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Systems that have been designed for high output have concurrently been designed for
some level of c'iispersive sound field coverage most ofien 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




A prior art device that is highly directional in the
sensitive frequency range of human hearing would
normal |y be about a half to a full neter in dinension
to maintain high 30 directivity in that frequency
range. But to have the sane directionality for signals
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nmeters in dinmension. For exanple, the dinensions of a
horn optim zed at 1500 to 400@ Hz range woul d have to

b ded. t i t th
¢ e Sbangua atfs et Sala-tE il e S b BRB0 ah g ene
and irt et @fes meuldootibd pheaeie qU| te unW| eldy and in nost

glaf :i t :@@gr d%wce if r%ﬁcgfr Ei @é%h mtf)nmty, él{,e ea?reqdpr ?ar%f: n Fllali‘ha:g in

al | dinfensans amﬂ Imsnm wn&nla;hdhrgm stallblaewtbmgnswmlﬁ pﬂoaucggrdirbquivity
a"d&ﬂL 8ﬂ%ﬁ&ﬁ§§&8ﬂ§n .f producing directivity down

into e lower volce range In the prior art attenpts

at di r dethe prior grt athegpts abdizsctivits hetglateralis oitrpsoaically deveid pergmetric
par Eékgrs v&h%%%%h%%naum% gﬁa&ﬂ% %reiﬁehéiésztg g?nerate lower level
i naudi bl'e ul trasonic frequencies to erate

| evaydibleforss irier arbyyetems qtfrpﬁr@metamllygwta@&@umt have had their primary
par %H&tk(e]bt‘a@clvle YheGEAIRE %géﬂso%e%oimgar@m onl8hd seHInhH?fo}{es

tones kept above the audib range so they cannot be

heaft8 A OPSr inHbe %’é@&fﬁ%ﬁ W@bﬁéblghla Aigechiedivt arg gery limited in

appg@huditle o RIrDleCeld BRAEh be HREYatd Re B obr SHikisdel b e
but are very liimited in  the audible sound pressure

| evignéngapconversion fm glgﬁseplatt%?dldwweam% Loy gpice range sound

ef f g@lhlﬁﬂﬁ%b@sfe 801814 diffRak toqem@m]he%of mﬂ&ﬁ@wé}h@ Thé are

aud| re cies. Lower voice r und generation

abo é‘h%’é“’g‘%? I?%ala? PftEpinie freguengisy, “P’ﬁ Plﬁéarb?aﬁlgv beggme

par. afmzettw achlgyﬁllgeﬁmes \ﬂﬂﬂ@yh@rfﬁ?]helf lithitshed %dlnpmsgeetﬂle bﬁﬁ@lws e

at ul trasonj c frequencies e ai.r ,medi um can easi .

D BRI St A C e PP P gaenta R iarop fopprametric

f u r g frbh Piidrart dodces. (miﬁh@ﬁ&efpribﬂet plynRtiic deviame lphinhﬁyYones
tric _conver.sion, C a. f undanent

1 SRR B gl eiming iRy bfle Mgy RRR s s aiso

deviimisshe feluntehvelovityro sysp:m @ipustothepaw astahe vetoctlgievded these

prlmsx 158%%1ceghat are in the ultrasonic range to

el i'm nat b|||ty of the primary tones, but this
al'so | iThetess 4 ieed foo bk higblyWdgtoive, thighehtpsty stoestic outppidevitaoof
t he, A ' | s of the wultrasonic
fre g’%&% B@ﬁ)@l&ﬁh&ﬂeﬂﬁgéén for a hi ghI y directive,

hi gh out put, acoust i GLEMNA ENH Drpact si ze,

_ I ow vei Qﬁ'éxa%fé embgcﬂmg{t; 1t%Joﬁlla%¥ advantageous to provide a smaller, lighter

weight sound generator system that can realize high intensity, highly directional sound

generation in a region sensitive to human hearing. It would be of further utility to

. simultaneously provide lower frequency, directional signals from the same device, even
for frequencies with wavelengths that are comparable or larger than the largest dimension
of the device. It is further desired to have a device 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




SUMVARY OF THE | NVENTI ON I n exanpl e enbodi nents, it
woul d be advant ageous to provide a smaller, |ighter
wei ght sound generator systemthat can realize high
intensity, highly directional sound generation in a
regi on sensitive to human hearing. It would be of
further utility to sinultaneously provide | ower
frequency, directional signals fromthe sane devi ce,
even for frequencies with wayel engths that are
conparabl e or |arger than the ?argest di mensi on of
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acoustic conmunications targeting device exhibiting
the ability to generate acoustic |evels substantially
greater than 140 dB while sinultaneously 3 _

mai ntai ning very high directivity such that the
greatest output is concentrated at a forward coverage
angl e of nmuch less than 15 degrees. It would be a
‘further advantage to control the intensity variation
in the systemsuch that it is at optim zed maxi num
perceived intensity over tinme while also mnim zing
thermal rise in the device. Speech through the sane
devi ce, comuni cated paranetrically down into the

| ower voice range while generating with direct energy
can maintain directivity that is superior to prior

art devices. According to'a first aspect of the
present invention, there is provided an el ectro-
acoustic sound generator systemfor generating a high
intensity directional sound colum in-a far field
conprising: an acoustic emtter with at | east one
transducer acoustic em ssion region; at |east one
power anplifier channel adapted to receive at |east an
audi o signal; at least a length of the emtter being
scaled to be at least four tines a wavelength of a

| onest frequency of at |east




one maxi mum acoustic output primary acoustic signal;
at least a depth of the emtter being scaled to be

| ess than one fourth the dinension of the | ength; and
the emtter being configured and tuned to exhibit
hi gh efficiency over at |east a narrow bandw dth
corresponding to a frequency range of maxi num
sensitivity of a human auditory system to generate a
directed high intensity sound beamw th an axia
acoustic output of at |east 140 dB at a mi ni num of 2
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gve{ tﬁat creates a significant nonlinear output in the sound supporting medium; and ¢) driving
~ the sound-supporting medium into nonlinearity such that at least one audible secondary output
is created in the sound supporting medium.
According toa third aspect of the present invention, there is provided an electro-
acoustic sound generator system for generating a high intensity directional sound column in a

