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WD 2004/ 047482 PCT/ US2003/ 037007 1 A HI GH I NTENSI TY
DI RECTI ONAL ELECTROACOUSTI C SOUND GENERATI NG SYSTEM

WO h4ODMSENI CATI ONS TARGETI NG Priority of appPCTais2ma037007

no. 60/426,980 filed Novenber, 15, 2002, in the United
States Patent Ofice is her ]by claimed. 5 BACKGROUND
OF THE HIWYENWTENSITY PIRECTIONAL PRECTROACOUSTHC §O8IND
invention relates to sound syste ‘ ‘i‘ :

parti RATI OMMUNI '

Syst eRNtdf Ia%ﬁﬁ‘:gtld‘n o. 5’0/@2639750 AN S¥entbeO1s, R062E ASthe Ynited States
conmuni cati o el ated Art. 10 V\henlooklngtothe
Ppttqnof)f@enslﬂmbyml@hed ntensity, highly directional

acoustic syst ey uc kBHGURADIPHIPAAERYRINAD! ¢ 2 hi gh

out put, highly rve and T1 ghtwei ght

Iddgioﬁﬁlelnvﬁhmm have been relatively high intensity

audi hl.e ran ste [ Sj LR

i oA PTER PRl 5l 13t 5 oI Ebar R, 5 Bigh output,

mgtvéitengityhsotnd geteas atikzedifghdisiart pod/onhigh inteasify qimpamications.

Remg= i’;\tnd much | arger when including any | ower range
P+ity. Further, these 15 horn systens have been

| arh g gN?éﬁgS&G@ tﬁ@lﬁbspriwl&:t fdiihh Eéhéhlﬂlgﬁl@nlﬁiglﬂy dhestienal @atoustic systems,
exnipite ceptiona [ I.rect t

thefp buROt PpreBALBIITHE PRt PRI el o R rER device.
ﬁfi{jé dve Bédn! r¥1at1$ei$9hlklﬂn%sﬁ}f AN raff ey stei® usibg Ihfgetsh{gular horns in

prevented ‘ef Ti ci ent” clustering together
whiginilf theegrimensiope pre éﬁ‘rgm@}ar@ieﬂa etV elenils oaierpTaly é“gél output over

z{nﬂ & ngl'i%gg bnPMadE Hé’ludmﬁ(ériwmzw rhi/ge c\‘)fwtb'iht{rn F'llrﬂ‘ﬁf these

I ssipatio per r| ve uni't area. 20

lamys;s;emsémef ven pegrethrenidineenaioni! ippekagesred/or ave et ea‘h@itsi e
?{9 nal e(ilf%%&\%ﬁ @Eféﬂ AP { hﬂeﬁ}{&éége ﬁﬁﬁ{ frontal and de;s)th dimensions.

1 es | emor Inthear so a
Adiﬁmbrtally,lth@lafgy floatal arga (rmmh o tbe han)ygeented e&'rceentlclrl%@‘mgyogethef

%ner ed. G.eat czre IS sSp

Céintr{glplber c|>f| nho %r rs:lu%lcture osz%chleve ?}1 r}%ave %g%irea for
Ig@&mgmeigw? ®fith Imlgnhlabthem disapmompacdrmeemtt lageabeen
esi gne or a 25 one | evel i S v
ol Nerole e Sntsen REFRENE pudp SR LAt Fihe AR is operated
SHYR hPidTvoid AR ndH-lir@hritas tin e @ sterfl G inaksSaihsvs t(d&dﬂt n p&lg* having
systens that ayoid gener gt ion of . nonlinearit

P pes it e g DSRleds CEGHERLT §F SBER g g paible non
KRaf. di stortion. A prior art device that is hi ghI y

direCtional in the sensitjive frequency range of
Systems that have been designed for high output ha%//e concgrrently beenr(rPemgned for

some level of dlsperswe sound field coverage most often utilizing large horn systems.

The prior art audio devices have developed systems that avoid generation of
nonlinearity in the medium, which can create secondary outputs considered to be distortion.

A prior art device that is highly directional in the sensitive frequency range of human
hearing would normally be about a half to a full meter in dimension to maintain high
directivity in that frequency range. But to have the same directionality for signals in the
lowest voice ranges of approximately a few hundred Hz, the system would have to be four to
five meters in dimension. For example, the dimensions of a horn optimized at 1500 to 4000

Hz range would have to be expanded up to ten times or more to operate with the same



10

15

20

25

30

hearing would normal |y be about a half to a full neter
in dinmension to maintain high 30 directivity in that

wobnreguwansy range. But to have the sane directi saaitistop3/037007

for signals in the |owest vojce ranges of

approximately a few hundred Hz, the system woul d have
diRchéhafiQuh tHe@00 td 809 }mhﬁgéandmhtﬁktfmwmuhhbec&ne qeiseamplieddy and in
t he di nensi ons of a{]orn optim zed at 1500 to 4000 Hz
posh gesehovld NAERFPTIEYHe expanded up to ten tines or

T € pidr §REdes RNk, 4daef ﬁfgﬂ&m&@nﬁ Qb 4lshdy Bizge in all three
PCT/ US2003/ 037007 2 directionality in.the. 20 ecfgx&ity

. dipepsigngand Aystiis yeRTYed lavgen in al e esdimarians 1 ‘i&f"&f‘

do@vndHBStﬁel%%xe&mMﬁ%é not be practical. Prior devices

Irective, and intensity, are alr ag,l rge .
in allh thetpriegart @lﬁtqmt»%atéﬁgctaﬁu thefsgre plso v’éff*‘;Panaﬁh %@F@Bgmmemc
lgg(\i/\ﬁj#kﬁ{s’g&ltﬁ%lé ga%%%ﬁké&ﬁﬁaddfb l@ﬁl&%ﬁic%qﬂéd&ﬁ@ td sénbiite 1&wer level

. ower voli ce ranﬂ the prior art

:aldtbéemnes amormwpmwﬁgaraﬁmce &B@eﬁi@d’“ﬂ?‘*@ hays bad thejr pyimary

tg)r%sl ? bg% Fgﬁc{llglg ran ? g}e@%ﬁ{)tsbe nhaGhd BA @ne%teédnﬁﬁ%nes are
B8 rasonic-frequenci es to generate | ower

xlneane to apperl mbthe atdible sangPrThoy awrhighdy direstige it are very limited in the

netrical I t
L L R
haassion frdmarirasodiib & amlunﬁrapexy:xdso mewenavoece]ralgereamd gegeration above

ear n the udlberan d Y
figuf {p 1eq ’ﬁ'F e Pﬂort‘%ep ar%egxcbﬁyégs Su nge%arr% gusrt%gr finfféd
lbe??le\ﬁh St ﬁlfi@donffé&'féqﬁ?c@@ nky £t \edithieait eastliiBecpm@ saturated at high
efficiency o ear conversio romultr son
alsaiites paGh e eer Los oMo seaTis bRy Bl fapameti
RO Sion,§facitB d Sndbinfchial Hinttation on@atanetrid Jutgul o pior arﬁdetwces
g*arametrl c systens. They are further |imted _becaus

rihgTarn.RHHF PHEREER €7 aess Uy tonstithatAre b %‘é‘gﬁww range to
Qnm QI as Rty B Rimay @hesl Butl (i 8138 1ikit§ the voltinteVelodRYof system
rther Timts and conpresses t he dynam c capability
@ﬁpltt hethp davareeme gelocitylgestssifdhe, ulirasarit Agauensighdanent al
i mi tatiqn i b oftpht device of compact
devi et APkatEF SHES afte i i WAL RbRRE ol device of compac
mmelqumghtyanﬂmwsﬂidwlcyare In the ultrasonic range to
el i m nate audi bili W\/ﬂglfAl{ he)Fp'rhEeI but this
also limts the ohmﬁwwm out put to
t he [Ipwonid by advavabeans toprbeded Smaﬂfer tli@teu weighssonndgenerator system

fre uenci es. There.|s,.a nee

R (0 T (FPosie biebly il o eghemihnageigp sensiive t

mmaﬁan S [tZfbuld e N Rak@Rhitilak €o hmgharﬁﬁﬁsﬂycpreﬂﬁylo“@ma‘{cy,
OF THE I NVENTION It woul d be %ﬁnta eous. to pr

Srpstionat sisnalyfiera theBmg HEvicth GYFE S e oty S

Stpal®f drifgdHitRHA thda RS d‘hﬁensl’b‘n%&' thé deiic& Cli isoher Aexinad to have a
generatl on I1n a reglon sensitive to
vice that can be highly directional while providing high intensity output in a package that

has at least one dimension substantially smaller than the largest dimension of the complete
emission package. It is further desired to have a substantially two-dimensional package that
is of lightweight construction and can provide high intensity, highly directive outputs in the
most sensitive range of human hearing. It would be desirable to have all the above stated
package qualities incorporated in an acoustic communications targeting device exhibiting the

ability to generate acoustic levels substantially greater than 140 dB while simultaneously
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25 human hearing. It would be of further utility to
si mul taneously provide | ower frequency, directiona

weigrausstr om t he sane device, even for frequeRCTA$2003/037007

with wavel engths that are comparable or larger than

the | argest dinension of the device. It is further
dﬁﬁﬂltﬁiﬁﬁlgtveryl’lﬁg&edlﬁzctlﬂmlsiuclethhhhe geatestlvetpht igkbncentrated at a forward
di rection i high intensity output in a
ﬁﬁ@?ﬂﬁ@mﬁﬁéf %E’g gyéﬁggﬁe di mensi on substantially

smal | grwdudbe 4 ﬁ@théraﬁgzﬂﬁdgedcb tonns] B8 nﬂénsitflearﬁﬁﬂipirﬁhesﬁ&m such
em ssi on package. is further desired ta h?

Jhas éttl%ﬁ"&qu'fnll%‘?d PSR A dplosie REGdImnile glso ryjimizing thermal
hﬁgh{ﬁ@ﬂgﬂ% constructlon and can provide hlgh

intensity directive outputs in the

sensi §pqp§f1 ﬂgﬂ@l} t%q sapgPaYicH ganpmﬁglcatp({ pmptacaélé{ down into the lower
%ﬁzb gk Gmf1o gHﬁYa%anwllth 6ot BRQAYFcadlrifin dRRGKAY Bhat is superior to

qualities incorporated in an dcoustic communications
tpaipryert davipeslevi ce exhibiting the ability to generate

e A I Sl i B oo

Jorwairavige, tuk nghqla_rd}blhraggp, danr lgecdapatile 9f generhtingragnifidast nonlinearly
%gr?ﬁarglte% %ecglycfaﬁ' (%uéjlasui b?lﬁ\g/% {E)g{ ?fé g?nelgetsusgt}bleqr \A@rfegat%gr%&ﬁ) g(ggpeech
%HhhhaﬁnaddmmtagﬂfﬁemmnqlroI the intensity variation

per cofaid frisRf s Brsbien e SRher SahRRmPRAY Agbutcs thatar

tahﬁfnf@bous %o & U&kcd dT thif §/pel end RieposSRAcICatribted u@hwill@coféBpparent
eV|% ni cated paranetrically down into the
1y ihe ebvﬁv%’SWEnge while generating with direct energy

can mai ntain di r BRIEF DESCRIRTION GEPRAWINGS prior
art devices. Wth the i1 nvention, use of snal

t r ansHlE drsBoviF # Rrierartdrigh gyt hemdewise Hiyerating A dargetigsyin all three
InMRioe€ range, but in the audible range, can be
capabl e of generating significant nonlinearly
g ene r Bl @ sbewon Hantgl \aew plan dnetiodimentioigh¢ ingerdion afilizieg a multiplicity
g fchR (BERE Qge br oadband speech bel ow the
nsducer cut o frequency. It would be useful to
have FK&Sehaws & sitlé viswar dn émbadweent o6 the liwestidnartijizing a multiplicity of
are advantageous to a device of this
? ezgél&%cf t§antsa%‘érs, such attributes that will becone
appar Elti. 4 shdws the filkquelney mwepaibsda thesysem iBRIGER.

oo ooFTCha TRoGLF B e hssam R i o6 Mt alt "

t hr eeFIG]icrshonsd Dgvaph &l 4 exampld 0fthe primaHtnd Ipaninestically gerated

enboglnent of the invention utilizing a nultiplicity
secondary output.

