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WO 20061135960 PCP/AU2006/000858 -1- LENS RELATED PATENT

APPLICATIONS This patent application claims the benefit of, and is

entitled to, the earlier filing 5 dates of United States Provisional Patent
plication No. 60/692486 filed on 21 June 2005 in the na {)f mes

Qﬁ)éﬁ%@g@r et al and United Kingdom Patent Application"k?o.mgﬁ FH08s3

0513347.5 filed on 29 June 2005 in the names of Global Bionic Optics

Pty Ltd and entitled "Lens", each of whigh is incorporated herein by

reference. 10 TECHNICAL FIELD The present invention relates to lenses
and in particular inflatable lenses. BAERSROUND 15 Inflatable lenses
are useful, because such lenses have variable focal lengths. These lenses
can also be used as zoom lenses. U.S. Patent No. 5,684,637 issued on

Nov. 4, 1997 to Floyd H5¢I63ELRARENANE TeHsAblaptiing two flexible
memkaeasAeiiohnoa aariy ardostamed, inthrieABRAIeS (HhefRxling
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lens that comprises a fluid, transparent optical medium, which oun
byiaRts feptisstivey faseandentiledohe sy iraghefaddshdsineampraias Lerein by
flexdishdsansparent film. By changing the volume of fluid between the two
faces, the shape of the flexible film can be altered and the focal length of

the lens can be varied. 30 A problem with such inflatable lenses is that the
curve formed by the flexible meaBrdHEAL i IPNot consistent across the

%%?&?&9&%@1@%@8@8@ 1o lenses and in particular inflatable lenses.

BACKGROUND
inflatable lenses are useful, because such lenses have variable focal lengths.

These lenses can also be used as zoom lenses.

U.S. Patent No. 5,684,637 issued on Nov. 4, 1997 to Floyd disclases an inflatable
lens comprising two flexible membranes defining a cavity and retained by their
edges. The cavity between the membranes is filled with a fluid. The lens is also
provided with a port through which the fluid can be forced into the cavity or be

removed from the cavity.

German Patent Publication No. DE 3630700 A1 published on 17th March 1988 to
Siemens AG discioses an inflatable lens that comprises a fluid, transparent optical
medium, which is bounded by two refractive faces. At least one of the two faces is
formed from a flexible, transparent film. By changing the volume of fluid between
the two faces, the shape of the flexible film can be altered and the focal length of
the lens can be varied.

A problem with such inflatable lenses is that the curve formed by the flexible

membrane or film is not consistent across the whole area of the membrane.



WO 2006/135960 PCT/AU2006/000858 -2 Because the edge of the
flexible membrane must be clamped in a housing, the curve of the lens
close to the edge of the membrane is not the same as that in the centre
woHtheemessdorane. Consequently, the effective usable apertusepfinmoesooesss
lenses is significantly less than the actual size of the flexible membrane. 5
Furthermore, inflatable lenses are also affected by gravity since the fluid
tends to flow to the lowest part of the letis and consequently causes

bulging towards the lowest part of the lens. Such bulging results in an
BeoHia T SR R T RRPE T R SRR A s he
RatenbApelienkondiahbichtaibo ol Gh20fefDrandished dnesameuas that in the
1998 for. Japanese Patent Applicat il
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shajpeibtantickabictcap Sutcatiunfsins of IBaderie BRMDSEes the lens
1610 comprising an 15 inlet, which is in the form of a bellows-form tank

with a presser (not shown), to allow fluid to flow into the capsyle. Th
ST IR ARIE SRS R5RAIE AP LENEY BIAMD e B fuid fends f
ARKiictlate Besensaleditiscigeriphe rydnstve fently obuseliomsgiogdowards the
oncertina-like, structure, 1610. Thi I sir Q :
AR AR I (i MR B e MR ORh L Pl acrose
ftee wi29edafernittieedtape of the lens 1610. However, as shown in Fig.

16B, this results in deformation 1610’ of the lens shape 1610 in a manner
that is undesirable. A need therefore exists for improved inflatable Ie?ses.

2B maneR RateniAnrdicriandubliratior NBo ARSI REBHSRAE AF. {apgust
is g0 islech BdaBSCPEBHS Mebackitd a¥ih - 2GURh alddeno e danuary 1997

FHERHLTPA oS SEA A T dEArVE B Py e B i e
Vvieidnis learseleiies tambe fennedipy tomtibisgtertos|iane tiHlurpraprising an
15 V\fht!@fn Jﬂﬁcﬁ%ii}{-me form of a bellows-form tank with a presser {not shown), 1o
allow fluid to flow into the capsule. The capsule thickness decreases fowards the
center of the capsule. In particutar, the capsule has a periphery in the form of
beliows, or a concertina-like structure, 1610. This beliows structure 1610 on the
periphery aliows the capsule to exiend or displace laterally seeking fo freely
20 deform the shape of the lens 1610. However, as shown in Fig. 168, this results in
deformation 1610 of the lens shape 1610 in a manner that is undesirable.

A need therefore exists for improved inflatabie lenses.,

25 SUMMARY
In accordance with an embodiment of the invention, there is provided a lens comprising
a first fiexible wall that baecomes progressively thinner fowards its central region,
and a second wall, the first wall and the second wall defining a cavity for recsiving

fiuid such that various iens shapes can be formed by controlling the volume of fluid
30 within the cavity.
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WO 2006/135960 PCT/ATJ2006/000858 -3 In accordance with a first
aspect of the invention, there is provided a lens comprising a first flexible
wall having a first groove formed therein towards a perimeter of the first
WaRRw135Behge, and a second wall, the first wall and the seeomchwaBdc00085s
defining a cavity for receiving fluid such that various lens shapes can 5 be
formed by controlling the volume of quicl within the cavity. The first wall

may be defined by a first surface and a*second surface, and the groove
may be formed in the first surface of the first wall. 10 The first surface of

IR THEOHSH Hiky Betaesrcille é’ﬂu\”?&ﬁ%“aﬁa’rﬂi‘é@%‘%w&mage of the first
vathprisinbe frptdiexinie mal havirorasiing greevarfarsmb it siriewaibalte

ggﬂ%@éé%meﬁ@%vﬁﬁa Ts5S: IS LESIHWVIHINPIREIRHSE hd the

cond groove towards the perimeter. of the first 15 wall, the second

§re6VE MiEhGIBRREF IFAMY LrcReRipa Yl iRg ATt Rfsphapes can

SEORNMBIENNEYEralingliapediorms s dalinnithirathestayigd cross-section.
The groove may be annular. 20 The first wall may become progressively
thinner towards its central region and the depth of the groove may be
Jhelfishwhbrieasbeidefined by @/Bst anrmrecndisnsecuidRIgrssyarhine

secand sriacmds sBsiapteluiirsameeiisdickness of the first

all at its central region. 25 The first wall and the second wall may be
housed in a barrel mounting. The first wall and the second wall may be

borded: wakled of fustriogthesy Ibacardanas syuitaciikmheibaiecond surface

embodiment of the jnvention, there is prqyid lens 30_comprising a fist .
R AL 3 B8 IR L PO e o R o Sa R R e o
thiom diest, wadl desly drefosecaisyetnicese first wall and the second wall

defining WO 2006/135960 PC IAU20061000858 -4 a cavity for receiving

fluid such that various tens shapes can be formed by . :
The iens may further comprise a second groove towards the perimeter of the first

wall, the second groove being formed in the second surface of the first wall.
The first groove may have a v-shaped cross-section, or a2 c-shaped cross-section.
The groove may be annular.

The first wall may become progressively thinner towards its central region and the
depth of the groove may be such that the ieast distance between an apex or base
of the groove and the second surface is substantially the same as the thickness of
the first wall at its central region.

The first wall and the second wall may be housed in 2 barrs! mounting. The first
wall and the second wall may be bonded, welded or fused together.

In accordance with still another embodiment of the invention, there is provided a lens
comprising a first flexible wall, and a second wall, the first wall and the sascond wal
being bonded, welded or fused together, the first wall and the second wall defining



5

controlling the volume of fluid within the cavity. The first wall and second
wall may be bonded together using a flowable fluid 5 silicone rubber
compound. The flowable fluid silicone rubber compound may comprise
Wiantaegbethyl)silane or methyl tdacetoxy(ethyl)silane. In e B{BOdEReGEPEHss
the present invention, the second wall may be formed from a rigid material
and may be defined by a first surface ar%g_a second surface, wherein at
least one of the first and 10 second surfaces is a concave surface. The

S I g@é f : EEP@E@ rgi ' b fi a
fifgs%t%gu face and a e{?:{g%?%:sur _ac‘e,wJ V%%%%%ﬁégg %geg%)q ﬁeﬁ%@%ﬁiﬂ
seeovelinn e vsiiime @ fiuis withi e savite second wall may be formed
from a rigid material and may be defined by a first surface and a second

syrface substantially parallel to the first surface. The second wall may be
TR A R o B e R A JaRR RS Cnget S s T
nsiicbesfiekibie deortirendh & e daneaii fusysliecom euptagressipelnd may

R B s R R BB Ry

- comprise a plurality of ports into the cavity through which 25 fluid can

- flow, hgrein th? Iurall]%é/ ]
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ty of ports are spaced around a circumference of _
the TR e bRirafies Bbﬁgeﬁ%ﬁ?ﬁ’l}%e LRI, b Eay B demitegreom @ rigic material
chsumriehericénof tye lérss siEfaid may fownbetifioto wircdeouitofdheeanitye first and
throygh the.at;least,eog Re..The at least one port may be formed

through the second wall. The at least one port may comprise a tube
bonded to the second wail. The tube may comprise 30 a polythene or
silioersetahe Weliairidbmyrosdipnge arigio fuateialagly carinbe aiefieed by a first

waignbased BfQé’&ﬁ{d%&@%@?@ﬁ%@%&o@%ﬁﬁé&%m

flexible wall may be resilient. Each flexible wall may of a
SRS EoTRBYRIHE & Retchable, 5 pliable, variform disc of synthetic
homogenous material of optical clarity that is capable of variable

d @%(e)ngnd wall may be formed from & rigid material and may be defined by a first

surface and a second surface substantially paraliel to the first surface.

The second wall may be formed from polycarbonate or glass. Altematively, the
second wall may be fiexible. Further, the second wall may become progressively
thinner towards its central region.

The lens may further comprise at lsast one port into the cavity through which fiuid
can fiow. The lens may comprise a piurality of ports info the cavity through which
fiuid can flow, wherein the plurality of ports are spaced around a circumference of
the lens. The plurality of poits may be equally spaced around the circumference
of the lens. Fluid may flow both into and out of the cavity through the at least one
port. The at least one port may be formed through the second wall. The at least
one part may comprise a tube bonded to the second wall. The tube may comprise
& polythene or silicone tube.

The fiuid may comprise one of an cil, a giycerine, arsfi a water based product.
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Each flexible wall may be formed from one of a silicone rubber, a plastics
material, an acrylic material, a flexible polycarbonate, an epoxy resin and
a polyester. 10 The tens may further comprise a fluid reservoir in fluid
weeMidftehtion with the cavity. The lens may form a closeB(Eif6HR006/600858
discreet, sealed package in which the reservoir and cavity are
permanently connected via at least ong port'or a continuous circular
channel formed by a groove. is The lens may further comprise a pump, a
piston, a plunger, a conventional focus barrel, or any force-provider

applied to the outside of the reservoir, for expelling fluid from the reservoir
EaoitpvicieywalimevishTaRliatins cavity. 20 In accordance with a further
embodiment of the invention, there is provided a camera comprlsmg a

lens. The lens comprises a fir tfeX|bIe wall th
?ﬁ%’%ﬁd’i"@g el?i %f $ % asf;")én(%%cftg '%Ff%n??igﬁnrs ﬁﬁ § ‘the
;ﬁmdmmﬁmn@mgaﬁmﬂmMem@iﬂm ﬂf&ﬁ%@?l@ﬁ?‘aﬁ is
sha?;% J%Dﬁ%rm%?ag&pontrolling the volume of fluid within the cavity.

R accor

ance with a second aspect of the invention, there is provided
a camera comprising a lens. The lens comprises: a first flexible wall

@%%ﬁﬁi@&&% %rmﬁﬂé@mdawwg giiperiaipbef, helistiosatiatarial,
for a hinge; andﬁ wal flrs wall and the ) g%n%\gs% g@é@g

y Bﬁ@é‘@ ifg'irsh ‘fﬁ ang‘ustexg shapes ca ormed
by controlling the volume of fluid within the cavity. WO 2006/135960

FR TR AR BB e e Shrnaer bR ARt ohe

|nvent| ed a camera _comprising a lens. The lens

caripriShe: e STAESIIE RSP P ECs o SR B af ARSI Bich the

RECON 4Ak Baing, 2e8 %n\gﬁ&ﬁﬁ @lﬁrﬁﬁé@%&ﬂﬁﬁ%@ fetlae dinst peatlopad the
second wall def|n| é%/ for ving fluid such that various lens 5
SRRHLOES FiFIB ‘F ﬁﬂ%‘# Y&me of fluid within the cavity.

The tens may further comprise a pump, a piston, a piunger, a conventional focus
barrel, or any force-provider applied fo the outside of the reservoir, for axpeliing
finid from the reservoir or withdrawing fluid from the lens cavity.

In accordance with a further embodiment of the invention, there is provided a camera

comprising & lens. The lens comprises a first fiexible wall that becomes
progressively thinner fowards its central region; and a second wall, the first wall

 and the second wall defining a cavity for receiving fluid such that various lens

shapes can be formed by controliing the volume of fiuid within the cavity.

25 -

30

In accordance with a second aspect of the invention, there is provided a camera

- comprising a lens. The lens comptises: a first fiexible wall having 2 first groove

formed therein towards a perimeter of the first wall for a hinge; and a second wall,
the first wall and the second wall defining a cavity for receiving fluid such that
various lens shapes can be formed by controlling the volume of fiuid within the
cavity.



In accordance with still another embodiment of the invention, there is
provided a lighting system comprising a lighting element, and a lens. The
lens comprises: a first flexible wall that becomes progressively thinner

WERHEE central region; and a 10 second wait, the first wETR&HEFHhoo08ss
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second wall defining a cavity for receiving fluid such that various lens
shapes can be formed by controlling the volume of fluid within the cavity.
In accordance with a third aspect of the invention there is provided a

ﬁ%@&%&?ﬁé‘ﬁ%‘%@? ok E%%%@éﬁ%?%en ”;% g Iedr’]‘?h 4G R

com rlses first e wall having rogve orm erein
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element, and a lens. The lens comprises: a first flexible wall; and a
second wall, the first wall and the second wall being bonded, welded or
Riseyisgeanat: sHE Fnabovambardimpie abibe ey onsilt dfimris raoe iy fighps
setemisgrfiprsigch ibbﬁw@émméanmhammeaﬁfhe ferm edrbyﬂyy@tramfﬁ

ﬁe B@Mﬂ%@t%‘é%‘?ﬂg@ (éance W'Its qerggion; and a

odiment of the Inventio there row a me

Wﬁ&lrﬁ@ﬁwém&anﬁmﬁa%ﬁﬁ ik anm@gmmmmmd
dowansls iiBscRiMEalasianhadlexhiesl fanabiras el Aelning

vity for reqelvmg fluid such that various lens shapes can be formed by
VX%H‘E} ﬁ@at volume of fluid WO 2006/135460 PCT/AU2006/000858 -7
within the cavity. The method comprises the step of moulding the flexible
wall agamst a female profller%lass acrylic or silica optics, or plastics

BRI Ot ACE B A SHELRH o BEreatpRPEr e Fibhetiige is
%ﬁmwﬁi@ﬁétﬂ@dﬂ@mm&m fidgilre Wh fens denpHasing &first

ﬁgﬁbwwmmg% harghodraing erimpteneline JsKiRiee Lok qrst

hlnge the, flexible wall for at least
ora hmge and a second wall, the first wall and the second ‘wali defining 2

cavity Jor receiving fiuld such that various lens shapes can be fesmeci by
controlling the volume of fiuid within the cavity.

In accordance with another embodiment of the invention, there is provided a lighting
system comprising: a lighting element, and a iens. The lens comprises: a first
flexible wall; and a second wall, the first wall and the second wall being bondad,
weided or fused together, the first wall and the second wall defining a cavity for
receiving fiuid such that various lens shapes can be formad by controliing the
volurne of fluid within the cavity.

In accordance with a further embodiment of the invention, there is provided a method of
manufacturing a flexible wall for a lens that becomes progressively thinner towards
its central region, the flexible wall for at isast partly defining a cavity for recaiving
fivid such that various lens shapes can be formed by controliing the volume of fiuid



partly defining a cavity for receiving fluid such that various Jens shapes
can be formed by controlling the volume .of fluid within the cavity. The
method comprises the step of moulding the flexible wall against a female

WE IS, acrylic or silica 10 optics,.or plastics mould. IRA&eBrR0EeSE
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with an embodiment of the invention, there is provided a method of
manufacturing a flexible wall for a Jeng;_the flexible wall for at least party
defining a cavity for receiving fluid such that various lens shapes can be
fntmedhBedapontielhingribe setineof st mthmwgym@ﬁ%mﬁ%n

%ﬁgpsnses the sgﬁgg%fﬁ%uldm ?;%?c% X|ble %l:% b%%%%’r?ﬁf h%rc())f:le

fusing the flexible wall together with another wall for defining the caV|ty
20 In accordance with a further embodiment of the i |an gtlon

th
BYaRABREPSe B O B AR ARG G ST KRTS RRIPYIStE SRS
mersiastpnegrdiariiiamaiioe clrns BRvViRg G itk oBgvh arBeR Sharsifor

fiverst RathiHslin 'a&f%%ﬁmiéq&éﬁeﬂmmg@ {haGTEifaERsioRs ensast
sha es can be formed by controlli #e V %2 of fluid within the cavity.

