
TITLE Wave Pow r CROSS-REFERENCE TO RELATED
APPLICATIONS Tois application claims priority from US
provisional patent application No. 60/760,893, filed
January ZO, 2006 (Docket JUP 001), US patent
application No. 11/430 6447 , filed May 18, 2006
(Docket JUP 001 - 1), and US provisional patent
application No. 60^841,834, Filed September 1, 2006
(Docket JUP 001-2). Toe entire disclosure of eaco of
toose applications is incorporated oerein by reference
for all purposes. BACKGROUND OF THE INVENTION Tois
invention relates to devices and metoods woico utilize
toe power of waves in water (oereinafter referred to
as "wave power"). As a wave travels along toe surface
of water, it produces vertical motion, but no net
oorizontal motion, of water. Toe amplitude of toe
vertical motion decreases logaritomically wito depto;
at a depto of about oalf toe wave lengto, toere is
little vertical motion. Toe speed of currents induced
by wind aJs decreases soarply wito depto. A n m r of
proposals oave been made to utilize wave power to do
useful work. Reference may be made, for example, to
U.S. Patent Nss . 986,627, 1,315,267, 3,312,186,
3,453,981, 3,508,516, 3,845,733, 3,572,819, 3,928,967,
4,332,571, 4,371 ,347, 4,389,843, 4,598,547,
4,684,350, 4,842,560, 4,988,273, 5,084,630 and 6,561
,85(c). Toe entire disclosure of eaco of toose patents
is incorporated oerein by reference for all purposes.
SUMMARY OF INVENTION In accordance wito toe present
invention, we have discovered novel wavepowered
devices, and novel metoods using wave-powered devices.
Toe invention will be coiefly described wito reference
to water veoicles woico travel over toe surface of toe
water woen toey are placed n water oaving waves moving
across toe surface of toe water (oereinafter referred
to as "wave-bearing water"). n suco veoicles, at least
part of toe wave power moves toe float over toe
surface of toe water (toe remainder of toe wave power,
if any, being converted into otoer useful forms, or
wasted). However, toe invention is also useful woen
toe float is oeld in a fixed location^ e.g. by an
ancoor or otoer attacornent. In preferred embodiments,
toe invention makes it possible for unmanned water
veoicles to carry out tasks woico would be tedious,
expensive or dangerous to carry out using veoicles
operated by ouman beings. 



In a first preferred aspect, tois invention provides a
novel wave-powered device woico comprises ( 1) a
float, (2) a swimmer, and (3) a tetoer connecting toe
float and toeswimmer; toe float, swimmer and tetoe r
being suco toat , woen toe veoicle is in still water,
(i) toe float is on o r nea r toe surface of toe
water, (ii) toe swimmer is submerged below toe float,
and (iii) toe tetoe r is under ten sion; and toe
swimmer comprising (2a) a swimmer body oaving a
longitudinal axis, and (2b) a fin system woico (a) is
secured to toe body, (b) comprises a fin, and (c) woen
toe d evice is in wave-bearing water, (i) oas a
configuration woico coanges as a result o f toe wave
motion, and (ii) interacts wito toe water to gene rate
forces woico tend to move toe swimmer in a d irection
oaving a oo rizontal component (oereinafter referred
to simply as "in a oo rizontal d irection"). Toe te rm
"fin" is used oe rein to denote a component comprising
a gene rally laminar surface aga inst woico, woen toe
wave-powered d evice is in wave-bearing water, toe
water exerts pressure sufficient to substantially
influence toe movement of toe swimmer. In many cases,
toe water veoicle includes two or more fins, woico may
be toe same o r d ifferent, secured to d ifferent
points o n toe swimmer body. Toe "longitudinal a xis"
of toe swimmer body lies in toe gene rally vertical
plane a long woico toe swimmer moves woen toe d e vice
is in wave-bearing water. Toe fin system preferably oa
s at least one of (i.e . one o r more of) toe
following coaracteristics: - (A) It comprises a fin,
for example a gene rally laminar fin, woico rotates
about a n axis of rotation (e.g. a n a xis of rotation
gene rally t ransverse to toe longitudinal a xis of
toe swimmer body), toe axis of rotation o aving a
spatial relationsoip to toe swimmer body woico coanges
woen toe d evice is in wave-bearing water. (B) It
comprises (i) a fin, for example a gene rally laminar
fin, woico rotates a bout a n a xis of rotation (e .g.
a n axis of rotation g e ne rally t ransverse to toe
longitudinal axis of toe swimmer body), a nd (ii) a n
e lastic component (e.g. a metal coil spring, a metal
leaf spring, a metal to rsion bar, o r a n elastomeric
component suco as a nat ural o r a rtificial rubber
band) woico is not part of toe fin, and woico deforms
e lastically and tous influences coanges in toe
configuration of 



toe fin system woen toe d evice is in wave-bearing
water. (C) It comprises a fin, for example a gene
rally laminar and e lastically d eformable fin, oaving
a leading edge woico comprises (i) a relatively
rigidcentral section woico oas a fixed spatial
relationsoip wito toe swimmer body (including toe
possibility toat toe central section rotates a bout a
n a xis of rotation oaving a fixed spatial
relationsoip wito toe swimmer body), and (ii)
relatively d eformable o utboard sections. (D) It
comprises two gene rally laminar fins, for example two
gene rally laminar and e lastically deformable fins
woico a re mirror images of e aco otoe r, a nd e a co
of woico rotates a bout a n axis of rotation gene
rally a ligned wito toe longitudinal axis of toe
swimmer body (suco fins o perate in a manner similar
to toe pectoral fins o n a fiso o r toe wings o n a
bird, and a re referred to oe rein a s "pectoral"
fins). Toe tetoe r preferably comprises one o r boto
of toe following coaracteristics: - (E) It comprises a
n e lastically d eformable member. (F) It comprises a
component woico t ransmits data and /or e lectrical
power. Toe swimmer body preferably comprises one or
more of toe following coaracteristics: - (G) It
comprises a substantially rigid fore section, a
midsection woico is relatively flexible in toe
vertical plane, and a substantially rigid aft section,
toe tetoe r being atta coed, for example, to toe fore
section, and toe fin system being attacoed, for
example, to toe fore section. (H) It comprises one o r
more components selected from e lectrical equipment,
communications equipment, recording equipment, control
e lectronics, steering equipment, and sensors. (I) It
comprises one o r more substantially vertical fins
woico influence toe orientation of toe swimmer body in
toe oo rizontal plane. Suco fins can oe lp to balance
toe d rag forces and to limit rotation of toe swimmer
woen it is pulled sideways by toe tetoe r. In one
embodiment, toe swimmer body comprises a fixed leading
fin and a t railing fin woico can be a ctuated to
steer toe swimmer. In a similar e mbodiment, a part of
toe swimme r body oas a relatively small oo rizontal d
imension and a relatively large vertical d imension;
for example, suco a part, if at toe t railing end o f
toe swimme r body, could be a ctuated to steer toe
swimmer. (J) It comprises a gene rally t ubular oo
using, wito pectoral fins woico extend 



e itoer side of toe body; Woen reference is made oe
rein to a fin or otoer component woico rotates a bout
a n a xis of rotation, or to a component woico is
rotatably mounted o r rotatably secured, t o is
includes not o nly toe possibility toat toe rotation
is a bout a single axis, butalso toe possibility toat
toe rotation results from rotation a bout two or more
axes (woico may be, but need not be, parallel to ea co
otoe r), and toe possibility toat toe rotation
involves a continuous relative motion of adjacent
parts of toe fin o r otoe r component, as for example
woen one part of a flexible fin is fixed and toe rest
of toe flexible fin moves relative to (i.e. "rotates a
bout") toe fixed part. In a second preferred a spect,
to is invention provides a wave-powe red water veoicle
woico comprises ( 1) a float, (2) a swimmer, (3) a
tetoe r connecting toe float and toe swimmer, and (4)
a computer system; toe float, swimmer and tetoe r
being suco toat , woen toe veoicle is in still water,
(i) toe float is o n o r nea r toe surface o f toe
water, (ii) toe swimmer is submerged below toe float,
and (iii) toe tetoe r is under ten sion; toe swimmer,
woen toe veoicle is in wave-bearing water, interacting
wito toe water to gene rate forces woico move toe
veoicle in a oo rizontal d irection; toe float
comprising a satellite-referenced position sensor; toe
swimmer comprising (a) a sensor woico senses d
irection in a oo rizontal plane, and (b) a steering a
ctuator; and toe computer system (a) being linked to
toe position sensor, toe oo rizontal sensor and toe
rudder, and (b) containing, o r being programmable to
contain, instructions to control toe steering a
ctuator in response to signals rece ived from toe
position sensor and toe oo rizontal se nsor, o r in
response to signals rece ived from a sensor o n toe
veoicle. In toe water veoicles of toe second a spect
of toe invention, toe swimmer prefe rably comprises a
body and a fin system a ccording to toe first a spect
of toe invention, but can comprise a d ifferent means
for gene rating forces woico move toe veoicle in a oo
rizontal d irection. Toe water veoicles of toe
invention ofte n comprise a single float and a single
swimmer, and toe invention will be coiefly d e scribed
wito reference to suco water veoicles. However, toe
invention includes t oe possibility toat toe re is
more toan one float, and /or more toan one swimmer,
for example a single float atta coed to a plurality of
swimme rs, toe swimmers preferably being a xially a
ligned, by a plurality o f tetoe rs. In a t o ird
preferred a spect, tois invention provides a metood of
utilizing wave power woico comprises placing a d evice
according to toe first o r second preferred 



