1 3 MAY 2004 - | VARI ABLE SPECTACLE LENS BACKGROUND COF THE INVENH{%N Thi
invention relates to inprovenents in variable focal |ength |enses M
especially those intended for use in spectacles.
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uses for variable focal length Ienses, there is a particular need as
spectacl e | enses. This need ari ses pefayse as people get older (generally
after about the age of forty five) the lens in the human eye becones

i ncapabl e of sufficient accormbdation to focus on near objects.

10 onset of this condition of limted focal accommodation, called
presbyopia, a single set of fixed focus spectacles will be found to be
unsati sfactory for both distant and near vision, irrespective of the
wearer's general visual acuidjrashateveracptesesd ption (if any) may be

required to correct a person's vision for distance, an additional anount
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No. 5,138,494, issued to

%:—rex%‘.?h%ﬁ}szegqgéeéps%teggéé%yég?%ggtfrpéended Lor use 1n spectacles.
rlchough there are many uses for variable focal length lenses,
there 1s a particular need as spectacle lenses. This need arises
oecause as p2ople get older (generally after about the age of
forty five} the lens in thes human eye becomes incapable of
sufficient accommodation to focus on near objects. After the
onset of this condition of limited focal accommodation, called

presbyopia, a2 single set of fixed focus spectacles will be found

to be unsatisfactorv for both distant and near vision,
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irraspec general visual acuity. . Wnatever
prescription (if any) may D2 required to correct 2 person‘'s vision

for distance, an additional amount of optical power (us to about

W

T

hree diopters) will be found to be required to correct that
person's vision for nzar objects. The recuired “near addition"
generally doss not contain an astigmatic component, even if the

wZ2arer reguires astigmatic correcticn for distance viewing.

Many patents have 1issusd over the past century which disclose
licquid-£illed variable focus lenses. One such patent, U.S. Patent
Mo. 5,138,494, issu=d to Stephen Kurtin, discloses a variable

focal length lens which includes a distensible transparent

—

membrane spaced from a rigid

o]

ens, with th2 sparce betweszn them

filled with 2 ligquid having a relatively high refractive indesx.



focal length lens which includes a distensible transparent menbraried $ff¥cadly
fromarigid lens, wwth the space between them 25 filled with a liquid
having a relatively high refractive index. 1 3 MAY 2004 - 2 As further
di sclosed in that patent, the peripheries of the rigid |ens and the
menbrane are connected by a flexible sealing nmenber. The rigid lens, the
menbrane, and the seal i ng nenber defing a substantial y filed volune for
the liquid filling. Changing the 5 spacing between the nmenbrane and the
rigid lens in such a structure causes the nenbrane to bul ge, either
increasing the power of the |ens or decreasing it, depending on the

di r ect i vh OF LrEReCeRGMYEET Nt pAGItn§2 tRA tt hEéhpept phEYar ich bhetmerbigine i s
ci rcul its di %tend d surface will be essentially spherical, and 10

littl e OF e BptTEal B3t 4500 WP EChESeReoant briethieh Seséing Hosmbear., for

reasons..of stylse, ecf,acl e l.ens shapes other than circular are often:
desi reZ?QT t"‘rS 55 %gé%.fbﬁg]ﬁ%ﬁﬁ:ﬁan% taﬁ‘gi Itglﬁssiegh%d‘ée“}?ﬁrredﬁﬁﬂ‘?nﬁe

non-cir 5 : vi gte .signjficantly fromthe desired
spheri cﬁg%agpi?qé%g@g{%%é%aWSQ é‘si%rggal%p ficjajlngdi sf%???’orh% M be

enceunt &£k ngl =g wBEADE €M MaS AE @3S nRY L BeaPi & i nfors in US.
Pat ent ﬁéo 5, 666, 620, which discloses a rregng fo%grzsgsq&r is%ﬁ ctépheri cal

di st enss oruofuteheaneabr aine nemespecttoveuaket hei tper | phekak ishape. of the
| ens. The desired result is achieved by
power of the lens or decreasing it, depending on the direction of
the changes in spacing. If the periphery of the membrane is
circular, its distended surface will be essentially spherical, and
10 little or no optical distortion will be encduntered in use,
However, for reasons of style, spectacle lens shapes othar than

circular are often desired. It has been found that as the lens is

made more and mors non-circular, the membrans form may deviate

significantly from the d2sired spherical sh and greater-than-
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15 desizad opticzl distoztions may bz =ncountared,

This problem was addra=ssed by the present inventors in U.S.
Patent No. 5,668,620, which discloses a means for assuring

spherical distension of the membrane irrespesctive of the

Fh

peripheral shape of the lens. The desired result is achieved by
20  including a membrane support memder which supports the membrane in

such a way that the free {unsupported) area of the membrane is

substantially circular at all times. Lenses built according to

the disclosure in the '620 patent exhibit excellent optical

properties, i.e., wvery little optical distortion is found over the
253 needed range of optical powers. However, when such a léns is

viewed by an outside observer, the line of intersection bestween



20 including a nenbrane support menber which supports the menbrane ilnj MAYCI?(04
a way that the free (unsupported) area of the nmenbrane is substantially
circular at all tinmes. Lenses built according to the disclosure in the
'620 patent exhibit excellent optical properties, i.e., very little
optical distortion is found over the 25 needed range of optical powers.
However, when such a lens is viewed by an outside observer, the line of
intersection between 1 3 MAY 2004 - 3 the free area of the nenbrane and

