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TELEVI SI ONS CROSS REFERENCE TO RELATED PROVI SI ONAL APPLI CATION Thi s

appl i cat iwo oglss7os t he benefit under 35 USC 119(e) of U. Spcthi@yiisiepnal
Application No. 60/247,978 filed Novenbey 9, 2000, the content 10 of which
inits entirety is hereby incorporated by reference. |. FIELD OF THE

| NVENTI ON This invention relates to projection |ens for use in
projection televisions and, in particular, to | ow cﬂﬂ/ﬁlmﬁi/ﬂw&wmwor mance
projection lens systens for use in projection televis enpl oy
three cathode ray 15 tubes (CRTs), e.g., a red CRT, a bl'ts&s€RT, and a green

CRT. 11. BACKGROUND OF THE | NVENTI ON There exists a need in the art for
“projection |l ens systens and, in particular, rear projection |lens systens,
t hat have sone and preferably all of the followi ng features: 20 (1) The

systens can be produced at | ow cost so as to be suitable for use in high

'vol une gonsurer pr o ENEEYSPERS FOR FROJECHTONIEREVISIENERN acconmodat e

the spectral differences in the |ight produced by t red, green, and bl ue
CRTs without the cost and conplexity associated with full color

Wth the IFERSS BRRGRINCE o dHE o R by B GP e BSNAY, ARA QARG sy ot ome
exhibit a high level of inage contrast. (5) The systens produce a bright

i mge, e.g., theéTkissappiratimneclaims the benefitjindatr 85fVSCK 1194¢) ¢fi16.9.ess t han
or equal to 1.5 and preferably are 30 around 1.0. *000002* WD 02/ 43370

PCT/ USO01/ 47TRRVisioRal ApplhibLtisy N& 6o/94ar 978 b Ndveshsb0d, 20RVthe c%ﬂ?ent

direction of the screen so that the distance to the screen can be reduced,
5 AR R o o e
L. FIELD OF THE INVENTION

This invention relates to projection lens systems for use in projection
televisions and, in particular, to low cost, high performance projection lens
systems for use in projection televisions that employ three cathode ray

15 tubes (CRTs), e.g., a red CRT, a blue CRT, and a green CRT.
II. BACKGROUND OF THE INVENTION

There exists a need in the art for projection lens systems and, in
particular, rear projection lens systems, that have some and preferably all
of the following features:

20 (@) The systems can be produced at low cost so as to be suitable
for use in high volume consumer projection television sets.

(2)  The systems can accommodate the spectral differences in the
light produced by the red, green, and blue CRTs without the cost and
complexity associated with full color correction.

25 (8)  The systems have an optical performance suitable for use with
the higher bandwidth signals of digital televisions.

(4)  The systems exhibit a high level of image contrast.

(5)  The systems produce a bright image, e.g., the systems have
infinite conjugate f/#'s that are less than or equal to 1.5 and preferably are

30 around 1.0.
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5 tenperature, e.g., changes between roomtenperature and operating
tenperature. 11l1. SUMMARY OF THE | NVENTI ON To satisfy this need in the art,

the invenyy@®m/psayvi des projection lens systens which haveps@iRofiho;
preferably all of the above seven features. 10 In accordance wth a first

aspect, the invention provides a proj ecti%n | ens systemfor use in a
projection tel evision which has a screen and a first CRT which produces

| i ght of i il frinl St I . whi ch d light of
o e 1P e ot 2o e by hays, & SGHR HeT0r Vikeg B B ARG R asibe ©
primarily astiidndsd A4 theSBbthie Qothbi RRedrLiSn PETLEMEP %1{ %i mﬂafkﬁ'@gfs% ﬁg

projection | enses, one projection |ens being associ at ed eac
CRTs duri ng view infthe ibresyimeot therschermbfigt st 889e of the |ight produced

by that CRT on t screen, each projectiqn . lens consisting of: (A a first
lens unit (U) OR% he 'ﬁ'éfhﬁy %%Hﬁsﬁﬁtr@?%qlﬁéydm?mﬁétWQﬁﬁ chaggpgimirst |ens

unit having L4 1ve RO : S lens_upit 2) _which (i)
is assoc?atg \%l%? %ﬁdg%&.,%aag%é%gﬁ&eé&%?ﬁg feggn‘g&agﬁ% aﬁgs?pg%{#lgng
negative powempebgtureo associ ated, and (iii) provides nost of the
correction of the |lens' field curvature. wherein in addition to any

di fference BEsed BAMMMARY ORFHEENVENEION | ug condition (see, for

exanpl e, Hasega U..S.. Pat ent .29 5 5.930;,.Yamanot,o et al,., U.S.
Patent No. 5,293, %‘?’tlsixc?%ﬁso’llﬁ%d\& thy art, %ée @V%?%Prmdeg}’ﬁ@?f@ﬁ;ﬂe%? any
di fference ighstehesiviad BineS4 sl S.

Pat ent No. 58,5}855, 922) ,hpﬁgggecond@gﬁiﬁﬁﬁlﬁ% Sfﬁ@e)hgﬂé%ond gr%jag%ﬁsbn | ens

di ff er s1®r om t he Inemsordrmesvithia fiedt ddpect,ithetinvpntipratrovitlesenprdjactidn | east

one optical .property, ,said difference being based . 30 on said first and
second col oﬂg‘.‘s g@’“@% {3358 ipErprodeainony djevision prhich hagr sqreep parde fagt

enmbodi nent s,cprf mﬁ?{él& r80ub& ﬁ%l?ﬁ;f &éﬁiﬁfa‘%ﬂ?ﬁéﬁr&a&{i& Ps %%Bhs(?#ﬁ‘%gh{cﬁet he

Schei npfl ug con or any ences”i n spectral ransm ssi on,

second | ens prodhcesdighthef Primsirily sesspodd cdlud, bhidr£t19#a) CRTiwHich! pddasesl |
differ fromone another_in at |east one optical property, said 5
di f f er ences 1g&it 9§ peuBatilya thiwd eqlewsaid projgationdens Aystaiceompsisingitlvteeer

0T 8, CHBRHIEaod 1 SRR R B SR Ren TR S T e
CRTs during use of the system for forming an image of the light produced
by that CRT on the screen, each projection lens consisting of:

(A)  afirst lens unit (Ul) on the long conjugate side of the lens,
said first lens unit having a positive power; and

20 (B) asecond lens unit (U2) which (i) is associated with a CRT
during use of the lens, (ii) has a strong negative power when so associated,
and (iii) provides most of the correction of the lens' field curvature;

wherein in addition to any difference based on satisfying the
Scheimpflug condition (see, for example, Hasegawa, U.S. Patent No.

25 5,045,930; Yamamoto et al., U.S. Patent No. 5,293,226; and Toide et al.,
U.S. Patent No. 5,537,167) or any difference in spectral transmission (see
for example, Wessling, U.S. Patent No. 5,055,922), the second lens unit of
the second projection lens differs from the second lens unit of the first
projection lens in at least one optical property, said difference being based

30 on said first and second colors.



achi eved through differences, other than spectral transm ssion, in the

nmeni scus elenents, e.g., differences in at |east one of. 10 (1) focal

| ength, (Wb ohnasey of refraction, (3) base radius for the s©eH1a7T9¢
surfaces of the elenents, (4) base radiys for the CRT side surfaces of the
el enments, (5) difference in surface shape and/or best-fit spherical radii
of the 15 screen side surfaces for elenents that have aspherical screen

si de surf aces, . i.ffe i u . e N -fit
spherical radii g‘?gélﬁélﬂ %ﬂ?&gé@ﬁéﬁ%@gﬁf g)é ggﬁg@ﬁg%aﬁﬂgﬁ%%e\%ggéspheri cal
CRT side supasdesn shtisBisgtBe SeReihdMu®cbRAite PO hip differdites $86pBEtrhENS

units 20 conprise a coupling fluid portion (e.g., a coupling fluid between
‘a meni scus trengmdpgionnthe seconddens anatsaff theditcRTseshndhand thed priojection
optically cpupling ,.the.ens to the CRT faceplate also functions.as a

cool i ng rredﬁ’ﬁ’ﬁfs,’ agyﬂ}%f?ﬁéo%iopﬁér?ﬁﬁ‘é’élrb@{gﬁ?@ﬁ OQE&?%EF#@HQPW?% %alg_r e

achi eved; t hagrgbndid h&heNrRRd onpméeﬁrstchfé&,oge?aﬁa%iﬂ@é{g.SS' on, in the
optical properties of the coupling 25 fluid portion of the second |ens
units. Such dif fBb1 etlosspiefeirhd enthplimegt$, thedsecpnd léns uaitstdoenmdsoad | ens

units include differences i mcjfff of refraction of ihe coupling fluid
produced t hR§BEeustelement aaddhe differanaes betwgen QUSNUNIA@LSr

di fferences,_}j ' i r ' m heat.i and/ or
cool i g of Sefel phidliy itk ehEREBHAL R SRR ARBER e Sich 50
di f f er encesm@hieuselémeatsid.& caehaencedid helsdsapae(of: 9., axial thickness
and/or radii of curvature) of the coupling fluid portion. The differences
in the MD 02/ 433@) PCliocabtereth291 -4 coupling fluid portions of the second
l ens units can i Iudngeot diffg.rences in index of refraction and
differences in sHdpe. HEXMFEHAUOM e native for producing differences in
second |l ens unit t Leal hf S

transm ssi on, of (%t)he Pgiée)%f‘g? gsfoﬁl{wg&tgﬁggﬁ éﬁﬁéﬁ% cﬁpﬁ‘}%ﬁ)%%%%ﬁts’of t he
second | ens uni t(4uri hgsasadius fohtheCR B sidecurfans, oftha cdbemoate di f f er ent

f t | tt ft CRTs, .e.g., f th d d, ..ouch
(082 oot Lol L GngRnse i atetact Rhaphadliaismst A ratgica sndi H#B, anc
radii ofs CULNBLAILRIe é&ﬁgcéﬂom@elﬁ@-ﬁgsagieat 1 AAREAAN Q3rdehtlidb RekR, One of

nore aspherical surfaces, surface s est spherical ’radii
can al so beandde different between various of

(6) difference in surface shape and/or best-fit spherical radii of the
CRT side surfaces for elements that have aspherical CRT side surfaces.
In accordance with other embodiments, the second lens units
20 comprise a coupling fluid portion (e.g., a coupling fluid between a meniscus
element and the faceplate of the CRT which in addition to optically coupling
the lens to the CRT faceplate also functions as a cooling medium), and the
differences between second lens units are achieved through differences,
other than spectral transmission, in the optical properties of the coupling
25  fluid portion of the second lens units. Such differences in the coupling fluid
portion of the second lens units include differences in index of refraction of
’ the coupling fluid produced through, for example, differences in composition
and/or differences in coupling fluid temperature resulting from heating
and/or cooling of one or more of the coupling fluids and/or its housing. Such
30 differences also include differences in the shape (e.g., axial thickness and/or

radii of curvature) of the coupling fluid portion. The differences in the



the facepl ates based on color. In general, this approach of varying the
faceplate is less preferred for manufacturing and cost reasons than varying
t he propewlg®n39h a neniscus el ement (nost preferred) or V?é¥/b§&/$79ﬁ
properties of the coupling fluid region of the second lens unit. 15 In
accordance with other preferred enbodi nents, the first lens units of the
projection | enses are identical to within manufacturing tol erances.

this vay, tBeRMFREE YokAing 8P thOLeddi RASLALL clﬁﬁg%isg@gﬁgé}%mescomm“

first lens uni reu mai n, nost conp

proj ection heisds shidfeadtion hed Jafferdrica® ihishb, éevel S Of optical performance
20 can be achi eved by varying only a relatlvePy smal |, sinpler part (the
second |ens uni & agiothre aliespative for prodyiding diexenses i keestd lews dirfifsr ent
colors. In cor ect he inventio

proj ection %gpﬁ‘é?r}lc]ﬂi‘so@efﬁeﬁ’o%e ﬁg?Bﬁ GFRL ra@%pllgﬁﬁ)nhggplg%?agepfgﬁfas of

conj ugatg StH@CR’I‘sSWi%h%%:}%‘t%f%h@%ec@rﬂﬂléhsf@ﬁ@d ﬁﬂghee Eﬂm@en 25
associated wth CRT, said lens consisting in or romits |ong

conj ugat e spu@ection (e¥)s, xapdsd tade diffesent forsatuoast (il pf the CRTspag. sfog in

O oo LS eotenond peA LIRS SHEhSne g cob usfuds fillerbpaner o
atond | ens TaGkhary Hief of SRR AUE %%?a%i f%ﬂ%@% MR B s ana”

whi ch provi ORT fasplatestthat @ﬂ@uHEMeRﬁVﬁbr@h mlémcmﬁﬁde@nsuﬂf@ébﬁs
consists of a _second |lens elenent (L2) or a doublet (DB); and (ii1) a third

| ens sublni andferdiest-ditsiphesical radiiisandlpe be maéerditﬁfel(em betWeemarmuemgt h =

F3) which h h f d and
() & secontis Bireniias tpced SEooler. B gepotalciy Hpdnich of TASmEERE! ot o
with the CR—fadéBIdt@QsTé&, ﬁeféﬂ%d'iﬁf‘?nar(ﬁfa):t&&ﬂﬁg%nﬂt éd%@gen i tt’h}\éﬁ va?%‘i‘?%n"men

SO associ at ed, d (i11) provides nost of e correctio
field curvathe promre]eelaf a m(ea)smlseelémlest (vest petfemed) dramrpingeidte fi t

herical radius Rll t he I rection, of | ens' | ong ¢onjugate side and
apbest fit EBWF’@él‘)ngEPGEPhEE ﬂe“rlﬂ r@ﬂ@%?é&ﬁ“&‘?néf leppnitans' “short

conj ugais Side; In gecordance with other preferred embodiments, the first lens units

of the projection lenses are identical to within manufacturing tolerances. In
this way, the manufacturing cost of the system can be reduced since
common first lens units are used for the main, most complex part of the
projection lenses while at the same time high levels of optical performance

20  can be achieved by varying only a relatively small, simpler part (the second
lens unit) of the projection lens for some or all of the different colors.

In accordance with a second aspect, the invention provides a
projection lens for use in combination with a CRT and having a long
conjugate side, a short conjugate side, and a focal length FO when

25 associated with the CRT, said lens consisting in order from its long
conjugate side of:

(A)  apositive first lens unit (U1) which consists in order from the
lens' long conjugate side of:

@) a first lens subunit which consists of a first lens element (L.1)

30  which has at least one aspherical surface and a weak power;



15 (b) the second | ens subunit has a radius R21 in the direction of the
| ens’ long conjugate side and a radius R22 in the direction of the |ens'
short conyp®atss7ei de; (c) the second | ens subunit is axialpof/saged; from
the third lens elenent by a distance T23; 20 (d) the third | ens el enent
has an axi al thickness T3, a best-fit §gheri cal radius R31 in the
direction of the lens' |long conjugate side, and a best-fit spherical

radius R32 in the,dir g%&;ﬁ @nst%déﬁfﬁé%%q}%ﬁhﬁg@%q%&h i§ié,ggf%|gpg,b)(/ e; t he

third |l ens el ene I s axi y space e~second 1ens
di stance T3dicoaviek whénehichtgrevidesaost siitheensifias p6weE ofitite prEéaiabl y al |
of the follow ng characteristics: 1) ?2 1.5 (or > 2.0 or

30 (i)l R2 1 /R - ~
> 2.5); (ileprandcapsigtsiof prespord deng plemerd1(L2) or radqublein(13B); 288170

PCT/ USO1/ 47291 -6, 5 : T3/F 0,1 . L) {Vi)T23<  T34:
(vt 125 o 20t ey o 3R e shibynts Pofeh S¥sighs of pthind Knls Sent YE8; )
'0.9; (xig) Ff%/cgﬁleﬁgzg f@%?%vgéphﬁs At 15astOnd) asphéridal Quffic® ah@a podifide< 0. 85

(or 0.75 < FQ - and/or (xiv)thé second lens unit conprises a
meni scus elpomert; and ch i s concave (preferably, strongly concave) to the

|ens” ong coniuggte site, | RNGELBEehich (L 00 Gl e that L
gﬁg‘r’ S)ét te;):’"gétt%?gia?gﬂi ﬂl@ﬁglﬁ%%;d%ifg 3586¢ e 18, BHUACE kBRNGHEatiV | ©
power when so associated, and (ii1) provides most of the correction of the

10 lens'field curvature;

wherein:

(a)  the first lens element has a best-fit spherical radius R11 in the
direction of the lens' long conjugate side and a best-fit spherical radius R12
in the direction of the lens' short conjugate side;

15 (b)  the second lens subunit has a radius R21 in the direction of
the lens' long conjugate side and a radius R22 in the direction of the lens'
short conjugate side;

(c) the second lens subunit is axially spaced from the third lens
element by a distance T23;

20 (d)  the third lens element has an axial thickness T3, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a
best-fit spherical radius R32 in the direction of the lens' short conjugate
side; and

()  the third lens element is axially spaced from the second lens

25 unit by a distance T34;

and wherein the projection lens has some and preferably all of the

. following characteristics:
@ IR22|/R21 2> 1.5 (or 2 2.0 or = 2.5);
’ @) R31<0;
30 (i) R32<0;

(v) |R31| > |R32];



15 nmean that L1 when described in terns of best-fit spherical radii has a
meni scus shape convex towards the |ong conjugate side of the projection

| ens. | n weydaBsvopr ef erred enbodi nents of this aspect of tgerigyeAtdon. the
projection lens has a half angle field of viewin the direction of the

|l ens’ long 20 conjugate of at |east 35 '@égr ees (e.g., greater than or
equal to 37 as in Exanples 1-8 below). In other preferred enbodi nents, the
projection | ens as r r~an infinite conjugate of less than 1.5
and preferably (‘tl) 0. ﬂéﬁgwgf(%;rtgr%ﬁ’pr ef erred enbodi nents, the second

| ens subunit is )cormgs_@q\ggf glass (or, nore generally, a thermally
stable material) and the first lens elenent, the third |l ens el enent, and

t he meni scus el egdf)t @R3the.155Egond | ens unit (when used) are conposed of
pl astic. This choice of materials provides a nunber of advantages to the
proj ection | ens. (i) sR11ix* Opakes the | ens inexpensive to manufacture. As

di scusse 30 bek.oy/ a?{ﬂ&i | lustrated in the exanples, the plastic elenents
of the I®ns have®tonfilgut 8ii ons which allow themto be readily nol ded in
pl astic. As al so,%é\o 0%/1439 oPCT/ US01/ 47291 -7 illustrated in the

exanpl es, the seg nd I'ens elefrent (L2) or doublet (DB) used for the second
| ens subunit has(@dpheFOB2 >udf aces which all ow these conponents to be
readily made in glass. Accordingly, each of the conponents of the | ens can
be readily manuf g@%)ur /B3 <142 o4 0.46088dbAY, the plastic-gl ass-pl astic

constructonol e gooes e < pAUeBCe ATANG glase pgslon el
Al so, aghird I epgypl %Qécoﬂdslbns‘MHi?E’q%ﬁrfcégggqﬁgﬂisg% Qieé}ﬁgflf&tf?xg&bhas a

positive power provides conpensation anges 1 n tenpera 5 the

second | enscamiave (peefopssyf strahkly, coritanget the leasPohatdshsu@itetdi@e.coupl i ng
in that unit_and its housing which occur as the unit

fluid normal |y u§§g i U g : )
heats up from r obRArRERTSESE (Rbapd (Bharean that biehen deecribgshimtermns of

ther mal st abbdil /el Bori @ ¥ Ghd £indhiBhed QR0 RIS LA RS ROLD @ Nl g

I evel of optica performance and a " Towc h athird
aspect of témjuganidens thbprejeeiioftllens) whesharatteliiacs paandnaspgct of the

invention are used in the projection |lens systens of the first aspect of
t he i nvkht i Bean that L1 when described in terms of best-fit spherical radii has a
meniscus shape convex towards the long conjugate side of the projection
lens.
In certain preferred embodiments of this aspect of the invention, the
projection lens has a half angle field of view in the direction of the lens' long
20  conjugate of at least 35 degrees (e.g., greater than or equal to 37° as in
Examples 1-8 below). In other preferred embodiments, the projection lens
has an f-number for an infinite conjugate of less than 1.5 and preferably
~1.0.
In still further preferred embodiments, the second lens subunit is
25  composed of glass (or, more generally, a thermally stable material) and the
first lens element, the third lens element, and the meniscus element of the
second lens unit (when used) are composed of plastic. This choice of
materials provides a number of advantages to the projection lens.
First, it makes the lens inexpensive to manufacture. As discussed
30  below and illustrated in the examples, the plastic elements of the lens have

configurations which allow them to be readily molded in plastic. As also



When t he above aspects and preferred characteristics of the invention are
used in conbination, each of the seven desired features for 20 CRT

proj ecti owol@l48¥esi ons, |isted above, are achieved by the ggwigauhsa | ens
systens/ projection | enses of the inventign. As used herein, the term "weak"”

neans an elenent, unit, or subunit whos

focal length has a magnitude

which is at |east about 8 tines the effective focal length of the entire

proj ection t " sthong” e t L.t 4

Clbun 1 wholipraiBi e hEilief Hibepfig JORE AR AT Il RE DR » o
tinmes t he effarfdrthelReahd ﬂ@i&éﬁbtﬁﬁt hiag sphiericgl shABeSWHiEM]1HvSthest he
effective focal length of the entire projection lens, as well as the

+effective feuaponenigite hef readilysnadadn gass. uhccordingly deackrof thed for the
projection | ens associgted with the and ipclud the optical 30
broperti o SEARRRPIALE Jeih pan 56 SEAYY FRORHCISIaRca DS ehTo01 As used
herein, ghe terngegyfy 88k %&t’i@%@a‘éb%&&k thd&3ort tStﬁYé B3RS of 8RE

noni t or s,
spheri cal

e.g., conputer nito use erein, e term"best-fit
r atiemsionyedtls théglasadiorsiondating wif sednipayoveers uidlaeethrylehisés i ng t he

surface with a best fit sphere in 5 accordance with the procedures
descri bed i HspnsiEm ¥ changes iy tamperatuysp rdlernathyd lepsglepant &3kl e, " sl AM

J. Nurer. | e s 17 63- 65, . r hedt | he best-fit
spheri cal f‘g%l%hslsanodgﬁ S’ee?gb%fipgg?téﬁﬁug ha%r%ﬁf’%?";éﬁg ?i%rélp%?%%}l axis) are

i dentical. Efhpalsatseh &y dtingdl ihasmperfturetTiheldebod® aid Galt, r adi us and
the base radius wll in general be different. 10 IV. BRI EF DESCRI PTI ON OF

THE DRAW NGpeeifieally,|changes i témpearateirs iofl¢he cewplihig fluié morsadlyensed in
const ruct ed iqi a, cordg&n%; with th inventit&n. Fi g\térg 1B is a MIF/ OTF pl ot
for the pre&%"b‘%‘i SCOYS FRBFIEW OCCHI AF e Neahs BPJRPM(IPONL 546 npj .

