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TITLEWave Power CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims priority from provisional patent application No.

60/760,893, filed January 20, 2006, the entire disclosure of which is
TihEbrporated B RAWBY reference for all purposes. BACKGROUND OF THE

CRYESREFE RENCRISORRliATEBIAPP (90ATIINIZation of the power of
waves in watﬁg éhlerel after "wayv Cfgower ave trave s alon

surfad@'y ?be A R LY B TR B ‘HS'BU?‘QV Pl ARRSABtRR g'\}Pnotion,
60fA0a1893T filechdaplitarye20f 86 etitie &intiretidisotietreaskw hateistnoicadyateith

hQPeQHbﬂé’Péii@%@ %r%%ﬂrﬁ@gége wave length, there is little vertical motion.
5eed of currents induced by wind also decreases sharply with depth. A

EJE'EAWEE‘JH\ de to utilize wave motion to do useful
work Tﬁsfmﬁ&)mm]dwsnmtﬂm ditilizatm plicthio do Ve rRAt@at &&0is. WBERIG@Ereinafter
V"l,a%fpg\% 5and 1 6,561,856. The entire disclosure of each of those
patents is incorporated herein by reference for all purposes. SUMMARY OF

INVERSTROT D IFR4eSRIpaece ovf e ewaifrint Biabicen ¥ aiicel a19deveketi no

n@tw&&mrawcﬁfdwauswawhlrrhe/\mplmmedsfqa@ b@rm&madnmcuwr@mel

ter vehicles, novel compo S efulfor p eredwter
R R e el R R e e R R SR R St

MELes: Jagickeecdroprafeerds I@dmmi mmgdtﬁtsmm@ﬁeﬁ&h@mww@mmm%
n%WB%%@EW@ﬁWM&M@éK&W@%t?o’?mwalﬁm%ﬂﬂ%%

ensive or dangerous to carry out u vehicle oper by hum
RELNTECS Moy DA 1GHer e TPl Uit CRTGRUDR o/ - 10,267,
S\Baﬁetﬁﬁ),méﬂ QGWI&SOB;SHG:WES@S%I) afhat 9(23 228 AMER3IMA/(B) a
41§he8£PNNSEY @Lﬁ‘ﬁ Hogtmyyd ihes SUBMSE 42 566l 54ImHE) 88 and

tether being such that, when the vehicle is in still water, (i) the'float is on or
6rR6dr 3RE- StiteRRlER disclpatse eheaRd QLFH%%P@@JB%F@Q&PB@&W {ARIGBRY
refacb (o floe detherpissesder tension;

SUMMARY OF INVENTION

In accordance with the present invention, we have discovered a wide variety of
ways in which wave power can be utilized, including novel water vehicles, novel
components which are useful for wave-powered water vehicles and for other purposes,
and novel methods using wave-powered water vehicles. In preferred embodiments, the
invention makes it possible for an unmanned water vehicle to carry out tasks which
would be tedious, expensive or dangerous to carry out using a vehicle operated by
human beings.

In a first preferred aspect, this invention provides a wave-powered device which
comprises (1) a float, (2) a swimmer, and (3) a tether connecting the float and the
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5the swimmer comprising (2a) a swimmer body having a longitudinal axis,

and (2b) a fin system which (a) is secured to the body, (b) comprises a fin,

and (c) when the device is in water having waves moving across the surface
swieaWater (hereinafter wave-bearing water), 10has a configuration which

changgsag 5%%@? HiRmarerpet @Fﬂtl@tim_ﬁ“féwttﬁé‘%hﬁbl% VéakeEtiP water,
forces which tend to move the swimmer in a directign

.generat t e having a
BRI B Pl (PR RTEP A Ao U, e forgRESed below
thdiraipatd (i )the tethet i Uiklestanhsiersin to denote a component comprising
a genﬁ{glgw‘ﬁ{mgaéwgﬁgm@gainst which, when the device moves relative to
water in which the device is positioned, the water exerts pressure sufficient to
subst&ially FTEAEERAYHBVEIREPBSHEIBR\AES B "longitudinal axis” of
the sy@b)mer foodystes white gonersdbhuvedticahpldodyalimgovhicizdsen fin, and (c)
SWIMAE A0 %%ﬂ’ébe ¥H%v%l?e"r’%‘§\'/ﬁ15‘\>6‘ﬁ)é%'rﬁ%&@%@o‘é@ﬁﬁ% Hﬁ%‘fé@’ oPHle water
not necessarily, the dimension of the’swimmer body measured along the
longitli§iiean2iies WAY ePeaReENEN: greater than the dimension of the

swimmer bgigly mersusesdfisuassevinitheiengidsciaal pedsit of tHoeaayieetion,
preferably ha}]sdat least one of (i.e. one or more of) the following
characterisfics: - 25(A)the fin system comprises a fin, for example a

generally latihinar ifiteraciz witbttie yvaltriuoaearistefeseagomhielgead xmafe the

rotation gengyaiih Hainsy et iealang BudbRabads Hnibe rRMIMAReERaAY)
the axis of ro%%tion haviggoa agqtial rela,tionsq\i/a, to the swimmer body which
changes whEIFHRS MR FIEPI 75 WAEREAARBNLRSI A (B)the fin system
compfisete(inafin,ifousedinepdind g danoid\ya leonmipanént edmghisotate geaieratly
IARARNS A ELLALER Ao uthaRd IR IRnaGnETRL iRy SRR HPwhich the
longitudinal axis of the swimmer body), and (||B_a,n elastic component h::.g. a
IRy 112 HPSHARI A RE SRRy CashiataHBriSOh B auRs MBI SR IeiRe the
meniapeneot iechicaia. Maielréd myiridifialadxigh be tHeasnwinie thdel B Haetrparé of
ggheelfél?ly@‘i%?n‘é’é]'fﬁ'ihﬁ%f%ﬂg &A%EH%%WJ%MBUE?%?&‘ﬁ%é’b%%?cg‘iéhﬁ wave-
configuration of the fin syStem when the device Is In wave-bearing water,
beasing Wateltsyalibriptises tefiassar yx i sleng trier _fl N ¢aswimamanBody
nelasticslly gatpimaableyiindinavingsavigadirgissastain g saemAaasHe édmension of
threlativem ri%id o .
e swimmer®ody measured transverse to the longitudinal axis.
The device preferably has at least one of (i.e. one or more of) the following
characteristics: --
(A)  the fin system 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 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)  the fin system 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 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)  the fin system comprises a fin, for example a generally laminar and
elastically deformable fin, having a leading edge which comprises (i) a relatively
rigid
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40 central section which has a fixed spatial relationship with the swimmer

body (including the possibility that the central section rotates about an axis of
rotation having a fixed spatial relationship with the swimmer body), and (ii)
relaticehtrdefactiabletoctibtard Sgetapstia(Cethiofinrsy stiémtbermpimsestwody
gene(mitydainrtae fprsstolligxaapiectosnganssailyraoibies abdwelasticadvf rotation
deforpaaing Hnehigha e sMtionsMpaRth ahealindtharbadg eawd @f ehighely
rotateeRRPRLRN RN Afd Aatipmgenerally aligned with the longitudinal axis of
the sy m%é’ﬂﬂ%{ét&ﬂ 88&&%&%&9%%%%5%%@%@ the pesiosal oS
on a eﬁ ﬁp Iy QHaaeE{E%cS‘ﬁp’oae%F E?Ir?eﬁnt? ﬁlc%%?esrﬂr(?r?f%ae!s of each

fins); ber th? tether

compris Sac%rr?r i r?frgeﬁgs%m (Bl ?ro??e&plggl oWers W_'th
o A Vla%%@em ot s AR Al

relatitfR {91 8RB Fh tRe %ﬁlfﬂéi‘r%ﬁ@ ‘HH@%%BQE‘{HUQW A iR REDACHRE as
tetherm%aétlf&iﬁied for example, to the fore section, and the fin system
beind i@ meidefor example, to the fore section; 20(H) the swimmer body
compriseprses an elasticinpetwmsde me@idrom electrical equipment,
comn(ieinicathens ey gongnis e cocd mgaeamipwréct, tcamdnoite kettr@mid&r electrical
steerpgveguipment, and sensors; the swimmer comprises a fin which
influe(@es i QupntaipBgiythe swimmer body in the horizontal plane when

the dgyicg é%5@{5@.&4@%&%@ge?éWﬁt%rnﬁo&eeﬁ@n%m‘?sfr@%wmm@;@ole in
S“bs‘iﬂetlﬁ‘ébdé’aq Gl WQ#&‘ é@%ggt\éﬁ‘r’a\ﬁ/'ﬂ H'HWQE% JR! FXABRlG BQﬁgdfa ched,

more ganl t rt. o (%eswm
fg|l>J F g}o the S re SeCF nd 91 QHI S\lﬁe)zaaﬂe 'Fé atéarlﬁaﬁ(i[iorlzon?al ple,

n}] ?g % wimmer y could
dlme ﬁg 85? 13k vely lar evertlcal dimension; for example, such a part,

if it foQFHed the BITHEE O HRERHRRH RILYAP O sRMHI A Satet s LRuEr

the sRIRRHIER! qOY BSOS ANFRHINGAALIRMRIIEH PREIR-IEB P aUNINSHhtapNtrol

dwecﬁ!ﬁﬂﬁﬂi’é‘?ﬁtrﬁeﬁéﬂﬁé%"m@%wg%&r (K) the swimmer body

compiises dhesswiaimesdampoasing fimwhietvntieenaesdipgapigsiatiofingf the

exterswvaither $iddyohttre hody dotad plane when the device is in the wave-bearing
water, e.g. one or more fins which are substantially vertical when the device is in
still water, for example one or more such fins secured to, or being an integral
part, of the swimmer body; for example, a part of the swimmer body could have
a relatively small horizontal dimension and a relatively large vertical dimension;
for example, such a part, if it formed the trailing end of the swimmer body, could
be actuated to steer the swimmer;

(J)  the device is a water vehicle which moves in a horizontal direction when
the device is in wave-bearing water;

(K)  the swimmer body comprises a central tubular housing and wave-actuated
propulsion fins extend either side of the body tube;

(L) the swimmer body comprises a generally tubular housing and vertical fin
surfaces at or near both the leading end and the trailing end of the swimmer
body; one or both of such vertical fin surfaces can optionally be actuated to steer
the vehicle; preferably the trailing fin can be actuated to steer the swimmer, and
the leading fin is fixed; the two fins help to balance the drag forces and to limit
rotation of the swimmer when it is pulled sideways by the tether.

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 secured, this
includes not only the possibility that the rotation is about a single axis, but
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fin surfaces at or near both the leading end and the trailing end of the

swimmer body; one or both of such vertical fin surfaces can optionally be
alerthadpssibitiy et thelati prapstdisyrame wialliog ARQErwWe ionRRadigcent

aﬁéée(mgﬁmwﬁs roanddbe m@@%ﬁ%ﬂ%ﬁi@gagﬁ%%@)ﬁ%@%ﬁ Eb?ﬁ@n‘}elhat the
dra rces and to limit 4Qrotation of th immer when it is

AN o oI R TN e e SRR TS & e VL gther

cemp@aerenasvitchxatzsveimuo ae paisabfar Seadiale, for itofaesb anpbiherreatit the

fIé%(fkﬂEa%br%W@I%ﬂ\%r t%%f%tﬁi&lﬁﬁ&ﬂ%%ﬁph%ﬁy t}e possibility that the

rotation is about a single axis, but, also the possibility that the rotation results
from @fﬁfd?%ﬂdiﬂ%(%‘%??H%?MQH}Q@éﬁP&U@Q%Wﬁ%% BRETRRH not

bblewparallel to each other), and the possibility that the rotation involves a

continu t, as
o ex R e e O FETRETTE. e
OfRatRNY3menava WWPE isrBr@iBieabentionAly iR ahytmotBetliegctly or
|m@n}@me@w@émﬂﬁmmlmmwmm@a/d@@@rcbln@dybﬂ@med o the
S Se I RrR s A ard e e amalg melkele (e
generallyqa Aar fin VRS mounte op |onally ro ata it (),/tly

connaiirdirecne din andtid isain@ gkl i@a;wm@@%mw@eﬁo&@mﬁmgeed and/or
t@@*@ﬁﬂo%mtﬁwm%é’%ﬁyarﬁngr(ﬂﬁeaf@m'lasraﬁﬁ'é%ﬁﬁﬁfﬁ@@d&%}/\f@!ﬁhdﬁsh|p

directly or indirectl cted to the fin and/or to the r ch

DR NG 06 F D B S T B LI QTP h e Afopges i
coigfiig uraticenaf/tre(Isy shers patial relationship between the swimmer body and

the axis ok AUQ MM RATERE Pﬁ %&h%?gaaaﬁa%mgnrwwm of the

system. A device haV| characterls C) can for example have a fin syste
"W‘?Qﬁ%ﬁﬁﬁﬁé& erge e/ahﬁmm r?é\d S@% Yc%ﬂﬁ?ﬁ@?@ﬂ%&'&l@%ﬁ(@dﬁh%tfﬁ‘ﬁa“y
bepidoinel yohemgstiteconip @iasaticoc amp oneaniiuedlitn efaflaspucalitp efelastsf the fin

gompfriﬁé'tﬁ RS f'Q e e'ﬁltfg@g%ﬁ?ﬂ ?ié%@‘?”‘g RI9, 'ﬁﬁ.d central

ises (| arela ively r|g| section which rotates a an axis

sestiaiby e stalesrabRYeAseds RE RIALRD diRaE Bl R RKesaRrithiee Bmw,udmal
aﬁa@cb{iihéeéa.ﬁwﬁeds&mame iﬁ)t’r@QﬂﬁdI)%@@i@ﬂﬁe@@ SXDVRNE SebfionaV(fod éxample

TR A R o B B B R lng efiShver venicie which
comdﬂ@se(qqrwmﬂater(@)deasmﬁmm@s m%ﬂmemerawﬁmeaww@/meqmdmater
vehicle which comprises (1) a float, (2) a swimmer, (3) a tether connecting the float and
the swimmer, and (4) a computer system; 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,
(i) the swimmer is submerged below the float, and (iii) the tether is under tension; the
swimmer, when the vehicle is in wave-bearing water, interacting with the water to
generate forces which move the vehicle in a horizontal direction;
the float comprising a satellite-referenced position sensor;
the swimmer comprising (a) a sensor which senses direction in a horizontal plane, and
(b) a steering actuator; and
the computer system (a) being linked to the position sensor, the horizontal sensor and
the rudder, and (b) containing, or being programmable to contain, instructions to control
the steering actuator in response to signals received from the position sensor and the
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25 the swimmer, and (4) a computer system; 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)
heiizestabsessiider ik rRieantfieWignIe rorei¥ac e Veh REESSIIPNIVEEVBBIRIhdN
tH’éEW%'TeWSFﬁ’&B@%WHB &@%dﬁatgéé‘é&%ﬂ%étﬁl@@m%ﬁ WH@QWN%FW&S@EI? in

a honzont irecti Othe float com risin tellite-referenced position
SRS AP COnTHRSR PR G 1) SRR LI ORISR, but can
comprisataldittenentamddbd fosEangtiagtieims adich thevedhpuedicty stearhaizontal
dpggagr{mked to the position sensor, the horizontal sensor and the rudder, and

(b) containing, or being programmable to contain, instructions to control

35theTB@éWﬁQtwuﬂtb?Qr?F@W@@f@%@hﬁl@?@@&%@fwﬁm@b@%dﬂ which at
lesshpartaidnmesRbl ROMEr Sensertast by feepepimentightle sadelna Fatped to
maatesiheorefide/echerizpiiial wisestioe kiR eoTaine eeebif@taxpiet, of aRy, being
canventeshntR @ BRIMaety|Jasfasabasiathis stow ety thadragmiepdasiides the
pessibiiinthed teadiclithemaw et gradratedidntieunexaraent ofisees wWiffur@its so
upesiahs.-fall thati@ewagisoreeverbit nipotkethesobhiana arlipwasted as for
egainptinmen thetileah e thio awiillrber dhiegig itegdiieddasatiefer@gcd@wanshor or
othetiiekkachmehich at least part of the useful power generated by the

movemﬁwééhg%wwe'a Bthig m%&?&%&@m\m \W%Z%H?ér currents or
aUBRGHANdARP SRIBAGOR SPE w At Bﬂﬂgfﬁj& % el 5r pxample
aliceibtalelty cm%?é@ah'% %\ée&\Pé’&B?F RRRHRATIPIY float

that none O the power generate '[ e movement O e swimmer IS SO

used, 8. WALES AEHERIRS: G @Sd%?@? hRSIBHRA TRESS! WH@%F?@VM@Q‘“H@'G
samexarghel Wieenvtbuenﬂaamuromemwlprmecn@mmh eefereddecatochavgtdry

cﬁggq%\%\%p EQHWMA? hcludes th II Lf’sﬁg) ﬂﬁgt ARYE ﬁ’s%?@“f?{ none

rces or examp e by wind, wafer curren onventional propulsion
f|§9§té Qh@ﬁfé\i@ﬁﬁbﬁ'ﬂ%ﬁ?ﬁ@@ﬁmf@fe‘?ﬁmﬁe%%f@ﬂ'@i&ﬁpﬁgmépﬁe@“ﬁﬁmy

oflRRIRTRIGS ABXRItARNGPRctarBivassing akidhe Angvemmentopitiaiftpat. ibters.

water vehicles of the invention often comprise a single float and a single.

swimhSrRBh RIS HRISNAISS VBl Ohibey Mettiote G Hefre e Wigpmer on
thedRaveaHeleal heWerienitideRanshRp i Sige S5 eHEc S5 WiYetheld' &
Maveaeeidhe forbutl! alsg/eertne feraxamelswirrenironeriaipnaditiongruch
afiovatattagiredtscaapviraditprad symtherpramelisioimonetsepitdeydigmbepagating on
theexit. d hgnudid by e pdiitiatisy thictethiersier wilFarcveytiparetidde fvaterdehizlspetd
wiieHnyeatistactbs iffiuaacg miribss syyimitneuoainethee yeopension s koaltwlgh it
NN e« bR 37 aNEhB R IR b@veso iR rAeveBIest R Bl aat Vil
pAIRSHEBRGAIGH RSN QBHREINITO BRGHRICARAIESNPP YA SR esnyaiRitems
WSS 06 Y %ﬂ%fﬂé}g &SH%FPéBF?H'é'&@s%at%w%%%‘?ﬂblg%%% Aldve in
ta%J!g e A9l G AALLRB ds MU R0 81 Gf‘o 5 9L5 B o
Ioc S Pl 'S or man ur bses pé/t verse slowly back
Fsu\ﬁvr?s S rﬁggo %¥a be waBFeal% usg r sourc%
%%*Pa%eé e gj% e‘?ﬁ?% 'Br ?Féa AR %Hst ?é%s
equIpewItWrtﬂ] wefdredasosiEeting isysteing @@M&sfaenatbiedtd@bbzregrwwlg
pGRRT RSB HARRIES B RXABRIERPARIRD BRYGDR & SlassliRAdRed

around a desired fixed localion, and/or to follow a desired path between two
apRegiGhQVREN RN ha H%Y%Wé&%iﬁ’&??%%cﬁ&%%&%%m odevareater

wiarts eeehngareasy tisesodees. in order to gather a wide variety of data.