t he nenbrane support nenber nmay be visible and may therefore render the

| ens cosnetically unpleasing. Visual contrast between the shape of the
menbrane surface in the region outside the nenbrane's free area and the 5
shape oftPEh&Fe8uRFaReP it Merheaheeenar epe MynAlase €0Pb6E DUHSHL EQSTeti C
degradati on.. Consequently, it is an object of the present invention To
provi de T% dFdPtF1 #RY TR i€ fpseusehdas eshoflenise chypet W Ty have . a
distenskpkﬁegeggran qu£$rted by a nmenbrane support nenber in 10 which the
i nt ersect ron- Bet ween’ THhe f FEET3PER BECYReN netfbrsesand thdenamranane

support erheL i i vy u viqus, It is a further object of the present
i nvention to %I‘%)I\%/i t\ggéﬂdqluﬁnd[&?‘ilgf‘llga VAP i BB 5 §s LFeRsesedfanchaheype whi ch

havesa dihabenskbteafresdyane SURRLt ed. b nenr ane s ort nmenber in 15
whi ch the visual contrast between tEeen%r ?éﬁﬁﬁsmgﬁpﬁgggéﬁﬁgﬁabute to
cosmetic degradation.

Consequently, it is an object of the present invention to

provide liquid-filled variable focus lenses of the type which have
-a distensible membrane supported by a membrane support membér in
10 which the intersection between the free area of the membrane and

the membrane support member is visually unobvious.

It is a further object of the present invention to provide
ligquid-£illed variable focus lenses of the type which have a
distensible membrane supported by a mambraneISupport member in

15 which the wvisual contrast between the membrane’s supported and

unsupported surfaces is minimized.

It is yet another object of the present invention to provide
liquid~filled variable focus lenses which include distensible
membranes wherein optical distortion otherwise occasioned by a

20 non-circular periphasry is reduced.

Other and further objects will becomes evident to those
shkilled in the art after reading the following specification

together with the attached drawings.



unsupported surfaces is nmininmized. It is yet another object of the pridt 200k
invention to provide Iliquid-filled variable focus |Ienses which include

di stensi bl e nenbranes wherein optical distortion otherw se occasi oned by a
20 non-circul ar periphery is reduced. Oher and further objects wll becone
evident to those skilled in the art after reading the foll ow ng
specification together with the attached drawings. 1 3 MAY 7004 - 4

SUMVARY OF THE INVENTION In a lens built according to the teachings of the
620 patent, the free portion of the nenbrane (i.e., the portion inside

the circul ar opening in the nenbrane support nenber) is either 5 flat or
slightly M&ﬁjﬁﬁ—wrti on of the nenbrane outside the opening
may be conical and relatively steeply sloped. Both an abrupt change in

sl ope of the nenbr e area_of the nbr ane,

t, t. i f the f
and a different® ??\feéefh%rbé’d“te %g%lc’??ﬁ@s%r ftﬁfegeélrﬁ?‘éﬁgﬁ %Fd"eh%f'stzirﬁes edge
have beeng{ound t@:?éjefzje% %%?:@Ek%‘k'é’he“%%%‘r%ﬁ l g, dhe fol !epoc\:l)\.dtn n inside
C or ot i of ' t hese und apre

speci fi cation discloses ans m nimzi ng ndesi ra

charact er §Li £8rculdt Sodeh i REC APLAS NR N 2N3REBE  ENRemE S ACR O (ke
menbrane support nenber agai nst which the nenbrane bears in the formof a
portion ok)acter of i fraviynG i rapRIL OXiNBlL el bbedliah 6F OS%e membrane
outside the opening may be conical and relatively steeply sloped.
Both an abrupt change in slope of the membrane at the periphery of
the free area of the membrane, and a difference in character of
the surfaces on each side of this edge have been found to be
10 cosmetically undesirable. The following specification discloses
means for minimizing both of these undesirable characteristics.
This 1is accomplished by shaping the surface of the membrane
support member against which the membrane bears in the form of a
portion of a toroid having an approximately circular cross
15 section, and causing the perimeter of the free area of the
membrane to be tangent to the surface of the support member,
thereby providing a smooth transition to the free area without

abrupt changes in slope.



15 section, and causing the perineter of the free area of the menbl ZrdAY 2004

be tangent to the surface of the support member, thereby providing a

snooth transition to the free area w t hout abrupt changes in slope. 1 3

MAY 2004 - 5 BRIEF DESCRIPTICN OF THE DRAWNGS Figure 1 is a rear view

(i.e., fromthe wearer's side) of a portion of a pair of spectacles using

| enses according to a first enbodi menP of the present invention. 5 Figure

2A is a fragnentary cross sectional view of one of the |enses of the

spectacl es shown in Figure 1, taken at 2-2 of Figure 1. Figure 2Bis a

Vi ew srmlar to that of F| ure 2A but illustrating an alternative

const r ucttot—otrttHereo ghel PNGS menber. Figure 2B is taken at 2-2

of Figure 1. 1 3 NAY 2004 6 DETAI LED DESCRI PTI ON OF PREFERRED EMBODI MENTS

OF THE | NVENT gj\l Fi qur.e 1 de |cts a pOI‘tIOf} of a _pair of spectacles which

i ncl ude vari abl e e focus | Sn‘é% St ditng to HERE EP@s‘éﬁtr‘?ﬁv%rﬁlrd@rh OfTﬁe

right fromthe wearer S Si
tll% us a é) Q;eda'}q 5t R8*5dj 0STT Ry 2280

spectacles , |on of -t hé*ad

l ens, s@ntscrdl%tntt%fsfegw EP@sérﬁ! gl RAghbAS between t he

‘%9‘9) tOOF Fh’éS‘F ef t

5 Figure 2A is a fragmentary cross sectional view of one of the
lenses of the spectacles shown in Figure 1, taken at 2-2 of Figure

1.

