WO 2011/ 029222PCT/ CN2009/ 073799 SYSTEM AND METHOD FOR PREVENTI ON ADHESI ON
OF MARI NE ORGANI SM5 TO SUBSTRATE CONTACTED W TH SEAWATER Fi el d of the

| nvent i orwbBhig2or2eenti on rel ates generally to the fiel @cofcNao@westopon of
marine organi snms fromattaching thenselves to a substrate exposed to
seawater, and nore particularly, to system and nethod for prevention of
adhesi on of marine organisns to a substrate, such as ships' hulls, nmarine
vessel s, SYSTEMeAND®SETIHODtRORIPREVENTIONADRHESIONYOE $ARINESORGANISMSC al

si gnal oppOBUBSTRATE CONDTACTEOURTTH SEAVBRTER ound of the Invention
Bi of ouling or biological fouling is the undesirable 15 settling, attaching

and grow ng of m croorganisns, plants, algae and/or animals on subnerged
mari ne surfaces. The biofouling of subnerged marine surfaces by narine

organisns is a well-know probl gm.q4f oEhenaceumlatd.pn of marine growh on
the ships, it can drastically reduce the ship's speed, 20 increase fuel

consurpt i on, a:ﬁ’tdis:limgramp:ibnerséamsegenenalhg thallastiestofns or any

seawat er |ntak nes rt fromthe s applica ions,
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power staémmm\w;@osé@oltbngemheér; N ad emaine p‘acmd]miﬂearrl@qoluong syst ens.
25 Anot her probl em associ at ed with the biofouling is that the marine

or gani snESYHhTEh ik eIore o8 Bﬁ@VﬁBFé?na‘PEaaWJcPrbé3§ ME¥PSrted to ot her

areas al apgyaidnd he td aMBldd@e0f <l Sbi Bniphl Chul n8Yi hablye i pdésences
t he bi ol ogical systemof the ot her areas. 30in addition to the biofoul i ng

att aclﬁ)rreri?lpﬁ?]rﬁfiﬁ?ny qodgstingl WEFanﬁePY@F%ﬂ}%}fl% of tar} ¢lgsdadsaty to

prevent t AT, O :9fs BLLNE ;8Roan n t he seawater cooling system
fo 2011/ 05535oPCH Cdds (750G  OhIRRLamEnt Ly,

Background of the Invention
Biofouling or bioclogical fouling is the undesirable

15 settling, attaching and growing of microorganisms, plants,
algae and/or animals on submerged marine surfaces. The
biofouling of submerged marine surfaces by marine organisms is
a well-know problem. If the accumulation of marine growth on
the ships, it can drastically reduce the ship’s speed,

20 increase fuel consumption, and clog up the seawater cooling,
ballast systems or any seawater intake and discharge lines.
Apart from the ship applications, biofouling control is also
necesgsary for seawater cooling systems such as power station
seawater cooling water intake and condenser cooling systems.

25 Another problem associated with the biofouling ig that the
marine organisms which are native to one water area would be
transported to other areas along with the travelling of the
ship, which inevitably influences the biological system of the
other areas.

30 In addition to the biofouling attachment, in many
industrial plant installations, it i1s necessary to prevent the

intrusion of marine organisms into the seawater cooling system.



For exanpl es, the massive shrinps intrusion into the power plant cooling
system can possi bly choke up the filter screens or gates and cause shut down
of the plwotoiasizous net hods have been devel oped to taekirENzh@/above 5
problem in order to renove the accunul ation or prevent the accunul ati on of
the marine organi snms. One of these nethods is the use of bio-dispersants to
control the biofouling. Another nethod, which is the nost commonly used in

the art, is to apply paints or sonme other type of coatings onto the
subner ged % %ﬁ?d&ﬁ%t'e&hq Ma8A14Et ERpt™Pd TOMTHOOHrih%e PREEchnent of

unwant ed ©F gani &L iddowRMRem BBRA! pBEsiPey Pahdts & @eatdingehavecbaen found
to be toxic to marine organi sns, and may be released slowy fromthe
subner gedPB It FatEY (GRSt KEUSEaVRaPer tAAdP PR Bi st in the water, killing

sealife, har%Pgov%%‘%één%yiﬂé?}@%na%v%%?%@ ¥o?E£8}Eié‘9tﬂé‘eaﬁ chai n.

One of the nost effective anti-fouling pain tributyltin (TBT) even at an
ext r erfel ypTow asoncentarateirono asobeenher avewnt ba tiars e afusvieatti she i n

oysters angd.aex ohandes i elks, Iherglone dse of dbhese dypen of paints
or coatings has taused danage to 20 € nari ne ecosystem because of their
accunul attlon use wet ério-Ad speebankat eonavhonal e i e fandamoz attnon helrkMO) has

recommended t hat asur.es shoul d be adopted to_elinm_nate the use of
Bt oul TG B LG @odTinBE SEnCP U RGY GPUEhIThe o i miifg CPBT or

tri phenyl 4 « TRht 29t sbae beasratypysos &&h©Inghaldenged guieweyen
alternative technologies for the anti-fouling paints or coatings, In order

to privent IBHAGRS o 1t FE SEERPPHeBCsHRREFAL T RIH Y SHhitgcdmeat) € To

this end,, conpery andAardnsat kgcarpPorpds Havenbean succassiidliygheen
devel oped, which are used in the paints 30 though there is still "debate as
to the safaty kFercdmed tThbe, ttheretpsnarheedofwrniEmwbyiace aad &enet hod
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water and pergist in the water, killing gealife, harming the

15 environment and possibly entering the food chain. One of the
most effective anti-fouling paintg, tributyltin (TBT) even at
an extremely low concentration, has been proven to cause
deformations in oysters and sex changeg in whelkg. Therefore,
ugse of these types of paints or coatings has caused damage to

20 the marine ecosystem, because of their accumulation in water.
Ag such, International Marine Organization (IMO) has
recommended that measures should be adopted to eliminate the
use of anti-fouling paintg or coatings including organting
containing TBT or triphenyltin (TPT).

25 It has been always a major challenge to develop alternative
technologies for the anti-fouling paints or coatings, in order
to prevent fouling on the submerged substrates such as ship’s
hulls. To this end, copper and derivative compounds have been
successfully been developed, which are used in the paints

30 though there is still debate as to the safety of copper.

