WD 96/ 38744 .

PCT/ GB96/ 01304 _ AN OPTI CAL APPARATUS AND METHOD

This invention relates to an optical apparatus and nethod. In particul ar,
the invention relates to an optical apparatus conprising at |east one
liquid 5 le | exi bl e menbrane mrror, and nore partic #xﬁ'@'
pair of @S’eggbg%ﬁes constituted by or including such an gﬁé a gma

The invention also relates in particular to a nethod of adjusting an

opti cal apparatus fd TECAL A RATUS AND METHODO It is

known to provide a liquid lens in the formof one or nore .transparent,
circular, flexible nmenbranes cl anped about a peripheral zone to define
a cavity. The cayhisVinbéntidn sefffesid ?@ﬁﬁ t, i gL b ic ! pressure
of which is adjustabpéagghﬁgﬁns ofm%a%%%?? e g?éb 5@§hg%t1€§%gl *such as
a syringe. theAnyentiomenelatescth anfupticalegpparatuo Cormpiisidg ianlcaktonediquid cause

variations in tgle cu,{,vature of the lens defined by the nenbranes and
fluid, thereby olehs Ay flexible membrane, mimes, and jmerenpargicylatlyy toas|painof i cal

powel. 20 t 90, 903, gj.ves further details of |iquid
| enses, and of Lﬁ&%ﬁﬁé’ﬁ'&‘%‘%&%%*ﬂ%@%ﬁ“%\%a%m%‘ﬁes I ncor porating

such |l enses. The entire disclosure of US Patent” No. 4,890,903 is
i ncorporated herein by ref erence. 25 The history of liquid | enses
goes back sever alhelinveution alsotrelatesin particulartto a methpd of adjusting dreeptical
roposal for a trul ractical si - correct,i devi ce I ncorporatin
gu CE | enses. appa¥atgs ?or correcungga?e}ecuve eyemgl?tg : P g
10

It is known to provide a liquid lens in the form of one or more

transparent, circular, flexible membranes clamped about a peripheral zone

to define a cavity. The cavity is filled with a transparent liquid, the

pressure of which is adjustable by means of a positive displacement pump
15 such as a syringe.

Adjustments of the pressure of fluid in the cavity cause variations in the
curvature of the lens defined by the membranes and fluid, thereby giving

rise to a lens of infinitely variable optical power.

20
US Patent No. 4,890,003 gives further details of liquid lenses, and of
optical instruments such as spectacles incorporating such lenses. The
entire disclosure of US Patent No. 4,890,903 is incorporated herein by
reference.

25

The history of liquid lenses goes back several decades, yet there has not
previously been a proposal for a truly practical sight-correcting device
incorporating such lenses.

30  According to a first aspect of the invention, there is provided an optical
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30 According to a first aspect of the invention, there is provided an

"~ optical WO 96/ 38744 _ L
PCT/ GB96/ 01304 apparatus conpri sing: ' at least one liquid
| ens or flexible nmenbrane mirror; "a liquid punp for adjusting
the préssure of liquid in the or a cavity of the lens or_mrror: 5
a cl oseabl e duWO96@%744 nt er connecti-ng the said cavity and the 6/01304
perm.tting the flow of |iquid therebetween; and ' a closure for
closing -the duct J¥pgmnidCompitdagre of liquid in the said cavity

attains a desired val ue, whereby to render the lens or mrror :
subsequent | y non- adj uat dgastonel quid lensToreflgxiblecinpmbran\mirtarge of such an

ar rangenent over previ_Gus. arat uses .. is that the.liqguid | ens.or

| enses becone non- adj &gf%cfﬁt?xgpf}tgp@afw%rp{esgpre °fthq'{‘ﬁl¥é“ &'&%ao‘?av}t@nses to
a desired settingftheiéns dr mifre®Nt rast to previous apparatuses, in
which the |liquid | enses have renuai ned perpetually 15 adjustable. Thus,
previous |iquisd | ens apgiescablesthrct faminterconnecting the siid cavty and €t purhp
spectacl es partly begguse of the cunbersone nature of t he punps needed
for adjustnent ofPermitingthe-fowofdiquid therebatwaenscand ¢ he risk of the
optical power of the | Vi at i fyomoptihm tailored for .,the
wear er of the spectac P:‘ggs%ﬂ’%d&s%r}gg fiugtnwgﬁb%mu?c Wﬂ‘ﬁé’ q‘%s?ﬂe '

i nvention conf er Sagity Gitasisng sdesitéd value, wnaeb;(qal rénder Qhe i & fithRrwi th

previous liquid | ens designs. Preferably the closure includes a
portion of the dfubseguendy son-njugiabls: nable 25 to close the duct. -In
particularly B eferred enbodi nents, the duct is . plastically defornable
when conpressed and or when heated. A further possibility is for the

g)l:glt : ;'?i gﬁ' pl ast iFhalprinciisi advENRige of36ch st'kiriideqtbnt Bver previblid dpparitises
is that the liquid lens or lenses become non-adjustable after adjustment of

the lens or lenses to a desired setting. This is in contrast to previous

apparatuses, in which the liquid lenses have remained perpetually

15 adjustable. . Thus, previous liquid lens apparatuses could not bé

incorporated into spectacles partly because of the cumbersome nature of

 the pumps needed for adjustment of the lenses; and partly because of the

risk of the optical power of the lenses deviating from optima tailored for

the wearer of the spectacles.

Thus, an apparat\is according to the invention confers a robustness and

practicality not achievable with previous liquid lens designs.

Preferably the closufe includes a portion of the duct plastically deformable
25 to close the duct. In particularly preferred embodiments, the duct is
plastically deformable when compressed and or when heated. A further
possibility is for the duct to be plastically deformable when subjected to

ultrasonic excitation.

30 The foregoing features mean that apparatus according to the invention can
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30 The foregoing features nean that apparatus according to the invention

can 2 WD 96/ 38744
‘PCT/.G396/ 01304  readily be adjusted to a preferred optical power of
the | enses, and easily "set at the preferred optical power.

Conveniently, the pu I's a positive displacenent punp capable of 5
i ncreasi ng andwﬁéé’gﬂi’ggi ng the pressure-of liquid in the cavit¥ 1304
particularly preferred enbodi nents, the punp is a syringe. Syri nges
are nmass- pr oducedpegdil I Bgﬁ’ca i Qi de a
si mpl e, inexpensive n’ggﬁga%{fﬁkge%%%t ep wetrl Iﬁgﬁgﬁg%ﬁ%ﬁ? g?d fgglfya/m
appar at us accor disetat thetpreferredeopticahpower. i n a harsh environnent. I n
some enbodi nents of the invention, the closure preferably includes a

menber retentively defonnable to close the duct. One formof such a

menber is a resilg f 0S| t r 1dh 15
such a bung, the %ﬁ‘ﬁ;pehir%lg% 2@%@%%%@%@%@ \%@%@%& %F@aa ap%tﬁg\%f
further duct capdhtieasihgr s debledsing cthel pesiilie bf Mikuid inethel tavitye fimw of
| i qui*d between the punp _and the cavity, the resilience of the bung (a)
creating a |iqui dartiglarly preferred embodiments.t therpump is apmngehe bung i s

pi er ced t hereby; and (b) causing closure of the aperture pierced by
the further duct 20 on renoval thereof fromthe bung.

