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t he sepa®ati OWM@@&M&&&@I& mherr&mencbdqaredtothcw&E- Mac h20

] 0

I At coﬂ*m)*zA ('Tn)[""(t "o“*m) "“( ot ¥a)} 40

ie. ZA (1,") {"'2(‘) "'2(': 'o)} = -{O(t- 1.,"))
B 'The equxvalent relauon for three nng souroes is

% i {mo- ¥[’"z(t°’r)+"z(t 'z)]]-"" 2



| f the appropriate equation can be satisfied, this wll achieve the object
of having no downstream di sturbance, while upstream of the sources the only
di . o

possi ble to satisfy t hese equatlons for all frequencies, 5 and i f. the
anpl i t udessof . rmtlon of the sources are not tq become excessive one will be
5 confil el& o the "useful" frequency ranges already disecussed. But before
di scussing the design of a practical control system whi ch weul d -det-ect the
di sturbanc&.wave and qperate the sourd4%,818 a suitable nanner,. |t WI |8 be

assumed that consi ganedppRpridiSeqaftioh el ﬁ@ﬁeﬁr@ﬁw&mmm
equati ons can bmdm@md&mmctﬁvm&upmexmjﬁnhetsmmmmﬂsdlsﬂu!bmyillrbe Wm ch the

sources absorb t .ener Cons,i d e case .\
Tlustrated in Etﬁfe“%ﬁ%rgmﬁmm S b SRR se ang
mounted in the scbxﬂiladﬁbfthﬁ amsrrrprcrty, |tW|II be

assuned t hat the wabefovelms ﬁlsdmofaﬂ'MPnIt chi wwldwietett bel ow t he

cut-off f requen %o‘;fal’er ptg’\?g?“%s for ‘mbleH’Ea"?"F’dWR t ially
I nconpr esp‘d bI e ggelam the wak &1 \eli €pI pe di anet er’.
Hence if. "b'-the se atthm dmeh nﬁéﬁmaesmaﬁsuaf&do piktoidg t he

pi pe-is suf fici énendy QJPfda dycttdnd megacbrmsmmtmit willhehave '
approxi mat el y adSuped; gg& s e“ Wﬁ%; ‘E;‘t he -
i nci dent y@ve Ofenjth e twos -

pi stons is just tlsq:tshms hahuredﬂmgthefpa:e-e-xs sﬁaunﬂyﬁau,tpeﬂutdhtﬂ&degimme 20

Then the work d j mately e of @ss}b? ct gual to the work done
on the 20 plSt%ﬁon 8 Cliskant is "L%ﬁ %& ime f or m of
feedback zpli f maén @B 'nelifﬁﬁﬁncﬁ!aﬁrv@% ddneoﬁ out pat .

stage of the amnpistssier-in the: sarre vvay that a feedback servo_mechani sm
absor bs energy efp practices e s t force
does work on th W%m , “invol ved
in any appl i cat sifattheduthubforce adey 1 i the & : If Scofishio ehegyPl €SE@At NO
probl ems. | f -t hinvelvedrie any application iwguld de key Sre@r?e%abs?th@smww@be -

EESac ol e sk e ot B “ic?ﬁi?ﬁpm%”&s‘%““% o

wel | -1inesd wit hd&bboe:hbnﬂ imeibos ivelirined rwith ibsbrbenin/mt wouwbeeqﬁﬁa I ent 390 .

exacting the solattw sopnl fragh the dow whare sxﬁ
available for aff&@vs mrb qﬂWF\Fe‘PtPrarTB"? ’E‘g’f”h el"'aas PE“fse‘ Wtere as
Muchtine i s avail ADfte @sailed abidysi8 STail Be RB&0bdin for zdlo VRES Nidba) bthoanal ysi-s .
can be nadfe, agiinger heuming allj/irctmpskssitie fiow. fiidan boshden that the whibdgrerbyassunidhg ~ -
| ocal |y mcorrpré‘élsqcm@emwdﬂm’m‘be shown that the work done by a 35
source in the absence of convection'is Jerr]. where p is the excess pressure
over the surface of the source. Since glownst r eam source operates in "
such a way ‘that the excess pressure duesto the plane wave node is 40
always zero, it does not absorb any energy-it acts as a sinple reflector.
It is the up- 4fed F@%‘eﬁ&w&ésu&p&ha&é Rfabeof dhe Wohked Sfute {BE ASwddkeddm( | €1 d-t hat
absorbs the i ncismhes peatsrxgyuchlutayﬂfatﬂi@memptess&bﬂmbdﬁﬂxmmdmﬂeisy sone of
t he energy0 gets tzero,t!bdt;en?te-b é’c%d%ckt_éée" 1e gm%uknd 40 -

