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wO MNUEDDHZ@AN The present invention rel ates genermt1/ys2004/018915
corrective |l enses for enhancing visual acuity, and
nore particularly to nmethods and devices for fitting
of corrective nultifocal contact |enses. DI SCUSSI ON OF
RELATED ART Current popul ar clinical nethodol ogy for
fitting a person with corrective | enses involves
devel opment of a vision prescription using a
phoropter. Typically, an optonetrist or other health
care professional has the person (patient) | ook
t hrough the phoropter to view a chart displayed at a
di stance. The health care professional then uses the
phoropter to introduce into the person's sight path
various | enS&4ULGTANEQUSNAISIONSEMULANSR FQR o
det eFITTI®IG DF CRRRECTME MULTHGCADCONTACT hERISES
parameters of 'a corrective |lens prescription for the

- person.. This typically involves having asking the

person conpare th [ [ Fﬁ@@»Karious ,

conbi nati ons of |23§%§qgﬁJ reHEYF whi ch conbi nati on

pr-Qvi des the clearest, appearance of text on the chart..
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visuzh gedith endihpEe RAmicy lecly tpdnethoda and deyices fﬁ’@ figing; afj cgyrective

and nonovi si on eyegl asses or contact |enses. This o
multitgeat cenrtact lenseso suitable for bifocal /nultifoca

eyegl asses as a :

'DISCUSSION OF RELATED ART

Current_popular clinical methodology for fitting a person with corrective lenses
involves deyelopment of a vision prescription using a phoropter. Typ‘ically‘, an
'optom'etri'st or other health care professional has the person (patient) look through
the phoropter to view a C.hart displayed at a distance. Thé 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 the person according to

the prescription thus obtained.



person can nani pul ate hi s/ her eye/pupil to selectively

focus on an object through different parts of a
wolzobssamatosnul ti f ocal eyegl ass | ens havi ng ar ea®CT/US2004/018915

characterized by different focal lengths. This

approach, however, has proven inadequate for

bi focal /multifocal contact |enses because such contact

| enses have a principle of operation different from

that of the corrective eyewear nentioned above. In

particular, nost soft nultifocal contact |enses

OpFfiigtapphdach iBrauitablel for 8ingle Vigldnt ANEMehoVisidrPByeglasded or

mul ti focal eyeglasses, multifocal contact |enses have
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. ultifocal eyeglasses, however, both of these areas o
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are positioned on a wearer's eye over the pupil and '
differemy §oqah éengdias. e T hiscanproacts| hasve ves) lyas pryentinademrate for

different parts of the lens. Instead, nultiple inmges

bifocat/muitifocalcotéapt éersesf bedzuspresh, contadt esmasch A& 4 ribbiple of -
focal power/length of each area of the lens, are :
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.. effect and thus are not suitable or optinmal for _
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usual |y
vision and the other for near vision. Accordingly, the focal power varies over the

areas of the multifocal contact lens. Unlike multifocal eyeglasses, however, bofh of
these areas of different focal lengths in multifocal contact Ienses are positioned on é
wearer’s eye over the pupil and thus the wearer cannot selectively focus through
different parts of the Iens.. Instead, multiple images of various degrees of
sharpness, corresponding to the focal power/length of each area of the lens, are
focused simultaneously on the retina of the wearer’s eye (the "simultaneous 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



fitted wwth nmultifocal contact |enses by first
obtai ning a vision prescription using aphoropter,
wale@peosong nmul tifocal contact |enses neeting PEEUS2004/018915
prescription, then testing the person's vision while
wearing those nmultifocal contact |enses. Typically,
the person - reports |l ess than optiml visual acuity,
and a trial-and-error approach folloews in which the
person is'fitted with additional sets of nultifocal
‘ contact lenses until satisfactory visual acuity is _
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costs are conpounded by the need to discard one or
followspinewhish $he persgneisifitiedmith additanalssis ot multifasalscontact lenses
SUWARY The present invention provides an enul ator

until satesfactery Visualsdity is feppried: tThig itefatavegmrosess kdrustrating and
mul ti focal contact | enses to enulate a nultifocal
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on a retina of an eye. An enulator device in
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to pass light energy directed along only the first

multiiegal centapdensesthe first receptacle is capable of
receiving ' 4
SUMMARY

The r:)rese'nt invention provides an emulator that can be used during‘ fitting ofy
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 light energy into a first'component directed along a first vopticval path, and a
second component directed along a second optical path distinct from the first optical
path. The device further includes 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



an add lens for providing an add power. A beam
conbi ner is positioned to conbine |ight energy of the
woeand7osonponent with |ight energy of the fi PET/US2004/018915
conponent thathas passed the first receptacle, i.e. to
have the add power applied, and to direct the conbi ned
i ght energy along a common optical path. Second and
third receptacl es are provi ded which are capabl e of
receiving a sphere lens and/or a cylindrical |ens.
These receptacles are provided in position to pass the
has pasgad tbe firsyieceptasieyy-e: tabave the add pgwen@ppliegand to direct the
optical path. In this manner, the enul ator disperses
combinedrtighf ehergytaleng agyonanonptical phtht i Sedonpladisthird receptacles
applies an add power to one of the paths, and a sphere
are grodided velyith aes capable@feecdifingbhiEE 1bhSBhd AR @NinbfiéNlens.
+ the two distinct paths. This creates a near inage,
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| f t el at i.vel | stant position. Both images

travéalllﬁg a(st&lr‘:er a%@ghkqwéétgc;%bﬁg%'on a retina of an eye of a
person | ooking through the enul ator, thereby creating
5 15t PaRRS: e PRIURIOE Hispersesdrpaming ihteneray along two
"~ created by a nultifocal contact |ens. The enul ator
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the optics di scussed above. The device may further o
cylindrical pabaverio icotririperp lightaenerdy foanthe tWecHidgtih@rpdtes. This creates
adj usting a distance between the ocular for alignnent
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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 distance
mechanism for adjusting a distance -between 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 inwardfy 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.



readi ng condition in which the human eyes pivot
innmardly to focus at a point relatively near the face.
waaenbuods f or enul ating a nmultifocal contact |BIBUS™04/018915
produce a sinmultaneous vision effect on a retina of an
eye i s also provided. BRI EF DESCRI PTI ON OF THE DRAW NGS
The present invention will now be described by way of
exanple with reference to the follow ng drawi ngs in
whi ch: Firgure 1 is a schematic diagramof a .
si mul taneous vision enmulator in accordance with the
present invention; Figures 2A and 2B are front and
rear perspective views of. an exenplary simultaneous

Y or ol BRIEFISESERIPTIGR SO TR BRANINGES P esent

“invention; Figure IS a Cross-secti onal perspective.

vi.ew of the device of Fiqure 2B, taken along |line .

> &heigeer igupatioamikrey Be descabgd Byruniet PXampleatityf

an exenplary lens for use with the device of Figures
referencepto, thei fglewingssawings4p vdvieh:r ear and front

perspective views of an alternative enbodi nent of the

dévgure ois dscheraati@diadamkofgusimult@niesus vision emulator in

cross-sectional perspective view of the device of

accoRia@ieamtHitheandséR invakesh:al ong |ine 4C 4C of Figure
4B; Figure IS a perspective view of an alternative

BN afd Zthﬁ'e(*?dﬂt%oqfear perspective views of an exemplary

simultaneous vision emulator device in accordance with the preseht invention; : -

Figure 2C is a cross—sectionel perspective Qiew of the device of Figure ZB,A
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; | |

'Figur: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 Figufe 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;



