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the invention provides |enses that use a progressive
cylinder power. Background of 'the Invention 10
Astigmati sm caused by either an unequal radius of
curvature of the cornea in all directions or unequa
bendi ng of light by the crystalline lens, is a conmon
refractive error. The result of astignatisn1is t hat

t he eye cannot focus ra s of i on the retina
because t hB Bdg%ﬂTEﬁﬂﬁﬂl LENSES

directions. To correct astlgnatlsn1 it is common to

i ncorporate cylinder [rect speci fic power
and 15 axis in the asﬁ?&@ﬁﬁﬁ%OFWSWVFﬁual s ophthalmc
| ens. TheRheettion relhfeetocophiigiaic 1eawer If pirtléulbleﬂ‘f‘e in$ention
fixed. However, a multifocal lens in which
EYovidesdensss st u$esa@rpglr6é°r1*éwylm§her pOWRIs of di ffer ent
refractive power is known, as for exanple in United
States Patent No. 6,142,625. The lens of U S. 20
Patent No. 6,142, 62Batlgreisbsitaotiagenos in that there

woul d be image junp in the lens resulting fromthe- i
di f f edsHgmatipmpeanesd bysgither %Pn?ﬂﬁ@}rfaé@ﬁ\% EWvalr aekihe cornea in

an %ﬁ% ns dr lﬂlﬁechﬁpﬁcfndl Whlf gggﬁ% \t/l‘ger hﬁté Le?its Sis h¥mnon

vari a e cylin nmes
défmdae/ enbﬁgﬁxe 12§ulBsfi asfi grbetiann lqcthancthe oye tdn@ofFoaus 1295 of light

r aphi cal de ct| der
g‘gﬁr&%ﬁl BRPatiss (0 GRS St Rt Tok {W ﬂ%ﬁﬁ H?P“él?ﬂ‘éf\/\%o jogrrect
ﬁﬁ%&ﬁhﬁfsnﬂ 1P Bb:fiRlon 48 Ric6ioRile 9;111&13& L&Y 0R %‘f’@ 'g_cmﬁc povger and

progression for lenses of the invention. I gure
mgsanﬁmhehggﬂadhdmahmﬁeppbbﬂoncbﬁmcyl|nder pomer
progression for

f

Typically, the cylinder power for a lens is fixed. However, a multifocal lens
in which the cylinder power is different for areas of different refractive power is
known, as for example in United States Patent No. 6,142,625. The lens of U.S.
Patent No. 6,142,625 is disadvantageous in that there would be image jump in the
lens resulting from the difference in power, axis, or both between adjacent areas of
the lens. Therefore, a need exists for a variable cylinder lens which overcomes this |

disadavantage.

Brief Description of the Drawings
Figure 1 is a graphical depiction of cylinder power progression for lenses of
the invention.
Figure 2 is another graphical depiction of cylinder power progression for
lenses of the invention.
Figure 3 is another graphical depiction of cylinder power progression for

lenses of the invention.
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provi des net hods for designing | enses useful for
correcting 5 astigmatism |enses incorporating such
desi gns, and nethods for producing these |enses. The
desi gn of the invention proviges a snooth, continuous
change in cylinder power across the |ens.
Additionally, the lens of the invention is
advantageous in that it permts the cylinder power to
act under | ow lum nance  situations to a different

ext ent Diskled Raseigion qf the Iaysntonand Fefesad Embedimentse
Lens. 16, elim.nat . A . .
boner I B0 5yl BaEH: fopbodbting 1AR8 use Al i rling
raanigmatiamj lnases ésconprirhtingasish dtsigny, shdsmathods Wrpraduchig these
[.ow | unj nance nditions. In one enbodi nent, the
RSt 1B P G PIBE Yo b IeT & STBRG: EeRpLS Flignee i
RSSO BSo8 HeAksY ARliticAREy g%%?ﬁgfpng gﬂ{enﬁon is

