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GB 2033604 B SPECI FI CATI ON | rrproverrents I n zoom | enses 5 This invention 4
relates to zoom | ens. @
5 In nost zoom | enses, the first group of |ens el emants rray be- noved al ong

the optical axis to achi eve focusing frominfinity to rmdeﬁ&?@!f%ﬁ%lBose 1

di sta '

t hese | o focus still closer, in a nmacro or close focusmg node, the

%Eé‘ﬁﬁg'%é%”by sui tabl e rep03|t|on| ng of the zoom ng groups, or by

ot her | oning. 10 An exarrpl e of such optics is disclosed

an U S o ?%H%S{Z%g@i#g%oo where the zoom ng el enents are -10 noved in a

di f f er ®his meéraibh RIS Ikdrob@ lens.hi eve cl ose focusing bel ow two neters up to &

npgni fi cdt mostzaxim lénsds, thedisst groursed leaselengintnayibe moedd@bng the nptichlexié wactievel enent .

Al ens éﬁcui'mfso"! WWEWMEO%F%MPSG@s%@eai!vp@ﬁtwhewwqwaéc%e@f1%9'14@%2@'9 as a

Vi vi t ar e ; pase |enges e Gy Stif o 'Uﬁ;ﬂ?‘é ercwaﬁffeﬂ{s'"me%ﬂ ‘hF!é*ﬁﬁPPFl‘(sEIdIPYs“"FWethe

. CJ Ose f%\gt(gyl §ch Inl’cglggdl %?ﬁ)%é nt o &Owwtmézg%l igﬁménq]s atrgI e raq@e
15 of %4 1hQ dikforant riy toa Faiob Rk s U HAnidBhEk b %2
thezoomaagos@rawmééarmcﬁésfifoﬁftﬁemonmmn for close focusing. Attermt ed

conpet i t i viend ot this@ge s gré&®s &be@hl Btic biyd € Bezh aiarlgteemmut‘ar Sefiex Lank bf-78:210nrh NBQE
qual i t y equivatentifota) lehgth (FEL)dinthe o ferusinsmodenitis pessible tp achieveaiaggificatiosirsthewgngende.
In so °éh§é$° 1:8 WP%JIS '9&5é?qssaquereoa\ysmwfﬁ@é?onu@ﬂwmgfor flifergntagvement 15

| nt r odu %’ os ec;:m |ve eso esszoom een ra 2& of O CXI e|rI1‘naZ all?\yc sed ak powver
~(long fogals o%ng rJ\Jﬂ %!l'o&em %nﬁ, ‘éa%sy shed ?%s o oadting Jr Dest
way to r&,magg.gﬁs |on change dué to ocu5| ng. Zoom ens o Jec Ives
gener ab | wdaloenha\aezoam mpéslaea&héryct&tzémg wesiQdiveQlong!dcal IBhgh)PiFsegous whichhaat | 020

consi st deerbelieved e theihsst yawto mipimizé abegtiog cignge dve Wefbdueing Zoarh leys dbEctiecusi ng,
a pl uraIQP'E%Va"(JPOFQYPP'DWt'ﬁij'V trqs'e pentgrpvabl e axially of the lens to vary the

equi val en he preseqt iny pfis hawing ‘“T‘P'E?H? @b\ea iplly pitrality
conpr |2§ |f ||OWI mlftﬁ: n% %éa L@ng edﬂgii%ﬁ&g?wm e%uwagfél aI Ignggh ga] g;[ng?s% ront 2% |
25 0 < err Oan err]a

30 FL V\hereo[dﬂ’sk]zol s the optical power of the singlet, [err] is the optical

power of the deublet, 35 ~[err] is the equivalent focal length of the
first ?Yaﬂﬂlp, and 35 FL i s the maxi num 0
equi v ent f%‘éﬁi?éﬁ%th of the lens. One | ens enbodying the present 3

i nvention is a rechanical | y conpensated zoom | ens having the capability of

f ocusi ngvh@@%&isEHé%HﬁJano@v'éMﬂHe%leﬂ,ty down to the macro or close focusing
node at t he o) ggbtiRBbWeAdrialdoddtal | ength (EFL) by small novenent of a

f r ont 3% ocusiFnig thgequiyajent foeal length dfchetfirs giotys; Ancng t he zoomi ng groups 40 i nt o3&
cl ose focusifnig thﬁ?m'mumqu' QJ? @S@,‘F"W‘Oﬁhﬂf'?ﬂﬂtlon "macro" refers to close-up

phot ogr ng}? V&%\“?w 'e ca"v pe af zqom a\f"em v:eb'" ¥ 2
magni fi G th( ﬁ?% g ﬁ:;gm ou |%P:§§-|out P} gr| L[];tsy tO a
magni fmq&gsa eq ! bd% R Brb¢6br bk 9 el @&b With il

focusi ngn&ﬁ.ﬂ&aodsnyﬁ. naﬁmmaﬁgeoh &h@icatioh. | ens. desi gn over corres t e
usual desihgwe peaet Emmuim@sthbyodemm@ czapabmyltobma@ﬂﬁcamheﬂ Ziahchizbeybyattei on Wi t h
conj ugataeprebreﬁt@@s'gmfrﬂm Yfosneing gragp larnthtlsm e@verglHertsy Tistdesign ovathemes thgener al | y
are cqpapypbpesignehprisemip |®@qu" é’lf orrafi "\fv@%wat%ﬁwﬁ -strpRapPowas ¢ he

c 0] t
-f kont gg? ?Tég IE,II% hre mt%va f’l of s g’%{g? rE’ Y:é? e%glvlné}ha of
~spheric vErY |?Ealg sitdBie\tivat the frbiit §&bSip h WFE bower @ld@la &n;g i rabl €
t hat the;yétérﬁ)&td tgreawa V7N a6 b6<eiB@ tHROMRIred focuBh@MbeELR. |aammp,aﬁ§m&)saﬁ@m and to
réduce asnvavielt tiasthpbas gloupbd dieimprgonstradiodh, 8¢ thsttigveight of e lenk 13 reaidebidt Thiss it i S
mec hai? catticylaryémpestantiermaintaining briante o ptengwithajarbefonsing fange. eormalivgesultiog inen, 5% o
t hat thde Hf"e af*!*?é‘ef'%‘i‘?é"cl@"qi EBGE%%PS'“H‘FI*S“'%“?V‘EIOG %Y%W%‘P%ﬁdleifeq%mtant

latj
for mai rﬂ"%@ % (c!:lF ha rla ese‘ele noftlh o%eerc];f el’hontq usng‘n ou nor mal | y
resul ti r}Gaﬁoﬂsrﬁ’ptot reﬁélt Qef@c(a féé%lo #3¢1d A d)frormené s al so
desi r @blenieht 36 bd &H&eﬁ hap.ggr@ﬂcgwa Fsbeed.effects in an optical system 85
havi ng a Thidisdchieeddyn § a6rh leapmmmuhemfrbﬁtfmgndmm heed giveRrangidnshipad thbyverall
appr opr irawer of the teps ardiwherfe thelplemeotaefthedbcusing gronirave 4 gican sélatignshivais perpinafter
rel atlorﬁ’g?ﬁ‘Bedt wers of the overall | ens that close focusjing as close

"%H“’e'?"n"BH‘l'f‘%’ébef‘PB‘f’i'Pecl Brieavsiexamaiiettt "HeRM Bl AT AR R Angs i o

as 20%
60 ‘w ¢ .
magnl fi Cg}l}]ﬂ& IOJar@th mlgtati%m vie sofJEe‘%se bodym the invention. 55 This is -
achi eved A lBnsenbe®/Rg thdtRvehtion Vbs Jm {&@iw f@&g.%hﬁlm iRk 12 adljaéiable d3tialyEror

r el at i oriedukipg dfthelopicaDyarerl A sepuidesmiiinert v vhieiis obiedatib @indohdhegredliaBatless of t he

f ocusi_n@lops thepptralasis éor girviegthe eluiveiedrichl igngthsf the pleectiefI¢res This group G2 is movable
65 “along with, and relative to a third component group G3 which acts as a compensator to maintain a fixed 65



descri bed. The invention will now be descri bed ‘by way of exanple, W|th
erence to the acconpanying draw ngs,,in 60 V\/m ch: -
YFigures 1-4 are diagrammtic side views of Iens enbodyi ng the i nventi on.
ens enbodying the invention includes a strongly positive first group G,
whizxh |sGadjosaseoalﬂe aX| ally for focus| ng of the optlcal system A second

optical axi s for varyl ng the eqU| vaI ent focal I engt h of the Obj ect ive | eﬁs’
Thi s ' tf‘%“ﬁ%\?ﬁ%h %f t@@parebfgv%ew'wnedaﬂawm thif {eQeis ¢apatie foﬂlcvﬁéhgdobrlrpo nent

eato adjusjabpie [
groui il:lésfocusmgof eogtlcal system when mamacroorc?}se tms?ég raqnwggroup 4y|sajf|xed C B
2 03 ns for relaying the image to the ima eo(m(ocal plane of the syste
2 lsagetrnoaftemes.g O ol oBABIoe, o redn oelis o] e b 3k b pidivecd- Al ghough
t hi S domp6nents, LRBPBIELE, LD fonfoosarwmsm@ee)ﬁeﬁﬂeel y close di stances, the zoom .