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




of emtting two primary waves in the audible frequency
range, wherein the length of the emtter is at |east
four times a wavel ength of the | owest frequency of the
primary waves, and the depth of the emtter is |ess
than one forth the wavel ength of the | ength | owest
frequency of the acoustic emtter, wherein the
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2. lwhistafgeshows a graph of an exanple of the primary

and paranetrically generated secondary output. FIG 7
shows a BFGER! ealrﬂ’aodwva?ﬁ B obsmall msdupeangripuelERRaumtiesabareihe

of hWe vbitMeRt, b@Mn the audible range, can be capable of generating significant nonlinearly

generated secondary output below cutoff and can be useableto generate broadband speech
below the transducer cutoff frequency.
It would be useful to have these abilities and further complementary attributes that are

advantageous to a device of this type and purpose, such attributes that will become apparent in

the below disclosure.
BRIEF DESCRIPTION OF DRAWINGS
FIG. 1 shows a prior art high output hom device illustrating a large size in all three
dimensions.
FIG. 2 shows a frontal view of an embodiment of the invention utilizing a multiplicity

of piezoelectric transducers.




FIG 8 shows a bl ock diagram of an enbodi nent of the
systemincorporating a range finder. FIG 9 shows a
side view, of an enbodi nent of the invention utilizing
staggered transducers front to back to increase
packi ng density of the transducers. FIG 10 is a side
view of a transducer having nultiple emtting sections
on different planes for focusing or steering the
emitted wave. WO 2004/047482 BT/ US2003/ 037007 4 FIG
11 is afront view of a transducer having concentric
em t ti ng F¥&8thovns siftoview diag esbadgneotfof tip tnventiar uilizidghenultiplicity of
em ;é%é&fw & Predeterm ned di stance fromthe
surface of the emtter. FIG 12a is a transducer
havi ng a&fGdé&wws dairequenggresponse birhesyiten infféGih st eer i ng
the 5 PERP3YRER e YaYSehbid ofh%ﬁﬁéte?n ﬂ@%.aer view of a
transducer used for beam steerihg the propagated wave.
FI G 13 FIG §showpoeramhiaf i eiepilesf thsgrimaryendperametdnally generated
gengéaidGudpicghl y directional acoustic signals in the
audi o range of both direct and secondary paranetric
" acoustic Fg% Ao ¢ Bliackidipemm of pRrAfgTesispat anibadimans af theipvenigpn.
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high jntensity sound generation is shown in FI 1.
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" wav el HRYPHEFRESr SPRe s SPIEY ¥ g, To reproduce out put
in the | ower voice ranges, approximtely 200 to 800
Hz, these device; require a substantially three
di mensi onal structure that is at |east conparable toa
wavel ength, on the order of one to four feet or nore,
cunul atively in all three di mensions, including nouth
I dinmension and horn length 2 dinension. To realize
multiple units to spread out thernmal dissipation in
the 20 voice coils of very high output systens, these
structures can becone quite unwieldy in size and
inpractical, particularly for any applications
requiring portable usage. If designed for
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hi gher cutoff frequency the size can be reduced but

the output and particularly the directivity suffers
srvg@b(fm,gﬁrgly I'n one preferred enbodi nent, as

in "% frontal view of acoustic system ZETi'éSZ""3"’37""7
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I SiRSHAL fﬁﬁﬁtl}"ye enbodi ment of this type of systemthe
sound pressure level at a reference distance of 2
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VithliB an® BrdupbdShct thil Bach group is ina different mounting plane. FIG. 3 showsa

- 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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15 The frequency response of the systemat 2 neters is
+1.5 dB from2 kHz to 10 kHz as shown in FIG 4. The
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The following table details the continuous sound pressure levels of the embodiment of
FIG. 2, measured at various distances,

1 meter 151 dB 10 meters  '132dB
2 meters 146 dB 20 meters 127 dB
5 m_eters 137 dB 40 meters 122 dB
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FIG. 6 shows a graph, 600,as an example of the primary and parametrically generated
30 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. Thisis with the air

medium driven weakly into nonlinearity. Since the invention has the advantage of operating
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embodiment, is a high efficiency switching amplifier adapted to receive at least an audio
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Due to the very high intensities of the system it may be important to protectthe
operator by further minimizing 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 sble 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

pﬁmary and secondary frequency generation all being dependent only on the primary
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o K87 Uty %ﬁ'ﬂo&‘tfeg‘w@&’g the Bmlrﬂdjn&ﬂ%’iﬁ the QAbdiced ﬂgls% relallorghlps
vai\R trdesliloer ¥ORSR eRi SRS peg%nms }eéarglgss of E:htellr %lyslcgl oner?tatlon or

M
1t 1o each other. At least two groups of acoustic emission regionsin one plane relative

i
o another plane can be driven in different phase relationships-to maximize axial simmation
of output in the far field. Far field wifl be discussed in more detail below.
Resonant pipes, waveguides, horns or other means may be incorporated o 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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di ffering amount. The direction of the propagated wave

is a function of the size of each emtting section
%t he hase del ays of the electronic signals applied

t Ot HEM stztl ng 15 sections. This adaptation reay/useuns/037007
coordinated with the range fingerfunction shown in

FI G msteerin mechani cal reorienting of the

o DI S I PRy S pats of Feuaeieponide of thoss of the
copikafy dgam di spl acenent resulting from ocean wave

rmvema\n{2 A feedback system can adjust the
or i ent atePRIIFr BRVEDIRSS eyavesstides way be ipeorporatedwhichy egphasize every odd

