TI TLEWAve Power CROSS- REFERENCE TO RELATED APPLI CATI ONS Thi s
application clains priority fromUS provisional patent application No.
60/ 760, 893, filed January 20, 2006 (Docket J(JP 001), US patent application
No. 5 11/430 6447, filed May 18, 2006(Docket JUP 001-1), and US provi sional
patent application No. 801841,834 filed Septenber 1, 2006 (Docket JUP
001-2), The entire disclosure of each of those applications |Is incorporated
herein by reference for all purposes. BACKGROUND OF THE | NVENTI ON 10Thi s
invention relates to devices and nethods which utilize the power of waves
In water (hereinafter referred to as "wave power"). As a wave travels
al ong the surface of water, it produces vertical notion, but no net
hori zontal ndtiBn, oMaxaPerer The anplitude of the vertical notion decreases
| ogari t hmi cakkpsBiREFERERCE TORELATEDOARAMIGHTIONS Ut hal f t he wave | ength, there
LS little Vﬁrti Cathis 250IERbA B8ms ittty FBRRS Révisthapbentpsiaranby Wi ng al so
ecreases s e [ en made to
utilize vvave%{’)’g%%ffggt edfoan%ye%oﬁ%%&t&g%%@gn% %?pgggﬁgg' for exanpl e,
to U S Pat eil/43RR447disg Npy 78 2908qipeckoigh)P 091-4) sndiggprovsiopalpaiest 3 508, 516,
3, 845, 733, 3 2B7i2;t80 Bip. (D/83 28340040 SeptelBes7 20064Darkat JUA P01-2), Jgoerdi@3, 4, 598, 647,
4, 684, 350, 4, ddohidetbadhlos hoskEpplicBionSid iredPorand héatlin by lafelenBbior aliThe entire
di scl osure of B of those patents |Is Incorporated herein by reference tor
¥

B ! .
al | purposes %ﬁﬁﬂ%ﬁRY In accordance with The present
i nvention, w& 59§°HN?:&HVW¢{%W wave- power ed devi ces, and novel nethods
usi ng wavé power dhisieiten elatepiieviseratic mefiods wiNchadiizg fe pavestof YaV§Rscri bed with
ref erence t oinwsdigrherghaifiet eferaship ed’vweveapeler’pver t he surface of the water when
they are placed Iq3 aiefravaR MoREhYENRE: SFNaier & pRIBUGS Seridabmatiok,bap® of t he
vater (her el Dafiflonta?[Bidn 3 whe. Fe anliiiE BATL {PRalRG! dakreaded SUCH vehi C es,

at | east par i Ave power ves the 1loat over th rface of the
wat er (the rdRSETRAIERIYSFD f’?\‘gh' &gﬂf’@g‘géf(@’f’}’n\# hg fgve '8'@%8‘%?3%‘8’@%"? @??i nto ot her
usef ul f offrs magen. Ve seeep of pugeRisiaguced pisvingrlsqfrereies shary WihdsPllsAf ul when t he
float is hel chuinberaf fropeadls have abdnonmde & Wilizelyava poveen tottlousadul wotkher att abrit nent .
I'n preferred Qpads MapbSmaddor dxBMea b OB, PRIRSlob. eges1 Bls@ef,or  Unmanned

Lo uen! Sk pBAsGa kS 4 P, Ut g s ve o

dangerous to € ng. Vv '|%% r ngs.
in g first prie¥ éﬁ%/'{ed '35%'3’6'*6?’?96!52??%5%’3%910? i%ﬂa 63’?6 %oégg'r@gﬁ‘gﬁeﬁnga/ave- power ed
devi ce 352hitst Ebmpitesple gisgosyre pf engh of tiosy paterdgis fsRporatghbErginyyY 5 t et her
connecti ng t hefefchadbr Aipdmodee .
SUMMARY OF INVENTION
In aceordance with the present invention, we have discovered novel wave-
powered devices, and novel methods using wave-powered devices. The invention will
25 be chigily described with referance to water vehicles which travel over the surface of
the watef when they are placed in water having waves moving across the surface of the
water (herelnafter referred to as "wave-bearing water"). In such vehicles, at least part of
the wave power movas the float over the surface of the water (the remainder of the
wave powaer, if 2ny, being converted into other useful forms, or wasted). However, the
30 invention is also useful when the float is held in 2 fixed localion, e.g. by an anchor or
ottier attathiment. in preferred embadiments, the invention makes it possible for
unmanned water vehicles to carry out tasks which would be tedlous, expensive or
dangerous to carry out using vehicles operated by human beings.
in a first prefemred aspect, this invention provides a novel wave-powered device
35 which comprises (1) a float, (2) a swimmer, and (3) a tether connecting the float and the
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SW nmer ; the float, swimer and tether being such that, when the
vehicle is in still water, (i) the float is on or near the surface of the
water, (ii) the swimer is subnmerged below the float, and (iii) the tether

i s under tension; and 5the swi mrer conprising (2a) a swi mmer body having a
| ongi tudi nal axis, and (2b) a fin systemwhich (a) is secured to the body,
(b) conmprises a fin, and (c) when the device is in wave-bearing water, (i)
has a configuration which changes as a result of the wave notion, 10and
(1) ingﬁﬁ@ﬁ%%;mjth the water to generate forces which tend to nove the

[

SWinmer 1n a rection havi ng a horizont aL conponent (herFi,na.ftﬁjj referred
to sinply asthe fload awimmenead teiheekeingPuph thatewhep the vehiclq is g8 WA ein to
denot e 2;)GRETAAESE onGHREF MdSufa@earthalvwated %ii)l tagisiivhnsartié sabmaggsdisélowhi ch,

when the wave- powered deyice is.in wave-bearing water, the water exerts
pressur éhéﬁPﬁﬁv Paﬁf')gﬁt@ﬁﬁﬂﬁm‘gﬁﬂwsﬁoﬁf Pi®nce the novenent of the sw mmer.
| n mgny casesthetsW@mwidradony®isirgd € i ncl udes two or nore fins, which may be
the sanme or gifferent, secured to different i.nt n the swi nmer body. The
"| ongi t udi naﬂb%)ki ?%‘i’““ﬁ‘{g’%\)&q}ﬂm@! B W'WB@?P%ﬁ'Et%ﬁgener ally vertical

pl ane al ong @bxhadh systerawiticte(a)iosesuretida thehbodie (b ecinprises adineahd &) ng
wat er . hl%ethfe!d%vfb\é% ngbeeraﬁgéxv%}g]s’ at | east one of (i.e. one or

nore of) t he ¥ owing Characteristi (A) It conprises a fin, for

exanpl e a general (iy | andsarconfigurainh ovhichchargssaroarest akthe vave meten.on

(e.gp an axis of pghation generally transverse to the |ongitudinal 25axis

of the swinmmer body), the axis_of rotation having a spatial r<—‘il ationq%gip to
r

the swi nmer body @Hi chinderaaigeitnHishweles tagenerats orpes L 584/ fRPVR

(B) It conprises gimekima diretti®x BaBhE aeh@rbatAlcbindonhnt teréinaftemhi ch
rotates about an a

transverse to t herx%ﬁﬁg{t%r&i)t Va%ﬂ‘frégggi?ﬁi}agﬁésﬁtﬁﬁ" r 883; I ognge?:air ?l 1’1%
el asti ¢ conpdinerterrhéfin’ is aisddmetraih to dehotpa cogponenkcahpliging asgsrianglly a net al
tor ﬁison Igr%rmar%liufgge %bgﬂs{)%(cih? when the wave-powered device is in wave-bearing
water, the water exerts pressure sufficient to substantially influence the movement of
the swimmer. In many cases, the water vehicle includes two or more fins, which may be
the same or different, secured to different points on the swimmer body. The
, "longitudinal axis" of the swimmer body lies in the generally vertical plane along which
20 the swimmer moves when the device is in wave-bearing water.
The fin system preferably has at least one of (i.e. one or more of) the following
‘characteristics: —
(A) It comprises a fin, for example a generally laminar fin, which rotates about
an axis of rotation (e.g. an axis of rotation generally transverse to the longitudinal
25 axis of the swimmer body), the axis of rotation having a spatial relationship to the
swimmer body which changes when the device is in wave-bearing water.
(B) It comprises (i) a fin, for example a generally laminar fin, which rotates
about an axis of rotation (e.g. an axis of rotation generally transverse to the
longitudinal axis of the swimmer body), and (ii) an elastic component (e.g. a
30 metal coil spring, a metal leaf spring, a metal torsion bar, or an elastomeric
component such as a natural or artificial rubber band) which is not part of the fin,
and which deforms elastically and thus influences changes in the configuration of
the fin system when the device is in wave-bearing water.
(C) It comprises a fin, for example a generally laminar and elastically
35 deformable fin, having a leading edge which comprises (i) a relatively rigid



conmponent such as a natural or artificial rubber band) which is not part of
the fin, and which deforns elastically and thus influences changes in the
configuration of the fin systemwhen the device is in wave-bearing water.
(C It conprises a fin, for exanple a generally lamnar and elastically
35deformabl e fin, having a | eadi ng edge which conprises (i) a relatively
rigid central section which has a fixed spatial relationship with the

swi mrer body (including the possibility that the central section rot at es

about an 2| Soifa LA INGHAALE Rl LS ISBRkALN S RS nine K

sw mMmer body atrvel oard sections D) I t
conpri ses t\Abngedmgathepolsaibﬂlhathaf(ihfsceﬁtfﬂl segtom rdatespbgph 8paxisof rgtiesr and

elastically ggwﬂb’%@e‘a %{5&%! M?étﬂhsﬁﬁﬁNﬁh Eﬁ@&wlrﬁﬁﬂ?éo@% and fﬂnc?%mwelyand each

of which rotates™about &an axis of rotation generally aligne th the
| ongi t udi nal defareabte ewboaw $AAIPNBody (such fins operate in a manner

simkar to tpg peﬁtc%ﬁﬂirlsgb%o érzfllyﬂ&n@fartﬁﬁ% f&r@&énﬂp‘b ﬂvd)geldsraawzhmmer
bne or bot  Bndaastealy BRprgepk vk s baror fndgds O ¢k ARy sb8 Tich° S
el astical ly dehaichbltftesabberan a(qE)ofIrcbtaaomrenaeslyeangneqbmrtheuwngmudmal
conpr 1 ses. o8O avgnmehGory (B s eRdpiet ' TEec st & Bidipactora
conpri ses a finbshanfishabt therwiggs ohar kird,eutd am, referngditocheretnaswpestoral fins).
relghlvely [ hiXlBi: bkt a,{géﬁqhﬁgé BhaBe b zgrtﬂewnﬁ,&.aafcha}ader@nasd af t

sec ron, the e|n to the " fore section, and
the fin systém beltmmmmlaﬁm"m@mble BammRe or e sect i on.

(H) It conpripes R%n%ns@?,raec&rﬁﬁ&%}&%ﬁcﬁ%ﬁ%ﬁg datDanGlof eldcticall pe@et.pnent ,
20communi cat i ons equi pnent, recordin pment , Con?fretRSrf"'Lﬂﬂ?t ronics,

steering equi bﬁ(ﬁwlmnéﬁfob%jé’r&@f%'ably qr eécﬂ?ﬁ'?rs"égr

subst anti al | yh¥eictéristicsfLins which influence the orientation of the sw mer
body in the nt al ane. fins n _hel rag forces
and){?o Ilmt?ﬁggta |‘i9ﬁ‘ etsr?es‘é'?ﬂl{?rﬁﬁlyméqﬁ? e segﬁ%ula\ e%‘s‘%g y&gcf by t he
tether. |n onelatvdipderibie in theeedidamiEnebady aciistarsiedy dgid aféaecttmthﬂ; fin
and 2. trai |1 bl Dol iachan, BP oRGIRL §8O1cht SBEudBn8NhETRoyeldin Bobig | ar

enbodi nent, a par as are atlv y small “hori zontal
di mensi on anattached, dor e@@ypleatytheere S@%‘*io”ell mensi on; for exarrpl e, such a

part, if at {he titasdnhme@.%ecﬁr Bk maaﬁém@@@kct&oﬂbm &xecmammntam

steer the 30sw mer. (J) rise ener {j %l ‘Jl ; usg&g
pec@Bral - fi n§°WW‘é’H°%98ré3n%q‘§P'Pﬁ8 refey! "\Qf qu‘i%mSB yontrol elec er‘é ?éﬂgence
i's made her eigguiptnéntf &nd eensdrBer conponent which rotates about an axis of

rotation, or (lt)0 AR gr?s%gton\g%rcrno}e su@s&%%*e@&énhﬁg whicH ﬂ?lﬂéﬁlpé the
orientation of the swimmer body in the horizontal plane. Such fins can help to
balance the drag forces and to limit rotation of the swimmer when it is pulled
25 sideways by the tether. In one embodiment, the swimmer body comprises a
fixed leading fin and a trailing fin which can be actuated to steer the swimmer. In
a similar embodiment, a part of the swimmer body has a relatively small
horizontal dimension and a relatively large vertical dimension; for example, such
a part, if at the trailing end of the swimmer body, could be actuated to steer the
30 swimmer.
(J) It comprises a generally tubular housing, with pectoral fins which extend
either side of the body;
When reference is made herein to a fin or other component which rotates
about an axis of rotation, or to a component which is rotatably mounted or rotatably
35 secured, this includes not only the possibility that the rotation is about a single axis, but



35 secured, this includes not only the possibility that the rotation is
about a single axis, but also the possibility that the rotation results
fromrotation about two or nore axes (which may be, but need not be,
parallel to each other), and the possibility that the rotation involves a
continuous relative notion of adjacent parts of the fin or other conponent,
as for exanple when one part of a erxibIe finis fixed and the rest of the
flexible fin noves 5relative to (i.e. "rotates about") the fixed part.
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The water vehicles of the invention often comprise a single float and a single
25  swimmer, and the invention will be chiefly described with reference to such water
vehicles. However, the invention includes the possibility that there is more than one
float, and/or more than one swimmer, for example a single float attached to a plurality
of swimmers, the swimmers preferably being axially aligned, by a plurality of tethers.
In a third preferred aspect, this invention provides a method of utilizing wave
30 power which comprises placing a device according to the first or second preferred
aspect of the invention in a body of water which has or which is expected to have water
waves traveling across its surface,
In a fourth preferred aspect, this invention provides a method of obtaining
information which comprises receiving signals from a device according to the first or
35 second preferred aspect of the invention, for example signals from some or all of a
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plurality of such devices, for exanple 2-10,000 or 10-1000 devi ces.