R RS BrrBYETRRCSUI S st et Ean G5 RIPRAE ARG o
@ﬁmﬁﬂbp leoatrottingtowolnme, of mmmhedmﬁpg%&mmdjmnses
%ths? f'f%% e diis hgf eﬂ@@% @Q!ﬁ %?éﬁw@e B ?s%f agryiic or silica

ManuTa rng a e wall forale aving a st groove forme

trfictn orquasies angelimeter of the flexible wall for a hinge, the flexible

wall for at least 30 party defining a cavity for receiving fluid such that

various lens shapes c¢an be formed by controlling the volume of fluid

Withrieptire esaity 2T brebaténtrot o o priseion O 200 618%Ha0nethod of

%ﬁlﬁ&% @Meﬁﬂh&aﬁ@mﬁésmrﬁaﬁime nitifuiging:, liseschiaetnadafining a
bble or usi ..flow [, draw va techn nce

\%ﬂ ifﬁl farthare Ej %‘" en a’tv %Qf“ﬁ%en |or:11h ereglgz}g)%ov%gﬁgg g?

wattroliiag thanoidote mﬁﬁm&wﬁm@mlm‘m |Eris th@‘ih@%bwwaﬁef@ftm steps
leash Rasthy SR E MO RN R T8CS Rk luid SHERIRAL \RUoMSdPBflica opfics,

shapes can be formed by controlling the volume of fluid W|th|n the cavity.
PreaRfisH IR AERending, weiding or fusing the fiexible wall together with

another wall for defining the cavity.

In accordance with a further embodiment of the invention, there is provided a method of

manufacturing a flexible wall for a lens that becomes progressively thinner fowards

its central region, the first wall for at ieast partly defining a cavity Tor receiving fluid
such that various lens shapes can be formed by confroliing the volume of fluid
within the cavity. The method comprises the step of spinning, centrifuging,
introducing gas, bubble or using flow, pour, draw vacuum technology.

In accordance with a fifth aspect of the invention, there is provided a method of
manufacturing a fiexible wall for a lens having z first groove formed therein

towards a perimeter of the flexible wall for 2 hinge, the flexible wall for at ieast
partly defining a cavity for receiving fiuid such that various iens shapes can be
formed by controliing the volume of fluid within the cavity. The method comprises



the steps of: forming the flexible wall by spinning, centrifuging, introducing
gas, bubble or using flow, pour, draw vacuum technology; and bonding,
welding or 10 fusing the flexible wall together with another wail for defining
Wihete@lagetin accordance with a still further embodiment of BaE /128 6HE#PESE
there is provided a lens, comprising: a first flexible wall that is resilient
and thinner in the central region of the_first wait; and a second wall, at
least the central region of the first Wall"%eing 15 capable of being
' lative tq the. d.waite The fitst.a y. he in
R B L S B8 v
\ashHmdesaaioRl. The volume of displacement media between the first
and second walls is variable. 20 The first wall may progressively thinner in
the central region of the first wall. The various lens shapes may be

W rasedmyecHitotilduney orhebsTie hadpraeimdhtrmieaigviistveen the
5 fiethaddbecontbatalng?2s flhdbizstalhtbsedend, wadl Sicldfikevest duitgifRiast

- . . Pl wa - |
B O o bR
panathavtipensslisothRIVPHTDD f Bokd sihivclte st sdheopethed fymprises
welinng Gremsaving WORNMKILRaP6Y BSrliiNg 20004300878 infdBucing gas,

accordance Wi%1 a sixth as%ect of the invention, there is provided a lens.

BYRbIR A IR IRES PR AETY YARHRRHERINPH e ARF RRRIIRSIYRIdEgof

10 fasinpticalidsivctbaiiiogathes wibgiasthe il nmetdtmadhiseantral
region, the flexible wall 5 having at least one groove formed therein
towards the periphery of the flexible wall; and another wall made of a

ma&edsi-ahlf@usitahlg fan hieehin mamtig@t teis; menﬁbat wval _aymbth@@@m,d
AR W aekimpREelan thaeinBgRAeMIN HPEnFRrSIRG HLigryRLOUS of

lens shapes capable of being formed by controlling the
the first wall; ana 2 second wall, at least the central region of the first wall being

15 capable of being dispiaced relative fo the second wall.

The first and second walls may be in communication with a displacement media.
The dispiacement media comprises a fiuid. The volume of displacement media
between the first and second walls is variable. -

20
The first wall may progressively thinner in the ceniral region of the first wall,

The various lens shapes may be formed by controliing the volume of the
displacement media between the first and second walls.

25
The first and second walls define a cavity for receiving the displacement mediz.

The fiexible wall may have at leas! one groove formed therein adjacent the
periphery of the wall.

30
The fiexible wall and the second wall may be bonded, weidad or fused tfogether for

defining the cavity.



volume of fluid between the walls. 10 The other wall may be flexible.
Further, the other flexible wall may become progressively thinner towards

wgmqgg@ﬂregion. Alternatively, the second wall may be rigick/AbzétsRoeess
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walls may be bonded, welded, or fused together at the periphery of each
wall forming a seal therebetween. Alternatively, the lens may further
comprise a barrel mounting housing ttfe walls or an annular clamp
holding together the walls. The lens may comprise at least one port
formed. between the walls or through one 20 of the walls for

PR o M‘%&?Bfﬁegéwf%é‘“{h‘c?fl’wﬂmw e
B 20 P R A e fensl one Ratk LD SRR et ot

Alenstaaﬁﬁeaema&mmeﬁmaiyﬁamnmj tﬁm&@ RS eiREaQ thofickibE wall
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descrlbed hereinafter with reference to the drawings, in' which: 30 Figs.

wah eadreciiniceaicisda %Flﬁé“ém&#‘ﬁﬁaﬁsf%%ﬁﬁ@ @I&ﬁﬁ%é@?&lﬁ@e
??S‘Ag‘u'm'%??é‘?g@?8“?’*‘%“’*“’” gl mmﬁ%‘)“? e

igs. 2a a nal, sj
EAGS e PR S JEHR A A FiG L mie BB BH BB e
prigentiffddtminwedighelsais 3¢ are cross-sectional, side elevation

views showing a lens according to yet another embodiment of the present
invention; Figs. 4a and 4b are cross-sectional, side elevation views

Jieathgravehsaydn diagbie. stirimiibe athss davdvie oral ansiebepeme
iNRREv thifReP B\0PE:ate HRPEITBGHRN AL BIIRBRIBIAR WEWhd wall may

showing a lens accordin
be \%; J g

The walls may be bonded, weided, or fused {ogether at the periphery of sach wall
forming a seal therebetween. Allematively, the lens may further comprise a barrel
mounting housing the walls or an annuiar clamp holding together the walls.

The lens may comprise at least one port formed.between the walis or through one
of the walls for communication of fiuid between the walis. The lens may further
comprise a fluid reservoir coupled to the at isast one port.

The lens may further comprise a fiuid that is transparent to radiation being
transmitted by the lens and has suitabie thermal stability.

BRIEF DESCRIPTION OF THE DRAWINGS
A small number of embodiments of the invention are described hereinafter witn
reference to the drawings, in which:

Figs. 1a to 1d are cross-sectional, side clevation views showing a lens according
1o an embodiment of the present invendion;
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to a still further embodiment of the present invention; Figs. 6a to 6d are
cross-sectional, side elevation views showing a lens according 15 to
another embodiment of the present invention; Figs. 7a and 7b are

cross-sectional, side elevation views showing a lens according_ to an )
PCT/AUZ006/000858

BRBEGIHAEAL of the present invention; 20 Figs. 8a and 8b are
cross-sectional, side elevation views showing a lens according to an
embodiment of the present invention; Figs. 9a and 9b are cross-sectional,
side elevation views showing a multiple- element system including two
lenses; 25 Figs. 1 Oato 1 Oc are cross-sectional, side elevation views

S@?d%i.r@aaaPiﬁﬂéb%‘%SQ{:%@SIQ&JHHD%fa%”é%ﬂ%‘?{}%%]é‘gﬂ%@ﬁ%{)& lens according

invention; Figs. | la to 11c are a cross-sectional, front elevation“view, a
c8nethaldmbgieerbiEsaiss i Ediaerspective view showing a

lens according to still another embodiment of the present invention; WO

) =1 IA2006/C £ Fi% 12isa ge[féJe.ctive view i

ing A camarai g 2 1ahSSEFRY: td%\ﬁﬁw ABHIRER RS ReCording
ples@irnsibatiommidiniohtpespeaiidwientishpwing a focusable
lighting system including a lens 5 according to an embodiment of the
present invention; Figs. 14A and 14B are partial side elevation views of a
fIEGBIE R NS HBVRSCERES -SerifiRahiinR Pryrbsnadamemshpidng a lens according
etoltidimeite ot divention maplechf asksesh0 Fig. 15 is a side
elevation view of a lens in accordance with an embodiment of the
invention in which deeper grooves displaced relative to each other are
praasiseal foditiars miess-dentiomal, b @ie\atiss-gestosiabvdiite 2lenatinnarding

vigwssaf ﬂﬂtﬁéiséﬁﬂéﬁﬁﬁeﬁ{r%éeg@é’éﬂgiﬁx}é%'!%‘ﬁ? or concertina like
section in its periphery in initial an
Figs. 6a fo 6d are cross-sectional, side elevation views showing a lens according
fo another embodiment of the present invention;

Figs. 7a and 7b are cross-sectional, side elevation views showing a lens according
to an embodiment of the present invention;

Figs. 8a and 8b are cross-sectional, side elevation views showing a lens according
to an embodiment of the present invention;

Figs. 9a and 9b are cross-sectional, side elevation views showing a multiple-
element system including two lenses;

Figs. 10a to 10c are cross-sectional, side elevation views showing a lens
according fo a further embodiment of the present invention;

Figs. 11a to 11c¢ are a cross-sectional, front elevation view, a cross-sectional, side
elevation view and a perspective view showing a lens according to still another
embodiment of the present invention;
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deformed states, respectively. DETAILED DESCRIPTION 20 Lenses and
methods of manufacturing lenses and of manufacturing a flexible wall for

a lens are described hereinafter. In the following description, numerous
specific details, including particular fluids, rigid wall materials, flexible wall
Yr2t8raS5ttal powers and the like are set forth. However, fory'tH§te/e00858
disclosure, it will be apparent to those skilled in the art that modifications
and/or substitutions 25 may be made without departing from the scope

and spirit of the invention. In other circumstances, specific details may be

omgter@ 59 APAIEpER ARSI SHEVRNG B SN TALRLLEFRT BNEAIHERJAGA to an
X&@ f? or mo of the arﬁg gﬁn@/mg drawings to steps and/or features,
5‘08% % Bk &red reference numerals, 30 those
steps and/or features have for the purposes of this description the same

funclion (@) &Bﬁ@;@? @%WQ}%%? &430 %I@%ﬂ@ﬁ&%ﬁ %?rﬁhé!?cﬂhé alens

the sake of reV|ty on etalls o aterials, sha igurations an
tRCHRE B ey ‘@ﬁ%ﬁf HEemRe2U0sI0RS8 -12 set forth in

respect of the first embodiment. One skilled in the art will readily
d that ile those details. may, not be re r d in respect of the
T R o T AP K D et o e two
r@@ﬁm@tmammwﬁhbwmhemtﬁmmtaestemltmlywm&ddmgebe
c&%ggéots In the context of this specification, the word "comprising” has -

an open-ended, non- exclusive meanlng “including prrncrpally, but not
necessarily solely", but neither "consisting essentially or" nor "consisting

opiy. afs | *éamti@rwétffathﬁrwerg ofGRTBREIFHSE cerﬁé%héé VAR L%@%b%a%ent of the
com |ses ave correspondin 0.The contents of the
R S e e a0 St FAGR: it e gractised
Hadng Two Flexrble Walls 2. Operating of the Lens 3. General Details of
the Lens
Figs. 16A and 16B are cross-sectional, side elevational views of an existing lens
structure having a bellows or concertina like section in its periphery in initial and
deformed states, respectively.

DETAILED DESCRIPTION
Lenses and methods of manufacturing fenses and of manufacturing a flexible wall
for a lens are described hereinafter. In the following description, numerous
specific details, including particular fluids, rigid wall materials, flexible wall
materials, focal powers and the like are set forth. However, from this disclosure, it
will be apparent to those skilled in the art that modifications and/or substitutions
may be made without departing from the scope and spirit of the invention. In other
circumstances, specific details may be omitted so as not to obscure the invention.

Where reference is made in any one or more of the accompanying drawings to
steps and/or features, which have the same or like numbered reference numerals,
those steps andfor features have for the purposes of this description the same
function{s} or operation(s), unless the contrary intention appears. Also, for the
sake of brevity only, details of materials, shapes, configurations and the like are
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15 4. Manufacturing Lenses and a Flexible Wail for a Lens 5. Another

Lens Having Two Flexible Walls 6. Lenses with Welded, Bonded or Fused
Flexible and Rigid Walls 7. Further Lenses Having Rigid and Flexible
Walls 8. A Multiple-Element System 20 9. Lens Applications Including
PEREPASEAY Lighting Systems The sections are described nfeEtAife/000858
hereinafter in the foregoing order. 1. A Lens Having Two Flexible Walls

25 Figs. 8a and 8b show a lens according.to an embodiment of the

present invention. The lens comprises a first flexible wall 80 that becomes
thimtésrth\irarespits efitivalfirsginmhatisharsecond Siilarval aa,mmi@aaug

| ' ds. it tral ion. Each flexibl Il 80, 8
DR U S B P e e I brstaifer Benptror
wérebeRineRtshihpeeighisiscibly wilfaapMiop Sateemidifications ifibeessary to
flexitie wrdriemmeakiRAkLaingdIsRkRaRA Joials (STRBOYMER, the walls

80, 82 are configured to define a cavity for receiving fluid 84. Both walls
80, 82 are made of materials suitable for use in optical lenses. WO

?@@ﬁﬁém%f fWﬁ"MQﬁﬁ&e%@ﬁ?@ﬂ@:ﬁg&ﬁ%@@{}%%ﬁlﬁd, non-
(0) onent comprising a stret e, laple, varimor ISC O .

sér%ﬁ%@?%%@% (')US'?%%’%H%I %rfﬂ ot |ct:{gf’(?Pé%ti)%Efef‘ée%fﬁﬁbl%oﬁgar%lge'ther
dﬂﬁ‘?&'ﬁ_&ﬁﬁm _f@qbréiaﬂan " asesrdeorssiing toishanootheyagatioodineéntae  word
ofbmpnangiondsionedfigme éléf&b*eomﬁ@&ﬁm&&e%%g%ﬁ%%%anmg&

material, which is transparent to the radiation being transmitted by t
lens and which has a memory that may result in return substantially to a

datea fooripisatitheitetaikedtbissenpaodimeirdhaifsxipie WadsoR. HA6ws:
mﬁde of Egp(gﬂg\%ﬁgt?w\(l)vp%%iﬁ%eﬁigﬁ materials are given, it will be

appreciate by one Skilled'in‘the-art | fhe light of this disclosure that
other m&esiatting &f the beasticed 10 without departing from the scope and

sgirit of e Bpse eI IHRYtaRle material may be used provided the

material is transparent to radiation and has‘thegProperties of being stable,
stretchalfPEFRBIE Lanassrand adiyerdaindffielbigerm Lens

5. Another Lens Having Two Flexible Walls

Lenses with Welded, Bonded or Fused Flexible and Rigid Walls
Further Lenses Having Rigid and Flexibie Walls

A Muitiple-Element System

© e N o

Lens Applications Including Cameras and Lighting Systems

The sections are described in detall hereinafter in the foregoing order.

1. A Lens Having Two Flexible Walls

Figs. 8a and 8b show a lens according to an embodiment of the present invention.
The lens comprises a first flexible wall 80 that becomes thinner towards its central
region and a second flexible wall 82, which also becomes thinner towards its
central region. Each flexible wall 80, 82 is a wafer that preferably tapers to a
thinner thickness at the center of the wafer than at the periphery of the wafer. The
central region of the flexible wall is capable of being displaced. In this
embodiment, the walls 80, 82 are configured to define a cavity for receiving fluid
84. Both walls 80, 82 are made of materials suitable for use in optical lenses.
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materials comprise, for example, silicone rubbers, plastics, acrylics,
flexible polycarbonates, epoxy resins, polyesters, polymers, or
thermoplastics If welding 15 or fusing is used to join the walls 80, 82, the

sﬂare made of like materials. If bonding is used to join the walls 80,
‘é’? & may be made of unlike materials. The walls 8582 HFEE()0858

abut each other at the periphery and are bonded together at their

respective peripheries in the depicted gmbodiment of Figs. 8a and 8b. 20
Whilst bonding the walls together is disclosed for this and other
grabbdiexéswia\8OLRL veagipaiemtad ohe sh%dheﬂhembﬂ%@ﬁlefretchable,

%’l@r‘lﬁéﬁ For aeidipg Fﬂﬂ&ﬁ*&%?ﬁé’g%ﬁlg, }R&t&\‘%lso notﬁl’ f;ﬁﬁ]

aswe Ing or usin abarrel m or example

mmw\@m@ Higiation ihel aijepualhia arasidanae adtntbinend n:gher

WHeBAMA¥NS ST arlieReNIE ilerdbiecw Bl S8k RS Rhous and
therm Listlcs far ex??'l gle Yet an(lé?egr mecha |sm for holding the walls
R IS e NG G- BRRE T e REIGHER BPRAEENS A by the

deas wﬁw_srh@ﬁ betesritieperi heriesofithia vddsm8i82antibiayiel a default
g‘iﬂgp%d&t Plgyefls %5’&@#@# %’5&% Of Q" RRLSET e Wa"n%a%% o
the barre mountmg may be e y pressure; or in Sth

|H%Y@ﬁféﬁﬂaﬁ‘r@néﬂ(wlﬁ@%@s@%m@tsr@@mfm‘r@baﬁaﬁl{ b@rmmaaéed by one
@mwh ﬂ’GB%frﬁm@Pﬁ‘%ﬂ'%ﬂ§ﬂi§dﬂ§&r%§%‘fé¥@ﬂa‘ﬁéﬁ!ﬂé‘h§§é@§%cﬂwd

e scope and of the invention. In this WO 2006/13
%%&67683%%%? FF ﬁﬁéﬁ{ﬂ&ﬁé hRiNvantes, ovsutaliamaternal
@%Ylmw@@wﬂiﬂédCbﬂpl@m&teilﬁbistbarmmmeﬂida@diﬁﬁm‘ahﬁﬂﬁﬁ@ltﬁav'ty

:f;rg&% rom Qﬁg é%éfée ¥¥Pel éhaa%‘lg br fI: 84 'S |nse edt\?\'l/n é%gﬂent Such

emove cavity via a por ek?
ﬂ@%ﬁﬁr@Mmsszfﬁft@%ﬁ@@avwlwn@ qu@g d@iﬁﬁ@ﬁ@escayﬁuemﬁiexwee

%@Wdﬁ@ﬂéﬂ@t’@@ %E@ﬁ(ﬁW@s‘iﬁ%”%&?@&&sﬂfo@)lWé@ & %%ﬁ%sfﬂé@ If wefdmg

E%munlcatlon between the reservoir (not sno

fl
o o R B e e e e OL s B e

bmémgtls e tosjai tina vedls G5 §Mshehapis caiy be fasneds ThieB uithterials.
84 acts as a displacement 10 media and is inserted into and removed
from the cavity via the port 83. The displacement media is capable of

di @M@H@&ﬂ@ﬁéymgﬂwapywmther at the periphery and are bonded together
at their respective peripheries in the depicted embodiment of Figs. 8a and 8b.

