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LENS RELATED PATENT APPLI CATI ONS Thi s pat ent
application clains the benefit of, and is entitled to,
w0 b@eaaiobo er filing dates of United States ProRCEAU2ML/000858
Pat ent Application No. 60/692486 filed on 2 1 June
2005 in the name of Janes Al bert Frazier et al and
Uni t ed Ki ngdom Pat ent Applicatlion No. 0513347.5 filed
on 29 June 2005 in the nanes of d obal Bionic Optics
Pty Ltd and entitled "Lens", gggh of which is
i ncorporated herein by referencé. TECHNI CAL FI ELD The
present invention relates to |l enses and in particular

i nfl atabl e | ense flat ses are
useful , because ég&%‘%&@&tgﬁ\ﬂﬁgﬁg@cal
Th%: Eﬂétéﬁt aﬁd’l@éﬁoh %ﬁﬁl‘?@ tﬁé‘beﬁbﬁt%fbén&l @énﬁﬁsdzt@o Eﬂé éé‘ﬁl@ﬁ filing
Pat ent . 637 i ssued

Nov
detesyal Unitegl %t@w Brpwemadt%aieet A@ﬁly:e@@ﬁﬁw &Qﬁ@%%ﬁ flled on
I t
2§ e B R, SRS AR 00 LA Bl
Phtdrit égpplicatioraNbl 0543348 fileehsn 28 Mn%CQ(IUBJMItHema\MéshoﬁGlobal
port throu h whl ch the fluid can be forced into the
Pptigs F%é chid eatiHebhanse *aali afywhieR isigomaratad herein by
éi’g,?g gation No. DE 3630700 A 1 published on 17th March
to Sienens AG discloses an inflatable |Iens that

conprises a fluid, transparent optical medium which

Lhe tuo facos | oot ormed BGHRIGRE FIELD! o Franapar ont
Tﬁélp%se%x .rﬁmehrralatt&etovrébgem E{j ird Fapﬁu%tuﬁwaabreh@néép

faces, the shape of the m can be altered
and the focal length of the lens can be varied. A

problemw th such infl at Is that the curve
formed by the flexible %gg’i&@&ﬁfilmls not

IrflaRylé lpibs 246 Q8B ft@edéhu@b%u@h ¢éhs;a‘s ﬁzme variable focal lengths.
nmenbr ane. Because the edge of the flexi bl e nenbrane

Thesa lepses camsdsP be useH @ssiooy) lanses.

U.S. Patent No. 5,684,637 issued on Nov. 4, 1997 to Floyd discloses 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 cauvity.

German Patent Publication No. DE 3630700 A1 published on 17th March 1988 to
Siemens AG discloses 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, fransparent 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.
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curve of the lens close to the edge of the nenbrane is

not the sanme as that in the centre of the nenbrane.
w@emsasfeent |y, the effective usabl e aperture oOPCT/AB2006/000858

| enses is significantly |l ess than the actual size of

the flexible menbrane. Furthernore, inflatable | enses

are also affected by gravity-aince the fluid tends to

flowto the I owest part of the |lens and consequently

FésthP 'erkgf tﬁ@‘f@&ﬁ'ﬁe ieenbrane shustard cléﬁ“ldehleinlﬂﬁ@usmg, the

results in an inconsistent curvature
cum @éﬂhd hesmlmﬂeetoeﬂweaedge afibe mr@brar@pam thepgagras that in the

A"Bn'uéff 0 5y e SRR LA ARBAAD o s

ns%@@ﬁ thyi1 b8t elackd e/ oftA8 flestitte metmsramel ens
provi des refractive power by deform ng the shape

of a flexible capsule that fornms a lens. Fig. 16A

[l ustrat i.Si
FyrsfhéJ Slmcir%e%?lafam?%*e?%%sé@%%Is%ogﬂg(—ffdrtnéég gg@@w{ﬂs@&% }"é‘%ﬂﬁ@ tends to
fld @ triewWast Pbﬂ dAltheverfd andiconsdduently caosedbulgingstoveards the
The capsul e t hi ckness decreases towards the

(onest pagltes lans. Sueb ulgIo rosule b pd0renSienEEUvatur8 across
er f bell

AR e & b Pove et uct ure. 1630 on ine
Ioe[| phlelry al | Ic()ws tthe capslul e to extend or displace
atera seekin 0

saanesedidiont Buplition 2o dieatian No: Be FEpeR BtisBerlfy Auoust

1688 ?&fﬁpﬁg%aé(? 'ﬁ’aﬁﬁ%pﬂfeaﬁ@ﬁ N B2 8PRed ©H21 Daduary 1997

nanner esirabl e need therefore exists
désoribesys lensdhatprosidss| refrtae’meﬁeBOW@UnMRfﬁrmm%Hlﬁﬁféﬁﬁﬁ:‘é a

ok SBepRT R 5T el R R0 GBI i B 58 Ecerising ar
|n%t°%ﬁ>ﬁ%\{rﬂﬁé Hﬂhﬂéﬁi eSS tahkGREH b Pressai( not sleowin), to
a second wall, the first wall and the second vval

alttm# finicrig fiove o ttls;e tapsulec diheiaagstlehickeges dekerases towards the

cgrgtﬁhﬁgﬁ'@lf ea?qss& fna e{?@ﬁ’ ﬁﬂl@ﬁ%h%%ﬁﬁ?ﬁlleﬁﬁasgéggéﬁg léﬂﬂ tﬁé‘?orm of
basW & AERRLrtited-liké etriiBiues 1670, THne bellows rstruv:twfed eao on the
l ens conprising a first flexible wall

peripery alewsdhe crppelieforeiridiar displace Iateral|ynsgeeéf<lng {o }reely

deform the shape 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 lenses.

SUMMARY
In accordance with an aspect of the invention, there is provided a lens comprising
a first flexible wall that becomes progressively thinner towards 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 controlling the volume of fluid

within the cavity.
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perinmeter of the first wall for a hinge, and a second
wall, the first wall and the second wall defining a
W@ 2w6413596@r recei ving fluid such that vari ous PERAU2006/000858
shapes can be fornmed by controlling the vol une of
fluid within the cavity. The first wall may be defined
by a first surface and a sece®d surface, and the
groove nmay be formed in the first surface of the first
ln%cbrdam% \f\/?ﬁ Shofhier fa@ﬁéctcﬁf th8 ﬁ\\fe'n'héh thakd igpnpvitedaa lens
concave surface and e second surface of the first
complisingy first fesxblarveall Baving edirstigreove feamed theseid tawagrds a

second r the first
oo et S BT i b e 881 PRyl and he
sétiopRMRall BAiAS atclféi’ntp%l* rEReRingfluititRichithat vawius, lehbshapes can
second groove being formed in the second surface of

be farnfac sy cortrollingthe yolume ef il withity e LAY v- shaped

cross-section, or a c-shaped cross-section. The groove
may be annul ar. The first wall may becone

TG EE5t Sl MQ}/)betdéfm@drb)t afirstdsrfats andra sedondesiirfaceamad the

the depth of the groove rra be SH P t.hat the | east
gr@pyemsebaé@meﬁwlrbﬁhea‘ﬁé&s dhefirgtf@lyr oove and t he
second surface is substanti aIIy the sane as the

thickness of the first wall at its central region. The
Thé figgt swafebemﬁdqe first seationdy beld cormavbsuniags and thessecond surface

ofﬁ@{yr E{g’c \%mnt I -Fﬂ%erp@;rgs:us geal h[egfn {%Lgfacseﬁr‘?(gggm%uﬁace of
th\@'ﬁrgt \(?yrall haPBOLBREaRS ARFIce’! the invention, there is

ed a Iens conprising a first f1exibl e wal |, and
a second wall, the first wall and the second wal

b | ded f
el e S LA oh SR Byt s e
whli Uhd %hd@?@évé/aéangtférmé@m ﬂmnaagmrmefafrtnecmmwau
controlling the volume of fluid within the cavity. The

first wall and second wall may be bonded toget her

gc\ﬁkgarggxlfé) ﬁ?ag) tiﬁa\{ %\/dshsé CR0Ss- 58& il 8? %"@QHQ[?%? i&;bgs-section.

one ber conp
tr| acet oxy(ethyl)silane or nethyl
triacetoxy(ethyl)silane. In any of the foregoing
The gEee\e MmaydesardHar-wal | may be forned froma rigid

The first wall may become progressively thinner towards its central region and the
depth of the groove may be such that the least 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 a barrel mounting. The first

wall and the second wall may be bonded, welded or fused together.

In accordance with still another aspect of the invention, there is provided a lens
comprising a first flexible wall, and a second wall, the first wall and the second wall

being bonded, welded or fused together, the first wall and the second wall defining



10

15

20

25

30

material and may be defined by a first surface and a
second surface, wherein at |east one of the first and
w@ewonstosur f aces i s a concave surface. The seckeiiAwiob/000858
may be formed froma rigid material and nay be defined
by a first surface and a second surface, wherein at
| east one of the first and seebnd surfaces is a convex
surface. The second wall nmay be fornmed froma rigid
dedatyi fak r@e&vnﬁ@mumﬁs&ﬂﬂhaedaﬁbusalehsrshb{aég b&ﬁ% 1%?1%8 by
second surface substantjially parall o the fTirst
contrplins. theveluree ef uigawithinde Bavityer med f rom
pol ycarbonate or glass. Alternatively, the second wall
may be flexible. Further, the second wall nay becone

Titveoifyswall aeldysecona vedll mewwbondeﬁ togBtherlusirRpa ﬂﬁwaEféeﬂwd
further co | east _one port 1nto the

S&!&@ﬁ?wgh%mp%%n%;afﬂgw%f?mqfltﬂlﬁcﬁmcomﬁerubbﬁrscc?fﬁpouni may
e abeRid oty iteRs Rty RaCebRiickR b oy 2

are spaced around a circunference of the lens. The
| uralit orts na e equal ]y spaced around the
1R i e teabBh donEcice e AN ARGIED! biasian fromea rigid

n@ét@nﬁpénd)f'né)ﬂ% 8éithdd/b Erfﬁ’ e %}%@E(t)n&’ gﬁrfB@é twh%reln at

he at | east one port or ne rough t
lmtlone'nféhatﬁrst@ai@tsmedmrfacea}s acopcasesarfacke bonded
to the second wall. The tube may conprise a pol yt hene

or silicone tube. The fluid may conprise one of an

ToklsecandWalbma)de AR ﬂ'ﬁﬁ‘ﬁ @rrlgt?@ﬁ?éiﬁﬁéll i @]agalﬂ‘??fmed by a first

flexible wall fay be resilient”. Eac
syda¢e PRt @ sgcandcyifaseewheteingit iadstgne (xfttln@fltstakmldaecond

SC of synthetic hompgenous
Seh%erlaﬁa¥$%V{g$4ﬁégclarlty that is capabl e of
variable dilatation. Each flexible wall may be forned
gron1on of a silicone rubber, a plastics material, an

esgepRd wallepaybe farmee fiom a rigid vwéetmajmdemawbeecp}fzmed by a first

Y. | se a
R RS TREp RSB BIR pHEReL Yt filRics
cavity. The |l ens may form a closed circuit, discreet,
eal ed package in which_the
TRe secon walfl r%ay be formed from polycarbonate or glass. Alternatively, the
second wall may be flexible. Further, the second wall may become progressively

thinner towards its central region.

The lens may further comprise at least one port into the cavity through which fluid
can flow. The lens may comprise a plurality of ports into the cavity through which
fluid can flow, wherein the plurality of ports are spaced around a circumference of
the lens. The plurality of ports 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 port may comprise a tube bonded to the second wall. The tube may comprise

a polythene or silicone tube.

The fluid may comprise one of an oil, a glycerine, and a water based product.
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reservoir and cavity are permanently connected via at
| east one port or a continuous circular channel forned

whyooa/18f96mve. The |l ens may further conprise a PUNAD2M@6/000858

pi ston, a plunger, a conventional focus barrel, or any
force-provider applied to the outside of the
reservoir, for expelling flui-8- fromthe reservoir or
withdrawing fluid fromthe lens cavity. |In accordance
with a further aspect of the invention, there is
provided a canera conprising a |lens. The | ens

Eacmfiexibleswall maysbe resiliendl e wal | t hat becones
progressively thinner towards its central region; and
a second wall, the first wall and the second wal

Edeh lexiBie Walt avay be feimadkera ebmpohent cormprising leastretchable,
various | ens shapes can be fornmed by cont olé‘if?gg t he .
pliahleneariprmp discofayinthetio meganaup, mterizk ob PRtisAl ANy fhat is
c%ﬁlﬁggg’fvgﬁgﬁgdﬂ%{at e invention, there is provided a
coO

nprising a lens. The lens conprises: a first
flexible wall having a first groove forned therein

L BT ek Bt 5o Bttt
aH%%PﬁibQﬂ?t%ri%E ﬁé’xiﬁl@ipé{l])‘f‘cgagbéffhélg, Hh BpExy Hedin Hhdta polﬁlgster.

vari‘ous I'ens 'shapes orned by controlling t
volune of fluid within the cavity.Iln accordance with

R A Y e R L
cé\i/igﬁmﬁé RFisthey Yo a dvsbdrcirefoadcrsdt] sedlbe phicksge iaivhich the

and the second wal | bein% bonded, wel ded or fused
resegeninand caligy are permangniyrpnnreteskda ad least ongdarhPha

a cavity.for recelyj fluj t hat various |ens
CcQy Sccérr?uké' %ﬁﬁéh@?%%é |Vr?g t he vol une of
fluid within the cavity. In accordance with still
anot her aspect of the invention, there is provided,a

Thedens maysyBhencemBREIFe siRNR: 8 PN, fPINGAk f CONYRtignal focus
| . S i : Lr ; i ot .
oh 5 oG DR BITRY HDBlce B e lisb N ) R Bhbspeling
flolddar thensservsie oo ndthdeawing tfloed fromsthevahs cavity.t he
second wall defining a cavity for receiving fluid such

that various | ens shapes can be forned by controlling

Itt BEcor@hHEE whth 4 futiHir WshBEtbiHhE ifR@NkibK; there is provided a camera
comprising a lens. The lens comprises a first flexible wall that becomes
progressively thinner towards 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 controlling the volume of fluid within the cavity.

In accordance with another aspect of the invention, there is provided a camera
comprising a lens. The lens comprises: a first flexible wall having a 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 fluid within the

cavity.
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In accordance with a further aspect of the invention,
there is provided a |ighting system conprising: a

wo c@hti33oe0 el enent, and a |l ens. The | ens conpri BEEFAU2006/000858
first flexible wall having a first groove forned
therein towards a perineter of the first wall for a
hi nge; and a second wall, the-Girst wall and the
second wall defining a cavity for receiving fluid such

I h@&orw@hb@ With' m%n‘bﬂ?@%p@eﬂohﬁeﬂﬁwmﬁmbmé}@% P%Juaéwa camera

the volume of Tluid within the cavity I'n accor dance
CRMisHIEHa Hexns. aﬁmlﬂnsmmm@esnaémsﬁ ﬂmqble wealle and a second wall, the

fl@%’[%ﬂ%ﬁd ﬁ’hedé%éﬁ%gr\gal?%%ggwr ' S:lc[%{egrafugeg tg)g?ntﬂer the first wall

ahbiehé iseeon@Wall dasfieing é@é@lgﬂfdﬁ@édtelvmgqluﬁd 5&8¢h ’W?ﬁt'vaﬁBQs lens
t he second wal | being bon fused
shapes ran petfpemed béftconﬁpllmsﬁhe vRkinae ebdidwithin dlee icaviy

a cavity for receiving fluid such that various |ens
shapes can be fornmed by controlling the vol unme of

Inf bocatdantdiwithtstiél anwifidraspest efiberidwstntidreds esvidied a lighting
K%Eea of the inventiaon, there is praqvi ded a met hod of
SKIRUT SRBFSIAG adlighting; alemenhiandialens. | Eislensaonmiseses first

fl@leEar \ﬁéﬁ'tlﬂ’aqlﬁéc?lgiré%;kﬁbpl‘é@%@}egﬁ Hn‘irf‘ergS\g\/EFc?é itd Sghﬁ’é‘l r{ey&?\ and a

| exi b east rtl

semnd wal therfyst wall dnd mrum sébartd waﬁ ldeﬂamb@sa\ﬂt}afmseMVmg fluid
within the

2 R L LR i Pl o

MthWﬂh@'cﬁé\N@' | against a female profl | e glass, acrylic
or silica optics, or plastics nmould. In accor dance

with a furtherhaspe?t of the |nvent|o][1 thelre IS
RS < PnBL aSBRA R hhBuSe bRt ¥ iotiGiedea fonting

sméml”fﬁirﬁprlﬂﬁ?t@ﬁglﬁﬁr@(elbhﬁéﬁﬁ@i\ﬁd Hng Théths écﬂﬁprlses a first

flexible wall for at least partly defining a cavity
flexdblervisalbhaying arfirgt arosyerotrned theseindowardsmae petiapater ofithe first

wilffor 2 AFEES ¥ o ARERE il e PELRIAIR P Sesritiplfhfiing o
Ll o oL op ey o o ae el Ry el {2 fBmed by
C%ﬁ@ﬁ'l‘%ﬁ’@e‘“ﬁ\h’mﬁ %ﬁ ﬁw&bm the Q%Néh nventi on, ther eis

provi ded a nethod of manufacturing a fl exi ble wall for

a lens, the flexible wall for at |east partly defining
Inaaccordance with another aspect of the invention, there is provided a lighting

system comprising: a lighting 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 fused together, 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 fluid within the cavity.