f

-C' .__m

absorbed i ater SRR §mﬂ5§b‘;sb gé of the
non- pr opagat i ngﬂtﬂ sb\g& q,e ,bedme, rat e of: working
of each source, buItshduﬁ tempad thmahepmncmfrtke trahdwesentﬁestdnansverse
nodes can4®asij | %‘ﬁ °ft‘t'5’r & the 48own-
stream source S e yen %hﬁ‘?{"{t’ bum lﬁmg tched by
an equi val ent i a@ﬁmg e €Y Ao h;ee upst ream Source. It
remains to devise Btswmsemdm@hymtvhldpmﬂ st woetisfyghsegqui-sfy t he

equa- 50 20 :ﬁ\;gﬁzfegmmr f%ﬁoﬂmssﬁgm nvedgw WI all 9 "

gener at ing the from the generating source, but in more general
: applications it will be necessary to detect the incoming radiation. -

The problem of detection is easy to overcome, since by using an array of detectors

55 6 as shown in Figure 7 in exactly the same way as the sources 4 were coupled together 55

_ plane waves travelling downstream can be detected while waves travelling upstream are .

rejected. This should prevent any ‘possibility of resonance or. instability arising from
interaction between the source output-and the signal picked up by the detectors. I
: , detectors of composite form similar to that of-the ring sources are used, propagatmg

60 _ transverse modes below «,(M) will not be detected 60



has a fixed frequency or frequencies it may be possible to drive the
control sources by a suitable synchronisi ng signal fromthe generating
source, but in nore general-
incom ng radiation The probl em of det ection is -easy to overcone,. si nce by
usi ng an-array of detectors 55 | ~ 6 as shown in-“Figure 7 in exact. he
same way as the sources 4 were. coupl ed together 55 plane waves tra I ng
downstream can be det ect ed while waves travelling upstreamare rejected.
Thi s shouldlps any.. ], -

frominteraction bEbn/nauplet fale muemmdrttpaﬁd &,(a)r‘dpatd& by iagtisednceb’ il gk up by the ;
det ect or | f d&tech odsbory)dbhpeuputis ket an sinilar to that of the ring-
sourlges are used, propagatl ng 60 —4dna e m)des below [err] (M will
not be detected. D= d({) o 7’3 60 7

1, 456,018 thtsxszem for-a wave travellmg upstteam, ‘but the dnstirbﬁmewmeénﬁlqﬂcbdne two
detectors -‘[err](’l")’“tand [err](t) separated by ‘a distance 'b' and at x= 51
-1+ (say). Lf the output is taz'ten as kzrr] thi.s is zero for a_ wave

travel | i ng. upstream but the dfe h W‘[’érr] vv|II y| eId ‘an 5

out put

5 [err]. where Srwr’i‘F'FarIy if three detectors’ and three rrng 'sources are used,
the output fromthe 10 - detecthswm&tdb

10 [err] while the equation to be sa i sf P& s By t aki ng the LapI ace
Transform the rel Sl PedFREabid Gelk AP duRlePdee URER Sk Bblicl N S

consists of a Sideedws woukbbedel ay [err| and two circuits in series each 10ith

transfer. function 20 - Now the latter is ‘a si e feedback circuit
i nvol ving- two pure ti m&)ﬁg(&We{ J(t -&W{.&w—yhgs’;j:ovw n Figure 8, but
inits present formit woul t nstab|f°|t d noreover if
[err]=2: 3 there ﬁﬁgwd be re at frequencr es [err] The D.C
instability: may‘B érﬁﬁ?@?ﬁ”ﬁ% oratlngahlgh pass. (b.C) filter 25