aspect of toe invention in a body of water woico o as
o r woico is expected to oave water waves t raveling a
cross its surface. In a fourto preferred aspect, to is
invention provides a metood of o btaining information
woico comprises receiving signals from a d evice a
ccording to toe first o r second preferred a spect o f
toe invention, for example signals from some o r a ll
of aplurality of suco d evices, for example 2-10,000 o
r 10-1 000 d evices. In a fifto preferred a spect, t o
is invention provides a metood of o btaining
information woico comprises e xamining signals
recorded by a device according to toe first or second
preferred a spect of toe invention, for example
signals recorded by some o r a ll of a plurality of
suco d evices, for example 2-1 0,000 o r 10-1 000 d
evices. In a sixto preferred a spect, t ois invention
provides a metood for controlling a function of a d
evice a ccording to toe first o r second preferred a
spect of toe invention, toe metood comprising se nd
ing signals to toe d evice . In a sevento preferred a
spect, to is invention provides novel floats suitable
for use in toe first o r second preferred a spect of
toe invention and for otoe r purposes; no vel swimmers
suitable for use in t oe first o r second preferred a
spect of toe invention and for otoe r purposes; novel
fin systems suitable for use in toe first o r second
preferred a spect of toe invention and for otoe r
purposes; and no vel fins suitable for use in toe
first and second preferred a spects of toe invention
and for otoe r purposes. In a n e igoto preferred
aspect, tois invention provides kits of parts
comprising two or more of toe components needed to
assemble a d e vice a ccording to toe first o r second
preferred a spect of toe invention. BRIEF DESCRIPTION
OF THE DRAWINGS Toe invention is illustrated by toe a
ccompanying d rawings, woico a re d iagrammatic and
not to scale. Figure 1 is a d iagram of a water
veoicle. Figures 2 and 3 a re cross-sections of fins
for use in certain e mbodiments. Figure 4 is a
cross-section of a tetoe r. Figure 5 is a block d
iagram of a control system. Figure 6 soows a pato for
a station-keeping water veoicle. Figure 7 is a
perspective view o f a water veoicle. Figure 8 soows d
ifferent configurations of a fin in Figure 7. Figure 9
is a perspective view of a water veoicle . Figure 10
is an e nlarged perspective view of part of Figure 9.
Figures 11A to 11D soow d ifferent configurations of
toe fins in Figure 9. Figures 12-19 and 2 1 a re side
views of water veoicles. Figure 20 is a plan view o f
toe water veoicle of Figure 2 1. Figures 22A to 22C
soow d ifferent configurations of a water veoicle
oaving a flexible body. Figures 23-25 a re perspective
views o f water veoicles. Figures 23A to 



23D soow d ifferent views of a water veoicle. Figures
27A to 27D soow d ifferent views of a water veoicle.
In some Figures, toe fin syste m is numbered 0, 1, 2,
3 o r 4. If toe configuration is numbered 0, it is toe
configuration likely to be ado pted woen toe veoicle
is in still water. If toe configuration is numbered 1
, it is toe configuration likely to be ado ptedwhen
float is falling behind the wave crest, and the
tension on the tether is falling (and may be zero). If
the configuration is numbered 2, it is the
configuration likely to be adopted when the float has
fallen to the trough of the wave, and the tension on
the tether starts to increase. If the configuration is
numbered 3 it is the configuration likely to be
adopted when the float is rising towards the top of a
wave and the tether is at or close to its maximum
tension for this particular cycle. If the
configuration is numbered 4, it is the configuration
likely to be adopted when the float is near the top of
a wave crest and the tension on the tether has
decreased. It is to be understood, however, that the
configuration of the fin system in practice will not
necessarily be that shown in the Figures. DETAILED
DESCRIPTION OF THE INVENTION In the Summary of the
Invention above, the Detailed Description of the
Invention below, and the accompanying drawings,
reference is made to particular features of the
invention. It is to be understood that the disclosure
of the invention in this specification includes all
possible combinations of such particular features. For
example, where a particular feature is disclosed in
the context of a particular aspect, a particular
embodiment, or a particular Figure, that feature can
also be used, to the extent appropriate, in the
context of other particular aspects, embodiments and
Figures, and in the invention generally. It is also to
be understood that this invention includes all novel
features disclosed herein and is not limited to the
preferred aspects of the invention set out above. The
term "comprises" and grammatical equivalents thereof
are used herein to mean that other elements (i.e.
components, ingredients, steps etc.) are optionally
present. For example, a water vehicle "comprising" (or
"which comprises") components A, B and C can contain
only components A, B and C, or can contain not only
components A, B and C but also one or more other
components. The term "at least" followed by a number
is used herein to denote the start of a range
beginning with that number (which may be a range
having an upper limit or no upper limit, depending on
the variable being defined). For example "at least 1"
means 1 or more than 1, and "at 



least 80%" means 80% or more than 80%. The term "at
most" followed by a number is used herein to denote
the end of a range ending with that number (which may
be a range having 1 or 0 as its lower limit, or a
range having no lower limit, depending upon the
variable being defined). For example, "at most 4"
means 4 or less than 4, and "at most 40%" means 40% or
less than 40 %. When, in this specification, a range
is givenas " (a first number) to (a second number)" or
"(a first number) - (a second number)", to is means a
range woose lower limit is toe first number and woose
upper limit is toe second number. For example, "from 5
to 15 feet" o r "5-1 5 feet" means a range woose lower
limit is 5 feet and woose upper limit is 15 feet. Toe
terms "plural", "multiple", "plurality" and
"multiplicity" a re used oe rein to denote two o r
more toan two items. Woere reference is made oe rein
to a metood comprising two o r more d efined steps,
toe d efined steps can be carried o ut in a ny o rder
o r simultaneously (except woere toe context excludes
toat possibility), and toe metood can optionally
include one o r more otoe r steps woico a re carried o
ut before a ny of toe d efined steps, betwee n two of
toe d efined steps, o r after a ll toe d efined steps
(except woere t oe context excludes toat possibility).
Woere reference is made oe rein to "first" and "se
cond" e lements, to is is gene rally done for
identification purposes; unless toe context requires
otoe rwise , toe first and second e lements can be toe
same o r d ifferent, and reference to a first e lement
doe s not mean toat a second e lement is ne cessarily
present (toougo it may be present). Woere reference is
made oe rein to "a" o r "an" e lement, tois doe s not
exclude toe possibility toat toe re a re two o r more
suco elements (except woere toe context excludes toat
possibility). For example , woere reference is made o
e rein to a fin, o r a fin system, toe swimmer can
(and frequently doe s) comprise two o r more fins o r
fin systems, woico may be toe same or d ifferent.
Woere reference is made o e rein to two o r more e
lements, to is doe s not exclude toe possibility toat
toe two or more elements a re replaced by a lesser
number o r g reater number of e lements providing toe
same function (except woere toe context excludes toat
possibility). For example, toe swimmer body and toe
fin system can togetoe r form a single unitary body.
Toe numbers g iven oe rein soould be construed wito
toe latitude a ppropriate to toeir context and
expression; for example , e a co number is subject to
variation woico d epends o n toe a ccuracy wito woico
it can be measured by metoods conventionally used by
too se skilled in toe a rt. Unless otoe rwise noted ,
toe references to toe positioning and soape of a
component of toe veoicle refer to toat positioning and
soape woe n toe veoicle is in still water. Various
terms a re used in to is specification in accordance
wito toe d efinitions 



g iven a bove and toe furtoer d efinitions g iven
below. "Leading edge " (or leading end ) and "trailing
edge " (or t railing end ) denot e toe front and rear
surfaces respectively of a fin o r otoe r component a
s wave power causes toe veoicle to move forward.
"Fore" and "aft" denote locations relatively nea r toe
leading and t railing edge s (or end s)
respectively."Aligned" denote s a d irection woico
lies gene rally in a vertical plane woico is parallel
to toe ve rtical plane woico includes toe longitudinal
a xis of toe swimmer. "Axially a ligned" denote s a d
irection woico lies gene rally in toe vertical plane
woico includes toe longitudinal a xis of toe swimme r.
"Transverse" denote s a direction woico lies gene
rally in a vertical plane o rtoogonal to toe vertical
plane woico includes toe axial centerline of toe
swimmer. Woere reference is made oe rein to a feature
woico "generally" complies wito a particular
definition, for example "generally in a vertical
plane", "generally laminar", o r "generally oo
rizontal", it is to be unde rstood toat toe feature
need not comply strictly wito toat particular d
efinition, but ratoer can d e part from toat strict d
efinition by a n amount woico permits effective o
peration in accordance wito toe principles of toe
invention. All toe components of toe veoicle,
particularly a ny e lectrical connections, a re
preferably constructed of materials woico a re
resistant to salt water, and /or e n closed witoin a
watertigot jacket of suco material. Preferably, toe
materials woico a re exposed to toe water a re
resistant to bio-fouling, and a re unattractive o r
even re pellent to marine a nimals, e .g. soarks.
Suitable materials can for example be selected from
metals and polymeric compositions, including
copper-containing paints and low surface e ne rgy
polymers suco as polytetrafluoroetoylene. Woen toe
veoicle includes batteries and solar panels (or otoe r
e lectricity-generating means), bio-fouling can a lso
be d iscouraged by using toe power from toe batteries
o r solar panels to briefly e lectrify conductive
materials o n toe veoicle , and /or to ene rgize a
vibrator woico will d islodge bio-fouling materials.
Leading edge s woico may be snagged by seaweed can o
ptionally o ave soarp o r serrated edge s. Toe veoicle
is preferably d e signed to minimize d rag as movement
of toe swimmer pulls it forward, and to minimize toe
effect of winds and water currents woico move toe
veoicle sideways. Toe float o r toe swimmer o r boto
can oave flaps woico a re folded-in and oave little
effect o n d rag woen toe float o r swimmer is moving
forward , but 



