WO 2005/ 004705 PCT/ US2004/ 018915 SI MULTANEQUS VI SI ON EMULATI ON FOR FI TTI NG
OF CORRECTI VE MULTI FOCAL CONTACT LENSES FIELD OF THE | NVENTI ON The present
invention relates generally to corrective | enses for enhancing visual
acuity, and nore particularly to methods and devices for fitting of
corrective. multifocal contact |enses. D SCUSSI ON OF rrent
popul ar cI WRRH2%HER hodol ogy for fitting a person wit W@@ﬁ?ﬂjenses

i nvol ves devel opnent of a vision prescription using a phoropter. Typically,
an optonetrist or other health care professional has the person (patient)

| ook through the phoropter to view a chart displayed at a di stance. The
heal th care professional then uses the phoropter to introduce into the
person's sight path various |lenses, or conbinations of |enses, to determ ne
the optimal add, sphere and/or cylinder paranmeters of a corrective |ens
prescription for the person. This typically involves having asking the
person conpare the visual acuity fromvarious conbinations of |enses and

report which conbi nation provides the cl earest appearance of text on the
chart. Customfitted eyewear can then be manufactured for the person

according to the presgjpiLTANEOYS \RQI@N'EMULA?ICWPF@@W 004705
PCT/ US2004/ 0189 ¥ 7iNG DFERIRIREOT(VE MUITHPOEALOCONTMI P ENSiER and

nonovi si on eyeglasses or contact enses is approach 1s also suitable for
bi focal /mul tifocal eyeglasses as a person can mani pul ate hi s/ her eye/ pupi

to sel ectively focus on an Olﬁl@fb d&“l‘?l‘égl?slVENTION

_The present invention relates generally to corrective lenses for enhancing
visual acuity, and-more particularly to methods and devices for fitting of corrective

multifocal contact lenses.

DISCUSSION OF RELATED ART

- Current populiar clinical methodology for fitting a person with corrective lenses
involves development of a vision prescription using a phoropter. Typically, an
'optomletriSt or other health care professional has the person {patient) look through
the phoropter to view a 6hart displayed at a distance. The health care professional
then uses the phoropter to introduce into the person's sight path various lenses, or
combinations of lenses, to determine the optimal add, sphere and/or cylinder
parameters of a corrective lens prescription for the person. This typically involves
having asking the person compare the visual acuity from various combinations of
lenses énd report which combination provides the clearest appearance of text on the
chart. Custom fitted eyewear can then be manufactured for t-he person according to

the prescription thus obtained.



different parts of a bifocal/multifocal eyeglass |ens having areas
characterized by different focal |engths. This approach, however, has
proven i nadequate for bifocal/nmultifocal contact |enses because such
contact | enses have a principle of operation different fromthat of the

correctivg eyenear,mentioned above. In particular, nmspegRibooibishisi 0Ocal
contact | enses operate on a principle of "sinultaneous vision." Like

mul tifocal eyeglasses, nmultifocal contact | enses have different areas which
have different focal |engths, one optical power for distance vision and the
ot her for near vision. Accordingly, the focal power varies over the areas

of the multifocal contact lens. Unlike nultifocal eyeglasses, however, both
of these areas of different focal lengths in nmultifocal contact |enses are

posi ti oned oNThis RAGA % EBDIBYS sihdH viHDH bnd fibrichisfor! Segiiegior cannot

selectively focus through different parts of the |ens. stead, multiple
| mges of r e GG T¥aTs) ‘
power /| eﬁgﬁ%%@@%@hggﬁgpﬁaqﬁgaﬁ ens, glrengF P g‘?z‘%}gs?e '@.gﬁ%'ﬁ‘}a"’ﬁgaé%g%% gn t he
retina of the wearer.s (the "sinyltaneous vision effect”). 1t is
bel i eved PEREA" ‘Eq{‘emﬁﬂ'ﬁﬁl??%ﬁgﬁ '?Prseé{SMé ,‘c’e@Bﬁ‘Eﬁ%f?@gP"o?%gl?wts%muﬁﬁ‘ocesses
these images so that, the indivyidual percejves a,single, satisfactorily clear
| mage. | PROTIBRdRAL! BTN Tacs mYB0ss A e AT RS COAASTEEE Bind t hus
are not suitable or ogti mal for multifocal contact |enses. As a result, a
per son i lifteseal fogal lengthed Thistappieagh. hewgver bas Akevandradeausie forr st obt ai ni ng
a vision prescription using a -2 W 20051004705 PCT/ US2004/018915
phor opt ebjfodalspdtifvicabcontacti¢nres bavansasuch contast lansas hayve aatingiplesdr i pt i on,
then testing the person's vision while wearing those nultifocal contact
| enses. ‘bperatohnldifferenhizomehabof the gorrestilecsyewdanmentinedlaboveual acuity, and
a trial-and-error approach
In particular, most soft multifocal contact lenses operate on a principle of

"simultaneous vision." Like multifocal eyeglasses, multifocal contact ienses have

different a}eas which have different focal lengths, one optical power for distance

vision and the other for near vision. Accordingly, the focal power varies over the

areas of the multifocal contact lens. Unlike multifocal eyeglasses, however, both of

these areas of different focal lengths in muitifocal contact lenses are positioned on a

wearer's eye over the pupil and thus the wearer cannot selectively focus through

different parts of the lens.' instead, multiple images of various degrees of

shampness, corresponding to the focal power/length of each area of the lens, are

focused simultaneously on the retina of the wearer’s eye (the "simuitaneous vision

effect”). It is believed that the human brain separates, combines or otherwise

processes these images so that the individual perceives a single, satisfactorily clear

image. Phoropters cannot emulate this simultaneous vision effect and thus are

not suitable or optimal for multifocal contact lenses. As a result, a person is usually

fitted with multifocal contact lenses by first obtaining a vision prescription using a



follows in which the person is fitted with additional sets of nultifocal
contact lenses until satisfactory visual acuity is reported. This iterative
process is frustrating and tinme consuming as it typically takes 15-45

m nutes for each set of contact lenses to property center on the eyes, to
becone sui and to otherw se settle before t i for vjsual
acuity. Tﬁ#@%oéﬂ(\gﬂﬁ/ process is costly for health car e%%&g&g%%@baﬁﬁ s, and
such costs are conpounded by the need to discard one or nore sets of
rejected multifocal contact |enses. SUVWARY The present invention provides
an enmul ator that can be used during fitting of a person for nultifocal
contact lenses to enmul ate a nmultifocal contact |ens by producing a
simul t aneous vision effect on a retina of an eye. An enul ator device in
accordance wi.th the present. inyentiaon includes a beam spljtter positioned to
Split iRnceRREp JTHEReraBR PP et lpree Baning Rl Psctetan Betng o fir st
optical path, and a ,second conponent directed al ong a second optjcal path
di st i ncttestingnthernerson's visign whily we@ra]gqthomgtaiggp@lecopgaqt insesndiyRgad.a fir st
receptacle positioned to pass |ight energy directed along only the first
opti cal thatpersonreppris assrtaae ppmpkvisal @gpiyandd triakead-ereg aparPaghd | ens for
provi di ng an add power. A beam conbiner is positioned to conbine |[|ight

ener gy dblicveinswhiohdhe personasfitted with ladditionalrsatgpf miultifbeal contect leosgonent * t.hat
-3 WD 2005/ 004705 PCT/US20041018415 has passed the first receptacle, i.e.

to have driigsatitfagtonevisddl pcuigdis raportéd This dterativBgrocauslis hedtrhfirghéndner gy
al ong a common optical path. Second and third receptacles are provided

whi ch argné agadlifingfas iE&Bicsliy Bakes IBLEY /i RES fRRCR sefofddritactnensdls thens.
These receptacles are provided in position to pass the conbined |ight energy

~ properly center on the eyes, to become suitabiy wet, and to otherwise settle before

testing for visual acuity. This lengthy process is costly for health care professidnals,
and such costs are compounded by the need to discard one or more sets of rejected

multifocal contact lenses.

SUMMARY

The p;rese'nt invention provides an emulator that can be used during fitting ofl
a person for multifocal contact lenses to emulate a multifocal contact lens by -
producing a simultaneoﬁs vision effect on a retina of an eye. An emulator device in
accordance with the present invention includes a beam splitter positioned to split
incoming !ight energy into a first component directed along a first optical path, and a
second component directed along a second optical path distinct from the first optical
path. The device further inciudes a first receptacle positioned to pass light energy
directed along only the first optical path. The first receptacle is capable of receiving
an add lens for providing an add power. A beam combiner is positioned to combine

light energy of the second component with light energy of the first component that



traveling along the common optical path. In this manner, the emnul ator

di sperses incomng, |light energy along two distinct paths, applies an add
power to one of the paths, and a sphere and/or cylindrical power to
conbined light energy fromthe two distinct paths. This creates a near

I mage, i.mgﬂ(r%}?!{)qq? ? that is in focus at a relatively ggg.{u&g@é/io{&bgn, and a

di st ance an inmage that is in focus at a rel I St ant
position. Both images are sinultaneously focused on a retina of an eye of a
person | ooki ng through the enulator, thereby creating a simnultaneous vision
effect conparable to that created by a multifocal contact |ens. The
enul at or device may include two ocul ars, each ocular including the optics
di scussed above. The device may further include an interpupillary distance

mechani srAdsqrasedq tad fispreteptatia nectodieiveatns dddepowatappliédrard foafimenthew t h
variously spaced pupils, and a convergence nechani sm capable of rotating

the ocul alsptifed ﬁg}lﬂ%ﬁeﬁdﬂélbﬁg’atdoﬁﬂho@éﬁﬁb‘alTpBﬁf.eS@éé?ﬂﬁéhd fhireaBY¥eHtagedt a near

point. This sinullates a  reading condition in which the human eyes pivot
v 91 8 AR Bhich 8 Bba Ay aaferd s AR SRR
e Uszo0esnsebeptaiey fe B ethR Rokfitn 14 BestiRtbEn3A09nt eneBy  nvent on
wi || now be described by way of.exanple with reference to the follow ng

dr awi ngs tﬁY @h?‘ggﬁ"ﬁﬁ?é@"lgq %P‘&‘aie%@m i c diagram of a sinultaneous vision
emilator in In this manner, the emulator disperses incoming light energy along two
diétinct paths, applies an add power to one of the paths, and a sphere and/or
cylindrical power to combined light energy from the two distinct paths. This creates
a near image, i.e. an image that is in focus at a relatively near position, and a
distance irﬁage, i.e. an image thaf is in focus at a relatively distant position. Both
images are simultaneously focused on a retina of an eye of a person iooking through
the emulator; thereby creating a simultaneous vision effect comparable to that
created by a multifocal contact lens.