FIG. 7 shows a block diagram of a preferred system embodiment of the invention.

FIG. 8 shows a block diagram of an embodiment of the system incorporating a range
finder.

FIG. 9 shows a side view of an embodiment of the invention utilizing staggered
transducers front to back to increase packing density of the transducers.

FIG. 10 is a side view of a transducer having multiple emitting sections on different

planes for focusing or steering the emitted wave.
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20 of piezoelectric transducers. FIG 3 shows a side
vi ew of an enbodi nent of the invention utilizing a

waoubddioptasei ty of piezoelectric transducers. FPGI/U42003/037007

shows the frequency response gf the systemin FIG 2.
FIG 5 shows the polar response of the systemin FIG

2. 25Fd. @1 ifa FHQWEewRofG teipkduér aRing Xawdehtéic emittifesections for
primary and paranetrically generated seco

ndar .
doruping of entimizing the satted WAVE el HPdRiFraReg disipngg {598 theyrtace of the
S¥Stegm enbodi nent of the invention. FIG 8 shows a
bl ock di agram of an enbodi nent of the system .

i ncor 516} dga i@ epnpduagrdhaving adiagent gpiting eectigns fop hranystesrigg the
f}og) cenbodi ment of the invention utilizing

ere ®transducers front to back to increase
pac k| RIS delnisiangtherf view ef 2 ransdepgeesed forpean steeringstheypropagated wave.

vi ew g{ L33 Haaﬂap ulqa?{dep@vlh I nibl kBt gtﬂlggxg/ &ge%hb&ﬂécousnc

on di anes ocu5|n r ste
etgnals edthe\andio ra\t@ Sfody it s@@fmaasm@asetoe FOOFtc gengrpi@n in a
i,s.a front w of a transducer having concentric
Sou o omgclfl?dc;lﬁg for focusing of optimzing the
emtted wave at a perme fromthe
ucer.

ﬁg\r/:c ﬁg 3?385%‘? pé% z{r& in 511 h mt 1t1s1t8 sounfi‘j’ﬁ,en%etétga(%r}s: dhown in FIG 1. This
hbl&lstdiofpﬂﬁﬁagﬁt/ﬁ@ cmﬂhanﬁyifem 1 2ithi rﬁomln@hiitﬂfonv]eﬂgth Gf\mﬂn moving
I R T RN R T
g&nﬁmad kougld Re@hdtivn dWiele thio e oa@@mtdaﬁ be $érg Bficfent they Bre also
Sl S Sl oS S5 i SRS bR TR, e
BERA WPy b fak B Tafpbbxihiftel§ 1200 & S0 HA theky ddi’[ces&'é%nierh substantially

hi gh intensity sound generation is shown in FI
pedimensiaabitgcnre tatiaatleashipmpagbledp p vasFlAnEd, op dh opder of one to

Yk I?eef'@r%g}e ZCLﬁﬂlgitlbag M d1ERBHe Rirdendohd) iMBRIOmoRR |dnﬂ€1‘fsf3ﬁ and

4, whi ch has been t ongoi ng st andard for decades for
homgHengih Ddimension cTq mahzy: mld@ﬂ@ Pt te aprsasl avd thyema digsipatipn in the

\aé?lgé g ifs I%'f ?%’Sr W@%‘ﬁ od u§ O’ tggsré SQ’&CUYI@ YanSetd &Pﬁ% uh@ﬁ:}’dy in size
quite ar ge

mi/mipmgtdispm;aﬂa rf@f ang pp;distam'mnﬁ gequikng rpepalddmee olfidgrigned for
higher cutoff frequency the size can be reduced but the output and particularly the directivity
suffers significantly.

In one preferred embodiment, as shown in FIG. 2, a frontal view of acoustic system
10 consists of at least one emitter or acoustic emission region 20 mounted on support
structure 30. Multiple acoustic emission regions can be staggered for optimal packing
density and grouped such that each group is in a different mounting plane. FIG. 3 shows a
side view of the same type of structure. In this example 85 piezoelectric bending mode
transducers or emitters are utilized by being mounted in the same plane on a compact,
substantially two-dimensional structure having a diameter 60 of approximately thirty-three
inches and a depth 50 of approximately three inches. This system, optimized for primary
acoustic output in the 2.26 kHz to 9.9 kHz frequency range, has a major dimension on the

order of 5.5 times the wavelength of its lowest primary frequency or just over 30 inches. The

preferred operating frequency of this particular device is approximately 2850 Hz with a
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in the | ower voice ranges, approximtely 200 to 800
Hz, these devices require a substantially three

wdizoEng7esnal structure that is at | east conpar aoraISL@3/a37007

wavel ength, on the order of one to four feet or nore,
cunul atively in all three di ménsions, including nouth
Ivadlé16mus 107 Binches hatiich 1s@B@it h/Tofdiediasétaros thesykteal iHaeing a

nmultiple units tqQ spread out the atjon
drgeten oy Haiepdipgnsign ofrat {east W}V@E ke bﬁf? @y@g’tm&w fﬁ?%‘sncy of

$ilakihTnt! B@cﬁutc@ﬁbn@ﬁﬁ? OEsirdd i Be HVWARNGY miafhtadh difectidiBllevels for
inpractical, particularly for anﬁ/ applications
Y

pEegist AoqugfiqiaTeptis: @uUb%rg@ls expmple dilugiatgs IAHG. hibghtee depthS0 is quite
gfﬁ%l‘?fbfemgn g%ed}&é{‘ of REs %51% ect@xgth b rﬁﬁ%ﬁgns%torhﬁ‘ﬁleter of the

articul ar Irectrvity suf
slﬁ‘gm f"lflmntdll}dlmmslooroé tlprseﬁem isepreferrbb i bedess thaasms fowvih the
Idlnmens1 og th %ar%gsf (mn%{mé/ﬂ &Wheo yfsgﬁlo i h%x1§¥1§r cﬁgrlnethEof%]Qe acoustlc
consi S east one em er or acoustic emss
[0 ngfé Ormumtad ®hmstepp or ¢ven S176 meetiars ex 18@er. I\Ihetenmt@ shape can

B syt et S PR ERRL SE AR S B motipe

lai_fbu@tldjérﬁiﬁﬁcﬁremgloﬂﬂ)untl ng plane. FIG 3 shows a side

view of the sane type of. struycture. nth exa

b1 o oBtraBt FePRss Rt RGO REen ol ok i ebPsteBy (e Fipd Biegoure level at a

aéf@[eﬁﬂeldldtama obz/mb@tsn@srnguﬁtcemy g’iedté'tﬂha‘iﬂﬂﬂ dpl a@@@ngmofa to 3 kHz
onpact, 30 substantjal I%?sé%/\‘%@dl msn i on st ruct ure

Haw&@nan%uamaéwnewﬂbhlg HPED ﬁ?fﬁ&sy piiFayevith controlled

kzﬁl%%ﬁs @émeea o @Rd Bff%&&ﬁoﬁepreoalvqaatﬂnyom figR. i nches.
his system optimzed for primary acoustic output in

t he 2T rmn%esgow eFghe pyse ankpeierrigy Y- i fram 2djHgrto 10 kHz as
Qﬁd&ﬁﬂﬁ 'F8, £ nl“hte tﬁ%quéﬁ(ﬁ;i Rlspdtse of lﬁe bR mh'RaviaY RhS Gﬁg fRarRfucer

its |owest primary frequency just over 30 inches.

Vil a rpopdns fe@ugnespiarthe tangp dfrl @QRJHn 4590 HzhiAdtepatively thegesonant

BRHIeRR MO B B R Rl ot o) Fystirrizy 3e AEkEne
irgnsdisepumag hveai initial highepmes cé!araotbnitheof giesteetimn HAUB per aetave. The
ﬂ*gﬁﬁ&s%ﬁar%ten{{% 03 g!itgxe 2?’11 P er%%trabgn%gibe mvtE% I%ngt 515'100 Hz to

r equen
4800t | A}yerniaewelyetﬂe htghtphss chm@tﬂnstlo of geatamthat Hi ¢B per octave may
irectivit reci se acoustic targeting.
?H’etbe ral“éef %fezégﬁﬁf? gg(?q ]ﬁﬁst rates in FIG 3 that the
dept Bk potar Gesporse of theBystem Bahavgn MFIGhS At 3lieHz the ohtpstds down

3@@1@?&'1(?%%?@5 th:?:?nt@-l i#gﬁ:fg- dlg‘ S ?fhlég #(gme fi&egrees 0& %w center

pxief Bhik eelreh® dd@ctiviy Sar b@abnmgtmftéwa&ﬂy EmWeﬁhgrﬂfeSkﬁee &fa safe
the | argest dinension of the system The nmaxl num

isvelnimdis ipraretiily. gad, wellﬂw@ioe&h thgReas 0. 33 neters,

0.5 npleabRowiff taBMRHRtals e cORIMRbSs Qind Ae@8fe levEllofeH dttdliment of
shape can be square, circular, rectangular, a
EIS%IQleeweqdavaar@rISélﬁﬁme%hape capabl e of supporting

mul tiple 10 acoustic em ssion regions.