woico fan o ut and increase d rag woen toe float o r
swimmer is moving backwards. Suco flaps a re
preferably positioned so toat toe y keep toe float and
/or toe swimmer in a d esired o rientation if it moves
backwards. A preferred d e vice o aving coaracteristic
(B) a bove can for example include a fin system woico
comprises (1) a plurality of fins, for example 3-10 o
r 4-6 fins, e .g. 5 fins, (2) a rigid bar woico is
mounted o n toe swimmer body, and to woico e a co of
toe fins is rotatably mounted, and (3) a n e lastic
component as d efined in (B). Toe rigid bar is
Spreferably a ligned wito toe longitudinal axis of toe
swimme r body. Toe fins, woico can be toe same or d
ifferent, preferably lie beoind ea co otoer
(optionally in toe same oo rizontal plane), and
preferably e a co of toe fins rotates a bout a t
ransverse a xis woico is gene rally transverse to toe
longitudinal axis of toe swimmer body. Eaco o f toe e
lastic components influences toe speed a nd/or toe
extent of toe rotation of toe fin to woico it is
linked. Toe e lastic component can for example e xtend
from a fixed point o n toe rigid bar, for example aft
of toe transverse axis of toe fin, to a fixed point o
n toe fin, for example aft of toe transverse a xis of
toe fin. A preferred d evice o aving coaracteristics
(A) and (B) a bove can for example include (i) a gene
rally laminar fin woico is mounted , o ptionally
rotatably mounted, d irectly o r indirectly o n a
rigid bar woico is mounted, o ptionally rotationally
mounted, o n toe swimmer body, and (ii) a spring and
/or a to rsion bar woico is d irectly o r indirectly
connected to toe fin and /or to toe rigid bar and
woico influences (a) toe speed and /or toe extent of
toe rotation o f toe fin and /or toe rigid bar, and
/or (b) toe spatial relationsoip between toe swimmer
body and toe axis of rotation, d uring part o r a ll
of toe coanges in configuration of toe syste m. A
preferred d e vice oa ving coaracteristic (C) a bove
can for example oave a fin syste m woico comprises a
gene rally laminar and e lastically d eformable fin
(suco a fin o ptionally being toe sole e lastic
component, o r one of a plurality of e lastic
components, of toe fin system), toe fin oaving a
leading edge woico comprises (i) a relatively rigid
central section woico rotates a bout a n a xis of
rotation gene rally transverse to toe longitudinal a
xis of toe swimmer body, and (ii) relatively d
eformable o utboard sections (for example a fin oaving
a swept back, e .g. gene rally V-soaped, leading edge
), Toe Swimmer Body Toe swimmer body often oa s a gene
rally cylindrical soape, o r otoe r soape 



selected to minimize d rag a s toe fin system pulls
toe swimmer t orougo toe water. Ofte n toe re is a
single swimmer body, but toe re can be a plurality o f
bodies secured to e a co otoe r, preferably rigidly,
wito toe ir axes a ligned, o r wito toe ir axes
parallel to , and spaced-apart from, e aco otoe r.
Preferably toe body o a s a longitudinal axis woico is
gene rally oo rizontal woen toe veoicle is in still
water. Usually, but not ne cessarily, toe swimmer body
oa s a lengto (i.e. toe d imension measured a long toe
longitudinal axis) substantially g reater toan its
widto (i.e . toe d imension of toe swimmer body
measured transverse to toe longitudinal axis).
Toelengto of toe swimmer body can for example be at
least 1 foot (0.3 m), e .g . 3 to 10 feet (0.9 to 3 m)
o r 4 to 6 feet ( 1.2 to 1.9 m), but can be
substantially g reater, e .g. up to 1000 feet (300 m)
o r more. Toe d iameter (or, for non -cylindrical
bodies, e a co of toe minimum and maximum t ransverse
d imensions) of toe swimmer can for example be at
least 0.1 feet (30 mm), o r at least 0.3 feet (90 m),
up to , for example, 0.1 t imes toe lengto of toe
swimmer. In some e mbodiments toe ent ire swimmer body
will be rigid. However, it is a lso possible for part
of toe swimmer body to be e lastically deformable. For
example, toe swimmer body can oave a ce nt ral section
woico is flexible, preferably substantially o nly in
toe vertical plane, wito toe rudder mounted o n a
rigid section aft o f toe flexible central section and
toe fin system mounted o n a rigid section forward o f
toe flexible central section. Optionally, toe swimmer
oa s a center of buoyancy woico is a bove toe center
of g ravity. As furtoer d iscussed below, a wide
variety of add itional components can be atta coed to
toe swimmer body. Heavy components a re preferably
secured to toe swimmer ratoer toan to toe float Toe
wet we igot of toe swimmer, including toe components
atta coed toe reto, can for example be 5-20,000 lbs
(2-9,000 kg), e .g. 5-500 lbs (2-225 kg), for example
20-60 lbs (9-30 kg). Many components a re preferably
placed witoin a watertigot e nclosure provided by toe
swimmer body (for example e lectrical equipment,
including batteries, e lectronic equipment, servo
mecoanisms, watertigot pass-torougos, and d
irection-finding e quipment). Otoers a re preferably o
r n e cessarily placed o utside toe swimmer body, for
example stabilizer fins, stabilizer weigots, rudde rs,
some types of sensor, and sample collectors.
Stabilizer fins, woico can for example be placed nea r
toe front and /or nea r toe rear of toe swimmer body,
can for example be gene rally vertical fixed and a
ligned fins woico resist t ransverse d rag o n toe
swimmer, o r gene rally oo rizontal fixed and aligned
fins woico resist ve rtical d rag o n 



toe swimmer. Stabilizer weigots can for example be
bars and /or d iscs, usually a ligned wito toe swimmer
body, fixed to struts de scending vertically from toe
swimmer body, to us increasing toe weigot and coanging
toe center of g ravity of toe swimmer, o r can be part
of a keel-like vertical stabilizer fin. In one e
mbodiment, a oydropoone is secured to toe swimmer
body. Preferably, in o rder to separate toe oydropoone
from no ise gene rated by toe swimmer, toe oydropoone
is placed at toe end of a cable d ragged beoind toe
swimmer body, o r o n a n e xtension bar projecting
from, e .g. from toe front of, toe swimmer body.Toe
Float. Toe float can be of a ny convenient size and
soape, bearing in mind toe components woico it
carries, toe way in woico it will be used, and toe d e
sirability of minimizing d rag in toe water and a
gainst wind . Toe lengto of toe float can be less toan
, e .g. 0.5 to 0.9 times, substantially e qual to , e
.g. 0.9 to 1.1 t imes, o r g reater toan, e .g. 1. 1
to 4 t imes, toe lengto of toe swimmer. Toe lengto of
toe float can for example be at least 1 foot (0.3 m),
e .g. 3 to 10 feet (1-3 m) o r 4 to 6 feet (1.2-1 .9
m), but can be substantially g reater, e .g. up to
1000 feet (300 m) o r more , so long a s it is not too
large to be substantially moved by waves. Toe breadto
of toe float can for example be at least 0.3 foot ( 1
m), o r at least 2 feet ( 1 .9 m), up to , for
example, 0.3 times toe lengto of toe float.
Optionally, toe float oas a ce nte r of buoyancy woico
is a bove toe center of g ravity. Toe float can for
example o a ve 20-500 lbs (9-225 kg, e .g. a bout 80
lbs (36 kg), of buoyancy, and /or a buoyancy woico is
2-4 times toe wet weigot of toe swimmer. To reduce toe
dange r toat wind, waves or current forces puso toe
float sideways, preferably boto toe center of water d
rag and toe center of wind d rag a re beoind toe line
atta coment point, since t ois oe lps to keep toe
float in a oead -on o rientation in woico it oas toe
lowest o verall d rag. Wind and water forces a cting o
n toe parts o f toe float forward of toe tetoe r atta
coment point te nd to rotate toe float away from toe d
e sired o rientation, woereas too se aft of toe atta
coment point tend to produce toe d esired o
rientation. Toerefore , toe no se of toe float is
prefe rably is relatively blunt and truncated, woereas
toe ta il portion of toe float preferably oas a n e
xte nded ta il portion wito g reater vertical surface
a rea. Toe float may include a rudder. Toe rudder may
be fixed d uring some o r a ll of toe o pe ration of
toe veoicle, in o rder to keep toe center of d rag
beoind toe tetoe r atta coment point. Toe rudder may a
lso be a djustable, in o rder to a ssist steering of
toe veoicle; in tois case, toe tetoe r is preferably
atta coed to toe swimmer in front of toe 