Whilst bonding the walls together is disclosed for this and other embodiments, it
would be apparent to one skilled in the art that othe.r mechanisms fo-r holding
together or housing the walls may be practised such as welding or using a barrel
mounting, for example. Another method of joining the walls together that may be
practiced is ulirasonic welding, which may be practiced with flexible walls 80, 82
made of thermoplastics, for example. Yet another mechanism for holding the
walls together is fo use annular clamping with variable loads or force. A fluid seal
is formed between the peripheries of the walls 80, 82. If barrel mounting is
employed, the seal between one or more of the walls 80, 82 and the barrel
mounting may be effected by pressure, or in other implementations using a
suitable epoxy or sealant, for example, although other sealing mechanisms may
be employed without departing from the scope and spirit of the invention. In this
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The fluid 84 used to fill the lens cavity may be any homogenous,
non-corrosive, or non-reactive fluid, which is transparent to the radiation
being transmitted by the 15 lens and which has suitable thermal stability

S0 as not to be adversely affected by radiation being focused by the lens.
“ilﬂemﬁﬁ’i%i’sé‘ﬁ?may comprise an oil, a glycerine, a silicone oiI,Pg{; Igne 1) [
oil, paraffin or even a water based product. In particular, it has been

found that Johnson's(r) Baby Oil is a suable fluid. Preferably, the fluid 84
may be degassed, so that any heating of the fluid by radiation being

tequnisodittexh? GHeywheveiis 8lhe nibtardiysebbtibbtdsdihdoy provithed thpdsris able
Vi ' i Y/ i jati t

e S SR '98, 2.

additionally be used as a colour filter. To reduce the effect of gravity on

thriarefile aidbadansidhadrariavealtbidBd ih e £avilyas, alsiabiends

inimised. This s done by reducing,the distance between the first wal] 80
B Re e S R R e R L TIRgF S dioxble
larige bondekt ierhheremnithretyured|ia 800 A2 tHiketpopi G Byicboinisdsl foe fudéd so

. i _
S PR N AR 53 AR oo
e reiyraginidtig Brh iy the soviisdbe fisrdverealmdut D eRirpEacH enove
%?ﬁﬁtﬂ%ﬁ%&iﬁﬂ@i[@Hﬁbﬁﬂﬁé&&%ﬁh'ﬁé"&?ﬂﬁ]é@.am;ﬁ% ﬁftlﬁﬁé@i H@tsagaat awtﬁrs%mt ment
other. In some scenarigs, only a small amount of fluid separates the_two
TR RS R IPEas PEVOA OUOMOGOHEEVA Do S ne
Wispdgenghnmaydie leepdiiy tddisgdtiaditha 84xible thallsSanB8Rr

removing fluid 84 from the cavity, so as to produce positive or negative
lens profiles. A flexible wall in accordance with this and other

dind eithBh stk thedars ety Mavdea Rk MemMpasieusntdseceiipsive, or

Ao FeattReifiRanmien iRagRRAT atiAl AR RS HRAUHhle by the
ﬁlexmleiyva .80, 82 ma $\{£§§a thickness of a few millimetres or less.

, > he
FiithERE SE bR aeH 48oeigh ! henR iy o dspatiu sy ITected by
phyisitan Hedigrfopisal bgribe lohthd terh:i® Sdpheyatotaptisthimestginterine,
eiflexinlewal % ' le thic 10d ding ..
e e R BB W
it has been found that Johnson’s® Baby Oil is a suitable fiuid. Preferably, the fluid
84 may be degassed, so that any heating of the fluid by radiation being transmitted
by the lens does not cause bubbles to form within the lens cavity, which might
adversely affect transmittal of the radiation by the lens. The fluid 84 may optiohally

be coloured so that the fens can additionally be used as a colour filter.

To reduce the effect of gravity an the profile of the lens, the amount of fluid 84 in
the cavity is preferably minimised. This is done by reducing the distance between
the first wall 80 and the second wall 82, so as to minimise the volume of the cavity.
If a larger or thicker lens is required, a more thixotropic fluid could be used so as to
prevent bulging towards the lowest part of the lens, and also to prevent undesired
vibrations of the flexible walls 80, 82. Alternatively, a thicker flexible wall may be
used. When the amount of fluid 84 in the cavity is at a minimum, the flexible walls
may be almost flat against each other. In some scenarios, only a small amount of
fluid separates the two walls 80, 82.
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required. The flexible wall 80, 82 may also be resilient. The thickness of
each flexible wall 80, 82 may be increased for larger diameter optical
systems so that the flexible wall 80, 82 has a reduced flexibility and the
15 effect of gravity on the fluid in the cavity is reduced. Such reduced )
V&t vents bulging of the flexible wall 80, 82 towards the GG 6F®
the flexible wall 80, 82 and ensures a consistent profile around the
circumference of the flexible wall 80,-82- The thickness of the flexible wall
80, 82 may also be altered for systems requiring more or less profile
flexure and variation. 20 In this embodiment, the flexible walls 80, 82 are
ovided with npailar. gr, i f
R e e e e oy
crecaiTuileid\Brh ot e seukites ety HrosiHes HRsiivmRIMeaRiY$IAS

EF&HQQ!%M@%MFE&&M@Q 0 asingle ViRl Angroaiesiis sttt
e practiced in another implementation on, gither surface qf acne(y l, but
t[% 5 fadioea

retaianyrayalracR gt Uy B! S T IS Ao Siace of
theeavdtychekian Matsvdiisr®a; fainT ediedine yabbesBLrmayppesite
Scaces of MRl e e Rielend yrnred b rp Bl aualamialsh so, 2
SIRASH Inge. However, a single groove in one surface of the wall 80,
genveipeqsrastieds Thisaohvrigahvoier ARk, ceake M tardale Rareheral

walsBRiRR 4P RIRY de b RpRe Wab ke, inga-fymeiionconsigsaiblerthickness

AR S

26006813 59ROMBLDIANADO6 18D a8hBalsbthgroesiisnhay be displaced
relative to each other as depicted in Figs. 14B and 15, which are
described hereinafter. In such an embodiment, deeper grooves may be

Piiae tiviskinssmatigadia Aexible App0EAeR? FortiBAdICERARAL fgr iyges diampter
giéﬂié%r Beddming, fexiip wakihé WaiHiyeraiaas soaussinegbliBand the
e

! : . .
i c e

Wievwass Midinpay tediexiits thalhdf, B2 toasards the bottom of the flexible wall
80, 82 and ensures a consistent profile around the circumference of the flexible
wall 80, 82. The thickness of the flexible wall 80, 82 may also be altered for
systems requiring more or less profile flexure and variation.

_ In this embodiment, the flexible walls 80, 82 are provided with two annular grooves

81, one in each surface of the walls 80, 82 in a configuration where the grooves 81
are on opposite sides of one another. While two opposite facing grooves are
implemented in the embodiment shown in Figs. 8a and 8b, a single annular groove
could be practiced in another implementation on either surface of each wall, but
preferably in a surface of each wall 80, 82 that forms an interior surface of the
cavity between the walls 80, 82. Two annular grooves 81 in opposite surfaces of
the wall 80, 82 are preferred, since this configuration works well as a hinge.
However, a single groove in one surface of the wall 80, 82 may be practiced. This
may involve making a deeper groove in the wall 80, 82 fo provide an acceptable
hinge function. In yet other embodiments of the invention, two annular grooves
may be practiced, but rather than being positioned opposite each other, the two
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of Fig. 14A. The grooves 1451 of Fig. 14B may function well as a hinge.
The 10 design of Fig. 14B may relieve most if not all compression and
tensile forces involved as well as enabling the use of a slightly less

&%XM% 1@5%% rial for the wall 1450. This in turn would counte}_)r&c;}&fie&tsﬂ%ss
gravity and the possible pear shaped problem. 15 Referring again {8°(RE
embodiment of Fig. 8, the annular grooves 81 have a v-shaped
cross-section, one on each surface of th& wall, and are positioned

adjacent to the periphery of the walls 80, 82, where the two walls are

jcirsge gay he lﬁfmdﬁ@dﬁeiﬂ_ih’g by asingih®hesesepichritidrigst ddBhand 15,
gFRRUE B Ga8RBY MR mativa g BRINNELRSAaE 9&3&%53%5%%@ be

The annular grooves 20 shown in Figs. 8a and 8b have "roun
"Bi@Mtichape cross-sections preferably. Alternatively, the groove 81
may have a "sharp" v-shaped cross section. The grooves act as hinges to

i ve, the consistency,of the, curvature of the flexib alls 80, 82, .
e B g hoS R i BRI ot e
thrxErebualinéh®. bdowerarsaasbavgrdoes. rély, ikeppectirodyésr 251 may be
GHRmRiEN @n%@ﬂﬁ%ﬁé%g@oﬁﬁaﬁr@llwevmPﬁ)@ﬁo@éﬂ&\f?@&%&?Eﬁ{gﬁgﬁgw

over c- shaped grooves, since v-shaped grooves are more accura

defiverihergRe e haEHENe s on Jrepee HiGhmavhadeeranthandn the case

]flt&fsf‘%?.iséimlemr@mmbﬂ&mﬂﬁﬂMgheﬁmfp?méhiw@% Shthge. The

XI 80, atits_30 centre..While the distances are the same or

R Qg e Ry S TR el R MR oD A e deas arees
devedrag asivelrbaimblingdtreusdisfansighiptiwes flakiblgroaveribhiethe wall

Maypemiac ' SRR i -
Bt i cCRRALAD CHaf i e iBaitio poar

reRARGHPEPBISRs function sufficiently as a hinge. The grooves 81 in the
inner surfaces of the flexible walls 80, 82 may facilitate the 5 dispersion of

e I AR RS e S A s TR o,
direleapeshupessk diber cleavimgdithicsorface aivite betlyeew tre tvoaitialks
Sj&ent to the periphery of the walls 80, 82, where the two walls are joined (e.g.,
by bonding, welding or fusing). The exact position of each groove 81 cah be
varied relative to the peripheral edge of the wall 80, 82. The annular grooves
shown in Figs. 8a and 8b have “rounded” or “blunt” v-shape cross-sections
preferably. Alternatively, the groove 81 may have a “sharp” v-shaped Cross
section. The grooves act as hinges to improve the consistency of the curvature of
the flexible walls 80, 82 across their sutfaces. The grooves 81 have a v-shaped
cross section in this embodiment, but other shaped grooves may be practiced, for
example, c-shaped grooves. Generally, v-shaped grooves are preferred over c-
shaped grooves, since v-shaped grooves are more accurate.

The depth of the groove bases is such that the distance between the two bases is
the same or substantially the same as the thickness of the flexibie wall 80,82 atits
centre. While the distances are the same or substantially the same as the
thickness of the flexible wall 80, 82 at its center in this embodiment, other

distances between the groove bases may be practised without departing from the



without displacement media held between the walls 80, 82. In
embodiments, such as the one shown in Figs. 8a and 8b, the internal
grooves 81 are advantageous 10 where the two walls are chemically
bonded together, as the grooves 81 tend to collect any chemical solv
%%f?ﬁ?@ﬁf%?ip or enter between the walls 80,82 in the grool\r’gi%‘f2 %6?8%9858
the solvent can go farther into the cavity. The outer surface 86 of the
flexible wall 80 and the outer surface 85-of the flexible 15 wall 82 are the
operative surfaces of the lens. 2. Operation of the Lens In Fig. 8a, the
3Rl Spiet Shtsdovtrdlitad sovidatite frssuidsgogsaruisbirstion sufficiently
positjoned such that a first surface 86 of that wall 80 farthest from the

88 hﬁ‘%% flexible wall 82 is substantially planar and a second surface 88
of the first flexible wall 80 closest to the second flexible wall 82 is

f %q,\e%\)él}sggzﬁdﬁﬁi% mﬁea%\d %ﬁ ofiere d@mm;m@sam Be m;da” dilitate the

exible wa is_positioned such that g first, surface 85 o

5 closesse LG A FE b o I o G Ay et
fasthasaiyomdbeititstienibieheal!tBo tvsulitaftaB? smeloszsy Aragedingsther
the amount of fluid 84.is the firstflexible, wall @) .82
%ﬁfgﬁ %tﬁ}'éheﬁ?g't?@?fggfg é(lﬁllfl ((:ilg%1 E§6 jﬁ?h%%}[l‘ffgotgn the se%?%e%%iz %

wailh 82t iisptropsseah thagisdid detwesncizs WRIEAP (52 d L EETRAMBR N Such

walk8? s consavuen SinilgdadhspmeiHehiligdsientnesshaivletageous

second flexible wall 82 is 30 positioneq such that its first surface 8 _
10 ooéﬁgtt{f@wwgﬂﬂ@iﬁo@%ﬁ%@f’egﬁﬁ%@& e T dree agé- fgpato

fasinastdrgmoHéeilisssimibtehanth@hisidpovesnter Oe2006/1 8896l 80,82 in the
PCT/AU2006/000858 -18- By changi ; 9t9f fiyid 84 in the cavity
fﬁ{ﬂ?‘l’ﬁtgg%%??ﬁ %%%%vsr? ?r’\elg%c%agﬁ t gg;%%%gﬁshowﬁyin Fig. 8b, the
focusing power of the lens is changed to a more positive power. For

eXANRIE.1RE150S #B YRt aSmIROdiM e de 366 ket NI mas bite dexible

power range of from about -9 to af%o%%w Dioptres, or at least 5 cover a

15 PRI e ARgR RRITREER VA& practiced without departing

from the scope and spirit of the invention.
2. Operation of the Lens
in Fig. 8a, the amount of fluid 84 is controlled so that the first fiexible wall 80 is
positioned such that a first surface 86 of that wall 80 farthest from the second
20 flexible wall 82 is substantially planar and a second surface 88 of the first flexible

wall 80 closest to the second flexible wall 82 is concave. In addition, the amount of
fluid determines that the second flexible wall 82 is positioned such that a first
surface 85 of that wall 82 closest to the first flexible wall 80 is concave and a
second surface 87 farthest from the first flexibie wali 80 is substantially planar.

25
in Fig. 8b, the amount of fiuid 84 is controlled so that the first flexible wall 80 is
positioned such that its first surface 86 farthest from the second flexible wall 82 is
convex and its second surface 88 closest o the second flexible wall 82 is concave.
Similatly, the amount of fluid determines that the second flexible wall 82 is

30 positioned such that its first surface 85 closest to the first flexible wall 80 is
concave and its second surface 87 farthest from the first flexible wall 80 is convex.



3. General Details of the Lens Thus, the foregoing embodiment of the
invention provides a lens comprising first 10 and second walls 80, 82
defining a cavity for receiving fluid 84. In this embodiment, both walls 80,
82 are flexible and become progressively thinner towards the central
YEY80P24Lh wall 80, 82, such that various lens shapes can” B formied
by controlling the volume of fluid 84 within the cavity. Each such flexible
wall 80, 82 provides greater strength, bgiter memory and a superior
quality 15 of flexure than planar-wall based systems. Such flexible walls
@‘;}(hi'ﬁéh@ﬁgﬁr(éempceﬂemEﬂtimlIa4ﬁﬂa@wmﬁemwnmameuﬂmmegmm Fig. 8a
ng, allow the exac e I
R TR, R R ol T o e o
rehRsy mloaﬁwwmmrm&wm%@xe f@@br@wanumwmtmdescnbed
GRRANAIRMAID 2 f%%ﬂg@%@%ﬁfﬁéemqalgrs&}ewaﬂ«ﬁ%@ ot least

least one groove 81 towards its perimeter defines a hin uc, %ﬁﬁ
5 RS R RHAEIERSR 1NRPRY EBTRERG HESRE B R ing
Gowitlhie shepeavityspivithe fesdgoimgiembodiment of the invention and
other embodiments of the invention described hereinafter, the lens is
varlable The Iens may rely on a 25 closed-circuit fluid actuation to
6 ‘ : @08 [imits, the profile, and hence the focal

2R D1 AIRDARSREIAHS HUBBRFTRES Y KIRIBYRIng frt

and those described hereinafter can be used to replace any lens currently

10 od fecanrbwpliLY, SeAnIng GRYES SeBraiM PG dr i ionich
reﬁ‘m;mtabhﬁiﬂmnlseﬁﬂhw@ne fmhelegaudefémrﬁﬁer;ﬂﬁgte&mblaﬂanaer
B be d eg o 'rg?ré} foc?%ra] oW F eg&% bt YARGUS ﬁ\%oéﬂgges can
smgf“e eﬁemen Srmutelemen esugn e 'use of suc aciens

JuoBBed by PaAlingche/0dosssot lgikedighin doamaviiusiFachianed
MBI QBSOS YL RIS F@a@é\%&éﬁ@ﬂﬁ Bbﬁéh%ﬁé%é:ﬂ?%ﬁﬂl&:&? quality

the embodiments of the |nvent|on may be used comprise consumer optlcs

15 (ﬁﬁmf HRa planairye! b‘i’aﬁé&%’ﬁéﬁ’@ﬁd% ﬁﬁﬁ@ WAk damigilengg (i-e.
gnefeidadaiyndiate) dghtngiceptometntaincogiialdaliogyttiowxact change of

profile through the range to be accurately defined. In other embodiments of the

invention described hereinatter, rather than two flexible walls, a single flexible wall
may be used in combination with a rigid wall instead of a second flexible wall.
20
The at least one groove 81 towards its perimeter defines a hinge such that various
lens shapes can be formed by controlling the volume of the fluid 84 within the
cavity. In the foregoing embodiment of the invention and other embodiments of
the invention described hereinafter, the lens is variable. The lens may rely on a
25 closed-circuit fluid actuation to variably and smoothly alter, within limits, the profile,
and hence the focal length of the {ens.