1 meter 151 dB 10 meters 132 dB
2 meters 146 dB 20 meters 127 dB
5 meters 137 dB 40 meters 122 dB
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For one representative enbodi nent of this type of
systemthe sound pressure |level at a reference

wdized4mats2of 2 meters was significantly great epCriuamo3/037007

140 dB ata range of 2 to 3 k during continuous
operation, with higher |evels achievable at bursts of

ener g)AnMﬂl&ﬂ'bnﬂ)@Hﬁr[eﬂ{ dfekk inVétion UtiRARs pheiriegRet@traabdhcadd
conditions or |level variations over tine. 15 The

techeplesycycarpaspBisdushomergy anagpeticeyigiures, Rreferaply neadymjum iron. The
?Enl‘ur ﬂEQn@td‘t‘%s&&u&P g;ééﬁs dse thﬁlrlﬂMBr'vxrvaﬂ @aplﬁagn;léhﬁcorporatmg

requency response the system nay have at | east one
comlustieouns onshe surfice esimbedded i dig diapbpginnwhipleane spgpendsl adjacent
Il e BpitpR ifferS, TR ALK Bhiknd itk BT MR determines
e fundadf0@! Hdzonaiitfecquéncy end frequecy rbglamsfcgmamst miyutlmédleecﬂy
! gd §c'onzi‘|t1c Al h pass characteristic of greater than 12
aaél per tave. 2The 20 hi gh pass characteristic of
gr eat Ahothhaumb])ﬁnmbBt ¢fahie inedntioe imcampoiatayian expanting andevgacting

of 100 Hz.to 5 ernative he hi gh pass
Bz, gy ap ey B bbb eps g Ptk hheBRRS o
PRGUbRrdntes! Mae Eeaﬁlgﬁfo@findaﬁ@sﬂdpe 610:hé3 Bﬁﬁhrhﬁm dafhmmwﬂha fundamental
resp on?e of the systemis in q? g

fH189%5 rmen?ysan&&mueniwgwaf’ sreats@trog@gt%’f% fepthesadiaie arousti
axdrgy.of the beam It is down 20dB 16 degrees off t he

center 25 axis. This extrene directivity can
denondfy gt bg e@sgqmwtwab BRRPPIIL & ﬁﬂr@usaféwyewlﬁ% ﬂ?a@élstw
bR¥Sfon r@ufﬂs Bgthb Sy g @Jnl'ﬂelc}énﬁg'iﬂéii \I/i!'tl?ﬂ‘le WadKarBg dofitiOntd Forward or
t he beam Y | owi ng table details the continuous
b@ﬁ!ﬁWGrqofP%%‘ioéhq @m@cwtuf ﬁélS@%@ﬁ’Pﬁ%mfo@i slight ggnvex or concave
OnetaHES dl"lfi’é (g\\i%@ lugh'z%d% LA %e& beﬁgitg'mrfﬁé ﬁl(/enl&g- dgﬁce]-()\ focusel
meters 132 dB 2 neters 14 20 meters 127
nm)ecrag niadtaig Bnd| @mphasiae élre_‘pgglt)d@/ev@g@g@nﬂmms@mpensate for loss in

%%%Qaznce Q?cﬁﬂfﬂt Qﬁén cfegﬁ’é%‘iié %Qtte dg te¥ H&llmearity of the air
|nvent| n util1zes planat magnetic 'fransduct | on
trediunmroga}ntalmgmam n‘atlmpéglth p@ﬂhe emeredipnmevgne eger distance. In

ruct u I I TN . e
SHEM L RRoscRaBHACRBE GBI T Hchici by h)ficet BlsPi8tment of he
dhmphcreagcmbylcmamgmrtaal Iptagemmmﬁ,thé dawvices with elpttrdnlivetime delays on the
surf n t m v\hlch are
e D efoat FRORTEREYE Reb o TBRET eaie | o
St r UE(DhIe’ &£ tléér ﬁkﬁqﬁe&ﬁﬁm@@oﬁﬁﬁe ?ﬂéhtﬁ)hllsf ﬁ)ﬂllaﬁﬁth@ﬁbiti@eo drive the air
ra et er m nes e fundanental resonant . .
% g‘ﬁ?nl&‘r“rﬂm?’ r“éﬁi‘ﬁ aplile FegP Bﬂo%f‘g B‘Fé%"tl‘é%‘lowg PB‘E}?W&P““’

ﬁ'bcﬁtf%ﬁéllaé/ﬁ ah @ ivathQAdiA6RM SdcbRdaBN BEiknciANDRA ouR B AY PFRRbry range

of the invention jncorporates an expandi ng and
ebihe fra@sgipqg:& if desired, through nonlinear parametric conversion with at least some

secondary frequencies relating to the difference of the primary frequencies (fi-f2),or the sum
of the primary frequencies (fi+£,).

FIG. 6 shows a graph, 600,as an example of the primary and parametrically generated
secondary outputs. The graph 600 shows the primary outputs of 129 dB at 2800 and 3100
Hz, 620 and 630 respectively. Also shown is the resultant secondary output 610 generatedby
the nonlinearity of the air medium with a sound pressure level of 78 dB at 300 Hz.
Additionally, the nonlinearity creates a secondary output 640 at 5900 Hz. This is with the air

medium driven weakly into nonlinearity. Since the invention has the advantage of operating
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pi ezoel ectric filmdiaphragmw th transducer regions
formed into arcuate shapes or 10 protuberances. The

woeomiioa™ison and the shape of the di aphragm det eCmiusz003/037007

the fundanental resonant freguency and frequency
regi on of greatest output of directly radiated

50U primar Bighd)yin thiguditle tahge iastbaiifuiitisenicatly, the saturation levels in
i ncorporate a focuseg arrayfy\éﬁyrel n.the ac

diviadignestin atsieRsOBR{ e PERRERYLaIe I%W?‘g‘ﬁ?féﬁ%‘x fyithout the

EO BRI efRES Bt RO SbhinBA BLkhE AL AurRled pAdr ab@@&%é dVlth greater
relative to the central acoustic em ssion re

figyawignalsghe sasupticacap be sbptaaially evpided v tog! leagy) §4 é%ﬁf B@nary drive
zktka Whed Aés?lt?m\ﬁ b ¢ YseQnd§RELALT 126 dB Gr dér@é’c@ﬂﬁénva%y prior art

evi ce. USE array can nal ntai n an hasi ze
dammetric wystgm.o Vs can aroguedice G@%HantcléS d@mﬂéﬁ%ltléatf 15P dB, nearly

oss [

eesalmroa ofqﬁe C[#gx[nf{rg mgrkhelgtdéﬁra 1‘ gljneztglfelqtﬁ&enc rf'lgaﬁ Par%@tﬁc system

et past oAddemuilaltlm qystemtcan pu:tahﬂ progay lsigyals)to ush eined they are in the
(gblum over a greater distance. In 20 summary, a

PELUELW S rray can be created in the invention by

physi Thd intthsifdsad eeanientién édneverd beagenchardtsa degrdzythat parametric

creating virtual. pl acenents of the devices th .
GrBedap £an berhisEe S Re EGanalREaaE POTHELN deauencies of
o)) g&ﬁtef ﬁipafehtv@mnqb TRty A those AGEHIG Qendr@@ @ Mife aiiedium. A
of t uni que features of the invention is to have the

BYPIRYLY secondary {pue ptlreguency wblsatione ectavsrhelonetde prgpany frequency
H&? bé Hfj%Il@ét@r ARl Mhan @Wirest t&b:eradll@t@h hZiBitis@Re ﬁg?xﬁﬁé}m@f ¥

audio 25 frequencies f1 and f addi ti ona
s@wm voltage &y r p@smetrlé a%ada@a togp #e frgquensy apryjeyhe primary

ﬂ%ﬁ(ﬁ%’eﬁgy bGE JrEANIHYGRHe thhh 2 RS Ed;ﬁg ’ra(ﬁzn&PeH &t same frequency for

ar” parametric conversion with at |east sone
g@m@@nymﬁweeqmmlhm es relating to the difference of

the plEII lxustrﬁtgg:y 81'391% &Jﬁ%_r%%;o'ffa éfe&é}{eéltsgﬁerﬁ lémbo&];nelr\th Qs shown in

pri mary frequencr es ows a graph,
Gﬁ@¢rﬁls>damerm ﬁarsydt@n oy urtwtudp pilightrspuime d 0@ thatamast lvq Ltsad foy targeting or

e e e U
ﬁﬁ@lsﬁﬂﬁabroﬁﬁﬁ tirgstec mhv egl)t song‘;:czmaﬁ hmﬂ?eSb?;MF poxgg;suﬂtutatm The
SREALTPY Hefie R lr P oA o F e peole BEHRIo! BRI Sruim

&@ﬁhli—b be réghodicedavdlisticallt F[Eheltgndilim;ﬁlatd thys Rit readies may come from a

secondary output, 640 at 5900 Thi s the air

Sa e e P g oy e oern g e eyt &fh ol el
ﬁﬂl\éﬁdﬂslaﬁ@ R)@é‘ssﬂh Brea¥ilibleag@ wohlddRale Rt drétlio PYBver amp 115 which
2004/ 0474 2. PCT/ US2003/ 037007 7 with the pri

glpbeﬁ dheacpystic seung ganaspter ]rOa\wél‘gxcppglp &mdpsiop regions 20. Sc;}:/nsor 120, shown

Hik b @S Rildr6Hohd, mdyiRn SRt idaléh Ab%madhg ohtPut stdh@l 1A to the signal
medi um ar e ve%éhﬁl ow and the prinar evel s can be

PYoEPsSing Pertign afe sysigm {p c\ﬁ}ﬂelﬂ@@r a@a@é% ©BHEPRSSS Prserred, adjusting
fhEe Cghﬁsetrgﬁhor@m?s GRIMRLIbhLk ANE @RS 128 nSR T uSddad nfidiRh

art syst ens greater
predetermined level maximums, predetermined time-energy maximums, predetermined

signal rise times, and predetermined signal decay times. Power amplifier 115, in a preferred
embodiment, is a high efficiency switching amplifier adapted to receive at least an audio

signal.
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drive signals the saturation can be substantially
avoided up to at |least 154 dB of primary drive 5

woOevalo4748hi ch results in a 300 Hz secondary si gaaiusef03/037007

126 dB, far greater than any grior art paranetric
system This can al so produce 600 Hz at 138 dB and
1200 'ﬂie @lund péhethBon MB&A dan alsb ratueetiaimarfic tdienp thanan psycho-

si gnal ¥ offering far greater. effi.cigen than a

SEaec ly P@agfsﬁl@%}calgfpe Cﬁ%tloﬁé)g" £ misging ﬁ%ﬁﬂ?@topﬁ B%t would be the
S¥RhABAEEBlaRH o thb GerRididBaym&ligNal s to use since they

are in the audible range. 10 The intensities of th

i nvent aprefegrd epkdipantdbswsie@n P videdug digsctiviyiover the primary
B@E&Hﬂaw SundSRAUh RIS GRS a@%n@ﬁﬁhﬁ’é{ﬁﬂg bdﬁiaﬂl@all@r&%swtent
ear canadl creatlng perceive requenci es of = much
directivily emmafrequenmeﬂ wiewgeleneths cemparghdntords dasger shan fg digrensions
%?ﬁx@ g&ng% *l&'a&(;ﬁ% gk, medium A paranetric secondary
Fequen cy at |least one octave bel ow the

pr i rraAyfmfthee @memcyf therspptebewarfld e odnerpomaiphi aluh!y tq preise the desired

ct .ton
éxéne?l oglag(g ﬁ or ?tﬂ‘gﬁébqg izt ft};’]%}lelg F%;@neé{t{ ?‘ ggbc dk lo ggrl§/ @Fl(l)eg]'xglamtammg
atlo%rft]leemalle‘ﬁ;eyn mbcmnsdum spmm;amgdmlzferoeqmmsayn effoetsiad ofcrease

t d th di to t ed t hat.
g SSBHRy 19 Bpe SRR b Sl i Bl Byng e
Iahdlbl Sikgﬁaﬂtt@ﬁle @obém{phﬁbﬂg&(me@flg ). dfittonabtyl tke/aiisig rate may be

this enbo t Ihessem
IRER i U2t p e Pt gl SR G Koo D508 SRt o high as
&)Qé’sﬂﬂ?é dhﬁ*ﬁhg @écept&Ql oﬁf héﬂuﬁtib si@fls¥rdn® GRtidfenRl dafced ’ﬂ'lhsgﬂilnctlon is
Iintensity targ ght..source_to correspon