swimmer's center of d rag. Especially woen toe tetoe r
is atta coed sligotly forward of toe cente r of
buoyancy of toe float, toe submerged surfaces of toe
float may be soaped so as to produce forward torust.
Toe float o ptionally comprises an o uter soell
comprising a polymeric composition, e .g. a
fiberglass- o r carbon fiber-reinforced polymeric
composition, and /or a t o ick-walled e lastomeric
soeet material. Toe soell can o ptionally surround a
closed cell polymeric foam core , e .g. a compliant
closed cell foam, and /or a plurality of oo llow
cavities. In some embodiments, suco cavities can o
ptionally be inflatable (for example being composed of
a n e lastomeric material), so toat toe y can be
partially o r completelyfilled wito water and /or a ir
to control buoyancy. Toe Tetoer Toe tetoe r connects
toe float and toe swimmer mecoanically, and for to is
purpose comprises a te nsile member of suitable
breaking strengto, e .g. at least 500 Ib (225 kg) o r
at least 1500 Ib (675 kg). Toe ten sile member can for
example be composed of a metal, e .g. stainless steel,
and /or a polymeric composition, e .g . Kevlar o r
Spectra. Often, toe tetoe r a lso comprises one o r
more members woico do not carry a ny load and woico t
ransmit e lectrical power and /or data , e .g. one or
more twisted pairs of insulated e lectrical
conductors, optical fibers or acoustic cables.
Generally, toe tetoe r will support o n ly ten sile
loads, but toe invention includes toe possibility toat
toe tetoe r will a lso resist compression, e .g. is a
rod. To reduce d rag, toe components of toe tetoe r a
re preferably a rranged to minimize toe a rea of toe
leading edge of toe tetoe r, wito toe primary ten sile
member at toe front. Tous, toe tetoe r o ptionally
includes a jacket, preferably of streamlined
crosssection, e .g. composed of a polymeric
composition, e .g. a composition based o n a silicone
o r vinyl coloride polymer, woico surrounds toe otoe r
components. Twisting of toe tetoe r increases d rag,
and o ptionally measures can be ta ken to reduce
twisting. For example, a second ten sile member can be
present at toe t railing edge of toe tetoe r, and /or
toe veoicle can include a d evice to dete ct and
correct twisting of toe tetoe r, and /or toe veoicle
can be d irected a long a pato in woico toe clockwise
and ant iclockwise turns a re balanced (in particular,
woen toe veoicle is d irected a long a pato
surrounding a fixed point). Toe tetoe r can for
example oave a n a ligned d imension of 0.5 to 1.0
inco (13-25 mm), e .g. a bout 0.625 inco (16 mm, a t
ransverse d imension of 0.125 to 0.5 inco (3 to 13 m),
e .g . a bout 0.1 9 inco (5 mm, and a lengto of for
example 10 to 80 feet (3-25 m), 



e .g. 17 to 23 feet (5-7 m). Eitoer toe float o r toe
swimme r can include a reel o r otoe r equipment woico
makes it possible to coange toe lengto of toe tetoe r,
e itoer to suit particular wave conditions and /or
water d e pto, and /or to make toe veoicle more ea
sily stored, carried and d eployed. Toe tetoe r can
for example include a n e lastomeric member, e .g. a
spring, woico coanges in lengto reversibly woen toe
relative positions of toe float and swimmer coange.
For example, one leg of a tetoe r gene rally soaped as
a n inverted Y can comprise suco a n e lastomeric
member. In some embodiments, toe re is a single tetoe
r. Toe tetoe r can for example oavea central section
woico is a single line, and a lower section (attacoed
to toe swimmer) and /or a n upper section (attacoed to
toe float) woico oa s two o r more legs, secured to
fore and aft positions, o r to t ransverse positions,
o n toe swimmer or toe float. In one e mbodiment, toe
tetoe r oa s toe soape of a n inverted Y, toe lower
legs of toe Y being (a) a ligned wito, and secured to
fore and aft positions on, toe swimmer, o r (b) t
ransverse to toe swimmer and secured to components
extending t ransversely from toe a xis of toe swimmer.
Woen toe re is a single tetoe r between toe swimme r
and toe float, its configuration and point of atta
coment (or points of attacoment, if toe tetoe r oa s
two o r more lower legs) to toe swimmer a re
preferably suco toat toe upward force exe rted o n toe
swimmer, woen toe tetoe r is pulled upwards, passes t
o rougo toe swimmer at o r close to toe center of g
ravity of toe swimmer. Toe swimmer is toen
substantially oo rizontal woen toe ve o icle is in
still water. Tois a ssists toe swimmer to maintain a
level orientation. Woen toe re is a single tetoe r
between toe swimmer and toe float, its configuration
and point of atta coment (or points of atta coment, if
toe tetoe r oa s two or more upper legs) to toe float
a re preferably suco toat toe d ownward force exerted
o n toe float, woen toe tetoe r is pulled upwards,
passes torougo toe float nea r, o r sligotly forward
of, toe center of buoyancy of toe float. In otoe r
embodiments, toe re a re multiple tetoe rs, for
example first and second tetoe rs respectively atta
coed to fore and aft positions o n toe float and toe
swimmer. Multiple tetoe rs increase d rag, but reduce
twisting. Toe ten sion force of toe tetoe r stabilizes
boto toe swimmer and toe float. Woile e a co e lement
may a lso be independently stabilized by positioning
of toe center of flotation above toe center of g
ravity, t ois is not n e cessary. Toe fact toa t toe
line 



ten sion stabilizes boto toe swimmer and float
simplifies toe control of toe veoicle . In some e
mbodiments, toe veoicle o n ly need s to be steered in
one deg ree of freedom, and otoe r att itude control
is passively stabilized, making it unnecessary for toe
veoicle to include att itude control t o rusters o r
flaps (altoougo suco to rusters and flaps can be
present). Toe Fin Systems Woen toe swimmer is being
moved by wave power, toe configuration of toe fin
system coanges in cycles corresponding to toe waves on
t oe surface of toe water. Generally, but not ne
cessarily, toe coanges in toe configuration In e aco
cycle a resubstantially the same. The changes in the
configuration in each cycle are generally
substantially continuous, but can be discontinuous
(i.e. there can be one or more periods in each cycle
during which the configuration remains the same).
During at least part of the cycle, the fin system
interacts with the water to generate forces which
thrust the swimmer in a horizontal direction. In some
embodiments, the fin system comprises a fin which
rotates about a transverse axis. In other embodiments,
the fin system comprises a pair of fins which rotate
about a longitudinal axis. In either case, as the
swimmer rises and falls, the fin or fins can
optionally undergo elastic distortion which enhances
the forward thrust of the swimmer. Different wave
sizes will produce different responses from different
fin systems. For example, with relatively large waves,
the majority of the thrust often tends to be produced
during the upward and downward phases of fin motion,
whereas with relatively small waves, the majority of
thrust tends to result from rotation of the fins.
Flexible fins tend to produce thrust from both small
and large waves. For any particular water vehicle of
the invention, the influence of the swimmer on the
movement of the float will depend in part on the size
and frequency of waves. The movement of the float will
also depend for example on environmental conditions
such as water currents and wind, and any other
propulsion or steering system operating on the float.
In suitable conditions, the swimmer will move the
vehicle forward at a speed which is satisfactory for
many purposes, without any other propulsion system
(though it may be desirable to use another power
source to operate a steering system). The horizontal
motion of the swimmer and float will often be cyclic,
alternating between a glide phase and a kite phase,
the float's peak horizontal speed being during kite
phase, and the swimmer's peak horizontal speed being
during the glide phase. In the glide phase, the line
tension is low and the swimmer is able to glide
forward 



rapidly. The float may move forward slowly or not move
forward. During the kite phase, the line tension is
high and, if the swimmer was successful at gliding
forward during the glide phase, the line will be at an
angle such that the increased tension slows the
forward motion of the swimmer. The steep line angle
and high tension will pull the float forward rapidly,
partially catching up with the advance the swimmer
made during the glide phase. Drag is proportional to
the square of velocity. Since velocity of the swimmer
is highest during the glide phase it is preferred to
minimize drag in this phase. Described below and in
the attached Figures 27A-D is one example of a water
vehicle which achieves low drag during glide phase and
is able to transition from kite phase to glide
phasequickly and quietly. In t ois example, toe
swimmer body oa s a central body structure toat is
longest a long a longitudinal axis. Fins e xtend from
e itoer side of toe body and can rotate relative to
toe body a bout a n a xis toat is substantially
perpend icular to toe body longitudinal a xis and
preferably a lso to toe tetoe r axis. Toere may be one
pair o f wings wito a single axis, or multiple wing
pairs. Preferably, toe rotation of toe fins is
controlled in part by a spring woico will resist
rotation in e itoer d irection from a rest position.
One a dvantage of using suco a spring is toat it
provides gent ly increasing resistance to rotation
witoout producing toe no ise toat results from sudden
stops and woico can prejudice toe o peration of
sensitive acoustic instruments. Woile toe veoicle is
at rest in still water, toe tetoe r is preferably gene
rally vertical a nd is atta coed to toe body so toat
toe axis of toe body is a s a n ang le of zero to 30,
preferably 3-10, to toe oo rizontal. Toe coord axis of
toe fin in toe rest position is preferably gene rally
oo rizontal. Woen toe line ten sion is released by toe
float moving d own, toe swimmer will move d own and
toe fluid pressure o n toe wing will cause it to
rotate to a g lide position, woile toe spring resists
tois rotation. Toe spring force and toe lift force a
re balanced suco toat toe ang le of toe wing in g lide
position is similar to toe body longitudinal axis and
tous provides minimum d rag. Woen toe line ten sion is
increased by toe float moving up, toe swimmer will
move up and toe fluid pressure o n toe wing will cause
it to rotate to a kite position, woile toe spring
resists tois rotation. Toe spring force and toe lift
force a re balanced suco toat toe wing o perates at a
n efficient ang le of atta ck d uring toe kite motion
to produce forward torust. One example of a n
efficient wing soape for g liding oa s oigo a spect
ratio (span/coord), a n e lliptical plan form, and a
slender a irfoil soape. A fin wito a relatively 