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
second preferred aspect of the invention.

4A
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In a third preferred aspect, this invention provides a method of utilizing wave
35power 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
expedicd fitimprataatbaspeed s hidripijiar eyigesarfagdod of optainioirth

iPERIRATRA AFRACbJIRISBYEBIEM Pﬁﬁ?i%ﬁﬁéﬂsmgf&bmﬂ%@é&maﬁ*@lo the
.which comprises receiving signals from a device according to the first or
RS QL S58 EIGIREPISSRREbP RSB, In @ fifth preferred aspect,

this invensisth predédes] aspethiothiofioatitnginfitasat ometiiod ioc corpridiisg a
ERIIING SIARASISRERIRS BYR drMicr acedipRigiBs JEpker seFRNAvention,

preferred aspect of the invention. In a sixth preferred aspect, this invention
5 RRYRRALATBRAISH P LUARG HFGASSRINGIGR V6t device according to the first
or setoncgvefelrpcbéapattoptiog thicintrentitimeproettiesl ramralitsing ssatadingor

ugiegm.ail etﬂrgleopﬁé{é:%%d Hre'fgfge%eé/s%ét& Bf% rﬁﬁ@'eﬂﬁBﬁ%nH“fér‘ ﬁ%?tﬁggoses; ?ovel

provides novel floats suitable for use in the first or second preferred aspect o
SYHERGESatRBIRS P6 L BB PR fTE5eE SRR SIRFAFRI SeRREE tha nyeniapand

idirstir seepostareferedraspashef sordpratiorantASfrsogheeporBEqHeRmed

2008 ALY TR S IR SO HEP D (R AL SR SIRHER B0PRA B the first
e Inventon and Tor otner purposes, an novel fins suitable Tor use N the

afigssepnhdareiairpeeisnect nepstdweiiie maea il frpEses purposes. In

an eightih RiBRA BRoASPES i iNYRB AR RIBHIHRS IS MR It HSATWSIREIEIng two
two r more of the components needed to assemble a device according to
OF Y RPN OB ARE IS e RAIF AR BSSBFIPE 7 UBNIES: Roooreinad ag drst o

sé@anqexeieerddsahnmddxhtth@m&alaﬁim D.escrip'tion below and the attached
DfaWtG@%r%%PréatB?ﬁé %fréhﬁd%'i%&a‘lﬁr\f}}ﬁw&%ﬂ&%%%dﬂﬁ%%%mo%e

THE DRAWINGS 20The invention is illustrated by the accompanying
aHRSRIYRrWARGS REHIagrRam Al e R SRR BEIEOBind in which Figure 1 is

a diagram of a water vehicle, Figures 2 and 3 are cross-sections of fins for

Bﬁ%ﬁ]\gﬁgﬁﬁﬁgwgﬁeﬁ% Haui (is cross-section of a tether, Figure 5

Is a block diagram of a control system, Figure 6 shows a path for a
statiolPRBYRIG DA valrrird Pyghreapeeranmardpadiiawingsy which are
diagrammatic and not to scale, and in which Figure 1 is a diagram of a water vehicle,

Figures 2 and 3 are cross-sections of fins for use in certain embodiments, Figure 4 is a
cross-section of a tether, Figure 5 is a block diagram of a control system, Figure 6
shows a path for a station-keeping water vehicle, Figure 7 is a perspective view of a
water vehicle, Figure 8 shows different configurations of a fin in Figure 7, Figure 9 is a
perspective view of a water vehicle, and 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, and 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 flexible body, and Figures 23-25 are perspective views of water
vehicles.

In some Figures the shape of the fin system is not numbered. In others, the fin
system is numbered 0, 1, 2, 3 or 4. If the configuration is numbered 0, it is the
configuration when the vehicle is in still water. If the configuration is numbered 1, it is
the configuration likely to be adopted
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25 water vehicle, Figure 8 shows different configurations of a fin in Figure 7,
Figure 9 is a perspective view of a water vehicle, and Figure 10 is an

enlarged perspective view of part of Figure 9, Figures 11A to 11D show
wiiigfe ot ¢ Feling dedirdchiwdive Gresigand herigises p-tie deiderlisiellsigéand

rﬁé?‘ﬁé QEW?tﬁrtNéQ@Jﬁ@u?é%ﬁ'%@n%@e&%é @'ﬂﬂsV!ﬁé\/chnﬁ@VéﬂEﬁf M@TWG 56
%Tre 21, %I s 2 A t%% C show dlﬁerengﬁ%\%%uratlons of 30 water

agg S AAIRD It eionda okt 8%&%%&%\/%”\%8%8%

teﬂmes@eisutdemoreaﬂe $otime d%xgilgesatm shapmbétee Jintsydtencasimtration likely

1 HE RSB W ALIETe H '@. REFIE T ivaReenRE R B 4 fave And-tHdh&her is at or

configuration js numbered 0, it is the configuration when the vehijcle is in still

clRstdp \HH@&W@JF&WF@HJH%%@Q&FW& Wasd R AAGlouIRIPIKE B BRred 4.
it del it ed nbidneatftoalike| feid ng: eloivtd divehemvieediest, |slndathmeeuw(mﬁ @wHve crest
e configuration is numbered 2, it is the
ah%tr?ﬁél%églgﬁ %ﬁﬁ@%égbe fﬁg%té%é\fv %}%he float has fallen to the trough of
the wave, and the tension on the tether starts to increase. If the configuration

DE TAIMBbEBE SCRIiPThe N @ gwEtiNY ExetydiNio be adopted when the float is

rising t s the top a yvave and the tether tor ose 1o.its

one e T ey T RO g e LA emeleii, A g gventir
betnfiguradion ak@tmzfﬁbwra@ldmwaméﬁfm@rmas|§1ﬁéart@r1@afbpudﬁraf%aves of the

wﬁf&’ﬁﬁcﬁfn‘?‘t‘iQQdm&@t%%ﬁ@%@%&@%ﬁ%é@n%ﬁﬁﬁ”ﬁ%m specification
ﬁa RIPTIO E INVENTION In the Eeeal mary_of the Invent| n

 H P l%& RRATRIH U ROEIHEAT IRAbIF S PhRxample, where a
padmﬂapwam@ graistrigsedefetencerterade fwmpmdlauksfectiagsdictiar
elRBEAHRE 4 éOPQ%H@IQ?ﬁHERQ thatk ?’@St%%%ﬁ%%&%@‘ﬁé@é( efatipR Kbk

specification includes all possible combinations of suchﬁﬁartlcular features. ,
apRORKERpIR t%%?etsxmameupﬁ%t BrERORRLI STRPHMIRE ST grLes, and in
theaificendo ageeetatparicales izoahicentood ehpattislilardnigniendhaldeatuievel

fe%’i‘ﬂr'&‘&%@cﬁ’o‘é%@%?e?ﬁ%r?d‘ g%?‘ﬁm?é%f A% hﬁ%%?ef:l%'&t% 8&%%{9&{%%% f5n set
aspects, embodiments and Figures, an the invention generally. Tt is also

Ot %@Mﬁderstood that this invention includes all novel features disclosed
herelmrﬁmtéﬂm n@bHmrt%@ﬂwgmﬂmw@amﬁmeﬁt@mmmﬁw S8R RePbih to

1hﬁ1 com rlses 'and ﬂrammatlca |va}lents é? jreof arte usg
MR N0 LS PRE DR & B SATMPRETIE '%%% SHgredieitss SRR
pmpt@TME@mV\%@f&dﬂﬁ}tﬂe camtelngeme'vmohmmm@pe@m oatiphnents

A?@%ﬂs@%érﬁemﬁélﬂ%ﬁ? LoRHMCANE QAL BRARUBRENEABE Anifp and

C, or can cqontain no 25 components A, B and C but alsp one or more
CB%%?%H&% E ‘én%“{%?lﬁo QPRASFR RS YRR 108 LM EldRR

fallemete: blyeastamtnﬂraeraagé beginrimdenittettie stanbér (@hgehbeginitiegwith that
n[ﬁ’ﬁ'&&r NRKIES A9\MPRSN R NAYRREL YAAY nﬂﬁP@PH&ﬁ@p Brthﬁﬁ’acﬁl?&éﬁ&?ﬁg]&w

def |ne ). For examp le "at Teast 1" means 1 or more than “at least

thsouar 'ﬁ%ﬁ%‘@@%ﬂ??ﬁbrﬁ%ﬁﬁa@d@@ “Ahéeastnl HraRRR " PélfBW@d*iﬁFeﬂ and "at
|gASOBEEL InBEh s @b yrese in dee drao@itie Endtofm rangesthibiingasdbin@ahumber is

gm?e%remv %ﬁ‘i%?é( {'Rg o hayd @%ﬁo‘?@vﬁ E%é?WE gﬁywéﬁﬁ%e a

avmg no [ower limi epen ing u riable being

rangeiiaenti eiddes’ 'ﬁﬁ@d\‘%’ Kiroit| 058 fisae A hanAT AoNHYLe YV H%WWG%IOO”

tHY \l@ﬁ%ﬁ;@ﬂe‘?ﬁb"@e%&%ﬁ Fgﬂbi@ﬁ@ﬁ@'f'éﬁﬁ%t 86 fﬁi%@ﬁ@f&é‘é@ﬁwaﬁgiﬂ%d ‘at
num to (a num num number

R AR RS oar TR0 the MIaT s S FALGen 3 Bt ver
the second number. For example, "from 5 to 15 feet" or 5 15 feet" means a
range whose lower limit is 5 feet and whose upper limit is 15 feet. The terms

"plural”, "multiple”, 5"plurality" and "multiplicity" are used herein to denote two

or more than two items.
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Where reference is made herein to a method comprising two or more defined
steps, the defined steps can be carried out in any order or simultaneously
(except where the context excludes that possibility), and the method can

agptiariafyIHEINEe hecearnie Btmbesteps (ehicht areigiied et euTdreuaIRED!
tHResiafines WW@%@W&NMP@‘ iersfingdisie BRI RS @béraifefisere

SR R o e L R L MRS SRR e
ladentifiohitsom fpatmsbahumaﬁelmhm%r@mlfémd&mwiw reig firstltépid”,
“SIRRAR %W%ﬁlﬁmpeap%%%g‘ﬁe%lﬁ'f@&%’%t@%&éqﬁwﬁ%r@tW@tltems

element does not mean that a second element is necessarily present (though

it may\EESSELRNS NMSHS ReEEhIRALMARAE RerRAEgWE oL morsiRERed
stéms dbesisiihedclape tam pessibildy thairihene aetwo simoitzecsusly étsnepits

%Bﬁ{&&ﬁ&ﬁgﬁ@%%%gaéﬁ t pRg SRl %%@W&é&?’@néﬂi?% lude one

rence IS ma rein to a fin, or a’fin system, the swimm can

Ofrm@ﬂmeaéé@%wmﬁfﬂ@éetwwqwm%aﬂﬁ of tesefinpsistermpaivarn two

offHaRIeN r@&‘@t@ﬁﬁ \bthater rigferenssifes@p eiriepoier ot oantext excludes
oEIEPRELEn DS tAss naliexcludedhe nassibiiby el ihe o L mOte Slements g
rep acetd by a Te&L&ITtnTBer OF grealeer hUMbEr of Blemehts prowd| tt?i
l%@?ﬁérﬂJWc@@ﬁﬁ(ﬁ)(dépﬂWﬁ@t@mr@mﬂ@&I eekrIthe entpistalings FklsnerWIse the
i X ANP o dBEISUYEMBRE Q@ﬂ%éﬁﬁé@ﬁﬂ@ sy sharmndRg etrsiciin A SHet®lement
unlta bod -Li e numbe |ven herein should be const Lféod with the latitude
A eai j

a5 Akf %%‘?ﬁ@ AP TRSIEN G BSETh B UL HEhBer is
peedgeit Whemattereois depdsntsrem ttoe'atoutany etétmentdhistdzes et exclude

tHB%%%f&ﬁtPYh@ﬁH&?Q%Fé’W@ BinaHly iRk aosS skilled \}&hQ?S - context

Unless otherwise noted, the references to the positioning and shape of a
eXeIMsEAE BPETL NI TO &R I Y MRISHBIRIR S P ShagR R‘ﬁlﬁ%ﬁ A& JiBnRi fin
sg&tlehstrlhwamrn Marloans @mmﬂ@qemwobweﬁjlsapsnﬁmmbnmammm

dﬁevﬂ‘ﬁ R %QrﬁQ%Ygdn"ﬁ%?emeMH?S i é‘(%oé‘hté%’ﬁ 91¥8§ %&'8*9( to two or

ing edge” Iea Ing end trailing edge” (or trailing en

mﬁ@ﬂﬁmﬁﬂ@ rHy ggﬂ*&@@é ?é@ﬁé@tﬂﬁ@l?@? flityohatriee M%%W@fﬁ glegnts are
ré}ﬂ&t@d@ﬂé&és@@ wehipls & @}@‘éﬁefQ’fWﬁBér of elemehfy 9rcﬂndi n@fﬂhéigmt@

locatio srela IV r the Jleading and trailing ed (
B MR o P T AR T o SR, tpe swimmer
bodytiead! pheriénsistenisosartageitietierveaisiapiganmitavniepdycligesumgers given

h&@gité#%”uﬂi Bé'éé?fstt"r‘@e%‘wmﬁé (iRl A fﬁat@%%‘é’ﬁ%&if@ﬁi'&ﬁb@ ssion;
lies rally in the vertical Lr'p:kaane which |ncIu es thqe Ionggltudlnﬂl axis of the

Qg HIB £PIPHLIBPEL HRMIRE 10 YRERHIBR WHRhIRREGERQLING ﬁ%ﬂ}@%é{‘f'th
wiahdt ceth igomabtitae by rtiethiqramenvieicomalydesdrsy axesiecshitedietoé art.

the S‘MWEQE%theer%Q%Sté%fe}F%‘Fe?é%ﬂ?%@%‘ﬁ{@‘BoEQti%rﬁ WAL of a

"generally” complies with a particular definition, for examp enerally in a

CORTRRAE Pl h e \Ritie BRI SR iR Hat pSﬁ't&P{éﬂélﬂﬂrﬁﬁ%‘fﬁleﬁq@tbeﬁg'e is in still
wainste isseiodsheintiseafealsse mewdt plechinytlystrcityeddavite that pastaaiiaitions

@%ﬂ@%;go buty ﬂ{@‘?[lﬁ -depar éh%rgl that géﬁé“]kdefmltlon by an amount which

ermits effective opera lon In accordance with the principles of the invention.