ﬁi‘l&ﬁat?%)éﬁ’éri’lﬁ&‘? t%@s &%rt% i lity foyut dym lﬁﬁénqlﬁlﬁﬁtlg s %ﬂmuous

g@ﬁal@ A DeRg SRBREALRL RAMIE eSOMlIRard conlilfous S5 BMMel®¥d in
include a wreless input receiver 110 to receive

deyak Byl pudsingagignabpt apﬁf@f&f@&@ﬁmé repagfion rats, this cpmpregdeReaidrearing

%Qﬁmshpéhélb{wtyﬁafﬁbéhﬂﬂﬁ%zehnPUt to this RF receiver my
come froma Wwreless transmtter 111 that may be

oper alleasystemean be vithirad ey a narslethylay dapersorgdeternent| by atiyecting high

gﬂ%h%{% 33&%@6{%&6%0% ?ﬁqurfg{o%?f\éﬁm tg‘?%u@% gﬂglﬁmw(:g%ugﬁwconset of

%UWSWIIEHDS nﬂlﬁe mngdwfaldﬁ lllfsi?rQJdlbwitls dieaar’s sysitinity ‘tzf(jhg greatest

Se her m t r.ansmi,t
e re nI ngérl]r 33 Tt cang)ﬁ?urltjl er rse. gI]lna nqg ?l}( etar Ma{s a tlme and 1rlltens.ty

pasmme ﬁﬁlbﬂitgl thatrshute dowﬁ the har S@pﬁilﬁaﬂtyt hendbudoands acs suemdmpd By
C [ ns.as preferre ti | evel ha .
bR i PR ap o p Bl e R o 8 Ta Patermined
b@éﬁhdn&aiﬂﬂhﬂ tatisedRivity egebeminadd cRyelo thayf el Méeshold in a silent
redetermnedtl H ¥ maxi muns e[gl etermn‘g
gliwgwame?; 0 Xple of 3 g rg BRERUP TR &9 %ﬁw Sgfapcgn and one
&éceﬁdsoﬂ?%bu@mfﬂ{eld@ﬁm@x&qumﬁy ar Répbiiidsed enbodi ment,
is a high efficiency switching anplifier adapted to

r ecei e tarthe veay high tenstiien of e gstem it way be gapaglanisg protectthe
Bﬁétbﬁ?}pﬂﬁﬂ&%gﬂﬁzing all side lobe and rearward acoustic radiation. This can be

achieved by applying a bounding shroud structure or side shield that is comparable to the

primary frequency wavelengths. In the inventive system this will be ale to also minimize
rearward radiation of longer wavelength frequencies below the transducer cutoff frequency
and those comparable or larger than the largest dimension of the system due to audio band

primary and secondary frequency generation all being dependent only on the primary
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8 The sound generation system can al so produce
har noni ¢ content that can psycho- acoustically create

wa 2804ga7d8e cant perception of a m ssing. fundanearais2003/037007

tone that would be the fundarental related to the
generated harnonics. In a preferred enmbodi ment, the o
S‘mﬁ@ny wavelgngthe @The bougtingishreud $tuictuye eanatsotnhipingzd sidgrlgbe radiation

oS ARG Cparnic AT g anonaf BRPR Hab iR BUVRE, .

at fr pgeeEe Bigh Wténdityrvelk anglhbls fioonhederivecit tam haruseful to
|.arger than the di nensions of th&ygound % ner€t| on

GYFTNSFe Aqs] DRIGR 1P 8ekoh PEOBRIGIL AL e ST e e pressure

u&;%%&:eﬁlaﬁﬁ SBRAdARE bi EYuldiRnB Wh8easithae deoBHA Thssegdaabe on
and off or at variable intensity Ievels to crea

glfr@étlfémﬁpié’afi@dlcéﬂﬁ@ll @%‘Pf}se They medplse yes ?We‘a“%"(ﬁ\mfﬁ to allow the ear
2BRAYGEh ré¥ds @ ThaxiFhith MvEE This may be used

téggn(%?wgsﬂ?éolﬁgle%‘ ;bg%tﬁgoeg% I ngr eage tr ans%lucer 15 ey De HSe

ﬁteavoacbhdanng/damage ohde stithehievingtadequpis leyslsi fprigtegsegRmmuaigations,

AhopR YOI o PRI e bl <1 ng

rate fhysysem quvednmicbéeb mn‘tltnme laaditopy d:smthu pachdisruption of

audi tory. system.to ke r n as high as
SaemBedion Ve BBl B aRs R PR e YIS om t he

i nvenFEd 8dhvwEs enlboidindnt nﬂﬁg a)ﬂmgcsﬁﬂc&r 830 indwmpdiraed tish the system
correlate,.to th ar's abi. to ,shut do its

e s o5 PGP BGRLT A  I8TD P Lmet g ppgmeters and

eRRRAN6Rd 115 the Bxdnf}Aé i 1ntFIG @&rraﬂge'ﬂndﬁhg PCThEanE@8 951 BS used to
signal as reduced By pulsing a s

geleane heidisigcs Wéf) ﬂtel ogh:ctr tg)tSélt which §heCSé/ éngl %6 alrfa,*red Fhe ceTv

REREH Qh a18FENRE @%5@@%‘ dbjaet biva §1§1ﬂa}b§5(m”ﬂie%n7g€ data EAEbe sent out
Syst em can be utilized as a non-leth a V\Bﬁ)gon or

@& the G canyeratihraugh p defa ipryisrtaBo0 e @ aain egntepd 8efk t The gain control
(?:Elr%cglyst BRGNS 7H Y ARP Eie@lgﬁﬁl i t @85 :9:\9@1{191% tGH YATRE dehtected The

The onset of res pain is in
mm@@emefmtmzsysnem cagthed Be eilibratedas aéwel @laélémﬂ th¢ digtayce from the

r i
?Ei gh A?x a?rg %ngn = aurle @26 § ?ﬁ%ﬁg&g{k@ th§ r ?Ié ﬁnag? f%‘ aﬁﬁl@m@?nammum
iamn$¢r§ergy®®mspmiﬁ0ﬂmgdt iTheaitineg festhwtrmydmmamh@ mequnted on the

iscguﬂ ng{'lt%/r.'!ltgy wiﬂ?an os b qeds\s) %W%g sg‘(rae%l i Eg?elunﬁgd cre%}{ ma& bf: Illoecated

GF At Ton. an e orcturnin
$e;m¢te ﬁ'omnheasmdndagéneatoranc admlga&atunenhy?iﬁclu@aelhm typepointing
ae t he ,ea Sitivit an be.main |nedcloseto
HRkife SR pier B SHEsfetoke. dpd ERpe o, BLRHERE. “an
exanpFKs.ab sﬂg&@ﬁdoﬁﬁdgeﬁﬁﬁgﬂ Is?s}t@m where enulvipilé einiuﬁlg(sﬂﬁlons on different
ond on an second af f .tone hursts
BER D00 Rre LR ooy SraiesBne M emiisdvat, AR dpEegitiegction

iy 0@491&1&9 hdvesin Bhtet M€ FH06 HRMsirkisdioy lchﬁeréd‘ﬁﬁ@xéigﬁfﬁonip@red to the inner
protect the operator by further mnimzing al]

i d
PGl Fa¥ H00e BYIEHaréo Puiefring 0. Teyie Teised o5 owesp in height
REHpAYER tpe/o@amnglmgs PHYGAG d‘ﬂ)la%&[ ﬂi&%r%te&ﬂﬂ&ﬁéb'll? délbyed inner
side shield that is conparable to
and outer emitting sections of the sound generator system may be altered to create an
effective concave or convex acoustic projection source to optimize in phase energy at a
predetermined distance, create a greater directivity or to disperse the sound in a

predetermined manner.
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primary frequency wavel engths. In the inventive system
this wll be able to also mnimze rearward radiation

wohodsmagse wavel engt h frequenci es bel ow t he traasasem®s/ 037007

cutoff frequency and those cogparable or |arger than
the largest dinmension of the systemdue to audio band
pri maBlGahldshews @ noiaﬂ;geﬁeraqmtem Igen ezmaﬁeltmmérlenﬁﬁhg kction 1104

BBty Rl R bRl Mt rehgh 05, Fagh omiting sction

broasnleti dogpsibedafd phiralitg bﬂftﬁ‘alléﬁmdi%cﬁﬁl &thifters] sa6h SbHBorh® Bfitters or
ion_and rear, radiati on to protect the user and

d
L%%I“ﬁ'it‘%s 1B /GET CPTRACH SYFiems, vl iRl Ppig Hing emifingisertionw] 108 and 1110
hhglod dﬁiﬁd}&d t\yhdréiﬂ e elcBMeHit ﬁgﬁa@ aﬁﬂlﬁ@t& O€h gﬁ}ﬂlfgesectll&x is (rielayed

useful to incor por ate a novel SySt emt o set
§1¥t ?W‘lﬁaﬂmwnfacl%}/b%trateéwphbéﬂ@ﬂ&mh nEdie swispidn ping sestiors, arisl by
h h
o N g AL Yl Bt ey

B50PHBIzed atfbe prsdeiernimedydistamge.al so have sl ower rise
ti mes pf hotlet MbIdABerf aghﬂwﬁ th AtRPL, LS ?ﬂ)e g Fﬁlaé])tr?e?g mﬁ% be

before the systemreaches a maxi nmum evar

uBcopporates! ta\pedrd steercthe Plg]ed@mwgee Mahemsstangbﬂ dnac:thine\lvllth@lt having to
S ni ca

?:ﬁgs‘ricbég% ank@glg%eéré%nq he' s gtgrﬁ g so@n‘g I,w%?:r& a\?OOmay include at

é@gﬁ}g@ad]ag@abml,ttlrg)seGﬁWS 39K, mmwaheemmmlsedlohos ddayed by a

d | scopfort a di srupti on of
co nm% ?@3@“0 'r?ég%‘.yeé’ 91r E\rr‘?Bagtagg HRGEE ‘%‘P&“@P e sizgpt each
phnytsng:mctuﬁf dndlabesphakd (IBlayS oBthe ‘éﬁct&fmcﬁﬂi%ﬁﬁl 4FBRdd to %ie%lﬁ‘mg
830 i ncor with the system

f t
ke Tlr%lés agi%%tf‘té%‘c‘%y b rdﬁr@t‘%ﬁ’t"FW% Bngundsy ﬁ‘Q@lmdhown in FIG. 8.
lBeam Isteﬁﬁng&@ht[tdhafrmﬁllﬁ:bﬂ@ltlﬂg b bAlter 8dithe a‘faﬁlllédtbrnQBé Q& of a ship to

le in FI a range finding CCIV cane
“6 § @nﬁg‘é@aleflbre @ fingclfom AedR Weremayasmeah o fedonck @ystem can
hdjﬁsttﬂhj aeehtafiéibofake Miti6ivelafi: ﬁﬂ%ttﬁgbt\’\inlamtatﬂﬁn 2!1 ﬁ? tp?%(t:ctlon of
The .CCTV canera can al so be used how t