MRliqaireer Wavtength e REcyD TRlsABHrbRR nf t
degglgte thenrgth thm c}punosIuF%tl on gbe%ﬁgﬁﬁq%’ﬁﬁeél gg?Q

i | PRATPIRE ég‘P't‘rl?éqd“?’?ﬁﬂevreé‘Jﬁﬂqume each odd quagergauelensth where

ar gﬂﬁaﬂ%ﬁ bAas stagtgeed front to back 900. Staggering
the tra gl)ucers so that there is at least a first nore

f or war dOUPH 198 be farther spapzcddhiougipmmay dand higheQ gasongnce, much
SegRier ik @= eﬁEMﬁﬁgjgrEHté‘ RRRGQ £ 7,30 50MER @Em%qyalghlj 26w band and

acki ng density to maximze

t
f Lﬁ%ﬁ%’ﬁ‘ﬁé?”"&ﬁ%ﬂw‘éﬁmé pacpRdary ppmny:mmtpub ahejmwmqmbwdﬂa
Megun@brrésPeiid 1b @ GBSy M hé hﬁ@@&ﬁ&%ﬂﬁd?@ﬁ%lﬁﬁ%tdf i gﬁﬂan aﬂdlﬁ)xy

predet er m ned manner . ays
t r YSERPSEreEIG? directed h'ﬁ‘i ipenBy spery bsm; with praial ecomeilcomtmtof at

t 18436 tMOCHY at d Gfinibinof EHeRBl ON regi ons of the systemto
mai ntain the desired phase relationships of the

vari oud¥ %Vaﬂ%'ﬁ@%wes%b@em@ts@mcgﬁamaraegm iwytput frequencies can be
I @@adrateEbetovthe Hﬂ&iaﬁt RGVREF N 1RRLIBH With BR she gof SLALWA ni-Q)

to each to‘ﬁiher | east t'wo groups of acoust
ef"But it heygVan é’“’fcﬂy gt lowerfrdqyencies but auith eteater directivity.

p| ane TR syRtemG FIGET) ab fh &hhpeEh bro?&@?fea{eneﬂa?&ﬂ gﬁsblﬂkxglsbclow a

xi m ze_axi al ai nmation 30 o Int

f P@’P ucer gytoff frequgnyirange pie? 93 &z gdenl pnmaxmuteutdurmr than

babw:mae@qnaﬂs m PBIB pmsSHstREToar § RIEDGie YsteR v Igenemte 81dB
IEBG%’ etlng orated to nmaxim ze transauce

oaﬁi’i&?“ QPtPYt ah A00-Hz, which grpreximately equals the raimpntrutni b agattility of

f die spasdni Ukor \6hohlif:reaSifi1 @B (Y ofidphd Jf ﬂ*}%\féﬁc@@sﬁm eQample, 2dBof
bandw dt h than the primary “out put

pr ov reater
fﬁ%ﬁﬁ’ “&'ﬁ’@‘ Wseasp r4eahiaesl onstmaggaetis sy ggEOEmot match this level

gaivedtageicaln eﬁgdmgra;htpﬁﬁadréaye m& AR AamRR IREY QRS
fre uenC| €S. 0 ose of the primry

ts
o BT BESRrESine e opBLASIE Solte it lfagsaith th pricary
| incredsp O @itpdtl THY igvenedBBR M cEe ¥R adrAdA con‘iih‘&(sﬁ)ﬁ kt levels of
wavel e %P {](E ctf:qe{nc Thi s approach may
s‘E’B‘ﬁ?f‘E‘FPg HrR preaferdian priorarypamsiic shatem. Jn oaaprp@tred embodiment,
pthis dascalloy stbskntigidvdidMEB RRIAGoDR IMVEE Up RAGH (P afUR rglteglrér as

wavel eE%tl% [ IETI mary output is less efficient.

compare prior art parametric systems. This 24 dB advantagc B quite
dramatic in that it can allow the invented system to generate as much as 48 dB greater
secondary, or parametric sound pressure level, than any previous parametric sound generator,
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 andible range in conjunction
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Qut put may be further optim zed through narrow band

hi gh Q resonance, nmuch greater than Q = 1, including
gveab@n/oiign Q = 7, to increase primary out put W
band and to optionally still provide wide ban%éll%&ﬁomy’”“"
secondary paranmetric output. TH& narrow bandwi dth 10
Canwianhé SsRobtedLodtid fSEMAREhsddhelie [ B U
sensitivity of a _human augﬁt o?y e}gl&ét@ﬁﬁg‘ﬁ%&a%ﬁ?aﬂa%eesygem
di roldds raigd 25 nEraTadielor oundan blrasmnisipatamatric aomimication device

acGuabi ; m.ni num.of . 2- .
neters. cV\% t hrﬁ‘i/!g‘; ?2)2!8 g ISF) ! é’e@ g€ goeagé‘g ﬁ%@d’ ?Itﬂrrgﬁ't ystenn gieg, b glaged in
parBREREOF fntesgisperted withisptha Rrinesy eyatembepustipamdssivheekidne boaven be
t hgortiR8 a9 Ate 4 : with the sane

(or0 greater gwr{lﬁgﬁl??%ld%%h%hﬁa&?yégh'f they were

di r ect | {p agusferedembodiment Fean bewsdvarfiageaps enilies capatitiveiot piezoelectric
r GasshicetlictiRGlofzy lotnaxindi in.Fl a8 an . .
exampl.e. . can p?%gg%é’“g%%ﬁéf? _;@ﬁ%ﬁle crtlﬁécm%lu'}sf) u?ea*géels'gwca
t rﬁﬁgﬁ?%%?thﬁﬁwlﬁﬁé@Gémyﬂlwaném.z to 3 kHz when

pri mar yagdaitly, b . imptely 133 .dB.
A 130 g bl o RN of Ay ic DI thT B Saubes B e vocd o
gefeaizathe invenys.  of secondary output at 300 Hz, which :
appr oxX ivwmdnSkivie RARL Pl t,. bil.ity.of

20, the syst erﬁg For g‘éﬁgﬁﬁcﬁﬁﬁe}g@eﬁ g{% quedgg%ﬁlﬁé‘elsﬁ@leo%t"ﬁﬂfpomm
of IMPFENce RtFhingnerypes datwesbip bewer Sowk apd the sremsdu@atoyninimize
OltRtite ¢iRGhBRSSrbnds ' ' t parametric

s terfs lc,annot nat ciI&&?EJi)sﬁ g‘\y(g{ghgg%e@ N tg eedatg%”&?lpowers"“m'
oﬁé’ﬂﬁ Tprjching Py beidpreravarpanatya wi bandwidth hear thetransdtdepresonant frequency
efotrea&ﬁinaﬁtpﬂinhxﬁr%%&lféh&toi}ég&%&&%ﬁi es conpressing the
second‘ar_ _utFut_ down to a | to 1 relationship with

the pr th%""ﬁ"ab el PRuzZe thevinventipryfor uskliethi far Snltlpddistyivt @it is a