Syringes are mass-produced at extremely low cost, and therefore they

‘provide a simple, inexpensive means of setting the power of the lenses of

10 an apparatus according to the invention, eg. in a harsh environment.

In some embodiments of the invention, the closure preferably includes a
member retentively deformable to close the duct. One form of such a
member is a resiliently deformable bung closing the duct. For use with
15 such a bung, the pilmp'may include or be operatively connected to a
further duct capable of removably piercing the bung to permit the flow of
liquid between the pump and the cavity, the resilience of the bung (a)
creating a liquid-tight seal about the further duct when the bung is pierced
thereby; and (b) causing closure of the aperture pierced by the further duct
20  on removal thereof from the bung.

In particularly preferred embodiments, the further duct is a hollow needle.

Thus it is possible to devise embodiments of the invention in which the
25 .pump is a conventional syringe having a conventional hypodermic needle
secured thereto, in order to piece a resiliently deformable bung that

re-sealably closes the duct of the apparatus.

Yet a further possibility for closing the duct is for the retentively
30 deformable member to include opposed, interior walls of the duct capable

3



In particularly preferred enbodi ments, the further duct is a hollow needle.
Thus it is possible to devise enbodi nents of the invention in which the 25
‘punp i s a conventianal syringe having a conventional hypoderm c needl e
secured thereto, in order to piece a resiliently deformble bung that
re-seal ably cl oses the duct of the apparatus. Yet a further

possi bility fOWO8IAMhg the duct is for the retentively 30 JEFEPTABIN
menber to include opposed, interior walls of the duct capable

3 WO 96/ 35¥7¢dlingl adherinF one to apother on compression of the duct. In
PCT/ GB96/ 01304 of “Seal i nglFy adhering one to ‘anot her on conpression of

the duct. In prefesfedr embiodiments, nthist is, achieved by adttneof cadbgsive rmatterof
adhesive matter ecured on the opposed,.inner walls of the duct. -5
Using this errbodisﬁﬁ‘me,a qw&Psoppegeijav fé@ﬁﬂ#a‘b@&ﬁ'&ﬁry to seal the duct

wi t hout enpl oyi ng any additional conmponents, other than a sinple:

apparatus such as a pair of pliers or pincers to conpress the duct.

The inventions s Wdiag thisnembedifént,oit ris Podsiblen advantigeondly 2o esetlatiecduct
including 10 an apparatus as defined hereinabove, the apparatus, preferably
i ncluding a withqut oemploying) anynedditional compameatsadotapr dhaross simpleur es

benet 1t when 1 ho SBpAPR tichss | peif of BcRoH TiRbeLS go cpmpfisd o a1 C1

The invention is also considered to reside in a pair of spectacles including
10  an apparatus as defined hereinabove, the apparatus preferably including a
pair of liquid lenses. |

The advantageous features defined hereinabove in relation to the apparatus

are of particular benefit when the apparatus is incorporated in a pair of

15 spectacles. Inparticular, spectacles according to the invention provide the
possibility of Eorrection of many eyesight defects, without the need for a
skilled optometrist in assessing the optical power of the lenses required for

such correction. This in turn makes the spectacles particularly suitable for

use in so-called developing countries, where the incidence of various

20 eyesight defects is.high yet there are few skilled opticians and very little

equipment for testing of eyesight in conventional ways.

Furthermore, since spectacles according to the invention can be
manufactured in large numbers without the need for variation between
25  different pairs of spectacles at the manufacturing stage, the purchase price
of spectacles according to the invention can if desired be made sufficiently
low to enable their purchase by inhabitants of developing countries or by

charities providing aid in such countries.

30 Conveniently the pair of spectacies includes a respective liquid pump and
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15 spectacles. In particular, spectacles according to the invention

provi de the possibility of correction of many eyesi ght defects,

‘Wi thout the need for a . skilled optonetrist in assessing the opti cal
power of the lenses required for such correction. This in turn nakes
the spectacles particularly suitable for use in so-calqunﬂﬁ%ﬁﬁ j ng
countries, mh@“gﬂﬁﬁ@“incidence of various 20 eyesight defects Is |€#?yet
there are few skilled opticians and very little equi pnent for testing

of eyg_si ght i tnhce_rwmbitiwalosmu?uct for each F!eh:cisl. hta'hmr ﬁ:_,atm'rﬂaév&rmebmiy es
according to the invention can be | ranufactuged ip rge nunber s

wi t hout the needPﬂ@m9@91%%05&1%‘&!‘"25‘““@?9‘*@{Q‘gf‘“ﬂﬁ &E%B?C‘%{ro Bcl es at
t he manufacturin , S ; . pectacl es according to
t he invention caﬁoﬁaﬁ&?);regﬁhggéﬁg%é%@%ﬁ% léentﬂn)l/)(éfovi | ow to enable their

pur chase by inhabitants of devel oping countries or by . charities
proeviding aid in such countries. 30 Conveniently the Rai r of spectacles
i ncl udes a reSpePréferably the ormach closable duct is flexible and the frame of the

4 . WD 96/ 38744

PCT/ GB96/ 01304  Spectaglesdagludes ore er Bogs reresiss doF Breelvips the.ora dyrafier
features advant a%@g@:tgesre?%r Wb?ef@%!f,m@&t eél:fh.r@ﬁ?dsgée’ ?B&dﬁl@td%@&ﬂ, of

adj usting the spec correcting eyesig ects, as defined
her ei nbel ow. 5 theFtlededidabtsy This iesehb cohstrretipn of an aesthetidatly ipleasingnd t he
frame of the spectacl es includes one or nore recesses for .receiving
the or a duct af Pairof spectacless F%&MM@leahbﬂécﬁrﬂFﬁ%F'ﬁé from. damage. .
recess is closable to conceal the cl osed ducts. This pernmts the
construction *0f an aesthetically pleasing pair of spectacles, in which

the closabl e ducigygkcdetitfodimnd bPthe4pE&AAes according to the invention, each
lens includes a rigid, transparent cover for protecting a flexible membrane

of the lens. Optionally, the or each transparent cover has an optically

corrective effect. Multiple protective covers may be supplied if desired,

15 eg. on the front and rear face or each liquid lens of the spectacles, in

order to protect the lenses against damage.

If one or more of the protective covers has an optically corrective effect,
a number of advantages may inure to spectacles according to the
20 invention. For example, the protective covers may provide a degree of
inherent correction in the spectacles regardless of the pressures in the
liquid lenses, thereby conveniently limiting the range of adjustment of the
liquid lenses required to provide improvements in eyesight for the majority

of users of the spectacles.