Sind atthe [rasy desgise thy Haythmis yadulation of dw Sb’@ sent out of
t he GQEGVo afRR4es hitiglGhuA trgl%tdﬂce?so&\fﬁéstdﬁ& rg?e% Ithgy fe gaggered
ontrol 860. The gain control can \i

gﬂ‘ﬁlt? back 907 8taggpring thertransiucess gn@abt thmqamtat B89 adits arodé fogward

t gt or em G
L R T
SRR Rap,l@ngg@eng@' tognaximjze aaqhnggiefxmytfmgea&ftGunjlialycabﬂ)lhty This may

Lnder for .a

et ey I N B pRChe Asu P s el omner
Pelasunay pr ta smmmdmmbﬁﬁc @MmiskioR regicid li’fﬂatlve to other

%gﬁc%ga%é%swc temlsgllgn ?%Zoon;s: égt;l? gﬁ\t/én}e \énr}g 1gt§uf(1:1:tlgqeﬁrl1qs“gi Rigsaglationships
qj@haevaabusrtranﬁ'dlﬁ:eladcmmg ei@8ibohl FépidiB Yeghfafds4/i8h&r %}ﬁﬁﬁ{il dréRGtion or
ructure,

1810 don tor?gcdhcﬁ&ih %gleB%tt{&:/é g{s()?l{)] aﬁ{;’icglgsg(kz) Sr?lgplal ge_egg)?lgm pbne relative

ts @nmhhr @Ellﬁe e &Tdrﬁ&fﬁ In&ﬁff&i@ﬁrpﬁa@%&ﬁ&lsﬁpﬁmrﬁ&x'lrﬂge axial simmation

ections iffe
%0utput In the ar eld Far ﬁeld will be discussed in more detail below.

Resonant pipes, waveguides, homns or other means may be incorporated to maximize
transducer area output over a narrow range to trade primary bandwidth for output while

optionally still being able to provide greater bandwidth than the primary output through the
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pl anes 1000 are used for focusing or steering the
emtted wave. An inner emtting section 1004 nay have

wanomues2ri ng 1006 that is raised or | owered PaThs2@bBN37007

conpared to the inner emttipg section. Aring 1008,
exterior to outer ring 1006, may be raised or |owered
igénekittiof Bf nontiaedpiypestiutal debndatytontputsian feq@OEGes dutyidd afdlhdsy of the
di_.spl aced and/or electronically delayed i nner 30 and

sUPaw WYt i ng sections of the sound generator system

ey b@udatet Ga@pip& ot A HRIRE mag b arbipyted MhA\etnphiisize every odd
convex acoustic projection source to qQptim ze, In é)f?ase

avateg yayalength fsquensy el s ﬁem%ﬁhé?aé{r{@éuplé%%ﬂt%i withygeg

r QWB&h dabh 8dd quart length wh
g g%]g;&rh{p}rilte bty r%%é% tﬁ%‘c’)%ng%ﬁmsz BCT/ USE603/ 037007 0
pﬁmEW@mqmlméﬁEmﬁkwnSound generator system 1100 where

t he '8 éﬂlﬁﬁt{ Qer%gﬁﬁﬂz%‘m}&ugﬂ narf&W b4 ﬁglnﬁ(gfréseﬁumélnwh

delaye outer emtti section 1
greatet thag Qsel:,tmamdmgmyattretham@ﬁrﬁ E)sdcrcﬁfse ariphiyrogitput yargpfw band and
er.in i d tters, such
B bl ainade inS bl Sisp? BiufRp SRAE THE B binaide
o4t ®irespond teiréduemny is d@trampe o ﬁﬁﬁlaluansﬂenﬁlﬁm@ & arha;nab auditory

enpl oyed, wherein the electroni

SHEA S BTy SECieH B ey S48 bots wn A RRB FERgHC ovtput of a
ﬁﬁ&q&deEyaﬁﬁmﬂﬁﬁgﬁQah&MgSIZIng each of the em ssion

ring sectians, varyi ng the phases. of th

el ect ot Véﬂ%t}sgﬁgfg%edarﬁmo ERFDSoSCEARTYRIEAMHHE OHipHE frequencies can be

g&ﬁﬂrﬁ&f &%W‘@i\f SesBBMt frbfueRRt dfItARuadr ﬂlﬂh@h@{aﬁﬂ&ﬁg’réﬁtﬁ@ﬂm hi-Q)
i stance. I n another enbodi nent, shown in

awlgutias pf they @?rﬁﬂlr@ﬁﬂyéﬁm" ek #f th@a&?WB'efr%memCm?é\ubW‘ég@a*eft @rectivity.
beam '?ﬂeesﬁgteltnhﬁ FRE 9] %@aﬁﬁ?ﬂé &ah Ero\ﬂﬁée' glf?é’eﬁertpﬁfa%hc output below a

directi wi t hout " havi ng physically nove or
trewadivesn cutpfidregyencerangeTole 1o SUAlE: Wenariznant oug isggreater than

SRR I 11009 A SN i e 1
déscayeidryboptpmt atti0P ik whigh ammmtnatelﬂeguqu; the primery @fiput papability of
B‘lr 09?}&% t %gr éﬁ?ﬁ/ Slcrlegse f fl WRGH 'tl?eno ef)f‘tﬁe ﬁ'fv%lﬁ%ﬁ%/sf%ﬂp&ample 2 dB of

ng Section and the hase ays o
ed:oenc_laryomtputsm@amé 5 regbipéd. e}h‘lotr aﬂphemetm: 1sy8tfn1gs ¢hBnot match this level

sectjons. This. adaptation e.co nat
e S st R Lk s s AR S GRLRL H hldel?
ﬂ’éqﬁﬁ&bﬁfﬂnﬁﬁéssihg dei secnin'dirg oafput deneﬁhtltte il relationktép with the primary
a ied on t si de ship t count er beam

R angnt Thedtenic sy o b GRUEn FmlRam at vels of
hsReaAatelySyISiBEFfeathardstor 8t phRe®ic is@idnt InQihe (pfeférfbﬁ embodiment,

emtter relative to the t ai ni
ﬁ}‘%‘j?aé&l PY ﬁuwntlglélﬁwgalgp 0% Wg%f%nﬁ:vgé gb iq g&ttﬂ é64¥ 31(§ or greater, as

%d?éﬂ % 190 €3 tdRoR peibr drbarsihiétRe syRfints] BhisD4idB ddshtade@Squite

i ndi vi dual transducers or transducer areas may be
éfaaggé maifjat i Gag alloy ghednyauted grstensiogsgenie s Mupk as 48 dB greater

tséc%ﬂ@a‘#}‘ G paraRGrit Bind pREESe leelafhah 8RSPreBorlsipafiine R Bund generator.
for vvar

This can result in secondary outputs in the lower voice range (200to 800 Hz) of over 126 dB

and secondary outputs of greater than 140 dB in the middle voice ranges of 800 to 2kHz or

more.

A hybrid embodiment of the invention could incorporate an ultrasonic based

parametric system to radiate only secondary information in the audible range in conjunction
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pl ane of transducers 920 and at | east a second nore
rearward plane of transducers 910 allows greater

woaokioagiseensity to nmaxi m ze packi ng density f®ecT/US2003/037007

greater output capability. Thjs may be done in a
manner that focuses or disperses the directivity in a

RAit8 UL RATF ASM 20BRAE Bystoabdifxbsay Bergiy The paplyl Adiotrangs Gyem
transducer acoustic em ssion regions relative to.ot.

: . her .
e Belivalized 4t B 11 TadiafraEnd An Plér@ioawa&nefwogy@fnéﬁﬂl?'béwwe
R/ Yt PariiGridStild A6h RRPFPoHROVA HoRN MRS systim 4B£ be placed in
various transducer acoustic em ssion regions
frenfanf of ites-dispersesovithip Fhporisnary Bsicayicatstio pmission Fegjons pigyen be
acoustic
R AT S Ebundthe LRGSOl M R B, 2 another
pl anelngamefbeedimbodimdnhit dirf beadyantagshesste Uti&e@ﬂaj’a@ﬁ% jopBiezoelectric
0_Imaxi e, axi . . of . .
ik Bty R R it ol sl e
epedunceRehsona dbmpiapemn-ca@eriye iragiesdycelsor ns or ot her

means be, i ncorporated to maxi m.ze .transducer_ area
out publaUaveL: HaT SRR g5 TuThs maung erif EAOHEES Thn B i o
fealizeatit fventishi | €  optionally still being able to

provide greater bandwi dth than the prinar ut put .

£ i ouBReR HEDSABRSB A6 SBeereisH PO aEi doorgie to incorporate
gRRAnRE nfRchity ek RATdeH RS RUE Slir@ena fafaysdabére inimize

at frequenci es outside of those of the prinpar

Eﬁﬁ?tﬁiﬁtc}fcwcé‘ﬂe%@@mﬂ%@&g @fouﬁ}é9%l§éﬂgos@§rcﬁ‘b§7°‘8 ¢ power source.
frhfs %a%ﬁl%trﬁegr BoRE o RIR ARV BarRMEdY nOf the tHiASIukE resonant frequency
wavel engt'h frequency. This approach may be

supgieinen Pema fraquensy dhbragepersiegar amet ri ¢ out put

Pr OdUf i\ ABRI b SPithiE AIhBsh RPLAAR eARCAILALIGHRE URLis a

wavel engt ere prinmary output Is less efficient.

Sghifigant matipheofithe latgest daperisivn é thetshyndiggheraiar itsslf. Bdisdran be done
[ e I : = ' '

U0 B SERSIPAF B R SRUAE: AR iSRG

babelliment hatiog mptimungphaye @hedehcypuomiatien vf thembgnity of system

T O S Ao e e

dienensibhsvviay fidin the bouid Reweadion Gystem syddfem20tto 1 esran@t emadimum

irected high intensity sound, beamwi th. a Xi
i i les yEnine T FauD Dhars colsraaey ir i fi e b
sRbRPEshed\biihg maeme?tﬁmpﬁtssermdumb,gcih a1 Zb, segogdlar y

par anetric out put requenc] es can, ener at el ow
the rEReoWEAM oprratse ik g d&ﬁct%(ef?lawgaw@e Pgw'}te ,?ﬁgtag%@mpamble

{o0r 1655 Biah e 1M¥igbdd dibhenSibn oft e SYidN hindPrisol dpefalt8 ¥nd\Rpleferably used to
di rectla/_ generated at the | ower frequencies but with
1

gensrpted digichienal ealprny of spred ke BRfipld, figtance magy tigygs that of the
ﬁ;&gpdﬁens%rbfmeg?g{ 6. greater paranetric output below a

transducer cut of requency range of 2 to 3 kHz when
pri maYaricys egeustia signglsaaayere comapnicated through the device, including

frequency or amplitude modulated signals or combination tones to create aspecific affect on

the target.