R e

with bl ue

e 1D I's M’ or tHhe

prescri pti oaclotvdalidrea pidjeetion lens diatvhadhbothue higlybével Af opt#8D nm). Figure
l1E is a MIF/ OTF plot for the prescription of Table 1 when 20 used wth red

light (A
15

20

25

30

—peufarmapce and a low cost.

In accordance with a third aspect of the invention, the projection
lenses of the second aspect of the invention are used in the projection lens
systems of the first aspect of the invention.

When the above aspects and preferred characteristics of the
Invention are used in combination, each of the seven desired features for
CRT projection televisions, listed above, are achieved by the projection lens
systems/projection lenses of the invention.

As used herein, the term "weak" means an element, unit, or subunit
whose focal length has a magnitude which is at least about 8 times the
effective focal length of the entire projection lens, and the term "strong"
means an element, unit, or subunit whose focal length has a magnitude
which is less than about 2.5 times the effective focal length of the entire
lens system. Also, the effective focal length of the entire projection lens, as
well as the effective focal length of the second lens unit, are determined for
the projection'lens associated with the CRT and includes the optical
properties of the CRT's faceplate.




Figure 1F is a MIF/ OTF plot for the prescription of Table 1R when used
wthr red light (X =644 nm. Figures 2-7 are schematic side views of |ens
systens ceedd4sgiced in  accordance with the invention. 25 bir@hisgy$Hei S a
schematic side view of a | ens systemconstructed in accordance with the
invention. Figure 8B is a MIF/ OTF pl ot fot the prescription of Table 8 when
used with green light (X = 546 nm. Figure 8Cis a MIF/ OTF plot for the
prescription of Table 8 when

t 30, used wi.th. bl |ight,.(, %= nm. WO
02/ 43370 PCT/ US04 eredn the ferny [f"ioéegl‘}ﬂr%ei%}?ﬁ%& d%‘b]r"élrésiﬁg"lsq?ms
prescri pti opp@fmdRitbes, 8 Wesmputs thoMitdish! ue 1ight (? = 480 nm. Figure 8E
is a MIF/ OTF plot for the preScription of Table 8 when wused with red |ight

(k = 644 nm). 5 Risgusesl Bérdin, thdViidehOMbesbifit sfmridal eeagives aneqms the wdditiabl e
8R when wused with red |ight ( = 644 nm). Figure 9 |s a,schematic diagram
of a proj ec%ﬁwmeééréﬁqﬁa%zbiﬁiﬁﬁl@&%rﬁm @?@t%h‘?%ﬁ%?ﬂ €eld in ’
accordange w i I f i i Iy

i ncor porgt egc{%%drgﬁge g@ﬁ@? H:" 33'? 803%1}%5#@%%8%\2% g{)%m%llgc%gta:ﬁgnmpﬁﬁggt rate the

preferred epinsbrnitionbyt 4SenitChold, OSIARNY. Negedhenall, tiv:6he508980.1 pt i on,
serve to explain the principles of the invention. It is to be understood,

of course, tHoata sphearielesuafaosi bhe besinfit shherieslaradius enddhe aspiradiisory only
and are not re trigé@ve gf Lhe. i nvention, #[5 V. DETAI LED DESCRI RTI ON OF
THE | NVENTI &RpGRUS af $he optisal pimd are fdenficals oy 41 afphericat sWriass, #fce with
its preferhed ATRRHELARAT SadiuS UriPehd Bike {8 RAN' inhieRat boiffGianes for
use in projection televisions (PTVs). The four conponents are organi zed
into twit0 | d¥s uBREFOESCRIBAION IOF THEDRAWINGS) having a positive
power and 20 conthi ni ngét.hr ee of the four, conponents (i.e., LI, (Iéfﬁ_or DB,
and L3), and t he FigBtQ A4 s tchepytipgidenyiey n%’%%monétrdm& {4 ni ng

three pl ast B pasevih ¢y inp&heioh ) 3 0% ' oFase singl et (L2) o ol ase
doubl et Figure 1B is a MTF/OTF plot for the prescription of Table 1 when
used with green light (A = 546 nm).
15 Figure 1C is a MTF/OTF plot for the prescription of Table 1 when
used with blue light (A = 480 nm).
Figure 1D is a MTF/OTF plot for the prescription of Table 1B when
used with blue light (A = 480 nm).
Figure 1E is a MTF/OTF plot for the prescription of Table 1 when
20 used with red light (A = 644 nm).
Figure 1F is a MTF/OTF plot for the prescription of Table 1R when
used with red light (A = 644 nm).

Figures 2-7 are schematic side views of lens systems constructed in
accordance with the invention.
25 Figure 8A is a schematic side view of a lens system constructed in
accordance with the invention.
Figure 8B is a MTF/OTF plot for the prescription of Table 8 when
used with green light (A = 546 nm).
Figure 8C is a MTF/OTF plot for the prescription of Table 8 when
30 used with blue light (A = 480 nm).



(DB). The four conponent projection |enses of the invention have inproved
25 optical performance and manufacturability conpared to prior four
conponentywgyske¥g. €.9., the projection | enses of commonl yp@56d91eH1U. S.
Patent No. 4,776,681 (referred to in Tables 9-11 as "'681"). A Optical
Performance 1. Conpensation For Variati 6As In Aberrations Wth Color 30 To
control their cost, four elenent |enses used in high volune consuner PTV
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proposition not suitable for mass market products. Partial correction of

chromatic aberr aFigure 9 Bsalsthaigatic diagien spaqiropdetion TG m@ploytiey ahosphor s
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filters to PHoigqHorelenscystem copsimgtethin pegordence lith theinveptionuch el ement s
h t typi been.usad with t n_ CRT, \ess!ing..,1
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manuf acturing setting, such filtering has the advantage of providing a

si npl e neanmveotion; dedttoggthey witbdihe desnsiptiont seive tohsiplaspiet prhciples
transm ssi o raoperties, .e.9.,,20 the segond | ens ynit for the green CRT
can have a r}?‘(YSP%)'PQd Il%égy’ b%l"&?@ﬁ%ﬁooah%{j%géﬁcﬂ}%h@tﬁﬁhf BVIRER red
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CRT can have a clear enment . SCuSS above, i n sonme e ments of
t he i nventimventiohy two 25 optically different second | ens units are used

as oppaosed to th t I fferent_second lens units, e.g., the blue
second ]I5ens{7uni tbﬁéﬁfﬁﬁi%qﬂ m1ON OF THE INVENTION

As discussed above, the present invention in accordance with its

preferred embodiments provides four component projection lenses for use in
projection televisions (PTVs). The four components are orgénized into two
lens units (U1 and U2), the first unit (U1) having a positive power and

20  containing three of the four components (i.e., L1, L2 or DB, and L.3), and the
second unit (U2) having a negative power and containing the fourth
component (i.e., L4). Preferably, the four components comprise three
plastic elements (L1, 1.3, and L.4) and a glass singlet (L.2) or glass doublet
(DB). The four component projection lenses of the invention have improved

25  optical performance and manufacturability compared to prior four
component systems, e.g., the projection lenses of commonly assigned U.S.
Patent No. 4,776,681 (referred to in Tables 9-11 as "681").

A. Optical Performance
1. Compensation For Variations In Aberrations With Color
30 To control their cost, four element lenses used in high volume

consumer PTV sets designed to display NTSC signals are not normally



the red and green second lens units, which are the sane as each ot her.
Al t hough only two | ens el enents having different spectral transm ssion

properti egoahaszsyfficient to distinguish the second | ens %f/ﬁS(ilﬂtﬁdiCh a
case, 30 in practice three lens elenents with different spectra

transm ssion properties will typicall y']o% used. This is so because the
green projection to WO 02/43370 PCT/ US01/47291 lens is normally nost in

need of filjerli d reen-col ored, | ens el enent ener al L y,canpot , be
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el enent ( L4aetkaeformddoby thelsmdsspeajed witlnthegseaanCRT .Cl ear | ens el enent

(L4 element) for_the blue projection lens. (A clear, rather_than
bl ue- col ored, L4Varwwsmprreaghassavabeqmeongidergdiin they artcot addresethispecause

the bl eparticularl d filteri d b i
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a filter for the green CRT, it has been proposed to use projection |enses

of hi ghd} opramaitieuabt syithble fonengsemarkeRirodSeds.HPaatial edvrrattion Uf S.

Pat ent No. 200,814 (five el ement ojection |lens used for the green CRT,
four el ementhyomtae ahé’é"&‘\é’f%‘rs rFﬁ\éﬁ?“%%rﬁ %}%‘1’ ﬁ]éeofﬁaejr(]??@?ﬁaﬂfd‘g@é‘;ﬂﬁﬁpgf’rsal .
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t he green C%é%gi }[FI nt g?%éslgé%{sggﬁ%rs é(ti%ﬁ%ﬂgel%feenlg%?&%%%g@cﬁ%%aﬁiggr ed
CRT). The cfikepeto mihheideprlctiad sgidndind iprevevcolor gairity. nSadlselemddntshe
field curvature (Petzval curvature) of the lens, being a function of the
power 25 oRavh@agséixpicalyheen used; withithegzrepn CRE. fSee Wesahinat ure can be

not i cealg e 5 'ﬁ degradation in the image quality when a | ens desi gned
for a green”’ 'S used with red and/or blue CRTs (see the discussion of

Egg gr SIS . gg;/ é rFedaFﬁgf B'Bgﬂ:tlﬂé‘ ifring BppfchdanChe Webd ih REMIbIMEHbH Withithehas
color correcting techniques of the present invention. In a manufacturing
setting, such filtering has the advantage of providing a simple means for
identifying second lens units by their spectral transmission properties, e.g.,

20  the second lens unit for the green CRT can have a green-colored lens
element, the second lens unit for the red CRT can have a red-colored
element, and the second lens unit for the blue CRT can have a clear
element.

As discussed above, in some embodiments of the invention, only two

25  optically different second lens units are used as opposed to three optically
different second lens units, e.g., the blue second lens unit is different from
the red and green second lens units, which are the same as each other.
Although only two lens elements having different spectral transmission
properties are sufficient to distinguish the second lens units in such a case,

30  in practice three lens elements with different spectral transmission

properties will typically be used. This is so because the green projection



30 adjusting the power of the field flattener for each of the "red" and

"blue" lenses, it is possible to achieve as flat an image in the red and

bl ue WO GgoH4337439 PCT/ US01/ 47291 -12 channel s as in the gneiys B'f‘%@' . This
t

adj ust mrent can be acconplished by, for exanple, changing one o

e base

radii of the unit that provides a mgj or-lXontribution to the correction of

the field curvature of the | ens,
di scussed
achi eve th
necessary,
col or can

i.e., the second lens unit (U2). As
ove, other, changes ca made to, 5 the seco lens unit to
BRE s POvRaLy OB T Beeh Al RUFHE 90 argrean-colaraagns S o |
| I Lk &L i ' her aberrations with
b% l}rg%lgecra Yl?lggﬁge%%gy@{ﬂ%??%&? g?fgﬁ?éﬂlg?%bm surface in the

‘second | ens uni tThas, fatdjpusposes dfhevaddgreesnihsipanine neidufacturifg kbidgingur f ace
for the "red" and "blue” | enses conpared to the ;Igr een" lens. By neans of

thi s approad blaemespad depmumy rgpdsdmhasieny spests
“each adj élj'

di gi tal

trapsessiongtifferendnses,

v B0 e bl 48 Re SRk LRSS R PY e Bonad b ERUBKARI B | oy

al t hough i t%x:'e%npiﬁti e6d 860 RHk 4hlitd Nee S S BAde differe@BSpebirhd Oof both the

"red" and "

ue" lenses, the second lens unit of only "one of these |enses,

e.g., the "irensmissiens.cds Heendf, threel diffendntispectralrtiansmissionedorsthe wi [ | in
general provide_l.ess inprovenment, to the averall i e than that achi eved
Shen the” s CRRsRBLIERS vt & R 168, ke, Ao Arploepngenogh sa typially

adj ust ed.

the inmage quality p

2o fised aé%g\a/a: %%égﬁgéo%rﬁg%ﬁg%iéﬂeﬁﬁﬁféld%éﬂgﬂztfgifgé;%Pé’e‘i‘lve”E”t in

by t projectio ens c | eved by

correctigng plrgedttvisldmy; aakidadoleelddens efaheny (Ing ekerfiend) feotlos redr recti on
over a visible spectrumfaor a 70 - 80 nm focal Ien%th ~f11 lens is nhot

si npl e. For PrAiegtion, lens, agdvelean densplemantdldzele
di scover ed
i mage qual i

16Tl } fgrthe; hlug pojeckion i
138, (BARed S SPotn ERIY SARAL 16 fiflon IRSTERANG P! 1

VAN enent’s ons are a par

col or corr epidjedticly Bnd becasire ¢he biue CRT o8 ﬁ@ﬂp@fﬁculﬁh‘gﬁﬂé&i filtafinge

sufficient to_achieve a significant inprovenent in the

0 opti cal

per f or manceand behauseitsis grodralingrefeeredioamaziinize the amount 6Wws lighhat of

a lens
02/ 433
20
25
| 30

L SOEeet ot 90,0908 OF A Dbl RYSGHS! 1 1Y o @ Tevel fromvo

Along the same lines as the use of a filter for the green CRT, it has
been proposed to use projection lenses of higher optical quality for the green
CRT. See Hirata et al., U.S. Patent No. 5,200,814 (five element projection
lens used for the green CRT; four element lenses used for the red and blue
CRTs) and Osawa et al., U.S. Patent No. 5,659,424 (crown glass used for
the L2 element of at least the green CRT; flint glass used for the L2
element of at least the red CRT).

The change in the focal length of a lens with color means that the
field curvature (Petzval curvature) of the lens, being a function of the power
of the lens, changes. This change in the field curvature can be noticeable,
causing degradation in the image quality when a lens designed for a green
CRT is used with red and/or blue CRTs (see the discussion of Figures 1B-1F
and 8B-8F below).

In accordance with the invention, it has been discovered that by
adjusting the power of the field flattener for each of the "red" and "blue"

lenses, it is possible to achieve as flat an image in the red and blue



-13 which any additional correction of color is not particularly noticeable
to the wuser but requires a significant increase in the conplexity and the
cost of t{Rel@sm- A correction of axial color to the exteptriRptinsed
above can be 5 acconplished fairly economcally by the use of a cenented
doubl et (DB) instead of a single glass pB%Er el ement (L2). The col or
correcting doublet preferably consists of a positive biconvex el enment on
the I ong conjugate si.de, follo i
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in the preveeieaddensivamt (b Asddscussed abeve phas Gbragetean be MR%Re n t he
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characteri shhd9pbRie"tlBgsslial ity of the inage of a projection TV set is
contrast. Sonme of the factors affecting inmage contrast are: (1)
aberrations of tHenéessarmesidual veriatwnsofastigmatismmndether0 cl ose to the

transition fyomlight to dark argas, .and sts, i.nternal ,reflections,
Scat ter | ng, AbEMRHRISgriReot s bomuithenreShel BE oudiErBasbifitslie:  To
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bl ack |1 ooking |ike gray, the overall_ inmage |qoking flat, and the | oss of
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el ement (L3Jlisplaya@ehs dghtalSEV isi¢nuli withsa hiElg@egmienafdidulityhe CRT phosphor
surface is WO 02/ 43370 PCT/US01/47291 -14 projected towards the screen.
Some of that |i ghtsheuld heenoteck thatraldiougheit is prefersed 69 adist phejseeanbn | ens
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one of these lenses, e.g., the "red" lens, can be adjusted if desired. This, of
course, will in general provide less improvement to the overall image than
that achieved when the second lens units of both the "red" and "blue" lenses
are adjusted.

20 2. Partially Color Corrected Lenses

A further improvement in the image quality provided by the
projection lens can be achieved by correcting the lens for axial color.
Achieving a full color correction over a visible spectrum for a 70 — 80 mm
focal length ~f/1 lens is not simple. Fortunately, in accordance with the

25 invention, it has been discovered that such full color correction is not
necessary.

Rather, the image quality requirements for HDTV applications are
such that a partial color correction over the spectrum of the green CRT
phosphor can be sufficient to achieve a significant improvement in the

30 optical performance of the lens. Reducing the axial color to about 30% of

that of a lens not corrected for color brings the image quality to a level from



faceplate, the reflected Iight may forma bright ghost inmage on the 5
phosphor surface of the CRT. That ghost nmay then be re-imged all the way
to the soypaBuszssul ting in an observabl e secondary "ghostpcp/i@ga2ehor e
often than not, the light reflected off of the lens surfaces does not form
a recognizable image in the vicinity ofldhe CRT facepl ate, but sinply adds
to the noise or the overall |evel of brightness of the phosphor surface.
It is that 10.noise level that nust be gontrolled to.keep the ad,area
cont rast | o820 pBY adbifiaphl e fRtidnaf edighid Son et Sy hederbadnion
coatings, ihséShhéRAYiAY a bnifiesHf fadrBade fhtheSeOrhAleR Sty B8 cdsl ofRBe CRT
faceplate do not form any ghost 1mages anywhere near the CRT phosphor.
+Keepi ng thelemseral |l shape of 15 surfaces near the CRT convex to the CRT
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second lens unit (U2) with tenperature. B. Lens Manufacturability maj or

fact or t@nt eitous,i the dauhléecanponaitspmsiieferaply cementédito aghcothert i ne, "

i.e., the ti bet h t } | ti terial i L.nj, ect 30
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material in a lens elenent. Smaller volunes require 5 shorter coolin
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3. Image Contrast

One of the most important characteristics of the quality of the image
of a projection TV set is contrast. Some of the factors affecting image
contrast are: (1) aberrations of the lens, which affect a local area contrast

20  close to the transition from light to dark areas, and (2) ghosts, internal
reflections, scattering, veiling glare, etc., which affect the broad area
contrast. To faithfully reproduce video images it is very important to have a
broad dynamic range of light intensities on screen. Any non-image forming
light getting to the screen will cause lower contrast. Low contrast results in

25  Dblack looking like gray, the overall image looking flat, and the loss of
details in the shadows.

A typical configuration for a fast, wide angle lens used for projecting
light produced by a CRT has a strong negative power lens unit (U2) in
contact with the CRT preceded by a positive aspherical element (1.3). A

30 bright self-luminous image formed on the CRT phosphor surface is



pl astic material and thus reduce the cycle tine required to nold the
el enrent. However, sinply making the elenents thin is not sufficient in

itself. Podhgssycle time is also strongly affected by thecsrR&EWIABIENT
that the final shape of an optical ele t needs to fall wthin a very

tight range of manufacturing tol erances 0r the final projection lens to
neet its optical perfornmance requirenents. Usually, due to shrinkage

properties ' ' (o} r ' Rek 0dSor It in
better conf rrriéncgga (HS-?W ese{fslte?%cgggh.sﬁ(g%g O(g# ﬁ?ﬁ%&hk igﬁluslﬁg&gg?gr?ﬁ#et o the
surface shapandiceshd thelpdojettiofilehgaad hhs ge0dhtRdo tReIGRY fhdeplsralesi rabl e
to have a plastic part with as uniforma distribution of mas$s as possible

to assure an evenfteelepsrsaeface igcaniugate andlase dnibedngreonjugank syth the oughout
the part. This ns,that, it jis .desirable to reduce as 20 nuch as possible
the variati ?ﬁc%ﬁq%?%is@frfg&c?&%t i }lﬁr%g@ﬁ%gfg%&ﬁgl%ﬁgﬁé’ﬁtt?‘ I n addition,
mor e Compl | GHABh bhatRe YARE TR PRAL EhSst4Rb heh'pe Aimbhst LATRE AV ©
gradient distribution across an elenment; and require onger cycletines to
achi eve shape therstoeersmesukipegif anabisenmbl Sedomtnes ighosty inglgedide Wi t h
snoot her, nore r‘rﬁnotonic surface shapes are easier to nake at a faster

rate, resul t9fFRP than aghdde reflecipd off pEthe lansssynfages daesinot formya (v) |

(viii), (ix) : L (X1 oVE.:. : O spgect s..of, t hi robl em
of 1ens manireetiraBiintded i ARYRINGPHE A3E Y LU AR RRL SpducAddn i e
proj ection |thesedsobr the opsrilblevelof BFIBREAERBITHO HoB?hbf‘MﬁfFal:@.rItciQ'ﬂﬁéﬁt of
four components, i.e., fromlong WD 02/43370 PCT/ US01/ 47291 -16 conjugate

to shorf0 a Hqiselevedthahemst perpnstollediodiceprttiechtoadaen domirasy lagsesiteast
one aspheri ca| .Islijrface, a second bi convex conponent (L2 or DB) of positive
power provi ot o8t of the power of the lens and made of a thermally

stable material, TwSadditdonHodhd usk 5@ﬂt@reﬂé§ﬁ§ﬁ?§%¥i§%§) itk i ﬁ#éd(%%& power

havi ng at | east one aspherical surface, an conmpon

negative powssuwhtkat thetwdesesaclosaspito thé ORI fagplats db nenéwine bag gt ween
an outer elenent on the long c nj@g&tehsi e and a CRT faceplate, where the
| eadi ng ai r TJ12EES AU HEE ALt dthaspbgerifesringithgyeyal shareof t owar ds

the | ongsCony#8akE near the CRT convex to the CRT faceplate assures that any image
formed by the light reflected from these surfaces will be formed far away
from the phosphor surface of the CRT.
It is also helpful to keep the surfaces sending the reflected light back
to the CRT as far away as possible from the CRT. However, the aspherical
20  lens element preceding the negative power field flattener cannot be placed
too close to the main power group or else it will not be able to provide a
sufficient degree of correction of off-axis aberrations.
Characteristics (ii), (iii), (iv), (vi), and (vii) above address the various
aspects of this problem of image contrast, while also providing a positive L3
25  element which compensates for changes in the optical properties of the
second lens unit (U2) with temperature.
B. Lens Manufacturability
A major factor contributing to the cost of plastic optics is the "cycle
time," i.e., the time between the moment a raw plastic material is injected

30 into a mold and the moment a finished element is taken out of the mold.

