DEVI CE FOR PROPAGATI ON OF ELECTROVMAGNETI C WAVES THROUGH WATER [ 0001] The
present invention relates to a device for propagation of el ectronmagnetic
waves t hrwoghooassso. [ 0002] It has | ong been recogni sedptChaiB2nagoseszid be
very useful to be able to propagate el ectronmagneti c waves efficiently in

i mpure water, particularly seawater, -flor communi cati ons and ot her purposes,
but doing so remains problematic. Conventional netal antennae (| oop, dipole
etc.) are rendered ineffecEVECRMFOR PROCAGATIORE@Wat er and ot her inpure
water due to its electrical conduct|V|t | nt ernati onal patent
appl i cati on no. PCTEGBETR(YIA | GEWAAER 1/ 95529 in the
name of Qnetiqg Ltd., descrlbes an undermater communi cati ons system whi ch
uses subnerged transnltter and receiver aerials coated in electrlcally

i nsul ating In tests of aerjals of thjs.general pr esent
nventor Al Pt et *ie e cblbimgRer: cetitint® craptATer ot br ough
wat er a§te@u@hgﬁmgﬁﬁkdhy@gﬂﬁéwgyﬂmgﬁance of perhaps a netre or two. At
greater distances, signal attenuation with di stance becones nuch | ess
rapid, and a detectable signal penetrates a much | onger distance into the
surroundin r. 0t nl |1, f on of the
power i npu'%i wrﬁ%%antl&% bée% egot%r\ﬁ%e(i tEaR 1?%% dSRQVF%z ﬁseeﬁqg éb\?a%]bt%%

experi ment gkopigita. eRﬁ@bnﬂa@ie@lalwaaéi &n‘ﬁabm@}n in impure water, particularly

scawater, for communications and other purposes, but doing so remains
10 problematic. Conventional metal antennae (loop, dipole etc.) are rendered
ineffective when placed in seawater and other impure water due to its electrical

conductivity.

[0003] International patent application no. PCT/GB0O1/02409, published under
15 no. WO 01/95529 in the name of Qinetiq Ltd., describes an underwater
communications system which uses submerged transmitter and receiver aerials
coated in electrically insulating material. In tests of aerials of this general type,
the present inventor has observed that the electromagnetic signal transmitted
through water attenuates rapidly over a distance of perhaps a metre or two. At
20  greater distances, signal attenuation with distance becomes much less rapid, and a
detectable signal penetrates a much longer distance into the surrounding seawater,
but its power represents only a small fraction of the power input to the antenna.
Figure 1 is a graph of the relevant experimental data. Rapid signal attenuation
with distance is seen at short range. At a distance of just 1-2 metres, the signal is
25  weakened by roughly 100 decibels. However a detectable (albeit weak) signal is
observed at much greater distances of 90 metres and more, and the attenuation

with distance at these larger distances is far less rapid.

[0004] The present inventor has arrived at an understanding of these
30 observations. The electromagnetic signal directly emitted from the antenna
attenuates rapidly, with increasing distance, due to the conductivity of the

surrounding water, accounting for the rapid decline in signal strength at small



with distance is seen at short range. At a distance of just 1-2 netres, the
signal is weakened by roughly 100 deci bels. However a detectable (albeit
weak) si gwel2oeeiedeser ved at nmuch greater di stances of 9@cwriB2e®/E0%E1NOr €,
and the attenuation with distance at these |arger distances is far |ess
rapi d. [0004] The present inventor hag-arrived at an understanding of these
observations. The el ectromagnetic signal directly emtted fromthe antenna

att enuat es digaficd! YThewhérd slgvelly edshigindilswanieecl sigel twhithecabadgehtevi ty of
t he surroundi ng water, accounting for the rapid decline in signal strength

at smal | di SisEHEeS, THESe Atk Rark é?Yuéet’Faﬁ@“PBVlé’r dineles| insthgnypter whi ch
reaches or alsindll S UGS S 16/ SANER, rdbu ! G3She Ll MR lardmbRofiBgl at fon by

di pol es in the water surroundi ng e antenna. To explain, reca i rst of
all that wapbewrssrolseong ek:c‘p@sch@ek: aThkey amregthes emtlteldcb}dﬂmod:lectro’ﬁir@ylem e thus

excited_by the el.ec gnetlc ve . mttedb e ant.enn and oscillate in
phase wPt h W&'C CRut t?‘itng\gHa 8?91 e i1 P%ﬁSFHﬁL‘H'it sds PELdPPWEnit s an

el ect r omagRgLili & iR Ko lEGACE Ellﬂﬁsv‘ﬁf QA ecHBMAGHRS wale t NRINMECT L tyadf the
ant enna absorb and coherently re-radi ate the el ectromagnetic wave fromthe

ant enna, ambl¢culdssint Hiesvicmityaeli ticeehtovnaeabshitc hnéc;obfunmtly foradidte thel ati vel y
| ong range ii%nalﬁg net r at hro Th| has |%ptllc ti ons f anten a desi gn.
[0005] | n SECBPHAREECWEYF HOM gt PR ARG PRI FEREcd RIERTBH there is
provi ded a ad@infefof e rPlaORAP &IgQan&f siNAY BéndtitibiPURIS hm@fneghcaﬁdm fdevi ce
conprising a polar mediumand an antenna which is connectable to

si gnal d8nerateana design.