A lens according to this embodiment of the invention and those described
hereinafter can be used fo replace any lens cuirently produced from glass, acrylic,
30 composite or any other material which refracts the radiation that the lens is being
used to fransmit. Such a lens can be used within any focusing system, whether the
system is of simple single element or multi-element design. The use of such a lens
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5 optics, watch faces, automotive optics and certain types of industrial,
chemical and military optics. Lenses according to one or more
embodiments of the invention are particularly suitable for use in simple,

sin%Je element focus and zoom units. While the second wall 82 in this
BRBEYHEHis flexible, in other embodiments as 10 descriféd/4U2006/600858

hereinafter, the second wall may be rigid. When both the first and second
walls are flexible, the two walls may be-1#erked against each other.
Lenses according to this and other embodiments of the invention may be

cieadarto Beendinveystyaiariable weraitialcos\aystaarge niisificapglications in
sigriand ensdrlighirtionsif BRonaladts é?tﬂ@hﬁyéﬁﬁd#ﬁ\%gq%w@@@ompﬁse
eaking the at

the application and configuration of the lens. Generally sp

|SRes ARERS (GreBlR RECRE FRIS S SIRERSSIBR o 8T moReRIcREsional
pesiplaesy, aftithandalkidn othesrribighmenisptbeskegand wetithadyidlegy, toy
formed from,a rigid material.and. 20 ined by a first surface and

S A 0 B R BRI S AR R Rl e el and

thailifesioetivall [goaesabeoiiinkdd apaipksinhie giodineits offeinngation are
the AR AR GHiRIERA DEs8 RRYEAIRONAKe bAMIfRL S aflRES ofTunits.

example. Ih other embodiments of the invention, as described hereinafter,
the second wall may be formed from a rigid material and may be 25
deftrirdiy sctitsiccuwdhe anthis sadanthsentdedionbiyaim @thgashbodigknts as
(e {15t AP setond Suriaces A cancars Sas e AETBAINRIL NS o
second wall may be” formed from a rlglcﬂ(na erfal’ an mayqoe deflnedaloy a
fissoandavellasteliestdadheumacealivhombavedadagabishediis ol
second surfaces is a convex surface. Consequently the rigid second wall
may take any profile, and the flexible first wall 30 may be worked against

ahSRARCSRRHRG R ANS NS RTeTRBALIGP B dbE DA gy be circular.

COURPIisR Esgraspivacphic st bis/bignanas enetbas aiietisind ety

tra(g}%gng}egob to A%‘L%aiYé@aza] 6{%&35960 PCT/éU%OO6/O 08858 E:20.In q
other %m odiments described erelﬁa\f?eq{,c%ﬁg?ﬁste AhaPsecond \%ff%a%?ﬂ]%“
|senfigreratippoltbe WnhinGenwaliyisgepkisfe riis pbidratehmeuntilay gfates is

lifShABY iFSCQh LR RELRANNES IRESIOR5 UG TIPNE! QR 1o their

respective peripheries,

In other embodiments, the second wall may be formed from a rigid material and
may be defined by a first surface and a second surface substantially parallel to the
first surface. Consequently, the flexible walt 80 may be worked against the rigid
planar surface. Again, the rigid material may be a polycarbonate, an acrylicora
glass, for example. In other embodiments of the invention, as described
hereinafter, the second wall may be formed from a rigid material and may be
defined by a first surface and a second surface, wherein at least one of the first
and second surfaces is a concave surface. Alternatively, the second wall may be
formed from a rigid material and may be defined by a first surface and a second
surface, wherein at least one of the first and second surfaces is a convex surface,
Consequently the rigid second wall may take any profile, and the flexible first wall
may be worked against any profile second wall. The rigid material of the second
wall may comprise a glass or actylic which is transparent to the radiation being
transmitted by the lens.
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5 there is no need for a complex mechanical seal to be formed between
the mounting and the walls. Instead, the fluid is contained within the
cavity formed by the two walls and the arrangement is simpler and

ch%%gg{stp rfpanufa_cture and may be less likely to fail in use.C'I,'FQEU%%EI%IOCSI_S
RS AN may be bonded together using a flowable flui§ SHicChE >

rubber compound (for example that 10 available from IRS components
with Stock No. 692-542). The compoungiimay comprise
triacetoxy(ethyl)silane or methyl triacetoxy(ethyl)silane. Alternatively, the
first and second walls may be welded, chemically bonded, or fused

(RYBHREF SSHSLIHSIRY dBa-iBYaINE BRRHRY, 3k LASE A RPLIRR 2 19Yakshe lens

These methods of joining the two walls together offer the same

AFaFHRGRES Wit H areeriRadRisiPERP S HBRS W SheiRg el ihpdirst and
tegetier whilS #£8Dinass asganes MibctiscrnckathBleamhgingats &Hheries,

L e
FipuIging R0 @ Batvellsn ératadnibeisbiddphoaliiped paiingRantavibeformed by
UMD O S

S RPAa% KA 5ol tRe e R S0 BaRo ik Max v brandid
|lesgethay wsingpsi sewkisie PadsRcampearh8ios eaelmiielxanprIglOf

appreximatel 0. By equally spacing the po n%hezs

O A el SRR Pl A S S oy
semnetdcripasitxyietbal)siatiediuitedyidrimcetoliédhydbitaaqualljernatively, the
dirttiBHipRAIAR; FRYe IAS! BRRSAIBWEELS Bow bosndaigiand

out of the cavity througﬁﬁé?he at Ieast'one. port 83. 30 Sﬁﬁen%egév%@%@: S“U'Ch
freiendmakisviys heatinarblonsta pastipried lawalifort sy raribads of joining
tiHewgh harbestRtnee oidRthasSlns wihrGbRrainalR tndthoieleRbGRHRGR.

e Ogg%i]én nt sg‘ownaé%Fi%s. la to 9d. Alternatively, each port may extend
RS S 66 S 98B T IAU2006/000858 -21 the flexible wall of

the lens, or through the rigid waII_ of the lens. Alternatively, the port may
BEBISASH DR REhIRAHT ARG AR RRE A S o IR R LMY FUORILS Birther
comprises at least one port into the cavity through which fluid can flow. More
preferably, while only a single port 83 is shown in Figs. 8a and 8b, the lens
comprises a plurality of ports 83 into the cavity through which fluid can flow. The
plurality of ports 83 are spaced around a circumference of the lens. The plurality of
ports 83 may be equally spaced around the circumference of the lens. For
example, the lens may comprise three ports 83 spaced from each other by an
angle of approximately 120°. By equally spacing the ports around the
circumference of the lens, the lens is more likely to have a rotationally symmetric
profile, because the fiuid 84 is more likely to be equally distributed within the
cavity. Fluid 84 may be allowed to flow both into and out of the cavity through the
at least one port 83.

When the walls of the lens are supported with a barrel mounting, each port may
extend through the barrel mounting, as described hereinafter with reference to the
embodiment shown in Figs. 1a to 1d. Alteratively, each port may extend through
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tube bonded or fused to a hole drilled or moulded through one of the
walls. For example, the tube could be a polythene or silicone tube bonded
with a suitable 5 solvent to a hole drilled through or moulded into a
g}olycarbonate lens. The tube could also be formed of acrylic or

8&8%%%??8% and could be welded or bonded to one of the Wafty2444&0088

tube may be of suitable diameter for the lens size. If the port extends
between the first and seconds walls or-through the flexible wall of the

lens, the entrance of the port into the cavity may correspond with a groove
femmndebib@ iwdheftisiders rtaderofghe e xigie weall ofitieid resaieoiatigly, the

b &P%%%%%J@%% E&@%&% He g&%?gﬁh %%(%?fitv%lﬁ‘sﬁ?e R RUGIEBIRprise a

fluid to and from the cavity forme . The fluid reservoir "may

the wal
biedarpdrstet tsdite ﬁmwﬂla@lyﬁmyicé%itmw@ e ethsials fior

c@@%w?mww@gww&%mmﬂ@@mxmm
ermanen connected Via at least onge, [1.. FOr example e TIUl
o R M B R IG 1SR T dbe

asoUio adsibd terfheid GanTyictoe pmﬁmtm:bsem bem&i_derhoitﬁaonded to
oA ‘i%hvee@né{%'ﬂ% RO R B RISHOBIARURIRH férctﬂa\@ﬂg‘é%.f@‘ﬂﬁé port

a r
barrel, or any torce-provider applied to the outside of the reservoir, whic

caxerdahaiveaxiw fitsbanemasrnds salsridhiousin e fladipathef the

'@éﬁs?%Yét)énPa@f@éQi?'ihé?ﬁf@ﬁﬂE@ ,tmec@em?;w%ymalaem?mQjﬁove fhormed
resilience and strengt emaqry to,work efficiently in tandem with eac
fIEGBR RS 88%82%%%%%%3@)/ ¥#ling force to move the fluid in the 25

desired direction between the reservoir and lens cavity. The force-provider

g ré@%é? @%QJ'H&H&& 6 QHL L ihe cAviLy J0dhus ePaod 89ds to

eflate the orce-provider may also be used to cause a vacuum

(GoUMyRigERifdaIand fewnioe mulyforpesbhw s valisn Abailydaapervorr

BRSBTS ERIJAREIABSIGEPRYR Bdseninh sHblaes: thgjspstehiiToreayiy
in accordance with thi other Embodj{nents of the inyention, th

: ireut {s S { S ca\ef"stqt

IR ShETGHEb SRS RSB, PARHATA ALY RE ABRANS ¥
2@@161‘113&5969 &ﬁﬁé&t&ﬁ@%&%&&@ﬂg@mmmethbdéin&dn%@ewoir may
CRTRESEAGLRHRHPHR BRRI ISR RHE RMRE i Batis are housed.

‘The fluid 84 may be moved from the reservoir to the cavity and vice versa using a
pump, a piston, a plunger, a conventional focus barrel, or any force-provider
applied to the outside of the reservoir, which can be used to expel fluid from the
reservoir or withdraw fluid from the lens cavity. Preferably, therefore, the reservoir
may have sufficient resilience and strength of memory to work efficiently in tandem
with each flexible wall to produce a positive driving force to move the fluid in the
desired direction between the reservoir and fens cavity. The force-provider may be
used to pump fluid into and out of the cavity to thus expand and deflate the lens.
The force-provider may also be used to cause a vacuum to pull the flexible wall in

towards the cavity.

When each flexible wall 80, 82 comprises at least one groove 81 in the surface
adjacent the cavity in accordance with this and other embodiments of the
invention, the at least one groove may be integral with the at least one port.
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the groove to the lens cavity. The groove in the surface of the wall

adjacent the cavity may facilitate dispersion of the fluid around the cavity
when the fluid initially enters the cavity. This is especially so for lens

&{on;‘i gf(l'agiggns where the two walls 5 are closely spaced together or )
hitia y aaouf?ing one another, leaving little or no cavity betwEEH hEHE 88
walls. For example, the fluid may flow around the groove until the walls
separate from one another, thus helpisig-to disperse the fluid within the
cavity. 10 When the flexible wall comprises a groove, the groove may be
poeitieirely/dse tensheayetiphprigaod ttenlimsastbeapoisifof subaomfluid via

féﬁaéﬁg%b%?&?g JIOVRAS Tﬁ@gni'eeéﬂ BRoeNe BRYHA NIRRT the

m e formed on either surface of the first wall, that is, either the surface

sloshsmafrcliseio disnamionABEafukbarawmssihe savilyedhsab e g initially
TheH VAR, TRBGSIORaILAY 80 RPNEARIIRdSanersibHspmtibewo walls

i G At e RS b ) SR e e b e o
defittg héyeefirdtstvinealn e seaontes tinfa dejdveayrfoveanaydéhe groove
form %Hei g fstautprs iR st aalh JdRdishs wiarp ol ebratialitnin

may be a concave surface and the second surface of the first wall may be
éf]ﬂmﬁ!éurface. Alternatively, both the first 20 surface and the second
surface of the first wall may be concave surfaces. Alternatively, both the

B RN CSBERER A R Eadty S TOXVBY o RO giose o

e cavity,
dhe perisieanpbfiibe Enfiatitile prifitakessinonvéexirepSucitogweveiacts as a

gﬁz}%%.f W&bé%vxegi éﬁﬁ&%@ aﬁaugﬁva%]anﬁgg HATS 08 VS LRRE SARVEX of the first

ce actStore tension forces in that surface, whilst anyggroove in

twelbdhahise eithridhaswiasediesestinipreserondiraibenihg sidang darthest
B3R 'He 3B QAL THEQRR0E Sy BlIpR Sitilnnsist BrodppriprRfe\liemce

e A R SRR BRARTEER st
radsetenoiibl WE:RQ06/1:8526MPGEAWGIRMOGDE5Re first wall is defined by
a first surface and a second surface, the groove may be formed in the first surface
of the first wall. The first surface of the first wall rﬁay be a concave surface and the
second surface of the first wall may be a planar surface. Alternatively, both the first
surface and the second surface of the first wall may be concave surfaces.
Alternatively, both the first surface and the second surface of the first wall may be

planar surfaces.

When fluid is supplied to the cavity or removed from the cavity, one surface of the
flexible wall takes a convex shape and one surface of the flexible wall takes a
concave shape. Any groove on the convex surface acts to relieve tension forces in
that surface, whilst any groove in the concave surface acts fo relieve compression
forces in that surface. As a result, an improved, smoother, curvature of lens is

produced.

When the first wall is defined by a first surface with a groove and a second
surface, the first wall may also have a second groove towards the perimeter of the
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-23 first wall, wherein the second groove is formed in the second surface

of the first wall. When the flexible wall comprises a groove on each

surface, the two grooves are preferably aligned. 5 If a wall of the lens has

\gt I(ze(%%}lgsrl&groove, the groove may have a v-shaped cros%-és%%tlij%r}l{m oggsis
g?oove IS preferably blunt-ended or has a rounded base to relieve i
stresses in the flexible wall close to the groove. For example, the groove

may have a c-shaped cross-section. Azgoove which is blunt-ended or has

a rounded base is preferable because the flexible wall is less likely to
fltguaathrwheictbeesiecosd woenesisdhrangrbinvihéswesedd\Windaca gf dowdirst
SEMEAIA ihe At iage BhibReh yalb e eL R X DAGOME grooves
progresswel?/ thinner towards its central region and the depth of the
qsoReeieraPelgpfdnat the least distance between an apex or base of

the 15 groove and the second surface is substantially the same as the
tﬂigkﬂ&féﬂgth% nfir t\évajtl iat it§ central regit n. When flexib{‘le wall ha%a q
groove in eac QAo Or the ffé&?b%"&’v‘é?r, 2 JlexibTe TR ﬂ’(gfb\é'é R
progressilion. thirheroovededsrife diyrbluigimded d tihasvesomeie@b4se to
FURRELLeebat R IRIABRONAIWRER SRR RIgRE H0gKESe

is substantially the same as the thickness of the flexible wall at'its cen
rEGbAE RRRIRARGE HiPEaReEeh RSt iMlIGY H1-edechi vy
obfieddal el padatie buaials ene fdied agains e i idegas or

| acrylic or silica ogtics, high quality, plastic moulds, or by spinning,
3&%%?‘5{&9%5%@8% 'i}é%‘ &%rgé’ %E%B?g %‘r flow, pour, draw vacuum
technology for example. Self-levelling characteristics of pre-cured

PSRN B3R eSHAING YiHa MR Aligsnatyele mvlﬁérpg tﬂéfﬁgﬁl%m%%

may be executed by injection moulding. For example,.thermoplastics ca

RERIRERIRIFeRAEY (hienal tnvardsitxpratinl region Aod i gepthafdhe
rievalady b Sechtakietoratiiesitrbrvdiaxiteapal©PBIG of the

produced d have syfficiently hi rade syrface charagterjstics so as
e G oy S e BR Shrid A g Wiess S e
SogiorelsEs Pl 021308/000858

When flexible wall has a groove in each surface of the flexible wall, the flexible
wall may become progressively thinner towards its central region and grooves may
be arranged so that the distance between the apexes or bases of the grooves is
substantially the same as the thickness of the flexible wall at its central region.