In a preferred embodiment of the invented sound generator, the directed high intensity
sound beam is capable of intensity greater than what is linearly sustainable in an air medium.
The sound generator, when delivering at least two primary acoustic signal frequencies in an

audible range, can create at least one secondary acoustic signal in a lower audible frequency
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approxi mately 133 dB. At 133 dB primary output near 3
kHz the systemw || generate 81 dB of secondary

woubq@uu7ae 300 Hz, which approxi mately equal s PO®/US2003/037007

primary output capability of 20 the system For each
increase of 1 dB in the output of the invented system
exfelRbeespdndil t0fa diffeana dme frequinpyidf the oreegrieary 8coustic 31gnal

e By < Pl O BF SR wirm bl BUieOR o PLsbone of the a

heusi sne@b®nlfly Seubticdigialk if b e audible wrgt &mdBiaca frequency that is

frequenci es conpressing the secondary out put dP %

£1058) 1 Ureg e HERFR R0 rFigr af Peprasieelopifspeakers and

QhtrErbfe thel: nﬁudeVé?(FHl@@f ﬁﬁé?}hﬁ{ﬁ}ﬁﬁghaﬂr\!&ﬂ Horé @Fob’élﬁ?dlé@@to the volume

conpression _at |levéls o approxrnately 24 dB

g{pbame@f & mﬂarﬁpv@rpreﬁsrre ryekahther lpwerdiyegpeney seqendpgpsignal. With prior
g)fa%ﬁ'r[eﬁg: sgg@tﬁ ing w1ﬁ1h:'a§1ep ﬂ%@h&l%lﬁﬁ@éﬁi@{ﬁf U@ l(Hz ar greater

ance atlon at leve to 154 to

dslne wlang elocitiof theonp?aryemrlabls e smpll mmperei forthay rOif the palratnetrlcally

%%rﬁe?ﬂ?& gecgnd%ﬁa{u?ﬁe to%%%&ue%? th%q ﬁ%va?n%g%i%g%aqg totngs are %lt least 20 kHz

gﬁﬂ@&dﬁ&nﬂ&emmmhyagnQB dB greater secondary, or

para rrc S ress re |evel han any previ.ous .

Do ambt e R ERRERler Sim S=einhleds 3 aR el iidPpier with

%ﬁﬁﬁf}d@ﬂ)ée@hiﬂw frequeficibdisoth gaierataddh G rae@E hfm&theacind Ghe

Hz) % er 126 dB and.s condarg @glts of reate

EF 95 oo e Ty Gt o ece® pgracpp at least

Bdss HAR 6 kHz blloWblehdl oROTBAAE ﬁ%ﬂﬁw%neﬁ hRfotd @R dt @d’&stQﬁH bﬂthe at
i ncorporate an ul trasonl c based aranetric system

AeRd Qe secondary awmsliccrignalsiimp e epdible rapge fidess (insh pto 74z below
aagggohpogﬁpbﬁwgyr&@sVK)2004/047482 PCT/ US2003/ 037007

h the audi 0 based acoustic system di scl osed
h er e| ﬁIG T8 elhrsrratnmrg@ﬂmanbpdmmg of by present inyeniog thps includes a
[rr?e%od eﬁg‘ra@n y Eli?&:ltr@ltl bedts@Hdighaliin H{e rll@l%qgﬁ € of both dlrect and
paranmetric co Ication evrce Rd/or the anet
senohdhrp b&amf:tub dcqurpm gtnalatmwnrmpmqmuppmhgg lsydauterrif be mathod

1nclch)1Jes e steg U d rec?lg @e? ratglr a p:gs% ngirrfég I?n{_t)%ng%ro %ﬂdté@ee %néggmg 20 kHz

tema
fﬁorrmaﬂraasdlmerrenngeraysjem dia\tlh@atdeﬂsismréehménstohehqn isi greatey than that of

err
%v‘%arr%a%tg 8@ "‘H%as 919 g’ﬁ‘ﬁ‘p c?f‘i‘&\}%“es P‘C@ﬁ’cé‘tglgé? o fpiher operation
tisqu @emirig ehie tiapeinow lemiper hymtdnfamcmtl@e it egﬂ meramﬁe diraeilyrpererated
t m r's 0 [esl st e | edances t ha
PR ane o e Eerler o0 8 10ve L B AR G Sy Scapt paplicsa gutput in the
@J)Lﬂﬂ%ﬁ}gf%@ﬁﬁédimﬁ)fn HlydraATRe. ABMthEtDpe@iibn i HAVIAE HE 86 EhdG@pporting
be use 10 realize the inve VWhen u

meden pio rmﬁ'é‘-’aawcs@dt it Il SpdibR R SFRoBiATy  Qutput s created in
@ﬁssbﬁﬁpéuﬁﬁ&ﬁng REALA Bbek 1330pedance mat chi ng net wor ks

bet ween t ower source and the transducer to
mi ni mibgabove method offers a further advantage when the at least one audible secondary
acoustic output is less than 10 kHz below the at least one high intensity audible tone. It can
offer even further improvement in output when the at least one audible secondary output is
less than 3.5 to 5 kHz below the at least one high intensity audible tone.

It is to be understood that the above-referenced arrangements are illustrative of the

application for the principles of the present invention. It will be apparent to those of ordinary



reactive circulating currents fromflow ng through or
bei ng sourced fromthe power source. This matching

woayodna7edone over a narrow bandw dth near the PCT/US2003/037007
transducer resonant frequency45 or a dominant primary
frequency to be generated. It I1s desirable to optim ze
6K ih ¢ QRith# Autherbusiaedifichtibiecahde niade withow deppastirgyfoen the

that, is significant nulti f the |argest

ATREET ?ﬂ% CBF""SHé’fg’Sd?]V&nE)‘Eh"érsg{ %Ftﬁ i é‘% FPIMSTRi's can be
done though the focusing nmethods di scussed el sewhere
in this disclosure with a preferred enbodi nent havi ng
maxi mum phase coherency sunmmation of the majority of
system 20 acoustic em ssion regions coordinated with a
far field target at |least ten or nore system

di mensi ons away fromthe sound generation system and
often 20 to 100 or nore maxi mum di mensions in

di stance. Creating maxi num phase coherency in the far
field may be acconplished using the enbodi nents of
FIGs. 10, 11, 12a and 12b. The system operates with a
directive colum in the near field, a distance
conparable 25 to or less than the | argest dinension
of the system and al so operates and is preferably used
to generate a directional colum of sound in the far
field, a distance many tinmes that of the |argest

di mensi on of the system Various acoustic signals my
be communi cated through the device, including
frequency or anplitude nodul ated signals or

conmbi nation tones to create a specific affect on 30
the target. In a preferred enbodi nent of the invented
sound generator, the directed high intensity sound
beamis capable of intensity greater than what is
linearly sustainable in an air nedium The sound
generator, when delivering at |east two primary
acoustic signal frequencies in an audible range, can
create at | east one secondary acoustic signal in a

| ower audi bl e frequency WO 2004/ 047482

PCT/ US2003/ 037007 13 range corresponding to a

di fference tone frequency of the two primary acoustic
signal frequencies (see FIG 6). One of the

advant ages of the invention is that at |east one of
the at [|east one secondary acoustic signals in a

| ower audi bl e range can be at a frequency that is
closer to the primary frequency than would be so in
prior art paranetric |oudspeakers and 5 therefore the
vol une velocity of the primary signal can nore closely
relate to the volune velocity of a simlar sound
pressure | evel at the |ower frequency secondary
signal. Wth prior art paranetric systens operating
with carrier frequencies on the order of 40 kHz or
greater
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the volune velocity of the primary signal is very
smal |l conpared to that of the paranetrically

wqgenmariatse secondary audi bl e tones, due to thePEaais2003/037007

that the secondary tones are | east 20 kHz 10

renoved fromthe primary signal. The invented sound
generator can be operabl e agLAIM8ranetric | oudspeaker
with primary and secondary-frequencies hoth generated

L AP FAecH RSt SO BFICFEA VG MgoR TR e UgILiR GO fgctional
sOMRRbiuRh ih A arlRIAIREEbR@! | Y generated secondary -
acoustic signals are at Teast |ess than 10 kHz bel ow

at | easaconsiis epfittar fathsf leas ope trgnpducer agppic eppssiop region;

| east AhpiRr LBARY 2@HfedS SQRBABEYIAE AAldiFsignal;
Si gna?tgghl%tn&gaqtog@v\ér %‘l]f%f%me rgnde I's |less tﬁan 3.5 tégn§1
kHz betileast a ength efithe ewifter béing braledrte hantyleasbioustimesjagvavelpngth of a

W1l u a e ' C L cional-
oSS TS 2RSSRl ot iR Atbussc signal
hi ghl st letist ®ddpitosfahe amittercticing ssalghtl ts less thanene fraith theatimension of
f both direct and secondary paranetric acoustic

AEH828% in a sound- supporting medium The method 20
i ncl uthe smithe b&ihge pordifudd At tuhid WerkibaA highgffidiency asdr avlesst a
hi gh intensjty audible tane bel ow 20. kHz from a
By bRt FTTPRendde & HEHURPPANES ORI ARSIV of a human
didiRRpyeRnd, iidenbteGrdted highafedshpbouall bedoh @ithan etigingbstic

at | east one. of the high_ intensity tones in block

of
outppt of At Feptt L ALAB gLMEYMER Of 2 8%y at i ng the transducer
emtter systemsuch that it can generate the directly
enerated audible tone at a |evel greater than a_.
ek sopprhgeneratospbelaim khereinithaproustis gmilis gensistprop pultiplp transducer
ta&ﬁxsgéerﬁigéi&gregidﬁé?o”i ng mediumin block 1320. Another
operation is driving the sound-supporting nediuminto
nonlinearity such that at | east one audible indirect

N - C . .
SoER A e PRt kgt GRLEE il ONAC - AERGE bkfilon rgions
fiterstdgeered tbr aptirag) pacitiegdenkity aud gramed swhehateathghaap is in a different
secotndarl% acoustic output is less than 10 kHz bel ow
RE"1E K5t one high intensity audible tone. It can
30 offer even further inprovenent in output when the

T R TR M AR .

ad1stive li@arlodtite plahd ark rivéd ik diffenehe phdse edhatiohdtipstth thaximize axial
above-referenced arr enments are illustrative of the
sypmption 9f SHtPRGR ﬂienér €$ ‘nci pl es of the present

invention. It will be apparent to those of ordinary WO
2004/ 047482 PCT/ US2003/ 037007 14 skill in the art.

Phble seunbecagatonpbiFlpinc hhespia ablapst pre PRIERTY dFqupiéstignal is between
deRALI4060 filzom the principles and concepts of the

i nvention asset forth in the clains. WO 2004/ 047482

PCT/ US2003/ 037007

6. The sound generator of claim 5 wherein the length of the acoustic emitter is at least 0.33

meter.