[0005] In accordance with a first aspect of the present invention, there is
provided a device for propagation of waves in impure water, the device
comprising a polar medium and an antenna which is connectable to signal-
15  generator electronics and which is arranged to emit an electromagnetic wave into

the polar medium.

[0006] Dipoles in the medium re-radiate the electromagnetic radiation. When
the medium is submerged in seawater or other impure water (e.g. brackish water)
20  a relatively high proportion of the energy input to the antenna is transmitted

through the impure water in the form of a penetrative electromagnetic wave.

[0007] The polar medium is distinct from the water in which the device is to be
submerged and has different properties from it. The polar medium may take the
25  form of a liquid confined in an enclosure or it may be solid. The polar medium
comprises numerous electric dipoles. The electric dipoles may be molecular

dipoles capable of being excited by electromagnetic radiation.

[0008] The polar medium may be a lossy dielectric. The term is well
30  understood in the art. Loss, in this context, refers to energy loss due to generation
of dipole radiation. In this respect, the “lossyness” of a dielectric material is

increased with decrease in electrical conductivity.



el ectronics and which is arranged to emt an el ectromagnetic wave into the
pol ar medium [0006] Dipoles in the mediumre-radi ate the el ectromagnetic
radi at i oowodbenssdee nmedi um i s subnerged in seawater or eChaB2MmsIRIWAL €1
(e.g. brackish water) a relatively high proportion of the energy input to
the antenna is transnitted through thed4 npure water in the formof a
penetrative el ectromagneti c wave. [0007] The polar nmediumis distinct from
the water in which the device is to be subnmerged and has different
properties fromit. The pol ar medium nay take the formof a liquid confined

in an encl ¢4 cthe Polﬁhweéaﬂ%émmt eqqf‘érep]%ﬂVﬁrann‘é'éPtﬁﬁﬁllc%ﬂﬁiﬂi’%‘été’ Kstrer ous
BLECtrLC TRA fu 109 SULAGHILE oliRALES)RY LELIBIRC A aluPOlFsmoapan) e of
bei ng exci te ectronmagneti c Iation ol ar di um may be
a | ossy di the@btalrmedﬂﬂmrrtagmave sleweibdl condietisttp tus tlrantaheuta()@@OlLSmé, inthis
context, refers to energy Ioss due to generation of dipole radiation. In
this regpect the "l ossyness” of a dielectric material is increased with
decrease | Qoﬁ(ﬁCtTﬂe%la&H&QH&tﬂlw bYp (RQ0Rr. gt iR @ﬁteﬂﬁﬂy%@u'g@d’ puperefore
have an el ectrical conductivity Iess t han about 0.02 Siehens per netre (Sm
1), for exdnppdal medumimasy bbdaionigedowat8m 1 . The pol ar nmedi um may have

el ectrical conductivity |less than about 0.0001 Sm1 , [0010] The pol ar

medi um may be pure water. Distilled water may be used, but the polar medium

may be dei qpogd TRt Nar th&PdrkImalN@ridgh@icBehiin may surround the antenna.

10
[0012] In one embodiment of the invention, the liquid polar medium is disposed
in an enclosure, the antenna being within the enclosure and submerged in the
medium. The antenna may be coated with a dielectric and so electrically isolated
from the polar medium.

15

[0013] The formation of the antenna and relationship of the antenna to the polar
medium may be such that the electric field generated by the antenna is

substantially confined within the polar medium.

20 [0014] The device may further comprise signal generator electronics for
applying to the antenna a signal having a carrier frequency between about 0.5
MHz and about 1000 MHz. The carrier frequency may be between about 1 MHz
and about 100 MHz, for example between about 10 MHz and about 100 MHz or
between about 1 MHz and about 20MHz. The signal generator electronics and the
25  antenna may both be located within the polar medium, for example within the

enclosure.

[0015] In accordance with a second aspect of the present invention, there is
provided a method of propagating waves through impure water, comprising
30  submerging in the impure water a body of polar material and emitting an
electromagnetic signal into the polar material, causing dipoles in the polar

material to re-radiate the electromagnetic signal into the impure water.