C SignifivAnit chuftidle W ik i RS [ | evel s . of .

agpr %n?tue y 24 d%r eat eir%ﬁt% Eglg s%%]fiégmﬁaﬁmﬁ%{’ g"ﬁ&“ﬁ?éedm‘e
S%P © fqgusiteangthods dipqussed elstirara thiis discldsirs withia pdfdrad/

S eibddatiént BaviMRixSRmE i on.at .L.evel s. up. t

154 Lo 16 ok ik e'g{agé;f"ﬁ%%& g‘g’#‘m’gé}%@é’f b gt & e
d¥5orsiic sression meionsraemlinated withefartfishitargdtiat lsasR tbn dBmore system
adhheiichg @Fay it Bie selind TBckatios i ow the .

i cgvent ed. sg)gﬁam £o geggnﬁegatﬁ g %ss{enr#%}:’ﬁog?@go g@“ﬁ?’@éﬁ Bpximum
SERGHERE? i, diggnc freativg maximpe phasemobgeuy & thefelicld inagbe
aRpnihadausy BRbAGREL S SFHL 109702401 1,30 Thi s can

result in secondary outputs I n the Tower Voice range :
(200 B Bistgmgpsrates Wighadiregtie: aglBmnam the nienr diokd ar distanet pothparable

@b oJesR kM thd IRREt dittiendid dfihel ' voi ce range
O I8 ek et el LIS o B i  Migferly wsed to
BFRPEANE 3 dinectionsl eolumncal sonnd in e fan field; a disore mainosind that of the

ﬂh&go@(@ﬁabﬁﬁoﬂ%gﬁl‘éﬁ) radi ate only secondary
information in the audi ble range in conjunction WO

21104Y3rpun acpustic gigpal Ay WSROOBRBd (rdigh 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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12 with the audi o based acoustic system di scl osed

herein. The primary audio range system could be

I 9@ boh Bl a ring radiator around an ultrasonic

par ar:e?r{lgszcommm cation device and/or the pafEfeRp(3@37007

could also fold up to'al ow rmré3pr| mary system area,

be RLhacRHed rsed within the

pri m%&sf/g?nedrﬁggggtgls@&g&g?ﬁk% ‘c’)er? ¥ %QFOW@ p&P’“@'\P@ﬁ“SB‘éS'g'@]

for fmactws £see FIfg Ohr Quex thehadvantages of ehediivehtion ipthhdBaleyst one of the at

SY St bnelsBrofd ment

advant anggogs a?%%‘tﬁ %m%%nﬁgg?,g%l l\'/débl%fm%‘?céﬁgee?té‘g’??‘leﬂcy that is

t r fasente ghe prisetyfoiquayy then wwtd bd sodin pﬁﬂrputpamdmmdwmm@rs and

t hardBb et that can

doni nat e dl}]eéﬁlug{aéggto?ﬁ o\eﬁﬁefp g’aﬁ?cfﬁ'nf%“ mﬂfetci PR ETRIR 0 fhe volume

EI é’ﬁlﬁgqtﬁfgﬁﬁ!"at saypd physsamiaryelrmme ihgvee GreduehdyadEomida R Signal aWith prior
€ aH b ntion.

regct% ive i csﬂs%g{ﬁgg%&g i S?:'Jgr Jregpencic oy, °ﬂfd§h‘if3‘9mz or greater

de &iervahms ve crmﬁ@wgmnat}esngnalnpmml dwhipaied tbgha’i of o ptSmetrically

b ek%ﬁi&dtsgc%nmdtﬁeotgﬁc% eduQ he fillﬁtd}l% ﬁ}elgg%?@ar* foges, are at least 20 kHz

m A mze reactive ¢l rcul
flfmoﬁgjﬁ'qwﬁleghm@wsmlng sourced fromthe power

source. e do over a harrqQw
bandwi n elg?c{%kl%%efl %?1 S o"y‘% g? ol?eéag APABMEHE @’Heﬁpeaklefg” ith
grpranammdrmdqsr fmweyclfisrbeﬂ;lgmftﬂ:ﬁ tHeGargge Bﬁlilﬁﬁaﬁ(ﬁfaﬁhk fhh the
[ nventi use in e far
1y o e oIl 0 Rty T rendy S s o o et
t Hé‘slﬂﬁpdﬁkﬁz biélone atlasthoneof thé primart Mhe§) EVIBHAKELY al Ibidnk of the at

o o TR SR ol S0y W SR g e 3.5 7.t bt

prééieast prapf datisiowinnenss.. havi ng maxi num phase coher ency

summat em 20 .acouystjc
em ssi glgﬁ |rl gfguu"'%%g"sgg%% n%a"ﬁ%ﬁh ¢ presentinyentign that includes a

atmethod Sor gereratiog highly direofiotad moushcrsipnsis ke ﬂiﬂ@yralﬁgre%ffb&iﬂ&rect and
S Qébﬁgda n?e'irkc%o&)fcc' ée og'ntdiggléctgj%g- on0n 200 O %ﬁ%gh‘)d

maxi me menS| ons EYPROIng fed
p s Bdesdbshstepeod oljrestly getmatfng at [dsebid h@yutbl&:ty mmahé BlRF20 kHz

Ut OB4BP AT Bl s 5 b o e o
g va¥glength of at Ieistongof the duglmwmit& ©nesid Bl6ck 181Mr A |ﬁﬁ“&1§r operation
tig %ﬂerﬁtlﬁ@ tﬁealfagﬁéer gﬁl{%{‘%@?ﬁ such er%al? lltagly ARy %eedngct?y generated

operates a nd Is
Audiblertonsase lewlgmmr thhn g hmi tﬂlat Greetth& sigiiiﬁcfaﬁtenbﬁimes} output in the

f
%ﬁgﬁcgsﬂﬁﬁn%wwﬁﬂnpﬁ%lotcp F420°"anb B8 o op fichis Iinvmg A ssolur?drlsu%portmg
medmm into nonlinearity such that at least one audible indirect secondary output is created in

the sound supporting medium in block 1330,

The above method offers a further advantage when the at least one audible secondary
gcoustic output is Iess 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
Iess than 3.5 to 5 kHz below the at Ieast 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




