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“Field of the Invention The present invention relates to multifocdl] APR 2003
ophthalmc lenses. In particular, the invention provides progressive

addition lenses in which unwanted | ens astigmatismis reduced w tHout

functional conprom se of the distance and channel w dths thr
I nternmedi ate and near vision zones, as conpared to conventiﬂ@ﬁ‘mmmmﬁ‘mmmfsi ve
addition |enses. to Background of the Inveption The use of

| enses for the correction of ametropia is well known. For exanplé; ™
mul ti focal |enses, such as pr ' Lt I ("PAL'S"), are used
for the treatnent of presbyopﬁgmggﬁgbprmgigﬁgiarovi des 6r, t 5

i nternmedi ate and near vision in a gradual, continuous progression of
vertically increasing dioptric poweFidd efthk #veh@omear focus, or top to
bottomof the lens. PAL's are appealing to the wearer because PAL's are
free of thesvisibl eThepigsent inveakemrelates toonwitifasal ephthalmic fepses. dp particubarner
that are found,in other 20.multifocal |.ense such .as bi l,s _and
rfocals.  rowdirdpoetin probidRy atdarPaiis adfitRg denefd 1D ol | ens
astigmati sm omgﬁm'ﬂm& teditdd it 6l Rkt idhalcREpREMiIBY of A€ disgtanéirR ¢Hanh&le

| ens' surfaces. Cenerally, the unwanted |ens astigmatismits | oaded on

ei ther aide of wi¢ths teeughitheintgrmediate &57d nege vision 2oassdaspompared 4o popvegtional

appr oxi mate ce gghﬁ xi mum | evel that corresponds approxi mately
to the liar v:ﬁglgﬁ“{fg |o§)'ffepgadd power of the leas. Cenerally, a PAL

with a 2.001di opter add power and 15 mm canel length will have about a 2.00
di opter maxi num |ocalized fed astl M chapnel width of the | eas
wi'll be approximately 6 nmin whi BA¢ Iyentignast gmatismis | ess

than or equal to a %%&WH B ek thebdtFection o OMQQ%U}@%

nunber of | ens designs ve in attenpting to erther o

reduce unwant eFonsxampletmuitifocal lensmscach as prognessiveradditidnclemses (“RiAL’s”)Hameever |
current state-of e-ari_ progressive addition.len rovide_ only m ni mal
decreases 5 m‘ﬂFFI/\E%#E&"&gﬁ“Sﬁgm%ﬁ‘l %\‘/‘f’ﬂbqs‘g?‘blgpé"r"ggfgf?n the | enses’
peri pheri es i hahtefh&lisis und Bbst i4iSn iPa BrAdBaY EshtEousPrortaidh of Bertikally Need
exists for a PAL that reduces maxi mum | ocalized unwanted astigmatlsm and,
at the sane ti rincrespingdiopsc pawehFpafaeto near fosusontopierbettomatthelgnst h. Bri ef
Description of the Drawings FIG 1 a is a side view of a |lens of the
invention. FIG 1 b is an astigmtismmap of the lens of FIG 1 a FIG 2a
is a side view of a RAllls anfappbslingnuethie iwearer because PAL’s are free of the visible

ledges between the zones of differing dioptric power that are found in other
20 multifocal lenses, such as bifocals and trifocals. However, an inherent disadvantage
/' in PAL’s is unwanted lens astigmatism, or astigmatism introduced or caused by one
or more of the lens’ surfaces. Generally, the unwanted lens astigmatism is located
on either side of the near vision zone of the lens and, at or near its approximate
center, reaches a maximum level that corresponds approximately to the mear vision
25  dioptric add power of the lens.

Genenally, a PAL with a 2.00 diopter add power and 15 mm channe! length
will have about a 2.00 diopter maximum, localized unwanted astigmatism The
channel width of the lens will be approximately 6 mm in which the unwanted

30 astigmatism is less than or equal to a 0.75 diopter threshold value.
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FIG 2b is an astigmatismmap of the lens of FIG 2,4. t s FIG 3 is a side
‘'view of a lens of the invention FIG 4a is a aide view of the lenskffAE&m
invention FIG 4b is an astignmatismnmap of the leas of FIG 4a FlI l a
si‘de view of a lens of the invention FIG 5b is an astigmatismmp of a
progressive surface of the lens of FIG zo 5a FIG 5c is an astigmati sm map
of a progressive surface of the lens of FIG 5a FIG 5d is an map of the

| eas of FIG 5a 2s Description of the Inention and its Preffered

Enbodi ments The present invention provides progressive addition | enses, as

wdl as methods for Hbefi%iequgggnﬂa%%&.ieﬁdm ﬁtcﬂﬂﬁiﬁgt&.gﬁh

| ocal i sed unwanted astignatismt I's assoclated wt given iboptri c add
power i s redueddeaowpaed dstignapismoor iacreadechs adnimAaddihanmeh stidth, Hdwewdrst ance
wi dth, or w dth about é&le(ﬂ?'gti cal .neahﬁr. ngnof t he Ieeis t.hat .is free of
about 0.50 SHFeMRISAORCATLPROgrEssINE addtian ienserpfRideen!y stinypal desifrseind

m ni mum channgl,»\ i I Sy i f Y&iRe ; rer.
For purposgelsqgfunt g@%@&%ﬁ%ﬂﬂg& hivﬁlg#'r?}e " %gl'?rg‘gnt tﬁ?eggﬁﬂﬁgﬁmo évi si on
that is free wiusable duyptetinwanted astigmatist. 75hulj @ peedrexists foga PAlLcthatvrednceshe

wearer's eye is.scanpi f,romthe di.stancemigne to the near zone and back.
By "l ens” or MPERUEG localizeumieantid asigmelisy Ald of e Same B PIRYIEARE hout
limtation) spgeidGhthe RiARREm chafhdWidihenses, intraocular |enses and the

i ke. Preferably, the lens of the invention is a 1o spectacle lens. It is
one discovery of the invention that maxi mum |ocalized astigmati sm nmay be

reduced by, _conbi ning two or my e ogr.essi ve,addi t.i on surfaces each
petloetinicn e

.provi di ng 2 di optric add power t of the attic surface

or 15 surfaces to FIG 0 tsta sidé Giesv 6f a Rndoftheinvéin@gil ri ¢ add power than that
of the surface individually. By "diopdic add power" is meant the anount of

di optric power di fKI&k dbiscanpstigmatismimamelthe leagof BIG.\Ipsi on zones of a

b
progressive additi f !Fs i tion exhibits |ess
maxi nrum | ocal i zed luhn\)\igﬁlstﬁgﬁ%s |g§r€{]}%§$nggﬁg€%‘hg\}\{§fer channel than woul d be
expected by producFi 2h id emsstigiiatisinfags ofthe Yens of FIG.2ac add power using only

a single progressive additjon_ surface. Further, it is a discovery of the
i nvention Bhat thefihd 19 siggview i lensof thejgyemiony e additi on surface ayes

that the distance ﬁ@ghqjgm%mmwwi c add power needed to
ISy

cones the wearer's vision are unconprom sed. et another discovery of
the invention thatFlthdd is an sstignegisecmay of theléraofElGidapt ri ¢ add power areas

are 2s m saligned m@ to ane anotPeF@Ht Fﬁgt.ota. maxi nrum | ocalized
unwant ed sei sm of P AHA SIS VIR 9% #1941 OF HEE BYAR'BY the maxi num | ocal i zed
astigmati sm contri BiIG.S8 iP¥n %&WW%?:QWVG&%BP&HMfH@h

progressive addition surface.