[0012] In one enbodinent of the invention, the liquid polar nmediumis

di sposed in an enclosure, the antenna being within the encl osure and

subrer gedwonotdnesssmedi um The antenna may be coated w t hraT@iBzb@otsos2e and so
electrically isolated fromthe polar nmedium [0013] The formation of the
antenna and rel ationship of the antenra to the polar nmedi um may be such
that the electric field generated by the antenna is substantially confined
wi thin the polar nedium [0014] The device may further conprise signal
generator electronics for applying to the antenna a signal having a carrier
frequency B84 en hgopripr ma@rwhpaaﬁ@ awsuvatenod herpelarmratesial pB bt equency
may be bet\@@S@g) %g& .. 1 MHz and about 100 MHz, for exanple between about 10
MHz and about f 7 or between about 1 MHz and about 20MHz. The si gnal
generator electronics and the antenna may both be |located within the pol ar
medi um _for e within the enclosyre. [0015] In accordance with a
second éspéﬁfﬁﬂlﬁ’é’oﬁré%aé?ﬁa ARt WHd A i8IS s provi ded a met hod of
propagati ng waves through i npure water, conprising subnmerging in the inpure
wat er a body of polar material and emtting an el ectromagnetic signal into
the pol ar 88i alhe clavst ngagi fuothes domprike pgiahr gamatatori glectronice-foadi at e t he

o et OO AR L Dl T 24 Lo B R o T
MHz and about 1000 MHz. The carrier frequency may be between about 1 MHz
10 and about 100 MHz, for example between about 10 MHz and about 100 MHz or
between about 1 MHz and about 20MHz. The signal generator electronics and the
antenna may both be located within the polar medium, for example within the

enclosure.

15 [0019] At least one embodiment of the invention will now be described, by way

of example only, with reference to the accompanying drawings, in which:-

Figure 1 is a graph of measured signal strength (vertical axis) against distance
(horizontal axis) for an electromagnetic signal emitted from an insulated antenna

20  submerged in seawater;

Figure 2 is a schematic representation of a device constituting an embodiment of

the invention; and

25  Figure 3 is a graph of measured signal strength (vertical axis) against distance

(horizontal axis) achieved using the device of Figure 2.

[0020] Referring to Figure 2, a device 10 comprises an electrically conductive
metal antenna 12 surrounded by a polar medium 14. In this embodiment, the
30  polar medium is pure water. Alternative materials will be considered below. The
polar medium 14 is contained by an enclosure 16, which in this embodiment is a

watertight barrel formed of plastics, more specifically Polyvinyl Chloride (PVC).



[0017] The polar material nmay be a solid or a liquid [0018] The device may
further conprise signal generator electronics for applying to the antenna a
si gnal hawongosassanri er frequency between about 0.5 Mz pameB2bewvisos@00 MHz.
The carrier frequency may be between about 1 MHz and about 100 WMHz, for
exanpl e between about 10 MHz and about5-100 MHz or between about 1 MHz and
about 20MHz. The signal generator electronics and the antenna may both be

| ocated Wi tTthicie ishenlpod atrymadallnossf OfF siguenial paswnghhfbutghethenxzdlbstlrﬂee [ 0019]
At | east one errbodl ment of the invention will now be descrijbed, by way of
exanpl e onlhslogyre A6+ whigh glsedredicenias a%hé(?ﬁ%rf%uﬁ@n@ Aefianda this sesppste h: -
Figure 1 igp éaslﬂ agp h%fenE'% }:‘ﬁ%qs Shc@nale (& LRl ggtopth(eve‘ﬁrcfo'sﬁ%ll6?ﬁf‘bélh ai nst
dlstance(horlz nta axi s an el ectromagneti c si gnal tte rom an
i nsul at ed datsergnafest bmgrigexchnpic.sbawadesure F gufeylndiscad sisaphelmatseryes

representation of a. dev constituti.ng an enhod t of the_invention; and
Figure 3 i$5& QragRNgs e‘}?eégﬁlﬁé‘aor&%jﬁgf:%g?rlgéﬁa‘cl‘ﬁed(@%? iae%ﬂnnaﬁﬁ i{%{bai nst

di stance (horgomaleRioS s Ay, aU%cQQ pblif A8Ydis8d AheEWaH' Bal is [ 0020]
Referring to Figure 2, a device 10 conpri ses an electrically conductive

met al ant erdn@rrmmeédera)dmdlettrwt@ @mﬂ%nrentfdl Uihe adtennan12 W ®reedbodiment , t he
-Ilj-ﬁlear rTEdI %%rlnglepal'slraepa}{\r% HéA‘!trEu?srrnr}Esistléﬁl?lne Wl&lr I ?hllsl c\ématllng OFleP@C?I‘lCdt?r ed bel ow.

which the conductive lines are electrically insulated from the polar medium, to

10 reduce ohmic losses. The form of the antenna is chosen to localise the electric
field, E, which the antenna creates within the polar medium 14, since
encroachment of the electric field into the seawater 18 surrounding the antenna
gives rise to ohmic losses in the seawater and so reduces efficiency. Nevertheless
antennae are, of course, known in many different forms and any suitable antenna

15  could be used in implementing the invention. In one example, signal generator
electronics 20 are connected to the antenna 12 to apply an oscillating electrical
signal to the antenna 12. In this example, the oscillating electrical signal
constitutes a carrier signal, which is typically modulated to encode data for
transmission. Many forms of modulation are known and can be used.