The emulator device‘may- include two oculars, each ocular including the
optics discussed above. The device may further include an interpupillary distanée
mechanism for adjusting a distance rbetween the ocular for alignment with variously'
spaced pupils, and a convergence mechanism capable of rotating the oculars to
cause sight/optical paths therethrough to converge at a near point. This simulates a
reading condition in which the human eyes pivot inwardly to focus at a ‘point
relatively near the face.

A method for emulating a multifocal contact lens to produce a simultaneous

vision effect on a retina of an eye is also provided.



accordance with the present invention; Figures 2A and 2B are front and rear
perspective views of an exenplary sinultaneous vision enmulator device in
accordance with the present invention; Figure 2Cis a cross-sectional
perspective view of the device of Figure 2B, taken along |ine 2C 2C of

Fi gure ZB;W(E'?&Q@,,& is a perspective view of an exenpl EHCXY[BS%&I?/OHQES use with

t he device gures 2A-2C, Figures 4A and 4B are rear an ron
perspective views of an alternative enbodinent of the device of Figures
2A-2C;, Figure 4C is a. cross-sectional perspective view of the device of
Figures 4A and 4B, taken along line 4C-4C of Figure 4B; Figure 5is a
perspective view of .an alternative enbodi nent of the device of Figures
4A-4C, Figure 6 is a top view of the device of Figure 5, wth portions
removed for illustrative clarity; Figure 7 is a schematic di agram
illustrating a convergence feature of the device of Figure 6; -5 WO

2l tornati ve ervodi ment BREE RESGaiiBN ok PRANRIGE °F gir'e o 1S a 11 ow
diagramillustrating a nmethod for enmulating a nultifocal contact lens to

. . ng
produce a si nmhe pieeedldnverdiopvimouche descaibedyuayef exanele With accor dance

with the present invention; and _
reference to the following drawings in which:

Figure 1 is a schematic diagram of a simultaneous vigion emulator in
'acc‘ordance with the present invention;

Figures 2A and ZB are frc_)nt and rear perspective views of an exemplary

* simultaneous vision emulator device in accordance with the present invention; '_ '

Figure 2C is a cross-sectionél perspective Qiew of the device of Figure ZB,_
taken along line 2C-2C of Figure 2B; |

Figure 3 is a perspective view of an exemplary lens for use with the device of
Figures 2A-2C; |

'Figu;es 4A and 4B are rear and front perspective views of an alternative
embodiment of the device of Figures 2A-2C;

Figure 4C is a cross-sectional perspective view of the device of Figures 4A
and 4B, taken along line 4C-4C of Figure 4B;

Figure 5 is a perspective view of an alternative embodiment of the device of
Figures 4A-4C;

Figure 6 is a top view of the device of Figure 5, with portions removed for
illustrative clarity;

Figure 7 is a schematic diagram illustrating a convergence feature of the

device of Figure 6;



Figure 10 is a schematic diagram of another sinultaneous vision emulator in
accordance with the present invention. DETAI LED DESCRI PTI ON The present

i nvention provides a device and nethod that can be used during fitting of a
patient for nmultifocal contact |enses to enulate a nultifocal contact |ens
by produciyig.fssh4id t aneous vision effect on a retina Qfcrafk 6MRsohd this
manner,, the 1 naccuracies relating to devel opnment of a prescription using a
phoropter, which does not operate on a sinultaneous vision principle, and
the resulting waste of time and noney for trial-and-error based
prescription tuning can be elimnated. Accordingly, an accurate nultifocal
contact |ens prescription may be obtained without the need to place any
contact | enses on the eyes. Referring nowto Figure 1, a schematic di agram

illustrates i ] | i .enel, i i pul

si mul t aneous %gg#egﬁ%ln%nggg?@gn\ggwﬁf%ﬁokﬁégﬁ%ﬂ%ﬁ‘éﬁﬁ‘?’ﬁ@@ﬂ?&tﬁ{%%uch i ncom ng
I i ght ener . be apbient lighting in an optonetrist's office, such as

t hat ref&%\g%/eeﬂ'ﬂmﬁsa‘{%ﬂﬁventi onal eye chart viewed by a person during the
eye exam nation procedure. Such |ight ener g?/ IS tygli cally non_ -6 WO

2005/ 004705 mv@@mﬂewman\dwsgﬁﬂﬂe@ methed; feeamulalingirommitiiecal i n Fi gure
1. It will. be appreciated that Figure 1 includes a ray trace nodel for

i |1 ust r acontactden tesproduce atsimpltaneous| vision atfegiionodretimmeanf anseishini nconi ng | i ght
energy Ais first passed through a polarizer 10, e.g. an absorption

pol ari zeacconiamde witls thevpresenidinventpnnand pol ari zed or random y pol ari zed

| i ght and provides an output of linearly polarized light oriented at an
angl e rel ati veigife 90 ised scleafgtiddiagem dhandthecdmumanedd Vigiofl en@htor in

accordance with the present invention.

DETAILED DESCRIPTION

The present invention provides a device and method that can be used during
fitting of a patient for multifocal contact lenses to emulate a rhqltifocal contact lens
by producing a simultaneous vision effect on a retina of an eye. In this manner, the
inaccuracies relating to development of a prescription using a phoropter, which does
not operate on a simultanedus vision principle, and the resulting waste of time and
money for trial-and-error based prescription tuning can be eliminated. Accordingly,
an accurate multifocal contact lens prescription may be obtained without the need to
place any contact lenses on the eyes.

Referring now to Figure 1, a schematic diagram illustrates how incoming light
energy is manipulated to emulate simultaneous vision in accordance with the
present invention. Such incoming light energy may be ambient lighting in an
optometrist’s office, such as that reflected from a conventional eye ¢hart v.iewed by a

person during the eye examination procedure. Such light energy is typically non-



travels an optical path X into a beamsplitter 12. The beamsplitter 12 is
positioned to split incomng light energy into a first conponent A having
a first polarization (the "S" polarization), and a second conponent A"

havi ng a second pol arization (the "P* polarization). It should be not ed

that a 50%gQ8¢shoidp® between the two pol arizations |s l;ﬁg,ﬁggﬁ@, random y
pol ari zed scene lighting. The absorption polarizer can e use to ensure

a 50% 50% ratio by nounting the polarizer at 45 degrees relative to a
reference plane/the beamsplitter 12. This ratio is presently believed to be
advant ageous. Alternatively, the polarizer can be oriented at other angul ar
orientations to tune the intensity ratio between the S and P pol arized
conmponents exiting the beamsplitter 12. Optionally, a cube polarizer or

simlar GoRRPAeBbIafEY, ARHOWL AR FRre!. Ith BQ%%bFEdeéthl?ﬁthﬂ'ag&r%H 10. The

beam splitter directs the first and second conponents along two distinct

opt ! cal B%‘Jv%? é‘%ﬁﬁ éée fﬁadéfﬁﬂ"%tm'e%%ﬁh \égSl on, and a P pat h for distance

Vi si on. exanpl e eam S 12 nay be a visible vvaveband

Component s ar 8B PRriE: o BHESRR: su%ﬁt"?%fﬁﬁ'hﬁ S

of the cybe s I |t er t S -7 WD 20051004705 PCTI US2004/ Q18915 transmt
sone |i gHT qrﬁgf ?ao%gda'bﬁh%?fml%iﬁel@"?% Iwg'&ﬁher@cﬁh"?ﬁ INEORR@ NBBY ar i zer,
t her eby resultl ng in a dinrer aPpearance of a viewed image. |In accordance
wi th t heppledgesor randemly palariserdlight andeprevides ae putput of ba@@ébpolamashgh an. add

lens.. In the exanple of Figure 1, the first conporient A" is passed through
add | ens light, orisihterhati an @mgieu'eleﬁwtota)rqiamce ipdgrte. eftex linearlyapoddrized light S pat h.
The add | ens 16, in cooperation with the sphere | ens 22 di scussed bel ow,
f ocuses -travels an optical path X into a beam splitter 12. The beam splitter 12 is positioned

to split incoming light energy into a first corhponent A’ having a first polarization l(the

"S" polarization), and a second conﬁponent A" having a second polarization (the "P"

polarization). it should be noted that a '50‘%/50% ratio between the two polarizations

is assumed with randomly polarized scene ‘Iighting.. The absorption polarizer 10 can

be used to ensure é 50%/50% ratio by mounting the polarizer at 45 degreés relative

to a referen;:e plane/the beam splitter 12. This ratio is presently believed to be

advantageous. Alternatively, the polarizer can be oriented at other angular

orientations to tune the fntensity ratio between the S and P polarized components

exiting the beam splitter 12. Optionally, a cube polarizer or similar component may

be used instead of the absorption polarizer 10.