Vari ous acoustic signals nmay be communi cated through
the device, including frequency or anplitude
mydde@dasssi gnal s or conbination tones to create
aspecific gffect on 30 the target. In a pref fGTgF2003/037007
enbodi nent of the invented sou generator, the
di rsRifrtete by j AV m, 1 s..capabl o&
ey (i MRS o8 G BE BlC Figaf EpuPntbym e,
an pﬁi“i“’lmg GeReeptpftheisvantionysiset foutloin thedigms.del i veri ng
at least two primary acoustic signal frequencies in an
audi bl e range, can create at |east one secondary
acoustic signal in a |ower audible frequency WO
2004/ 047482 PCT/ US2003/ 037007 13 range correspondi ng
to a difference 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 rangecan 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 the volune velocity of the primary signal is
very small conpared to that of the paranetrically
gener ated secondary audi bl e tones, due to the fact
that the secondary tones are at |east 20 kHz 10
renoved fromthe primary signal. The invented sound
generator can be operable as a paranetric | oudspeaker
with primary and secondary frequenci es both generated
in the range of human hearing. In the | systemof the
i nvention the paranetrically generated secondary
acoustic signals are at least |ess than 10 kHz bel ow
at | east one of the primary tones. Mirre |likely at
| east one of the at 15 | east one secondary acoustic
signals in a lower audible range is less than 3.5 to 7
kHz bel ow at |east one of the primary tones.. FIG 13
illustrates anot her enbodi nent of the present
invention that includes a nethod for generating
{:) hi ghly directional acoustic signals in the audio range
of both direct and secondary paranetric acoustic
generation in a sound-supporting medium The nethod 20
includes the step of directly generating at |east one
hi gh intensity audi bl e tone bel ow 20 kHz
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froman transducer emtter system having at |east one
di nension that is greater than that of the wavel ength

0 one of the high intensity tones in block
1&?%'J&§?4§%ther operation is operating the tP&T4EHW&P37007
emtter systemsuch that it cams generate the directly
generated audi ble tone at agia&\ﬁél greater than a

| evel that creates a signifi onlinear output in

t hd. 2n etcont-aconstjeRodndigegeraiB Y3k fon gblcRtilig 4 BigRintehSiB dN8Etional
operatign is driyi.ng the sound-supporting nediuminto
noﬁ?‘]“ﬂgglf’?’flfp%{%ﬁelij PUSPE| east one audi bl e indirect

secondadnyacaustipethitterSwiti # fth@ Ond thinsdub& aSRURLSRA PEpidnN I
medi um it% %}I ock 1330. .Thﬁ@g%?ve nmethod offers a .
f ur t her® K8t QAT BYWT ampifier adapted fo regeive g lgpshpnaudio signal;

secondait feastada@igmhiof the@mitiRbbeingSscAlEB® bk BABas RukiifesRS¥a98ength of a
h intensity audible tone. It can

th% att | east otgg hlg | ] 1

30 8Py SPTishErOt lepst B0 PIRIPYR 40R%E OPRUIHEBTT 2oousEsignk

at | east lessne depteloftheermiteropilsoaled W Rilkssitan oh@fobrtl A8 Bimension of
3.@?&8’%&' kHz bel ow the at | east one high intensity

au

’t%’ﬁe. It is to be understood that the

above- tiefestiten deitly eonfigRgaiENined AleRhibit higﬁteftﬁleh%%v@nf atidifl a
presen

apxplic%%won (lor the .princlples of the pr
i AVERY Pt coprespongine BPEY FBeq dfGsinm spdfiviofa upan
?ﬁﬂﬂ@ﬂﬁﬁﬁl, E@Eﬁéﬁfaeﬁéﬁt _ méﬁﬁltcxﬂsigy ﬁiﬁh% Beahﬂ:iﬁhﬁtaﬂfat acoustic

a 0 ifications_can be made w t hou
dé’ﬁ%’?ﬁ%ﬁsﬁ%@“ﬂ%%gﬁ%d concepts of the
i nvention asset forth in the clains. O WD 2004/ 047482
PCTL{US2003/ 037007, .15 CLAIMS 1. An e] ectrq-acoustic
so‘c’gjﬁ’b" sa'é’%seﬁf’a‘f%t?f sl | whetein the nopustic ermittar qensipsqf multiply trapsducer
diacometid enrision régdetidd col umm in a far field conprising:

an acoustic emtter with at |east one
transduceracoustic em ssion region; 5 at |east one

pauiEhe seund|geddrator of blINE Whersia Heehifigle Ac06<Ric \nsdlicel &AiSdiorABgions
agrglsg sélf%r}alé at Iegst a_l ength of the emtter Dei n%.

o U5 PRBECTG B Orymal nackipe degsify an grouped syeh fhat erchierpupsis ip a different
| momsing plaegquency of at | east one nmaxi mum acoustic

out put primary acoustic signal; at |east a depth of

the emtter being scaled to be |l ess than one fourth

t4 &helsound génaiuton bf clailtes WiRRgl &tleadtiWo groups of transducers in one plane
relative to another plane are driven in different phase relationships to maximize axial

summation of output in the far field.