corrpon'dmtebn@tsaﬁudot@matefmmtconcmtpnsred to. be independently adj ustabl e to
assist in the focusing of the optical systemwhen in a nmacro or close

foc si ng %rAsGe<2& oup &4 is a fixed objective Iens for rel ayl ng the ||gage .
' typl P{I&‘iﬁll'ae;ﬁgae ate: &§E$Wé? kﬁpe ﬁﬂetfgpo%gﬂﬁr fror% gl’OUP Qr%&%ges C?H%FSt %é(‘l

positive conponents a doublet L1, L2 follomed by a positive elenent

L3. The ehzsentgsoHf group Gl satlsfy the conditions: 0< [err] <2.0 10

10 wWhere ODHESIgnat es the power of the doublet group within the frort

group Gl and errl deslgnates the power of the singlet lens within the
fro ntwl‘m:ed:u IE the ngt F FL i extreme equrva ent focal length of the lens.

ame rssetf har neces a bI |n t eIe hen
15 er@r[s (%[;J |lo§st ﬁte Btoa % JQ, herf| oF Ti?tb%rg g%éﬁaﬂa r‘gds Ehﬁe I ong
ext Zﬁ%graeeﬂﬂdhy abﬁéﬁEaI fynkbtisrh Whic ﬁE\ﬁoccu h@ﬁlrg@ K ircideRtli (ftort loare
nec ess\&rcyanfgeaueﬁufot:l&btgw tbalemldrsgmtm eRfpeiahyldsOsifectf Sah&fa:ub-e&me&yst em when
t he |marenetess dneressadmazt lessvithhaeltivele stoe dochsingadotiondg eet fofib erbinafter, thehe
cond i ‘t"?‘%ﬂﬁ@"ia FWEW'P&@“%WWGF‘?'%%W’I'Sf‘s?s@cﬁfe@ 23 satifht thacanditions of setfpifer i cal
P’[ﬁ ognsm cadl Qoatism whi ch may occur as the angles of the inci Jdent
PAVN é 5 dU€ to focusing of the Iens on distant, and
extremel m@smsengj ects Sati sfaction of these paraneters ensures a conpact
lens with a relatively short focusing notion. As set forth hereinafter, the
di merisieauitsd inoeden o vifnshe distributioniof pewameesay faftabilite of seisied alseretiaundth as t o
s atOSEIPeR FREOpIUFRE TERASS as set forth above. 25 More specifically, th&first
par ame tlgisecondparameter 25 0< [err]
< 2.0 is gAY Leggin order to yield the distribution of power necessary for
stability of T-gpherl cal aberration with 30 respect to conjugate change.
30 36he second paranmeter .543 > [err] > .468 35 = - 35
35 is'sree'q'tsr'dandUdset:tael&let@fshlbhewealltmtnowarsmwphdfmmmommdpteweqess[awrr] of the
f ocusPagingrayald Tie1d gtvpreobirstdisianag P, faseallsi ng travel FT for a gi ven obj ect
di stance FD, nanely 40 . _ FD= [err] (nm
40 gphere EDH1’s(mtrthe focusing distance, [err] is the EFL of the front g4
. focusing grd"mp and FT is the focusing travel of the front group from
infinity .to the closest focusing distance. As the power of group Gl
|ncr eet@eefD ig thefopusing Histaficech fstizediFb pfdha frpn oweewaere%'d Ftipbe fogesingtrayp! efithet ance FD
oupfrom infinity otheclosestfocusmgdlstance V\W&W%?'I lncrfaseq,]@ebov\er of the

co e fo tan FDd cre

f I’O4ﬁt Iaf) ‘2@&1 r}#%; ﬂ:\%? 1§§fr§ gsbec eét ﬁﬁéjﬁ?s'rrnpo%smlgto%gﬁs‘kagoﬁlgL&'Felctlté(e COPI’ ect . »
h&c LG ggrragﬁe; conj ugat es.

Par ti Cpﬂrﬁiﬂab{y tHelffst lﬁehd’g%upkﬁl’ui s@d’v@nlirpFl e1 &\‘Elu&d%@‘pﬁbltlvedﬁjbgaus’uﬁteﬂdlng d’lC| udes a

posi trega@ivelalehéret1 Bidbbiesrdbveglements. tormatas @ kawmatet! dpublet ¢f saord pasifhiepoweav e’

el eidenlionied by apogitive menisgusstementlddonyex b thetobjedt- These glgmenoare injfived rejatioay | 50 50

f ol | Geeteds bs;ts %LV%S A ngg‘engﬁﬁ gs of sybje ﬁ%}g&s%tag.tfs t‘%fé’ %nge'fhesvegy
el e ms;tr ng po er lf'l roul dtfc S { é}) tﬁsi eI HrfE §|t §m %tofr g\e v S
gr OUD Tyidlvatetlsy drdeBshd | dNE S5 Gp €3 s b .es is R-spaLedtBMTeTird o bmaa id nches
frogg atntten TKHVanéibr@ﬁ&@'szhrlﬂudéng@é V@fisment LaWhRN e@wa»a@édenatn afmegatile | engt h 5gf t he
| ens. bicbhtave daabrelis|len of the rel atively
The compensator or third lens group G3 is of biconvex and of positive power and includes a negative
meniscus L7 and a biconvex element L8. Group G3 is movable axially relative to the variator group G2 and
the forward component of a fixed relay group G3.
60 The relay group G4.is divided into two separate widely spaced subgroups or components. The forward 60
component has positive power and is fixed relative to the rear component of that group. The forward
component includes a positive element L9 spaced from a doublet formed of positive elementL10and a
negative element L11 forming a cemented doublet The rear component a negatlve component L12,is
closely spaced to a positive component L13.
65 The foregoing preferred embodiment mcludes 13 elements arranged in the four component groups 65
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fromthe foregoing equation. The variator or second lens group & is
negative and is air-spaced fromthe first conponent by a variable 55
anount. This variator group & includes a negative elenent L4 which is
separ aBed fron1a negatlve 55 blconcave doublet L5 L6 The ﬁbﬁpﬁﬁﬁmﬁbr ors.
t hird 0
negd&fve meni scus L7 and a blconvex el enent L8. Group G3 is novable aX|aIIy

strong ﬁomerrin group Gl reduces the focusing travel as will be appar ent (i%i

relative t'B"hFFf%'W'aG raalemvar weaﬁg;?ﬁ:ngv%%wﬁe Ez‘sf;go?ﬂséﬁlf "3@99!54"‘5{'@61"'9
rel ay g n d|ca es Ien e rogressive enVE gﬁi eend Pel y
spaced S 8 refdrent ers tﬁ"%’pcyﬁé gve lensg)lq'lf $ rf&f

pover e%s’telemeﬂs s%{eldvsserslen sf 143 SlbmERSRGRBr Db The bhitesZ 5
f o war d emmemm@mdnhl@tespsavhmsm wm:fﬁhgemhwu&tmawgkhiﬁFo)nnoamm dat

f or med ofradli@esistruskdroal tisaright at thé Optivaicixia. Negayiaé tadicaresteniciriim thd 1&ft dtolrerniptigl axis.

cement ed dbdlatd asshownirFiguset scalethioen rege frameré @b farem estRbEREA0IMM @ 193rem 5| osel y
spaced t gubstanlidlvdpspabeddmisbleént L13. 65 The foregoi ng preferred enbodi nent
i ncludes 13 elenents arranged in the four conponent groups. 65 3

GB2 033 604 B 3 1In the follow ng tables, various enbodi nents of the
invention are set forth for various EFL ranges, with the paraneters of the
invention. In the followi ng prescription tables, the reference L foll owed
by an arabic nuneral indicates |ens el enents, the | ens el ements
progressively fromthe object end to the inage end of the |lens. The
reference surface nunbers R are the progressive lens surfaces. Nd is the

i ndex of refraction of 5 the lens elenments. Vd is the dispersion of the

| ens el ements as neasured by the Abbe nunber. The spaces Z 5 are spaces
bet ween | ens groups which vary with change in equival ent focal |ength
(EFL).. Positive surface radii are struck fromthe right at the opti cal
axis. Negative radii are struck fromthe left at the opti'cal axis. A lens
as shown in Figure 1 scaled to an inmage frame of 24 x 36mm and EFL's of 101

mmto 195mmis substantially described in Table I. 4 GB 2 033 604
B . .