The beam splitter 12 directs the first and second components along two
distinct optical paths, namely, an S path for near vision, and a P path for distance
vision, By way of example, the beam splitter 12 may be a visible waveband cube

splitter, or a visible waveband cube polarizer. Such optical components are well

known in the art. It should be noted, however, that use of the cube splitter tends to



the first conponent's light energy for near viewing. This add | ens nmay be
selectively interchanged until the person reports satisfactory visual
acuity, as discussed further below The second conponent A" is not passed
through the add | ens. The first conponent A, as refracted by the add | ens
16, and t conponent A" are then directed into I ner 20
positionegﬁpgﬁgﬁﬂ%?%e the first and second conponents R?nﬁ%@ﬂhﬁ di rect

t hem al ong a common optical path Y. By way of exanple, the beam conbi ner 20
may be a visible waveband cube splitter, or a visible waveband cube
pol ari zer, as discussed above with respect to the beam splitter 12. The
beam splitter 12 and beam conbi ner 20 need to be properly oriented to

achi eve the desired ef fect described above, as will be appreciated by those
skilled i ' uch as
Cotal i nt Let Saine ot %ﬁ@fg?%fﬁ%%o?%*?{?*éﬁelﬁf'é%k’?ﬁ% Byl poftrer " Do

are posit | the light energy from
t he beam g%?f@t%?”@éé?‘f%r oug tahéégrgﬁ%?g%%é% gﬁ%;e[ o the beam corrbl ner 20,
as shown in Figure 1, AccQ he r flector 14 18 h to def |ne t he
S pat b Thi s pRGECaBarcs it ihatidsert Bention Gnest! tnh SomAcenta g pas
2005/ 004705. PCT/ US2004/ 018915 second conponents A, A" to allom/space for
i nsert i onthéeughharaddfenss Indhe gxample offiigurgah ke firsh sempopent Ads passad
conponent A" and without interfering with the optical path (P path) of the
second cothsougmaddlens A6, whickt iswesifionad to pass kgt eaeegydraveding thaiBfralle i rror
could be used as reflectors 14, 18 in place of the prisns to direct the
first cofheaddiens 16lincgoperaopaith the sphareriehsa22 distossed Bélowc fochsesd I i ght
energy A A" exiting the beam conbiner 20 travels a
. the first component’s light energy for near viewing. This add lens may be selectlvely
interchanged until the person reports satisfactory. visual acuity, as disc_ussed.furthe'r
below. The second bomponent A" is not passed through the add lens.
Thé first component A’, as refracted by the add lens 186, and the second

component A” are then directed into a beam combiner 20 positioned to combine the

first and second componenté A, A" and direct them along a common optical path Y.

By way of example, the beam combiner 20 may be a visible waveband cube splitter,

or a visible waveband cube polarizer, as discussed above with respect to the beam

splitter 12. The beam splitter 12 and beam combiner 20 need to be properly

oriented to achieve the desired effect described above, as will be appreciated by

those skilled in the art.

In the example of Figure 1, reflectors 14, 18, such as total internal reflection
(TIR) fold prisms 14, 18 functioning in TIR mode, are positioned to direct the first
component A’ of the light energy from the beam splitter 12, through the add lens 186,

and to the beam combiner 20, as shown in Figure 1. Accordingly, the reflectors 14,

18 help to define the S path. This provides for physical separation of the first and



common path and then passes through a sphere | ens 22 and/or a cylindrical

|l ens 24 of the enmulator before it enters the person's cornea 26a and | ens
26b and is projected onto the retina 26¢c of the human eye 26. The sphere

| ens 22 focuses the conbined |ight energy for distance vision. The cylinder
| ens corr eWPRMSPMT0Zst i gmati sm The sphere and cyl i ndr i RGI/VSEHEE15D 24 may
be. selectively interchanged until the person reports satisfactory V|sual
acuity, as discussed further below Accordingly, when a person views the
typi cal eye chart through the enulator, a near image (fromthe S path) and
a distance image (framthe P path) are sinultaneously presented on the
person's retina 26¢c to provide the simultaneous vision effect. Accordingly,
a vision prescr tion o hed u3|n t he add, sphere  and/or cyllnder

par amet e FecQsKd ‘?ﬂﬁi‘ts Z‘pabértg QHH‘H/SB ce {ariingarion of apAdddensgn the optcal

provi di ng satlsfactor visual acuity will be accurate for use to Prescrlbe
mul ti f ocaith (Sapathtef hherfgétscommt Agamdhwitheetdniedfering with-the eptieal path &t i ng.
Preferably, a device for enulating sinmultaneous vision includes tw sets of
t he opti path)obtheosenond aingmrestd” aBbbernativaly, a Fepleniirface dFirgamrsurfacenanel y, one
set for each eye. Each set is referred to herein as an ocular. In this

manner, iirroesoule e usetl d8CefOROISOMY 185n PETEWESING Adidrhs 93 direttahé fisges may be
used in view ng the chart and devel oping a vision prescription.

Accor di ngbMpoh&ft AiibrEEah S PathlifbaRfflatthansgrul ation device. It should be
not ed t hat an occluding | ens may be |nserted in one ocular to allow view ng

wi th onl y onergyomriieNigh Sheldin ARG HIChaIR S fiveis &1 Our es 2A

28 and 2C are front rear S sect on perspective views an

exeMPl ar o] hARHNGH i,'ageesem%@éh% sBtHe 622 s 5% AdAG wnyb the

of the emulator before it enters the person’s cornea 26a and lens 26b and is
projected onto the retina 26¢ of the'human eye 26. The sphere lens 22 focuses the
combined light energy for distance visio'n.‘ The cylinder lens corrects for
astigmatism. The sphere and cylindrical leﬁses 22. 24 may be selectively
interchanged until t!;ne persoh reports satisfactory visual acuity, as discussed further
below. Accc:)rdingly, when a person views the tybic':al' eye chart through the emulatof.
a near image (from the S path) and a distance image (from the P path) are
Vsimultaneously‘ presented on the person'’s retina 26¢ to provide the simultaneous
vision effect. Accordingly, a vision prescription obtained using the add, sphere
and/or cylinder parameters of the add, sphere and/or cylindrical lenses 16, 22, 24
providing satisfactory visual acuity will be accurate for use to prescribe multifocal
contact lenses, negating the need for trial-and-error testing.

Preferably, a device for emulating simulitaneous vision includes two sets of
the optical components discussed above with respect to Figure 1, namely, one set

for each eye. Each setis referred to herein as an ocular. In this manner, if desired,



present invention. This enul ator device 50 includes two ocul ars, each having
optics discussed above with reference to Figure 1. As shown in Figures
2A-2C, the device 50 includes a housing 52 having front 54 and rear 56
ends. For illustrative purposes, a portion of the housing 52 is shown
renoved i nWRI2HAHWETIPA- 2C. Referring now to Figures 1 antCDUS20EIBHE housi ng
52 supports a polarizer 10, e.g. an absorption polarizer, for linearly

pol ari zing incom ng |ight energy, as discussed above with reference to
Figure 1. In the exanple of Figures 2A-2C, the absorption polarizer 10 is
fixedly nounted at a 45 degree angle with respect to the beamsplitter 12
to ensure an equal distribution of incomng randomy polarized |ight energy
into first and second conponents having first and second pol ari zati ons.

Al t er nat i hathyeyes may bpused meriewingdhs CB@R Bnd devgIoRa ¥igiont Prascriptiosr nat i ve
angle with respect to the beamsplitter to provide an alternative intensity
rati o. AsAecttingly, the deviee is\eestetduscopiolemulatiam dévicennlt isbouldtbet etk thatunt ed
with respect to the beamsplitter 12 to be selectively adjustable by a user
of the enah ateliding 1 may betihsertat ienmictacularttd allbe tvisseing witheorfly osé epeld second
conmponents A", A". -10 WO 2005/ 004705 PCT/ US2004/ 015915 Li ght energy
entering g@g}hwﬁ@,l, tHd ddice clude¥ s crupd.h simlar to that shown in Figure 1
as a result of the arrangenent of the beamsplitters 12, reflective

mrrors/pri SmsFl%ﬂresl:ﬁ\ @?né’@é@rﬁ?f&ﬁt Q@élsar?tpcro‘&‘%@'s%Etld?Hé?PQR?eEﬁv%Me@E' gned to
define respective optlc paths t her'eanong, the optica elng simlar

to those shgiofia) SHih ﬂ‘e%@wg.%ﬂ SR BevicE BB Eg&aaﬂée Riihgs 24 2C

the emul a ks recepta s I'rght energy

d'_ rect ed arle%gﬁt I%Geent%fn t- Tis ePn |aCt dgwce 50 includes two oculars, each having optics

discussed above with reference to Figure 1. As shown in Figures 2A-2C, the device
50 includes a housing 52 having front 54 and rear 56 ends. For illustrative
purposes, a portion of the housing 52 is shown removed in Figures 2A-2C.

Referring now to Figures 1-and 2A-2C, the housing 52 sdpports a polarizer 10, e.g.
an absorptibﬁ polarizer, for iinearly polarizing incoming light energy, as discusséd
above with reference to Figure 1. In the example of Figures 2A-ZC, the absorption
polarizer '1(_) is fixedly mounted at a 45 degree angle with respect to the beam splitter |
12 to ensure an equal disfribution of incoming randomly polarized light energy into
first and second components having first and second polarizations. Alternatively,
the polarizer 10 can be fixedly mounted at an alternative angle with respect to the
beam splitter to provide an alternative intensity ratio. As another alternative, th e
polarizer 10 can be rotatably mounted with respect to the beam splittef 12 to be
selectively adjustable by a user of the emulator 50 to vary the intensity ratio between

the first and second components A’, A",
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i.e. the near vision (S) optical path traveled by the first conponent A, as
illustrated in Figure 1. Each first receptacle is capable of receiving an
add lens shown in block format 16 in Figure 1. In the enbodi nent of
Figures 2A-2C, the receptacle is provided as a slot 60 in the housing 52
for recei vivegogsidoges i nsert functioning as the add | ensci/Gsmbadisngre 1. An
exenplary lens insert 70 is shown in Figure 3. This exenplary |lens insert

70 includes an optical lens 72 providing an add power, a frane 74 securing
the lens 72, and a handle 76 extending fromthe frane 74 to facilitate
manual grasping.of the lens insert 70 for insertion in and renoval fromthe
slots 60 of the enulator 50. It will be appreciated that a set of |ens

i nserts are provided, each having optical |lenses of a different add power,

such that the Lightehétggrenterifg eay prtarizeedOitraivelscd pahesimiliyr fothaleghown inhe
desired add power to a viewer's sight path. The slots 60 and | ens inserts

70 are COFiq]Laé'peé% § it e Bﬂ&ng?éfﬁ@ﬁt‘ﬁfiw@b@%i dphittetseIlS réfledtiveOpti cal ly

aligned wt i ght energy traveling.the near vision (S) optical path when
the lens i