)



10 I n the above described lens, it is inmportant for the second conponent
to provide nost of the positive power of the lens as a whole, to mnimze

the varigp@nsph the focal length of the Iens due to ref rgetisg hRJex
change with tenperature. The first and the third conponents serve to
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practices tgﬁoﬁ&u%élg‘?%?#ﬁé#ﬁtnu{}fe olded f(iel'oéfhgseléfﬁ%nlte’fﬁefé?ﬁe,,Eu:%g{%%}e o5

under goes sone expan 0 conpensa rovariations in

facepl at e ptlsinheshposssbli lahedlovhbhtd Wil neixpaNs tHe vélaend Ahd thegonent

shoul d have sone finite positive power. Then, as tenperature_rises, the

i ndex of replasticiraaterialand thueneducecthernysls timecresiretyta mold shel | engt h of
t hat el enent, and ,t he back focal distance of the |lens as a whole. This
change coufit®Rts the change in the relative position of the CRT due to

t he 30 expansion 2 - o ng
nogalive W0 02/ 55T er AL/ PSR i FenfS TRAEDhof FERCa 1@ iee

contri bl i ofheeytlecinerisedss stronglyt affedtedIby theuregatiremeewf thdtehlecfiisal The
second conmpanent (L2 or. DB). has only, spherical.surfaces, and the axial
beam uses t FRRAFE,PE apioRtich ?1eaﬁenmedé&ﬁﬁ§hémt,hnmw<ﬂwmgaﬂgﬁso 5
conponent a i At i ; | r.atid t he
one. To m A Bactiiie ks Mods o} e BalbrBUGER 1ohe BT EEF L UhiRE)
conponent, péffermuntaceqgaitetdemts.ong conj ugate side has a radius of
curvature at least 1.5 _tinmes_shqorter than the radius of curvature on the
opposi te side of Ushellye 8updnshrinkagernropeviags of plasticmatertatpodesser does not

I e T AT SN
(viii), (ixjinighed dl¥inerdR8\tRe/stirflc® shApbliftht @881 Todhidiifizb INERbSIAg) The
aperture stop of the lens is in the vicinity of the second conponent.
period it is desirable to have a plastic part with as uniform a distribution of
mass as possible to assure an even temperature gradient and a uniform
shrinkage throughout the part. This means that it is desirable to reduce as
20 much as possible the variation of thickness across the diameter of an
element.
In addition, more complicated surface shapes affect the uniformity of
the temperature gradient distribution across an element, and require
longer cycle times to achieve shape conformance specifications.
25 Consequently, elements with smoother, more monotonic surface shapes are
easier to make at a faster rate, resulting in reduced costs.
Characteristics (i1), (iii), (iv), (v), (viil), (ix), (x), and (xii) above
address various aspects of this problem of lens manufacturability.
C. Lens Architecture

30 As discussed above, the projection lenses of the preferred

embodiments of the invention consist of four components, i.e., from long



It is always easier to make and test spherical surfaces than 15 aspheri cal
surfaces. In general, for ease of manufacturing, it is desirable to have
snoot h sulfAReSsfhat do not change drastically across the ukdnE.9f  the
el enent. To describe the shape of the aspherical surface it I's convenient
to use the concept of the best-fit spheri €al surface. Aspherical surface
profiles that change nonotonically fromthe best- 20 fit spheres or have a

m ni mum of defl ection points.in whose Ly changes .i n_sag occur
slowy all ol PR &0 ghotty adjrs FO%’&“ﬁB? SLAE el il v i'B8 &l ds
used to_makidsont!pRRiial 88ries | a 8scdnbiRYEfex B AIBRES: (6 BE)UE ( he
nmol ds. To achi eve these conditions, the first and third conponent’s shoul d
25 have an pesisiveimiwer penvidingsmehhpbthropewsr bHthekensengl ardietaf 4 he short

conj ugate, respectively. Wen the angle_of incidence of a ray on a surface
is zero, itRermally stableimategialypsy m&a%firti&de 9@@91&?%@155&{@%% s not

aberratesg. L ver I t e ns
From one® cob? Has FaVEE RGBT YBepl RART RukaSe AR b oyt Altpfondif U8
Therefore, oRAbgLtive pbRaRRFlsichAnERRs alcduiinl/@dlidpdflRidasativwicheach side

of the aperture stop will have light bundles Tfromall field points that WO

02/ 43370 PChetygesm anxoner elgnenisen the donghcomugetesidetandia GRI fheendatese to
nor mal angl es. and, Wil | .. i nt.roduce m,ni aberrations. VWen t surfaces of
these el eneft rﬁgge 1%%‘?)195@15'5??3% stEfaceof thes SRz ieleprbg ?tégnglgfec%"@V%r ably
smoot h and pawSrdthd g ddighgiee inflection point where |ocal curvature,
or the second 5 derivative, changes sign. Another advantage of using
meni scu¥0 el enent $nithetabawve tdesyribed ldies, ivEdempdritant v the qecenécoinp®nant
required mni rrum.gdge thickness ,and a m ?Iﬂai vari ation of thickness
across the & RFYige opstofdhe Rositave Pawes of the langas amdanlecto minimizedheal
mass and sh t Vi ' r ' . l.epent . n
Q58N AIHY6ES hBEh LEOk) (66 40 10 RA I RASIRM . JUEN

described in terns of spherical surfaces, in

bel ow, the témperaivrpomhstfigaand theths@lsomeRentzuRY0X td orrebe | ong
conjugate with the first radius of curvature being | onger than the second,

and the t hi phexstisnsand thereforesnchidesasihgyicad snvfaces.o t he short 15
conjugate, and t drst radius of curvature i.s alsq | er.than the
second. i§Char act gresl (islts?%%seflia} OVe( ]?(f Hl}nrﬂg?)t,he(q}}qqc)e10?'(11[1%&1%1151%3 f%ongﬁ‘me se
forth thesergfsitiot@ reaching back to the CRT phosphor, it is helpful to keep the
surfaces sending the reflected light back to the CRT as far away from the

CRT as possible. However, the aspherical third component cannot be
placed too close to the main power component or else it will not be able to
20 provide a sufficient degree of correction of off-axis aberrations.

Since most of the economical processes used to manufacture
aspherical surfaces involve plastics, the aspherical elements are made out
of plastic. In practice, the coupling structure that holds the lens next to the
CRT undergoes some expansion. To compensate for variations in the CRT

25 faceplate position associated with that expansion, the third component
should have some finite positive power. Then, as temperature rises, the
index of refraction of that element changes, increasing the focal length of
that element and the back focal distance of the lens as a whole. This change
counteracts the change in the relative position of the CRT due to the

30 expansion of the coupler. The fourth component (U2) has a strong negative



features of the first and third conponents of the projection | enses of the

i nventi on.

D. Exanples 20 Figures 1A, 2-7, and 8A illustrate various

proj ecti owolg@nses constructed in accordance with the i nveritg§1/47291
Correspondi ng prescriptions appear in Tagbles 1, 1B, 1R 2-8, 8B, and 8R
HOYA or SCHOTT designations are used for''the glasses enployed in the | ens

syst ens.

Equi val ent gl asses made by ot her nmanufacturers can be used in the

n the tabl es

25 practi ceoglof ol INERY Akiod ANSRACGANARN S dRhPL Blosatee used Tor

the plasti

nts. The asphéric coefficrents s

are for usecuwvathee of tHd lewisng equation: 2 30 ;G C 2 1/2
+Dy4+Ey6+Fy8+CGy10+LTy12+] y14 1+ [1-(1+k)Cy2] 1Z WD 02/ 43370 PCT/ US01/ 47291
=19 where z is tHbesaeondeomngnent €.2ips Dihdasgonlysmheiicad surfages,a80d of t he

[ he. f | i cal IS, d, k 1.s.
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"1B, 1R, 8- 8¢ompoREat #Rshj8RcodASb @D ItINAL &Ml HheRR3Qabat el shieTendUs
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the left angorhpenéiil Inithis waypthd fiest congiidnerandbesirithavd to twakelasf rom
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15

20

25

30

t 1s always’easier to make and test spherical surfaces than
aspherical surfaces. In general, for ease of manufacturing, it is desirable to
have smooth surfaces that do not change drastically across the aperture of
the element. To describe the shape of the aspherical surface it is convenient
to use the concept of the best-fit spherical surface.

Aspherical surface profiles that change monotonically from the best-
fit spheres or have a minimum of deflection points in whose proximity
changes in sag occur slowly allow for easier, faster, and more accurate
manufacturing of molds used to make the elements, as well as improved
elements made using the molds.

To achieve these conditions, the first and third components should
have an essentially meniscus shape convex to the long and to the short
conjugate, respectively. When the angle of incidence of a ray on a surface is
Zero, 1.e., the ray is normal to the refracting surface, the ray is not
aberrated. Light bundles converge towards the aperture stop of the lens
from one conjugate and diverge towards the opposite conjugate.

Therefore, meniscus elements concave to the stop and placed on each

side of the aperture stop will have light bundles from all field points that



1,000, and a Ve value is obtained fromthe last three digits by placing a
deci mal point before the last digit. Surfaces 3 and 6 in Tables 1, 1B, 1R
and 2-5, wohmgshaces 3 and 7 in Tables 6, 7, 8, 8B, and SE-fgQeMiAsetti ng
surfaces. Al dinmensions given in the prig:cri ption tables are in
mllimeters. 25 The plots of Figures 1B- and Figures 8B-8F show t he

t hrough- focus MIF on the |eft and the optical transfer function (OTF) at

best axi al t iLaght.. The dat for.five,fi.eld points,
viz., the aQ?‘gﬁcﬁﬁw%o‘gl‘?gﬁmﬁ.aégﬁrg’ﬁglo% Sﬂ,%%\%e]arlea%l?ssa{‘ﬂé‘”ﬁaxi mum fi el d
hei ght on t h&rodGéeaiinich AR ab&iradionts! WkbihEhdBlisfaas£obiane didhehbeard ght
hand plots. These 30 field heights apply to both the right hand and | eft

hand pl ots aspheneal; theimicoriespording Wofles 488 poefecablysonpdtiogud haRe rbhe

t hrough-focus data are at., t he indi cated atial frequen in cycles per

| Ui et er . Torg thagore GyflacloR A BOMeTe ROl BUBHI o tT CHaRBBEL - f ocus

data in 'Caﬁérib?ﬁgéﬁéﬁﬂ%ﬁgsﬁ%hd curves) and sagittal (dashed curves) MIF.
e

The nodul us scale 1's on eft of each block and runs fromzero to 5 one.

The phase of theAdbEhes advantagesofaising meehiccniy elenieritadshhat theetsn bpl ot s.
The scale for d&}ﬂh .phase_ is indicated on the right of each_best-faocus bl ock
and is in r&Adethipawihile preservings regured sHpimum glea thickassy andrre

best - f . ' i . L] f h hn
prots The HiBhfial FabaRi HTMAGIDS AFES B MRS orihE lIENE TR ) o0
10 Figure 1gust)@edubdethi L0 HaPeidRr4msBoRbnk MRe RYSRGiiRiegiRl toTabl e 1

when used with green light, i.e., the light it was designed to be used
wi th. Fl@ur mddtbaelemeht MIF/ OTF performance when the sane prescription

is used for blue,light, after,haying been rgfocused for .use with that |ight
as i s conventi onﬁ%}&ﬁﬁ"e‘“}ﬁﬁ Hb¥‘%ﬁng%f’f§?lsr1'€?l eﬂ%%losqﬁf%(f?sd@rg?e 15 The

degr adat i ong{ | J t i :

per f or mnpeem%%i%;%g’%ﬁv&@gnﬂﬁ m&%@ﬁgl@ge sélggras%gﬁ!e%eﬁ(tﬁo Thi s
prescri pti othaldgeeonjhigate wiidt tlef fifethiaglits bh ctubattuiré delrenioripes thagrhe

refocused for blue light and then re-optimzed for that |ight subject to
t he const raﬁ?ﬁon@hépd{‘%@ ﬁwcgf:om@ﬁge%h@s eunpniscusshapecanyed to the short

YR o RSt UGG of B LS Rl Tonf BRI ARG, 1
t he behavi oChefrat¢teeistrbl(H), (iily; €S, (vidit), ¢ix) Wned (X)ediesesed forth these desired
features of the first and third components of the projection lenses of the
invention.
D. Examples
20 Figures 1A, 2-7, and 8A illustrate various projection lenses
constructed in accordance with the invention. Corresponding prescriptions
appear in Tables 1, 1B, 1R, 2-8, 8B, and 8R. HOYA or SCHOTT
designations are used for the glasses employed in the lens systems.
Equivalent glasses made by other manufacturers can be used in the
25 practice of the invention. Industry acceptable materials are used for the
plastic elements.
The aspheric coefficients set forth in the tables are for use in the

following equation:

2

cy
30 2= T Qs ey T +Dy* + Ey® + Fy® + Gy' + Hy'* + Iy




for red light and Figure |IF shows the behavior of the Table 1R prescription
25 obtained by refocusing for red |light and then re-optim zing for that
light sulbeglss? the constraint that the first lens unit géflysdipir:
unchanged. Again, the inproved perfornmapge obtai ned by custom zing the
second lens unit based on color is evident. Figures 8B-8F show the
correspondi ng MIF/ OTF plots for the 30 prescriptions of Tables 8, 8B, and
8R As with Figures 1B-1F, these figures denonstrate that custom zation of
the second |l ens unit provides an WO 02/43370 PCT/ USQOL/ 47291 -21 econom cal
and eff ect i whereehaitheeutfaceisapratva disthhes ¢dran therdpeicahags ¢fftheCRT
projection | enses. Blue and red versions of the prescriptions of Tables 2-7
“are obt ai ne8YStPRL cHE the purvareofibelens #hbhe spticahexis, and & is aorvief ocusi ng

the green 5 Iptjen for Bl ue;:(r light .and t re-.opti qi.Zzing for
that 01 Cgnt SIsFRER' Whighye Ao Ron' oE RY proRpstilEs (RIS T0RR THZY,
‘unchangesl. 3Bbhad §R.11 sumarize the properties of the | enses of Tables 1,
1B, 1R, 2-8, 8B, and 8R, as well as the properties of the | enses of Tables
111 and V of U. Sheplestgnation "o’ a%6cB8ed with yarmdistsmridresen ths tablesbe seen
from 10 these tables | enses, of the exapple Sﬁa'{l%? f%ilcharacteri stics

th
(i) to (Xi vsepraﬁ%ﬁs%%a%wg supfagey e -pajsuriace dog eagtonedt I, Brr
j ecti ¥ S, o I d ' ' i;on. As
w1 1t h C0F Fh s the SBAG E4iGaion 1nBE EACOTAE dlbd ab BB Y. 1o
proj ection eutkemsddmpFion theg liglst fraosls frameclefinib AbAt I GheTichess. 18 al ong

its bat:ﬁ{fage. Mgdule 13 schenati Calelﬁi; il lustrates a projection |ens
const r 1 ed®imilatlye the sign canventioneus

Bnthig spaeidficationl andi & the deimates its

associ at ed iC thr. reojection. lenses 13, and three CRT
t ubes 16 arg%ég??%aﬂ %g%flé%@e!se%,bnbreggﬁq 152% I%IthgquSWE'siBﬁFBu creen 14.
20 Al t houghpreutivef tlee efvwislisRAésn HillHacon Mve s ARdRRECRESRiIOES shithed and

illustrated, it is to be understood that a variety of nodifications which
do not depatight,awed light svilperaveldfropi right 6 lefhe i nvention will be evident to

8(23; Zgg?OOLC%r ﬂisg'i’ﬁlé-}%{{‘lf{acz‘«ji{)rla%ehgor?srtgtlftgg g{l%' ages]: ?i-el%oiinn'galgliegcll, Cﬁ?g rl?{', 25 VO

15  and 2-5, and surfaces 12-13 in Tables 6, 7, 8, 8B, and 8R. The coupling
fluid is located between surfaces 10-11 in Tables 1, 1B, 1R, and 2-5, and
surfaces 11-12 in Tables 6, 7, 8, 8B, and 8R. The material designation for
the CRT faceplate and the coupling fluid is set forth as a six digit number
in the tables, where an N, value for the material is obtained by adding

20 1,000 to the first three digits of the designation and dividing the result by
1,000, and a Ve value is obtained from the last three digits by placing a
decimal point before the last digit. Surfaces 3 and 6 in Tables 1, 1B, 1R,
and 2-5, and surfaces 3 and 7 in Tables 6, 7, 8, 8B, and 8R are vignetting
surfaces. All dimensions given in the prescription tables are in millimeters.

25 The plots of Figures 1B-1F and Figures 8B-8F show the through-
focus MTF on the left and the optical transfer function (OTF) at best axial
focus on the right. The data are shown for five field points, viz., the axis,
0.35H, 0.70H, 0.85H and 1.0H, where H is the maximum field height on the
screen. The actual field heights are shown for the right hand plots. These

30 field heights apply to both the right hand and left hand plots and are in
millimeters.



TABLE 1 Surf. Radi usThi cknessd assCl ear Aperture No. TypeD aneter

1a51. 50805. 00000ACRYLI C86. 04 2a55.077616.9122579. 82 37.5000073. 25

466. 56702W00RARHBACDS77. 56 5-172. 399211. 0605576. 01 6- 8. 670¢dHLseiPi7291
7a-581. 38527. 30000ACRYLI C64. 53 8a- 84. 61329pace 166. 45

9a- 37. 15704. 00000ACRYLI C71. 12 10-44.00009.0000043750076. 24 o
11-14. 10000563500130. 00 12-350. 0000 I mage di stancel30. 00 Synbol Descri ption

- Pol i al i . .
L1 GOGOE. 06- 2. 4305 E 8 R A A4S, o IR RS Y epn gF EA oy o
2- 7. 4115E- 00yBed &7 millaneRO7 RE:, 31 da1€Fmih- BoAsBAEt Hi2 16857522 best-

7- 2. 3299E- 062. 4195E-,09: 5. 8100E- 124. 4490E- 151, 6512E- 19- 1. 0406E- 21
8- 3. 7383E- 0lecHs giaga indisate vapgantial selyd gprves) agnicspgittg] fdagiedruryes)

25 0314 OfingoBE A8 BRI 8, R A G OO s B
-0.005 B 26nd.8Phe Phads of thdOX T SHovih 48" &Btad curve in the best-focus
plots. The scale for the phase is indicated on the right of each best-focus
block and is in radian measure. The axial focus shift indicated above the
best-focus plots is relative to the zero position of the through-focus plots
The best-focus plane is at the peak of the axial through-focus plot.

10 Figure 1B shows the MTF/OTF performance of the prescription of
Table 1 when used with green light, i.e., the light it was designed to be used
with. Figure 1C shows the MTF/OTF performance when the same
prescription is used for blue light after having been refocused for use with
that light as is conventionally done for projection lenses used with CRTs.

15  The degradation in performance is evident.

Figure 1D shows the MTF/OTF performance when the prescription of
Table 1B is used for blue light. This prescription differs from that of Table
1 in that the lens has been refocused for blue light and then re-optimized
for that light subject to the constraint that the first lens unit (U1) is

20 unchanged. The improvement in performance compared to Figure 1C is
evident.

Figures 1E and 1F show the corresponding plots for red light, i.e.,
Figure 1E shows the behavior of the Table 1 prescription when refocused
for red light and Figure 1F shows the behavior of the Table 1R prescription

25  obtained by refocusing for red light and then re-optimizing for that light
subject to the constraint that the first lens unit (U1) is unchanged. Again,
the improved performance obtained by customizing the second lens unit
based on color is evident.

Figures 8B-8F show the corresponding MTF/OTF plots for the
30  prescriptions of Tables 8, 8B, and 8R. As with Figures 1B-1F, these figures

demonstrate that customization of the second lens unit provides an



12 Focus Position f/nunberl.241.23 Magnification-0.1123-0.1037 hj ect
Hei ght - 609. 60- 660. 40 Obj ect Di stance-764.11-824.73 Effective Focal

Lengt h77. \b%84s#49 | mage Di stance-. 46434E-02-. 29979E- 02 Ovsgdido1/47201
Lengt h895. 82956. 06 Forward Vertex Di stancel3l.70131.32 Barrel

Lengt h131. 71131. 33 Stop Surface Nunber5%1pi stance to Stop-4.15-4.15 Stop
D anet er 75. 85075. 918 Entrance Pupil D stance4l. 31441. 314 Exit Pupil

Di stance-58. 470-58. 317 02/ 43370 .-23 ,TABLE 1.(conti nued i rst Order

Pr oper 1 o HOPBRBRENTEd ERERRKT CaSia e [PAERIOHERBRF CRhpEForinance o

1120. 90896 Ec@B3 1A il Rt 913E- 0183. 942 3780. 50106E- 02199. 58

4910- 0. 16674E- 02-599. 74 51011-0. 99409E-02-100. 59 611120. 16086E-02621. 67
“First O der PropBiue eadatdersisnbof th&présormp tidmsoefi TAblob8Fr 5 afooktaihedl 1 8

0.14711E-01,67.974 2 9 12 -0, 10’8021E-01 -99.978 First O/ der, Properties of
the Lens Folythesameimanner as for Tables 1 and 8, 1.e., by refocusing the green

5 prescription for blue (red) light and then re-optimizing for that light subject
to the constraint that the first lens unit (U1) is unchanged.