.G
pfogressive cylinder power. By ens is
radsantageoyp acthatit pemgitarthe cylindenpowardalaar ulden bow huntdndrve

| i.ke. Preferabl the lens. of the invention is a
SHHEinge  8RE1Ct P ol an S8 e yinange Spisgs - Ths, the lens
[EEafhated Wk nbbEFeR adgitidnAlAsHd MUMdpowRf BEE ARG Er-EH2 4@ near
in cylinder power fromthe optical centei of the |ens

tvésiethdt 1pishiapgrelupninincehwhidpedsisting distanth gisiyd dtdoledurgihance
%81%{‘@15015?3’ I ncrease or decrease as one noves fromthe

p al ‘center to the periphery. In an alternative
enbodi nent, the invention provides an ophthalmc |ens
conprising, consisting essentially of, and consisting.
of a PP oBF sxbpdimea]s thevasention sy videsanephikalmiclgnseempising,

BB IS 1 P Bh R
opifelnas lones newss: fpeaacle,ventapt, itedocular lens, and the like.
Preferably, the lens of the invention is a contact lens. By “progressive cylinder
power” is meant that there is a continuous, progressive change in cylinder power
from the optical center of the lens to the periphery of the optic zone. The cylinder
power may increase or decrease as one moves from the optical center'to the

periphery.

In an alternative embodiment, the invention provides an ophfhalmic lens
comprising, consisting essentially of, and consisting of a progressive cylinder power
and a progressive axis. By “progressive axis” is meant that the axis of the cylinder
power continuously changes over a defined range as one moves from the optical
center of the lens to the periphery of the optic zone. The cylinder power may

increase or decrease as one moves from the optical center to the periphery.
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2004/ 042455 PCT/ US2003/ 033181 3 The progressive
cylinder power, progressive axis, or both may be
incorporated into a single vision lens, but wll find
greatest utility in nultifoca | enses, or lenses with
nore than one focal power. Exanples of such Iens.
include, 5 without [imtation, bifocals, such as
aspeheTheprogrssive Syhrmanmrr progrestive asis i togh maPde

‘nmul ti pl e annul ar desi g diffractive | enses,

pReRyPeiatsdatoisingle d#ﬁwn lé’f#% &yt wHbiing, greateswlhtsrwemultlfocal
B RE s ok o SR o PR VB AGSREN 0 e,

Kylﬂm‘ﬁZh(mbatlomﬁﬁfcﬁ:ah such as hdpehérivs] evitiew) esntsnieick Itfﬁ@l&tmg, and
r.at anpy ,pQint on, the lens; 15 P caontrols the

VW IRleAPIE des)gnsy eﬁﬁa%ﬁé«?n%Qr%e%fvetq@éltw@ﬁéenawméhe

gjeal ue .greater than 0, preferably 1; Ais a

constant, preferably 0.5; K controls displacenent of

t he peak cylinder pomer and ndy be a value from+ 4 to

-4; 20Q.S controls th nctlo s end 0|nt and may_ be. a
val v FESHRIG o3t OE g 6 YT s Rin e e fllewing
ReWaion®f the |ens.

=H4AZ +f)?)3(+1<)2 XCyZH

)
wherein y is the instantaneous cylinder power at any point x on the lens;
P controls the width of the cylinder power region of the lens and is a value greater
than 0, preferably 1;
A 1s a constant, preferably 0.5;
K controls displacement of the peak cylinder power and may be a value from + 4 to
- 4;
S controls the functions endpoints and may be a value from 1 to 50; and

Cyl is the maximum cylinder power of the lens.

Equation I provides a progressive cylinder power that decreases as it moves from the

center of the optic zone, or optical center of the lens, to the lens periphery.

A progressive cylinder power that increases as it moves from the center of
the optic zone, or optical center of the lens, to the lens periphery may be provided by

the following equation:
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Equation | provides a progressive cylinder power that
decreases as it noves fromthe center of the optic

waQ ie/042355 opti cal center of the lens, to the |REEUS2003/033181

peri phery. 25 A progressive cylinder power that
increases as it noves fromthe center of the optic
zone, or optical center of the lens, to the lens '
periphery may be provided by ghe follow ng equation:
30 WD 2004/ 042455 PCT/ US2003/033181 4 3 s y=Cyl- 8A
xCyl  L4A2+P(x+K)2j (Il) 5 wherein the values and
definitions for y, A P, X, Kand Cyl are the sane as
for Equation I. In Figure 1 is a graphical depiction
of progressive cylinder [power g profilé&s obtjai ned using
Equation |1. Table=1Cpel i Z?a*ﬁa’ used for