inthe loop at- 7, while if- g hosen st, of the desirable
characteristics 25 of the™ ‘Pu ﬁ’?z T@Tre@?%& @'{_ he first resonance
now occurs .at w.= [err]. This |s wel | outside the useful frequency Tange

and.it shoul d be pdistk b’%TW%?hWWW@)IW%wWHer The
Nyqui st Plot for such a feedback |o P, W|thaD |Iter [err] i's shown in
Figure 9. '[gre "useful "'fre )ru:)A(q,a'jt 15
1, 456,.018" g we 1-§(e P ePY) 8- [errﬁ or x20 .Now the"

gai-n nargln i s ‘hot - very great and to.attenpt to drive the system at fre-
quenci es. out si de t ng mtimeél® woul d produce excessively large

output anpli- 5. - . -tudes. Thus it Wli_![b be necessary to filter the output
fromthe detectors to renove fre- 5 .guencies outsi de this range
: : . . . ' c(14+M)

‘and two circuits in series each with transfer function. o
| . [ i(‘?’i -sz)] _ | ' - |
20 - Now the latrer is a simple feedback circuit involving two pure time delays, V,and 2

s a8 shown "in Figure 8; but in its' present form it wo ex!n it:D.C. msmblhty,
fioredver if v, : 72—2 3 there would be resonance at frequencxes '

4nx

B i1

o ' TheDC.mstabxhtymayberemovedbymoorpomnngahxghpass(DC.)ﬁlner o
ce 25 in the loop at 7, while if v, :y,=2:2.8 is .chosen most of the desirable characterxsucs 25
' D of the choice 2: 3 are retained, but the first resonance now occurs at w=10r/fy,. This '

is well outside the useful frequmcy range and it should be- possible to -overcome

_' th:sbyusmgalowpass filter,
o The Nyqtust Plot for suchafeedback loop,wuhaDC ﬁlter ..
| S 75410k S
30 . - —_— ' 30
. o . _1+10l'¢o e R .

s shown m ‘Figure 9 The “useful” freguenc& range is approximately |



Consi der the inclusion of such a filter F(iw) in the circuit. Providing the
system equations are accurately represented over the passband of F(iw) the
f i Aatl—output—down—streamt+s—H—HwH-errHHw—New—a—eenventional filter
woul d . tend to have rapid phase 10 - changes occurring at the ends of the
pass-band.and this could lead to a local anplifica- 10 tion of the output.
But if 'ut off of the filter is sufficiently sharp tthis effect will be
confi ned a very

conpensa -- . ot ! _ e ~
shoul d be noted that si nce |t |s nece@sarl} to |ntroduce a tlrre del ay [err].
bet ween signal detection and oper &t TQm 8t The sources a time | ead has
effectively begksgai ned and this shodtd habl e the-desi.gn of fil ter S tQ
much better gain hahegaﬁfmxrgtﬁﬁsarotﬁdrygsmhﬁtaﬁanenpuﬁm%wetsh&m&e Al'so this

| ead can_be u Sheugege psively lazge quputyampliics i the
frequencil res@&ﬁ%‘ %ﬁ »n‘t eését"df’gF%r'h Xl {'2(5’““tjors to rgye f18y ¢ o gm nt
i's very inportanicogsiier B iddiuiish tfeﬂahlasmepm,)h@@ra g, ploigieg Walspseh Of 20 the,
phase of the cdqidosed asdu rej rssen crttmpassbdndaﬁﬁd;w)aheeﬁnaltmtpmm-on S to be

obt ai neqd, - | n prae ks db—Eg (t"’b ‘if 10j fing
out put woul d | ﬁ?tﬁécﬂfﬁ jﬁ%ﬂﬁ tef’ g i the cut of f
[err] the p a&a:ti:agﬁalv&ya Bﬁﬁmd etneﬁt:uaﬂao ebyvery smal |
and the transvberrs@cmdle@tmtﬂn 30 pheschagdb (- exponent ially ina

di-st ance of aboutB“b‘ﬁéh%‘fiﬁé“ﬂ?da%ts’éFe“§8°°6"ﬁ’éyt9d’éff°d“"1‘rﬁlﬁ‘ﬁ’t‘ 4}t ectors 25 this
di stance downstream and get. accurate ypgitoring of the residual field. For
hi.gher fisequencies this will not be—pessible, but sone form of ~opti n‘155at I on
process could be used to vary certar‘hﬂrb‘d#)arret ers.of the system and get