Thus, there is a need for a device and a method for

prevention of adhegion of marine organismg to a substrate



subnmerged in seawater, which is constructively very sinple, relatively

i nexpensi ve and nore environnentally sound wi t hout | eaching toxins,

i rrespectwoeonfo2adzet her the substrate is stationary or mROTIANZP090GsEIveEr
allows an efficient control or 5 prevent attachnent of unwanted organi sns.
Summary of the Invention The present invention has been devel oped to
fulfill the needs noted above and therefore has a principle object of the
10 provisiaon of a systemfor prevention of adhesion of nmarine organisms to

a subst r APEHREE G SH B Leadt el whi SRS STENV YOReiftal 15 "®dGnd and
does not }E&pghyFOox} q&é@@@sﬁk}@ wWakiehore endRSHREN DI BEtsRind he chBwent i on
or

is to provide a system ~ prevention of adhesion of marine organisns to a
subst r at el 9 IgHE SR WLTHCSRERALER Rhi CRetREL| i FTUEREHIAF Smdfe

econom cal. and, conve el ;e UhbLLger, g?i’f%wé urt nefe Qbj &Gt (bR LbRvention

is to provide a systemfor prevention adhesion of nmarine organisns to a
subst rSat epewaET td g akinen ts edwatnwanthd chradhbyws an ef ficient 20 control or
prevent attachnent of unwanted organi sns. These and ot her objects and
advant ages of the invention are satisfied by providing a systemfor

prevention of adhesi on of nar Enamergaof stise tInerstiligt rate contacting with

seawat er, conpri si ng: 25a gener at ?{ésgfgﬂr‘? Er%duc'&ng n elgctéi cal _signal
operating w tHedeETTabt e T Fetustici ChI5V e gbFe t9 thaSE orti& 1 the
narine orgedHs Mot &Risbgenenat ehehaybng Bis | £asti dvpRUtdHleckOBREEEhEr S;

10 provigion of a system for prevention of adhesgsion of marine
organisms to a substrate contacting with seawater which is
environmentally sound and doeg not leach toxins into the water.

Another object of the invention is to provide a system for
prevention of adhegion of marine organismg to a substrate

15 contacting with seawater which is significantly more
economical and convenient to utilize.

A yet further object of the invention is to provide a
system for prevention of adhesion of marine organisms to a
substrate contacting with seawater which allows an efficient

20 control or prevent attachment of unwanted organisms.

These and other objects and advantages of the invention are
satisfied by providing a system for prevention of adhesion of
marine organisms to a substrate contacting with seawater,
comprising:

25 a generator for producing an electrical signal operating
with desirable frequencieg which are able to chase or kill the
marine organisms, said generator having at least two output
connectors;

means for ogcillating and propagating the electrical signal

30 along a surface of the substrate, said means being adapted to
make electrical connection with the at least two output

connectors of the generator and being submerged in water; and



means for oscillating and propagating the electrical signal 30 along a
surface of the substrate, said neans bei ng adapted to nmake el ectrical
connect i omowntin2pize at | east two out put connectors of tRETEEN2@09% 78199 and

bei ng subnerged in water; and WD 2011/029222PCT/ CN2009/ 073799 an
el ectric power source connected to the generator for applying a selected
voltage to the generator to produce the electrical signal. In one preferred

enbodi ment, the generator conprises a card 5 _console and a tgcla%nal ity of

transistors BBNAEEEEE ¢ PUHF S ConSBPECLEpFBdbbe PHESEF LSt ri%al " si gnal

havi ng t heyd I8AUENCIRS ddt cBAWBN @ a¥RY Bof BREN gdie & PAIS igrdRIdey theef er red
enbodi nent, the neans for oscillating and propagating the electrical signal

conpri sesS kU0 GaftiaNdd -spaced el ectrode antennas between which the
el ectrical signgle 0@%&%@4&?_&%&%&@&%@ g_@ﬁ@?aﬁérw&nﬂﬁ%é ofde. anf ennas

bei ng adapted to nmeke el ectrical connection Wwth the respective out put
connect oreongoteherrge e rdtugre.l itheof r egyarnts esryermrat @b a diegenedat or

vary in the n of to Hz refe ly.in t ranger of 5kHz to
50kHz, anégdbnrrsrbofleggcroe ergogéﬁ%él_‘izcrkllet ﬁégggﬁbgagf&ﬁlﬁ% l%laovﬁggl,e of 15kHz to
20kHz, orfodqbkiditeas LOKHzubae2@kiz. form. A vari ant of the nmeans for

oscillating and propagati ng the electrical signal conprises a plurality of
opaced 6 oot BARND0P BT LN Wihiit Lad oo PARGRATPRC an? 1ESP Cortdiyur at ) on
and the asda@y it eBpRavicidgt whRe eatsc e ek thamkemplrackk gal

connection wth the respective output connectors of the generator. For
example, l®rstartwyy BaeedgGlectsrRIfagnbenrrhdaRteren R ftéem of a matrix

array. 25According tsﬁc?tgf&q lJB¥ent LeBs LA ﬁ%@ﬁ%g{;&@&? my-Pe e of a netal

material or netal oxi or of graphite. woul d be understood that
t he shapeebictrmde|aadtansde detieanadanhddt e mkamjammiail deangctapnmy be

vari ed aQ&P&Qiéﬁété%éﬂ@%t%%%“%ht&ﬁg“EESHEQEérs of the generator. The

frequencies generated by the generator vary in the range of

15 5kHz to 200kHz, preferably in the ranger of 5kHz to 50kHz, and
more preferably in the range of 10kHz to 15kHz, of 15kHz to
20kHz, or of 5kH to 10kHz to 20kHz.

A variant of the means for oscillating and propagating the
electrical signal comprises a plurality of spaced electrode

20 antennas which are arranged in an array configuration, and the
array configuration having two ends adapted to make electrical
connection with the respective output connectors of the
generator. For example, the array configuration may be linear
or in the form of a matrix array.

25 According to the invention, the electrodes may be made of a
metal material or metal oxide, or of graphite.

It would be understood that the shape of the electrode
antennas and the arrangement of the array may be varied
according to the actual requirements.

30 Advantageousgly, the electric power source supplies to the

generator a low voltage of 24V, 30V, 36V, 45V or 48V.



30Advant ageously, the electric power source supplies to the generator a | ow
vol tage of 24V, 30V, 36V, 45V or 48V. WD 2011/ 029222PCT/ CN2009/ 073799

| n anot hewoparti2e2ekarly preferred enbodi nent, the neansPCorcNas@/d783api ng and
propagating the electrical signal conprises an antenna, and a coil wound
around the antenna and having two ends adapted to make el ectri cal

connection with the respective 5 output connectors of the generator. A
housi ng may be grovided, in, which the antenna and_the coil are disposed.

