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| MPROVEMENTS |'N-OR RELATI'NG TO ZOOM LENSES Phot ogr aphi ¢ | enses having a - ﬁf
zoomratio of - substantially five to one typically suffer from excessive
si-ze, wei ght,-and conpl exity whi ch. make these | enses inpractical for use in
what" i's commonly referred to. gggd ot ography; that is ,an image frame of \_
24\ . 36mm - Many exanples of z L Na 1005k ! 1 Q-4 €1 ephoto
‘Manyexames: f  ZOOM - Iensggotﬁﬁy ring a nor ephoto range
are di'scl ossed in the-Fyior'art; _§’1%ﬂe$%e§ev&@€aQ%mﬁng”EChanica|LY'1' =
conpensat ed type with i troveagygrop Séu’% nexi mum zoom r ati of §8trdkdntarry -
attainablein such a |lgns of reasonably S8l Fresi eeebsiva dibree to. .
one. However , once: the zOORM F&kN shishtemdsey@yey A three to one rarfgé; 2aé front -
vertex distance Sof: tthﬁzﬂ?Jﬁy as.vwel | as the é| anet@prachinag oforbagi AS,io grow
very very quickly with incr easeg?fr‘z“bémasas.‘im.dhgtgégg Lase of nost lensesls
conprises i's achi evedobetswees,f he optical perfor mance Bettie dnentagand il S
“physi cal characteristics. Reducing There have been attenpts to provide -zoom
“lI'enses- having a Iarge-200n1Ma&iamapgmab¢galI'relative.aperture.FbWBVer,none'.g[
‘themis really a conpggt |ens allow ng T8 ctsenicentriiandljng and .
operation. Reducing. the o ditpcloeenyih 1gf pebe Lens usually requi-t ¢8lephoto -
i nigreasi ng the power webndaldg, 3900 ng and statiofidry ¥eebwpsthiese e Jkeps- This
consequently l.eads to i nc_reas%if”@ﬂ"?%_é wpervigl i.gnal contributions and '
‘adversely ‘af f é@t_s t- h@operdnenpggH . and manufact ur g‘gimf’fit“? §Frupsie A epsiplhe e
faster the lens, that js, the lovel 118'tblatawecmperdurg the more-diffcult. =~
it is to reduce its 5’1‘zfei~becfamse tofonkNCpeased surface a%ef"razif"?%ﬁnlsn@a_uf
contributions producin:hzb the | arge apertlres. Mre tiat béoml rﬂ@ﬁi ner. has to
be very - careful ot fboBeshuge, aneenns, ot theoretically iegﬁe"ﬂf)tﬁ?eal_
~capabi lity which w ldeibgsi gogsi ble to pr oglucgrtéﬁcﬂﬁmncaldfytmegé se of :
_sensitivity to manufacturing \fé??‘&%‘i@nseofT&}gi,;seltgti ve aperture o the 1ens.
is commonly desi gnatiBeredsed 2dup {1, ratio of the &6 ValTenrickheaked ength -
" (EFL) . of ‘thegikens co_the.di aneter of f%éh%émseaaﬁempyggé of this lens. It
is well khown that PFPeYRd bowesd exe 8f itt%g aperture stop of SPPRFORisesis s .-
al l owed to. nove axiglly. w th change ot I‘_’?rf'é’mce@msir{eupgngq%dc,an help to
‘reduce the size of the rdﬁ?rﬂﬁeupthw.altering'the | oca- its I

'_\,/

HQWEVer"none Of”.-

20 allowing. .
0 an_d operation, _ g for convenient handling ==
Reducing the - - .
e o
increasing ¢ty - verall length of the lens usually requi
e po ’ €quires
ens. e Power of the Zooming ang Stationary gre
THSe S comsequent] UPS in the |
: ¥ leads to ip, '
: Teased syrf _
: contributions ap, ace aberratj :
- d adver onal .




1%0} ion of the entrance pupil .of the lens as a functi on of EFL, and =
stig|l allow for a reasonably high speed of the lens. According to t he - >
i nvention there is provided a zoom lens conprising fromthe object

.present
de a first positive: groupi ng - " novabl e ially for focusing, a second-
negatlve grouping, said 15 - second and. thlrgfgrouplngs bei ng
in opposite directions to vary. the

_S|hmltaneously novabl e aX|aIIy but
eqﬁlvalent focal length of said lens, said third grouping conpr|5|ng obj ect

anfl i mage si de sub- gr otffichts °oF “1?)(5’§Pt=‘|"v% 16?15[ |°€a‘1he?)"(?\ﬁk"rall%él‘%l‘ PReGR! si de

sup- . grouping having-a_ tel a : |
up- . g Up' g vi-ng ﬁglgﬂtwg%(!h hllq &e SU Og?ouplnﬁapt%oighat of