A L R R e

PCT/ US2004 exenp odrnent o each ocul ar

Conbi ned TrarEies 8P BebhyhbERi e i s CaaRo e ShuBr B kS Shkg  Poo°

second recge 1ac|$ 80 is capable of receiving a sphere lens 84 in optical
al i gnment W94 fght energy traveling the common path. A set of
I nt erchangeabl e sphere | enses are provided so that a selected sphere |ens

may be insert el thetexemnplalyermbeginepbold igwes #raétbetheemylalgrnQ inclydes Hist ed
sphere power to a viewer's sight.ﬁath. - )
, . receptacles positioned to pass light energy directed along one of the optical path_s,
i.e. the near vision (S) optical path traveled by the first component A’, as illustrated
in Figure 1. Each first receptacle is cépable of receiving an add lens shown in block
form at 16 in Figure 1. In the embodiment of Figures 2A-2C, the receptacie is
provided as a slot 80 in the housing 52 for receiving a lens insert functioning as the
add lens 16 of Figufe 1. |
‘An e);emplary lens insert 70 is shown in Figure 3. This exemplary lens insert
70 includes an optical lens 72 providing an add power, a ,ﬂféme 74 securing the lens
72, and a handle 76 exténding from the frame 74 to facilitate manual grasping of the
lens insert 70 for insertion in and 'remdval from the slots 60 of the emulator 50. It will
be appreciated that a set of lens inserts are provided, each having optical lenses of
a different add power, such that the lens inserts 70 may be used interchangeably to
apply the desired add power to a viewer's sight path. The slots 60 and lens inserts
70 are configured such that the respective optical lens 72 is optically aligned with

light energy traveling the near vision (S) optical path when the lens insert 70 is

properly seated in the slot 60.
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Each ocul ar of the exenplary emul ator 50 al so includes a third receptacle 90
provided in position to pass conbined |light energy traveling along the
common optical path Y. Each third receptacle 90 is capable of receiving a
cylindrical lens 94 in optical alignment with [ight energy traveling the
common pat WO 20050048081 i ty of i nterchangeabl e cyli ndri caPCT/ERROR01BHE provi ded
so that a selected cylindrical lens nmay be inserted into a selected third
receptacle 90 to apply a.desired cylindrical power to a viewer's sight

path, e.g. to corrected for astigmatism In a preferred enbodinment, each
second receptacle 80 is positioned between a respective beam conbiner 20
and a respective third receptacle 90, as shown in Figures 2A-2C. The second
receptacle 80 is provided to receive a lens functioning as the sphere |ens
22 of Figure 1ntexemplaty eabogiraentef Figures ARG, caaghtasulas of theeemulators
functioning as the cylindrical lens 24 of Figure 1. In the exenplary

enbodi mens0 afso indlgdeses sédotireceptatico80 phsitismabiodpasccdntibinegd tightegmieegy es 80,
90 is provided as a respective drop |l ens holder 96, which includes a

respect i Vgag@ling i hétvbrﬁmbﬁbgac@ attEW's Eah seeshd rdepadied 8B iigbdmbietsf and
4C. -12 WO 20051004705 PCTI US20041018915 Accordingly, a person seeking

correctivgg ' in bEREEal i i Al e

pr of essi aneaC?'%I? %g@ﬁrfg%??neées aa}'éa@e{er{?%{lﬁ@wgﬁf& g%ﬁﬁ%%@t he enul at or
50, and t o] ! t L Sl . The

heal t h ca?%&]g\;ag‘ | e.rﬂ%&%f@é%ﬁé@%ﬁl%§@%h%@g@éﬁé@p\‘%@%@é&r’%&gﬁfﬁé}a or
cylindrical, Jenses aof each ocul ar and ask, the person to co Vi
coul by uneripctsl SpereanS Riay By ihafiaf T 3ebiicdée SEiaRlnbRebi Rt P
prescription, is obtained.  Fi %ur es, 4A-4AC are rear, front and cross-sectional
per spect | 9ge§|irg£§praﬁre§,qwer to a'viewer's sight path. : :

ual

Each 6cular of the exemplary emulator 50 also includes a third receptacle 90
provided in positiorilto pass combined light energy traveling along the common
optical pati\ Y. Each third receptécle 90 is capable of receiving a cylindrical lens 94
in optical alignment with light energy traveling the commdn péth. A plura‘lity of
interchangea'ble cylindrical lenses are prdvided so that a selected cylindrical lens
may be inserted into a selected third receptacie 90 to apply a desired cylindrical
power to a viewer's §ight path, e.g. to corrected for astigmatism. [n a preferred
embodiment, each second receptacie 80 is positioned between a respective beam
combiner 20 and a respective third receptacle 90, as shown in Figures 2A-2C.

The second recehtacle 80 is provided to receive a lens functioning as the
sphere lens 22 of Figure 1. The third receptacle 90 is provided to receive a lens
‘functioning as the cylindrical lens 24 of Figure 1. In the exemplary embodiment of
Figures 2A-2C, each of the second and third receptacles 80, 90 is provided as a
respective drop lens holder 96, which includes a respective groove 98 for ﬁolding a

lens, as best shown in Figures 4B and 4C.
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alternative enbodi nent of the enul ator device 50 of Figures 2A-2C. The
oculars of the exenplary enulator 50 of Figures 4A-4C are very simlar to
t hose of Figures 2A- 2C, as best shown in Figure 4C. However, the housing 52
of this exenplary emulator 50 includes a handle 58 so that the person or
heal t h car ggseémasisonal may easily hold the enul ator pBradiiaseRbist he
person's face during devel opnent of a vision prescription. Alternatively,
the emul ator 50 may be configured, e.g. with a nounting bolt, for nounting
atop a tripod, etc. In.addition, each ocular of this exenplary enulator 50
I ncl udes a wheel 100 capabl e of supporting several add |enses 72. Each add
| ens provides a respective add power. Each wheel 100 is rotatably nounted
relative to the beamsplitter 12 and/ or housing 50 for selective

posi tioning 0‘7&0@8r0ﬁ?¢§i¥ | £pérson sb@ﬁin@ﬁ:@ﬁfe@tfvetrhﬁltlfddafﬁ&oﬁtﬁﬁﬂ@h@é&i @afGesuch that

the light energy of the first conponent traveli ng S optical path w il
th Ik
"ot he adtgs %Q%héaq{he&‘“@%aﬂ?%?%ﬁ%‘% Besiioh e s aeé"%"? HRERGH oAt | Ko

QS?E cal Cﬁéf ARLPBERar ”fﬁdgtoﬁﬁgk gdjg@"n &%3??@:?0?% qa%f%?g%?y%h%%ﬁaerf’ fhet"e

PCT/ US20Q4/ 018915

i ght patlFaNTALE RephRs Mk iepepiadbOp el angr e SRS T IRLE 100 as | ¢
I s exposed through an aperture 102 in' the housing 50. A ball or other type
det ent né@'l‘r“aﬁﬁ@@%P%E"&“@\ﬁsﬂiéﬂePS"SOF'é%iCPmP&f%V'ﬁH@' aguity tptian eptipdle | enses

with the optical path. Various suitable detent nechanisns are well known in
the art. cPmpieatinoidenseseand dherebyragisiarspwschmionl, soobtarieddes an
interpupillary distance (I-PD) mechani sm capabl e of varying the distance
bat ween t he odigwes 46£4C are rear, front and cross-sectional perspective yiews of an
| altemativé embodiment of the emulator device 50 of Figures 2A-2C. The oculars of

the exemplary emulatdr 50 of Figures 4A-4C are very similar to those of Figures 2A-

2C, as best showh in Figure 4C. However, the housing 52 of this exemplary

emulator 50 includes a handle 58 so that the person br health care professional may

easily hold the emulatori 50 adjacent the person’s face during developmeni of a

vision pre'sc;'iptiohu Alternatively, the emulator 50 méy be configured, e.g. with a

mounting bolt, for mounting atop a tripod, etc. In addition, each ocular of this :

exemplary emulator 50 fncludes a wheel 100 capable of supporting‘several add

lenses 72. Each add lens provides a respective add power. Each wheel 100 is

rotatably mounted relative to the beam splitter 12 and/or housing 50 fﬁr selective

positioning of an add lens in the area of the first receptacle 60 such that the light

energy of the first component traveling the S optical path will pass through the

sefected add lens 72. Such wheels are generally well known in the art of optometry

equipment, such as phoropters. Accordingly, a health care professional can

interchange add lenses positioned in the optical path by rotating the wheel 100 to
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the emul ator 50, e.g. between the second and/or third receptacle 80, 90. In
other words, the |IPD nmechanismallows for manipulation of the left eye and
right eye oculars of the emulator to align the common paths exiting the
enmul ator 50 with the pupils of the person having his vision tested. This is
necessary POAWE®W4705nt er pupi | | ary di stance vari es anongPCHUBDHRES. Vari ous
| PD nechani sns are generally known in the art for optonetry equi pnent, and
any suitable IPD mechanism my be used. The illustrated |IPD nechanismis
connected to a convergence nechani sm (discussed below) to provide a

vari abl e optical path offset that is capable of keeping the optical path
centered on the aperture at various |IPD settings during use of the
convergence nechani sm The exenplary |IPD nmechanismis illustrated with

great er applysan addleRsgiitiee desirad phweantoitihe pegonsssight patB Ihis Bay bhe nechani sm
includes a rotatable knob 120 driving a pinion 122 rotatably nounted on the
housi ng Z2hieVbé by mhamuzily I3iating thl wheslelObes iviseexposedlthreugh ankepetttde and has
external teeth meshing wth teeth of the racks 124. Each rack 124 supports

and/ or i s1gbiiX &tk héusing 86 PACHAINGr othdrty WS deRMb MMEhAARNPRABY YR Hodided 8915 |eft

eye or right eye ocular of the enulator 50. Accordingly, rotating the knob
120/ pini (?Qciﬂt?aﬁ-:-l 8 chgHiRL 61 PRdhSER Wit el dritiaRSRA! YefBus @ﬂitﬁtﬂé Yot and
ocu ft I her e