Also, although it is possible to construct liquid lenses that have a concavo-
convex shape, it is far simpler to construct liquid lenses of convex lens
shape. Such lenses do not provide correction for conditions such as
astigmatism. The protective covers may, particularly if present at the

30 front and rear faces of the liquid lenses, be shaped to provide correction
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10 In practical enbodi nents of the spectacles according to the

I nvention, each | ens includes a rigid, transparent cover for
‘protecting a flexible nmenbrane of the lens. Optionally, the or each
transparent cover has an optically corrective effect. Miltiple

protective covers may be supplied if desired, 15 eg. on the %‘?@@{w@%rear
face or each | WQR6@8144ns of the spectacles, in order to ec e

| enses agai nst damage. If one or nore of the protective covers has

an optically corrggptduéR dhllitiohs thereby %bvmmgrth@fneaal\faﬂmgﬁqmdaymgesune to
spectacl es according to the 20 invention. For exanple, q;are IEbgé)otective

covers may provi deroxidgceprrestion for conditionsrather thap mayapiaan OPbect acl es
regardl ess of the pressures in the liquid | enses, thereby conveniently
limting the range of adjustnent of the " liquid lenses required to

provi de i npr g\ée%ﬁ%ﬂl € S0rd&ch {tPinspa@niebwér! iliabé an opticil filefing effect.he

spect acl es. although 1t"1s possible to construct |iquid

| enses that have TFhusoitdspossible in acoordances withetheiinventionao raanyfacture: eg.
construct liquid |l enses of convex |ens shape. Such | enses do not
provi de correct i oeprrestive suuiglassasand welding masks. 55t i gnati sm The protective
covers may, particularly if present at the 30 front and rear faces of the
liquid | enses,. be shaped to provide correction

S WO 96/ 3préfeérably the optical apparatus also includes one or more compound, -
PCT/ GB96/ 01304 for such conditions thereby obviating the need for the

liquid lenses to fluid lensesi ddFurther edatailn afosuddoriemses orrs pravided: Hanthey opi a
opti cal 1 It el ngafaremmentioned U itent foy 8.8, " R 50 Cor dance w th the
i nvention to manufacture eg.
Embodiments of apparatuses, including spectacles, in accordance with the
invention may optionally be such that the or a fluid lens thereof contains
a predetermined quantity of liquid, the pump thereof being capable of
15 adjusting the fluid pressure in the lens cavity in a limited range. Thus it
would be possible to manufacture and supply spectacles having a
predetermined qﬁantity of fluid in each lens, and simply connect the
pump, including a small reservoir of the fluid, to each lens at the point of
use, ie. when it is required to adjust and set the spectacles for use by an
20 individual. This avoids the need for the pump to include a sufficiently
large supply of liquid to fill the lens from empty, although such lens and

pump combinations are considered to be within the scope of the invention.

According to a second aspect of the invention, there is provided a method

25  of adjusting an apparatus for correcting defective eyesight, comprising the
steps of:

(i)  placing an apparatus as defined hereinabove in front of a

patient’s eye such that the eye receives light through the or a lens thereof;

(ii)  operating the pump of the apparatus until the patient sees an

30 optimum clarity image;



corrective sun glasses and wel di ng nmasks. Preferably the optical

appar atus al so includes one or nore conpound, fluid Il enses. Further
‘details of such lenses are provided in the 10 aforementioned US Patent No.
4,890, 903. Enbodi nent s of . apparatuses, including spectacles, in

accordance with the i nvention may optionally be such th

fluid | ens t heWV@8#B3¥Hht ai ns a predeterm ned quantity of a*ﬂtﬂgf’cf%foge

punp thereof being capable of 15 adjusting the fluid pressure in the |ens

Jcavity ina limted ragge. dibdifg e duct oftRelafpdifruosad bl e to manufacture
av d

and supply spectacl es ing a predeterni ned quantity of fluid in each
| ens, and sinply conne@v) t hdetaching therpump fixciméhengpparaisl | reservoir of the
fluid, to each lens at the point of use, ie. when it is required to

adj ust and set the spectacles for use by an 20. individual. This avoids the

need.for the pu I LGl : [y of liquid to
fill the lens f mkg%%, ﬁgﬁ%aﬁgﬁsﬁégggh%%ﬂgﬁtsob ﬁ%t dtﬁi@esgﬁwrrgwconbi nations are

considered to e within the scope of the invention. According to a
second aspect of the invention, there is _proyided a nethod 25 of adjusting
an apparatus for Thisrmethpd ds patticularlyesuitable when the,apparatps is ¢ a8t eps

of : (i | ac{.ng. an .app u | I Qab e, front
of a pati enteé‘ %ygo@ﬁkngq ﬂ&l‘@ﬁ@%ﬁ@?&&%ﬁ?‘?&ﬂfé l}%h%ugﬂi _fgaor a
lens thereof;  patient Thusithis aspie oFithd thveRiive itthod istpactiqiiady sidubleint i |

the patient sees an 30 optimumclarity inmage;

6 WO 96/ 3fot4patients who have sight in only one eye, a condition common in many

PCT/ GB96/ 01304 . .
10 developing countries.

According to a third aspect of the invention, there is provided a method
- of adjusting an apparatus for correcting defective eyesight, comprising the
steps of, in any practical order:

15 @  placing a pair of spectacles as defined hereinabove in front
of a patient’s eyes so that each of the patient’s eyes receives light via a
respective lens of the spectacles;

(i) obscuring the pupil of a first of the patient’s eyes;
(iii) | operating the pump of the lens associated with the second of

20 the patient’s eyes until the said second eye sees an optimum clarity image;

@iv) closing the duct between the said lens and its associated
pump;

(v)  uncovering the pupil of the first eye;

(vi)  obscuring the pupil of the patient’s second eye; .

25 | (vi) . repeating steps (iii) and (iv), mutatis mutandis, with respect
to the patient’s second eye; and

(viii) detaching the or each pump from the apparatus.

Desirably step (iif) is carried out each time while the patient views an

30  object, which may be either distant or proximal.

7



(itii) <closing the duct of the apparatus; and (1v) det achi ng

the punp fromthe apparatus. Desirably, the patient views a distant

obj ect .during step (ii). 5 This method is particularly suitable when

t he apparatus is configured as. eg. a nonocle or simlar device intended
for use by one_eye only of a patient. Thus this aspect of_the inventive
nethod is part?"’dg’ﬁ’éﬂ‘? sui tabl e for patients who have si g'Ffr’?W“B y one
eye, a condition common in nany 10 devel oping countri es. Accordi ng

to a third aspectThis abpet bP ¥R ThiEitivel HEhEd iSsutiablé f&R Pafients hiviflg the useOf
adj usting an apparatus for correcting defective eyesight, conprising the

steps of, in any ¢frbothieyes, anedrboth Bf which require)correstioni ng a pair of

spect acl es as defined herei nabove in front of a patient's eyes so that
each of the patient's eyes receives light via a respective lens of the
spect acl es; Conveaiently When i§3iXthileh hEfiap Redeshs dbineh Slreiabbli:
patient's eyes; AR operating the punp of the lens

associ ated wi th tthe nethathmagfinclade thecfurthier sieps ofeyes until the said second
eye sees an optimumclarity i mage; . (iv) cl osing the duct
between the said | ens ®@d mﬁsrslgsmc;alamgeachdpmp;arecess of the spectaclys;

uncovering the pypisd of the first eye; (vi) obscuring the
pupil of the patient's second eye; 25 (vii) repeating steps (iii)
and (iv), nutatis nut gdi s covéring fiRSHCEdch recess 0 the patient's second eye;
and (viii) detaching the or each punp fromthe apparatus.