) of{ t he equi val ent focafaplaengt
thie i mage si‘de sub- grougaig bsls@gsﬁcnmhOOn;zﬂf&:lmO"r&re{mem ment of the
invention is a new and inproved zoom | ens design’ havi ng-alarge zoomng
‘ratio while maintaining a relfbd |*veltyvesnm411»uabsbltne degls drplosnondndleaishordt
friont vertex 25 d| stance (FVD). Briefly stated, the | ens_ conpri ses
t Hree | ens gr oupi ngs.  WTBe FREXY o B 6RHIVRESTS f@r&‘u;ﬁ?mhl@?& °F)0‘§Ft1|‘-9e to

opti cal power . and is used.for focu n imted ax nove thereof'
ngever it is ot- rmvgdefi Hereor St\‘/’ve%xé?’yaLn ¢ PePiot” r?!t‘)ved axi aril%l P Ptthe o

~ zgoni ng node. A secondrr!amlqlﬁagﬁ@ua,eOiocaegﬁtsfvehmy&rtufmeoi, LOWRE deddgsi mAgE
‘pfane as the focal length is varied fromthe |ower value to the upper o
EI ue. A third group of ajiosed ity Gropo\agallp W sh ichangk e BFL, esich crnopposichecaho '
e notion of the second group during zooning. The aperture stop is located -

thin this third novakgie to ry’r"ﬁﬁpfharﬁiz?(ﬂf §'ienfﬂ°PE|€F9“PoPY [FRESTARS ¢h¢ loca-

nstruction of t | eps et he h ro |n as
Ffurther the thi rgggr ogpﬁnggycgﬁeﬁtrafnger f’ﬁ’er \cllg&ll‘edrée 5 g? "\/‘(‘6 s°ﬁb°f3rg(1)mpf gs

Hoth the first. and.- second; Sdilsg QMR m&&%wmg‘ spaai 44 ¥he BOYRr - 5
The rear sub-grouping achieves a favorable bal ance of aberration correction

whi | e mai nt ai ni ng m ni mum-si- Aecoxdithg\Wwead gl poésehhanirmmd)yhdtawmjramat &0 of

firont vertex di stance (FVD% to equival ent focal |engt éEFL bet ween 0. 75
and 1.4 and is corrprl S BRPToTenE HioPRTIGERAI ST BRfsPRISOE, szgwu iTsk poaarfdwn@mmve

movable axially for focusing, a.second negatlve grouping, aald

t

i
¢ | 15 second_and third groupings being 31multaneous;y movable agzglly

g .\~;~ K | '-_ but.in opposite'directions to vary the eouivnlent focal_lengtn'of
E said lens, said third grouping comprising object and image side

: sub-groupinos of posiiive optical power, said imnge side sub-

'grouplng having a telephoto rat1o of 0.75 to 1.4 and the ratio

f 20 | of the equlvalent focal 1ength of the obJect sxde sub-g*ouprg

1 b e e By e
O

-to that of the image 51de sub-grouplng being from 1.0 to 3.1,
One embodlment ‘of the 1nvention is a new and zmproved

! - o E N . zoom lens des1gn having a large zooming ratio while maintaining

_ _ -a relatively.small absolutg dismeter and a short front vertex

P ] g 25 &istance'(FVD). ;Briefly'sta;ed, the lens comprises thrne lenn

.groupingsf' The first or front lené.grouping is of positive '

' optical power and is used for focusing by limited sxial movement



certaln optical relatlonshlps as hereinafter p@nted out. Lenses. enbodylng

the inventioon may have zooni ng ranges of substantially five'to one, with
sem-field angl es of about 26 at the | ower -EFL ranging to less than 6 .in
the_extreme tele- 15 . - {Rotod. paswevbPN,;, 0T 35mm phot ography, this will .
ptovide a lens with-a ratAed EFL range 01? ot Z‘ER)'Hﬁnaxﬂleylﬁvmt on wll now -
be -descri bed by way of ex?fr?ﬁ’l“emowbw gredehence 20 t he accorrpanyl ﬁ'b"g mode. -
dr awi ngs, in which: FI GSpja-1 b, 2a-2b, 3a- 3D, S4AUBISREEs trteibyps’d: 7h,

20 . - 8a-8b, 9a- 95 ndS Eﬁ“ ?Hﬁlakeagdi agrvgg*ggtéc views of Ienses‘as :
enmbodyi ng 't he . i nventi on er,a ch lens is shown In |°T‘f”éFe'rWerenat td'@he
position in each'pair .of flgures ‘ret Stled $rpup he ﬁﬁﬂavgqnggal A 1ens RPN
enbodyi ng ‘'t he |nvent?on dimgc then capl;bgl,_geer ed to have 5 three Wﬁ‘jedrlfgltwpl ngs .
GPl,  GPIl, and GPIII. Gouping GPlil |t|helf@t€f@52fltbede§(§,df’% ¥ ng S
sub- gr oupl ngs SG I 1a and %P1 bThaNbpdictres Uh; groyping SGI1b '? Yhging
‘described alens conprised of three groups @Bi E%Qedamuuﬁsaumhmqhi [ e,
p05|t|ve posi tive, negative power, successively fromthe object to |§ﬁé

side.. 10, - . All elenments of a | ens are identified by the reference L

folt owed by successive nunerals fromthe object end to-the i mage end. Al .
fadii of the |ens. eIenents are froma point on the optlcal axis A of a lens-
and are i dentified-. by the reference R followed by successive nuneral s from

the first object end lens 15 -surface to the last .image end |ens surface.