In accordance with a further aspect 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 least partly defining a cavity for receiving

fluid such that various lens shapes can be formed by controlling the volume of fluid
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cavity for receiving fluid such that various |ens
shapes can be forned by controlling the vol une of

wo baosd33ad hi n the cavity. The method conpri sesPCTiaU2006/000858
steps of: noulding the flexible wall against a female
profile glass, acrylic or silica optics, or plastics
moul d; and bondi ng, wel ding of7-fusing the flexible
wal | together with another wall for defining the

WHRAH the cAvityaclry mhatier] vorhprised thiet dtep ofismaddingfthé Hfiexible wall
invention, there is provided a nethqd of manuf acturl ng

agafsérifsmalearafile glass, aenylic Phﬁ'ﬂ'c%é’%ﬁ%§rﬂ%‘§w§§§w I8 y
thinner towards its central region, the first wall for
at least partly defining a cavity for receiving fluid

s actoridaate with @ firtherespebibpithe daverttionf trereds pyovided a method of

t |1 h | f f| d t th t
eeuEBa o T oaaleoral 1t Sdent hevintia st otairer PGy taeren
té\ﬁélro‘%d#?éﬂ&egf}sof th! ?leﬁlcp\fvaw ?drrkghfnb%"“the‘)@é&ble%é“"for at least

nol o t h anot

vacuum techno accordance w er aspect
paftiyt dim‘inmgamavdy fort mangsﬂqud csucbéluiata/armulsdelns)fshapes can be |

manuf acturjng a flexible l. h

rqres By pbblafng the SOt ot i siBindhe Sl i thefpod pamrises
thé SteptbEmbalding Ple fRxiBl@ sl ddindt!Lrenhale phefilk dlé%s %'bryllc or silica
| east partly defining a cavity for receiving fluid

optich artplasticsrmould. | ens shapes can be forned by

controlling the volune of fluid within the cavity. The

met hod conprisesthe step of spinning, centrifuging,

In BEESrdeAte Withesn abpéth'o@‘ s invehfién fthers |sm01dedraﬂmethod of
vacuum t echnol o I n accordance with a stil

maypeastugng EHitexi eéfvﬁllu fon a lensthe flexiblowpll dor at ﬁeﬁwwefmmg a

c\%giﬂrfo?%b'élwﬁ fﬂu(ﬁ EG&% Haﬁ Vgﬁkhs lls 55}16{ &l33 ant r“;@férh?éﬂ Q)I, €

or at eas Infng a aVI

coﬂtrelilmg glge f/bluintk leiluﬂ:lhd tvh’gmn e camw ITdnlsnmltmnbd s%m@nsbsthe steps
ontro |ngtevo urd wmthin the, ,
of:aowlg'm fl?e@trl%ava&l&q&ﬂnsg@s %f],;lg 9SS, BGIYHERS Sﬁﬁ‘@ optics,
1 | K
OEE;?&%'E% grg?ﬂﬁﬁ arlﬂi’u ls)lélﬁdlﬂ 1\)('\)}%dlrﬁl[‘§g8it fdsgtbgfh%‘iﬂe%ltﬂé vl Beher with
anhetitenovallghpr deﬁmngchnelcaglty wel di ng or fusing the
flexible wall together with another wall for defining
the cavity. In accordance with a still further aspect

|r9£cé61—aah&¥wa é)furtﬁefa%sebtsofﬁhavmfmoﬁ iRns is provided a method of

conpri si ng: first flexible wall that i's resilient
mandifa¢iuring@ fiexlbla gvailefnf adqans thait @ﬁcomes progressively thinner towards
its central region, the first 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. The method comprises the step of spinning, centrifuging,

introducing gas, bubble or using flow, pour, draw vacuum technology.

In accordance with another aspect of the invention, there is provided a method of
manufacturing a flexible wall for a lens having a first groove formed therein
towards a perimeter of the flexible wall for a hinge, the flexible 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. The method comprises
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the first wall; and a second wall, at |east the

central region of the first wall being capabl e of
wheioeg3xdsepl aced relative to the second wal | . AEEADR006000858

and second walls may be in conmunication with a

di spl acenent nedi a. The di spl acenent nedi a conprises a

fluid. The volune of displacegent nedia between the

first and second walls is variable. The first wall my

i iva tdy {

trﬁf&g??ﬁ%lpwmlq%eéé&gﬁﬁggig‘ llrgltri:jgugﬁ\‘g)pgjea’;é %j?gl?)& l%lﬂé'?l%w pour, draw
vagiitmdechnajoghe vol une of the displ acement nedia

between the first and second walls. The first and

second walls define a cavity for receiving the

It Squrasece Withreediilpfurthee aghévtioplite WRkhtioRthBAY B Frovided a
| east one groove fornmed therein adjacent the periphery

methedhef manufactudng pdlexilewalfor %\Iﬁﬂ&, e Bexbledwalhfar atdgast

o3 YL oL b LR o A i e

fcrmeelruy @clmtrdilhﬁ;f the volpnevofdiest withinthe cBvity! @he method comprises
exible wall made of a material suitable

ngeé,@ fﬁ”ﬁwgotﬁﬁuﬂ@élb ¢ wigd bwmnmagmrlﬁygm é'étgq)d%l"}g gas,
i I I
P o sy e pohs AR e R Aphy Brd G Woklng or
fusing thiecftexitdé wdiletogbther ltith avedther walll farrdefimng thad ¢cavitgde
of a material suitable for use in an optical lens, the
first wall and the second wall configured in parallel

Inaé&o@'d'érﬁdé Wih & ﬁ@"ﬂjh}i?? gépéc?% the l’ﬂge@) ioH, dheds! 1Y v°'|deﬂ alens,

| ens shapes capabl eing formed by controllin
carppisingod frfstlﬂedlh&waﬂéhattlheemmtandﬁh\mrcarhmhe\aémtrMQlon of

oS 4 AP P, B B Mo et o

ca@wl@bf béingedissibead ralativd® tﬁ@cs@s@@nw/én may be rigid.
The wal | s nmay be bonded, wel ded, or fused together at

t he periphery of each wal | form ng a seal
rnat i ] er f
RO REL &R AT BAL S on LS T f SebSpent mecta
Thendisbrercesharitpnédib dongpriseget Med. The Wwilims.of displacement media
between the first and second walls is variable.

The first wall may progressively thinner in the central region of the first wall.

The various lens shapes may be formed by controlling the volume of the

displacement media between the first and second walls.
The first and second walls define a cavity for receiving the displacement media.

The flexible wall may have at least one groove formed therein adjacent the

periphery of the wall.

The flexible wall and the second wall may be bonded, welded or fused together for

defining the cavity.



The I ens may conprise at |east one port forned between
the walls or through one of the walls for
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further conprise a fluid reservoir coupled to the at

| east one port. The lens may further conprise a fluid

that is transparent to radi ati-$n being transmtted by

the Il ens and has suitable thernmal stability. BRIEF

DESCRI PTI ON OF THE DRAW NGS A snmal | nunber of

enbodi ments of the invention are described hereinafter
Iniaagordanseamitie stilbaneiben papei @ the inventiem, thereyis. prosided a lens,

155 8 ORISR e gl T P PR e 1P s B optial

lens évatibecofiegprogresavePihiicar towards igLcénttdlabgiori, B flexible wall

el evat#nl@n vi ews showi ng a |l ens according to anot her
Ast Qe QF%)VSrf@géﬁ@ thereimionstids Meyperipkenyof e flexible

VPEIE aROTRtRECVAP R de & éjﬁ}aﬁ r%f%h Qﬂlevfb?p@e ﬁh%ﬁ"g%%cgl lens, the

| ens according to yet another e
fisstan@lhand theea¢cand w§|l genfigieredninl pdkaliel end defining a cavity for

SRR 1 G S S CaASlRIPhBANOJPTTRG Dyrcasamiing the

VORMASE of Alid Bdtd@enIfe WlIgd are cross-sectional, side
el evation views showng a |l ens according to a still

further enbodi ment of the present |nvent| on; Figs. 6a

on e e Vi ews
TR N FREBa TBEbI Bl ik fBY SRl WeRihe besame
ppogreesilelyrtkpiiel esvvardsds: ceftraf Pehidh Nt@rr}]atlveh/ the second wall may
cross sectional, side elevation views ens
bgdigid di ng to an enbodi ment of the present |nventi on;
Figs. 8a and 8b are cross-sectional, side elevation
views showing a | ens according to an enbodi nent of the

Theasast mapbertoraed, Welited, B2 fasull et at the penphery of each walll
CrQss- secﬁl onal , side el evation views show n

foring Biseal trsabetwrane Altarpativelnghe Jens mas/e‘yrt sr gemptisa a barrel
n’?dhn%lﬂg rfa‘;g%lrfg;] t@%ﬁmél%%ﬂ AMahnuidh 88nf AYRIHPR e he walls.

show

The lens may comprise at least one port formed between the walls or through one
of the walls for communication of fiuid between the walls. The lens may further

comprise a fluid reservoir coupled to the at least one port.

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

BRIEF DESCRIPTION OF THE DRAWINGS
A small number of embodiments of the invention are described hereinafter with

reference to the drawings, in which:

Figs. 1a to 1d are cross-sectional, side elevation views showing a lens according

to an embodiment of the present invention:



according to a further enbodi nent of the present
invention; Figs. 1la to 1llc are a cross-sectional,

w0 e@eti3®b@evat i on view, a cross-sectional, sidePCT/AU2006/000858
el evation view and a perspective view showing a | ens
according to still another enbodi nent of the present
invention;Fig. 12 is a perspedfive view show ng a
canmera including a |l ens according to an enbodi nent of
the present invention; Fig. 13 is a perspective view

hogi ng focusabl e |ighting systemincluding a | ens
& Wg 2pArgcresrsestiangl, side elevation views shamsingiclens according

oL % [ el evation views of
a?r% %&Fféh@ﬁm%nm ts&b?ilgg%‘f-'ﬁrg?ﬂ ations of grooves
wi th which enbodi nents of the invention may be

e elevatign view of a |lens

ped: Flo. !
> 'pﬁsugge’alc@re At I ?ﬁelﬁ O'é’i‘ib%' BRgMation \iews SROWIY adensaccording
twe@an@m@p@mwdﬂﬁéﬁﬁoﬂhéw{ggag ififfbhye to each ot her

are practised Fi gs
cr oss-sectional, side elevational views of an existing

sg?ﬁa éﬁ#‘%gﬁrg Bogq\é:- 4 Ipi)aF ﬁlqoq\ql\glle}(/)éq:c?rgﬂl%svggmlggelens according

te 6till aRothee sRRRIdIEhYof tHE hbsHR iRFHHdnPT! ON Lenses and
nmet hods of manufacturing | enses and of manuf acturing a

10 flexible wall for a lens are described hereinafter. In

£ al.l j nu i fic.det
e e SRS RRb T} idS SRGRAR WAV hobircep fons dccorcing
td a@uilmmmmbmwm@me pesaht PYvRfiGn;and the like are
set forth. However, fromthis disclosure, it will be

apparent to those skllled in the art that

dighits ¥ %r@ﬁé@étloﬁw sdigd Hid ggﬂﬁ? rrge%(/\lﬁbﬁl% JBde e%\'lqng?éjc}cord ing

eparting e Scop€ and’s

15 ta an@thaeerrmaduuemcafrthespre@mmm\femuodet ails may be
omtted so as not to obscure the invention. Were

reference is made in any one or nore of the

@@Clw%@wmgréjé ‘é‘f@%‘uéﬁalsélﬁg} é;\fb?i/oﬂrwé\ﬁgts%\?/fnaq %’héns according

have the sane or ke nunbere erence nNune
to an embodlment 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. 10a to 10c are cross-sectional, side elevation views showing a lens

according to a further embodiment of the present invention:;

Figs. 11a to 11c are a cross-sectional, front elevation view, a cross-sectional, side
30 elevation view and a perspective view showing a lens according to still another

embodiment of the present invention;
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those steps and/or features have for the purposes of

this description the sane function(s) or operation(s),
w@nloesssdsthe contrary intention appears. Al so, POI/AUN®G6/000858

sake of brevity only, details of materials, shapes,

configurations and the |ike areset forth in respect of

the first enmbodi ment. One ski-lled in the art will

readi |y apprehend that, while those details nay not be

Fig peaises perspeeﬁ@@orewéhdvhﬁg@tmﬁe@fh@%r@ﬂé f'fené B8&Rding to an

details ap with appropriate nodifications if

eﬁ&%@&ﬂﬁlog@etw%@nbﬂh@ﬂl%bodl nents, unless

explicitly stated to the contrary. In the cont ext of

this specification, the word "conprising"” has an

Fapery Br’ajpdrspeoﬂv@vel/\k@iovﬁng@a‘obnsable Illpﬁhm@' sQ&tem including a lens
prlncl ut  not necessar|ly sol e but neither

acE%Wé’P eaf phthgpresent '“‘&fﬁ@instl ng only of.
Var| ati ons of the vvord conprl sing", such as
“conprise" and "conprises", have correspondi ng

Fig§aﬁ|4ﬁgand THB are maeimd! side elehatiore viaisast gifiexiblepialbshawing two
to secti 1. A Lens Having

ani sed i ns a f ol ;

ﬁ?“%PEQ'mV@ Wit \@ja %c? IBlents@f theravantiammayse
E&ﬁ,@bas of the Lens 4. Manufacturing Lenses and a
FI exible Wall for a Lens 5. Another Lens Having Two
Fl exi ble Walls 6. Lenses with Wl ded, Bonded or Fused

e nd Ri 7. Further Lense Havi n .
Fla JE° BB RINERD Wl pLadensi R ArBramateN Bheih craedispnt of the
irYentiem $n Mﬂaiﬁh ES3p N Fod S dighRGeErEREIRS t@@gcll’r'oﬁﬂgr' d¥8 practised:;
%sterrs The sections are described in detail
aferei nafter in the foregoing order. 1. A Lens Having
Two Flexible Walls Figs. 8a and 8b show a | ens
according to an enbodi nent of the present invention.

l'glse1BArancb1J6$ralre eros3-ddctiohall bR dleeatitidl vighvd B@én existing lens
thinner towards its central region and

S%%H%E?Y'@Q %N'% <Pr @ceiacikeaseasionda ditﬁd@rmemnéwmtlal and
dé@%é@ étb%tﬁe%?b egl on. Each flexible wall 80, 82

pre rabl y tapers to a
DETAILED DESCRIPTION

Lenses and methods of manufacturing lenses and of manufacturing a flexible walll
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 and/or 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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thi nner thickness at the center of the wafer than at
the periphery of the wafer. The central region of the

w0 b@xitsdoeo wal | i s capabl e of being displaced. PCI/ALR®6/000858
enbodi nent, the walls 80, 82 are configured to define
a cavity for receiving fluid 84. Both walls 80, 82 are
made of materials suitable fofl2use in optical
| enses. Each flexible wall 80, 82 nay be fornmed of a

SEQ gy NitespeaPsi thieTustteribs@ihigitd Ohe stiléintine\a Wiitiedtily

di sc of synthetic honbgenous material of optical
anraehend ekt while tasarsiedaibs maymok bedegeateddnirespedt of the other

B ahbod BB AN b RO apcsssary to
those gtheo esnizodimehts; unleds explisitie !@t@bd oVt Bohtpa ry.

transparent to the radiation being transmtted by the
| ens and which has a nmenory that nmay result in return

i H H i i i1 i ). t h
18 ot SRl LB il ghtie e, o
exolugbar meaaing: Vhbluelirtgop:iméipally;rmm(ﬁl&oessalﬁlyvsmelxi,tbut neither
Al be a re%:i fted,,gx opne skilled in the art in the
FoRaiRtNgr SRPOtRG Qrosiire aNKSHoh Snrfer | Masiakggsbef the word
[ fh d i g i « . -1 ] .
SHmBHSROY et o) 0 (SAPHAE, AR EOAREPARIL meanings.

provided the material is transparent to radiation and
stretchabl e or

S r Qper tii f, bei. st abl e, [
AR S RREE BpfEied Adghnth pianBeginfmsitioaas follows:
1conpHh Iséns HavingXPI® IFisxilsieIweapne rubbers, plastics,

acrylics, flexible polycarbonates, epoxy resins,
Znol yEesating pbihgedns  or thernopl astics. 1f wel ding or
fusi [ . Lol n e walls 80, 82, the walls are
3hadee%ﬁe??lll'g&%g% g)ﬁth% 'S?ﬁ{lf bonding is used to join the
dval | MBRfadaring henses bad mEFlckible™dgl fof auriniske

materials. The walls_80, 82 directly abut each other
Sat t ABOKEriLeRsYaviRg TaaFlgsibiRWallsget her at t hei r

res j KA [ j [ j I f
6L gaEehtewRRIVBRER BOptdd bhFuSER RSl BRI e ¢
7di scFogber LemsashiHaviagdRigidhetd Eleiibiké Mesliss, it woul d be

in the art that other

apparent, .t e skilled

Smchéﬁ\ﬁglﬁg%rg ”I‘l?ﬂktdé Moget her or housing the walls
oy benPApplid ' " el
Tount g PPLeRERe IR CEnSIaR LIRS, Systahs .o
wal | s together that may be practiced is ultrasonic

T@%lsgéfg&s z\a’\'hreI &ehscrrri%}éd kl)r(le d%{a"?ﬁ%érgﬁ]%ﬁ\é\ﬁr }nh’chfeI fg)r(égbolir?g \éecllelr.s