maxi num r educt,j t extended to
SR i b 53 o B B O TS

narr ow frequency band and shoul d be nore han

the control oOfg; mdes, thus
enabl i ng t he wp‘pmenidce isousuallly ithietcgse thisrlei s@xibe used ﬁ&ompensa& feasy to show
that fon,uni f GEfERdedwple ﬁhaarc'amfw $PCE FREPOBTE off 9 °fa?? ;anerlazhr ng
sound véles b S GIPRITERS bt Pl R a8 com
pl ement ary-thi's 1Is pactide smtforﬁmaemma eemesini%a&p@maabmiheorem So
it is only ne@élssbaru}tlnﬂﬁ Eonferiquroeiestwell ‘!)Bte dagnigvalvediinyen node,

and the,probl detection wopld d Fomat ical |y . _
satlsfleg i f iﬁ%’%@g&s gag‘g%g‘ﬂ gﬁmhﬁfé ces gV\hen .
consi deri ng t rfegevddshis RAID®RE bbe seibie &auf,)foﬁﬁ(fdi dgtﬁﬂimﬁ;fro&srsequacy lerr]

these take thesqdgp mimp eramfmmnters gpen R RIRELR g&_gﬁeslwv di fferent_
angul ar ygependgacey q‘ﬁg fr ol }“ e mwl?eég.ondlgag to.
each” of “these TYRER e4d to show thadk or e pRobleRe bfdetesting aRE CT | Ded

nunber of radi gbdraﬁngjapmatpmmm aloEg)the aluct il:Oz gitm trangderse mpdelakeaom-.

cross- sect i on,Plensatagyofissis 4 ﬁﬁfﬂ‘l tically by
PR Lo e e e R

order n,  of detectors as sources. epencfence [err] i's
t he angul ar deEe oaensu{e jraniseersg tpaodes ?nlqualmbtd)dle-otmfmumm‘er nand m

are i-ntegers t angular. err
g R EaE, '““’ﬂ??m e

I s equalgto [

coef ficient Eﬁc:[oear 6sdiecuoa :hembdaeasdumtale Eaadaw& mithgmatially he vel ocity
of sound. If dwyehetarkzssxoa ring source conprising (N + 1) point sources '
uni formy distributed around.the duct wall,; and drives themrespectively in
proportion to val ues of the quant- |Jt(Mmf;8§[,gagr11m,Gad;,rx§aspondl ng to ther r
angul ar positions, g being an int eger f’rot greater 9
1,456,018 9 _ _

where o o . _

45 - Tais the Bessel functlon of order " ' _ ' o _ - 45 &
: . r is the radial dependence, - . o
. 8 is the angular. dependence,

knm is the appropnate mode wave number, ' . _
' n and m are integers such that: n<N(m,) and' m<Mn(w,),
50 Aam is equal to ¢y/R, where y is the m* zero of the dxfferenual coeﬁ‘xcxent 50
dJ.(z)/dz, R is the duct radms and c, is the velocity of sound.

If one takes a ring source compnsmg (N+1) point sources uniformly distributed
around the duct wall, and drives them respecuvely in proportion to values of the
quantity cos(ge) corresponding to their’ angulat positions, g being an integer not greater



than N, then one will generate only the nodes characterised by [err] and

non- propagating nodes with an angul ar dependence given by [err], where p is
an integer greater than N |f &
it should be possible in general to satlsfy the-appropriate [err] equations
gi ving zeto output up 5 stream and -downst ream out puts of the @r ed

anplitude for each of-the nodes charac- 5 teri-sed by [err]. One cowl
Si nultaneously drrve each ring source |.n_ a simlar manner to that in |cat ed

but rep| ¥a . , - . . &0 a fnr fhan I\I\ .