Figure 2B is a view similar to that of Figure 2A, but
illustrating an alternative construction of the membrane supporet

10 member. Figure 2B is taken at 2-2 of Figure 1.



parts. The follow ng description will generally refer to only a Slhg|ﬁAY 2004
| ens but, of course, it will be understood that there are actual

| enses in a pair of spectacles. 10 Although optically a single Iens a
variable focus Iens of the type involved in this invention can be thought
of as an assenbly including a fixed_rigid lens plus a liquid |ens which
has variable power. The liquid |ens is bounded on one side by the rigid

| ens, and on the other by a distensible transparent 15 nenbrane, the space
bet ween t he nenbrane and the rlgld Iens bei ng fllled mnth a transparent
||qu|d DETAMIBED r PEFQRIBREON OFRREHERRED cBYMBQIAN ME [ BN Iagh

w Il distend, and becone |ncreaS|neg convex, thereby |ncreaS|ng t he
optical power of the _liguid |ens, and hence, of the | ens_assenbly
Conversely, FROURE éod?Pg?EﬁI%HR9TQ§°HDQ§daaH%®JfQQM%PFﬁéaﬁeﬁBr%% i he

nmb 1, b duc t h ti
e A e S B SO oo ST S MR R, e

10 to which, %ﬁ@p'lgﬁs(@tsﬁm)ch “%lékt B‘Sbﬁgoﬁ;rc{%e tfn(eaaga!ﬁ%fl % flcgé I\%(Z 5004

synnetrlcﬁ out nasal “regi o air ns asse

- 11 apd sbtocheibsght t'@é"da andia bettlban&fa,&ﬁee bukcahg atbached to
the rame 10, one on eac% side of the nasal region 18 , using screws or
ot her meansHenaktshaowR)y, &nfyidhetadioushbRgehabriQtiobships between the

parts. The following description will generally refer to only a
single lens but, of course, it will be understood that there are

actually two lenses in a pair of spectacles.

10 Although optically a single lens, a variable focus lens of
the type involved in this invention can be thought of as an
assembly including a fixed rigid lens plus a liquid lens which has
variable power. The liquid lens is bounded on one side by the
rigid lens, and on the other by a distensible transparent

15 membrane, the space between the membrane and the rigid lens being
filled with a transparent licuid. If the rigid lens is moved
closer to the membrane, the membrane will distend, and become
increasingly convex, thereby increasing the optical power of the
liquid lens, and hence, of the lens assembly. Conversely. 1f the

20 rigid lens is moved away from the membrane, the membrane will
become less convex, or even concave, reducing the optical power of

the assembly.

As seen in Figure 1, the spectacles include a frame 10 to
which temples (not shown) are attached. The frame is generally

25 symmetrical about a nasal region 10'. A pair of lens assemblies



the left hand assenbly 11' can be seen in Figure 1, lens assenbly 9 3IMAY 2004
being a mrror inmage of assenbly 11. The |lens assenblies are positioned so
that the wearer's left eye sees through assenbly 11', and his or her right
eye sees through assenbly 11. Distensible nmenbrane 15 is bonded to retainer
23 while under radial tension, and the resulting subassenbly is bonded to
front 10 ring 14, capturing nenbrane‘sapﬁort menber 16 between the retainer
and seal 13. The central region of the nmenbrane support nenber 16, i.e.,

the region inboard of retainer 23, is preferably transparent. The nenbrane

support nbe y have any.desire peripheral shape; but irrespective of

its perip earrécﬁ gﬁap&f ﬂ‘l@%%’aﬁ‘ r £1'on? 1]6eét8fhainfjs 2EGETR LY t 2R afeliardiedtioch

t he nmenb e s |5 toraqidally sh d, i.e., it.is ortion of a

toroid. Thi sfgag%ér)_tellat{)‘n o the e%ﬁ_gpg% © n%frg%re BPEfér 5B‘ff§7°rﬂa§0 g’_ MR |y

curved SMFEREEr i dihdy mrﬁeg;hb@nghow.pe et %@bhéii'g&?r PR 952827 C
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of a circle (having a radius The area of nmenbrane nboa offits

line of enatBetc LBindv 4dL4mRIT ane SHRPSS todmTher Flguééhﬁ, 1a8e ﬂs’%%qu_gr the
menbrane) is free to distend as described bel ow he convex curve

t or oidal 1shapeind 4 heltwop siueiace fohs SeElaNe . STRROLEnBEINSIMG dLSHet S i N
the line of contact 16" being substantially circular, and in the nenbrane

bei ng nmaPff bf FeEe P55 drteemttheo weheet 08 olalitl ever saes ahrohgh | dswemflycont act .