Tables 9-11 summarize the properties of the lenses of Tables 1, 1B,
1R, 2-8, 8B, and 8R, as well as the properties of the lenses of Tables III and
V of U.S. Patent No. 4,776,681, referred to above. As can be seen from

10 these tables, the lenses of the examples satisfy characteristics (i) to (xiv)
discussed above.

Figure 9 is a schematic diagram of a CRT projection television 10
constructed in accordance with the invention. As shown in this figure,
projection television 10 includes cabinet 12 having projection screen 14

15 along its front face and slanted mirror 18 along its back face. Module 13
schematically illustrates a projection lens constructed in accordance with
the invention and module 16 illustrates its associated CRT tube. In
practice, three projection lenses 13 and three CRT tubes 16 are used to
project red, green, and blue images onto screen 14.

20 Although specific embodiments of the invention have been described
and illustrated, it is to be understood that a variety of modifications which
do not depart from the scope and spirit of the invention will be evident to

persons of ordinary skill in the art from the foregoing disclosure.

25



Number Power f 1 0.12968E-01 77.114 2 0.12912E-01 77.449 PCT/ US01/ 47291
WO 02/ 43370 -24 TABLE 1B Surf. Radi usThi cknessd assC ear Aperture No.
TypeDi ane . 50805. 00000ACRYLI C85. 26 2a55.077616. 9122

3 000073 B R 200051 00000BAUDB7 7. 04 5175, 309511 060SEGEUR 471

6- 8. 6707162. 85 7a-581. 38527. 30000ACRYLII€%4. 75 8a- 84. 6132Space 166. 64

9a- 37. 11004. 00000ACRYLI C70. 92 10-44.00009. 0000044210176. 05
11-14.10000569101130. 00 12-350. 0000 | ?R%'Z\Eﬂl stancel30. 00 Synbol Description
a - Polynom al asphere Even Pol ynom al pheres PCT/ USOL/ 47291 Surf. DEFGHI
No. 1-1.6060E-06-2.4391E-09-1. 4654E-122. 3224E- 15-8. 4118E- 198. 7791E- 23
2-7.4115E-07- 3. 1537E- 091. 2078E- 131. 1316E- 15- 2. 6881E- 19- 2. 6357E- 23
7-2.3298@.062. 4195E- 09- 5. 8100E- 124. 4490E- 151. 6&8Pfper@rel. 0406E- 21

8- 3. 7388€- 0P8, 656BEMIUD1. 57FRiEkness 4, 6(UBE- 155. DBBWEr 18- 2. 4980E- 21

9- 4. 4366Ei 0;1. 0848%19%'050 70565—010%%06559%51-“{%41%2. 408969.”(;‘-1 176. 3324E-21 V

2 a 55.0776 16.91225 79.82
3 % 7.50000 73.25
4 66.5670 21.00000 BACDS 77.56
5 -172.3992 11.06055 76.01
6 w 8.67071 62.86
7 a ~-581.3852 7.30000 ACRYLIC 64.53
8 a -84.6132 Space 1 66.45
9 a -37.1570 4.00000 ACRYLIC 71.12
10 -44.0000 9.00000 437500 76.24
11 ® 14.10000 563500 130.00
12 -350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

No. D E F G H !
1 -1.6060E-06 -2.4391E-09 -1.4654E-12 .3224E-15 -8.4118E~-19 8.7791E-23
2 -7.4115E-07 -3.1537E-09 1.2078E-13 .1316E-15 -2.6881lE-19 -2.6357E-23
7 =2.3299E-06 2.4155E-09 -5.8100E-12 .4480E-15 1.6512E-19 -1.0406E-21
8 =3,7383E-07 -3.6568E-10 1.5762E-12 -4.6043E-15 5.9384E-18 -2.4980E-21
9 -5.0314E-07 1.0B29E-08 -2.7057E-11 .6562E-14 ~2.4088E-17 6.3437E-21

W s =N

Variable Spaces

Focus Space 1 Focal Image

Pos. T(8) Shift Distance
1 27.165 -0.273 -0.005
2 26.784 -0.133 -0.003

First-Order Data

Focus Position 1 2
f/number 1.24 1.23
Magnification -0.1123 -0.1037
Object Height -609.60 ~-660.40
Object Distance -764.11 -824.73
Effective Focal Length 77.114 77.449
Image Distance -.46434E-02 -.29979E-02
Overall Length 895.82 956.06
Forward Vertex Distance 131.70 131.32
Barrel Length 131.71 131.33
Stop Surface Number 5 5
Distance to Stop -4.15 -4.15
Stop Diameter 75.850 75.918
Entrance Pupil Distance 41.314 41.314

Exit Pupil Distance -58.470 -58.317



S i Dbl paces ar a e Focus Space 1 Focal Inmage Pos. T(8) Shift

Di stance 1 26.614 -0.411 0.000 2 26.255 -0.248 0.000 First-Order Data 12
Focus Posyti nunber 1. 241. 23 Magni fi cation0.1123-0. 103% i

Hei ght - 68\356)8}13%7% 40 nj ect Distance-760.42-820.61 Effect ine ocgl7291

Lengt h76. 75577. 074 | mage Di st ance0. 1233%E- 030. 37637E-03 Overal |

Lengt h891. 58951. 41 Forward Vertex Di stancel3l.16130. 80 Barrel

Lengt h131. 16130. 80 Stop Surface Nﬁ’{@%??o%rﬁ% nce to Stop-4.61-4.61 Stop
D anet er 75. 76975. 818 Entrance Pupi stance4U. 68640. 686 Exit Pupil

Di st ance-58. 296-58. 152 WD 02/ 43370 PCT/ US01/ 47291

First Order Properties of Elements

Element Surface
Number Numbers Power f

1 1 2 0.90896E-03 1100.2
2 4 5 0.11913E-01 83.942
3 7 8 0.50106E-02 199.58
4 9 10 -0.16674E~-02 =599.74
5 10 11 -0.99409E-02 =-100.58
6 11 12 0.16086E-02 621.67

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 8 0.14711E-01 67.974
2 9 12 -0.10002E-01 -99.978

First Order Properties of the Lens

Focus Position
Number Power f
1 0.12968E~01 77.114
2 0.12912E-01 77.449



-25 TABLE 1 B (continued) First Order Properties of Elenents El enent
Surface Powerf Number Nunbers 1120. 91899E- 031088. 2 2450. 12010E- 0183. 263
3780. 5056Qfpy §245976. 77 4910-0. 16966E- 02-589. 42 51011- 0. 10043F-BHsd4726°
611120. 16251E- 02615. 33 First Order Properties of Units Unit Surtace Number
Nunbers Power f 1 1 8 0.14814E-01 67.5624 2 9 12 -0.10117E-01 - 98. 844 First
Order Properties of the Lens Focus Position Nunber Power f 1 0.13028E-01
76.755 2 0.12975E-01 77.074 WO 02/ 4%%%?_,5-136 TABLE 1 R Surf.

Radi usThi ckness@ assCl ear Aperture No. TypeD aneter

1a51. 50805. 00000ACRYLI C85. 95 2a55. 077616. 9122579. 75 3W. 5000073. 28

466. 567021. 00000BACD578. 02 5-172.399211. 0605576. 55 6-8.6707163. 37

7a-581. 88627. 30000ACRYLI C64. 76 Clear Aperture
No. Type Radius Thickness Glass Diameter
1 a 51.5080 5.00000 ACRYLIC 85.26
2 a 55.0776 16.91225 79.14
3 = 7.50000 72.52
4 66.5670 21.00000 BACD5 77.04
5 ~172.3962 11.06055 75.40
6 o 8.67071 62.85
7 a -581.3852 7.30000 ACRYLIC 64.75
8 a ~84.6132 Space 1 66.64
9 a -37.1100 4.00000 ACRYLIC 70.92
10 -44,0000 9.00000 442101 76.05
11 o 14.10000 569101 130.00
12 -350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf.
No. D E F G H !
1 -1.6060E~06 ~2.4391E-09 -1.4654E-12 2.3224E-15 -8.4118E-19 8.7791E-23
2 -7.4115E-07 -3.1537E-09 1.2078E~13 1.1316E-15 -2.6881E-19 -2.6357E-23
7 -2.3299E-06 2.4195E-09 ~5.8100E-12 4.4490E-15 1.6512E-19 -1.0406E-21
8 -3.7383E-07 -3.6568E-10 1.5762E-12 -4.6043E-15 5.9384E-18 -2.4980E-21
9 -4.4366E-07 1.0848E-08 -2.7056E~11 3.6550E-14 -2.4099E-17 6.3324E-21

Variable Spaces

Focus  Space 1 Focal Image

Pos. T(8) Shift Distance
1 26.614 -0.411 0.000
2 26.255 -0.248 0.000

First-Order Data

Focus Position 1 2
f/number 1.24 1.23
Magnification 0.1123 -0.1037
Object Height -609.,60 -660.40
Object Distance -760.42 -820.61
Effective Focal Length 76.755 77.074
Image Distance 0.12332E-03 0.37637E-03
Overall Length . 891.58 951.41
Forward Vertex Distance 131.16 130.80
Barrel Length 131.16 130.80
Stop Surface Number 5 5
Distance to Stop -4.61 -4.61
Stop Diameter 75.769 75.818
Entrance Pupil Distance 40.686 40.686

Exit Pupil Distance -58.296 -58.152



8a-84. 6132Space 166. 68 9a-37. 25274. 00000ACRYLI C71. 43

10- 44. 00009. 0000043315576. 56 11-14.10000558155130. 00 12-350. 0000 | mage

di st ancekgg.98Q332y Mool Description a - PoI ynom al asphere By m al
Aspher es PCT/ USOL/ 47291 Surf. DEFGH No. PSRN

1- 1. 6060E- 06- 2. 4391E- 09- 1. 4654E- 122. 32@§E 15- 8. 4118E- 198. 7791E- 23
2-7.4115E-07- 3. 1537E- 091. 2078E- 131. 1316E- 15- 2. 6881E- 19- 2. 6357E- 23
7-2.3299E- 062. 4195E- 09- 5. 8100E- 1%‘3@%3%%0;@%1 512E-19- 1. 0406E- 21

8- 3. 7383E-07- 3. 6568E- 101. 5762E- 124 384E- 18- 2. 4980E- 21

9- 6. 8201E-071. 0829E- 08- 2. 7016E- 113. 6582E- 14- 2. 4083E- 176. 3287E-21 Vari abl e
Spaces ArstOrdeSarsetics oFBealentsmage Pos. T(8) Shift Distance 1 27.737 -0.082
'0.000 2 27.316 0.006 0.000 First-Order Data 2 Focus Position 1 f/nunber

1.241. ni PirEE58i on 50 1123-0. 1037 Obj ect Hei ght -609. 60- 660. 40 Obj ect
Di st and&mbe 7 Bumbesy 41! CP_“i‘erectl ve f—'ocal Length 77.42477.791 | mage Di stance
. 22718E- §3- . 2339% 03 Bidra h%899.52960. 27 Forward Vertex Distance
132. 28131586 Bas r 23 Fo36
4 9 10 -O 16966E-02 —589 42
5 10 11 -0.10043E-01 -99.56%
6 11 12 0.16251E-02 615.33

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 8 0.14814E-01 67.502
2 9 12 -0.10117E-01 -98.844

First Order Properties of the Lens

Focus Position
Number Power f

1 0.13028E-01 76.755
2 0.12975E-01 77.074



Stop Surface Number 55 Distance to Stop -4.27-4.27 Stop D aneter

76. 41376. 527 Entrance Pupil Distance 41.17341.173 Exit Pupil D stance

-58. 999- 5§ 02/ 43370 PCT/ USO1/ 47291 -27 TABLE 1 R ( ' First
O der Prgggfﬂ%?gwof El ements El enment Surface Powerf Nunberﬁﬁﬂggﬁizﬁggl
1120. 89964E-031111. 6 2450. 11819E- 0184. 62® 3780. 49681E- 02201. 29

4910- 0. 16227E- 02- 616. 26 51011- 0. 98444E-02-101. 58 611120. 15930E- 02627. 76
First Order Properties of Units Unitng[lfiz;} e Nunber Numbers Power f 1 1 8
0. 14613E-01 68.434 2 9 12 -0.98768E- -101. 25 First O der Properties of
the Lens Focus Position Nunber Power f 1 0.12916E-01 77.424 2 0.12855E-01
77.791 WO 02/ 43370 PCT/ USO1/ 47291 -28 TABLE 2 Surf.

Radi usTaureknessd assCl ear Aperture No. TypeD aneat Aperture

1a53. 77M05. PO 00 ACRYEiLCO3. 60hickness Glass Diameter
1 a 51.5080 5.00000 ACRYLIC 85.95 )
2 a 55.0776 16.91225 79.75
3 o 7.50000 73.28
4 66.5670 21.00000 BACDS 78.02
5 ~-172.3988%2 11.06055 76.55
6 oo 8.67071 63.37
7 a -581.3852 7.30000 ACRYLIC 64.76
8 a -84.6132 Space 1 6G6.68
9 a -37.2527 4.00000 ACRYLIC 71.43
10 -44.0000 9.00000 433155 76.56
11 o 14.120000 558155 130.00
12 -350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf,

No. D E F G H ]

1 -1.6060E-06 -2.4391E-09 ~1.4654E-12 .3224E-15 -8.4118E-19 8.7791E-23
2 -7.4115E-07 -3.1537E-09 1.2078E-13 .1316E-15 -2.6881E-19 -2.6357E-23
7 -2.3299E-06 2.4195E-09 -5.8100E-12 .4490E-15 1.6512E-19 -1.0406E-21
8 -3.7383E-07 -3.656BE-10 1.5762E-12 -4.6043E~15 5.9384E~-18 -2.4980E-21
9 -6.8201E-07 1.0829E-08 -2.7016E-11 .6582E-14 -2.4083E-17 6.3287E-21

W o =N

Variable Spaces

Focus Space 1 Focal Image
Pos. T(8) Shift Distance

1 27.737 -0.082 0.000

2 27.316 0.006 0.000
First-Order Data

Focus Position 1 2
f/number 1.24 1.23
Magnification -0.,1123 -0.1037
Object Height -609.60 -660.40
Object Distance -767.24 -828.41
Effective Focal Length 77.424 77.791
Image Distance -.22718E-03 -.23490E-03
Overall Length 899.52 960.27
Forward Vertex Distance 132.28 131.86
Barrel Length 132.28 131.86
Stop Surface Numbder 5 5
Distance to Stop -4.27 -4.27
Stop Diameter 76.413 76.527
Entrance Pupil Distance 41.173 41.173

Exit Pupil Distance ~-58.999 -58.829
(.



2a56.183027. 7980685. 02 300- 1. 0000075. 64 466.592421. 00000BACD578. 26
5-171.527613. 3054576. 90 6-4.1707160. 30 7a-400. 00006. 00000ACRYLI C61. 19
8a- 87. 994vBpne3762. 37 9a-43. 05974. 00000ACRYLI C71. 09 PCT/US01/47291

10- 45. 00009. 0000043750076. 07 11-14.10000563500130. 00 12-350. 0000 I mage
di stancel30. 00 Synbol Description a - F%?'ynom’ al asphere Even Pol ynom al
Aspheres Surf. DEFGH No.

1-1. 2265E- 06- 2. 3882E- 09- 6. 4006E- = 15- 5, 8274E- 196. 8878E- 23

2- 3. 6048E-07-2. 7724E- 091. 5192E- 1§%Elig?§égofé§?§ﬁ374E 197. 0884E- 23
7-7.3999E-07-4. 0344E- 102. 7663E- 12- 3. 5022E- 154. 4633E- 18- 2. 1176E- 21
87.2290E-07-6. 1251E- 11- 1. 3445E- 143. 3606E- 15- 1. 8271E- 183. 2661E- 23

-9- 4. 7004t Qwler Propssiiesgd ElsmegisaE- 113. 7322E- 14- 1. 9800E- 173. 8942E-21 V i bl
S ar aEIer%entpa&erPace
Number Numbers Power f

1 1 2 0.89964E~03 1111.6

2 4 5 0.11819E-01 84.609

3 7 8 0.49681E-02 201.29

4 9 10 ~0.16227E-02 -616.26

5 10 11 -0.98444E~-02 -~101.58

6 11 12 0.15930E-02 627.76

First Order Properties of Units

Unit Surface

Number  Numbers Power f
1 1 8 0.14613E-01 68.434
2 9 12 -0.98768E-02 -101.25

First Order Properties of the Lens

Focus Position
Number Power f
1 0.12916E-01 77.424
2 0.12855E-01 77.791



Focus Space 1 Focal
2 31.589 -0.292 0.000 First-Oder . .
Magni f i cagyigPh/3$01037-0. 1198 bj ect Hei ght -660. 40-571. 50 £BiR&h1/het ance

-818.20-712.57 Effecti ve Focal
-.40704E- 030. 00 Overall

134.19134. 96 Barrel

Stop 0.210.21 Stop Dianmeter 72.32472.
49.50249. 502 Exit Pupil
-29 TABLE 2 (continued) First Oder

| rage

Pos.

T(8) Shift Distance 1 30.819 -0.068 0.000
Data 2 Focus Position 1 f/nunber

1.231.25

Length 77,53676.987 | mage D stance

Length 952. 40844853 Forward Vertex Distance
Length 134.19134.96 Stop Surface Nunmber 55 Di stance to

Di st an

i

ce -58.

trance Pupil

Di st ance

. 597 WO 02/ 43370 PCT/ USO01/ 47291

Power f Nunmber Nunbers 1120. 66386E- 031506. 3 2450. 11925E- 0183. 857
3780. 448W8BE- 02227. 02 4910- 0. 15751E- 03- 6348. 7 Sle@Apaitug7200E- 02- 102. 88

Properties of Elements El enent Surface

3.
3.

.B878E-23
7.

0884E-23
1176E-21
2661E-23
8942E-21

No. Type Radius Thickness Glass Diameter
1 a 53.7740 5.00000 ACRYLIC 93.60
2 a 56.1830 27.79806 85.02
3 o -1.00000 75.64
4 66.5924 21.00000 BACDS5S 78.26
5 -171.527¢ 13.30545 76.90
6 o0 4.17071 60.30
7 a -400.0000 6.00000 ACRYLIC 61.19
8 a -87.9944 Space 1 62.37
9 a -43.0597 4.00000 ACRYLIC 71.09
10 -45.0000 9.00000 437500 76.07
11 o 14.10000 563500 130.00
12 -350.0000 Image distance 130.00
Symbol Description
a - Polynomial asphere
Even Polynomial Aspheres
Surf.
No. D E F G H
1 -1.2265E-06 -2.38B82E-09 -6.4006E~13 1.4984E-15 -5.8274E-19 6
2 -3.6048E-07 -2.7724E-09 1.5192E-13 1.1811E-15 -5.1374E-19
7 =7.3999E-07 -4.0344E-10 2.7663E-12 -3.5022E-15 4.4633E-18 -2.
8 7.2290E-07 -6.1251E~11 -1.3445E-14 3.3606E-15 -1.8271E-18
9 -4.7004E-06 1.7256E~08 ~3.4844E-11 3.7322E-14 -1.9800E-17
Variable Spaces
Focus Space 1 Focal Image
Pos. T(8) Shift Distance
1 30.819 -0.068 0.000
2 31.589 -0.292 0.000
First-Order Data
Focus Position 1 2
f/number 1.23 1.25
Magnification -0.1037 -0.1198
Object Height -660.40 -571.50
Cbiject Distance -818.20 ~-712.57
Effective Focal Length 77.536 76.987
Image Distance -.40704E-03 0.00
Overall Length 952.40 847.53
Forward Vertex Distance 134.19 134.96
Barrel Length 134.19 134.9%6
Stop Surface Number 5 5
Distance to Stop 0.21 0.21
Stop Diameter 72.324 72.601
Entrance Pupil Distance 48.502 49.502
Exit Pupil Distance -58.216 -58.597



611120. 16086E- 02621. 67 First Order Properties of Units Unit Surface Number
Nunmbers Power f 1 1 8 0.14449E-01 69.208 2 9 12 -0.82679E-02 -120.95 First
Order Progerbisgsoof the Lens Focus Position Nunmber Power fperluddd7897E-01
77.536 2 0.12989E-01 76.987 WO 02/ 43370, PCT/ US01/ 47291 -30 TABLE 3 Surf.
Radi usThi ckness@ assC ear Aperture No. ™“%peD anet er

1a50. 33395. 00000ACRYLI C87. 68 2a53.010324. 8469379. 67 3-2. 0000069. 00

459. 642619. 00000BACD572. 83 5- 192. 524441 (Bldméd)l- 56 6- 8. 0000057. 60

7a481. 84617. 00000ACRYLI C61. 04 8a- 104. SO&ZSpace 163. 13

O9a- 34. 64264. 00000ACRYLI C67. 01 10-40. 00008. 0000042650071. 90

11-14. 10000560500130. 00 12- 350. 0000 I mage di stancel30. 00 Synbol Descri ption
‘a - Pol GirrbRder Propprties o BsmeAtSPol ynoni al Aspheres Surf. DEFGH No.