1. A Lens Having Two Fiexible 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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made of thernoplastics, for exanple. Yet another

mechani smfor holding the walls together is to use
w@ewal1396| anpi ng with vari abl e | oads or forcePCEADURWG/A00858

seal is formed between the peripheries of the walls

80, 82. If barrel nounting is enployed, the sea

bet ween one or nore of the wal3d-s 80, 82 and the barrel

nmounting nay be effected by pressure, or in other

EabRifiempn dail 80s 82311@% ba fotmdpbf § c@ﬁﬁi@xﬁeﬁt cém@‘n@i’r\\b a E®&tchable,
exanpl e, al t hough ot her seal i ng nechani sns

plishie oyasforn 1drﬁ9u@f yaphetic hﬁgﬂ@@@iﬁq&ma&r@b ef antﬂcai mlarity that is

Bty BB e, YIS T et ot e
embodommmsmfah@ inviehtioa s forinedrfedmeestable, bbridyenoasand

def | ned by th Ils 80, 82. Fluid 84 is inserted into
stEplg aem@tfr@fdxﬁ ichds Fansnarent i@ thegadiation bejpg ransmitted by the

B A 8 e 50| S R

on@nmbpcmsmdma timhisainhizodidentg 2he ﬂb&lblﬂ)WEll@BOpB@\alreiamd@mf
catl on..bet ween, t he cavit,

olSaobRIE iR ShBHIIE MalsT Bis e Ao Wil Gppisbiajed by one
skilled th % arfirf th I@ﬂ‘l’b? Yhis HE@IofshFé(t%%tW@f%éte%%ls ﬁ%\b/EHeepractlced

caused to nove s t hat vari ous apes can
witbeutedepartirg frooi theSstopetandaspitit o thplimvantiont Amydsaitabie material

msS, 16 G55 SituddioR I RaleriD ke Ar 1S sERLOY @nerhas the
@pém@sc@mm@@ta‘dl@@tm@amé broﬂéﬁble%%ndmefefriayw%%ent Such

used to fill the l'ens cavity g be any honbgénous,
mﬁé?rlai%mm@nse,, fooexample,@d@pneeu erSdplasﬁCS,raGrgllcs flexible

oSERTEER ol B 0 Gh U LT3 el e
orrfutSIrtgqs hlsedd(v foin ehey wallls S0 ed, e walll ald PadB&if ke materlals If
y the lens. The fluid 84 may conprise an oil

Cﬁw tsew%fo IRinsiher walkos o, §2, the V\@@ém&r be gnade phunlike materials.

or even a water based product. In particular, it has
been found that Johnson's(r) Baby Gl is a sui tabl e
Thid wiadls 8By 82 elirebtly abtheadH ofher 8#theayeripshety gnsised, banded together

atitF%h%‘%‘rXq@igﬂdf%héﬁ@%Eithfehiesomsé @ﬁﬁgcﬁﬁn@@s B B Barmaerb.
B e e A bk i
wmlgl hspapearant tp dree skilledi imetthesart tHﬂtothéTeméehmmms for holding
toa Ietr 'o(r)rﬁ%ue,%gt%ﬁe wa?lg n"%gy 8e%%\c(:)tys%d sucth as welding or using a barrel
mounting, for example. Another method of joining the walls together that may be
practiced is ultrasonic welding, which may be practiced with flexible walls 80, 82
made of thermoplastics, for example. Yet another mechanism for holding the
walls together is to 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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To reduce the effect of gravity on the profile of the

| ens, the anmount of fluid 84 in the cavity is
w@e@basabl y m nimsed. This is done by reduci nRCT/AB2006/000858

di stance- between the first wall 80 and the second wal |

82, so as to mnimse the volune of the cavity. If a

| arger or thicker lens is regqd-red, a nore thixotropic

fluid could be used so as to prevent bul gi ng towards

ekibRdirABES theald wafls BDGBQ @r}‘éctl)riaﬁutaé% é’éhe?&ﬁ’é@ﬂ‘ed a port is able
undesi red vi brati ons of exi bl e wal

tocerarmuicaie with an trierorbeaYityeofitbe éermdeﬁrrmyb!oﬁwmwaas 80, 82.
When the anount of fluid 84 in the cavity is at a
mnimum the flexible walls may be al nost flat agai nst

Fledd B4 04 h@ertetiﬂn’@cafﬁi ﬁ#@@ﬂd ﬁ’@m tﬁé'davﬁx_s'@é o83, WhicH extends
fluid separates the heerX|bIe

bohyaen i9g, f’%@'?rﬂ\jﬁ”ﬁ@of B@x@@ tb9 eyl AjetRest 83 goapgises a flexible
tdggt %t%ﬁ Gécwgb}ﬁ {RE thy6 TS b, 'souir] %r{ ¢§ ﬁ}&\ﬁ §Pq‘f'fﬁ1¥d

0 produce positive of heg atinve
cémednitationahtwiesn doe cavianand wftdld tdgesvain dwcﬂtsil’r@KNn). By controlling

GG i 5 B e S
sﬁ&ﬂth@t l\/énoﬁé lérfs%ﬁa?b@ '&%ﬁtbé)f?ir ew r}l}*fﬁ ﬁdl8’84bé&s ‘é@'é déBI'acement

may have a thickness of I netres or
mEIdta and imigsertediinto ani ehwvEdirh tee wality @8, the:port 83 The

| | to th hysi cal .and/ cal
IRGRERDIagY e RSt o glsaesnd B e walsat sr ot
the flexible wall 80, 82 may be of consi derable
t hi ckness dependi ng upon the di ameter of |ens required

Thefuidn?d ysee tofill Hedens spwity may hegoy hethodeheus) rem-sberosive, or

Kk
ndftencie 8 e 1< Ga kBt B8 oriehBn s BRnrmRis by the
leds ametveiiich PlasxlitabesthemBalbstabillgt sd 86 nbt RxXb&aavamlely Sfected by
82 has a reduced flexibility and the effect of gravit

ragiptiondaing fepusediydhedens. yThesﬂtﬂd&&craay comfhisecaiuebr gK/cerme,

T Y S T
it bas beeB fau b theit Sbbmorﬁs@debg/ @il wa @uttbblecﬂu’ d. %%l@b%‘the fluid

fI exi bl e 80, 82, The thickness of th
‘f degrgsed 86%@‘ Fayheating eidhafiuig by radjatl@ybe@séransmltted

b){tﬁ@wﬁf\% A8l RoF calisd 6360185 % forfhy bhifithg @g«ﬁcégw i might
adyessely affevi hmnszmxﬁahohhhﬂealadgatlon\tg/sthe Iens The fluid 84 may optionally

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

To reduce the effect of gravity on 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 fiuid 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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8 1, one in each surface of the walls 80, 82 in a
configuration where the grooves 8 1 are on opposite

W@ @ea3:960 one anot her. VWile two opposite faci POI/AU2006/000858

grooves are inplemented in the enbodi ment shown in
Figs. 8a and 8b, a single annul ar groove coul d be
practiced in another inplemedfati on on either surface
of each wall, but preferably in a surface of each wall
80, 82 that fornms an interior surface of the cavity
between the walls 80, 82. Two %wnula

Tf@ﬂ@SbbﬁNaH& Bt mety hardoxas by Boongang MukpYEnsp tde cAvity or
sin
el fJ IdS8£ﬁﬁ{?ﬂ tgg gc%g/gg.gbo:’\%é gcg W@HF Sﬂl\/? 6}9?eqNalve lens

pr@ﬂlesSK f@dbl@@vdﬂflﬂ@dco&iéncélwlm ﬂfmjan@wmereem’aadm@r‘és of the
deeper groove in the wal| 80, 8 mo;%.%gow de

ingeRiiqit mwémame@éhallm?rqﬂﬁ apd bg PontraiihinaRdlor of
@%t%dla Fétd@ﬁfa ﬁg tiﬁﬂﬁé‘ét?mﬁtr ﬂ@’ﬁé(llﬂi@wél%@r@@?ﬂéiﬁﬁbve a

ng positi oned opposite each ot he
thidkaetsvof adowanilimgtréezodiesp] dbedhinsiest peist obthesltexikie mﬂll 80, 82

odtEreinapresons fes phieEabu REAPIci eflup TS IR Peyheral

1o tﬂf Pgﬁiﬁ the fk:a'xfble %ﬁ\SG 82 rﬁﬁy’%'df%lohsi@i@fﬁable@meldness
annul ar’ grooves are formed in the flexible wall

ddpEitlinglapen ¢ne dmn@tbomhlena reqigired amy thr sigerof gleas\apgriure

reﬂPgﬁfigféeﬁg?('lb G %8 8Qn§561§a)g$l§§:c{et Y'%:ns?ﬂ g]::eglh?el ative

to each other. Further, the grooves 1451 nay be deeper
than in the case of Fig. 14A. The grooves

The Bhiokyessuafrachrilaxdle w80, S2gay bﬁH@C@@ﬁﬂé OBWQQrgA'gmetef
o;%téc@é ﬂ/%ter el | %%ﬁw f‘ géleqﬁéll 3{)1 8% f4R". er%%i!uead ﬂ@lelllty and the

as we as enabl the us
eﬁehé’ddf@‘ﬂé\l'lw e ﬂulaxm tHeecanityds irediudent. Suvh mdUbedﬂémblllty

This in turn wou count er.act effe f
pm@n@o@@gmgeofﬁbaﬁle&bé@)wa" BPoBRdava S“@grh%’aw Qﬁ?aﬁed“b'e wall
8(2h€2 Sﬁ@ LTRIY 5 Rbnéil b%n ﬁrofﬂé‘erh@rC|&Uﬂﬂé%?lc% of tﬁ@ﬂ@xnble

-S ape cross-secti o one on each surface of
wahB0, Sanvhaltlaclmeéstofcthediemb]eawethOt 82trhay plsoi lpehelit@’edffor
t he malls 80 S _ar.e j oi ned

syserys, reﬁy'”BSr{HP'i?go \A@?@? quf&e HPXWES?WPL‘P“@‘FW “exact

position of each groove 8 1 can be

" 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 to 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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varied relative to the peripheral edge of the wall 80,
82. The annul ar grooves shown in Figs. 8a and 8b have

w0 e@enswed or "blunt" v-shape cross-sections PCT/AU2006/000858
preferably. Alternatively, the groove 8 1 may have a
"sharp" v-shaped cross section. The grooves act as
hi nges to inprove the consistbticy of the curvature of
the flexible walls 80, 82 across their surfaces. The

gis@@éanap bé displaced velativapriesihosthies as depictéd it Figs, 14B and 15,
enbodi nent, but other shaped grooves may be practiced,

whigh ase-dRscsibed hareipatieyr osush. arcembeodimént, degpaipgi@oves may be
p%cﬁﬁﬁ%ﬁs are preferred over cshaped grooves, since
v-shaped grooves are nore accurate. The depth of the
groove bases is such that the di stance between the two
IS the sane or substanti a%y the sapne as

b g the
In Eféiaﬁésgﬂwppﬂ@teflyes?ﬁuypee nnugs grepvest 141 akeddermed in the
TR0 AR 6 oh BT, RS HBBLAPY AU 1457 may bo
farmredderibe oppositdivalle bt fedble wnthSGﬂ'aed Mfsetb@t désplaced

h b b tised wt t departjng.
QB oA BB En EURer o BRoave AR aey B SR dealt e case
of ERMHBANT HY §@WeEs 1UB¢ tdf iy, SUfE irfal quhétvorﬁﬁ/eg a?'d‘ﬁiﬁgfa.e The

The grooves 8 1 in the inner surfaces of the flexi
dezipn of 8tg. @8 may relieve most i nohall gospeession aofl tehsile forces

s B B0 SRR RNG yBoPF SHERY B8 U Tkl e wan
1880. $Risan eudl weeldcouptsradt & be gravityHridedk! posaiié pear
each other, leaving little or no cavify between the

shaedpioblerso, 82 wit hout di spl acenent media hel d
between the walls 80, 82. In enbodi nents, such as the
one shown in Figs. 8a and 8b, the internal grooves 8 1

Rafegriaglagainagethe enbeiimenbof Figo 8ywHd anriulgr gloeves 81lhave a
bonded together, as the grooves 8 1 tend to coll ect,
V-§ﬁ9p% sisciediony ente oprpachHugiaceffithe vwalleand are epsiiened
. | . i 1 8 o
o4t BABRoh o g JHIRE B2PyheR i DByl Bln 0.
bysbondiegf welding er fusirg)8 T henekach positior rof each ageodb8 vtan be

vqtrgqilsr]feha?\(/ie% ngb}ehﬁﬁ%@?rpﬁgé E)z Hgép v%ra t8|0\,/ 823 hfeaacr(lansuIé\jllc grtolg\?es
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 surfaces. 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 flexible wall 80, 82 at its
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
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In Fig. 8a, the anount of fluid 84 is controlled so
that the first flexible wall 80 is positioned such
W bhab/136960 r st surface 86 of that wall 80 fart heGt/A200M000858
the second flexible wall 82 is substantially planar
and a second surface 88 of the first flexible wall 80
closest to the second flexibllg-wall 82 is concave. In
addi tion, the anmpbunt of fluid determ nes that the
B inRrtioRrbsideathé rentthg yadovebdtnetion sufficiently
s@ﬁ%&?ﬁﬂgﬁﬁﬁggghgé of thi% wal | 82 closéig to the first
ad ddiidgd.e wall 80 is concave and a second surface 87
farthest fromthe first flexible wall 80 is
substantially planar. In Fig. 8b, the anmount of fluid
TR gicoVesrB1 ilthethrie? suplices e tHd fietibleleallsB@, 8iaydaciitate the

poSitioned such that its first surface SSWfartPe@
dispensiartiel bedwirio fiom Baeh RartB Ebetuseadhe dwo Walls 3% 82,
. f i
o555 BB B3 U3 000 o bt cgetnr
ord@iteutyidIRg ehblbthdreleseingnitilé bexbloasitybetwasn the two walls 80, 82

ositioned such that its first surface.85,.closest {0
withutidispiacement mediaaeld haiween %W&ﬂ%ggngzi {1 eEi‘%?&@U_e”tS’ such
aSHd 8%& Eﬁgwh% Hg%s.ﬁafafm&ﬁﬁeﬁhtbﬁ*alfg!r@cWéé' &1 wid hd¥hthgeous

convex. By changi™mg the anount of fluid 84 in the
whend the tivoowalishereactmmicakiyhbondedtagethergas the grrovesdiintend to

ey SEuon L AT P Sl AL 0.2
gloBlEs '8 petbiePne s‘?ﬂﬂ&ﬁbﬂﬁ@oﬁaﬂﬁéﬁ irté @tk bavigi.n nay have

a power range of fromabout - 9 to about +9 D optres,
or at |east cover a portion of that range. O her

b I | { i f .
TR UG TecR R R BRD Welt] wiPH UBRal R B3 e foxl
wall sbhitetREDpeRitive dubackoiofdw lRmsenbodi ment of the
I nvention provides a lens conprising first and second

wal | s 80, 82 defining a cavity for receiving fluid 84.
2Int i% o't rp_,nsboth wal | s 80, 82 are flexible and
—beee@@—@% thi nner towards the central _
Inf Ieigi. 84, tle sa6imiveflfluide4 iSeontsallsl sdtiat Wee ficsd flekibleswall 80 is

shapes can be fornmed by controlling fhe vol of
pesitiorecaudh that & ftrﬁbswgaﬁet% otthah wall 60 rarlagsbiram e second

' BFfabB BBIof tAE frst flexible
1&bleriFalPba s PSR G ool A1k RocDhd SOMals BB o 1R
wall SOesisseshic thd seodrul Rexiblevealbd2 i corfdaventreadditien, 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 flexible wall 80 is substantially planar.

In Fig. 8b, the amount of fluid 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 to the second flexible wall 82 is concave.
Similarly, the amount of fluid determines that the second flexible wall 82 is
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.
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preferentially inflates or deflates) the central
region and allow the exact change of profile through

W b@onsirge to be accurately defined. In other PCT/AU2006/000858

enbodi nents of the invention described hereinafter,
rather than two flexible walls, a single flexible wall
may be used in conmbination wit& a rigid wall instead
of a second flexible wall. The at |east one groove 8 1

BY@hahdmg the Pe60RRI HLIdSd ingR cavityTesn 386 Brididt shown in Fig. 8a
vari ous Iens shapes can be formed by controlling the

to/tecarpount shewvr inufrig. 8, thetfacusing @owey iof $he lenstigehanged to a

o OO B S By doscre
héfein hefyshdve & poiveblrangelbefrbmnsbotmy-9rtelabon +8 Dloptres or at least

closed-circuit fluid actuation to vari abléc
cYRS & pPKjiog|af dhat rgnge; Pthenpewers may pedrracticedhwithaeideparting

fréﬁgtggioér?ghtelag@g%él”p&thggn\}eqﬁlgn A lens according to this

nvention and those descri bed
hereinafter can be used to replace any lens currently

produced fro gla , .acrylic, conposite or any other
QMQMAM%@‘&M radiation that the lens is

TRES, "tEe Yol éthBél?ﬂl(%/u;c P ireh&8s F&ﬂd@@a(ﬂ)‘?ﬁsdc&‘nf)nblﬁg first

any focusing system her the sy Blemis
and ﬁgd:(mdaWeHeBO 82 defihing- aebmn@rfbr desiigng fllilie841s th‘is

o Bidirdenss BRt 8 66, €2 SEDHe bR Ebe o Prsprab el thifner
toRROS mégeﬁt@altrégloﬁ'H?‘é@bﬁ%l%@%ﬂ '%@tch'? ﬁt’\fdrfé‘ﬂxsrf@ﬁ{s BRapes can

used conprise consuner Optl CS one caneras,

befasmeskhyaantrelliny Henvgluatesefdlud 344 wutme traa; cadtyi | Eacnsuch

t d ht h [ A .
FoSB S vl SRDRIT B e RENLAHE FRP o auatty
oftfmeSe tHan plénat-Wambaséb%VBféﬁhs thﬂéXIBl@fwaII@Félé,@ihfluence (i.e.
nses according to one or nore enbodi nents of

prﬁ @ﬂila'lydnﬁ@@sp%qerﬂ@tﬁsm@/ cgnﬁr@laﬁg@nf @id ghew the exa@ qhange of
oA Ianb8 St A00 QUi IV dRad e ot ne

lmaemim dm&addwaﬁemaﬁebedtﬁﬁﬁ m?amwa ﬁé)gblélﬁal%a@oﬂfi?rwﬂéxible wall
be rigid. \Wen bo t he |rst and second wa
mey gm@h%‘t%w arigid peallipsiead Qi gaseranddigtiple wall.
ot her Lenses according to this and ot her enbodi nents
of the invention may be circular. The | enses may have
Thecat/legabdmne groover8l toavayds its aeeineetsr ddiiresssa hingenslich 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
closed-circuit fluid actuation to variably and smoothly alter, within limits, the profile,

and hence the focal length of the lens.