20 Sa
FIG. Sc is an astigmatism map of a progressive surface of the lens of FIG.
Sa.
FIG. 5d is an astigmatism map of the lens of FIG. 5a.
25 Description of the Invention and its Preferred Embodiments

The present invention provides progressive addition lenses, as well as
methods for their design and production, in which the maximum, localized unwanted
astigmatism that is associated with a given dioptric add power is reduced compared
to prior art lenses. Additionally, the distance width, or width about the optical center
30 of the lens that is free of about 0.50



17 APR 2003 By "progressive addition surface" is neant a continuous,
"aspheric surface having far and near vision zones and a zone of 1mmgng
di optric power connecting the far and near vision zones. By "nmax

| ocal i zed unwanted astigmatisni is 5 nmeant the highest, neasurable |evel of
astigmatismin an area of unwanted astigmati smon a |lens surface. In one
enbodi ment, the lens of the invention cofiprises, consists essentially of,
and consists of a.) a first progessive addition surface having one or nore
areas 10 of maxi mum | ocalized unwanted astigmatismand a first dioptric
add power) adiopters)or mose obHurtivanted) estipimad smgatidt minimsmrchagree! dadihnaf thelener nor e
areas of maxi rmr% | ocal i zec;FLinwant ed astigmati sm and a second dioptric add
power, the p# &Yyt L"sﬁ%{/és"a%f i'Bf WeHfTaces di sposed in relation to each other
so that a portion or all of the areas of maxi num |ocalized unwanted
astigmati smare m saligned and wherein the 15 dioptric add power of the

l ens is the sum dfortpaepdses of thanmvencon by ‘Chamel’iic mednt thevermrslor bfivisivat her

enbodi nent, the i.nveption provigdes a s for producing,a | ens, conpri sing,
consi sting € s {fes 0 W@“‘%&M@;ﬁﬁ?%% pisFs qr Y’e‘ﬁ'%"'“g‘P‘ VEYT R PG ng at
least a fi rsw%ﬂoMQGW%ﬁéﬂ 1€ néd9bhd &1 tadk | BGOtedsPor f1&mbs” is

progessi ve a n 20 surface having one or nore areas of maxi num
| ocal i zed unmearteady aplithajmit iensinciddiag fwithdut iindation, spectiabielenses, somtadthe

second progressive, addition surfagce. hayi ne, oL Nnor.e areas.of. maxi num
ool | zed. UniFaNEBUASHS IERS AT e Ceable b e o B mSBR shd b, )
di sposi ngipt hgpeliatRllednNd second progressive addition so that a portion or

all of the areas of maxi mum | ocalized unwanted astigmati smare 25
m sal i gned and the dioptric add power of the lens is the sumof the first

and second di optr,G d;.powners, "msalj | he surfaces,
and thus the ar eaist l%?'%u?{ Vfgdogﬁi%vﬁﬁﬁ?%wp%mgﬁ'g%gﬁwg‘ed in

rel ation to gag bemedused by Goinbilingtw®ér mére progrésivel sdditiontstiffadésceash of

maxi mum | ocal | zed unwant ed asti gnmati sm of one surface do not 1 ~ APR

2003 subst anPfayiding & dioptncrdd pawershet combings with that of the other iface pHcal i zed
Ced asti . - . . Ci
gﬂ\é\ﬁnt ﬁat?sﬁo ar ea ofi maxi ?um Pgéa ze@s%ﬁaeﬁg&ash g‘r%??gﬁeo a smrJT‘r91[]acleS
subst ant i al | individualiydBg “Biopttid:addpdwaT it ineant theamammt bfdioptridpowerogr essi ve
addi tion surfagces ed in the feng of .the inveption may be,m saligned b
anyI o:‘ a nﬂnﬂ&faﬁ}cgm#m‘\gagﬂﬁ‘%?“ f“#gB %i’@&f“&éﬁf@?’é‘%ﬁfgfé- Y
surfaces may i 16 iok iR n Gt exfibitd Wsd makioind)] Ibvalied UaWaheed|akiigMitishn T espect

to each 10 other. By "optical center" is nmeaol the point on a surface

intersected lspd anadesshannel than would be iexpectaddy popducing s leas with theisamed in t he
idted
. °F
SNnrit.

art will C i i.f.the,optical S rally, the
m ni nrum channe V\f%‘{ ﬁxéar e EM@%%W u’st?isaay
progressive aitikébdd: tr@r?hfttea?vdm ' ghnghé@%cﬁ'dxﬁé ﬁn?lon_egi'dm Y\efaﬂdhhin)mt&&?
progressive addition surfaces with w da channe tiu fo conpensate for
the 1s di mnm&ﬁ@ﬁmmceaﬂg Slrmﬁv'wm AW, ) if
the opta-, . ~l . mea §,£&.a ~Eiﬁ%"~ W"ﬁhﬁa: 'Pﬁmd&d&g@uﬁ I

| ength will be intct?sease .B Y 'cﬁfgnne el 1~ ntlr%galstance alo gﬁlt&%g cm-al
meri di an of tilveention that wwhico theprogrdssive urfaces’ dioptric sddpoweramreasrggeend of t he
near 20 vision, zone, Thus, a, design usi su ift .preferahly, uses
progr essi \;g M%%@%%ﬁ%{% M@I%ﬁﬁwﬁ%ensati on.
As yet ot hs \gfolaafedraktigrisifsm BRiHRI18AdTs RGs tHaR tRiuPbf the MaXiusy 1ddaEzed

progressive surfaces cancideat with each othar) the ontas nny be rotsded
with renpect umwagted astigmatism contributed by the individual dioptric add powers of each

progressive addition surface.