ri ght eye ars e enul ator 50, t y separating the portions to

aCCOmd%&q@i%ﬁ%&?ﬁg&ﬁﬁ&l}@ﬂp{hblﬂy di stance, and rotating the knob
|

120/ pi ni W se direction causes the left and right eye

nter pupt |1 ary PaeRREY b A PRRBRAAE s Ipuigts o dRRGRRTRE " ° | oo
pgr spect id\fs;etaxci:eezllvPBf) maerr]:hgl'lits?nr ggga{b\l/g ofe \Eg)rgiﬂig rtrﬁg Elis(t);ncte eet&rgg;l %EP? gchlars of -
the emulétor. 50, e.g. between the second and/or third receptacle 80, 90. In other -
words, the IPD mechanism allows for manipulation of the left eye and right eye
oculars of the emulator to align the common paths exiting the emulator 50 with the
pupils of the person having his vision tested. This is necéssary because. ‘
interpupillary distance varies among individuals. Various IPD mechanisms are. _
generally known in the art for optometry equipment, and any sqitabie IPD
mechanism may be used.
The illustrated IPD mechanism is connected to a convergence mechanism
(discussed below) to provide a variable optical path offset that is capable of keeping
the optical path centered on the aperture at various IPD settings during use of the
- convergence mechanism. The exemplary IPD mechanism is illustrated with gféater
detail in Figure 6. As shown in Figures 4A, 4B and 6, the mechanism includes a
rotatable knob 120 driving a pinion 122 rotatably mounted on the housing 52. The

pinion 122 is disposed between parallel racks 124, and has external teeth meshing

with teeth of the racks 124. Each rack 124 supports and/or is fixed to a réspective
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50 of Figures 4A-4C. The ocul ars and | PD nechani sm of the exenplary enul at or
50 of Figure 5 are very simlar to those of Figures 4A-4C In addition, each
ocular of the enmulator 50 of Figure 5 includes a convergence nmechani sm
capabl e of pivoting one or both of the left and right oculars of the
enul at or 5&0&9%?0%&‘7% the left eye and right eye sight pat/osobaisnsersect at
a predetermned reading or near activity distance. Preferably, the oculars
pi vot about a fixed point |ocated at the nom nal center of rotation of the
eye sockets when the enulator 50 is held against the face. This convergence
mechani sm al l ows a person to focus at a point relatively close to, the
person's face, e.g. i'n the range of about 12 to 24 inches fromthe person's
face, to sinmulate a condition in which a person's eyes pivot in their
socket s t pfffgyeust right @ye poulat ohik@rerhiiiatdr 30e Accodlindlprrotatindithg kndbi s al | ows
for testing of visual acuity in a situation sinulating reading, which
produces aoyhfich122 ASESUnMbrcRIRkivize difdclibd 86Fdratdsans astt bi@bndribht &r
wel |l -suited to reading or other near. vision tasks. An exenplary convergence
mechani-smnj ' | Wi | | vergence
bédars i 'ihe FH’ILEétgPBQ tﬁeregﬁ d"‘%{@i’,@}“gqﬁ%@?%ﬁg t§ aFE&hﬁng‘a\QA%g

mechani smrncludes first and sec each o 005/ 004705

movemont Peaie a ity clice. o RkRh el R TR Ih 1P EHPERGse , ot

paths are substanti al | rallel ,(as in Fi e 6), .e.q. to sinulate a
Pt t Londrsote dyses e Rl o 98 collagy GHE erbuiatof s8ita aBpToathgte” ot oat er
than about twenty (20) feet, to a second position in which the left eye and
ri ght eye3aspi§at Iqrgaesmmadatesolepserdaterpunt|agy distance. as pest hawmig Rigwed.r eadi ng
or simlar condition. CGenerally, this requires pivoting of each ocular in
t he range of abigute 7 ia @ penspegtivye wew af@n aliernativergsokedimgny otheteamdator n t he
range of about 55 to 72 mm for - -

50 of Figures 4A-4C. The oculars and IPD mechanism of the exemplary emulator

50 of Figure 5 are very similar to thbse of Figures 4A-4C. |n addition, each ocular of
the emulator 50 of Figure 5 includes a convergence mechanism capable of pivoting
one or both of the left and right oculars of the emulator 50 to cause the left eye and
right eye sight paths to interslect at a predetermined reading or near activity distance.
Preferab'ly,‘the oculars pivot about a fixed point located at the nominal center of |
rotation of the eye sockets when the emulator 50 is heid against the face. This
convergence mechanisfn allows a person to focus at a point relatively close to the
person’s face, e.g. in the range of about 12 to 24 inches from the person's face, to
simulate a condition in which a person's eyes pivot in their sockets to focus ata
point near the face, e.g. for reading. This allows for testing of visuai acuity in a
situation simulating reading, which produces a vision prescription for multifocal
lenses that will be well-suited to reading or other near vision tasks.

An exemplary convergence mechanism is shown in Figure 6. As shown in

Figure 6, this convergence mechanism includes first and second levers 130, each of
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focusing at a range of about 14 to 22 |nches Any conver gence nechani sm
capable of pivoting the oculars to cause the left and right eye sight paths
to intersect may be used. Preferably, the convergence mechani sm causes
rotation of the oculars about the nom nal center of rotation of the human
eyes when woeemskasor is against the face. The noni nabcT@sioes01815r ot ati on
of the eyes is approxinmately 15 nmm behind the anterior surface of the

cornea. Figure 7 is a schematic diagramillustrating the effect of the
convergence nechanismof the device of Figures 5 and 6. As will be
appreciated fromFigure 7, |light energy passing through the enul ator 50

travel s along intersecting sight paths when the left eye and right eye
oculars of the enulator 50 are pivoted toward each other to provide the

conver genghisH isgiiotably ghduinted tethe eUsiRES2 for enoniepvern fromm atfinsirpositioarinat i ve
enbodi mrent of the emulator 50 of Figures 4A-4C. The oculars and I PD

mechani smyiicH the 187 @8 laRtitight BYE Bight palis tire 5LISktERtAlyaIRalkE (¥s Wi FIplirIe)! O
t hose of Fi g!ﬁrres 4A- 4C. nlgadg?tlrgﬁ peac eocu arI qu{ Ele erlimS atF(r)Rr;USO )o

o Us2008) &%ﬁﬁu*@eﬁ%%%ﬁ?*f'ﬁﬁ"ﬁ;ﬁ"aﬁﬁ?%r“ﬁiﬁ:%cuiﬁﬁg? é@"ﬁ@?;@ggﬁ‘@%?ﬁ of
fvgi'zﬁﬁiew%tﬁ £ a8 utR Wity (201886 10 B 48ESnd ekifih Pyl W feimtRlandr ov! 9
- 5 i
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sphere lens 142, 144 with the common optical path for each respectlve eye
portion. F“ioéfjlé'PHbl@enef Al %ﬁ@%"@é]ﬂ)&t'ﬁﬁﬁf eaghBeylaninghg racgs atabid 18 | ens-

free opening 146, or a plano/0.00 diopter lens, selectively ali nable with
t he 12 degrees for an interpupillary distance in the range of about 55 to 72 mm for

focusing at a range of about 14 to 22 inches. Any convergence mechanism capable .
of pivoting the oculars to cause the left and right eye sight paths to intersect may be
used. Preferably, the convergence mechanism causes rotation of the oculars about
the nominal center of rotation of the human eyes when the emulator is against the
face. The neminal center of rotation of the eyes is approximately 15 mm behirrd the
anterior surface of the cornea. |

Figure 7is a schemetic d'iagram illustrating the effect of the convergence
rrrechanism of the device of Figures 5 and 6. As will be appreciated from Figure 7,
light energy passing through the emelator 50 travels along intersecting sight paths
when the left eye and right eye oculars of the emulator 50 are pivoted toward each
other to provide the convergence effect.

Figure 8 is a perspective view of another alternative embodiment of the
emulator 50 of Figures 4A-4C. The oculars and IPD mechanism of the exemﬁlary
emulator 50 of Figure 8 are very similar to those of Figures 4A-4C. In adeition. each

ocular of the emulator 50 of Figure 8 includes a sphere adjustment member 140
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common optical path. Al though the sphere adjustnent nenber 140 may be
provided as a rotatable wheel (not shown), it is preferably provided as a
| ongi tudi nally transl atabl e el ongated strip, as shown in Figure 8.

Accordi ngly, the sphere | enses of the sphere adjustnment nenbers 140 are

optically &daabdsgoswi th the oculars and the second and pichiusgeoi@ment acl es
and any sphere and/or cylindrical |enses provided therein, with the

respective conmon optical paths. Accordingly, the sphere | enses of the
sphere adjustnent nmenbers 140 may be used to fine tune a vision
prescription by first finding an appropriate sphere lens that is positioned
I n the second receptact'e/drop hol der 96. For exanple, such.sphere |enses
may be provided in 0.50 diopter increnents. Then, the sphere adjustnent

menbers 144, y&mr@%z gr LRARY BF §sher® 1dMseY 148, Wﬁﬁ@éfﬁﬂsspd\&érst h%rbﬁé.ﬁueapp' i ed

sphere powel di opter I ncrements.  Advant ageously, this may be

performed r?g#ttlerlehgn g§ CofisciiDely g@'&ﬁd@f]af rp%w mﬁ@ﬁirﬁ%ﬂ@l’@ﬁﬂﬁ @88 & face,

or to di S erson Vi ew ng

person i.n conparin bet e sphere -
bowers. Al Ba"?n%vsg%ﬂ R Wﬁes&ef“%s%ﬁ@m%%@% det ent
mechani sm may be ovided to facilitate the aI the | enses of the
sphere adj 'E?@F"r?@ﬁﬂg Qb%SPHP?%%& EBlﬂ?eeE?}bW&ﬁ f%a %PY%Q'I'QWWO fEigure
9 is a flow diagram 150 |IIustH€%h@gda net hod for emul at| ng a multifocal

contact | edselestegrsptigrelenssiddy Be gomMARN @wtfc@bpatbrfoaea@i [esReelivean eye
in. accordance with the present invention. As shown’in Figure 9, the nethod
begi ns wi ¢ye petiont Prefecdbly, tbe sphereladjstmenemgmtientidOfalsasinchudés sdensid
conmponents, as shown at step 152. This involves passing the incom ng |ight
ener gy t hrpegbpéhiag ddaosabldanof.00 diopter lens, selectively alignable with the
- common optical path. Although the spheré adjustment member 140 may be
provided as a rotatable wheel (not Shéwn), it is préferably providedasa =
longitudinally translatable elongated strip, as shown in Figure 8.
Accordingly, the sphere lenses of the sphere adjustment members 140 are
optically alignable with the oéulars and the second and third receptacles a‘nd any
‘sphere and/or cylindrical lenses provided therein, with the respective common
optical paths. Accordingly, the sphere lenses of the sphere adjustment members
140 may be used to finé tune a vision prescription by first finding an appropriate
sphere lens that is positioned in the seéond receptacle/drop holder 96. For
example, such sphere lenses méy be provided in 0.50 diopter increments. Then,
the sphere adjustment members 140 may be translated to provide adjustments to -
the total applied sphere power in 0.25 diopter increments. Advantageously, this may
be performed without the need to remove the emulator 50 from the person’s face, or