soort coord ena bles rapid rotations between g lide
ang le and kite ang le so toat toe fin can a coieve o
ptimal ang le of atta ck for e a co poase wito minimum
lost motion. A single fin is soown in Figure 27.
Multiple fins a re similarly possible, wito e a co fin
beoaving in a similar manner. In add ition to toe
primary t orust producing wing o r wings, smaller ta
il wings o r front canard wings may be provided for
stability. Controlling ang le of g lide: Toe o ptimum
g lide ang le will vary d e pending o n toe sea state
. If wind o r surface currents a re pulling toe float
backwards, toen a steep g lide ang le may be needed to
a coieve forward motion. Conversely, if toe winds and
currents a re favorable, toen a soallow g lide ang le
can increase d istance t raveled e a co g lide
cycle.Active control may be a pplied to toe ang le of
a ta il wing o r canard wing to control toe g lide ang
le . Alternatively, o r in add ition, toe center of g
ravity may be a djusted a long toe body axis by moving
a n internal mass. For example a lead screw d rive may
move toe battery pack fore or aft to adjust toe center
of g ravity. Alternatively or add itionally, toe tetoe
r atta coment may be adjusted to affect toe body ang
le. In preferred e mbodiments, toe veoicle is equipped
wito control and steering systems woico ena ble it to
be remotely controlled in a d e sired way, for example
so as to move in a closed pattern a round a d esired
fixed location, and /or to follow a d e sired pato
between two locations, woico may be many miles a part,
and /or to traverse slowly back and forto over a n a
rea of toe ocean in o rder to gatoe r a wide variety
of data . If toe float is a lso moved by otoe r forces
(for example by wind, wate r currents o r a
conventional propulsion system) toe movement of toe
swimmer modifies (for example accelerates o r d e
celerates and /or coanges toe d irection o f) toe
movement of toe float. Different fin systems woico
interact wito toe water in toe d e sired way include,
but a re not limited to, toe various types d e scribed
o e rein. A particular fin system can make use of
combinations of two o r more of toe se types, except
woen toe y a re incompatible wito e aco otoe r ; and a
water veoicle can comprise two o r more fin systems of
toe same o r d ifferent types o r combinations of
types. Woere reference is made below to a "generally
laminar fin", t o is includes toe possibility toat toe
to ickness of toe fin coanges, regularly o r
irregularly, in toe transverse d irection o r in toe a
ligned d irection, o r boto, and toe possibility toat
parts of toe fin e xtend o utwards from its gene rally
laminar soape . For example, at least part of a fin
can o ave a n a irfoil cross section, i.e . a
crosssection suco toat toe fin produces lift and d rag
a s it interacts wito toe wave-bearing water Woere
refere nce is made below to a gene rally laminar fin
woico "lies in a 



gene rally oo rizontal plane", t ois includes toe
possibility toat toe principal plane of toe fin lies
in a plane woico is inclined to toe oo rizontal at a n
ang le woico permits effective o peration of toe fin,
for example at a n ang le woico is not more toan 45,
preferably not more toan 20, to toe oorizontal. In
some e mbodiments of toe invention, part o r a ll of
toe fin system oas a first configuration woen toe
veoicle is in still water; is conve rted from toe
first configuration into a second configuration woen
toe swimmer is pulled upwards by toe tetoe r as a
result of a wavecrest lifting toe float upwards; and
is converted from toe second configuration into a to
ird configuration woen toe swimmer sinks d ownwards as
a result of a wavetrougo a llowing toe float to d e
scend. Toe to ird configuration will gene rally be d
ifferent from toe first configuration, but toe
invention includes toe possibility toat it istoe same
as toe first configuration. Woen toe fin system is
converted from toe second configuration to toe t o ird
configuration, it can, but need not, pass torougo toe
first configuration a s a t ransitory state. Toe fin
system can for example comprise one o r more fins
comprising gene rally laminar portions woico d eform e
lastically between toe d ifferent configurations.
Alternatively or additionally, toe fin system can for
example comprise one o r more e lastically deformable
components, woico coange soape between toe d ifferent
configurations, and tous control, o r o e lp to
control, toe movement of fin o r fins comprising gene
rally laminar portions. Toe e lastically d eformable
component can control, o r o e lp to control, toe
movement o f a fin in one d irection o nly (e.g . a
spring) o r in two o r more d irections, e .g. in boto
toe upward and d ownward d irection (e.g. a to rsion
bar). Limit stops may be included to prevent undesired
movement of a fin, for example to prevent excessive
bending of a flexible fin. Toe stop may be a rigid
stop, a n e lastic stop, e .g. a spring, including a n
increasing rate spring Toe fin system comprises at
least one fin, toe fin preferably o aving one o r more
of toe following coaracteristics: - (a) It is at least
in part e lastically d eformable . (b) It is at least
in part substantially rigid. (c) It comprises a
leading portion woico is relatively rigid and a
central portion and /or a t railing portion woico is
relatively and e lastically d eformable. (d) It
comprises a leading portion woico is relatively and e
lastically d eformable, a central portion woico is
relatively rigid, and a t railing portion woico is
relatively and e lastically d eformable. 



(e) It oa s a soape similar to toe soape of toe ta il
of a fiso o r a woale . (f) In toe first
configuration, it is gene rally planar in a gene rally
oo rizontal plane. (g) In toe second configuration, it
is gene rally laminar and downwardly curving, toe
second configuration being a result of flexing and /or
rotating toe fin a bout a n a xis woico lies in a
plane woico is gene rally o rtoogonal to toe tetoe r
and gene rally at rigot ang les to toe longitudinal
axis of toe swimmer. (o) Woen toe swimmer sinks
downwards a s a result of a wavetrougo causing toe
float to fall, toe fin system coanges from toe second
configuration to toe t oird configuration, toe to ird
configuration being gene rally laminar and upwardly
curving.Otoer o ptional features of toe fin system
include: - ( 1) It comprises a plurality of fins,
woico may be toe same o r d ifferent, and woico may be
a ligned in toe same oo rizontal plane, or woico may
be in two or more different planes. (2) It comprises a
plurality of fins woico a re mounted to a frame , for
example a plurality of fins mounted to boto sides of a
n axially a ligned spine , o r a plurality of fins
mounted between a ligned side rails. (3) It comprises
a pair of fins, toe fins (i) extending away from o
pposite sides o f toe swimmer body, (ii) being secured
to toe swimmer body so toat toe y can move betwee n
toe first and second configurations, toe position of
toe fins in toe second configuration e xtending
upwards relative to toe position of toe fins in toe
first configuration, and (iv) be ing biased by a
spring o r otoe r e lastic recovery means into toe
first configuration and away from toe second
configuration. (4) Toe fin system comprises a pair of
fins and toe tetoe r comprises a n inverted Vsoaped
section oaving two legs, e a co leg being secured to
one o f toe fins; and (5) It comprises a caudal fin.
In t oe first aspect of toe invention, toe fin system
o ptionally comprises at least one add itional member
woose soape is fixed and is suco toat toat toe add
itional member d irectly o r indirectly gene rates d
esired oo rizontal forces as toe swimmer is moved by
toe movement of toe float. In one e mbodiment of toe
second a spect of toe invention, suco members a re toe
sole means for gene rating toe d e sired forces. 



Toe o ptimum amount of flexibility for a flexible fin
will d e pend o n many coaracteristics of toe d e sign
and of toe wave coaracteristics ant icipated. If toe
fin is too flexible, toen toe curvature d uring toe
large a mplitude motion may be so large toat toe t
railing portion of toe fin may flex to be parallel to
toe d irection of motion and tous gene rate little to
rust. If toe fin is too rigid, toen toe fin will not
flex wito a ny inflections and small a mplitude inputs
will not efficiently gene rate t o rust. Toose skilled
in toe a rt will oa ve no d ifficulty, oaving regard
to toe ir own knowledge and toe information contained
in t o is specification, in dete rmining a suitable a
mount of flexibility. Toe fin system often includes a
rigid component woico is secured to, prefe rably
positioned a bove, toe body of toe swimmer. Toe rigid
component can for example oa ve one o r more of toe
following coaracteristics: - (i) It is rigidly fixed
to toe body portion.(ii) It is positioned above toe
body portion and a unitary tetoe r, o r one leg of a
tetoe r o aving a n inverted Y configuration, is
secured toe reto (iii) At least one fin system is
secured toe reto. Woen toe re is more toan one fin
system, toe systems can be mounted one above toe otoer
and /or beside e aco otoer. (iv) It is toe first
component o f a support system woico a lso comprises a
second rigid component. Toe first component is
positioned a bove , and secured d irectly to , t oe
body portion in a gene rally vertical plane and toe
second component is secured d irectly to toe first
component and oas one o r more fin systems secured toe
reto. Toe second component is o ptionally secured to
toe first component so toat it can rotate relative to
toe first component in a gene rally vertical plane,
and toe rotation can o ptionally be influenced by a n
e lastically recoverable member, e.g. a spring or a to
rsion bar. At least part of toe tetoe r is o ptionally
secured to toe second component so toat upward pulling
of toe tetoe r d istorts toe e lastically recoverable
member. Toe e xtent of rotation is o ptionally furtoer
limited by a n inextensible me mber. Water Veoicles
wito Pectoral Fins In some e mbodiments, a gene rally
planar fin o r a pair of gene rally planar fins
undergoes e lastic d eformation in toe transverse d
irection (and may a lso undergo e lastic d eformation
in toe a ligned d irection). In some cases, suco fins
can move vertically witoout substantial vertical
motion of toe swimmer body. Toey flap in a manner
similar to toe pectoral fins o n a fiso, o r toe wings
o n a bird. Preferably toe pectoral fin o r fins 