30



25 another. In a preferred enbodi ment, each s<uface is designed so that it
“is asymmetric about the casts line of its channel. In this cash tﬁie PRIBH of
~maxi mum | ocalized uQunarned astigmati smof the aafaces do not daIIyA
coincide on rotation of the optics about an axis joining the ' optical
centers. By "asymmetric" is neant that the power and astigmati sm maps of
the surface are 30 asymmetric about the cents neridian of the . 17 APR
Q003 6 The lateral and vertical shifts are*done in such a way as to
preserve the di stance and near vision dioptric powers of the lens. In order
to mnimze the intgpd Qo . i [ cur so
that the optical ce%?e?l&g*-& Wg%%&lggﬁalrﬁéggr?&%%{ﬁ ﬁ'@ﬁu%f %ﬁgﬁygﬁrﬁ%ﬁf ted

al ong a curve hdvarig fasapdinédrividiod fonefhéndld it incedasing divlptiidipowéd®nnecting
progressive addition surface. In the case of rotadiom the surfaces are
rotated about tAdaranggeacysioaganes Bysanapmum; legalired upwanted asligmatismydter s

are substanti a : e | | L l; | wi ||
recogni ze trﬁat h%#é%&&ﬁ%%hgw%ggq%gﬁﬁgﬁdgﬁgé elA ﬁ“ﬁSf{‘]ﬁ?‘éﬁ"‘ 0 the

m sal i gxunent sstigmatisin@ata leais sukfacpur poses of reduci ng unwanted astigmati sm
The amount of m salignnent, or the vertical shift, lateral shift or

rotation of optical centers, is as anount sufficient to prevent substanti al

superposition, of cg 'gﬁg&ﬁm f ol : %a’kéﬁﬁg éwt .
astignmati sm ar eas oﬁ?‘ﬁe prgg?teﬁgs!%&l\?ergfa |?§%‘h9. re 'speci i%%npj‘/’,lyit S
bel i eved that bof)jandicemsistgofrar)ta firstoptegressive dddiviontsurfscediavingiona opimdréereas c
v~ecxors associgted with one surface,rel ati,ve t he .cortespondi n

astigmati ¢ Vecebmexigim,lecalized iwantrd sdemativn apd s BrR doRtc wpovs, dah
l'ocal i zed uavvghyaadecl progRidivéaddrion siffatd Pihfﬁnd GiRor A& frekS Sf mbAmuntiat i f
the vectors nmere aligned. ' I~e lateral or vertical shift nmay be about 0.1
20 nm t o about localizadunyrastest astigmatisio and 4 seondrdioptrigiadd pow progressive

preferably abouj 2.0 t o .about,.4. Q mm._ Rotatjonal, shifts may.b bout 1
Po about 0" dedpdifin sifice? afmRiey in peeiiBato SRR IS el § poleibn SR 3 f
preferably abowgteas of inixidiifh] lodiliZed ugwartéd $dh dreahisaifinied And @herein the

m sal i gnp~ueat, each surface may be designed so that the cl~an~ | ength of
the surfi~a¥ adioptic sid peweraf theslganis the sum of the firm and weend dipptricaadd powsts.
maxi mum) iocali~ed, invvsated astir of the ~afaoGS do not align when the
optical c~a~s of the surfaces are brought into alignnent. As a resuh, the
unwant ed asti gnmat i sin asothedemballinenpte éulettiomproeides oprocian fenpmdibicngh lens

L 20 By, o ol o o o 8 2 e

least a first and a second progressive addition surface, the first progressive addition

20 surface having one or more areas of maximum, localized unwanted astigmatism and
a first dioptric add power and the second progressive addition surface having one or
more areas of maximum, localized unwanted astigmatism and a second dioptric add
power, and b.) disposing the first and second progressive addition surfaces so that a
portion or all of the areas of maximum, localized unwanted astigmatism are

25 misaligned and the dioptric add power of the lens is the sum of the first and second
dioptric add powers.

By “misaligned™ is meant that the surfaces, and thus the areas of unwanted
astigmatism, are arranged or disposed in relation to one another so that a portion or
30 all of the areas of maximum, localized unwanted astigmatism of one surface do not



1 ~ APR 2003 astigmati sm However, the channel |engths nust not be so | arge
- as to produce a msmatch in the near vision zones so that the nezq A\phqmn
of the lens wearer is s conprom sed. The lens resulting fromthi

epbodi mrent will have a channel length falling between that of each surface
and dependent upon the dioptric add pews contributed by each surface to the
total dioptric add power of the |ens. The c¢hannel |ength differencx between
the surfaces may be about 0.1 nmto about 10 nm preferably about 1 mmto
about 7 mm) nore preferably about 2 nm 1o to about 5 mm The progessive
addi tion surfaggssdhil W bdéa OOF i Sitee
arrftce of the kas or lfﬁsg‘cﬁgy@ vveegﬁt{?%e out e@hggmgggxcg&g%d g‘&?er convex
surfaces of thastigraisnObfithe other Surfare, Psafierbblpsthe phisaligomentdissoch thasoo dreges, 1

s designed to the lens tp tje ophtbalm ¢ prescription of the |eas' .years
may be used i n % GHBITRATS [salized Uaanied Zeamiaisn of 8 SuEe bstagually sngides

progeasi ve agddifiiPihassf th@otter sirfplce€Xx@pl €) a prog~ive sddition stnfsce may
be conbined with a toric 20 surface, such as concave surface that is a
progressive addition surface and has a cylinder power st a partia~lar acs.

In this cax, a diophic add power, and cylinder,. ne not be provi ded at
cvay :axi s )éonb! n':axgo_o etﬂ'g&f&ﬂﬁe g {ﬁ:“sﬁa'gﬁﬂﬁe“? PFﬁ'ﬁénY)'é’angnﬂ\c/ﬁﬁaed
thst) beause difRiligried 3hn DM nubibRf of BéthddsY Foy examifly, !ﬂ@S?déiﬂ’EeﬁT&‘i%?_the

hori zonkal |y away fromthe center of the add zone to the [eas 2s periphery,
a rotational nissshcesrmanbe sififted-eithec dr bath iaterally emventically grith @Speqyid eachl y + or
- 20) no~r~c¢. preferaply. + or - degrees nay, be uxd while still achieving
t he desi redqgli o~p=t ﬁ_byc ?&ﬁpﬂé%?&?“%@ep@ﬁ%@ ﬁ‘_ Mhﬁ%o rof
‘each of the progifsfthe fen3d Orlel opdinsrilyGkifted in thé 84 Wil redghize thal)ifthid Gtichls

sel ected so that the sumof tbtir dioptric add powa~s is substantially
equal to the vagenterntreshifteddaterallyothe mipimunpehanogl yridthds frduced by theextentiof y .