Figures 4A-4C, Figure 6 is a top view of the device of

Figure 5, with portions renoved for illustrative
waEhmsna4y9s Figure 7 is a schematic diagramil |l usdTes200g018915

a convergence feature of the device of Figure 6;Figure

8 is a perspective view of another alternative

embodi ment of the device of Figures 4A-4C, Figure 9 is

a flowdiagramillustrating a nmethod for enulating a

mul ti focal contact |lens to produce a simnmultaneous

vision effect on a retina of an eye in accordance with
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. ac dance hh the present invention. DETAILED
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. multifocal contact |ens by producing a simultaneous
contadt éensntogirbduce arsimuitanéows visionrefégat onlanratimasoframeys in -
the inaccuracies relating to devel opnent of a
accofagerwifi thenpresengingeitisir; epider , whi ch does not operate
on a simultaneous vision principle, and the resulting
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DETAILED DESCRIPTION
Thé 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 simultaneoué 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 chart v‘iewed by a

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



pl ace any contact |enses on the eyes. Referring nowto
Figure 1, a schematic diagramillustrates how i ncom ng

wO 209b004@08er gy i s mani pul ated to enul at e si nul tBIEULL04/018915
vision in accordance with the present invention. Such
incomng |ight energy may be anbient lighting in an
optonetrist's office, such as that reflected froma
conventional eye chart viewed by a person during the
eye exami-nation procedure. Such light energy is
typi cally nonpol ari zed pol ari zed, as shown at A in

polarZedUsSladzed, tasvdHdwrPat AMPFRftrat1edt Wilkbe Bbpksctatéd that Figure 1
- includes a ray trace nodel for illustrative purposes.

: | | such incomng |ight
mduéﬁse%g?i&r%iégm{x?%tf&g@g%ga%ﬂ?%glﬁe% pol ari zer 10, e.qg.
a bsorption .palarizer, wWhich.receives incom ng. non
odn 3PP 26AMEe, HRughepTans sk SLIncorng Tt STSY Alsdiiek passed
output of linearly polarized [ight oriented at an
through Bolasizgl 10Q.2-802R aPePRtIORROIPIZET e Whichaereiyeg ingpming non-
pol arized |light travels an optical path X into a beam
polarizsidi ertrandomly polariped ligbtpand peavides as optpsitiof tinearlyt polarized
split incoming light energy into a first ‘conponent A
light begmted = ani drsdle polative tabireferéideeplafe. Rielinezrlyl golarized light
and a second conponent A" having a second pol arization
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%ratio between the two polarizations is assuned
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presently believed to be advantageous. Alternativel

polarizasiopp| Krsherld keypotes tHat akQse/S8% mtiechetuegn the two po'\{érizations
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
toa referen;:e plane/the beam splitter 12. This ratio is presently believed tp be
advantageous. Alternatively, the polarizer can be oriented at other angular
'orientations to tune the intensity 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



orientations to tune the intensity ratio between the S

and P pol arized conponents exiting the beamsplitter
wohaos/@ptasonal | y, a cube polarizer or simlar eoTEme018915

may be used instead of the absorption polarizer 10.

The beam splitter 12 directs the first and second

conponents along two distinct optical paths, nanely,

an S path for near vision, and a P path for distance

vision. By way of exanple, the beamsplitter 12 may be

a visible waveband cube splitter, or a visible
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known in tHhe art. I't should be noted, however,
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. present invention, one of the conponents is passed
throqgﬂ ugHddensdth therexampieah & iqurari the st cognanent A fepassed
first conponent A is passed through add | ens 16,

throwghi adid Iemsp‘tfmwmolmmjpmmtlcpxwttd pagt lightengygy travejlngtgetiheath
S path. The add lens 16, in cooperation with the

The a80%&s 16NA cooperatimsaitel theessiverefllons 22diddiestd below, focuses
. conponent's |ight energy for near viewing. This add -

 the flrSSoMBYntR sSIRJHE ehbMR) tor nBRETR e?‘hiérgéid Iehg%%‘?bé%lecti'vely

reports sati sfractory visua acui t I SCUSSe
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posi tioned to conbine the first and second co nent s
A Thefirsg sampianest Al lasmeliastag by thenadth lasst 1& &n hse¢.ond

component A” are then directed into a beam combiner 20 posi_tioned to combine the
first and second com.ponent.s A, A" and direct them along a common optical péth Y.
By way of example, the beam combiner 20 may be a visible waveband cube spvlitte.r,
or a visible waveband cube‘polarizer, as discussed above with respect to the beam
slplitter 12. The beam splitter 12 and beam combiner 20 need to be properly
oriented to achieve the desired effeét 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 reflet;tion
(TIR) fold prisms 14, 18 functioning in TIR mode, are positioned to direct the first
compdnént A’ of the light energy from the beam splitter 12, through the add lens 16,
and to the beam combiner 20, as shown in Figure 1. Accordingly, the refléctors 14,

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



By way of exanple, the beam conbi ner 20 may be a
vi si bl e waveband cube splitter, or a visible waveband
weubs/opobari zer, as di scussed above with respertT/US20051€18915

beam splitter 12. The beamsplitter 12 and beam

conmbi ner 20 need to be properly oriented to achieve

the desired effect described above, as wll be

appreci ated by those skilled in the art. In the

exanple of "Figure 1, reflectors 14, 18, such as total

internal reflection (TIR) fold prisnms 14, 18
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reflectors 14, 18 help to defijne the pat h. This '
path| b gecong copmmpedlr’s AlaiatvaR. ararmlstrater fear surface
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mirrar g8uld b Hsed agetiertorse i 1&inplace pf theaprissas o disepahafirst
of the first conponent- A' and without interfering with
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Alternatively, a front surface or rear surface mrror
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prisnms to direct the first conponent A along an S
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| ens 22 focuses the conbined |ight energy for distance
combingd dght emergy jor distance ¢igior ol he ykinderlens corrects for
astigmatism. The sphere and cylindrical lenses 22, 24 may be selectively
interchanged until tHe persoﬁ reports satisfactory visual acuity, as discussed further
below. ACC(:)rdineg, when a person views the ty‘picalleye chart through the} emulatof,
a near image (from the S path) and a distance image (from the P path) are
'simultaneously'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 simultaneous vision includes two sets of

the optical components discussed above with respect to Figure 1, namely, one set

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



astigmati sm The sphere and cylindrical |enses 22, 24
may be selectively interchanged until the person
wormpsos®ssat i sfactory visual acuity, as di scuPEans2004/018915
further below Accordingly, when a person views the
typical eye chart through the enulator, a near inmage
(fromthe S path) and a distance imge (fromthe P
pat h) are simultaneously presented on the person's
retina 26c to provide the sinultaneous vision effect.
Accordingly, a vision prescription obtained using the
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everpvhen éhe devigenglydembwa eculdiey. each eye. Each set is
referred to herein as an ocular. In this manner, if
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devel oping a vision prescription. Accordingly, the
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accordance with the present invention.
50 "@mﬂe&t%hou@vg&éi fwm%&pubéé anggeat ob angs. é?axfwlufrar\atlhg

opti ¢s di scussed above with reference to Figure 1. As
purpshesya partiBngirtes hpasihg, 52 iseshdswi renoved in Figures 2A-2C.