5. The sound generator of claim 1 wherein at least one primary acoustic signal is between
1500 and 4000 Hz.

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 § wherein the length of the acoustic emitter is at least 0.5
meters.
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10 the emtter being configured and tuned to exhibit
hi gh efficiency over at |east a narrow bandw dth

Caié SRpRA,Ng to a frequency range of maxi num
sensitivi t):/! of a human - auditory system to gedvii2e03437007

directed high intensity sound tfeam wi th an axi al

ac | Lo east at a mninmum of 2
oo il bR or Bl i GRB el o st 0.75
t henetggustic emtter consists of nultiple transducer
acoustic em ssion regions. 3. The sound generator of
claim2 wherein the nultiple acoustic transducer

em95§ne@m¥1egmemtm of elnien SVRGER GRAmIRF isQMstadBdIly RAGHAr R orm and has
??Mh&e@g}q&%&gg% %uch that each group is'in a

er ent pI ane. 4. The sound generat or
of claim3 wherein at Ieast two groups of transducers

in anot her. re _driven in

o 15 B RoARenel B s B ihe S s ebiaty pangla i form,
su?ﬁ‘iﬁ*@SWS@fsccamgiﬁtIeasnOﬁh@aimaémel d 25 5. The sound
generator of claiml| wherein at |east one primary
acoustic signal is between 1500 and 4000 Hz. 6. The

s olinBhegevndeanaptorsif clainal wh&exmﬂercmgmds lgga ﬁa@ﬁ@@ho@ﬁ bbeﬂl‘?ts capable
a - nmet e :
s %nlﬂﬂ?dfI glg(ngz%gﬁﬁ S)Pact fﬂnea'%gs "vﬁlg?bg? K appl ’qcé’ﬁﬁ‘t h of t he

acoustic emtter is at Ieast 0.5 neters.

2 7 .16 S. The

g ggg@?{)@g g?lf) EIT ar%glgglgﬁe v ererl_]n tg?] cémllttgrnl@ i;cﬂlﬁglfreq W(gencmte at least two
a BB iaeougtis; signel frequengies inea stdible Hnge tEticRh® at Rast di¥&econdary

S Qéﬂﬂglcgféﬂzﬁ 'il% RiveLdud ieq}emle F%'h 5 regt%ﬁ:ﬁes}ggrgdmeg,gtno tgtd eg:%e[ tgpe

substantially ci rcu

ffefﬁlﬁnql’éﬁg’ﬁt‘@mamtmn@c sig0al fitlpenaiesind gener at or of
claim5 wherein the emtter is substantially

rectangular in form and has a cross section of at

| Eadhe Qusi generatorofivisine 1 b whértin 1He. enifite isconfighraias gék@at Rbst two

Chritha® dcoNMiE LGS i ntenS|t sound beam

i ]Ls ca? abl e E@MF FE@ ﬁq%t"g%‘s | ? S?Ed%égﬁ °W%?|‘? I7pst png sgeondary

| qcﬂﬁﬂ? *‘5‘1333@3111 appeamidiblé mngerfregiencyredtiespnding to a sum tone frequency of
the two primary acoustic signal frequencies.

1

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 compressxon effects
and increases transducer reliability.
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12. The sound generator of claim 11 wherein the

emtter is configured to generate at |east two

primary acoustic signal frequencies in an audible

r MQPEYHZB2 creat e at | east one secondary 15 apOnWsEi003/037007
signal in a |ower audible freqwency range

corresponding to a difference tone frequency of the

t wd7-Jgihe paing gencrales off chim i1 § wherein thegerdeicimdned rdmtiticiTate Sonmypionds to
ge I, -l Ai | i.0.:f .enj i .

C TR il Bl B Bl APl o anctry sytem.
signal frequencies in an audi ble range that creates at

Lo Dl e [ L

S RBad EERRARIIR 1 AR e Bopde AR re o

f r wipirelse sidesibbe radiationwod yeai mdiation fonarshize foswagd sdiation directivity.
frequencies. 14. The sound generator of claim!]l

wherei n the sound generator is operable as a

- palaikiks soped generyton of sloisa k Sirtheri compriningreeleve! monitosiog amidewey setting

T SQURREh A e BEAR e b dndle Tange of humen J'25
e soun

hearing. IS generator of claiml wherein

the primary acoustic signals are pul sed at a

o ) L The . '
e A ERRIbD (b lop Bl v BRI eve scting
r SpEen o agintip pedeiamined puedeergyonaximymst € t hat reduces a
thermal rise in the emitter to a value that mnimzes
conpression effects and increases transducer

r &ili Ehsispynd generator ofxdaimosfisis coaxisivga dyel rasitotn and fevelsetting
TIPSR Sro At Dhing] sifitaPlidPihs Wher ei n the
predeterm ned repetition rate corresponds to a rate
that mai ntai ns conti nuous maxi mum sensitivity in a

t 20 g9k 8shnd YERAIAMCHILIA T uthes E(ﬁﬂﬁn’sin% g lav&%nﬁ%%a? I!]eérel setting

generator of claim] further conprising a

s Ryststitto srapmpin predetepmingl signgl decaytimesde- | obe radi ati on and
rear radiatioh to maximze forward radiation
directivity. 19. The sound generator of claim1l

f %?—t'r%%?"“e%ﬁﬁ?fﬁ"gr ofglaim |1 dizgher inporparating A gangp findeay e

setting systemto maintain predeterni ned |evel
qgriguns. 10 20. The sound generator of claiml )

f £ AeFoupdarpertes of glaimy I aad 23 Byther decludipgadeye] wslpsive to distance
s@libiatigh, systemto maintain predeterm ned tine-energy
maxi muns. CJ 21. The sound generator of claiml
further conprising a level nonitoring and |evel

S5t The WundSRéRdeR6P of Claii! 1'Yind 25 iRhEedehEHened signal rise

times.
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 emiiter for

maximum acoustic output at a given distance.

26. The sound generator of claims 1 and 23 furthercomprising:
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 tota} emitter for

maximum acoustic directivity at a given distance.
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15 22. The sound generator of claim1 further
conprising a level nonitoring and | evel setting
S S intain predeterm ned signal decay tines.
23. Thé“?ggﬁd generator of claim1 further =~ PCT/US2003/037007
i ncorporating a range finder. 180 24. The sound .
gener at ] further..i ncl uding a. .
Povel *r B cthofie @uiyukaof bl LOFbubd i Wb imper opicr
gervesaaciasive tof thedutdr gmitier anaalfo? Gptimizing the piteegpithestbtabemifér fort
l e . | 2. 1. -and _at | east an outer
emgﬁ‘g?lpﬂadrcg%?é (gﬁ%‘h‘é{ﬁ’é? g@?r?(g%%cedel ay function
i ndependently controlling the at | east one inner
ey t ' ter emitter area for
opt ?r'rl?l %lsong!i gﬁ{g&%kgéééé{%? tit?i ﬁéeg?%lﬁg CERYE for  maximum
acoust iat leayli apinper diansducsr grem ardl 8 feast o out@Grasgucet irea eiothe emitter:
gepgyator of claims | and 23 furtherconprising: at
|l east an inner enmitter area and at |east an outer
eni t t erangleefenicalaldy fimctidngudependentlycbohteofling uiveat least one inner
| NHGRGARESR &8 Fbt th Bl.lltéxqgn%uﬂger %J‘ef'i If‘o%%éﬂimf%? th gﬂa%g of the total