Desirably step (iii) is carried out -each tinme while the patient views an 30
(7)bj ect, whi Chlonayl'ht?x% it iv}iﬂeﬁe gée%t &1% ti?er a ;;a?'a)z(tiuge%l and methods of the invention
provide a convenient, cheap and rapid means of correcting eyesight
through use of monocles and spectacles. However, the ability to set the
power of the liquid lens deriving from the invention is not limited to
applications in which correction of defective sight is required. Further
15 exemplary applications include adjustment of convex mirrors provided for
security in shops and for safety purposes at difficult road junctions;
focusing of light beams eg. for use in illuminating buildings, either
through use of fluid lenses or flexible membrane mirrors; and numerous
other occasions when it is required to tailor the optical power of a lens or
20 mirror to a particular requirement and set the optical power so that it is
subsequently non-adjustable. '

There now follows a description of preferred embodiments of the
invention, by way of example, with reference being made to the

25  accompanying drawings in which:

Figure 1 is a partly sectioned view of a pair of spectacles
manufactured in accordance with the invention;
Figure 2a is a cross section on line 2-2 of Figure 1 showing details

30 of the securing arrangement for the membranes of the lenses;



WD 96/ 38744

PCT/ GB96/ 01304 This aspect of the inventive nethod is suitable for
patients having the use of both eyes, one or both of which require
correction. Conveni ently, when the spectacles include a recess as

defined hereinabove, 5 the nmethod may include the further
(ix) after W84S pl aci ng each duct in-a recess of the s ,
and (x) covering the or each recess. 10 Thus it will be
seen that the apparat ﬁgl&e%bdsHWQW?éann éfhhei Figait 20 Brrangemdint Qi intlsrea
conveni ent, cheap and rapid neans of correcting eyesight t hrough use
of nonocl es and sb@%kaclés. However, the ability to set the power of

the lliquid |l ens derivi fr, t he invention i t imted.to

applications in whi chbnb%'}rFégﬁrR"&ﬁ He fxéé‘?’e@f’f"?f&%ﬁ%hﬁloﬁlge&%rq@ﬁd@ﬁt. of et her 15
exenpl ary appl i capé@hided apt:%iﬁeqdj ustment of convex mirrors provided for
security in shops‘and for satety’ purposes at difficult road junctions;

f ocusi ng of |isght beaFigurg.4 showsuanother foith wfichasurescandui | di ngs, eit her
t hrough use of fluid %enses of flexible nbrane mrrors; and QUMerqQus

other occasions when FIgYre 3 SBOWS &JPRIS ofspegtacles Sngorporating,) 128F & | ens
or 20 mrror to eﬁlb%?fxﬁérﬁyl ar requirenent and set the optical power so that
n

o

it is subsequent Ty non-adj ust abl e. There now foll ows a
description of preferred enbodi nents of the i nvention, by way of
exanple, with reference being made to the 25 acconpanying draw ngs in

whi ch: Referringutoe the dpawings,r thepe d&showneal paired aif spegtacles dn

spect acl es manuf.act ured i,n accor.dance, Wt Sﬁt he, i nvent Lon:

H our e 2 is 1 cABERte Mo & AVRIOR, s i DEPCSHORRIR FEMR i e 20 of

the securing arr3paqimed 10 Mclddia P3N tb OF liqfd 1eRbiSSich of which may
generally be of the kind disclosed in US Patent No. 4,890,903. The

lenses 11a, 11b are secured in a frame 12 shaped in the conventional

manner of spectacles, and including a bridge 12a and a pair of side arms

15 12b (one of which is visible in Figure 1) secured to the frame 12 in a

conventional manner eg. through use of rivets or screws 13.

As is best shown in Figures 2a and 2b, the frame 12 is in the vicinity of

each lens 11a, 11b a laminar structure having a top plate 14, a bottom
20 plate 16 and a middle plate 17 sandwiched between the top and bottom

plates. A pair of flexible, transparent membranes 18, 19 (eg. of 23

micron thickness type D “Mylar” (RTM) material) are secured

respectively between the middle plate 17 and the upper plate 14; and

between the middle plate 17 and the lower plate 16, to define a liquid lens
25  cavity 20.

The membranes 18, 19 are circular, and the plates 14, 16, 17 include a
g circular series of aligned apertures 22 for receiving eg. set screws 23 for

-clamping the membranes 18, 19 between the plates.



8 WD 96/ 38744

PCT/ GB96/ 01304 Figure 2b shows a portion of the Figure 2a
‘arrangenent in nore . detail; Figure 3 shows one form of
re-seal’abl e closure for the duct of the spectacles of Figure 1; 5
Fi gure 4 shows_anot her form of closure; and Fi gure

pair of spect aMOPEFMeor porating the Figure 4 enbodi ment . c?népgsmso?
Referring to the drawings, there'is shown a pair 10 of spectacles in 10

accordance wi th tHwhi dpepfid Q2. in fife bau&ﬂs?laﬁ:fwmayl bei Sliitablyl ta for
spectacles 10 include a pair 1la, 11b_ of uid | enses each of which may
general |y be of temgagamant withothe shreaded Gﬂﬂpﬁ@éﬁﬁ sqew 28: 890, 903. The

| enses 11a, 11b are secured in a frame 12 shaped in the conventional

manner of spectacles, and including a bridge. 12a and a pair of side arnms 15

12b (one of whicipg i Hés?'sﬁbﬁn 'u'i‘IF ﬂiér?o lthe SREMbRhes 281 19 Jré%[ﬁnﬂ&i bj?‘ a

conventi onal nanner ed. th I’OUQ I’I vets or screvvs
best shown i n5Fi girtes of epposed D}nngh&fmahe m#hnes describbe mrIIS Ratent Nb

each lens 1la, 1 I nay structure having a top pl ate 14, a bottom 20
plate 16 and a m'j‘iuﬁﬁa@@naffﬁmlmmmbm alkachmembrape SRPETEECEH N

plates. A pair o r nbranes 18, 19 (eg. of 23
m cron thi ckness jﬁ%\‘@g@ ‘ﬂp%ﬁ#& erial) are secured
respectively bet vveen the mddle plate 17 and the upper plate 14; and

between the mddle plate 17 and the |ower plate 16, to define a liquid |ens
25 cavity 20. The components of Figures 2a and 2b are shown spaced apart, but in use

10 of the apparatus would of course be clamped tightly together by virtue of
the screws 23.