As the nenbrane 15 is distended to reduce the focal length of the lens 1 3
MAY 200411'. and his or her right eye sees through assembly 11.

Distensible membrane 15 is bonded to retainer 23 while under

radial tension, and the resulting subassembly is bonded to front

10 ring 14, capturing membrane support member 16 between the retainer
and seal 13. The central region of the membrane support member
16, L.e., the region inboard 65 retainer 23, is preferably
transparent. The membrane support member may have any desired
peripheral shape; but irrespective of its peripheral shape, the

15 oportion 16° of its top surface against which the membrane 15 bears
15 toroidally shaped, i.e., it is a portion of a toroid. This
portion of the support member preferably has a radially curved
surface; its cross sectional shape preferably approximates an arc
of a circle (having a radius R). The area of membrane 15 inboard

20 of its line of contact 16" with membrane support member 16 (the
free area of the membrane) is free to distend as described below.
The convex curved toroidal shape of the top surface of membrane
support member 16 results in the line of contact 16" being
substantially circular, and in the membrane being maintained

25 tangent to the toroidal surface at the lin2 of contact. As the

membrane 15 1s distended to reduce the focal length of the lens



- 8 assenbly and thereby increase its optical power, the |ine of 1qpm¥ﬁcgﬂuq
e., the line of tangency) noves outward, but remains circular. e

16" (i.
di stended free area of the nenbrane therefore remains spherical.

5 The

specific value of radius Ris not critical, but the preferred val ues fal
w thin certain bounds for each applicgtion of the invention. The bounds

for a particul ar

in the "land" between the |ine of contact 16" and the step 16"".
preferred that the radius R be | arge enough so that the nenbrane

contact ;¥ suri@dce b et Q08 Ste

where tab 19 is located for the lens |

ustrated I1n Flgure

application depend primarily on the anmount and vari ation

10 It is
isin

Ry ghubbe vhdeplyland (near

pref er abbytadt shigul b e .snalel Liemonfhsagdarhatl nwheast becwerdr ang ir8mains
outwardly distended to 15 its maxinum the circle defined by the Iine of
cont actciftulaloes Tiot dieashmdele fséepaddy "o Atthehenbr &aveshet@fskd at t he
top for the lens illustrated in Figure 1) . For ophthalmc |enses, optinmm
oem@&Rod | $ploediqmlri |y be found to be between about .2 inches and

val ues

about 2 inches,

but values 20 outside these limts may be found to be

desirable in some cases. The cross sectional shape of the toroidally
surfBBe RARRELIRYE Yrlum o&r g28iuad RiktIretsicadsisabst antitlte deviation

shaped

fron1circu|arit¥ can stiéll
es a

10

15
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25

pravi de the properties
I within certain bounds for each

preferred valu
application of the invention. The bounds for a particular
application depend primarily on the amount and variation in
the “land” between the line of contact 16” and the step 16"".

It is preferred that the radius R be large enough so that the
membrane is in contact with surface 16’ at or near step 1677
at the widest land (near where tab 19 is located for the lens
illustrated in Figure 1). And preferably it should be small

enough so that when the membrane i1s outwardly distended to

its maximum, the circle defined by the line of contact 16"

rerr

does not reach the step 16 at the narrowest land (at the

top for the lens illustrated in Figure 1). For ophthalmic
lenses, optimum values of R will ordinarily be found to be
between about .2 inches and about 2 inches, but values
outside these limits may be found to be desirable in some
cases. The cross sectional shape of the toroidally shaped
surface need not be an arc of a circle since substantial
deviation from circularity c¢an still provide the properties
which make the difference in curvature between it and the
free area of the membrane visually unobvious to an outside

observer. Even if not an arc of a circle, the shape of the



whi ch make the difference in curvature between it and the 25 free hdeMASf 2004
the nmenbrane visually unobvious to an outside observer. Even if not an arc
of a circle, the shape of the 1 3 MAY 2004 - 9 surface of the nenbrane
support nenber in contact with the nenbrane is preferably a snooth convex
curve, particularly near the line of gontact 16", to achieve vi sual

unobvi ousness. A rigid lens 12 is bondéd or otherw se attached to rear ring
5 17, which is spaced fromfront ring 14 by hinges 22 and actuator 20.
Actuator 20 is used to change the spacing between the rigid lens 12 and

t he nenbraears ofi fie Reahsaner sepRe heeatierstinemtntarte wiltth ahd are not a
part of this invention, these elenents are shown only schematically in

Fi gure 1;M5E1Getldi Pre AT BRlBbE af Rk Fomy eretur vé ngpaxs igpphicéat i on Ser .

