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Monopole systems offer the simplest form of active attenvator for one dimenshon: ' .
especlatly for ducts in the plane wave reglon. The nolse from the primary
source Is detected by a mlcrophone and the slignal delayed to allow for the
travel time from microphone to secondary source. The saecondary source Is then
energlzed 1n antiphase to the travel llng wave. Assume that, with the secondary
source off, the sound level along the duct Is unlform. When the monopole
secondary source bs switched on it radlates both upstream and downstream,
producing atfenuation downstream and a standing wave upstream, towards the
primary source. The secohdary source Is equivalent to 2 partiatly reflecting
plane, or to an impedance change, In the duct. The standing wava causes
difflcultles in the operation of the attenuator, especially as the level at the
microphone varies with frequency., The attenuator is based on Interference,
resulting in redistfribution of energy wlthout necessarily Invalving dissipation.

Consider the attenuator in more detall, taking Into account the acoustical feed-
back from microphone to loudspeaker, In the conventional monopole, the elec-
tronlc compensation Is the simple time delay which Is located between the
microphone and loudspeaker (Flg 1}. When the time delay is adjusted to equal
the travel timg of the nolse from the microphone to the loudspeaker, and the
loudspeaker energized In antlphase to the traveliing nolse wave, there is can-
cellation 1n the downstream dlrection, but the upstream wave adds to the nolse
at the microphone forming 8 feedback system (Fig 23.

The frequency and phase responses of this system are

[o¢5w] = EFIiE[ . Ltgw) = =3
2

where T =27 and t'ls the time dalay corresponding to the microphone-loudspeaker
spacing 1/2, le ' = 1/2c = do/lkc = V/dfo. In this o = 21 s a wave length
which s a characteristic of the system. 6(jw) Is minlmum when £ = fo and at
thls frequency the overall phase shift of the secondary source radlation in the
dewnstream reglon |s -n, cancelling the travelllng wave, There ks an Instabl-
{Ity at £ = 2fo, and multiples, whan Gfjuw) Is Infinite. The mlcrophone-
loudspeaker spacing Is seen to be an Important factor in the operation ol the
attenuator, the greater the spacing the narrower the operating range., The
conventlonal manopole has lnhersnt {lmiiations which proveat 1ts adoption as 2
practical system,

Thers ara saveral ways ol overcoming 1he limltations, a) More complex, unl-
dlrectional sourcas may be used to roduce the feedback., b} Microphone Isalation
may bo achloved by placing It centrally between the componnnts of a dlpole
aHlonvaton a5 In tha Chalsaa Dipole. ) The fredback may be Incorporated as
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part of the 1o;al‘svsiem. d} Tha mlcrophune—loudspeav-r spacing may be reduced
to increaso the range of operation. Mathods a) and b) have been discussed else-
where (1~3), Mefhods cl and d) uIH be considered hera.

. . i
c) The Chelsaa Monopole If, Instead aof applylng a constant time deilay after
the microphone, we use a network with a sultable transfer tunctlon it Is poss-
ible to Include the acoustical feed-back path as part ol the tfotal system in
order to give unlt amplitude response and tha phase shift which bs required for
cancellatlon over a band of frequencles. There Is now no Inherant limit on the
band of operation. The system, which we rafer to as the Chelsea Monopole, over-
comes many of the dlificulties of the convsntlonal moncpole, and is §llustrated
in Flg 3. The electrical network G, compansates the characterlstic of the
simple monopole to give the followl%g response

Glju) =1 , éf;uw--;’_‘n-!‘il.

It is seen that the output of the system has a constant amplltude and a phase
which Is proportional to frequency, as s required for wideband active attenu-
ation. Imperfections in the microphone and loudspeaker characteristics will,
however, require further compensation, ln order to reduce instabllities at
higher frequencles.

d) The Tight-Coupled Monopole. As the microphone-loudspeaker spacing 15
decreased, Fig2 tends to Fig 4 tor zero spacing and the device is, ideally,
stable at’all frequenclas. The physical system, which is shown in Fig 5, has
been reduced to high-gain ampiitier between microphone and loudspeaker. How-
ever, the frequency responses of the loudspesker and the duct limit the gain,
due to Instabllities which may stil}l occur at hlgher frequencies and this
limlts the ampilfler galn. Improvement can be obtalned by compensation of the
loudspeaker and microphone characteristlcs., Flg 6 shows a typical monopote
attenuator performance without loudspeakaer/microphane compensation.
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