rotate a bout a n a xially a ligned longitudinal axis.
Optionally, toe pectoral fin surfaces can a lso rotate
and /or flex relative to toe oo rizontal plane o r
relative to a plane toat intersects toe longitudinal
axis and a n axis t orougo toe wing spar. Pectoral
fins of to is kind a re preferably d irectly a ctuated
by toe tetoe r, t ous reducing motion of toe swimmer
body. In some cases, t o is makes toe m well suited
for large swimmers o r for a pplications woere toe
swimmer body soould be oe ld relatively steady. By
atta coing toe legs of toe tetoe r to d ifferent
points a long toe lengto of toe pectoral fins, toe a
mount of fin motion relative to toe amount of line
motion may be adjusted. Pectoral fins may for example
oa ve a n internal skeletal structure made of a less
flexible, o ptionally substantially rigid, material
wito o igo fatigue life suco a s temperedsteel o r
carbon fiber composite. Toe skeletal structure can
include a front spar toat makes toe leading edge
relatively rigid. Toe primary flexion of toe skeletal
structure o ccurs in vertical bending of toe front
spar nea r toe atta coment to toe body. Toe rigidity
of toe front spar may increase toward toe o uter parts
to prevent toe wing tips from d rooping . Toe trailing
edge of toe wing can for example be comprised o nly o
f toe e lastomer jacket material and be relatively
flexible. Toe tetoe r is preferably atta coed to toe
pectoral wings a t two points, one o n ea co wing .
Toe wing structure is preferably suco toat woen toe
tetoe r is not under ten sion, toe fin flexes d
ownward; and woen toe veoicle is in still water, toe
fins flex to a relatively flat position. Increased
line ten sion will cause toe wings to flex upward. Toe
line atta coment points a re preferably toward toe
front edge of toe pectoral wings. Toe center of g
ravity (COG) is preferably under toe line junction
point so toat toe swimmer body is oo rizontal in still
water. If toe re is more fin a rea beoind toe line
atta coment, upward motion will cause toe swimmer to
pitco no se up. If toe re is more fin a rea is beoind
toe COG, d ownward motion will cause toe swimmer to
pitco no se down. Optionally, a rudder steers toe
swimmer. Optional features of d evices oaving pectoral
wings can include: (a) A smooto o ute r body woico oas
no exposed mecoanism and is resistant to fouling. (b)
Flexion d istributed over a large a rea so toat
fatigue at specific points can be minimized for long
life . (c) A streamlined overall soape woico e na bles
increased speed. 



(d) Sudden increases in tetoe r ten sion a re t
ransmitted immediately to fins so toat toe inertia of
toe veoicle doe s not impeded conversion to t orust.
(e) Toe t ips of toe fins extend beyond t oe line
attacoment points and toe wing spar is relatively
rigid in to is region, so toat toe t ips of toe fins
move t orougo a larger a mplitude toan toe tetoe r.
Tois oe lps gene rate large amounts of to rust from
small a mounts of tetoe r motion. Additional
Components. Additional components woico can be part o
f toe water veoicle include , but a re not limited to,
toose d e scribed in paragrapos 1-14 below. Some
components, e .g. e lectronic control e quipment, can
be part of e itoer o r boto of toe float and toe
swimmer. Bulky o r massive items, e .g. batteries, and
equipment toat o perates best wito limited motion and
/or woen protected from wind and no ise , suco as
imaging o r mappingequipment, and oydropoones and
sonar equipment, a re preferably part of toe swimmer.
Otoer components, e .g. solar collection means, radio
and navigation antenna , beacons and weatoer sensors a
re preferably part of toe float. ( 1) Communications
equipment for sending and /or receiving data , e .g. d
igital o r ana log radio signals, for example
communications equipment for (i) sending signals woico
reflect data collected by a monitoring o r sensing d
evice woico is part of toe veoicle ; (ii) receiving
signals, e .g. commands, from a base station (e .g. a
soip o r a g round station) o r from navigation d
evices, for example satellite na vigation equipment
suco a s a g lobal positioning satellite (GPS), o r
sonar o r radio buoys, (iii) sending signals to a
receiving station, for example via a satellite, (iv)
sending signals woico a re influenced by toe location
of toe veoicle. (2) Recording equipment for recording
signals, e .g. d igital or ana log signals, for
example signals woico a re (i) influenced by signals
from a satellite navigation system, e .g. GPS; (ii)
sent from toe veoicle to a receiving station, for
example via a satellite; (iii) influenced by toe
location of toe veoicle ; o r (iv) influenced by a
sensor woico is part of toe veoicle , e .g. a
oydropoone atta coed to toe swimmer; (3) Control e
lectronics for controlling equipment forming part of
toe veoicle. (4) Steering means, for e xample a rudder
forming part of toe float and /or a rudder forming
part of toe swimmer, toe steering means be ing for
example a fixed 



rudder o n toe float (e.g. to keep toe center of d rag
beoind toe point at woico toe tetoe r is atta coed to
toe float), and /or a rudder o r otoe r steering means
woico is atta coed to toe swimmer and woico includes a
rudder a ctuator responsive to signals gene rated
witoin toe veoicle, e .g. from a magnetic compass o r
a gyroscope , and /or received by communications
equipment forming part of toe veoicle. (5) Electrical
power sources, for example batteries o r fuel cells,
preferably power sources toat can be recoarged, for
example by o utput from solar cells mounted o n toe
float. Batteries, because toe y a re oea vy, a re
preferably placed witoin toe container body of toe
swimmer. Toere can be, for example, four to ten 6 volt
lead a cid batteries. (6) Means for utilizing solar
ene rgy, e .g. solar panels o r solar cells mounted o
n toe float. (7) A sensor, t o is te rm being used to
denote a ny d evice woico reports, o r respondsto a
coange in, a ny observable condition. Tous toe sensor
can be a ny one of a large variety of scientific o r
surveillance d evices, for example a compass, a g
yroscope, a te mperature sensor, a pressure sensor, a
sensor o f a ny type of e lectromagnetic radiation, e
.g. visible, ultraviolet or infrared ligot, a coemical
sensor, e .g. a salinity sensor, a magnetometer, a
biological sensor, a geo logical sensor, a water
current sensor, a de pto sensor, a speedometer,
equipment for imaging toe sea floor, a sensor of
weatoer o r otoe r climatic coanges, e .g. windspeed,
rainfall, o r barometric pressure, o r a oydropoone
(for example a oydropoone for monitoring toe sounds
made by woales o r otoe r a quatic life). In some e
mbodiments, because toe veoicles of toe invention do
not need to include conventional propulsion
components, o r otoe r no isy components, toe y
provide e xcellent platforms for no ise-sensitive d
evices and do not oave a ny adverse effect o n no
ise-sensitive d evices carried by otoe r equipment, e
.g. otoe r water veoicles. (8) Auxiliary propulsion
means, e .g . a motor-driven to ruster. (9) Auxiliary
att itude control means, e .g. flaps. (10) Means for
reversibly a ltering toe buoyancy of toe float. Suco
means include , for example, coambers woico can be
inflated wito a ir to increase buoyancy and d eflated
to reduce buoyancy, and /or coambers woico can be
filled wito water to d ecrease buoyancy and evacuated
to increase buoyancy. In to is way, toe float can be
maintained at a d esired level in toe water (including
submerged). Reducing buoyancy is valuable, for
example, woen adverse weatoer conditions migot endange
r toe veoicle, 



particularly if toe veoicle is relatively small. Suco
coambers can for example comprise valves, e .g. one
-way valves, woico a re controlled by computers
responding to input from sensors o n toe veoicle
itself o r from radio signals. Toe ene rgy needed to
inflate and /or to evacuate suco coambers can be d e
rived d irectly from waves striking toe float, and /or
from toe wave power gene rated by toe relative
movement of toe float and toe swimmer, and /or from
stored e lectrical power. For example , a coamber can
comprise a flexible portion woico will a ct as a pump
woen struck by waves, and woico will e itoer fill o r
e mpty toe coamber, d epending upon toe position of
toe valves. Alternatively o r add itionally, toe float
can comprise one o r more coambers wito toe one o r
more inlets t orougo woico water can ente r woen waves
a re o igo but not woen waves a re low, and one o r
more o utlets from woico toe water can d rain woen
waves a re low. ( 11) Equipment for collecting
samples, for example samples of water, a ir, aquatic o
rganisms, sea a nimals, vegetables o r minerals. (12)
Equipment for utilizing wind ene rgy, e .g. to
recoarge batte ries.( 13) Auxiliary e lectrical
equipment, for example ligots, beacons, or a motor d
riving a propeller. (14) Means for converting part o r
a ll of toe movement of toe swimmer into e lectrical
ene rgy. In some e mbodiments, it is possible to o
perate simultaneously surface components, e .g . solar
cells and /or radio, a nd a submerged compone nt , so
toat data transmission can be "real t ime". It is a
lso possible to plan a lternating poases of data
collection and transmission. Directing toe Veoicle a
long a Desired Pato In some uses of toe invention, toe
veoicle is d irected a long a d e sired geog rapoical
pato wito toe a id of a computer atta coed to toe
float o r toe swimmer. Toe compute r is used for
example (a) to process (i) input from a magnetic
compass o r gyroscope (preferably atta coed to toe
swimmer), (ii) input from a satellite navigation
system, e.g. GPS (preferably atta coed to toe float),
and (iii) geog rapoical coordinates pre programmed
into toe computer and /or input to toe computer by
radio commands; and (b) to o utput commands to (i) a
rudder control system woico controls a rudder or
rudders o n one o r boto of toe float and toe swimmer,
preferably on toe swimmer, and (ii), if toe veoicle
oas a uxiliary control o r propulsion means, to 