In a fifth preferred aspect, this invention provides a nethod of obtaining
I nf ormati on whi ch conpri ses exam ning signals recorded by a device
according to the first or second preferred aspect of the invention, for
exanpl e signals recorded by some 5 or all of a plurality of such devices,
for exanple 2-10,000 or 10-1000 devi ces. In a sixth preferred aspect,
this invention provides a nethod for controlling a function of a device

accor di i/ diS Chidelicdk, R 9athgit ofR16G0I0RT0AG00eid, [ vent T on, the

nethod r'sing sen nals to the device. In a seventh preferred
aspect , t h| s Ip ﬁ)r@fﬁfﬁ‘bﬂﬁﬂ%“é thisviaventisuprovidasiamedhad ot Qfaindg i n t he
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oot o or 1 iln Sl B e Iolhyebr eklls prRini oy BRSEOMERS) TLy
aspect, fuhtton ofedévioa aacondinte thietfestodr seaphd prefepedsaspgct ﬂtthenn\mmt!enof t he
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pr rerP erre he£%§g§ 8%"0"["%@’ %%*eoﬁ?s?o%%b&ﬁgﬁg B%@éhl g|=J>T| ON OF THE DRAW NGS 20The
i nvention is lhld seMenth prefeyed mspactc tiiplvgntien aravidemysoveliipats switable for
di aglroa?‘(gééaﬁ c}ﬂ%ﬁréf A skBorid g"&errgh %g§ctjof'tﬁe fhven@eh 2 3br éth\éﬁbﬁfpo‘éég“ vl

Fi gure are cross-Sections fins use in certain odi npnt s.
Fi gure swinnersrsyigbleder Lsa l@fheaf‘rﬁggmconm@‘gfeéresi aepegt BTGW”W"&@"GHH f a

contr ol f‘éV&i uﬁidb‘é&enévéffw@ysﬁerﬁ@%b;témé f& lié@hltﬁéfkﬁeﬁls@gombfﬂfel\:‘edm cle.
a water vehicle
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i 11 er erSESRPT Gaiava i 2 for other gy sy Bng newpireegiqhes Brbsp IS Ms st

v:c ew of andwedmnhdyarbferte] aspapts of the ingerdionearidafog ethgrgnspessas.ve vi ew of part
Fi 9.

of Bure S G A AR G RIE r RA AARARpr S

20 is a mmqra/mfdhe@bmpmam eeemnxﬂ@embl@agmvecwzaccqxdggrteéhezmt £H 22C

show di f{erent, cRRELRE R 8PheThvéntidt er vehicle having a 30 flexible body.
Fi gures 23 g@ pegre pers ectleveevf‘ews of water vehicles. Figures 23A to 23D

show di fferent views of a water vehicle. Figures 27A to 27D show different
Vi ews ofBaiEmaDEtsomhﬂwbmanmﬁmm:uGes the fin systemis nunbered 0, 1,

2, 3 4. |f_th fi t th t

5 kS (o be HRBYERm B0 by R SRS Rading prafingiuftR 4 ¥ 12t "
conf i gurdiagmmmatinand eoetb dcalet Figure Hds adliagrgun af acvater valliglet Figireadapiced
when flogl,, érogéls'ew%sbshf @%e‘@ﬁXgrt&F\ee?ﬁbozﬂméni§eFJgﬁF@h‘?é‘aS:Poés%'ecﬁ%hher

is falling e he configuration is nunbere I's the
conf i gurefta wher mbyret'@l%@ stiagragheld corirglisysterma §iguie Bethows 3 Rathfebugh

of the va¥RitioAKebhRy WQ&?'V@HM&‘ FJ@ﬁré Bidg rpe$§p’€d|$e Wibw BES 9aRer vdHicléhe
conf] Isg ur[z_j}bh;)ens Is ovr\]/g Imf%ren’c com‘l guratlons oef fo n ml l-g lgj;:r.x% JIo?ﬁgure(:’él tg a perspective
view of a water vehicle. Figure 10 is an enlarged perspective view of part of Figure 9.
Figures 11A to 11D show different configurations of the fins in Figure 9. Figures 12-19
and 21 are side views of water vehicles. Figure 20 is a plan view of the water vehicle of
Figure 21. Figures 22A to 22C show different configurations of a water vehicle having a
30 flexible body. Figures 23-25 are perspective views of water vehicles. Figures 23A to
23D show different views of a water vehicle. Figures 27A to 27D show different views
of a water vehicle.
In some Figures, the fin system is numbered 0, 1, 2, 3 or 4. If the configuration
is numbered 0, it is the configuration likely to be adopted when the vehicle is in still

35 water. If the configuration is numbered 1, it is the configuration likely to be adopted



5 to be adopted when the float is rising towards the top of a wave and the
tether is at or close to its maximumtension for this particular cycle. If
the configuration is nunbered 4, it is the configuration likely to be
adopted when the float is near the top of a wave crest and the tension on
the tether has decreased. It is to be understood, however, that the
configuration of the fin systemin practice will not necessarily be that
shown in the 10 Figures. DETAILED DESCRI PTI ON OF THE | NVENTI ON
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mean that other elements (i.e. components, ingredients, steps etc.) are optionally

25 present. For example, a water vehicle "comprising” (or "which comprises") components
A, B and C can contain only components A, B and C, or can contain not only
components A, B and C but also one or more other components. The term “at least”
followed by a number is used herein to denote the start of a range beginning with that
number (which may be a range having an upper limit or no upper limit, depending on

30 the variable being defined). For example "at least 1" means 1 or more than 1, and “at
least 80%" means 80% or more than 80%. The term "at most" followed by a number is
used herein to denote the end of a range ending with that number (which may be a
range having 1 or 0 as its lower limit, or a range having no lower limit, depending upon
the variable being defined). For example, "at most 4" means 4 or less than 4, and "at

35 most 40%" means 40% or less than 40 %. When, in this specification, a range is given



steps, the defined steps can be carried out in any order or sinultaneously
(except where the context excludes that possibility), and the nethod can
optionally include one or nore other steps which are carried out before any
of the defined steps, between two 10 of the defined steps, or after all the
defined steps (except where the context excludes that possibility). Were
reference is made herein to "first" and "second" elenents, this is
generally done for identification purposes; unless the context requires

ot herw se,« (tah‘ﬁsﬁ ﬁurr%e@:?g r‘é%tﬁ & &lSBBAL Or %{ﬁr@ﬁ‘udrﬁ@eﬁ a'('% s8Eoil hiiembent, and

reference to a ftirst es not ‘mean that a second el enent is
necessathisynearsanange Whagh lawerigyit isdhedirgfiyabgnand wese HRPR AL S the nade
herei n tR:oAd nAimbedN FoplRamble, "rbinss €985 fé6it of¥6-1 8 fset! heapessidnidel wiyoddhat
there are two or nore such el errents_réi?xcigg whﬁjée t he pqntq?,xt, eF.chudes t hat
possi bi 1pwenlimités 5deakandwhosrpererdinl s\t feet thgdemas R s QUEPIE, or a

fi nf _?)ySt"QmalIt{ﬁea%\@‘rﬁEﬁbli@@Baf@ﬁ@led herie i g;??leewb armm'ev\h ithan thwo itemsior e fi gs
or fin syste i may . be t sane or rent .. . r e s made
nerein <ot wVBPS TGS if EREATSTOPPS MRt BRI S oh B S RAeY T y

t hat thetéps the detined etepamandecaried gubdrednpyrderioe skeultansobely (excepteat er

nb f el i di . '
excl udeTEITE SOOIt ‘%%%*y?é‘gﬁoa?%%%%ﬂ&?gﬁééﬁé;w%ﬂ*m%?@%ﬁf%%gwﬁ%&?%’%ﬁét
syst em camomegathkestepewhich stengarged mut aeforp ey of iredelinasesiergi heiwesatepn
shoyhd hg ko géﬁgﬁé@ digpdst BT Ling Al@hé#ﬂi@e@%&o(é@éﬁ WierbhBE lcoRf) @X%tiuass!

expression, for exanple, each er |s.suqu%ec:t' to variation which.
depends that pessikiiylr Wherarefsraneds made hargie tardislipad "sgranst rirfaents, this

convent ij9 gahbaiyRieXyr Id2ptfcatiohl gurfosdt; utfesirthe context requiltisestiRentids thé se
noted, thé references a_conpon

t h t i h f t, of
o e soL et P e M P R RS, AL
wat er . \dudsaus rhesmthaacsaeoad eleméeht is negessdrilg présent {thoagle dmdaybe with t he

Ledt neBa. PP ARRIER e ottt B o af DRERLAK ek Mrciude
denot e tthe possibilitnthat there are twa o8 snoresysbialementsdexeentiwhere the geptexbnponent

as wave : gy e f @faMBh&k is made herein to affRi, ©r adind
"aft” de%pgﬁsggg? ?)%és'&ﬁgrg{qr\% y ne';WNﬁ?e feadi nlés rgﬁdetreg?l?i %gcﬁiges (or

35 ends)systampeibe; swdmyner can (and frequegily goegleRMREsS R PREGMS AN lies
gener al lgysiding WRichireay) be titgambictdlifsreRt Vithe®! referehdeisviptie takeinltango vhi ch

i ncl udes "t he | ongituydi nal axis of t SWi .. Axially aligned" es a
i v 20t | rotsieamtedhisdnes it hceiBe pEsPRRy taf Hialp o Eme T Bl

| ongi t udiepliced bysa fssehaumbenoegreatérmmanbkercofsdémdptsqiresidinglihesssmen whi ch
lies ge | | eal «f he i which
et uded P porpBLURELS iR coRtBR - EhlBR M Pod Ril)C FHCLIBIG, B RRiLF
nmade herlwidy angd thef fimsystemgancaoethen &orm pywingle ypitarydagiy: hThe PR given

def i ni tieirf $HolfX BERAsird&N R4t thy 1dthude ¥Bpidpriate 1 tABR conti@ BAtalxbYession; -

| am nar, or " eperal y hagrizontal", it js to b gnder tood that the feature
nee@snotfobﬁﬁﬂl%i? & ERCRNWNDRS I\ Pylye %@t"%‘&?’??&ﬂ'&f RENT 7 BIF 2E2 APy can
depart fwisichtithedn bé nextsudal by netioodHyormverdionaliyt usdd l_thtmme_réhﬂkadeihftbea'rthlel
operation in [ ce. [ e . Lhve

the. componentSisrERL i ttel. BeReidiEhter s Bk fosfichHe iy Sepecta, 10
pr ef er abtompenssitaithedebitlemaferto that positoming and sbape whentthe yghiclengtie still
andror QPElePs ribas il Sre il R this GllecifREHER irPhocti@indEith i defiiiéey abl v,
the materials which are exposeof to the water are resistant to bio-fouling,
and ¥ e Given ebave and tae fsther deipiipns givendbsl@wi ne ani mal's, e.g. sharks.