1 ~ APR 2003 AdglL ti:@n : ke P‘gﬂ' 8 2felial echbi

sel ected in vi g{vii/l"%*&t‘ﬁ@ ?(P%nﬂghlggég 17e u%%tuesﬁﬁggtl gha ﬁs?r‘?gsso%i ated
Wi th a gi ven newses grappessive addiponsurfacts evithivigérrchanmet didthsvey corhpénisste for the
progressive addition, surfaces may be each in endently from about + 0.01
di opters to lébowwn&%ﬁﬁ?’é%%ﬁ’&éﬁéwg&fom about +0.25 diopters to
about +2.00 diopters, nore preferably about +0.50 to about +1.50 diopters.

to Simlarly, the di stance and near dioptric powers for each surfacx are
sel ected so that theAltgmativelyhif thronpsics! cesterstnf theahwfecesard abified vedicaly;ithe he

For each surf acEaRPPeBRR e e oy ccnstoel A8 s B e SR foE!
8.50 diopters. Eéntfabimbidian dfiiBe &irfiice béttrefthe bpidal béiterClind(the 6cp &id T i ndahie

concave s~uface npy be + or - about 15 2.00 to ahout 5.50 diopt,a-s_and for
the cowcx suAOFa¥ision zong, Thugesigp using suchashift predesably ysesprogressive pddition

vision dioptric Folg R r; itldp. PO about 1.00 diopters
ERUEL Pt pBRE Lilhnd Mgl Bffkelion

to about 12.00 e progressive addition surfaces and | eaxs of the
i nvention may be fornmed 20 by any conveni ent nmethod such as) w t hout

liniitationy tha~a~of,ormn nol.di ng, qgri.ndin cast i rt like. Ln a
preferred netbrod, aﬂoﬁ%ﬁ#ﬁﬂ%&ﬂ&@%%@%gggﬁmﬁ ace
is used and a sqgfuids BoiMRIdRAPWHE efichithérOhe Sitérs Bfiry b ré@idd With Pesh8R tdbd O M

In a note prdared nethod, a preformthe’ ooocave ~u~x of which is a
progt ssi ve adtli @hethes,i Ina prefemsed eptbodiment, epch/murfactis dasigned st 288 pover i s
used and a progr i ve. additj.on surfaces.] [ e i by
any conveni o mRTRAftRut b bedid, R s bl B b 1 s St
The invention wibdalib&d Ghwinted dighiatisRr theysuffacs d6inde fiubistadtially chibicide on
follow ng, 30 non-limting exanples. . . )
rotation of the optics about an axis joining the surfaces’ optical centers. By
“asymmetric” is meant that the power and astigmatism maps of the surface are

30 asymmetric about the center meridian of the surface.




+ 17 pPR 2003 9 Exanples 5 Exanple 1 Referring to FIG 1 a) lens 10 of the
“invention is shown having coavex progressive addition surface 11 ang M?JWB
concave progressive addition surface 12. Surface 11 has di stance zone

with a curvatwe of 6.00 diopters and near zone 18 with a curvature of 7.00
di opters. Surface 12 has distance zone 19 with a curvature of 6.00 1o

di opters and near zone 21 with a curvatyre of 5.00 diopters. The rutting

di stance power of the lens is 0.00 diopters aad the dioptric add power of
the lens is 2.00 diopters,1.00 diopters co~ributed by each of surfaces 11

and 12. As shown The |ﬁhﬁ1aﬂdaenlw@hm@wmnandmmwmtpr@s@heqwers 16 aad
17, respectively) are shifted with 15 aspect to each other by 4.0 nm FI G

b is an asuistgnseiasdmnearnvisen dioptricimwery efshe kens.nkp erder lmﬂslalmlgahh;at of the
surfaces

are of t sed ast i sm.f or cts 11
2ad 1.t oo RRRIFHigROFIe% pBST efist M HNRRE Re{HE o MR Pl orBlF bF 1% anc
15 do nots 2Qme\secsgraa|@ruadnidat§§rfa&r@smbd @ldng b ciise tHAIGs ﬁamumarthel ocal i zed
unvvamed astigmatismvalue of 1.90 D for this leas is shown in Table 1 aad

is si gmf.cahmmm thmomnepmmslnmatonuwﬁmmmmc@e@ﬁmm PAL of

Bade. (D) Add e oPbt bR fRa e Pri et ol fod Batd Sipentipoeers 0"
Rat i 0Art 2. 0Gide QibstaatiallP dnatfédied] T éiBihailp amne&m&aowmuo tB22hel 08. 01. 9

00.90 25 1 ~ APR 2003 ~0 Exanple 2 5 A lens with two pro resswe addi tion
surfaces i s ratignalimisaligniaent maydetin pdditioptothe n%sabmemﬁﬁmm%é 9fal i gnnent

resul ts il s b RduBlhg Th U sk e

The amount of misalignment, or the vertical shift, lateral shift or rotation of
optical centers, is an amount sufficient to prevent substantial superposition, or
coincidence, of the maximum, localized unwanted astigmatism areas of the

15 progressive addition surfaces. More specifically, it is believed that the misalignment
leads to a mismatch of the direction of the astigmatic vectors associated with one
surface relative to the corresponding astigmatic vectors of the other surface resulting
in the total maximum, localized unwanted astigmatism for the final lens being less
than that if the vectors were aligned. The lateral or vertical shift may be about 0.1

20 mm to about 10 mm, preferably about 1.0 mm to about 8 mm, more preferably about
2.0 mm to about 4.0 mm. Rotational shifts may be about 1 to about
40 degrees, preferably about 5 to about 30 degrees, more preferably about 10 to
sbout 20 degrees.

25 As yet another alternstive for misalignment, each surface may be designed so
that the channel length of the surfaces are of different lengths. In this embodiment,
the areas of maximum, localized, unwanted astigmatism of the surfaces do not align
when the optical centers of the surfaces are brought into alignment. As a result, the
unwanted astigmatism is reduced compared to a lens of the same total dioptric add

30 power. The greater the difference between the channel lengths, the greater will be
the reduction in maximum, localized unwanted



unwant ed astigmati smof 0.30 D conpared to the prior art Lens of Table 1.
Exanple 3 As shown in FIGS. 2a and 2b, lens 20 with a concave Eiﬁ@ﬁ%ﬁﬁive
addition surface 25 is seen. Surface 25 has di stance and near

curvatures of 6.00 and 5.00 diopters, respectively. Convex surface 24 with
di stance and near zone curvatures of 6.00 and 7.00 diopters is also shown.
The optical cents 27 of surfacx 25 is rotated by a, an anpunt of 10
degrees, with respect to that of opticaV center 26 of convex i5 progressive
surface 24. 1n FIG 2b, the astigmatismmap of lens 20 is showm. Areas 31
and 32 depict the areas of unwanted asm for au-laces 24 and 25,
respectively. Maci num | ocalized unwantod as~gn:~ii~ma.~~ 23 a:~d 29 for

surfaces 24 asiighmatism.r Haweedr] thelcannal lengthsMusthivtbe sdadrge agtsprodecetanat t he
resulting leas has s nms~cimum | ocalized unaranded satig~mati smof 1.90

di opters as To8matehde thegeapvisiongongssptthat shef rpar yisinn of the lens|weazer istapl e 2

E-upi eAi ds Plygioriibd.(Phé s Fditg B hlsRhidiidRea naled kit lenafl!