4 TABLE | -Axi al Distance El enment Surface Radii (nm) ' Bet ween
Surfaces (nm Nd : vd S1 = 69.077 L1

3.0 ' 1.7847 26.06 S2 =44. 817 L2

10.0 ' 1.5101 63.43 S3 =-213.552 0.3 $4 = 92.077
L3 3.5 1.5101
63. 43 S5= 142. 825 zi S6 = 600.754 L4 :

2.0 _ 1.6583 57.26 S7 = 69.943 3.5 S8 =-71.613

L5 - . 2.0 1.6910
54.70 S9 = 32.133 L6 . 4.76

1. 8467 23.83 S10 = 76.984 Z2



S11 = 74.163 L7 2.0 }

\. 7847 26.06 S12 = 39.674 L8 | . |

6. 29 1.5638 60. 83 S13 = -96.9Q6 Z3 S14 = 78.588
9 | . 3.0 1.5101
6343 S158208984®38 0.3 S16 = 26. 460 L10 4

5. 826 1.5101 05As S17 = 42/ 145 L11 -
2.0 1. 8061 apg 40. 74 S18 = 45.219 4.81 Aperture ™
Stop 40.26 S19 = -18.927 L12 2.0
1.7725 49.62 'S20 = -53. 001 OAZalBdance 412. 053 L13"

3. 42 Element Surface Radii (mm) 1. 6727 Between @ffack§(nBN2 = N3, 841 ML

Z1 | ‘s1—eoorr 2 | | B 73.101mm

2.81 =69.0 31.68mm 3. 152

To g cr-asgy 14:89 3° géﬂﬁg 26.06

25. 515 ©1.33 100 114§ﬁn GR35 033 604 B

5 A lens as shosg=imsabegure 2 scaled to an image frame of 24 x 36mm and
EFL's of 76.0mmto 200.1

Il 5 S4 = 92.077
5 Axil® Dist ancg, EJM%%\E!? SufPace Radii (mm 19101 Bet8#é@8n Surfaces
(m  Nd S1 = 100.13p 10 L1 | .
3.0 S6 = 600.754 1 785 26.1 10 S2 = 58.560 L2
7.34 a4 1.510 20 63.4 S3 = pianq.eés33 15 5726
= 97.870 S$7 =69.943
15 L3 3.5 5.15 1.510
63.4 S5 = -539. 60216186 = 205.76Q 20 L4 . .
1.5. so=3zzs L 720 50. 3 20°87 = 70%827 3.74
L6 4.76 1.8467 23.83
$10 = 76.984
22
S11 =74.163
L7 2.0 1.7847 26.06
$12 = 39.674
L8 , 6.29 1.5638 60.83
$13 =.—96.905
z3
S14=78.588
L9 3.0 15101 63.43
S15 = 693.028
0.3
$16 = 26.460
L10 5.826 1.5101 63.43
S17 = 427.148
L11 2.0 1.8061 40.74
$18 = 45,219
4.81
Aperture Stop
40.26
S19 = —18.927 , :
L12 2.0 1.7725 49.62
$20 = —53.001
0.3
. S21 = 412.053 _ -
L13 3.42 1.6727 32,17
S22 = —53.841
EFL 21 22 z3
101mm 2.8Tmm 31.68mm 3.72mm
152 18.84 14.89 450
195 25.51 1.33 1.37

mmis subgtantially described in Table I1I.

TABL
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S8 = -84.552 L5 A 1.5

1.720 " 50.3 25 S9 = 27.698 . '

25 L6 " 4,51 : - 1.785
25.7 S10 = 126.250 Z2 S11 = 104.624 30 L7 :

6.08 g _ 1. 487 70. 4 30 S12 = g% 32604l 5
1.2 —31785 26-1-S13 = .51.566 73 35

S14 = 32. 652 C . ' _

35 L9 Alens as shown in Figure 2 scaled to an image frame of@4 2 36mm and EFL’s of 76.0mm to 200.1mmjis 573
57.5 S15 Substagially glgscriney in Table . | 2.0

1. 806 40.7 S16 = 175.960 40 TABLE Il .

4.81 5 ' . 40 Aperture Stop 42.660,
1.80 Elemei6. 5 45Burface Radii (mm) - - S18Berwsnh Sffdmes (mm) "Ng " Vg

45 0.3 S19 = 101.789 L12 : ' 2. 27

1.673 3.22 SHI=I003%0. 147 50 :

76.00mM |, 52=58p% 3nm s 37.58mm g0 63.4

12. 09nm 125. 00 §3 = plano 26. 25 23%. 15

2.00 55 200. 1. 39.92 03 ' 1.48 :

10.00 15 v S45074Mt her enbodi nent of an optical system accordi ng %0
this invddtion is given in Table 111.5%1n this enbodi ment-510%roup 6t is
substantially the g"éﬁe‘%-s@escri bed wth respect to Figure 2, S3 is piano

and S5 is negative.c @Al includes™a first positive element L4 which
forms ggdqubl et wi th neg'a?l ve elenment 43. In 60 this groyp G cggponent, 3
negative el enment Leg7i=szoppaced slightly fromthe doublet and is spaced _
variably 60 by a larger distance fro¥group G3. In group G3, the doubl et
is reversed with reé8pec#¥®d Figure 2 in that L11 is a neniscus and L12 is a
bi convex L&| enent . oup &4 has the sah® el emental confi &#%tion%&3 Figure

2. & B 2 039 A% ; 2%

6 A lens As shown idioEi198i358 2 scal ed 1% an i mage frane 5%24 x 3Bfm and
EFL's of 72nmto 150 mmis substantiagdy described-in Table IIl. TABLE |11
5 . S11 = 104.624 '
5 Axi-al30D7st ance El enent Sur f ac&08Radii (M) 1.487Bet wed®4 Sur f aces
(mm N $12y+-33924- 62. 296 10 L1 -
3.0 13— _s18e6l- 7847 26.06 10. V8 = 41%8%0 L2 -
12. 806 1. 4875 55 70. 44
35 S14 = 32.652 _ . : 35
L9 : 6.24 - 1573 57.5
S15 = —85.340 _ .
L10 . 2.0 1.806 40.7
$16=175.960
40 4.81 40
Aperture Stop
42.660
$17 = —19.451
o ; 20 1.804 465
. 4 S18 = =37.265 45
' 0.3
$19 = 101.789 _ _
. L12 2.27 1.673 3.22
$20 = ~300.147 o
50 - , : 50
EFL z1 z2 z3 o
76.00mm ' 1.73mm 37.58mm : 12.09mm .
_ 125.00 26.25 : 23.15 - ' 200
55 200.1 ' 39.92 R 148 . 10,00 55

Another embodiment of an optical system according to this invention is given in Table Hl. In this -
embodiment, group G1 is substantially the same as described with respect to Figure 2, S3 is plano and Sb is
negative. Group G2 includes a first positive element L4 which forms a doublet with negative element L5. In

60 this group G2 component, a negative element L6 is spaced slightly from the doublet and is spaced variably 60
by a larger distance from group G3. .

In group G3, the doublet is reversed with respect to Figure 2 in that L11 is a meniscus and L12 is a biconvex

element. Group G4 has the same elemental configuration as Figure 2.



S3 = -266.277 0.3 15 S4 = 86.478
15 L3 4. 095

4875 70.44 S5 = 2731.894 zi S6 = -259.053 20 L4 ’ ' :
) 1.6910 54.70 20 S7 = 65.984 2.805 S8
&1. 60382033604 B - 2.0 ' 6
1. 7'4'33_"_4'9“2'2_2'5 —Se=24%: IJU ' ' — -~
25 , w4
1.8 465ul;;;nnsﬂa?§d nb g?aife#d?fglwegfred%g 3glggla3chﬁl_.?of72mmto150mm is
2.0 1. 8467 23.83 .30 S12 = 25.951 L8
6.287 - ' 1.6667 taBLe fi8. 30 S13 = -133.121 73 35
S14s= 22.123 5
35 L9 Axial Distance 5. 381 : .
1. 4878lement 70, 4&:@193%6" (mg®4. 989 | B@ween Surfaces(mm) - Ny Vq : 2.0
1. 8042 46. 5)0_68212 6_ 66. 251 40
29. 67 e S17 4,503 111 .
> oo 2= 41570 1.5310%°  58.20 S18 _ e 16 0255,0‘;L 3
S19 32120. 523 . 12.806 ' 1.4875 70.44
45 L12 S3 = —266.277 : 2. 350 1. 8040
46.50 S20 = -189. 269 EFL 0.3 Zi Z2
73 150 S4 =86.478 - _ o 15
50 72%0mm o oo, 1.6 0% 2h4%81 7044
0.3 111.0 ) 14. 28 h 13. 162
1.5 150.0 - sg= —250.053 19. 84 0.3

8. 8455 Another twelve el enent form of the inventnesioi s geags al |y <onm | ar
to Figure 2. TI#7-45¢84 differs fromFigure 55 2 in that S3 is very weakly
negative |nstead of 1pI ano, and S128¥s positive, thus reversi ng the doubl et
form ng group

8% 2 033 604 § As scaled to a ?? Egﬂge frame
andyg 's of 72§gn 3603mm this Fens is substanti al y{g’desc din Tghle
V. T4BLE |V Axi al D| stance El erremlyss . Surface Ragdigz (nmp3ss Bet ween
Surfaces (mm Ss10=Nd.248 vd Si = 87.504

22
S$11 =49.336 : .
30 L7 2.0 1.8467 23.83 30
S12 = 25.951 .
L8 6.287 1.6667 48.30
S13 = -133.121
zs .
35 S14 =22.123 35
L9 : . 5.381 1.4875 70.44
S15 = —684.989 :
L1o _ _ 20 1.8042 46.50
S16 = 66.251
40 29.67 40
$17 = —14.503 :
L1 2.0 _ ' 1.5310 58.20
S18 = —31.216 :
_ _ 0.3
45 $19 = 120.523 : ) 45
L12 2.350 ' : 1.8040 46.50
S$20 = —189.269 :
EFL rA Z2 Z3 : -
50 : . . 50
72.0mm 1.6 : " 27.051 0.3
111.0 ' 14.289 13.162 1.5
. 150.0 . 19.843 : 0.3 .. 8809

656  Another twelve element form of the invention is generally similar to Figure 2 Thls lens differs from Figure 55
2inthat S3 is very weakly negative instead of plano, and S12 is positive, thus reversing the doublet forming
group G3.



L1.