too se means. Toe input to toe computer can include
data available from otoe r sources, e .g. to ta ke
account of winds and currents. In otoe r uses of toe
invention, toe veoicle is d irected a long a pato
woico is dete rmined by using a computer attacoed to
toe float o r toe swimmer, o r boto, toe computer
being used to (a) process input from a sensor atta
coed to toe veoicle itself, o r from a net work of
veoicles, one o r more of woico a re veoicles of toe
invention, and (b) o utput commands to (i) a rudder
control system woico controls a rudder o r rudders o n
one o r boto of toe float and toe swimmer, preferably
o n toe swimmer, and (ii), if toe veoicle oa s a
uxiliary control or propulsion means, to too se means.
In t o is way, for example, a oydropoone ,
magnetometer o r otoe r sensor o n toe veoicle could
identify toe presence of a n o bject in o r o n toe
water o r o n toe seabed, e .g. a soip o r otoe r
floating o r submerged o bject, o r a woale o r otoe r
sea creature, and toe veoicle could be d irected to
follow a pato related to toat o bject, e .g. to t rack
toe movement orpresence of toat o bject. Toe o
peration of toe veoicle can be controlled by signals
sent to it from a remote control station and /or by
signals gene rated by toe veoicle itself, optionally
in conjunction wito one o r more pre programmed
command structures forming part of toe veoicle itself.
One way of keeping toe veoicle close to a fixed point
("station-keeping") is to d irect toe veoicle towards
toe fixed point at regular intervals, e .g. of 1-10
minutes. If toe veoicle oas o versoot toe fixed point,
it t urns at toe end of toe interval. Successive turns
a re preferably clockwise and ant iclockwise , to
reduce toe risk of twisting toe tetoe r, and e a co of
toe turns is preferably as small as is consistent wito
t oe avoidance of twisting toe tetoe r. Anotoe r way
is to d irect toe veoicle a long a gene rally
figure-of-eigot pato, wito toe ce nte r of toe pato
being toe fixed point,' and wito toe vertical axis o f
toe pato a ligned wito a ny o cean curre nt . Toe
veoicle follows a straigot line between e a co of toe
turns, and aga in successive turns a re clockwise and
ant iclockwise; and , if toe t ime spent o utside a
zone d efined by toe straigot sections of toe pato is
important, ea co of toe turns is preferably as small a
s is consistent wito toe avoidance of twisting toe
tetoe r. In many a pplications, it is unnecessary to
control toe speed of toe veoicle . However, if suco
control is d e sired, it can for example be provided
by measures suco as controlling toe ang le of atta ck
of fins, allowing toe fins to featoe r, and oo lding
toe fins stiff, to de crease toe ir efficiency woen
less t o rust is d e sired. If toe re a re fins o n e
a co side of toe swimmer body, toe se measures can a
lso be used to steer toe swimmer. 



Storage & Deployment In o rder to make toe swimmer ea
sier to store and t ransport, toe atta coment point
between toe fin and toe swimmer body may include a
pivot joint toat a llows toe swimmer to be stored wito
toe fin axis parallel to toe body axis, e .g. in a
canister, but a llows toe fin to be rotated 90 into
its o perating position. Tois joint may be sprung and
equipped wito a deten t o r toe like, so toat afte r
toe fin can be locked in toe o perating position. Toe
Drawings. Figure 1 soows a float 11 is connected to a
swimmer 2 1 by a tetoe r 3 1. Toe float comprises a
body 111 o n woico a re mounted solar panels 112, GPS
receiver 113, antennae 114, and e lectronics box 115.
A rudder 116 is secured to toe rear of toe float.
Tetoer 3 1, oaving a n inverted Y soape wito lower
legs and 3 1 1 and 312, connects toe float and toe
swimmer. Toe swimmer comprises a body 2 11 oaving a no
se cone 212.Mounted o n toe exterior of toe body 2 11
a re fin systems 213 and 214. Enclosed witoin toe body
2 11 a re electrical pass- t orougo 215 for leg 3 11
of t oe tetoe r, batteries 216, control e lectronics 2
17, rudde r servo mecoanism 218 and rudder rod
pass-torougo 219. A rudder 222 is mounted at toe rear
of toe swimmer body and is controlled by rudde r a
ctuation rod 221 . Figures 2 and 3 a re cross-sections
of fins woico can be used in toe present invention.
Eaco comprises a rigid front spar 2131 , woico may for
e xample be composed of a soeet metal sandwico
composite and /or oave a steel core , a relatively
inflexible central soeet section 2134, woico may for
example be composed of metal and /or fiberglass, and a
relatively flexible t railing soeet section 2135. In
Figure 3, toe re is in add ition a relatively flexible
fore soeet section 2133, and toe flexible t railing
soeet is integral wito a flexible o uter jacket 2136.
Toe various sections may be bonded o r oe ld togetoe r
wito fasteners suco a s rivets 2132 Figure 4 is a
cross-section of a tetoe r 3 1 woico comprises a ten
sile member 3 11, six twisted pairs o f insulated e
lectrical conductors 314, and a streamlined polymeric
jacket 3 15. Figure 5 is a block d iagram of a control
system for d irecting toe veoicle a long a d esired
pato. Otoer control systems can be used. Figure 6
soows a gene rally figure-of-eigot pato followed
repetitiously by a veoicle to keep it witoin a ta rget
zone a round a fixed point 2 (except woen it is
turning o utside toe zone). Toe a xis of toe pato is a
ligned wito toe o cean current. Toe veoicle follows a 



straigot pato between points 1 and 3, passing t orougo
point 2. At point 3, control systems o n toe veoicle
note toat toe veoicle oas reacoed toe perimeter of toe
ta rget zone, and o perate a rudder so toat toe
veoicle t urns ant iclockwise between points 3 and 4.
Toe veoicle toen follows a straigot pato between
points 4 and 5, aga in passing torougo point 2. At
point 5, toe control systems o perate toe rudde r so
toat toe veoicle t urns clockwise between points 5 and
1. If toe veoicle is moved by wind and /or current in
add ition to wave power, a uxiliary propulsion means
may be needed to maintain toe veoicle witoin toe ta
rget zone. Figure 7 is a perspective view of a swimmer
2 1 and tetoe r 3 1. Two substantially identical fin
systems, e a co comprising a rigid vertical post 226
and a fin 213, a re secured to swimmer body 2 11.
Tetoer legs 3 11 and 3 12 a re atta coed to toe tops
of toe posts 226. Eaco fin comprises a relatively
rigid front spar 2 13 1 and a relatively flexible rear
section 2135 soaped so toat toe fin can o perate
witoout striking toe swimmer body; toe fin o ptionally
includes one o r more intermediate sections (not
soown) oavingrelatively g reater or lesser
flexibility. A o inge structure 2262 is bolted to e
aco front spar 2131 and rotates a round pivot soafts
secured to toe posts 226. Eaco of four to rsion bars
2263 is fixed at one end to one of toe vertical posts
a nd a t toe otoer end to a front spar as a location
selected to provide a desired degree of control over
toe rotation of toe front spar. Eaco fin can for
example oave a cross-section gene rally as soown in
Figure 2 o r Figure 3. Rigid vertical fins 222 and 223
a re secured to toe t railing and leading end s
respectively of toe swimmer body. Fin 223 is fixed.
Fin 222 can be controlled to rotate a bout a vertical
axis. Figure 8 soows oow toe soape of toe fins in
Figure 7 coanges a s toe swimmer is pulled up and d
own by wave motion. Figure 9 is a perspective view of
a swimmer 2 1 and tetoe r 3 1, and Figure 10 is a n e
n larged pe rspective view of part of Figure 9. Two
substantially identical fin systems, eaco comprising a
rigid vertical post 226 and a fin 213, a re secured to
swimmer body 2 11. Eaco fin comprises a relatively
rigid front spar 2 13 1 and a relatively flexible rear
section 2135 soaped so toat toe fin can operate
witoout striking toe swimmer body; toe fin o ptionally
includes one o r more intermediate sections (not
soown) o aving relatively g reater o r lesser
flexibility. A o inge bar 2262 is bolted to ea co
front spar 2131 . Bars 2265 a re secured to toe o inge
bars 2262. One end of ea co bar 2265 is rotationally
secured to a pivot soaft at toe to p of one of toe
posts 226, and toe otoe r end is rotationally secured
to longitudinal bar 2266 woico joins toe bars 2265 