1-1. 1918|E- 06- 288%225 09-1. 6166E- 122. 3016E- 15- 8. 4967E- 199. 2699E- 23

emen ce

Number Numbers Power f
1 1 2 0.66386E~03 1506.3
2 4 5 0.11925E-01 83.857
3 7 8 0.44048E~-02 227.02
4 9 10 -0.15751E-03 -6348.7
5 10 11 -0.97200E-02 -102.88
6 11 12 0.16086E-02 621.67

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 8 0.144498-01 69.208
2 9 12 -0.8267%E-02 -120.95

First Order Properties of the Lens

Focus Position
Number Power f
1 0.12897E-01 77.536
2 0.12989E-01 76.987



21. 2041E- 08- 3. 0791E- 092. 2114E- 131. 0685E- 15- 2. 9072E- 19- 1. 0694E- 23
7-1.2221E- 066. 4250E- 10- 4. 6001E- 125. 7333E- 15- 3. 6797E- 18- 1. 6723E- 22
81. 1519E- y S5E- 095. 3427E- 12- 6. 8128E- 155. 1321E- 18- 2. 51 ,
o1 p12r e s A E 08, 3. 3800E. 114, 36535, 14-2. 76595 177, 46SBEITARN able
aces p Focus Space | Focal |mage Pos. Shift Distance 1 25.247 -0.110
0.001 2 24.977 -0.028 0.003 First-Order Data 12 Focus Position
f/ nunber 1. 251. 24 Magni fi cation-0. 13171Rg 254 Cbj ect Hei ght -520. 00- 546. 10
bj ect Di stance-609. 10-638.48 Effective Focal Length71.44671.675 | nmage
Di st ance0. 14560E- 020. 25459E- 02 Overal |l Length737.91767.02 Forward Vertex
D stancel28.81128.54 Barrel Lengthl128.81128.54 Stop Surface Nunber44
Di st ancg“‘ff'o St op17,2017. 20 St op Di amet er 70. 94 869" ALRStUENt r ance Pupi |

96. WP646. 458915 t PUBICKeBF st arRiasS54. 44988 %830 WO 02/ 43370

Di st anc

PCT/ US01/ 47291 -315JABKE 3 (gp(ggoiogued)j%cgﬁl%t 0809%8 Properties of Elenents

El ement Surfzace 53.0103 24.84693 79.67
3 o 2.00000 69.00
4 59.6426 19.00000 BACD5 72.83
5 -192.5244 11.61157 71.56
6 v 8.00000 57.60
7 a 481.8461 7.00000 ACRYLIC 61.04
8 a -104.5012 Space 1 63.13
9 a -34.6426 4£.00000 ACRYLIC 67.01
10 -40.0000 8.00000 426500 71.90
11 o 14.10000 560500 130.00
12 -350.0000 Image distance 130.00

Symbol Description
a — Polynomial asphere

Even Polynomial Aspheres

Surf.

No. D E F G H |
1 -1.1919E-06 -2.0822E-09 -1.6166E-12 2.,3016E-15 -8.4967E-19 9.2699E-23
2 1.2041E-08 -3.0791E-09 2.2114E-13 1.0685E~15 ~2.9072E-19 -1.0694E-23
7 ~1.2221E-06 6.4250E-10 -4.6001E-12 5.,7333E-15 -3.6797E~18 ~1.6723E~22
8 1.1519E-06 -3.1235E-09 5.3427E-12 -6.8128E-15 5,1321E-18 ~2.5124E-21
9 -1.2127E-06 1.4555E-08 -3.3800E-11 4.3653E-14 ~2.7959E~17 7.4638E-21

Variable Spaces

Focus Space 1 Focal Image
Pos. T(8) Shift Distance
1 25.247 -0.110 0.001
2 24.977 -0.028 0.003

First-Order Data

Focus Position 1 2
f/number 1.25 1.24
Magnification -0.1317 -0.1254
Object Height -520.00 ~546.10
Object Distance -609.10 -638.48
Effective Focal Length 71.446 71.675
Image Distance 0.14560E-02 0.25459E-02
Overall Length 737.91 767.02
Forward Vertex Distance 128.81 128.54
Barrel Length 128.81 128.54
Stop Surface Number 4 4
Distance to Stop 17.20 17.20
Stop Diameter 70.943 70.949
Entrance Pupil Distance 46.490 46.490

Exit Pupil Distance -54.444 -54.330



Power f Number Nunbers 1120. 80116E- 031248. 2 2450. 12624E-0179. 212

3780. 57271E-02174. 61 4910-0. 14379E-02-695. 47 51011-0. 10650E- 01- 93. 897
611120. 16G@Q0F27483625. 00 First Order Properties of Units UnipcousfiacmiNunber
Nunbers Power f 1 1 8 0.15721E-01 63. 605 2 9 12 -0.10540E-01 -94.873 First
Order Properties of the Lens Focus Posi }on Number Power f 1 0.13997E-01
71.446 2 0.13952E-01 71.675 WO 02/ 43370 PCT/US01/ 47291 -32 TABLE 4 Surf.
Radi usThi cknessd assC ear Apert urqupEg,g%QﬁQg@net er

1a48. 28185. 00000ACRYLI C84. 50 2a50. 692717.8159575. 64 3-7.5000071. 02
454.153019. 00000BACD568. 05 5-184. 84299. 6556666. 40 6n6. 2000055. 41
7a-1368.49318. 00000ACRYLI C55. 73 8a- 74. 3722Space 158. 34

-9a- 32. 2B Prasn frpatireefiEEPenGD 10- 38. 00008. 0000042650068. 57

11-14. 19%00560@9%111. 70 12-350. 0000 I mage di stancel24. 15

ment ce
Number Numbers Power f

1 1 2 0.80116E-03 1248.2
2 4 5 0.12624E-01 79.212
3 7 8 0.57271E-02 174.61
4 9 10 =-0.14379E-02 -6985.47
5 10 11 ~0.10650E~01 ~-53.897
6 11 12 0.16000E-02 625.00

First Order Properties of Units

Unit _Surface

Number Numbers Power f
1 1 8 0.15721E-01 63.609
2 9 12 -0.10540E-01 -94.873

First Order Properties of the Lens

Focus Position
Number Power f
1 0.13997E-01 71.446
2 0.13952E~01 71.675



Synbol Description a - Polynom al asphere Even Pol ynom al Aspheres Surf.
DEFGHI No.

1-1. 6519E896G24333963E- 09- 1. 5806E- 122. 3455E- 15- 8. 3472E- 197. 41;(3‘117551%?-‘17291
2-2.8153E-07- 3. 0635E- 093. 0620E- 131. 0863kE; 15- 2. 7800E- 191. 3038E-

7- 3. 7496E- 065. 0056E- 10- 6. 1860E- 123. 8274~ "15- 2. 3407E- 182. 4054E- 21

8-5. 1890E- 07- 3. 7034E- 093. 8532E- 12- 6. 4432E- 155. 6659E- 18- 1. 2687E- 21
9-1.8070E-061. 3298E-08- 2. 7646E- 113. 813Hreld- 2. 7761E-179. 0371E- 21 Vari abl e
Spaces Focus Space 1 Focal Image Pos. T(8) ShiftDi stance 1 23.315 0.185

0.000 2 22.965 0.325 -0.001 First-Order Data 12 Focus Position

f/ nunbe 1rf 251. 24 Magni fication-0.1348-0. 1254 Cb%_ect ngéi ght - 508. 00- 546. 10
bj ect stance-555. 75-595. 56 Eff ecti Focal . 68666. 990 | mage
Di st ance-. tZ{gE)%ZE- %a-q'??864EﬁB%k”ﬁ?er al ?é%f%ngt heé¥&Mg8717. 80 Forward Vert ex

Di stance}22, 59122. 24 Baid el Lengbhdl22. p@kd2c24 §hop, Surface Number 44
Di st ance 2t 0a St 0p16.55046260 Stopibbanet er 66. 190655 9%k Ent rance Pupi |

D stance®4. 42744. 427-Exit Pupils50Dh&t ance- 51. 3637510216
4

54.1530 19.00000 BACD5 68.05
5 -184.8429 9.65566 66.40
6 e 6.20000 55.41
7 a -1368.4931 8.00000 ACRYLIC 55.73
8 a -74.3722 Space 1 58.34
9 a -32.2393 4.00000 ACRYLIC 62.60
10 -38.0000 8.00000 426500 68.57
11 o 14.10000 560500 111.70
12 -350.0000 Image distance 124.15
Symbol Description
a - Polynomial asphere
Even Polynomiai Aspheres
Surf,
No. D E F G H |
1 -1.6519E-06 -2.2063E-09 -1.5806E-12 2.3455E-15 -8.3472E-19 7.4111E-23
2 =-2.B153E-07 -3.0635E~03 3.0620E-13 1.0863E-15 —-2.7800E-19 1.3038E-23
7 -3.7496E-06 5.0056E-10 -6.1860E~12 3.8274E-15 -2.3407E-18 2.4054E-21
8 -5.1890E-07 -3.7034E-09 3.8532E-12 -6.4432E-15 5.6659E-18 -1.2687E-21
9 -1.8070E-06 1.3298E-08 -2.7646E-11 3.8134E~14 -2.7761E-17 9.0371E-21
Variable Spaces
Focus Space 1 Focal Image
Pos. T(8) Shift Distance
1 23.315 0.185 0.000
2 22.965 0.325 -0.001
First-Order Data
Focus Position 1 2
f/number 1.25 1.24
Magnification -0.1348 -0.1254
Object Height -508.00 -546.10
Object Distance ~-555.75 -595.56
Effective Focal Length 66.686 66.990
Image Distance -.48092E-03 ~.57864E-03
Overall Length 678.34 717.80
Forward Vertex Distance 122.59 122.24
Barrel Length 122.59 122.24
Stop Surface Number 4 4
Distance to Stop 16.50 16.50
Stop Diameter 66.190 65.907
Entrance Pupil Distance 44.427 44.427
Exit Pupil Distance -51.363 ~51.216



WO 02/ 43370 PCT/ US01/ 47291 -33 TABLE 4 (continued) First Order Properties
of Elenents El enent Surface Powerf Nunber Nunbers 1120.81983E-031219.6
2450. 13704 b-RAF3%0973 3780. 62913E- 02158. 95 4910- 0. 17889E- 0255856147291
51011-0.11211E-01-89. 202 611120. 16000E—£ 625.00 First Order Properties of
Units Unit Surface Number Nunmbers Power®4” 1 1 8 0.16988E-01 58.864 2 9 12
-0.11478E-01 -87.122 First Order Properties of the Lens Focus Position
Number Power f 1 0.14996E-01 66. 88 £ 2(Bnih@AB8E- 01 66. 990 WO 02/ 43370 - 34
TABLE 5 Surf. Radi usThi cknessd assC ear Aperture No. TypeDi aneter

1a51. 81755. 00000ACRYLI C86. 41 2a51. 302923. 0439079. 75 3-4.0000069. 96
473.800018. 00000BACD573. 52 5-149. 627312. 0000072. 54 6-13.2780263. 86

First Order Properties of Elements

Element Surface
Number  Numbers Power f

1 1 2 0.81983E-03 1219.8
2 4 5 0.13704E-01 72.973
3 7 8 0.62913E-02 158.95
4 8 10 -0.17889E-02 -559.00
5 10 11 -0.11211E-01 -89.202
6 11 12 0.16000E-02 625.00

First Order Properties of Units

Unit Surface

Number  Numbers Power f
1 1 8 0.16988E-01 58.864
2 9 12 -0.11478E-01 -87.122

First Order Properties of the Lens

Focus Position
Number Power f

1 0.14996E~-01 66.686
2 0.14928E-01 66.990



7a-595. 36406. 50000ACRYLI C67. 83 8a-98. 1725Space 169. 85

9a-41. 06544. 0O0000ACRYLI C78. 42 10-50. 00009. 0000043550083. 72

11- 14. 100Q@pH2394135. 00 12-350. 0000 | mage di stancel35. 00 Sy
asphere Even Pol ynom al
No. 1-2.5164E-06-3.1781E-096. 8174E- 139.

a -

Pol ynom al

§

&PRko
pheres PCT/ USOL/ 47291 Surf.

85E- 16- 4. 9563E- 196. 5479E- 23

1Pser i ption

DEFGHL

2-2.0075E-06- 3. 2893E-091. 1892E- 126. 6158E- 16- 3. 8870E- 193. 7080E- 23
7-9.7221E-07-6. 3343E-101. 9162E-12- 2. 8%34E 351. 9415E- 18- 5. 9326E- 22

81. 2956E- 079. 0572E- 10- 2. 6712E- 124. 3006E- 15- 2. 8414E- 186. 1162E- 22
9-1.8419E-061. 3281E-08-2. 4200E-112. 4210E- 14- 1. 2250E- 172. 5283E-21 V
e Spdces Focus Space 1 Focal

S a

| mage

0.223 0NgoOTyre 32. Remius0. 016 hBkESe Fi r@lessOr der Diumeder

1 a 51.8175 5.00000 ACRYLIC 86.
2 a 51.3029 23.04390 79.
3 4.00000 69
4 73.8000 18.00000 BACD5 73.
5 ~-149.6273 12.00000 72
6 13.27802 63.
7 a -595.3640 6.50000 ACRYLIC 67.
8 a ~98.1725 Space 1 69.
9 a -41.0654 4.00000 ACRYLIC 78.
10 -50.0000 9.00000 435500 83.
11 14.10000 562500 135.
12 -350.0000 Image distance 135.
Symbol Description
a - Polynomial asphere
Even Polynomial Aspheres
Surf.
No. D E F G
1 -2.5164E-06 -3.1781E-09 6.8174E-13 9.0785E-16
2 =~-2.0075E-06 -3.2893E-09 1.1892E-12 6.6158E-16
7 =8.7221E-07 -6.3343E-10 1.9162E-12 -2.8194E-15
8 1.2956E-07 9.0572E-10 -2.6712E-12 4.3006E-15
9 -1.8419E-06 1.3281E-08 -2.4200E-11 2.4210E-14
Variable Spaces
Focus Space 1 Focal Image
Pos. T(8) Shift Distance
1 31.252 0.223 0.000
2 32.345 -0.016 0.000
First-Order Data
Focus Position 1 2
f/number 1.39 1.40
Magnification ~0.1056 -0.1263
Object Height -698.50 -584.20
Object Distance -860.41 -725.13
Effective Focal Length 82.274 81.389
Image Distance 0.00 0.00
Overall Length 1000.6 866.40
Forward Vertex Distance 140.17 141.27
Barrel Length 140.17 141.27
Stop Surface Number 5 5
Distance to Stop 0.78 0.78
Stop Diameter 67.551 68.348
Entrance Pupil Distance 46.989 46.989
Exit Pupil Distance -61.675 ~62.133

41
75

.96

52

.54

86
83
85

42
72
00
00

H

.9563E~-18
.8870E-19 3.
.9415E-18 -5.
.8414E-18
.2250E-17

6.

6.
2.

ri abl

Pos. Clg8B\p&hiré t Di st ance 1 31. 252

I
5479E-23
7080E-23
8326E-22
1162E-22
5283E-21



12 Focus Position f/nunberl1.391.40 Magnification-0.1056-0.1263 hject

Hei ght - 698. 50- 584. 20 Obj ect Di stance-860.41-725. 13 Effective Focal

Lengt h82 /@ 48133389 | mage Di stance0. 000. 00 Overal | Lengt h1Q@Q &39674P
Forward Vertex Distanceld0.17141.27 Barrel Lengthl140.17141.27 Stop Surface
Nunber 55 Di stance to Stop0.780.78 Stop-d-aneter67.55168. 348 Entrance Pupi |
Di st ance46. 98946. 989 Exit Pupil Di stance-61.675-62.133 WD 02/ 43370

PCT/ US01/ 47291 -35 TABLE 5 (conti i der Properties of Elenents
El ement Surface Powerf Nunber Nurrb{en'ér('@'@iﬁlgb'{@&id%E- 034730. 3

2450. 11608E- 0186. 146 3780. 42185E-02237. 05 4910- 0. 18306E- 02- 546. 26

51011- 0. 87000E- 02- 114. 94 611120. 16057E-02622. 78 First Order Properties of
-Units Unit_Surface Nunber Nunbers Power f 1 1 8 0.13594E-01 73.565 2 9 12
- 0. 88870t Qisler Freperties ot Flement®y der Properties of the Lens

Element Surface
Number Numbers Power f

1 1 2 0.21140E-03 4730.3
2 4 5 0.11608E-01 86.146
3 7 8 0.42185E-02 237.05
4 9 10 -0.18306E-02 -546.26
5 10 11 -0.87000E-02 -114.94
6 11 12 0.16057E-02 622.78

First Order Properties of Units

Unit Surface

Number  Numbers Power f
1 1 8 0.13594E-01 73.565
2 9 12 -0.88878E-02 -112.51

First Order Properties of the Lens

Focus Position
Number Power f

1 0.12155E-01 82.274
2 0.12287E-01 81.389




Focus Position Number Power f 1 0.12155E-01 82.274 2 0.12287E-01 81.389

WO 02/ 43370 -36 TABLE 6 Surf. Radi usThi cknessd assC ear Aperture No.

TypeDi ameygy . 81035. 00000ACRYLI C84. 42 2a52.536810. 1677

a7 5000078.05;24@’?1%7. 730027. 00000BACD577. 05 5- 67. 73005. oooooé@ggg‘ﬁ””l

6-119. 21428. 3014773. 09 7-8.6707160. 10 836-318. 96737. 30000ACRYLI C61. 10

9a- 83. 1955Space 163. 93 10a- 36. 94974. 00000ACRYLI C69. 82

11- 43. 00009. 0000043750075. 50 12_14'10%%%$§ﬁ500130'00 13- 350. 0000 | mage

di stancel30. 00 Synbol Description a - om al asphere Even Pol ynom al

Aspheres PCT/US01/ 47291 Surf. DEFGH No.

1- 1. 6427E- 06- 2. 4320E- 09- 1. 5053E- 122. 3008E- 15- 8. 4731E- 199. 1176E- 23

2-7. 1469E.07- 3. 1506E- 097. 9027E- 141. 1139E- 15- 2Cea08EtlR- 2. 8511F- 23

8- 2. 3508E&- (Rype 4105Rad)s 6. 327BEknesst. 158MEs 15- 2. DiaGBEr 19- 1. 4310E- 21

9-7.8771E-07- 1. 4709E- 091. 1503E- 12- 4. 8930E- 155. 6562E- 18- 2. 6873E- 21

10-2.186@g-§61.165@%&@%%@.69g§§£§$§.eoégﬁﬂf&-2.£g§§§-176.8304E-21 Vari abl e
- 78.32

Spaces 3 7.50000
4 67.7300 27.00000 BACD5 77.05
5 -67.7300 5.00000 F2 76.04
6 -119.2142 8.30147 73.09
7 o 8.67071 60.10
8 a -318.9673 7.30000 ACRYLIC 61.10
9 a ~-83.1955 Space 1 63.53
10 a ~36.9497 4.00000 ACRYLIC 69.82
11 -43.0000 9.00000 437500 75.50
12 ] 14.10000 563500 130.00
13 -350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf.

No. D E F G H ]
1 -1.6427E-06 -2.4320E-09 ~1.5053E-12 .3008E-15 -8.4731E-19 9.1176E-23
2 -7.1468E-07 -3.1506E-09 7.9027E-14 .1139E-15 -2.6303E-19 ~2.8511E~-23
8 -2.350BE-06 1.4105E-09 -6.3228E-12 .1530E-15 -2.0700E-19 -1.4310E-21
9 -7.8771E-07 -1.4709E-09 1.1503E-12 -4.8930E-15 5.6562E-18 -2,6873E-21
10 -2.1861E-06 1.1653E-08 -2.6999E-11 .6009E-14 -2.4483E~-17 6.8304E-21

W e s H N

Variable Spaces

Focus Space 1 Focal Image

Pos. T(9) Shift Distance

1 25.453 -0.353 0.000

2 25.069 -0.222 0.000
First-Order Data
Focus Paosition 1 2
f/number 1.24 1.23
Magnification -0.1123 -0.1037
Object Height -609.60 -660.40
Object Distance ~764.72 -825.16
Effective Focal Length 76.832 77.170
Image Distance -.16624E-03 0.00
Overall Length 896.21 956.27
Forward Vertex Distance 131.49 131.11
Barrel Length 131.49 131.11
Stop Surface Number 6 6
Distance to Stop -6.13 -6.13
Stop Diameter 73.419 73.480
Entrance Pupil Distance 40.319 40.319

Exit Pupil Distance -57.116 -56.956



Focus Space 1 Focal Image Pos. T(9) ShiftD stance 1 25.453 -0.353 0.000
25.069 -0.222 0.000 First-Order Data 12 Focus Position f/nunberl.241.23
Magni fi cadyiganz49379123- 0. 1037 Cbj ect Hei ght - 609. 60- 660. 40 Oop@E{is01/47201

Di st ance- 764. 72- 825. 16 Effective Focal Length76.83277.170 | nmage

Di st ance-. 16624E- 030. 00 Overal | Lengt h898721956. 27 For war dVertex

Di stancel31.49131. 11 Barrel Lengt hl131.49131. 11 Stop Surface Nunber 66

Di stance to Stop-6.13-6.13 Stop Di AACT 73.480 Entrance Pupi l

Di st ance40. 31940. 319 Exit Pupil g@?ﬁgégoétﬁ% 6- 56. 956 WO 02/ 43370 - 37
TABLE 6 (continued) First Order Properties of Elenents El enent Surface
Power f Number Nunbers 1120. 62509E- 031599. 8 2450. 16170E- 0161. B41

©356- 0. 3Bigt Peden Properiieef EAgGMI44320E- 02225. 63

Element Surface
Number  Numbers Power f
1 2 0.62509E-03 1599.8
4 5 0.16170E-01 61.841
5 6 ~0.38308E-02 -261.04
8 9 0.44320E-02 225.63
10 11 =-0.14694E-02 -680.56
11 12 -0.10172E-01 -98.308
12 13 0.16086E-02 621.67

~Noy O W

First-Order Properties of Doublets
Element Surface
Numbers Numbers Power f
2 3 4 6 0.12647E-01 79.073

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 9 0.14787E-01 67.626
2 10 13 ~0.10044E-01 -99.560

First Order Properties of the Lens

Focus Paosition
Number Power f

1 0.13015E-01 76.832
2 0.12958E-01 77.170



51011-0. 14694E- 02-680.56 61112-0. 10172E-01-98. 308 712130. 16086E- 02621. 67
First-Order Properties of Doublets El enment Surface Nunmbers Nunbers Power f
2 3 4 6 Owb2RMBE001 79.073 First Order Properties of Unitspdiigkorpitbdiace
Nunmber Nunbers Power f 1 1 9 0.14787E-01 67.626 2 10 13 -0.10044E-01
-99.560 First Order Properties of the L8fs Focus Position Nunber Power f 1
0. 13015E-01 76.832 2 0.12958E-01 77.170 PCT/ US01/ 47291 WD 02/ 43370

PCT/ US01/ 47291 -38 TABLE 7 Surf. Radi gﬁggpknessel assCl ear Aperture No.
TypeDi anet er 1a54.57995. 00000ACRYLI C90. 2a58. 634923. 9538383. 94

3w 5. 0000075. 12 462. 500030. 00000BACD575. 94 5-62. 50006. 00000FD173. 97

6- 109. 44127.9118271. 18 7-9. 0000056. 98 8al1249. 70907. 30000ACRYLI C60. 53

9a- 155. 204.3Space 164. 01 10a- 36. 31324. 00000ACRRIsaChfertzee

11- 40. 0bO09TWPE0004B7GBY 72, 8ghicnass. 10688B63500 PROCHD

1 a 54.5799% 5.00000 ACRYLIC 90.35
2 a 58.6349 23.95383 83.94
3 o -5.00000 75.12
4 62.5000 30.00000 BACDS 75.94
5 -62.5000 6.00000 FD1 73.97
6 -109.4412 7.91182 71.18
7 oo 9.00000 56.98
8 a 1249.7090 7.30000 ACRYLIC 60.53
9 a -155.2043 Space 1 64.01
10 a -36.3132 4.00000 ACRYLIC 67.29
11 -40.0000 9.00000 437500 72.88
12 e 14,10000 563500 130.00
13 -350.0000 Image distance 130.00

Symbol Description

a - Polynomial asphere
Even Polynomial Aspheres

Surf.