3. 000 1. 7847 “
26.06 S2 ‘= 57.456 L2 - ) 12. 806 / '
1. 4875 70.44 S3 = -576.167 0.300 54 = 110.904 L3 ' _ M,- :
3. 500 1. 4875 70.44 S5 = -1960.632 zi S6 = -829. 307\
L4 7 : \ 2.000 GB20336b4 @910
54. 70 SZ =84 2463 075 S8 = Q1. 582 |5 -
2. 0Q0 ' 1. 7433 49, 22 S9= 29. 357
4. 755 As scaled to a 24 x 36mm imagg fr@ye and EFL'gof 72ymm 912@3mm8[ys geszs %Qstg!flf"v_deﬁlb%_7 L7
2. 000 in Table IV. 1. 8467 23.83 S12 = 36.571 L8 :
6. 287 ' 1. 6667 13 = -118 534 73 S14 = 25.919
L9 ey ' 1.4875
70. 44 S15 =-154.920 L10 _ Axial Distance 2. 000
1.8042 Elerddpt 50 SlfurfaceKRdib@n)39. 753 Bétweon SudatesiBinlL11 Nqg B Vg
2. 000 S 875041.8042 46. 50 S18 = -37.440 2.029 S19 =
251 831 L12 1= ' 2.452
1.'7495 1 35 04 szg2 Zgg 558 EFL 3000 717847 2606
Z2 L2 72. 0mm 12.806 1.5mMm 1.4875 - 70.44
49. 045mm s3 = —Bre3EM 150. 0 30. 760 |
18. 585 1.5 203.0 0.300 36. 664
0.3 S4=11030881 GB2033604 B Anot her enbodi ment of the

i nventiontdas shown in Figure 3,

Axi al Di stance El er’@gt Sur face

scal e85 an i mage framd4®¥® 24 ¥%46mm and
EFL's of 101 mmto $oam¥806% subst ant

Egl |y descrl bed in Table V. TABLE V

dii

(mT) Nj 8?130— 70. 981 L%ooo
S7—84.2461 7847 26. 06
. . 3.075
S8 =-91.582
L5 2.000
. §9=29.357
L6 : 4.755
$10 = 80.962
Z2
S11=76.817.
L7 2.000
$12 = 36.571
L8 6.287
S$13 = -118.534
Z3
S14 = 25.919 _
L9 ' - 7.000
’ S$15 = —154.920 _
L10 2.000
S16 = 92.608
' 39.753
S17 = —17.481
L1 C 2.000
$18 = —37.440
2.029
s $19 = 251.831
L12 ' 2.452
$20 = —69.558
¢ : EFL zZ1 Z2
72.0mm 1.5mm 49.045mm
150.0 30.760 18.685
03

203.0 ' 36.664

Bet ween: Sur f aces

1.6910 54.70
1.7433 49.22
1.8467 23.83
1.8467 23.83
1.6667 - 48.30
1.4875 70.44
1.8042 46.50
1.8042 46.50
1.7495 35.04

z3

0.3mm
1.5
13.881



S2 = 45.725 L2 10.0
1.5101 63.43 S3 =-190.826 0.3 S4= 77. 534 L3

: 1.5101 63.43°S5 = 115.121 Z1 S6 = - 366. 358
@ 3.829 1. 8467

83 S7GB2d36048 L5 2.0 8

1. 6916 SA—T70—S8—6t—7F773961S 0:7 = -5311“% 6
2 0 Another embodiment of the i mventlo]i'l aggt%:évn in Flgure3 I&«ég]égmagg?ranﬁezcg:ﬁ % gemsn:'li ::!ind 192655#
6 0 8|::3FL §f§101 mggo EngLg substantlally described in Table 20
1.7847. 26.06 S13 =-71.255 Z3 fxBievw 74.385 L9
2. 629 1.5101 ~ 63.43 S15 = 259.362 0.3 S16 = '26.413
L10 .Axial Distancg, 653 1.5101
63. J8ement — 3pBurfpcgRpdii (mym) Between Surfaces {(mm) Ng Va 2.0 '
1. 8061 40.;1 %1— 43.497 27.063 S19= 112.212 L12 :
2.61@, o 1. 672730 32.17 S20 = z384%26 6. 2%?,; 821 =
-24.455 L13° g2-=45725
1.77¢b 49. 62 S22 = -97. 188 Ehbo 1.51&1 63.43
Z2 : $3=-190.826 Z3 101. Onm 2. 812mMm’
29. 314mm S4 77.534 3.744mm 183. 0. 18. 190
13. 176 =14 4,503 194, 580
0.3 13 10. 990 3%5 2 033 64 B ’55 9 AndPidr enmbodi ment

S5 = 115.121

of the invention is substantiallygyas shown in Figure 3 differing in

el enent al

conf ggur-séess®m only that

in negative group G3 the elenments L7 and

-8

L8 ate reversed. Such lens as scalsesd to an i nage fnaaey of 2883 36nm and EFL
of 71 5mmto 186=5AN176s substantl aI I y described in TabI e V.

L6

-7

L8
L9

L10

L11
L12

L13

EFL

101.0mm
152.0
194.0

 s9=

S8=61.777
—53.090
S10 = 265.263
S11=93727
S12 = —35.861
$13 = —71.255
S14 = 74.385

S15 = 259.362

$16 = 26.413

'§17 = 366.100

$18 = 43.497

$19 = 112212

$20 = —77.326

S21 = —24.455

S22 = —97.188
z1
2.812mm

18.190
24.580

3.961

20

22

6.429

2.0

Z3

2.629

.03

5.663
2.0
27.063
2.615
6.977

20

22

29.314mm
13.176
0.3

54.70
1.6583 . 57.26
1.5638 60.83
_ 1.7847 26.06
1.5101 63.43
1.5101 63.43
1.8061 40.74
1.6727 32.17
1.7725 _ 49.62
Z3
3.744mm
4503
10.990



5 _ _ . C TABLE VI
5 Axi al Distance El enent Surface Radii (mm Bet ween Surfaces
(mm Nd vd 10 A S1 = 55.041 5
10 L1 : 2.50 , 1.78
26.1 Sg = 36.225 L2, 8. 5@B 2033604 B 9
1.510 ——63—4—S3—=—246-043—15 ' '
. N —
g g . Another embodiment of the in\iengtl 'ssubstanti§‘l§y ags n_in:%meéﬁfée%é%;n gleptglz L
Sé _ 192c;g§5uration_onlythat in negative'g m:g G3 the elem@nts'L7and [8 afé’rev . Such léns as scaled to an
- i ¥ frame of 24 X 36mm and EFL of 71.5mm to 146.5mm is substantially described in Table VL.
20 14 . 1.5 1. 658
57.3 S7s = 51.582 2.56 S8 = -63. 000 25TABLE VI S B
é.‘g 1.691 A _5@5_7 25 S9= 21.990 L6
’ X 15ta —

S11 = 54El&ment Surface Radii (n:'l\'r'n)785 Bet%veér?SurSr‘?éQes(an)?' 93(}“"22 30 Vg ‘
3Q L7 ' _ 1.5 1. {85
= = 55.041. : :

26.1-51%, = 27.783 5% | 2.50 17855.5 261
1. 540 59. 7 S187=38225292 35 Z3
35 S14 =174.074 L9 _ 8.50 . 15105 634
1.510 63. 4 S1853=-23QW3882 0.2 4002 . S16 = 18.412 i
40 L1015 - : 50 - - 1.510
63.4 S17 3 153.957 SATFO0R s 1510 1.5 634
1.806 40.7 S18g=33dedd29 45 ) | '
2.25 Z1 , 45 Aperture 26.614 S19
= -13. 645 L12 S6 = —192.163 ' ' 1.5 - 20
1.773 = 14 49.6 50 S20 &5 - 23. 408 1.658 573
50 0.2 S21 = 93.5787EF3.582 : 3.5
1.673 3.22 S22,= - 493 289 55 2%
55 EFL . 5 A 15 Z2 " 1,691 54.7 25
z3 71. 8fm s9— 21900 1.50mm 22. 89mm
3.49mm 116. 0 ' 14. 45 36 171583  26.1
1.60 60 146.5 - 810=167.930 20. 58 1.00
6. 30 60 . . 22
30 S11 = 54.447 30
L7 15 _ 1.785 26.1
$12=27.783 :
L8 ; 5.5 ’ 1.540 59.7
'$13 = —85.292 .
35 - Z3 35
S14 = 74.074 _
L9 : 2.5 1510 63.4
$16 = —300.882
0.2 _ '
40 $16 = 18.412 _ . ' 40
L10 5.0 . 1.510 634
$17 = 163.957 o
L11 15 1.806 40.7
S18 = 31.629
45 2.25 ) 45
) Aperture
. 26.614
. $19=-13.6556
. L12 1.5 . 1.773 49.6
50 $20 = —23.408 - 50
0.2 .
' S21 = 93.578
L3 3.5 1.673 3.22
o S22 = —193.289 ’
EFL z1 - 22 : - z3 :
71.5mm 1.50mm 22.89mm 3.49mm
110.0 14.45 11.83 1.60
60 146.5 : _ 20.58 _ 1.00 6.30 60

The invention may be embodied in various lens forms. Figure 4 shows a zoom lens having thirteen
elements in three moving groups, G1, G2 and G3. The first two groups G1 and G2 comprise elements L1-L6
in configurations previously described. The third group G3 comprises a positive meniscus L7, a doublet L8,
65 L9, a biconvex element L10, a negative meniscus L11 and a closely spaced biconvex elementL12 and a 65