Referring now to Figures 1 and 2A-2C, the housing 52 sdpports a polarizer 10, e.g.
an absorptidn polarizer, for linearly polarizing incoming light energy, as discuss.ed
above with reference to Figure 1. In the example of Figures 2A-ZC, the absorption
polarizer 10 is fixedly mounted at a 45 degree angle with respect to the beam splitter |
12 to ensure an equal dist.ribution 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 sp]itter to provide an alternative intensity ratio. As another alternative, thé
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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50 includes a housing 52 having front 54 and rear 56
ends. For illustrative purposes, a portion of the
wolroesgion®s52 i s shown renoved in Figures 2A- 2CPCT/US2004/018915
Referring now to Figures 1 and 2A-2C, the housing 52
supports a polarizer 10, e.g. an absorption polarizer,
for linearly polarizing incomng |ight energy, as
di scussed above with reference to Figure 1. In the
exanpl e of Figures 2A-2C, the absorption polarizer 10
is fixedly nounted at a 45 degree angle with respect
t 9Li§;H?eH@@?‘eﬁﬁér‘ir§d 8acH BolafizEN 30 @vEBR £BHM similar to that shown in
- distribution of i'ncom ng randomy pol arized |i ght
. r ' i st - RONENt:: b Lf;
Figu0 3 Y K o1 3 AR R AP REARGH e B o
. 10 can be, f|xedly nounted .at alternative gle with
miniSUERES 4, 16 EnsLbf fontigers D, iGh dee ahteAbBRERa define
intensity ratio. As another alternative, the polarizer
respegtiveaaptical paths tisrsameneat tbe aptical patbpdeing é'nl'E’é tpthase shown
splitter 12 to be sel ectively adjustable by a user of
in Fighee nul ator 50 to vary the intensity rati o between
- -the first and second conponents A, A".Light energy

enfrethieNkeP@sianPsthBodingsnt B Fidaes 20 -2CPtHeemulbtb@50 iritludes first
that shown in Figure 1 as a result of the arrangenent

recoblpAdEpOSRPATII bASK rkncH RGBSR EA B B offal et
. ligned.to fine respective i cal .paths thereano .
L. i gt3Rveldh (9lonlal 8 aielfy 87 e Rist BRhEmsip A A Milktrated
. _Figure 1. In the exenplary enbodi ment of Fi 8ur es o
in Figutert, Easb feshesepiacisysiGappiieesf receying ak @gedensghown in block
positioned to pass |i %ht energy directed al ong one of

formt atel @int Figure patmihe embodiment of Figures 2A-2C, the receptacle is
provided as a slot 60 in the housing 52 for receiving a lens insert functioning as the
add lens 16 of Figure 1.

‘An exemplary lens insert 70 is shown in Figure 3. This exemplary lens insert
70 includes an optical lens 72 providing an add power, a ,fréme 74 securing the lens
72, and a handle 76 extending from the frame 74 to facilitate manual grasping of the
lens insert 70 for insertion in and removal from the slots 60 of the emulator 50. It will
be apprediated 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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i.e. the near vision (S) optical path traveled by the

first conponent A, as illustrated in Figure 1. Each
waf10nst04r8cept acl e i s capabl e of receiving an add/U0s/018915

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 receiving

a lens insert functioning as the add |lens 16 of Figure

1. An exenplary lens insert 70 is shown in Figure 3.

This exenplary lens insert 70 includes an optical |ens

72!nﬁh8\éx@hﬂﬂargﬂ%aﬁg?lﬁ%ﬁbf F?ngé@'?‘A-?é é§8ﬁ6b{g‘l9r Bhﬁme emulator

lens 72, and e 76 extending fromt rarre

5 o LR TR PERC PO Tt TR Ty

tor ed that a set of | ens
travglRGEoRS ECaPIANRRICLRAN Kabiasy SsenOdpcpRaCet Qs dapable of

. different "add power, such that the Iens inserts 70 may
receiying @ sahera l@ﬂé rﬁeﬂnlgemmp@l aligrappntywitmbighteasiargyi travelingother

to a viewer's sight path. The slots 60 and | ens
commanerdth. Asetraf intenchangeat|sspierelensdsharer mopigedi socthat a

optical lens 72 is optically aligned with Iight energy

seleétéa\é@hbfmletdé%a?@é iNb&rteintSh sHmdtedlseBahd rmqﬁaéne@o to apply
lens insert 70 1s properly seated in the slot 60

| i 27 2C each ocul
a de&?&% FRAER ﬂ@%ﬁ%f@@%ﬁ LB 2 second recept 2&“;’”
al %%ﬁ? IP%llélgE 5 %ﬁﬁ Slgéfog%gr 8@156 %gs&lnggjg% ! rhzf}'\éerece[g]tacle 90
receptacle -80 i s capahl e of receiving a sphere lens 84
provud@ddptnoasmonéplwmmww ightgnergy &iayeling almg. thg copamon

common path. A set of ‘i nterchangeabl e sphere |enses
optical pathy Vv iEdet thind réceptacle 90 is capable of receiving a cyllndrlcal lens 94

in optical alignment with light energy traveling the common path. A pIuraht_y of
interchangeé.ble cylindrical Iénses are prbvided so that a selected cyl'indrical lens
may 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
embodiment, each second receptacle 80 is positioned between a respective beam
combiner 20 and a respective third receptacle 90, as shown in Figures 2A-2C.
The second recebtacle 80 is provided to receive a lens functioning as the
sphere Iens 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 aé a
respective drop lens holder 96, which includes a respective groove 98 for Holding a

lens, as best shown in Figures 4B and 4C.
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sel ected sphere lens may be inserted into a sel ected
second receptacle 80 to apply a desired sphere power

wo pos/os7esver ' s si ght path. Each ocul ar of the sxEURioas/y18915
emul ator 50 also includes a third receptacle 90
provided in position to pass conbined |ight energy
traveling al ong the conmon optical path Y. Each third
receptacle 90 is capable of receiving a cylindrical
lens 94 ii"optical alignment with |ight energy
traveling the common path. A plurality of

i 'Nc%b?&]ﬁg?eékﬂe?s&y %é&ﬂglﬁ ' g%re{;ﬁ\fésﬁﬁjlt%g'ag Riop¥ad ‘F&ds%l% may be

that a sélfected cylli ens may I nserte nto

askefl % S50 AEIEREEN B baBa s B JuBrSREHE Sy ona saof

e oGRAELEBo A o B BB MBS bl SR The
respective beam conbiner 20 and a respective third

health €aeg PER)idergnay aepeiedly interehangesadd sphere and/os eytindrical

receptacle 80 is provided to receive a lens
lensdswfatachmaouareand ask tehpesohdosoiparé visualiaeuity urtilan optimal
third receptacle 90 is provided to receive a |lens

combitasr ONieRSe@sarid®icFaty A9IsiciiprdseRptid: i9obtiseae 1. 1 n
t he exenpl ary enbodi ment of Figures 2A-2C, each of the

L R e T

' respective drop e
respectjv r QQ 98 for._holding.a.ens st_.sho
atteri iV b St 2 freompfHiar S vige 50 Fliies P/seCki T Setars of
corrective multifocal contact |enses may be asked by a
the exampiary earator o0Lffiigwres 4Ary4oarer Yasw siinkardpdBosgiphkighres 2A-
the front 'end 54 of the emulator 50, and to | ook
2C, asrhesnighownandriglret4:. sowaveartbe dousing 52 ofithih exemplEing
emulator 50 includes a handle 58 so that the person or health care professional may
easily hold the emulator 50 adjacent the person’s face during development of a
vision prescription. Alternatively, the emulator 50 may be configured, e.g. with a
mounting bolt, for mounting atop a tripod, etc. In addition, each ocular of this -
exemplary emulator 50 includes 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 for 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
selected 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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health care provider may repeatedly interchange add,

sphere and/or cylindrical |enses of each ocul ar and
wa@stospbusoper son to conpare visual acuity untilP@US2004/018915

opti mal conbi nation of |enses, and thereby a vision

prescription, is obtained. Figures 4Ar4C are rear,

front and cross-sectional perspective views of an

alternative enbodi nent of the emnul ator device 50 of

Fi gures 2A-2C. The ocul ars of the exenplary emnul ator

50 of Figures 4A—4C are very simlar to those of

apply %{9 B8 Jerdof te d&SrelGsd Iﬂ)}ré:drgf“sfgh’ffgatﬂ'b?ﬁ*éﬁgay be

ou3| ng 52 of thi's exerrp enmul at™or " 50 i ncl

achidedHiinBntE)y ﬁ%é“iéﬁ%“@h%' Y gt 8RB0t BiSush an gperture
102 wﬁ@@@ﬁbgﬁﬁfm ARG AP e Gek ”Sﬁ%svfiafra?mébg% psgvided to