No. 08/22 o I ot her ..mechani.sms for, _acconplishing this :
functionrggﬁség“Fg%ﬁg §§ 8%% eF i%%’t °/ﬁﬁﬂﬁ§ﬁﬁi%&ﬁ“§gr? FPORPUSEESF36, 170

filed by the present inventors and another. A flexible seal 13, preferably
made of a durable elastoner, 15 extends between rear ring 17 and front

ring 14. The spage ;i eRL0k 0f s Jenbrane 15, _and riqgid lens 12 is
filTed with & tr g’ﬁgpérgé%t o qui gg‘gi%ép?refOerE?‘aebrVFSn%ttvﬁ“ﬂ}?da % fG8x of-N9

refragtiom closent ast Bahcoh PeBRr 8Rend %idld €1i4dbbeﬁ§n&@s AN naTBAR(208
support nenber 16, all of which preferably have the sane,
20. Actuator 20 is used to change the spacing between the rigid
lens 12 and the membrane 15. Since means for spacing adjustment
are old and are not a part of this invention, these elements are
shown only schematically in Figure 1: more detail can be obtained
10 by referring to application Ser. No. 08/226,334. Examples of
other mechanisms for accomplishing this function can be found by

referring to Application Serial No. 08/336,170 filed by the

present inventors and another.

A flexible seal 13, preferably made of a durable elastomer,
15 extends between rear ring 17 and front ring 14. The space
interior of seal 13, membrane 15, and rigid lens 12 is filled with
a transparent ligquid 21, preferably one with an index of
refraction close to that of membrane 15, rigid lens 12, and
membrane support member 16, all of which preferably have the same,

20 or nearly the same refractive index.

The view 0of membrane support member 16 as shown in Figure 1
is through rigid lens 12. If, as preferred, the membrane support
member, the membrane, and the transparent licquid filling, all have
substantially the same index of refraction, the membrane support

25 member will pe difficult or impossible to see. For purposes of



20 or nearly the sane refractive index. The view of menbrane suppoﬂt3dﬁﬁbdm04
16 as shown in Figure 1 is through rigid lens 12. If, as preferred, the
menbrane support nenber, the nmenbrane, and the transparent liquid filling,
all have substantially the sane index of refraction, the nmenbrane support

25 menber will be difficult or inpossthq_to see. For purposes of 1 3 MAY
2004 - 10 conveying a clear understandi ng of the preferred construction of

t he i nvention, however, the inside dianeter 16""  of this elenent, as well
as step 16"", are shown in Figure 1 as if these details were clearly

visible. The line of ﬁ%ntact 16" between the free 5 area of nmenbrane 15 and
the menbr &H&’SadpFoft CnETber I8 § & ehadn O 8sthey rdssAEERT i FREStuFtganeot, even

though it cal S@Minlk ROt hbge i Side.; ,AR i b s, attached to the
rear ring 17, and “ext ends out'ward f roﬁ??qigﬁ&éggoﬁﬁt %gnﬁfe S SSm e

hi nges. The W ladjsustépgléabs al® aRdwdin (Firebotdys lienses0fgihei e
spectacles, as can be seen in Figure 1) are engaged by an actuator 20

| ocat ed j wste aiews livheinoske of THee liear of . cdimcacl srattwasRatRe Eoed@dj ust
t he di stance between each front corresponding ;ear ring 17 at points

adj acent toed B fThesbcansets aarcharge menbt hee anglpe rbehweesr frsonk shbkg 47,
changi ng the vol une between the pl anes
a dashed line in Figurxre 1, even though it also will not be

visible.

An adjusting tab 19 is attached to the rear ring 17, and
extends outward from it at a point remotz from the hinges. The

10 adjustind tabs 192 and 19' (from both lenses 6f the spectacles, as
can be seen in Figure 1} are engaged by an actuator 20 located
Jjust abéve the nose of the wearer. The actuator 20 allows the
wearer to adjust the distance betwzen each front ring 14 and the
corresponding rzer ring 17 at points adjzacen:t -0 the achuator.

15 This causes a change in the angle between front ring 14 and rear
ring 17, changing the volume between the planss of these two
rings. Flexible seal 13 is constructed so that the volume change
duz to its motion is relatively low. Since the.liquid 21 is
sensibly incompressible, membrane 15, the softest member enclosing

20 the ligquid, distends as needed to enclose a fixed liguid volume.
Moving the adjusting tab 19 toward the frame 10 causes the
membrane 15 to bulge outward, resulting in a convex membrane

surface and increased optical power.

Assuming that the index of refraction of licuid 21 is egual
25 to that of the rigid lens 12, the optical power of the lens

assembly is determined by the refractive index and the shapes of



rings. Flexible seal 13 is constructed so that due to its ﬁDtIOﬂIF% MAY 2004
relatively low Since the 20 allows the ring 14 and the the actuator.

ring 14 and rear of these two the volume change liquid 21 is sensibly

I nconpr essi bl e, menbrane 15, the softest menber enclosing 20 the |iquid,

di stends as needed to enclose a fixed Lguid vol ume. Moving the adjusting
tab 19 toward the franme 10 causes the nbrane 15 to bul ge outward,
resulting in a convex nenbrane surface and increased opti cal pomer

pssum nanLhatmbhgnd N0l e bacLEon:of} | A A Lok s cqual, 85 b0 that of

the rigid lens 12, the optical power ens asse rm ned by

the refrast kNgoé r@pm@qutt@@faeaps&@éeé chdVAY 2004, 1 E’Hd fa{h & qenbrane 15

and the outer (rear) surface of rigid lens 12. ~ The shape of theé I"Ater f ace

bet weenhthe ho guf el amthel eearl2upthie dava @ ebhectz fTherearn yiface of
rigid lens 12 is ordinarily ground so that wth the adjusting tabs 19 and
19' at theiundb5so edrasdtitposihki adjusachy vieshahlse ahacus' | gnsmssenbly wil |

havesthiearmost position, each variable focus lens assembly will have the
optical power (including any required astigmatic correction) which
allows the wearer to focus on distant objects. If the wearer
requires no correction for distance viewing, the rigid lens 12 may
simply be a flat piece of plastic or glass {i.e., a lens of zero
10 optical powzr). Rotating actuator 20 so that adjusting tabs 19
19' are moved closer to frame 10 causes the membrane to

distend and become convex, adding to the optical power of the lens

assemdly so that the wearer can focus on nearer objects.