A P, X, 10 K for the p s Al&rsAdt ] Fi gurle 1. Table
1 Progression AKP S 401 0.50 0.0 0.002 100.0 402
0.50 0.0 0.030 10.0 403 0.50 0.0 0.080 6.0I) 404 0.50
0.0 0.200 4.0 15 Yet another equation useful for
provi di ng progressive cylinder power is:

y=((1-P)x) xCyl

wherein the values and definitions for y, A, P, X, K and Cyl are the same as for
Equation I. In Figure 1 is a graphical depiction of progressive cylinder power
profiles obtained using Equation II. Table 1 below lists the values used for AP X,

K for the progressions of Figure 1.

Table 1
Progression A K P S
401 0.50 0.0 0.002 100.0
402 0.50 0.0 0.030 ' 10.0
403 0.50 0.0 0.080 6.0
404 0.50 0.0 0.200 4.0

Yet another equation useful for providing progressive cylinder power is:

y=(1-Py)xcm
(1)

wherein:

y is the instantaneous cylinder power at any point x;

P 1s the pupil fraction and may be any value from 0 to 1;
x is a value of 0.0 to 20; and

Cyl is the maximum cylinder power.




(I'11) 20 wherein: y is the instantaneous cylinder
power at any point x; P is the pupil fraction and may
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and Cyl is the maxi mum cylinder power. WD 2004/ 042455
PCT/ US2003/ 033181 5 Equation |1l provides for
decreasi ng cylinder power as one noves fromthe center
of the optic zone. The foll owi ng equation provides
for increasing power: 5 y=Cyl-((1-P)X)xCyl (IV) Yet
anot her equation that is useful in providing
PEqgiies il pedwidebefor dastnmeplinderpvort thencaovarfrah tidw@nter of
éo y = 1Sin(P)X I-Ix Syl (V) and for

& PRUGTHY: cypeifRbeying saastionypraviges for iforeagingynoweyy ) 15
wherein y is the instantaneous cylinder power at any
point x of the lens; P is the pupil fraction and is
90 to 180 degrees; x ;V&_ ] 1u3p)‘xs>@@3,p.0 to 20; and
Cyl is the maxi mum cyli nder power of the | ens. 20 Yet
addi ti onal exanpl es of equations thaflvirmy be used to

- design a progressive cylinder power that decreases

fromthe center of the optic zone to the periphery

are.  Yet another equation that is useful in providing progressively decreasing

power from the center of the optic zone is:

y= lSin(P)x' x Cyl ")

and for increasing cylinder power:

= Cyl —|Sin{P) {x Cyl
y = Cyl =|Sin(P) |x Cy D
wherein y is the instantaneous cylinder power at any point x of the lens;
P is the pupil fraction and is 90 to 180 degrees;

X is a value from 0.0 to 20; and

Cyl is the maximum cylinder power of the lens.

Yet additional examples of equations that may be used to design a
progressive cylinder power that decreases from the center of the optic zone to the

periphery are:

y= Cylx((ax(1+(lx/xc)2")j

(VID)



1 dxyvy ((c)zn ax I+ x/x 25 (Vi) WO

2004/ 042455 PCT/ US2003/ 033181 6 y=Cylx 1
w@zqodnfxbxc)z xn (VII1) 5 and y=Cylx 1 ax(1r¢RIUS20p31033181

xn 10 (I X) 1in each of which, wherein: y is the

I nst aneous cylinder power at any point x; X,, is the

50 % cutoff in the filter transition, or position in x

with %2 of the cylinder 15 pgak power; a is a _

constant and preferably is 1; n controls the steepness

of the transition and is a value of 1 to 40; Cyl is

t he maxi mum cyli nder power; and X is the instantaneous

sem di aneter, of the x poEiti on di stanceJ fromthe

center of the 20 lfg%ylx 1
(ax(1+(x/xc)2)xn

(VIID)

and

1
y_cylx((ax(l-%(x/xc)d)xn)

10 (IX)

in each of which, wherein:

y is the instaneous cylinder power at any point x;

X 1s the 50 % cutoff in the filter transition, or position in x with % of the cylinder

15 peak power;

a is a constant and preferably is 1;

n controls the steepness of the transition and is a value of 1 to 40;

Cyl is the maximum cylinder power; and

X is the instantaneous semidiameter, of the x position distance from the center of the

20 lens.