a to e outer emn r-area for

emtter area relative

. optmifprie ergtroleousticdirectifityt he total enmitter for maxi mum

acoustic directivity at a given distance. WO

204) 4/ 047482 PCT/ 115211113/ 037007 18 an el ectronic

d e38aPher sgunek genatetprod eloion 8 &irthescomprisinp| | i ng t he at | east

one i npQk b bdiSdent - ' he outer emtter

area for agﬁﬁréjg{iigﬁ?ﬁgf%ﬁggéeb%&%ﬁg&t%&dal emtter for

maxi mupR desdorie delaydprction fndenepdeatly eongrolliegthe adeaatibe firsbadjacent

2 TrranstiGer HO4'REGHED Rt %stgfsec%h@%dtlcenaa?eq s timizing the phase of the
furt herconprising: at least an Inner fansqucer tarea
arfefalemitfes fos maxipugy pceustic puipis dtagivenangla on the enitter:

and an el ectronic delay function i ndependently

controlling the at |east one inner transducer area

r @P-akhegeund generptor gfglaim & foghes derspnisingr ea f or opti ni zi ng

t he PhaSgapbe ddipld Rodtic emitsHH] i pustic
directivi t)o.. ZJET;& The .sl(‘)z_ﬁngsglg]r‘]ééog{%}bg%gg{; a ‘lfﬁ‘?&'

furth es,a@gppéml@qcppg_nc emission regions altemnately staggered in at least a first more

forward plane and second more rearward plane in a front to back relationship to maximize

packing density for 2 maximum number ofacoustic 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 feast 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.




10

15

20

25.

30

at | east two adjacent transducer areas on the emtter,
and an el ectronic delay function i ndependently
controlliqg the at least the first adjacent 15
tVOAHOEEP 2 area relative to the at |east a SeBOTHS003/037007
transducer area for optim zi nget he phase of the total
emtter for maxi num acoustic output at a given angle
2932 Thesoyad zracrglenediclaim B 1 whergindharyesoning freduercy @b thg et lsashepe
ANl 0 Wl Fo0BARLS Ubgo A1 sSi on Tegions f or mi ng
an emtter face; 20 said nultiple acoustic em ssion
regions alternately staggered in at least a first nore
f Ofso@wsoah@geﬁe@&doﬁﬁmﬂuﬂ%_ 2 BNt ﬂleqakag%f&h@ aflcast one
front to back relationship to maximze * paCking

d etrgsdugerfivin the rengg ioFA0P Mz 8300dTzacoust i ¢ eni ssi on
regions formng the emtter. 30. The sound generator
of claim29 wherein the set of transducers in the at

| e¥s Thegsopndrgeneraterrad claim 1 wihepgindheait Jpass opgteansduens aghuptipeanission
r k@bl 8 ak RitlalBpSfilss YarableARR BFERLEr thih 1278 Hﬁ# ocR@St
second nore rearward plane to optimze the phase

rel ati onship of the at |east two planes of transducers

ary el sOiind EBekAH B O3H wikreif the lzh b lcﬁkmcg%istg{chlﬁéeié@tdﬂﬁl 12

generator of claiml,further conprising:
o8 ner egtaye brgins inhe FEngnoflP0RHz &5 4508 Hency i n range of

hi gh sensitivity in human hearing, said enhancenent
derived fromthe enploynment of a high Q transducer

r 88.0hg seusd generatas of ¢laimgid Wierdin G bizh pass pharagferisticiof steafpthan 12
N @B htavd¥Rs Rt hnérehih ¢k 2660 B, & FETH1£S2003/ 037007 19

32. The sound generator of claim 31 wherein the

resonant frequency of the at |east one transducer is

| B7.1108 sduddd Béctaior SEQAmZhtitr St isiig an siming FRfurS B¢ Afblying
generator of claim31 wherein the resonant frequency
oMarigwmaeoysicrnerey aks specifipdipmetucer is in the range of

2000 Hz to 3500 Hz. 34. The sound generator of claiml
wherein the at | east one transducer acoustic em ssion

r e%yiTBpaining feafre of claim 37 mhgsinsaid feapirainglades o jcamgre mepnted on the
0$08Ad SdnerhdAdhd be aflBeiliEd viewing ¥Geenl 0 35. The sound

generator of claim 34 wherein the high pass
characteristic of greaterthan 12 -11 dB per octave

bB0 irASaikig fAfrd FofAfin 98 whOH iz idvAngs2en IFocatbd renjote¥om the
The sound generator of claim 34 wherein the high pass
cRuprdgepettPst j ¢ of greater than 12

40. The aiming feature of claim 37 wherein said feature includes a lasertype pointing device.

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

c Y an aimng feature for applying maxi num
agggéyﬁ%ggﬁergy at a specified target 38. The P&IFiSa3/037067
feature of claim 37 wherein saltd feature includes a
canera nounted on the 20 sound generator and an

associ ated viewi ng screen. 39. The aimng feature of

cl auriig8omideemiator ol dlaivti B\mm@.ﬁﬁaeﬁﬁbm&se&@aﬂy e he RlqRency

fr e ener a . The aimng feature

of S B e HEAT G BF Gt Sighide fhan b diset topo rbted gt hgesame
poitmduency fean eqaivalend powelipuari M ng feature of claim 37
wherein said feature includes a crosshairor bead site
structure. 30 42. The aimng feature of claim 37

whé$.gihnsaail gerkamt of daiin 0 Wheief aflehf S $iho 1 1e9§bhé:5%hondaxy
I eDS s c@l m‘lThel soun bEener atlor of claim12 whe
paranet e seconaary totee Biloss tap db kHpbgjowat leqs%f’f@ﬁeﬂmaly

octomsse bel ow the primary frequency is of greater
anplitude than a direct tone radiated at that sane
frequency for an equival ent voltage input. WO