The invention may be embodied in various lens fornms. Figure 4 shows a zoom
Ys having thirteen elenents in three noving groups, Gl, & and G3. 'The
fWf/st two groups GL and G2 conprise elements L1-L6 in configurations
g "\H'bous'l described. The third group G3 conprises a positive nmeniscus L7,
a doubl et BE B3P B 4 biconvex el enent L10, a negative neniscus L1l ang a
cl osely spaced bi convex element Ci2—anmd—a—65 16 ~ B2 033 604 B .
10 ne {i\)ée;ner;g%mssc'%s concave to the object. This lens has only two interna
VT | B ot it AP D oo Y Mo vl Goma i zpr vir d as. (e
EFL i (rppases, thus i ncreast nyo tHee Fi-Hieases thus borgpsingahedeont vekie) distshoot her

enbodi meotherembbdiMent BB Aorfdebbifl 0 & Rigune 4. scaled to an inmage frame
of 2%hayir@ERis cfAU6rBm hmab.agmlﬂ%usfgs;%ial t%fﬁ%r’%a‘ﬁfﬁ% é%’g';?ﬁqeﬁ?mgaﬁ?gtxa%ﬁmnpy -
described in Table VI1. . _ 5 TABLE VIl Axial Distance

El enment Surface Radii (mm) TABLE vii- Bet ween Surfaces (nm) Nd

Vd Si = 154.274 L1 . A)‘(ia"Di . : - 2. 000 ' :
1. 805giement  25. = 5 L2 stance | 7.482
1. 603 ' 60.’5?“'%%91:‘@&[’@%’. 752 0. JFyessurtags v | 3 Na Ve

4.711 .S1=154.274 1. 487 70.4 S5 = 976.009 zi S6 = - 111.965
L4 U - 2.000 1. 500 1.805 255 1.834

37.30L§7 = 29. 93960888 S8 = -40.282 L5

1.50 1.487 7482  70.4 S9 = 3418687 L6 607

4.190 - S3=-186752 ) 947 oo 23 8 SL0 = -661.409 72 S11 = 58.780
L? S4=49_425 - 3 370 . . 1 785
25. 71812 = 588.325 0.200 S13 = 404993 L8 _ _
6. 062 S5=976.009  1.518 59.0 'S14 = -38%f90 L9704 -
1.500 1.805 zi 25.5 S15 = 60.207 0.200 S16 = 29.884
L10 , S6=—111.965 : 4.661 S 1. 603
60. 7 Aperture 15.024,517 = 47.488-%% R 1834 37.3
1. 500 - ST 1,834 .. 37.3 S18 = 17.934
. S8 = —40.282
| 1500
g S9 = 34.267 1487 . 704
o 4.190
S10=-661400 | 1.847 238
' | 22
L7 S11 =58.780 .
3.370
S12 = 588,325 1.785 25.7
0.200
. $13 = 40.503
6.062
L S14 = —-38.790 . 1518 . 590
| 1.500 .
S15 = 60.207 1805 255
0.200
o  $16=29.884
- 4.661
Aperture : 1603 607
15.024
» S17 = 47.488
1.500 |
S18 = 17.934 - 1834 373
_ 0.309
s 19 = 18.509 _
: 5.462 _
S20 = —62.404 1632 348
6.297
. 21 = —19.946 | |
1.500 -
S22 = —58.480 1.834 37.3
ok 4 oz  BR
51.6mm 2.00 s
65.0 5. 63mm gg;:mm 38.66mm
80.1 Cota L | 42.82
. 21.50 © 46.04

145.3 o 16.17 ' = " 1.00 - ' " 5953



0.309 S19 = 18.509 L12 L | 5. 462 '
1. 632 34.8 S20 = -62.404 6,297 S21 = -19. 946 L13 |

1. 500 1.834 ° 37.3 S22 = -58.480 EFL

Z1 . Z2 . ' BFL 51. 6mm '
2. 00mm1 - 36. 18mMm 38. 66Mm 65, BB 2033604 B 1
5.63 . _ : 2928———— ' 4282801 .

9. 14 o 21.50 ) . 46. 04 145. 3

16. 17 . As prevnous:zlpomt.ed og%; Qare ce_rtam parameters which mu % %sfled togg_hievethe close

GB 2 033,504 B Pty Wi miRme s R PIouavs ! Trbievsgts forip tefrortant pprameters ptgeph

par amet ers whi ch nmust be satisfied to achieve the close focusing capability
Wi th migimum focusing travel. Table WABLlewats forth the inportant

~ pgraneters of each lens. 5 : _ : TABLSE
VI Table Ki Fy Ky Fo 5 Fiibl e 0505 [err]
[err] [err] [er , r] [err], | . 0096
100 17, b Coosse il mETEl, e LRy g o092
109.13 " m .00500124  28bles 0086 543 150 Us3al 075 10"
11 Iv . 01240091 @9.865 0049 . 006603 1644 1.00 - 538
0.75 1V V 010091 1000 109.08%e - 199049 515 203 0.33 . 541
1.00 v M - 0@100 761 1000068 149952 519 194191 . 515 .
0.33 vps VI 0131 679 76, 069 149968 468 14609 519 15

1.91 15 Vi ' 0147 .67.9 . 0069 145.3 . 468
0,57 TablelXsetsforth i Eoars o thqveigha ppupR st reclgEoeR Bp EFL P R gengkfogupens

groups as the reciprocal of the EFL and the geonetric neans power KM (sub

M of kens I-VIII. 20 TABLE IX o TABLE 1 24
20 Tabl e K1 K2 K3 K4 ' KM |
. 0096 - . 07shle .07 . K2  0053K3 - K40071 25 KM

25 |1 ;- 0092 o0s6 ~ - 0197 . 0108 os3 ° 0066 . 0081
- o411 | .0124 086 017 015008 od8Y »
. 0096 30 i1V o092 —0f8991 0108 - O%gde :0'9%|16 -

. 0042 . 0083 30 V . 0100 0261

. 0107 - . 00aL Q12071 VI-.0326 0151 . 013de1 - 00861

. 0118 - . 0116 .. .0098 35

35 whef® K1 to K& are the f8krs of~888ups @16t 0 4-08%d KM i s0P8e geonetdl c

mean of the power, of each I(ﬁpé at t_hgzsc?xtrela?ug of ecbp+1val ent focal |engths.
e I X on 5 o
01

Fromthe powers given in Ta one obtains'the f oW ng Vv es for the
rati os K1/ KM K2AMKM K3/ KM.@asd K4/ Khb3s140 0118 16 .0098
40 TABBE X Tabl e . K1/ KM K2/ KM - K3/ KM 35
K4/ KM 45Where K1 to K4 are the|powers of groups G1 to G4 andIK\B# the geometric meBn &f3he power of each lehs & 1
746 th?:extrerr‘neSofe jvalgnt focal lengths. ]? 36 2.43 1.33
) rom thé powers given in.Jable IX one obtains the fglfowi lues for theyatips K1/KM, K2/KM, '
815 111 gn KafkMe. qinJ8 he fllpwing values for theyatige K1/KM K3KM 635
50 40 ' : 40
50 IV : 1.10 _ o 3.fMBLE X 1.40 . 506
" Table © KIKM KZKM  K3/KM . KaKM
. B I £ 383 151 76 45
. 138 243 13 815
* oo m . 129 340 . 157 635 -
50 o o o S : 50
v ' 1.10 - 3.02 140 506
v 1.4 - 368 151 859
55, B R 13 308 1200 118 55



4

Y, 1.41 3.68 —t—51 ' - 859 55

Vi 1.34 3.06 . ' 1.18

5, 12 2033 e0aB Tllﬁ[[l Iminm -

lé%l Al :\/B 1. A zoomlens hayving:a fi [)ist gr _oulpl rmv? ﬁ ai(na sy kOr fOCESI ng,
ralit owi ng groups novable axially of the lens to vary the

equt VAl enté/%%%g%&{ éncmh of - '(t?-he lens. said front focusing group conpri si'ﬁ@a

5 positive doublet followed by a positive singlet

5 0< [eAfS< 2.0 10 IR o ' _ : -

10 and iSﬂ}ooml %I%rv'rn girsté{ u:" vial‘}lafxiaﬁ- ct@fni aplurali fo(g?winégroupsmovable

15 where o

20 [e Ej':}'tli‘(,gsft;t‘:gl%t SaloG ) :ﬁ%@%i;ﬁ“ té'°gtowéé|{gi‘sé?a,' f[°é'§$fus IPHROTWIFONT ent f pcal

| engt h' of t%e Irst group,: an err] is the maxi num equi val ent focal |ength«

of the lens. 2. The lens of claim1, wherein said front group is foll owed

by a secor@i<@egat0i ve group, a third group, 25 said second and third groups

bei ng novabl &axi al | y of said lens for varying the equival ent focal Iengt_h, :

and 25 fourth positive group. 3. The lens of claim?2, wherein 1.41 >1 :

[err] >,1.10 30 3.68:>err] > 2.43

30 1.57°> [err] > 1.20 1.2 > K4/ KM > .50 where [err] and [err] are the

powers of said first, second, third, and fourth groups, -and KMis the

geon®t ri c 8@ =ma4e80f the powers of the lens at the extrenes of its foeal

| engt hs. Fu o 35 4. The lens of claim2, where said

third group is a biconvex doublet. 5. The lens of Claiml1l where [err] 40

40 vvhe\;vﬁerLerr] is the power of the first group and K4 is the power of the

fourdeh @l QUR opfical fiweER Te@ngior ding to Ctaim 1 wherein said second groupyg

consi st g, Rihedph@bstWerst theidb@ig! fol |l owed by a negative doublet. 7. A lens

accor di Rgstheeduivaientfdcallbrggicif thedisst glogeaind gr oup consi sts of a negative

doubl et ;ﬁggbpggébyq;avaﬁtﬁqay%ﬁ;;va[ IP eteﬁb — " o '