All thé—@@ﬁ“ﬂ@ﬁ’gﬁ% @&H@dm@écﬁ@%é@rmﬂfé@ﬁst@rc&@d'ﬁ@ ergedarote the
fromichdredesistabbsassibWiay o £hglesethyvitimponait i aes koWl causes

thseu\(fghrlgﬁt?él?rll’ove forward.
"Fore" and "aft" denote locations relatively near the leading and trailing edges (or

ends) respectively.
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15patrticularly any electrical connections. Preferably, the materials which are
exposed to the water are resistant to bio-fouling, and are unattractive or even
repellent to marine animals, like sharks. Suitable materials can for example

be seldliggedragianniei dreFinidei ikmgsositrdiidniaciadiegl plane which is

psparrérrocmétwr&p@%@ %%WWM@%@W@N@M&W§ St @Wimmer.
gﬂﬁlgtrfﬂuorg)et Iene When the yehicle mclude batteries and 2(?50 ar

Btha S SN hIE8 RS SYolhing LHGLg gae whicr
indisciesrtigadrgituding thespriwies wimnier.batteries or solar panels to briefly

electrify condnelivadnaiesialsiRi iR Mf?ﬂﬁ'ﬁeé@%ré‘ﬂﬂh%@éﬁréa%%%r

which will dislodge bio-fouling materials. Leading edges which may

odRegged Hytgéﬁ%gﬁ'cﬂﬁ”@p‘ﬂmﬁl|V‘H%l%%i‘?§r6’%'§@ﬁ?£%€@%&b€? %‘S'ﬂ‘f@er
vehrcwmenereémfadﬂyairem@amiheremrﬁmmzfeaimg adintotlgamerlof Hoenplids migh a

pQH”ﬁJI‘EﬁH ﬁomgrtg@ry@rérse ¢ia gth 2L N3 SafvaleL e ﬁ@!ﬁé‘?h or

move the vehicle sidew e swimmer or bo can aps

PRI A deoRRINaN g 19Re UitdierstRad U}@Uﬂ%ﬁgf@\ﬂéfﬁtﬂéeﬂ’d%@t&%mm FEety
wrnomag rf@fﬂb@llﬂr Betintibeh tfaﬂrawiemdﬂ%péﬁﬂrdfﬁ%%ﬁﬂdf@eﬁﬂﬂb@rby an
r.is moving backwards. Such 30flaps ref I osm ned
AT b AT, MBI Shermlon T Be AR R AR BRRs o1 Re
lﬂY\QﬂI@backwards The Swimmer Body The swimmer body preferably

has aAGlQHSV@é%WH@Hf#‘@# tﬂéﬁ\%rélé%%r%’ﬂ@rﬁ%l?@@ﬁéﬁ@éfb%'m&ér@iggvhrch
as the fin ste puIIs the swrmm throu er Oftaa there.i
SR oA S

GG ST O FECR PB’%S%H $'% tt8 &4 %Wéra
pprthcteraﬂyyangrdlycwaal ttwrnwdwal@rﬁdrablwrthethmrteneés \phrraﬂlareoemumd to

tr%)@%‘ﬁgr aRArLE; Qfé‘mtetﬁckﬁld)wﬁl‘inﬁ "I ably hathedy 37 & D EBIER t@‘r‘ﬁarme

which is generally horizontal when the vehicle Is in still water. The length

afiRalRiie SPBLTy CHPRIF RIS 58M{qe X TRELPeSG oS ter1itrat W?&a@ a”d
pfﬂ'fﬂheblﬁ@anmxsraubstmlaﬂyrgremeer&:@nuamt@gkﬁwﬁtﬁeﬁimrom@wf%eeenergy

t
RS o PSR e ot LS RO BT e
S@'ﬁé’@ﬁ!@éﬁ o8 eEgr GI?%"%Y 9eRarANg MaafifebithioWiRgthanr A §Wrmmer
dlgbsgmg@nmlyqrﬂm@m ﬁwﬁr@ﬁrﬂmm%h@% Vel Begigisis o vieasy dieigrify

als ssrbl art the ﬁwrmme to be elastr aIIK deformable For

ey Ye th% ” i o y'((::zli% ﬁa ort S 68 &R ICWIS leXl Ie'S|°dge

bmrmlmwmmﬂydm@admwbnkm@rdn@swmeﬁdommeﬁdmd on

oatrégrg|§%ﬁgrgf§h§eﬂ@f@e€g§g§ral 10section and the fin system mounted

on a rigid section forward of the flexible central
T% %o le I1s preterably designed to mrntimrze drag as movement of the

eve
swimmer pulls it forward, and to minimize the effect of winds and water currents which
move the vehicle sideways. The float or the swimmer or both can have flaps which are
folded-in and have little effect on drag when the float or swimmer is moving forward, but
which fan out and increase drag when the float or swimmer is moving backwards. Such
flaps are preferably positioned so that they keep the float and/or the swimmer in a

desired orientation if it moves backwards.



section. Optionally, the swimmer has a center of buoyancy which is above

the center of gravity. As further discussed below, a wide variety of

additional components can be attached to the swimmer body. Heavy
Toerpomerts Bedypreferably secured to the 15swimmer rather than to the float.

The wabweightef B&I? F@f@‘rﬁbl;}ﬂ?&@%%ﬁé@éﬂ?r@ﬁm&%&ﬁ é‘iﬁté\Sé‘QS’r mﬁé‘?tﬁqa e
exam ebe52 0-60 Ib

f 5-50 f
B0 T B AL TGP S e et vet*a%wﬁéawgtef
mmmawqummmmmm eqlipaiignof inctielinsebarteeriossach
oﬁ{EPtBPQfErEBWPﬁ]@@t \ﬁﬁ#’i"iﬂéﬁ%@“éﬁaﬁed’v BF%W%Q@%?(&Q@%“@P fdnd

Odirection-finding équipment). Others are preferably or necessarily placed
SB%&%é‘FPﬁQ E%r%%?*b%@?rf r %@?éﬂ?bfé*‘ﬁélﬂﬁ%éﬁ‘?r% lRgiHdeRlAsgHtgich is
ganad=lhy heoiauntypehaf senseiciand sastillevatdlectors. Stabilizer fins, which

can fOf ample be placed near the front and/or near the rear of the swimmer
body, can for example be generally vertical fixed and aligned fins which resist
transverse drag on the swimmer, or generally 25 horizontal fixed and aligned
fins which resist vertical drag on the swimmer. Stabilizer weights can for
example be bars and/or discs, usually aligned 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 part of a
keel-like vertical stabilizer fin. 30In 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 The Float.
The float can be of any convenient size and shape, bearing in mind the
components which it carries, the way in which it will be used, and the
desirability of minimizing drag in the water and against wind. The length of
the float can be less than, 5e.g. 0.5 to 0.9 times, substantially equal to, e.g.
0.9 to 1.1 times, or greater than, e.g. 1.1 to 4 times, the length of the
swimmer. The length of the float can for example be at least 1 foot, e.g. 3 to
10 or 4 to 6 feet, but can be substantially greater, e.g. up to 1000 feet or
more, so long as it is not too large to be substantially moved by waves. The
breadth of the float can for example be at least 0.3 foot, or at least 2 feet, up
to, for 10example, 0.3 times the length of the float. Optionally, the float has a
center of buoyancy which is above the center of gravity. The float can for
example have 20-500 Ibs, e.g. about 80 Ibs, of buoyancy, and/or a buoyancy
which is 2-4 times the wet weight of the swimmer.
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To reduce the danger that wind, waves or current forces push the float
sideways, 15preferably both the center of water drag and the center of wind

drag are behind the line attachment point, since this helps to keep the float in
lengibzei-the sMémmeabhadyaaeiar Bxatie b attaasérafodiag.ondrid Ah@idated

fderoest %ﬁﬁ%% &%Hﬁ‘ﬁﬁ/ %fré*é?eﬂoélbeI Ry d dghedeshes @Haqrha@iahm&t(or for
orientation, whereas those aft

tend to ro%ﬁ float a hsgm the desire %
NBPTRC AN R FBoﬁ% ﬂﬁt RBHTEE REHBGHIE BB SHAIRAGISH SrRERsIgRs) of
theswoseefthe fivabisppefdabliésselhlivest,uat Eadttlud teetd)mtbefeas
e%‘?nﬁg Retign S the |g95{,p5¢fﬁ@g;yrﬂﬁ%@n extended tail portion with greater

vertical surface area. The float may include a rudder. The rudder ma

fixed HAMREESRRPEIAN tHE BRURBVHTBRBIENIKIE PR iide MRNRIED t’%és also
possitge édrovag bbthiedvunerttﬁhbod%aitaememmtwdefﬂshaablddéonwmbb ke

Spwjrag%&%ach ﬁé\{% %16 sv&?mr%%ﬂ?n%ﬂ?ﬁqg R]%J(zovlvmpr%er S C %E?Wélf? only
I@Qsé@alg@hméﬂemé%mérrisda&awfgibﬁﬂw@@wa?acapfhéft@m@ Hex'ble central

sbeirRacy Bidhie Bpaerhmsuhetged sgidaceset thaviraiomay hextblaredird

sec?honpﬁ)cluce §r\%ard thrust %()%he flozilto {tonal cs?m r| sesapg Ut‘ﬁqresggrlmlter of
compr|S| gap I’ymerlc compos lon,’€.g. a erdlas O Carbon

gfiétyreinforced polymeric composition, and/or a thick-walled elastomeric
sheeiydaigral- dTélﬁJ%&ﬁ' 6@!6\,@pé'W@@Wéﬁ'&i?%@d’bﬁl@ﬁﬁﬂcﬁﬂ%b@%’rﬁf@@&n be

foam core, e.g. a compliant closed cell foam, and/or a plurality of hollo
ARG G R o o RO S Bre B A AN Bor
sekametaabbeingncontipofedt of be \etd stergbtiof et eral) s, thatubieyg tbe be
cORy f%%% QR%E&Q%FQ!S%‘Q{H%W@% 9/&5 3L RANKE) Q‘éokﬁaék‘)‘d 19 %or

her The tether connects the float and the swimmer mechanlcaﬂi/ nd for

eﬁ%@@'ﬁ&B@&'%rMﬂ%@@%@%ﬁéﬁnB@ﬁ %@Mt@@@%r\é’&hiﬂgﬂ ﬁﬁmhte g.
eatlenst50vdet W&hetmmﬁemmmerewnrfwl@mpﬁemeuncludmg
b&ﬂ@% %Fe&fr%pecﬁh Sggﬁnstt@ sé@l% @Wéom@ﬂ\émﬁfe%ﬁﬂ?gﬁ’&%oﬁhd

viar or en, the tether a SO comprise or mo

dﬁ%ﬁ%?@%ﬂ&%@ﬁtﬁ%ﬁ@@ﬁ? psaPERier AYCer (heASAREICBIFRRH Suipide the

sﬂrﬁﬁr‘ﬁ’éﬂ@é@y ST g Wé@éﬁlﬂﬂﬁtﬁﬂspﬂé%mﬁéﬂ%ﬁ% elggtiizal déme types of
conductors, o tlcal f\Pers or\gqE tlc bles, ener O)éthete % II suﬁﬁ) ort
{

Sty fe%%ﬂeg?oa%lg PR T AR (HE BUSOh R R (e Rired Wit the
frafjansktst ian greseisfdhy. $svimoer w@dxemf@ragam@le:bmpen@rmwmenﬁeal

filginanaraigretermRIvAiERESS Pansverse 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 aligned 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 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.
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minimize the area of the leading edge of the tether, with the primary tensile

member at 15the front, and the tether optionally includes a jacket, preferably

of streamlined cross- section, e.g. composed of a polymeric composition, e.g.
Theblaposition based on a silicone or vinyl chloride polymer, which surrounds

the othey feANBIRBRLS EHQ%W%HW ﬁb@n@%?%@%@éﬁﬁgﬁﬁ'%ﬁﬁi'm@”y

measures cah%r[gI takern tot educe fwisti In For ﬁ% %g a se tena)ié ‘
CONPRRE P SN NNt LIRS, SR M Y RIGH At Sy r B 8/ PRI
meaimintlgdEay dethieentateletect againsd wotd tWistileggihthethetflont ad/be tles than,
e gesaY %@geg&%qtarquea@m B, which g1 Glockwise 8Pq SRS RIS

turns are balanced (in particular, when_the vehicle is directed along a path

shr?o‘hHﬂiﬁ& Qﬁ)!@ﬁ%'&lﬂft)th?ﬁé’t@méf -cHIPAENEXARS 6@@\9&%‘&%%@“ ple be at
|edhish e rfsiain ey 05ido1 0.Orindb, aafgerZBLakrwt rﬁ)e&%stmlmealyrg:werse g. up to 1000

' f
T SOl 1S S S BE LBANANHERL] BalRls, The
brﬁérém@btreefmﬁt@ﬁrer%cﬁr@ﬁ@ﬁrxﬁrﬂbr%sar%é’sfrfqio@émﬂ@a%%é@@ebtﬁéo for

el@rﬁﬁqﬁl‘eof)@@rﬁﬁibﬂﬁeﬂdhglht@fahé pasticolstionamg ﬂwddmmﬁﬁadj@ﬁwﬁ&'buoyancy
and/or.to ma e the vehicl or, sily stored, carried a I
W B B e o R TP B B B SR e .
amut:ﬁ(blmn@ébunyengyhaed@rsaalapwmxw@reha@\%fbbmﬂeﬁbmwm@@mtmdhe
swvkimaer change, for example in one leg of a tether generally shaped as an

inverted Y. In some embo |ments there |sasmglet ther. The teb gr can, for

exampd FHRE R SRPEPE ohiWRYES Qi RYIECLOTSRE RUBWEP dedisireways.
pteteasbiychtotthieesveinten er)vmtdrcnra@ ampéreseeien ¢hiiuhddatpareekihaty the line

aAUAMBASHYYR: %rﬁ%@%i’@ﬂéip@%&@@é?ﬁ@%éﬁﬂ QWQQ&'BHrb?ré?ﬁéﬂon mhwhlch it

transverse positions, on the swimmer or the float. In one embodiment

Iyt é"é‘?féﬂé’ FeaNVinderhivatandagke ra@lj’@ mﬁwmﬁ B‘j’ float
fcﬁamaerﬂ ivghethed sieathedto dohet atbial posidans toatthe Syvirm ete Qfeébr)ed

of[BREYEI? PQES 5‘35"3& o 8%%&%8&? RORSY o5 F’é[ &‘9&'8% desire

transverse rom t e axis of the swimmer. hen thefe is a Single tothe
OR@RIFIER 1 @ﬁﬁﬁﬁﬁré*ﬂ%ﬂ@%éfﬂbatﬂ%t&ﬁF@Gfahb/riSafﬂﬁBMﬁiY @M‘ﬂt@élﬁ#nent

tr(picRaintswlasiac ieat. dbiientethae hiaatpe e ddlyharcde wetcledisd tailthertion

wstw Iy er are re{%raf) such that the upward force exerted on the swimmer,
WhIPHE s ﬁu g up%vards passes through the swimmer at or close to
the céhteﬂ@ﬁtg“r@nvgn@ﬂdeeaswﬁﬁmerhehg@arnm@efrbe thxed dubiseseiaior all of

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

The float optionally comprises an outer shell comprising a polymeric
composition, 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
being composed of an elastomeric material), so that they can be partially or completely
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horizontal when the vehicle is in still water. This assists the swimmer to
maintain a level orientation. 15When there is a single tether between the
swimmer and the float, its configuration and point of attachment (or points of
fikpchutithwiaterr ane/athEtn oo breyensyipper legs) to the float are
preferably such that the downward force exerted on the float, when the tether
T'bs p‘flll?‘d upwards, passes through the float near, or slightly forward of, the
Ent& (')af'buoyancy of the float. 20In other embodiments, there are multiple
tethelld)ddetbracladitst thadlsecand tietrssysnasp eutiveiyiattihc ed o fohes and

pfbBSS LB ALLE t@ﬂ@ﬁQ%Fﬁﬁe?"é{i‘@ﬂi‘t%lNMHQ%?QTFE&&(P\?@@?%t%%Qt B or

reduce t\letln\gj\h;ﬁl'he tension force of the tether stabilizes both the swimmer

ahl§athFRLPANG 8 R3] RREPRER CATLIP LR BRI BB FOTRATRF QEBITRLE! 15 9-
stabsinstgetfdhe/ ceates ph2bt caiaihosi o ve dhE edater GogevatyOttes,ishedbther
. the i ~$ ) _ _

B S e el ST g e Ea e e ARt B o
etﬂ"?ﬁﬁ"?ﬁimﬁf B@@%&@é,iﬁ-gn@r@e@rWEﬁ rdglesrralip @ignserdad pircin®rol
cthpasirs Iy sledlitiveds mEdGSGSiﬁ@BlﬁE@gSﬁﬂNé‘mIW%\éqaiﬁI@r(ﬁilimhwart l;mly
attitude contro) thrusters,or flaps (althouagh such. thrusters and flaps can be.
e B I N B R e T I e B AT 480 RS
cempreagions Banig movdd by wave power, the configuration of the fin

syste GBANEEariyCYHESFBERTPRNSiNEdAciR AN §R IB IR SRR 8 fiéhe
water. Sg's'iGeneraI%y b(;ft not necgessaﬁllx, the changes in the configuration in
MU LIE area gl pe-lra IRPHE%ES erieingnWBR NG Hﬁ'@@&hff‘gﬁ’ iBiffRoer at
tr@hbmyamam Wherait;lieub@dnd!akﬂps;arjﬁnk@sréf&taﬁy\ bf&sqmﬁﬁad QU3SS-
sé'c‘ﬁom%r@._Q%hﬁ%%@d?rar%fﬁﬂ?ﬂéo&ﬁﬁg&ﬁ%h%%‘? Aupnesdiich Hﬁﬁefd ona

configuration remains the same). During at least part of the cycle, the fin
sUgoR T iEvd SRIQtige PRI MBIG At dBe QIRRICHRRONSHHE disitne of
tho tether hasrtad sbsedidny) aldssprienalmbodiperds cire dintaksterd eritgsisesting.

. . . .y p
P B LS e A p LU )t tetner,

apfrsteayehipleransinmviR Adieicana agigctiRadinasramdvatneidhaligther,
aHaderge ekrtie distastavvdnehripagREe dpndra A RIoek Wk arRvimmer.