Sui t abl e mat e lk@ufCadyd"6r R%AMB] ehd)@indetRAingbdded [RrPiRhG cAOYIdOTEARS | C

it) ,_J ncl udi - t t d | f
pol yrer ST AR HTRCes HoPaOI G AR AT e PAPROTAN FEEAY R igetrtet

bat t er i eheasmthicle to move forward.
"Fore" and "aft" denote locations relatively near the leading and trailing edges (or
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20 sol ar panels (or other electricity-generating neans), bio-foullng can

al so be di scouraged by using the power fromthe batteries or solar panels
to briefly electrify conductive naterials on the vehicle, and/or to
energize a vibrator which wll dislodge bio-fouling materials. Leading
edges which may be snagged by seaweed can optionally have sharp or serrated
edges. 25The vehicle is preferably designed to mnimze drag as novenment of
the swmer pulls it forward, and to mnimze the effect of winds and water
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30 flaps are preferably positioned so that they keep the float and/or the swimmer in a
desired orientation if it moves backwards.
A preferred device having characteristic (B) above can for example include a fin
system which comprises (1) a plurality of fins, for example 3-10 or 4-6 fins, e.g. 5 fins,
(2) a rigid bar which is mounted on the swimmer body, and to which each of the fins is
35  rotatably mounted, and (3) an elastic component as defined in (B). The rigid bar is
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30 other, preferably rigidly, with their axes aligned, or with their axes
paral l el to, and spaced-apart from each other. Preferably the body has a
| ongi tudi nal axis which is generally horizontal when the vehicle is in
still water. Usual Iy, but not necessarily, the swi nmer body has a

l ength (i.e. the dinmension neasured along the |ongitudinal axis)
substantially greater than its width (i.e. the 35 dinension of the sw mer
body neasured transverse to the longitudinal axis). The Ilength of the
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hydr ophdeading esigelred to the swi mer body. Preferably, in order to separate
the Jiydrophone from noi se generated by the sw mmer, the hydrophone is

pl aced at the end of a cabl e dragged behi nd the swi mmer body, or on an

ext ensi oHAWIPREF Bodyng from e.g. fromthe front of, the swi mer body.

The swimmer body often has a generally cylindrical shape, or other shape

selected to minimize drag as the fin system pulls the swimmer through the water. Often
there is a single swimmer body, but there can be a plurality of bodies secured to each
30 other, preferably rigidly, with their axes aligned, or with their axes parallel to, and
spaced-apart from, each other. Preferably the body has a longitudinal axis which is
generally horizontal when the vehicle is in still water.
Usually, but not necessarily, the swimmer body has a length (i.e. the dimension
_ measured along the longitudinal axis) substantially greater than its width (i.e. the
35 dimension of the swimmer body measured transverse to the longitudinal axis). The



35 The Float. The float can be of any convenient size and shape, bearing
in mnd the conponents which it carries, the way in which it wll be used,
and the desirability of mnimzing drag in the water and agai nst wind. The
length of the float can be less than, 5e.g. 0.5 to 0.9 tines, substantially
equal to, e.g. 0.9 to 1.1 tines, or greater than, e.g. 1.1 to 4 tinmes, the
| ength of the swmer. The length of the float can for exanple be at | east
1 foot (0.3 mM, e.g. 3to 10 feet (1-3 M or 4 to 6 feet (1.2-1.9 n), but
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conprises _an, ou rising
P placed wnt xn a watert:ght enclosure prov:ded )éy the swimmer body (for example

20 electrical equipment, including batteries, electronic equipment, servo mechanisms,
“watertight pass-throughs, and direction-finding equipment). Others are preferably or
necessarily placed outside the swimmer body, for example stabilizer fins, stabilizer
weights, rudders, some types of sensor, and sample collectors. Stabilizer fins, which
can for example be placed near the front and/or near the rear of the swimmer body, can
25  for example be generally vertical fixed and aligned fins which resist transverse drag on
the swimmer, or generally horizontal fixed and aligned fins which resist vertical drag on
the swimmer. Stabilizer weights can for example be bars and/or discs, usually ahgned
with the swimmer body, fixed to struts descending vertically from the swimmer body,
thus increasing the weight and changing the center of gravity of the swimmer, or can be
30 part of a keel-like vertical stabilizer fin.
In one embodiment, a hydrophone is secured to the swimmer body. Preferably,
in order to separate the hydrophone from noise generated by the swimmer, the
hydrophone is placed at the end of a cable dragged behind the swimmer body, or on an

extension bar projecting from, e.g. from the front of, the swimmer body.
35
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conposition, e.g. a fiberglass- or carbon fiber-reinforced polyneric
conposition, and/or a thick-walled elastoneric sheet material. The shel

can optionally surround a closed cell polymeric foamcore, e.g. a conpliant
closed cell foam and/or a plurality of hollow cavities. In sone

enbodi nents, such cavities can optionally be inflatable (for exanple 35
bei ng conposed of an el astoneric material), so that they can be partially
or conpletely filled with water and/or air to control buoyancy. The Tet her
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The float may include a rudder. The rudder may be fixed during some or all of

the operation of the vehicle, in order to keep the center of drag behind the tether

25 attachment point. The rudder may also be adjustable, in order to assist steering of the
vehicle; in this case, the-tether is preferably attached to the swimmer in front of the
swimmer's center of drag. Especially when the tether is attached slightly forward of the
center of buoyancy of the float, the submerged surfaces of the float may be shaped so
as to produce forward thrust.

30 The float optionally comprises an outer shell comprising a polymeric
camposition, e.g. a fiberglass- or carbon fiber-reinforced polymeric composition, and/or
a thick-walled elastomeric sheet material. The shell can optionally surround a closed
cell polymeric foam core, e.g. a compliant closed cell foam, and/or a plurality of hollow
cavities. In some embodiments, such cavities can optionally be inflatable (for example

35 being composed of an elastomeric material), so that they can be partially or completely
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The tether can for exanple include an el astonmeric nenber, e.g. a spring,

whi ch changes in length reversibly when the relative positions of the float
and swi mmer change. For exanple, one leg of a tether generally shaped as an
inverted Y can conprise such an el astoneric nenber. 35In sonme enbodi nents,
there is a single tether. The tether can for exanple have a central
section which is a single line, and a | ower section (attached to the

swi nmrer) and/or an upper section(attached to the float) which has two or

nmor e | eghled vtHNvatkr aRdf@r tersbrdbl bp®giricyons, or to transverse positions,
on the swnmrer or the float. In one enbodi ment, the tether has the shape of
an inverted Y, the lower legs of the Y being (a) 5 aligned with, and
secur ed The Tetherand aft positions on, the swinmer, or (b) transverse to the
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z
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attitude control sters or ough suc aps can
be 30 p éqfttsle veRhicleean 39 Siregted along a path in which the clockwise and

anticlockwise turns are balanced (in particular, when the vehicle is directed along a
path surrounding a fixed point).

The tether can for example have an aligned dimension of 0.5 to 1.0 inch (13-25

25 mm), e.g. about 0.625 inch (16 mm, a transverse dimension of 0.125 to 0.5 inch (3 to
13 m), e.g. about 0.19 inch (5 mm, and a length of for example 10 to 80 feet (3-25 m),
e.g. 17 to 23 feet (6-7 m). Either the float or the swimmer can include a reel or other
equipment which makes it possible to change the length of the tether, either to suit
particular wave conditions and/or water depth, and/or to make the vehicle more easily
30 stored, carried and deployed. _

The tether can for example include an elastdmeric member, e.g. a spring, which
changes in length reversibly when the relative positions of the float and swimmer
change. For example, one leg of a tether generally shaped as an inverted Y can
comprise such an elastomeric member.

35 In some embodiments, there is a single tether.” The tether can for example have
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When the swinmmer is being noved by wave power, the configuration of the fin
system changes in cycles corresponding to the waves on the surface of the
water. 35 Generally, but not necessarily, the changes in the configuration
in each cycle are substantially the sanme. The changes in the configuration
in each cycle are generally substantially continuous, but can be

di scontinuous (i.e. there can be one or nore periods in each cycle during
whi ch the configuration remains the sane). During at |east part of the
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glide pheselon stabilizes both the swimmer and float simplifies the control of the vehicle. In

some embodiments, the vehicle only needs to be steered in one degree of freedom,

and other attitude control is passively stabilized, making it unnecessary for the vehicle

to include attitude control thrusters or flaps (although such thrusters and flaps can be

30 present).

The Fin Systems
When the swimmer is being moved by wave power, the configuration of the fin
system changes. in cycles corresponding to the waves on the surface of the water.
35  Generally, but not necessarily, the changes in the configuration in each cycle are
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quickly and quietly. In this exanple, the swi mer body has a central body
structure that is longest along a longitudinal axis. Fins extend from
either side of the body and can rotate relative to the body about an axis
that is substantially perpendicular to the body |ongitudinal axis and
preferably also to the tether axis. There may be one pair of 5 wings with a
single axis, or nmultiple wing pairs. Preferably, the rotation of the fins
is controlled in part by a spring which will resist rotation in either
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The horizontal motion of the swimmer and float will often be cyclic, alternating
between a glide phase and a kite phase, the float's peak horizontal speed being during
kite phase, and the swimmer’s peak horizontal speed being during the glide phase.

25  Inthe glide phase, the line tension is low and the swimmer is able to glide forward
rapidly. The float may move forward slowly or not move foMard. During the kite phase,
the line tension is high and, if the swimmer was successful at gliding forward during the
glide phase, the line will be at an angle such that the increased tension slows the
forward motion of the swimmer. The steep line angle and high tension will pull the float

30 forward rapidly, partially catching up with the advance the swimmer made during the
glide phase.

‘Drag is proportional to the square of velocity. Since velocity of the swimmer is highest
during the glide phase it is preferred to minimize drag in this phase. Described below
and in the attached Figures 27A-D is one example of a water vehicle which achieves

35 low drag during glide phase and is able to transition from kite phase to glide phase
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35 shall ow glide angle can increase distance travel ed each glide cycle.
Active control may be applied to the angle of a tail wing or canard wing to
control the glide angle. Alternatively, or in addition, the center of
gravity may be adjusted al ong the body axis by noving an internal mass. For
exanple a | ead screw drive may nove the battery pack fore or aft to adjust
the center of gravity. Alternatively or 5 additionally, the tether
attachment may be adjusted to affect the body angle. In preferred
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lift force are balanced such that the wing operates at an efficient angle of attack during
the kite motion to produce forward thrust.
One example of an efficient wing shape for gliding has high aspect ratio
(span/chord), an elliptical plan form, and a slender airfoil shape. A fin with a relatively
25  short chord enables rapid rotations between glide angle and kite angle so that the fin
can achieve optimal angle of attack for each phase with minimum lost motion.
A single fin is shown in Figure 27. Multiple fins are similarly possible, with each
fin behaving in a similar manner. In addition to the primary thrust producing wing or
wings, smaller tail wings or front canard wings may be provided for stability.
30
Controlling angle of glide:

The optimum glide angle will vary depending on the sea state. If wind or surface
currents are pulling the float backwards, then a steep glide angle may be needed to
achieve forward motion. Conversely, if the winds and currents are favorable, then a

35 shallow glide angle can increase distance traveled each glide cycle.
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into a second configuration when the swinmer is pulled upwards by the
tether as a result of a wavecrest lifting the float upwards; and is
converted fromthe second configuration into a third configuration when the
sw nmer sinks downwards as a result of a wavetrough allowing the float to
descend. The third configuration will generally be 35different fromthe
first configuration, but the invention includes the possibility that it is
the sane as the first configuration. Wen the fin systemis converted from
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configuration
"generally laminar ﬁn" thls includes the possubmty that the thickness of the fin changes,

20 regularly or irregularly, in the transverse direction or in the aligned direction, or both,
and the possibility that parts of the fin extend outwards from its generally laminar
shape. For example, at least part of a fin can have an airfoil cross section, i.e. a cross-
section such that the fin produces lift and drag as it interacts with the wave-bearing
water Where reference is made below to a generally iaminar fin which "lies in a

25  generally horizontal plane”, this includes the possibility that the principal plane of the fin
lies in a plane which is inclined to the horizontal at an angle which permits effective
operation of the fin, for example at an angle which is not more than 45°, preferably not
more than 20°, to the horizontal.

In some embodiments of the invention, part or all of the fin system has a first

30  configuration when the vehicle is in still water; is converted from the first configuration
into a second configuration when the swimmer is pulled upwards by the tether as a
result of a wavecrest lifting the float upwards; and is converted from the second
configuration into a third configuration when the swimmer sinks downwards as a result
of a wavetrough allowing the float to descend. The third configuration will generally be

35 different from the first configuration, but the invention includes the possibility that it is
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curving, the second configuration being a result of flexing and/or rotating
the fin about an axis which lies in a plane which is generally orthogonal
to the tether 30and generally at right angles to the |ongitudinal axis of
the swimer. (h) Wen the swi mmer sinks downwards as a result of a

wavet rough causing the float to fall, the fin system changes fromthe
second configuration to the third configuration, the third configuration
bei ng generally | am nar and upwardly curving. 35 Qher optional features
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the f§ Bs_diﬁ‘ﬁe}a)ttoenﬂ%mtgtia?ﬁyAitepmtioqralgcmiaddistmhd&ys, thé finreyskam wggorb@m%lﬁ e
10 elLng _secure 0 .