..configured, % wi th a nounting bolt, for m)untlngf
facﬂﬂ@te;ﬁ\eaahgﬂnp@ai ofdbe lensesawith theoppticshpathecVisdeussuitatile detent
exenpl ary emul ator 50 includes a wheel 100 capabl e of

mecharnisrs bre yelldnovwal ingtld drenses 72. Each add | ens
provi des a respective add power. Each wheel 100 is

r oftht ekdrviplBREEGle b‘?Ffﬁdré@ 4n04 ¢ RsdpRdeR! it ingrpligilla

and/ or housing 50 for selective positioning of an ad EY

diétabﬁ%ﬁﬂd&g{n@&wéﬂ&ﬂ a@ﬁa:oi]fvé ﬁwgﬁﬁ&%téﬁ%&ﬁ%é&?ﬂhé@lars of - |

‘ energy o |r conponen rave
S qptical vv|II ass throu e sel ect _
the eﬁﬁg@a o eREbRuvEs oESednd 8T Nt ERRS IR o s
tonetry equi prrent such as phoropters. Accordingl \é
worda W@dPﬂwm@ﬁhén'ﬁﬂbP@’!ﬁ tarananinHiatinp &f é%lﬁjbelé%lénﬁ é'S§ gye
positioned in the optical path by rotating the wheel
oculare of thmgmu}atantcmuagn thescamhmohepales exléjdgrtmwemulator %6 with the
person's sight path. This nmay be
pupils of the person having his vision tested. This is necessary because ‘
interpupillary distance varies among individuals. Various IPD mechahisms are
generally known in the art for optometry equipment, and any suitable IPD
mechanism may be used.

The illustrated IPD fnechanism 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 I[PD 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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achi eved by manually rotating the wheel 100 as it is
exposed through an aperture 102 in the housing 50. A
wombi/ooarosot her type detent nmechani sm may be prraaick2004008915

facilitate the alignnment of the I enses with the

optical path. Various suitable detent nechanisnms are

wel | known in the art. The exenplary device of Figures
4A-4C al so_includes an interpupillary distance (1PD)
mechani sm capabl e of varying the distance between the
ocul ars of the enulator 50, e.g. between the second

left eyRddraigHt lyed outarerthes eendator $0. Ad@;oﬁﬂlhg{y v&éﬁlﬁg tHd'Rnob
- I PD mechani sm all ows for nmanipul ation of the left eye

120/3lMbr 1 9Pn Sd@nt@%lbé{vﬁsﬁfdlrbt?ﬁ?rgtg%é?@gés @ l@t érﬂ:en%ht eye

common paths exiting the enu W|th
est

\Y; L 'si.on
oculdls didfie KFid) %@5@?&%@ SeRrRtER hERy ﬁ?ﬁ‘éetO\P&FPﬁE“‘a%ﬁga
h
v A3 AT 55T o
sui tabl e | PD nmechani sm nay be used The il lustrated
direqtipp Gassha the lafi and ﬂghteeyeechIarsapfdbam@eturésamcamnoam one
(di scussed below) to provide a variable optical path

anotbeérf egcaonanodateca peisbe indérpkipitianngistdicep Bk ibegt sSR&WA in Figure 6.
centered on the aperture at various |IPD settings

dUFigoee 55€a Plerd e Vs BEAR AIBBFIRBI sHibodi ﬂ'%tn?)é?ﬂ’lfél &hllator

| PD nechanismis illustrated with greater

50 O\FF%;HF(-?S A4S ?Hg"&dd?s Ebgqusmépharﬁgﬁgﬁg%eﬁeﬁgolary emulator

hani sm | ncl €s a rotata nob a4
50 oP#anPé‘SJa% v%(r)yt_ g‘ltrna}%r¥o H%sreto%qﬁggrets%\ H&lm " dltlon each ocular of

the emulator 50 of Figure 5 inciudes 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 inters.ect at a predetermined reading or near activify distance.
Preferably, :the oculars pivot about a fixed point Ioca.ted at the nominal center of
rotation of the eye sockets when the emulator 50 is held _égainst the face. This
convergence mechanisrﬁ allows a person te 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 visual acuity in a
situation simulating reading, which produces a vision prescription for multifecal
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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pinion 122 is di sposed between parallel racks 124, and
has external teeth neshing with teeth of the racks
woDRes/00Emsh rack 124 supports and/or is fixed PQTAIS2004/018915
respectivel eft eye or right eye ocular of the enul ator
50. Accordingly, rotating the knob 120/ pinion 122 in
countercl ockwi se direction separates the left eye and
right eye oculars of the emul ator 50, thereby
separating the portions to accommbdate a greater
interpupillary distance, and rotating the knob

whicm?/pﬁ%}d?élﬂ? néﬁt%ntba t& titd Sﬁ%g%ﬁof %\)e?r‘ibrﬁeﬁb?ﬁ% ﬁrQ?posmon in

t and eye ocu ars of the enul ator

B A AR e e

|sa ers tive view of an alternative.

e.0. I At SHRITRR T HAG BEUSBUocH yat 8 & dpttae! distance, e.g.
ocul ars and | PD nechani sm of the exenplary enul ator 50
greatgr thpg @beubtwenty (30 ) feet. tpIaaseqand: pasitioroin Whighthe left eye and

A4A-4C. In addition, each ocular of the enul ator 50 of '

rightréygusightopaths Imtd&oﬁ(ammvféggml)e enpdbannelate apeahdingadr similar
pi voting one or both of the left and right oculars of

condifién.e@enatAly, ffls FequirissaivetiRy bédcreycuIant theqah%@bf:about?.to

. sight paths'to intersect at a predeterm ned readi ng or

12 degﬂ-,res% ?w.h%qs*udaﬁ@%@sta t& G aYlgetcl?edb% bér@ 7@|ﬁ4g{for |

out a T1xe 'ocat ed he“nom na cen
rotation of t e et s, when the enul at or
fOCUﬁ'gpoataagawsaaofﬁ%M iéﬁoi%ngh%%neavg@ﬂg%rgﬁgzsﬁmé’rmmsm capable
ows a person to focus at a point relatively close
of plt/%t"igq@ep%ql&%rﬁ te qayse the 'e@rt ang ﬂghteey%ﬁ@@t aﬁtfﬁsbt@uﬂteﬁeqténay be
24 inches fromthe person's face, to sinulate a
usedsortieterablyi thentorolergenser m@nhameyewtmesso'otatmmcbfethe oculars about
sockets to focus at a point near the face, e.g. for
the nig@aidiahgentéhios ratbtionsf fhey hiireahigyesafhen theadmakitivrtig agairdt the
face. The nbminal center of rotation of the eyes is approximately 15 mm behind the
anterior surface of the cornea.

Figure 7is a schemétic d‘iagram illustrating the effect of the convergence
mechanism of the device bf Figures 5 and 6. As will be appreciated from Figure 7,
light energy passing through the emulator 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 exemblary

emulator 50 of Figure 8 are very similar to those of Figures 4A-4C. In addition, each

ocular of the emulator 50 of Figure 8 includes a sphere adjustment member 140
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situation sinulating reading, which produces a vision

prescription for nultifocal |lenses that will be
wowedsdooswst ed to readi ng or ot her near vision PaFRS200M018915

exenpl ary convergence nmechanismis shown 'in Figure 6.