The frequenciBs?GeheTatRRf by e e REFAESF SPafPPPATPRRE r andfe BTk P o
200kHz, ps&derahd thd ndd@roprgact@hgdSki & 0e30KH#a1 ASpdl RGOl ikBe an

i nvention, the antenna may be fornmed as a 10 ferrite core, or nmade of a

hol | ow no#PFREIHH 131G FoE€CIANYPHBE a%PeRe BiRe t et ¢ M ASVE bo tHPovi de a
met hod f oL, Bt eyed N «f Adhesh aRe 0f HRr L5808 IR SR Qi SURSEEREGe
contacting wth sSeawater, conprising the steps of: providing a generator
for prioduritrptarceiresttdrsalofsitrabetraper at A Ngowd itg desi keblpgrofridgdenci es
whi ch are, aBle ho GNase Q6K Ll becMRLI N, o 0NLSIR.g Sahd generator having
at |east fwo ou in connectors; “provi ding neans tor oscik1ating and

pr opagat i fugeduen el eac iganeala teldgbal thandede spost ngathei means ralnorgod sur f ace
of 20 the substrate to be sybnerged.in water, sai ans bei ng adapted to
make eIec?%q%dFDé%%%%%%iéﬁe%ﬁfﬁggﬁelatt?%aﬁ?“?%w?%d%%ﬂ?tfbﬁﬁ@%?ors of the
generator; afdcording t&WMECHI NGtk gener aheenhs aby eb&CEd e QMErIy SOUT CE
for applying a selected voltage thereto in order to produce the 25

el ectlV cafesiiffalcore, or padgnefepbBal hewt LoR T ferftisn, Arehstep of
provi di ng, 4 he-imeans or: Reeick bat k89t 8ndr oy PRt hhddh e & ¢&lkhietaliosi gnal
conprises providing at | east tw spaced el ectrode antennas between which
t he el ectef cadheadigmalofpmepadgat exgaraehns 300 0d tles tafatet rasud agticnas thei ng
adapt ed to, %ﬂgl&%%{E%%hpﬁogﬂgcgkggsmékh the respective out put connectors
of the generator,’ erein e generator produces the electrical

providing a generator for producing an electrical signal

15 operating with desirable frequencies which are able to chase
or kill the marine organisms, said generator having at least
two output connectors;

providing means for ogcillating and propagating the
electrical signal, and disposing the means along a surface of

20 the substrate to be submerged in water, said means being
adapted to make electrical connection with the at least two
output connectors of the generator; and

connecting the generator to an electric power source for
applying a selected voltage thereto in order to produce the

25 electrical signal.

In one embodiment of the invention, the step of providing
the means for oscillating and propagating the electrical
signal comprises providing at least two gspaced electrode
antennas between which the electrical signal propagates, each

300 of the electrode antennas being adapted to make electrical
connection with the respective output connectors of the

generator, wherein the generator produces the electrical



signal operating with frequencies in the range of 5kHz to 200kHz. In
a yet enbodi nent of the invention, the step of providing the neans for
osci | | at iwgQ 2andh2pa20pagati ng the 5 el ectrical signal conpCcraaao@Eyoyivdi ng an
antenna, and a coil wound around the antenna and having two ends adapted to
make el ectrical connection with the respective output connectors of the
generator, wherein the generator produces the electri cal Si gnal operating
with frequencies in the ran %e of 5kHz to 10200kHz. have a better
under st an%l’r‘-?fga]ofoﬁeﬁ@tulﬁ\?e?‘i’tl OnTFERBFRALES| §7 nddfe ]fad“‘-%ehéDfr Gty det ai | ed
descri ptlmb]giz the invention and enbodi nents thereof in conjunction with

t he acconpanyi ng drawi ngs. 15 Brief Description of the Draw ngs Fi gure
1 is a schemati® i@k MPRIEsheEnPfobhpr ey et B of thadfdsito®of mari ne

or gani S”Bpf&vj?dlsf‘rébsctﬂeatd’ea%%mf%?t b0gi M L léﬁe el &lroMU AN doS tg@nstructed in

accordance wth a first 20 enbodi nent o entlon Figure 2 is a
schenet i celopr vdaai ofigmafli pgmpvaseanprovlcdh@g nearsn femaos @inld at iceg land

propagati g d e elagt thesl slanal a8 sloMs ! A Figiad- ol 18 glinear

array. Flgure iIs a Fatic Si de view of e Vari an 25F|gure
4 is a scdpsradticcal mmfeoalmcwmdhvaheaﬂéspéctth@e reedisa tf @formsae;itbhcat bfig and

pr opagat i the el ectri cal %nah as shown in Flcﬂi 1, whi cq tlhe form
Of a nmat rl} aqqréﬁ;fator erel e generator pro ces the e ectrlca

gignal operating with frequencies in the range of 5kHz to
10 200kHz.

To have a better understanding of the invention reference
is made to the following detailed description of the invention
and embodiments thereof in conjunction with the accompanying
drawings.

15
Brief Description of the Drawings

Figure 1 is a schematic view of a system for prevention of
adhesion of marine organisms to a substrate contacting with
gseawater, which is constructed in accordance with a first

20 embodiment of the invention.

Figure 2 is a schematic top view of a first variant of the
means for oscillating and propagating the electrical signal as
shown in Fig. 1, which is a linear array.

Figure 3 is a schematic side view of the variant of Fig. 2.

25 Figure 4 is a schematic view of a second variant of the
means for oscillating and propagating the electrical signal as
shown in Fig. 1, which is in the form of a matrix array.

Figure 5 is a schematic view of a system for prevention of
adhesion of marine organisms to a substrate contacting with

30 seawater, which is constructed in accordance with a second

embodiment of the invention.