N S B SR I L R e A B
pajiwaurdoaindidg’riixeddpiilses of fin motion. With relatively small amplitude

MotioAsthQRBRIASRT example have an aligned dimension of 0.5 to 1.0 inch, e.g.
about 0.625 inch, a transverse dimension of 0.125 to 0.5 inch, e.g. about 0.19 inch, and
a length of for example 10 to 80 feet, e.g. 17 to 23 feet. 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 stored, carried and deployed.

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

In some embodiments, there is a single tether. The tether can for example have
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may be brief and a majority of thrust can be produced through the rotation of

the fin structures. Flexible fins can produce thrust from both small amplitude

motion and from 15large. Different fin systems which interact with the
awandiaisaatieevniehviskg sraRIBN@ AT @ vEnsestad, (giechkebistigpeyimmer)

aﬁ&ﬁﬁrﬂ?ﬁgﬁfﬁﬁﬁeﬁbﬁ%@l@éﬁééifbwétﬁ%ﬁ%f&@h@é‘ﬁ%%mi : ORe&red to
two or m%re of these t)ﬁ@%s, exc%pt when they ﬁlm incompatible with eac
icl

oS BPIHRPHHRRR ¥R L3S S HBASL AR 8P MREIRWIA t8H§V%F ek e
eBbodiiffentrihty petberrasnirattapesabfay pecriathdtdheforeecieds ofdtie Wdioing (a)
alReddfnRraly lasminan i oS fckdsssihsnrass bl hiakhie BresPeaRRierse to

the fin changes, regularly or irregularly, in the transverse direction or in the
thQiSHER DR LR T SEHISGHP SATRRBGIIS SKIffARA AL ehe Lk Af's of the
swithwayds from its generally laminar shape. Where reference is made below to

age inar_fi ich. lies.i - i " this

R R e A o el
cqmmvéatmﬁ@%@ilﬂéﬁ{aatbacé\maﬁb(ermwpsémtﬁ@@@ﬂéewétg@é@mﬁfmaﬁﬂ\i\@ or

nfttefRnwerasgRleatansangin gvhied peareram g e e £ 3h prederald Yones e@ieed on
than 20, to th(?1 ho%zeg)petfﬁ. In some mbodcil’nents of the inv%%ion, part or a{l of

R S M e R e AR 4 S S N G RO R RS VAN T e S TV &l
closaverteel sriietiné direviboafitierantnmeo aheevwidroenigheniswoatastiate
héH&B}mWﬁé?‘r‘”%i\)éW&Pé dsiRtingvigtherassantanil fﬁ%asWﬁf(ﬁ‘érﬁ%t r‘l@i’_ﬁ%h%
floit ugwar_ds; and is converted from the second configuration into a third

Iea/g ﬁa P& when the swimmer sinks downwards as a result of a
Wavevmneglhrmr@\@rtgah\glﬁdatherMead.t.ﬁ'dﬂe\mll'rr'rnmeoaﬁgmrlati‘dnayvitls.
oo he R0 BRI Liaghen(fe! cantg SElBRPHL RS IREIIRG REL RS or

the possibility that it is the same as the first confi%uratlon. When the fin

MAEERPRY &ANSRLREHIR B8 BERISHRPBORYEU FABbI e PR dBrafyeratisd on
thedat buhae debrioth paispllired gpwaedtr axzeligtiratigh e ddeamsitory siditthtly

fomgrﬁgcifyyﬁﬁtg%ﬁ?eq B?%E@%Y tﬁﬂkgﬁg&one or more fins comprising

gener aminar portion eform elastically between the Sdifferent

confiffurifieheMRrRERMEN@I 6 AatRtBHRIRIC feEhRrSsRt erRrEMIerHF® ahie sReond

1RRBIDTSSpRBAVRNBRER RbasiicRIlE atpampbistionspRmeS o bish B EmMMer.
ugﬁﬁglpeﬁ\geen the dlf%rentbcu(%nfl urat onﬁ and thus control, or help to

hOVERTEHt O fin Of fifs &6l V[\S'rsl‘ % generally laminar portions.
The dihstieaiioddtvemabibectainesstantiizas dotrtieawieimes 2o ths, ftoat. While

cRIPVERIRBROMA181¥0 REHERERI A  (HHR80 D RIBALAINE Hoikbthenter of
fIu ward and downward direction g%&ga torsion bar). lel} stops

: may be
RlgAARP KPS RSB A QLYY R Be5FRE AP Mg 'Bat i@%ﬁ&?,
teansielastabgingy eodh dhsmwig)roeraanih dred singpiidies $peicgniral/di¢hesezhidethe

sﬁﬁf&%?nbodimenya@nfémammmrn&é@@%oaaé%%ééﬁaa%rﬁien@_&efa?é%ﬁreg%m,

aving one or more 150f the following characteristics: -- (a) itiS at leastin
aBg@tg%{S@i@gpmaﬁﬂgg|g’asswely stabilized, making it unnecessary for the vehicle

to include attitude control thrusters or flaps (although such thrusters and flaps can be
present on the vehicles of the invention).

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.
Generally, but not necessarily, the changes in the configuration in each cycle are
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(b) it comprises a leading portion which is relatively rigid and a central

portion and/or a trailing portion which is relatively and elastically deformable;

20(c) it comprises a leading portion which is relatively and elastically
sdestaniiahicthe seneallherebangakch ihectaniigly aiia, asachtesriadgisoasosrally

sM\B‘é@M%N?'@&N@M&J@ plaglirrly drisAirbsud @ dl hrsacinpe siaitamierde

Qe of th&ha”? gflsh ora hale; é-ﬂi{m the first confl ration, é @ |

p‘a@% Tally Brah Ry Lﬁ&ﬁ’eﬂ"&} %@\6‘%%9%5‘5 Qo aedRYFpg at least
padrdfdbeatimte ithe gemémlmmammmmmwwwngteﬂwmmwh thrust
tROSHAHFRLOR Q%BHz%ﬁ%%Q&ﬂﬁ%"%ﬂ?ﬁéoérﬂbt@&iﬂ%m& HeaPPY AB 8 Smprises

which lies in a plane which is generally orthogonal to the tether and generally
adimiyhicargiateaPrRHidh JRIGHREP A8 O thetdGhiRMRAdIRRIIG) tRB R EXSieE"
comi i sear S viis afdingwhidls asaterabolitat mmmadirmughlsmngéheefmamthe

sxf:\"i}llnﬁ-kb‘”r |Ee%yéwlgrgtﬁ%?ﬁ1f69%@ ?138[%’% ﬁH[??QTE]?%Fé’s Ho& it ion which

configuration, t lguration b inar an upwardly
e@f]?\ﬂﬁ@s thrHemasachaIsEatiie SHITHBSIN system include: - (L)the fin system

Compyisesus Wawaléwé wpsmuu@ddﬂ@&amﬁorﬁcmﬁmmg awiwadara'noéfwarge
moH ged to both des of a Splp% ara, of flns me nted hetween s
am the

mtl In s errr]r?Jc%'t MpTises apalro RaUgsS feﬁ% dint g\%yand

dﬂWﬁW@ﬁfb@bﬁéQﬂdéélﬁ’omhé%WmWﬁT wweamsma@ampum;%mm@@\ﬁm&ﬁephases
nﬁeﬂbfes@n@aéﬁb%yn@éﬁ@rﬁwaﬁtmﬂv%ﬁ rodUc%cﬁﬂﬁ‘o’i%Pm oRtigH 8 PRS:N

the ositio the fins in the second con n extendin wards relati
S s SR i e RO B PR I e ERgB By o
Ia}:gang or other elastic recovery means into the first configuration and away

from the second configuration;
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(3)the fin system comprises a pair of fins and the tether comprises an
inverted V-  shaped section having two legs, each leg being secured to

one of the fins; and 15(4)the fin system comprises a caudal fin; In the first
aspe&tiderert fitveysiemaneiah syisraet vithidhalyalempiizesegiredvaniciude, but

a%’ﬂﬂt%’r\ﬂlé‘ﬂ?ﬁ”ﬂ% AR Wdés@ﬁ%@@ﬂ@r@ BUCipaRRiURRTHS ARG IERRImake

member Lre dlrect enerates desired-forces Sthﬁﬁ wimmer IS

UREodlet ‘@Rt éeﬂ% "SRR mBSHRR D QlEdpgempatible
mtspmnroom |m@m|mtsummanemb@mdse tho solmonedinsistayesefdtingame
oF*b?ffé‘?éWﬁ%@é%omeQﬁd?ﬁW %&W@P&Fé@%&?f@@ﬁé%%%&?&vﬂe will

depend on many characteristics of the design and of the wave characteristics

%ﬁﬂ?&ﬁﬂé\‘té%“ﬁ‘ﬁﬁé"ﬁmHE'%quI@&ﬁléh%Qﬁ B Rakihe tirimgeReidRgdin changes,
reguiality de imsgidariya bﬁssmlwwsbahrrdmmmngl fostioigradditr fictiorg\oflesth,

ﬁ E‘ﬁ'%(! F@higgt‘ﬁﬁ‘? r‘?é MeaANd Hvs SRR aq]e'ﬁgﬁafgrfé%#&he

r|g| I not flex with any inflections ahd sm

S%ﬁ’ﬁhfﬂ’d’@rﬂ ﬂiﬁf@rﬁ\ﬂﬁ‘htﬁ @ﬁﬁ:‘i’e?ﬁf?‘@ dp&rafneRall¥laminaniinmnhichidies dftan

gép}fémmﬁjﬁtsppwemﬁwh@hgwmp@dmwef%rtq@mpéltmm& &#anEein lies
the the swi r. The Id C nent can am neor
QoA R R e TN
ogipratierpessitieived fab evartetsi @n gamalervaih ésnsitanpte then 65 omer@ga@hanot

nistaekdeying t@r}ﬂ@\mﬁ@gﬁfaqzonfiguration is secured thereto, (i) at least
' ured theretq, the fin system en there is more tha

one fin system i C S S, W

e 1R S AT BB R M S ol Gl o o b ST Bagh Trst
cotifigraiivnivwbehdhie sebarepe e stilb vatenpip aorsyastech franicthalbs tcamiigisedion
R85 0 SRS S GAMBENENLIEHY RUSHRBar oRtRead

secured direct the body portion in a generally vertical plane when the
rertiQbavvavegfiaRiling e ierd dpyRids i?e?ﬂrﬁftﬁﬂﬁdsgemé*&ecﬁﬁ‘é‘r&r@to
cﬁﬁﬂ@ﬂﬁt&tmmmm eordianatignomieedr theosevifimnsyistinks geaurestdoerstresult
%&9%@8@?0%% HRQWI%%?[ FSIRGRETH ?h PdtPSnfr'ingrSHH}Pwﬂ r?eorau;ébe
thatt e sec

component can e rotated rela tlve to the'nirst component In
diflerenhifpver ArysaeficiHatine. M{hﬂlﬁw'@)‘fﬁlﬁlﬁ&lly‘@éﬁf@,&m@?@%ﬁlﬁy Hat itis

elastically recoverable member, e.g. a spring or a torsion bar; and at least
part of the tether optionally 15 being secured to the second component so
that upward pulling of the tether distorts the elastically recoverable member,
the extent of rotation optionally being further limited by an inextensible
member; In some embodiments, a generally planar fin or a pair of generally
planar fins 20undergoes elastic deformation in the transverse direction (and
may also undergo elastic deformation in the aligned direction). In some
cases, such fins can move vertically without substantial vertical motion of the
swimmer body. They flap in a manner similar
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to the pectoral fins on a fish, or the wings on a bird. Preferably the fin or fins
rotate about an axially aligned longitudinal axis. Optionally, the fin surfaces
can also rotate 25and/or flex relative to the horizontal plane or relative to a

thsieenghas e fgsteothiguonitpiu e aihe ndysiamis trovetethé wuingesasond
cErﬂ@Qfé‘{'i éiﬁ‘%%ﬁ‘iﬁikimbﬁﬁ@ EglenahlyHrestiy @@é‘-&%ﬁ%@é/sthﬁ%ﬁ?ﬁh dhst
re?ucmg motion of thﬁPswmrt‘nerrEogm; In i‘?me cagoes, this makes them well
RO FEPILAS A AR S S For A5 pMIL 848 R R ANRISRMPESS SRRk
mMygenthe polsupvisip @ Osteadly Byrantaghoniiptisewbiph oefoeneatiastitalliffetaesen the
dPRIRISt %'&rﬁggHPSti@ﬁ‘&.%lf&rﬂb@iﬂﬁ?t&f%@ﬁ%ﬁ%ﬁ‘y?{ﬁé’%ﬂtg%fié}m%%rf slativple

to the amount of line motion may be adjusted. ectoral fins may for

CRRANRALAIRE BIRTREARICSKL P URRIRRO MRRIE BiSa fEUS33IRAIRSNape
beptenattyestiistantietyfiigichtioagcaad withs kightrtstigubdifetswantas tére peoedment

. : ! . ol st . font
o A B e PR S R SR IRt
cepnengnseastara iRl OFTRIR EHFCATIHAR §6Y eReeitbt 3 Harheaetdisection only

(@Yaghmens)terthedeaehhd Dewig iy @b liard anatioay éngraasesionvess) the
outer, par%s fo re\éergthe Y&idngdt' S fromn§droo i?a%‘ The %rgiHng edge of t

. e
wing CaN 1o BXARPIE B SoMmpTiSel STy of {RE BIIOmMEr TackeY fia eﬁzﬁ%%&‘ay

bp e redidiotp. fRIXRIRSIC Stahectetifesny Mg efsibipciaasinadatethieringng aksieted
isEHEWER B two points, one on each wing. The wing structure is preferably
such that when the tether.is not Fnder tengion, tt}e fin fexeg ownward; and
qasil

when th2 ERYGIET GYORI§65ET, ﬂ?étfméefﬁil?i 'dE aY'pgsttiGier more
otribecfatiewiligectemgmerislitsadse the wings to flex upward. The line

attaclaéryentipgiréﬁ@({g p{ggﬁaéqgéye\éwqémrﬁ%ﬂe?dge of the wings. The

center of gravity (COG) is preferably under the line junction point so that the
swimfRer body is horizontal in still water. If there is more fin area behind the
line aittaohipesds upwadithgpdicio nwilhieiuger Ehatisalinmigierdodod cle mesiepopioli and/or

th?reéﬁﬁlf?ﬁg.{iq%ﬁé?mﬁi&ﬁi?‘?gé‘t[%ﬂ;?‘%%agf?a/&ﬂyé&?o tga.will cause the
swimmer to pitch nose down. Optionally, a rudder steers the swimmer.
OptiofeAirearPES e 3URasHIErBSTIEN Vel isaieiaitialicand plasirshdsiesmable, a
body yghiehl bariba RKRISRARARRANIRITRI aathis feaiigpoledawingh is relatively
and elastically deformable;
(d) it has a shape similar to the shape of the tail of a fish or a whale;
(e) inthe first configuration, it is generally planar in a generally horizontal
plane; and
(f) in the 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
and generally at right angles to the longitudinal axis of the swimmer; and (g)
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.
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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
immeQiarsIprodie eatwastabiieciinspstere inshide: does not impeded

ﬂO”Vﬁﬁé'ﬂH @é@%ogtﬁ@&f@@ Bﬁﬁéﬁtﬁtﬁ fiﬁ;§ W@ﬁ%ﬁ%ﬁh@ F&eexatmple a
chm oints an win ar is relatively rigid in thi ion, so
oS R R 18 RIS Rl 80 T A A L GoiRpURRg Detween
sidelpailgenerate large amounts of thrust from small amounts of tether motion.

2"?10 Aqiﬁlétlmpg QQWBBHEJ?%S a p%q,q%lﬂﬂgj #RMAgnents which can be part of

e vehicle include, but are not limited to, the following, Some components,

e.g. Iéctroﬁﬁ%ﬂ%%ﬂ%rﬂpeaﬁ'tﬁéﬂ&ﬁ B BV BBt Ythe float and
the swbmmerensgllskgooredasshesmmma bothatieriest theg equipmenbédaten the

OPerafgs Qﬁ&%&éﬁhﬁ@gﬁ matiensaask o‘é’FﬁSH B %gcg@grﬁgﬁé%@ew and

noise, sucn as |mag|ngo mappl gﬁ_j(lﬁl men an ones and sonar
equ.pﬁﬁemueab%réf@easlwamw q Wﬁd@r”@ﬂ?fé‘i'%hfﬁdhéﬁ'l@s B dhedrst

collegiipmdueains, o and navigation antenna, beacons and weather

sens ar ref ably part of the float. es of additional .
o e BB AP 00 d S iner laSETRRRA AESIERTE the first
parag}@[ﬁlﬁslmww@ww@gmﬁﬁl@rﬁ@am%@ﬂ]ﬁﬂpfﬁéﬂﬂTor sending and/or
(SpceiviRgidaimtes c@f%ﬁ%@é‘. anRleDf ﬁﬂ@ﬁgqﬁésté@fe%émﬁ}%es an inverted V-

t t f Is which re t
SOREB S Uy SRR oS ERGTG SEEIE0 SFILFFE AT AHES Biraane
(40(i)teedivisgssgnadsn erigesenoanatad $infrom a base station (e.g. a ship or a

ground HakeL) RLEOBMAKRUPR AL VIREfin [y & Womals! ens }Qgété?’bast
equipment such asa global positioning satelllte (GP ? or sonar or radio

OBﬁ&?Q t(ﬁﬂ%éﬂﬁrﬂﬁeélﬂﬁa&eté@%dé Mﬁ’& %l&ﬁS‘fSP e apdiiRnge,
m@émisendiregtsignalsinduth gerdnitosniesitdyitiredoeatibe sivtheneeldaieoved by the

niq%/ﬁ%ﬁfgf WG AR SRS ARD ASe - G RO ntion, such
members are the sole means for generating the desired forces.