As shown in Figure 6, this convergence nechani sm

i ncludes first and second | evers 130, each ofwhich is

pi votably nmounted to the housing 52 for novenent from

a first poSition in which the left eye and right eye

sight paths are substantially parallel (as in Figure

su pp@rtirl\ﬁ anluFa‘thSbfngrf%itrg g‘ﬂ}*gnﬁz 1192 difvapBLs ?Boﬁz\fé‘?é‘.s 'tFEgﬁxample,

~'occurs at a‘sig i stance, e.g. greater
t t Sec( Ltion in which ..
tnesBAPeed 1FRRY ARboldiRbersi o R BTEP R BES By af: dopter
ot Con 03 o8 258t g liren
ocular in the range of about 7 to 12 degrees for an
membaret4slisimoably suppentedonthe heusingdi tof allyoselestive aligrament of
mm f or focusing at a range of about 14 to 22 inches.

a selstied sphaedens 448 thaniithrthe apairhen abtipalvmith figr édeh respective
oculars to cause the left and right eye sight paths to

eye pBHRINS eiefdrBIyD thdiSSibre IRl thithit YnerhBer $40¥RIIABEEes a lens-
mechani sm causes rotation of the ocul ars about the

free BRERE 146 I pidhol T bioplerdons ICURY, AERAIC ARy he
, rotation, of the eyes is approximtely, 15 behi nd the
comizRrEppil Bt aslToeh 1 SHEE 2o BafmpriiBrafdl May'be
schematic diagramillustrating the effect of the B
providas,as gatadablgwrhasl sietathovwi. s predergblyprgyided as and
6. As will be appreciated fromFigure 7, |ight energy
longjfadisatiytrahsletaiie elomgatad stripr asGhowavielFRguriedhg
i ntersecting sight paths '

Accordingly, the sphere lenses of the sphere adjustment members 140 are
optically alignable with the oculars and the second and third receptacles and any
'sphere and/or cylindrical lenses provided therein, with the respective common
optical paths. Accordingly, the sphere lenses of the spheré adjustment members
140 may be used to fine tune a vision prescription by first finding an appropriate
sphere lens that is positioned in the second 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
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when the left eye and right eye oculars of the

enul ator 50 are pivoted toward each other to provide
wotZees/maToser gence effect. Figure 8 is a perspe®UNIEsS20t4®18915

of another alternative enbodi ment of the enmulator 50

of Figures 4A-4C. The oculars and | PD nechani smof the

exenplary enmul ator 50 of Figure 8 are very simlar to

those of Figures 4A-4C. In addition, each ocul ar of

the emul ator 50 of Figure 8 includes a sphere

adj ust mnent nenber 140supporting a plurality of sphere
detehERRhahidt mbpr éoofdzsfaEfﬂYﬁéﬁhe Eg%mﬁéﬁf@% fhe IERESEOf the

sphere | enses 'nay collectively provi or pomero 0 ,

' ' t |_opt increments (e.q. . b0,

- sohefflafiistigh bbbyl st Bsropdly St %%mlgarim
mepber 140 i vabl ported on the housing 52 to
al '?'BW esé|'%€tff°\\/‘gg'§9r fljﬁ ﬁ%ﬁtﬂﬁwﬁtf?ﬁm@eﬂ eatled &siupidlatiea @ multifocal

- 142, 144 with the common optical path for each _
contagldgas tq peodsige Haimuylianeops aisiombffgct ama refieotan eye in -
adj ust nent nenber 140 al so includes a | ensfree opening
accotdanceowitha tipd prasedt vedtiop: és shomn inskigaes 9 vileymethod begins
alignable with the common optical path. Al though the

with spliteing oﬂﬁid@ﬁiiﬁ‘?ﬂl?hﬂ@rﬁ@gy iﬁtéQirgtBé/ndogeéHrR}/&&rﬁﬁoﬁén@, as shown at -
e 0 . .

r ot at abl e whe not shown), it is preferably provide

| a i Ll | ' S .
Stop I e e Mol sihg MR A forf o efﬁgoﬁiﬁe'li_t,*ﬁ%b%m splitter
] dj ust nent nher 40 are optic -
12, oGRS R LS BRA oPEREE 108 S8 BB AR b dan somponents
.recge taclﬁs_and any sphere and/or cylindrical |enses
having §k$ﬁa%topq REzations, ap sRowRdn Fégigecti ve conmon opti cal
pat hs. Accordingly, the sphere | enses of the sphere :
adyexdt therfirsheemperent 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 optibal path. This also may be performed by the beam |
splitter 12. In the example of Figure 1, this also involves reflecting the light enefgy of
- the first Component via 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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140 may be used to fine tune a vision prescription by

first finding an appropriate sphere lens that is
wopoas/dosmied i n the second receptacl e/ drop hol @#em/136004/018915

For exanpl e, such sphere | enses may be provided in

0.50 diopter increnents. Then, the sphere adjustnment

menbers 140  may be translated to provide adjustnents

to the total applied sphere power in 0.25 diopter

i ncrenents.” Advant ageously, this may be perforned

wi t hout the need to reane the emul ator 50 fromthe

The FB%%%PEor\f\IB rfé]‘fl%ogﬂ{]m%é) H% %nér“@ R SRIBeS tHéﬁ]VY'orlPa\féﬁ

har't erson 1 n conp
vi sual |fferent appl i ed sphere
commneggtlcai Bgﬁhr%lr'&%?ﬁgﬁef%/%é‘aet ent mechani sm may be

provided to facilitate the alignnent of the |enses of
t héurstbwe.ﬂée aembitadtiaht eBREBt IS dUsRA(APreRRdate Aeng agommon
common opt i cal path. Figure 9 is a flow di agram 150
optidal patht passing through laocylihdricaltensitandis alinegted éotoaa retina of an
contact lens to produce a sinultaneous vision effect

eye, @ shovai bhsteps 12 an164. accordance with the present
i nvention. As shown in Figure 9, the nmethod begins

W (Bxf Bhé hidtRSd ﬂTvo'I\)E%QfBrQ@\/ély Gﬂércﬁ%ﬁw\? étrléé’stfdrfeséf tAB%dd,

- second conponents, as shown at step hi's 1 nvol ves
t I
sondBSFAR SIS LR ARl S .o
, o cregte fir d second conponent s havi
shoit af Pies (0 and 25{3 Jes M2y eyl 2 ”Vﬂwmgtﬁﬁé)efsorﬂ@wew the eye
the first conmponent is caused to propagate along a
charf witsta tijst ppaliedhe@mbination i pewessilensessallewingbapesgon to view
step 154. The involves directing the first conponent
the eyteochiprawithrasseaptd amheﬂatdmblmbtlsn af powers/lebsepearidbtaked) a
by the beam
report from the person as to which combination provides better visual acuity. This
may be repeated until a satisfactory or optimal combination is found. The desired
level of acuity 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 providing 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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splitter 12. In the exanple of Figure 1, this al so

i nvol ves reflecting the Iight energy of the first
weowpooeot via a reflector 14 through the add PEnesD64/018915

Additionally, the beamsplitter 12 causes the second

conponent to propagate al ong 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 conponent through the add

Iens Next, the first and second conponents of the

l@reﬁ@%%sﬁ%é%&ﬁ@k%%%@t@%ﬁ Itéﬁeﬁk"ﬂéﬂ;ﬁteﬁnulator 50

g a common optical “path passing throug

n aco§pned M e Promi Bl @?Qﬁﬁﬁﬁ? of 8 orbsait = Hgier

a ref| ector a béam conbi n see F|
principje fﬁ]@abéhﬁ?%%‘?ﬂlwv‘grfe%%%& 'QHéesc o'ﬁ'éf??sexé‘ﬁbo g of Figure
. causes themto travel a common opti cal path t hrough a
10, lighitesrargy fayelsrnithedirectioneotaimoweand ipghses throygh iag optional
caused to propagate al ong a common optical path
polarizes 460ge ighaqlate abstypliordpolaaked, @ng,a tiad framealiensctté2cthat
onto a retina of an eye, as shown at steps 162 and

applid®4-spherd or tdistafBENBEWER VAL \WRstusEEd abbVe Mith reference o Figure
I nt er changi ng at Ieast one of the add, sphere and - :

1, Ithecéblaﬁgéﬂ £60 chfB %‘%(J} éstqﬁé'rétic?blaﬁ&’e‘iﬂ&é’éméb@g@ﬂs of the

provi ovvn at
InCOﬂ&IHgﬁpHﬁ%Pﬁ %ef \g/ﬁl Qfgé\flr&gaa h@iquﬂpﬁ pg]e?ggn V\éécp pat% after
power s/ | enses, owi ng the person to view the e

paSS@Béhfoughttheabeﬁéf&dﬂ'&e&é i ddedighb PRATQYCAXIBNG the trial frame lens

power s/ | enses, and taking a
162 enters a visible waveband polarizing beamsplitter 164, which produces first and

second light energy components. A first component ("P"-polar‘ization) of the light .
energy goee .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
rhirror 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 deuble pass of light energy
through fhe waveplate 166, the light energy reentering the beamsplitter 164 hés 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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report fromthe person as to which conbination

provi des better visual acuity. This nay be repeated
wamioshogosat i sfactory or optimal conbi nati on iBCT/US2004/018915