45 8, A4 €ns'e A1 lnyheren & Grounp@rQyy ategoncinpgayv gPYR's of_a

bi coffy . it end ihrdgrovies pelpgmerzbls Pif g 1 e AP R AU PR TP P o

conpri sgs e fﬁlgi\;pzlﬁygggoup foll owed by a negative subgroup with a |arge

separating air-space. 10. A lens according to Claim9 wherein said first

subgroup cosisiigiky>of.10a positive doublet. 50 11. A lens according to Claim

9 whr ei n BWKL@CIA subgroup consists of a positive lens followed by3&

50 negati veS71fem>1120 A | ens according to Claim9 wherein said second

subgr oup ctAzi Ky o150, negative |lens foll'owed by a positive lens. 13. A

200m | Ghse RCEOKUNA%, @ thEhRIdR drsaill St SbdhaSihd! aBEHNYrduBd) Snd¥,ALkie bsbridlric

negads MdandBFYRE powsd ofiths RAS4 Ehe Biareted bifits R4 RGgMs, Var 1 at or  group consi stingsef a

negat i va. Sihaghsdf claifR, ahétegpid thiviagrel@lidd tidopves dodnlet.d | ens group of 55

posi ti vé poekensof Chaintd1 widre d gr oup consi sting of ‘a positive doublet, and a

positive fourth group fixed in relation to the focal plane. 14. A lens

acco odi ng $¥«e®arhs scaled to an equi val ent focal length of 10lnmto }95nm

subs anhérélk,l i%h@ﬁov@?éﬁﬁé fpﬁ group and K, is the power of the fourth group.
6. Alens according to Claim 1 wherein said second group consists of a negative singlet foliowed by a
negative doublet. ' ' ’ .
7. Alens according to Claim 1 wherein said second group consists of a negative doublet foliowed by a
45 negative singlet. ' - : '
8. Alens according to Claim 2, wherein said third group consists of a biconvex doublet.
9. Alens according to Claim 1 where said fourth group comprises a positive subgroup followed by a
negative subgroup with a large separating air-space. _ '
10. Alens according to Claim 9 wherein said first subgroup consists of a positive doublet.
50 11. Alensaccording to Claim 9 wherein said second subgroup consists of a positive lens followed by a 50
negative lens. "
12. Alens according to Claim 9 wherein said second subgroup consists of a negative lens followed by a
positive lens. '
13. Azoom lens according to Claim 1, wherein said second lens group is of negative power, said second
55 group being a variator group consisting of a negative singlet and a negative doublet; a third lens group of 55
positive power, said third group consisting of a positive doublet, and a positive fourth group fixed in relation
tothe focal plane. : : '
14. Alens according to claim 1 scaled to an equivalent focal length of 101mm to 195mm substantially as
described. '

45 ¢



.13 , : ‘
GB 2 033 604 B . 13 Axi al Distance Elenent Surface Radii (nmm

13

Bet ween Surfaces (mm.: =~ Nd - - ° l“aw L1
3.0 ' . 1.7847 Hm“fm“:“ “ s'lﬂm5 S2 = 44.817 L2
* c L =
éﬁ' 21_933 . 1.5101 638 43" S =°-213.552 Qg3 odfhos g
10 IS Ax_ga,t 3.5 |
— - H 1 a -1 -
3o Eemeh? 0 RreskidiGiisgy  sensgmsgisceston | 1oNe7 - 69Vea3 3.5 S8
= -71.613 L5 S1 = 69.077 o 2.0 '
1.6910 5 L1 54.70 20 Sfo = 32.133 1.7847 26.06 5
ZQ L6 S2 =44.817 4.76 :
1. 8467 L2 23.83 S10 = 76.984 72 S11108 74.163 25 L7 1.5101 63.43
2.0 S3=-213862| 7847 o5 26- 08 25 S12 = 39.674 L8
2139_ _}% - S4 = 92.077 1. 5638 60. 83 S13 96. 905 Z3 30 10
: = 78..3 35 1.5101 63.43
30 L9 S5 = 142.825 3.0
1.5101 63.43 S15 = 693.028 0.3 S46 = 26.460 35 L10 :
5. 826 S6=600.754 1. 5101 63. 43 35 S17 = 427.148 L11
>0 15 L4 - 1.8061  2040.74 S18 = 45. 216583, 81 4026 15
Aperture Stop §7 = 69.943
40 40.26 S19 = -18. 2;7-41%533 35 2.0
1. 7725 s 49.62 0 = -53.001 45 2.0 1.6910 70
0.3 2 S9 = 32,133 4589 = 4%%s3 L13g
3.42 L6 : 1. 6727 47632. 17 S22 = -53. Bdub7 50 Ebidsgs
71 $10 = 76.9842 . ’2 Z3 50
101mMm 81mm 31. 68mMm
S11=74.763 :
3. 72mm, 192 18.84 ,, 1754789 2606 25
4.50 S12 = 39.674 '
L8 6.29 1.5638 60.83
$13 = —96.905
. . Z3
30 S14 = 78.588 30
L9 _ 3.0 15101 63.43
- $15=693.028 .
0.3
S16 = 26.460
35 L10 ' . 5.826 1.5101 63.43 35
: . 817 =427.148
L11 2.0 1.8061 - 4074
S18 = 45.219
. 4.81
40 " Aperture Stop 40
40.26
S19 = —18.927 ' .
L12 : 2.0 1.7725 49.62
$20 = —53.001 ' _
- 45 0.3 45
- $21 =412.053
d L13 . 3.42 1.6727 32.17
. S22 = —53.841
50 EFL Z1 ' z2 Z3 50
101mm o 2.81Tmm . 31.68mm 3.72mm
152 18.84 14.89 : - 450
195 25.51 133 11.37
: 55

55 : : , .
: V\{here t_he lgns comprises elements L1-L13 having surfaces S1-S22, the index of refraction is given by Ny, the
dlsper_slon is measured by the Abbe number as given by Vy, and Z1, Z2 and Z3 are the variable air-spacings
at the indicated equivalent focal length (EFL).



195 : 25 51 ©1.33 . .
11.37 55 ' ' - ) _
wher et he | ens conprlses elenents L1- L13 hav - S22, the i ndex
efraction is given by -Nd, the dispersion’i ﬁm ﬁ!{@ﬂg Abbe nunber
a‘s£° iven by vd, and 71, Z2 and Z3 are the vari abl ecalyr at the
"4at ed SB3FM et focal |ength (EFL). 14 GB2033604. B v

14 15. Alens according to claim1 scaled to an equival ent focal |ength o
76. 0nm1B.0 Adere accarding iheiaim A sealed taangquivplant forablepgth of7p-gmmite 200 mesubstantialiye nt

Surfa@édﬁﬁ%hep (mm) Between Surfaces (m) Nd - vd
5 S1 100. 120 L1 ial Distance _ 3.0
1. 78 Element 26- lyndceRadiimnd0 10 L Between Surf . -
7 § eRadif ﬁgl 510 Comweengyteesimml - Na i 53 Yehiano 0.3 w4
= 97 870 L3 S1=100.120 5.15 .
1.510 11 63.4 15 3 =-539. 860 ~1.785 - 2641
15 zi S6 = 205. 3G 48460 : 1.5 )
1. 729 L2 50. 3 S_7|_ 70. 027 20 7.34 _ 1.510 63.4 10
3.74 53 03 20 S8 = -84:552 L5
1.5 S4=97.870 - 1.720 ) 50.3 S9 = 27.698 L6 '
4.51 3 1. 785 .15 25.7 25 1.510 sgsa,o— 126. 250
25 28 S11 = 104.9524-83%.860 . _. 6. 08 15
1. 487 70.4 S12 = -32.924 30 %18
1.2 . S6=205.760 1. 785 15 26.1 ' 300813 = -51 566 Z3 S14
= 32.642 L9 70007 . 6. b#
35-L10 S8 = —84.552 2.0 : _
1.806 Ls 40.7 S16 = 175.960 4. 81sAperture St op 401720 - 503
42. 660 S9 =27.698 40 S17 = -19.451 L11
2.0 16 1.804 45" 46.5 S18 =-373%5 0. 3285
45 L12 _ s11=104624 - 2.27 .
1.673 7 3.22 . 6.08 1.487 70.4
$12=-32.924 '
30 L8 1.2 1.785 26.1 30
S13 = —-51.566 '
_ Z3
S14 = 32.652 _
L9 ' 6.24 1573 57.5
35 S$15 = —85.340 - o 35
L10 T 20 1.808 40.7
: S16 = 175.960 : -
: 4.81
Aperture Stop
40 : 42.660 : 40
S17 = —19.451
LM 2.0 1.804 46.5
S18 = —37.265 -
. 0.3
45 $19 = 101.789 : 45
L12 2.27 1.673 322
$20 = —300.147 :
EFL : Z1 . ' _ z2 Z3
50 . B0
76.00mm i 1.73mm 37.58mm 12.09mm
125.00 26.25 , 23.15 ; 2.00

20.0 39.92 ' 1.48 : 10.00



. S20 = -300. 147 EFL oz Z2
z3 50 |

ig Z)gmﬂ00125 00 - | _.1-5-'73 z\m\“\“\l“l“““l\” “‘b? 582“3'“ 15
2.00 2.0 39. 92 - 1.48 GB2033604 B 15
10. 00 15 : ) B--2—033—604-B