No. D E F G H I
1 -8.1440E-07 -1.7510E-09 -1.8974E-12 .2461E-15 -7.9927E-19 9.4647E-23
2 3.8379E-07 -3.1875E-09 2.7201E-13 .8151E~16 -3.8636E-19 4.0804E-23
8 -2.3042E-06 1.3927E-09 -6.3058E-12 .6078E-15 -2.3532E-18 ~1.3804E-21
9 -2.0737E-07 -3.7147E-09 3.3365E-12 ~4.8130E~15 2.4878E-18 -1.6154E-21
10 -2.9061E-06 1.2990E-08 ~-3.2841E-11 .4971E-14 -3.1733E-17 B8.8946E-21

L S TR

Variable Spaces

Focus Space 1 Focal Image

Pos. T(9) Shift Distance

1 22.008 0.055 0.000

2 21.8625 0.187 0.000
First-Order Data
Focus Position 1 2
f/number 1.24 1.23
Magnification -0.1123 -0.,1037
Object Height -609.60 -660.40
Object Distance -764.01 -824.34
Effective Focal Length 76.649 76.989
Image Distance -.43139E-03 -.45355E~-03
Overall Length 897.28 957.23
Forward Vertex Distance 133.27 132.89
Barrel Length 133.27 132.89
Stop Surface Number 4 4
Distance to Stop 25.47 25.47
Stop Diameter 70.957 70.989
Entrance Pupil Distance 45.096 45.096
Exit Pupil Distance ~-55.080 -54.912



13- 350. 0000 I mage di stancel30.00 Synbol Description a - Polynom al asphere
Even Pol ynom al Aspheres Surf. DEFGH No.

1- 8. 144064@ /02433 10E- 09- 1. 8974E- 122. 2461E- 15- 7. 9927E- 199. 4647Esd 7291

23. 8379E- 07- 3. 1875E- 092. 7201E- 139. 8151E- 16- 3. 8636E- 194. 0804E- 23

8- 2. 3042E- 061. 3927E- 09- 6. 3058E- 124. 6078%2-15- 2. 3532E- 18- 1. 3804E- 21
9-2.0737E-07-3. 7147E- 093. 3365E- 12- 4. 8130E- 152. 4878E- 18- 1. 6154E- 21

10- 2. 9061E- 061. 2990E- 08- 3. 2841E- 1%%86@7#5-%%-%. 1733E- 178. 8946E-21 Vari abl e
Spaces Focus Space | Focal | nmage 0S. BY"“SHi ft Di st ance 1 22.008 0.055
0.000 2 21.625 0.187 0.000 First-Order Data 12 Focus Position

f/ nunber 1. 241. 23 Magni fication-0.1123-0. 1037 Obj ect Hei ght-609. 60-660. 40
Cbj ect st Peier Bropgtiesof Eepapnt®4 Ef f ecti ve Focal Lengt h76. 64976. 989 | mage

D stance. 43139E- 03- . 45355E- 03 Overal |l Lengt h897.28957. 23 Forward Vertex

D st ancgi N 27§ 89 BarPr el Lengthl33.27132.89 Stop Surface Nunber44

‘Di stanc u'% Fst g?gerﬁ7%58§0‘7é%r§t_6)§ Di apet.er 70. 95770. 989 Ent rance Pupi |

Di stancedd 09643. 006 o 172375-01  55.013
6 -0

5 .46962E-02 -212.94
8 9 0.35704E-02 280.08
10 11 -~0.803B2E-03 -~1244.1
11 12 -0.10935E-01 -91.449
12 13 0.16086E~-02 621.67

~Ioy U W

First-Order Properties of Doublets
Element Surface
Numbers Numbers Power f
2 3 4 6 0.12982E-01 77.027

First Order Properties of Units

Unit Surface

Number  Numbers Power f
1 1 9 0.14792E-01 67.605
2 10 13 -0.10171E-01 -98.314

First Order Properties of the Lens

Focus Position
Number Power T

1 0.13047E-01 76.649
2 0.12989E-01 76.989



Exit Pupil Distance-55.080-54.912 WD 02/ 43370 PCT/US01/ 47291 -39 TABLE 7
(continued) First Order Properties of Elenents El enment Surface Powerf
Nunber Nu . 0. 88066E-031135. 5 2450. 17237E-0158. 013

BB 0, Ae R O a0, 3670 03380, 08 DTONL 0. 80382E 05 194477
61112- 0. 10935E- 01- 91. 449 712130. 16086E=4$621. 67 First-Order Properties of
Doubl ets El enent Surface f Nunbers Nunbers Power 2 3 4 6 0.12982E-0177.027
First Order Properties of Units Unit surtace Powerf Number Numbers 11

90. 14792E-0167. 605 210 13-0.10171E-01-98.314 First Order Properties of the
Lens Focus Position Nunber Power f 1 0.13047E-01 76.649 2 0.12989E-01
76.989 WO 02/43370 PCT/ USO01/ 47291 -40 TABLE 8

Surf. Clear Aperture
No. Type Radius Thickness Glass Diameter
1 a 52.1461 5.00000 ACRYLIC 89.31
2 a 53.8801 23.19770 82.48
3 o0 -2.00000 74.21
4 64.0000 30.00000 BACD18 75.95
5 -64.0000 7.00000 FD14 73.58
6 -116.2797 5.22161 70.23
7 e 12.00000 58.14
8 a ~-264.3354 7.30000 ACRYLIC 60.74
9 a -92.7348 Space 1 64.31
10 a -35.4960 4.00000 ACRYLIC 67.60
11 ~40.0000 9.00000 437500 72.40
12 e 14.10000 563500 130.00
13 -350.0000 Image distance 130.00

Symbol Description
a — Polynomial asphere

Even Polynomial Aspheres

Surf.

No. D E F G H I
1l -1.5805E-06 -1.5334E-09 -1.8486E-12 .2341E-15 -8.0476E-19 9.1471E-23
2 -6.006%E-07 -2.7534E~09 1.1799E-13 .9301E-16 -3.2345E-19 1.0905E-23
8 -3.9273E-06 1.7096E-09 -5.6384E-12 .6138E-15 -2.0924E-18 5.6175E-22
9 -1.8177E-06 -1.9054E-09 2.039%6E-12 -4.0608E-15 3.0507E~18 -1.0959E-21
10 -1.6986E-06 1.4046E-08 -3.5551E-11 .7576E~-14 -3,.1232E-17 8.2450E-21

™o (DO N

Variable Spaces

Focus  Space 1 Focal Image
Pos. T(9) Shift Distance

1 20.228 -0.087 0.000

2 19.803 0.03% 0.000
First-Order Data
Focus Position 1 2
f/number 1.23 1.22
Magnification -0.0963 -0.0869
Object Height -711.20 -787.40
Object Distance -880.38 -971.88
Effective Focal Length 77.148 77.544
Image Distance 0.00 0.00
Overall Length 1015.4 1106.5
Forward Vertex Distance 135.05 134,62
Barrel Length 135.05 134.62
Stop Surface Number 4 4
Distance to Stop 22.87 22.87
Stop Diameter 71.657 71.760
Entrance Pupil Distance 44.279 44.279

Exit Pupil Distance ~-55.518 -55.342



Surf. Radi usThi cknessd assCl ear Aperture No. TypeD aneter

1la52. 14615. 00000ACRYLI C89. 31 2a53.880123. 1977082. 48 3--2.0000074. 21
464. 0000390RAYHPBACDLB75. 95 5- 64. 00007. 00000FD1473. 58 PCT/US01/4729
6-116. 27975. 2216170. 23 7-12. 0000058. 14 8a-264.33547.30000ACRY’?&Bé.}4
9a- 92. 7348Space 164.31 10a- 35. 49604. 006®DACRYLI C67. 60

11- 40. 00009. 0000043750072. 40 12ml4. 10000563500130. 00 13- 350. 0000 | mage
di stancel30. 00 Synbol Description nonial asphere Even Pol ynoni al
Aspheres Surf. DEFGH No. TRBLE EPJOX%%%)

1-1. 5805E- 06- 1. 5334E- 09- 1. 8486E- 122. 2341E- 15- 8. 0476E- 199. 1471E- 23

2-6. 0069E-07- 2. 7534E- 091. 1799E- 139. 9301E- 16- 3. 2345E- 191. 0905E- 23

'8- 3. 9278t OFier POeHeDy EpBR84E- 123. 6138E- 15- 2. 0924E- 185. 6175E- 22

9- 1. 817ZE. 06- 1, 9054E- 092, 0396E- 12- 4. 0608E- 153. 0507E- 18- 1. 0959E- 21
10- 1. 698EF 61 WHERBE- 08-3. 5551F- 114. 7576E- 14- 3. 1232E- 178. 2450E-21 Vari abl e
‘'S aces

ol CU@U{%%GO%E%%QL@ mege  Pos. T(9) shift Distance 1 20.228
5 0.

-0.087 0. éoo 4 18205E-01  54.930

5 6 =-0.50851E-02 -196.65
8 9 0.35052E-02 285.29
10 11 -0.11065E-02 -803.72
11 12 -0.10935E-01 -91.449
12 13 0.16086E-02 621.67

~N oy W

First-Order Properties of Doublets
Element Surface
Numbers Numbers Power f
2 3 4 6 0.13575E-01 73.665

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 9 0.14914E-01 67.050
2 10 13 -0.10474E-~01 =-95.471

First Order Properties of the Lens

Focus Position
Number Power f

1 0.12962E-01 77.148
2 0.12896E-01 77.544



2 19.803 0.039 0.000 First-Order Data 2 Focus Position 1 f/nunmber 1.231.22
Magni fication -0.0963-0.0869 (bject Height -711.20-787.40 (bject D stance
- 880. 38- Wb BAskhf ective Focal Length 77.14877.544 | mage Dp&t/@Reies7991000. 00
Overal | Length 1015.41106.5 Forward Vertex Di stance 135.05134.62 Barr el
Length 135.05134.62 Stop Surface Nunber444 Di stance to St op 22.8722.87 Stop
D aneter 71.65771.760 Entrance Pupil Distance 44.27944.279 Exit Pupil

D stance -55.519-55. 342 WD 02/ 43370 'I‘L\JBbE%ELE 8 (continued) First Oder
Properties of Elements El enment Surface Powerf Nunber Nunbers

1120. 59520E- 031680. 1 2450. 18205E- 0154. 930 356- 0. 50851E- 02- 196. 65 4

890. 35052E- 02285. 29 51011-0. 11065E-02-903. 72 61112-0. 10935E- 01-91. 449
712130. $086E- 02621. 67 First-Order Properti es Cigar Bparuleet s El enent Sur f ace

Nurber sNRunb®es PoRadivg Thickness Glass Diameter
1 a 52.1461 5.00000 ACRYLIC 89.31
2 a 53.8801 23.19770 82.48
3 oo -2.00000 74.21
4 64.0000 30.00000 BACD18 75.95
5 -64.0000 7.00000 FD14 73.58
6 -116.2797 5.22161 70.23
7 o 12.00000 58.14
8 a -264.3354 7.30000 ACRYLIC 60.74
9 a -92.7348 Space 1 64.31

10 a -35.3700 4.00000 ACRYLIC 67.60
11 ~40.0000 9.00000 437500 72.40
12 oo 14.10000 563500 130.00
13 -350.0000 Image distance 130.00

Symbol Description
a - Polynomial asphere

Even Polynomial Aspheres

Surf.

No. D E F G H I
1 -1.5805E-06 -1.5334E-09 -1.8486E-12 .2341E-15 ~8.0476E-19 9.1471E-23
2 -6.0069E-07 -2.7534E-08 1.179%E-13 .9301E~16 ~3.2345E-19 1.0905E-23
8 -3.9273E-06 1.7096E-02 -5.6384E~12 .6138E-15 -2.0924E-18 5.6175E-22
9 -1.8177E-06 -1.9054E~09 2.,0396E-12 -4.0608E-15 3.0507E-18 -1.0959E-21
10 -1.6986E-06 1.4046E-08 -3.5551E-11 .7576E-14 -3.1232E-17 8,2450E-21

s (WO N

Variable Spaces

Focus Space 1 Focal Image

Pos. T(9) Shift Distance

1 20.020 0.000 0.000

2 19.580 0.100 0.001
First-Order Data

Focus Position 1 2
f/number 1.23 1.22
Magnification -0.0963 ~0.0869
Object Height -711.20 ~787.40
Object Distance -876.74 -968.09
Effective Focal Length 76.802 77.217
Image Distance 0.24545E-03 0.79645E-03
Overall Length 1011.6 1102.5
Forward Vertex Distance 134.84 134.40
Barrel Length 134.84 134.40
Stop Surface Number 4 4
Distance to Stop 22.87 22,87
Stop Diameter 71.194 71.322
Entrance Pupil Distance 44.248 44.248

Exit Pupil Distance ~-55.170 -54.,987



2 346 0.13575E-01 73.665 First Order Properties of Units Unit Surface
Nunber Numbers Power f 1 1 9 0.14914E-01 67.050 2 10 13 -0.10474E-01

-95. 471 Rwiosd/48¥@er Properties of the Lens Focus Position puffpgysFsper 01
0. 12962E-01 77.148 2 0.12896E-01 77.544 PCT/ US01/ 47291 WD 02/ 43370

PCT/ US01/ 47291 Surf. No. Type Radi us Th3ckness -42 TABLE 8B O ear Aperture
d ass Di aneter lab52.14615. 00000ACRYLI C89. 31 2a53.880123. 1977082. 48

3M 2. 0000074. 21 464. 000030. 000008@%2%%%&%@ %—d 4.00007. 00000FD1473. 58
6-116. 27975. 2216170. 23 7-12. 0000058. a- 264 33547. 30000ACRYL| C80. 74

9a- 92. 7348Space 164.31 10a- 35. 37004. 00000ACRYLI C67. 60

11- 40. 00009. 0000043750072. 40 12-14.10000563500130. 00 13-350. 0000 | mage

‘di st ancENE30rde0 Popaiies ofifdameantspt i on a - Pol ynoni al asphere Even Pol ynoni al

Aspher eéler%grgtf " Surface
Number Numbers Power f
1 1 2 0.60240E-03 1660.0
2 4 5 0.18363E~01 54.457
3 5 6 -0.51837E-02 -192.91
4 8 9 0.35374E-02 282.69
5 10 11 -0.11621E-02 -860.50
6 11 12 -0.11048E-01 -90.518
7 12 13 0.16251E-02 615.33

First-Order Properties of Doublets
Element Surface
Numbers Numbers Power f
2 3 4 6 0.13648E-01 73.268

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 9 0.14990E-01 66.709
2 10 13 -0.10626E-01 =~94.105

First Order Properties of the Lens

Focus Position
Number Power f

1 0.13021E-01 76.802
2 0.12950E~01 77.217



DEFGH No.

1-1. 5805E- 06- 1. 5334E- 09- 1. 8486E- 122. 2341E- 15- 8. 0476E- 199. 1471E- 23

2- 6. 0069E3Qy/ 243334 E- 091. 1799E- 139. 9301E- 16- 3. 2345E- 191. 09P&F3 /47291

8- 3. 9273E-061. 7096E- 09- 5. 6384E- 123. 6138E- 15- 2. 0924E- 185. 6175E- 22
9-1.8177E-06- 1. 9054E- 092. 0396E- 12- 4. 0664% 153. 0507E- 18- 1. 0959E- 21

10- 1. 6986E- 061. 4046E-08- 3. 5551E- 114. 7576E- 14- 3. 1232E- 178. 2450E- 21 Vari abl e
Spaces Focus Space 1 Pos. T(9) 1 20. 98P g& 19. 580 Focal Inmage Shift

D stance 0.000 0.000 0.100 0.001 First- Brder Data 12 Focus Position

f/ nunmber 1. 231. 22 Magni fication-0.0963-0. 0869 Obj ect Hei ght-711.20-787. 40
bj ect Di stance-876. 74-968. 09 Effective Focal Length76.80277.217 | mage

Di st ance®f.24545E- 030. 79645E- 03 Overal | Lengt hCEeIABHLE2. 5 Forward Vertex

Di st ancte:34Typa134. Bedigar r el Tll'@'ﬂ‘gﬁﬁh134 aps34. 40D5mgr8urface Nunber 44

Di stance 03St 0p22. ?Eﬁ ?7 met 8FFYLI947189332 Entrance Pupi |

Di st ance4§1 5‘4844 24 t ance-55. 170- 4 87 WD 02/ 43370

PCT/ US01/ 47291

- 436 4T ABLE 8B3§cmbb nuedhcpis

75.95
5 -64.0000 7.00000 FD14 73.58
6 -116.2797 5.22161 70.23
7 e 12.00000 58.14
8 a -264.3354 7.30000 ACRYLIC 60.74
9 a -82.7348 Space 1 64.31
10 a -35.6500 4.00000 ACRYLIC 67.60
11 -40.0000 9.00000 437500 72.40
12 o 14.10000 563500 130.00
13 -350.0000 Image distance 130.00
Symbol Description
a -~ Polynomial asphere
Even Polynomial Aspheres
Surf.
No. D E F G H i
1 -1.5805E-06 -1.5334E-09 -1.8486E-12 2.2341E-15 -8.0476E-19 9.1471E-23
2 -6.0069E-07 -2.7534E-09 1.1799E-13 9.9301E-16 -3.2345E-19 1.0905E-23
8 -~3.9273E-06 1.7096E-09 -5.6384E-12 3.6138E~15 -2,0924E-18 5.6175E-22
9 -1.8177E-06 -1.9054E-09 2.038%6E-12 -4.0608E-15 3.0507E-18 -1.0959E-21
10 -1.6986E-06 1.4046E-08 -3.5551E~11 4.7576E-14 -3.1232E-17 8.2450E-21
Variable Spaces
Focus Space 1 Focal Image
Pos. T(9) Shift Distance
1 20.450 -0.180 -0.010
2 20.000 -0.080 -0.005
First-Order Data
Focus Position 1 2
£/number 1.23 1.22
Magnification -0.0963 -0.0869
Object Height -711.20 ~-787.40
Cbject Distance -884,01 ~-976.13
Effective Focal Length 77.494 77.910
Image Distance -.10365E-01 -.45926E-02
Cverall Length 1019.3 1110.9
Forward Vertex Distance 135.26 134.81
Barrel Length 135.27 134.82
Stop Surface Number 4 4
Distance to Stop 22.87 22.87
Stop Diameter 72.122 72.258
Entrance Pupil Distance 44.308 44.308
Exit Pupil Distance -55.880 ~55.,690



First Order Properties of Elenents El enment Surface Powerf Nunber Nunbers
1120. 60240E- 031660. 0 2450. 18363E- 0154. 457 356-0. 51837E-02-192. 91

4890. 353 lo3A384- 69 51011-0. 11621E- 02-860. 50 61112- 0. 1104850d51 3929218
712130. 16251E- 02615. 33 /F,i rst-Order Properties of Doublets Elenent Surface
Nunbers Numbers Power f72 3 4 6 0. 13648£5-01 73.268 First Order Properties
of Units Unit Surface Nunber Nunbers Power f 1 1 9 0.14990E-01 66.709 2 10
13 -0.10626E-01 -94.105 First O Ers%o(g&&ljag% of the Lens Focus Position
Number Power f 1 0.1302I1E-01 76. . 65-01 77.217 WO 02/ 43370

PCT/ US01/ 47291 -44 TABLE 8R Surf.C ear Aperture No. TypeRadi usThi ckness@ ass
Di anet er 1a52. 14615. 00000ACRYLI C 89. 31 2a53.880123.1977082. 48

»300- 2. 060 Order Proparges SHIOBMsO0000BACD18 75. 95 5- 64. 00007. 00000FD14 73. 58

Element Surface
Number Numbers Power f
1 2 0.58853E-03 1699.2
4 5 0.18054E-01 55.390
5 6 -0.49975E-02 -200.10
8 9 0.34753E-02 287.75
10 11 -0.10421E-02 -959.58
11 12 -0.10829E-01 -92.345
12 13 0.15930E~02 627.76

