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Monopole systems oIIer the slmpiest Iorm oi actlve attenuator for one dimension:'

especlally Ior ducts In the plane wave region. The noise iron the primary

source Is detected by a microphone and the slgnal delayed to allow for the

travel tlme from mlcrophone to secondary source. The secondary source ls then

energlzed In antlphase to the travelllng wave. Assume that, wlth the secondary

source ott, the sound level along the duct ls unltorm. When the monopole

Secondary source ls switched on It radlates both upstream and downstream,

producing attenuatlon downstream and a standing wave upstream, towards the

primary source. The secondary source Is equivalent to a partially retlectlng

plane, or to an Impedance change, In the duct. The standing wave causes

dltflcultles In the operation at the attenuator, especially as the level at the

microphone varies with frequency. The attenuator Is based on Interference,

resulting In redistribution ot energy without necessarlly involving dlsslpatlon.

Consider the attenuator In more detail, taking Into account the acoustical teed-

back from mlcrophone to loudspeaker. In the conventlonal monopole, the elec-

tronic compensatlon is the slmple time delay which Is located between the

microphone and loudspeaker (Flg It. When the time delay ls adjusted to equal

the travel tlmg ot the nolse from the microphone to the loudspeaker, and the

loudspeaker energized In antiphase to the travelling nolse wave, there Is can-

cellation In the downstream direction, but the upstream wave adds to the nolse

at the mlcrophone forming a feedback system (Flg 2).

The trequency and phase responses of thIs system are

“W -éU"’=-%
2

where 1 =21'and t'ls the time delay correspondlng to the microphone-loudspeaker

spacing 1/2, lo 1' = 1/2c - lo/k: = I/4fo. In this to = 21 Is a wave length

which Is a characteristic of the system‘ 5(jw) Is mInlmum when t = {a and at

this lrequency the overall phase shltt oi the secondary source radiation In the

downstream region Is -n, cancelling the travelllng wave. There is an lnstabl-

Ilty at f - lie, and multiples, when clju) Is lnIlnite. The mlcrophone-

loudspeaker spacing Is seen to be an Important factor In the operation ol the

attenuator, the greater the spacing the narro-er the operating range. The

Cunventlonal monopole has Inherent llmiiatlons whlch provent Its adoption as a

practlcal system.

There are several ways oi overcoming the llmltations. a) More complex. unl-

dlrectlonal sourcns may be used to reduce the Ioodbock. bl Microphone Isolatlon

may be achieved by pinclng It centrally between the components 0| a dlpole

attenuator; as In tho Chnlsoa Dipole. at The lnedback may be Incorporated as 1,}
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part of the total system. yd) The microphone-loudspeaker spacing may be reduced
to increase the range oi operation. Methods 3) and b) have beendiscussed else-
where (l-S). Methods cl and a) will be considered here.

a, , - _ _ . e. : _ I, a”
c) The Chelsea Monopole. II, Instead oi applying a constant time delay atter
the microphone, we use a network with a suitable transfer function It Is poss—
ible to include the acoustical teed-back path as part oi the total system In
order to give unit amplitude response and the phase shiit which Is required for
cancellation over a band of trequencles, There Is now no inherent limit on the
band at operation. The system, which re refer to as the Chelsea Monopole, over-
comes many of the dililculties of the conventional monopole, and Is Illustrated
In Fig 3. the electrical network 6 compensates the characteristic oi the
simple monopole to give the followlAg response

 

sum) =1 , film-#4“?

It Is seen that the output of the system has a constant amplitUde and a phase
which Is proportional to trequency, as is required for Hideband active attenu—
ation. Imperfections In the microphone and loudspeaker characteristics will,
however, require Iurther compensation, In order to reduce Instahliltles at
higher frequencies .

d) The Tlght-Coupled Monopole. As the microphone-loudspeaker spacing Is
decreased, FigZ tends to Fig 4 for zero spacing and the device ls, ideally,
stable at'all irequencles. The physical system, which is shown In Fig 5, has
been reduced to high-gain amplitier between microphone and loudspeaker. How-
ever, the frequency responses of the loudspeaker and the duct limit the gain,
due to lnstabllitles which may still occur at higher frequencies and this
limits the amplliler gain. Improvement can be obtained by compensation of the
loudspeaker and microphone characteristics. Fig 6 shows a typical nonopoie
attenuator performance without loudspeaker/MicrophOne compensation.
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Flg I
Convonllonnl
Monopole

Fig 2
Conventlona|
Monopole as a
feedback sysfem

Fig 3
Chelsea Monopole
as feedback
system
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th 6
Tight coupled
monopole as a
feedback
system

Flg 5
Tight coupled
monopble

a) attenuator ott

b) attenuator on

200 300
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Flg 6 Attenuator parlormancn
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