A lens according to this embodiment of the invention and those described
hereinafter can be used to replace any lens currently produced from glass, acrylic,
composite or any other material which refracts the radiation that the lens is being
used to transmit. 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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configurations of the walls 80, 82 may vary dependent
upon the application and configuration of the |ens.
w@2mwensdoby speaki ng the at | east one annul ar gPOD¥XB2G06/000858
formed in a surface of the wall near the periphery of
the wall. In other enbodi nents, the second wall may be
formed froma rigid nmateri al ‘b?rd may be defined by a
first surface and a second surface substantially
lgzatsatbl setontmucus|yf varizbles hydrackc leDseystrrenBpgcific lapplications in

iR s #earang G eraimeg oAb hyetonydl e pseo comrise

' ghfassionh i
oBFheL NS rofi AR imEch pRlesn AN o otna

camesas il @nd video semenas wightingapptametsy apd dphdhalenology, toy

oflieh v Eh Satet, PR EVe R Bt b 6 broef Shomical and

nilitaByf optiss. $ R8s aBLOIHIRTE®D dric ér MRS awthalithbaRof the invention are
Alternatively, the second wall may be fornmed froma

partiputariveswitablg foimseriagimpledsinoleeleniend fogyssand geemaits.
and a second surface, wherein at | east one of the
first and second surfaces is a convex surface.

Vﬂﬁim?tfhl@lwcbhg w:ﬂ%% lirgth_lbblemb?_ddn@va?ﬂ is lﬂlaaﬂolé,aﬂg etl@nembodiments as
rofile, and the flexible fjrst wall, e worke

dg@%ﬁ'bﬁﬂ h%"ﬁ;‘/”ﬁ:ﬂeéf ‘?hleesea%)é‘grY_K?' Yy berfigid ﬁé’le@ I?Fﬁh ég? g_TSt@fnd
sEBENF GLRY %ré!"ﬁékibfé‘?l’hé’%%‘iag? ing‘ar}glgé‘%rﬁ’éd Qﬁém_%t éa%}ﬁ‘ggﬁér.

I's transparent to the ra eing transmtte
the lens.In other enbodi nents descri bed herei nafter,

Liises ACCOTABIGHO s, 2t efer Bptocimanteraitnautientg. may be circular.
ngqeﬁéélssﬁﬂla %vé@fé??@%'dr%eﬂé Rir§e AitifelepsiCTRB Size arF]d

irectly, Close to their respective peripheries, there
comfiguratienrsiof e waltodf & mayotasy dependentl upon the dpplination and

PR LW RRBS Sfdhe e 3550 bt ftcve s

farfbd iRe QurfadeneatwalbnsambkYeriphencorravall. o
manuf acture and may be less likely to fail in use. The

first and second walls may be bonded together using a

| R S cplsr Vi SRR WA e SR ol R Tkforal and

nfeloepdefined by adirspaufatemd 8 @epond eurface substantially parallel to the
et hyl )sil ane or neth

triacetoxy( _ yl . -
figst ﬁHB‘@@%é@%ﬁWWﬁW hedlexiile wal8q mayype waeked against the rigid
planar surface. Again, the rigid material may be a polycarbonate, an acrylic or a
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 acrylic which is transparent to the radiation being

transmitted by the lens.
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first and second walls nmay be wel ded, chem cally
bonded, or fused together. Such fusion nmay involve

wheabilsgge@t | east a portion of the walls. TheseCTBUN®AS00858

of joining the two walls together offer the sane
advant ages over the barrel nounting as does bondi ng
the walls together. The | ens 6 accordance with this
and ot her enbodi nents of the invention further
conprises at | east one port into the cavity through

which fluid can flow, Mdre preferably, while only a
I8 ofrerpRpdiments desgrihad herematier. tha fisstansbseaans walkssof the lens

a‘fﬁ@ﬂh%ﬁﬁ% ﬁntﬂlrlf"% %(@jrﬁm f é?é?afb.ll;ﬁ bgﬂlue? gfcﬂ;{%hﬁg ifg%g fiest and
s&doad waﬂpmedoaded mgesther dieeatfye tlosedo ttieit l“esde%ﬂﬁe péhﬁhenes

| ur.alit orts be equally spaced ar ound
therB g Apdiasi el grc hopial e e ormeclfucnyno

n“?&!ﬁifﬂg%d t‘%“%ﬁaﬂ%orlr‘is?ﬁd"‘ t;%afﬁ@g djg%lﬁea it e ?%wﬁ'ﬂ‘ormed by

angl e of approxi mat e y spaci ng
ﬂpmtwcs watlgand thée arnangema‘rrbnsaslamlmf andeheaper, totrhanthfac&we and

P Is ER 8T m B, Thefishand et el rya beponded
tIRdl sifd aiffoviiie fuld difiédhe ABbERLbIpouRl ‘(fd?' e%mmé(ubaet

| owed to fl ow both into and the cavit
at/ﬁlia'hi@ﬁoﬂhgsmomegmntemtfpsmkm 6%542}1é"hﬂajdmpmfnd may

oS BT AATER 1 KR SR, “Aimatey, e

fm@nwé@ednu Waalsrméy BE szlt:léd r(ﬂfe@ﬁ@ﬁﬂ?)ﬁbéﬁdéd‘ reudedtdiRiMer. Such
shown in Fig la to . Alternativel y, each port

f%@%ﬁ@Yt'ﬂYQM@ heating aéiaa@lt a pedtion of thenialise r‘rémeserr?ethodg of joining
A8 B hetthd g U F8es SRR 08 o

doés bpodingrthy watlspjogethen t ube bonded or fused to a hole
drilled or noul ded through one of the walls. For

exanpl e, the tube could be a polythene or silicone

Thé‘ %ﬁﬁ%@r&éﬁc& witls Hid 3kt %tﬁé’kj & Bdﬁ-rébrﬁ? Rehfe fﬁg(/éh{i(ﬁrggurther

hrough or mou into a ycar ona ens.
chprleleSaa’sleab’eorﬂe) pnﬁdntoftheccaylty througip elhjcraflbidrezneflomdViore

HeBlrairlE ¥ adindlBPor i ReatBi i iBhe and 8 1o ens
ccgrbﬁ?%h; d gﬁntbﬁtg%fsrldggsmm&% e EQVity hARRHGARARIABaA Fow. 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 fluid 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. Alternatively, each port may extend through
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| ens, the entrance of the port into the cavity may

correspond with a groove forned in the inside surface
w@Roobhasobd exi ble wall. A fluid reservoir may bBCT/AU2006/000858

connected to the lens via the at | east one port so as

to communicate fluid to and fromthe cavity formed by

the walls. The fluid reservoi2l-may be i ncorporated

into the final I ens assenbly, so that the systemforns

trie fid@siedvali éﬁhetlensildrcth@ﬁfgh tﬁ@ﬁtigﬁﬂWQH@K dgelanist Alterna’uvely, the
reservoir and | ens cawt@zﬁperm&nentl connect ed vi

patt manbe bmdeﬁmwe%meeﬁ hd seeaad pallsdT e BFBRY comprise a

05 B, B8 o A TRUSHAR B Ry .
ek:ﬁhﬂpf@&tlﬁﬁé Wihe céuid leea pal\ythaneaasmBMmE tubesm)ndedn@traa swtable
iston, a plunger, a conventio

SBHERLI 8 gpl%fyfeﬂ&hwq&} or/ngeideddpia %BOP Gafh%‘ag%!%ﬂsd dhe tube
?uldten bEFEIYEY b a&‘&h& Br ﬁ@ggﬁ)oﬁ%?é’ ah@ cB¥REbe Wetddl or bonded to

e reservolr urd fromthe | ens
ona\df the wallef Erahibe, may dessfauitablendiameter foothe lenp size, df the port

o o L 358 AL HELP B Lo oo o
Ie‘?ﬁoméjénﬁar%%ﬁ th¥§ oM in¥d tHe &4 tgemé@ coRESpdMewithd grdove formed

e desired direction between tfhe reservoir and | ens
ircthe ingide Bwefatce af theflexibgewalvay be used to punp fluid
into and out of the cavity to thus expand and defl ate
the lens. The force-provider may al so be used to cause

AN fE4EF bR it be EBAnédteditbtiee laklvia the QWéee‘lSorh@ eort so as to
cavity. When each flexible wall 80, 82 co f?

commrunieate fiwdinand from e srvity formaee bydhe ?‘ﬁ@ uid reservoir
aﬁvlé(% Epc?r%feq{ ﬁ?cpﬁ:e Il?rjishé e?my%@ﬁ{at?ﬁ@@gggﬁpfo?ms a

VENti o eas one’groove ma
Cldde@jif@UltMleﬂ‘th%G@ied paxsltamrwﬁhoarrésédvb&raﬂd a I@wcawﬂye

pgﬁ’gg'ﬂeﬂ& Ya&?ﬂf@rcgq%\-ﬁlg@ct géfltt%% @{g@@g\%%wp?qhtgu SM%%%OW may
%aci It a@g\ﬁtg ﬂ'f thterl?ar\‘erh?MLr@clﬁ [ ui Igﬁ %é%dg léﬁé’fﬂ)éused

I Spersion aroun e cavity
when the fluid initially enters the cavity. This is

TRRRE Bh s e gy maRE ST R KSR ik Broa using -
A, S8 A g A
appliechtd thecoujside\af the reservoir, which can be used to expel flund 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 lens 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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until the walls separate from one another, thus
hel ping to disperse the fluid within the cavity. Wen

wao b@efibst bl e wal | conprises a groove, the gr OPWEAIRNNG6/000858
be positioned close to the periphery of the I ens at
the point of maximumflexure. Such a groove acts as a
hi nge. The groove may be annt¥2ar and may be formed on
either surface of the first wall, that is, either the

ABMNBAGSly Clh@sens niay &diR ﬁﬁﬁam@nﬁnudm@chémmlwaquyln fluid via
?éi'h ﬂes%/ fromtheé%/secorr)ld wal | .. The groove,_ nay ?

thpcgroove: tmﬂwealenamaaﬁprmﬁ graoyedn HipdiEase eﬁﬁhﬁﬁ@afadlacent the
c Vé rf%q;llot &Ep%lgs'!osr{mmhlﬂlﬁ gddsng‘(’:‘fg%gfavﬂﬁlvmésﬁth%rfIU|d initially

eﬂg)téfbstr@éf mltltlysﬂfﬁlfsas @‘sp@g iallysd foriens lco?ﬁguvahbns whees theetivo walls
y a first surface and a

aiilosdly EoRAed aPthRRoT IRy SnHiagens Srafber e atingAe or no
C%ﬁ&fgétwﬁgngff% b6 Sk, F'Bree;%rhé g@ ﬂwaﬁﬁa)bﬁo@ é?@[iﬁ@‘t’l@e groove

he~second sur first wall ma
ubtg the plafis aeparaté dmen oAb tamoiizer Msﬂ]elplogrtotdr&pa‘rse the %/ fuid within
surface and the second surface of the first wall may
V#¥cave surfaces. Alternatively, both the first
surface and the second surface of the first wall may
be pl anar surfaces. When fluid is supplied to the
Wiaen the flexible mallesbriiprisest dgranve, the gioevednay heeasitiongd close to

G2 b 8 e SO0 BRSO o i et o

hﬁqﬁé ?Ha‘g%oxféiﬁfa@% ashfat and Mdyehe foransl Meftmélcﬁﬁ’fade of the first
at surtace, whilst any groove in the concave s rfafc
walli that is, eherihe sufaseciesast to rasacand walher tha suitace fagthest

et dsror TR s TR DS boo AL it tance
fréHf %é%rl{dh@hy @f theofirgewalinto alloe fondelsling alcle!ondlhg of thesfirst wall to
al so have a second groove towar

ﬂ]@e?&Q@éldéNa|bfWhﬁ@fth$ ans,GAMPrisRse? QTQPV@@fgﬁ‘@otﬂﬁt Wrl ir defined by
aﬁset S(E{rﬁg:gféﬁgixé E?g&@g ?ﬁﬁaéé”tﬁé‘??o&fe rtngg He foffnetah Lthe first surface

corpri Ses a groove on each
ofthef firsewall. HEné fist gudaaeasf Hreefirpt whbmay lye al ccgwade suffage and the
wal | of the | ens has ia ast gsr?_ro f
seegndhaiiEage ot tgﬁaftg%wal may eap Anar Sunace; Alterma vely, VBoth 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 to 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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cross-section. The groove is preferably blunt-ended or
has a rounded base to relieve stresses in the flexible
wowdob/1899e6e t 0 t he groove. For exanple, the grpOVaUunmEy/000858
have a c-shaped cross-section. A groove which is
bl unt - ended or has a rounded base is preferable
because the flexible wall is-2®ss likely to fatigue or
fracture in use when such a groove is used. Wen a
figsteRewheréinthe detond GrRodvieris forpnsd mcie®ecbRg suiagk of the first
wal |, the first wall may becone progressively thinner
wadwdV Ben fha flexhierwall cemipsreaAgronave a8 ;ﬁaﬁhwr%/aﬁ@, theolweegrooves
: the | east di stance between an apex or
aﬁ%égmgﬁﬁbﬁ%'r?%%ve and the second surface is
substantially the sane as the thickness of the first
its cC ntr% regi on. When flexible wall has a

wal | | a I
I wal & the Brsihas ieas (e YReves tBRIGPRVGHEIAY, haveea v-shaped
ol o e O e e A SRR or S SRR o
reliege dgiresaes in thet flesdbie wall clpssesthergrbasesFaf exdmeple, the groove

rqoves is,substantially the sane t he thjckness of
R oA B PRI oS Spetlor Arioane vadeiols bni-ended or has a
rovkiletiasdse it Pelefepaie berBdsé tHd fslibletvaifis! e Pliket E@fkﬁg&e or
Moul di ng of flexible walls may be accurately execut
fragfire 8y use wheneucpraogicoveds 6sed. acrylic or silica
optics, high quality plastic noulds, or by spinning,
centrifuging, introduction of gas, bubble or flow,

Wienr a ?dfdsvef 8 dotedl Ireple o fdcer oftha fibdtavall, the first wall may
Self-levelling characteristics of pre-cured materials

barane pprareasivglyhinngs tewardstitsrepatial eagion mpditae ﬁ)l@p_th of the
oloBF¥ AP SR AR SUSRYARC, B BB TR D

groové anch theesetcbrd istrfaceds bwbstAtiallythé dante a8 tHextfickness of the
mpterials nmust be stable, non-adhesive to the flexible
f'r\%EW?@agg?'ﬁS”B?U@Q&iU, and have sufficiently high grade
surface characteristics so as to inpart substantially
V\)oerfect surface qualities to the flexiblewalls being
testllexitlle walidtasva gyoovehia dachrsuniaee wdlthes floxibldowal thglestible

froma sheet of sui.table material. 5. of her Lens
Wﬂgﬁ]a\;{ eﬁ%n¢p@grg§gv%¥|th|§ner towards its ceﬁ‘?ra} 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-levelling 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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Figs. 6a to 6d show a Il ens having two flexible walls
60, 62 according to another enbodi nent of the present
wOo pwensioen. The | ens conprises a first flexi bl BCAUR006000858
that becones thinner towards its central region and a
second flexible wall 62 that al so becones thinner
towards its central region. Te first and second walls
60, 62 define a cavity for receiving fluid 64. The
wiid bsingbasbAlBHiaticeiyafe flekibk Walldmapbe stahpe@f®m a sheet of
j oi ned together in accordance with the foregoing
switehbeimadetaldescri bed hereinbefore with reference to
Figs. 8a and 8b. The enbodi ment shown in Figs. 6a to
6d does not have annul ar grooves forned in the walls

560, ARother { ens HavinaTwbi Flgeible Waisher, the wal I's 60,
62 are not wel ded, bonded or fused together. |nstead