generate the s@han@‘f, ﬂmdsswhma’menly s@haracn]:risedbyntz\ha)cosﬂgﬂ)dﬂ i'n order
to 10 gen Qﬁ °°F(P9); isp8cessary to
use difterént - 54, ge m‘ﬁévem ‘fou ggsources and
super poses t he eticai QK&dehﬂG@htﬁ;ﬂntudHﬂiﬁ e ablg to .
obtain control teowddilyllc(&héwp(sﬁpagatl ng nodes- f or. frequenm es below [err] by
using a total nupDas. cauld simulgneo aﬁg mrce\in eesu:lulae aslhatval ue t hat
[err] has for a .,b I “hcgr _there
will be fm:eq'ue '@ Obs “(gg o fqp an
given. -15.mp s-umeeasusm& rc&aﬁ& rpbsemwmensw es in the

pl ane wave promt@mt l@@t& Henge: [ohe ﬂ@uldd’seblsao btmn cptaat off dietht proprgetingde sone

extra ring sou f "fgm @%ﬁ&éﬁm&d ‘total n:;t:;“aerswgf‘l!s i;%g shoul d be

enphasi sg¢l t haiyebe’ for an st emyywoul d
have over convmau,mseds am&ésnﬂ eipfand W S# st'ance,
20 required toitwil %memmmmwdmﬂqdeme WWMQWOWMT‘M”(Z )
octaves), a 2- 8 ce/ 2- detector system _couI d be Elljlsed and for |ow

frequencies the.d& &8 o : ‘pl pe
o oo o Mo réa%':ﬁ“%fﬁ%zxﬁm&ﬁ“ﬁ@ e o
and absor b t he détedtdr GystexQuld 6é e

wavel ength. . much more ‘than’ one p:pe d:ameter -upstréam of the sources. So the overall fen

. 25 Typ pra ‘°e4?f96‘d’f°ﬁeﬂ1?f°§b g felonssd oetobr mpch, wore. than ‘ér‘é’l)éﬁomn B

Fi gures I0. and y dr aw nas. hth i menfd
relate to the rleqm engohu'glpfeéméwgf’%ﬁ %’ gﬁ"ﬁ ‘a subj ect
of  consi derabl © | Bphrthess) epbodidints relate to the redii@iod ©f ﬂ&esmwdkﬁe&aémt ically a
typi.cal bypass. w@n%m gtblﬁmmmsch 30 an eng| arlses both - -

forward- 13 omt he o .- ?gnpmsorﬁﬁmﬁtfé‘s%b oncha Pl s adfl

turbine. Thus &brs @l T Lk reehgurdl L hree
sound sources - idnrceina 11d. 11B, eaehedmsmﬂgs»f ﬂataerl@ §paced le@idllj,emkﬂfes spaced. -
equal ly g ound °f "b%’s gouny qletqcmsé& 120, 13b,xi [ ar_arr ay
of- sound et ec ;

arranged simla , qn'

@The bngxng% I%r ophdhes

conpr essor of M!tsl amd_ﬁbmdimdpwdouswm&emgm Th:s)isbt;damslaurce and

det ect or grrays :P’%‘ ti gqd (of, & je& hi he -
attenuatron of: ﬁ{p r : u 511 _-1 i He S L st |4?1 the
speci fi cati-on. ﬂEhtﬁeh(SofblﬁCaigﬁec& RGuSAndallE highet] Gi3FUrEnas yfront end

of a jet engi nﬁ%ﬂg}fﬂwﬁmﬁﬁuﬁ aA/almersarm hnail@lsamngedﬁa g m nantly of

this king. The %‘%ﬁﬂa 40§|ed
loF the ?ce%HWaﬁ@éon ofﬁéopb

SU|tany del ayq noi se
arising from 1 e the aane @nﬁgumﬁozt:h&hem sﬁakemoanttm sam:&ytb&tﬁﬂinhaf hi gher -

proportion of [ the, gusingy thy 0 dlefec i 19\ ¢ are pmpl tsmﬁh rear of. -
the engigeis 3 @I“ . nﬁf | G feor Adiie device ! not13b ggich
consi sting of pac‘o equa Ly around 45 t he

circul ar cross- se&tc aubodtineuthMIRiweoutxt emcernﬁdmdnaiteauauag ﬂnyomfre-sound