Figure 5 is a schematic view of a systemfor prevention of adhesion of

mari ne organisns to a substrate contacting with 30 seawater, which is

const r uctwo 20n/@exer dance with a second enbodi nent of tIreTiON2@0YG78199 WO
2011/ 029222PCT/ CN2009/ 073799 Det ail ed Description of the Preferred

Enbodi ments While this invention is illustrated and described in preferred
enbodi nents, the systemfor prevention of adhesion of marine organisns to a

substrate contactjn j t eawat er, 5 e produced.ip many different
con1 gurati ons. - spatelled REfis o A e8e BrotpEta uiSiinencs "
drawi ngs, Fi@nileptRvi dasvehsSist an 100 ueenstedchad gopsishentimi th a first
enbodi nent of the present invention. In this enbodi ment, the system 100

conpri _sesp%?flfﬂf?fﬁﬂ/\@rmbé&%m%t&mi tthflé}’?’ée‘@eﬁé? a@@velfmqrbﬁfpraéé]@@ilﬁ@

el ectricale $honalsS RRALNRI W bhsdBstLabl ecds Hd &P dH QWA Nave
form and neans for oscillating and propagating the electrical signals,
whi ch Smeamsy donpricsks aedng ns paceddef éetrendecamt equmest 483, HGesubdfeorged in

wat er. 157 . ply unit 110 is electrically connected to the
gener at ora‘li](gd‘?a%](%%g. battery) and AC power supplies can be used in the

power suppl yrafietridd. nddvanttage dislwyingishe Faguwell suppigesind tslden urdcher

conprises a rectifier for, providing direct current pulse voltage. The power
SUppl y UrFIRST G b bR Es bl Bst LS e RIS 0 T PEWEVEEERGe of

24V, 30V, i3@ht 4V, orrrd@Visl bmweuliflehe, upHer sy oosh tiwt dhgMiseher the

VO e e iy Ti e 1505 BCgIRa s PSS DY Siba g ater Ts:
electrical signals operating with desirable frequencies in
gsquare wave form, and means for oscillating and propagating
the electrical signals, which means comprises two spaced
electrode antennas 130, 140 submerged in water.

15 The power supply unit 110 ig electrically connected to the
generator 120. DC (e.g. battery) and AC power supplies can be
ugsed in the power supply unit 110. Advantageously, the power
supply unit 100 further comprises a rectifier for providing
direct current pulse voltage. The power supply unit 110

20 preferably supplies to the generator a low voltage of 24V, 30V,
36V, 45V or 48V. It would be understood that the higher the
voltage i1s, the stronger the strength outputted by the
generator is.

The generator 120 comprises a card congole 126 and a

25 plurality of transistors 128 connected to the card console 126
to produce the electrical signals. The generator 120 has two
output connectors 122, 124 which are in electrical connection
with the electrode antennas 130, 140, respectively. The card
console 126 has a variety of ranges of frequency, which all

300 fall into the scope of desirable frequencies. In this
embodiment, the desirable frequencies are in the range of 5kHz

to 200kHz, preferably in the range of 5kHz to 50kHz,



The generator 120 conprises a card console 126 and a 25 plurality of
transistors 128 connected to the card console 126 to produce the electrical
si gnal s. Wbheogdnez2at or 120 has two out put connectors 12PCTAN20MIN7EI9are in
el ectrical connection with the electrode antennas 130, 140, respectively.
The card console 126 has a variety of ranges of frequency, which all 30
fall into the scope of desirable frequencies. In this enbodi nent, the
desirabl e frequencies are in the range of 5kHz_to 200kHz %Ereferabl in the

f
range of BKFZTH BORHAD \F@%(ﬁ‘fﬁ@95%%9@?0&@065%6787@5 hari7 ¢ 1953 n t he

range of JdPkdz 4191 kekHaokmef tb5kbruto 2OKHRxab10f Hkdpilke 1QkKidz nbeiA8kHz.
For exanple, a spike card haV|ng a frequency at 5kHz, 10kHz and 20kHz, a

trappi ng TFPWBANY & PHEGueRliHat 208kPEAnd B HARRINT &°d ShadvAgIad
frequencyep. LA NG rl%@ﬂjzo‘éﬁg LondPiER CaRs be eyl 4 EddhfgeRerator 120.

The output current of the card console 126 depends on the vol tage of the
power Ssuppingiapplimoh tldkiHze tgedékHEoran20e Tded sirsttem Hehegwrtoumdgol.ow

voltage apd. | QG Il -cnfhg ClactLods anhepnas, J30%. 40 digposed to be
10 submerged in-seawater 160 in a Spaced apart T1'e é%lon, and electrically
connect edvétddee ofespec powerogupulycappetédrso 122% detkeraftdrha 2genehat or

120, allowng the electrical _signals produced by the generator 120 to
050 | | at FHHEDr GnGRE BERWACH PRECEHD SHOctT O Hifttmas 130, 140 vi a

ions and 15 @pkesutesrdde WaltinnAdvant agaousky, ai Beoségcts osle ant ennas 130,
140 are spaced apart such that the electrical signals 150 operating with

t he filequeiieLsh hESHRGETof SBKIR & oSBBRES , 2Rk tc F UG iarat &n&nd

propagat e, netwern e doMeleet redenantenpas: 130, odéPufr EostdONGs 122,
sufficiently to repel, chase and 20 kill any marine organi sns. The

el ectrical24iad tha densretbredaénchésovangi bee felantBiddalt ¢1200kKz woul d
penet r at & A0g ePLLoY LNEARLLRUS S¥B! BB, JLSELE. COM KOl systems, sensi ng

syst ens mari ne Bfgan| s anggplan t ons, us providing the protection
for the aresavdat viden tiwe eflwotebdet aodenaans enh@as. 145 Fhie aloect modle ant ennas

can g% made of a netal materi s%cheas ilve s € er, .iron, or ng#gi
oxi de> GEPHTE S 1t dithived FORTLRECEPELY ofeCaRt SHELIbeClRD T MY a
| ow consumgd i e rfRdd) apeawakathatdatanhdees Tant ¥ 1t d 12 ds irpta1ts0 10Oduce
chl ori ne gas in,the,sXPtenl Therefore, in this enbodi nent, the
Operating with the frequencies in the range of 5kHz to 50kHz,
which oscillate and propagate between the two electrode
antennas 130, 140 are strong sufficiently to repel, chase and

20  kill any marine organisms. The electrical field with the
frequencies ranging from 5kHz to 200kHz would penetrate and
destroy the nervous systems, muscle control systems, sensing
systemg of marine organisms and planktons, thus providing the
protection for the area between the two electrode antennas.

25 The electrode antennas can be made of a metal material such
as silver, copper, iron, or metal oxide. Graphite is preferred
for the electrode antennag because it has a low consumption
rate in seawater and can be controlled not to produce chlorine
gas in the system. Therefore, in this embodiment, the

30 electrode antennas are made of graphite because of its inert

characteristics in seawater.