L) or b BpRsE Hhg or horh Mastia I bt Pbie rhAderid WniER UnBREE sREDEE ST
conf i gur aeiweendhe eliftiragt cmyf@udmiqnsL an@i s corttiod, cpdm{lp tooomtfol} the rhovement t he
first copfouratd ?%npﬁ%iq?.(de%r% 'laﬁ;ﬁr@gt’ti’?r@! ﬂaé&fahﬁ&l@rde%%br&' astic

recovery neans in I"rst cont i on and away fromthe second
conf i gur e@MBANENt(GAN crtérof.j ar Wsstcemr_&m%pthequnmﬁ of afin in ere directioneonlit her
CoNPid Sefe.gMa PNSE)ISHan ¥vs bRPSste RGOS, RAY. iR Bothd G8RardSAddbWwewaRI NY

secured to one of the fins; and (5) It conprises a caudal fin. In the
first aspEetliopr(eth@ PRIGROABN, the fin system optionally conprises at |east

Limit stops may be included to prevent undesired movement of a fin, for example
to prevent excessive bending of a flexible fin. The stop may be a rigid stop, an elastic
stop, e.g. a spring, including an increasing rate spring

15 The fin system comprises at least one fin, the fin preferably having one or more
of the following characteristics: -

(a) Itis at least in part elastically deformable.

(b) ltis at least in part substantially rigid.

(c) It comprises a leading portion which is relatively rigid and a central portion

20 and/or a trailing portion which is relatively and elastically deformable.

(d) It comprises a leading portion which is relatively and elastically

deformable, a central portion which is relatively rigid, and a trailing portion which

is relatively and elastically deformable.

(e) It has a shape similar to the shape of the tail of a fish or a whale.

25 () In the first configuration, it is generally planar in a generally horizontal
plane.

(g) Inthe second configuration, it is generally laminar and downwardly

curving, the second configuration being a result of flexing and/or rotating the fin

about an axis which lies in a plane which is generally orthogonal to the tether
30 and generally at right angles to the longitudinal axis of the swimmer.

(h)  When the swimmer sinks downwards as a result of a wavetrough causing

the float to fall, the fin system changes from the second configuration to the third

configuration, the third configuration being generally laminar and upwardly
curving.
35
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20 one additional nenber whose shape is fixed and |Is such that that the
addi tional nenber directly or indirectly generates desired horizontal
forces as the swinmer is noved by the novenent of the float. In one

enbodi mrent of the second aspect of the invention, such nenbers are the sole
means for generating the desired forces. The opti num anount of flexibility
for a flexible fin wll depend on many 25characteristics of the design and
of the wave characteristics anticipated. If the finis too flexible, then

t he curvat ur e Gdbier oigionbbfebargs ofithd fin sgstendihcladen®ay be so |arge that the

trailing,portjon of.the fin,. flex . to be parallel to the direction,of
ot on 967 H12Bgiiisb B AT sk Heich PRy RE Be s8ime L ARBreATd WBRn e
fin w || maytbé bigned inthasgmiertidrizontal péaren dr suidh mayblei in deke ormpostesditfibtent not
efficien }ay]e enerate thrust. Those skilled in the art 30 will have no

difficully, having regard to their own know edge and the information
cont & nefR)i n ttisospsises iafplaratityosf finsrwhich ereimuunteditosa fraais, donexampleat

AL . ) e Coh
Securad Pty of fins FRtntadtoReth SRy ot k) Hkhed doil LrSOBRAIAPLAN °F 1 5
conponenfasiied Betweesraloeed side @8- or more of the fol | owi ng

char act e(3)st i Rgomprides k)pdir oFins! tHedfiys fi xed to the body portion. (i) It
i s positioned, above th 0 ortion and a unitary tether, or one leg of a

.  body p nd
tether havi ngtthn i FXePYIRG aWay tam QRPasiie sides of thetwimenbedy.o. (iii)
At | Emst gne i) sty@h@ﬁed':&reae@m@gwtrhmbetbaady%ﬁﬁhﬂthﬁ] €ah s:rac/my@etwée gtﬁ@e L in
system the systens can be mounted ope abave t er .and/ or besi de eac
5ot her. (i V)é{r%% a{'@ S??@dfb??'ﬁb”@}%‘&n Poitiop eﬁgﬁg{“ﬁ I3 e 8GEMH ch al so
conpri ses a sewdigtratian ekiendipo wewards tedaifver otthe popitioardf the fipe & theofired

above, and seglHs e y to, the body portion in a generally verti cal
pl ane and t he se@gﬁ%‘@é%%nent is secured directly to the first conponent

and has one ofV)norkeirg hiased pytasrringenpiber elastie recovenemsaosrintodbafiostent i s

optipnal |y segaHmR@ritont 4Ry é\hé??roﬁ@fﬁ%hd%nﬁ%ﬁ%ﬁbﬁ can rotate relative to
the firs in a%gnerall vertical plane, and the rotation can

conponent \ J Ly
opt i onal {49 be ri'ehﬁﬁ" SYSICEHCBYPERPSR Ralriaf inpnddhe (ethabeempesRaAn invested /-
spring oshapedosesition Haring tho lbgadadpalel beling Secured ieené of i figfialndy secur ed

to the S@onqtggﬁgﬁg%gé%@ﬂ%le t upward pulling of the tether 15distorts the

el asticall'y reco The extent of rotation is optionally
further |im tladhefirstaspaehafdéns imieatioentherfin sistean ogéibhallyesomptisesCativastal

Fin$o  one additional member whose shape is fixed and is such that that the additional
member directly or indirectly generates desired horizontal forces as the swimmer is
moved by the movement of the float. In one embodiment of the second aspect of the
invention, such members are the sole means for generating the desired forces.

The optimum amount of flexibility for a flexible fin will depend on many

25  characteristics of the design and of the wave characteristics anticipated. If the fin is too
flexible, then the curvature during the large amplitude motion may be so large fhat the
trailing portion of the fin may flex to be parallel to the direction of motion and thus
generate little thrust. If the fin is too rigid, then the fin will not flex with any inflections
and small amplitude inputs will not efficiently generate thrust. Those skilled in the art

30  will have no difficulty, having regard to their own knowledge and the information
contained in this specification, in determining a suitable amount of flexibility.

The fin system often includes a rigid component which is secured to, preferably
positioned above, the body of the swimmer. The rigid component can for example have
one or more of the following characteristics: --

35 " (@) It is rigidly fixed to the body portion.
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In sonme enbodi ments, a generally planar fin or a pair of generally planar
fins 20 undergoes elastic deformation in the transverse direction (and nmay
al so undergo el astic deformation in the aligned direction). In sone cases,
such fins can nove vertically wi thout substantial vertical notion of the
swi nmer body. They flap in a manner simlar to the pectoral fins on a fish,
or the wings on a bird. Preferably the pectoral fin or fins rotate about an
axially aligned longitudinal axis. Optionally, the pectoral fin surfaces

25can al so rofiigt e lapdeditidlerabicedht \WdyPditish Ad bamnba) taha6r Bhe ) &d ve
to a pl ane thatt e'r tersects the | ngrlmgudlpal axi s aad an axi s through the

wi ng spar. it & Invieped of CORFQUIRIORy 1S SeClraRerstd-y direct!y

act uat edh_by t@iﬁ) teﬁkﬂgeast drh;me” spdes i?@eﬁ})tédﬂiefétpl m@wmf is Mdcy;:heirmr&one
cases, this es_.them wel |, suited for rge SwW nrers or i.cations
where the swi ThErBoN S REtPESisaihg fromafedonghovis e ey aha/oF Besig each

attachi ng t heothegs of the tether to different points along the | ength of

t he pectoral fiwns, fi i r [ve: 1o of line
ot 1 oy betda; (b Fafie B Emitinet Bt TRhpBG Gl ¥Rk EolENEL &0 ' L1
i nternal skel $2candgigid compenaatiel g fiest cegwpodsnt isgpaisiiioncd gpovenand gecured

subst ant i al | Yardiydo. R1183dyAortb Iy Bls@hefdlvBifea blebieSifi@SsdoBiner ed

steel or carbon fiber conposite. efal structure can 1nclude _a front
spar that nakemperentdsaeeireddifecty tathe/slcomperentand as erg or moasxfidn of

the gkel et al @ﬁé&ﬁb%’é@u%éﬁetbﬁmé@éc@ﬂb c’éﬁfﬁﬁnﬁﬁt @fodtu’ﬁﬁaw 8&8&ure8 a6 tHeear

t he attachmentg &o t he bot(cjl‘sy. ng I’Iq‘l It%\n¥ oI_ t{sf fro%t sng(?r m% i ncrease
tovard the ouifshCURPPRCRLRTHIELE cenTnEte siglive Kthe fisshasrnansi inya oeRgrally
trailing edgeveicallptane, Endcthe rbtatioacampbpgiohally bafiueaded bly\anodiastheally

el astoner jac | al d be_relatively flexibl T tether is
pr ef er abl yJ at %géﬁﬁbf%h\%ﬁ%&gé%goﬁzﬁ%r%&r%% é{s‘?ﬁagoﬁﬁé‘) ,St %%%ogﬁ‘eetgghe?ﬁ ng.
The wi ng st r veptinnally sepureiddn dbe pesenchcomapngiiicae thatupwartpullisg ndtheursther
tensjon, the i F X félﬂ’emé?ﬂb i i St inkki er,

t he %‘sions fl ex(fjlltS %rFaS tﬁé%s?@epsy 1(%\'? at posi t‘%'gﬁr.ﬁéf%%ﬁ%ﬁe’gtﬁtgﬁzgtb Eﬁ%‘?‘%’ﬁf wil |

cause the wi nfystheplimjted by andpaxtengdle maakar achnent points are preferably
toward the front edge of the pectoral w ngs. The center of gravity (COG is

prefera llatf%]rnr\?%{iletp?%lgggtl)%?%i on point so that the swi mmer body is

hori zont Mere is nore fin area behind the line
attachnment, uUpwank evtbodiments) a ganemllyiptarsanifimmeara pair pf getemtlg plamar fing t here

i R RO lehud SRR T SR NN IR B Tud oS B
Opt i onal defeanatiasindhedlighed diraatiomg Ipsorsr casesi agch finsicamolaygeverifeallk snoot h
outer bagyhoutistBshtiaNGerBNAREEIBCRR ARG bddy. MaRlySidih 4 Mahfll Siftar
to the peétoral fins on a fish, or the wings on a bird. Preferably the pectoral fin or fins
rotate about an axially aligned iongitudinal axis. Optionally, the pectoral fin surfaces
25 can also rotate and/or flex relative to the horizontal plane or relative to a plane that
intersects the longitudinal axis and an axis through the wing spar.

Pectoral fins of this kind are preferably directly actuated by the tether, thus
reducing motion of the swimmer body. In some cases, this makes them well suited for
large swimmers or for applications where the swimmer body should be held relatively

30 steady.

By attaching the legs of the tether to different points along the length of the
pectoral fins, the amount of fin motion relative to the amount of line motion may be
adjusted. '

Pectoral fins may for example have an internal skeletal structure made of a less

35 flexible, optionaily. substantially rigid, material with high fatigue life such as tempered
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20(b) Fl exion distributed over a large area so that fatigue at specific
points can be mnimzed for long life. (c) A streamined overall shape

whi ch enabl es i ncreased speed. (d) Sudden increases in tether tension are
transmtted i mrediately to fins so that the inertia of the vehicle does not
i npeded conversion to thrust. 25(a)The tips of the fins extend beyond the

| ine attachnment points and the wing spar is relatively rigid in this
region, so that the tips of the fins nove through a |arger anplitude than

t he t et heleel ahtarbheffiper g@m@part% Thegkelatalgituctwe garipsiude ediersrapar thatount s

f teth h
of p:rteg%a@%'tﬁg‘teaﬁﬂug{?@%é R 353939 n@ﬁ%&ﬁ%@k@ﬁﬁn@%@ﬂéﬁu&m& can
descri bedcquis fayergeakiranding of el feant spamaeaiihgaitashment tythedhosy 1 e rigidity
control  gOMERM spaf ARylRclRasE t&ﬁar@'th@%t&* prf &EvéﬁlQhé e tné@ﬂ’oh’ﬂe

swi nmer. Bul Ky or nmassive itens batteries ment

an
oper at esdmngm\ﬁ traiing edo st mwnag cgRdPoexatARie by 6@@9{@% Wlasrﬂf\md and
noi se, salfabtoaﬁeﬂ JMtrrsat@hammb@gelam As®Ble. and hydrophones and sonar

t, bl h I
call et on momhErheiR P pRchetio Shimiora W W i seonep ! SatBor
are pref wrr@)l't;mepwtrtg afucttb&a ‘Elmeﬁeratﬂ)lkmmhmivﬂﬁn hedethgr isonenindeo terssimeli Ng

comuni c e s el spd e toe Manitsf Bl M W0 ¢ i hE 0 §leBiOO' ©
col | e&t eﬂatmOSalormrincmasng lioe temsien mgl chubecitbewningh to ﬂeapapWan Thedingehi cl e:

(i) eCS&%(ér{thr&') Sare &er&tgglq%% i 8 thd Fam §d§é‘6?th%tﬁé<%t Phehi P OF

a ground's from navi eV| ces sat [ite
navi gat i @?ﬂ@O@fcﬂﬁaMmé (0K )dn praferably wisiar the dne iwnatieg wt@q ﬂwebﬁ@@wsynm@rr

sonar or bé&ﬂis%d?li@ﬁfal in &l \whte'ie thee .§In&5@ fin heath i@ ng e étiéki}"ln@éht for
exanple via a sa sendln ﬁnals mhI?h are infl enced y the

| ocat i on”B‘f’a‘idHﬁob% "‘6’? Ea”?ezsfﬁe%’fi?ﬁ”?fd BRSRLUPF of tSEe & TCRY g %‘?f%?ss
di gital bpehiad sheo CCG gdalswaidmotion will cause the swimmer to pitch nose down.