The desired | evel of acuity may be determ ned by the

person's perception, an objective guideline,

applicable laws, etc., as will be appreciated by those

skilled in the art. Wen the desired | evel of visua

acuity has been reached, a vision prescription may be

prepared to reflect the add, sphere and/or cylindrica

anottﬁ’é}\’\’ﬁrrﬁ)rOWZt h'ﬁh|§ %@Eblﬁ@?ﬁlﬁﬁr ‘17f’2 'cﬁﬁ%scr@@é'ddé%fbﬁﬁed to have a
- desired |l evel of visual acuity, as shown at step 1

conc B S S B PR PP o

. Iof ngfl dence that the dispensed nultifocal contact
apply @M RAWS™ provi de the desired 1evel of visual

acuity.Figure 10 is a schematic di agram of anot her
s|Lrﬂntt%neé@mseflﬁcémbﬁoehﬁhueaﬁa@pngonirwré&é’dhaam@ésaﬁs back Hyough
present invention. This enulator 50 operates on a

the sscomd achmomat glartarovavegptiatdi 150U sBad double pmeofeligm ehergy
Figures 1-9. In the exanple of Figure 10/ |ight energy

throughavaleplate 1htecaligeetthe Highpénérgy YeeRering the Beamsplitetoéy to
an optional polarizer 160, e.g. a plate absorptl on

‘ 1 | | gélﬁ] n a

‘ have % eﬁcﬂémzagl sté%at"li ngégr é ﬁ(‘ﬂﬁ cus%)} E above WI h R
e 1 an be.used

pO'a'IZ%E §hj RE fettf'%sﬁogffx @‘%%%%@%wﬂﬁ%ﬁﬁézt§wa§%¥h% A Ficom ng

|8 @I ener&y é will dlrected al ogg t he sRhere

AW esiate atm gmatie Sugsne!n Pt e@pponent

164. The I |%t energy exiting the trial frarre | ens 162
may batsubstitated wrighe aﬁbmb@tmqtmqrwavei@etbdarmpvmettbe queder shift.
whi ch produces first and '

Optionally, a slot for a cylindrical trial frame lens (not shown) to match a
person’s astigmatism may be provided to the left or right of the beamsplitter 164 as
shown in Figure 10. Alternatively, the lens 160 is positioned on the right side of the
beamsplitter 164, just before the eye 26. As another alte_rhative, either or both
‘mirrors may be curved as described above to separately or cooperatively apply an
add power.

Acbordingly, 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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second |ight energy conponents. A first conmponent ("P"

pol ari zation) of the |ight energy goes straight
wot2oosmegtost he beansplitter 164 and is sphere omCE/US2004/018915

focal length or "power diopters.”™ A second conponent

("S" polarization) of the light energy is reflected by

the beansplitter 164 through an achromatic quarter

wavepl ate 166 to a mrror 168. The achromatic quarter

wavepl ate 166 is oriented relative to the optical path

to rotate "S" polarization to "P" polarization after a

applfQUH Sd@-%ﬁveﬁ‘ 14 ﬁ?‘%ﬂérgyﬁ%p@?ﬁ@ﬁ rét OrSShatt! '#n g&ié ;%xemplary

rotate polar zatlo pol ari zati on aft

S [ it T i . refl :
- embfiifest, R aqd BORAE B nisHI 1nrBicn B RiePigrd B Bburves
. quarter wavepl at 66. As a result of the douhle pass
’T"”’%f 4'Feg'ﬁﬁt'\éﬁhér€%j]/a§%}%1?g'ﬁ‘ab’r?@ mﬂﬁp'%%féerm& bgret qnegay of the
. .energy reentering the beansplitter 164 has a "P" _
secqisl ecampenemnandéhefirst samponent after {hel fitst eemponent as had the
l'i ght energy passes through the beamsplitter 164 and '
add pbwevn gppletdredirectvdoatehg@ cprantosroptiveéphtit @aindly, toward the
towar danother mrror 172. This second mrror 172 can
retinB®fthaeged or deformed to have a concave curvature of
. a varying anount such that the mrror will act as an

ad - Y ' i of | ect” o

Ot AR R o RRaf YR Honl 0 oRR Yol ll B o

the,secand achromati.c.quarter waveplate 170.. This .
passestibTaiigha sPRFTS 1E0R 162ne Ty Mo Beigh HelvsaAfter PRy sage through

causes_the |light energy reentering the. bearrs&{é tter. o
the heamspiities844ahown bedprgrin Faguren! Qg Additignally ¥ ¢arabined light

i ght energy now has an "S" polarization, it is
enenggfiayingetthepplind dsisanp phererpavéerstis diededtdndo dye rettha of an
eye 26 to create the simultaneous vision effect. o

Having thus described particular embodiments of the inv_entioh, various

alterations, modifications; and improvements will readily occur to those skilled in the
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 équivalehts |

thereto.
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It will be appreciated that an achromatic Fresne
rhonb or other conmponent may be substituted for the
woaelwownsi ¢ quarter wavepl ate to provi de the ®ganses4/018915
shift. Optionally, a slot for a cylindrical tria
frame | ens (not shown) to match a person's astignmatism
may be provided to the left or right of the
beansplitter 164 as shown in Figure 10. Alternatively, "
the lens 160 is positioned on the right side of the
beansplltter 164, just before the eye 26. As another
Whag Ld SIEH@éHYse either or both mirrors may be curved as
escribed above to separately or cooperatively apply
an add power. Accordingly, in the enbodi nent of Figure
10, like the enbodinents of Figures 1-8, incomng
ight energy is split_ into a first conponent directed
al bng aArdevige f@bﬁﬂb’éﬂ’t"&a@ lmlgt'fﬁcﬁl/%?'?ﬁ?ﬁbb%ﬁq) SEequse By
the mrrors and passage through the achromatic quarter
simullaneplawisi)n efiect an 3 eetinaloicampyecthe dévieccaipesiogy a
second optical path P distinct fromthe first optica

pa4 Ibebinhysiitter poshianedde spiitiacdiing higmugierghmto a first component
beanmsplitter/polarization cube 164 of Figure 10).

‘dlvrecﬁgé‘ 'aﬁdr@élfﬁéf’ogft@éﬁ? Hbﬁﬁ’d H@'do%&iérﬁ‘@@e@fé‘beéloﬁg a second

I ght €ner gy irst conponent. In
ower is applled by
- oPm%i?E‘m @S}nl &trrﬁe 15 g {'rséégﬁ(é@%%}@m a curved mrror. .
at i veI an ad used. F r nor e
1 SRt ahes o tsr S red BrinsSoit RERTDY irRr g alinG sad frst
conmponent after the fir st conponent has had the add
optigebmeth aplyl said firstrreceptasts: keingicapgble fagraeivingpan add lens;
path, nanmely, toward the retina of the eye.