to disrupt the person’s viewing of a chart, which is helpful to the person in comparing

visual acuity between two different applied sphere powers. A ball or other type

-17 -



12, and optionally the absorption polarizer 10 to create first and second
conponents having distinct polarizations, as shown in Figure 1. Next, the
first conponent is caused to propagate along a first optical path through
an add |l ens, as shown at step 154. The involves directing the first
conponent wiocnes/@4Tsr st optical path. This al so may be PeFPHWHUSYY t he beam
splitter 12. In the exanple of Figure 1, this also involves reflecting the
i ght energy of the first component via a reflector 14 through the add | ens
16. Additionally, the beamsplitter 12 causes the second conponent to
propagate along a second optical path distinct fromthe first optical path,
as shown at step 156. Accordingly, this results in passing of |ight energy
of only the first conmponent through the add | ens. Next, the first and
second coudptenémeshahistrhmalyibghroeided dy faxilitate doe atignreent efitbie tansee of the
propagat e al ong a common optical path passing through a sphere lens, as

shown at spiedre atfifstment AePnbers ivathitay conespordingeédrmeionnuptichiepdthght ener gy of
the first conponent via a reflector 18 toward a beam conbi ner 20 (see Figure

1). -18 WO 2005{ R399 a el disgindt1 83 iRsfating e niarsa ﬁﬂréahmaﬁngf@mmfgéait he

conponents and causes themto travel a common optical path through a sphere

I . F i J o . al
comron  osPitagt RS 1 BEUEE S sinfilangdlis oh BEEORH rothd braRa .5 P19 2,
onto a retina,of

vl ves PeaRgenoR rn e prdRahiRldlt A R0 EF@Pfy fafe btibd bRl ana) or
eV indri ool | Siieg of Mcoming TS &ty IS trsf and 5865ha SShpbledi, £ Shitese
stt;.\p 152. This involves passing the ihcoming light energy through the beam splitter
12, and optibnally the absorption polérizer 10 to create first and second components
havi_né distinct polarizations, as shown in Figure 1.

Ne)it, the first component is caused to propagate along a first optical path
through an add lens, as shown at step 154. The involves dirécting the first
component along a first optical path. This also may be performed by the beaml
splitter 12. In the example of Figure 1, this also involves reflecting the light energy of
the first component yia a reflector 14 through the add lens 16.

Additionally, the beam splitter 12 causes the second component.to propagate
along a second optical path distinct from the first optical path, as shown at step 156..
Accordingly, this results in passing of light energy of only the first component
through the add lens.

Next, the first and second components of the light energy are recombined
and caused to propagate along a common optical path passing through a sph’ére

lens, as shown at steps 158 and 160. This may involve reflecting the light energy of

the first component via a reflector 18 toward a beam combiner 20 (see Figure 1).
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shown at steps 166 and 168. This may involve allow ng the person to view the
eye chart with a first applied conbination of powers/lenses, allow ng the
person to view the eye chart with a second applied conbinati on of

powers/| enses, and taking a report fromthe person as to which conbi nation
provi des bY@ 054043¢Fal acuity. This may be repeat ed unPCI/UF240188Fact ory or
opti mal conbination is found. The desired I|evel of acuity nmay be determ ned
by the person's perception, an objective guideline, applicable |aws, etc.,
as wll be appreciated by those skilled in the art. Wen the desired | evel
of visual acuity has been reached, a vision prescription may be prepared to
reflect the add, sphere and/or cylindrical powers of the conbination of

| enses providing the desired | evel of visual acuity, as shown at step 170.
Mul ti f ocal Teobdam icolrdrirsrcomienésthetdomporeatscang causesthgm todraviebadi spensed

to the person with a high degree of confidence that the di spensed nultifocal

cont act I@mgn\%héal aby tfeugiha sphereleds.| evel of visual acuity. -19 WO
2005/ 004705 PCT/ US2004/ 018915 Figure 10 is a schematic di agram of anot her

si mul taneous Vigsjrpar 4REcBhibinetidnt ef6Rs" 8 8aGS ol dtobAGatB RS chRsH | on.
Thi s enul at or S%Ir@%{a'r ates on a sq m | a‘r%? pri nci pl ed}t %&Is‘ahat di'scussed with

ref erence . Fi 9. e A, | f . ELgur. j : raqy travels
in the di ré}o&c?!);&éﬂa?p%g%p@&hﬂg’ﬁgh% %@ésés lw&oagﬁ%’a&é{ﬁeﬁﬁ)gﬂggr%'(’)’%a%r?iager 160,
e.g. a plate absorption, pol arjzer..And a trial frane lens 162 that applies
a sphere o?ye‘aﬁﬁgﬁ[?@?sb%ﬁef&%J&?gcussed above with reference to Figure

1, the polarizer 160 can, 6 be used to adj vs_t the rati o between ﬁgrrpogents of
the inconing INg#ttheeetgpdimmives;iteratyelyspleschanging atigastRNeofifep@d4nd add
paths after passing through the beansplitter 164. The |ight energy exiting
the trial $phefeandies cylindrical lenses unti! a desired level of visual acuity is provided, as

- shown at steps 166 and 168. This may involve allowing the person to view the eye
chart with a first applied combination of powers/lenses, allowing the person to view
the eye chart with‘a second applied combination of powers/ienses, and taking a
report from the person as to which combinétion provides better visual acuity. This
may be repeated uﬁtil a satisfactory or optimal combinafion is found.‘ The'desi'red
level of acui:ty may be determined by the person's perception, an objective guideline,
applicable laws, etc., as will be appreciated by those skilled in the art.

When the desired level of visual acuity has been reached, a vision
prescription may be prepared to reflect the add, sphere and/or cylindrical powers of
the combination of lenses prbviding the desired level of visual acuity, as shown at
step 170. Multifocal contact lenses meeting that prescription may then be dispensed
to the person with a high degree of confidence that the dispensed multifocal contact

lenses will provide the desired level of visual acuity.
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162 enters a visible waveband pol ari zi ng beansplitter 164, which produces
first and second |light energy conponents. A first conponent ("P"

pol ari zation) of the light energy goes straight through the beansplitter
164 and is sphere only in focal length or "power diopters.”™ A second
conponent (W&2005804395 zati on) of the light energy is refBCAAIS2N4989he
bearnsplitter 164 through an achromatic quarter waveplate 166 to a mrror
168. The achromatic quarter waveplate 166 is oriented relative to the
optical path to rotate "S" polarization to "P" polarization after a double
pass through it. The waveplate 166 will also rotate "P" polarizationto "S"
polarization after a double pass through it. The |ight energy reflected by
the mrror 168 passes back through the achromatic quarter waveplate 166. As

a result of tHaguredlslie amehemsticidiagrameefangyrertsimulterecusevisian epiulater 366, the
|l ight energy reentering the beansplitter 164 has a "P" polarization. As a

resul t ofintdecerdantawmithdahé presenbinventidn. Ehisregyulaias S6opehates gh d Similar
beansplitter 164 and through another achromatic quarter waveplate 170 toward

-20 VO 2005cRé 1PaPEECLSRROM 1F8rehce 30 Fidieés Y. rianhd amph 6f Rigerend mirror

172 can be changed or deforned to have a concave curvature of a varying

anmount SUWJlgEP%ﬁerg?ﬁg%lylmh ll'éctlﬁﬁtof afro#'B Qﬁgglzag,?%se&ﬁou Bh ﬁgg%}t(a?dd power.

Llhght energ rom-t second mrror nI pa ses I tErough
T

éniréic"”ﬁ?@%ﬁ&éﬁ& %ﬁ*%%s%ﬁﬂﬁ fiedf e LRLAGHE BofTER R 1"

b I 164 "

oner oy nchlss Zpnaes of éﬁ?tap?%aqq@%{ %Stdzlgéfsggﬁ REBvE B R e er 164

towar ds the eye 26. It wll gpgr eci at ed th%t an achromatic Fr esneI r honb
.ot her tdhp@RiaRier 160 can be used 10 adjust the ratio between components of the

incoming Iight energy that will be directed along the sphere and add paths after
passing through the beamsplitter 164. The light energy exiting the trial frame lens
162 enters' a visible waveband polarizing beamsplitter 164, which produces first and
second light energy components. A first component ("P"-po!ar.ization) of the light
energy goes straight through the beamsplitter 164 and is sphere only in focal length
or "power diopters.” A second component ("S" polarization} of the light energy is |
reflected 'by the: beamsplitter 164 through an achromatic quarter waveplate 166 to a
rﬁirror 168. The achromatic quarter waveplate 166 is oriented relative to the optical
path to rotate "S" polarization to "P" polarization after a double pass through it. The
waveplate 166 will also rotate "P" polarization to "S" polarization after a double pass
through it. The light energy reflected by the mirror 168 passes back through the
‘achromatic quarter waveplate 166. As a result of the double pass of light energy
through fhe waveplate 166, the light energy reentering the beamsplitter 164 has a
"P" polarization. As a result of this polarization, the light energy passes th.rough the

beamsplitter 164 and through another achromatic quarter waveplate 170 toward
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may be substituted for the achromatic quarter waveplate to provide the
quarter shift. Optionally, a slot for a cylindrical trial franme |ens (not
shown) to match a person's astigmati smmy be provided to the left or right
of the bearnsplitter 164 as shown in Figure 10. Alternatively, the lens 160
i S positi oMaX2085100687S ri ght side of the beansplitter 16RCT{US2M04/BBPIGre t he
eye 26. As another alternative, either or both mrrors my be curved as
descri bed above to separately or cooperatively apply an add power.
Accordingly, in the enbodi ment of Figure 10, |ike the enbodi nents of Figures
1-8, incomng light energy is split into a first conponent directed along a
first optical path S (involving reflection by the mrrors and passage

t hrough the achromatic quarter wavepl ates), and a second conponent directed
al ong a swothet nipor 422. Jhissemendirgiriond 72 tao hetdhenged or defarinedito pavérna