Figreba fe 2dishewlans faying wa flexipls walis 9, BApsroreing o another
eABLERh e Hhé Eﬂ?s%n%mvyﬁﬁgﬁ'.aﬂec‘ 'eggar%ﬁ%ye% fl?srt?leﬂb?{ﬁgll 60

apart relativ o0 each o n - annu
thgt besemes thihher fonards iis centréhxkz)a@mf ard h&reoehdrftwrhle V@IIEBZ that
The sp r separation betwe 60
alf @295@@6*5 SR [qwards Nsumantioh e, eﬂ’éﬁ- i inst Ao ‘9‘950“@ wede 60, 62
défHTe%’%ﬁﬁt}Pfor'réééiﬁhﬁj&hc?&ﬁ*h\é wdl @6%@2 fafbe ﬁ%\d@rcﬁ S|mllar

preferabl’y spaced cl oser together to"m nimse
matesiats aod jdihed tbgetherinvasorddneensith meb‘mremng ammbomment

ok ihett RrRbafrs Biiggerephna o §as be B mnanaicreryiment shown
infFags. Mﬁmﬂﬁﬁés Woi Ha@e éﬁh'@é?g%a\l/r@g'fbbéﬁg% g'f ?%V\ﬁﬂﬂé‘% &2 to

nmount I n
fUBﬁWréES%mﬂﬂS rﬁ;prta’!er. thmwalﬁ 6Q, Gharecnotriweidet ngonded or fused

o BH A e g 0, ST IRE) b 88

moestien6$ns for hol ding together the walls may be
practised such as bondi ng or welding, for exanple. The
fluid 64 is inserted into and renoved fromthe cavity

THA e B8 2 B8 L ARASE 08 S o e i i

arfriudarcgroommrm thatinteniobstieen of adaerel nounéing 64 . fThe dpacmg or
t he vol une of

trollin
SRR TEOS B HBE DRIIGP. BRHS SMPRRPISGd i 080 SpBgsthaRart) i
Fi§ 261 f61urBosBY 6f ifiusthatid?Péniy 2ThaUFallsS6S 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 barrel 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 fluid 64 is inserted into
and removed from the cavity via a port 63, which extends through the batrel
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 forned. Wiile the flexible walls 60, 62
depicted in Figs. 6a to 6d do not have annul ar grooves

wo eooakssdsth t he surfaces of the walls 60, 62, OPEI/AD2006/000858

nore annul ar grooves may be formed in such walls 60,
62 held in place by the barrel nounting 6 1. Al so,
while barrel mounting is depi-@bed in Figs. 6a to 6d,
ot her mechani sns of joining together the walls 60, 62
may be practiced, including bonding, welding, fusing,

Bl I BEERR Wl 66 i emiviedth igs. e to:5d 9 adhhovmanDRlar
gfrbé'\yéis fofmied i A Bﬁﬁéﬁégt ﬁgt Nl L& 62, 'b 1 Jrlrﬁcgﬂeb%)ﬁqtﬁ@niérooves

I'S positioned suc I'rst sur ace
m@y bedornfied irhewsth Wakke60,h82 helddn plddecy theebavabl m62ntisg 61. Also,

R el iR i3S R R Al Pa bt Biher EREhERIT Opioining
idédathdr ﬁn@ WalSL60] My pidtaces QHaG?ng%%@lﬁg \’Wn}%lbnﬁz fusing, and

I S positioned such that a first sur
uliagongpweldirg amengst ipther teshnifiles kbbenualthososkilied in the art.

convex and a second surface 67 farthest fromthe first
flexible wall 60 is concave. In Fig. 6b, the anount of

I Fig. $a6thé smoant opiidied4sie cohabliédigo fthét&heff.kﬁme&ktﬁe VeIl 60 is
60 is positioned such that its first surface

ppgitioned sueh dhatianfirst sudace 66 of thatevalkhQ fathast froahﬂm/second
ﬂ?{ag% \{\)/ﬁll %9919 %E‘; Ié; QI‘SFCS %08 ﬁff% %%g X fse@%%ﬂ‘geaﬁ?gpnd flexible

wieh 6 2aismontverf Infdddltcbr64h@| atr&fumlt bEﬂUItﬂmt détbﬁmﬁfésqnﬁt the second
positioned such that its fir

IexBi el 2% pasBonss SUchindta et surdasan ohinat veal §2 closest to
tf%‘f*ﬂ%i Askibr! Wil QE?@ \ge{%j?r'ld 8 s% SH@QFﬁHééﬁ??aﬁﬁest from the first

farthest fromt [ exi i S CONcave.
flexible; wall 60 |schlecaa/|munt of fluid 64 is controlled so
that the first flexible wall 60 is positioned such
that its first surface 66 farthest fromthe second

Inf Figx6b) mevmhbu&%f'fmldi BA34 éﬁﬁﬂr&lédys&{r%@ 3“‘? ﬁ@ ifl%f(@le > wall 60 is

second surface 68 closest to the secon
pesitiored suehihat its firstatiriaicer66 fanbeshivomtthefsetbad diexible wall 62 is

i Ne: C wal | ,62 | .
cAREFETE WShd AR RS B bl stibba Brblere o
subistartizilytpldharx Sihitamgthe Bhdunt 6PMGEE d8@rini

ubf ace?6p7 fart hestrW?rom the fi rstl flexi blre @ﬁﬁépg{é gecond
flexible wall 62 is positioned such that its first surface 65 closest to the flrst 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 controlled 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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substantially planar.In Fig. 6d, the amount of fluid

64 is controlled so that the first flexible wall 60 is
w@o®sii3ned such that its first surface 66 farp¢EAU2006/000858

fromthe second wall 62 is convex and its second

surface 68 closest to the second wall 62 is concave.

In addition, the anount of fl-26-d deternines that the

second flexible wall 62 is positioned such that its

If Figs Bdsthd ameufbotiluig &gtis contrbked 56 Hatfthefirdtiexiié Wwal®&0 is
I s, .concave and its second surface 67 farthest fromthe

pesitigned segh fnat itgdirst sface Goiardiest Bipmethersaaegdiwall 62 is convex
aﬁHﬁE%cBédfsluWa?ﬁé%%aﬁgﬁ% %o gr?evééé’orfc{:\ﬁml ngs 3%@5% 7 9W8ition, the
afmocns oﬁﬁmdcdﬂermrhes tieatltRe Setcond ﬁembl%iwéll émis @@éiﬂbﬁéd ts@ch that

BREst i Eoa 08 Four todie rsk1gEbIcAaLAA TaBoRRRNG nd ihsecond
s@FaS 87 @M@ﬂsw kh &t ABkibRIRAR) p?gglbgﬁvei he present

I nvention ens conprises a wal | 40 that

becomes thinner towards its central region and a rigid
rface of

. Scus .concave ) .4 curved s
By RpROlNG (i ane et i 64 i eysavitiort e St shiem in Fig. 6a
toPtherEghoshir Sisvh ﬁ"f Fighed r‘ﬂh@' chM@hb E@)alefr %?gfe RRYs EﬁQﬁ?ed from
the flexible wall 40. The wal 0 efine a cavity
negativiedoepasitive. f | ui d 44 The fI eX| ble wall 40 is
provided with two annul ar grooves 4 1, one in each
surface of the wall. The v-shaped grooves act as a

6.hi ngkehsys Wwitie Vi blestbBended br FlseFhsible RareRiof YRMISS
be practiced. In this enbodi nent, the walTs 40 and

Figs. 47 Pee4h shpw e IsRe agsending to slilkanateer embadinentiaf thepresent
InVéﬁ@)ﬁ GerZI%ﬁg %ﬂﬁg@%%@éﬁb e% Eomélﬁq ?%%ﬂ%fg{ﬁﬁ]née‘?l%&)on rds its

cédyral eelglbngaeﬂwrlgm mehsicus coRcas Wkt 4ReThe fwweif’surface of the
sed for this and oth

il 42 fces e s eigd 4ap i aibe piray sudkpe g fiid wall 42
fabQ@ aWaMFJlﬁtthgtﬂEﬁfblé“W 120! $AE Wl 43)0 1491 n[%h 85\'35’ %)ﬁ'l?gcelvmg

ractlse such as wel e us
fILb@AAeWhmﬁi@ﬁthlm wallf4t) is gaviped WIthwommﬂaragmobeB dddone in each

S o 98 S e S0 e B 0
OfHe@ 'sﬁa |grdé’vesﬁh@y%5ra§ﬁéé?ﬁ 45 tHis SMBJHmBRE, tRE ks 40 and 42

the ri
dlre y abut one ano%her A barrel mounting is not used to house the walls 40, 42

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 to one skilled in the art that other
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 at a
point adjacent to the outermost edge of the groove 41 in the flexible wall 40 facing
the rigid wall 42. The port extends from the peripheral edge of the rigid wall 42
though to an internal curved surface of that rigid wall 42 in this embodiment. The
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 drilied through the rigid wall 42, The port 43 provides for fluid
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extends through the rigid wall 42 into the cavity and
conprises a flexible tube bonded to or bonded into a
hole drilled through the rigi®™all 42. The port 43
provi des for fluidconmunication between the cavity and

@orlﬁtmmndsa:;tleflebemezz (ch@b?ﬁnpmd athB)d mmh]fclﬂn‘ (ridg l@hbhml) By controllmg
ol une o in the exi bl e wa
the V@&UE%&‘T'U'%‘%/@ hiectavityq 9\)‘1@%/%% ity isstansed t@dﬁOYﬁéSUCh that

Veiomdend Bhigped Bad BoSofifgdi ment, the |ens compri ses
the first flexi b? vva? 40 and the second wall 42

defining a cavity for receiving the fluid 44. Vari ous

; be f.or by control vol upe
VR 47 e eilas it [P cainraesithe droXepbia wakd and the
s:20Ad Qvafied 2 déﬂnlﬂ'@_{% @é?«ﬂ@qgr redl tr{H fll#lHi'ﬁw eri(‘?ﬁgﬁhs shapes

For exanple, in ? t he ano
¢ trmed Ryocenizl mgwther V@leaf flid Withh the qavity/f amohée first wall

t t d [

Aéi Sondyall 2 R Horef, BRI Thbed Toddliet' Pt om s he
rigid wall 42 is concave. In Fig. 4b, the anmount of

is controlled so that the flexible wall 40 is

d
&%X?Wﬁ%d” sF u% Ha. e am@Jrrt iof Huidsd4t isapantupded Isostbfat tl’tedlex;ble wall
Ly A TR A

atianggound siefaced® fartfedt vmnﬂth@élngm wdNe4 Z jvddnealeom t he
anount shown in Fig. 4a to the anobunt shown in Fig.

4b, the focusing power of the Iens is changed from

IMBERULY thd SmPRRE bf i Hifid. 42 g %ogirau&_fgo Z}‘??ﬁHQWregusbé{@%u 40is

according to a furt enbo
ppsiiened skHch Tfhﬁi the rﬁu;stc&umﬁacesl@sclaséétemtm ﬂgmlvéll 49 i$ bahcave and

centr al gion _and a pi ano
coné\aéé%%rélﬂ* g%ﬂ &)&I ﬁ%COﬁa,r '9#;"‘@@1431@ GONYENi ty
for receiving fI UI d 74 The pl anar surface of the

l?%ld lens 72 faces the flexible wall 70, while the
@ggmgbthe@f@omt qfilgtid #4 ||mthﬁa¢av1t72rdradlees ameant shown in Fig. 4a

TR BT it 68 f00 g RawaR ot i elsp A€ shgnged from

an annu
HEMIV@temdﬁltWam|| 70. The groove acts as a hinge to

i mprove the consistency of the
Figs. 7a and 7b show a lens according to a further embodiment of the present
invention. The lens comprises a flexible wall 70 that becomes thinner towards its
central region and a plano convex rigid wall 72. The walls 70, 72 define a cavity for
receiving fluid 74. The planar surface of the rigid lens 72 faces the flexible wall 70,
while the curved surface of the rigid wall 72 faces away from the flexible wall 70.
The flexible wall 70 is provided with an annular groove 71, in the outer surface 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
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 example. Alternatively, the wall
70 may be implemented without grooves. The walls 70, 72 directly abut each
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curvature of the flexible wall 40 across its surfaces.
While a single annular groove 7 1 is depicted in Figs.

wQq 200an8596b, the wall 70 may have two annul ar gPODXE3006/000858
e.g. like the configuration shown in Figs. 4a and 4b,
for exanple. Alternatively, the wall 70 may be
i npl ement ed wi t hout grooves. -Z8e walls 70, 72 directly
abut eachother and are wel ded together at their

oftRF Rt Arscvélasd Bbsthesat tHBirlreépaigiveipaliphBAe¥aNhist welding th
together is disclosed for thi sp and (ﬂéﬁgr enbodi rrentg, ng the

wialls pgathenis dighesechfortiisamg aiher embopiments, émowdhe apparent to

o SRR 0 B B P R By oo

pfaetised a0ph @s bomelifd o dsirg al isarrel $RGdretthg, féree)e&iApleeTRE €idid 74 is
fromthe cavity via a port 73 which extends thr ollajé;h
insgeed|infoangamaored fer thasavily Vieya rad /Sowpichsxdenrds through the
SGHSH P 185 RS Bl o 55 Eohadl KPS o
dltedriinmowgh therigid twalkeT.t Tree pont i78)yprevides féd fluid coasaurieation

own coptrolli t he vol u of fluid 74 in

t ,. B , . [
e REeiIR Aty REG P BPemIaIn (MGcsTaNT s BY sonirglinguibe volume of
fiSiH A lhbtﬁé_c‘é@?'t:\lkglflé ;l'g’ﬁibﬁl%ﬁ%sis %%U?@c? l’[(fJ ﬁ’(g@%ulcs'ﬁ%at various lens

exanple, in e anount o
shapas ¢an kel farmachdiorexanfdiexn Flig Zeithe amqumd iof floidetk is controlled

sS Rt BhaBlsbval e SOSETRL ot RS e Slufalfld BloSedfto the rigia
whing2ris @bAca\d And 4 deTohd RetaBE 78! hthesEmsh-the '?ilgﬁi'eﬂlall 7.is

the amount of fluid 74 is controlled so that
syhsésniiglly planar. 70 i s positioned such that the first

surface 76 closest to the rigid wall 72 is concave and

the second surface 78 farthest fromthe second rigid

InVigily) 75, 2hieansounve fluy 74 iweshtrdleths aptHy fledible! waif7G 4
in .the cavity fromthe amount shown in gng 7a to the

Positanad syrbvifat thedirgt sumiace K@ clasestionifiegigi® wadl 72 iseconcave and
. AR .
el e R S R A

| ens according to a further enbodi nent of the present

i nvent.ion. The | ens_co ises a planar rigid acrylic, .
Bwawn%gé’?faaamnzséfﬁwsr?ﬁéwgaroeaﬁhﬁemq arogunt e in Fig. 7a
toRBE RRSurit RhBRA'in FRYEF 51 $hé FsousiY pAlvef 66h&NenBH thanged to be

more positive.

7. Further Lenses Having Rigid and Flexible Walls

Figs. 1a to 1d show a lens according to a further embodiment of the present
invention. The lens comprises a planar rigid acrylic wall 10 and a flexible
polycarbonate wall 12, which becomes thinner towards its central region. Both
walls are made of materials suitable for use in optical lenses. While specific
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

and spirit of the invention.
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wal | s are made of materials suitable for use in
optical lenses. Wiile specific nmaterials are given, it

waowdok/1sme@ppr eci at ed by one skilled in the artPCHAUR®6/000858

light of this disclosure that other materials may be
practiced w thout departing fromthe scope and spirit
of the invention.For exanple,29he rigid wall 10 may
alternatively be made of gl ass, a pol ycarbonate, or a

Forrpasipie.théhigid ek ilbl mayalterribdively e iderofidiads, a
eferably tapers to_a thinner thickness at the center

peiycﬁﬁéonﬁé ' 4 RAMPLEIt®.he periphery of the wafer. The

flexible wall 12 nay be formed of a conponent

conprising a stretchable, pliable, variformdisc of

Ti;lwftdxettle waﬂo‘rﬁ)gs@waﬁemhamneﬁrably tapérsctal a tHimmertthickhass at the
e dilatati

A f
oiitet P Rk Btk Ihepernsiari ol B walarerine tspibigavall 12 may be
farmeRNdf é’@oh@oﬁ@hf‘@&nﬁﬁgﬁb %hﬁ FéBhshie OEMIE r\Pé%ﬁoﬁ‘ﬁ‘ @hsc of synthetic

stretchabl e materi al IS transparent to
heawigenpua nederig| cpfrcm’i@ai claety that lshmplabtesohmhahlm dhaﬂaaen A

OBPEFBY i} Bt G BB ML eron

fdratedef@iid Stabtd, |Ho¢rﬂ5§%ﬁdﬂ@@f&stré¥bl@§élé tRatef8l, WHiGF is transparent
flexible polycarbonate FOXV resins, polyésters or
ta theripgintioathaing trangmittad bipthe leas @ndavhishhdsea aresory that may

AR P B5EBhBEN o 4 B AITRAA Boshpur S b
cémprisd) fer erample, ellizoabiriblb@si Flagﬁés a‘Bﬁﬂlc@eﬂéXlBIe ;Bcﬂgd:é}ﬁonates
of the erbeIe wal | is capab

i spl aced

SPRNLEESINS: POIMestersiay ﬂfeaer\ﬂmlasflqs tAﬂysswtﬂbg@ meégmal may be used
ORI o 46 AN LB D R gl b
stahte, \smetcshabm oﬂﬂemble and puéfarably ré@limtaﬂﬁme%@tmué@dn of the

I's. tubul ar or
OB Hecl R i s R i
embbam ﬂfe \Ivams, *P@wze!aré@&mdufﬂ&d %oldgf?ﬁé aecaR/R f&%bél”(/n fluid
as wel I's 10, 12 are space art Iat {(9
1%bx¢rspat:mgrapmﬁtr@rwalfs 1Q,¢2.i n annul ar grooves in the
interior surface of the barrel nounting 11. Each of
the walls 10, 12 has a flat peripheral edge for

Tiengatement 2\ré Rirdulae Lwoﬁnrmcparet ARl A% Balr8l tBEnting 11,
mounting 11. A fluid seal is
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 barrel 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. For example, the two walls 10, 12 may
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formed between the periphery of each of the walls 10,