15 where the lens conprises el ements L1-L12 having surfaces Sl1-S20, the
i ndex of: wheéthalynsmprlgesgiemems blyUmavmherfamssb?pé?@.ﬂ@mdmsofn@agwé@l\@@"ﬁ% thébe
number adisrgrsicsrs rnsﬁsvad by rarRiven By Yoy andZfh L2 g Z3 4t the varighlealEpacigs at

e‘é'fteé edegayaant orh "‘Eﬁ b a
the indi lgd 'gﬂfﬁ%}%{] é?_l?lmqnq SC ed%\‘gﬁt Ew&a%ﬁ'%?%al l]eﬁqthé‘fgrg% %ﬁ@mﬁb{l@l 5'9’ glaim

1 scal ed é oc I"enhg stantially as ¢
descrlbea
5°Axi al Di stance El enent Sur.f aaaiaRﬁdérice(m’r) - Bet ween Surfaces
(rmm) EleiNent SurfagelR&lid (mm) BetweerSSurface§ 06 Ng Vy
1Q L1 3.0 | |
1.7847%0  26.06 S51=624%370 |2 .0  ioer aees 12 HDG
1.4875 Y 70.44 S3,z,:266.277 15 ' ' '
0.3 L2 - 12.806 15 12875~ 86. 443 L3
4. 095 _ S3=-266.27%. 4875 70.44 S5 = 2731.894 zi 20
S6 = -29. 053 0.3 _ 15
20 L4 . S4 =86.478 2.0 .
1.6910 3 54.70 S7_=_65.984 2.805 S#05.71 603 25 L5 14875 7044
2.0 S6=2731894 1 7433 . 49.22 25 S9 = 24.730 L6
4.755 ,q S6= 259,053 1+ 8467 23.83 S10 = 72.248 72 30 20
S11 =49. 836 2.0 1.6910 54.70
30 L7 S7 = 65.984 ) : 2.0 1. 8467
23.83 S12 = 25.951 L8 _ 2.805 6. 287
1. 6667 48. 30 S83 180333, 121 35 " g
z3 - B So = 24730 20 35 'SiF = 22%733 Lo
5.381 ¢ %7 1. 4875 47gg) 44 S15 = -684.989 L10 s34
2.0 S10=72.2481. 8042 .50 40 S16 = 66. 251
40 29.67 S17 = -14.503 L11 22 2.0
1.531030 - 58. 20 $18=49.3381. 216 45 30
0.3 L7 _ : 2.0 45 1.8467 23.83
- : $12 = 25.951 _
L8 6.287 1.6667 48.30
$13 = -133.121 ' :
35 _ 3 . _ 35
_ S14=22.123
L9 _ 5.381 14875 - - 70.44
S15 = —684.989
L10 : 2.0 1.8042 46.50
40 $16 = 66.251 - 40
. 29.67 :
$17 = ~14.503
L1 2.0 1.5310 58.20
$18 = —31.216
- 45 0.3 45
i S19 = 120.523
- L12 2.350 : 1.8040 46.50,
N : S20 = —189.269 :
50 EFL z1 | 22 ' oz | 50
72.0mm 16 | 27.051 03
1110 : . 14.289 -13.162 : - 15
- 150.0 19.843 . 03 © 8.809
55 - 55

where the lens comprises elements L1-L12 having surfaces $1-520, the index of refraction is given by Ng, the
dispersion is measured by the Abbe number as given by Vg, and Z1, Z2 and Z3 are the variable alr-spaclngs
at the indicated equivalent focal length (EFL).



S19 = 120.523 L12 2.350

46.50. S20 = -189.269 50 EFL o 71 ’
< g ) m,mw | 1.6
03110 /LT
'GB 2033604 B 1.5 150.0 - 19.B43 ¢ 16 -
0.3 886955 — e
55 where the lens conprises el ements L1-L12 having surfaces S1-S20, the W
i ndex of7- rAkpsaseqreding toglaig 1aspieds) angpuivelng fospldengthef Fmm @ 203mm snbatantslly ashe  Abbe
nunberdessibegk ven by Vd, and Z1, Z2 and Z3 are the variable air-spacings at
the indicated equivalent focal |engfhplhERb - ‘16 GB2033604 BL

S 17¢ ehnlefis accgp,;,tggerp‘gdg;(pmgl aiml g&gﬁg u,rfégegn,n@qyi VRl entfocgl |ength gf
72mm to 203nmm substantially as described. Axial Distance 5 El enent -

Surface Radii (rs1=_87.504 Bet ween Surfaces. (nm Nd vd
5 S1 4187.504 L1 - +3.000 1.7847 3, 00@6.06°
1.7847 . 26. (B =SP948657 456 10 L2 '
12. 8842 ss— 576167 L 4875 12806 70 44 C16%88 = 2% 167 0.%00
S4=110.904 L3 = >T7% 0300 3. 500 |
1. 4875 70. 44541510.904 S5 =-1960. 632 -
15 71 .86 = -829.307 L4 3.500 14875 20000
1. 6980 54. 708557-196@682246 20 ' 15
3.075 : S6 = —829.307 2, : 20 S8 = -91.582 L5
2. 000 = 705 1.7433 49,22 S9 = 29. L6
4,755 '4 S sages 18467 2% 23 83 25 T " 881 - go. 962
25 23 S11 = 76.8Y7 T 2.075 2. 000 20
1. 8467 23. 888 S-didbsxr 36. 571 30 LB
6. 287 L5 1. 6667 2.000 48. 30 3074333 = 49.28. 534 73 S14
= 25. 3-:]&9 L9 §9 = 29.357 37% : 7. 0(1)(8)467 23.83
1.4 70. 44 35 = - 154.920 : .
35 5o 5132 s0.sez 2.000 - £°8042
46.50 S16 = 92. 698 3BgfpP3 S17 = -152. 481 40 L11
2. 000 7 1.8042 2.000 46. 50 401.8467 23.83
S12 = 36.571
30 8 6.287 1.6667 48.30 30
S13 = —118.534 '
z3
S14 = 25.919 : '
L9 7.000 14875 . 70.44
35 S15 = —154.920 . 35
L10 2.000 1.8042 46.50
S16 = 92.608
39.753°
$17 = -17.481
40 L11 R 2.000 1.8042 46.50 40
S18 = —37.440 - :
2.029
. S19 = 251.831 _ '
L12 2.452 1.7495 35.04
45 _ $20 = —69.558 : 45
EFL 4 22 Z3
72.0mm 1.5mm . 49.045mm " 0.3mm
50 150.0 30.760 _ : 18.585 o 1.5 50
203.0 36.664 03 13.881

where the lens comprises elements L1-L12 having surfaces $1-520, the index of refraction is given by Ny, the '
dispersion is measured by the Abbe number as given by V4, and Z1, 22 and Z3 are the variable air-spacings
65 atthe indicated equivalent focal length (EFL).



S18 = -37.440Q 2.029 S19 = 251 831 L12

2.452 o .1 7495 35.04 45 S20 = -69.558 {5 4
2 72.0m  ism HIIIIII ) Illllﬂilllﬂusrrm |

0. 3mw50 150.0 ' 30.760 T 1%EAB364 B 17

1.5 562636~ 36664 —6-3

13881 wher e, th | ts 11-112'h f S1 - S20,
e 1 nd g PR S (R0 R e g ar o s S sosnasdthye  he -

Abbe nun‘Ser as given by \vd, and Z1, Z2 and Z3 are the variable air-spacings

55 at the indicated equi val ent focal AGBlsfandeEFL) - 17
GB20336 @fbrmignt SdrfakSRad (th@NS accwmengumes%aﬂm N,scaled to ar, s
equival ent focal length of 101 mmto 194mm substanti al 3 y as descri bed.
Axi al Distance 5 El eSer{70.981 Surface Radii (mm) - Bet ween
Sur f aced1 (mm) Nd \&{0 5 81 = 70198% L1 26.06
3.0 . S2=459257847 0o - 26.06 S2 = 45725 10 L2
10.0 012  sse_domior 63.43 10'8¥'= 100 826 B4 Y=
77.534 L3 0.3 3.5 '
1.5101 83 <43535 S5 =115.121-
15 zi S@3= - 366. 358 L4 : 35 : - 15101 3. 829.43
1.84675 '38=4%.BY = -49. 1_7251 20 L5 ' ' 15
2.0 . 6910 54.70 20 S8 = 61.777 3.961 S9
= -53. 0%9 L6 s§=._3%6'365 3829 ) %g - 23.83
1. 6583 | 87 _26025 | 3829 s10 =258, 263 '
25 Z228}8 =93.727 L7 16910 6.429 5470 20
1. 5638 66=8878312 = - 35. 861 30 L8
2.0 1.7847 3.961 26. 06 30 S13 = -71.255 Z3 S14
= 74.385 L9 - $9 = —53.0%0 0 212% 67,26
1.5101. 4 : 'S15 = . 362 .
35°0. F516 = 26 413 Dl 2528 " : 5.653
1.5101 eHh 4g3.B37 = 366. 100 _
L7 6.429 - ' 1.5638 60.83
$12 = —35.861 -
30 t8 : 2.0 _ 1.7847 2606 30
- $13 = ~71.255 : .
z3
$14=74.385 o
L9 / s 2.629 1.5101 : 63.43
35 $15 = 259.362 35
0.3
$16=26.413 - :
L10 . 5.653 15101 , 63.43
S17 = 366.100 . L
40 L11 2.0 1.8061 40.74 40
$18 = 43.497 - :
_ . 27.063
$19 = 112212 -
L12 _ 2,615 1.6727 _ 3217
45 $20 = —77.326 : : 45
; _ 6.977
S21 = ~24.455 :
- s . 20 17725 49.62
s $22 = —97.188 ‘ - :
' 50 I : . 50
EFL z1 : z2 z3 '
101.0mm 2.812mm 29.314mm 3.744mm
152.0 18.190 13.176 4.503
55 194.0 - 24,580 03 10.990 55

where the lens comprises elements L1-L13 having surfaces S$1-S22, fhe index of refraction is given by Ng, the
g0 dispersion is measured by the Abbe number as given by Vg, and Z1, Z2 and Z3 are the variable anr-spacmgs 60 .
at the indicated equivalent focal length (EFL). - :
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40 L11 : 2 g

