Is replaced by a network which Includes
the feedback as part of the total system. 1in the Chelsea dipoie, the micro-
phonel is placed centrally between the loudspeakers, fed in antiphase, and is
therefore isolated from the radiation from the secondary sources. The Jessel
tripole is arranged to give cardiold radiatlon so, Ideally, lsolating the
microphone from the secondary sources. S5imllarly, the Swinbanks system uses
time delays to produce cardiold radiation {8, .3). In Its normal_form the
Spaclbg is one quarter wavelength and the phase difference Is 909, corresponding
with the requirements for cardiold radiatlon. With the exception of the
Chelsga monopote, all these systems have frequency dependent characteristics,
even for ldeal loudspeskers. In general, the output varles as sin {kl}, where
k = 2n/x and | [s the loudspeaker spacing. This limits tha working region and
brings in the need for electronic compensation of the frequency dependence |+t

" the working region Is #o be extended.

We fee) that active attenuation of noise In ducts 1s In sight of solutlion.

Ducts| present the simplest problem as they are a one-dimenslonal system.
However, active attenuation of wlde band nolse In open space, which s attrac-
ting anreaslng attentlon, is far more difficult. There has been some recent
succets In the control of transformer nolse, modern variatlons of the work of
Conover {10,11,12). The situation Is eased for transformar nolse bocause one |s
deallhg with discrete frequencles and these present far fewer probiems than

does kideband nolse. It s I1kely that the first application of actlve
a1tenraflon In thres dimensions will be for transformar nolse,

There was work In France a few years ago on tha control of traffic nolse
passipg through 8 window, by using activa attanvation but thils was only
partlally successtul and was discontinued (13}, The system involved a number
of snPrces outside the window tad from & microphone via varlous condltloning
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unlF8. It was F&l+ that thaitechnical difflculties of transducer directivity,
phase land ampiltude response were too great to be overcome In the three-
dimensional situation. There is continuing Interest In active attenuators in
the Soviet Unfon as shown by publications in their Acoustics Journals. Much
of “Fha work- IS “tHearatical - a1thsadF 'some results on duct systems have been
‘publ Ished.

Conleer!ng general applications of active attenuators in nolse contrel, earty
uses are |lkely to be for duct silencers and transtormer noise. The problem
of machinery nolse cantrol is a dlfficult one as are all active attenuator
appligations in three dimensions. One area in which actlive attenuators have
been duccessful is in the control of repetitive noise from engines. Here one
Is assisted by the repetitive nature of the nolse,which simplifies the problem
as ond has the memory of the previous cycle to asslst attenuation of the
present cycle. An area in whirh active attenuators would be useful is that of
gas turblne silencing. Conventional gas turbine sllencers are large and expen-
stve and are less effective at lower frequencies, which is the region in which
active attenuators are most useful. However, there are considerable difficul -
ties 1o be overcome before active attenuators can be used in thls way.

There|is the elusive problem of active attenuation over a useful enclosed
volume. Thls |s the ultimate aim of all active attenuator enthusiasts but it
Is poislble that solutions will ba only for limited conditlons, due to the
difficulty of reconstltuting a wave form in three dimenslons.

| am &onvinced that active attenvators will have & role to play in noise

control In the 1980's and they could be applled now to fairly simple situatlions.
| do dot think that they are ever going to become the almost maglcal way of
producing silence which some propagandlsts imply and many others hope, but it is
well 7orfh keeping a realistic eye on areas in which they could be useful.
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l Fig I Active attenuators