The radii are positive - . - - when struck fron1the right and negative :
-when struck-fromthe |eft. The spacings D, D2;. and D3 in the drawings are.-
t he spacings which vary in.axial dinension as the | ens gr oupi ngs nove

during a change in EFL.. FP.indicates the focal of inmge plane of the |ens.

20 Each lens is shomn in its-mnimum EFL posi.tion by a figure nunber
followed by (a), and its. maxi num EFL position by a figure nunber fol | owed

by (b). Alens enbodylng t he invention, as shown in FIGS. ta and |b,

‘conprises a first grouping GPl. of posi ti've power “which i's novable 25 - fo
*focu5|ng but stationary durlng zoonlng and conprlses elenents--f-.

lds = e The vari ous groups. and groupi ngs of the Iens al so have C
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LI,« 42, and L3; a second negative grouping GPI1 of negative power which.

novesg toward the’ i mage plane as the equi val'ent focal length of the |ens is

i ncr¢ased and conpri-ses elenments L4, L5, and -L6; and a third positive
groupl ng GPl11 which noves toward the object -as the 30 equivalent focal -

I'ength i's increased, and conprises elenents L7-L13. 1.1, a bi- concave -

el enent, and L2, a b| convex elenent form a doublet. of - overaII negative
powelr due to the | arg89RIBY o $@PLisdty off askhdnidal cdmdrrddehin 60N ens

el eri‘e ‘renders GPI of, Y& Akl 0051 L ye, pover . HEenents L4 and LS
arela doubl et of "overal T’Dnegeat%gf Po t¥ Wptﬁqiﬁm&ascém@axﬁe FuGrtestpithg GPI |

furfher inciudes bi- conleau%:eﬁlﬁﬁgr&anlbﬁ £drind Mg | &s..and FIGS. 1a and
Ib, | G ouping GPI I ri ses two sub-groupi ngsl‘@éf'ﬂ?a °afftf &reTqypings,

Subl gr oupi ng SGI 11 a i SPOP 9 irasiand ecavn-gaptd gslnaopasiidye el gment |
Very-

L7 convex to thes obj ec Wleth a | arge |mage si de ra i us sur
wedk doublet L8, L9. Sib: gafoﬂ‘Bl%fQ“E@BH

|qie surface of nuch greater mtam%’igt {Pdman sipeotd WE2ht oApYhiesieng

el ¢nents LIl and L12; !arnmhvan@agﬂtw%fgﬂ’r‘ah@ 33! of a negative
me?)l scus L13, concave to the object. To malvnt afnﬁfhgc{%o@%@cﬁ Sy i yet

tof all ow for reasonablffthdsiste dEB abewsed 0. T8l a4 whd B9 Qf pdilld ,L.etrﬁg% t he

po 2r of t he sub- grou%k‘g, SAd IJoﬁg shoul d satisfy the foll ow ng condi _
[err] Front vertex & standd® "?’\/B?’fﬁtbver’e@érsestagmehe di stance of tne -

'flirst ‘obj ect siide surface ofgihg ey ing SGllb to the focal
plfane when this sub-grouping al o]r:leo ?s ? cu ddg PHI%FE| 9fi F‘}e 1?#8 tlve hgyper
Tinmit is.increased, .tRertsizepuical @14 2B8shREs QIRS 50 |l owfor. a
corrpact easy-to- handl e package. On anot hlgsrC hanﬁ &2 terg% %b%ﬂfe ment i oned
"r'at1 o beconmes smal ler than LFRSeF pRbedyiingrithe ih#‘am;&d‘leay HQ}eVL sinale LGRS

el ements becone very - §F@§$s§antlalf0 manuf acturing variations Ieadﬁ‘% fo_ .

iincreased difficulties Jproducin ’eve tq gify with semi-field angles of about
P ) . -": 26 at the lower EFL ranging to less than 6° in the extreme tele- i
- 15 '
L _.-. photo posit1on.' For 35mm photography, this will provide a leas

w1th a rated EFL range of 40 = 200mm,
The 1nvention will now be described by way of example“-.
?
. w#th refereuce to the accompanying drawings, in which:

FIGS la-lb 2a-2b, 3a-3b 4a-4b 5a-5b, 6a-6b 7a-7b,

o

| 0 sas,
|

|

ievsAr FomsaldepndbideVer AuReio3]l
-injthe formof an.el em;e&% Q 1 convex. obj ect side surface and an image .

b it et e
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~To achleve a: favorable balance of- aberratuons the sub. groupihg SGIIT)(::>'”
i @lsconprlsed of threée groups G31, G32, _andDGB3 p05|t|ve and negative
. optical Power mhereln the | ast group has meni scus shape concave towards the