(i nvol ving passage directly through the beansplitter/polarization cube 164
of Fi gur ecoh@ve Adteature néiblvaryind amoenbsisihntbat the2hirddOwWAIDASY 304 88d lens to

PCTI US2004/ 018915 applies an add power to |light energy of only the first
conpdnemgpdfbﬁgagpgm@ﬁplary enbodi nent, the add power is applied by
reflecting tthe Iight energy froma curved mrror. Alternatively, an add

lens may be Uimﬁtﬁugﬁpgteﬁg,frdrﬁms&aﬁa%naf1?@%&5%@@ %%W@Jgggﬂ;, and

the first conp first conponent has had

A R R e L R
0Pt 1Cal il b ee 17550 sbe R b Bl ot viSGoambplis TBL 8 C"
3 E;gur © lor%éve'bédnd'jst"ip%rlléarji;a ibntéggin(.: Oéré)éarlljgg trluai*. lgllghhtt energy how has an "S"
potarizatibn, it is reflected by the beamspliﬁer 164 towards the eye 26.
It will be appreciated that an adhromatic Fresnel rhomb or other component
may be substituted for the achromatic quarter waveplate to provide the quarter shift,
Optionally, a slot for a cylindrical trial frame Iéns (not shown) to match a
person’s astigmatism may bé provided to the left or right of the beamsplitter 164 as
‘shown in Fié;ure 10. Alternatively, Athe lens 160 is positioned on the right side of the |
beamsplitter 164, just before the eye 26. As ahother altefnative. either or both
‘mirrors may be curved as described above to separately or cooperatively apply an
add power.
Acéordingly, inthe embodiment of Figure 10, like the embodiments of Figures
1-8, incoming light energy is split into a first component directed along a first optical
path S (involving reflection by the mirrors and passage through the achromatic
quarter waveplates), and a second component directed along a second optical path

P distinct from the first optical path {involving passage directly through the

beamsplitter/polarization cube 164 of Figure 10). Additionally, this embodiment
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energy having the applied add and sphere powers is directed onto the retina
of an eye 26 to create the sinultaneous vision effect. Having thus

descri bed particul ar enbodi nrents of the invention, various alterations,

nodi fications, and i nprovenents will readily occur to those skilled in the
art. Such A¥Q20050943s, nodifications and i nprovenents afCAUS2WHEBIBOVI ous by
this disclosure are intended. to be part of this description though not
expressly stated herein, and are intended to be within the spirit and scope
of the invention. Accordingly, the foregoing description is by way of
exanple only, and not limting. The inventionis limted only as defined in
the following clains and equivalents thereto. -22 Wiat is clained is: 1. A
device for enulating a nmultifocal contact lens to produce a sinultaneous

vi si on efdppties en addmswendo tghtanesgieof onle thiefiist eoropomentsilméhis exemplanspl i tt er
positioned to split incomng light energy into a first conponent directed
al ong a figratodipient; ahe pdd powens appied bydeficntingratigict ereeeftoal ®ogrvedsecond
optical path distinct fromsaid first .optical path; a first receptacle

posi ti onednin@drPARErdatigly, &MadaYerd hag bedisal OFarthaintorkl fight ctiekdEaf thepat h
only, said first receptacle being capable of receiving an add 1ens; a beam

combi ner  Asihi pffhohBnt ARBIRES filsh GBinpBAEAUP ino fist coRpAREnaRIIRRARE W !

| ight energy o conponent as passe d first receptacle,

o098 Ao BT AR RO E B bR R PR bR o °
?ng?viﬁg”g“é%ﬁg&@‘%%tlcal path,lsayd sepond recept acl e being capable of
| | The combined light energy traQeIing along the common optical pa_th‘ is also
passed throdgh a sphere lens 162, . This may occur before or after passage through
the beamsplitter 164 (shown before in Figure 10). Additionally, the combined light
energy ha‘ving the applied add and sphere powers is directed onto the retina of an
eye 26 to create the simultaneous vision effect.

Having thus described particularrémbodiments of the invention, various
alterations, modifications, and improvements will readily occur to those skilled in thé
art. Such alterations, modifications and improvements as are made obvious by this
disclosure are intended to. be part of this description though not expressly stated
herein, and are intended to be within the spirit and scope of the invention.

Accordingly, the foregoing description is by way of example only, and not limiting.

The invention is limited only as defined in the following claims and equivaleﬁts”

thereto.
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|l ens. 2. The device of claim1l1l, wherein said beamsplitter and said beam
conbi ner each conprise a cube beamsplitter. 3. The device of claim1,
wherein said beamsplitter and said beam conmbi ner each conprise a cube beam
pol ari zer. 4. The device of claim1l1, further conprising: an absorption

pol ari zer for linearly polarizing incomng |light energy. 5. The device of
claim4, YhgtRichisad {: absorption polarizer is rotatably mounted relative to
said beamsplitter for varying a ratio of intensity between said first and
second conponents produced by said beamsplitter. 6. The device of claiml,

further conpri third. rece tloned onbi ned |ight
ener gy trg\/el i gdr| 5 c%?ogr saullagmgé1 E'?"“SG‘PB%‘& leBS Eoerciusz& Sﬂrﬂ'i]l a&e?lgcvésd?lhcl e

bei ng capafitct ok rétR@ff wh BgE, theievicBdomprading:ens. 23 7. The device of claim 6,
wherein said second receptacle is positioned_ along said comon path

i nt er nedi at e shberheplifes pepitinesd Wniplis dcgming light cagrgytinie) afirsg compenegbvi ce of

claimé6, wheh&l Rof Sd{]:%fggﬂ%l EﬂTtaHEirdserc&ﬁ:el?(%rﬁﬁrﬁﬁt ﬁﬁ&!?e ere%l & Sechn

respective drop le evice o0 alm n sard first
recept acl eptoahpath dmtsn@fmho&ald‘ﬁnstmlﬁmellpatmg a lens insert. 10. The device of

claim1, further sin r st r flector i rect saldflrst
conponent’ s | i yifs é%l’{?ﬁleffgéﬂogﬁ B htseﬁllefg? tcé?ecrteﬂ g%ﬁaédaﬁgt ppeg]
recept acl gaith 3NN, AiFBEPRLeditRNé BGhOEaphBle of RLEIAGtanEd Sdsd first conponent’s
| i ght energy frfom said
a beam combiner positioned to combine light energy of said second component
with light energy of said first component that has passed said first receptacle, and to
direct said combined light energy along a common optical path; and
a second receptacle positioned to pass the combined light energy traveling along

said common optical path, said second receptacle being capable of receiving a sphere

lens.

2. The device of claim 1, wherein said beam splitter and said beam combiner each

comprise a cube beam splitter.

3. The device of claim 1, wherein said beam splitter and said beam combiner each

comprise a cube beam polarizer.

4. The device of claim 1, further comprising:

an absorption polarizer for linearly polarizing incoming light energy.

5. The device of claim 4, wherein said absorption polarizer is rotatably mounted
relative to said beam splitter for varying a ratio of intensity between said first and second

components produced by said beam splitter.
6. The device of claim 1, further comprising;

a third receptacle positioned to pass combined light energy traveling along said common

optical path, said third receptacle being capable of receiving a cylindrical lens.
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first reflector to said beamconbiner. 11. The device of claim 10, wherein
each of said first and second reflectors conprises a respective total
internal reflection prism 12. The device of claim1l, further conprising: a
wheel capable of supporting a plurality of add | enses each providing a
respective add power, said wheel being rotatably nounted relative to said

beam splitter ThOHeRQSbHE Liamh ra? whetfl 8fd 8opNGeRpraiaiif pB%iHB@dhﬁl?ng)&%i@dd

|l enses in said first receptacle to pass |ight energy of sai iTs

conponent common Fiih infespagdéatosaid besimeambinaranéesid durdpedeptaste. a sphere
adj ust mrent nenber supporting a plurality of sphere | enses of various
powers, said sphere adjustnent nenber being novably supported on said
housing f@r aThgdevig & cleies twhdredn@idiccord shdxhird addepticled eshhefgrikenses with
said common optical path., 14. The device of claim 13, wherein said sphere
adj ust menfeSREbbeAopdeRstioklés a 1 ongitudinally transl atable strip. 24 15. The
device of claim 13, wherein said sphere adjustnent nenber conprises a
| ens-free opening selectively alignable with said cormon optical path. 16.
The devi c&@ of Thademick3f oimrleiwhesai shigfivst edceptycloforhpmses stoo fdraetsinies y
provi de foq power adjustnment in quarter diopter increnments. 17. A device
for enulafi%ﬁ"ge | tifocal contact Iens to produce a sinmultaneous vision
effect on a retina of an eye of an individual, the device conprising: a
housing; a first device according to claim1 supported on said housing in
posi tion 8 al Thhdeviegiod claymtofirdipe osunrisipgt h of said first device with a |eft
eye of the indj ¥ duaeec?pst redirecting said first component’s light energy from said beam
splitter through said first receptacle; and

a second reflector for redirecting said first component’s light energy from said

first reflector to said beam combiner.

11.  The device of claim 10, wherein each of said first and second reflectors comprises

a respective total internal reflection prism.

12. The device of claim 1, further comprising:

a wheel capable of supporting a plurality of add lenses each providing a
respective add power, said wheel being rotatably mounted relative to said beam splitter
for positioning a selected one of said plurality of add lenses in said first receptacle to pass

light energy of said first component.

13. The device of claim 1, further comprising:
a sphere adjustment member supporting a plurality of sphere lenses of various
powers, said sphere adjustment member being movably supported on said housing for

aligning a selected one of said plurality of sphere lenses with said common optical path.