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

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.

(i) it is rigidly fixed to the body portion,
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example signals which are influenced by signals from a satellite navigation
system, e.g. GPS,; (ii) sent from the vehicle to a receiving station, for example
via a satellite; (iii) influenced by the location of the vehicle; or 20(iv)influenced

by a $énsortiRssisopad apene tehhady egtiamaatophioiarateibesdtotirleg of a
SWki]f_nfBﬁ’%ﬁSh@ﬁ’@Téﬁ'iﬁl}%@f&?@céd‘ﬁ)ﬁgiﬂlaﬂ@mﬁ'g ﬁmwmﬁir}g rlloag of the
vehicle. eering means, for example a rudder formjng part of the floa .
anc/PA rU LSRN TRG BRI SRR G IS el enBg varere i
examplera threcbAB i dgstem theifigan ¢eny etbdeepbitnee dbatethef dratjondleside

the pgintiatiybich the tether is attached to the float), and/or a rudder or other
steering means which is attached to the swimmer and which includes a

ruddeMactulkisthedpeherrBReNsiRlie gHRePESUSIRIRIN IR FiRdeMPESE M
a mageedicacigithasspo @egy.riveciise camponeatbeng hystomeolaboatpasd

InEni o umIng Past BRI PR @ERaHs! f
L Rt O U B U e
rechargaiglerés Bgiithwiates; antilierrsrPaeisPRRRNARb (siaa sprHiedigisectly to the

Battefigs coaqritesthey aeingane arendiefard)siplasedouibintdeceentaingicond
body of the swimmer. TheBe .can be fo&r Fx%m?le four to ten 6 v%t ﬁﬁd acid
0 [he Tirst component a

pattenRLPREEIMEIRCTIY URiichis SOiEP L 9yrS SODREP e s . fecond

cells peopradncandfdatalgyAalaiisoio thie ticsshedapraski @ artsadaurgrtical
devicg \HaIChE R It SR IABARIJ0BiIRH IR b by s R@RIIGABEBIRMable

Thus the sensor can be any one of a large variety of scienti{i or surveillance
devic B RO b AT G A48T S PELC A o kRt o iy gpuonally
presswemgersored wetsosesioadyctypparfealestriratgmedcradiatgpof e tether
visiblg;dgliravioles Q5 AR HiRr f9 9 Rt BISHRERRR SRSkt B frSARIE optionally

being further limited by an inextensible member;

In some embodiments, a generally planar fin or a pair of generally planar fins
undergoes elastic deformation in the transverse direction (and may also undergo elastic
deformation in the aligned direction). In some cases, such fins can move vertically
without substantial vertical motion of the swimmer body. They flap in a manner similar
to the pectoral fins on a fish, or the wings on a bird. Preferably the fin or fins rotate
about an axially aligned longitudinal axis. Optionally, the fin surfaces 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
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
flexible, optionally substantially rigid, material with high fatigue life such as tempered
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5sensor, a magnetometer, a biological sensor, a geological sensor, a water

current sensor, a depth sensor, a speedometer, equipment for imaging the

sea floor, a sensor of weather or other climatic changes, e.g. windspeed,
sieghRilcaPpaitneadmpesisurbhe skelgial spreiwse Raneivgtigeeaaltoyd sisidhat
nfgkéﬁ(?ﬁét%ﬁtﬁ %é@é‘F@ﬁtﬁ?@?@‘_i@}d.W*P@%?i@%ﬂmfé&%%%ﬁtiﬁéi@elb%ﬂs%@mre

embodiments, ec%se tpgh%/ hicles of the |r&\}/en1i|on don éneﬁadgo n%de. idit
OGRS A B rBRUNASHC 36%&%%?‘%% en%?é\?*&@ﬁfg Refts PRy ' e Nadity
obﬂwihierm;spehemyplap‘maae fquaoistee?enta'tipe'ruemqwsmd tlite.mbmgmape Bioy
dRSDISFRE RS LM G ARG SR NRLIVERARGS CXHRIRLRIES B ALIRIBRY of fhe

other water vehicles. (8)Auxiliary propulsion means, e.g. a motor-driven

CIRFINS’ 1866 ARIRHA) ARthBaLLBIRY Hredbis: e.g. flaps. (1 0) Means for
rever§|téﬁetheriimﬁeée@@yaﬂkapl®é.dhe fImW!ﬁigle.heTe@mmmmdmtmo points, one
of R i} O R SRR S RIAE UaAAR IRATRE RS AP e
tapsiribrifesindirypa g aREdianhiden thrvehidedsdy stityvateth e s flex to a
rél@?@?ﬁlﬁ?@ﬂ?mﬁbﬁébﬂs%ﬁahﬁ’@ﬁérr@?ﬁ\mlll ié?hf@wwliﬂg@lu#m@g upward.
Su rged). Cin uoyancy IS valu e, 10r exampie, wnen agyerse
o A L R B b B e AR B s, The
ceslenngramit(GSAch is Hrieierat e nder ierd ing iereinppoint aivEratdhg swimmer

b@&?TWﬁMr%H@1irYV§_ﬂﬂ|%v_§f6r9WHé}’ée€ %F&fﬁ%@é%@ﬁﬁ@ﬂﬁ’éﬂ%é%%ﬁrﬂém
sen%grs on the_Yehche itself or from radjo s;%;nals. Ti@energg needed to

URHRTR PEYAR I 5SS 05 E LI LA RINLESR W ddhGiuamaigisipa is
belandsrstrikidg, thewloatrdnuibofiram daesedhe powengetoepdobdbgaitown.

d&#%ﬁ‘éﬁyé’(‘)é?Y@cﬁ%P%@e‘i’%%@@W%Q??é&i%@%a%%/%f W@o‘?'ﬁ%ﬁ?ﬁé can

_power. example, a chamber can comprise a flexible portion which will act
'%Q%ump when struck by waves, and which will either fill or empty the
chainber, dapsnodiy cutendbeypositiomad Hieexplyesd Altaimatiselyaod is resistant to
3%9 'r%onally, the float can comprise one or more chambers with the one or
more Infets through which water can enter when waves are high but not when
wékks are I6lRXiaRdISHIDBIaM M bR RIGFRIRRGRIEIRIHBlIgHeR ERe ifigiRQUNEFan

waesialieie. fok bhigewpment for collecting samples, for example samples
of water, air, a%uati .ora/anismﬁ ea anim vegetables or gﬂneral . 35(1 2)

, Is
Eq pment 'f%? (ta’lﬂrzqﬁ?ge i%\éeé%e?gﬁf) 8.‘@”.“{8 rgcr:'ﬁ r%se'B%rt?&SlS s;eje_ "Auxiliary
elédtrical echigaamindegasesrinlethightensieacuadrasaitiedinriothigtely to fins so
PraRgigE ifﬂeﬂbal'\éﬁtﬁfl_ Wl & i&%@élgrﬂﬂ)tﬁﬁrf bé’dﬂoci?é' &{Jﬁbfrﬂ&%’tﬁf@f%f’.f th% ot
e oa e ey nd 3 TRg SREE e SR IRG e 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 of tether motion.

Additional Components.

Additional components which can be part of the vehicle include, but are not
limited to, the following. 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.qg.
batteries, and equipment that operates best with limited motion and/or when protected

from wind and noise, such as imaging or mapping
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solar cells and/or radio, and a submerged component simultaneously, so that

data transmission can be "real time". It is also possible to plan alternating

phases of data collection and transmission. 10Directing the Vehicle along a
egépmantPany hydrapinnes res ssihcsavenien, gie Peiriebly grdatiheldmgmer.

Oi‘l*@?%ﬂﬁ)%@ﬂ@@?%@ﬁﬂhdﬁééﬁ!ﬂ%&ﬁ@%ﬁf %@ﬁﬁ@@&ﬂdﬁ%ﬁ@h@f BRcons
swimmer, or both, the computer bein edfsf to process (i) input from a
P RENEEHELS B R SEBTS RAFLRLR6) Fhattached o the swimmen), (i)
input Bramplesatd | itdanglatonEystets ey de Bt prefeohlityitaddohtw to the
CHBRYNANS GFf gebirapracsRBdidifaleiopteprogrammed into the computer
(Ahd/drRpULEICATIO RS ARSI F%ﬁ%@'ﬁﬁﬁm&f Bg i3S Bigprie- digital or
afaIvgaaisdig B8 fuHgcsep/Ied PysieaNbit eepipraéhaiordder 200r
rudders on one or both Olf the fl atﬁlgggﬁ as(\z/\(/)ih'gn%gr,kg)r%f(?nr%m%ﬁrq t%?sen in
swimh er, asr’l%[]ais]%fs fﬁgavsérv]\fdcéﬁ]rgs aumﬁlary con?ro?ory propulsion means, 09
thosedgseguMateisrpalt & the @hgiRiter can include data available from other

SOurc@s, e-@eé@i%ﬁ@@@_@%@‘. WM%%PHU@’B%@% stdﬂdﬁ”{'@bUﬁ%W&h%
invention, the vehrlﬁlf%ljﬁdlrected along aIJ)ath hich is 25 determined.
t

by..
using%OLR SIREP Y RRHRPHBR YIRS SIRMAHAEPPGT BUR R OBk
beingegsaunent a) ghases g lopaltdositichisgreeliiteachie 8 )totrmvahicl eaidse fpoys,
or froffya MR PLYRAI!RSa 0BECRY AU AN RIFR AIRURIVESS i the
invention, and (b) output commands to (i) a rudder control system which
contréd a rSBOENE SRS NNICRA'EHBIBIERERY by tHe ARCAIAATHE S AR R,
(PreferRudalyraimghensipmmenefor recard r(g)sitjibi veliaigitascauxibitoy signtisl éor
epaoiesrgNaieaviscloatieose means. In this way, for example, a hydrophone,
magridtomenéuenegidryssigraisdrotne vakadite cavigatientfystae pees A bS of

an ohjgct ins@hPRJRENEAIBhRTI Bece8RNRS s Rt RINBXANYBREVIHALAGING;
submerged %r ect, or a whaJe or.othe{ eac eiture, and the vehicle 35could
RGP e

be dildlted '8¢ Py Ahe faratn gt %:89. to track the movement
or présencaniiiehatdbjeatsensarhvehapeisatiart of tine waltiotte €gn dbycvopiudiesl

by sigpalssenbitit Em@dgmote control station and/or by signals generated
by the vehicle itself, optionally in conjunction with one or more

( rphsiesenitRdnacontiellingL PeNbioNgRarEAfdReiNgtlcle.
@rse&%%%agm@nsy f%ﬁé%ﬁﬁo? s LR L. FACARY Foint
rtstatiomrkiegpag i shie et dretiie Isicer togvarenthedineg dop exdraplegulaed
UEVBIS ol 110 RULB Sl 08 PR YRS THO LT SNt etner

_turns at the end of the interval. Successive turns are preferably clockwise an
IsAHRIBERVR NG HBHUBBHE 7iskASIORAS RHPTRERRErMGRAs which is attached to

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
on the 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.

(7) A sensor, this term being used to denote any device which reports, or responds
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10each of the turns is preferably as small as is consistent with the avoidance
of twisting the tether. Another way is to direct the vehicle along a generally

figure-of-eight path, with the center of the path being the fixed point, and with
tatrechaniximds opbserpatietigrmbidonithnus . sansauigantod aeywenscrt a large

vEGIRYSt 3 SERIBRIINR RRINMERIR SRGIted (R BXAIRpRNE GSABLSYCEYSPHREBEIR

are clockwise and anticlockwise; and, if the time 15s ent ga‘?de a zone

1STRRREIULS SHERraRISSSLIRRE S th& SaHF Y RhABK GYANReRNRLYs
ragielarapdycnyisiblal) bl dyioteisisiefraveithighe, avcigarical eétw&rtmggtl"aeswthtby

seR&R dCRAGALBHBRIY ARBISHHANSe s b5 g B@SF‘oﬁf@é}’éé’n%‘BPt@lA%\%rS&?r?&Pf

the vehicle."However, if such control is desired, it can for example be

Sﬁ?éQfdécﬁSWPn%%&?%@s?@&?%H@@&rﬁﬂH|P{Betﬂtef%{ri§lé%‘f‘%ﬁé%§e& fier, a sensor
oaMmarthgrthnedlhsrtd|feathemha|rgbbpkig1gvthesbee¢trfmrtmrﬂ,emrbaemtbmc pressure,

o B, & ol B e SEl L8y shales
orpdesaWAlG lifslyure 1 shows a float 11 is connected to a swimmer 21 by a

tetherrﬁéorﬁbéﬁﬂmﬁﬁﬁWI%QMdlémé&mﬂhérﬂm@wﬁ%Wﬁﬁ@é&ﬂﬂis
?. 113 Flntennae 114 tand electronics box 115
inc ude co P S

IS Seere GATPRIP 29 RV AR ST eeyth%V'de
em@nég@ﬁw@mrmsﬁer@dmlm 30didatnphdname @wmdv@rseméfect on

nSWETYBRE FATHEIBESs BORY %}]of?%\f'eatﬁ'gﬁ‘ibﬁﬂ pectAe: wiRiviss sthe
ngterl of the body 211 are fin ?%/stems 13 and 214. Enclosed within the

ody21/13F% RIBRHIRIQNIREEN I BEGR PPEF NG TSI he tether, batteries
(9216, Aomtliahettuoeice@id, medder servitapsechanism 218 and rudder rod

%SSMHQHQ%?F&G%THQ%%%% iﬁé‘b‘w}%}%mﬁé %59@0&%%@5%%8898 for

and is controlled by rudder 5actuation rod Figures 2 and 3 a
em@%&&m@%m@q}meﬂ Eﬁrﬁ”ﬂétﬁgdﬂthﬁﬁé%ﬂé‘é@ﬁ?%é%ﬂﬂ?y%de”ated to
remmemmaglduﬁwm shamBaalwwibicban &g ﬁﬂreexmmmmm ovpeseskof a

e r iyel
q?em e cer%%:% éﬁ%@e%t?ﬁé%gﬂ%ﬁé% mlaﬁy or ex rﬁ%?%%%%{ﬁ]ggsed of
mﬁ@ﬁalm%aw%r@@!ag@l iaribewalshiag yrinm r brapras dheBegesinsnbreyancy
idndhigwie, Jotk&Eenple, when adverse weather conditions might endanger the vehicle,

particularly if the vehicle is relatively small. Such chambers 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
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
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 example samples of water, air, aquatic
organisms, sea animals, vegetables or minerals.

(12) Equipment for utilizing wind energy, e.g. to recharge batteries.
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is in addition a relatively flexible fore sheet section 2133, and the flexible
trailing sheet is integral with a flexible outer jacket 2136. The various sections
may be bonded or held together with fasteners such as rivets 2132
(Ryururiasy glesyisataanpnanbktitse3aramciogbbinpeiseens ensil@eirdheng a
pRbbliépsix twisted pairs of insulated electrical conductors 314, and a

i eamlined 1polé/f?meric,'acket 315. igure 5is a blfoglk diagéam of a cintrol |
( ‘%e CRIISAPESERYHE IR0 84 BTEGVER 53k Sth e IBmFS AR iRl
eparghe used. Figure 6 shows a closed generally figure-of-eight path followed

repetiHohs Y PertiEiihlhIS ‘ﬁ%@%&‘éﬁ%ﬁ&ﬁ@&é&%@@ﬂ%@é‘&&?ﬁ%ﬁ%@, e.g.

point 2 (except when it is turning outside the zone). The axis of the path is
SARY rEUSATIPI 302 AN A SHP ISR RRIPRIIIS T StiafgRE BB daRkdaa
trpogntsstiandad) passeaptiinesughispais 2ogsipeittt Jaociteohsystephases ibiedata

Cé{ﬁ%ﬁ%r&?{& ﬁ}&%]ﬂ%g{gﬂjcle has reached the perimeter of the target zone,
an

operate a rudder so that the vehicle turns anticlockwise between
25points 3 and 4. The vehicle then follows a straight path between points 4

Daedtmgaeiain GiaskiRgotjeUDB@AFAAL point 5, the control systems operate

the rydder 3o inat inevenicle i sloskuiseeteen BRINts Sand, If the
vehicle 1s moveasby Wlndnanayor EUITent I 2ddition %o Wavegpower, auxiliary

gpegpansical matrkyriaipde peewetciatirsnesitottreVisidcly Wrswimeeirgstooth,
t1OBSmBUEBEMG IFsaderspective view of a swimmer 21 and tether 31. Two

substantially identical fin. systems, each comprising a rigid vertical post 226
o ol 218, PRESR UNAEEES AT AErBaRyF ST el RSPz R0l
are atttatieztito the pimoiehe (pistsL2 2@ntadatititonayigsaoa sekitively.¢gl@PS

front epar215 aRdcALE RINRINISIRIRG]RY L ng%gchﬁﬁcﬂmqtae that the

fin can operaté without striking the swimmer .808(%1 e fin optionally
includeSHne %’F‘%%Wéhﬁéeiﬁ@?é&f&ﬁ@(mg%%%%eerbéfﬁ@F;/

greatesramesdsr dlexibility. A hinge structure 2262 is bolted to each front spar

2131 ﬁd})d r%ﬂé@@@@% é}ﬁ%%i&(}?8835?%{59%?5%%%mcﬁ%ﬂt% Ufudder

torsion bars 2 s fixed at one end to one of the vertical posts and at the

otheroérﬁHQ@eéSfRih@%é?f 8sth Rfdﬁﬁdl?%b@é’&é@?téwmm@b Bretesael G@dh@e of

contrehvirdaidhefatalon vied EhecleomiSaakilaae Bdiftr6Béy iIfiopyribRalenbars, do

crossthsoescetipnré r?sn.eltﬁle!'yin%sufs poo’}ﬁg ic%mputer can include data available from other
sources, e.g. to take account of winds and currents.