As is shown in Figure 1, the cavity 20 of each lens 11a, 11b is connected
to a filling duct 24 passing through a portion of intermediate plate 17,

15 Filling duct 24 opens into a recess 25 that is open-ended on the exterior
of the frame 12 of the spectacles 10. Recess 25 is capable of sealingly
receiving eg. a filler tube for the transparent liquid intended to fill the
lens. Thus, filling of each lens is possible via its associated recess 25 and
filler duct 24.

The Figure 1 embodiment shows a valving member 27 comprising a shaft
27a having a through-going aperture 27b that is alignable with the
longitudinal axis of duct 24 in order to permit flow of fluid along duct 24.
Shaft 27a is rotatable by virtue of knurled ring 28 in order to rotate

25  aperture 27b out of alignment of the longitudinal axis of duct 24, thereby
closing the duct when desired.

The spectacles of Figure 1 include a further, threaded recess 29 extending
between a peripheral edge of the middle plate 17 and a further duct 30
30 aiso connected to the cavity 20 of each lens 11a, 11b. A threaded plug 31

10



The nenbranes 18, 19 are circular, and the plates 14, 16, 17 include a
circular series of aligned apertures 22 for receiving eg. set screws 23 for
cl anpi ng the nmenbranes 18, 19 between the plates. 30

9 ' WD 96/ 38744 , ' :

PCT/ GB96/ 01304 Each aperture 22 in the bottomplate 16

sui t abl y t app 306538744 engagenent with the threaded end ofégﬁgﬁﬁgg?%w
23. As is best shown in Figure 2b, the nmenbranes 18, 19 are cl anped
by 5 virtue of i9psafingl inksdrtdbls intd récess D9, iParder seleativelparlséahdiki It ent

No. 4,890, 903. Thrs arrangenent ensures that each nmepbrane experiences
a radi al |y diewpresenge of duct 3and:recessn29 permits therexpulsinggiasns

Figures 2a and 2h are own ced apar byt i N e rat us
woul d of course KBYIY %ﬁgeﬂ"& g g‘efeg’g'e%#ﬁ ng\? ipﬁ%%ﬂ%f"sga t aﬁ ﬁ%a‘g‘%r ews
23. . As is3p s'tl'haﬂ%léﬂi idt he cavity 20 of each lens 1lla, 11b is
connect ed to aftilling duct 24 passing through a portion of

internediate Slate 17. 15 Filling duct 24 opens into a recess 25 that is
open~ended on the exteri

r of the fra 12 of. thg spectacl es 10.
Recess 25 i s capddfhough 'Séaﬁppwlﬁs of ﬁg?@cgle Wﬁagﬁ’g e&eqqpvg 18, CQIIRAUNESr ¢ he

transparent |iquige] [ lee . Il each

| ens !Ds possi bﬁe dgfégﬂflggggcglsg@qyfa#,xjga:k%ggggswggé gﬂ@“’ V-EME$ ﬁéfﬂedre k gg’(:?lfu§4 20

The Figure 1 enb@di ahdigenbrlly heatd! design rofiriiey frdinec d@prtosbergegardedifas
unacceptably cumbersome by potential wearers. The embodiments of

10 Figures 3 to 5 therefore serve to make the spectacles lighter and more
aesthetically appealing.

‘It is envisaged that production embodiments of the spectacles would be
supplied with the lens cavities 20 pre-filled with a predetermined volume

15 of transparent liquid. Since the pre-filling would be carried in a factory
environment, the duct 30 could, after filling, be sealed permanently, eg.

by welding, insertion of a settable material or by screwing a flush-fitting
plug into a threaded aperture similar to recess 29. Therefore, mass
produced versions of the spectacles would dispense with the plug 31 per se

20 thereby lightening the spectacles and making them more pleasing

. aesthetically. -

In the Figure 3 embodiment, the valving member 27 and the recess 25 are *
dispensed with. Instead, each duct 24 includes a portion 24a that is of
25 -enlarged diameter in order snugly to receive a resiliently deformable bung

33 that normally seals duct 24 in a liquid-type manner.

When it is required to adjust the pressure in cavity 20, a hypodermic-type
needle 34, operatively secured to a syringe 35 serving as a positive

30 displacement pump for the transparent liquid (eg an inert silicone oil) is

11



27a having a through-going aperture 27b that is alignable with the

| ongi tudi nal axis of duct 24 in order to permt flow of fluid along duct
24. Shaft 27a is rotatable by virtue of knurled ring 28 in order to
rotate 25 aperture 27b out of  alignnent of the |ongitudinal axis of duct
24, thereby cl osing the duct when desired. The spect acl es_of
Figure 1 incl uYQ@ 2MB¥8 ¢ her | - t hreaded recess 29 extending PHUCTHA13Y
peri pheral edge of the mddle plate 17 and a further duct 30 30 also
(ignnect ed t\?\Dt gg/igmiﬂ@ diicted4 hsd @BScimpletelyl o fietder Base B! therebly
PCT/ GB96/ 01304  Providing a fluid, gpmmunication path betwsen syringe 3fand pavity20.

porm ts the expul ot Bfis Bbeess, tne REIEE BF B Buus e e XSG
After filling, pl3Bytc3sedlabustcreddle 84 dfica Hesid-tight nishnegjathefeby! pret@tngof

ligquid. 5 Al t hough the spectacles of Figure 1 are highly effecti've in
correcting 5 ddeekageof liquid from thesavity20.i kel y, by virtue of the val ving
menber 27, plug - 31 and generally heavy design of the frame 12, to be
regarded as unaccept ably cunbersone by potential wearers. The

enbodi nents of 1 | tgcl es

| i ghter and nor e%&& gggftﬁlgt'l: Eégf}?yﬁ ‘gﬁa"g%?‘? E%ﬁw 26, B)C)I‘,{m*égoéelﬂ\%%gg@d&tc hat
producti on enbodithepistonfoftsyeinge 85t akdls 3bid eithdrawn fronpbung B30 tThet he

| ens cavities 20 r.ﬁ-fi I lfﬁ? wi th a predeterm ned volune 15 of transparent
liquid. Since thé’gﬂ gnge of bung 33cauges the apertnesprevionsly formed by needle 34

by el di g, i Sacrtd AaKssl. BRKY IBhE Ruct 4 i Shio B FERUERREF BBRRGwG T g

of the optical power of the lens 20.

If desired, a suitable cap may be inserted into the upper end 24b of duct

24, in order to prevent in the ingress of dirt, etc.

15
An alternative arrangement is shown in Figure 4. In this embodiment,
duct 24 opens into an enlarged-diameter portion 36 that itself opens into
an elongate recess 37 formed as a depression in the outer surface of the
middle portion 17 of frame 12.

20 .