4. Manufacturing Lenses and a Flexible Wall for a Lens

Moulding of flexible walls may be accurately executed against “female” profile
glass, acrylic or silica optics, high quality plastic moulds, or by spinning,
centrifuging, introduction of gas, bubble or flow, pour, draw vacuum technology for
example, Self-leveliing characteristics of pre-cured materials are especially
valuable. Alternatively, moulding of flexible walls may be executed by injection
moulding. For example, thermoplastics can be injection moulded to form the
flexible walls. All moulding surface materials must be stable, non-adhesive to the
flexible walls being produced, and have sufficiently high grade surface
characteristics so as to impart substantially perfect surface qualities to the flexible
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-24 walls being cast. Alternatively, the flexible walls may be stamped from
a sheet of suitable material. 5. Another Lens Having Two Flexible Walls 5
Figs. 6a to 6d show a lens having two flexible walls 60, 62 according to
‘% the,rzssmbodlment of the present invention. The lens com rlseUs2 %Gf/eggosss
BI& %260 that becomes thinner towards its central reg| HARE S
second flexible wall 62 that also becomes thinner towards its central
region. The first and second walls 60,-62- define a cavity for receiving fluid
64. The walls 60, 62 may be made of similar 10 materials and joined
tegtsHering aesh bibercaiiviely e dediveng dis iboalrherstadesedifredn a sheet of
h reference to Figs. 8a and 8b. The embodiment shown
%%é%%@%ﬁ%}% does not have annular grooves formed in the walls 60, 62
to function as hinges. Further, the walls 60, 62 are not welded, bonded or

fgsed mﬂwméﬁgte@diﬁaqﬁgm;mglwg@; 62 are housed in parallel in
b ti h Is 60, 6 d t relati
i e R S b SRS R e oo e
k@amtmdmﬁtuigr@lpmhemmm@m Bepaasiaohptivsesm thrstilatibBOWER 60
ff@f(ﬁmgwﬁlrﬁer %W&&Qﬁg%%&%%%ﬁo P24 (E)Rné;: ltj?é%éﬁﬁ Yau 62 that

llustration onlﬁ_' The walls 60, 62 are prefe space
gethesamenitinne fRwaidb lincential desipet ﬂ%hanﬁaﬁ%ceoﬁe\za,ﬂ%ﬁa 62

?gﬁfgf%’}ﬁfwﬁ“@ﬁ‘m@?ﬂwm emhq?ﬁ@aé‘@ ABHRENSSilar
| a e 1or.en m It a
S AU OB o A o S VIneoaB P e HEbedlmine

besaiipedheiaipiBafow igh sefs daredbrfimsn Gagpisddibe| oies dovddlinaaret shown
b Bae Bies OIS ARRA SR IBLRERENRT L UBA 3 1o

other mechanisms for holding together the walls may be prac

J4nstinaing Breesiaig e dhamsits 6hoAamariviakiadebondedntiused

toERanNer Mok dae HaviReanR RS oo hir 1RisBd tenuab the parel
mounpg}g%l into the cavity. The port 63 provides for fluid communication
't

he cavity and a fluid reservoir (not shown). By controlling the
volume of fluid 64 in the cavity, the flexible walls 60, 62 are caused to

Y G/ BdNES YBHAVSAS BB aced apart refative to each other and are fitted in

annular grooves in the interior surface of a barrel mounting 61. The spacing or

separation between the walls 60, 62 is exaggerated (i.e., more spaced apart) in
Fig. 6 for purposes of illustration only. The walls 60, 62 are preferably spaced
much closer together to minimise the amount of fluid 64 between the walls 60, 62,
and in fact the walls 60, 62 may directly abut one another. Each of the walls 60,
62 has a flat peripheral edge for engagement with a square notch-type groove in
the mounting 61. The walls 60, 62 are housed in the barre! mounting 61. Whilst a
barrel mounting is disclosed for this and other embodiments, it would be apparent
to one skilled in the art that other mechanisms for holding together the walls may
be practised such as bonding or welding, for example. The fiuid 64 is inserted into
and removed from the cavity via a port 63, which extends through the batrrel
mounting 61 into the cavity. The port 63 provides for fluid communication between
the cavity and a fluid reservoir (not shown). By controlling the volume of fluid 64 in
the cavity, the flexible walls 60, 62 are caused to move such that various lens
shapes can be formed.
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shapes can be formed. WO 2006/135960 PC /AU2006/000858 -25 While
the flexible walls 60, 62 depicted in Figs. 6a to 6d do not have annular
grooves formed in the surfaces of the walls 60, 62, one or more annular
%)g%%ﬁssmﬁ%y be formed in such walls 60, 62 held in place _blycthe baﬁrr?l00858
mounting 6t Also, 5 while barrel mounting is depicted in Flgs.Té%% %d’,
other mechanisms of joining together the walls 60, 62 may be practiced,
including bonding, welding, fusing, and-2ilirasonic welding, amongst other
techniques known to those skilled in the art. In Fig. 6a, the amount of fluid
64 is controlled so that the first flexible wall 60 is 10 positioned such that

avinstestidansdBfalinabyalBedsitheshtan the ssenb fiex ip?é%vallrﬁ% 5

is concave and a second surface 68 closest to the second flexible wa

iFEANRRIGIMeddfi e ikfarss iibe MAlisEOdSRrmA &Y RaftRRREEsiooves
flendleenfalivgiiinpastionsis SOcI6H tasid firptsctipoeehahtahv@iiegd 61. Aiso,

irst.flexibl | GO | d d surface 67, . . .
A ER e Lot R et R R s SR
ofoistheuths seiedibbLonarbn e mcidrskiinieluditgsooisdingsitfeltings icking, and
thaitschistrsitiaee £8da EPBARGRREORAIF IR 8Wal Sdiisq ‘?@%‘fé\é‘?t.

and its second surface 68 closest to the second flexible wall 62 is 2
substantially planar. Similarly, the amount of fluid 64 determines that the
skecBigd Gt tilel emallir 2 i$ipidtdos edsineleth 8b it firsicsara ae 856 RERT0 is

e R B e B e R i P D con
digsibie well fid Bacrneare ainstesectendtiserfrseffitts esitdhs second flexible

PRsitiepesiasthat dadirohseriaemetiesihral fmé@rﬁmﬁ.ﬁﬁr@@mmd
via%%%%lﬁs@ubstantlau lanar and its second surface 68 closest to the

S RAPSELISEHA B PihniasR Gheldhebwallig2 closest to
dewfirstfesdblatwd 60dsrd dlextiadwalbedria posiinner sustotiaioin fistirst

Sﬁgmg g,%lpgbs%s&gﬁ (FQ\‘? first flexible wall 60 30 is concave and its second
surface ro

farthest frc m?he first flexible wall 62 is substantially planar.

In Fig. 6b, the amount of fluid 64 is controlled so that the first flexible wall 60 is
positioned such that its first surface 66 farthest from the second fiexible wall 62 is
concave and its second surface 68 closest to the second flexible wall 62 is
substantially planar. Similarly, the amount of fluid 64 determines that the second
flexible wall 62 is positioned such that its first surface 65 closest to the first flexible

wall 60 is substantially planar and its second surface 67 farthest from the first
flexible wall 62 is concave.

In Fig. 6¢, the amount of fluid 64 is controlied so that the first flexible wall 60 is
positioned such that its first surface 66 farthest from the second flexible wall 62 is
substantially planar and its second surface 68 closest to the second flexible wall
62 is concave. In addition, the amount of fluid determines that the second flexible
wall 62 is positioned such that its first surface 65 closest to the first flexible wall 60

is concave and its second surface 67 farthest from the first flexible wall 62 is
substantially planar.
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fluid 64 is controlled so that the first flexible wall 60 is positioned such that
its first surface 66 farthest from the second wall 62 is conveXCAHFYS/060858
RHRY ga?fgce 68 closest to the second wall 62 is concave. In addition,

the amount of fluid determines that the s6econd flexible wall 62 is

positioned such that 5 its first surface 6% closest to the first flexible wall 60

is concave and its second surface 67 farthest {r irst flexibleweallbe
s T S

4'in the cavity from t .
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ofsbéa@@%ﬁﬁh@%@f@@tﬁ@ﬁé% &I'40, while the planar surface of
the rigid wall 42 faces away from the flexible wall 40. The walls 40, 42

define a cavity for receivi id 44 The flaw Qrmlt}@aimpmidmiihl Fig. 6a
twﬁhﬁhﬁ!ﬁ@é%%@gnﬁ’f?gﬁg{#%%nstE%face % the wall, - d from

0ragYRs alcamiashinge ifoF ineStle R EORIEHMD PIY O ffier sh%rl}fjese‘i{iggrooves

may be practiced..\n.this embodiment, the walls 40 and 42 directly abut
1%nge£%& ?(.)R{?Jgg}%l' mounting is not used to house the walls 40, 42 in
the embodiment shown in Figs. 4a and 4b. Instead, the walls 4Q 2“are
bopded tpgethenatiiveindespBotidederiflisdd loyitie s BiRE v ats
distfosed for this and other 'W- I5 dhilvantghbe erppadimetd ofitie present
skim&%@%@%%%%%@%ggﬂja}nsms for holding together.the walla ards i
_ . ! % gelibetdad¥aohards its
maybengtan iessnsiam sy fieribir vk 4 DARPRITSinting, for

example. The wall ; togatbenaie waiMadiecrineeheLrface of the
R B S e Tt

e e groove 41 in the flexibl facingtbergidgid wall 42
waltigit Wh%%f@@@&éh@@%%ﬂ@qbg pw%eﬁgl ﬁe‘évgse,gcﬁ%le rigidetv|8\5’altli 2 Og: reV::ivi ng
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em?&i&rgi?%hzhf?exible wali 40 is provided with ftwo annular grooves 41, one in each

surface of the wall. The v-shaped grooves act as a hinge for the flexible wall 40,
oves may be practiced. In this embodiment, the walls 40 and 42

20 Other shaped gro e
directly abut one another. A barrel mounting is not used o house the walls 40,

in the embodiment shown in Figs. 4a and 4b. Instead, the walls 40, 42 are bonded

together at their respective peripheries. Whilst bonding is disclosed for this and
other embodiments, it would be apparent tc one akilled in the art that other

95 mechanisms for holding together the walls may be practised such as welding or
the use of a barrel mounting, for example. The walls are bonded together ata |
point adjacent t0 the outermost edge of the groove 41 in the ﬂex'tbie‘vxfa!l 40 facing
the rigid wall 42. The pdrt extends from the peripheral edge of the l’[g[.d wall 42
though to an internal curved surface of that rigid wall 42 in this emboo.hment. The

30 fluid 44 is inserted into and removed from the cavity via a port 43, which extends
through the rigid wall 42 into the cavity and comprises a flexible tube bonded to or

bonded into a hole drilled through the rigid wall 42. The port 43 provides for fluid



30 fluid 44 is inserted into and removed from the cavity via a port 43,

which extends through the rigid wall 42 into the cavity and comprisesa
flexible tube bonded to or bonded into a hole drilled throquﬂTéAﬁBm(\f\()g?ﬁz’s
w2 213843 provides for fluid PCT/AU20061000858 WO 2006/135960
-27- communication between the cavity and a fluid reservoir (not shown).
By controlling the volume of fluid 44 in fﬂ%’cavity, the flexible wall 40 is

caused to move such that various tens s QNG B g dontrolling
thiswnrﬁmdh@@ﬁ,ttﬁ@”%t%rﬁﬁwg%éﬁg ?Pr%'éﬂcifg%%ﬁ\égvﬁgll 40 agﬁ; 1€ o such that

segond Walla definmuminavigity, taedienigeéah A oGS 1R
shapes. can be formed %t{)yb%o%[[ gag the volume of fluid within the cavity,
andareLe SR SeRE HAA'S

econd wall 42 are bonded, welded or fused
together. 10 For example, in Fig. 4a, the amount of fluid 44 is contr%lledd the
so that the érl'?sxgl%vwigl 48 iBasiiopesiabstial arsiv Sesihpawell 60 an

%Ioggél?tént e rigi 42 is convex and.a s fac daghest shapes
frometadigiaivda defningeaviLy Fﬁfﬁ%@i‘ﬁf‘ﬁ%ﬂ@sﬂrﬁ%m s

conizalleg spriaaltipediadting i 4ONSTEECE SEDNERB 1R FAXTRE TSR st !

surface 46 closest to the riqi éz‘,{%%@c@\/ﬁ@é@t@@mﬁecond surface
48 fHHAed eRePRdHERLS %gegl)é"l v%ail 42 is convex. By changing the

amount of fluid 44 in the cavity from the amount shown in Fig. 4a to the ible wall
amount shown i nF;%zg_,pa the IacibsiRgop awier4af ihedetislieccrataidhefigxible

180 REG SR pri tive. Eigs. 7a and 7b | dorth
oo b SO OIS P Ra T Ear s e el

0 ?ﬁ‘& ecames dbinnes ioantisitsoer el faigiorphAd 5N GNvex
rigid wall 72. The walls 70, 72 define a cavity for 25 receiving fluid 74. The

planar surface of the rigid lens 72 faces the flexible wall 7Q,  whi i
curvipdryriasehef aheaagi@W&iWMéﬁ:é@f‘éWH?‘h%?ﬁﬁﬁ%%%l% ég’vé:‘ﬁ%%@ '

The flexible wall 70.is praided withae anoidsestunie Tigidplk 4t conoave and
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While a single annular groove

By changing the amount of fluid 44 in the cavity from the amount shown in Fig. 4a

to the amount shown in Fig. 4D, the focusing power of the iens is changed from

20 negative to positive.

Figs. 7aand 7b show a lens according to a further embodiment of the present

invention. The lens comprises @ flexible wall 70 that becomes thinner towards its

o convex rigid wall 72. The walls 70, 72 define a cavity for
72 faces the flexible wall 70,
m the flexible wall 70.

‘central regionn and a plan
25 receiving fluid 74. The planar surface of the rigid lens

while the curved surface of the rigid wall 72 faces away fro

The flexible wall 70 is provided with an annular groove 71, in the outer suiface of

the flexible wall 70. The groove acts as a hinge to improve the consistency of the

curvature of the flexible wall 40 across its surfaces. While a single annular groove

30 71 is depicted in Figs. 7a and 7b, the wall 70 may have two annular grooves, e.4. |
like the configuration shown in Figs. 4a and 4b, for example. Alternatively, the wal

70 may be implemented without grooves. The walls 70, 72 directly abut each



30 71 is depicted in Figs. 7a and 7b, the wall 70 may have two annular
grooves, e.g. like the configuration shown in Figs. 4a and 4b, for 1000858
example. Alternatively, the wall 70 may be implemented Wiﬂ%{ﬁ‘%‘gzr%ogves.
WREWUIEYS, 72 directly abut each PCT/AU2006/000858 WO

20061135960 -28- other and are welded together at their respective
peripheries. Whilst welding the walls tggether is disclosed for this and

other embodiments, it would be appare Skilleeriathwslsthadding e
othesraechaeisrels ey BRI %é%%rerret%g%tﬂ@% i

e walls may be pragci
o bﬁp“g‘ﬁ?tﬂéH%iHawﬂebmbmmm@pmamw@%ﬂ%ﬂu AL geRarent o
né8rted o and remoy %8%@&%Yéwi@ﬂmmmwm@mmm may be

thooeghdles ingheRdIf o the cavity and comprise iblestue fluid 74 is
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) 3
provides for fluid communicatignneamesmiae ety BABETEEREEIEHS"
tcé?/]con rollin
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the"Bmaount shown in Fig. 7b, the focusing power of the lens is changed to
. be substaptiaiR2?2Eurther Lenses Having Rigid and Flexible Walls Figs.
I ato | d show a lens according to a further embodiment of the

€ (presiné 2:55
invention. The lens comprisgs @ RlagannigifiedsdithatingdeABa Yaki fo

e T o e

_ or use in opti a.}éensesh\}éépne
i i 18 CO .
Spe%'wfe'acsecond surface 78 farthest from the second rigid Wa(fl

; i in Fig. 72
By changing the amount of fluid 74 in the cavity from the amount shown in Fig

i ' i d to be
90 to the amount shown in Fig. 7b, the focusing power of the lens is change

more positive.

7 Further Lenses Having Rigid and Flexible Walls t
s. 1a fo 1d show a lens according to a further embodiment of the g?resen
. rigid acrylic wall 10 and a flexible

Fig

i i lanar

25 invention. The lens comprises & p | | .
polycarbonate wall 12, which becomes thinner towards its central region. Bo

made of materials suitable for use in optical lenses. While specific

walls are ‘ . | oo
terials are given, it will be appreciated by one skilled in the art inthe lighto
o ’ hout departing from the scope

disclosure that other materials may be practiced witl

30 and spirit of the invention.
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materials are given, it will be appreciated by one skilled in the art in the
light of this disclosure that other materials may be practiced without
departing from the scope 30 and spirit of the invention. WO 2006/135960
PCTIAU2006/000858 -29 For example, the rigid wall 10 may alternatively
BE MYEBPYlass, a polycarbonate, or a composite. The fleS§idie W858
a wafer that preferably tapers to a thinner thickness at the 5 center of the
wafer than at the periphery of the wafengl'he flexible wall 12 may be
formed of a component comprising a stretchable, pliable, variform disc of
syottetienplethgetyidis/allate ried p bipticaivelbr e thalis stglable of variable
dilatation. A. flexible wall in.accordance with this and other embodiments
o[? e?rﬁ[\%/oerrll .‘gh?é" gf}rﬁgg?}%m a stable, homogenous and stretchable
material, which is transparent 10 to the radiation being transmitted by the

ez 2adiMBiFRINGS 8 BRAIEAHER RYakRStAbEL SR SHRSIANEANGLR &1 the

default original position. Such materials comprise, for example, silicone
GBBISCHR Alon el e, RRP BBy B e oo fiseiewval 12 may be
plotyestess ctihgpoepitsticpribing sustadtch dgrfﬂwﬂfhméymmfm@ﬁmﬁc
t ial is fransparent to radiation. and has the prpperties of.being 15
kT O s G kg T
dtanblgiuabie aegrrsengranithdhisaing dibpraesdodintardsotieerigicatn is
IRotie darBRedigishle, thensiknd s bAdseeenigrerdr qaf i%zewevg}érligbarem

receiving fluid 14 by spacing apart the walls 10, 12. 20 The walls 10,
ARt R EARR RIS rI Ry PedensAddiRhfpg & Mesgavdhat may

teimalhioretylindubatantfaityrtoln dutaethagiiabpbsttienntsushl suttacgs of
t s ' 1 ine.the cavity as well. The walls 10, 12 are
OB T Al S BB R P (e iponates,
tRBANYEIRSI Su HabE stfther teralapestiong Any Beibibls thateridisriy, Be used

haeadiat ﬂa@rma%aéﬁ@%ﬁ%&%%%am WHA ReROHR BB HEY B being

gro%}/e in the mounting 11. A fluid seal is formed between the Eerlphery
OFR%EN BIFHETHRLT BPRe A ther sisriissiinny. Therntabrasianasine
diexiblemaitiottainalls BEingArpthtee barwlenouRtnglilwall. In this
embodiment, the walls 10, 12 are configured to define a cavity for receiving fluid

14 by spacing apatt the walls 10, 12.