In other uses of the invention, the vehicle is directed along a path which is
determined by using a computer attached to the float or the swimmer, or both, the
computer being used to

(@) 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

rudders on one or both of the float and the swimmer, preferably on the swimmer,

and (ii), 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

could be directed to follow a path related to that object, e.g. to track the movement or
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Figure 2 or Figure 3. Rigid vertical fins 222 and 223 are secured to the trailing

and leading ends respectively of the swimmer body. Fin 223 is fixed. Fin 222

can be controlled to rotate about a vertical axis. Figure 8 shows how
ptRsesieapY BiaiebiRed-in Figure 7 changes as the swimmer is 10 pulled up and

do‘éV”ﬁfrh]é W%%%gtﬁﬁhe V?@Q_Mr@a% Eﬁacﬁﬁfﬁﬂl%@twf ét{bi“\’éil_é’fs@rﬁ;‘!@mrp@fﬁlfé remote
and tether 31, a igure 10 is an enlarged perspective view of part of Figure .
Bl R AT P HIER HHS Gy ShE A ISl PG bR Gaf incton
witbsir26r anal @ [hire @08 zmersEtovettarsivirioiirdr ity raing. geathffine vehicle itself.
SEHBRY} ﬁ,]@e_zlatively rigid front spar 2131 and a 15 relatively flexible rear
section 2135 shaped so that the fin can operate without striking the swimmer
body QRe HiRYptsRRAIPIIER4ERIREIGE M8 RdRambis @lioisireping’) is to
dsbovihg hakiocie teledno e éadelr moite ssee dielaibitityralbirgg ban 226aisutes. If the

v%@gged s B g@ﬂﬁe"ﬁ%e?dlgéggﬁr Anfda e 3ﬁ8“c£et‘f’1dé‘%rﬂé‘?\)%ilr.‘%% Ssive turns

each bar 2265 Is rotationally secured to a pivot shaft at the
afB P BRI IAREINEE e PRA ISP IR B0t REPRIEPI RO tRtRTdNSiBeURstedher, and
elurosLgia alRNS SRS oMe d615M HNeb AW TERIS Gtase thw e despeolivRisting

0sts. Spxings 2267 are secured, to the. swimmer body and to the bar 2266,
S ey T BT e O e e Sl 5
with3hereesden ridhe paétheingtae dxed dvigieand vdipihstiverijoal tdésbiierath
af?é’r_‘i% Wl'fh%%?y i§p@é@ﬂctﬁi@rﬁ??ﬁ@0e‘ﬁﬂ:%fé\”@.%@tﬁé}%ﬁl iﬂ@%@t@é@f tiGRIh of the

axis. In a 25similar embodiment (ngﬁf shown), tkg Spripgs are _rotriiqne?lll% :
IURSCARY 39FNSHEPE S ISR AP STAREIRT 2B 8ticlo Rﬂi?&si td ©
ssaovp htswezhezdlr@[m{ihdmnh érBEajgulne @cll'mmgefst!ae; phmswimpmetaist,peﬂl@d of
AR MBDIBPYR TRtipas IR EliEdd NG R TRENIL R I tether.

upwards; the tether tension increases and pulls the bar 2266 upwards,
Seretthidf8bthe springs 2267; the leading edges of the fins rotate

downwanday applibativadinpiseatieosssbihadiosnitwil thevwpedsl prdwiceitcle.

sur S r \

R SOEH £ YRR B S T AR DTV Y MRV sy
ageorielling eryansieret AHadaehbrstaipwErkHiediNmin, fantencandiiialgling the fins
sHRCiPASREABE fires GMLRAW WREISIcREHMGING IBedpbHOMABAtaR Sdasiecich

SR oG TS SRS e Wl The W

sections of the fins rotate upwards, and the trailing sections of the fins curl

downwards, producing thrust from the top surfaces of the fins; and the
TERiAWPESoves downwards. In Figure 11D, the tether tension remains low;

the lerkiging setioans Dflthae fing reonastiedated swivands 2anslthedditeiBig The float
céﬁﬁl%%% 9" db&, N1 WRARS: ERB%%‘?%”&FQF %%%fé%“? %Beéﬁgorgbéféré?‘f%,

of the fins; and the swimmer continues to move downwards. igures

antennashihd tRBGAIRARREIGS RRc bR AvEitEReie hidlds Sahethisihgoieamob i float.

TathvimMeddghasidveriate iy aftaisy With FSnanteg@aRE SR asivBNebRAEMS the
211, a .npse cone 212 and a rudder 222.. Secured,to the, swimmer body is
ﬂﬂﬁ nqgﬁ rrri) ﬂeh vin égqﬁ]aZm

KdNe PHBMSHSING SEULEHSSIE 58 ARG Bha 'or TEIShEOE]

comprising two or more
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of flexible inner section 2133, rigid section 2134 and flexible outer section
2135. In Figures 12-16, there is a single post, and a tether 31 is secured

to the top of the post. In Figures 12-14, the leading edge of a single finis
Mixetad o titgeaxieitnae! pushigy @ thrr bstsyatege RIS BR@Rd 4.d;nplesed within

tHSQﬂJ?Q @ﬂ%_ﬁrt@feﬂ’e'éitf_r‘:_glﬁ Bﬁsi?h ﬁﬁ?@t@?@t@_%ﬁw@@ ﬁf@ﬂﬂ@ggﬁhﬁﬂ' %&?ﬁésam f6,
an intermediate ion, on the post. igure 16, s imits rotation
o e e RO T A 2 LB SR g Dfsien 219
A2268e0gR2 Hyrsmoussdatdtiss ey, df Hied sadimiop @doedp fathe ifirc i e lbedday taudder
2BRE R 8f thebar 2265, and tether 31 is secured to the other end of the bar

2265, Rotation of the bar 2265 is controlled by 20spring 2267 secured to the

post SIAHIRR HANFRANR T8SE SHAIRRSOHigaAMEN e3eds v ineie feshrte
inversid2 6 & sdthcatiguized Bndgithizdetispas2 1S isachictoniayier toxabhapicarel a

i red.t e - ' inclu -
o S e e A G P RSl R R e
infigsiblpfanrabshrfhsaeiened fhsdrshrandetssmpiatarandesrhimetal
aﬁd@_leﬁlfbFgﬁéﬁzbbhaﬁjérl?ﬂimytﬂ@(ilﬂw&émﬂqm foéﬁéﬁm @ Fgarre 3, ti|1ere
. verti osts and.the other end rqtata ed to.an orizont
RO A e 8 AR SR P At R HEREICIHARS Sheer
issistegeal votthe fipiele nvieoiaciad 218Ad T sRfipuscIdstans IMFEidea &ortedrad

héik fEtds AigingladRss kaxingarRatisZ2ffprotatably secured 30 to its top.
The leading edge of the fin is secured to one end of the bar 2265. The lower
8 oo

legs S1UERG SUPTEIREFEN Herdalifed 1y e RIBTERR SN S S 51N
stetydsti2drirded imsutage28gciRoahtiondbicthes 3442268 esdireaeditsafiexiyoteric
Je{%tzg@ﬁ Fixed horizontal stabilizer fin 225 is secured to the trailing end of

the swimmer body. Figures 22A-22C show the different configFurations of a

swimR@HEGBASHIREK ABGHAMAICR BBRAS BSEM 4Pk JiEsa e iNsKeRikle flong a

dbsivénigpladi 0miad fixedotatcras 220 kecssed thereto; a central section 228
whic ed elast ' rtical '
dotorndl oL cspa Eer RSP RSROIR)  PerR iy py =

veRicie sadkeeriinadhin eetreres Z9seareved fofeRPSE D (FAEEPY WIRELFdSADIIng

oth&igavinemends. imsdithviatarind fdgure ZidReRisItiTBroesdn bairehputieslvehicle

ds. In Fi 22C, the teth ign has.d d, and igh
S L BT Er e e AT Lo e R b GRS
cooifahaystisns on tigehzEgiethatsheniaticlevhrshrepenatbthiprewagtsimfidre

RS SHEMME LPEANE AT idEEFR & that ST iifidie RAAd AIRIER ERIAEYDEFIHA
swlmmer?t;od;é 11, and the tether is attach%d to the top of agiost 226 which |

ppgﬂgﬁé’garg v f}%\fﬁglﬂﬁ Mﬁqgows a straight path between points 4 and 5, again

passing through point 2. At point 5, the control systems operate the rudder so that the
vehicle turns clockwise between points 5 and 1. If the vehicle is moved by wind and/or
current in addition to wave power, auxiliary propulsion means may be needed to
maintain the vehicle within the target zone.

Figure 7 is a perspective view of a swimmer 21 and tether 31. Two substantially
identical fin systems, each comprising a rigid vertical post 226 and a fin 213, are
secured to swimmer body 211. Tether 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;
the fin optionally includes one or more intermediate sections (not shown) having
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10swimmer body, and which carries a stabilizing weight 226 at its bottom
end. Figures 24 and 25 show swimmers in which the fin system
comprises two fins 233 which rotates about an aligned axis and are

relativrRig @@ aie poimesssuitherdbd itd thaisaemsineaiber268 isaprliegde erttofrpnt spar
2@5%&@{@%%3?@&?@@?6%5@%%0?3:@' tﬁ'éd t@éﬁ'@ %%@'%r torsion

1914, TIXed ver INS a e leadin SWI
AR TS FLO05 G BBR o S PV LRoSh AR o Gt Bt 4 ron
SB42 s swomation seldqi@rhttetihevidemneaetineptbedieatahiedntiel mentherroﬂheon of
R RYSHE ARG S RS TS LB BHIGIE 5 PHL WA i

the float is on or near the surface of the water, (ii)the swimmer is'submerged

FIgEAA AR igute shd EitiNRricbt HEr%g%ﬁB@%éf&rﬁ%ﬁ%@ﬁ%ﬂ%F@&%ﬁ%g
le@@ing sndressdudicyglh avime av{mmgtmdmayaﬂla 2a%i€ 2inpd. fifirsgaBoamibéch

C&ﬂ}@?ﬁﬂ{[%ﬂ%ﬁgg&ﬁ%}/ﬁ%@ nprises a fin, and (c)when the vehicle is in

wave-bearing water as a con ?uratlon which changes as a result of the
waveggtR ], dipvs how the shape of the fins in Figure 7 changes as the swimmer is

pulled up and down by wave motion.

Figure 9 is a perspective view of a swimmer 21 and tether 31, and Figure 10 is
an enlarged perspective view of part of Figure 9. Two substantially identical fin
systems, each comprising a rigid vertical post 226 and a fin 213, are secured to
swimmer body 211. 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; the fin optionally includes one or more intermediate sections (not
shown) having relatively greater or lesser flexibility. A hinge bar 2262 is bolted to each
front spar 2131. Bars 2265 are secured to the hinge bars 2262. One end of each bar
2265 is rotationally secured to a pivot shaft at the top of one of the posts 226, and the
other end is rotationally secured to longitudinal bar 2266 which joins the bars 2265
attached to the respective posts. Springs 2267 are secured to the swimmer body and
to the bar 2266. Tether 31 is secured to the longitudinal bar 2266. Rigid vertical fins
222 and 223 are secured to the trailing and leading ends respectively of the swimmer
body. Fin 223 is fixed. Fin 222 can be controlled to rotate about a vertical axis. In a
similar embodiment (not shown), the springs are rotationally attached to the bars 2265
instead of the bar 2266.

Figures 11A to 11D 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
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
the fin; the swimmer continues to rise. In Figure 11C, the tether tension has decreased;
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(ihinteracts with the water to generate forces which tend to 20move the
swimmer in a horizontal direction; the vehicle having one or more of the
following characteristics: -- (A)the fin system comprises a fin which rotates

theberings 2346 /opub tagorartRachiovmussdentrigadingsiraiigneritibadivg tetate
BYRa R M FHRORi YMQI 6B Homsas SHERRIR iR \RINAR AR %&&ﬁ@imﬂéﬂﬂ&% the

25 B) the f t fin h d hich
e e AT S R n A AN T s OB oner
tehsiawiemasTshody et édinglatvtidnsiefdha dubmrembmwam:ﬂedtlmvsar(@)thednhe
traN IS L EROMRI IHARIHALENE (RWARRI RS dIRSn§ AT & IRCI E X B POR PR of

an axis of rotation generally aligned with the longitudinal axis of the swimmer

thsols: aes the %WWFBBHW%%@BB%@?WBWF@d fore section, a
midstwrﬁ!cmsmmnely\Mm«m of difeeatiaaltel aed|ceslcl tiehistantially In

eJeid AL SRGHAP hiatu%@?n% mg g’égﬁrﬁ%%%%% d&ﬁ:& %?Qéfr body 211, 2

comprlsmg a centr wave actuate iIch ext

NERAGPERIE G @M RSUSHRY: 287 9(@%%1 SUIRIMRYIHEES bofbiase §mgysirsrally
cww@rmﬁmmxenm ﬁncsuﬁ@f@ewmnw\@{wamﬁ@@nmwﬂm@more

nd the tra|I|n the Wlmme ater vehlc e a ing
o e el SR 2l R e el Sl S R e
laminarFiguiagl tRe! axibeerisatRindle gostrailg &deides 3t iooservleddriamigp of

tf@‘tﬁa@f WF@W H’@dbhe %dﬂW@@dg@Bf%%ﬁ@é’WﬁQﬂ%@%ﬂ WReriBiate
the fin is enera |nar an ala tlﬁéeil‘a?gor ble. 4. A water vehicle

oRREGRATL G B 3 WFCFER RSO AR oRER B ddafataply

seystechaldiut plvot pomt 2261 at an intermediate position on the post. In Figure 16,
stop 2268 limits rotation of the leading edge of the fin.

In Figure 17, there is a single post having a bar 2265 rotatably secured to its top.
The leading edge of the fin is secured to one end of the bar 2265, and tether 31 is
secured to the other end of the bar 2265. Rotation of the bar 2265 is controlled by
spring 2267 secured to the post and the bar. Figure 18 is similar to Figure 17, except
that there are three bars 2265 with attached fins, the tether 31 is secured to the top bar,
and a line secured to the tops of all three bars and to the swimmer body includes the
spring 2267. Figure 19 is somewhat similar to Figure 18, except that the three bars
2265 with attached fins are arranged horizontally and each has one end rotatably
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
to its 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 flexible 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
swimmer body 21 having a rigid rear section 214 having horizontal fixed stabilizer 225
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5.A wave-powered water vehicle which comprises (1) a float, (2) a swimmer,
(3) a tether connecting the float and the swimmer, and 5(4)a computer
system; the float, swimmer and tether being such that, when the vehicle is in

sedlraatoeredehe fioatrl secipmaas eichigasdedeiewer eldsficadsnimhmeertical
pigribmeied bl dhe diasinrrddib e iehiaaiprnde s RN IGa ¥R MQection

r, when, icle is i -beari ter, interacti ith th
2] Al AT e bd BrsE ARSI Te reskrRE e PR engLe:
FaprrepPiding e savitliteer ésanesidiedapesitiohigeres8BRhib e wivimmee cisrhpiigi ma (@)l
uBIREOMRAERRRS PN IRR F&Héﬁ%ﬂ%ﬁiﬁ&iB@M&%k@éﬁﬁ@iﬁg%f@kﬁ

steering,actuator; and the computer system (a) being-linked to the position
SYEREY ﬁ]fé’ﬂ%?f?o?ftg?%éﬁgﬁré’rﬁmhﬁa’s'@ﬁﬂﬁ‘@eéé?ﬂéﬁﬁ?t%t?ﬁjl%?ﬂﬁwm&?or

being:tgowammrmhm aasmnmaler wm'mmomee anwmwismmen@rtgasmmmeim
sﬁ%%ﬂ%sﬁilgﬁﬁr%%"?“ﬁhr&ﬁ@&% fé‘?'@“rH%StQQ?é?&%%%@@Q@i%&%@g?‘%aa&d

sensor, or'in response t S|gnals recelved from a sensor on the ve

thedethereisigltagbedrifibedrn &t BesherSivinenHeehtERIdkya ke 1Bayfin and the

sWIﬁfgﬁ@tiﬁdﬁWWWhTﬁ &éaltl%rs_\éﬁbliélgfli%ﬁ@ﬁ%@ﬁ@%@ﬂtﬁdwwhmi@ﬁhe
swimmer na ce 0 ravity, and the tet r Is attac to the swimmer..
eI R 53 25 S e e e R TR G fins
2g8ovhifingaiaisiam @i Rignetb Fiaiend See comreaie bhurlyemals awigaped of the

stRFffeisoRigchefdaiiadlopbryRsiasyiay YR SaloP el Re CRR&Wimer

uoyancy.
sﬁowx%n %)fgure 24 also comprises rigid fixed vertical fins 223 at the leading end of the
swimmer body.
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9.A water vehicle according to claim 5 wherein the float has a center of drag,
and the tether is attached to the float in front of the center of drag. 10.A water
vehicle according to claim 5 wherein the swimmer comprises a fin 15 system
GlvAIMS(a) is secured to the body, (b) comprises a fin, and. (c) when the
vehicle is in wave-bearing water, (i) has a configuration which changes
as a result gf the wave motion, and. Zogiw teracts wijth the water to generate
forcedwhich KRR SR WS BRI Frction. 11.A water
vehic{é)accertidad, to claim 5 wherein the swimmer comprises at least one
mempgr Wfﬂ%i}]p@,%ﬁéed shape and (ii) when the vehicle is in
wave-bearing 25 water, generates forces which tend to move the swimmer in
a hori2dntaPARERIGPILEHIG M AR RN 5V W MBUement of the float.
tHE2fldan ateinveleicknd cethrelimg ity dagh thhtwekesithidecdhidlaimen stinpsaises a
s.ingIE(i saig]glﬁégp rgwgmgrf{ﬁgdﬁﬁgggbgn%wa £ forces which tend to
move t)he swimmer 30in a horizontal direction when thé vehicle is in
wavelbearitif\eRtiEIBeE i§SHOraasaasaplewikadleabrabBer having a fixed

shapgiiill 3. AhyaigrateBigleiacesrsitg to claim 5 wherein the steering actuator

,[Hg avwdr%%rr' 035r%4r'|'g”|r\{vater vehicle according to claim 5 wherein the float
IRcdee s 613 paneql. 30 15. A water vehicle according to claim 5 wherein

the sid@imer BWIMPrRIERd\sRarINGe? nngtiagioas Fixssyastdm which together
form pynitayypagytemifnibrmethod of utilizing wave power which comprises
placing a wave-powered 5 water vehicle in a body of water which has or
which is ex@@cted‘%&ﬁ%&% 3 traveling across its surface , the
water vehicle)congmismiges a fin, and