20
[0021] In this example, the electronics are shown within the device 10 itself,
housed in a water-tight box, but can instead be mounted remotely from the device

10 and electrically connected to the device 10.

25 [0022] In operation, the device 10 serves to propagate electromagnetic radiation
through impure; electrically conductive, water such as the seawater 18 and is
submerged therein when in use. Excitation of dipoles in the polar medium 14 by
the oscillating field, E, from the antenna 12 causes them to re-radiate, coherently
with one another, an electromagnetic wave, which is emitted to the surrounding

30 seawater 18 and which forms the output of the device 10. In the illustrated
embodiment, the re-radiating dipoles are molecular. Specifically, the re-radiating

dipoles are provided by water molecules. The electrical conductivity of the polar



pol ar nmedium 14 is contai ned by an enclosure 16, which in this enbodi nent
is a watertight barrel fornmed of plastics, nore specifically Polyvinyl

Chl ori de wB\v@)y/iBesne is only a very small |oss of signalpcrcrramaisogeit hr ough
the wall of the enclosure 16, which al so produces a slight beam focussing
action. In this respect, the shape of-@tHhe enclosure 16 is such that the
shape of the enclosure 16 provides a lensing effect. In this exanple, the

encl osure hgedign a4 splndeid gatnrahigpewthalan SBRAtVESthaSuAoGRiive sgivigerl ens for

el ectromagnetic energy emtted by the antenna 12, when in use, the |ensing
ef fect haviGagseluepibal Ohsur lpssss Sug itarthel optillating elscteinaield srepsidebrithed by a

di aneter of, the eaglasuje 16. The antenna 12 is formed in this exanple as a
parallel-wire transmssion line with a thin coating of dielectric by which
t he conductive lines are electrically insulated fromthe polar nmedium to

reduce ghm sses. The form.of e antenna i s chosen to localise the
electric fi[@ﬁtﬁ Eﬁ*wewr{%e%t@ﬁawa‘@ea%%n Y PSR YR &1SHisd um 14,
since encr QagREBPhoWEr, PNE &l&esy-ic field into the seawater 18 surrounding
the antenna gives rise to ohmc¢ |osses in the seawater and so reduces

efficiency. Neverthel ess antennae are, of course, known in many different
forms and any suyitabl e antenna could be used in inplenenting the invention.
I n one exanple,|si@nal generatQE &hﬁﬁq oni cs 20 are connected to the
antenna 12 to d Bl Y+ & oscillatl%g electrical signal to the antenna 12. In
this exanple, the oscitlating electrical signal constitutes a carrier
signal, which is typically nodulated to encode data for transm ssion. Many
forms of nodul ati on are known and can be used.
10 where ow = electrical conductivity of the water

and op = dielectric loss by the oscillating dipoles.

The value for 6p is given by:

op-me"

where me" is the loss term of the dielectric constant, and:

15 e=¢+j¢"

[0024] In this respect, for non-lossy dielectrics, € = ¢'. However, where the

dielectric is lossy, the component or loss term, j&", is present.
20  [0025] The value for €" is given by Debye's equation:

Wt
g'=(&'y-¢", )m
where €'y is the value of &' at low electromagnetic wave frequencies (kHz) and €',
25 is the value at high frequencies (THz). The dipole oscillation period t is
approximately equal to T = 8.2ps but is temperature dependant and can range, for
example, between about 5ps and 15ps for temperatures respectively between
about 30°C and about 5°C. The value of &'y is approximately 4 and €' is
approximately 81 at about 20°C. Hence, the power of electromagnetic waves

30  generated within the seawater can be summarised as:



[0021] In this exanple, the electronics are shown within the device 10
itself, housed in a water-tight box, but can instead be nounted renotely
from t he wewvn@eisgddoand el ectrically connected to the depcrasBR009/(500222] I n
operation, the device 10 serves to propagate el ectromagnetic radiation

t hrough inmpure; electrically conducti-vle, water such as the seawater 18 and
is subnmerged therein when in use. Excitation of dipoles in the polar nedium
14 by the oscillatgeng field, E, fromthe antenna 12 causes themto
re-radiatef)édhqyemggy wi th one another, an el ectromagnetic wave, which is
emtted to the surroundi ng seawater 18 and which fornms the output of the
device 10. In the illustrated enbodinent, the re-radiating dipoles are

nol ecul ar. Specifically, the re-radiating dipoles are provided by water

nmol ecul es. [0026] el leetill be abparemduoh iBguatyonot thah empddarovesdiiumagidnisadobynd t he

antenna i s l.ower. than that of, the surroundi seawat.er. Consequently, ohmc
osses. due MIBTRREEoSESiFal SHGUEIAEE Pf dPF TPTRE, Skt ofoh)dHe CEMIEAha. ar o
reduceds [QQ&ﬁkﬁ$ﬁ§d&k§ﬁ§ﬁ&ﬂ%&ﬂﬁ&iC (EM wave power, P, generated by an

el ectrical source of power, Ps, 1s given by: P =P (Equation 1) s + s, where
sw = electrical conductivity of the water and D = dielectric |oss by the

£ or

oscillatirqbggpolcs. Fhe—valve—for—s—i G%&%qﬁ by
Seawater 4
Tap water 2x 10~
Distilled water 2x107
Deionised water 2x107°

Table 1 - Water Conductivity

10 [0027] In this respect, the contaminants in the water, for example salt and/or
chlorine, are conductive. Hence, by minimising the contaminants in the water or
other polar medium that contribute to the conductivity of the water or other polar
medium, the conductivity is minimised. Hence, pure or purified water, for
example by distillation or a deionisation process has a lower conductivity than

15  unpurified tap water or seawater.