. Object. 5. éP C32 generally serves as an aberration corrector .and’
" may have a \ﬁadébr%@ -1Bbwere A gTePBRRAF t BrewFa gl aﬁw%rﬂmbodm% thee
‘absol ute rat.i roup rtance, as
- hereinafter gfﬁgléy 5§£ ch an ow?lﬁgtﬁé#ér Igﬁgogy 09 lﬁn

invention 1Qq ehchteawwfe@f@gbpauerrea%eupwrtmwamel ﬁa;hemcal Iengt hs
respectlvely The-axi al spaces DI, D2; and D3.-vary to change the EFL as

" hereinafter statédle#%Iamhsdasnghﬁunlmmeﬁtfﬁh nay derdcotsidehiechhthabawe zoom
range to subtend sem -field_ angles of berr] as scaled to an image_franme of :
24mm x 36hmthaRe ﬁﬁ3$§43W9PBinéﬁnnGﬁR) Ehm3nd Bt i or t GroupingbPEIFL "BFL is

the —back fQCﬁ Lgngéscrél}ed ?s ha\ri sug gzxaqxébnm§§f GIIla an@ésgr a(E:TESt ano_e

| ndex of . El enen t ure ( aces I on
Abbe No.: (T“Whthin sub- grouplh%FﬁclfTb‘ﬁgilggg &éscribed lens cogprised 15%

2.000 o 1. 847 = 77 893 =
-105. 577 'three groups8.G325 GSZ, and GﬁSS@chh are oE pdﬁhﬂld&S po51tufk 57 7
0.200 R4 75 550 L3 ' S.264 - S
1.741 - | negatgge PYRST = 5‘?3‘835192‘6’31-3’0@9”(‘[}})3 RbJ ect E"/Sm%? gade.

_' g’ 888 '. 10 ___&fgge}enients of-gég%gRZre 1de?i~19t1]f;.%dF§y _tlie- referen_ce_ L |
S - followed by'euccessive numerals‘from the object end to the'image
end. All rad11 of the lens elements are from a p01nt on the o
“optical axis A of a lens and are 1dent1f1ed by the reference R -
_ifollowed by successive numerals from the;flrst object end lens.

15 surface to the last.image end lens sﬁrféoe.o The radii are.positife
”: when struck from the rtght and negative when struck from the left. .
o The spac1ngs Dl DZ, and D3 in the drawings are the spacxngs
which vary in axlal dimension as’ the lens groupings move during

a change_in EFL. FP indicates the focal or image plane of the :lens.

20 Each lens is shown in its. minimum EFL position by a figure

number followed by (a), and its .maximum EFL p051t10n by a figure-
' number followed by (b).
A lens embodying the - 1nventlon, as shown in FIGS. ia and 1b,
comprises a first grouping GPI of positive power which is movable
25 -for focusing, but'etationary_during zooming and comprises_elements
-Ll;'LZ,.end L3; a second negative grouping GPII oflnegative power f
which moves toward the image_planefas the equivalent focal Iength
of the lens ie increased and'compriSes'elements L4, LS, and L6; and
a thlrd positive grouplng GPIII which moves toward the obJect as the

30 equivalent focal length is 1ncreased, and comprlses elements L7-L13.



-R85-" 74.538 4,086 R9 = -53.121 L6 . ."  S
.."1'697 .. 555 RIO - 148.879 4.9.510 (D2) R11 (7

1. 500
_ 46;961 L7 . ' : Ll 4,902 - - +-1..608
40..0 R12 --929 669 0.200 R13 = 726 860 L8 6. 485 1.587
'1.500

' 51#7 R14 . -31.445 L9 '
1.1847 2318. R1Bi- com%@ﬂemsnezw(%)zmabl convex séemm

8j148 R17. = 249 =
biase  form ipibyge o gyerplaggfadelie BeR e o theglanie R roo
18.004 L12 of refraction of Il L3, b1 convex @léﬁ%ﬁt, renders éPﬁ4ﬁf .
. 38.8'RR1  -46.653 2.692 R22 -18 3 .
-”1;500 _ avéﬁhnﬂ%ﬁasxuiiaﬁniaﬁ-BFL o "40.106 - In the foreg0|ng Table _
erture stop is |l ocated ‘between elenments L6 and =~ .