8061 40.74 40 S18 = 43. 497 = 112. 212 L12

s T iHH ]

=-77.326 | ¢ i i

618077 %Kl2033804 B#55 L13 3 ' : 2.0 18
1. 7725 A9 62522 —=—97188 50 — Q
ig 1 Egl‘ Lscrlb:(:ens accgrdg\g étﬁéalm 1 scaled to an equivalent focal |§@gt§%16mm t0 201mm substantlally ag 7%2 mm
152.0 18. 190 : -13. 176 . ' 4.503 55
194.0 24. 580 . Axial Distance 0. 3 10. 990

55 whgElemedte | enSurtpeRddites) el enentBsivledn Sudhds vl Ng: r f aces |l- S22, the
i ndex of refraction is given by Nd, the 60 dispersion is neasured by t he
Abbe number as gPVERSPA! vd, and Z1, ZZ and Z3 are the variabl e air-spacings .
60 at the indi caled egui val ent foca5 ength (EFL). 17§% 261 @B 2 033"
T

604B 0
18 1b° A | ens acggtdjzmo claimi scal ed to an equi vaI ent f 0CAl Iength of
76mmto 201nm substantially as desor bed. Axial Distance 5 El enent

Surface Radii (ms;—ssosz Bet ween Surf aces (nm Nd vd
5 S1 -L\S\S 041 L1 3.0 152050 634 o
1. 78% 26. 15%2380.888 205 10 L2 - ' 15
8. 50 s6=—-192.163 1-510 63. 4 . 10 S3 = -246.043:0.2 4
= 86.082 L3 . 15 3.0 1658 57.3
1.510 63.4 §5=51582 S5 = 380. 808
15 zpo S6 = -192. 163 L4 . 256 ' : 1.5 20
1.658 . 57.3 $§==68900582 20 : - 2.56
20 S8 5.63. 000 gg_m : 1.5 16911 5 547
1.691 |4 54.7 £ %gf 990 L6 f(? _ 1.785 26.1 3.6
1.78 26.1 2% —67.930 S = 67.930 25
25 72 S11 = 54.447 L7 722 1.5 N
1.785 26.1 S1P=54.437. 783 30 L8 ' . 5.5
1.540 L7 " h9.7 .. 30 S13 = -185.292 Z3 S14 = 74.7854 26.1 :
S12=27.783
30 L8 _ 5.5 1.540 59.7 30 °
S13 = —85.292 L :
: Z3
S14 =74.074 _
L9 ‘ 2.5 1.510 63.4
35 $15 = —300.882 . o ) 35 -
0.2 -
S16 = 18.412
L10 5.0 o 1.510 63.4
S17 = 153.957 C .
40 L11 1.5 1.806 40.7 40
S18 = 31.629 : . _
2.25 .
Aperture
_ : 26.614
a5 S$19= —13.655 ' 45
L12 _ 1.5 - 1.773 49.6
$20 = —323.408 : o
_ 0.2
: S21 = 93.578 - : : -
50 L13 35 1673 322 50
- S22 = —193.289
EFL - Z1 Z2 . Z3
55 71.5mm 1.50mm 22.89mm 3.49mm - B§ -
110.0 14.45 11.83 _ 1.60
1465 20.58 1.00 . 6.30

where the lens comprises elements L1- L13 having surfaces S1-S22, the index of refracﬁon is given by Ng, the
60 dispersion is measured by the Abbe number as given by V4, and Z1, Z2 and Z3 are the variable air-spacings 60
at the indicated equivalent focal length (EFL).



L9 —— 5 1.510

e MMM 0 ()

1.510 : 63.4 S17 = 153. 957 4

1.5 19 .+ -1.806 40. 7 40 S18 =GB20:B2H4 B. 2519

Aperture 26614745 - SI9=-137655 _ ' j

jg Jélézqs desc?fbé? acc dmc? t%clgrzrﬂscaleé]ée gquuigﬁeﬁt_tfgajﬂeggth of 51.6mm to 145.3mm substantially 1.773

3.5 1.673 3.22- . © 50 S22= -193.289 EFL

Z1 _ Z2 . Axial Distance Z3 55 71.5mm '

1. 50m-|5 Element Surface RQcﬁi (8&m Between Surfaces (8m#9nm Ny V¢ ° 55 1.0

14. 45 1.83 1.60 146.5

0.58 | 51‘15427f 00 6. 30 V\/near? t he ens
%®ndex B° refraction

_ orrprtse'1s el ement g5L%0% %513 havi ng sttPces s1 -S22, t ht
is giygnzby [err], the 0 di spersi ony g8 nmeasured by t hggopbbe ngygpper as 44
given by Vd, and %3=-4ge#2d Z3 are the variabl e air-spacings 60 at the
i ndi cated equi val ent focal |ength (Eop. 19

GB 2 033 :604B 31942625 A lens according to claim1 scaled to an

equi val dht f ocal g h of 51.6mm t ¢85, 3nm substantﬂeﬁsPy as WAscri bed,
"Axi al "Di stance 5 B e Sur f e Radi i Bet ween Surfa?:'es
(mm Nd SG=—\M1.965 = 154 274 L1
2.000 L4 | 1. 805 1_5035.5 S2 = 60.625689 L2 373
7.482 S7 = 29,937 1. 603 60. 7 10 S3 = -166. 752 0. 200
S4 = 4®. 425 L3 , , 4.683 4.711 _ ' 20
1. 487 70. 4 1S58=—40.282 S5 = 976. 009 :
15 s6 =2111. 965 %3—3 o 1800 14871 500704
1.834 5 37.3 SPOZ%87937 20,40 8 .
4. 6835 610 = —661.409 20%8 = - 40082 L5
~1.500 - 1. 487 22 70.4 S9 = 34. 267 L6 ,
4.190 $11=58.780 1.847 23.8 25 S10 =-661. 409
25 Z2° sH = 58.780 3.370 . 1.785 25.7
= $12 = 588.325
30 0.200 ' ' 30
. $13 = 40.593
L8 - : 6.062 : 1.518 59.0
S14 = —-38.790
L9 ' 1.500 1.805 25.5
35 - . 815 =60.207 _ 35
' . 0.200 .
o 'S16 = 29.884 -
L10 4.661 1.603 60.7
_ - Aperture - '
4 : . 15.024 _ ' 40
e S17 = 47.488 : '
L11 _ - 1.500 1.834 37.3
" $18=17.934
o o ' : 0.309
45 . 519=18.509 , 45
. - L12 : 5.462 1.632 34.8
. 820 = -62.404 :
}- . _ 6.297
o : $21 = —19.946
- 50 L13 . -1.500 1.834 373 50
S22 = —58.480
EFL . Z1 z2 - - BFL
55 51.6mm : 2.00mm 36.18mm . 38.66mm 55
65.0 . 5.63 29.28 4282
80.1 8.14 21,50 46.04

145.3 16.17 . . 1.00 59.53



L7 3.370 - oo 1,785
>S5 7 S12 = 588. 325 30 | ) 0200

2 - |
O ™ 5% 4 - 120 700 15 Illlllllllllllﬂlifﬂﬂlllllll 1500

V8p5 25.5 35 S15 = 60. 207

02000 'GBIAP3I6MB 84 L10 4.661 20
1.603 60.7 Aperture 40 15. 022‘l
40 S17wherdthe #&88cdmplises elements L1-L13 having surfaces $1-522, the index of refraction &@fiyen by Nq, the

1. 834 dispersi®@ifs BeaSdr@dbyitfie Sidhé nOMBH 9s giwen by Vg, and Z1and 22 aregwq@nabi@lrgeg:mgs at

45 | 12the indicated equivalent focal length (EFL). L 462 1.632 .
34. 8 S2@1.-=Azgom leparopstugyd, gpanged an_ggdqupg tgqpe{gfgubstantlally as hereinbefore described

1. 5005 with reference to, and as |llustrateq|_|né%ezpccompanyuy-firagvnn.s 50 S22 = -58. 480. EFi

Z1 . Z2 BFL 55 51. 6nm oo
AL o & ey i S P Tyl P

65_ 0 IShe¢ e Patel ) { X 5 P uingin: L » Trom -OO %may obtained.

42.82 80.1 ' ' 9.14 _ 21.50

46. 04 145.3 -16. 17 1.00

59. 53 20 . (B2033604 B

20 where the lens conprises elenents L1-L1 3 having surfaces S1 -S22, the
i ndex of refraction is given by Nd, the dispersion is neasured by the Abbe
nunber as given by Vvd, and Z1 and Z2 are the variable air-spacings at the

i ndi cated equi val ent focal length (EFL). 21. A zoom | ens constructed, _
arranged and adapted to operate substantially as hereinbefore described 5
with reference to, and as illustrated in, the acconpanying draw ngs.
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