SN WP

First-Order Properties of Doublets
Element Surface
Numbers Numbers Power f
2 3 4 6 0.13499E-01 74.079

First Order Properties of Units

Unit Surface

Number Numbers Power f
1 1 9 0.14837E-01 67.400
2 10 13 -~0.1031%E-01 -96.5%09

First Order Properties of the Lens

Focus Position

Number Power f
1 0.12904E-01 77.494
2 0.12835E-01 77.910



6-116. 27975. 2216170. 23 70012. 0000058. 14 8a- 264. 33547. 30000ACRYLI C 60. 74
9a- 92. 7348Space 164. 31 10a- 35. 65004. 00000ACRYLI C 67. 60

11- 40. 000Q% RXEHR437500 72. 40 1214. 10000563500 130. 00 13- 3pBrAQP0s-héE0e

di stance 130. 00 Synbol Description a - Polynom al asphere Even Pol ynom al
Aspheres Surf. DEFGH No. -46-

1-1. 5805E- 06- 1. 5334E- 09- 1. 8486E- 122. 2341E- 15- 8. 0476E- 199. 1471E- 23

2- 6. 0069E-07- 2. 7534E- 091. 1799E- 139. 93%_%% ]E_56 3. 2345E- 191. 0905E- 23
8-3.9273E-061. 7096E- 09- 5. 6384E- 123. 61 L92. 0924E- 185. 6175E- 22
9-1.8177E-06-1. 9054E-092 0396FE-12-4. 0608F- 153 0507F- 18- 1. 0959FE- 21

10- 1. 6986E- 061. 4046&k-N13- 3. 55F8E- 114. F376E} 143. 12B2E-FB78. 2450&- 21| Vari abl e

Spaces Focus Spdce I, Focal I € [ POS.. 1(P NI Tance %50 -0. 180
_8_010 2 20_08 -0 dao - #\n%'g‘c. Q?‘F ,(3 ) Bééo E 3;?’%8pa<#39i62§ 1 f / nunber

1.231.22 Magnifilcatitn -0, 02&63550. 38$(§B8(ibj ccB3.bed ght 197470, 20-98844 40 bj ect
Di stance -884.01-976..13 B f ve|[ F I~ TEN 49477 910 | €| D stance
D S 0305E- 01- . 45026 B odor 4% o .g?ﬁﬁ* 15, 8490¢) "L 301de *17- 100130

77.536 1506.3 83.857 | 227.020 | -120.95

3 71.446 1248.2 79.212 174.610 -94.873

4 66.686 1219.8 72.973 158.950 -87.122

5 82.274 4730.3 86.146 237.050 -112.51

6 76.832 1699.8 79.073 225.630 -99.560

7 76.649 1135.5 77.027 280.080 -98.314

8 77.148 1680.1 73.665 285.290 -95.471

8B 76.802 1660.0 73.268 282.69 -94.105

8R 77.494 1699.2 74.079 287.75 -96.909
'681, ex il 68.2 501.471 76.201 246.209 -98.271

'681, exV 84.3 384.932 89.206 669.048 -125.446

Ex. No. FO/F1 FO/F2 FO/F3 FO/|F4]
1 0.07009 0.91866 0.38638 0.77131
1B 0.07053 0.92184 0.38810 0.77653
1R 0.06966 0.91508 0.38464 0.76468

2 0.05147 0.92462 0.34154 0.64106
3 0.05724 0.90196 0.40917 0.75307
4 0.05467 0.91384 0.41954 0.76543
5 0.01739 0.95505 0.34707 0.73126
6
7
8

0.04803 0.97166 0.34052 0.77172
0.06750 0.99509 0.27367 0.77963
0.04592 1.04728 0.27042 0.80808

8B 0.04627 1.04823 0.27168 0.81613
8R 0.04560 1.04610 0.26931 0.79965 g
'681, ex lll 0.13510 0.89500 0.27700 0.69310

'681, ex V 0.21810 0.94500 0.12510 0.67200




Forward Vertex D stance 135.26134.81 Barrel Length 135.27134.82 Stop
Surface Nunber 44 Distance to Stop 22.8722.87 Stop D aneter 72.12272.258
Ent r ance wopb/l33h st ance 44. 30844. 308 Exit Pupil D stance Qapa; 690 VO
02/ 43370 PCT/ US01/ 47291 -45 TABLE 8R (continued) First Order Properties of
El ements El enent Surface Powerf Number Ndbers 1120. 58853E-031699. 2

2450. 18054E- 0155. 390 356- 0. 49975E- 02- 200. 10 4890. 34753E-02287. 75

51011-0. 10421E- 02-959. 58 61112-0. 108225@%11- 2.345 712130. 15930E- 02627. 76
First-Order Properties of Doublets El urface Nunbers Nunbers Power f
2 346 0.13499E-01 74.079 First Order Properties of Units Unit Surface
Nunber Nunbers Power f 1 1 9 0. Best-Fit Spheical®adi2 10 13 -0. 10319E-01
-96.909 First Order Properties of the Lens Focus Position Nunber Power f 1

0. 12904E- 01| 77e4R4. 2 ORh283TE- 2 77.]91(Roq R22 R31 R32
1 14760 | 86.170 | 66.567 | -172.398 | -162.10 | -80.320
1B 14760 | 86.170 | 66.567 | -172.399 | -162.10 | -80.320
1R 14760 | 86.170 | 66.567 | -172.309 | -162.10 | -80.320

2 129.10 77.530 66.592 -171.628 -1224.0 -133.60
3 101.10 67.620 59.643 -192.524 -307.10 -90.550
4 92.350 62.300 54.153 -184.843 -86.030 -57.400
5 182.30 93.350 73.800 -149.627 -220.50 -108.30
6
7
8

165.80 79.110 67.730 -119.214 -91.610 -67.710
167.30 83.640 62.500 -109.441 -113.70 -65.580
146.30 98.330 64.000 -116.280 -75.400 -57.040

8B 146.30 98.330 64.000 -116.280 -75.400 -57.040
8R 146.30 98.330 64.000 -116.280 -75.400 -57.040
'681, ex il 183.0 168.30 81.03 -93.225 -199.1 -110.7

'681, ex V 74.32 96.02 69.47 -119.732 -234.5 -319.8




WD 02/ 43370 PCT/ US01/ 47291 -46 TABLE 9 Ex. No. FOFI F2F3F4

177. 1141100. 283. 942199. 580- 99. 978 11376. 7551088. 283. 263197. 77- 98. 844
1R77. 42413blo2$847609201. 29- 101. 25 277. 5361506. 383. 857227. ORBr/bR6/H8501
371.4461248. 279. 212174. 610- 94. 873 466. 6861219. 872. 973158. 950-87. 122

582. 2744730. 386. 146237. 050-112. 51 676. 8348599. 879. 073225. 630- 99. 560
776.6491135. 577. 027280. 080- 98. 314 877. 1481680. 173. 665285. 290- 95. 471
8B76. 8021660. 073. 268282. 69- 94. 105 8R77€é§4%q99 274.079287. 75- 96. 909 ' 681,
ex 11168.2501.47176.201246. 209-98. 271

V84. 3384. 93289. 206669. 048- 125. 446 Ex. No. FQ F1F0/ F2FQ F3FQ F4

10. 070090. 918660. 386380.
RO. 069660. 915080. 384640.

77131 1 BO.070530.921840. 388100. 77653 1
76468 20.051470. 924620. 341540. 64106

30. 057240. 90

50. 017390. 95%

70. 067500. 991

8B0. 046271. 04
I110.135100. ¢

02/ 43370 -47

1902109170 P9 Fodd. 080 £8- L3P0 rbL 9D HRosPREF | TarFO
5000, 373670, 78%7 8d. 082561 047282701120 269808 |  0.095
18230,271680. &l4k3_GR0.OA7601. 046400, 2693005089965 ' 6635 ek

05600 277060-—69310-- 681 ex—MO—2181001-945000- 12510867260 WD

0-315 0.255 0.358 2,500 0.095

2 0.346 0.225 0.397 2.576 0.077

3 0.376 0.274 0.353 3.228 0.098

4 0.380 0.238 0.350 3.413 0.120

5 0.329 0307 | . 0.380 2.027 0.079

6 0.230 0.221 0.331 1.760 0.095

7 0.247 0.221 0.287 1.751 0.095

8 0.275 0.223 0.262 1817 0.095

8B 0.276 0.224 0.261 1.817 0.095

8R 0.274 0.222 0.264 1817 0.094

'681, ex Ili 0.254 0.372 0.316 1.150 0.117

'681, exV 0.263 0.160 0.398 1.724 0.095




Tabl e 10 Best-Fit Spherical Radii PCT/US01/ 47291 Ex. No. R11R12R21R22R31R32
1147.6086. 17066. 567-172. 399- 162. 10- 80. 320

1B147. 608%0b7Q58¢ 567- 172. 399- 162. 10- 80. 320 | PCT/US0L/47291

R147. 6086. 17066. 567-172. 399- 162. 10- 80. 320

2129.1077. 53066. 592- 171. 528- 1224. 0- 133. 6&-

3101. 1067. 62059. 643-192. 524- 307. 10- 90. 550

492.35062. 30054, 153- 184 843- 86. 030- 57. 400
5187, 3003, 3368 i8GRed 1827 220, 50- 108, 30
7167, 3083, 64062, 500. 108" ST 1240 Sgatefbfor use in a projection television

'8146. 3098. 3phich. W40a btfee2B8nd 2. A cathélray tube which produces light of
8B146. 3098, 33064, 000- 116. 280- 75. 400-57. 040

8R146. 3098.13206xilyeofinstacolen arwcand cathalegraygBibe which produces light of
'1'11193. 0168. 3081..03- 93. 225-199. 1-11

V4. 3296, 0FRAFFIY FoScrpdaelots bl thifh ABReEry tube whigh profuces light

PCT/ USO1/ 47&%¥ixﬁérﬂg%- thiigd coloPTgaid/prbfdbeibn/ 1eﬁ@8§3te&n codbIiiPthree
10. 3170. 2560."3522.5900. 095 1 BO. 3180. 2570. 3472.5900. 095 1

RO. 3150. 253&0%8@15&@@8@9&92&03@1@&12%@.1@173 asgeda@drwith each of the
30. 3760. 2740. 3533. 2280, 098 40. 3800.%%80. 3503. 41%%. 120 . ]
50. 3290. 30788 gy $Bbey Susigsssriihpsystem fopiggias an image of the light

EERRETE VR e e —
I'110.2540. 3720. 3191. 15@¥sfl lehis unit on the long conjugate side of the lens, said first
lens unit having a positive power; and

(B) a second lens unit which (i) is associated with a cathode ray
tube during use of the lens, (i1) has a strong negative power when so
associated, and (ii1) provides most of the correction of the lens' field
curvature;

wherein in addition to any difference based on satisfying the
Scheimpflug condition or any difference in spectral transmission, the second
lens unit of the second projection lens differs from the second lens unit of
the first projection lens in at least one optical property, said difference
being based on said first and second colors.

2. The projection lens system of Claim 1 wherein:

@) the second lens unit of the first projection lens comprises a
first meniscus element and the second lens unit of the second projection
lens comprises a second meniscus element; and

(1)  said difference between the second lens units comprises a
difference between the first meniscus element and the second meniscus
element in at least one optical property other than spectral transmission.

3. The projection lens system of Claim 2 wherein said difference
in meniscus elements results from at least one of:

@) a difference in focal length,

(i)  a difference in index of refraction,



'681, ex VO0.2630.1600.3981.7240. 095 WD 02/ 43370 PCT/ US01/ 47291 -49 What is
claimed is: 1. A projection lens systemfor use in a projection television

whi ch hasyg) @esegn and a first cathode ray tube which prOdH@’ﬁ/ﬁsdli/ﬁ p of
primarily a first color, a second cathode ray tube which produces P%ght of

primarily a second color, and a third cabBode ray tube which produces |ight
of primarily a third color, said projection |ens system conprising three
proj ection | enses,. one projection |l ens heing associated_with each of the
cat hode ray tube&uri Senesr in baseskadipafetobhe srraph gldmsyitaeps dithene

light pr Oder‘?:?exfﬂt% that tube on the screen, each projection | ens consisting
of: (A afirs €hs unit on the long conjugate side of the |lens, said

first lens unit @®avi nodiffepesde invicageomelius IndtHdRdathodeeafduberddini t which
(i) is associated with a cathode ray tube during use of the lens, (ii) has

a strong negutfages pbthe elgheantso associated, and (iii) provides nmost of the
correction of the lens', field .curvatyre; rein in addition.to any

di f f erence based%@_n sa‘f}?es“]e&ilhﬁfl‘?mgn&sﬁﬂg‘% ﬁ'\éPmﬁfﬁﬂg}cgosr‘Fa??l? weﬁurwsqﬁff_erence
|0 spectial diARnes $A1A: fit ABheREAN il ARSail ity il SAPEARE Prol ection
lens differs fromthe secon ens unit o t he ]%II’St projection lens in at

| east one opti cakvipr opeidrg, thealemdntd haewasphbdcalgradthséde ray tabeé gidel r st and
second colors. 2. The projection |lens systemof Claiml wherein: (i) the
second | ens SuHfagesa 3 repeesin besr it splpricalradiiclep sridbeathodeirayitubeni scus

el enent andsidéesdsr?g&%d |l ens unit of the second projection |ens conprises a
second neni scus elenent; and (ii) said difference between the second | ens

units conprises giidi Wierenbe deheRENhANE abphoticdlodtirssnisidel irtiesand the
second nmeniscus elenment in at | east one optical property other than

spectral tr dxerense am shape foresaidsiceean sidel sawéacopsandionf O aim 2 wherein
G frerence i n foldi)| SHAHR (he{SERE PREr BREBCTIFA} SAIBROGFaY BTSSR, | v
02/ 43370 PCL{150dd 47d3fererle in shape for said cathode ray tube side surfaces.

4. The projection lens system of Claim 1 wherein:

@) the second lens unit of the first projection lens comprises a
first coupling fluid portion and the second lens unit of the second projection
lens comprises a second coupling fluid portion; and

(1))  said difference between the second lens units comprises a
difference between the first coupling fluid portion and the second coupling
fluid portion in at least one optical property other than spectral
transmission.

5. The projection lens system of Claim 4 wherein said difference
in coupling fluid portions results from at least a difference in axial
thickness.

6. The projection lens system of Claim 1 wherein the first lens
units of the first and second projection lenses are identical to within
manufacturing tolerances.

7. The projection lens system of Claim 1 wherein the first color is

green and the second color is red or blue.



(i1i) a difference in base radius for the screen side surfaces of the
el enments, (iv) a difference in base radius for the cathode ray tube side

sur f aces Wb gbhe3@l enents, (v) where the el ements have asphgii, &) S85€€n
side surfaces, a difference in best-fit spherical radii for saidf Screen

side surfaces, (vi) where the el ements Halre aspherical cathode ray tube
side surfaces, a difference in best-fit spherical radii for said cathode

tub id f , Li). th I ts_h i cal
e Surfaces. a5 i1 ABbaEiscHAndampaYFier oL FIPisE AGEHoeIR he e rab nsana) or
de surf '? te _ Sand!
i 1 or onca™ R CLRag e end SYPREPRARLAS IGReHANR Bty RS, A, BHE, D00

-proj ection hpothes)iftspavihl Gaismitsiomer ein: (i) the second | ens uni t of the
first projection_lens conprises a first coupling fluid portion and the
second | ens unit9of tRBegueinstioprlenssystem of E’A@%dwheg@athe%mlmp| i ng

‘fluid portiQn; b ai-d differe bet ween it he .second J.ens unjts

conpr i Ses. adn e thind BRUEEH ol PiBey Bol BReh 3T PREFERDS BRS ML he
second coupthdfirstfdnd Qedb%rdtﬁr&ﬁbdt{bxﬁlenls_@@ﬁ sPeRrPiragamigdigper ty other than
spectral transmi ssion. 5. The projection l'ens systemof Caim4 wherein
said difference 10n c@hplpmiectioni ldnpsysteansf Cédsnh 2swhemsindhelfaat and
difference in axial . thickness, 6. The projection |ens systemof Claiml
wher ei n t heS$50 tm%%usehfﬁ%nﬁraddi@w (diftgn faase og a;ﬂﬂ&fﬁ@%p} SPeqtERkses are
identical tg.Wlikgonmanufacturing tolerances. 7. The projection |ens

syst em of aim V\,ﬁe'rei n the first color is green and the second color is

red or blue. WO @2/ 43Fh6 2CctionlleAs 29dtend df BlaibhdOpsherdhi on | ens system
of Claim1l wherein the second |ens _units of the first and second
proj ection | ense§) addihe seremdylens mdt of thanthirnd praisstinadens ceppeiseala

transm ssiop,.. 9. T | |,0on.l.ens systemof Caim1l1 wherein the second
l ens unit gl?lraﬁ%e ?ﬁ%giﬁrq%ﬂetcgp n lens differs fromeach of the second

lens units of (i) the third meniscus element differs from each of the first and

second meniscus elements in spectral transmission.

12, The projection lens system of Claim 11 wherein:

() the first color is green, the second color is red, and the third
color is blue; and

(1)  the first meniscus element is green-colored, the second
meniscus element is red-colored, and the third meniscus element is clear.

13. A projection lens system for use in a projection television
which has a screen and a first cathode ray tube which produces light of
primarily a first color, a second cathode ray tube which produces light of
primarily a second color, and a third cathode ray tube which produces light
of primarily a third color, said projection lens system comprising three
projection lenses, one projection lens being associated with each of the
cathode ray tubes during use of the system for forming an image of the light
produced by that tube on the screen, each projection lens consisting of:

(A)  afirst lens unit on the long conjugate side of the lens, said first
lens unit having a positive power; and

(B) asecond lens unit which (i) is associated with a cathode ray

tube during use of the lens, (ii) has a strong negative power when so



the first and second projection | enses in spectral transm ssion. 10. The
projection lens systemof Caim2 wherein the first and second neni scus

el enents @ifidippal |y differ fromone another in spectral péfReni-ss on.
11. The projection | ens systemof Caim 10 wherein: (i) the second |ens

unit of the third projection | ens conpri-88s a third meniscus el enent; and
(ii) the third meniscus elenent differs fromeach of the first and second

| t. tral 1 SS| 12. Th t t
of o m 11 AnRuRia PG Eravid € RiRsF B TR cqpeaaion ol BBL B Aokl o 14 r e

and the thi el HQh8r |s blue; and .(ii) the first meniscus elenent is
green-col ored, the second nmeniscus element is red-colored, and the third
neni scus el ement wiserebean addition £o angjchﬂ’ermebénsedmmtis’fyingm ina
projection tel evisjion which has a reen and a flrﬁéi cat hode, ray tube which
produces |i eynp };}g.cgﬁfi}tpcgp arfam' iffepensies 18 spectind transyawsionayhe ube whi ch

produces || QB 1cxR i8S bt @RS 06 01010 uARS pRolellibA 1ERLNCHEE Bork D

whi ch produces prlnarl projection

syst em conpinsididtheF Beat PRl @elel @Jhdae 'i!ﬁ@ﬁert?n@aﬂr@ﬂfﬁﬁémé@% Be@ﬂ% bBséden
associated wth each of the cathode ray t ubes duri ng use of the systemfor

form ng an isaidyBresi se¢omd, iagiek thipd colezed by that tube on the screen, each
projection | ens onS| in A) a first n the | ong conjugate
side of the Iens, 4sal ghfel g’éqJecqléthie%WStﬂ@v‘?fﬁgfaé Itl)él "\rﬁnbower and (B) a
second | ens uni t @i Clinbishobid RRORARL B (b s RSO U Biiza HibRoART N0
use of the lens, (ii) has a strong negative power when so WD 43370

PCT/ US01/ 47 2&sesTachsoncpriseda naewis¢us elenpentyiadds nost of the correction of

the lens' field  curvatur whereip in addition to any differences based on
satisfying the $ehei rﬁ@#dﬁgff%r@ﬁee% Bhvesn bhg seropdcleas ayts compuser al

{ransm ss! oertliGioe s BEANE) S0 ML SalcILhR AL (e 19860 oAl LLE Sty

proj ection Iénges one anot one
property, S@tﬂeﬂtﬁéﬁémg§lﬁiﬁh@ﬁlg§1§ﬁd on said first, second, and third

colors. 14. The prol ection lens systemof Caim13 V\,herel n:
15." The projection lens system of Claim 14 wherein said

differences in meniscus elements result from at least one of:

@) a difference in focal length between at least two of the
elements,

(i) a difference in index of refraction between at least two of the
elements,

(1) a difference in base radius for the screen side surfaces of at
least two of the elements,

@iv) a difference in base radius for the cathode ray tube side
surfaces of at least two of the elements,

(v)  where at least two of the elements have aspherical screen side
surfaces, a difference in best-fit spherical radii for said screen side surfaces,

(vi) where at least two of the elements have aspherical cathode ray
tube side surfaces, a difference in best-fit spherical radii for said cathode
ray tube side surfaces,

(vil)) where at least two of the elements have aspherical screen side

surfaces, a difference in shape for said screen side surfaces, and/or



(i) the second lens units of the first, second, and third projection

| enses each conprises a neniscus elenent; and (ii) said differences between
t he secongglggnss7ynits conprise differences between sai d NgH156463/48d0gMENL S
in at |east one optical property other fhan spectral transm ssion. 15. The
projection | ens systemof O aim 14 wher &% said differences in meniscus

el enments result from at least one of. a difference in focal |ength between

t | tt f i ff t bet I t
fwo o the (i 1) At pRsre Rt b b o il Binehf hak B el litntterfices
of at | eas{ydagaelsuifiRes! £ UM enck iMshapdith %1@%%6&}3 P@f&ﬁ@@ka@s for the

cathode ray tube side surfaces of at |east two of the el'ements, (v) where
rat | east twsurdhcdshe el enents have aspherical screen side surfaces a
difference in beié,_fi spherl cal radii for aald scr(e%ﬂ si.de surfaces (vi)
where at |east t bR&TolesHORIE DR SV atexs BhEAiTh 13 ERHHSHR: ray tube side

surfaces, @ dif 6 enchhd Bodealiohl Bl B e Hirek Al hOind BhthaRohRfon 1 2

t ube side surfac (vil WO of

aspherical Resesehdoteprisey 4 a6@pling fHiid perHogcand shape for said screen
si de surfaces, and/or WD 02/43370 PCT/ US01/ 47291 -53 (viii) where at |east

two of the el emetids heaid diffsrencesdietyeendhe seagnd lanscusite compriseces, a
di fference i sha r said.cat hode r t ube side urfaces 16. The
proj ecti on %Sstlé (ﬁen@aéfclrﬁo %ﬁéf‘éfirporﬁo?sfﬂé"t ARG WA ni ts of
the first, ﬁf‘(&@ oﬁm}ﬁﬂyﬂ%&gﬁﬁ%hgﬂmsh@ms each conprises a coupling

fluid portion; and (11) sald differences between the second |lens units
conprise di fferﬂaﬁ.cesThetpmmtm léns eyptemn of Ulaind 1Gowhéxmin said at | east one

optical pr rty other t p tral trans si on The. projection | ens
syst em of &Fﬁ#&@%@m % B awtﬂ@%sefﬁ?@f ﬁﬁ%@h]ﬁaﬁha 4] &GF‘%PCﬁdiﬂti ons

resul {1 omgiel kol HehLEOPRE Rk dtirthe BB TRTINBBRSA! | cact tuo

of the coupllng porti ons. projectton-l'ens 'system of C aim 13
wherein the firsi8) enThewnojertivh lehe siybtesh of €28 d3 wherdifithd fixspleand | on

| enses are substantiall . _
units of the ﬂrs%/ second, and third projection lenses are substantially
identical to within manufacturing tolerances.