detectors 14, gpgtent jof jet ngise lyr nd gesings This adiey-ay and
consi st sgof ni: %ﬁﬁ%ﬁﬁ%ﬁgg DL AT A G ;f'-; Belora) ﬂ‘?“g‘t%ﬁr Eife” o
| oudspeaker s of. thﬁthGQHlb&ﬁne’ﬁt’ biEFizuré\31 Wk ehide D2 Hod RRthed flit Qfsildnb® 22NQi N€, the
out put s -of theot'js@lblmmsiesm Sﬁchasﬂzntetbalareatrwﬂylméﬂim ingemavinpthe kel ayed and

used to drive en, °"h§‘8'b° 27(1% ; oi se re- 50
| S R R

dunct i g i s Qrwdy Gohi walkhE g andegt he
devi ce need noﬁuctﬁﬂabﬁnnﬁuminmy s-fs&cﬁénn@agra i Eighwosd.nent shown

in Figure 11 IQ‘;E‘E u%n Qomg,lmhﬂd\hy gedont ent of
o e o AR AR mgmmmm%



| arly objectionable, to nearby residents as it probably will be of nuch
greater duration 55 than that which occurs during |anding and
t ake—off—of—jet—arreratt 55—+n-the—enbodirentof Figure 1]

jet engine 21 has attached-to it a siléncer 22 of well known design. Such
si | enc@re extrenely inefficient-in renovi ng the | ow frequency content -
of jet | ne exhaust noise. The silencer 22 i's rectanguar in cross-
section and has nounted on it an array of three sound detectars 23, 23',
23", each ®Q - - .-detector Wmﬂlsf our m crophones synmmetricHd | y
posrtroned arouﬁmdaageum&mmtjsem- ; ¥ mmunarﬁgmlp%ato t hat
shown in the @umztba@mdiﬂaﬂpdbwdrthgﬂmrrzzt Fi'gure "3b. - A:sim-l-ar: array of sounnd
sources 24, 24" " uted by | oudspeakers arranged i the sate <
configuration as- ct pRES - Of ted down-
stream of st he de&earoﬁgh armayc&qﬁ%%&f ys?'%r%ﬁﬁsso d suitable
anplifying B@hrces, located adiqm&emoaﬂld ddelrapecuvelyc_m i tpshmmalutg 25, to
interfere dest Ft\/’écfl chy rapghle; of, generating ‘a“i vhightravel thrg |dt‘ud| nal |y
down the silenggiers opgesire, 4 §]° 23 ST Oy Al aeaiiNd ng a sourid
wave prog@gatr erferenét -qgéuvebevibed ﬂrﬁtwhﬁ:rtogeﬂl’@u&dwihetr&ﬁlwgﬁftﬁcrfvde d. 10
contained in trzenewétbythe andfrayelling jin mnd% dnerhile the mesultant of theour ces,

| ocat ed adj ace " ’E%”Eﬁe IR 4, v "WM?f'?éﬂ‘%ﬁ‘F‘"posr tions*
al'ong the duct ang, ek f&&a&b@maimaqnﬁrmmmwm yhghupgves whi ch
travel tRgou hnttvetrdlledrmjrespempeo:the\damnnf squmamvtemdpagmmongsheaaumg the duct
fromthe posrtrﬂé}‘PPgb ! %%@r%"eﬂ atr t a&ewrgar SP nd vv%ves -
operated in suc 3. wam ated in occurs

bet ween the wa " m tv;gye;u 10
gener at egdgby the:hermayesga&dvet ra&mﬁ rpgmions dheglumeruoﬂwhxemired-splmtd | e tMe .
resul tant of tﬁvmmqugémmle@etﬂ}femom#tayo widgiven diteetfori ng in. the
direction opposi t @. Aaneghad deceriling o Claime3; tid. which e menflet oftlectors. is equal to -
2. ‘A method acdbsrrmier of sursanshe ‘WWWWW‘&%Wthe array of