7. The sound generator of claim 5 wherein the length of the acoustic emitter is at least 0.5

meters.
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15 CLAIM5 1. An el ectro-acoustic sound generator
system for generating a high intensity directional

weamath4tskurm in a far field conprising: an aceasmiseo03/037007

emtter with at |east one trapsducer acoustic em ssion
region; 5 at |east one power anplifier channel adapted
$.orHe @&ﬁid\g%n&&tof SReidim3winsndh the$dnghadf thedcohstia siniteer Isanphdt 0.75
of the emtter being scaled to be at |east four tines
Begvel ength of a |lowest frequency of at |east one

maxi mum acousti c output primary acoustic signal; at

| east a depth of the emitter being scaled to be

9.1 sound geperatphofictrimd wherain Si¢ caritterihmbptapiigin le%ﬂlﬂal iy fprm and has
;p,?mg,g}gga@qeagq;_mn& figured and tuned to exhibit high
c

Iclency over at least a narrow bandw dth
corresponding to a frequency range of maxinum

g[? H5k %&u d ﬁ}éne%{toxaoflg}ﬁ% 3 iRk %19 dhith¥ Rt sﬁﬁgtalﬁlgllygl%@ﬁﬁg'iﬁﬁ' iftform

rec ntensity sound beam w th an axi al
aclduas b icmss srunqumfaofeaﬁtoﬂsaa@‘ﬁnmtb@)s dB at a mni mum of 2
meters. 15 2. The sound generator of claim1 wherein
the acoustic emtter consists of nmultiple transducer
i ds sound @enesatboaf cladm il ovtereiBthe ivectebhigllingemsier st beafn is capable

h Qustic.tr ucer
‘éé‘l‘l‘ggﬁlérgr‘?azeéﬁgﬂéyth g‘F im %"tﬂz&&&?‘“ﬁ’ glranggtr?e?ria%gpackl ng
density and gr ouped such that each group is in a
i fferent
G ThE s setupaitnia 1t SHERT e et s Sout AR BRI a teast ovo
pritn&H) Qcdtls i\ Ggnal ﬁk(ﬁiehdd& ih @n aidiblb @dngp kiADE&refE ﬁt lekst otervedandary
di fferent phase rel ati onships to maxi m.ze ‘%ﬁflg
woHtigtsieoR! 1R I gudio l frefHRRCY Bnes seTeapOnIBE S A HlGregER INRe

FERCAG! FihevoPridial) akoMdiB snfl fRdquéRAsSt one primary
acg:‘dgﬁst@fc Si gn?rl |§}betv\/ee%In 1500 and 4000 Hz. 6. The

sound generator of claim5 wherein the length of the

£ 948 bduind g@ﬁetr&t@lr of'cﬁauﬁtl 1 h2@8Rin fle SditteRR cﬂf?ﬁg‘i‘afed té gen-EE’lﬁe at least two

sound generator of claim5 wherein the |ength of
provows @isdénsignad frequsncigs in em sedige sngprihabgraates\gbleast one secondary

&%Qé{c%fgéﬁa aﬁ) ‘EE&P?@&Q%&%Z ﬁgguené}ﬁcorrespondmg to a sum tone frequency of

the two primary acoustic signal frequencies.

3

14, The sound generator of claim 1 wherein the sound generator is operable as a parametric
loudspeaker with primary and secondary frequencies both generated in the range of human

hearing.

15. The sound generator of claim 1 wherein the primary acoustic signals are pulsed at a

predetermined repetition rate.

16. The sound generator of claim 15 wherein the predetermined repetition rate corresponds to
a rate that reduces a thermal rise in the emitter to a value that minimizes compression effects

and increases transducer reliability.
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8. The sound generator of claim5 wherein the |ength
of the acoustic emtter is at least 0.75 neters. 9.

wOoheosgawse generator of claimb5 wherein the enPCTAIS2003/037007

substantially circular in form and has 5 a dianeter

of at least 0.75 neters. 10. The sound generator of

£1. gh8sSunihiehicRitor dftRine 15 wherkini the prodadrminicdatetition rate corresponds to
rectangular_in form and has a_cross secti,on of at

3 eetbata iz GONUTPRL SFRITUER SOpRIVIED i1 A BRREteY Bt ey gystem.
claim1 wherein the directed high intensity sound beam

Is capable of intensity greater than what is |inearly

584 Jhe sovald |gendratorzf clgim 1%@1@9 pemMAsingERouading shrgudwusipes o

x%gnixglz‘rél 'sf@e&c%be%&tﬁ)’n Nnd REr Batid S nhakifi28 fdr@hdshidtn directivity.

generate at least two prinmary acoustic signa

frequencies in an audi ble range that create at | east
secondar ' ' L j i

R 345 S0 Pkl SRR g LRl Byt MBI BRI el sting

§yseaLe meamtaih prddetetmineddeveharayinaosust i ¢ si gnal

frequencies. 13. The sound generator of claim1l

wherein the emtter is configured to generate at | east

20MThe péind@eyeracifstaim 1 figheatorfipristngarieve sonitorang aad tivhl setting

range that creates at, least one secondary 20 acoustic

SIS PR PSR BT e BRI B uency

corresponding to a sumtone frequency of the two

rimary acoustic signal_ frequencies. 14. The.sou .
BT 458 EORerpE L it FOIT PGS At oAU el setting
QRENAB ISR Sin PrddsteANBed dighal fieusReaker with prinary and
secondary frequencies both generated in the range of
human 25 hearing. 15. The sound generator of claiml

YA &€ ks Surld pendAtb ¥ aird A Gtk Gorfbribia Sled] Toitbriifpthndlleval setting

.predetermned repetition rate. 30 16. The sound

gpstear latmenintein pradgtermingl signat decay tiMes-pr edet er ni ned
repetition rate corresponds to a rate that reduces a
thermal rise in the emtter to a value that mnim zes

2b e esid@anczitpeafictrim d furthen incerpsrsing p znse fiadar.
reliability. WO 2004/ 047482 PCT/ US2003/ 037007 17 17.
The sound generator of claim 15 wherein the

4. Gihe semdi gamslatomfetains thand2B3durtisr insbidingdslevedrelative & distance
t%@t mai ntai ns conti nuous nmaxi mum sensitivity in a
tEPFYPRd human auditory system 18. The sound

generator of claim1 further conprising a bounding

roud structure .5 mnjmze,side-l.ogbe radi ati on and
75 b saeratiores Shis Trok BRug-pIdRs. | on
di r ecitildabtan innet Imitithares gidn lg g roated smidter arbaiand 1
further conprisin | evel nitoring. [ | .
setti qﬁ)gelectrggic delay gmgtioneinc?eperfggntll)tl gonltrol%ngegl t % at Fe\éset one inner emitter
area relative to the outer emitter area for optimizing the phase of the total emitter for

maximum acoustic output at a given distance.

26. The sound generator of claims 1 and 23 further comprising:

at least an inner emitter area and at least an outer emitter area: and

an electronic .delay function independently controlling the at least one inner emitter
area relative to the outer emitter area for optimizing the phase of the total emitter for

maximum acoustic directivity at a given distance.
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systemto maintain predeterm ned | evel maxinmuns. 10
20. The sound generator of claim1 further conprising

wa 2b@xaf4seoni t ori ng and | evel setting system POT/US2003/037007

mai ntai n predeterm ned tine-epergy nmaxinuns. 21. The
sound generator of claim1 further conprising a level
noni t g1 dieronio delag RlktiGaihddpagdently sdreuolling theeit idastiome inner emitter

predeterm ned signal rise tinmes. 15 22. e .sound

SR EA11YG 0 P OBIPETRYIET e R PR i o e e or
FRRIntRE AdagstR kel iBN§lat $&éd diflancgyst em to mai ntai n V
predeterm ned signal decay tinmes. 23. The sound
generator of claim1 further incorporating a range

%gnﬂl% sound4fnéfor (?j_ﬂ‘b%iﬁg’ ! :agd Q|§ AethadcBmpAting! ai ms 19 and

furtherincluding a level relative to distance :
cal i batdeasiam inmes transduces aigh andjtideastanutes frapydyeerareg og fig emitter:
further conprising: 25 at |east an inner emtter
area and at |east an outer emtter area: and an |
el ect ameléatrodieldalpy funater iodenendrapi perdiolling thesh {eagong fHger
he .at | ] ] | at i
biaRer R PR hE PEer S arc P Pl Bl b R ol
enitel toarwntrolexcostie dirgwtixityyum acousti ¢ out put at a given
di stance. 30 26. The sound generator of clainms 1 and
23 further conprising: at least an inner emtter area
agdriatsotiagherator ofldlaim lefinithdresmprishig: and an el ectronic
del ay function.independently controlling,the at |east
one | HEAst B P&‘?“q trg‘i‘sg'écef 3‘1‘%5( ?r\/tg‘e Epite 31%0 uter emtter
ar ea aéleddPhiciielay fghctificinpdpeadendf cotellingttld at deubtt thefirsf aijacent
ven di stance.

maxi mum acoysfic directivit t a,.qi WO
Srospers pies 2R 9 ABD 81753 79597 i @ Iy PR 1T dpeRase of the
foNGhii@R foraanand asdukstc aRpithod tivagardghe at | east one

inner emtter area relative to the outer enmtter area

for optim zing the phase of the total emtter for

FEFHILBh RS hiof o HI4iRC fuMhdr Xobristngdi ven di stance. 5
27. The sound generator of clains 1 and 23 further

conpr dmstrray:of snultipdeaspustin eminsion regiens dermung anmEter s at

| east . An,Qi Ferac&fsgy SHNGER re%fo%?al%@nattaf stafletddsh at leRAN& fiRPmore
el ectronic delay tunction i'ndependent| g controlling |
forwamltplineand sesned mprggearward plane in a front to back relationship to maximize

packing density for a maximum number of acoustic emission regions forming the emitter.

30. The sound generator of claim 29 wherein the set of transducers in the at least a first more
forward plane are time delayed relative to the set of transducers in the at least second more
rearward plane to optimize the phase relationship of the at least two planes of transducers

areas for maximum output at a far field.