SaYilt

(deL. ) ~Mac2.fanliag Betvedd Qhdl f 24kh. siffade £1d depétdeBOUSODhe WiptAO4dd pSter001. 9520. 0
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Exanpl es 4 -coptriputedbyeash sydaceto thedatal digptzia add iponves of thedens 1 The qhagpel | s

boae
rotated aro Q%h' Q.Qéd'ecbgh!, §ur§¥e abcit egrees with respect to
t he conrex gr rgsffgl ve a |%ﬁg§lgsur a%g‘.’y%e rot%él?‘lqlgﬂs result in maxinmum
| ocal i zed urnoabbetd Ceami, grefé¢ralblymboit 1| mB3p about3) may dndreptefeiabyt abost 2 mm
respectively as listed on Table 2. to Exannple 7 F1G 3 depicts a concave
progressé?vemzfgﬁﬁ"tfﬂﬂ"surface 34 pl aced between surfacxs 33 and 35 of |ens
30. Lens 30 is made of an optical preform 38 having a refisctive index of
1.60 and a cyst lays 39 having a reftacxive index of 1.50. Convex surface
33 of preform 38 pmstdsdato&m" resurfdges mayieachbedndependentlyron the céovel 15

i 0Pt er's 5o che o suftih' Gt ens br B Ty 2RYGEE BT UiV LF G’
convex surfaces of the lens. Other surfaces, such as spheric and toric surfaces,
15 designed to adapt the lens to the ophthalmic prescription of the lens’ wearer may be
used in combination with, or in addition to, one or more of the progressive addition
surfaces.

For example, a progressive addition surface may be combined with a toric
20 surface, such as concave surface that is a progressive addition surface and has a
cylinder power at a particular axis. In this case, a dioptric add power and cylinder
power need not be provided at every axis combination desired for the lens. Rather,
it has been discovered that, because dioptric add power decreases relatively slowly
when one moves horizontally away from the center of the add zone to the leas
25 periphery, a rotational misalignment of surfaces of up to about + or —-25, preferably
+ or — 20, more preferably + or — 15 degrees may be used while still achieving the
desired dioptric add power for the lens.

The dioptric add power of each of the progressive addition surfaces used in
30 the invention is selected so that the sum of their dioptric add powers is substantially
equal to the value needed to correct the lens wearer’s near vision acuity.



- optical cxnta 3'7) a distancx auwat ~w ~ of 6.50 ahoptas and a near

- curvature ("NC s of 0.50 dioptas derived by the fornmula: 20 NC = DC. - ﬁﬂ? ‘
power x n, - 1.00 n, - nz 25 wherein n) is the re6adive index of UpAPR:
preform 38 and ns is the re6active index of layer 39. Optical center 37 is
shiftod vatic~lly dowvvards 4 Qun with respect to optical center 36.
Concave ~rfiuoe 3 5 of layer 39 includes a cylindrical power of -2.00 D for
oorroching the wearer's astigmaxi sm Len¥ 30 bas a distance power of 0.00
dioptas, a total dioptric add power of 3.00 dioprers, arrived at by the
2.00 30 diopta dioptric add power of s~uface 33 and the 1.00 dioptas
dioptric add power of 34 conbined. The maxi mum | ocalized unwanted

asti gmat i sm Additionally, hhadiopwic add pawensteatt surfizk i$ sddectad infviéw 3f @ di opt as

di optric add power. 11 APR 200§ n Exanple 8. 1n F1G 4a is depicted |l ens 50
havi ng convefasipemclocslized yawanad asismatism aswcpedsyith agavenneasdigpificogr essi ve

addi tion sur ' Nt t e . f : ' Lohation
progr essi \§/’e ggﬁﬁ'%{]?‘g%g%ﬁg%e&%%ﬁ (y)%‘{?g‘gﬂlé%%mar%egﬂ&gﬁ? ed
vertical |y dindepedndéntly fiom atourh+ 106 ieypters to shaiut 6-3|00cdiopters, praferdblyFromb
depicts the astigmati smmap for |l ens 50 showi ng the shift. Areas 55 and 56
are the ar eadbHt Wdnadinptersde pbowt i O dicprers,monscpraterahly abput 0,540 akquty e

maxi num | ocaly) zgfuasegnt ed astigmati sm areas respectively, for surfaces 51
and 52. I-1 is'thetonic axis to for surface 52. The overlap of the
progressive addition surfaces are such that, although the near and distance

vi sion zones are preserved, .the location of. the nmaxi mum | ocal i zed unywant ed
2st1 gt B 57 a RHERRTYibé Gkton AR0 e GG POBETY L FRCALHTScS e SR
effort is ”O%M'ﬁé%orﬁﬁm&me th Tof8RIthd wearks i ain

which a left oonrex progres e addition surface 61 shown conuined with a
ri ght ori ei r taad nearonision.e Genesajiy, the distanogdlioptoe pewer for@ach snfabe will be-pi cx~d

i ndi vidual ly i.n.FL.GS. 5b and 5¢, . rapa~ivdy. i qal . ce~a~ d fi4 of
each i uf ace “Hin P taparoCiiouct 25 ARRRE i shept EH0 e Frefirabl WS, 1 G s
i s depicted tdigitric pewkedfithe didtahéitine OF tiRtonédve suffacé hﬁ%w# aCLgbdut ovi des

m sal i gnnment of the unwanted astigmati sm areas 65 and 66 of 61 and 62)

respoct i vt y 2.0hto abertidi@ dicptestand e the samesrisurfage i gfmashowPSop aben$. B0 of
1.70 listed qfodkaf! Ghe near vision dioptric power for each of the surfaces will be about 1.00

diopters to about 12.00 diopters.

The progressive addition surfaces and lenses of the invention may be formed

20 by any convenient method such as, without limitation, thermoforming, molding,
grinding, casting or the like. In a preferred method, an optical preform having a
progressive addition surface is used and 8 second progressive addition surface is cast
onto the preform. In a more preferred method, a preform the concave surface of
which is a progressive addition surface with a base spherical power and a cylinder

25 power is used and a progressive addition surface is formed on the front surface by
any convenient method, preferably by casting and more preferably by surface
casting.