12 and the barrel nounting 11. The seal between one or
woreroe/189964 he wal | s 10, 12 and the barrel nountP@AL1006/000858

may be effected by pressure, or in other

i npl enment ati ons using a suitable epoxy or sealant, for

exanpl e, al though ot her seal 3 nechani sns may be

enpl oyed wi thout departing fromthe scope and spirit

legctI&haeodt REBA RS ln\éhénhgletgj‘@owlfdrmewm the bairee! smareitig, provided
hi s enbodi nent, usl ng separ ate gr oov

a pbet i® abieeto enyomuinigate withsamistarnabeavily affae &%rs%gefﬁtﬁd by the

WGIETE 2 W91 2 g GG oo

efBBBiméts, iPWdUIE Bé a@PQfértt td Snalﬁkeledon tloerartrthatothenimachanisms
an internal cavit the lens _defined b

fot olding tagnther the Walls BRY s BEIRE] S0 e Pobaingr Grveiding. for
%ﬂ'ﬂp@eg%wgﬁﬂ%t%ﬁ ﬁ%atl |§O cﬁ@té'd%éi e@ﬁﬂﬁé QHlist ti’h@'ﬂ@ld 14 acts as

e art rrec ani sns for di ng
a dixgptademnenthaedial dred isEpsdrteinde and eemevet faum mmgawg/ \Ga a port

1%%*’&':@8%3@46&%&1 llrl@‘ &)& $)r ?é’l%ﬂ@?rft}q%a 1 @QH g:g@%gélcgfc'es with the
é{} @pm Lff\%%@léécéﬁghf"n%@?a k%a'p%%r (t)iecﬂsiblabi‘hg&tﬁé fleRIBNY @/&ll 12 relative

vity via a port extends through
td ﬂh.e r’[gxd melll thuhbé periltd anwde@rfnnﬂwdmmwmqatloﬂ detween the

di
o1k Nt st T o RS St vy of
fl%iﬁ|1|4 ﬂtheEé@.tmhb fb3its Al desmboes Elch thataariuvns d:eﬁs smapes can
tween the cavity and a fluid reservoir (not shown).

bajorewed.r ol | i ng or varying the volume of fluid 14 in
the cavity, the flexible wall 12 noves such that
various | ens shapes can be forned. The fluid 14 used

The filid 14 Used e il tiaignsycavity niesy b@ﬁntﬁ@m@;&gmws non-corrosive, or
non- corrosive, or non-reactive flui

n@mﬁﬁ@@tmeeﬂwdxwmphés ﬁraaﬁa@reaht%féierf@dtart@mhﬁ"ﬂ@ gngtpittgeLby the
t
Ieﬁgrésr}oa\ﬁﬂ aég]er s i &gbﬂ@? |82ﬁ112?1 bgeeliﬁr\]/%?sély‘i affected by
rddigtisredeiby fbb@sédsbys theTIeasf The fuiti4t mmymnmpmsaaaamloa lglycerine,
a _glycerin one a ve bl e

0
2 Silkeero ANaCBIaRG dp%ﬁa%l!ﬂﬁért Svand Biate Basesl Pfq%@cﬁée pa”'cu'ar
u
(HEShoEAB dy AAUGRAY POy DI o, ISl o
14Imay beylegeasedgsaothat Aey heating bf theaftiiid tiygadiasiondoeing transmitted
by IEcf‘%‘en Fens éoes not cause bubbles to form within the lens cavity, which might
adversely affect transmittal 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.

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 as to
prevent bulging towards the lowest part of the lens, and also to prevent undesired
vibrations of the flexible wall 12. Alternatively, a thicker flexible wall may be used.
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by the | ens does not cause bubbles to formw thin the

| ens cavity, which m ght adversely affect transmttal
wo@Roobhasos@di ati on by the lens. The fluid 14 naRCT/AU2006/000858

optionally be coloured so that the | ens can

additionally be used as a colour filter. To reduce the

effect of gravity on the profﬁl'e of the lens, the

amount of fluid 14 in the cavity is preferably

Whah thes acshounhobfluid 1d10|neihey;avié3dMtregrrﬂmimm,smerﬂm(ible wall may be

t the first
aloptihdast h¢ Heupl TR Spiall RG0S it sepataBh the two
Wt hicker lens is required, a nore thixotropic fluid

could be used so as to prevent bul ging towards the
| owest part of the lens, and also to prevent undesired

5 e iU HTalg] 2 s ﬁeméﬁxsﬁﬁra@gé%w@@ Th IR 8 hvigfor
réhwléjlvﬁwglfﬂud M4tfRemaRY ichyity, Sodds @ prodlioy PBositive drlngakiVé lens

may be alnpost flat against the rigid wall, wth a
Psafiles. Amteyible wellfin aceordapae withrigistand e r@mb@mn@ of the

o e Bt RO SRR S

expangdalble rad@dy CcAt ipothitnest pornt,rtheﬁtexxbie Weatist ZDmdyl Haa& a fickness
flexible wall i n accordance with this and oth :

of few: millinetres of jess; mmlrmesﬁag»m gt hexfleyialerwall 12 generally

/
Bl (S Rk 3R BEALEoME s PARMERIS i
tImEylekllmcana th@flek?@gab? |2amé)e:ne (0 bF?mderedje midﬁm' depgending
t t he | ener .
porrBs glarisler ot fens ehybed sdsfiaRGe ofediavabiereayed. The
ﬂb%lé #a8- 123%3,@@ B& rddjlidrts thi nnest point, the

[ exi bl e wal may be of consi derable thlckness
dependlng upon the di aneter of |ens required and the

T FickgSs B ol a2 Hidy e ibEasad B EerieE Qi eér optica
syalemsldo it the flbﬁl@f@ﬂé#dzfr@s a AdiRledd|eximlit ranerthe@Hect of
Systens so that the flexible wall 12 has a reduced

araalyi an the fuid i theneavdtyris cedwgedy Sarehtredueed fexibility arevents

oo g BB RGP 72 PR B BLAGE of 6 eblile e, 1p.omd

elnemawa ebnsistent beofildarouml theloircantfeesmeeraftha flexible wall 12. The
consistent profile around the circunference of the
thickngss &f tmg|ﬂ|ex1_)pie wald2 may also be altered for systems requiring more or

less profile flexure and variation.

In this embodiment, the flexible wall 12 is provided with two annular grooves 15,
one in each surface of the wall 12 in a configuration where the grooves 15 are on
opposite sides of one another. In this embodiment, the outermost 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
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
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thi ckness of the flexible wall 12 may al so be altered
for systens requiring nore or less profile flexure and

wo am6asidem. I n this enbodi ment, the flexible wedT/AT2006000858
provided with two annul ar grooves 15, one in each
surface of the wall 12 in a configuration where the
grooves 15 are on opposite siies of one another. In
t hi s enbodi nent, the outernost edge of the grooves 15

flbFbROFAN 1 2 ds @entyr indhis eeiodiment) dthert distaaces between the
of the barrel nountjng 11. The groov

15 h iy
gooyRQRseSINaY HeJuasisen wiﬁhQu{i@P@ﬁtﬂwﬁa’é‘rﬁg? S5aPeciALsPirt of the

. i £ or.

PR oo S T TabuoRii6lod Rhoiph sy el Cas MrfiERCPhe

gidimedi 19 actes hingeeaninhreve wive bassistensy o éhes anevature of the
substantially the sa he t hi ckness, of. the

fIeNBlE WA 0 tssUTAas% olG GLOOK: {ui e TS Sitiase of the
fI?%iISIeL\NEII %Qgﬁafﬁagﬁif%?t@?tgi%r%omﬁ & MBideRs #rBfh the port 13

ckness exi 12 at its center in this
betvimshi thentwo wallkeet 0,412 tespecilipin oerfigurations wheee thestwe walls 10,

b tised w d 1 .
155 PRoBrcSuas S8t Rt st bt Bubh By BBy or o
chURChL QR eHHhE itRbSilsy1 @St Bwithd\elisglaceraeapivesidl heldtetween the
as "hinges to inprove the consistency of the curvature

waflstlBe 121 exi bl e wal | 12 across its surfaces. The
groove 15 in the inner surface of the flexible wall 12
may facilitate the dispersion of the fluid 14 fromthe

IPPI 183tReamBant dhiuid Weatkdidldh vatidd, es tiesti taklflexibie wall 12 is
configurations where the

n s two walls 10, .12 are npre
pesioney suphdhat a gt sudace 6 glasest 10, theigid wadh Gisranvex and a

S5 PRt b Mo b N B HIPE0 s tincalte, RN Rpffto of the
fladiblelRall HR dridispldeemehieofdtscetiradfedibninday be effiectanl byeduction of
or varied, so that the fl eﬁd_gl e wal| 12 is sitioned
the,fiyid Haeutpfithe gavity,infe the Hiyd resrrver (bt $NWRk gi d wal |
10 is convex and a second surface 18 farthest fromthe
rigid wall 10 is concave. This flexing of the flexible .
ImAld. 1b2the aiospt efcferie it caritrolies! arevaried| so doatdhe fieyidbe wall 12 is

pptighes surk dnal the BBt RurfaCe 16 clasrsids 14 ol AT 167 bhifstantially
pﬁﬁé}‘ﬂ I@ﬁgldgﬁ%slblk’lb% %iﬁgféé’é‘ﬁ BahBEStTFony #ié Agid WAall 1Das cbheave.

In Fig. 1c, the amount of fluid 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 substantially planar.

In Fig. 1d, the amount of fluid 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.

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
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positioned such that the first surface 16 closest to

the rigid wall 10 is substantially planar and the
w@ewonstosur f ace 18 farthest fromthe rigi d wal PC/AUR®6/000858

concave. In Fig. 1c, the amount of fluid is controlled

so that the flexible wall is positioned such that the

first surface 16 closest to t rigid wall 10 is

concave and the second surface 18 farthest fromthe
rndH 6f frednl abldliti-9 te wibeuanDilibplyes| Siler. pdwersigay be, prabiiced

anmount of fluid is controlled, hat the flexible
wWitapHt depaidagdiasn e serie @rh%tspkﬂﬁef & lgveipt-ace 16

closest to the rigid wall 10 is concave and the second

surface 18 farthest fromthe rigid wall 10 is convex.
FRys. Qacargl 2ly shbhe alensraccofding to @nather embosliment eftherygsent

BRI SO BB feh 5, PRSI ifer v

it rc%ﬂ’cr@l RfIH éH@ A MdritscusPEsTivie \RalPRRET he felter wall 22 is thicker
exanple, “the I ens may have a povverraaae of from about

at it9 ceotelikbbam at-ds peopherys Agaimdhe paaeyalls dzemay be made of

TG Ao Mo dLR000 S 3RS, 28 B
cATSRIIRERE The 20k 20) 22 efitiereeodvilgffot l‘&leﬂgﬂutd 24 The flexible
invention. The |ens conprises a flexible wall

wehi Zhistrsevided Wik ARaPNUIGRaFeRYE 22 OBehBhPURacH 8ﬁ thergof The
H{W dz@ﬁﬁ% %C¢‘§h§;g&¥ S?E)sﬁ’aajectlgg bl%lmﬁhéraéﬁﬁfed’@]okvgg may be

ket g han at’
ptétﬁlcbmpamdﬂthéd%@ano%%ertw}eeb&hmbdee@ff thmgmov&lZﬁ and the other

sefachasial s TBNBIAYALAD 5 Virssaapics SupstEmsafsfie gaige o6 the

tr‘ﬁ@%ﬂé% (Scﬁﬁerf@%ﬁﬂé/ {31 20! &t Ghtre” '/\?afr{ il tﬁe"éﬁét'angé) id the same
provi de 2

h an annul ar groove ol a first surface
oR6ubstantally thHErsange dothis éﬁwblmdsnantc otffespiistanees between the groove

sectiQ but oth [o]e)Y, b acticed,

b358 e el TRy e se S Plavie RS s8R0 grgove
flilt@ioRk Rekfichertheea %?ngéf Tﬁl@gfd(ﬁ/)é' i) Qct‘é@éé a Bt eStotlhﬁ)rove the
same or substanti al he same as the thi ckness of
cohsigtapicy ofidihe cQO/aa.trenfsth@ dexible wal acrpssiits swfaaes.

di stance is the sane or substantially the same in this
enbodi nent, other distances between the groove base

Tﬁ@dNéIBGZ@tZEéreSMJ@@Gn%SbéWM rA6uRtirEL 1 S\%ll@i’@bbd@ﬂrﬁdmﬁtmg is
resultlng roove functions sufficiently as a

disstosgdder ﬂ‘llg gngatgera@naodllm@gs,ﬂbwpmm,@ppﬁ@nt I’con gne 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
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.
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consi stency of the curvature of the flexible wall
across its surfaces. The walls 20, 22 are housed in a

wharsassosounting 2 1. Wiil st a barrel nounti ngPCHAU2006/000858

di scl osed for this and other enbodi ments, it would be
apparent to one skilled in the art that other

mechani sms for hol ding togetk® the walls nmay be
practised such as bonding or welding, for exanple. The

IrﬁP@f P8 Uﬂl@térﬁﬁuﬁ[f oftthﬁ‘d RacdiftiollBR WAt thaothe flexdsd Wé]PZO is positioned
con |agurat|ono wal I s and the nounting are

8 ftrﬁ’fa$urﬂi§2§026 bl@eesihto rhegsigidiwall @21ig comuex fand msezzpnd

suﬁ;a%ﬁ? St Bl HR aGBTAIEE BeBoint i ng 2 T Prto
the cavity. The port 23 prOV|des for quid
comuni cati on between the cav luid reservoir

In gt 2Rnibgramoet efdiid ts ¢qrﬁ@>lleﬂ éO\IBﬁWP@ flﬁlele wyall 2Qiis ppsitioned
sﬁ&?w%?ﬁ{% Hrst 50Radd ?é'clpcl ey heﬁ@;ﬂ& %va‘fl%%dcgrﬁ/e%\h% the second

varil ous | ens a es

sWrégce 2@ farthsh frood tHd rigid well ﬁbrstccnwaed. so that the
flexible wall 20 is positioned such that a first
surface 26 closest to the rigid wall 22 is convex and

Bf cﬁsﬁ@na tﬁérafn%iﬁwt%?ﬂtjﬁ{]ﬂ‘%ef ef?/ff}/tfx'?ﬁn 'Eﬁcﬁléﬁ*m‘(‘fﬁ't éhg\ﬁp i§ Fig. 2a

conca e anount flurd s contr
tOStbetaITaQuntmowrew g e2lethe fa@dusing powiet oﬁﬂmﬂeaacmchmged to be
5st surface 26 closest to the rigid wall 22 is
m85?198§' M%d the second surface 28 farthest fromthe
rigid wall 10 is concave. By changi ng the anount of
fluid 24 in the cavity fromthe anount shown in Fig.
Figs. 3atq Be shavwumtenstaseerding i yet amptheherrfo@dusemﬁgofﬁbwesent

il B RIS M P AR L0 el vei o

wl@‘bhﬁé@oﬂf@tﬁﬂiner no\watdsats ceigl lr@glén CPR® Pleﬁ%‘i s@rféb@ ofithe wall
cgl ano concave wall 30 and a flexible wa

ceRdhe fipxitiewall Skartie walls 88n32 gefine gi Qﬁwtyf%rq@ea/m fluid 34.
Tf\?/\éfafv%? 38%%??% sp@&éd %Baﬁ?&l?@vé ReebLe B S %rje ﬂg%g i Hhnular

efrne a"cavi réecerving f
grobeesvid fhe iBfarioB Bueaee Sf)tt@@brmlemtbummw1 VEach ofdledwalls 30, 32

ot her . and are fitted in annul .grooves in the )
hasq Bpt BPIRNAPLES rﬁm@aeame@?wwﬁgbﬁqﬁqwemch%m@pve in the

méﬂ@tu‘gjﬂé‘l S TH@ ﬂ&%@ol@ g\%&lgée fsﬁﬁro@i@é& ROET ﬁ\{oogelgt‘?llaf 8f%oves 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 resulting 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 fluid 34 is

inserted into and removed from the cavity via port 33 which extends through the
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mounting 3 1. The flexible wall 32 is provided with

two annul ar grooves 35, one in each surface of the
wWowR006/133PhEe gr ooves have a c-shaped cross sect i BCI/anzho6/000858

the depth of their bases is such that the distance

between the two bases is the sane or substantially the

sane as the thickness of the-3j-exible wall 32 at its

centre. Again, while the distance is the sane or

' béﬂth@Uhﬁﬁ%Bﬂ ihfoeths awity 1T p6rt S3eEl ke for Ml &ommunication

di stances between the groove base and the ot her

bstyaebexavifhpngea fuiddeserairdnelsham ) By qaadigllingie volume of
ﬂ%%%f fn thg%mt)? ntﬁelsﬂlég( HIE h&tﬂtéezy lg% uge ey élfcrpgt'i'n%? V&rious lens

LPeY ey GF

shalme@t:an becﬁcbrnndsda fI exi bl e wall across its surfaces.
The walls 30, 32 are housed in a barrel nounting 3 1.
Wil st a barrel mounting is discl osed for this and

IrPERE BaCRROSH BB S f dl& SW%‘ hgnﬁ‘&léﬂo tthé ﬁe?iB Lﬁ’:bﬁ’g

Inthe art that ot ani sis oI di ng oge
poﬂbomﬂi Bschrttyat kaxeflrpt amfacae%ﬁ slosbsti tberrrglmg/adBO/\reladxnngx and a

4 i.s,inserted into and renoved
sodin] Fiea8 (3t o Poidnlid Bredsevenr ough
thebarrel mounting 3 1 into the cavity. The port 33
provi des for fluid comunication between the cavity
Inalnig. &b+ thei amewnteafibiid 34 i corinaliaal) so Eyat (dmﬂemble wgll Bﬁes

gL S| i et il 8 Lasest o e iSlnEad Bugnive and

thfe@émﬁid suifate B8 f3gthebhomnay fﬂgldeNafl 1301 idl sBbstantially planar.
controlled so that the flexibl'e wall 32 is positioned

such that a first surface 36 closest to the rigid wall

t f h
g 8o PR eGP rdmES Tl AR A2 e
pcbémmrmchélucrsthrao atfirsl dathceBa blatestite thée exidolvall 88lis cdRcave and a
ositio ed su h that the first surface 36 closest to

seqoRd§ 7 tarthest torueiid wall 046 COmENRd surface 38
farthest fromtherlgld wall 30 is substantially
planar. In Fig. 3c, the amount of fluid 34 is

Inczadhr of | Higsl &a)tot 3@ tthe helunhe of fulud ebétwa2ni the weaist 30y B20is
d wal l

such th first surface est to the ri
ingieasgd, ﬁ){ qingythe %f@eUHbof6 f!H“F‘ 3 e P%Y'F fsem hegmount
d C ;
S A it GRYEN 1 £, S8 Bl et o i
changed from a negative power to a positive power.