30 el ectrode antennas are made of graphite because of its inert
characteristics in seawater. WD 2011/029222PCT/ CN2009/ 073799 As

di scussedwaloueé2ohe generator 120 produces el ectrical PCHCN280MI7319DN t he
range of 5kHz to 200kHz, which signals are continuously transmtted to the
area defined by the two el ectrode antennas 130, 140, and then oscillating
and 5 propagating within this area. The strength of the electrical field in
this area degends on the current outputted fromthe card console 126, the

frequenci es PFodtREE T 1P Fend'st FENEFFEOT N2 YoPTIYRCHF THE ot suppl y

and the disd@ace Jheteernheahywe skecknodes ant @nnas W3n MQnaher sexanpl e,
in the case 10 that the voltage of the power supply is 48V, the input DC
current ofORrHEEBIREY SIFEISPitsed. BPAheharedpdRt B Uit éhe 67 he card

consol e 18 &-Bfad NG HRY 1BE cyphentngf chhe Salth Cansyl eqdss 5. 1A, then

the electrical field between the el ectrode antennas 130, 140 woul d be
strond erprrprdar igttasd thEnandiki bireanyThe vingemygarmsidd elegdwated. The
two electro ant ennas ed apart t r I Wi_t hin | mor
even nor ef,le C|1c T gblgsn rs]?%én%t%ﬁégggrgﬁg?ﬁéo?ufﬂg&elge% prulec)égﬁrg)ff%glmdfzhtghe wat er
condi ti oncard usescrd 1lte atkudlregnshal tat posdwded Ney st @ane2@kogs. 2 to 4
illustrate first an secon(% exenplary variants of the neans for oscillating
and propatpi gt KO GiA6E FrcAPes PEHaF SEPRROWRT E GLoFaNGe BEFPREN ar
these varimdtisvara R ahtafndkl 8¥0¢onio gurad | Samd1e Fiigs thé aade3, the
array configuration conprises a 25 plurality of spaced el ectrode antennas
171, Mhi cHds B9 iddrdsr Py tRPOPOYRE aFPRINat® 4nieriiss IPEY RCt he | near

array 170.@ffdi parald %ow%qneggbhgnign@l.w@n ahectihmaldy £anaect g to the
respective output conneCtors 122, 124 of the generator 120, allow ng the

el ectri cathsieprd sqnsedigcad By Shhethenevarper OQ0c80rans e¥citheatcerdnd
%gfggﬂ]g‘je ich rfi£|5‘i-¥1.tf*§?§§%flr1§#ei B1L0E RLLAYE A0 Bt lddigifated, the area
electrode antennag 130, 140 would be strong enough to chase

15 and kill any living organisms in seawater. The two electrode
antennas may be spaced apart to be, for example, within 1m or
even more, which depends on the strength of the electrical
field, the water condition in use, and the actual installation
of the system.

20 Figs. 2 to 4 illustrate first and second exemplary variants
of the means for oscillating and propagating the electrical
gignal as shown in Fig. 1. In particular, these wvariants are
formed in an array configuration.

In Figs. 2 and 3, the array configuration comprises a

25 plurality of spaced electrode antennas 171, which is a linear
array 170. The alternate antennas 171 in the linear array 170
are in parallel connection and then electrically connected to
the respective output connectors 122, 124 of the generator 120,
allowing the electrical signals produced by the generator 120

30 to oscillate and propagate among the antennas 171 in the array

170. As i1llustrated, the area where the electrical fields from



WO 2011/ 029222PCT/ CN2009/ 073799 t he adj acent antennas 171 overl aps produces
the stronger electrical signals. In Fig. 4, the array configuration also
conpri seswea?2plumedzety of spaced el ectrode antennas 181, PamiaN2009978199t he 5
formof matrix array 180. The el ectrode antennas 181 at each side of this
matrix array 180 are in parallel connection and then electrically connected
to the respective output connectors 122, 124 of the generator 120, allow ng
the el ectr.cal SI nal s produced_by the generator 120 to oscillate 10 and

pr opagat e- sy taﬁpéﬁﬁ§§slézllﬁvFﬁ% BF rRYPAEES il SHEYES st array
conf|guraélégtﬁggamasﬂgﬁalgrea where the electrical fields fromthe adjacent
antennas 181 overl aps produces the stronger electrical signals. It would be
appreci ated Thabi@n bpefha i3 IO ddjodEeRt OT52¢FPRCcEPBIRE. 3% ehnas in the

array may, e SPaced ARyl %%%@9?91@ QSEe&XaQ 451 qpceniLh i $pdependent

on the strength of the“electrical ['ed applied, the power supply and the
wat er Sconthtm orf wEdtniad aamﬁangéﬁenfhefelhetamd@yamnﬂﬂnqyJﬂ§ﬂ|@m sayghbe

altered té&éUlt the act%%J thgBBBnaggndﬁ a%ﬁ L;p%p@{ t%BELg%dto Fi g.

5, there is ilTus rat ed a4 cONStT U consi s a second
enbodlnenth@ﬁ éﬂﬁbqﬂﬁﬁﬁﬂﬂylcbmﬁﬂbted tbnthélsegpémuhvnﬂnutﬁwuesysten1200
conpri ses ower supply _unit enerator_ 220 for producing electrica

si gnal s dﬁ@? RT TR Sttt - d&glrQEIEgFrgﬁgﬁﬁ%F%E 120hd 25 e oscill ating

and propagedd g dde fleelik ¢abastenabs, tMbi ondEans coprdsescalhakrei te
core antenna 230 and a coil 240 would around the ferrite core antenna 230
submet%ge P %&watﬁ RETHe PP $RCBRABBEI hht 1Rerts GHedatdPe, Liké power

supply 30 #5120 J:5 K/ %%EE&%@EBX189“Q§G@@d {19 the pepenal @ne220. DC and
AC power supplies can be used’in the power supply unit 210. The power

suppl y unéleqiooiqrly fugldsef romnphesedaacent i fitegnfay 181 overlaps

produces the stronger electrical signals.
It would be appreciated that in operation, the adjacent

15 electrode antennas in the array may be spaced apart from each
other by a distance which is dependent on the strength of the
electrical filed applied, the power supply and the water
condition. Actual arrangement of the array configuration may
be altered to suit the actual application conditions.

20 Now referring to Fig. 5, there is illustrated a system 200
constructed consistent with a second embodiment of the present
invention. In this embodiment, the system 200 comprises a
power supply unit 210, a generator 220 for producing
electrical signals operating with desirable frequencies, and

25 means for oscillating and propagating the electrical signals,
which means comprises a ferrite core antenna 230 and a coil
240 would around the ferrite core antenna 230 submerged in
water.