The walls 10, 12 are circular in form and are housed in a barrel mounting 11,
which is tubular or cylindrical in form. In this embodiment, the internal surfaces of
the barrel mounting 11 define the cavity as well. The walls 10, 12 are spaced
apart relative to each other and are fitted in annular grooves in the interior surface
of the barrel mounting 11. Each of the walls 10, 12 has a flat peripheral edge for
engagement with a square notch-type groove in the mounting 11. A fluid seal is

~ formed between the periphery of each of the walls 10, 12 and the barrel mounting

11. The seal between one or more of the walls 10, 12 and the barre! mounting 11
may be effected by pressure, or in other implementations using a suitable epoxy or
sealant, for example, although other sealing mechanisms may be employed
without departing from the scope and spirit of the invention. While the walls 10, 12
are spaced apart in this embodiment, using separate grooves in the barrel
mounting, this need not be the case. Fdr example, the two walls 10, 12 may



may be effected by pressure, or in other implementations using a suitable
epoxy or sealant, for example, although other sealing mechanisms may

be employed 30 without departing from the scope and spirit of the
invention. While the walls 10, 12 are spaced apart in this embodiment,
SRy ¥&hafate grooves in the barrel mounting, this need n&{B& Ha%¢44Rsss
For example, the two walls 10, 12 may WO 2006/135960
PCT/AU2006/000858 -30 directly abutgach other in a single groove
formed in the barrel mounting, provided a port is able to communicate

\gjmcalp Hﬂﬁf@@bﬁ%gﬁéﬁ)ﬁlaesif@gléhgﬁfm?f@yﬁbé im&prk&rélZnWhﬂalgaprovided

arrel mounting Is disc eq for.this a er Iment
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acts as a acement media and is inserted into and removed ft‘O{Tl the

5 davhg'dincatpesthes tgnaliemende PrRie Y63 A8 NBTRGRY YP'dHe. for

OmmBIBIGHeRiEBelgRVYa Thdisplanstiment thedizais cBpalildd4 acts as
displacing the flexible wall .12 relative 10 to the riqi :
A RSP Eal R HR Bpe S e A oL e BotHnbUERE s por

(hdtwhinviextBydsotmaligictior bamshaqabstinguhiceot gormurisatas vdlfidhe
g@ﬂ’ﬁ;’ﬁﬁe dﬂi@}ié@éﬁ%ﬁ%@é@l%ﬁﬁl@% HOI ARG BSLAENibR {paMe relative

used to fill the lens cavit¥8r{nay be any homaogenous,
i

10 fpbeoiiaivalltOndhedstila RIMIdRRIGT IHifcRPEIACAIN ERR e
heing, teaasaiied ey dheilens: ahdwr)ichy hamtultig @ tvergiad shebilityse of
not ta be adversely affected by radiation being f; the, le
T e SR S BB e 7 e S B e pes can
ik praradfth or even a water based product. In particular, 20 it has been
found that Johnson's(r) Baby Oil is a suitable fluid. Preferably, the fluid 14
may be degassed, so that any heating of the fluid by radiation bein

15 thesfiidelt Byaddadildia esinsrh SR b Y RPTBRYERRHT 198 TRpIEosive, of
GRtyeudtich miahivaenasseingitaehirrnsmittaliafidhcoeraiptionshylitbe by the

Ljé‘asﬁlgain}c%%\ 2 %‘%ﬁ%} %%%Mét%@ﬁyyr%g %8 F%%‘ié eelea%e%gly affected by
radiation being focused by the lens. The fiuid 14 may comprise an oil, a glycerine,
a silicone cil, a vegetable oil, paraffin or even a water based product. In particuiar,
20 it has been found that Johnson's® Baby Oil is a suitable fluid. Preferably, the fluid
14 may be degassed, so that any heating of the fluid by radiation being transmitted
by the Zens does not cause bubbles fo form within the lens cavity, which might
adversely affect tfransmittal of the radiation by the lens. The fluid 14 may optionally
be coloured so that the lens can additionally be used as a colour filter.
25
To reduce the effect of gravity on the profile of the lens, the amount of fluid 14 in
the cavity is preferably minimised. This is done by reducing the distance between
the first wall 12 and the second wall 10, so as to minimise the volume of the cavity.
If a larger or thicker lens is required, a more thixotropic fluid could be used so asto
30 prevent bulging towards the lowest part of the lens, and also to prevent undesired
vibrations of the flexible wall 12. Alternatively, a thicker flexible wali may be used.



25 To reduce the effect of gravity on the profile of the lens, the amount of
fluid 14 in the cavity is preferably minimised. This is done by reducing the
distance between the first wall 12 and the second wall 10, so as to

winig&i{s%j[g](% volume of the cavity. If a larger or thicker IensPi(sj?[/e %rﬁe(g,m?sﬁg
Mot |x%t|‘opic fluid could be used so as to 30 prevent bulglng%waf S

the lowest part of the lens, and also to prevent undesired vibrations of the
flexible wall 12. Alternatively, a thicker fléxible wall may be used. WO
2006/135960 PCT/AU2006/000858 -31 When the amount of fluid 14 in

tHe kenitheigaoathpiifitich14ie theasativisiahayhamdmotiaiiesbiasiitimay be

rigichwthavihAnsnal amawmiohl e seRar aineuiieoiraidwdisaratiigane two
flexible wall 12 may be flexed by forcing the fluid 14 into the cavity or
réﬁ?ﬁ\?ing fluid 14 from the cavity, so as to produce positive or negative

lens profiles. A flexible wall in accordance with this and other
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towards the bottom af the flexible wall 12 and 20 ensures a consistent

pHiHRE T diMA ERE R d AL TR Al Al 6P SPREUIRIERAU b e
thieflilskeblealividl d2ynaigalsorbeiletdred for systems requiring more or less
15 profile flexure and variation.
The thickness of the fiexible wall 12 may be increased for larger diameter optical
systems so that the fiexible wall 12 has a reduced flexibility and the effect of
gravity on the fluid in the cavity is reduced. Such reduced flexibility prevents
bulging of the flexible wall 12 towards the bottom of the flexible wall 12 and _
.20 ensures a consistent profile around the circumference of the flexible wall 12. The

thickness of the flexible wall 12 may aiso be altered for systems requiring more or

less profile flexure and variation.

In this embodiment, the flexible wall 12 is provided with two annular grocves 15,
25 one in each surface of the wall 12 in a configuration where the grooves 15 are on
opposite sides of one anaother. In this embodiment, the ocutermost edge of the
grooves 15 is positioned at or adjacent to the internal surface of the barrel
mounting 11. The grooves 15 have a c-shaped cross section in this embodiment,
but other shaped grooves may be practiced, for example, v-shaped grooves. The
30 depth of the groove bases is such that the distance between the two bases is the
same or substantially the same as the thickness of the flexible wall 12 at its centre.
While the distances are the same or substantially the same as the thickness of the



In this embodiment, the flexible wall 12 is provided with two annular
grooves 15, 25 one in each surface of the wall 12 in a configuration
where the grooves 15 are on opposite sides of one another. In this

‘g[g}g{%g){?i%ogt, the outermost edge of the grooves 15 is positioned at or

AT8AT10 the internal surface of the barrel mounting 11. T%%T/grgzé)\(}ggofﬁg

have a c-shaped cross section in this embodiment, but other shaped
grooves may be practiced, for examplea~shaped grooves. The 30 depth
of the groove bases is such that the distance between the two bases is
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spirit of the, invention provided the resulting groev ACt icie
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tHexibleveltd Dby Biéibtatsdhealispewstrosy kesiiie ddsfrometiganie 15 in

tp%ﬂﬂé‘é}‘i giufaeswhibe ol exibleyallhe may dagiiiate dbevlisrensionetwhes 10,
fluid 14 from the port 13 between the two walls 10, 12, es 60%%%5?19 liftls of no

chhfirraaBhSlonshreRasad ipdeiiener drsci shut bl

teaeithercarebe gy alavivaash ofherwigaiodiblacenientcavitjoesitdmiviben the
two wabs , 12 without displacement media held between the 10 walls
10 1‘6?‘![32. n FIg. 1a, the amount of fluid is controlled or varied, so that the
flexible wall 12 is positioned such that a first surface 16 closest to the

k0 i SORURK LA BACHIRRTEE S ARIALAIRGIRIE foribidall 12 i
wal IS concave. This flexm% of the 15 flexible wall 12 or displacement

esitisadayedibrtadiss Sthislrsastiin Be HcHyRY 19 & FoRYRY and a
Cauibniin i thad uig rasesvofrdnolshayicnivan F@islcontheanihistlekiigadishe

contralled qr varied, so that the flexible | 12.is_positioned s h
15 ERElHA 12 Bl S RE TG At P Solh S SR Ao o
theedeidrid sutfatthe Sdaithsoftoerliie igierwall (notistevmahve. In Fig. 1
¢, the amount of fluid is controlled so that the flexible wall is positioned
In Fig. 1b, the amount of fluid is controlled or varied, so that the flexible wall 12 is

positioned such that the first surface 16 closest to the rigid wall 10 is substantially
20 planar and the second surface 18 farthest from the rigid wall 10 is concave.

In Fig. 1c, the amount of fluid is controlied so that the flexible wall is positioned
such that the first surface 16 closest fo the rigid wall 10 is concave and the second
surface 18 farthest from the rigid wall 10 is substantially pianar.

25
In Fig. 1d, the amount of fiuid is controlled so that the flexible wall is positioned
such that the first surface 16 closest to the rigid wall 10 is concave and the second

surface 18 farthest from the rigid wall 10 is convex.

30 By changing the amount of fluid 14 in the cavity from the amount shown in Fig. 1a
to the amount shown in Fig. 1d, the focusing power of the lens is changed from a

negative power to a positive power. For example, the lens may have a power



such that the first surface 16 closest to the rigid wall 10 is concave and the
second surface 18 farthest from the rigid wall 10 is substantially planar.
25 In Fig. 1d, the amount of fluid is controlled so that the flexible wall is

@ositioneg such that the first surface 16 closest to the rigid wall 10 is
GPAY/& Il the second surface 18 farthest from the rigid Wall/A§36/600858

convex. 30 By changing the amount of fluid 14 in the cavity from the
amount shown in Fig. 1 a to the amouigshown in Fig. 1 d, the focusing
power of the lens is changed from a negative power to a positive power.
Frahgeamiplen tisolenOrmybumie-a Poptesy@eoa8sg6may be practiced

FIRAGO0BARROAR, ¥ danae AlTaHabeME iRyt +9 Dioptres.
Rer powers may be practiced without departing from the scope and
spirit of the invention. Figs. 2a and 2b show a lens according to another
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embodiment. T 22 define a cavity for recelvmg fluid 24. The

fleatngale deaniedsrproaelielin wanah obihgruglie 39 = afihg Efface
26-tineresfehaay onie 25, Pasdemmshapedigrassseasitiog ful AheThe flexible
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is embodiment, other distances between the groove base and the

_ ofneiesarisce theflexitle wall-tRde throvame aevBsiantyly b Ramaeadie
syfisicatly At HiegBlc WSO N G2 Bentis. asgaihingsitotimiskedads the same

| consistency. of the curvature,of the flexible %él acrqss its surfaces. 20 The
15 \BIRDB DY o FEROPI 4 B 0 ROy DU VT Rl g oove
 ibadiecioddtidatiieissanid 28 rembbeipnastiseit providdsktap peseling araeve
Sm“%ﬂdﬂs sufiiciently as a hinge. The groove 25 acts as a hinge fo improve the
consistency of the curvature of the flexible wall across its surfaces.

20 The walls 20, 22 are housed in a barrel mouriting 21. Whiist a barrel mounting is
disciosed for this and other embodiments, it would be apparent fo one skilled in
the art that other mechanisms for holding together the walls may be practised such
as bonding or welding, for example. The configuration of the barrel mounting 21
and the configuration of the walls and the mounting are the same as that

25 described in Figs. 1a to 1d. The fluid 24 is inserted into and removed from the
cavity via port 23 which extends through the barrel mounting 21 into the cavity.
The port 23 provides for fluid communication between the cavity and a fluid
reservoir (not shown). By controlling the volume of fluid 24 in the cavity, the
flexible wall 20 is caused to move such that various lens shapes can be formed.

30
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the art that other mechanisms for holding together the walls may be
practised such as bonding or welding, for example. The configuration of
the barrel mounting 21 and the configuration of the walls and the

{I?S"iﬂ&i&%%fﬁ the same as that 25 described in Figs. 1a to 19 ;[}1 f!)%iq @0%
tea i ich e&%ézndﬁso 8

IS Insertéd into and removed from the cavity via port 23 whi

through the barrel mounting 21 into the cavity. The port 23 provides for

fluid communication between the cavity4nd a fluid reservoir (not shown).

By controlling the volume of fluid 24 in the cavity, the flexible wall 20 is
dauSgdae, theverspo tididocenisvlisdsapiatte HexXiimadd 20 M/@sitioned

2&%@(&%%59&@9&%%%@%@?@%@@8 Gigh 22 a@&ﬁ%&’%“&é@dﬁd

controlled so that the flexible wall 20 is positioned such that a first surface
28 dRrsedBiRiie HiramAeXioid Walhak '8/8C8%8ond surface 28 farthest

from the rigid wall 22 is concave. 5 In Fig. 2b, the amount of fluid is

ontroll that the, flexible .wall 20 js positioned such. that the first
TR e ettt i o RS B D Bl pagtionec
28:thrthabtifedirstisefigid dalliesas @mﬂwﬂgi@y&_ihaa dsneptheamulititeofecond
TWigradd I G- FRUY- SR T S AMPANE §ROWKHELEY- 2a 10 to the amount

shown in Fig. 2b, the focusing power of the lens is changed to be more
positive. Figs. 3a to 3c show a lens according to yet another embodiment

@y pngsrNthdwentian o udensic oRenHses/ drogi dHe ansceri ehve i al Fig. 2a

0 and a flexible wall.32..1 ich becomes thinner towards.its central
O i B R i 2R R R BB ST s e to b
wediks 3osBi¥elefine a cavity for receiving fluid 34. The walls 30, 32 are

spaced apart relative to each other and are fitted in annular grooves in
the interior surface of the barrel mounting 31. Each of the walls 30, 32

8% Fatpensherardage sseertinghyshenmie sipedimsrhofibe present
greeredn. Need8ry euhtiitted a Higifiaxiievathdd Gdarquidad WB:HnR wall 32

annu rooves, 35, one in_each surface of the wall. The grooyes have a

e e R e S o Cou o AR A e vl
diSttaves BeniiexihlchealdZoathe walte3SaB define a cavity for receiving fluid 34.
The walls 30, 32 are spaced apart relative to each other and are fitted in annular
grooves in the interior surface of the barrel mounting 31. Each of the walls 30, 32
has a flat peripheral edge for engagement with a square notch-type groove in the
mounting 31. The flexible wall 32 is provided with two annular grooves 35, one in’
each surface of the wall. The grooves have a c-shaped cross section and the
depth of their bases is such that the distance between the two bases is the same
or substantially the same as the thickness of the flexible wall 32 at its centre,
Again, while the distance is the same or substantially the same in this
embodiment, other distances between the groove base and the other surface 28
may be practised provided the resuiting groove functions sufficiently as a hinge.
The grooves act as hinges to improve the consistency of the curvature of the
flexible wall across its surfaces. The walls 30, 32 are housed in a barrel mounting
31. Whilst a barrel mounting is disclosed for this and other embodiments, it would
be apparent to one skilled in the art that other mechanisms for holding together the
walls may be practised such as bonding or welding, for example. The fiuid 34 is
inserfed into and removed from the cavity via port 33 which extends through the



or substantially the same as the thickness of the flexible wall 32 at its
centre. Again, while the distance is the same or substantially the same in
this 25 embodiment, other distances between the groove base and the

@3?50%511%%%5 28 may be practised provided the resulting grPSﬁ%QLjQOCJ}&Q%g

ufficiently as a hinge. The grooves act as hinges to improve t
consistency of the curvature of the flexible wall across its surfaces. The
walls 30, 32 are housed in a barrel motiiting 31. Whilst a barrel mounting
is disclosed for this and other embodiments, it would 30 be apparent to

- oerwsitiainge3Arindhe werinethe RS ForoNitsa gaoldthemmuniaigon
BRRE AR SR URR RN A RIIEHOIA Y BBlR TR THE o o

inserted into and removed from the cavity via port 33 which extends
tiriSi g indhi esvtiodha Ssybte et 3s GasRsb s BV ish M yaHaHS lens

Ihipedhacavityrhbe.port 33 provides for fluid communication between
the cavity and a fluid reservoir (not shown). By controlling the volume of
fluid 34 in the cavity, the flexible wall 32 is caused to move such that

vidriods Jen e rapsntanfluis fdfnrecoBmriisigsthahbafietbieoraliiv3s is
ipdRes bR RstYamel 38 Hofasiionss RygWARsE (W bAVERER a

6 closest to the rigid wall 30 is convex and a_second surface 38 farthest
FREROME ?&ﬁf@%éﬁ%‘f@%ﬁﬁ%é?‘%’%ﬁ#@?'é’& EUWERFht of fluid 34 is

controlled so that the flexible wall 32 is positioned such that the first

rface.36 glosest to the rigid.wall 30 is concav the ond face
10 B Dol o L e s S Rl e e R
arpsiinnerfryahdhad tberirsliedreseia aiesaskibléhwagigwsi3desitonad: and

et %ﬁ&&f%%&@ﬁ%ﬁk%@m}?@ﬂ ROISHPARME, Mchar.,

~ second surface 38 farthest from the rigid wall 30 is convex. In each of
Figs. 3a to 3c, the volume of fluid 34 between the walls 30, 32 is
_ imerEigsad, Ay ahangingf fhednBaos iopiibilist b iththeheadvtiomdhe? is
amo Zﬁ]sh wh in Fig. 3a to the unt shown in Fjg. e focusi
15 TRSRe SR L R A R R B IR i
second surface 38 farthest from the rigid wall 30 is convex.