Enlarged-diameter portion 26 contains seated therein in a coriventional

manner an O-ring grommet 38 that serves to retain a flexible, hollow tube

39. Grommet 38 seals around tube 39 and around the interior of enlarged

. diameter portion 36 in a liquid-tight manner; so that tube 39 is capable of

25  communicating liquid, via duct 24, and from cavity 20. Alternatively, tube

39 may be bonded directly e.g. to duct 24, thereby obviating the need for
grommet 33,

The free end 40 of tube 39 may be connected to a positive displacement

30 pump such as syringe 35 for adjustment of the pressuré of liquid in the

12



pl ug into a threaded aperture simlar to recess 29. Therefore, nass
_produced versions of the spectacles would di spense with the plug 31 per se
20 thereby -li.ghtening the spectacles and naki ng them nore pleasing

aesthetically. In the Figure 3 enbodinent, the valving nenber 27 and
the recess 25 are di spensed with. Instead, each duct 24 H}‘Q_I %2035 a
portion 24a tWQO6R%44t o5 enl arged di aneter in order snugl yl’ P Ye a
resiliently deformable bung 33 that normally seals duct 24 in a

l'i qui d-type manneavity 20. Aﬁev\hsji&shﬁem%frtﬁawﬁlhﬁﬂpiees@éﬁu%trdém hRseur e I n
cavity 20, a hypoderm c-type needl e 34, operatively secured to a
syringe 35 ser vidryired diopteessetting-of3the lemss20,athe tuhe: 39 issealed by vistuerafaspar ent
li-quid (eg an iner ilic 00 1) i 96/ 35744

PCT GBo6/ 01304 PRt of IawsdY Beife; Vﬁ&&?ﬁ"’f@@&‘%’%&ﬂﬁé‘t%‘i’? 3% pierce bung
33, -t hereby providing a fluid conmuni cati on path between syringe 35
and cavity 20. During this process, the resilience of the material of

bung 33 causeés blube 39 may bé3uttpastedefoim plastiesity endd¢ therirdluencgiofihdatght
manrer, thereby lPreventi 8 5 |eakage of liquid fromthe cavity 20.
Af ter adj ust ment ’E’fs“ﬁlé“@ pultrasanic exgitation, Jaws A5 may b suchr as o8Pl of

the piston of sy, ' 14 hd
resilience of buﬂsﬂmgﬁggl?gkgoﬁ%% ?g&ﬁ%r@mﬁéﬁ%%%ﬁggﬁﬁg?/ c%&éﬁﬁ e 34 10
to self-seal, tfwitlebﬁp@ded&ides ofyGhbe 39. i n order to prevent further

adj ust nent of the optical power of the |ens 20. If desired, a
suitable cap nmay be inserted into the upper end 24b of duct

10  One particularly preferred form of the jaws 42 that may be of benefit in
developing countries is a pair of jaws 42 heated by virtue of a propane
burner that would cause plastic, sealing deformation of tube 39 when the
jaws 42 are brought together about tube 39.

15 Numerous other methods of sealing tube 39 are possible, for example a
constricting collar may be applied to tube 39. Also, alternative methods
of securing tube 39 in enlarged-diameter portion 36 may be employed.

After sealing of tube 39, it is tucked into recess 37. A cover 43 may be
20  snap-fitted to the exterior surface of frame 12 as shown in Figure 5, in
order to provide an aesthetically pleasing appearance to the spectacles 10.

The Figure 5 embodiment also shows schematically, in dotted lines, a pair

of rigid, transparent covers 44, 45 secured respectively on either side of

25  each lens 11a, 11b in order to prevent damage to the lenses. If desired,

. as previously discussed, the covers 44, 45 may have optically corrective
and/or filtering properties. |

In practice, the covers 44, 45 may be contained within the “envelope”
30  defined by the profile of the frame 12, in order to provide an aesthetically

13



'24, in order to prevent in the ingress of dirt, etc. 15 An al ternative

arrangenent is shown in Figure 4. In this enbodi nent, duct 24 opens
“into an enl arged-di aneter portion 36 that itself opens’into an

el ongate recess 37 forned as a depression in the outer surface of the

m ddl e portion 17 of frame 12. 20 Enl ar ged- di aneter por 1304
contai ns seat NOMP 1 in a conventional manner an O-ring grommet 38
t hat 'serves to retain a flexible, hollow tube 39. G omet 38 seals

around tube 39 apltaangmppéarhm:elmﬂlelapectat:les:.nlmhgeatzvely, thei covetse44,p4fy t i on 36

inaliquid-tight nner hat tu 39 i§.,capable of. 25 I cating
liquid, via duct ™, %WW"(C))W 9P§gts %5&8 ggpcgpnog@gérammTﬁ% may be
bonded directly e.g. to duct 24, thereby obviating the need for

gronmet 38. The free end 40 of tube 39 may be connected to a

posi tive di spl acTheR! nck® folloida desériptiorsof & mithab of adjusing appRatus Q‘ér t he
pressure of liquid in the
WO 96/ 38744 5 correcting sight defects, in accordance with the invention.

PCT/ GB96/ 01304 cavity 20. After adjustment-of the liquid pressure in
order to achieve a desired dioptre setting of the Iens 20, the tube 39

is seal ed by vi rm r&fiosl @,%({ speatds] gy\?fedﬂ]&pe
anot her to seal g’e 38 ymegu TubBe dimayege suc as to ge orm plastically
under the infl uem&b ofsuitable transparept dluidir €The aveareruputs abospectacles baj i on.

e e TIPSR o R Ny
10 other eye whilst looking at e.g. a distant or proximal object object so as
to achieve sharp focus for that eye. The wearer then closes the eye
previously open, and opens the eye pfeviously closed. He then adjusts the
pressure of liquid in the lens in front of the now open eye, whilst looking
at distant object to achieve sharp focus for that eye.

15
At suitable points in the procedure (after each lens has been set to a
desired pressure) the ducts 24 for the respective lenses are closed by one
of the methods disclosed herein, thereby rendering the lenses of the
spectacles subsequently non-adjustable.

20

If the embodiment of Figures 4 and 5 is used, after closing of the duct 24
the cover 43 is applied to the recess 37 for each tube 39.

A simplified procedure may be adopted when it is required only to correct
25  the vision of one eye of a user of apparatus in accordance with the
invention. The simplified procedure involves looking through an
apparatus according to the invention and having at least one liquid lens,
whilst looking at a distant object. The pressure of liquid in the lens is
then adjusted in order to achieve sharp focus for the eye the eyesight of
30 which is being corrected. Subsequently, the duct 24 of the apparatus is

- 14



iO One particularly preferred formof the jaws 42 that nmay be of benefit

in devel oping countries is a pair of jaws 42 heated by virtue of a
pr opane - burner that woul d cause plastic, sealing deformation of tube
39 when the jaws 42 are brought together about tube 39. 15 Numerous

ot her nethods of sealing tube 39 are possible, for exanple a peycrosnizos
constricting FP ‘ﬁhy be applied to tube 39. Also, alternative nethods

of securing tube 39 in enlarged-dianeter portion 36 may be enpl oyed.