Optionally, a rudder steers the swimmer. Optional features of devices having pectoral
wings can include: '

(a) A smooth outer body which has no exposed mechanism and is resistant to
fouling.

20 (b) Flexion distributed over a large area so that fatigue at specific points can
be minimized for long life.
(c) A streamlined overall shape which enables increased speed.
(d) Sudden increases in tether tension are transmitted immediately to fins so

that the inertia of the vehicle does not impeded conversion to thrust.

25 (e) The tips of the fins extend beyond the line attachment points and the wing
spar is relatively rigid in this region, so that the tips of the fins move through a larger
amplitude than the tether. This helps generate' large amounts of thrust from small
amounts qf tether motion.

30 Additional Components.
Additional components which can be part of the water vehicle include, but are
not limited to, those described in paragraphs 1-14 below. Some components, e.g.
electronic control equipment, can be part of either or both of the float and the swimmer.
Bulky or massive items, e.g. batteries, and equipment that operates best with limited
35 motion and/or when protected from wind and noise, such as imaging or mapping
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exanpl e signals which are 15(i)influenced by signals froma satellite

navi gation system e.g. GPS; (ii) sent fromthe vehicle to a receiving
station, for exanple via a satellite; (iii) influenced by the |ocation of
the vehicle; or (iv) influenced by a sensor which is part of the vehicle,
e..g. a hydrophone attached to the swinmer; 20 (3)Control electronics for
controlling equi pnent formng part of the vehicle. (4) Steering neans, for
exanpl e a rudder formng part of the float and/ or a rudder form ng part of

the swi @@g,mgnﬁ aﬁm,s,mwﬁ%@%c% gpm@éeepr@férbtssfdparru B s{imh{i,

float (e he ‘center of drag t he poi nt “at ch the tether
is attac® rmmnweﬂts@ms;— SOM@HWUQWWGG@% "6#'%‘?%@@9%@0 ﬁ@teﬁ@adaeamn@h i's

at t ached,\PyRatieh e R¥braTHRE p%!@ré(myﬁart'd?%élﬂ@ﬁ a rudder actuator responsive
to S|gna?s generated within the vehicle

net| c ass or a
gyroscopd) arfePBMunicaliege @aliPreeihansend '“%ﬁgd@&{ﬁ‘fﬁ%% Eﬁrﬁ%g‘f?fgftorof t he

vehi gf e. ané@; r&h@@tg'riarsakommprawmamcéﬁwnmwnenmt eries or fuel
sour.c t hat be r.ech f or .exa

I'l's,
it put Fr om SO at SBBRING RS AielD FE PR el ae eot B erife B Fate Y ney
are heavy, ar@eme\hﬂrcabd;panlcﬁ(mdvahbm n the container body of the sw nmer.

There can be,,.[for exa | e eLi 6)
Means for ut| "SZI 8‘3‘%}%8@1 ér‘éﬂmaﬁ#%&r{)\an sea(g)ﬂraﬂop%b 55?%5 rrretg)unt ed
on the fl oat.grdBnd %)amn$enfrom namgatrctredemm ey exsraple satiifetravigaiotdevi ce

whi cfy report sq eqiipm mEREARISs ?tg‘i’otfaa aRBRIngSatéle @FSSY, ¥RBbRac D Blidys Thus

the sensor can' be any one o ge varlety of SC|ent|f|c or survelllance

devi ces, for @Ramseadingcignrs o ad'eg?'ﬂkﬁ'gcﬁﬁ%@” foramepiga 8 sstqlésr, a

pressure sens@p, %e%@ﬁ@%“gﬁﬁls%ﬂﬁcﬁ sﬁ@mﬂﬁe@é@pﬁymaa@ﬁdmomdwwm e.g.
vi si bl e, ItraV|oIet or .infra a|n|ty

m c
5 sensor{®a n%@?@'f"@ﬁtﬁ%ﬁ'pmﬁmofrpﬁr rglag sé@'f?g%reg 5‘9&5%%51"@%39 §'gﬂ§|8r Ta water
current &eifple sighailephlthssgsor, a speedorreter equi pment for inmaging the

sea fJ oor, a ensor of the ndspeed,
rai nfal l, aro “Pe"c?m% s@p%&ﬁ%}p§3ﬁ f't a\z%a%?ﬁrggt}%ee gsh dr ophone
for noni tor| nj) t hesesbfmmsthnaméncbqtm/aaewwog Stﬁﬂwr fercprample Ivéfé)sateﬂm.n sone
enbodi nent s, fﬁcaménlagd shssath 6fhﬁe\z€l\{|€@'b9n do -not need to i ncl ude

conventlonal opul st on conponents, or other noisy conponents, provi de
excel | ent pl a@or Aafiyesced dvs sersasiwhic isgeast €E§‘ea\fﬁ§“‘a% ?rStaI’i‘é{gE’ eadver se

ef fect on noi gexchenss the/ Swieieges carried by ot her equi pnent, e.g. other
vat er ve{g cl e 8ontrol electronics for controlling equnpment forming part of the vehicle.
(4) Steering means, for example a rudder forming part of the float and/or a
rudder forming part of the swimmer, the steering means being for example a fixed
rudder on the float (e.g. to keep the center of drag behind the point at which the tether
is attached to the float), and/or a rudder or other steering means which is attached to
25 the swimmer and which includes a rudder actuator responsive to signals generated
within the vehicle, e.g. from a magnetic compass or a gyroscope, and/or received by
communications equipment forming part of the vehicle.
5) Electrical power sources, for example batteries or fuel cells, preferably
power sources that can be recharged, for example by output from solar cells mounted
30 onthe float. Batteries, because they are heavy, are preferably placed within the
container body of the swimmer. There can be, for example, four to ten 6 volt lead acid
batteries.
(6)  Means for utilizing solar energy, e.g. solar panels or solar cells mounted on the
float.
35 (7) A sensor, this term being used to denote any device which reports, or responds
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(8)Auxiliary propul sion nmeans, e.g. a notor-driven thruster. 15(9)Auxiliary
attitude control neans, e.g. flaps. (10) Means for reversibly altering the
buoyancy of the float. Such nmeans include, for exanple, chanmbers which can
be inflated with air to increase buoyancy and deflated to reduce buoyancy,
and/ or chanbers which can be filled with water to decrease buoyancy and
evacuated to increase buoyancy. In this way, the float can be 20 nuai ntai ned
at a desired level in the water (including subnmerged). Reducing buoyancy is

val uabl go 4 eiarfjedRPhey obbsialald \condRrione atHigrthe eees6r @isbaaghonersianggle t he
vehi cl e, artl Iar if the veh| le is_rel ahp(\iel y small. Such chanbers can

for exanfi"ét%g "?% C\fé[l%?é‘ée'"aé'c& Y RESWERS RKEMPLR  SAFRATS2 ADYERIROPE Ped by
conput erigmpespare sagsdrpa iprgasurd semayea sensorasf driyeype bf eleetrotraginktior from

radi o signals. The e needed to infl.ate 2 n r vacuat.e.such
Chanber SO0RIOR.S dov i WP BT o iParmghtaheflingerkd: BEASRIE o 11 om
~ the savesgrsaera gxageetnmmteb;a hnblegmal aensar, ageelogital sensdre afwatat camehtt he
SW nmer , n
conpr s epr & Behb. & srteBthids I‘eqﬂ%\"ﬁé"*fgphaﬁvfg%‘e o 1o A Rehsies,
and whi cafws'eatheeowtéer clnmatxcoq:h%m@syexgwtmﬁne@ér raigfe eWobafgmmrdmptq%ure
POSI ti OrhOf KB pkEhY [ % srer@hm%moﬂé ftmBRtrigRa! dotinds Madd BF e
conpri se one or nore _chanbers w e one or nore inlets through” which
wat er cdH dhReerayMiEdifdaves are hi gh but not when waves are |ow, and one or

nor geout | ets jh rs@?ﬁé/\@ﬂnﬁbdirﬁb?ﬁﬁ\ﬂi&:hu§§'ﬂ1é10§hlﬁlew haVRveAtic aolr@tvneeﬁ 1d)

E t f | | ect f
el oGPk e B AeT SmBhab et bbeh By SPeossPlS o
for uti Iemeﬂgntvplatﬂomfogymplse-synsttnrercmyitmsgmcbm het hag: any 4dBgrsdetictt am y

el et 1 Glio@ U BITD ey 8L oSXRIRA b OB SorRER 00 oty YA Bladl | Vi 10 2

propel | er oF T conver novenent of the
swi mer (Bht o Abdiry ipeepuisioe mpansHeg. mtwwahm&r it is possible to

operat e gbrruIAtgnpaqygwu@{;&qp@ nq&mgog faps€- §- solar cells and/or radi o,
and a subrrer ed conponent, so that ata tPansm ssion can be "real tine". It

is al so (3Bsi ?%"St @rﬁ?‘éq{s'blyt%ﬁﬁ'&glth@ byRyaeey efthadloat.cSHrh Means inglyde, for

transm ssiadiple léhdehb&etwiieh tae bYahiabe mﬂdmgt@ma%aséemo?ahby and deflated toONE
uses of vent i

pat h i (oG PUPE . antBF stFbet whBhauniti e Wi eter Ol R eatmar - The
conput erblucayanse dnfl @vaexatep lte ifcagadeobyryaneys lif ihis wayuthe ﬁ!cmhcanrtm netic
RS A SEASCLRES 06T he 1AL TRl O R EM TRl blotdRY,
float), ianaluable, fOrg@@jmlﬁhWB%H‘ agdvrysgiwrataer wm&twramgnﬂan@enme vebigirit er
and/ or igHpiduth@y ifitife CENBILIS FelBiveIRhiaiIC BUBR EHamIEH can for example comprise
valves, e.g. one-way valves, which are controlled by computers responding to input
from sensors on the vehicle itself or from radio signals. The energy needed to inflate
25  and/or to evacuate such chambers can be derived directly from waves striking the float,
and/or from the wave power generated by the relative movement of the float and the
swimmer, and/or from stored electrical power. For example, a chamber can comprise a
flexible portion which will act as a pump when struck by waves, and which will either fill
or empty the chamber, depending upon the position of the valves. Alternatively or
30 additionally, the float can comprise one or more chambers with the one or more inlets
through which water can enter when waves are high but not when waves are low, and
one or more outlets from which the water can drain when waves are low.
(11) Equipment for collecting samples, for exaniple samples of water, air, aquatic
organisms, sea animals, vegetables or minerals.
35 (12) Equipment for utilizing wind energy, e.g. to recharge batteries.
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(13). to output conmands to (i) a rudder control systemwhich controls a
rudder 20or rudders on one or both of the float and the swi mrer, preferably
on the swimrer, and (ii), if the vehicle has auxiliary control or

propul sion nmeans, to those neans. The input to the conputer can include
data avail able fromother sources, e.g. to take account of wi nds and
currents. In other uses of the invention, the vehicle is directed
along a path which is 25 determ ned by using a conputer attached to the
float or¢qghe mumbleo@tcép@ghtprﬁém, 9 EREhpie Rgltsghamens] or a (topdiddes s