Like the first embodiment mentioned above, the power supply

30 unit 210 is electrically connected to the generator 220. DC
and AC power supplies can be used in the power supply unit 210.

The power supply unit 100 may further comprise a rectifier for

10



WO 2011/ 029222PCT/ CN2009/ 073799 provi ding direct current pul se voltage. A

| ow vol tage of 24V, 30V, 36V, 45V or 48V is possible for the power supply
uni t 210.woO 2011Tthe22gener at or 220 conpri ses a card consol @CZRN2009)73799
plurality of transistors 228 connected to the card console 226 5 to produce
the electrical signals. The generator 220 has two output connectors 222,
224 which are in electrical connection with respective ends of the coil

240. The card console 226 has a varjety of ranges of frequency, which all
fal | intPIRELEhE! o FeSHFABRE PREGTeRRT BRI | P t17' Vé’r?%&&er@ﬁt 2%he 10

desirabl e3dv eaqppncies; are 49v tike goarge1ef ralkHentopdROkHauppIef@iablyid n the
range of 5kHz to 30kHz. The output current of the card consol e 226 depends

on the vol t 8BS oFCRAEA RANEH2 & FSIINT 1865 Pe@3¢E ERABSQEACTAE AND2D. The
ferrite ggﬁi&raﬁﬂtt%ﬁr& %%%n%'l@éb?% 69k! 2AR-AL &3 d&(ﬁp&%%a]x% Wi tRIoA «@2BQuUsi ng

250, whi are then subnerged 1 n seawater 260. The coil 240 has two ends,
each of v groduas adter iedaldtyicennecpraltso The gespedtdw e 2futpst twonnect or

222, 224 9 hhe Qeneralor, 239, ablouhng, the, curentodo Jlow theretapough so
as to generate electromagnéfi ¢ waves Within the requencies 1n e range
of 5kHz twit20Mddmedds vehewdsi bfFtge 5oil he4 @l eThe armaghetdrezdlicel2d 62R8si S

then generated within the coil 240 and around the cojil 240, which is able
Lo Tepel 5 CHASE K08y Ofm FFRECBRGAN EH6Ch AT e H5egdiEom whi ch
are subj esd&k tox (e iefhnel $rafukhei 8kecth oproediodin@int 23 Hgenerat ed, can
detect electromagnetic wave or field in this range of frequencies, and can

be refel | RE IS F ARG eRi PredinThb], Tapee RbtBeHa diP 190K Re area
covered by dhe 8lgetiromgnetihgef bel gkﬁ%Otb oyl dgeh it Radidieanto the

i s
ferrite core antenna, the anténna nay be 30 nmade of any oOther ferronmagnetic
mat eri al @f EhehotdrsvasosedcalRibcdenprds The it eviva agm Hctthes peweaignet to

%nggiafoéwp%%g&%%gﬁg% gig%hgr%SP 555:. current flows through the coil.

The ferrite core antenna 230 and the coil 240 are disposed
15 within a housing 250, which are then submerged in seawater 260.
The coil 240 has two ends, each of which is electrically
connected to the respective output connector 222, 224 of the
generator 220, allowing the current to flow therethrough so as
to generate electromagnetic waves within the frequencies in
20 the range of 5kHz to 200kHz. Ag shown in Fig. 5, the
electromagnetic field 270 is then generated within the coil
240 and around the coil 240, which is able to repel, chase and
kill any marine organisms. Any marine organism, which are
subjected to the effects of the electromagnetic field
25 generated, can detect electromagnetic wave or field in this
range of frequencies, and can be repelled, chased away or
killed. Thus, the protection for the area covered by the
electromagnetic field 270 is provided.
In addition to the ferrite core antenna, the antenna may be
30 made of any other ferromagnetic material or a hollow non-
metallic tube. The antenna can act as a magnet to generate the

electromagnetic field when the current flows through the coil.

11



The nunber of turns of the coil 240 is determ ned according to the current
flow through the wire and according to the actual requirenents. Like the
gener at orw02011di2s2assed above, the generator 220 5 prodeceLneb@airsiogal
signals within the range of 5kHz to 200kHz, which signals are continuously
transmtted through the ferrite core antenna 230 to oscillate and propagate
el ectromagnetic signals generated by the el ectromagnetic field. Low voltage
and |l ow current are consuned i_n thi stem K The strength of 10 the

el ect r omagMet T ¥4 eId cTé’ﬁé’ﬁd?foﬁhthoiir?‘é%t 1HUHPRTVITT Grcordiogr §o

consol e 226 dhe-ddequencic@sopgaduaedybye t 88d ognes@iQlg 420 tHdhaceaktage of
t he power supply and the size of the ferrite core antenna 230. For exanpl e,

in the caSRAYHAMYHE -vol t age of the power supply is 48V, the input DC
current 15 of ;e povel, Supply 1% Qi-i%@ﬁfs%ﬁeabBQHt, Dl CHLLERL e Of e power

supply is 1.47A, the Tinput DC current of the card consofe Is 13A, and the
out putS DOxeducas efedtd codr digondel @icbid. 8Ae rhepet bt ekiézt tona@ieii c

field generat.ed by the _syst 200 | d r.on 0 tqQ.chase_and Kkill
any |ivi n“gﬁb%h os’rlg%-‘rﬁlsrrsar%én nggig\:kg 8{;\1/.8%/ tp%gél%ﬁ%%%%g%o%%he%&reeg%ﬁ ltg
i nventi oncdos fprtearer 1200 @b adbedlaneohndaptdieagd tgand 19t iomagynetth st r at e

contacting, with seawater ¢ rises_the steps of providing a nerator for

P oduct ngt P B HTITALe GHaF By el AET R RER todl 145 e 38 FEAdERc: e

whi ch ar ea@bl Bovt 6hase QirekicbhstiieaMehi fR1 OF GAeh SNE T r@RRRHhaber havi ng

at | east two output connectors; providing nmeans for oscillati nr% and
§

pr opadat i FRf tHee G MAINCA CsiFaRAR, FGRENEF sPOSEIYy FHE SR taVER§% sur f ace

of the substyalif (QMRE SHRIBEISE i N UBT B eqddhdi BN RRINY 1,30 cddapt ed to
make el ectrical connection with the at [eaSt two output connéctors of the

gener at orgengichteonhi?éét.i dpet veltage of the power supply and the gize of

the ferrite core antenna 230. For example, in the case that

the voltage of the power supply is 48V, the input DC current
15 of the power supply is 0.87A, the input DC current of the

power supply is 1.47A, the input DC current of the card

congole is 13A, and the output DC current of the card console

ig 4.8A, then the electromagnetic field generated by the

system 200 would be strong enough to chase and kill any living
20 organismg in seawater.