After sealing of closbdindtcotdante withonedf i aforepetitiondd methads erender they be 20
snap-fitted to the exterior surface of frame 12 as shown in Figure 5, in
order to provi delens subspguently apn-adjustable.ng appear ance to the spectacl es 10.
The Figure 5 enbodi nent al so shows schenmatically, in dotted lines, a pair
of rigid, transparent covers 44, 45 secured respectively on either side of
25 each lens 113 will{hus'beeh 38én it ﬂfe%b?ﬁiatﬁbaé&@emeﬁﬂy videsse fow-cbst
desired, as previously discussed, 'the covers 44, 45 may have optically
corrective 5 sohition tbithe qrobignpobporrecting eye defects)in p gneati mumberof covers
44, A5 may be contained within the "envel ope” 30 defined by the profile of
the frame 12, i nPEPRIEr to provi de an aesthetically

13 WD 96/ 38744
PCT/ GB96/ 01304 pl easi ng appearance to the spectacles. Alternatively,
the covers 44, 45 may be retained by virtue of slots or clips on the

exterior of franme 12.

- 15



There now foll ows a descri pt+ ‘adj usting apparatus for 5
correcting sight defects, in accordance with the invention.

“previously mentioned, the spe‘:ﬂﬂﬂ”ﬂlﬂ]ﬂ' Iﬂﬂly to be supplied pre-filled
with a suitable transparent f ¢ mnetl Mlputs the spectacles on,

cl oses one eye and adjusts the pressure of liquid in the |eng.j of
the 10 othervgyﬁmﬁﬂVLst | ooking at e.g. a distant or proxinthgg%g@ 4

obj ect so as to achieve sharp focus for that eye. The wearer then

cl oses the eye CLAIMSvVi ously open, and opens the eye previously closed.

He then adjusts the pressure of liquid in the lens in front of the now
open eye, whilst | ooking at distant object to achieve sharp focus for

t hat eye. 15 At .procedure (after each | ens has
been set to a 1. deé#réggé?gésure) wrts@%ts 24 for the respective | enses
are closed by one  at ledst bieliquidHessorflagiblesmenibeare mirrdrher eby rendering
the | enses of the spect acl es subsequently non-adjustable. 20 | f
the enbodi mert of F| quliquid wmcfosadjysmﬂlememreefbwdglﬁmqwewt 24
the cover 43 is (gﬂ:) |ed to the .recess 37 for each tube 39.

sinmplified proce pted when it is required only to correct 25

the vision of one eyg éIBse%bléS&Ect%r KO ARATing he G A0 Andithd) php

i nvention. The sinplified procedure involves~| ooking through a
appar at us accor dpergittingtthe flowef liquid therebétweengant | east one | i qU| d | ens,

whi | st | ooking at a di stant .objec¢t.  Th ssyre of | he l.ens is
then adj ustedgl n orde‘lr"ﬁ?%l re, for, %W&r‘ﬁ'cgwg QSHB"I' *@‘bﬁég‘ﬂght l)f
30 which isipei afitgOhidifid 8 destidl Sl ohreby "o ?e&rder%ﬁeqén be ABRA atus is

subsequently non-adjustable.

2.  An optical apparatus according to Claim 1 wherein the closure
includes a portion of the duct. plastically deformable to close the duct.

15 '
3.  Anapparatus according to Claim 2 wherein the said portion of the
duct is plastically deformable when compressed.

4.  An apparatus according to Claim 2 or Claim 3 wherein the said
20 portion of the duct is plastically deformable when heated.

5.  An apparatus according to any of Claims 2 to 4 wherein the said
portion of the duct is plastically deformable when subjected to ultrasonic
excitation.

6. An apparatus according to any preceding claim wherein the pump
is a positive displacement pump capable of increasing and decreasing the

pressure of liquid in the said cavity.

30 7.  An apparatus according to Claim 6 wherein the pump is a syringe.

16
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WD 96/ 38744

PCT/ GB96/ 01304 closed in ‘ e of the aforenentioned
met hods to render the . lens ﬁﬂ!{o a“mm adj ust abl e. It will
t hus been seen that the apparat nwenkent | y* provides a | owcost .5

solution to the problemof correcting eye defects in a great nunber of

peopl e. 5’%’30744 e g PCT/GB96/01304
8. An apparatus according to any preceding claim, wherein the closure
includes a member retentively deformable to close the duct.

9.  An apparatus according to Claim 8 wherein:
5 )] the said member includes a resiliently deformable bung
closing the duct; and
(ii)  the pump includes or is operatively connected to a further
duct capable of removably piercing the bung to permit the flow of liquid
between the pump and the said cavity, the resilience of the bung (a)
10  creating a liquid-tight seal about the further duct when the further duct
pierces the bung, and (b) causing closure of the aperture pierced by the
further duct on removal thereof from the bung.

10.  An apparatus according to Claim 10 wherein the further duct is a
15 hollow needle.

11. An apparatus according to Claim 8 wherein the retentively
deformable member includes opposed, interior walls of the duct capable

of sealingly adhering one to another on compression of the duct.

12. An apparatus according to Claim 11 including adhesive matter

secured on the opposed, inner walls of the duct.

13. A pair of spectacles including apparatus.according to any preceding

25  claim, the apparatus including a pair of liquid lenses.

14. A pair of spectacles according to Claim 13 including a respective

liquid pump and a respective closeable duct for each lens.

30 15. A pair of spectacles according to Claim 13 or Claim 14 wherein the

17



15 WD 96/ 38744

PCT/ GB96/ 01304 CLAI'MS An opti cal appar at us conpri si ng:
at least one liquid lens or fI }” ’ ME rror; aliquid
punp for adjusting the pressure=ofcl ﬂ e or a caV|ty of the

|l ens or mrror,; a cl oseabl e duct® fer interconnecti ng the said
cavity and thewﬂ‘“ permtting the flow of Iiquid therebBEHEBIOIFMJ
a closure for closing the duct when the pressure of liquid in the said 10

cavity attains a @?%hélﬁ@lo!&bléeduc\f“ikeﬁgﬁﬁletﬁcf lﬁ@‘#ﬁfmf% Bfthe SPSctRéiedInc flﬂirgls ng to

subsequent |y non-adj ustabl e An optical appafatus accor
C ai m 1 wherein ti98e or sseregecesses fonateaiviag dhpor tiduct afiert dlesing therpdfast i cal |y

def-ormabl e to close the duct. 15 3. An apparatus according to aim
2 wherein the said portion of the duct is plastically defornable when
conpr essed. 16. A pair of spectacles according to Claim 15 wherein the or each

S recess is_ closeable to conceal the closed ducts.

17. A pair of spectacles according to any of Claims 13 to 16, wherein
each lens includes a rigid, transparent cover for protecting a flexible
membrane of the lens.

10
18. A pair of spectacles according to Claim 17 wherein the or each

transparent cover has an optically corrective effect.

19. A pair of spectacles-according to Claim 17 or Claim 18, wherein
15 the or each transparent cover has an optical filtering effect.

20. A pair of spectacles according to any of Claims I3 to 19, wherein
the optical apparatus includes one or more compound, fluid Ienses.

20 21. An optical apparatus according to any of Claims 1 to 12, or a pair
of spectacles according to any of Claims 13 to 20, wherein the or a fluid
lens thereof contains a predetermined quantity of liquid, the pump therefor
being capable of adjusting the fluid pressure in the lens cavity in a limited

range.