Additional examples of equations that may be used to design a progressive

cylinder power that increases from the center of the optic zone to the periphery are:

1
25 =Cyl - Cyl
yERIT x((ax(1+(x/xc)2"7}

X)
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Addi ti onal exanples of equations that may be used to
desi gn a progressive cylinder power that increases

wo cansdaes center of the optic zone to the periptiBU§2003/033181

are: 25 y=Cyl-Cylx 1 ax (1 + (x| x,)2n (X) WO

2004/ 042455 PCT/ US2003/033181 7. y=Cyl-Cylx 1
ax(1l+(xlx,)2xn (XI) 5and CZdx 1 Y Cy |
ax(1l+(x1xjd xn (XIl) 10 inyeach of which, wherein: y
is the instaneous cylinder power at any point x; X. iS
the 50 % cutoff in the filter transition, or position
in x in which the cylinder( power js V2 off the peak;

15 a i s a constapt @Qid @i s fraafy—+sr%g;ﬂ controls the .
st eepness of the transitiorR\%&h H(&/ & fie of 1 to 40;
Cyl is the maxi mum cylinder power; and 1S the
i nst ant aneous sem di aneter. 20 In Figure Ii and 3 are
depi ct ed graphi cal representations of cylinder power
progressi ons provided using Equation VII. In Table 2
is listed the values of X, and

1
y= Cyl—cylx(@x(l+(x/xc)d )x nj
(X1I)

in each of which, wherein:

y is the instaneous cylinder power at any point x;

X, is the 50 % cutoff in the filter transition, or position in x in which the cylinder
power is ¥ of the peak;

ais a constant and preferably is 1;

n controls the steepness of the transition and is a value of 1 to 40;

Cyl is the maximum cylinder power; and |

X is the instantaneous semidiameter.

In Figures 2 and 3 are depicted graphical representations of cylinder power

progressions provided using Bquation VII. In Table 2 is listed the values of X, a,

n, and Cyl used for each of the progressions.



n, and Cyl used for each of the progressions. 25 WO
2004/ 042455 PCT/ US2003/033181 8 Table 2 Progression
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1.50 411 1.25 1.0 5.0 1.50 412 1.50 1.0 5.0 1.50
413 1.75 1.0 5.0 1.50 414 0.75 1.0 1.073 1.50 415
1.00 1.0 1.30 1.50 416 1.25 1.0 1.55 1.50 417 1.50
1.0 1.83 1.50 In enbodi nents pf the lens of the

i nvention in which the progressive 5 cylinder. power is
used in a progressive addition |lens, the cylindrical
power change is distinct fIab2hat of the progressive
ddition power change,  meaning that the progression

ofPragiespiower i s Prdependent of the (cylinder poyer Cvl

progression—The, stensmay hape the—pro SSTVE
addi t@%n power o 750ne surfacgbvvith t he ggr'ggressi ve 1.50

cyl1 agder power onod he opposite surflace og.0t hey {may bgo
n the sane!surface to Preferably | the progregsive

cyl i #der poyer ik2bn the backd or eye sid®, surffacel.50

aft—the—progressiye—additiop,;power—son;the—gpposit
surfﬁ o n7 one odi ment , Ui'ﬁe i nMent i ogrﬁO may be uscie‘&6
to pyeyi de Tenses7gm th | cyl i nder pdwer cugtom zed t 950
the different tasks of the wearer |For exanple] the
414 0.75 1.0 1.073 1.50
415 1.00 1.0 1.30 1.50
416 1.25 1.0 1.55 1.50
417 1.50 1.0 1.83 1.50

In embodiments of the lens of the invention in which the progressive
cylinder power is used in a progressive addition lens, the cyliﬁdrical power change is
distinct from that of the progressive addition power change, meaning that the
progression of add power is independent of the cylinder power progression. The
lens may have the progressive addition power on one surface with the progressive
cylinder power on the opposite surface or they may be on the same surface.
Preferably, the progressive cylinder power is on the back, or eye side, surface and

the progressive addition power is on the opposite surface.