[0028] By surrounding the antenna 12 with pure water in the illustrated device,
rather than seawater as in the type of arrangement taught by WO 01/95529
(supra), efficiency of electromagnetic emission is thus greatly increased. It can be

20  calculated using equation 1:

_p__ %
" (0, +0,)
192x107 f* ,
P=P (Equation 2)

Y(o, +192x10° )
25



D =we" where we" is the loss termof the dielectric constant, and: e = e' +
j e" [0024] In this respect, for non-lossy dielectrics, e = e . However,
wher e t hewogiz2edoegssonc i s | ossy, the conponent or | oss tergn/gB2edyosol
present. [0025] The value for e" is given by Debye's equation: " ( >V
where e' o is the value of e at |ow el®ctromagneti c wave frequencies (kHz)
and e , is the value at high frequencies (THz). The dipole oscillation
period t isvieppf oxheBMehMvEptophgdtion treguéhcps MM, | S tenperature dependant
and can range, for exanple, between about 5ps and 15ps for tenperatures
respectively between about 300C and about 5C. The value of e' 0 is

appr ox! Tt Ghiaot ARG ol SitRARAE AHLLBF Ehitr Bk RuAROLL 200G Hence, Lhe power
of el ectrormgnetic waves gener d mnt i n the seawater can be summari sed
as:P =P we " s +coe ' [0026] It will be apparent from Equation 1 that
emtted power is maxi msed by mnimsing electrical conductivity of the

medi um 14. For water, digek4ttcal cohdyckii Ty depmamisd waes purity:| Table 1
- Water Conductivity [0Q27} sk this|sespecym t he comp@rignants in the water,
for exanplelsalt and/or
# (MHz) P/P{(dB) P/P{(dB) P/P{(dB)
1 -73 -50 -30
10 -53 -30 -104
20 -47 -24 -5.4
30 -43 -20 -3.2
5
Table 2 - Emission Efficiency of the Device
[0030] Distilled or, better, deionised water is thus favoured for the polar
medium 14. Deionised water is used in the illustrated embodiment.
10

[0031] The frequency of the carrier wave applied to the antenna 12 can be
chosen to maximise performance and the optimal frequency is related to the
intended range of the signal. As Equation 2 and Table 2 above demonstrate, the
efficiency of signal emission improves as frequency increases.  Higher
15  frequencies also offer greater potential communications bandwidth. However,
consideration must also be given to the rate at which the emitted signal attenuates

with distance from the antenna, calculable using:

P, =P exp(-0z)
20
where o is the attenuation coefficient using Debye's equation, P is the emitted

power, and P, is the power a distance z from the device 10, and:

o &
H 2¢'



chl orine, are conductive. Hence, by mnimsing the contam nants in the

wat er or other polar nediumthat contribute to the conductivity of the

wat er or woOhesy/pedoar nmedi um the conductivity is mnim ed/GHIemus)s2pur e or
purified water, for exanple by distillation or a deionisation process has a
| ower conductivity than unpurified tap water or seawater. [0028] By
surroundi ng the antenna 12 with pure water in the illustrated device,

rather than seawater as in the type of arrangenent taught by WO 01/95529
(supra), efficiency of el ectromagneti.c enlsS|on i s thus greatly i ncreased.
It can be CWICEUPaT ed/ udhhgeeRgMsabikity) fodny 10 oéFnz/APana(ter S f

<EqUat | On2 pr,p gation frequency in MHz. [0029]
Losses forkﬁgﬁ%ig%%%a?h E“B¥&§éﬂ£‘ @g'as follows. Table 2 - Em ssion
Efficiency of the DeV|ce [0030] Distilled or, better, deionised water is
thus fa ourggﬁ%or t he olar medi um 14. Deioni sed water is used in the

i |lustrated odﬂﬁ@ﬁf WiH31] The frequency of the carrier wave applied to
the antenna 12 can be chosen to naxi m se perfornmance and the opti nal

frequency is related to the intended range of the signal.

Tabl e 2 abave 40&ores fat@in He ef fici ency of signa

frequency i ncreases.