I nput fronta sensor attached to the vehicle itself, or froma network of
vehlcle§”08ﬁ nore of which are vehicles of the invention, and (b)

out put qqmmdéam@fdrlcbnaentmgcﬂmt @it ofcthespsteenentttf the seitmer inta eleaidet or
30rudders on.one or both of the float and the swinmer, preferably on the
swi mer ,© nergy. and (ii), if the vehicle has aUX|I|ary control or

propdl si on ndamseme embbdhmntea'hisi passiblaite opasate sionulangopsly, sua‘angdr ophone,
magnet o t e of
an-obj ecproring S, «SEeA SUSTRAE Ukl Fafefdd okl % e Bebe

f | oat i ngransrsigbivpragacdeipaldime’orlt is glpalpessiblesiotdan §6arr@tleamﬂées ghdatehe
vehicl e 3R-608 dnbstishfisdi&s to follow a path related to that object, e.g.
to track tﬁe novenent or presence of that object. The operation of
the vehicle can be controlled by signals sent to it froma renote contro

st atjipon PiRsktRig thi \iiflalaforifa Bedired Altht he vehicle itself, optionally in
conjunction with one or re prepro ruct res formng part
of the vehi CVYI sopges "3@'@ 'W??}P &Eeg‘?ﬂﬁéet'?tg{rm‘[e}ﬁf’@l@%?ﬁ &Y a fixed

poi nt ("@c@‘rhmchbmthwgtlt)the$td of dicoagiutéhattactieddbehé Goalr asthesevifimesd Tihei nt
at regul pt?ttef Vfi‘éedfo?egawg) el 10 minutes. If the vehicle has overshot the

fixed po? § s nd of the interval. Successive turns are
preferably cl kwiteprosassdijtinputdfoknissmagnetic eenpass brgyrpstorsd (arafesabing t he

tether, and eﬁ%&h@ﬁ tb e EWrﬂr%ePZ(l ﬁ’é] RITRh Y% %‘ielﬁﬂ@ﬁévué’a%dnssﬁ%tﬁ' Shetipgv th

t he av0|danc twi stin Another way 1s to direct the
vehi cl e al ondPEefgeatly att@'atqd @Jhéf'é’ﬁt)eﬁgﬁt("’b&??graﬂﬁ"ﬁﬁ‘ ¢eEdeiR%er of the path

bei ng the fi xgdpRsyrainmedinto Wd&bﬁl?@teb‘%hﬁloﬁa{ptﬁﬁ)&@éor’hbﬂtelﬁ@yhadbl gned with
any ocean current ghe vehicle follows a straight |ine between each of the

turns, and a ve turns are clockw se and anticl ockwi se; and, if
t he ti me spen(b)outtsndlq)tﬂ coomeanks ton@da hyddereoatrobsyghemsdith costrolb atrlueldplat h

o POt ant oy 508l ort 8ok BEpbiH b 0Bt Bh WP kiniheR iblocdly oA B8NST St ent

wth'the av0|°cfa e of ["I'cations, it
is unnecessarsyvmwn@ibﬁnddll) iffike ypbicte s awdligrgisioplrel oHpRRESION IMeans; kP

control is dEtﬁbéé%ealrts CEHE ihBGt @&ﬁmoenmepémm@mehyatmgwaé fROWE Btrs
controlling the an of attack of fins, allowmng the fins to feather, and

hol di ng t he fﬁ%c%"t 9. togtgk %@E‘F‘?é‘é‘éé’ Wfédsfa R4 eYEeRScy when | ess thrust is
desired. If tlhe)tﬁetam@sftbﬁtﬁeﬁﬁvehﬁﬁh e ahikde @ ditdirted Wlonged pattdyhichliese

measzt%r ©3dé gpmf%e%ion squS %dcotn'?ptﬁéf gtrtaéh%% t%%énﬁggt or the swimmer, or both, the
computer being used to
(a) process input from a sensor attached to the vehicle itself, or from a
network of vehicles, one or more of which are vehicles of the invention, and
(b) output commands to (i) a rudder control system which controls a rudder or
30 rudders on one or both of the float and the swimmer, preferably on the swimmer,
and (i), if the vehicle has auxiliary control or propulsion means, to those means.
In this way, for example, a hydrophone, magnetometer or other sensor on the vehicle
could identify the presence of an object in or on the water or on the seabed, e.g. a ship
or other floating or submerged object, or a whale or other sea creature, and the vehicle
35 could be directed to follow a path related to that object, e.g. to track the movement or
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St or age & Depl oynent In order to make the swi nmrer easier to store and
transport, the attachnment point between the fin and the swi nmer body may
include a pivot joint that allows the 25 swinmmer to be stored with the fin
axis parallel to the body axis, e.g. in a canister, but allows the finto
.be rotated 900 into its operating position. This joint may be sprung and
equi pped with a detent or the like, so that after the fin can be |ocked in
the operating position. 30 The Drawings. Figure 1 shows a float 11 is
connect epresence efithaiebje2l. by a tether 31. The fl oat corrpri ses a body 111

whi ch | P t. 114 d
et on acC TR SR RNEIOGLE chbe GRBER I Fand Bpnfip FRBRE ons™
Tet her 3dontredgtatignaamd/onay sigdaly @m&m&ewwhhe vehbicld ibspf, aptioddlly iadnRh2tion

. .
havi ng. avthEns Br Mgl prBfghiinl dlfinand 6. M SRR fieTRAHER I GREE 1EbF,
syst éns 213 dAde ey of keepngdhewehidaclpae thadixed pointr(ts ten@rkeﬁzmag")paks-

through @ity vémae%ava?as ma;erﬁeatdm at *Pé’é&lﬁf 1n%é.v£z%6 %@H rﬂi mg{d%éé r ﬁghés
217, rudder servo nechanism 2 der rod ass- Stip A rudder
Bﬁ‘i -r P

222 is niriligledagoverzhatdhe f%@d Pﬁ'é‘t ngﬁaat tBBWdandh? intg sine tuneder

5 act uataerprefeiamy blockwnse andragtitieskwdsé e rédaé@trfé ASSoBIGtingthe ®bthkl, thd
i nyent,i on. [Each ses ri |dfront

whi ch t

Spar 25 SRR S 1 BromBleRG e sl 28,1 SeadSont wibrBs v Rare oL i,

conpisi tthedeliiear Ahatt@ravaaj; isgb dﬁecﬂhe&ehel@abmgla/g?mér’a?yf @dug df?ighﬁiatﬁheet
t ne an

£+ ber g1 Atk e SHEFTRE ch bEIYTe B af pSRIPARE Rl tnd Veice! 7751 Hle peth

Fi gure aallanﬁérvwéth any ncra@nicturr@nt ar hee\rqmle@lgows @ girbight fine bebyrsrt eaaicof tha

2133, a”l@rﬁsh%nﬁ|a"g’é§rb’s@c6€s§lvb'tﬂﬂ1§é}§%§odk§n%0n egﬁhci%ﬁ\plg@ 5:&(?’51}(3%?%? ter

j acket 2136 vari ous sections
f ast ener3PedoHtside 3 zppe defingd by the stralght feGions of the paﬂue;d@@ostee& eaah @f a

t et isr thewlninghis pwfprampas nilng ik eonsisient w&iﬂthe E@o&laﬁcéw SWisting Bl fetifdr.

i nsul at ed el rical qon ucto S 314 and r.e r&j rrerl acket
315. S" '@ qg;a ORT-dcR ”&V‘SS?%% '&tf)‘ﬂt %Fpgﬁgf’ '?l{a'r ecting

t he vehildowewgroifiguah destrokid qeatred iCtdrefor exatmpié beysbeded tbgrm@&uneeducl’t:i gure
6 shows & &ﬁﬂﬂllﬁ'{g t}‘lefér%ll’é ﬁf %%SFQIH]MLB tllmé”ﬁﬁg td ?«%ﬁﬁéll aRH%‘ d@g th% férés

vehicle 20 to k zone

when it St fQﬁ?ﬁfﬁas%m%T af@cv@néy mﬁe)lesm@%txes degired.nlf tb%lﬁﬁfe§lnalqrg¢mﬂ1 with

t he 20C easidé uf thewimmher N@; el 1IbhaNEs daf i BBlUsBAYS sRRINEEBwWRAINBES 1 and
3, passing through point At point 3, control systenms on the vehicle note

that the vehicle has reached the perineter of the target zone, and operate
a rudderStemgendiDepimymehi cl e turns anti cl ockwi se between points 3

In order to make the swimmer easier to store and transport, the attachment point
between the fin and the swimmer body may include a pivot joint that allows the
25  swimmer to be stored with the fin axis parallel to the body axis, e.g. in a canister, but
allows the fin to be rotated 90° into its operating position. This joint may be sprung and
equipped with a detent or the like, so that after the fin can be locked in the operating
position.

30 The Drawings. i
Figure 1 shows a float 11 is connected to a swimmer 21 by a tether 31. The float
comprises a body 111 on which are mounted solar panels 112, GPS receiver 113,
antennae 114, and electronics box 115. A rudder 116 is secured to the rear of the float.
Tether 31, having an inverted Y shape with lower legs and 311 and 312, connects the
35 float and the swimmer. The swimmer comprises a body 211 having a nose cone 212.
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25 and 4. The vehicle then follows a straight path between points 4 and 5,
agai n passing through point 2. At point 5 the control systens operate the
rudder so that the vehicle turns clockw se between points 5 and 1. |If the
vehicle is noved by wind and/or current in addition to wave power,

auxi liary propul sion neans nmay be needed to maintain the vehicle within the
target zone. 30Figure 7 is a perspective view of a swmrer 21 and tether

31. Two substantially identical fin systens, each conprising a rigid
verti cal Msutedon thenexterior af thedhodyrad sareiresystems\d 1drnd DbtyEadiosed withar

205 STLURHLI PLR BekARATHoLS (hbeohons 6l S POFLD BREr Eaghebins,

COﬂprISGS arelative Yy rlgl relativel | exi

secti on gankollegrnieh21 hduddarseve meghapisan 218 apdimdder @pmaasﬁbrqqﬂ@ 219.
sw mer hq@udeﬁézé Eemf)hﬁtéélpét'tﬁ@@éé:yof'tﬂé L;Mﬁﬁ]d?'&%d?%nﬁ% RohtibIRITBFHRIRr

sectlons not. shown) having - relatively greater or lesser tlexibility. A
hi nge’ st PEALIPRT9%E81i s bolted to each front spar 2131 and rotates around

pi vot shafts pruwsd ahd 35@: ms@%e&%s &M varhich @Eh Helisddan thapfestA®3 1S
fixed at.one,end_to, one of g ?{5’?@%‘8 m_gat t he ot her end to a
front spipeqtion E@EQFPHW”?@?@CT% frf’B PP Wiy mayfoyexpraeledi® cont r ol
over thecompasedbf afslhéet Inetdirsantiwighacompsdte dridiociagavd ast@xamﬂ @ rektively I
Cross-se 4N u Fi re 3. verfica
1 e 255 Mk AR e Se R\ A e Wi i form B e SoroRb o ot Btd Ve
of the sahdiesfibbrglgss, Bhd pEdativelyf fiexile trﬁllmgme@aacm 2036.r i lﬁgdret& theteat e
about a ié‘%td@glonaé(keﬁatw%y flexible fore E'lé&{(r)s%cﬁ? E%ﬁ A‘ltegfex%?%%llﬂg dridgt f 1 ns

in Figure 7 nges as e notion.
Fi gur e 9l '§te£r%‘é4"§b§é'ﬁ<%e 99%3%952’53@ e VE!LO%GG‘{’@W% be b&ﬂdeﬁl% ure 10

is an enhmagemfmﬁ%stéaew QY¢hods pdts 2aB2Fi gure 9. Two subst anti al ly
identical fin_syst each % nprising a rl\%d vertlcalsdpost 226 airfln
S¢ 1

213, are secuf gy '%ﬁncﬁﬂisr' nofpyte ich comprisss& ienpilg i gi d
f r ont5 spai t@ib&éd paitls af ihsuldted eleretricai tendUdtersr3el, andel stesarliil ;s&lymedcso
that the. fi 1951 operate wi thout striking the swi nmer body; the fin

opt i onal{y I'ncl uides one or nore internedi ate sections (not shown) having
rel atively grkigues 5ig albdedediagtaax oba lcontrol syskémder disectizgadhe ivehistd aledgteo

each frOHéSIFéQﬁ;Satﬁ1@{he5€6§tr&%§:§te@ﬁ§céﬁ8€VLEth0 the hinge bars 2262. One end

of each bar IS rotational %ésecure to a gl vot shaft at the top of one
of the posts @98"9 @ shovee genereliefiowgfraightRialh folipyyed repelitiously by a vehicle

I on%m udtdmemagvntagﬁ@tdpbesfowammawwﬁouaﬁﬁﬁ%ﬁép@d wWhed it i@ tifenhd 6@%% ive
posts Il at e r 0 a