19. The projection lens system of Claim 13 wherein the first color
is green, the second color is red, and the third color is blue.

20.  The projection lens system of Claim 13 wherein the second
lens units of the first, second, and third projection lenses additionally differ
from one another in spectral transmission.

21.  The projection lens system of Claim 14 wherein the meniscus
elements additionally differ from one another in spectral transmission.

22.  The projection lens system of Claim 21 wherein:

@) the first color is green, the second color is red, and the third
color is blue; and

@i1)  the meniscus element of the first projection lens is green-
colored, the meniscus element of the second projection lens is red-colored,
and the meniscus element of the third projection lens is clear.

23. A projection lens for use in combination with a cathode ray

tube and having a long conjugate side, a short conjugate side, and a focal



identical to within manufacturing tolerances. 19. The projection | ens
systemof Claim 13 wherein the first color is green, the second color is

red, and yi@kbi4Hd color is blue. 20. The projection |ens sy§ Bho,Cl @i M
13 wherein the second lens units of the first, second, and tHIg‘Iﬁlé

projection | enses additionally differ f¥m one anot her in spectr al
transm ssion. 21. The projection lens systemof Caim 14 wherein the

meni scus e enents additional |y, di.f;fer from,one_ anot her..in spectral

¥ anem asi ol HER FORABeR 458t itk Be AR IRy D s R PERMEERE) ( ne
first col orjy rddhS8én K%HrELeR s QRelop red, and the third color is
blue; and (ii) the neniscus elenent of the first projection lens is green-
col ored, the nen{&cusagositive fivdt lehe unétcwihdclpropsists wrondendrim thedensg! or ed,

and the nmenjscus el enent. .of .the third projection lens is clear. 23. A
proj ecti on 1OB8LOPINEHESIAR o€onbi nation with a cathode ray tube and having

a | ong conj ugat eg:si de I . I , I

PCT/ US01/ 47201 k4 |’é‘r%tsﬁlilﬁﬁls AL 33 g?fgg‘ys\t/ﬁa?ﬁa?jﬁéé)%a she\ofg%a%ﬁlgﬁé e,

sai d | ens chasablddy onersphdeical Eaffacs anllangealiiowgst e side of: (A) a
positive first lens unit which consists _in order fromthe lens' |ong

conj ugat e side ofid) (i & sgcend dang subyinitipilvich prbvides coesticfithegositive r st | ens
el ement which has.at_| east one aspheri cal rface and a,weak power; (ii) a
Second | ensPOTBHA TS RTGRC YD et pasiSe Qi saGad e BIsiBaEr BEA"! he
projection §epsettnthgonsi sts of a second lens el ement or a doublet; and
(iii1) a third lens subunit which consists of a third |lens elenent which
has at |east one(#}pherthtal lensrsiboaitwhich posdisiswd spetriad lahs gewssnt and (B)

a second lens.ynjt which (i) is.associated with the cathode ray tube
during use ¥ qﬂhéaﬁéﬁ%?as(ti#e aibexical Py chegska DesiiRarararial Rayver;
associ ated,%ﬁ@d (ii1) provides nost of the correction of the lens' field
curvat ure; erein: (a) the second | ens subunit has a radius R21 in the

di rection of (B) asecond lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature;

wherein:

(@)  the second lens subunit has a radius R21 in the direction of
the lens' long conjugate side and a radius R22 in the direction of the lens'
short conjugate side;

(b) [R221/R21 = 1.5;

(©) the third lens element has an axial thickness T3, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a
best-fit spherical radius R32 in the direction of the lens' short conjugate
side; '

(d R31<(;

e R32<q;

® |R31| > |R32]; and

(8 T3/F0<0.13.

24. A projection lens for use in combination with a cathode ray

tube and having a long conjugate side, a short conjugate side, and a focal



the lens' |long conjugate side and a radius R22 in the direction of the
| ens' short conjugate side; (b) I RR2 1 /R21 > 1.5; (c) the third lens

el ement ha® @nssi al thickness T3, a best-fit spherical rgehps1/33di N the

direction of the lens' |long conjugate side, and a best-fit spherical
radius R32 in the direction of the I ens™%hort conjugate side; (d)R31 <0;
(e)R32 <0; (JI R31 1 >1 R32 1 ; and (g)T3/FO 5 0.13. 24. A projection |ens

for use in gconbi ion with.a cathqde ray.tybe and,havi.ng a |on onj ugat e
e a shoPpeih it yRee ekta el o Yl 5oP B30 Ao Besthst5Y 55
length FO vwhesr@s ITRehatSThnd ddhjhbsecalibede ray tube, said I ens consisting
in order fromits long conjugate side of: (A a positive first lens unit
‘whi ch consi sts i @)or depositove fitet lenssnit Wwhnch congistganecordied dramh thee)lems'f i r st

| ens subuni]té) whi ch consi.ats of a first lens element which has at |east one
aspheri cal OBEcoREueats s1de@fk power: (ii) a second I ens subunit which

‘provi des nost of :{ he Ll ‘;81%? . ? ' i L.sts of
a second | ens el 1}mantlersr'sltélle osu e Ewg{r}%lﬂ |81|1| %agfiﬁgtieglﬁzelglﬁgﬁﬁi%ﬁb ich
consi sts ofhas hbleabtlopsaspheriesl surbee Anfiaswabklppaedr; one aspherical surface
and a positive paraxial power; and (B% a second lens unit which (i) is

associ ated with file casheerd leng suhunit sihich grovdesmesiofitbapositivg has a
strong negative r_when.so, assoc¢i at ed d (iiiy), proyides nost of the
cor roct i on Byen B R Rt tond i pithiees gl sl 1eB5 S8 ERRG Fens
subuni t hasjguplegidssd RR1 in the direction of the lens' long conjugate side

and a radius R22 in the direction of the lens' short conjugate side; (b) I
R22 | /R21 >_ 1.6i) athird lens subunit which consists of a third lens element

which has at least one aspherical surface and a positive paraxial power;
and

(B) a second lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature;

wherein:

(a) the second lens subunit has a radius R21 in the direction of
the lens' long conjugate side and a radius R22 in the direction of the lens'
short conjugate side;

() |R22|/R212 1.5;

(© the third lens element has a best-fit spherical radius R31 in
the direction of the lens' long conjugate side and a best-fit spherical radius
R32 in the direction of the lens' short conjugate side;

(d R31<0; "

() R32<0;

(®  IR31] > |R32]; and

(8 the second lens unit comprises a meniscus element which is
concave to the lens' long conjugate side.

25. A projection lens for use in combination with a cathode ray

tube and having a long conjugate side, a short conjugate side, and a focal



(c) the third lens elenment has a best-fit spherical radius R31 in the
direction of the lens' |long conjugate side and a best-fit spherical radius

R32 in thgodhnseehi on of the I ens' short conjugate side; (dﬂfﬁﬂ}soi%hzgﬁe) R32
a

<0; ( f )IR311 > IR32l; and (g)the seco | ens unit conprises meni scus

el ement which is concave to the lens' | j conjugate side. 25. A projection
|l ens for use in conbination with a cathode ray tube and having a | ong

conj ugat e sj s .S f ocal, WO 43370 . ..

) USo1, 4758t FERER SRBLHARL it e c2tod A e, SRS 60 s stine e,
said | ens considrifién itslademjtipee éids dfong conjugate side of: (A) a
positive first lens unit which consists in order fromthe lens' |ong

conj ugat e si de ofA)i)a®opitiw firgriens wmitivhiokicohsistingi etderdforn thierlshs'l ens

el enent whifh has at Ieﬁst one aspherical surface and a weak power; (ii) a
second | ens O8I BRI TS BFovi des nost of the positive power of the

projection |ens dc i ; I : .. and
(iii) a third ol suﬁlﬁ?ﬂ%ﬂ?fg&hﬁ‘c@ﬁg@?@ °§?§1as%% ﬁf?gﬁfggeﬁeﬁlg%%%%ﬁh
has at | easha®ntlaspbariaphesical suefaandnd pasiaki pevear axi al power; and (B)
a second | ens unélt) which (i) is associated with the cathode ray tube

I

during use of th@V end se¢end lenssubwiit sthich ®gavides mosteaf themositive
i at ed, - V4l . ti f.th " field
curvat ur o DEREL bt tHe pRECHAF M PhadilE GOt LERDORAS IR 11 om t he

third | ens dehislegnindy a di stance T23; (b) the third |l ens el enent has an
axial thickness T3, a best-fit spherical radius R31 in the direction of
the | ens' |ong cGh) ugatbirglges sahunit which céngistepifer tltiad lemdelemdz®2 in t he
direction of,the | ens; short conjugate ide; (c) the third lens elenment is
axially sp a‘ggbcli’f }P%?naf @%é’@&rﬁ?ﬂ%ﬁ al surface and(a%)osﬂ:lve paraxial power;

and

(B)  a second lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature;

wherein:

(@  the second lens subunit is axially spaced from the third lens
element by a distance T23;

(b)  the third lens element has an axial thickness T8, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a
best-fit spherical radius R32 in the direction of the lens' short conjugate
side;

(¢)  the third lens element is axially spaced from the second lens
unit by a distance T34;

d R31<0;

(e) R32 < 0;

®  IR31} > |R32|;

(& T23<T34;and

(h) T3/F0<0.13.



unit by a distance T34; (d)R31 < 0; (e)R32 < 0; (f)l R311 > 1 R321; (g)T23
<_ T34; and (h)T3/FO <_ 0.13. WD 02/43370 PCT/US01/ 47291 -57 26. A .
proj ecti owoleenassBor use in conbination with a cathode ray pdyp§1aRshhavi ng
a long conjugate side, a short conjugate_.side, and a focal [|ength FO when
associ ated with the cathode ray tube, sard I ens consisting in order from
its long conjugate side of (A a positive first lens unit which consists in

order romtne | obe”, A 6Rge8a5l 1A 6 S10aa ol i L lBoBHIYP' L 0T

consists of a first enen Ich has a €as

and a weak pabeandtaving asleagranjwrite $ids) R shodicolj Uy istRS aiash fadalt he
positive power of the projection |ens and consists of a second |ens
‘el ement or #£0ngEBJ sthenaaspociated with whe gathade xayvitie; said lemsconsisting of a

third | ens ﬂgpg tfﬁ%%#gq%‘?%‘s’?%%gl&g%é’@ﬁoﬁ%e aspherical surface and a

positive paraXia |l ens unit which (i) is associated

with the cathode(Apy atpHs:i¢e Fir0lehatnat ?&ftlﬁlé'? le6RSistd .Qrdégt?rcg?stﬂ?ggﬂs'

negative power when so associated, and provi des no
correction bmg¢mjiugate sileefd curvature; wherein: (a) the second |ens

subunit is axially spaced fromthe third |ens elenent by a distance T23;
(b) the third Teld ol Bribit Iepssubwal priich CopIsts e aflrra?lw eﬂaﬁmemﬁ mlfhlnbd_
direction o o j Lde -fit spherical radius
R32 in the éﬁ%leagtlé%ér%l%oe?%eﬁgj%gggﬁg?tﬁhgo%%gg&&g%e; (c) the third lens
el enent is axial [i§) spacedoid dvnd Hehweie oikchrsvideRirhofyofahdiptsties T34;

(d)Rs1 < 0; p(()v%zell?%iz th<e gi'ojection lens and consists of a second lens element or a

doublet; and

(ii}) a third lens subunit which consists of a third lens element
which has at least one aspherical surface and a positive paraxial power;
and

(B)  a second lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature;

wherein:

(@)  the second lens subunit is axially spaced from the third lens
element by a distance T23;

(b)  the third lens element has a best-fit spherical radius R81 in
the direction of the lens' long conjugate side and a best-fit spherical radius

R32 in the direction of the lens' short conjugate side;

(©) the third lens element is axially spaced from the second lens

unit by a distance T34;
d R31<0;
(e) R32 < 0;

® |IR31] > |R32];
(8 T23<T34;and



(f)IR311 > IR32l; (g)T235 T34; and WO 02/43370 PCT/US01/47291 -58 (h) the
second lens unit conprises a neniscus elenent which is concave to the

| ens' | ongoG@nsisgate side. 27. A projection |lens for use igrEe§IHARLI ON
with a cathode ray tube and having a | aong conjugate side, a short

conjugate side, and a focal |ength FO Wfen associated with the cathode ray
tube, said |l ens consisting in order fromits long conjugate side of: (A a
positive first L@_S upi t  whi éﬁ consists in order fromthe lens,. .long

Conj ugate side dB) (iSesappdleRERRICCRRATEST ATRARISENS PR T WHIGH U | ens
el ement whi iigal surface and a weak power; (ii) a
second Iens&gﬁgﬁﬁ?? \A%ill%ﬁg%or%?%lgge%?s%ﬁgf the positive power of the

proj ection | ens 2ihd cAnyopicsionflens facaselin eombehsnenwith acatbeddray ; and

(iii) athird I ens, subunit which consists of a third | ens, el eqen ich
has at | easiubgrndhphing @ dong coningatepylesa t coRugare sidg aBge\ﬁe’[FoFaﬁkr]\d (B)

d | i i L) i i . . 1.
2 eoon L B A bl AP ool

associ at ed, inafidet iffdh ity RigdRnjaRste dfleofte correction of the lens' field
curvature; wherein: (a) the second |ens subunit has a radius R21 in the

direction of tHé)l ens'pobisivg Bratjlansvaiiswich pensistsda arderfrom ghe dens'

direction aof the lens' .shogt conjugate side; (b) I R2 I /R21 >_ 1.5; (c)
t he second%@ﬁ@%‘lﬂﬁ?ﬁf?t“‘i%oéxi ally spaced fromthe third Iens elenment by a

di stance T23; ( )Dalt he, ikt Iieﬂs%?mﬁliﬁﬁﬁﬁﬂ&h*&éﬁsﬁfb 88 Blrstt Pnak1e®8nt Fhidh

best-fit spheri radius R31 in the direction of the Iens' |ong conjugate
si de, and ahadesledfstonepsphiecieh] sarfaos aRd2 weakhmwh ecti on of the | ens'
short conjugate (iis)i deé s\é\gxgdz {edlfw.?é?)s?u qu)llcg-/vvlﬁSlgﬁllfxf'Zgl%%s most of the positive

power of the projection lens and consists of a second lens element or a

doublet; and

(i1i) a third lens subunit which consists of a third lens element
which has at least one aspherical surface and a positive paraxial power;
and

(B) a second lens unit which (i) is associated with the cathode ray
tube during use of the lens, (ii) has a strong negative power when so
associated, and (iii) provides most of the correction of the lens' field
curvature;

wherein:

(a) the second lens subunit has a radius R21 in the direction of
the lens' long conjugate side and a radius R22 in the direction of the lens'
short conjugate side;

(b)  |R22|/R21 2 1.5;

(c) the second lens subunit is axially spaced from the third lens
element by a distance T23;

@) the third lens element has an axial thickness T3, a best-fit
spherical radius R31 in the direction of the lens' long conjugate side, and a

best-fit spherical radius R32 in the direction of the lens' short conjugate

side;




-59 (e) R31 < 0; (f) R32 < 0; (g9 | R311 > 1 R321; (h) T3/FO s 0.13; (i)
the third lens elenent is axially spaced fromthe second | ens unit by a
di stance Wg@4y4f37d T23 5 T34; and (k) the second lens unit P%q

meni scus el enent which is concave to the lens' |ong conjuga e SI e 28
The projection lens of Claim23, 24, or-39 wherein: (i) the first lens

el ement has a best-fit spheri cal radius R11 in the direction of the |Iens'
| ong conjugate sj ? aﬁ Best-fit spherical radius R12 in the direction
of the |lens’ sho co t],ng<aeside (i) RI1 > 0; (iii) R12 > 0; and (iv)
R11 > R12. 29. T@)e erBgcgbon | ens of Claim25, 26, or 27 wherein: T23 _
0.15 FO. 30. The projection lens of Caim?24, 26, or 27 wherein the

‘meni scus el enent (gdf thRBi¢oomR3t2¢ns unit is conposed of plastic. 31. The
proj ection Ienseég f}lm23 24, 25, 26, or 27 wherein: (i) the first |lens
el ement has a b fi il radius R11 in the direction of the |ens’

'l ong conjugate s de a t flt erical, radi us in the direction
of the Iens' sho ﬂ}%@&?i m(‘i% )is pxially Bpa‘%fr@ﬁémﬁhfas%?? Jeps 32.
The proj ectdlg@blye‘{la tn&d gigm 23, 24, 25, 26, or 27 wherein the second |ens
subunit has a focal ! e]rlllgth %12 and FO/F2 > 0.9. 33. The projection | ens of
Claim23, 24, 25j) 26,T28 <T34teickin the third | ens elenment has a focal
length F3 and FO/F3 < 0.42. WD 02/43370 PCT/US01/47291 -60 34. The

proj ection | ens & C dhewezenddans ppjt aenprisea meéwiseaneleneentsehinidisl ens

fens o 4ochy MR BB S Ste n cne

28.  The projection lens of Claim 23, 24, or 27 wherein:

@) the first lens element has a best-fit spherical radius R11 in the
direction of the lens' long conjugate side and a best-fit spherical radius R12
in the direction of the lens' short conjugate side;

(i) R11>0;

(i) R12>0;and

@iv) Rl11>Ri12.

29.  The projection lens of Claim 25, 26, or 27 wherein:

T23 > 0.15 FoO. |

30.  The projection lens of Claim 24, 26, or 27 wherein the
meniscus element of the second lens unit is composed of plastic.

31.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein:
| 1) the first lens element has a best-fit spherical radius R11 in the
direction of the lens' long conjugate side and a best-fit spherical radius R12
in the direction of the lens' short conjugate side;

(i) R11>0;and

@i) R12>0.

32.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
second lens subunit has a focal length F2 and FO/F2 > 0.9.

33.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
third lens element has a focal length F3 and FO/F3 < 0.42.



second | ens subunit is conposed of glass. 36. The projection lens of Caim
23, 24, 25, 26, or 27 wherein the first lens elenent and the third | ens

el enents g osed of plastic. 37. The projection |ens ghrth@lhHgs 24
25, 26, o@bg)%ﬁmr ein the lens has a half angle field of viewi1n the

direction of the lens' |ong conjugate of0-at [east 35 degrees. 38. The
projection lens of Claim?23, 24, 25, 26, or 27 wherein the f-nunber of the

l ens for an infigite njugate.is, |les han . : rojlection

tel evision set cgﬁpri @#@&]?S{%QSPEQ?%Q%’ §47 égr %@n‘?l' giéf" repy et i on
lens for prod@md 188shirihab HOBtATRngR e d BY64 LR/ | £4Y & i Screen to
forman imge, sald projection Iens conprising the projection |ens of

G aim 23, 24, 253526, The @bdjectidn _nprofjClairm @8, 2] 26| 26 0or 27 twitsadhi tlsd Ng

three cat hode ray tubes, .a screen, .and_three projection |enses, one
proj ecti on PRGeE nﬁ@uiw&nsaioéwoaﬁﬂmgé% of the cathode ray tubes for

prorectina |1 ot gt o Reg S o IfiEEE A, 25 TR 2L R RESD
27. 41. A pfigjFlehk@lethehf¥hdithe thetd LABWESENss b 68mpatdiPELpIaaYict Ubes, a
screen, and a pr ojyect i on | ens system conprising the projection |ens system
of daim1 or 1337. The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
lens has a half angle field of view in the direction of the lens' long conjugate
of at least 35 degrees.
38.  The projection lens of Claim 23, 24, 25, 26, or 27 wherein the
f-number of the lens for an infinite conjugate is less than 1.5.
39. A projection television set comprising a cathode ray tube, a
screen, and a prqjection lens for projecting light from the cathode ray tube
onto the screen to form an image, said projection lens comprising the
projection lens of Claim 23, 24, 25, 26, or 27.
40. A projection television set comprising three cathode ray tubes,
a screen, and three projection lenses, one projection lens being associated
with each of the cathode ray tubes for projecting light from that tube onto
the screen to form an image, each projection lens comprising the projection
lens of Claim 23, 24, 25, 26, or 27.
41. A projection television set comprising three cathode ray tubes,
a screen, and a projection lens system comprising the projection lens system

of Claim 1 or 13.