H gher frequencies also offer greater

conmuni cati ons bandw dt h. However,

As Equation 2 and
em ssion i nproves as
potenti al

[0033] The increase in attenuation with frequency at 100m is given in Table 3:
10
f (MHz) A (m) P,/P Diffusion 20z Attenuation | Total
R=100m Loss R=100m Loss Loss
dB dB dB
1 35 3.06x10 | -35 8.64x10 * |-0.0 -35
10 3.5 3.06x10 ° | -55 8.64x10 * | -0.4 -55
20 1.75 7.66x10 " | -61 3.46x10 ~ | -1.5 -63
30 1.17 3.40x10 " | -65 7.78x10 " | -3.4 -68
100 0.35 3.06x10° | -75 8.64 -38 -113
Table 3 - Signal Attenuation
[0034] Frequencies in the MHz range are suitable. For long distance
15  transmission frequencies of the order of 10 MHz are favoured, because although
frequencies of the order of 1 MHz perform well at relatively short distances, such
frequencies do not result in a sufficient level of dipole radiation being generated
within the electric field of the antenna 12. For shorter distances frequencies in the
range 10 to 100 MHz are preferred.
20

[0035]

EM power. The power emitted by a dipole antenna of length % decreases as L

1.e. by -6dB cach time the distance is doubled.

There is a further loss of signal resulting from the radial spreading of the

2
r




consi deration nust also be given to the rate at which the emtted signa
attenuates with distance fromthe antenna, cal cul able using: Pz =
exp(-az) wbar®/38808 the attenuation coefficient using Debysmo@gses2ion, P

is the emtted power,

and: a =
seawat er

Attenuation [O

P

and Pz is the power a distance z fromthe device 10,
w nme -where w = 2p/ , and ned®-(perneability) = 4p x 10 7 TnVA as

has a relative perneability, nr, of unity (m= mrno). [0032] For
pure water: F 432 X | O6 / 2 (fin MHz) [0033] The increase in
attenuationev&Eh—f @guency at 100mis given in Table 3 : Table 3 -

Frequencies in the MHz range are suitable. For

Si gnal
| ong

di stance transm ssion frequencies of the order of 10 WMHz are favoured,
because al t hough frequencies of the order of 1 MHz performwel| at

rel atively vahes 1 =di slcRAEESs 385GhItE | S0 NVEHIE LRPP dOtrmift@Bpdwerl Fo rsuf fici ent

| evel

of dipole radiation being generated within the electric fiel

d of the

ant enna 12.10FBiz sibp tdéstange of d0firesP{ r BquersiBesThin diffiesiomloge is @iven im00 MHz
are preker nag. 4 Q0381 cIOPLEeh ol VThl 8ol 1055 B Sh20Pl \ARALA B

radi al

of

Sprea

I'ng~ 0 ower” em

| engt h adéefcemsasatads loss.

10

15

20

25
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[0036] For efficient generation of EM waves, it is important to carry out power
matching between the source, for example the signal generator electronics 20, and
the antenna. In the example of Figure 2, the source impedance is 50€2 whilst the
antenna impedance at 10MHz is 0.04Q. If the source is directly connected to the
antenna 12, the power transferred is reduced by -10 log;o (50/0.05), i.e. -31 dB.
By using electrical circuit matching some of this signal loss can be recovered.
Figure 3 shows measured signal strength with and without matching. The upper
curve was achieved with matching and the improvement is seen to be of the order
of 20 decibels. The measurements were made with a 10 MHz carrier frequency in

a tank of salt water with conductivity 3.84 S/m and at about 20°C.

[0037] In another embodiment, the antenna 12 used to transmit electromagnetic
signals can be part of a communications system, the communication system also
comprising a receiver antenna. However, the skilled person should appreciate that
the receiver antenna is separated from the transmitting antenna by the distance
over which the communications signals are required to be transmitted. Although
a conventional loop or dipole antenna can be used as the receiver antenna, as in
the case of the antenna 12 for transmission purposes, it is necessary to produce a
matching circuit in order to match the impedance of the receiver antenna to
receiver electronics, for example a 50Q receiver circuit, in respect of the

transmission carrier frequency being employed.

[0038] In respect of the above-described embodiment, the polar medium 14 of

the device 10 need not necessarily be water. It needs to possess lossy dipoles

fromthe
ant enna



2r i.e. by -6dB each tinme the distance is doubl ed. where | = wavel ength ~
34// with / in Mz and Pt = transmtted power. For / = 10MHz and a di stance
of 100m W0 2b09A38s00- 54dB. This diffusion |oss is given PoT/GHE®/Boas a
function of frequency. The total loss is the sumof the diffusion |oss and
the attenuation |oss. [0036] For effidient generation of EM waves, it is
inportant to carry out power matching between the source, for exanple the
si gnal geneagdbls oelbeiipr &Rited t@Oscifliibnt be tenthewmes, and 4 beffiexattpliegtof Figure
2, the source inpedance is. 50Wwhil st the antenna i npedance at 10MHz is
0.04W | f tdidecdig censtang uitable Materihhery & iwid Re S%geﬁmalpiez,m@lﬁée power
transferreqhé'ﬁ)ug\g]g{éced by -10 logio (50/0.05), i.e. -31 dB. By using
electrical circult "matching some of this signal |oss can be recovered.
Figure 3 shows neasured signal strength with and wi thout matching. The
upper curve was achieved with matching and the inprovenent is seen to be of