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.
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The conbi ned |ight energy traveling along the common
optical path is also passed through a sphere | ens 162.
wOoRosooaryy occur before or after passage throu@aTius2004/018915

beanmsplitter 164 (shown before in Figure 10).
Additionally, the conbined |ight energy having the
appl i ed add and sphere powers is directed onto the
retina of an eye 26 to create the sinmultaneous vision
effect. Having thus described particul ar enbodi nents
of the invention, various. alterations, nodifications,
andl i inerlﬁemeg)waalm Tef&cthbyc@mptimngo those skilled
in the art. Such alterations, nodifications and

| ng @BeOMNbA putariic? foRIfH: Pl I @,wr?
are |ntgﬁ?edF?%abe part ofpﬁﬁggﬁgeng?B?PghéﬁLoug 9not
expressly stated herein, and are intended to be within
the spirit and scope of the invention. Accordingly,

"the for i,ng. d $¢ t i s. by . of .exanpl e onl '
an%‘ notﬁ%)%e?' dﬁ@‘iﬁ”&é ?frbgf"ga SPHREPIRNIZerd8 rotatably
d.in the foI | om ng clai s and equi val ents
moume@frr Pvprarsaid bear sRiger tor varying @eatioof frgensibubatweey said
a multifocal contact -l ens to produce a sinultaneous
fir St gnd seeond cempooants proticed by said bgam spiitedevi ce
conprising:. a beam splitter positioned to split
incomng |i ght energy into a first component directed
along a first optical path, and a second conponent

dig.ect %@b@ﬂ@e%f%%‘?rﬁnﬂ fQRﬁé?rCé’deﬁélh di.stinct from

said first optical path i rst recgpt acI e p03| ti oned

t % BARFrelcb Bl PELIIINEY ICFAEIABIE ST of ehbldy traveling along

said common optical path, said third receptacle being capable of receiving a

cylindrical lens.

7. The device of claim 6, wherein said second receptacle is positioned
along said common path intermediate said beam combiner and said third

receptacle..

8. The device of claim 6, wherein said second and third receptacles each

comprise a respective drop lens holder.

9. The device of claim 1, wherein said first receptacle comprises a slot for

receiving a lens insert.
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optical path only, said first receptacle being capable
of receiving an add | ens; a beam conbi ner positioned

wo sosoeidne | i ght energy of said second conmponecit/Usaod41018915
light energy of said first conmponent that has passed
said first receptacle, and to direct said conbi ned
i ght energy al ong a common optical path; and a second
receptacl e positioned to pass the conbi ned |ight
energy traveling along said conmon optical path, said
second receptacl e being capable of receiving a sphere

| a5 Theldsideyt 08", RirfeFcmifigiei n sai d beam

splitter and sard beam co conprise a cube

erei .
b@amSE%fﬂeFEOerm hredfind SHldTeCiTRE ik it Gp e BB el
cube beam-pol ari zer.4. The device of claim1, further

bearrbgp,lﬁ}qrghwglg aﬁ?'%ﬁ@éf?ﬁ‘?%iﬁc I8oRRd i zer for linearly
polarizing incomng |ight energy. 5. The device of
clasganond reflector forgeditectingosaid ifiost geanponent's light energy from said

“rotatably nounted relative to said beamsplitter for

first refieotontd saiddddam obmbiernsity between said first and
second conponents produced by said beam splitter. 6.
The device of claim1, further conprising; a third
receptacle positioned to pass combined |ight energy

tr a‘vel ' @%\%@oﬁabﬁn 9p Erémte'a%ﬂlof%% cpflrs?th ste@,bﬁ&i
e 0

recepta el ng capable recel

reflectors comprises a respective total internal reflection prism.

12.  The device of claim 1, furt.her comprfsing:

a wheel capable of supporting a plurality of add Ienées each providing a
respective add. powér, s.aid wheel being rotatably mounted relative to said.beam
splitter for p;asitio'ning 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, fur’ther 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 séid

common optical path.
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cylindrical lens. 7. The device of claim®6, wherein
sai d second receptacle is positioned al ong said conmon
weaiokoo4102r nedi at e sai d beam conbi ner and sai dp¢hU$04/018915

receptacle. 8. The device of claim®6, wherein said

second and third receptacl es each conprise a

respective drop lens holder. 9. The device of claim1,

wherein said first receptacle conprises a slot for
receiving a lens insert.10. The device of claiml1,

further conprising: a first reflector for redirecting
saiyd T gl JeaBeN&aIm 9 3! M@Felﬁ'%@fcﬂé’pﬁér@"ﬂﬁ@étﬁwe@ﬁ?f@mber

splitter through saird first receptacle; d a second

com B S| al EERABERIES L, 15 coonent s T1sh

conbi ner. 11. The, device of claim 10, wherein each of
said first and second reflectors conprises a
. respective total internal reflection prism 12. The
ddvi ce Toe devigaoficlainBhwhereinseidsphgreadimseient member
of supporting a plurality of add | enses each providing
compaises plensifiee apizhipo selectisely dlighatele viith sajdraainavnahloptical path.
-mounted relative to said beamsplitter for positioning
a selected one of said plurality of add |enses in said
first receptacle to pass light energy of said first

CQEPON&Re device of claim 13, wherein said plurality of lenses collectively
provide for pbwer adjustment in quarter diopter increments.

17. \ A device for emulating a multifocal contact lens to produce a
simultaneous vision effect on a retina of an eye of an indi\/idUaI, the device
comprising: |

a housing;

a first device according to claim 1 supported on said housing in position to
a.lign said common optical path of said first device with a left eye of the individual;
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:
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13. The device of claim1, further conprising: a
sphere adj ustnent nenber supporting a plurality of
we phwsnessbenses of vari ous powers, said sphere PCT/US2004/018915
adj ust rent nenber bei ng novably supported on said
housing for aligning a selected one of said plurality
of sphere | enses with said common optical path.14. The
device of claim 13, wherein said sphere adjustnent -
menber conprises a longitudinally translatable strip.
15 The device of claim13, wherein said sphere

¢
ect | ngllléfzrg?ﬁén %d@ﬁ?sn’i‘céﬁﬁ@le df%rﬂﬁ Wﬁ%‘alstar}]ce

Ilgna e wth said conmon opt

betw%e?‘hg%@ers%rﬁ%‘é@% fleSeGribes t%%ﬁéﬁsgﬁ%sﬁfgwe@%%" aths
217, A
with S b Bl ok TR ¥porucs. i r t omeps
vision effect on a retina of an eye of an individual,
the device conprising: a housing; a first device
according to claim1l supported on said housing in

pasi t i Mnetdevidd giclsiam d7 cfumhen copiprigilg: pat h of sai d ,
first device with a left eye of the individual; and a

- 3%C&ﬁﬁepﬁﬁc‘é%ééﬁéﬁlgm%da%lébﬁbl%ﬂnéEPI%%YS%o?ﬁ‘tfr?'gf'a ?ahid first

housing Tn position to align said common optica

-and s% oﬁ@'d%vﬁ:%%qg %aﬂgg 'tr?;f ré@ptelatl@e Ekggnof §4ia rngé&R/e first receptacles

to intersect.

20. vThe device of claim 17, fuﬁher comprising:

first and second wheels each supporting a‘plurality of add lenses providing a
respective add power, each 6f said first and second whéels being rotatablé to
selectively ;:;ositiOn a selected one of said pIuraIi}ty of add lenses in a respective firsf

receptacles to pass light energy of a respective first component.