3y making the membrane-supporting surface of membrans supoort
13 member 16 a part of a smooth convex toroid,r;he perimetar of the
free area of the membrane will remain suﬁstaﬁtially circular and
tangent to the toroidal surface as the membrane distends. Hence,
the fres area of the membrane will be spherical, and optical
distortions will not be introduced. At the same time, as viewed
20 by an outside observer, the difference in shape between the free
area of the membrane and the area of the membrane supported by the

membrane support member will be visually unobvious.

Figure 2B illustrates an alternative construction of the
membrane support member. Membrane support member 26 of Figuxe 23
25 is identical to membrane support member 16 of Figure 2A, except

that the region of the support member inboard of the innermost



optical power (including any required astigmatic correction) which 13IMQ%5ﬂmq
the wearer to focus on distant objects. If the wearer requires no
correction for distance viewing, the rigid lens 12 may sinply be a flat

pi ece of plastic or glass (i.e., a lens of zero 10 optical power) rotating
actuator 20 so that adjusting tabs 19 __ and 19' are noved closer to franme 10
causes the menbrane to distend and becore convex, adding to the optical
power of the lens assenbly so that the wearer can focus on nearer objects.
By maki ng the nmenbrane-supporting surface of nenbrane support 15 nenber 16
a part of ja %nggthocgnveﬁqtorgjd, the perimeter of the free area of the
mermbr ane Wil PErEPRTSTbSRENISR 1N e FPERrareantd tihFERrrenst RecRek bi dal
surface a - ane_di stends. Hence, . the free area of the nenbrane
w1 Tbe o EREERaE S e y  ge Bo P BraRe S FPol be ™ ROFBHLER. AL the
same tine, Lewed b ide .aqb el he difference in shape

bet ween tﬁg%%Fgg ggrggg%féﬁéﬁ}ﬁ%ﬂggpgnégaggggh%faé%ﬁa%ﬂdefhgagﬁﬂﬁ?%ﬁ =<

supportedtQﬁnkBSreHE”bi@@ﬁi%MPQ@&%n@ﬁﬂ@%he“EL%p$¥% .éHH@rlﬁeugngéQESl
the "nme §ﬂb rt

Figure 2B illustrates an alternative construction o rane

nenmber 5 Mpdifane , Suppoedt IR 26 hef shirgure 28 26 #igur-denki $al )ty menbrane
support nenber 16 of Figure 2A, except that the region of the support
menber i nboaridlef tbheni outes nbstobbed VIdYoR804a- sl 1d4 Rangk 66N a&hiket ween
t he nenbrane and t he nenbrane support

angles than reflections off the surface of the membrane support

member 16 between 16" and 16" of Figure 2A. This is because with
small index mismatches, strong reflections occur only over a

10 narrow range of reflection angles near grazing incidence, and
therefore the curved surface of the membrane support member shown
in Figure 2A gives rise to a region of strong reflections

occupying a relatively larger viewing angle.



menber is cut away formng a conic surface 30. A potenti al benEfitlngQRiﬁmN
construction is that if the index nmatch between transparent |iquid 21 d
menbrane support menber 16 is less than 5 perfect, reflections off the
surface 36 of Figure 2B will be visible to an outside observer over a
smal |l er range of viewing angles than_reflections off the surface of the
menbr ane support nenber 16 bet ween 16% and 16"" of Figure 2A. This is
because with small index m snmatches, strong reflections occur only over a
10 narrow range of reflection angles near grazing incidence, and therefore
the curved suyd age iaf. the nenbrane support nenber shown in Figure 2A gives
rise to a region of strong reflections occupying a relatively |arger
viewing angle. 1 3 MAY 2004 - 13 we claim 1. A variable focal length |ens
whi ch conprises: a rigid |lens; a nmenbrane support nenber positioned across
and within the field of viewof said rigid | ens and spaced therefrom said
5 menbrane supportl nénberiebdkeudbngl aleny dh daddsy wbhapecbrgirrifsagse  whi ch
conpri ses support neans for supporting a transparent distensible nenbrane;
a transpér B *dil$nsrsi bl e menbrane under radial tension positioned across

the field of viewof said rigid | ens, and against said
a membrane support member positioned across and within the field

of view of said rigid lens and spaced therefrom, said
5 membrane support member including a toroidally shaped surface
which comprises support means for supporting a transparent
distensible membrane;
a transparent distensible membrane under radial tension positioned
across the field of view of said rigid lens and against said
10 toroidally shaped surface, tension in said membrane causing
said membrane to bear against said toroidially shaped
surface;
a transparent licquid filling the space between said rigid lens and
said membrane;
15 flexible sealing means for retaining said transparent liquid
between said rigid lens and said membrane; and
variable spacing means for adjusting the spacing between said

membrane support member and said rigid lens.