{ the iris defining the a
ii and noves. wit Hllmsngﬁohg anyl 48 pra. 2 dwdileitvefraueialdr @cgeE bek FRE t he

PI ht
g and negat | VLeS Ii)qqlcl)nggw?e St r(;l{'%kxp;zl;grai;ﬂe flurtger mcludca bi-concave

1

‘element L6. _

"in the examples and_FIGS.'la_and 1b, Grouping GPIII'cohprjses'

_ ' two'sub~groupiﬁgs-SGIIIa-and SGIIIb. Sub-grouping SGIIId is.of
 5 - :__.10-:p051t1ve power comprising a p051t1ve element L7 convex to the |
 _E'_;_- o object with a large image 51de radius surface, and a very. weak

i _ - doublet L8 L9. Sub-grouping SGIIIb comprises a positive groupﬁ

-, G31 in the form of an element having a convex object sxdc surfaue

~and an 1mage 51de surface of much gredter radlus, a pos1t1ve f_

e

fisﬁfgroup G32 comprising elements L1l and L12; and a negattvc.gronp
633 in the form'of a negative meniscus L13, conedve to the objéct.
To malntaln the compact size and yet to allow for reasona bly
.~ loose tolerances in manufacturzng of this lens, the power of the
."sub-group1ng SGIITh should satlsfy the fqllow1ng condition:
g 015 < P, < 1.4
| L EICH |
| Front Vertex.diétance or rVDIIfb refers to the disfdnce'of tne

fxrst object 51de surface of the rtear sub- grouplng SGIIIb ;o the

focal plane when this sub-grouping alone is focused at mfmity. L

If the upper limit is 1ncreased the size of thc lens becomc:

- 15 too hxg to allow for a compact, easy-to- -handle packlgc On another
'hand, when thc abovc mcntloned ratio becomes smaller than the

loucr lxmlt, thcn the individual 1en> elements bcuomc very sensitive

“to manufactur1ng varlatlon; leadlng to 1ncreascd dlrflLultlc\

pxoducxn; thc lens




Tgh_e spaci ngs of. ‘tfie groupings at different equival ent focal |engths are .

‘given below in Tableq,l , TABLE Il _EFL Spacing -~ 51.Smm ~ - 85.00mm &
135.00mm - - |95 06mh Bf‘g"-e- a_favorablmm?nce -oflg)"825rTm I
25..714nm - SEALISOWRIR,isey op A9 SLOMM - SLGRAIANS, the sub-grouping
assiom o 2.000mm O ©REC 08 HERgmmps 631 5.¢H00MYy (53 .
2.224mm - POsEObMn fdDnegat iy 773,357 M4 633 of pos3ryde,

2. 2241 e 0288, 3. ; |
“4,12 The relatiye aperture as exeinl%pl 2By PPYND wheatiias f; .9 at the -
fower EFL to -4¥§"é “theepgheon&hle dugatg, t fe Vi ng :apertﬂ??%t &2 Rhhre
the'iris diaseter stgys f %xgd. Thirteen exanpl®e£dfcthe-invention are - S
~di-scl'osed, and for .purp-bs 3¢ ofencoddri sefved ha QLo9gpization of the elenments ™
GPl erdj‘tlm'_‘ corsattdd and

~are set forth Pelvawa T | TABLE - v
T e L VSR e s i
L10-L13 - Lithe abs¢1ut¢l,%til,1gfl.\4 & VI L1-L3 fL8Pparent. 7.190,-
L10-L14 110 LIl, L12- L13r Y% Pewer of giduns3g3; b-¢s5 ;. . L8-LIO .
Li1-L15  LPPOTtance, wh3hetdfna kS W'l - L1-13  L4-1e® °f 17,
Lg . 19-L12 o do L1Q LIl N5 wovgy  L1-L3 o L4tLe
SL7-19. - LioLf * lg1and 1M i11ukiRaed qekl4 XV LI-L3

CL4SL6 - 10L7ad Y9t e r{{loi-“ L1O - LI'SLEBbodntms thé XWiédejon
L1:L3 . L4-16 [PIP8e Tower apd upser equikent 49631 [5agths wedpbbr fve
L1-13  L4-Léhe axial7spes py b oL14 L1 49931 Efﬁgth;slf:’t;e'slp%tivel*y- |
SXXL L1138  L4-16 T tL744.1%9d D3 vaey L8 change EAQ i LI L12 7
SL13 XXV & Xxvtated. 3 . L4-L6 L7-L9 L10- B s°*€ (4. as| hereies froy

'L13 L14,.L15 Anot Lejf; enmbodi ment of the invention is set forth in FIGS: 2a -
and 2b. * The structurds ﬂérahmﬁrtihleplrggse? differs in that grouping I _
GPl has-a -figshedq %c‘énve?, Jelement LI fo ¥ ot lﬁy Whigh darsvax ;ggH_h}@;, L3,
L4.. G ouping GPII COPH)F Sekd anfgilest opi zz‘;ghcqé(? 6e§<err'ent 1.4 fol [owed %Y tQ.
“negative ddubfretmel 5¢ B B § l}sLS bi - concave. - ‘G olp B2 s¢odpdi sesam image .
negat i v.e_rren'ib-isncg‘shul and ‘a Sffeednd 131 ERinvexsel spent, 315'%%2121 G oup &3
S C IS a bi'- . F a bi-convex. el 14s set forth
cconprises a Bit Cohbave elmmcil (S GN 3,00, Convex el SmenttRLAE ser foren