21.  The device of claim 17, further comprising:

first and second sphere a'djustment members each supporting a plurality of
sphere lenses of various powers, each of said first and second sphere adjustment’
members being movably supported on said housing to selectively align a selected
one of a respective one of said plurality of sphere lenses with a respective one of

said common optical paths.
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i ndi vidual. 18. The device of claim17, further

conprising:an interpupillary distance nmechani sm
wezpshi@oof varying the di stance between sai d PCT/US2004/018915

respective third receptacles to align said respective

common paths with pupils of the individual's |left and

right eyes. 19. The device of claim17, further

conpri sing: a convergence mechani sm capabl e of

pivoting at | east a portion of said first and second

devi ces_to cause the respective axes of said

r e¥pectinfedeyiee of claie R lastheseinceaoht efrsaid first 20d SBvend sphere
device of claim 17, further conprising: first and

adjusiemmmembaisscmpmsesl.@pw;i longit@dinaiy ehhslktabie @ﬁ%md housing
| enses providing a respective add power, each of said

with fdspett Rl respieRfive WRB Y SaREESE éﬁf?‘étﬂﬁil ﬁa{h% sel ectively

p05|t| on a selected one of sal ty of add
| enses.in a respective first receptacles to pass |ight
energy of a respectlve first conponent 21. The device

of,claim 17  .furfher risi.n irst and second
s&?ere%%% ﬁeeﬂf Clﬁgﬂ‘ggng’hgé%'ﬂ errSﬁ'qawﬂrS&aﬁFjlﬁe&Pf‘?fphefe
. of sphere | enses of various powers, each of said first
adJUSéfﬁ'@ng EXSTRETS SIREnRYiSes) & lenedire ﬁﬁwawe&mtwglymjmabge with a-
~ supported on said housing to selectively align a ,
respentive cinedofeaid commnorespticdlipathsone of said plurality of
sphere lenses with a respective one of said conmon
optical paths.22. The device of claim21, wherein each
of said first and second sphere

24.  The device of claim 21, wherein said plurality of lenses 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 méthod comprising:

splitti.ng incoming light energy into a first light energy component directed
along a first optical path, and a second light energy component directed alonga
second optical path distinct from the first optical path;

applying an add power to only the first component;

dir_ecting along a common optical path the second component and thé ﬁrst
component after the first component has had the add poWer applied;

applying a s'phere power to the combined light energy traveling along th.e

common optical path; and
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adj ust nent nenbers conprises a strip longitudinally
transl atabl e on said housing with respect to a

w0 speet’oye one of said common optical paths. B3r/UI10e4/018915
devi ce of claim 21, wherein each of said first and
second sphere adjustnment nmenbers conprises a lens-free-
openi ng sel ectively alignable with a respective one of
said common optical paths. 24. The device of claim21,
wherein said plurality of |enses collectively provide
for power adjustnment in quarter diopter increnents.

Z%ir&tiﬁﬁﬁ@gomfneﬁ{‘ﬂﬁrﬁ‘én%%ﬁ%l 4 Hdtpeads &PB)@Sktet fisadd and

to produce .-a sinultaneous ion effect on a retina

sph_ef‘%‘aﬁ%grs ﬁ%e g‘é‘%@%ﬂgﬁ&mrl sing: splitting incom ng

energy | i'rst |light energy conponent
directed along a first optical path, and a second
| i ght energy conponent directed along a second optica
path distinct fromthe first optical path; applying an
ad®. povide methat of elaien 26 whetainmsepbiing the add ppwgr aompgses:
a common optical path the second conponent and the
f ireflectigniight energyf fremn a beafni sittec tmpoagleain dddslenadandie
add power applied; applying a sphere power to the

CoBEfeARR lghe Bheﬂj(}ﬁl_fr@m thead lens tébthink Renfbmeron
opti cal "path; anddirecting the conbined |ight energy

onto a retina of an eye after the add and sphere
powers have been applied. 26. The nethod of claim 25,

b el PRI AFof OGRS, RRLRIn SO B 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 through a polarization beamsplitter, and reflection from a

second mirror for a double pass through a second achromatic quarter waveplate.

29. The method of claim 25, wherein applying the add power comprises
passing light energy through an add lens, and wherein applying the sphere power

comprises passing the combined light energy through a sphere lens.

30.  The method of claim 29, further comprising:
iteratively interchanging at least one of the add and sphere lenses until a

desired level of visual acuity is provided; and
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reflecting |ight energy froma beamsplitter through
an add lens; and reflecting |ight energy fromthe add
wo ens/o0400m beam conbi ner. 27. The net hod of cleCTUHN4/018915

wherei n applying the add power conprises: reflecting
l'ight energy froma contoured mrror providing an add
power. 28. The nethod of claim25, wherein the first
optical path includes reflection froma first mrror

for a double pass through a first achromatic quarter
maveplate transm ssion through a polarization

%%ﬂﬂlﬁ%ﬁ{ultlfta r oc{ﬁ}é&%héﬁ“s tgé\ﬁﬁ'% 348 AR hHEE tpg(,vefrgr

ass a-secon romat i c ‘quar
COlTegBBTI@

| at 29. ..The nethdof | ai m 25
B8 redacinS pelantE e St BBV fbenﬁeewalgye' of
through an add | ens, and wherein appl ying the sphere
V'Suabéﬁlé' Y.conpri ses passing the conbined |ight energy

. through a sphere lens. 30. The nethod of claim?29,
further conprising: iteratively interchanging at |east

one of the add and sphere |lenses until a desired |evel

of31vi sUdle methddyofl Saipn 28] fisther gbmprisder: i bi ng
.mul tifocal contact |enses having add and sphere povvers :

CapbRAROE Lyl HBARPES LYMmbRT R cHergy ﬁ‘abélﬁr%eﬁonr% the

prOV|d|ng the desired |l evel of visual acCuity

o5 48 BSOS SRR OB AR08 o

h aI ong 'the comon optical path before directing the
the e¥8nhi ned light energy onto the retina of

i

32. The method of claim 31, wherein applying the cylindricalical power |

comprises passing combined light energy through a cylindricél lens.

33.  The method of claim 32, further comprisihg:

iteratively interchanging at least one of the add, sphere and cylindrical lenses
until a desired level of visuél acuity is provided; and

prescribing muitifocal contact lenses having add, sphere and cylindrical
powers corresponding to respective add, sphere and cyIindriCaI lenses providing the

desired level of visual acuity.

34. The method of claim 25, wherein splitting the incoming light enefgy

comprises:
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the eye. 32. The nethod of claim 31, wherein applying
the cylindhcalical power conprises passing conbi ned

wo e@bvoseoer gy through a cylindrical |ens. 33. AtEBUS2004/018915
met hod of claim 32, further conprising: iteratively
i nterchanging at | east one of the add, sphere and
cylindrical lenses until a desired |evel of visua
acuity is provided; and prescribing nultifocal contact
| enses having add, sphere and cylindrical powers
corresponding to respective add, sphere and

cpesafoseindsmngion g 4Pl S lar poerce e

: plittin e_ipcom ng |ight energy conprises: passing
mconﬁlﬁg "9hL8ﬁ?'t 'Iapght energy through a polarizer to

linearly polarjze the incomng |ight energy; and, -
pRSSFIRG the POFYI2&A IneRMINGCEHt gGergyirowgea &?anh PRl tq create
beam splitter to create the first and second |ight
the fiest @ngysecond digbherernglyrcompaneaits digected #long theafingt sad segond
optical paths, respectively. 35. The, nethod of claim
optic@mathéaeepectiliglyect i ng the first. and second conponents
al ong a comon optical path conprises: passing the
first and second conponents through a beam.conbi ner.
36. A nethod for emulating a nmultifocal contact |ens

t 35P" O4YZEmBthod of claim 25, wherein directing the first and second
~ components along a common optical path comprises:

passing the first and second components through a beam combiner.

36. A method for emulating a multifocal cbhtact lens to produce a
simultaneous vision. effect oh a retina of an eye, the method comprising: |

splitti:ng incoming light energy into first compohent and second components;

applying an add power to the first component of the first and second
components;

applying a sphere power to the éecond 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;
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si mul taneous vision effect on a retina of an eye, the
nmet hod conprising: splitting incomng |ight energy

WO mi0os/064705t conponent and second conponents; apEl/y$10g4/018915
an add power to the first conponent of the first and
second conponents; applying a sphere power to the
second conponent and the first conponent after the
first conponent has had the add power applied; and
directing the first and second conponents, after
havi ng had the add and sphere powers applied, onto a

r ebpRRingf thaTir&Mens %Tt;n, al 86cdrR] IRPE Halvi @ip%%? d#'ffétilﬁgh@%rg the

conprising: using a first lens to apply one o

- ﬁgpere powers; replacing the first lens with a
 mS“§@%on | ens having a power different fromthe first

| ens;, and recejyving a report froma person co ri
viTSEEVINg A faRPTFOM 4 RETSOMCampANG Webirkaquity vt the first and

. respectively. :
second lenses, respectively.
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