The invention will be clarified further by a consideration of the following,
30 non-limiting examples.
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Exanpl e 10 An optical preformis produced containing a spherical

surface with a 5 curvature of 6.00 diopters. The preforns concabﬁaéﬁﬁm@ce
is atonic progressive surface wth a base spherical curvature of 6.00
diopters, a cylinder curvature of 4.00 diopters at an axis placed at the
0-180 axis, and a near vision zone with an” add power of 1.00. The near
vision zone is placed on the concave tonic surface of the preformat 11.25
degrees cl ockwi se fromthe bottomof the lens (the 270 degree axis). The to
resultant preformhas a 0.00 diopter distance power, a -2.00 diopter
cylinder power at an axis of O degrees and a 1.00 diopter add power. A
progressive addition glass nold with a E.OO di opter base c~wature and a

1. 00 diopta add power placed at the 270E%MRley axis is used to cast a W
cvaabl e resikn layer on the convex surf le §he preformusing conventional
surface casting techniques. The resultant ['ens has a 1 s distance power of
0. 00 diopters, a cyRiefering wfFIG2]4)0erdsi Idpifehesinsentidnde ghoven havisg canveadd power

of 2.00 diopters. The 11,25 degree m.salignnent of the, front, and back add
powers resul t PTPBFEssIYS oA B 1A FORFaVE QEOTFSSYS o cuTasEls. Courtacerm
relative to a BYinas ditahed 28813 4aPout Gature of ARTiGHER ohd alichonk T chig 12 | 5

1. Alens conprising a first progressive addition surface having one or nor
a areas of nmaxdumatyre|of@0idieptersinSunfdced 2:es digtanté zonealfowith & icnssatude 0H6.00¢c add

o mum- 1 o SO AR 2 PRk 8t 5 BB o o fte GiasGier
the progressi yRwaddf ttiedBnssis 000 desptéts ARPER didptrié BdPpowét IftheCRAsQMET SO

that a portion or all of the areas of maximum | ocalized unwanted
astigmatismare m saligned and wherein the dioptric add power of the |lens

i s about the sy t d . ' ' r T, ns
of ol aim 1. undroaters b8 biopd GRHLSERAth BEERLEFBPLET &+ pwnldrG”
areas of maxi Mujthd aaaex Zmicodtave Wiptical 2eited 16t ind 7 respettively] greabifted withhe

|l ens of claim1l, wherein the surfaces are disposed so that all of the areas
of maxi mum 13 Je8Pacs Iaraeh fihst By4.9MMgmati sm are misaligned. 4. The lens of
claiml, wherein the progressive addition surfaces are m saligned so that
the optical centers of the surfaces are shifted vertically, laterally, or a
conbi nati on thereof KiGt b iscmmstigmstisnesep obiens 10 ilfustting thermisalignoieat of the

opt1 oal cent or SHEERE ireat 4 s &) P B HET PRt RERRLTLER Shisadh sbi Ty
respectively. The locations of the maximum, localized astigmatism 14 and 15 do not
20 overlap and, thus, are not additive. The maximum, localized unwanted astigmatism
value of 1.90 D for this lens is shown in Table 1 and is significantly lower than the
2.20 D that is found in a conventional PAL of the same near dioptric power.

25

Table 1
Example | Add Power | Add Power | Add Power Vertical Max. Max.
From (D) | Back(D) | Total(D) | Shift (mm) ""ﬁ%’)’;ﬁ"' A‘“&“
Prior Art 2.00 0.00 2.00 0.0 2.20 1.10
1 1.05 1.05 2.10 4.0 1.90 0.90
2 1.05 1.05 2.10 8.0 1.90 0.90




6. The lens of claimb5, wherein the progressive addition surfaces are
asymetric. 7. The lens of claiml, wherein the first and second
progressive addition surfaces each further conprises a channel havﬂd@R3%3
channel length, the Iength of the first progressive surface channel being
of a different length than that of the second progressive addition surface.
8. The lens of claim1, further conprising,a concave surface and a convex
surface, the first progressive addition surface being on the concave
surface and the second progressive addition surface being on the convex
surf ace. 17 APR 2003 15 9. The lens of claim 1, further conprising a
concave surface, a convex surface, and | ayer therebetween, the first
progressive addition surface being on the concave surface or the convex
surface and the second progressive addiéxia%{l?lésg\rface being in the | ayer

bet ween the concave and convex surfaces: : spectacle lens conprising a
first progressive agdeds with 645 progfesdive/ adiitictgurfice Sis A6&d, At aldf nniehx iferLm

| ocal i zed unwant ed astigmati smand a first dioptric_add power and second

progressi ve addieh is$.00mmaJdhermisaligpmentresultyigracredyction of maximymilegalicescal i zed

unwant ed asti & . .Se [ ' ower.,. th [ essive
addi tion surf%ﬁ%‘%"ﬁ?ﬁe&%ﬁ%&%ﬁé@% PEH\Q'Z‘P Lé%“?ﬁg?ﬁgﬁporti on or
all of the areas of maximum | ocalized unwanted astigmati smare m saligned

and wherein the dioptric add power of the lens is about the sumof the
first and second dioptric add powers. 1ﬁme3spect acle lens of claimL O,

wher ei n t heosur f aceq, (3hwil i85k fﬂwﬂs%wwé}ﬁggé b%%&%i@@&dd?{io

maxi mum | ocal i zed unwanted astignati sfmare m sa he spec‘% acl e
| ens of cl ai mshfface/ticis seen. tSuefase2$ hasatistance aiid easaxie canviahaes ¢fl6.00dnd! $100

areas of maxi nym. | ocalized upnwanted astigmpjismare msaligned. 13. The
spectacl e | enrsmﬁli’“@i LERECHYRlY. W frenyex ﬁﬂ&&é&%%ﬂﬂizﬁw %Y%é’far e

m sal i gned O 4 otnd 1160 BRIl BB UGKE. The btfaP k&P ol Huact Uik Silated
vertically, Iatergﬁy, or a cor?%lsnation%e eof wth respect tol each ot her.
14. The spect dny @, dneamsount oft10edegreks, with fiedpecit ¢o thahof dpticl centee 26 iof comrli t i on
surfaces are m saligned so e.optical centers of, the surfaces are
vertically Siprogmalp e 44 nRIG 2bahe g P PLleprad BEkoURcA G er
15. The spect ag] gnd 3 depith thel abdad'of ' ¥ot gsfasve addition
surfaces are msaligned so that the optical” centers of the surfaces are

| ateral |y shi f trespestinslyt Maximum, lesalizes unwiatedastigmiatismapoe 23 ead 228 ot her .
1~ ~ ~ 16 16. The.s t e len f clajmdl or rei,n, t:he progressi ve
hadi t1on surt BRBeRT A YRZS respival, ik MO s Takle 2 MET by e RS
surfaces are Viehs hesal dadxiiiieh, lothkzed unwasdediasgmifidnd of ©90 @idptérdasesitipavéd'ey .

each shift being_independent|ly about 0.1 nmto about 10 nm
20 2.10 diopters for a prior art lens.