2. A variable focal length lens as recited in claim 1
wherein said toroidally shaped surface has a cross sectional shape

which 1s a smooth convex curve.



10 toroidally shaped surface, tension in said nenbrane causing said Y 2%
menbrane to bear against said toroidially shaped surface; a transpLﬁeMA 04
liquid filling the space between said rigid | ens and said nenbrane; 15
flexible sealing neans for retaining said transparent |iquid between said
rigid lens and said nenbrane; and vafifﬁée spaci ng neans for adjusting the

spaci ng between said nenbrane support nber and said rigid lens. 2. A

vari able focal length lens as recited in claim1l wherein said toroidally
shaped surface has a cross sectional shape which is a snpboth convex curve.

1 3 MAY 2004 - 14 33. Awariahlke chegal 1Lendt mérﬁﬁ%sasceeg@iagegni&g in 2

wherein said snooth convex curve is substantially an arc o circle: 4. A

vari abl ewhetain| engl herceith asnvesi é@evd N LlRivBH3ncwhere thefadipusg of said
arc i s between about .2 inches and about 2 inches. 5. A variable focal

| ength | enscds.recited in claim1l where a central region of said nenbrane
support nenber is transparent and has substantially the sane refractive
index as said transparent |iquid.
4. A variable focal length lens as recited in claim.3
where the radius of said arc is between about .2 inches and about

2 inches.

3. A variable focal length lens as recited in claim 1
where a central region of said membrane support member is
transparent and has substantially the same refractive index as

said transparent liquid.

6. A variable focal length lens as recited-in claim 1
wherein said membrane support member and said rigid lens are
hingedly connected and said variable spacing means acts to change
the space between said membrane support member and said rigid lens

5 at points remote from said hinge.

7. A variable focal length lens as recited in claim 6
wherein said toroidally shaped surface has a cross sectional shape

which is a smooth convex curve,

8. A variable focal length lens as recited in claim 7
wherein said smooth convex curve 1s substantially an arc of a

circle.



6. A variable focal length lens as recited in claim1l wherein saia

menbr ane support nenber and said rigid | ens are hingedly connecte %Aﬁw 2004
said variabl e spacing nmeans acts to change the space between sai d nenbrane
support nenber and said rigid lens 5 at points renote fromsaid hinge. 7_

A variable focal length lens as recit inclaim6 wherein said toroidally
shaped surface has a cross sectional ape which is a snooth convex curve.
8. A variable focal length lens as recited in claim7 wherein said snooth
convex curve is substantially an arc of a circle. 1 3 MAY 2004 - 15 9. A

variable focal | ength | eps apieeehted imalaima herethe 1adiusg.of said

arc i s between about .2 i1 nches and about i nc vari apl'e foca

length | gRs-ahikd LRI $855a:8 41K [IRNSiech WBBREANE SURRRY L REUDSE
positioned across and within the field of view of said rigid |ens and

spaced tpeigfmedn 5 said nenbrane support nenber including a nenbrane-
supporting surface; variable spacing neans for adjusting the spacing
bet ween said nenbrane support nenber and said rigid | ens between a
10. A wvariable focal length lens which comprises:
a rigid lens;
a membrane support member posiktloned across and within the
field of view of said rigid, lens and spaced therefrom,
5 said membrane support member including a membrane-
supporting surface;
variable spacing means for adjusting the spacing between said
membrane support member and said rigid lens between a
first spacing and a second spacing;
10 a transparent distensible membrane positioned across the
field of view of said rigid lens and having a first area
in contact with said membrane supporting surface, and a
second area free of said membrane supporting surface,
the perimeter of said second area being tangent to said
15 membrane supporting surface at all spacings between said
first spacing and said second spacing;
a transparent liquid filling the space between saild rigid
lens and said membrane; and
flexible sealing means for retaining said transparent liquid

20 between said rigid lens and said membrane.



first spacing and a second spacing; 10 a transparent distensible ndn@rMﬂyazggq
positioned across the field of view of said rigid lens and having a first
area in contact with said nmenbrane supporting surface, and a second area
free of said nmenbrane supporting surface, the perinmeter of said second
area being tangent to said 15 nenbranggiupporting surface at all spacings
between said first spacing and said ond spacing; a transparent liquid
filling the space between said rigid I|ens and said nenbrane; and flexible
sealing neans for retaining said transparent liquid 20 between said rigid
| ens and said menbrane. vhr3ablyY P&rdY rerlfih LbknsAavaréabtes: fiocal signghh
lens as recited in claim10 wherein said nenbrane supporting surface is

t or oi dathemrRhasr i Merpsans estdwrt] inghspe fwhiechsi somostadotamdcargex curve.
12. A variable focal length lens as recited in claim1l. wherein said
snmoot h TPV EUrPAcd FEABRILEE 5 iid 19y sARCsPcCconvax @igwd-e. 13. A variable
focal length lens as recited in claim 12 where the radius of said-arc is
bet ween about .2 inches and about 2 inches. 14. A variable focal length

l'ens as recited '{bfﬂiﬂlya%Qable focal length lens as recited in claim 11 .

wherein said smooth convex surface is substantially an arc of a

circle.