A - e v o o




The pr‘escrlptlons of two | enses of thi's f@rmare set - forth in Tables IV and

[N T

“thé |l ens sub-tends a sem-field angl e .varyi ng from

(2%

V! in both exanplés,
22.80 to[err],. and is scaled for a 24 x 36mn|nagefrane with an EFL range
. of SI ‘StTmto. 198 5mm.'1  TABLE |V Radi us of Axi al Di stance
"Y¥déx of El ement. .. Curvature (m’r) Bet ween Surfaces
“Reffaction . Abbe No. (mm) MEI_EI RL = 91 606
_1;517 69.7 Rz = 204.977-0.200 R3 = 99. 209 L2
6.256 - 1. 4&4dius of 70:A§h!r? Dist T,
2.0p0. Element 1. @dWature (am)’ 2Bo8widn ﬂﬁegsl 1R g@ﬁ) L4 e, u -
R6.|- -=207.668 - __ 1. 713 (mm) °571 o
"R8 . -48.686 L5 . : ) 4 000 = i
1.697 - 55Rb R9 551390943 L6 - - -
4.988 L1 1 8 . - 23.8 R102 9(5(54 889 4618847 (D2) - mlac
54;481 L7 : ~ 77.893 5 338 - 1.607
56.7-0: 2b6 R13=. - R% . 40§ oE 89 ; "1 581 8. 325 40195$u4 =36. 5010L9
1.500 - 1R847 - 238 RIS5lgg 707 9.109 (D3) - RI6 =
26{911 = 75, 550 S
f . . L3 .' o -'5'264- S e .
i RS = -738.126 | T s
. . _ R 1.000 (D1 B -
; '“L4- R6. = -273.757 _ a ,) o L
= S - 4,990 . 1.847 - 23.8
P ,  R7 = -39.174 ] S T
N L5 S o 2,000 1.697 - 55,5
| _ e ' 4.086 ' '
! Lo ‘R = -53.121 _ . o S
; ' : n 1.500 . 1.697 - . 585,
i . ~R10 = 148,879 1-300 - U 988
. ' L . - 49.510 (D2) .
¢ Ly .- Rl= 46.961 T o e B . o
] Sk 4.902 - .
f L : 'R12 = -929.669 - o5 - 11608, - .,4°1°;
. - 0.200 | |
; o s R13 = 7za.seo e o -
. ' - . 6.485 S : T
; Lo RI4 = -31.445 A A L S
7 . S 1.500. ~ 1.847 23.
P | R1S & -260.591 | o - o 8.8
| . R . . 10.825 (D3) -
i B | R16 = ~23.960 ~ . =~ - - R
3 Lo o - S s 1.517 . 69.7
; - R17 = 249.885 . : 3 ' o
3 U - 11.397
, Lii'“': " R18 =  64.858 _ o o - .
i : L o 1.500 ~.1.804 . 46.5
i : R19 = 16.770 - _ o o :
* . _ ' S 0.467
f L, R0 18004 COder o
o Lo L T 6.440 ' 1.648 - 33.8
' © R21 = -46.653 _ ' S Ty
' _ : T 2.692
g i3 ' R22 = -18.862 . L TR
? . L13 . -~ 1,500 -1.834 - . - 37.3
: o “R23 = -106 740 AR ' ' N
BFL = . 40.106 -
(O _—_
P N
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1.525 ﬁ”_3ﬁ

: . L - 8/ 076
. 0
Ll O 1 ing Tabld7B, Ithk iris defj ths.apert
89 a7 =-1041. 865 3 §28 fazeeoing BQngﬂ; 21, 867 3 9P Ing, the jape U2 5380
1.838 - . is 10%§ged between e?ements L6 and L7 and move2599th sub- grouplng
' =- 23. 600 = 28.914 L14=
i égi R22 SGI1la. Rzaoﬁtlv%8r93}t %5?41( 100 e T1ehARLE V,e%qlluﬁ |
: o _ Bet wee -
4.385 . rad}16§fg Sqnmstxfndeﬂﬁﬁﬂﬂ RlFe, curvatureGggW£2 .=:-198.419 :
Axi al Exstance Abbe No. (nn) RL. = . 101 00 R4 =
. Surfaces " ?2{7@[ spacmgs of M%gmupmgﬁit d44%erent equ1va%78_t4fq;cgal
- 7.471 - " 1.805
- :33 lengths are iven Table II. _ 2. 000-
2000 oTEES gge phver : bsoe o - “a8.001 e
%5 5 Ro =-190. 980 .~ 2.883 (Ply 4R 58.215 5. 742 LS.
- 25 : 1.773 - 487 R10 = 2180.742 o
--1.-:500 : 97 55.5 RO EFL 42, 255 gE |
2.000  Spachnf® 51, 5mm 23.8 SEE.00En(D2) R1133513fng¢ 195.00mm
LT D1 1. OOOmm 15.525mm 25.'/'_14mm 31.992mm
: D2 49.310mm  31.944mn ©15.651mm 2.000mm
- D3 10.825m 5. 460m . 2.224mm .500mm
g £/No. 2,88 535 . 3.73 4.12-
' The relatlve aperture as exemplified by £/No. varies from
2.9 .at the lower F.FL to 4.1 at the h:.gher EFL due to the moving
aperture stop, while the 1ms diameter stays flxed
Thlrteen examples of the invention are dlsclosed and for
. purposes of comparlson, the organizat1on of the elementseare set
o . forth below. '_ | o -
e | TABLE 111 | |
. TABLE ggl GPII SGIITa’  SGIIIb 631 @32 . G633
I L-L3 1416 17.19 CL10-133 0 119 L11, L12 L13
Wevr L1z L4-L6 = L7-19 - L10-L14 L0 111, 112 113, L14
X L1-L3 L4-L7 L8-L10 L11-L15 L1l 112, L13 114, 115
VIIT  L1-13  p4.ng - L7, 18 L9-L12 LS  L10, L11 L12
" XII § XIv L1-L3 L4-L6 "L7-L9 - L10-L14 - L10 L11, Li12 L13, L14
Xvi L1-L3 "L4-L6] L7-L9 L10-L14 L0 111, r12 113, L14
XVIII L1-13 L4-L6  p7.19 . Lio-113 Llo 111, L12 113
XX 1113 L4-L6  L7-m3 T Ly0-11s L0 111, L2 L13, L14
- XXIT Ll-_L3_ L4-L6 L7-L.10 L10-L14 L1o L11, L12 L3
XXV § XXV L1en3 L4-L6 = L7-L9 L19-115 L10, 111 112, 113 L14, Lis
Another embodiment of the invention is set forth in FIGS