In one embodiment, the invention may be used to provide lenses with
cylinder power customized to the different tasks of the wearer. For example, the
cylinder power may be made higher for distance oriented tasks and lower for near
and intermediate distance tasks. One manner in which this can be achieved is by
providing a lens with an add power that peaks in the center and decreases as one
moves radially to the lens periphery and have a cylinder power that is low or 0 at the
center of the lens and increases to the peak cylinder power as one moves radially

toward the lens periphery.
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achieved is by providing a lens with an add power

that peaks in the center and decreases as one noves
radially to the | ens periphery and have a cylinder

power that is low or 0 at the, center of the |lens and

i ncreases to the peak cylinder power as one noves
radially 20 toward the | ens periphery. WO 2004/ 042455
PCT/ US2003/ 033181 9 One ordinarily skilled in the art
will recognize that for contact |ens enbodinments, due
to theOIE)‘-‘r el dilledia the art wald Fecpemiee thahfogcapiars 1288 i on -

Sl RRPRE phRchf® SOREERRIRE BT bodfiigfih means wil
ardd cybwimcorpstatdil ihitzalchanSmedhsstkiiaionindane ags 4ny of the static
|nélud|ng, wi.thqut [imtation, prismballast, thin

sabilization meanskngip inHbe pit ineludiee, s sk SevigHaen,
RS ilast [0 %ﬁﬁﬂﬁﬁ% Zohed Bgséfgéﬁ?cpﬂl% e Fﬁa?&ﬁbﬂiﬁ‘g&asj th&flbr,
materi al s or

ny suitable [ens form Ag
nanufacturlng opht hal m ¢ | enses includi ng, w thout
ectacl e, coniact nd |ntraocular

limt
| ems e e IRisgs R ganaaey be Sole Fomarmaniane s domming

GOMEAAS fdr%%&ctmg%gﬁmaﬁhfch%%s IrcidiRt Weof 1%&%
el astomers, silicone-containing macromers | ncluding,

W edtasle, cpnfmtt atd intraoduitayd ensds. sBlusts gt eimateinals ot fBtrastem of soft
314,.960 d 50

CRAEsrRt s Yot FeniProPacigen efbmetsy S figdie containing

nRAIRAE it gl 1iBithii6i) Merse ARbRsEH RMOUTHYL RERL Patent
and the |ike and conbi nati ons thereof. More

posf BABbIST, TR raa@é 054,548 ddomcaried ingtheir entizatios herein by
?%f{enli%iﬁgep flgﬁxfoléglgtéﬂ? }%X alﬂl{l]é: hg s aWdtt}l;]eolulEe and combinations

pol macr oners
thetdodc Mdre pyqublyl the @m)fadekly |a sﬂokmame&ntaﬁmh stloghhg es
her.eof, silicone 1%/dro gel a hy dro? such as
n&flpllléggh mcludigg, without hmltatlon polydimethyT siloxane macromers,
methacryloxypropyl polyalkyl siloxanes, and mixtures thereof, silicone hydrogel or

a hydrogel, such as etafilcon A.

A preferred contact lens material is a poly 2-hydroxyethyl methacrylate
polymers, meaning, having a peak molecular weight between about 25,000 and
about 80,000 and a polydispersity of less than about 1.5 to less than about 3.5
respectively and covalently bonded thereon, at least one cross-linkable functional
group. Thié material is described in Attorney Docket Number VIN 588, United
States Serial No. 60/363,630 incorporated herein in its entirety by reference.