In each of Figs. 3a to 3¢, the volume of fluid 34 between the walls 30, 32 is
increased. By changing the amount of fluid 34 in the cavity from the amount

20 shown in Fig. 3a fo the amount shown in Fig. 3c, the focusing power of the lens is
changed from a negative power to a positive power.

Figs. ba to 5d show a lens according to a still further embodiment of the present
invention. The lens comprises a plano convex rigid wall 50 and a flexible wall 52 '
25 which becomes thinner towards its central region. The walls 50, 52 define a cavity
for recelving fluid 54. The flexible wall 52 is provided with two annular grooves 55,
one in each surface of the wall. The grooves have a c-shaped cross section and
-the depth of their bases is such that the distance between the two bases is the
same or substantially the same as the thickness of the flexible wall 52 at its centre.
30 Whilst the distances are the same or substantially the same in this embodiment,
this is not essential. Other distances may be implemented without departing from
the scope and spirit of the invention. The grooves act as hinges to improve the
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Figs. 5a to 5d show a lens according to a still further embodiment of the
present invention. The lens comprises a piano convex rigid wall 50 and a
flexible wall 52 25 which becomes thinner towards its central region. The
W?)”ﬁ}(fé? 3§gﬁgefine a cavity for receiving fluid 54. The ﬂexmlﬁ(ﬂ%ﬂﬂ%ﬂh%oesss
provi eé with two annular grooves 55, one in each surface of the'wall. ™
The grooves have a c-shaped cross section and the depth of their bases

is such that the distance between the ta® bases is the same or

substantially the same as the thickness of the flexible wall 52 at its centre.
3onglstsnayeiiibeneasiare tidhsainsibie sviibrertalitsheudanss i tesvalls 60,
ephedimarbqtiis:ie RpiEeBAN Qther dis RS BRBMREIMNEMEAS Surtace

without eéaartlgg from the scope and spirit of the invention. The grooves

£tthe ARigeeibIfisrsrdindieoonsd 2o obde e poysdon doos o5 thegigid
coalsistefacy o bikey drowpiiusdietithe WaKibie Walk aeinssiisssustadesudditin a
alls Q. 62.are.spaced.apart relative tg each pther his emhodiment
o e RS b e DS TR e s B T A
aflsbesaledecobiidnaigiad Wadl SCHassbsuagsromane didribfdhealilizand a

AR PRy 3 AENHERLIP S SOAIFR WGP Lol MSe barrel mounting

embodiment, the rigid wall 50 does not have a square peripheral edge,

BUt RS EP AR {asmed A indiderngk sHEaaIf RNgagaEERt with the
maﬁphswtsfdﬁh@ﬁghmthsm, rﬁst}rimm' -d @ifharm, esgaelibr klrameiz hafs a square
mountin as arecipr ormed groove in its internal surface for
DR B e N I e PR R B AR R groove
tifetiexnstaniiag 52. Mékilat sobenelroqyetipbdeadisdgecatiinthishichd lodlysr
B AAEREDGNINACIM A SRR HRYE il RSB ER mdhilalsms

3 barrel mounting is disclosed for this and other embodiments, it would be

BoarkPeBaRIRE YRlisdnay BRPEAESH SUsERSRentRg BldyRiding, for
tegmtise IMaavidisl Bhis espradiste sutfeatdveddivghahaveldngviobort 53,

flui IS | d.i d d f h ity Vi .
S S ST S R 3
e fle 8! prowmsidelicuieweamihscaity sedveBuidressavity G shituid). By

TRSRRUNIRGALSRAYMD-BYukPsi alling %eﬁﬁ'%ﬁi%ﬂ%&%ﬂ B> R Cavly 1o

the flexible wall 52 is caused to move such that various lens shapes can
RONSHSideh that various lens shapes can be formed.

In Fig. ba, the amount of fluid 54 is controlled so that the flexible wall 52 is
positioned such that a first surface 56 closest to the rigid wall 50 is convex and a
second surface 58 farthest from the rigid wall 50 is concave.

In Fig. 5b, the amount of fluid 54 is controlled so that the flexible wall 52 is
positioned such that the first surface 56 closest to the rigid wall 50 is substantially
planar and the second surface 58 farthest from the rigid wall 50 is concave.

in Fig. 5c¢, the amount of fluid 54 is controlled so that the flexible wall 52 is
positioned such that the first surface 56 closest to the rigid wall 50 is concave and
the second surface 58 farthest from the rigid wall 50 is substantially planar,



20 In Fig. 5a, the amount of fluid 54 is controlled so that the flexible wall

52 is positioned such that a first surface 56 closest to the rigid wall 50 is
convex and a second surface 58 farthest from the rigid wall 50 is
concave, In Fig. 5b, the amount of fluid 54 is controlled so that the flexible
WAFEYIERS positioned such that the first surface 56 closest td tHEH§IE0 88
wall 50 is substantially planar and the second surface 58 farthest from the
rigid wall 50 is concave. In Fig. 5c, the-gmount of fluid 54 is controlled so
that the flexible wall 52 is positioned such that the first surface 56 closest
tintRéegrige ivalkb®istonfiaiiesdng caitbliesesotichs thitaflex@fdaviiest feom

- Bedpasena ha Rt abxalanas HOPONRIRIRYaN 50 s cangave and
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tHit aRSHes I RRe B sihest iemdbis tisid twalltBB Brsosueiace 56 closest

to the rigid wall 50 is concave and the second surface 58 farthest from

L%%ri id wall 50 is Convex, B ch_aq ing the amount of fluid 54 in the
D ABEHPERTAT R e Cry W B TR PR, SPGB, 52

tieetfecasingniehewofitiédend, ithelfangedg pbeemsfrthposiivie. JHgsgd®2o be

t%&@ﬁm{\’/& lens according to a further embodiment of the present 10

invention. The lens comprises a substantially planar rigid wall 110 and a

flexible wall 112, which becomes thinner towards its central region. The

Widls. 108, 1o Hdriaine & iepvibeiordperivingUleid Addndimualis O grident
112 are s e? ?hgnart in this embodlargﬁ,n . ‘I_'he flexible wall 112 is .
TSSO AR R RS Sl rnlewer fiid el #1080t sifiexiole
grebhvid 2,15Hicis keeshaptinnestheectioitaodriral iegilistaresbstweeo, 112

t ' f 118 flexibl .
ERRSE RO SSua e A 109, e R ISRt Bprt n

\in embadinesénirbeianiblemm iz sdsiid edendtinge snsulastgramalty 115 on
therseefiiuthis eI eRE gHBIEiIsIaNcss W&@Q&e&%@%@%ﬁénd the

%%%%%{’?’gé’f om thgé;ﬁ)%eean spirit of th{e invention. The walls 111(?,8 2

r BEFINED AbHRAP YA NnRseAnspbehikas 148 of th
fizciisasialbn tissathe otines crsbipsteméally, thaveanskhes app #iemhiss 9 0F the
NN Wgﬂe‘l 34 Q%%@W%@'%%istances are the same or substantially
the same in this embodiment, other distances may be practiced without departing
from the scope and spirit of the invention. The walls 110, 112 are housed in a
barrel mounting 111. Whilst a barrel mounting is disclosed for this and other
embodiments, it would be apparent to one skilled in the art that dther mechanisms
for holding together the walls may be practised such as bonding or welding, for
example. Fluid 114 is inserted into and removed from the cavity via a port 113,
which exiends through the flexible wall 112. The port 113 provides for fiuid
communication between the cavity and a fluid reservoir (not shown). By controlling
the volume of fluid 114 in the cavity, the flexible wall 112 is caused to move such
that various lens shapes can be formed.

For example, in Fig. 10a, the amount of fluid 114 is controlled so that the flexible
wall 112 is positioned such that a first surface 116 of that wall 112 closest to the
rigid wall 110 is substantially planar and a second surface 118 farthest from the

- rigid wall 110 is concave.
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for holding together the walls may be practised such as bonding or
welding, for example. Fluid 114 is inserted into and removed from the
cavity via a port 113, which extends through the flexible wall 112. The

\ygfort 113 grovides for fluid 25 communication between the cagj; %néj a o5
G4%E4&NEr (not shown). By controlling the volume of fluilt TIA #0988

cavity, the flexible wall 112 is caused to move such that various lens
shapes can be formed. For example, in38ig. 10a, the amount of fluid 114
is controlled so that the flexible 30 wall 112 is positioned such that a first
surface 116 of that wall 112 closest to the rigid wall 110 is substantially

planag ahar8 GRAG S ERAGIA 4343 BSSt-AiRD Qaem@gkﬂéﬂﬁ%kﬂbl}ggé?ﬁ J12is

concave. WO 2006/135960 PCT/AU2006/000858 -38 In Fig. 10b,
aResiHinGLHEN Detdts St ohisace thadnssrt bibavigia walls! foisiseneave

saobl Ksatateficctaiace Blachse st the rigid wall 1iiseereave and
its second surface 118 farthest from the rigid wall 110 is convex. 5 In Fig.
10c, the amount of fluid is controlled so that the flexible wall is positioned
stithighdfa. fihst smesies AThicldsesntwling sigithaidhd lexibieonathiemmsitianed -

SEG i .
R e o e T

2 {8 {RERFRbIRESIGR ¥Rl 1 &l 898¥8%using power of the lens

is changed to become more positive. Figs. | lato 11c show a lens

kding. il a further iment,of the present. 15 invention. The .
S B 5 ol T3 2 e e i i
133 {orlen Beeoniehawnrie Fawticstite fosnsaig egiver Thibevals 126hdiRfd to
dedingid GRYHY fesiireeiving fluid 124. The walls 120, 122 are housed in a
barrel mounting 121. Whilst a barrel mounting is disclosed for this and

other embodiments, it would be apparent to one skilled in the art that
offigey. hiectanicnehal foicheldirginggtioastine wallieranihripiaatispthsyilisent

G SR g U o P
wall 122, which becomes thinner towards its central region. The walls 120, 122
define a cavity for receiving fluid 124. The walls 120, 122 are housed in a barrel

- mounting 121. Whilst a barrel mounting is disclosed for this and other
embodiments, it would be apparent to one skilled in the art that other mechanisms
for holding together the walls may be practised such as bonding or welding, for
example. The fluid 124 is inserted into and removed from the cavity via ports 123
which are equally spaced around the circumference of the lens, as shown in Figs.
11a and 11¢, and which extend through the barrel mounting 121 into the cavity.
The ports 123 provide for fluid communication between the cavity and a fluid
reservoir 140. By controlling the volume of fluid 124 in the cavity, the flexible wall
122 is caused to move such that various lens shapes can be formed. The lens
also comprises an annular groove 130 of v-shaped cross section around the
petiphery of the flexible wall 122. The groove is formed in a first surface of the
flexible wali which is closest to the rigid wall 120. The groove acts as a hinge fo
improve the consistency of the curvature of the flexible wall across its surface. A
blunt v-shaped or a c-shaped cross-section groove may be practiced instead.
Further, the flexible wall may have mare than one groove 130.
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which are equally spaced around the circumference of the lens, as shown
in Figs. 11 a and 11 c, and which extend through the barrel mounting 121
into the cavity. The ports 123 provide for fluid communication between

the cavity and a fluid 25 reservoir 140. By controlling the volume of fluid
Y?f?ﬂéfhé’gé%vity, the flexible wall 122 is caused to move suth{AZge¢e/000858
various lens shapes can be formed. The lens also comprises an annular
groove 130 of v-shaped cross section-dgund the periphery of the flexible
wall 122. The groove is formed in a first surface of the flexible wall which

is closest to the rigid wall 120. The groove acts as a hinge to 30 improve

the condpRNEY LB SRS Aldhe fexblrinalhrerans eadipffeftion.
blunt v-shaped or a c-shaped cross-section groove may be p%&éﬁfwu 1510

if&edens eorRgsaha aekitrntialy Rlagaidiaidyel 1797 8nd g
WRIGD6¢RRIGAINET 1AW20RGIORBANE! rdGidrig The shily t56Ms1510 define a

ding t th diment of th i i
e R T PR G 2 AL S hE el ner, for
vebiatn e cowh etherimnestanisiisiiteycen s ¢igashior heldiansthavdogsther. The
A6f1A%-aR SRR 485 FRARG EY Ho B N@lRHl 2R béAnEO9NRREhUre equally

welded together, for example, but other mechanisms may be, ar‘cg;[iced for

AR FRND L ESEPUTRE 9ra R THEdARE A0 WD NI HE fog gVt The
Couity YEDRerts OB viichcarersupialiiios prtedendhaddvitycinsdmftreheservoir

1 hich ext intq th ity, Th 1 i .
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stasayl Byreoenlithdhatvasiowsdesrsikhanasiraedatiomedicliiis deviie wall
Lodfhinasaiseshinimoysust 1824 wiouslsas shapaseambaiaraete

The flexible wall 1510 has two annular grooves 1511 of v-shaBped Cross

dlRens fiei,
thiis siareadimerricaieldisp rRcedobraifiscbradpisite eilels otithe avalbipdSitand
sides ,of the wall.1510 and 15 may be deeper than_is.the case wh

T Bk e B R s art RRREOIIALR NG A BEIGUIE cach
asttaehinygeio, ithp @vothel o hsistersadiitiye tuivamedheheonsiaisaay4f the
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groove may be practiced instead. i .
shaped cross-section groove may be practiced instead.

8. A Muitiple-Element System

Figs. 9a and 9b show a multipie-element system including two lenses according to
an embodiment of the present invention. The system comprises a first lens
according fo an embodiment of the present invention including a substantially
planar rigid wall 90 and a flexible wall 92 which becomes thinner towards its
central region. The walls 80, 92 define a cavity for receiving fluid 84. in this
embodiment, the two walls 90, 82 ate slightly spaced apart. The flexible wall 92 is
provided with fwo annular grooves 95, one in each surface of the wall. The
grooves have a c-shaped cross section and the depth of their bases is such that
the distance between the two bases is the same or substantially the same as the
thickness of the flexible wall 92 at its centre. Again, whilst the distances are the
same or substantially the same in this embodiment, this is not essential. Different
distances may be practiced. The grooves act as hinges fo improve the



10

20

25

30

20 8. A Multiple-Element System Figs. 9a and 9b show a multiple-element
system including two lenses according to an embodiment of the present
invention. The system comprises a first lens according to an embodiment

of the lre§ent invention including a substantially planar rigig(\j/v?ll QQOanéjog%g
W81 12 which becomes thinner towards its 25 central rgé‘lg%. THE

walls 90, 92 define a cavity for receiving fluid 94. In this embodiment, the

two walls 90, 92 are slightly spaced apau- The flexible wall 92 is provided
with two annular grooves 95, one in each surface of the wall. The grooves
hevesistsstiapbihe mssaiontiohthadichivlidepsil abthedr ibnseddsesudithatlis 90,

the dtaprRaeveaihe m@@eéﬁmﬂ% ggﬁsﬁaﬁg&ﬁmﬁ{xéﬂ%@éﬁs

as the 30 thickness of the flexible®wall 92 at it gain, whilst
drRiEReeheedRe WdhtecoraiRsstapitaHly BscasaRYe sTaRRasHbBfirinderionsyrface

?nm@gégetimowifwbd%aggﬁ%g%%y gw/ﬁaﬁaéq%%i/oﬂ&ésag@?g@%%mer
Inges [o Impraye . - .
SR i BB B Pt S R ls Gl rpghanisms
V\faﬂél@dingmammtﬁsedvailamay_rbbrpmnﬁéegl 9tdh asdimglenpagesidingofor
thei spuare PRI M%@W!m&%&wmamfg&gmﬁﬁﬂr 16693

in the interior surface of the barrel mounting 91 mounting

idGich sxtandsy tirughdsharsianmudirachtdntowlr rriilyaphareat @3darevides
D aratod sUeh a6 poneine. ot e ot el The o ooy

e practised such as bonding or.welding, for example. yid 94 is
B RE O e L TR BE TREETs Whl oo o
thnougIsubb hatrefricoariting 9iapds ¢ae bavaym&de port 93 provides for

fluid communication between the cavity and a fluid reservoir (not shown).
By 10 controlling the volume of fluid 94 in the cavity, the flexible wall 92 is

cBfse 98- e dnaueh ohBuickPrb issaenisalirdpus thahtbe ferikial wallg i9a,
thesiaouttsobhlith4 ipstenpledstmitdrlledkiryall 821s rgid wall 90 is

itioned such that a first surface 96 of that wall 92 closest tq the rigid _
GRS BOEAVE AR aEaR TR S IStAiorh I SVRRPOly

qUdsaubstantially planar.