P e

135. 00nm

b LR

Ly f o _3.104 R12 = -536.964. . ) 6;2
3*1pa - L 1,847 - 23.8 0,200 R13 = 34.221 R14 o —
851 - . . L.487 - - 70.4 R15 = 124 660 - . 1.500

1. 805 . 25.5.5.006 (D3) R16 = .. 22.%14 R17 =  167. 817

5.691 - ; 1581 L1l - - R18 = 35.204 .

1. éﬂ? - 23.8 -1.847 - 2 3. 8RI9 =2 2. 920 L 12

R2@— : 36 325FE12has a. ‘irst bi- -convex element L1 follcwcd6b5%8tu -convex douhlc

1. 541 47, -18.143 R23 = 114.343 R4
S 1278, 786 3. 183", MY 1§§§%$ hgSep11 C??frésﬁﬁ5?-f1r5t bi-gopcave element L4.

BFL 38 5853110wdd Akl Geb¥: 1€ dob oHEf § Ning LG g?eﬁiuﬁnﬁ&smp

iox:at ed between el ement.'s L6 and L7, and noves W-th su Veqg I‘I"a°“"'

The spaci ngs oﬁ-’?h@orgrrnuplsngsn@gaﬁlvfef eefDsc@guiMalant a f%ﬁﬁ!cd‘ %”gwﬁv«?{euc-xcnt -

giiven bel ow.. | n, ?bl e V. TABLE VI- EFL Spaci ng
L _comprlses BR. BO@¥ANCave elendﬁiiﬂIBnnnd a b1 sconvex,

22.S22rm D2°  46.831nm - . . 30.407nm

_14 997mm - - elégx§3£qq‘ : 9.109mMm ;- -4, 571mnj"-

24208nm L ART BN EL

3/ 73 . 4.1 In%TabI eﬂl.{/hotnﬁeolfrf‘g dlgﬁ‘rllsr?lsnaft élsapforrf"uflées?‘btp €°s‘“‘ in

ITgcat ed bet veemtel csmdit snd1\Q anteh bdth agchipaeas %&hléfpgosgﬂ,ogghﬁlg ﬁch,dl fleld
e spaci ngs of .the groupings at different eqw val ent focal .| engt

w ven bel ow i RS ¥3gying from 22. 8° to 6 3°, and is scaled for a 24 X Somm -

10 1ma5e frame with an EFL range of 51.5mm to 195.Smm.




. TABLBIVIT EFL Spacing s1.5mm - . /1 ss.0onm - 135.00 mm | KU

295.00M DL -2.883mm - 14.285mm . 23.334mm

~ 28.899mm D2 -~ 50.035nm . - - -31.496mm - . 15.039nm

. 1.ooOmD8 - - 5 006mm 7 2.782mm e |
. 994mmf/No. <. . . 2,95 . . 3.5 < T 2 N |

Arot hcr  enbodi nent: of the i nvention as - shown in FIGS. 3a and 3b utilizes
-only twelve etenents LI- L12. 1his emipedi ment differs prlnarlly inthat
sub- groupi-ngs SG A (GOBR i ses. Al pibtas@nvex dowyphet J€7. Al so, the -
~ forpeemeditconpon@niwitur@, (kk). OfBcgwewdp SUrfdcesa dORBESic CIUTDI i SIABBeach;QF.V\Iard
~ (object side) bi-convex elenent L10(mahd a rear nmenNgcus L11 G owping GPI. -

agai n conprises three el enment's, but here in the formof a convex object .