B e shel )2 TRE Aol e el Sistreabthy ity TDeneFicls TolPhe %2
and 223 siraigkipathdetween belrtts aldndrﬁg ;mselmbetad:ugy ;midcsz r s peitt Byedntradf t he

swi Mer Qagyne %nﬁhé%%gic‘fe F\bfbeﬁlnat ﬁter\/ﬁgae 9\3? r ?cl?%"fhr Oﬂérﬁﬂetgpof meteqsfga§b out a

vertical "axis. I ment rings
r ot at i on&d8s aRCiRenale 3 Biddes spdhat theashidsstusag apficlp l§arb32'2©@1 pciingma es 11A

t oI ll.idg saﬁtmhmuetmg@em ffllohea §t’ré]§hﬂ prtﬁlb@uxf@er@ p@ﬁﬁ@a%das# ddath ga%gm@r I's
Ul 1 ed At PSFhe ABRLTE & Bif faital RurteuePSiAts (in seheo it thorghice
upwar dsdtusms elbchwnsg [Rwebe pepits 6ahd2L6(F thé h@hx]lc:l@aiﬁlmgve&ﬁ@ﬁwlr?ﬁ atdyrer &uimént
rotate r ions of the fins gqurl u

pr oduci ng' rus tof‘rgig)\?ﬁ H%\E tj %ﬁ'ﬁ]@ﬁ‘%ﬁgté@ TEaAnRdeY hg neg d{%gpa\é%aMF body
nmoves upVrds within tiejargetzoBe. t he tet her tension remains high; after the

rotaggon of tlRgulenel Qge?é&%tigl xfg@ﬁoﬁ? E\gﬁ'ﬁﬁ‘épﬁz dridt pr i Iﬁ”"ﬁﬁéshb{@abhalﬁ{]t he

the trail| ng_sections url  downwar uct n rus
top sur fidentics! f§§Y§F%"$u%cm%ﬂ@ﬁ'wm@bmmﬁ@épqt&ﬁewa A 2ABgaree 11C

the t et hegcuredtd SWinder Be4y 283 dether legs 311 and 312 are attached to the tops of the
posts 226. Each fin comprises a relatively rigid front spar 2131 and a relatively flexible
rear section 2135 shaped so that the fin can operate without striking the swimmer body;
35  the fin optionally includes one or more intermediate sections (not shown) having -
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the springs 2267 pull the bar 2266 downwards; - the | eadi ng sections of the
fins rotate upwards, and the trailing sections of the fins curl downwards,
produci ng thrust fromthe top surfaces of the fins; and the swi mMer noves
downwards. In Figure 11D, the tether tension remains |ow, the |eading
sections of the fins remain rotated upwards, and the 5 trailing sections of
the fins curl upwards, producing thrust fromthe bottom surfaces of the
fins; and the swi mrer continues to nove downwards. Figures 12-21

show t heram:mgr@‘tefbﬁ lé%@ﬁlexmzt?r A"iﬂhgé sg8cofe RDP62 igwEdd %adﬂr@ﬂfd%a ra
SWi mer a_center of Vi ri ses a

nose coné*%? Qr{a%ie? pyod %shgﬁtg&egwepqtottﬁgggﬁsﬁ?@r %%?r'm?é’ué?‘?%i‘?"syst em
10 conpr bais2R6&istfixedl at postera)to2de ofittle veetioal pcﬁte@{xgil atthe edtedr dridito a frorit34
conprisin i nner. tion i i d, secti.on

antrzlrp fl ex?g"fle oﬁ?‘é‘?éﬁ&é e&ﬁééz%ér%v'de a Bgs“r%oeé‘s%r&peo? Cfggrg[f\gqrﬂg?éo{agogo i ngl e
post ,5 antheafroritspar. Ehth fiparamrfodexamplechawepa ofoﬂmcpoetgenbralmmmdm 14

the | eadl:@ng %‘ !9 u 11%' ﬁgJ d;?x%n‘tl'a?lhﬁnﬁr b¥2dnl; ngrﬁré %*agur@ad(bqf\g tr%ﬂfq'

t he post eadi ng a sin
r ot at abl &eaﬂﬂlgéﬂdﬁ EQWQBMY of thetsviaimer @_IM 71 233 i$ fixed. nEtn 222cpodieti on on

the pOSt cohhofdcohsrBicl6 apsliopvaAREI kil s rotation of the |eading edge of
the fin. I'n FLgure there is a si nfghe post having a bar 2265 rotatably

secured to itESUE8 Shﬁéfsmwt e fing in Figure 7 Ghaneoes asdhe swirmer g

the har gdifed upmdt@hﬁﬂsy&&vem&wr ed to the ot her end of the bar 2265
Rotation of t

.ont r ol b sec dto
post and the gture é.l@arpgfae?q'gegﬁwpg S rTgt a@&?é‘pla“gﬂ:g@ Uith @ are
t hr ee baas ebPf§ediperspectiee hieds &f pest of iﬁiguteeghamd:’éubsnaamﬂyﬁmhttoal fihe top

bar, and %&Eh@e ﬁa‘f%ﬁ rigigggﬁg@?fgmc%i R§£J2é§£§§a%rﬁ§%’?%gc{n%%r_t W mTer

body mcf es t e spri %a ) L Meah At I'gure 18,
except t AMiMMREDEHY @d1hinash Fipemmiprisesaa rekatively figidSront spar 4dbedd a

hor i gpnt %léﬁbeﬁﬂﬂeﬁ%ﬂeﬂﬁ%&ﬁﬁ 2% iR %a@&éﬁpeéﬁg?%n%té witPWet strlkmg
hori zont al bar attachemeﬁg’b wQ vertical posts 2 her end

r ot at abl PeIUIIBEF b artieRallyasludes pae or asdntepmediate seetionsi@obar s
2265 i s stasvmn)ohaviay Elathety Q@a?éiﬁ?r Ié&é?hldxﬁbllﬁ?cnrtﬁﬁgé Bal D262 PPBGIdDtd F4uht al

navi ng. B Sk 231, Y 2268 el BPaR00 B8 Pirglnse 22 RatkuPig BL8RBTBRr ¢ ne
fin is setf isorotatiomaldy eacl reﬂ to bepivetrsh2fes tha Inp bhwaas of ﬂa@spcﬁsiazaﬁdammeof
tet hgy 3&th@F 8nd 7§ %tﬁ@oﬁa?ly%@@w%@% g%%f z%ﬁ:rar %%gé wrﬁzﬁj je h%lt% .ne des

spring 2267. Rotation imte 68.
Fi xed horitachiad:p the sesnachive pests. Brsings %?&?Lﬁré@eparqdw@ theavwmﬁrgereb@manct he

zm m; Dafy. bIaFIZIGBeSI‘e%%?QIZEé&@ﬁd@hd'léﬁﬂu@ﬂ{ai sgﬂbize@r ﬁrlgxawé%tnlﬂfgrl] ﬁgsi A
oime! 1 Ea B 22%2 2R RITTRE 130G A 1BanBen deiresee Vel ebhesuimsass: | on

228 whi choayanFipe22seisdixedd Firl 222 icaalbleycantrolibe to esthieCatoutlavartibattaxit In a
sub nt 0 t Lon
1 25 itV oHEICRIHER: 1By ) tef Sl e HBfoRBAY Anddiid el Hark DoRA!
section 'Qi'@adIthF?@éf&QQA the swimrer is in still water. In Figure 22B,
the sw mrer imsighris" A8 4 A9 show how the shape of the fins in Figure 9 changes as the

swimmer is pulled up and down by wave motion. In Figure 11A, the swimmer is being
pulled upwards; the tether tension increases and pulls the bar 2266 upwards, stretching
30 the springs 2267, the leading edges of the fins rotate downwards, and the trailing
sections of the fins curl upwards, producing thrust from the bottom surfaces of the fins;
and the swimmer body moves upwards. In Figure 11B, the tether tension remains
high; after the rotation of the leading edge of the fin reaches its mechanical limit, and
the trailing sections of the fins curl downwards, producing thrust from the top surface of
35 the fin; the swimmer continues to rise. In Figure 11C, the tether tension has decreased:
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5 upwards. In Figure 22C, the tether tension has dropped, and the wei ght of
the swmer is forward of the center of lift, causing the front section to
tilt downwards. Figure 23 shows a swi mMer which operates in a way
simlar to the swmer shown in Figure 22. The rigid fin 213 rotates
relative to rigid swimrer body 211, and the tether is attached to the top
of a post 226 which rotates relative to the fin and the 10 swi nmer body,
and which carries a stabilizing weight 226 at its bottom end.
Fi gures 4 sphilg a@zslzcwn&me rnsmezass aowwdé haeﬁéamsgséammna fins réthe fins
233 which rot at esq\?};:)ﬁorg XIS angcgM vg%rc]ne(:t% 8“0 ?
out boar dUR¥aHRea ?"'B%&?c ﬁs‘f\?@ WRFAP eRfOd8 g éh rgphe
t et her 3tbp sUnfacewiofitrey fr:mh;am CThda sWugmaffrﬁdva dowowanisi deFigurgiid U, ithe tether
vertical, fins 223.at L N 15 swim ur 6A,
vt ool il BT ol b PSR 8o 0 M T e Rl g
vehi d e, trailicg Bections fabe ffias anremphwards drodesing thiukefrbmahe bottor surface®8s. The
i gur es SRR ahd WiebyidmeR oSBT 103086 dbdnliadd0 @ nose, cone 212, 4

2 n SyS

rudder antl"a & conprising vertical posts 226,
hori zontal barigeEss|2-20 shaw tbemvmwmertqf dcffereutewaiecarehﬁ%sof ta dnventtiani dn

rot at abl ¥, ta%;blﬁﬂ'nétoz{ hﬁs Do oF %'évg @30’ Qﬁd BBHHHS@@ stvﬂﬁﬁnérsbéﬁys@l 1, ah

secured to the bar by spring control the rotatlon
fin. EachPsa sPROAHE ?5@@ ‘é’dgﬁbgg%nﬁieﬁl‘ﬁf’ tPltBP @w"@gmr r‘i’@d&ﬁlé Syptery

: el atlo Veédfnbl;'élhgwbhkﬁl p@ét(é)azeﬁ@fd bﬁé‘ 02 fithe find de@cﬁﬁ abmpabgitweXdrithére
rarting Cl.l 00

ts b f f | d
for examafifEsdg hiard2suon 2355, s§ORSELTRE L opie S2BE Saftion 2158 071 s
2267 coul d belndi)gxﬁnegm%m,stbetémta sihglemstaand a aétheadh i secured doitie plafd by
o) 3
011 e BPafin Figures 12113 e d i RBaN S ORI AT Ak b Mgl M
vehi cl e Resiian g@;ﬂ«ap@ﬂodn Flgurea 1oeareb16,3he leading edge wirarsirie fihiig rotetahlir | ses

a bogdy 2deleidd aBodit ﬂvm&ﬁt 224 £8n ﬁfﬂe%d?é’tbfbo%'itﬂﬁxsor?ihé pEstP ol Ejghikd 16T he

fin rotates about fin axis 2137 which is at right angles to the axis of

the tet h%Ppé-)l?@8é'f“'Fs1 ptrtionffi tee leadingedgqohths fibody axis 2117. The fin has a
chord axis 213Figdvecty, ltﬁenéaé@|élﬂdjletpbst h§wh § Aybai 5 biatavlyasclifad 106k ©be |

t t 27 th 27 t
angl ot of thEie odds BB el s ?Eé‘sﬁﬁtseba%ﬁr eIy, . an
1. A noveseclired m/meemthahendh of 'ehes!nart'a’ﬁﬁ& Raotatios of ihre banZR65 isomptretiedvbier

vehig e éﬁﬂ?ﬂ t%he o Oadtﬁ'éc?éc(ﬁf] ﬁogtla%ﬁtthe(b% i*q%‘% r’i?% suﬁni}ﬁl t& %}%ﬂetﬁt 'é%%pt

R T hithst (e crodhroa aes 4555 wih Sfieche fias e toihpr BHlus FPoOURCTG tom i bAfar
the surfagea mﬁetsa@uw@rthe téPs &hal mmfs ard wﬂa&egv@ﬁﬁné}eédw ihbedks ead . and
(H) t hesptr%tg}gﬁf SFllégree!i 9 taseggr!ngvr\]/hag snmllar ?o Eagurazmqg g)(()cré%rt' that tlge three bars
2265 with attached fins are arranged horizontally and each has one end rotatably
25 secured to a lower horizontal bar attached to two vertical posts 226 and the other end
rotatably secured to an upper horizontal bar to 266. Rotation of the bars 2265 is
controlled by spring 2267 which is secured to the upper horizontal bar and the swimmer
body.
In Figures 20 and 21, there is a single post having a bar 2265 rotatably secured

30 toits top. The leading edge of the fin is secured to one end of the bar 2265. The lower
legs 311 and 312 of tether 31 are secured to the ends of the bar 2265, and leg 312
includes spring 2267. Rotation of the bar 2265 is limited by fiexible line 2268. Fixed
horizontal stabilizer fin 225 is secured to the trailing end of the swimmer body.