22. A method of adjusting an apparatus for correcting defective
eyesight, comprising the steps of:

@ 'placing an apparatus according to any of Claims 1 to 12 in
front of a patient’s eye such that the eye receives light through the or a

30 lens thereof;

18



4. An appar atus accordi ngmﬂ—ai-m 3 wherein the said 20
portion of the duct is pl ast - when heat ed. 5. An
“appar atus according to any o @gﬂlwﬁi erein the said portion
of the duct is plastically deforfa bj ected to ultrasonic
excitation. 25 6. An apparatus according to any precegdin '
wherein the pURPEST4 5 5 positive displacement punp capabwgﬁ)ﬁgjpgasi ng
and decreasing the pressure of liquid in the said cavity. 30 7.

An apparat us accor di (@) t 0 ofkrtif the i of the upparuiis ikl thespydtientstes an

16 WD 96/ 38744
PCT/ GB96/ 01304 OPtlmumslanty»magq;par atus according to any preceding claim

wherein the closure ncl udes, a 0 retentively deformable to cl ose
the duct. 0. (i) 5, Eﬂﬁ &Fd’é‘cbgg o*ﬂ?ératt‘bs él m 8 wherein: 5

(i) - the said nenbegy ncldggeﬁin th€ plinl m¥thé abpiraaill € bung cl osing
t e duct; and G ) 2 eﬁpugpeﬁ?nc udgg I's operatively
connected tosa further " duct capabl e of rem)vabl y piercing the bung to

permt the flow,.Qf |iqui pbet.ween the urrp apd t he sald avity, the
resilience of tHKe bufy n(egl}od of adjusting ja,paiz ¢f ﬁﬂﬁcﬂ’-"f es garrectiag defrotive: he

further duct whe eglémr anﬁ)ﬁg{n gﬂgtstepﬁof ﬂﬁ{)pﬁfﬁh 08 , and (b) causing

cl osure of the aper erc uct on renoval thereof
from the bung. (@  placing a pair of spectacles accordmg to any of Claims 13

to 21 in front of a patient’s eyes so that each of the patient’s eyes receives
10 light via a respective lens of the spectacles;
(i)  obscuring the pupil of a first of the patient’s eyes;
(iii) operating the pump of the lens associated with the second of
the patient’s eyes until the said second eye sees an optimum clarity image;
@Gv) closing the duct between the said lens and its associated
1S pump; |
(v)  uncovering the pupil of the first eye;
(vi)  obscuring the pupil of the patient’s second eye;
(vii) repeating steps (iii) and (iv), mutatis mutandis, with respect
to the patient’s second eye; and |

0 (viii) detaching the or each pump from the apparatus.

24. A method according to Claim 23 wherein the spectacies accord to
Claim 15, comprising the further steps of:
(ix)  after closing, placing each duct in a recess of the spectacles;
2% and

\ (x)  covering the or each recess.

19



10. An apparatus according to C ai 'mlllo-v\,h_erei n the further duct is a 15

‘hol | ow needl e. 11. An apparatus according to Claim 8 wherein the
retentively . . def or mabl e menber incl udes opposed, interior walls of the
duct capabl e of sealingly adhering one to another on conpression of
the duct. 20 12. An apparatus according to Caim 11 includin
adhesi ve matt W096/38%24 secured on the opposed, inner walls ofrgﬁgn%f(fg?"."

13. A pair of spectacles including apparatus according to any preceding 25

claim the apparatus including a pair of liguid |enses. 14. A pair
of spectacles according to Caim 13 incl uﬂ/&g a respecti v28 l'iquid
punp and a respective closeabl e,guct for each | en® 0 273 A pair of
spectacl es according to Claim13%or Caim 14 wher®n 27a 25

. \ o
17 WD 96/ 38744 — Y/
PCT/-GB96/ 01304 of each cl o}seabl oldei~Fo—0 &Xxj/D| e w@,{g.' ;Zbe of
t he spectacl es incl udef~ - onel or “ ge ; & AN LHZbn

duct after closing thereofs
Cl ai'tn 15 wherein tHe~er-cach\

.
Fig. 2b
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"5 recess is closeable to conceal the closed ducts. 17. A pair of

spectacl es according to any of Clains 13 to 16, wherein each | ens
“includes a rigid, transparent cover for protecting a flexible

menbrane of the lens. 10 - 18. A pair of spectacles according to Caim
17 wherein the_or each transparent cover has an optical%§naﬂ&%§ ive
ef fect . WOP§R8744 nair of spectaclesgag;ording to Claim al m
18, wherein 15 the or each transparent c has an optical filtering
effect. 20. A pair of spectacles according to any of Clains 13 to
19, wherein t he optical apparatus includes)one or nore conpound, fluid
| enses. 20 21. An optical apparatus accordi » any of Clains 1 to 12,
or. a pair of spectacl es accordi ng toms et 13 to 20, wherein
the or a fluid I ens thereof corgz det erm ned quantity of
l'iquid, the punp therefor adjusting the fluid
pressure in the lens cavity in alimtee e 25 22. A nethod
of adjusting an apparatus for c@4eCti g ol 2 eyesi ght, ,
comf¥ising the steps of: Pl . an appar atus according to
any of Clainms 1 to 12 in fron eye such that the eye

receives |ight through the o133a WO 96/ 38744

PCT/ GB96/ 01304

. 12b
¢« 5 | )
. 12 _‘1_ A /44_/-13

=seso-Hi-a3
N e ‘&%‘F ig. 5
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(||) he apparatus until the patient sees an RIMP
>-0pt | rmmq;z}%@ nq ii1) closing the duct of the CopP
‘appar at us aching the punp fromthe apparatus.

A met hod of adjusting a palr of spectacl es correcting def
eye5|ght conprising the steps of, in any practlcal order:
pl acing a pair of‘P@Ibt acl es woRLD NV PROPERTO DREANEATIN 13
front of a patient”s eyes so that eachH Of the patient's eyes receives 10 -

light via WON%APM%WNMWWE%; E PATENT COOPERATION TREALY (PCT) 4
t he pupi kan;m&uad.m&ntaiuanmmtlent S| €Y ¢ i) International Publicatio Nuibdr:  OPETWIO 9§/38744

t he pu Gdzgehdzg etn\/iss L Re|second of the patient's eye
until t sal d se on% eye sees an optfi muirf4d®|Interpational Aybligation Date: 5D°°°m"°f“(9ﬂ>;’§'

cl osi hg [THEe 0T DETWESN TNe sal g T ens andf 1ts assocl ated 15
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In the field of eyesight correction, ﬂmexsanoedfor"umvemal"specmlesmatcmbemlomdm.nmmsmtmdmd
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11b). The apparatus also includes a sealable duct (24) and a pump (e.g. a syringe) for adjusting the pressure of liquid in the liquid lens. In
use, the apparatus is adjusted to provide eyesight cormrection for an individual. The duct (24) is then sealed, thereby rendering the apparatus
subsequently non-adjustable and therefore permanently tailored to the requirements of the individual. The disclosure also relates to an
apparatus in the form of a flexible membrane mirror.