Table 2
Fromt (D) | Back(D) | Total(D) | Shift(deg) A""S;"" A%M‘
Prioc Art 2.00 0.00 200 0.0 2.20 1.10
3 1.00 1.00 1.90 10.0 1.90 1.00
4 1.00 1.00 1.95 20.0 1.85 0.95
5 1.00 1.00 1.85 30.0 1.75 0.95
6 1.00 1.00 1.85 40.0 1.41 0.76

25



17. The lens of claim 11l or 12 wherein the progressive addition surfaces
are nmisaligned so that the optical centers of the surfaces are rotated

. about 1 to about 40 degrees with respect to each other. 18. The 11 @ kPR3
claim 17, wherein the progressive addition surfaces are asymetric. 19. The
| ens of claim 10, wherein the first and second progressive addition su r
faces each further conprises a channel having a channel |ength, the |length
of the first progressive surface channel 'being of a different |length than
t he channel length of the second progressive addition surface, the
difference in channel |ength being about 0.1 mnmto about 10 nm 20. The

| ens of claim 10, further conprising a concave and a convex surface, the
first progressive addition surface being on the concave surface and the
second progressive addition surface being on the convex surface. 21. The

| ens of claim 10, further conprisi ngE&ﬂ@gﬁ%évés surface, a convex surface,

d | her ebet , f | i L] ' th
concavs sutface or Tre@nsbikabedivaRgER e BRIt DRl M BSRER, G5 T on
surface bei ngptidal téier b3)29, 30 ainde@depives athGaspRcEBAhE Ootivex plogidssioes. 22. A

process for producing a |l ens conprising the steps of: providing at |east a
first and a 8dditberisysfagyr dbe ratations desuitdn meximmes logalized uwantedrastigmatisme

st grati am SRS 111308 SonR BaPiRRy YRR IO 20" Cor st ve

addi tion surface having one or nore areas of maxi num |ocalized unwanted
astigmati smand a second dioptric add power, _and di sposing the first and
second prdfressive addition surfaces £ ’all or a portion of the areas

of 17 APR 2003 $ qngp- i @y%gr, 'g‘mc% fisdbd gned and
the dioptric add ;r;gfv\%r 0 léttﬁgat}dg‘hgg?ﬂg a oh'?q‘tlﬁgbbsum 0 gtm ec%llrst Jfatdnd second
di optric add spdfaces 33 afid 35 ofitenp30.c bess 30 ischaderofaa optitad pedform B hawisgd i gnnent
of the surfaces is achiev hiftin Qptic enters he surfaces
with respect f%“gﬁ\‘,‘nm ?ﬁ%‘?ﬂﬁéﬂz& %Lﬂ'ﬂ’éagﬁ‘wﬁ&F ¢ g'%ﬁ °ﬁ1é6'surfaces
with respect ddveasiarbns of pRifordl T hal diticBPE&ME 36! & distrdéd AfrPfuicrB.

cham el having a channel length that differs fromthat of the other

surface. 215. diopensmod @ searchunaiture of .30 divptewsi Conbaversutfase Jrwfpreforn 38 thes

surfaces is achigv. shi.f,tin } [ f
vertically Ofoppgﬁg?gﬁqbif,?w WW%@%&W‘#Q&%@M
claim 22, whgreCN) sfEsSOdidptargderived bpthd foemaly f aces i s achieved by rotating
the optical centers of the surfaces with respect to each other. 26. The
process of claim 22, wherein the msalignnment of the surfaces is achieved

by providing each of the surfaces with a channel having a channel |ength
t hat diffeios fromthat of the other surface. .A{.AYf .AHf .ASf . AGSE

A, . Ahy. ATA A A3Y. A4 A -
. AR A@¥Q. Ae. A3J' +aM >1/zuoj d_YSU| yglJTca ngyf@grﬁﬁ]géa_']—lc%% ca] ca] ca]ca]callca]c
aU] ca] cal] ca] cal] ca] ca] ca] cal] ca] cal] ca] ca] ca] ca]“béﬂ]’ca] c,ajca

1t x3~] b2t zuoj d_YTj d_YSU] caUl] ca] caU] ca] cal] ca] caU] ca] ca] cal] ca] cal] ca] cal] ca
] caU] ca] caU] ca] ca] ca] ca] cLaU] cal] cal] caU] caU] caU] ca] caU] ca

25 wherein n, is the refractive index of optical preform 38 and n, is the refractive index
of layer 39. Optical center 37 is shifted vertically downwards 4 mm with respect to
optical center 36. Concave surface 35 of layer 39 includes a cylindrical power of
~2.00 D for correcting the wearer’s astigmatism. Lens 30 has a distance power of
0.00 diopters, a total dioptric add power of 3.00 diopters, arrived at by the 2.00

30 diopter dioptric add power of surface 33 and the 1.00 diopters dioptric add power of
surface 34 combined. The maximum, localized unwanted astigmatism is lower than
that of a conventional lens with a 3.00 diopters dioptric add power.
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(910%& () 5* &bbabt&SS 6.0C loptet) Thé pﬁ'éfoﬁﬁQ%ﬁcdvh s&fachﬁR/C’&:c(ﬁroﬁ'e&sﬂlelo
surface with a base spherical curvature of 6.00 diopters, a cylinder curvature of 4.00
diopters at an axis placed at the 0-180 axis, and a near vision zone with an add power
of 1.00. The near vision zone is placed on the concave toric surface of the preform at
11.25 degrees clockwise from the bottom of the lens (the 270 degree axis). The
10 resultant preform has a 0.00 diopter distance power, a -2.00 diopter cylinder power at
an axis of 0 degrees and a 1.00 diopter add power. A progressive addition glass mold
with a 6.00 diopter base curvature and a 1.00 diopter add power placed at the 270
degree axis is used to surface cast a UV curable resin layer on the convex surface of
the preform using conventional surface casting techniques. The resultant lens has a
15 distance power of 0.00 diopters, a cylinder of -2.00 diopters at O degree axis, an add
power of 2.00 diopters. The 11.25 degree misalignment of the front and back add

powers results in a reduction of maximum, localized unwanted astigmatism relative
to a prior art lens.
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optical centers of the surfaces are shifted vertically, laterally, or a combination thereof with

respect to each other.

5. The lens of claim 1, wherein the progressive addition surfaces are misaligned so that the

optical centers of the surfaces are rotated with respect to each other.
6. The lens of claim 5, wherein the progressive addition surfaces are asymmetric.

7. The lens of claim 1, wherein the first and second progressive addition surfaces each further
comprises a channel having a channel length, the length of the first progressive surface channel

being of a different length than that of the second progressive addition surface.