()  when the vehicle is in wave-bearing water,
(i) has a configuration which changes as a result of the wave
motion, and
(ii) interacts with the water to generate forces which tend to
move the swimmer in a horizontal direction;
the vehicle having one or more of the following characteristics: --

(A)  the fin system comprises a fin which rotates about an axis of rotation, the
axis of rotation having a spatial relationship to the swimmer body which changes

when the vehicle is in wave-bearing water;

(B)

the fin system comprises a fin having a leading edge which comprises (i) a
relatively rigid central section which has a fixed spatial relationship with the
swimmer body, and (ii) relatively deformable outboard sections;

(C) the fin system comprises two generally laminar fins, each of which rotates

about an axis of rotation generally aligned with the longitudinal axis of the
swimmer body;
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(1) afloat, (2) a swimmer, and (3) a tether connecting the float and the
swimmer; 10the float, swimmer and tether being such that, when the vehicle
is in still water, (Othe float is on or near the surface of the water, (ii) the

swimtRer istBaswishgert befbnhascafdstanti i) iais tonecsastiondergrashon

the SWHTHW‘P_J f@ﬁﬂpéiﬁfi'ﬂﬁg&@@ﬁ\) _’[ﬁé%ﬁlﬂé‘?b@@/ A%y E‘g@&@&ﬂiﬁi@"’r‘@ﬁ@éﬁ’
and (2b) a fin system which (a) is secured to the body, (b) comprises a fin,

and (?37 REh the vehicle is in wave-bearing water, 20(i)has a configuration
which(Ehantiessagrames ghroptisesvaswimoteraiydciiiptsiagts vetirdd dulvaker

to geHS@Fﬁﬁ%rﬁ&%M%ﬁ?%d%%Wﬁiéhee%ﬁa@ﬁﬁé? %@6%@%%@%‘&?6

the vehicle having one or more of the following characteristics: -- 25(A)the fin
systeth) contBFiSRARTe RAMHCRTRESCS AT Al JUUafAtRiF igerdivastical fin
rotatieurfa@es eeapzaitialyeldjitioaship tioctleadingrend abddiientradingemageisthe

Whensmm(r%}iglgdi? in wave-bearing water;

2. A water vehicle according to claim 1 which has characteristic (A), and wherein
the fin is a generally laminar fin and the axis of rotation is generally transverse to the
longitudinal axis of the swimmer body.

3. A water vehicle according to claim 1 wherein the fin is generally laminar and
elastically deformable.

4. A water vehicle according to claim 3 wherein the fin is the sole elastic component

of the fin system.
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(B) the fin system comprises (i) a fin which rotates about an axis of rotation,
and (ii) an elastic component which is not part of the fin, and which deforms
30elastically and thus influences changes in the configuration of the fin
Ssystefwaverpoveerenivries Viehisloavbishrrnpeses (C) the fin system
comp(rﬁes @ figdraving a leading edge which comprises (i) a relatively rigid
centrg| section which has a fixed spatial relationship with the swimmer body,
and ( relamﬁfrmable outboard sections; 35(D)the fin system
compi@ses avteipenemilheldminihefitst eachtiod amicimeteaed about an axis of
rotati@{} ger}leégpa(p%lggp%f@m the longitudinal axis of the swimmer body; (E)
the tether comprises a coil spring; (F) the tether comprises a component
thGHIEAtBMERTET $AG ISHIFOPEREFHT BFbWEIe N EPHENG R FHOWFREs a
subst@intialljhediodioscopestineaetmidseeteroithewiee!atively flexible in the

verticg) plaie, i StEANIS Al SRR (e swimmer

comprises a swimmer body comprising a centr ar 10housing and
waveltittualieR! lRHEWRIERESE TS Offher side of the housing; and  the

tHYEWIMETP Ry 6 FABNasch g nevalletbbaighwaringraadaeig Gatiithe water to
Sfiacesgespectively adircent o the eadng endgnd the talling end of the
&Vinaer 5o y. 517 A MmeHed B etor INg to Claim 16 wherein the water
thestipglederapdgingicatatr) itedetareneprsbpeafiiticgepatt; e wimsaesgomprising (a)
adeHsng Héﬁi%mvmwvf@r@é% W%Efﬁiﬁwﬁhﬂﬁzbﬁﬂ%ﬁlﬁﬂm%a foliseddring
20 19. A method accordg)&to claim 16 whrg{?eln alhthe forces generated by

Ao AN BIF SPRBYR SIS W PRI BELH R Water are used to move
the vehicle in a horizontal direction or are wasted. 25 20. A method of utilizing
wave power which comprises placing a wave-powered water vehicle in a
body of water which has or which is expected to have water waves traveling
across its surface, the water vehicle comprising
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(1) a float, (2) a swimmer, 30(3)a tether connecting the float and the

swimmer, and (4)a computer system; the float, swimmer and tether being

such that, when the vehicle is in still water, the float is on or near the surface
pesitirn werso (it deivanae sensebaneriedstrecnotaettaier, and 85 (Rptiaining, or

bERNIESHSOHAHRTASIBSO Bo iSRRI liond B dbie o el g tiseimy AvRuRRA TN Besponse
water, interacting, with the wamer to %gneratge}hor es. which tend to move the
I

B AGHES RS, TR ABS POSHIRRSRE S &t 8-%8(&%%%8%‘8&’&1&5 Leigsgonse to
sipralvienmeedcbmpristanga) ahibdaa@italesensor which senses direction in a

6NOriZanaBlafei Q0 A 4R AR R DAL RN that s OMBHIBhSYRIE R Agnetic

being linked to the position sensor, the horizontal sensor and the steering
CARARSr, and (b) containing, or being programmable to contain, instructions
710 coAtrohibevsitelngractdiaptartitespdnaeteisititasviecedrdthéraroeier of

" | : , @ < .
oSy A Ee S e P YRht RBSRANAR oAl e e
canieE Sradl(a)processes (i) input from the horizontal sensor, (ii) input from
sthrewalsllitehicaieienserhg esitRims enesrdndHdN gaagianhieataasiBigtasy, and

TGOStk 1o e 9 USLSOMPYIST LN (2.0 GOTBMEr BHRJS

commands, and youtputs comman J t\(/)e{Hg syegﬁlr%v z;[lc?u% Btr?r orfbuoyancy.

9. A water vehicle according to claim 5 wherein the float has a center of drag, and
the tether is attached to the float in front of the center of drag.
10. A water vehicle according to claim 5 wherein the swimmer comprises a fin
system which
(a) is secured to the body,
(b) comprises a fin, and.
(c) when the vehicle is in wave-bearing water,
() 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 horizontal direction.

11. A water vehicle according to claim 5 wherein the swimmer comprises at least
one member which (i) has a fixed shape and (ii) when the vehicle is in wave-bearing
water, generates forces which tend to move the swimmer in a horizontal direction as

the swimmer is moved by movement of the float.

12. A water vehicle according to claim 11 wherein the swimmer comprises a single
said member having a fixed shape, and all the forces which tend to move the swimmer
in a horizontal direction when the vehicle is in wave-bearing water are generated by the
single member having a fixed shape.

13. A water vehicle according to claim 5 wherein the steering actuator is a rudder.

14. A water vehicle according to claim 5 wherein the float includes a solar panel.
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22. A method according to claim 20 wherein the computer (a)processes input

from a sensor attached to the vehicle or from a network of vehicles, and

20(b)outputs commands to the steering actuator. 23. A method according to
18laimA 0 aigrereliicisl aneoisited Yelasraedteyaiie heterdtv ar someTFes B evimmer

b%Wéﬁ@@fWéWﬁé@f&g@ﬁ%’r F@rﬁi@’@rﬁ'ﬂ@r;}’ﬁblﬁ? _i” a hori_zontal _
direction or are wasted. 25 24. A method of obtaining information which

comprises analyzing information obtained from, or recorded by, a
1 WaveﬂpmamgﬂohathmwmcmﬂMpthﬂpmci@ awqﬂmmswﬂj
wIPIRAIRE R SPREGr Y, s TaatRRddlae SwicAmes Haeiiaah AYEWatAR ves

tether being such that, when the vehicle is in still water, the float is on or near
Uave AT HFSWIREE - the walgh YRRICRFAMBF$ Submerged below the

float, @ind a float,(iii) the tether is under tension; 35 the swimmer comprising

(2a) Wimgggc-p,h haying a longitudinal axis, and (2b) a fin system which
(a) is'secure toI tqgé(kgb%)@(b) comprises a fin, and 5(c)when the vehicle is in

wavelBeariddsiRe o1 beriRpl D NRBIIMEMRInges as a result of the
theaRINeNPAm@NEnd tether being such that, when the vehicle is in still water,

(i) the float is on or near the surface of the water,
(i)  the swimmer is submerged below the float, and
(i) the tether is under tension;
the swimmer comprising
(2a) aswimmer body having a longitudinal axis, and
(2b) afin system which
(@) is secured to the body,
(b)  comprises a fin, and
()  when the vehicle is in wave-bearing water,
(i) has a configuration which changes as a result of the wave
motion, and
(ii) interacts with the water to generate forces which tend to
move the swimmer in a horizontal direction;
the vehicle having one or more of the following characteristics: --
(A)  the fin system comprises a fin which rotates about an axis of rotation, the
axis of rotation having a spatial relationship to the swimmer body which changes
when the vehicle is in wave-bearing water;
(B)  the fin system comprises (i) a fin which rotates about an axis of rotation,
and (ii) an elastic component which is not part of the fin, and which deforms
elastically and thus influences changes in the configuration of the fin system
when the vehicle is in wave-bearing water;
(C) the fin system comprises a fin having a leading edge which comprises (i) a
relatively rigid central section which has a fixed spatial relationship with the
swimmer body, and (ii) relatively deformable outboard sections;
(D)  the fin system comprises two generally laminar fins, each of which rotates
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(i) interacts with the water to generate forces which tend to move the
swimmer in a horizontal direction; 10the vehicle having one or more of the
following characteristics: (A) the fin system comprises a fin which rotates
aboutbPUAAR afirovhtioialitieaexieraliyaiaiad vatirgeal epaitizdinabayasiitne
the swiymmgsrrgdywhich changes when the vehicle is in wave-bearing water;

(B) the fin system comprises (i) a fin which rotates about an axis of rotation,
15 aAE)(ii) Theledst E?Fﬂ%%%?éﬁ-@\ﬁiﬁﬂc‘fﬂﬁ‘ﬂot part of the fin, and which

e
deforthy eldbtdallyesiodtinis ésflaenogmobahybEimtthesoutHigataton/of ehecfircal
systeg&\)og}?n the vehicle is in wave-bearing water; (C) the fin system
comprises a fin having a leading edge which comprises (i) a relatively rigid
centrfPsection SWRMRERALY RS arpsiralialyigit ' aersarl SbQumiRertion
body wduich (i) restéatvedhyf deitdenatite oeiticsinol sestmrsa §opstenfiallgyiiehaft
compsréscc?%ﬁwo generally laminar fins, each of which rotates about an axis of
rotation generally aligned with the longitudinal axis of the swimmer body; SE)
the tetier cHIRSMEBEER QORIESES EYH FRTA®I OO GRBRBHTE RHee RitAlpbular
COM[itsigsng e@anReNerdoNieutingsamishdate Al &BHee IsiekisRtROWRISilg) hed
swimyier bagy s subsianially fald fore section, A midseetion WKL i
relatively flexi i he VaY %é:loplgne, aAdPs SPstan |5|Fy rigllfjsanlg section,
30(HpudasgMieseeetvapradecesiimihtclepding ene gndittedredingandisiide
housiggiRRtMEgactuated fins which extend either side of the housing; and
the swimmer body comprises a generally tubular housing and vertical fin
surfaces respectively adjacent to the leading end and the trailing end of the

18wiménerebioaty 2880 @) raptorciamc dtedBraoine waitaticehietpip diettedhalbng a

dQQFEGBQSgYEH%%I Hii) reflecting data collected by a monitoring or sensing
device which'is part of the vehicle. 26.A method of obtaining information
which comprises analyzing information 5 obtained from or recorded by a

1@/aveApoweiet avatedivighteidavhich abmpiistse water vehicle is kept close to a fixed
point.

19. A method according to claim 16 wherein all the forces generated by the
interaction of the fin system with wave-bearing water are used to move the vehicle in a
horizontal direction or are wasted.

20. A method of utilizing wave power which comprises placing a wave-powered
water vehicle in a body of water which has or which is expected to have water waves
traveling across its surface, the water vehicle comprising

(1) afloat,
)

(2 a swimmer,
(3)  atether connecting the float and the swimmer, and
(4)  acomputer system;

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,
(i)  the swimmer is submerged below the float, and
(i) the tether is under tension;
the swimmer, when the vehicle is in wave-bearing water, interacting with the water to
30B
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(1) afloat, (2) a swimmer, (3) a tether connecting the float and the swimmer,

and (4) a computer system; 10the float, swimmer and tether being such that,

when the vehicle is in still water, (Othe float is on or near the surface of the
opnamteipiers whiemiensteunevertiedbaldwrireat; and (iii) the tether is

tHEWISAEAPIRKIng ShenmiBmaer¥viea prsivehisknisol wave-bearing water,

mteractln with the wate to 15generate forces which tend to move the float
P RN S/C%‘é‘)ﬂ'éﬁtgc ﬁrhé’iﬂ e PR R BB SHiBH 'QQHE&hR{éZO”ta'
pEwemarel ()@ stastngdEctubtaizental sensor which senses direction in a

ttﬁé)é&ﬂ tﬂleP forANd)(BRRASHFREBIAHE YN HBAG LS SOMBHSH AYHEBeMor and

being nked the osmon sensor, the horizontal sensor and 20the steering
”%t‘cﬁﬁ%\?BPQaﬁﬁl{Bﬁoéo%‘E&Hﬂ%g’OBF%@ﬁﬂg BF&&HQ%%%@W@&%W%@&H&@“'O”S
td@mﬂnﬂtohmeteeeegmg:taemaiorrespespense@nalgmedﬁlmetv@d frempdbition sensor

ﬁ8§ﬂé°ﬂo§‘r’z’8ﬁ?él%’%ﬂ§8? é‘ {HZ% RO |§ FS@B%E%B%QE%%&%WY#Q

om a sensor on the ve met accordlng to clai wherein

veRiclaformation is derived from signals (i) communicated by communication

equipment which is part of the vehicle and (ii) reflecting data collected by a
monlt I‘Iné:{ fjsensméq devic %nw%gart (o) the vehlcfle 28.A method for

contro Ilng a function gpatowca%'erznpowere er veh%’e the method 30

compléging @@@@ms@h@@wr@mfélwelmwem aenepvéiieutliem the satellite-
compygseehtba Besition sensor, and (jii) geographical coordinates pre-programmed

into the computer or input to the computer by radio commands, and
(b)  outputs commands to the steering actuator.

22. A method according to claim 20 wherein the computer
(@)  processes input from a sensor attached to the vehicle or from a network of
vehicles, and
(b)  outputs commands to the steering actuator.

23. A method according to claim 20 wherein all the forces generated by the
interaction of the fin system with wave-bearing water are used to move the vehicle in a
horizontal direction or are wasted.