As yet another alternative, the lens material may be any material suitable for
forming ophthalmic lens other than contact lenses. For example, spectacle lens
materials may be used including, without limitation, polycarbonates, such as

bisphenol A polycarbonates, allyl diglycol carbonates, such as diethylene glycol
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A preferred contact lens material is a poly
2- hydroxyet hyl nethacrylate polyners, neani ng, having

w@2peak4a®l ecul ar wei ght bet ween about 25, 000 BemUS2003/033181

about 80,000 and a pol ydi spersity of |ess than about
1.5 to less than about 3.5 respectively and

coval ently bonded thereon, at |east one cross-I|inkable
functional 25 group. This matjgrial is described in
Attorney Docket Nunber VTN 588, United States Serial
No. 60/ 363,630 incorporated herein in its entirety by
reference. As yet another alternative, the |ens

SRt et -3kl Siesm P gHb eyemgpi, (il

%egmia% arﬁlHﬁ&ﬁ)ﬂ% t?at+ SR 1Rt %fgralt ongxsrléiése duc as_

i'ncludi ng, w thout Timtation, suc
shyle ntlnlyl An@ byt archmoatlsss aml :icyylatd;s gsltytemk:s Palystead, eﬁd the

B PodSombietidheed %yfgﬁ?‘ilma;ﬂz98%6%3%452@@@%@&@370111%

sy ir&hﬁ%t@iﬂ%ut ﬁHﬁﬁnaﬁ Sdlirdbhyl m@ﬁﬁ@&?fa?é Bydloklyeth !

phosphate and triallyl citrate, acrylfc es ers;
@@ﬁtlsacaylé@, mﬁﬁtChacplyastmseshcwebasatp@ymtstw yhd thetlikyland and

cr ates and acryl ates, styrenics,
68“§5€¥E s,erﬁg the |I|ike and conbinations thereof.

Addi tionally, materials for form ng intraocul ar
| enses include, without limtation, polynethyl
rret ha&uymaé thegup aipaalimby bereartiad pyl bat a1y donsenientinaethod.

[ and he I|k
BB AL A7 SE BeRBI T ER DL i
rfaeyilzi’.tﬁ)n(; elieiiedl, eledtrdnyagmetic Baaﬁatﬁ)ﬂlcaﬁhg ﬁﬁd ﬂﬁdlke dndlcombinations
exa the terial may be deposited within a nold
rgg Péf‘éeraply{'ﬁé cRgipct lens ¢rabndimpets, melding is gprried out using
r
Ty ) OO i

prebise mmchuems suithlele figr dusingahe leagmaterialiwilhdepkd on the material
%léqri?aﬂv:lglo tﬁa i,ﬁns gq\/%q. g) at: Eg}t@gg p{f)%lesltsreégr%%tisrc?oseg in U.S. Patent

No. 5,540,410 incorporated herein in its entirety by reference.
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U S. Patent No. 5,540,410 incorporated herein inits
entirety by reference. 20 WO 2004/ 042455

PCT/ US2003/ 033181 11 What is clainmed is: 1. An
ophthal mi ¢ lons, conprising atiprogressive cylinder
power. 5 2. The lens of claiml1l, wherein the lens is
a contact lens. 3. The lens of claim2, wherein the

| Biwt jselaamed ifgl e vision lens. 10 4. The lens of claim
2, wherein the lens is amultifocal lens. 5. The |lens
of claim1, wherein the progressive cylinder power
VAI'i esAaopbthdintig lensOcdnigiding 4 prighgsie€udindenpowes 15 Y
=28A2x Cl 4A+ P(X + Kywherein y is an

i nst ant aneous cyl i nder power at any point x on the

| ens; i 0, ' .5; 20 Kis
afval urlél%‘lf %Sm@ff\{%hfg’ v?ﬁei;é‘ih‘?%e %eggg avcacl)lnﬁtg',t Pgm 1 to 50;
and Cyl is the maxi num cylinder. power of the lens. 6.

The leps of clai.m1l, wherein the progressive cylinder
p‘gwer e By HiHRpreindhe long i@ el BHRdeRGuat i on:

3 } '

4. The lens of claim 2, wherein the lens is a multifocal lens.

5. The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

y - 84 x Cyl S
447 + P(X + K )

wherein y is an instantaneous cylinder power at any point x on the lens;

P is a value greater than 0O;
Ais 0.5

K is a value from + 4 to - 4;
S is a value from 1 to 50; and

Cyl is the maximum cylinder power of the lens.