Figs. 5a 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 F
which becomes thinner towards its central region. The walls 50, 52 define a cavity
for receiving 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.
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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i ncreased. By changing the anount of fluid 34 in the

cavity fromthe anount shown in Fig. 3a to the anount
w@h@en3ioso Fi g. 3c, the focusing power of the |BCFAU006/000858

changed from a negative power to a positive power.

Figs. 5a to 5d show a | ens according to a still

further enbodi nent of the pre&®ent invention. The | ens

conprises a piano convex rigid wall 50 and a flexible

coridteRdy B‘hﬂﬁe‘"b&@&tﬂf@éf il AGsle WP EBsS fts s@lﬁﬁbé@'The walls 60,

region.” The wal ls 50, 52 define a cavity for receiving
62 B(8 apaued Fpart relativaricceart] othep. Insthis embeeiment, the plenar surface

oF B GBS0 e e, PEnls AR Bl B o e BB o the i

wdlﬁﬁt)ha@és hway Ifrohﬁﬂﬁﬁﬂé)&bl@%éll SPaThehealldi 50, BXrdiesvaeenn a
two bases is the sane or substantlally the sane as

barﬁ% roeuRiEes B thisyembogiments thaarigidyyalh$0 idogs dehhaue a square
rﬁee?%ln&!%,g)'ug l@g@ﬁf@% 8 Ju?\?eosé‘u'Wa&{ orf PHeLAH | PP Hg’\ﬁélrgnd a

thi's essenti

lacg'esy planes suegcdenithe Ioelmntemﬂxlmg incushatppedde. Nohé bamel mounting
€ Scope an nventl on.  The rooves acC

f th
5155 BTeBEro ol TBrRee St RO T By iTathdonaRaagemant with the
pé?']&)ﬁé?g of H%Xh%ace (5 ﬁth‘Psgﬁnfbbamﬁé‘r'itf g‘gegﬁexﬂ_lg%éﬁﬁ‘iiﬁ $as a square

are apart ative to ot her

paripherairdags again, which kelyanith a cofrasponding Isquaiegnatchetype groove
rved

in3fip S ERE 51 WV A SartPimeding BidiSobdt fatii§ihnd other

erﬁb@éﬁhﬂirﬁs Viﬁbvbuﬁfzbe Eb?ar’%lt t&oﬁ@ skﬁ@dfﬂﬁ th'aH 85t dthePmechanisms
arrel nountin his enbodiment, the rigid wal

fosbowmtqg@tthefdge wells quay bepsactisesrsucheaiybonding arvealding, for

R0 THE MG o Pl B Bl EeBec Riu i by pon oo,
wmblaremadmethr&m fhartsetel MoUHtingds binto hﬁ?@c@mfye Thergstebs provides

fornmed groove in its internal surface for engagenent
foifluig qanampeicafier Petween the avity Andad Iﬂuwesewqi net shown). By
I
oA RARBEoLIE o G 81 fy 8 a7 METROURIIR 5 yeng o

mevelaueh thetoaribyp ergr siapesi cant eformeat i ng 5 1. W‘n I st a
barrel nounting is disclosed for this and ot her
enbodi nents, it would be apparent to one skilled in

mtﬁ.@ 3 tihé 'é?ﬁod?l‘t B?ﬂuf@l%?f‘%rﬂ né rsogﬂbﬁfh%% wgqnfsg
wal |l s 'ma e practised suc or vve
pOesiiiameldesuchﬁbaf & first stufface 56rx§e$ea§dio ithmet uglalnualt Blnis/ ednvex and a

sech)P]EP shﬁ%cg 3 fte%héa”stafrcj)O tﬁe 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. 5¢, 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.
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whi ch extends through the barrel nmounting 5 1 into the
cavity. The port 53 provides for fluid comrunication

whedsasivet he cavity and a fluid reservoir (notPGHAWLN6/000858

By controlling the volunme of fluid 54 in the cavity,
the flexible wall 52 is caused to nove such that
various | ens shapes can be foBmed. In Fig. 5a, the
amount of fluid 54 is controlled so that the flexible

INEld. 52 thes apsint bPMad iﬂ% féohh@ne@sé thgttths Ykt walt 52 is
cl osest to the rlgld wal is convex and a second
pesitipaed syghfhatithe nrstferuﬁf@pe@ ¢lpgest todihe rignl wall 661ie gorcave and

tiseedho: Sasa 5o BRI Bl e bl MR B RbR: R e
first surface 56 closest to the rigid wall 50 is

u antl pI anar. and the secaond surface 58
;f?m A" QTifgidiohdn theseavity fendae @mauntshgwn in Fig. 5a

to"_’fhe ér‘ﬁ%uﬁf‘w%g‘f ngl BHdth%“fobﬁ%llﬁgrbtoh ﬁ?qh€% gtcg%ﬁﬁed to be

fl exi bl'e wal posi tione

maure fomsdives cl osest to the rigid wall 50 is concave and
the second surface 58 farthest fromthe rigid wall 50
i s substantially planar.In Fig. 5d, the amunt of

Figsuida®d 108 shel & ‘Rldseé’cc%?dlh?% atﬂ]ﬁ bt @Mggldﬁpé‘ﬁﬂ df thE grésent

posi tioned such that the fifst sur ace oses
inveatien.gf e (ﬁa’llslc%npl‘isesca)a@mtanmw plararstgidivaalsutd and aSifxible

wald2e i Banies it tiRaks B ponGartegiin fbedmalbd 16 112
defireya canityfd-rebéiving fiuk¢ 13A0VRE wWellleWA 0 ahdH 92 arsl sph&d apart in

focu3|ng pomer of the lens is changed to be nore
thissembog g'léhe ﬂ@ablﬁdNanM 2 Fsovoxideghwitia @pamdiutay groowe 115 on

o AR, e 55Tk Al r

dlﬁ;taﬂmcekbeiwaah lthd base ohitgleevemes éﬁu theesthbpvafase 118 of the

tral fon. The walls 110, 112 define a cavity for
fiekddlewalhi T4 I thi seme orsubsianiiallithe seme as thefhicknaeseal the

fléimétwélm ’@bﬁlt@ ERRg NRAfist tﬁg%lgtﬁﬁéfé?e #Rlda %%g aﬁpgtggtlally

provid an annul ar f1rs
th@mmmm’@mﬁ embbdingertputhet ﬁ&tht@@eﬁnﬁy&i@;ﬁ:@@h@é@&ﬁthout departing

d th b th f t
b G098 BRI S EHoB P Dol 1443 4 ahassed in a

be}mﬁlg?(%%@gdgg} 1’{!;‘/&/&% ParrélHRstAiNg Rl di¥clb8&d ’F MhRisSnd Bfker
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. Fluid 114 is inserted into and removed from the cavity via a port 113,
which extends through the flexible wall 112. The port 113 provides for fluid
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 wali 110 is concave.
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flexible wall 112 at its centre. Whilst the distances
are the sane or substantially the sanme in this

wepedsivemt , ot her di stances may be practi ced PET/ADURI06/000858

departing fromthe scope and spirit of the invention.
The walls 110, 112 are housed in a barrel nounting
111. Wilst a barrel nounting3Bs disclosed for this
and ot her enbodi nents, it would be apparent to one
ski I I ed in the art that other nechanisns for hol di ng

t th | t d such as bondi ng
. i A of (A 4 1 comkrold s nt B fewible il 112 i

pfo%iﬂb‘ﬁ@@ sfdcﬁ %ﬂ?s Y kL, ?’é ﬂg ch%%%t thlthe r@@%ll%ﬂefédc%ncave

through the f eX| por t provid
anelritsf $egamdcairfacei ‘cﬁ famﬂnelsbirweﬂhetrlgm oalli ) isrdnaek. ui d
reservoir (not shown). By controlling the vol une of
fluid 114 in the cavity, the flexible wall 112 is

16 @it et mmuﬁﬂéf‘ﬂdlﬂ% cdmkbuéwssd £28 tRDALEBIO [%fpo itioned
formed. For exanple, Fig. 10a, the anount o ds
sueh that a-tinst surfaeei 146 dcrmst t(h’@eﬂigact wtsilled mailslcom:ave @nd a second

rface 116 of that wall
562 13838eAEE e Bald Wl 1 TR eS8 st ant 1 ol 1y
pI anar and a second surface 118 farthest fromthe
id wall 110 is concave.In Fig. 10b, the anount of

BM agpgngthesarmennt of fluid 144 in the ca\htev frorasthe aenawitishaws in Fig.
f
108 988 BrRREH AN 1) 57 I G RbaY U 3 R hangea o

beummecmommostWG hest fromthe rigid wall 110 is
convex. In Fig. 10c, the amount of fluid is controlled

so that the flexible wall is positioned sulch that a
e dae SRl Tl 1) B pifflfieBnbodentdf the present

inviegtien.wehd lens@ansprisesve subdgniidiynyanar tigie vwaho120 and a flexible
t he am) nt shown in

walh 22 whice Becies Bilar tbHARSS sBaraisgionod Dewjls 120, 122
d@ﬁMﬁa cabity fis rb@éﬁm?sﬂtﬁ@ an@ethé Waﬁ]@ﬁl‘?@e 1 Qﬁra‘?c? rl’n%ﬁ‘sé& Yfa barrel

Figs. lla to 1llc s | ens accor
moypting A 2é ndilsha e risd mdmhpgesdrsclasede‘nt thimandlothdrens

PR, By PR B SRR o o S B i
foc éoidired togegherthe Wllswvabl e ltbctiskéPsuch 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 11c, 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
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
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 more than one groove 130.
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define a cavity for receiving fluid 124. The walls
120, 122 are housed in a barrel nmounting 121 . Whil st

wW@2ans®bo mounting i s disclosed for this and oP¢IEAU2006/000858

enbodi nents, it would be apparent to one skilled in
the art that other nechanisns for hol ding together the
wal | s may be practised such a¥-bondi ng or welding, for
exanple. The fluid 124 is inserted into and renoved
fromthe cavity via ports 123 which are equally spaced
around t he C|rcunfgrence of the ]ens,

$.shpysa Jens aacordiggdoanatiieresn oRimagt 8@}? pifseqLivgntion.
T S 9,65 o e ) 10
mmaﬁebmmeﬂttmﬂnewowarﬂs i bemgaltrlaglomorrbawvail‘s TSQQ d511.@zdeflne a

catlohOF reeenyig Ml Traneats ez aretiondae @REReh o gRLr, for

eﬁéﬁ?lé%@bthﬁ%&ha@fﬁﬁé Naﬂbé’@\’&tﬂ;@@ f&f holdFRehesh r. The
sect1on around the periphery of the flexible wall

22.
ﬂmdes mmted into dng rerdoved frof tr@tcaé/dvmazﬁom 16Q8 which are equa"y

<A Bt et T kg e 105y o

p8fts 1BO3 Provias doefiad cbhﬁnuhueaum bemlén mercfmyuam a fde reservoir
surface. A blunt v-shaped or a c¢-shap Cross-section

(nptsbowni=sy sentselicg thevolme etiid Frumen%ﬁ\wtyt Hie flexiRlpgyall 15101s
ol EPHHBURR s 0, ARl Rohod TRl vl
15M@ Gakitwo. anﬁhuarlgmevemmﬁﬂ sts-shaped cress sedtion grbandithe

d i bl || _1510, . whi ¢ch .
BB the AiREPIa Sakas0; 14S SRRVl STLG s SThedimentare
d \r%:gﬁ%ed]c%ﬁf %ggélar % %%%%Mtg%?%f@ggbﬁ% ggité‘s'ec?ﬁ tle v&%hle1 510 and
nmyawdeepénthanumiehe m\uhesmmawobes areaposltjemd opp03|te each

ol din emto The fl ldISInsel‘t i nt o .and
oMo ST (GO o by 1 9oBias pBiree Borar b GRistBRey of the
c@%ﬁlrb%f?lﬁ’é‘ﬂ@ﬁb%r\ﬁéﬂ‘%ﬁ D &cFdICNEFFRIRC €A Blurithesh e or a c-
d which extend into the cavity. The ports 1503

slpamd deosberectipnigtoevenmalyi eaprasticedingéead.t he cavity and
a fluid reservoir (not shown). By controlling the
volume of fluid in the cavity, the flexible wall 15 10

8i S caUgaRiplcCE@NENtB\dleinhat vari ous | ens shapes can be
formed. The fTexible wall 1510 has two annul ar grooves

Figs. 9a asid Qb shewedmeitpie-elasaentsystan induding two lenses according to

an embodiment of the present invention. The system comprises a first lens

according to 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 90, 92 define a cavity for receiving fluid 94. In this
embodiment, the two walls 90, 92 are slightly spaced apart. The flexible wall 92 is
provided with two 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 to improve the
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peri phery of the flexible wall 1510. The groove 151 1

in this enbodi nent are displaced or offset relative to
we@2wh/189her on opposite sides of the wall 1510PGHAUMY/000858

be deeper than is the case where the grooves are

positi oned opposite each other. Again, the groove 151

1 acts as a hinge to inprove #6e consi stency of the

curvature of the flexible wall 1510 across its

consistarcy of thé eotvaturehsinrg flekibie wall aRAsEsOfPaFfARE! TAB walls 90,
roove may be practiced instead. 8 A Miltiple-El ement
9%@' d1ausegdn adare| nantingod i mating sneagemeshof theitsauare

p'eﬁé F%l régﬁ n!hetﬂé g?é ﬁé&hﬁg%%ﬂe&%&quﬁ@%hq [_mgrlor surface
o;ﬁﬁmlabgnrelgnbunm;; meWhlll‘? i3t befrfeltd‘i@.lrﬁfr@zls miislcltlmlei‘ﬁfdrg!ﬁis and other
et B, W9 b frARraELBARS Shlarhis e kb oftas mechanisms
fSRBIaRY tbﬁﬁh%r‘@eg\?.gllé‘"ﬁ{élysbegﬁr %gﬁg%bﬁ%sﬁ?‘?@f%%r dmg, for

recel ving ment
egomph2 Threeflwt i99Hs Iirysertmbietb a:pdirdemoﬂ’d?@frbhethebd:eanwahé aSb’brt 93

e PERERES bbbt she BaRRbimgipn 0 S TGRS cabbia b Perdsprovides
fereriid eanmﬂnéétﬁandw%eﬂf the *&%\/rty bag eﬂjﬂd.& réé&bofr A&t $H¥fwn). By

di stance between the two bases i s
canfsaiting thexvolymenef fad@44de théeavity, dhe ﬂexybtea‘ walh 82 is caused to

e e ariqlaths shoePS Bah B AMRE y "t he same i n
this enbodinment, this is not essential. Different

Est ances my t(icﬂpractl ced. The grooves act as hinges
ig 98r B\eeamAueioeidiuid 84dy centrelies sa fhaithe ewibla well 92 is

T [ ] 92 :
pf)élﬁél‘r]]%({ij gg Hat %Clﬁgfguer’lfééé §¢1¥)f ﬁ'n;a?gmil Eﬁcl tsta%Re rigfd wall 90 is
cemgavgeareha sebomdheurfaeél 98 rferthestifigin tise rlgﬂigﬁéll 901§ stibstantially
éﬂuare not ch-type grooves forned in the interior
P@liAf-ace of the barrel mounting 9 1. Wilst a barrel
mounting is disclosed for this and ot her enbodi nents,
it would be apparent to one skilled in the art that
The systenetirther sompirises laodetiong lengetbedindie avabhﬁ)ddwebteof the

DB 5 e g o Shes e et P g TPl 102
wmgﬂntﬁcﬁgﬁ%s t?uﬁ}ﬁr%‘g&?ﬁ?égggéﬂt% rrﬁ%@ﬁ The 5\%%@1@0 192 define a
cavity for receiving fiuid 104. The curved surface of the waII 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 wall
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 flexible
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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for fluid communi cati on between the cavity and a fluid
reservoir (not shown). By controlling the vol une of

WO bwsd3®do in the cavity, the flexible wall 92 PEI/aH2®Ed00858
to nove such that various |ens shapes can be forned.
In Fig. 9a, the anount of fluid 94 is controlled so
that the flexible wall 92 is-4esitioned such that a
first surface 96 of that wall 92 closest to the rigid

cohlunféation satvearenaaeviey sed arfiliic redereair %tfshbM’f)sBy controlling
fromthe rigid wall 90 is substantl alL¥Q£I anar

theyilemeraffluit 104 Shihle Gy athediaidle MEsT 0 scrasig ' gnae such
| udi
R B e B e T b1 ¢ v | 102 whi ch
becones th| nner towards its central reg| on The wal | s