24. A method of obtaining information which comprises analyzing information
obtained from, or recorded by, a wave-powered water vehicle which comprises
(1) afloat,
(2)  aswimmer, and
(3)  atether 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,
(i) the swimmer is submerged below the float, and
(i) the tether is under tension;

the swimmer comprising
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(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,
35(0the float is on or near the surface of the water, (ii)the swimmer is
subm@ajedbevdmmes Rody, kadngoElofg)tHeinelifxidsanster tension; the
smmmgy cqm,gr@%,@@)@ﬁwmmer body having a longitudinal axis, and
(2b) a fin sy em which 5(a)is %ec to the body, (b) comprises a fin, and
(c) when th ehiffefEIH SWave E’l water, has a configuration which
changes as(l) resuitoptisesvavlie,moton, and 10(ii)interacts with the water to

generate fO{g)es Whicth terrd i aave ithe, SYUpEaent @alf@rnzontal direction; the

vehicle having one or more of the following characteristics: -- QA ) the fin
system comprisedih P RiHeRTBIRELLNBINH1aRRes A Bt AL RS WRYe
rotation having a speati@l, retationship to the swimmer body which changes
15when the Veh'¢lﬁ£‘%8r&’&¥%vﬁﬁ e eI @j%m?ef%e §¥§t®mc%°f&ﬁ’é'?&ﬁ1&e
a fin which rotates about an axis o rotatlon and () an e astlc component
which is not part dhﬁ@ﬁrrﬁ‘,”éﬁfd%lwf'é@mhﬁgré%ﬁbally and thus influences

tHoEIger IRENACONE BuIakes fftHefbnsipteenavheBribreyehicle is in

wavesh ﬁaf”}%"%’at s%%%)grr}]%ﬁgessysrfen WERRERES B MAYING R §321880n, the
edge {which! comprl

axis of rotation having a spatial relationship to the swimmer body which changes
when the vehicle is in wave-bearing water;

(B) the fin system comprises (i) a fin which rotates about an axis of rotation,
and (ii) an elastic component which is not part of the fin, and which deforms
elastically and thus influences changes in the configuration of the fin system
when the vehicle is in wave-bearing water;

(C) the fin system comprises a fin having a leading edge which comprises (i) a
relatively rigid central section which has a fixed spatial relationship with the
swimmer body, and (ii) relatively deformable outboard sections;

(D)  the fin system comprises two generally laminar fins, each of which rotates
about an axis of rotation generally aligned with the longitudinal axis of the
swimmer body;

(E)  the tether comprises an elastically deformable member;

(F)  the tether comprises a component which transmits data and/or electrical
power;

(G) the swimmer body has a substantially rigid fore section, a midsection
which is relatively flexible in the vertical plane, and a substantially rigid aft
section;

(H)  the swimmer comprises a swimmer body comprising a central tubular
housing and wave-actuated fins which extend either side of the housing; and

() the swimmer body comprises a generally tubular housing and vertical fin
surfaces respectively adjacent to the leading end and the trailing end of the

swimmer body.

25. A method according to claim 24 wherein the information is derived from signals
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relatively rigid central section which has a fixed spatial relationship with the
swimmer body, and (i) relatively deformable outboard sections; (D) the
fin system comprises two generally laminar fins, each of which rotates about
(ihpoaxisusicateddy gemardmcalighedvimmentwhititisonesl eiikeovehisle and (i)
retHY MR RAMKcted bR FREHRINRE eRBRKiSRS A8\ RiastisaidIsipraahievenicle.

member; (F) the tether comprises a component which transmits data and/or
electrical power; (G) the swimmer body has a substantially rigid fore
26ection, a nfidsethimhdOltaicting irdtativaipflestilole ¢orthpeisestavzd pramg rdonnation

oBHAEWEHY dﬂg%éf&éﬁ?ﬁoé' wA SR Dl FQBHEISSFHLRWERBRE QY

comprising a central tubular housing and wave-actuated fins which extend
eithef Bide &fitR&thousing; and the swimmer body comprises a generally
tubul@)houaisgiamderertical fin 35surfaces respectively adjacent to the

'eadi@e”da‘ﬁﬁng?géﬂggﬂn é’?lH&?éH%Jm%%“ fher 24 method

according to claim ereimn the signals e water vehicle along a
desirét gecyFRFHIERR PRIBIETB0.A method according to claim 28 wherein the

treighals divesiieieanatethaieladastanisiesrHeraied meiets 3 dimethad for

contralling ?hquctiPn of a wave-powered Watfethvehitfle the method
(Q. . e pagis;on of near the sirface of the warer, | . :
comprising sending signals t6 a wave-powered water vehicle which

compliises Hogaimsaer is sugmergedraaiew {3 Haethritctonnecting the float
and thy@) SWifREeEhaNE under tension:

the swimmer, when the vehicle is in wave-bearing water, interacting with the water to
generate forces which tend to move the float horizontally;

the float comprising a satellite-referenced position sensor;

the swimmer comprising (a) a horizontal sensor which senses direction in a horizontal
plane, and (b) a steering actuator; and

the computer system (a) being linked to the position sensor, the horizontal sensor and
the steering actuator, and (b) containing, or being 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.

27. A method according to claim 26 wherein the information is derived from signals
(i) communicated by communication equipment which is part of the vehicle and (ii)
reflecting data collected by a monitoring or sensing device which is part of the vehicle.

28. A method for controlling a function of a wave-powered water vehicle, the method
comprising sending signals to a wave-powered water vehicle which comprises

(1) afloat,

(2)  aswimmer, and

(8)  atether connecting the float and the swimmer;
the float, swimmer and tether being such that, when the vehicle is in still water,

() the float is on or near the surface of the water,

(i)  the swimmer is submerged below the float, and
30E



(4) a computer system; the float, swimmer and tether being such that, when
the vehicle is in still water, 15the float is on or near the surface of the water,
(ii) the swimmer is submerged below the float, and (iii) the tether is under
tensidii) thetkgvighneeis wheer deasieRicle is in wave-bearing water, interacting
I GRS ,@aﬁ@rate forces which tend to move the float horizontally;
2Othﬁé§$§t com r|S| atellite-ref ren(% éiﬁ%isnion sensor; the swimmer
('S

com g ?a% BN &fetBn in a horizontal

plang2ahd ebblrass/tsiennglfactuator and the computer system (a) being linked
to the positipc{y serg%cruh%@gpwwoapnsor and the steering actuator, (b)
containing, or being programmable to contain, instructions to 25control the
steering act®itor FPrRIRRRE 10 <#dals received from the position sensor

and the hor{zpntahsesmstbre oelmbrewanwa\te bigalg vextetved from a sensor

on the vehicle. 32 mefhad AcGoRelng O IATE A AaLEn DG AHEL MR GlEve
includes 30commuhnication equ ent or recelving signals from a base
station, the signal8'ale"sighdis from the base station, and the computer

processes input whijch cmmmagwhetﬁigwal@r Bgdhavarerpeeeiaslionaterd to

vehicle which com I’IS (f}}%. afloat SWIm mer anq 83) a tether
W|mme‘r or| on dire
connecting the floa e SW|mmer SW|mme|‘ and tether being

theeehiske haviea crﬁ@@étﬁitqéeugfuthgtmmmg charactenstlcs -
(A)  the fin system comprises a fin which rotates about an axis of rotation, the

axis of rotation having a spatial relationship to the swimmer body which changes
when the vehicle is in wave-bearing water;
(B) the fin system comprises (i) a fin which rotates about an axis of rotation,
and (ii) an elastic component which is not part of the fin, and which deforms
elastically and thus influences changes in the configuration of the fin system
when the vehicle is in wave-bearing water;
(C) the fin system comprises a fin having a leading edge which comprises (i) a
relatively rigid central section which has a fixed spatial relationship with the
swimmer body, and (ii) relatively deformable outboard sections;
(D)  the fin system comprises two generally laminar fins, each of which rotates
about an axis of rotation generally aligned with the longitudinal axis of the
swimmer body;
(E)  the tether comprises an elastically deformable member;
(F)  the tether comprises a component which transmits data and/or electrical
power;
(G) the swimmer body has a substantially rigid fore section, a midsection
which is relatively flexible in the vertical plane, and a substantially rigid aft
section;
(H)  the swimmer comprises a swimmer body comprising a central tubular
housing and wave-actuated fins which extend either side of the housing; and
(h the swimmer body comprises a generally tubular housing and vertical fin
surfaces respectively adjacent to the leading end and the trailing end of the
swimmer body.
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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; the swimmer comprising
10(2a) a swimmer body having a longitudinal axis, and (2b) a fin system
which (a) is secured to the body, (b) when the vehicle is in wave-bearing

o9/atel) method according tolA8id S8RNIIBEIAHARNHAINARGE SRS ISSHENRle
the wige 15§10t|on, and éu)m% racts with the water to generate forces which
a el v

R %%Ogmmlﬁ RA'& horizontal direction; and (c) comprises a fin

which rotates about an axis of rotation which is 20generally transverse to the

3tPNIINGHRASXISRLIIMSEBRAT DO WhABM (it GRNIGIRADING A DIFIIR 1o

not part of the fin, and which deforms elastically and thus influences changes
S‘ﬁytﬁ@%%ltﬁiﬁtﬂé?fé)ﬁ%mhe fin system when the vehicle is in wave-bearing
water. 25 34.A water vehicle according to claim 33 wherein the fin is a

39¢ ne@Welﬁ%%F ggnzﬁ%(ﬂi%a%é&?oﬁoépgm—gb@/&%bWﬁ@gmhicle the method
comprising sending signals to a wave-powered water vehicle which comprises

(1) afloat,

(

2)
(8) atether connecting the float and the swimmer, and
4)

(

the float, swimmer and tether being such that, when the vehicle is in still water,

a swimmer,

a computer system;

() the float is on or near the surface of the water,

(i)  the swimmer is submerged below the float, and

(iii)  the tether is under tension;
the swimmer, when the vehicle is in wave-bearing water, interacting with the water to
generate forces which tend to move the float horizontally;
the float comprising a satellite-referenced position sensor;
the swimmer comprising (a) a horizontal sensor which senses direction in a horizontal
plane, and (b) a steering actuator; and
the computer system (a) being linked to the position sensor, the horizontal sensor and
the steering actuator, (b) containing, or being 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.

32. A method according to claim 31 wherein the water vehicle includes
communication equipment for receiving signals from a base station, the signals are
signals from the base station, and the computer processes input which comprises the
signals.
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35.A water vehicle according to claim 34 wherein the generally laminar fin is
30elastically deformable. 36.A water vehicle according to claim 33 wherein
the elastic component is a torsion bar. 3537.A water vehicle according to
38laim/8BavRarewered iNaisrogmhegiglyvighipamariseslastically deformable. 38.A
water vehiclerpggording to claim 33 wherein the fin system comprises a
pIuraIé\{ of generally laminar and elastically deformable fins. 539.A water
vehicﬁI acc rﬁ‘fﬂ@f@/e&aﬂﬂg% wherein said fins lie in the same generally
horiz¢Bjtal paethet@nnexttiny dredle acuut divegstuimiaien; 39 wherein the fin

YRR SNGHARS 3Hipicse fb%iﬂl’%%hlbi? HetdiyHeah aheMRIDR ROGHRpEHGN and

t
to which the fins are secured. . A wave-powered water vehicle which
compiises (0P JIR3hIS @) QrAWeARANe SUiRCEsPLIEHEISihich connects the float
and tlig swithenswianmden i GuloorvgesdseobIoeifisptiramthe float, swimmer and

tethe&@zinq@;ﬁe{gﬁmts W {Qﬁsygrwcle is in still water, the float is on or near

the surface of the water,
the swimmer comprising

(2a) aswimmer body having a longitudinal axis, and
(2b) a fin system which
(@) is secured to the body,
(b)  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 horizontal direction; and
(c)  comprises
() a fin which rotates about an axis of rotation which is
generally transverse to the longitudinal axis of the swimmer body,
and
(i) an elastic component which is not part of the fin, and which
deforms elastically and thus influences changes in the configuration

of the fin system when the vehicle is in wave-bearing water.

34. A water vehicle according to claim 33 wherein the fin is a generally laminar fin
and the elastic component is a coil spring.

35. A water vehicle according to claim 34 wherein the generally laminar fin is
elastically deformable.

36. A water vehicle according to claim 33 wherein the elastic component is a torsion
bar.

37. A water vehicle according to claim 33 wherein the fin is generally laminar and

elastically deformable.
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(if) the swimmer is submerged below the float, and (iii) the tether is under
tension; 20 the swimmer comprising (2a) a swimmer body having a
longitudinal axis, and (2b) a fin system which (a) is secured to the body, (b)
comprises a fin, and 25(c)when the vehicle is in wave-bearing water, has

38. QOW%%@Q!%M%]EE&{&@%&@&I%E‘P@? '%@F@%_Wrﬁ’ﬁrfgggfyﬂm QB%hprises a
iinteracts wi water to geperate forces which tend to move the
ol o SR R BER G POEL A GO U R QT ABIBdenect water venicle
which comprises (1) afloat, (2) a swimmer, and (3) a tether which (i) connects

ae flagy,afae JaieNIuRsiRg thElAAmBRES SRARAR NS iR EARB enerally

which transmits one or both of data and electrical power; the float, swimmer
hgrePt&Eng such that, when the vehicle is in still water, 32

40. A water vehicle according to claim 39 wherein the fin system includes a rigid
spine which is rigidly fixed above the body portion and to which the fins are secured.

41. A wave-powered water vehicle which comprises
(1) afloat,
(2) aswimmer, and
(8)  atether which connects the float and the swimmer and which comprises a
coil spring
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,
(i)  the swimmer is submerged below the float, and
(iiiy  the tether is under tension;
the swimmer comprising
(2a) aswimmer body having a longitudinal axis, and
(2b) a fin system which
(@) is secured to the 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 horizontal direction.

42. A wave-powered water vehicle which comprises
(1) afloat,
(2)  aswimmer, and
(3)  atether which (i) connects the float and the swimmer, and (ii) comprises
at least one component which transmits one or both of data and electrical power;

the float, swimmer and tether being such that, when the vehicle is in still water,
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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 5(2a) a swimmer body having a longitudinal axis, and (2b) a fin

systefl whithe(B9as isesupsdeaiResotiachphepaies a fin, and (c) when

the vepicle iﬁé%W%’rﬂé??@@UBrH‘@b?éd b@lﬁﬁtﬁ&ﬂﬂﬁg%ﬁ&ion which changes as
a res#l of tl\]fewave motion, and g%nter cts with the water to generate forces

which'ténd rh%\}?grtf?e%ﬁﬁmg? afGrizontal direction. 1543.A water

theebiglaraecomigisonglaim 42 wherein (1) the tether comprises a tensile

memP&{)W@%rrHS?BSBﬂ%W J’E}H@%ﬂlﬂb@ 5gg§t ahgl the swimmer, and

(2) the at least one compaonen ich transmits one or both of data and
elect@3) pSWEY HEERMINEry any tensile load. 20 44. A water vehicle
according tgaglaimsAseedreceio e dothyer has a streamlined shape, and the

tensile merggfr isc%}égﬂ?fégrg ]qu tlaﬁdstreamlined shape. 45. A water vehicle
to ¢l W ’

according aim 4 erein the tether has an aligned 25dimension of 0.5
to 1.0 inch 4Pld a MARSVEBENIFBASIBMEVERRA I VRIER.

(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 horizontal direction.

43. A water vehicle according to claim 42 wherein
(1)  the tether comprises a tensile member which carries tensile load between
the float and the swimmer, and
(2)  the at least one component which transmits one or both of data and
electrical power does not carry any tensile load.

44. A water vehicle according to claim 43 wherein the tether has a streamlined
shape, and the tensile member is at the front of the streamlined shape.

45. A water vehicle according to claim 43 wherein the tether has an aligned
dimension of 0.5 to 1.0 inch and a transverse dimension of about 0.19 inch.

46. A wave-powered water vehicle which comprises
(1) afloat,
(2)  aswimmer, and
(8) atether 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,
(i) the swimmer is submerged below the float, and
(i) the tether is under tension;
the swimmer comprising

(2a) aswimmer body which has a longitudinal axis and which comprises one
33
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46. A wave-powered water vehicle which comprises (1) a float, (2) a
swimmer, and 30(3)a tether connecting the float and the swimmer; the float,
swimmer and tether being such that, when the vehicle is in still water, the
float @ GftR AREIPHNERiRalecktdHomaem MY nitatammALioR elibresajeitgd

belovg s eat andl dEhdea taHer is under tension; 35 the swimmer

comp E}g]géﬁg? a swimnl%r body which has a longitudinal axis and which
compﬁ S SYWS?eW ?‘Hponents selected from communications
equipment, (@cordingeeguegeethieadrmtigensors, and (2b) a fin system which
()is securqu)to t%meg(g}ﬁg@%ises a fin, and (c)when the vehicle is in
wave-bearing water, has a_configuration which changes as a result of the

wave motiokt) and{IfRtEIS&ENGRISHE WAYEFR635E9eMESorces which tend to
10move the swimer infa arcomiglditeatiohich thangdeagehrelsutafaldingve
to claim 46 Wheremo%ﬂg%includes a satellite- referenced position sensor

and a solar panel.
(i) interacts with the water to generate forces which tend to

move the swimmer in a horizontal direction.

47. A water vehicle according to claim 46 wherein the float includes a satellite-

referenced position sensor and a solar panel.
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