6. The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

y=Cyl- 84 S x Cyl
442 + P(X + K )




=CyZ - 8A xCyl 4A2 + P(X + K)2 WD 2004/ 042455
PCT/ US2003/ 033181 12 wherein y is an instantaneous
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val ue greater than' 0; 5 Ais 0.5;

Ki saval uefrom+4to-4; S is a value from1l to 50; and
Cyl is the maxi mnum cylinder power of the lens. 10 7.
The lens of claim1, whereinthe progressive cylinder
power varies according to the follow ng equation:
y=((1-P)x)xCyl wherein: 15 y is the instantaneous
cylinder power at any point x on the lens; Pis a

'vaIuefromOto 1; x is, avalue of 0.Q to 20; and Q/I

i Ehare{E Yijg AR FﬁﬁFﬁWﬁPﬁ‘ﬁd‘é&lméﬁfv@ﬁ”ﬂ 2bany, PopRleX PRHS I81S; ¢l ai m
gressive cylinder power varies
p ISM\%E gé} it t 9

accor e foll owi ng equation:
yA;Q/OS((l P)x)xQ/I 25 wherein: y is the instantaneous

\cglllnd ’r%gwer at ny point x on the lens; Pis a
BV e I@J‘f%tol x is a value of 0.0 to 20; and

S is a value from 1 to 50; and

Cyl is the maximum cylinder power of the lens.

7. The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

y=(1-Py)xcyl

wherein:

y is the instantaneous cylinder power at any point x on the lens;
P is avalue from 0 to 1;

x is a value of 0.0 to 20; and

Cyl is the maximum cylinder power.

8. The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:
y=Cyl-(1-Py )yt

wherein:

y is the instantaneous cylinder power at any point x on the lens;
P is a value from 0 to 1;

x is a value 0f 0.0 to 20; and

Cyl is the maximum cylinder power.



Cyl is the maxi mum cylinder power. 30 WO 2004/ 042455
PCT/ US2003/ 033181 13 9. The lens of claim1, wherein

W0 b@4086% essi ve cyl i nder power varies accor di PQI/US03/033181

10

15

20

25

the follow ng equation: 5 y=ISin(P)xIxCyl whereiny
I's the instantaneous cylinder power at any point x of
the lens; P is 90 to 180 degrees; x is a value from
0.0 to 20; and Cyl is the maximum cylinder power of
the lens. 10 10. The lens of claim1, wherein the
progressive cylinder power varies according to the

fool | oWHedemfatdiont, whetih tHeProgrBskiexdindempavivariys dcdording
t he i nstantaneous cylinder power at any point x of the

Ite the: follawing gqgatygit o 180 degrees; x is a val ue from

0.0 to 20; and Cyl is the maxi num cylinder power of

the lens. 11. The lens of claim1l, wherein the

progressive cylinder powercyvasy ccording 20 to the
fol |l owi ng equati on: @|2E{'S’¥;@,ﬂiﬁ§c§ 11+ x/ z"

wherein y is the instantaneous cylinder power at any point x of the lens;
P 15 90 to 180 degrees;
x is a value from 0.0 to 20; and

Cyl is the maximum cylinder power of the lens.

10.  The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

y=Cyl - ]Sz’n(P)"] x Cyl

wherein y is the instantaneous cylinder power at any point x of the lens;
P is 90 to 180 degrees;
x is a value from 0.0 to 20; and

Cyl is the maximum cylinder power of the lens.

11.  The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

y= Cyb{(ax i+ (lx/xc)znj]

wherein:

y is the instaneous cylinder power at any point x on the lens;

X, 1s a position in x with ¥ of a cylinder peak power of the lens;
ais 1;

n is a value of 1 to 40;



Xc wherein: vy is the instaneous cylinder power at any
point x on the lens; 25 xc is a position in x wth Yz

wW@pR00a/0¢2455 nder peak power of the lens; a is 1PCHUB®OH033181
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value of 1 to 40; WO 2004/ 042455 PCT/ US2003/ 033181 14
Cyl is the maxi mum cylinder power; and X is the
I nst ant aneous sem di aneter. 5 12. The lens of claim1,
wherei n the progressive cylinger power varies
according to the foll ow ng dGuation: dx 1 Y
ax(1+(x/x,)2 x n 10 wherein: vy is the instaneous
cylinder power at any point x on the lens; x,, is a
position in x with %2 of a cylinder peak power of the
|Gyh &5, the aiagiipmiylindérpowenande of 1 to 40; Cyl is the
xiJjrum cy| i nder .poywer;. and X is the instantaneous
?gﬁﬁ 5ﬁ@¥%¢?mf§$g#¥%n?§%s of claim1, wherein the
progressive cylinder power varies according 20 to the

follomﬁn? equat i on: _ . _ . )
12.  Thelens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