t he order [of 20 deci bel s. | Thact®asthemNinicwRire Jmsen th a 10 MHz| carrier
frequency |in a tank of salt water wi th qonductiwvjty 3.B4riqeTbRlshial about
200C. [0037] 11 angt her eftiog mhOyente |aRhER alendtactl 0 pnsm |
: ‘_!ICLIL; I I o Udll UT I I4L Ul bU!III Iljélal.lull =B AS] LILL) LTIe
communi cat|i on As“g?i(}ngr‘:% so corrprgzl‘l ng a rlecei ver antennp. However, [he
skilled persomghou(s) appyeci at esgohat tfHe recepyer antpnna jg4 sepafated
fromthe tiransmtting antenna by the diSgtance over whiph the commipi cations
signal s ane reguiiPedSto be tranghittted. |Alt hodghl 18
Chlorobenzene (L) 5.6 1.5 1.51
Cyclohexanone (L) 16.8 1.462 10.5
Ethyl Benzoate (L) 6 1.5 17.6
Methyl Acetate (L) 6.7 1.35 3.7
Methyl Benzoate (L) 6.6 1.516 13
MgTiOs (S) 13 2.305 25
Nitrobenzene (L) 39.4 1.55 13.4
Nitromethane (L) 39.4 1.38 4.4
TiO; (S) 91 2.55 25
Toluene (L) 2.4 1.497 7.6
5
L =Liquid S = Solid

Table 4 - Some polar materials suitable for generating EM waves.

[0039] Although exemplary diclectric materials are set out above, the skilled
10 person should appreciate that other suitable materials exist. Additionally or
alternatively, the dielectric constant of the material selected can be tailored to a
specific application by mixing the material with another, non-lossy, dielectric
(buffer dielectric) material, for example alumina or acetone, thereby for example
reducing the net dielectric constant of the selected material if used alone. Indeed,

15  if required for certain applications, the polar material can be a solid volume of



a conventional |oop or dipole antenna can be used as the receiver antenna,
as in the case of the antenna 12 for transm ssion purposes, it is necessary
t o producwoaoeatsgdeong circuit in order to match the i npedamB2o@iosoize

recei ver antenna to receiver electronics, for exanple a 50Wreceiver
circuit, in respect of the transm ssidh-carrier frequency being enpl oyed.
[0038] In respect of the above-described enbodi nent, the polar nedium 14 of
t he devi ce niflerieahi-rdt orNQARISSAr ducl dher velligk. ofl hakkaeldsufiGietds &28S td 0SSy

di pol escapabl e of being excited to oscillation by the antenna, and a

suf fi ci ent lRgcamygadale Breedacticligld e themntenayyi t abl e materials may be Iiquid or
solid. Exanples include the followng. L =Liquid S = Solid Table 4 - Sone
polar materials suitable for generating EM waves. [0039] Although exenpl ary
di el ectri c [06d0¢r i lalshowd ebesgtpreidted blmat ethe tthaasmitickd ed dperdbod hehwmlade
appreciate that other suit e materials exist. Additionally or.

al ternafi véPy icapfge, HHirB‘I‘I&’ctﬁI%FJé’ dBhSXARPICO P AFHYERTaPioPECaingan be
tailored tQmasinpepbbition 2RPINLCAREQN tsifedbRY SHIRCIRIRIAbn, WhiRafiaOt her
non-1 ossy, dieléctric (buffer dielectric) material, for exanple alumna or
acet one, t lvemabwyidatipnexiatapl, @oicediec pmdjort emoteetonttokl ect ri ¢ constant of the
selected material if used alone. Indeed, if required for certain
applications, the polar material can be a solid volunme of material, m xed or
unm xed, such as a volunme of material sufficiently |arge to acconmodate the
electric field of the antenna. [0040] It should be appreciated that the
transmtters as described herein are



applicable in many fields, for exanple subsea activities, such as: sensing,
i magi ng, position fixing, speed neasurenent, obstacle detection, guidance,
conmuni cavoeo®/B8sodat a, voi ce etc. and/ or renote controlPCCIGHE2MI/0B052A devi ce
for propagation of waves in inpure water, the device conprising a polar
medi um and an antenna, the antenna beilhg connectabl e to signal - generator

el ectronics; wherein the antenna is arranged to emt an el ectromagnetic
wave into the polar nmedium 2. A device as claimed in claim1, in which the
polar mediumis either a liquid confined in an enclosure or a solid or a
solid confined in an enclosure. 3. BL88VBce as claimed in claim1 or claim
2, in which the dipoles in the nediumare nolecular. 4. A device as clained
in any preceding claim in which the polar nediumis a | ossy dielectric
capabl e ofl. enild¢wticanyr popagatidawifoeavas ircingpure dvatan, thoydeate cobmpmsng atpolad, i n

whi ch %he pglar medi um has a conductivig%rless theg about. 0. 01 Si enens per
metre.” 6. MRIEYi ¥ 28 nigPhed B AR BTBRI RYICFEPIR 1§ nSIERAERNTTRIO pol ar
medi um i SeRANRSY wheRlPHednfennd is ArHR¥l 6Sedft afl A ABhabRetRNVa R iBREAENT
claim in which the polar nediumis pure water. 8. A device as clained in
any precepéolagmediaim i n which the pol ar nmedi um surrounds

2. A device as claimed in claim 1, in which the polar medium is either a liquid

10  confined in an enclosure or a solid or a solid confined in an enclosure.