8. The lens of claim 1, further comprising a concave surface and a convex surface, the first
progressive addition surface being on the concave surface and the second progressive addition

surface being on the convex surface.
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therebetween, the first progressive addition surface being on the concave surface or the convex
surface and the second progressive addition surface being in the layer between the concave and

convex surfaces.

10. A spectacle lens comprising a first progressive addition surface having one or more areas of
maximum, localized unwanted astigmatism and a first dioptric add power and second
progressive addition surface having one or more areas of maximum, localized unwanted
astigmatism and a second dioptric add power, the progressive addition surfaces disposed in
relation to each other so that a portion or all of the areas of maximum, localized unwanted
astigmatism are misaligned and wherein the dioptric add power of the lens is about the sum of

the first and second dioptric add powers.

11. The spectacle lens of claim 10, wherein the surfaces are disposed so that a portion of the

areas of maximum, localized unwanted astigmatism are misaligned.

12. The spectacle lens of claim 10, wherein the surfaces are disposed so that all of the areas of

maximum, localized unwanted astigmatism are misaligned.

13. The spectacle lens of claim 10, wherein the progressive addition surfaces are misaligned so
that the optical centers of the surfaces are shifted vertically, laterally, or a combination thereof

with respect to each other.

14. The spectacle lens of claim 11 or 12 wherein the progressive addition surfaces are misaligned
so that the optical centers of the surfaces are vertically shifted about 0.1 mm to about 10 mm

with respect to each other.

15. The spectacle lens of claim 11 or 12, wherein the progressive addition surfaces are
misaligned so that the optical centers of the surfaces are laterally shifted about 0.1 mm to about

10 mm with respect to each other.
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1 10%¢4 f‘hé ?ehs 8 d1aih? Yesef %érein the progressive addition surfaces are misaligned so that
the optical centers of the surfaces are rotated about 1 to about 40 degrees with respect to each

other.
18. The lens of claim 17, wherein the progressive addition surfaces are asymmetric.

19. The lens of claim 10, wherein the first and second progressive addition surfaces each further
comprises a channel having a channel length, the length of the first progressive surface channel
being of a different length than the channel length of the second progressive addition surface, the

difference in channel length being about 0.1 mm to about 10 mm.

20. The lens of claim 10, further comprising a concave and a convex surface, the first
progressive addition surface being on the concave surface and the second progressive addition

surface being on the convex surface.

21. The lens of claim 10, further comprising a concave surface, a convex surface, and layer
therebetween, the first progressive addition surface being on the concave surface or the convex
surface and the second progressive addition surface being in the layer between the concave and

convex surfaces.

22. A process for producing a lens comprising the steps of:

providing at least a first and a second progressive addition surface, the first progressive addition
surface having one or more areas of maximum, localized unwanted astigmatism and a first
dioptric add power and the second progressive addition surface having one or more areas of
maximum, localized unwanted astigmatism and a second dioptric add power, and

disposing the first and second progressive addition surfaces so that all or a portion of the areas of



TTTTTTTOS3vU4/ 10% # & ()-/10% # & ()-/K& RI10% # & ()-/10%# & ()-/10% #

& ()-TTTTTTTW vU4/ 10% # & ()-/ K& RI10% # & ()-/110% # & ()-/10%ft ﬁﬂﬂﬂﬁm%
# & ()-TTTTTUUp@U4/ K& R 10% # & ()-/10% # & ()-/10% # & ()-/ 1068 P

& ()-110% # & ()-UUUUUUUIDvU4/ [ 10% # & ()-110%# & ()-/10% # & ()-/10% #

& ()-110%# & ()-/10% # & ()-UU U&U, ULUBUt T4vU4/ 10% # & ()-/10% # & ()-/10%
# & ()-110%# & ()-110%# & ()-//K& RBU; UcU=U>U?U@ILUzL4/ 10% # %

| 109%#& ()-10 # 10 # 10 # /10% # & ()- K& R/ 10% # & ()- LUCUZUUMAIK| [ : L4
(:110%J#U& ()-: s!10%t& ()- 6s!10%#c& ()- s!10%@& ()- F&Z10%t& () -
&109%4&' ().- XYZ7ZZ .Z7Z| obU4 30/m0%/& ()-10#10#10# F610%t&' ()- . 10%:*& ()-

y &1 0vsRRAXinumglaca izgdampyapied. astematisay are mspbigned ambihg dioptricadsoppgyer pf the lens

104 o M S L

1 1098& () -KrbAr Y 50#10%/& ()- #10%/& () +L1098@& () -

0 | 0 0, *
]S gglé'g@/ﬁl? y%féi%ﬁ%@é\’%@#%’ % 4\7 mlqulhg aLa !\f)ae su %03/3@1 \§ed by shifting the

2y 10984
Hovel { )6 d Ckgf%%@ﬁf#i%%r@ﬁﬁ%@{%g Tiekint ﬁpseg)@ﬁ%ﬁmf ggl&ﬂéﬁmowam ()-
| +$10%8tfhdes withyreBvRMR qarh o@g{m@w&img each 3V4tEGUIEL ¢s)withyg thenhélHah]nglel4

&0 4( 10%L0% % 6410 @S 1098&' ()-3 2S
{owc&@é?m%“ﬁ bt ?@H‘P B0 %%% ther Wﬁ%w& () - e ()-
yZ"10%& ()- @10%W& ()- Y10%W& ()-jjD1Imin|[:bUs Y(#10%& ()- 3%

1090&: () - #Z#10%4& ) | 1099&' ()- $10%9&' ()- 310%8&' ()- JnnoQoREsfPTp ppv W4
* $1096%4 The proogsp Y21 obareimtbesmiodignuset of the supipacygagehigued by shifting the

Efé%@ﬁf§l>ceﬁ%%ﬁiﬂﬁirﬁc¥%q fﬂ%%%%wﬁﬁ?{ﬁﬁ%ﬁm}#}ﬁwﬁ( Josee (o
'3'/#100/3/& ()- I.. 19%?/«& () S #10%&' ()- Normal" "Heading 13]c" "Heading 23]c"
it e s e e M g e

VN e Sipav i zb kR gk (RSS2 REMAR 08 &&&&M%ﬁTU\/\/\XYZ[\]“ M@ HT9! n* &l ' * +- 05&
78<=+?=ABBBC$C. CWO G DZFGHH<HSH HHHHFIK[ NOP" R- TTTTUUBULUXZK\ KA™ [ aeghj Jnpsut

abcdef ghi j kIl mopqgr st uvvw<yz{ | } ~6Ti mes New RomanAri al Couri er New'h Root

Entry t $% 123426789
2> GBcbER PSRtk Wk e e EGRaRERTS arses ity arpyidine
each of the surfaces with a channel having a channel length that differs from that of the other

surface.