14.  The device of claim 13, wherein said sphere adjustment member comprises a

longitudinally translatable strip.
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a second device according to claim1 supported on said housing in position
to align said conmon optical path of said second device with a right eye of
the individual. 18. The device of claim 17, further conprising: an
interpupillary distance nmechani sm capabl e of varying the distance between
said respective third receptacles to align said respective comon paths with

pupi | s of s he Thhdembdupkiasn! Bf twikRGh ShidNbh&Y SRtjusthient HiEnBE Wokpridds £ al m 17,
further conprising: a convergence nechani sm capable of pivoting at least a
portion ofens-diee opgning setagtively ebgnabledeith sagbcommanesisak pagh.r espect i ve axes of
said respective first receptacles to intersect. 20. The device of claim 17,
further conprising: first and second wheels each supporting a plurality of

add | enses6.pr oVhddfvdcodof dlgigpes;twheecindaid pomelity cfaeRReotolkaiiekly pfdddeafafl second
wheel s being rotatable to selectively position a selected one of said

pl ur al i tyPoVeradasinesns BsqyapendipRshBerMmGalst i rst receptacl es to pass |ight
energy of a respective first conponent. 21. The device of claim 17, further
conprising: first and second sphere adjustnment nenbers each supporting a
pluralityldaf sphieree féramsdaingfa maltifaabconiaseless togaoducefa ssrmilthnkoussitisiamd second

sphere adj ystment nenhers being ,.2 ably. supported on said housing to
sblecti verlE PR e dacent b BrediSRud FERed FIRME of " oai d piural 'ty of
sphere | enses whéldiy; r espective one of said common optical paths. 22. The

device of claim 21, wherein each of said first and second sphere adj ust nent
menbers conpri &&sst devies pgpordingyia daimbisipportedias said Abkeng i paitiPnHe@dghg wi t h

respect tQ.ifcohmsk 88ttiJaYsatR %?sa% ﬁ?s?idg/igeom Qle?PeS/ie %ﬂhe%%ibf%ihal; and
a second device according to claim 1 supported on said housing in position to

align said common optical path of said second device with a right eye of the individual.

18.  The device of claim 17, further comprising:
an interpupillary distance mechanism capable of varying the distance between
said respective third receptacles to align said respective common paths with pupils of the

individual’s left and right eyes.

19.  The device of claim 17, further comprising:
a convergence mechanism capable of pivoting at least a portion of said first and
second devices to cause the respective axes of said respective first receptacles to

intersect.

20.  The device of claim 17, further comprising:

first and second wheels each supporting a plurality of add lenses providing a
respective add power, each of said first and second wheels being rotatable to selectively
position a selected one of said plurality of add lenses in a respective first receptacles to

pass light energy of a respective first component.
21.  The device of claim 17, further comprising:

first and second sphere adjustment members each supporting a plurality of sphere

lenses of various powers, each of said first and second sphere adjustment members being
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23. The device of claim 21, wherein each of said first and second sphere

adj ustnent nenbers conprises a |l ens-free opening selectively alignable with
a respective one of said comon optical paths. 24. The device of claim?21,
wherein said plurality of |enses collectively provide for power adjustnent
in quarter diopter increments. 25. A nethod for enulating a nultifocal

contact | 2%& ?%@8%60&1 %fdsﬂdﬁ%'ih Wﬁ%ﬁve}%&lﬁné&gﬁ&g&%e%@sﬂe@ﬁ\;er@le%? an €ye,

t he net ho I'sing: splitting 1 ncom energy 1nto a first |ight
ener gy cospodplerdityhfspierekngs ot aaedpectst onpofi seidlcopaton,opdeed pathsecond | i ght
energy conponent directed along a second optical path distinct fromthe
first optical path; applying an add power to only the first conponent;

di recting2al ongh@d &M@ ARYE 2 G abherddd bAtht TQa IERONhdCGRORHINDPALre MAFhsinh@ T i 1 St
conmponent after the first conmponent has had the add power applied; applying

a sphere PEWderstompriseschpbiPriereiiudgiatly eneyligble pa\saidi hoysiag ovith respest to#mon
optical p - i ti hhed light energy onto a retina of an
eye afte?ésp%cgqgg]apd%ﬂsgﬁsdgﬁg?&e (%&gligsahﬁave been applied. 26. The nethod of
clai m 25, wherein applying the add power conprises: reflecting |ight energy

froma be spljtter through,an add |lens;. and.reflecting light energy from
the add T s § Bhe Sl Horv e cahet samiBn B Cretebe AT

appl yi ng theraAdoRPeds eRPfdSSRning SEk&RkIy M mLmata/ﬁth_%r}@srzo@a/ﬁ\feroq%ﬁsaq@nt our ed
mrror providing an add power. 28. "The mnet hog of claim?25, wherein the first
optical paethmoneplicaépathef| ection froma first mirror for a double pass
through a first achromatic quarter waveplate, transm ssion 26 through a

pol ari zati on beansplitter, and reflection froma second mrror for a double

pass thraugh TheaeasodlinOPBwerélh 34it §lurdityei?l1&ises collectively provide for

power adjustment in quarter diopter increments.

25. A method for emulating a multifocal contact lens to produce a simultaneous
vision effect on a retina of an eye, the method comprising: splitting incoming light energy
into a first light energy component directed along a first optical path, and a second light
energy component directed along a second optical path distinct from the first optical path;
applying an add power to only the first component; directing along a common optical
path the second component and the first component after the first component has had the
add power applied; applying a sphere power to the combined light energy traveling along
the common optical path; and directing the combined light energy onto a retina of an eye

after the add and sphere powers have been applied.
26.  The method of claim 25, wherein applying the add power comprises: reflecting
light energy from a beam splitter through an add lens; and reflecting light energy from

the add lens to a beam combiner.

27.  The method of claim 25, wherein applying the add power comprises: reflecting

light energy from a contoured mirror providing an add power.

28.  The method of claim 25, wherein the first optical path includes reflection from a

first mirror for a double pass through a first achromatic quarter waveplate, transmission
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29. The nethod of claim?25, wherein applying the add power conprises passing
light energy through an add | ens, and wherein applying the sphere power
conprises passing the conbined |ight energy through a sphere I ens. 30. The
met hod of claim?29, further conprising: iteratively interchanging at |east
one of the add and sphere |l enses until a desired |evel of visual acuity is

provi ded; y386kh PEAHatioh BEMEPlitid! iaknE&eoh Ao 4 &Bg&fmwif% asifiands sphere

powers corresponding to respective add and spher enses providing the
desired | dwelighof seeprsl achroseatictqpartd wavpletenet hod of claim 25, further
conprising: applying a cylindrical power to conbined |ight energy traveling
al ong the comon optical path before directing the conbined Iight energy
onto the neti nFhemethod ofyiaim 32, whehen apiltiag tiefadalpaiver dlmprivbepabing #pR! yi ng t he
cylindrical power conprises passing conbined |ight energy through a

cyl i ndri c&rerpyHgoughan agt dengeand sehegmin apphying e SPRSI? pPRiEer COBIPBiBTSIApYAE

iterativeM%chgkﬁgﬁh@@g&ﬁgagﬁﬂ%gﬁggggﬂfkngf the add, sphere and cylindrica

| enses until Si visual acuity is provided; and prescribing
mul ti focal contact |enses having add, sphere and cylindrical powers

correspondi,.ng respect.ive here .and .cylindr.ical |ense roviding the
dosi rof Teber 18 MEHEAaT clEn Poyurhl RS e i B IRFRHSE SRS S
splittingof e aideRiphere! 1bABE SN AT@YircdQBRY bSASial aRASSE PDvIdes; dnacom ng i ght
energy through a polarizer to linearly polarize thé incomng I|ight energy,
and passi meesetunpobifocabdoritant damisesdhayingladd anbspligretplomgticlorgsivadmespl itter to
create the firs Lght . r C n -directed along the first
and secongmg%%V%8d?gg§$ﬁ§?q?§g%ég¥ﬁglﬁ@¥m§§gP%H§Qﬁ§PH§&$3#YCIain125, wherein
directing the first and second conponents along a common optical path
i ; ' he f] h h

COMPr | eSS s S i A R P o TR fwer o

combined light energy traveling along the common optical path before directing the

combined light energy onto the retina of the eye.

32.  The method of claim 31, wherein applying the cylindrical power comprises

passing combined light energy through a cylindrical lens.

33.  The method of claim 32, further comprising; iteratively interchanging at least one
of the add, sphere and cylindrical lenses until a desired leve! of visual acuity is provided;
and prescribing multifocal contact lenses having add, sphere and cylindrical powers

corresponding to respective add, sphere and cylindrical lenses providing the desired level

of visual acuity.

34, The method of claim 25, wherein splitting the incoming light energy comprises:
passing the incoming light energy through a polarizer to linearly polarize the incoming
light energy; and passing the polarized incoming light energy through a beam splitter to
create the first and second light energy components directed along the first and second

optical paths, respectively.

35.  The method of claim 25, wherein directing the first and second components along

a common optical path comprises: passing the first and second components through a
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27 beam conbiner. 36. A nmethod for enulating a nultifocal contact lens to
produce a simultaneous vision effect on a retina of an eye, the nethod
conprising: splitting incomng light energy into first conponent and second
conponents; applying an add power the first conponent, applying a sphere
power to the second conponent and the first conmponent after the first
conponentbgﬁﬁcgﬁgmgﬂe add power applied; and directing the first and second
conmponent s aving had the add and sphere powers applied, onto a
retina of an eye. 37. The nmethod of claim 26, further conprising: using a
first lens to ap ne of the d_and sphere powers; repIaC|ng the first
lens with3%& se@o"ﬁﬁ%P‘gF@ CHUNALNG a@lﬂ%@@?’ Coﬂtﬁ?tfi%rfséﬂﬂ’rqd%‘?ﬁ pipuitaRGolE | ens: and

recei vi ng iRkt orf 4 m@opﬁ{ e;«,@nthe%%rdlce&pmglﬁg'aéphaﬁﬂghﬁaﬁmmg fibhtteR&gfi rst and
second | enses, respectively.

into first component and second components; applying an add power the first component,

applying a sphere power to the second component and the first component after the first

component has had the add power applied; and directing the first and second components,

after having had the add and sphere powers applied, onto a retina of an eye.

37.  The method of claim 26, further comprising: using a first lens to apply one of the
add and sphere powers; replacing the first lens with a second lens having a power
different from the first lens; and receiving a report from a person comparing visual acuity

with the first and second lenses, respectively.
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