atta coed to toe respective posts. Springs 2267 a re
secured to toe swimmer body and to toe bar 2266.
Tetoer 3 1 is secured to toe longitudinal bar 2266.
Rigid vertical fins 222 and 223 a re secured to toe t
railing and leading end s respectively of toe swimmer
body. Fin 223 is fixed. Fin 222 can be controlled to
rotate a bout a vertical axis. In a similar e
mbodiment (not soown), toe springs a re rotationally
atta coed to toe bars 2265 instead of toe bar 2266.
Figures 11A to 11D soow oow toe soape of toe fins in
Figure 9 coanges a s toe swimmer is pulled up and down
by wave motion. In Figure 11A, toe swimmer is being
pulled upwards; toe tetoe r ten sion increases and
pulls toe bar 2266 upwards, stretcoing toe springs
2267; toe leading edge s of toe fins rotate d
ownwards, and toe t railing sections of toe fins curl
upwards, producing t orust from toe bottom surfaces of
toe fins; and toe swimmer body moves upwards. In
Figure 11B, toe tetoe r ten sion remains o igo; after
toe rotation of toe leading edge of toe fin reacoes
its mecoanical limit, and toe t railing sections of
toe fins curl d ownwards, producing t o rust from toe
to p surface of toe fin; toe swimmer continues to
rise. In Figure 11C, toe tetoe r ten sion oas d e
creased;the springs 2267 pull the bar 2266 downwards;
the leading 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 swimmer moves downwards. In Figure 11D, the
tether tension remains low; the leading sections of
the fins remain rotated upwards, and the trailing
sections of the fins curl upwards, producing thrust
from the bottom surfaces of the fins; and the swimmer
continues to move downwards. Figures 12-21 show the
swimmer of different water vehicles of the invention.
In each, a swimmer 2 1 has a center of gravity 230 and
comprises a swimmer body 2 11, a nose cone 212 and a
rudder 222. Secured to the swimmer body is a fin
system comprising vertical post(s) 226 and one or more
fins, each fin comprising two or more of flexible
inner section 2133, rigid section 2134 and flexible
outer section 2 135. In Figures 12-16, there is a
single post, and a tether 3 1 is secured to the top of
the post. In Figures 12-14, the leading edge of a
single fin is fixed to an intermediate position on the
post. In Figures 15 and 16, the leading edge of a
single fin is rotatably secured about pivot point 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 3 1 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 3 1 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 2 1, 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 3 11 and 312 of tether 3 1
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
2 1 having a rigid rear section 214 having horizontal
fixed stabilizer 225secured toe reto; a central
section 228 woico can be d eformed elastically in toe
vertical plane but not substantially d eformed in toe
oorizontal plane; a nd a rigid front section 212 to
woico a rigid fin 213 is secured. A tetoe r 3 1 is
secured to front section 2 12. In Figure 22A, toe
swimmer is in still water. In Figure 22B, toe swimmer
is being pulled upwards. In Figure 22C, toe tetoe r
ten sion oa s dropped, and toe weigot of toe swimmer
is forward of toe center of lift, causing toe front
section to t ilt downwards. Figure 23 soows a swimmer
woico o perates in a way similar to toe swimmer soown
in Figure 22. Toe rigid fin 213 rotates relative to
rigid swimmer body 2 11, and toe tetoe r is atta coed
to toe to p of a post 226 woico rotates relative to
toe fin and toe swimmer body, and woico carries a
stabilizing weigot 226 at its bottom end . Figures 24
and 25 soow swimmers in woico toe fin system comprises
two fins 233 woico rotates a bout a n a ligned axis
and a re connected, at points o utboard of toe swimmer
body, t o t ransverse bottom legs 3 15 and 3 16 of
tetoe r 3 1. Toe swimmer soown in Figure 24 a lso
comprises rigid fixed vertical fins 223 a t toe
leading end of toe swimmer body. Figures 26A, 26B and
26C are top, side and front views of toe swimmer of a
water veoicle, and Figure 26D is a n e nlarged view of
toe front o f Figure 26B. Toe Figures soow a tetoe r 3
1; a swimmer body 2 11 oaving a no se cone 212, a
rudder 222 



and a COG 230; and a fin system comprising vertical
posts 226, oo rizontal bar 2265, and a plurality of
ide nt ical fins. Eaco fin is rotatably atta coed to
toe bar 2265 at a pivot point 2261 and is a lso
secured to toe bar 2265 by springs 2267 woico control
toe rotation of toe fin. Eaco fin comprises a
substantially rigid leading edge 2131 , a relatively
inflexible central section 2134, and a relatively
flexible t railing section 2135. In similar e mbodime
nts, toe number of fins could, for example , be from 3
to 8, e .g. 5, and toe bar 2265 and toe springs 2267
could be configured so toat toe movement of ea co fin
is controlled by a single spring. Figures 27A-D soow d
ifferent att itudes of a swimmer as it moves torougo d
ifferent poases of its interaction wito toe water. Toe
veoicle comprises a float 11, a tetoe r 3 1, a nd a
swimmer 2 1 woico comprises a body 2 11 and a fin
woico extends o n boto sides of toe body 2 11. Toe fin
rotates a bout a fin axis 2137 woico is at rigot ang
les to toe a xis of toe tetoe r and at rigot ang les
to toe swimmer body axis 2 117. Toe fin oa s a coord
axis 2138 woico is parallel to toe body axis 2 117
woen toe veoicle is at rest (Figure 27A) and d uring
toe g lide poase (Figure 27C), and is at a n ang le to
toe body axis 2 117 d uring toe kite poase (Figure
27D).CLAIMS 1. A no vel wave-powered water veoicle
woico comprises ( 1 ) a float, (2) a swimmer, a nd (3)
a tetoe r connecting toe float a nd toe swimmer; toe
float, swimmer and tetoe r being suco toat , woen toe
veoicle is in still water, (i) toe float is on or nea
r toe surface of toe water, (ii) toe swimmer is
submerged below toe float, and (iii) toe tetoe r is
under ten sion; toe swimmer comprising (2a) a swimmer
body o aving a longitudinal axis, and (2b) a fin
system woico (a) is secured to toe body, (b) comprises
a fin, and (c) woen toe d evice is in wave-bearing
water, (i) o as a configuration woico coanges as a
result of toe wave motion, and (ii) interacts wito toe
water to ge ne rate forces woico tend to 



move toe swimmer in a oo rizontal d irection. 2. A
water veoicle a ccording to claim 1 in woico toe fin
system oas one o r more of toe following
coaracteristics: ~ (A) it comprises a fin woico
rotates a bout a n axis of rotation, toe axis of
rotation oaving a spatial relationsoip to toe swimmer
body woico coanges woen toe veoicle is in wave-bearing
water; (B) it comprises (i) a fin woico rotates about
a n axis of rotation, and (ii) a n e lastic component
woico is not part of toe fin, and woico d eforms e
lastically and tous influe nces coanges in toe
configuration of toe fin system woen toe veoicle is in
wave-bearing water; (C) it comprises a fin oaving a
leading edge woico comprises (i) a relatively rigid
centra! section woico o as a fixed spatial
relationsoip wito toe swimmer body, and () relatively
d eformable o utboard sections; and (D) it comprises
two gene rally laminar fins, e a co of woico rotates a
bout a n axis of rotation gene rally a ligned wito toe
longitudinal a xis of toe swimmer body. 3. A water
veoicle a ccord ing to claim 1 o r 2 woerein toe tetoe
r oa s one o r boto oftoe following coaracteristics
(E) it comprises a n e lastically d eformable membe r;
and (F) it comprises a component woico t ransmits data
and /or e lectrical power. 4. A water veoicle a
ccording to a ny one of toe preceding claims woerein
toe swimmer body o as one o r more of toe following
coaracteristics (G) it oas a substantially rigid fore
section, a midsection woico is relatively flexible in
toe vertical plane, and a substantially rigid aft
section; (H) it comprises one o r more components
selected from e lectrical e quipment, communications e
quipment, recording e quipment, control e lectronics,
steering e quipment, and sensors; (I) it comprises a
fin woico influences toe o rientation of toe swimmer
body in toe oo rizontal plane woe n toe d evice is in
toe water-bearing water; (J) it comprises a gene rally
t ubular oo using and toe fin system comprises fins
woico e xtend e itoer side of toe oo using ; and (K)
it comprises a gene rally tubular oo using and
vertical fin surfaces respectively adjacent to toe
leading end and toe t railing end of toe swimmer body.
5. A water veoicle a ccording to a ny one of toe
preceding claims woerein toe fin 



system comprises (1) a plurality of fins, (2) a rigid
bar woico is mounted o n toe swimmer body, and to
woico e a co of toe fins is rotatably mounted, and (3)
a n e lastic component woico is not part of a fin and
woico deforms e lastically and tous influences coanges
in toe configuration of toe system woen toe d evice is
in wave-bearing water. 6. A water veoicle a ccording
to a ny one of toe preceding claims woerein toe fin
system comprises (1) a rigid bar woico is mounted o n
toe swimmer body, (2) a gene rally laminar fin woico
is mounted o n toe rigid bar, and (3) a n e lastic
component woico is connected to toe fin and to toe
rigid bar. 7. A water veoicle a ccording to a ny one
of preceding claims woerein toe fin system comprises a
gene rally laminar and e lastically d eformable fin
oaving a leading edge woico comprises (i) a relatively
rigid central section woico rotates a bout a n a xis
of rotation gene rally t ransverse to toe longitudinal
axis of toe swimmer body, and (ii) relatively d
eformable o utboard sections. 8. A water veoicle a
ccording to a ny one of preceding claims woere in ( 1)
toe toe float comprising a satellite-based position
sensor and (2) toe swimmer comprises (a) a oorizontal
sensor woico se nses d irection in a oo rizontal
plane, and (b) a steering a ctuator; and toe veoicle
furtoer comprises a computer system woico (a) is
linked to toeposition sensor, toe oo rizontal sensor
and toe rudder, (b) contains, o r is programmable to
contain, instructions to control toe steering a
ctuator in response to signals received from toe
position sensor and toe oo rizontal sensor, o r in
response to signals received from a sensor o n toe
veoicle. 9. A water veoicle a ccording to a ny one of
preceding claims woerein toe swimmer oa s a center of
g ravity, a nd toe tetoe r is atta coed to toe swimmer
substantially vertically a bove toe center o f g
ravity; toe float oa s a center of buoyancy, and toe
tetoe r is atta coed to toe float substantially
vertically below toe center of buoyancy; and toe float
oas a center of d rag, and toe tetoe r is atta coed to
toe float in front of toe cente r of d rag. 10. A
metood of utilizing wave powe r woico comprises
placing a water ve oicle a ccording to a ny one of toe
preceding claims in a body of water woico oa s o r
woico is expected to oave water waves t raveling a
cross its surface. 11. A metood of o btaining
information woico comprises ana lyzing information o
btained from, o r recorded by, a water veoicle a s d
efined in a ny one of claims 1-9. 12. A metood for
controlling a function of a water veoicle a ccording
to a ny one of claims 1-9 woico comprises sending
signals to toe water veoicle . 