The system further comprises a second lens according to an embodiment of the
present invention including a plano concave rigid wall 100 and a flexible wall 102
which becomes thinner towards its central region. The wails 100, 102 define a
cavity for receiving fluid 104. The curved surface of the wall 100 faces the flexible
wall 92 and away from the flexible wall 102. The planar surface of the rigid wall
100 faces the flexible wall 102. The flexible wall 102 is provided with two annular
grooves 105, one in each surface of the wall. The grooves have a c-shaped cross
section and the depth of their bases is such that the distance between the two
bases is the same or substantially the same as the thickness of the flexible wail
102 at its centre. Whilst the distances are the same or substantially the same in
this embodiment, this is not an essential feature of the present invention. The
grooves act as hinges to improve the consistency of the curvature of the flexibie
wall across its surfaces, The walls 100, 102 are housed in barrel mounting 91. The
fluid 104 is inserted into and removed from the cavity via a port 103 which extends
through the barrel mounting 91 into the cavity. The port 103 provides for fluid
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The system further comprises a second lens according to an embodiment

of the present invention including a piano concave rigid wall 100 and a

flexible wall 102 20 which becomes thinner towards its central region. The
Il 2 define a cavity for receiving fluid 104. The ¢

of%th%dl\cl(\egﬁ%go faces the flexible wall 92 and away from thﬁ%ﬁfﬁg@?gﬁﬁoss&

102. The planar surface of the rigid wall 100 faces the flexible wall 102.

The flexible wall 102 is provided with t#é-annular grooves 105, one in

each surface of the wall. The grooves have a c-shaped cross 25 section

aoirmeiteptinobeerabhescrvdl anthaliid marMel Belalsihe By gontroling
hfsemisdhRectams posubgiantially, he semslawtetickneasettiemove such

flexible wall 102 at its centre. hrls e distances are the same or
JimstiainyRa0e SRARSTPARIRS ent, this is not an essential feature

of the present invention The grooves act as hinges to improve the

Nfcher ok H{\S?‘r'grmibﬁ‘%f&%&%ﬂ&?éﬁ%ﬂ&%ﬁéﬁé&&b’?&%@%i&e

are ouse arrel mounting 91. The fluid 104 is inserted

oskinnod e/ iR TRESSaARP RS BIE S PIORRRIde I dkih well 100

the LEslauning Shinta ke satafnese b hARrgitealfantuisl WO
2006/1359 0 PCTIAU2006/000858 -41 communication between the

RiAFPEservoir (not shown). By controlling the volume of fluid
104 in the cavity, the flexible waII 102 is caused to move such that

VABks s Shanes 20 RAJMEd URIER SIS RTENRISL NG i

contr e 102 i1s positioned such that a first

sm&e@@e@cfnﬁaﬁww|fr€i28@r&e%9ﬁ)<¥ﬁ§%@\%1|fm@ walb8f dagengrye and
SpeeBesH rRdO Bdathrstfrimthr figid wall @@%I@oaubﬁtanﬁelbrmnabf fluid

10 In Fig. 9b, th of fluid 94 lled thtth flexibl
S ey I A AR R A e
cMﬁmkmaﬁdmthsagah@ﬁhﬁ%&%rﬂamwﬁiom sheornigi wmr:ed @8 farthest

C mgﬁ% f ﬂ 304 is controlled so that the flexible wall 102
|5ﬁ§§§ on d such that ?tfséj%rst surface 106 closest to the rigid wall 100 is-

concave and its second surface 108 farthest 15 from the rigid wall 100 is
CRY\&@anging the amount of fluid 94, 104 in the cavities from the amount shown in

Fig. 9a to the amount shown in Fig. 9b, the overall focusing power of the multiple-

glement system becomes more positive.
While specific combinations of lenses are shown in Fig. 9, one skilled in the art will
readily apprehend in the light of this disclosure that other combinations of lenses in

accordance with the foregoing embodiments may be practiced.

9. Lens Applications Including Cameras and Lighting Systems

Numerous applications exist for the use of lenses and multiple-element systems in
accordance with the embodiments of the invention. For example, two such
applications are cameras and lighting systems.

Fig. 12 shows a camera 200 including a lens 210 according to an embodiment of
the present invention. A lens in accordance with any of the foregoing
embodiments may be implemented in the lens generally depicted and identified by



By changing the amount of fluid 94, 104 in the cavities from the amount
shown in Fig. 9a to the amount shown in Fig. 9b, the overall focusing
power of the multiple- element system becomes more positive. 20 While

ecific combinations of lenses are shown in Fig. 9, one skilled in the art
W%IW%%’&??{ &pprehend in the light of this disclosure that oth&f */4U2006/000858
combinations of lenses in accordance with the foregoing embodiments
may be practiced. 25 9. Lens Applicatiogis Including Cameras and Lighting
Systems Numerous applications exist for the use of lenses and

mefipteaiameeral2iom3 e eaverdancepvidbdbe énedinsre efdhem, which
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systems. 30 Fig. 12 shows a camera |nclu Ing a lens A& ing
to an embodiment of the present invention. A lens in accordance with any
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according t0 an 5 embodiment o Avens
- RiEHEaREs adiplRg iithe foregoing embodiments may be implemented
in the lens generally depicted and identified by reference numeral 310.

o e R EncDScon
redi pestaadedt! Isith costing)autcleas anﬂwhgﬁl%ttmmiaml-mf lentidist
Copling, 2 aOyoBaR0 ey AARILEV 020N DL GXPIIPIE DS MEIR,

would e made of ma s capable of accepting a coatlng 4e
JeAPERIB Sh acepiRe = coatprBIgh &8 rolysatbonair.Retyeersfand polyesters.

embodiments of the invention regarding lenses and methods of
is rﬁ\aélnu]fagi:tur ar%g of ma cturl a flexible wall for a lens have

been esc FHed Wgﬁ ?éﬂ%ﬁ%%@ggmgﬂ%ﬁ%aﬁﬂﬂﬁ%ﬁ@ds of
' tm&méectunng fenses and of manufacturing a flexible wall for a lens have been
described. In the light of the foregoing disclosure, it will be apparent to those
skilled in the art that various modifications and/or substitutions may be made to
those embodiments without departing from the scope and spirit of the invention.
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skilled in the art that various modifications and/or substitutions may be
made to those embodiments without departing from the scope and spirit
of the invention. WO 2006/135960 PCP/A.U2006/000858 -43 CLAIMS
Woesiellasod. A lens comprising: 5 a first flexible wall havingP& T 1§po6esss
formed therein towards a perimeter of said first wall for a hinge; and a
second wall, said first wall and said se¢cgnd wall defining a cavity for
receiving fluid such that various lens shapes can be formed by controlling
the volume of fluid within the cavity~1Q g4\ lens according to claim 1,
wherein said first wall is defined by a first surface and a second surface,
alfeé thaimroove is formed in the first surface of said first wall. 15 3. A lens
according to claim 2, wherein the first surface of said first wall is a

concave surface and the second surface of said first wall is a planar
surface B8 RATERIRBYding to claim 2, wherein both the first surface and
seconda $iwsfdesxibfesatali firstingth dretepnoavdamtacterain Svtaldssa perimeter
accordi HN. 2, further. comprising a second groove towards the

0 sazd'%%&%\ﬁﬁ% rﬂﬁé&, t%]ﬁ&’ prising g

perimeter of said first w € second groove being formed in the second

surfaceacfessindivaailvaaiclr s welkanrdasaidrenng s walkdafininbrens i for
fUSLAAQV RIS RN SRANSARIORSsSERLNSs dah BeamesoBingierekimthe

wherein the first groove has a c-shaped cross- section. 30 8. A lens

AR AT WR&RWthe groove is annular.

2. A lens according fo claim 1, wherein said first wall is defined by a first
surface and a second surface, and the groove is formed in the first surface of said

first wall,

3. A lens according to claim 2, wherein the first surface of said first wall is a

concave surface and the second surface of said first wall is a planar suiface.

4. A lens according to claim 2, wherein b@tﬁ the first surface and second

surface of said first wall are concave surfacss.
5. A lens according fo claim 2, further comprising a second groove towards
the perimeter of said first wall, the second groove being formed in the second

surface of said first wall.

6. A lens according to claim 1, wherein the first groove has a v-shaped cross-

saclion.

7. A lens according to claim 1, wherein the first groove has a c-shaped cross-
section.

8. A lens according to claim 1, wherein the groove is annular.
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WO 2006/135960 PCT/AU2006/000858 -44 9. A lens according to claim

2, wherein said first wall becomes progressively thinner towards its

central region and the depth of the groove is such that the least distance
wetwegaraiapex or base of the groove and the second SUri@eg Asizo66/000858
substantially the same as the thickness of said first wall at its central

region. 5 10. A lens according to claim 1, wherein said first wall and said
second wall are housed in a barrel matfhting. 11. A lens according to

claim 1, wherein said first wall and said second wall are 10 bonded,

Reldedtdenssaerasgian & claimiensesin raiyis el PEcaRerRTqHessively
serRd watisdaraedifrora gdigithdnptetiab ek ihdefinedblly sufiisthat the least

syrface and a second surface, wherein at least_one,of the first an .
R 0 B o o R T TR AL LECHa L Bar
whisstinithily seemathwal ivddhickddesmisalidirsaalial 4pgesdeliesitby
a first surface and a second surface substantially parallel to the first
surface. 20 14. A lens according to claim 1, wherein the second wall is

fofmediriss perpEaibIvaEabR JrdBesin A RhErseiabfny BaliRrcend wall are

whesel ithe sesensgwvallifg flexible. 25 16. A lens according to claim 15
wherein the second wall becomes progressively thinner towards its

central region. 17. A lens according to claim 1, further comprising at least
drie poA iate thecordintyitheighivwhicer dinid adfifidw GG Z0G63BD8E N are

%ggé@&;ﬁg%@g%ggd 148ek8A lens according to claim 17, comprising a

plurality ot ports into the cavity through which fluid can flow, wherein the
plurality of ports are spaced around a

12.  Alens according to claim 1, wherein the second wall is formed from a rigid
material and is defined by a first surface and a second surface, wherain at least

 one of the first and second suifaces is a convex surface.

15

20

25

30

13.  Alens according fo claim 1, wherein the second wall is formed from a rigid
material and is defingd by a first surface and a second surface substantially
parailel to the first surface.

14.  Alens according to claim 1, wherein the second wall is formed from
potycarbonate or glass.

15. Alens according to claim 1, wherein the second wall is fiexible.

16.  Alens according to claim 15 wherein the second wall becomes
progressively thinner fowards its central region.

17.  Allens according fo claim 1, further comprising at least one portt into the
cavity through which fluid can flow.
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circumference of said lens. 5 19. A lens according to claim 18, wherein the
plurality of ports are equally spaced around the circumference of the lens.
20. A lens according claim 17, 18, or 19, wherein fluid can flow both into
wodecuieidhe cavity through said at least one port. 10 21. Adensi2066/000858
according to claim 17, wherein said at least one port is formed through

the second wall. 22. A lens according to claim 17, wherein the at least one
port comprises a tube 15 bonded to tHesecond wall. 23. A lens according

to claim 22, wherein the tube comprises a polythene or silicone tube. 20 .
4% A |&1@%éa?arﬁ@%t%|aﬁﬁm?%r?é?féﬁﬂfﬁf%@@@%ﬁﬂ%@é%%ﬁé“f? §heo‘iﬁ‘"fy
H BRI RG @ watRsb AsRErRIote biRbalRylehpartsardingacedaimuhd a
wherein each flgxibl wall is resilient. 25 26. A lens according to claim 1,

RFRRHBIFPEGS RERMRE'A is formed of a component comprising.a

stretchable, pliable, variform disc of synthetic homogenous material of

pical ﬁ'?iﬁyéeél&aeﬁgre@e!smf@r@ﬁ@&ﬂ%igmﬁaﬁw@@m@@@angmp

claim 1, wherein each flexible wall is formed from one of 30 a silicone
rsad ATt e R ERE Al iRRIgisal, a flexible polycarbonate,

an epoxy resin and a polyester. WO 2006/135960 PCTIAU2006/000858 _
-46 28. A lens accoyding.to claim, 1, further i ' I, |

it cnFS GRROI A e auiy o a0 S S iR i e
whediththealdtydHosugh saidséibahcane Badiscreet, sealed package in

which the reservoir and cavity are permanently connected via at least one
port or a continuous circular channel formed by a %roove. 30.

Al
R bordih RS AR BB APOHERIEIA Bk At ERRGRE RO 1s formed

through the second wall. _

22.  Alens according to claim 17, wherein the at least one port comprises a tube

bonded to the second waill.

23.  Alens according fo claim 22, wherein the tube comprises a polythene or

sificone {uba.

24.  Alens according to claim 1, wherein the fluid comprises one of an oif, a

glycerine, and a water based product.
25. A lens according to claim 1, wherein each flexible wall is resilient.
26. A lens according fo claim 1, wherein each fiexible wall is formed of a

compaonent comprising.a streichable, pliable, variform disc of synthetic
homogenous material of optical clarity that is capable of variable dilatation.

27.  Alens according fo claim 1, wherein each flexibie wall is formed from one of
a silicone rubber, a plastics material, an acrylic material, a flexible polycarbonate,

an epoxy resin and a polyester.



10 plunger, a conventional focus barrel, or any force-provider applied to
the outside of the reservoir, for expelling fluid from the reservoir or
withdrawing fluid from the lens cavity. 31. A camera comprising: 15 a lens
wompsisiagoa first flexible wall having a first groove formed Hagvaireoes/660858
towards a perimeter of said first wall for a hinge; and a second wall, said
first wall and said second wall defining a cavity for receiving fluid such

that various lens 20 shapes can be forrfiéd by controlling the volume of

fluid within the cavity. 32. A lighting system comprising: .a lighting . .
einents B S5 1ERS (6 AT A HrSE RSB AL LAk Ce SIS by bt
fawmeduhiestion teilvetits Gapérimeter of said first wall for a hinge; and a

second wall, said first wall and said second wall defining a cavity for

receiving fluid such that various lens 30 shapes can be formed by
céhtrollifdefifedrsienab i tRimitsiny irsciathy. iars JoussiBshsed circuit,

5 PGIdAEI 22004000888 gA4ih 3B methag Rlopamdiastiinga fiexibisawall
for a lens havln% %%r ;0%’;%\3/3 formed therein towards a perimeter of said
|

HEXIBIBEI M8 ISR PR IR R R bY 2

cguatyvkor receiving fluid such that various lens shapes can be formed by
controlling the volume of fluid within the cavity, said 5 method comprising
the step of moulding the flexible wall against a female profile glass,

acRylic o SlieAepHainGipHRin 2 bBildessonprising & sumanafaisionng a

10 flgxihigwalbiatadanadaving adirst aroave sddpsmprhiissel e dsie outside of
p&rlmeter of S?Id flexible w, Ildr(gr a hwege, said flexible . .
€ reservoir, or expeliing fiud from the reservorr or withdrawing fluid from the

lens cavity.

3t. A camera comprising:
15 a lens comprising:
a first flexibie wall having a first groove formed therein
towards a perimeter of said first wall for a hinge; and
a second wali, said first wall and said second wall
defining a cavity for recelving fluid such that various lens
20 shapes can be formed by controliing the volume of fluid within
the cavity.
3Z2.  Alighting system comprising:
a lighting element; and
25 a lens comprising:
a first flexible wall having a first groove formed thersin
towards a perimeter of said first wall for a hinge; and
a second wall, said first wall and said second wall
defining a cavity for receiving fluid such that various iens
30 shapes can be formed by confrolling the volume of fluid within
the caviiy.



10 wall for at least partly defining a cavity for receiving fluid such that
various lens shapes can be formed by controlling the volume of fluid within
the cavity, said method comprising the step of spinning, centrifuging,

wioteothiucisygegas, bubble or using flow, pour, draw vacuum ®&cHAORSG/ @858
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35. A lens, comprising: a flexible wall made of a material suitable for use
in an optical lens that becomes progressively thinner towards its central
region, said flexible wall having at leas Bne groove formed therein

tQwards,the per of said flexibl I and, ano er wall made_of a
r%\gferlsz\ Spﬁl Bbqéogﬁnﬁjl%eulr? E R |cﬁel>éns ¥4 %? 5BV g PRt groove
steeoegl Heiaio rimwgaréa npsdimberapicsaidfifingo b veaiitiofar nisiyisgidifisdible

VRHPYS 18NS SNaRes hagT%f DEIRY i ?é%%l 9%@%;5%&% HENAUHME e

fluid between said Walls 36. The lens according to claim 35, w ereln sal

othaPfifag ﬂeim@e%wwlre@amwﬁlﬁmfﬁm wﬁ@ermsa@d
qtﬂmﬂambfapmashgen@meg dinepiessiyahethinnBEWREdR kS CEMRAble profile

gddg (%() he Ie rdln% clalm 35, wherein said second wall is
% SBWE %8 PERARYSH688Kb858 -48 39. The lens
according to claim 37 or 38, wherein said walls are bonded, welded, or

fiaged tweaﬁoatahegﬁuehﬁran%fmgtagmgkg&wg RFEALJN gsb%%%@e

5 .40. The lens according to claim 37 or 38, further comprisinga barre

%&Pﬁ%‘%ﬁéﬁﬂ\ﬂ%‘%%«%ﬁ%@%ﬁ%ﬁ%ﬁ%&%ﬁ%@ fgethaaishfipxble
wadls fotlat Thestanstcgonding m@m@ém&m&m@d@ﬁ%gﬂ@aﬁ%ﬁs fens

f betwee sald aIIs o rou of sai IIs for
C%Errfgl%un?gg%n% Hiid ¥§ %e % ‘6@%&1&? ﬁg H*ﬁéf"fﬁm R oRyihg 251
dadihad cturgrsicg theremcd ﬂmmmgemﬁrmp@dnmmgdaasbme or
Hﬁgﬁﬂg fiow, pour, draw vacuum fechnology.

35. . Alens, comprising:

a fiexible wall made of a material suitable for use in an optical lens that
becomes progressively thinner fowards its central region, said flexible wall having
at least one groove formed therein towards the periphery of said flexible wall; and

another wall made of a material suitable for use iy an opiical lens, said first
wail and said second walt configured in parallel and defining a cavity for recelving
fluid, various lens shapes capable of being formed by controlling the volume of
fiuid between said walls.

36. The lens according fo claim 35, wherein said other wall is fiexible.

37.  Thelens according to claim 36, wherein said other flexible wall becomes
progressively thinner towards iis central region.

38.  Thelens according fo claim 35, wherein said second wall is rigid.
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15 43. The lens according to claim 35 or 41, further comprising a fluid that

is transparent to radiation being transmitted by said lens and has suitable
thermal stability. 20

WO 2006/135960 POE/ATUZ006/600858

48-

30.  The lens according to claim 37 or 38, wherein said walls are bonded,
welded, or fused together at the periphery of each wall forming a saal
thersbetween.

40. The lens according to claim 37 or 3§, further comprising a barrel mounting
housing said walls or an annuiar clamp holding together said walls.

44, The lens according to claim 35, comprising at least one port formed
between said walls or through one of said walls for communication of fluid

betwean said walls.

42. The iens according to claim 41, further comprising a fiuid reservoir coupled
to said at least one port.

43. The lens according to claim 35 or 41, further comprising a fluid that is
fransparent to radiation being transmitted by said lens and has suitable thermal
stability.