1
Y= Cylx[(ax (1+(x/x,) )x nJ

wherein:

y is the instaneous cylinder power at any point x on the lens;

X, 1s a position in x with % of a cylinder peak power of the lens;
ais 1;

nis a value of 1 to 40,

Cyl is the maximum cylinder power; and

X is the instantaneous semidiameter.

13.  The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

y=Cylx ! y
@(Hh(x/xc) )xn

wherein:

y is the instaneous cylinder power at any point X on the lens;

X is a position in x with % of a cylinder peak power of the lens;
ais 1

n is a value of 1 to 40;

Cyl is the maximum cylinder power; and
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Clx Y- Y ax(l+(x/xc)d xn wherein: 25y is the
i nstaneous cylinder power at any point x on the |ens;

of the lens; ais 1; nis a value of 1 to 40; Oyl is

t he naxinun1cy|inder power ; and WO 2004/ 042455

PCT/ US2003/ 033181 15 X is the instantaneous

sem di ameter. 14. The lens of .claim 1, wherein the

progressive cylinder power vari es according 5 to the

follow ng equation: Y CYZ CY Ix 1 ax~1+(x/x,,)2n

WO el 18k Mstabanéoh$sdll@iahRfg aneous cylinder power at any

point x on the lens; X, is position in x in which the

cyllnder pomer is %2 of the peak; ais 1; nis a
nder

ke ' et o gt It 1 Shordif o AR TR EhouBS i VAR Bioording

létheTfBﬁoleﬁ{gSquﬁu@ﬂ aim1, wherein the progressive
cylinder power varies according to the follow ng

equation: 20y = Cyl - Cyl x 1

1
=Cyl - Cyl
y=i-Cy X((ax(1+(x/xc)2")J

wherein:

y is the instaneous cylinder power at any point X on the lens;
X, 18 position in x in which the cylinder power is ¥ of the peak;
ais1;

nis a value of 1 to 40;’

Cyl is a maximum cylinder power of the lens; and

X is the instantaneous semidiameter.

15.  The lens of claim 1, wherein the progressive cylinder power varies according

to the following equation:

| 1
=Cyl~Cyl
yERETH x[(;x(l+(x/xc)2)xn]

wherein:

y is the instaneous cylinder power at any point X on the lens;

X, is position in x in which the cylinder power is ¥ of the peak;
ais1;

nis a value of 1 to 40;

Cyl is a maximum cylinder power of the lens; and

X is the instantaneous semidiameter.



>2 ax 1+ (xIx,xn wherein: y is the instaneous
cylinder power at any point x on the lens; x,, is

w@oEHoElRsin X in which the cylinder power is R2T/OB20051¢33181

10

15

peak; 25 ais 1; nis a value of 1 to 40; Cyl is a
maxi mum cyl i nder power of the lens; and X is the

I nst ant aneous sem di aneter. WO 2004/ 042455

PCT/ US2003/ 033181 16 16. Thq | ens of claim1l, wherein
t he progressive cylinder power varies according to
the follow ng equation: 5 y=Cyl-Cylx 1 d ax(1+(x/x,)
Xig, WhEHeSIeRS ofclaifh T, Riheldis HRNROLRsHVE EVIEGEr RAVE vadbs @d¥rding
point x on the lens; x, is position in x in which the
dy thenfodpwptgeauatien:9? of the peak; 10 ais 1; nis a
value of | to 40;. Cyl is a maxi num cylinder power of
the lens; and X is the instantaneous sem dianeter. 15

1
= Cyl - Cyl
y=wi-G x((;x (1+(x/xc)d)x nJ

wherein:

y is the instaneous cylinder power at any point x on the lens;
X 18 position in x in which the cylinder power is ¥z of the peak;
ais1;

n is a value of 1 to 40;

Cyl is a maximum cylinder power of the lens; and

X 1is the instantaneous semidiameter.