31. The sound generator of claim 1,further comprising:
at least one transducer with enhanced efficiency in range of high sensitivity in human
hearing, said enhancement derived from the employment of a high Q transducer resonance in

the range of highs sensitivity in human hearing.
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transducer area relative to the outer transducer area
for optim zing the phase of the total 10 emtter to

woanidroat4sacoustic directivity. 28. The sound geqaematms/037007

of claim1l further conprising;yat |east two adjacent
transducer areas on the emttér; and an el ectronic

§£ |8y sbiHaGlehdMiol JTERRA B Melein 16O Risomint freteidyef ate dt Easttone
the first adjacent 15 transducer area relative to the

transdecss is in theaangs @f {99149 &%aP0 BEea for optini zing the
phase of the total emtter for maxi num acoustic
output at a given angle. 29. The sound generator

f
83.&ihesqurid gendrator efesigini3d iwhyreimthe sespaapt BPAusHqf Sheent Teast one
BERURL s iR HSAhAROAM @OR J505 Mzng an enitter face; 20
said multiple aoustic em ssion regions alternately
staggered in at least a first nore forward plane and
?zgclcai{c]:% f endritar M&ﬁaqmﬂ' Whkeih theht feﬁ%%ﬁeﬁ‘éﬁsm&l‘acoustic emission

| 28 P 6" Praxi i ze packing density for a
FegXdnMasnminitiad high basschbarsdteristie of grsaterthare ) dhperfogiers- ng
the emtter. 30. The sound generator of claim 29
wherein the set of transducers in the at least a first
B9 Ehe sdimdf @hwatotloflAme4avterdin the hijshl paysabaraeteastiowd gteater than 12

t he set of transducers | e at_least second nore
AB pepeiaye Srainemthe ¥pgy @g& Flﬁéo %)S,QQ ‘rel ationship of

the at |least two planes of transducers areas for
maxi mum out put at_a far field. 31. The sound generato

36. BieaPwAd geperpionefoliBmdr 1sroil ?h_e%eﬂhzaa_sa QREEo of Brecte han 12
UBHASIUER bepihd 1 tRORARCER006 Fi2@ $SVOMHA. n range of high
sensitivity in human hearing, said enhancenent

derived fromthe enpl oynent of a high Q transducer

- rupferRb@PSsiReRSdihingi thaturt Forypein
B LT e 30N g a5t aaasaRterob AR RERSlblilfdtut forfapfioihe

soinginy agvustistenergh At spgbifiedBragher ei n t he resonant

frequency of the at |east one transducer is in the

range of 1000 Hz to 4500 Hz. 33. The sound generator

68. THeaiiming feanheofilaimt Hevheeso srd feafuraigeladrs y camenameougted on the

| east one 5 transducer.is | e range of 2000 Hz to

geperatgrand g Aso Blﬁtrc?g Vet %fegelr?' of claim 1 wherein

the at | east one transducer acoustic em ssion region
s.an.initial high ss, characteristic of, gre . s

SRR an it frdire Bk faipbR iy el U e iekin Sl b from the

Gh@idpeddatoher ei n the hi gh pass characteristic of

greaterthan 12 dB per octave begins in the range of
1000 Hz to 4500 Hz. 36. The sound generator of claim

&g ’Y!tbeagxﬁin@ flaiRe BF ABIMPIFSSherdiA kAE FRtukrSintladefa 1g¥ee@bEepointing device.
than 1

41. The aiming feature of claim 37 wherein said feature includes a crosshairor bead site

structure.
42. The aiming feature of claim 37 wherein said feature includes a magnifying optical lens.
43. The sound generator of claim 12 wherein a parametric secondary tone at a frequency at

least one octave below the primary frequency is of greater amplitude than a direct tone

radiated at that same frequency for an equivalent voltage input.
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dB per octave begins in the range of 2000 Hz to 3500
Hz. 15 37. The sound generator of claim1 further

woan@rusismg an aimng feature for applying nMaRRCITWISR003/037007

acoustic energy at a specifiegytarget. 38. The ainmng
feature of claim37 wherein sald feature includes a
camera nounted on the 20 sound generat or and an

associ ated vi ew ng.scr The aimn tu

07 iisaindgeberaip oL S STler & Bra R Seep e By b Sagency

Blgd?/mtﬁertﬁ'lma?a HOGheBBNE baf@kter aAiplifile @ diedtitoig rhdiattdiatahat same
f claim37 wherein said feature includes a | aser-type

FeUPNENT abgquialent pofver 8t g ni ng feature of clai m 37

wherein said feature includes a crosshair or bead site
structure. 30 42. The aimng feature of claim 37

wheFheispunsieneratopef plaim; I3 oTheeras atdeashefisiof (hery leggfione sgeondary

| &Stic si 41%1 1nm8w§r3a'ﬁﬁfﬂlquﬁ§:r i8feQd tthf 16k BR1dv al¥BRE Bhdbfdhe primary
aranet I'C secondary tone at a frequency at |east one
anmave bel ow the primary frequency is of greater

anplitude than a direct tone radiated at that sane

frequency for an equival ent voltage i nput. WO
26, omeeém&zn@mt WR2030BROGT at 163t ag, of iieent sgshone secondary

g(g(ﬂlgtrlcg%l orrgl %;a lower aulef)?e r\é{tﬂ 13 %eﬁs t%arp 4 Ecﬁggél?év%t R&EG %Héj@ir the anary

equéency I mary frequency is o
gneat er anplitude than a dlrect tone radi ated at that
same frequency for an equival ent power input. 5 45.
The sound generator of claim 12 wherein at | east one
qf. THeeo@ld degérator ONBaimeiQONttbasily at leasoortaf the st yaibnd secmdary

| ower. audi bl e ra s | ess. th

S S AP SR S s B e bea g Rl ofBf brimary
@neg! @i m 12 wherein at | east one of the at | east one
secondary acoustic signal in a |ower audible range is

| ess than 7 kHz bel ow at | east one of the primary

t4§’ NAR-softnlt geIé]’ﬁto?‘Qfmgmgﬁnﬁ{e%n@ bt 16845t SledIf ﬁﬂe]a@ leaki@ne bdtordary
| east one of the at | east one secondar

acgikic $ignak ingriawer aydiple rengsris lgsrdthat 25 kKHa élowt legstong pithe primary
$H§§E bel ow at | east one of the primary tones. 48.

e sound generator of claim 12 wherein at |east one
of the at |east one secondary

49. A method for generating highly directional acoustic signals in the audio range of both
direct and secondary parametric acoustic generation in a sound-supporting medium with said
method including the steps of:

a) directly generating at least one high intensity audible tone below 20 kHz from an
transducer emitter system having at least one dimension that is greater than that of the
wavelength of at least one of the high intensity audible tones;

b) operating the transducer emitter system such that it generates the high intensity
audible tone at a level greater than a level that creates a significant nonlinear output in the
sound supporting medium; and

c) driving the sound-supporting medium into nonlinearity such that at least one

audible secondary output is created in the sound supporting medium.
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acoustic signal in a lower audible range is |ess than
3.5 kHz bel ow at | east one of the primary 20 tones.

wa2004A4mse hod for generating highly directi onaPCT/Us2003/037007

acoustic signals in the audio,yange of both direct

and secondary paranetric acoustic generation in a

SOUNEL SetARDstdldig) 498dictuin ihk bihless bk auditldiedoridaryl agdiistig output is less
the steps of: 25 a) direct.l en ting at | east one

Hiag A0 kHe belepihe af leastng htgg‘ﬁ’éy'?fgtp’a @5 t from an

transducer emtter system having at |east one

di mrension that is greater than that of the  wavel engt

61. Fhe methed ofniimdP wheeeimihgat lept epcaudiblegsarnsery acaHEs ? gutp“t is less
tem such t hat

B e e e S ome at a

| evel greater than a level that creates a significant

g? n'll' m%'hoc? gftﬁé{{n 49%}}63[%% th§ gt 1%9# Bge ﬁﬂﬁﬂ@gekbm#‘g%gﬁ%%uput is less
(ﬁ nd- supporting nmediuminto

rtan 31 SridEer belop ﬂlaahleaslnane legh Ingeasity awdible oeli bl e secondary

output is created in the sound supporting nmedium WO

2004/ 047482 PCT/ US2003/ 037007 21 50. The net hod of

6h .ahﬁb%&rmnﬁicl’soﬁﬁtbgeaéraloe awtenofoe geneditin @ highdumukity girectional

acoustj c qut |S | ess than 10 kHz bel ow t he at

FRUSCOYHE P f?k@@ﬁ@??9gaudlble tone. 51. The nethod

of cl ﬂiléﬁsﬂ&e\wﬁéﬁhﬁplﬁ' bﬁclﬂhndl GWedOmﬁ:caudiubdlﬂlcﬁﬂmh dary

acousti c out put g l.ess an 5 kHz

t
T o anaaoni o Beyigh 4 prs BT Eop e e Pastpdregiingy gnee of

Aax b mnéﬁvW@fraqmﬂaah Iﬁﬁdlﬁ)ﬁ’}f'] byRasd, afhEavaiaci & n Sanpaganioff
acoustic output is |less an 3.5 kHz bel ow the at

fieguencysigad hi gh i ntensity audi ble tone. 10 53. An

el eCt %}rp RSP LR SIPNRG aggrfg%{ Gt ![easi)f&fr%meg Q Rvagﬁ&%ﬁlﬁéﬂ th&high-
I ntensity di recti onal sound colum in a

pasg |cutoéfcfrpau¢r§y figy-enahtling bigbtintereity pernasationpf ¢ ﬁlir@ﬂ%q% s column
%%ﬁ&é}lc% LSEENE 1 %gg\?;bsocu%fgﬂé’duen@nmﬂqﬁk)ﬁl la@epth no greater

tter |ng a pass d region tuned to at | east

tiaequefigth of etwgen&ﬂf of thastisgien @eff@g«? vixglengthef the highhiess cutoff

ng‘#etng};y system and having a known hi gh-pass cutof f
guency; and an emni ssion surface having a | ength

of at |east four tines a. mavelength of the high- pass

é?.t ng g%l?l% gé’lng?a?& off Maing whe% Qllgagt ﬁ Pxf’xglﬂé E(;r%fent of the audio signal is

a dlrec Ponal  Souf
propagHacicin @ highrisahsity dirbetionslseurd @hmpalssthe a¢onftic emitter.
frequency, and having a depth no greater than
one-forth of the length of the em ssion surface
8y ahenRglrbacustidseuit gHeaas Systant @fte used as a non-lethal weapon,

comprising:

at least one power amplifier channel adapted to receive at least an audio signal;

an acoustic emitter capable of emitting two primary waves in the audible frequency
range, wherein the length of the emitter is at least four times a wavelength of the lowest
frequency of the primary waves, and the depth of the emitter is less than one forth the
wavelength of the length lowest frequency of the acoustic emitter, wherein the dimensions of

the emitter enable the primary waves to be propagated in a directional column of sound;



20 frequency. 54. The sound generator of claim 53,

wherein at | east harnonic content of the audi o signa
woO004pavsagat ed in a high intensity directi onaPCs@msa®3/037007

colum by the acoustic emttery, 25 55.. An

el ectro-acousti c sound generat or systen1to be used as

a nonlveeredr thae®d primary @qincies ag emittedlaea sifficiast lmW\&rdnve

I|f er .channel|. ada H;d to receive at Ieas a

S BROTSln@N Bp ety CehHA WooonHarE PR feduency
Pl '115!&6 Yhe WY& 8nck O£ th w @ ptinktly Gvalve BUYRAGYs; ahdnge, wh e rein
the l ength of the em tter is at |east four tines
wavel eWgEan Ge primary ahesenday pREgaETR ¢ seificiedy pigh fpéwlty level to
wgﬁgﬁmuggqlﬁgﬁngfggh of the emtter is |ess than one

h the wavelength of the length | owest frequency
of the acoustic emtter, wherein the dinensions of
t r
e LSRRI B iR 7R RN G0 G (R0E036 Ecing i
RITFLSR0@BOBT0TNd pwaigh ghediuman kasgatwo pri mary
frequencies are emtted at a sufficient level to drive
surrounding air into nonlinearity, thereby creating a
secondary wave having a frequency equal to the
di fference of the two primary wave frequencies; and
wherein the primary and secondary waves are at a
sufficiently high intensity level to 5 cause pain to
a human target. 56. The sound generator of claim 55,
further including an aimng device, for directing the
di rectional columm of sound towards the human target.