2 1400 THOsoUa B2 a7 dISREO B2 HBFANt leadOorbe the AElemOsHRSecondary

g wher ein netric secondary

D GRaL% SlnaP e Role 1068 % hote B PRBE Boitt rgcrek o of ¥ ppimary
gﬁ@uﬁer anplitude than a direct 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

ofd47+Fhe sound|gemesator ofi daiseloviireinyat 1ANQIS bithe 4 lddftdhe deBor@ary
| iR € AP S Sl SRR AR 02 '&Fag@g%?fgfeg‘;émry

ofoned. ai m 12 vvher e| n at Ieast one of the at |east one
secondary acoustic signal in a |lower audible range is
| ess than 7 kHz bel ow at | east one of the primary

t $hdbe sopmd geFlamtos olukdmd 2 ndeinaK leadt ofid @ithe at BaWlafs Rohdady

<FR SRt 1§ Bl ¥ 1% 13 WPlbeiopiablst vy he primary

b'@hf@vv at | east one of the primry

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 audibie 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

¢) 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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tones. 48. The sound generator of claim 12 wherein at

| east one of the at |east one secondary acoustic

SiviH 304livsss | ower audible range is less than 3,5 kHz

bel ow"gl)lt0 I@zast one of the primary 20 tones. A£&TYR2003/037007
met hod for generating highly ditecti onal acoustic

Si 99RIe nlmbd 6f &qulfig whéBd e.oaft legﬁtolﬂe aliq}bie%%éon@??acoustic output is less
secondary parametric acoustic generation in a

southeh KUglrdeloimtbe atledit ame higlt integsifydudibletoned i ncl udi ng

the steps of. 25 a) directly generating at |east one

hi gh intensity audi ble tone bel ow 20 kHz from an

t r dtls dihe methodoficiaim 4% whareinthieav lemsy oad aulliblestcoodagy acoustic output is less
di ' ' t it han, th f the wavel ength

of r@}ﬁ lg%s%egg}nﬂéé %geg%tﬁge ﬁ#hg'ﬁpeflﬁ%ygﬁgili’{egmgudi bl e tones;

b) operating the transducer emtter system such that

it ge . Nj i nsj & audi.bl e tone at .

| e 68 B drdRap O OARRE| e RS Serb RSy el pppuc s s
nomhan 3ehektizdwlopitbe 4t teast hae higiinzosityduditlepoet i ng nmedi um

and c) driving the sound-supporting nmediuminto
nonlinearity such that at |east one audible secondary
oufpuhsn electorasemsticsoimd geheratensysigimdogeoerating g hiphditensity #i@ctional

20 . P .037007 21 50. The net hod of

cl g‘ﬁjr%gﬁééﬁmﬁgragg{]ﬁ%ﬁggg *TBaast one audi bl e secondary

acoust iat leati ppapoviesanipdifier charnaladifiedtbizeckiet mmutliosigadl;

| east [ [: 1 ible.tone,, 5 he net hod

of o oot ol RAVR|a o Qb Bich 486 o herel N SR B of
acopgmpw sensitivity of adiuines auditsrytsiiem, Sind hizvirgel koowi highmiss cutoff

I eﬂéﬁ" igh intensity audi ble tone. 52. The nethod

of C g’%?ﬁeaéfg wherein the at | east one audible secondary
acoust ian ewissipsuriacs Hawsga lepith of 8 1&Gstiivir tilmed owaveleagta bf the high

| east Laly | ' ' tone. i

o1 125 Ry KR A Aty B Biaion 062 o] sqynd sgtumn
a_Thr fgquensics geptesthati theligl-pasadutofE freqwency ond hving s depthare greater

f 1 RdnhnE S df ﬁieﬁ&gm%*f tht: @ﬁggi{n? Elﬁ‘fagé)WdC J:)f tLé %&'&E‘&R&‘f
adapted to recel Ve an audi o signal; am acousirc
eff*a¥®EY-havi ng a pass-band region tuned to at |east a
frequency range of maxi num sensitivity of a human

auditory system and having a known hi gh-pass cutoff
194f 'ﬂ‘h@ﬂg)gpfzgqneigqqﬂof claim 53, wherein at least harmonic content of the audio signal is

propagated in a high intensity directional sound column by the acoustic emitter.

55.. An electro-acoustic sound generator system to be 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;




an em ssion surface having a length of at |east four
times a wavel ength of the high- pass cutoff frequency

for enabling high intensity propagation of a

dWVOSLHHHEL sound colutm  for frequenci es gr eREBUSTRFAT00T
t he hi gh-pass cutoff frequency22and having a depth no

greater _than one-forth of the |length of the em ssiaon

sur f ace hRersE e tye H"’BF’Y&?%“%P'W%% od agpficippt level to drive

f r egeRing afe dnto AdiEinRAHN HeBBPEEAMB b s@bndalPlaVe Diving a frequency
wher ei n @t |l east harnoni¢ content of the audio signal.

i s capldptig differne pf the Y YPrmaTY 3AYS feauencies@ onal  sound

col UM Q¥ferbil theFRMS and s@BhdalyBhavesate 20r suffdidntly high intensity level to

el ectro-acousti c sound generator systemto be Used as
a rfevePan fpa hUpeB et  conprising: at | east one power
anplifier channel adapted to receive at |east an audio
si%ﬁg&' an acoustic emtter capable of emtting two |
pr Parle nerafor of glaigp, 3. fpther inelydiag anaiming dejece, fopdiFesting the
t helirbctiol Bolthn b36uRTbwAr8Y the BurMn thigast four tines a
wavel ength of the | owest 30 frequency of the primry
waves, and the depth of the emtter is |ess than one
forth the wavelength of the length | owest frequency
of the acoustic emtter, wherein the di nensions of

the emtter enable the prinmary waves to be propagated
in a directional columm of sound; WO 20114/047482

PCT/ US20113/ 0370117 22 wherein the two primary
frequencies are enmitted 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 claimb55,
further including an aimng device, for directing the
di rectional columm of sound towards the human target.
a a