Figures 22A-22C show the different configurations of a swimmer comprising a

35 swimmer body 21 having a rigid rear section 214 having horizontal fixed stabilizer 225
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(2a) a sw mer body having a longitudinal axis, and (2b) a fin system
which (a) is secured to the swi mrer body, (b) conprises a fin, and (c) when
the vehicle is in wave-bearing water, (i) has a configuration which
changes as a result of the wave notion, and (ii) interacts with the water
to generate forces which tend to nove the swimrer in a direction having a
hori zontal conponent; the novel fin systemconprising (1) a rigid bar
having a longitudinal axis, (2) a plurality of fins, each fin (i) being
nmount ed $ecurdathergiog abmemiral segtidne228which ataalbedaivontd atasticalyy nftheotetidadn

L T
of el ast iGhenitigl Sreecysd. © S C .
and o 1 HEURERR, Ehrict 1t 1 sBaBR i Pighed o8, HE G el fAfecPhoF

syst ém aerRtdEndn Figuse 226, thevdather tansine heisalropred ansuiherveight afdhect ed from
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system according to claim1 aor 2 wherein e elastic conmponent i s a spring,
V\%i ch will rddgdie 238hewea SWmeerHeiichippe@iesh 2 way smilacio theswimeser 4. A

fin systsiovacieariginge2 0TaBYig fih RE3 PoatRTetdive!tairdk YRRAREPLbBP 28 asid C
Co g e R g P o o BP P e Uhieh Pl el Bube Spcar e "
conpdnenswimmartatsiyf, mathwehith xadiesa stabitininghveeighy226 beits beftorndnidhe transverse
Pht s o LR 2200 000 Mt i hich ORIl RS A
conpr i sed3Bwhighrotates about an aligned axis and are connected, at points outboard of the
swimmer body, o transverse bottom legs 315 and 316 of tether 31. The swimmer
shown in Figure 24 also comp‘rises rigid fixed vertical fins 223 at the leading end of the
15 swimmer body.
Figures 26A, 26B and 26C are top, side and front views of the swimmer of a
water vehicle, and Figure 26D is an enlarged view of the front of Figure 26B. The
Figures show a tether 31; a swimmer body 211 having a nose cone 212, a rudder 222
and a COG 230; and a fin system coniprising vertical posts 226, horizontal bar 2265,
20  and a plurality of identical fins. Each fin is rotatably attached to the bar 2265 at a pivot
point 2261 and is also secured to the bar 2265 by springs 2267 which control the
rotation of the fin. Each fin comprises a substantially rigid leading edge 2131, a
relatively inflexible central section 2134, and a relatively flexible trailing section 2135.
In similar embodiments, the number of fins could, for example, be from 3 to 8, e.g. 5,
25  and the bar 2265 and the springs 2267 could be configured so that the movement of
each fin is controlled by a single spring.
Figures 27A-D show different attitudes of a swimmer as it moves through
different phases of its interaction with the water. The vehicle comprises a float 11, a
tether 31, and a swimmer 21 which comprises a body 211 and a fin which extends on
30 both sides of the body 211. The fin rotates about a fin axis 2137 which is at right
angles to the axis of the tether and at right angles to the swimmer body axis 2117. The
fin has a chord axis 2138 which is parallel to the body axis 2117 when the vehicle is at
rest (Figure 27A) and during the glide phase (Figure 27C), and is at an angle to the
body axis 2117 during the kite phase (Figure 27D),
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substantially identical fins. 7.Afin systemaccording to any of the
precedi ng cl ai ns wherein each of the fins is generally |am nar and

el astically deformabl e, and has a | eadi ng edge which conprises (i) a
relatively rigid central section, and (H) relatively defornabl e outboard
sections. 8. Afin systen1accord|ng to any of the preceding clains wherein
each ofClgjiiesfins is at least in part substantially rigid. 9.A wave-powered
wat er vehicle which conprises (1) a float, (2) a swnmer, and (3) a tether
connecting the float and the swinmer; the float, swi mer and tether being
such that, vkeaveliim syskerlvehicts is suitabid forwesiedn a \(Ja\)e-ptxweféd)wateiryeh'rcle)r near
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swi mrersviaafiedavi ng a | ongi tudinal axis, and (2b) a fin system as defl ned
in any of clainms 1 to 8 which is secured to the sw mmer

| ongi t udi nalthafipat, swimmerangi tathesbeing guenthat.twhemihe ‘tﬁﬂj‘?'?u%lrh%“ \a&tﬁs of
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float conprising a sate ased position seh he sw r
conpri ses (d)elwtﬂmﬂ«zainaad (méﬂmo’netlv&mslmndenmlmn eedtion in a horizontal
pl ane, and ( a steering actuator; and the vehicle further conprises a
conput er sys%ﬁ‘%ﬂ?'@ﬁrf%{ﬁ PIYNGi nked to the position sensor, the horizontal

sensor and t(QQ)rl@@mmmébbo&i)ﬁéﬁhg%\,Ioﬁgltucﬁnﬂ@@ atmabl e to contain,
instructions _to control the s

eering ac |n res e to signal s
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utilizing wave power npri ses ﬁl acing a water vehicle as defined in

claim10 in a body of haawwcnﬂyucaﬂamw ish ahteings ias 2engselitoéthe wanaveotion, er

waves traveling 4G0ss its surface. 12. A nmethod of obtaining information

whi ch conprises ahal yzing i nformati on obtained from or recorded by, a

wat er vehicl e as (ilef i iredrdots Wlithithe Waterld. génmaﬂecfdrdesrwlmohuem to mpve the

function of a water vehicle ac cH %to cl r;“LO whi ch conprises sendi ng
av horlzona

signals to the wSNMALHN @|qi|rec component

the novel fin system comprising

(1)  arigid bar having a longitudinal axis,

(2)  aplurality of fins, each fin (i) being mounted to the rigid bar, (ii) being
rotatable about an axis of rotation which is transverse to the longitudinal axis of
the rigid bar, and (iii) extending transversely on both sides of the rigid bar, and
(3) a plurality of elastic components which are not part of the fins, each of the
elastic components being linked to the bar and to a fin, and influencing the speed
and/or the extent of the rotation of the fin to which it is linked.

2. A fin system according to claim 1 wherein the elastic component is selected from
metal coil springs, metal leaf springs and metal torsion bars.

3. A fin system according to claim 1 or 2 wherein the elastic component is a spring,
which will resist rotation in either direction from a rest position.

4. A fin system according to any of the preceding claims wherein the elastic
component extends from a fixed point on the rigid bar to a fixed point on the fin.
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14. A novel float which is suitable for use in a wave-powered water vehicle
whi ch conprises (1) a float, (2) a swwnmer, and (3) a tether connecting
the float and the swinmer; the float, swi nmer and tether being such that,
when the vehicle is in still water, (i) the float is on or near the surface
of the water, (ii) the swmmer is subrrerged bel ow the float, and (iii) the
tether 5.5 urAifin systesh spcording tptmalmwemdhpﬂlaﬂtwgsonﬂmr&e&ﬁn fonpady

h d
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wav e- befar betgndditetransyerse xis of rotationgur at i on whi ch changes as a result of

the wave notion, and (ii) interacts with the water to generate forces
which tend to nove the swinmer in a direction having a horizontal

conponegit ; tAfn @gm@lm hbeati Wémaea)r@é@ﬁ% Blahk @hidts cahprsss 3@ 3ot i mes

the |ength, eing free from any propul sion conponent, and (C)

conpr i ssubgt @HY,‘ ldﬁiﬂlcﬁbﬁféﬁr sibly altering the buoyancy of the float. 15. A
wave- powered water vehicle which conprises (1) a float, (2) a swinmrer, and
(3) a tether connecting the float and the swimrer; the float, sw mer and

t et her hei ng\ finsysteatccakdeny tbmw@‘rthelpafecedmg]ctalmbIwhmeleraachqf tod&ing| oat
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conprises. (a) fin system which, when the vehicl e is in wave beari ng
wat er , erﬁt'@i"ﬁcts with the water to generate forces which tend to nove the
swinmer in a direction having a horizontal conponent, said forces being
generated solely by at |east one nenber whose shape is fixed,

8. A fin system according to any of the preceding claims wherein each of the fins is

at least in part substantially rigid.

9. A wave-powered water vehicle which comprises (1) a float, (2) a swimmer, and
(3) a tether connecting the float and the swimmer;
the float, swimmer and tether being such that, when the vehicle is in still water,
(i) the float is on or near the surface of the water, (ii) the swimmer is submerged
below the float, and (iii) the tether is under tension; and
the swimmer comprising
(2a) a swimmer body having a longitudinal axis, and
(2b) a fin system as defined in any of claims 1 to 8 which is secured to the
swimmer body, with the longitudinal axis of the rigid bar aligned with the
longitudinal axis of the swimmer body.

10. A water vehicle according to claim 9 wherein (1) the float comprising a satellite-
based position sensor and (2) the swimmer comprises (a) a horizontal sensor which
senses direction in a horizontal plane, and (b) a steering actuator; and the vehicle
further comprises a computer system which (a) is linked to the position sensor, the
horizontal sensor and the rudder, (b) contains, or is programmable to contain,
instructions to control the steering actuator in response to signals received from the
position sensor and the horizontal sensor, or in response to signals received from a
sensor on the vehicle.
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(b) a horizontal sensor which senses direction in a horizontal plane, and
(c) a steering actuator; -and (3)the vehicle conprises a conputer system
which (a) is linked to the position sensor, the horizontal sensor and the
steering actuator, (b) contains, or is progranmable to contain,
instructions to control the steering actuator in response to signals

recei veld.f r dametieogobiutilizing waws powan avhid¢hte chmpiigesplacingenwater wahigleasesponse
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connectwangd thevdlingaicredyits berfsod.mrer; the float, swinmmrer and tether being
such that, when the vehicle is in stiII wat er, (i) the float is on or near

the surface of the water, (ii) the swimrer is subnerged bel ow the float,

and (ii Hﬁﬁ? drﬁtﬁ' AFERY (2a) a
SW rmer1%ody aviﬁéltgbgbl?ton Lnfléﬁlgéﬁdgwg%“}nd IS%\éﬂ) leflg)mﬂtnzér%%l ch (a)
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water interacts with the water to generate forces which tend to nove the

swmer in a direction having a horizontal conponent; the vehicle having at
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tether wll becong. twsted &\@& vehi cl e includes a device to detect
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and corGOSHRISSR Sanding ?Jgn@ﬁeto I8t r'st and second tethers

respectively attached to fore and aft positions on the float and sw mer.

14. A novel float which is suitable for use in a wave-powered water vehicle which
comprises (1) a float, (2) a swimmer, and (3) a tether connecting the float and the
swimmer;
the float, swimmer and tether being such that, when the vehicle is in still water,
(i) the float is on or near the surface of the water, (ii) the swimmer is submerged
below the float, and (iii) the tether is under tension; and
the swimmer comprising
(2a) a swimmer body having a longitudinal axis, and
(2b) a fin system which (a) is secured to the swimmer body, (b) comprises a
fin, and (c) when the vehicle is in wave-bearing water,
(i) has a configuration which changes as a result of the wave motion,
and
(i) interacts with the water to generate forces which tend to move the
swimmer in a direction having a horizontal component;
the novel float
(A) having a breadth which is at most 0.3 times the length,

(B) being free from any propulsion component, and

(C) comprising means for reversibly altering the buoyancy of the float.

15. A wave-powered water vehicle which comprises (1) a float, (2) a swimmer, and
(3) a tether connecting the float and the swimmer;
the float, swimmer and tether being such that, when the vehicle is in still water,
(i) the float is on or near the surface of the water, (ii) the swimmer is submerged
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below the float, and (iii) the tether is under tension;
wherein
(1) the float comprises a satellite-based position sensor,
(2) the swimmer comprises.
(@) a fin system which, when the vehicle is in wave bearing water,
~interacts with the water to generate forces which tend to move the
swimmer in a direction having a horizontal component, said forces being

generated solely by at least one member whose shape is fixed,

(b)  a horizontal sensor which senses direction in a horizontal plane,

and

(c)  a steering actuator; and
(3) the vehicle comprises a computer system which (a) is linked to the
position sensor, the horizontal sensor and the steering actuator, (b) contains, or
is programmable to contain, instructions to control the steering actuator in
response to signals received from the position sensor and the horizontal sensor,
or in response to signals received from a sensor on the vehicle.

16. A wave-powered water vehicle which comprises (1) a float, (2) a swimmer, and
(3) a tether connecting the float and the swimmer;
the float, swimmer and tether being such that, when the vehicle is in still water,
(i) the float is on or near the surface of the water, (ii) the swimmer is subme‘rge_d
below the float, and (iii) the tether is under tension; and
the swimmer comprising
(2a) a swimmer body having a longitudinal axis, and
(2b) afin system which (a) is secured to the swimmer body and (b) when the
vehicle is in wave-bearing water interacts with the water to generate forces which
tend to move the swimmer in a direction having a horizontal component;
the vehicle having at least one of the following characteristics which reduce the danger
that the tether will become twisted: —
(A) the vehicle includes a device to detect and correct twisting of the tether.
(B) first and second tethers respectively attached to fore and aft positions on
the float and swimmer.
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