The method of the present invention for prevention of
adhesion of marine organisms to a substrate contacting with
seawater comprises the steps of providing a generator for
producing an electrical signal operating with desirable

25 frequencies which are able to chase or kill the marine
organisms, said generator having at least two output
connectors; providing means for oscillating and propagating
the electrical signal, and disposing the means along a surface
of the substrate to be submerged in water, said means being

30 adapted to make electrical connection with the at least two

output connectors of the generator; and connecting the

12



generator to an electric power source for applying a selected voltage
thereto in order to produce the electrical signal. Referring back to
Fig. 1, twe:natirzext2of t he preferred enbodi nent conpri se®CpraNzi@iongroat | east
two spaced el ectrode 5 antennas 130, 140 between which the el ectrical

signal oscillates and propagates, each of the el ectrode antennas being
adapted to nake electrical connection with the respective output connectors

122, 124 of the generator 120, .wherein the generator 120 produces the
el ectri caSEFHHAL 1@ GPefaChy i PHW?Feﬁ‘a‘éﬁgﬁf ey rPHH?é’H“aﬂE@e SGreSkRY t o

200kHz.  voltadef@idddt® i@ BrllerStot Peofi®ENOEhOfc tdier MiIRf1e1dieG a@MDOdi ment
conprises providing a ferrite core antenna 230, and a coil 240 wound around
the ferrite cdi®fatie¥h®a2%0 tandiBavi ngtEaonerierd ffadgithed irefvakedel ectri cal

connect i Qfrgidfidite Ll 8SRRCLEYE; QULQUL . CODNBCT QLS S2%.e224 of bhe

generator 220, wherein'the generator 220 produces the electrical signal
oper atSi ngpwi ermads efondi‘ds benwehe whnge dhe SkHzctol Gd0kddmnalhe i nventi on

t hus provj syste n od event | 0 dhesi o f marine
or gani srmsJ> %ﬁa&stu%itarnaa %rgg%ggﬁ%gét ?%gﬁwﬁg% htlgga%/\%]cetrgo i (r:}ﬁlsclesn IIJl\‘}’%’ry si npl e,
rel ati velyeimexpensiede tanchaker elenvirt oareabmahd ot Sound vk tdheut | eachi ng

toxi ns, and which provides an efficient antifqﬁél resul t. Wiil e the
enbodi et SSRGS G e CAPRFE LPRE ontRd 142 nf et Sty Ao 128

fixture, dtemid R FRPLGitated2byptbaseedStskidl st ditdihesigibalt hat the
present invention is not limted to the enbodinments illustrated. Those

ski | 1184 i PYIRE AT N TEREPSPEACRRRY BEReF PR 2 bl e Rraricatioks Zand
modi fi cations fyrdBany b tpfighs%!,l Led REEROA’ St comEmiy-deuledge wi t hout

departing fromthe scope of e invention, however, ‘such

embodiment comprises providing a ferrite core antenna 230, and
a coil 240 wound around the ferrite core antenna 230 and
having two ends adapted to make electrical connection with the

15 respective output connectors 222, 224 of the generator 220,
wherein the generator 220 produces the electrical signal
operating with frequencies in the range of 5kHz to 200kHz.

The invention thus provides a system and a method for

prevention of adhegion of marine organismg to a substrate

20 contacting with seawater which is very simple, relatively
inexpensive and more environmentally sound without leaching
toxing, and which provides an efficient antifouling result.

While the embodiments degcribed herein are intended as an

exemplary wall lamp fixture, it will be appreciated by those

25 skilled in the art that the present invention is not limited
to the embodimentgs illustrated. Thosgse sgkilled in the art will
envision many other possible variations and modifications by
means of the gkilled person's common knowledge without
departing from the scope of the invention, however, such

30 variations and modifications should fall into the scope of

this invention.
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30 variations and nodifications should fall into the scope of this

i nvention. WO 2011/ 029222PCT/ CN2009/ 073799 What is clained is: 1.A system
for prevewDizon/p22adhesi on of marine organi snms to a subPCratNeo@dxisaAeti ng

W th seawater, conprising: a generator for producing an el ectrical signal
operating 5 with desirable frequencies which are able to chase or kill the
mari ne organi sns, said generator having at |east two output connectors;
means for_oscillatin d propagating the electrical signal along a surface
of the suft% a’tse,clﬁg‘t? &fis being adapted to 10 make el ectrical connection

with the at heast tawg QulRUE-EOBREGEAE SoRf ot Neaigens Aty nahd el ng
subnerged in water; and an electric power source connected to the

gener at orO¥IANERA ichg FUPSILEeLtedcoBreagEn® oviHe IRAA@Ior EPFAEdTSe t he
el ectrical sigpalerd09r TS SHARBIY %Ina'eq%‘ét'rlﬁcg{haé?g}&al eI £1 0y e

generator conprises a card console and a plurality of "transistors connected
to theé cawitkawsvlmhle freducectihe whechravalalsigra dmdengrt ke flr €haenci es

in square ve fq 3. The t ) ained. in cl aj r 2, erein the
20 means For e PR ant e SagteFhd TRilr of At S B Mses a
| east twocapaseed ectrode ant ennas between which the el ectrical signal

oscill ates and propagates,. each of the el ectrode t enpas_bei ng adapted to
make el ectri BEPREONNBCYTOH 4 LS HES SPBEERY & Ut BTt S CoTiBtih < Bitdhe

gener at ora1 84 alhasedeeBrasnel aupBdrhbe ¢l 8414 IneaienRiihd hRapraas cbor
osci |l | at Irg‘%f and propagating the electrical signal conprises a plurality of
spaced el BEEe e HriticitlasmRreh iarev Ak ahlge Pt nteds tartwey ®E®itgur ati on, and

the array- G4 BIAdOR RAKALEWBrenAs BAARS edli B 8] GeldrGaking

an electric power source connected to the generator for
applying a selected voltage to the generator to produce the
electrical signal.

15 2. The gystem as claimed in claim 1, wherein the
generator comprises a card console and a plurality of
transistors connected to the card console to produce the
electrical signal having the frequencies in square wave form.