13. A variable focal length lens as recited in claim 12

where the radius of said arc is between about .2 inches and about

2 inches.

14. A variable focal length lens as recited in claim 10
where a central region of said membrane support member has

substantially the same refractive index as said transparent

liquid.

15. A variable focal length lens as recited in claim 10
wherein said membrane support member and said rigid lens are
hingedly connected and said variable spacing means acts to change
the space between said membrane support member and said rigid lens

5 at points remote from said hinge.

16. A variable focal length lens as recited in claim 15
wherein said membrane supporting surface is tnroidal and has a

cross sectional shape which is a smooth convex curve.



where a central region of said nenbrane support nenber has substanﬂﬂaMAy 2004
the sane refractive index as said transparent |iquid. 15. A variable foca

|l ength lens as recited in claim 10 wherein said nmenbrane support nenber

and said rigid lens are hingedly connected and said vari abl e spaci ng neans
acts to change the space between said ﬂenbrane support nenber and said

rigid lens 5 at points renote from sat hinge. 16. A variable focal length
lens as recited in claim15 wherein said nenbrane supporting surface is
toroidal and has a;,crogs sectional shape which is a smooth convex curve. 1

3 MAY 2004 - 17 17, A va'Tabies 6o5PY Eﬁ@?hhﬁe?{? &S recited ra eladmub

wherein L C ; rve iL.s_substantially.an.arc of a ircle

18, A va%?égfgﬁ?%%g? %@%g?ﬁ gﬁ%“agufg%i %dmﬁﬁ%éP ﬁﬁ?iy 2hdte ?iéiradius
of said arecis. between about .2 inches and about 2 inches. 19. A variable
focal length lens which conprises: a rigid |lens; a nenbrane support nenber
positioned across and within the field of viewof said rigid |l ens and
spaced therefrom said 5 nenbrane support menber including a radially

curved surface 18. A variable focal length lens as recited in claim 17

where the radius of said arc is between about .2 inches and about

2 inches.

19. A variable focal length lens which comprises:
a rigid lens;
& membrane support member positioned across and within the field
of view of said rigid lens and spaced therefrom, said
5 membrane support member including a radially curved surface
which comprises support m=ans for supporting a transparent
distensible membrane;
a transparent distensible membrane positioned across the field of
view of said rigid lens and against said radially curved
10 surface, said transparent distensible membrane being in
contact with said radially curved surface at all.spacings
between said membrane support member and said rigid lens;
a transparent liguid filling the space bstween said rigid lens and
said membrane;
15 filexible sealing means for retaining said transparent licquid
between said rigid lens and said membrane; and
variable spacing means for adjusting the spacing between said

membrans support member and said rigid lens.



whi ch conprises support neans for supporting a transparent di st ensl BI MAY 2004
menbrane; a transparent distensible nmenbrane positioned across the field of
view of said rigid | ens and against said radially curved 10 surface, said
transparent distensible nmenbrane being in contact with said radially

curved surface at all.spacings betwpggasaid menbr ane support nenber and

said rigid lens; a transparent liquid filling the space between said rigid

|l ens and said nenbrane; 15 flexible sealing nmeans for retaining said
transparent liquid between said rigid |ens and said nenbrane; and vari abl e

spaci ng neans for2adj usti-ng;He: SPRGING hgtneemsaid rBIREARE SHARArig
menber and said rigid lens. 1 3 MAY 2004 - 18 20. A variable focal length

| ens aswheceiedsaidctrafiiall, oMiere Busdhde rash al InaddunveHasdrFacenhas A
radi al shape which is a smooth convex curve. 21. A variable focal |ength
| ens as smeekhedonves| @apyv@0 wherein said snooth convex curve is
substantially an arc of a circle. 22. A variable focal length | ens as
recited in claim2l1l where the radius of said arc is between about .2

i nches and about _2 inches. . , ) )
21. A wvariable focal length lens as recited in claim 20

wherein said smooth convex curve is substantially an arc of a

circle.

22. A wvariable focal length lens as recited in claim 21

where the radius of said arc 1s between about .2 inches and about

2 inches.

23. A variable focal length lens as recited in claim 19
whaerein said membrane support member and said rigid lens are
hingedly connected and said variable spacing means acts to change
the space between said membrane support member and said rigid lens

5 at points remote from said hinge.

24. A wvariable focal length lens as recited in claim 23
wherein said radially curved surface has a radial shape which is a

smooth convex curve. =

25. A wvariable focal length lens as recited in claim 24
wherein said smooth convex curve is substantially an arc of a

circle.



23. A variable focal length lens as recited in claim19 wherein sai 3 MAY 2004
menbr ane support nenber and said rigid | ens are hingedly connected and
said variabl e spacing nmeans acts to change the space between sai d nenbrane
support nenber and said rigid lens 5 at points renote fromsaid hinge. 24.
A variable focal length lens as recited in claim23 wherein said radially
curved surface has a radial shape whicdif i's a snooth convex curve.- 25. A
vari able focal length lens as recited in claim24 wherein said snooth
convex curve is substantially an arc of a circle. 1 3 MAY 2004 - 19 26. A
variable focal |enpgth Leps-aspi&cidem imurghai MRS ayhasd tddeinadiasmotssaid
arc i s between about .2 inches and about 2 inches.

where the radius of said arc is between about .2 inches and about

2 inches.