3. A device as claimed in claim 1 or claim 2, in which the dipoles in the medium are

molecular.

15 4. A device as claimed in any preceding claim, in which the polar medium is a lossy

dielectric capable of emitting.

5. A device as claimed in any of claims 1 to 3, in which the polar medium has a

conductivity less then about 0.01 Siemens per metre.

20
6. A device as claimed in any preceding claim, in which the polar medium is a lossy
dielectric.
7. A device as claimed in any preceding claim, in which the polar medium is pure
25  water.

8. A device as claimed in any preceding claim, in which the polar medium surrounds

the antenna.

30 9. A device as claimed in any preceding claim, in which the polar medium is a liquid
and is contained in an enclosure, the antenna also being within the enclosure and

being submerged in the polar medium.



the antenna. 9. A device as clainmed in any preceding claim in which the
polar mediumis a liquid and is contained in an encl osure, the antenna al so
bei ng wi tWwonoddsssncl osure and bei ng submerged i n the pecarcemeaiosns210. A
device as clainmed in claim9, in which the antenna is coated with a
dielectric and is thereby electrical ty4isolated fromthe polar nedium 11.
A device as clainmed in any preceding claim in which the formation of the
antenna amng iA gevi&l @tdlaﬁ&hi ip cldimt9)en palidr thyedicain & @asddokith atdiclbdidicel ectric
field generated by the antenna is substantially confined within the polar
medi um 120d lAt%Féi‘r]?Yc@ecégcaé]IYdEQ@Sdifﬁ‘?nhW? peleEXdiu®y claim which further

conpri ses signal generator electronics. 13. A device as clained in claim
12, in which the signal generator electronics are arranged to provide a

si gnal havl.ngA adevarer dseclainicelqine agy phetdieg relaoln vmiEthdzﬁandttiah)mftth&OOO VHz .

14. A device as clained in claim12 or claim13, hthe5|
gener at or AMPHRY Yhls s n§h|1ie 0 P PRET AP PBY ﬁfed?l@B @htdc% ‘f’lﬁ‘ftﬁct poI ar

medi um - 1gen M8 AR aAfenRi ARAGELATNYY WBN BSed WHIAH IR ;%dlwl@dlmt er, the method
conprising subnerging in the inpure vvat er a body of polar material and

emtti ng into the polar material an el ect romagnetl c signal, causi ng di pol es
in the Ir]]g gﬂ({erlal tgr -radiate t \sx%:ld S{hg hntothe| wat er .
16. A met hod ‘As i Hed c‘lna‘i"“r% Rigee ]ilfg Th e &t C?r@?‘é?eis grfa pur e
wat er . generator electronics.
10
13. A device as claimed in claim 12, in which the signal generator electronics are
arranged to provide a signal having a carrier frequency between about 0.5 MHz and

about 1000 MHz.

15 14. A device as claimed in claim 12 or claim 13, in which the signal generator

electronics and the antenna are both disposed within the polar medium.

15. A method of propagating waves through impure water, the method comprising

submerging in the impure water a body of polar material and emitting into the polar
20  material an electromagnetic signal, causing dipoles in the polar material to re-radiate

the said signal into the impure water.

16. A method as claimed in claim 15, in which the polar material is pure water.

25 17. A method as claimed in claim 15 or claim 16, in which the electromagnetic signal

has a carrier frequency between about 0.5 MHz and about 1000 MHz.
18. A method as claimed in claim 16, in which the polar material is a lossy dielectric.
30 19. A method as claimed in claim18, in which the polar material is solid.

20. A method as claimed in claim 19, in which the polar material is a liquid.



17. A method as clained in claim15 or claim16, in which the

el ectromagnetic signal has a carrier frequency between about 0.5 WMHz and
about 10080Mbiw/1380 A nethod as clainmed in claim 16, inpreimigBrotdsoTol ar
material is a lossy dielectric. 19. A nethod as clainmed in claim 8, in
which the polar material is solid. 2015A nethod as clained in claim19, in
which the polar material is aliquid.2 1. Atransmtter apparatus

conpri si nglt he Adess@gtted apgdratusesmprisiagtheaReicofas Claghdbinlant @nd 41 CBdms A
comuni catlitoo?f system conprising the device as clained in any one of C ains
1 to 14. :

22. A communications system comprising the device as claimed in any one of

5 Claims 1 to 14.