8 Fe:
nsw% only :

%

sources is controbd éomth)dr o anp of jthe preceding ¢lums, df whigh gerh\ofivhes -
propagat €4 al o TECh SOPRT S “ ‘m"g fiete (g (eenering dexicyt dgwured drPect i ozﬁ 3.
A nethod according § M1 - hstdge et ec, |o rs-.ﬁffe-te by a
sound det ect i ORpeSHabER: --, : u\(@- i : o e i QAlse- | N-said |
gi ven. directi onneuﬁ:m mmmauomerdmng:eanmwwdmﬁbmmbﬂwmw det ectors

| ocat ed &8j acerdFqueh gvghrietez@r being the satpe 3s|the tynber andbdipelbutipn ef|the gamerat f f er¥nt . -
posi tions al ond™ 8‘“‘3 cB9urSSt. whi ch . are di spl aced - 20 from the array of

sources in the dir g@'ﬁ f‘e""f{ “%é{ ik m@t‘f’m "”A“’net hod = *
according to Clbé'iatt dmdvgg ég é’r” dee‘fné’c ors uct .0 the

of
nunber 0f3550“”‘tﬁ:§ug§ ctafhﬁ Ms%vﬁé’ nwng
di sposition. 5.soubd rmir&w ngemnalmie dtﬁagn(pbﬁo , n vvhr ch
each of the 25 along thesd}@t@@seadpwpﬁesﬁge@mnm mﬂdu

gener ati-ng devr‘b?sgq‘ S e Nl oF % i
duct. 6. 48 met e u?eek':%r an aaa uveaﬁte héiket hriniWarite
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"12. An apparatus according to any one of Claims 8 to 11, in which each of the
sources comprises a plurality of discrete sound generating devices distributed sym-
metrically around the wall of the duct.
60 13. An apparatus according to:Claim 12, as dependent on Claim 11, in which 60
each of the detectors comprises a plurality of "discrete sound detecting devices distri-
buted symmetrically around the wall of the duct, the number and distribution of the



6. A nethod according to Caimb5, as dependent on Claim4, in which each
of the detectors conprises a plurality of discrete sound detecting devices
distributed sym netrically around
di stribution of the detecting 30 devi ces for each detector Hei ng the.
same as the nunber and di stribution of the gene ces fop
each source. 7. A nethod according to any one onmamﬁm"EWﬂEmI ai s,
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each capabl e of generatlng a palr of sound waves mhlch travel through the
fluid respectively in oppoSite dlrecﬁléhsﬂwweﬁg the duct fromthe position
of the source generating that palreﬁngé)an and neans for operating
the agray 40 of sources Ln_ suchi™a fearmed ?H%t destructive interface
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genergted by the array and travelling in sald gi ven dlrectlon whil e the
resul tant of the waves generated by the array and travelling in the
direction opposite.to said given direction will be negligible. 45 )

9. An apparatus- according to-Claim8, conprising a sound detection system
re- 45 sponsive-teo sound waves propagat ed al ong the duct through the fluid
in said given direction, and neans for utilising the output of sajd system
to control the_operatron of ‘the array of sources. 10. An apparatus
according to Caim9, in which the sound detection. systemis 50 '
responsive only.to.sound waves propagated .in said given direction, said
system conpris- 50 ing an array of simlar sound detectors.|ocated

adj acent the wall of the-duct respec- tively at di ff erent positiaons al ong
the duct all of which are dlsplaced fromthe arfray:of sources in the |
direction opp05|te to said given direction. 11. An apparatus according to
A ai'm 10, in which t he nunber . of detectors is 55 equal to the nunber
of sources and the two arrays are of simlar geonetri cal di sposi- 55 tion.
12. An apparatus:- according to any one of ains 8 to 11, in which each of
the seurces conprises a pIuraItty of discrete sound generatlng ‘devi ces

di strjbuted sym netrlcaily around the.wall of the duct. 60 =~ °~ = 13. An
apparatus according to Caim 12, as dependent on,CIaintll,'in'mhich - 60
each of the detectors conprises a plurality of di'screte sound detecting
devices distri- ‘buted symetrically around the mall ‘of the duct, 'the nunber
and distribution of the -, 11

1, 456, 018 detecting devi ces for each detector belng t he sane as the nunber
and di stribution of the generating devices for each source. 14. An
apparat us according to any.one of Clains. 8 to 13, in which the sources are
adapted to generate plane. waves. D. H BRIDGES, Chartered Patent Agents,
Agents for the Applicants. Printed for Her Nhjesty s Stationery Ofice, by
the Courier Press, Leamington Spa, 1976 Published by The Patent Cffice, 25
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