3. The system as claimed in claim 1 or 2, wherein the

20 means for oscillating and propagating the electrical signal
comprises at least two gpaced electrode antennas between which
the electrical signal oscillates and propagates, each of the
electrode antennas being adapted to make electrical connection
with the respective output connectors of the generator.

25 4. The system as claimed in claim 3, wherein the means
for oscillating and propagating the electrical signal
comprises a plurality of spaced electrode antennas which are
arranged in an array configuration, and the array
configuration having two ends adapted to make electrical

30 connection with the respective output connectors of the

generator.

14



30 connection with the respective out put

2011/ 029222PCT/ CN2009/ 073799
wher ei n twe 2brigqeenaci es generated by the
5kHz to 200kHz. 6.

The system as

frequencies are selected in the range of
as clainmed in claim3 or 4, wherein the el ectrodes are nade of a nateri al

sel ected from net al

nmet al oxi de, _and

! r
claimed in cPaim 3 Eysﬁﬁ@réﬁncﬁﬁémﬁg
the genergtQfudhd QW WRIH-36e caf bd4Vhe 3Q¥ne BBV 4PMPrii8¥e rangeQorThe

systemas clained in claim1 or
pr opagat i ( _
around the aptenna @pd (15 RavER04 WOmERdS, adAPLed 1 q,Bks Llegt ri cal

connection wth the respective output connectors of the generator.

% He® A®EHF-cal signal conpri

5. The

connectors of the generator. WO
systemas clained in claim3 or 4,
gener at or varyPCm/aN2e0vrastye of
claimed in claim5, wherein the 5
5kHz to 50kHz. 7. The system

aphite, The system as

8.
ettt Her? st EESupphi es to

2, wherein the neans for oscillating and

ses an antenna, and a coil wound

10.

The syst efmepuaiciardten sellacred, inhehei nande elaidif o ¢H&HZ.at i ng and

propagat i ng ghe el
antenna and the coil are

di'Sposed.

14 Gl o5 dnak, LURLRer, COMpri ses,@ fousing in i ch the

he sSyst'emas ¢ ned in

claim9, sheretciddheda egdenocifes generaskdsdyedtwd garer ataaralyamegtian t he

range of b5k
wherein tHe%$y f

to 200kHz. .
T FEROesare sel ected

12. The systemas clainmed in claimll,

in the range of 5kHz to 30kHz.

13. The systgm as chi BAtieh kabMhImeWhen ebTailes bt eNNaHeseTRde hef
ferrite or_a hollow non-netallic tube.

cl ai

vol tage 30 0f4124\0130%6136Y5y45Y y48Y.

prevention of adhesion of marine organisns to a substrate contacting with
seawat er, cofpri si e sys$egpgsoflaimed in claim 1 or 2, wherein the

15

20

25

30

means for oscillating and propag
comprises an antenna, and a coil
having two ends adapted to make
respective output connectors of
10. The system as claimed
for oscillating and propagating
comprises a housing in which the
disposed.
11. The system as claimed
frequencies generated by the gen
S5kHz to 200kHz.
12. The system as claimed
frequencieg are gelected in the
13. The system as claimed
antenna is made of ferrite or a
14. The system as claimed
electric power source supplies t
of 24V, 45V or 48V.

30V, 36V,

15

14. The systemas clained in

U, SHRFETHF RRYSE SOUECE SURBL1§BUFRetRUPPIITL LT thd WeNOLEPEF a | ow

15. A nethod for

ating the electrical signal
wound around the antenna and
electrical connection with the
the generator.

in claim 9, wherein the means
the electrical signal further
antenna and the coil are

in claim 9, wherein the
erator vary in the range of
in claim 11, wherein the
range of 5kHz to 30kHz.
in claim 9, wherein the
hollow non-metallic tube.
wherein the

in claim 9,

o0 the generator a low voltage



provi ding a generator for producing an electrical signal 5 operating with
desirabl e frequencies which are able to chase or kill the marine organisnmns,
sai d geneweatori/gzeng at | east two output connectors; pPOTIaN2nay/oTERAS f Or
oscillating and propagating the electrical signal, and di sposing the neans
along a surface of 10 the substrate to be subnerged in water, said neans
bei ng adapted to make el ectrical connection with the at |east two output
connectors of the generator; connecting the generator to an

and ,
el ectric powerlJourc&SorCafpryPRgvansePRcPEFAVITTHYE ¢h &€ n order to
produce thegddi LS iLAupEgaak. contactidd wite s@ihadas Ympiriedngn claim

15, wherein the step of providing the neans for oscillating and propagating
the el ect¥ieaitanyfl: conprises providing at |east two spaced el ectrode

antennas bet wesn, Jhy;¢ly fahag%‘fgkékc%r%%@hcﬁ% P:PRAQRLGS a8k gk L he

el ectrode antennas bei'ng adapted to nake el ectrical connection with the
respect i verexatpiutg cormeciesrigabf et hzegeare a¢oryhigterasian aldle genehatser

produces th l.ectrical .signal tipng. w reguencies jn.t range of
Bire o Atokrs: 981 TR RRonlRthE’ Fe BT S IR A dRAS e sten
of provi diwvg dueputeamsinfeattoasci | | ati ng and propagating the el ectrical
signal conprises roviding&an ant enna, _ an | wound around the antenna

and havi ng. L b GTHE RaPEaaCt OnuREC o Lot FrE T b ECE T Het ho
respecti vel Qutt Pitda 1CYIRLGHOr snaf a38pbBengeres ah@ins WIRIR] i e rgesebat or
produces the electrical signal operating with frequencies in the range of
s5kHz 10 ek ppubstrate to be submerged in water, said means being
adapted to make electrical connection with the at least two
output connectors of the generator; and

connecting the generator to an electric power source for
applying a selected voltage thereto in order to produce the

15 electrical signal.

16. The method as claimed in claim 15, wherein the step
of providing the means for ogcillating and propagating the
electrical signal comprisgses providing at least two spaced
electrode antennas between which the electrical signal

20 propagates, each of the electrode antennas being adapted to
make electrical connection with the respective output
connectors of the generator, wherein the generator produces
the electrical signal operating with frequencies in the range
of bSkHz to 200kHz.

25 17. The method as claimed in claim 15, wherein the step of
providing the means for oscillating and propagating the
electrical signal comprises providing an antenna, and a coil
wound around the antenna and having two ends adapted to make
electrical connection with the respective output connectors of

30 the generator, wherein the generator produces the electrical
gignal operating with frequencies in the range of 5kHz to

200kHz.
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