Indig 88 e armpatignt Tl 1 ki SamboiRisn B ing hep wal 467 is
pgét@rg%d thdt%r%P&Jﬁéc@(’if% Bf Wl \Nail%z di B@eézlt@mm rlf;ld wall 100

sur erigrdwall 100 taces the flexible wa
lsmcave antll esetone swifacel 08 fasthesbirpaethevigia wallg 00 is
@WQU| ooves 105, one in each surface of the wall.
Shiprad #ave a c-shaped cross section and the
dept h of their bases is such that the distance betmeen
the two bases is the sane or substanti al I¥ the sane
le

Int Frig. Phi tlerarseunt ofifivid P d conteollad o thet the flexiblecwall 98 is

R

|t§ Qéédwﬂcﬁsmffad&% Pargisest fronm tentigid wallfbe isgcarmwexs Hed amount of fluid

nges to i nprove the consistency of .the curvature
104 @gwrgmugdgspmmaﬁ thafessowal 104 feutionadSugh gt st surface

16@ %Io% {6 idt Qunardoss c‘fSﬂSQ{gé Bﬂd%hjsecEHS sutdicd 1@@4farthest
Inser 0 and renmoved fromthe cavity via

frpmﬂwe]r@dwwlcﬂ)(bmtmmdexthrough the barrel mounti ng 91

into the cavity. The port 103 provides for

fl ui dcomuni cati on between the cavity and a fluid

B?%ﬁ%ﬁ&i‘?\grthé% SRt OMLId B, mlf‘ﬁ"nrtﬁle|da'§)ﬂle's|‘fﬁ)rﬁ %é’ BEhdint shown in

4|ntecaV|ty the flexible wall i's

FigaQ@add the anmunt showntinh &ig.\2, .trmwvereaﬂs‘osmmp@@omﬁ ohghe multiple-

f d. ig. 9 t h f fluid 104
elgg{tﬁnrﬁ&yp{ggn Elsg?rﬁ‘&% "t"W?echfa%ﬁVueglt eovval I UI102 i's ng& ti oned

such that a first surface 106 of that wall 102 cl osest

to the rigid wall 100 o o _
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



is concave and a second surface 108 farthest fromthe
rigid wall 100 is substantially planar. In Fig. 9b,

wao b@easemt of fluid 94 is controlled so that PEEAU2006/000858
flexible wall 92 is positioned such that its first
surface 96 closest to the rigid wall 90 is concave and
its second surface 98 farthes##2fromthe rigid wall 90
is convex. The anount of fluid 104 is controlled so

referénddpuieei Dice TWHé bafera bémﬁﬂgeé bﬁﬁﬁﬁgé%%t&r@aégs{énﬁ which

first surface 106 cl osest to the ri
neanese dim fyantanaleg-device o th&yebel@@C?fQﬂtCﬁeBta digitah actmeera.
rigid wall 100 is convex. By changing the anmount of
fluid 94, 104 in the cavities fromthe anmount shown in

Hrg ol3 ngs atligtingsystens BOMndludiRg @ 1eRS 310covYdRghtd an
of the nultipleel emrent system becones

> %9@9%15 5t bf @gprﬁﬁ@n@nygw i & IRnsnipi apgoreanceowith enyef the
f@\*e oﬂ@oéYﬂbbﬂln'férﬁs n?e?%/ ﬁ?mﬁféh#rﬁéiq 'lfﬁegl'éag éfelnglé]{y depigted and

apprehend |
ldftrﬁ@ed cbymen‘erancemméral :é’mse"s?he fightipsysterealsb tdonigiises a lighting

e od nts may be practiced. 9. Lens
5@58?&?8{?%%%91@%. ng Caneras and Lighting Systens
Nuner ous applications exist for the use of |enses and
mul tipl e-el enent systens in accordance with the

10 T@ﬁ‘d@ifiﬁ)elﬁt@c@fdam witly each oﬁthe%remaWMOdlmnwmy be coated
r amer as and I| n stens. Fi
WA BB B SsRP e in 2HREoghE SRttt R gtist
caatirgyTtoe HntEY cohtih§ efoP %Rémble | TN WEall]8 Wy rgbu?d 'b%r]ﬁaﬂé‘ of materials
accordance with any of the foregoi ng enbodi nents nay
carablenf arepRting 2 goaHag seels agpobicarvygnaleppalyeeéraadd polyesters.
identified byreference numeral 210. The canera

conpri ses an inage capture system which may use film
15 A|snnaﬂhnlau1mbbogf dmblodimentsroihd ivehieh Fegaram lengegbautn@éthods of
g

n&@ %gémshowsallghtln system 300 includin

m&“l“ uring lenses agdr R manyackripe@ ﬂ@ﬂbleovaltm ajess dave been
é i y

d sraarﬁg@gil an théyibRISE the ga%gsrr@amgaogéﬁeg I b adifent o those

Slgl{mlemathle;arﬂﬂfmt vl Bduambdlfdmm)né Iaad/dmubeflmltlem end\b8 hddde to

th%%g embodlme%Pst \'ngoﬁ’ty dc'épea in ?rgmct gpsrclo%gsan% :|3;I)|r|’11 <t)fI tﬂge invention.
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element for radiating light. The wall(s) in accordance
with each of the foregoing enbodi nents may be coated

wowaok/13596¢ andard | ens coating, such as an PCT/AU2006/000858

anti-reflective coating, an anti-dust coating, or
anti-UV coating, for exanple. The walls woul d be nmade

of materials capable of accep#i-ng a coating such as

pol ycar bonat e, polynmers and pol yesters. A small nunber
of enbodi nents of the inventpamsegarding | enses and

met hods of manufacturing | enses and of manufacturing a

Weéelaibl e wall for a | ens have been described. In the
l'ight of the foregoing disclosure, it will be apparent
to those skilled in the art that various nodifications

1and/ @y |epyohigriginggns nay be made to those enbodi ments

w t hout departing fromthe scope and spirit of the )
i nveatfirsiflexible vealligaving adfirsugroave &ranedtsreis;tayards a perimeter
LISt ' lL. ing a first groove forned

OE%é@glr%d\&%l&%%sﬂgg%e?ﬁer{mter of said first wall for a

hi nge;serodd sk salttirstivall atdi hid sesindwill defidingea davity for

second wall defining a cavity for recejving fl ui uch
regaiying Akicheiach gk varapelens 2pes caPhas egdw%ﬁrqﬁ'ﬁas the

be&?né/g{rﬂm‘a vﬁfhilfl ltHl'Jé g%\y‘ﬁ[);_hi n the cavity. 2. A lens

according to claim wherein said first wall is
defined by a first surface and a second surface, and

t he groove i orped in the first.surface.of ' .

2 1 X B3 Bl Pl ok o S UL o S ey o
shﬁﬁ?é bhata Seidmcsurfices ahd thée HRdoveas fornfedircPeGAY¥Esurface of said
surface and the second surface of said first wall is a

fidtavedk surface. 4. A lens according to claim 2,

wherein both the first surface and second surface of

said first wall are concave surfaces. 5. A lens

3accondieng ddtotdingToslaihvRt lersinraeifisingudaceepsdid first wall is a
groove towards the perineter of said first wall, the
cemeanaisyiansandthenseeanchatiaoe afteaid Brsbmell is a planar surface.

4. A lens according to claim 2, wherein both the first surface and second

surface of said first wall are concave surfaces.
5. A lens according to 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-

section.

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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surface of said first wall. 6. A lens according to

claim1l, wherein the first groove has a v-shaped
wee@sa3wed i on. 7. A lens according to clai m 1, P@iiapnaion000858

the first groove has a c-shaped crosssection. 8. A

| ens according to claim 1, wherein the groove is

annul ar.9. A lens according tg-claim2, wherein said

first wall becones progressively thinner towards its

cent 1 on. i

9% hat ATheS FELARIEE, ol SRhek o 2 S A8l BeporBuogrossively
thirirertewards itdeersteal vagioaarichiihe deptls obﬁteagmqoaeusy stiple that the least

deERceethEgN o e Orosen S LEEPETHaE 41 Papod surface s
%&Sse déllystﬁé%af’rﬁé §f tH@lecI@{é@sﬁﬁ'sﬁloGﬁ@PWdll\é@itb c@hfral region.

barrel nounting. 11. A lens according to
claim1l1l, wherein sald flrst wal | and said second wall

ccogggﬁg gp%(\)l\%%r%eii%] alm fvgfeﬁe?[? %é’?jefl‘rg éll aﬁpls%nc? second wall are

hé@gé’aemébgﬁbpmbughﬁb material and is defined by a first
surface and a second surface, wherein at | east one of

the first and second surfaces is a convex surface. 13.
| . h
1f, PBIRBE SR B dprelT SR i AL Rl gebbn wat o

bbhd&d, eeltibaoe frsed t@geﬂmnd surface substantially
parallel to the first surface. 14. A lens according to

claiml, wherein the second wall is forned from

1?.? ly %HQ Qe{:(ﬁrdﬂ{gecon &afn 11T'§/hel%nb F@?g‘f&” \%W‘Ps fd?nﬁa'daﬁém a rigid

erel | ens
nmi@rdul(hﬂdgstcbfméalblylalﬁrstvberfecmandla mooddsul@ce w@awiwt least

res i yely thinner towards its central region.
oy\ep ISt 8PEiSREORS SHITAPES 1B @ FORYGESY 'ﬁﬁ?prl si ng at

| east one port into the cavity through V\,hl ch fluid can
flow 18. A lens according to claim17, nFrlsm
18! ur Al Iengr aotoning o ¢laino 1t wbetﬁin‘thqlsemnmgﬁ vmfczfmad fgera a rigid

R YA 5 OO By i ohTacs o &gt el MRS Bthtialy

parallel to the first surface.

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

polycarbonate or glass.
15.  Alens according to claim 1, wherein the second wall is flexible.

16. A lens according to claim 15 wherein the second wall becomes

progressively thinner towards its central region.

17.  Alens according to claim 1, further comprising at least one port into the

cavity through which fluid can flow.
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19. A lens according to claim 18, wherein the

plurality of ports are equally spaced around the
waeeeuasfoer ence of the lens. 20. A | ens accor di PgI/aU2i061000858

17, 18, or 19, wherein fluid can flow both into and

out of the cavity through said at | east one port. 2 1.

A lens according to claim1l745wherein said at |east

one port is formed through the second wall. 22. A lens

cco [ A & avi
1o reRad Syt €l PR aTieBBr S1® Ref the cavty
theswit whith fludd chaiflow? dherdiartbe pluralitytaitperisarprapased around a
pol yt hene or si Lé cone tube. 24. A lens according to
cigguafierance,e3aid #"Sne f1 ui d conprises one of an oil, a

gl ycerine, and a water based product. 25. A lens

according to claim1, wherein each flexible wall is

19.esi Ailems ac@Bding tbaaimatovenein the plueality of porie peg aqually

each flexible wall_is forped of a conmponent
S@ﬁ?ﬁr?@fjﬁa%&e QF?L@T‘WQB?%PP&Q 8P, variform disc of

syntheti ¢ honogenous material of optical clarity that

is capable of variable dilatation. 27. A lens

oA |
2@G.c coAdemgjaceordingi glaim 1¢n 3.l S aderein ,fkii%papl S both into and
otirdhe ceviaiirdiig sald Spafiti SURLr ey b B 2ot o

pol ycar bonate, an epoxy resin and a pol yester.28. A
| ens according to claim1, further, coqgri sing a

fluid
21 o5 ohVens agepTiing to el WASTRBNSAIa! less QRpery IS ned
tﬁﬁl@gg'neilgé:égngi'\ﬂgll to claim 28, wherein the lens forns a

fcurt, discreet, seal ed package in which the
reservoir and cavity are permanently connected via at

| east one port, or,_a continuous.circular channel formed
22y SAJPEBARCOTdiNG 'R 1L | AcUBR AL & st RO CORHTEFS @ tube
b(ﬁﬁ)&g&{ ia%c2oRH WAl 2 piston, a plunger, a conventional

ocus barrel, or any force-provider applied to the

out si de of
23.  Alens according to claim 22, wherein the tube comprises a polythene or

silicone tube.

24. A lens according to claim 1, wherein the fluid comprises one of an oil, a

glycerine, and a water based product.
25.  Alens according to claim 1, wherein each flexible wall is resilient.

26. A lens according to claim 1, wherein each flexible wall is formed of a
component comprising.a stretchable, pliable, variform disc of synthetic

homogenous material of optical clarity that is capable of variable dilatation.

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

an epoxy resin and a polyester.



5

10

15

20

25

30

the reservoir, for expelling fluid fromthe reservoir
or wthdrawing fluid fromthe lens cavity. 3 1. A

W@ a09en13596ONPri sing: a lens conprising: a firstPET/ax2iobeoosss
wal | having a first groove fornmed therein towards a
perimeter of said first wall for a hinge; and a second
wall, said first wall and saidgsecond wall defining a
cavity for receiving fluid such that vari ous | ens

ape

apeg &ﬁ?@ﬂ@@ﬁ%’dﬁﬁ’ £.3gHhe! +arﬂgn§mg it FEs&@oir in fluid
coonpinsiatign WltHihghIaVI‘ig el ement; and a Iens conpri si ng:
a first flexible wall having a first groove forned
therein towards a perineter of said first wall for a

29.ngeA leHxhctor@iRg RS clfihnl 28, WHé?efn' thétleﬁ@{’drw%r?tr‘%%gg circyit,

second wal | defihing a cavity for receiving suc
disrieel; geplagspackage din syich ﬁmebenmmnﬂcwtymtpmmane@ﬂy

I hi
RRReE I flpst BhE ot Sibitinlé cieulad cpgoRafoamed by a
dgroowd. groove fornmed therein towards a perineter of

said flexible wall for a hinge, said flexible wall for
at | east partly defining a cavity for receiving fluid

32)3‘;? FAE) 'é%:'snééc%tblj]d?Hé t+ Ef3im %We&%nﬁﬁﬁ%&i ﬁgﬂ:ﬁ q piston, a

pﬁmgﬂar5a lmenhemtloxmhmdusl begrel her aiyefored-providsh d)sbliedgo the outside of

| exi bl e femal e profi | ass, acryli
”b? r%?qrv%v}%b?m%“n%ﬁwﬂa%m ithe, reRaryQir oewgthszkramg mlcbfrom the
lsRedAGt uring a flexible wall for a lens having a
first groove formed therein towards a perineter of
said flexible wall for a hinge, said flexible

31. A camera comprising:
a lens comprising:
a first flexible wall having a first groove formed therein
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
shapes can be formed by controlling the volume of fluid within

the cavity.

32.  Alighting system comprising:
a lighting element; and
a lens comprising:
a first flexible wall having a first groove formed therein
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
shapes can be formed by controlling the volume of fluid within

the cavity.
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cavity, said method conprising the step of spinning,
centrifuging, introducing gas, bubble or using flow,
pour, draw vacuum technol ogy. .4/5 35. A |ens,
conprising: a flexible wall made of a nateri al

331i t alingethel dﬁr‘i‘aﬁd?a&ﬂnﬁgg @Jlblé%l fbpatl?.‘?@ﬁa{mg a first groove

rogressively thinner to Its cen
Tgrf@f%d ihereimidwards iangerimetee af saidrfexiie oiedl fooa rimmge sald flexible

B A R S 5 e G e bious ens

shap@e o2t bes fdrmicantsy ccﬁﬁl'cqllrfg? ﬂ@vcﬂu%‘ of f@@wﬁﬁlndth%;‘c%?/ﬁ? said

configured in paral defining a cavit

m@tmd\ﬁqa@pmslm the s@p. qumomlémg t@hét@embl@ wedEgainst sofenmale profile

JErT et S aicaonl ol BRI MBI ol m'ss, wherein - ¢
said other wall is flexible. 5 37. The |ens according
%o cl ai m 36, ¥mere| n said other flexible wall becones

r ogre8igtied of mankfasturingafiexible wall dor @ fens hayiog a fgst groove
n
e W BECREAAEY Sy L S ST B 0 g e

V@l fOWaétaash padiydiefimningsa aaeitpordedeiving| filgd! suet tﬁat%@hous lens
each wall form ng a seal

th t. th eri phery o
ﬁ‘%ggﬁﬁgi‘\@éﬁ mag By-Aqtioling euna@f fiyidovihi mice cgvity, said
n ai
s o Il R 418b 2 SRR, Gon By PuoRUE BT bliubie or
uging flomepausndraxe vacwlimdechmatdgyi. m 35 conpri sing at
| east one port fornmed between said walls or through
one of said walls for comunication of fluid between

35ai d Avehkscomgrisinge | ens according to claim4 1,
further conprisi ng a fluid reservoir coupled
a flexible wall made of a material suitable for use in an optical iens that
becomes progressively thinner towards 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 in an optical lens, said first
wall and said second wall configured in parallel and defining a cavity for receiving
fluid, various lens shapes capable of being formed by controlling the volume of

fluid between said walls.
36.  The lens according to claim 35, wherein said other wall is flexible.

37.  The lens according to claim 36, wherein said other flexible wall becomes

progressively thinner towards its central region.

38.  The lens according to claim 35, wherein said second wall is rigid.
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39. 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 seal

therebetween.

40. The lens according to claim 37 or 38, further comprising a barrel mounting

housing said walls or an annular clamp holding together said walls.

41.  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

between said walls.

42.  The lens according to claim 41, further comprising a fluid reservoir coupled

to said at least one port.

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.