~ silde meniscus LIRland a di-6@6nvex el ement L2 forning a doublet, foll ovved by

- -a-positive neniscus L3, L2 forming a dodtilet,foll oaeé 18y ‘a posi t6%d

- meni scus L3, Coldex= toﬁi"n-é”(?bj ect. The grgscrl ptioon-of -this lens is set
'forthln Tabl e 11, TI;E\ o subtendso em -field angle.of [err]to 6.3,
and i scal ed f an-i g’e2 l'ane of ZéJ §6mﬂvv|th1a|38§FL range £f 451. 5mm

“to-l . TAIﬁL,E yllizﬁlsgryen t- rva t ure-( 'mm Bet ween Surfaces
Refrggtl on . Abbe No.. "~ "Ri.poo 311.4811347 R2 = %R.8476
2.000 - RS. 84713]1 231 23.8 R3 = . 108.672 - 9:718-

+1.589 - - Rgz 6 5%7 o8 R4 1.000500380 .'0.200 RS a
84.784 232" . 1.690 _ 31. : - R6. =
508. 484 - 2. 822, () LS. 1.500pg = --375@%7 | .g@§9 5.563
1.847 R8 45793 39359 2000, ¢y  1.696 . ss.1L16
R9 R .-_38. 1'43R8 = .'43.63%' 239 o * R N . : .
CLs 0 2.000. - 1.697 - §5.5

- "R = . 39.043 ' 3 '

L6 4.988 1.847 - 23.8
- R10 = -564,889 = o S |
. N 46.831 (D2)- |
- . 'R11 = 54,480 . : - - |
L7 - .U 5,338 - . 1,607 . 56.7
©_R12 = -374.745 . o | 3

. L - 0.200
- ° . R13.=  77.405 L L . o
4 T L © 7.895- 1.581 40.9
- -~ Rl4 = -36.501 : B S _
L -, ' S . -1.500 1.847 - 23.8
- R1S = 194,707 = - . . :
S - 9.109 (D3)

o - R16 = 26,911 - o
L10 PR o : 8.076 1.525° 60.0
: R17 =-1041.865 o - . : _
- . 9,346 |
' " Ri8 = 52.178 S - . g
- L1l : o .. 1,838 1.559 64.4
K R19 = 21.897 ' _ S
' L - 3.425 |
o ' R20 = 28,087 o . A :
L1z - o Lo 5.298 _ 1.627 . . 34.6
_ © R21 = -62.138 - S : 3}
T © 2.562 o
R22 = -23.600 - - . A '
113 . ' . ~ 1.500 ©1.834 37.3
.- R23 = 28.021 o . o
N S 0.445 -

‘ o R24 = 28.914 . T S
L14 _ o S 4,385 . 1.619 35.4
S R25 = -118.264 o U

o "BFL = 38,539



R10. = Inflnlty - o717 Rl = 591"-(::>
-z 7.648 . 1.571 ~

518 2 47.717 (D2) R12 -3094 /& .648 .
:51 1 L8 R13 = -106.827 .. 1.500 - - 1.831 R 24.2 L9
“R14 - 22.295° L 4.906 (D3). RL5 = 85.618" . .7.351 _

487 SR .70. 4. LlO - "R16 . 425 18.021 L12 =~ - -
{1 -16.627 - 5.731 __,£é§§§$§ . . . 34,2 RI8. = -68.855

1. 500 - " 1.806 . 40.7 L12 : R19 -19.620 . _

2. r363 © 38.547Radits of he for REPANOp{ J,EI"%VI I, e i Ti s defi ni ng the

agert §m§PBp i's ICYEHstErdcinmen Bbew@dt SdrFaaad crm %" Pive radii are.

stir uck—+rem-the right_and_negative_radfamyare struck l% CLERB | efdbbes No.

Ttgle spaci ngs of the groupings at different equrval _en‘t*\“’ova%—i—engt-hs-*h-pe

given below i n Tabte TX l0Aam8Z | X EFL S paci ng 51.5mm

'85.00M o 1§g OQ n 98.419 1 9 S.0Qdm 10 D11, 487 : -§2§nn1

12 015mm ~ - 5. . 29. 739n1 D2 AT, 717nﬂ1 :

30.486mm R38=50%mm44l 2. 008 . 4.906nmm.

1. 699k _ 50091&§ 2.8 - '

3 . 846 -139 520 4.0 FI 4a and 45 #8Zcl ose an70 4

) gnbom {‘n@nt of the gnvent| on where 15 the, g§eupi ng GPi éo'ag<es the -sape form
tive mefPstus LS

HoVRPeE 60 gr oupi ng GPI I i ncl udes a° poSi

gs.in. FIGS. 2a- 2B
ggggegé L4. G oup.&8BP @1)sub-grouping SAI1b-

- ehind the bi-congave
¢onprises a bi-convex

and bi-convex el egents L1306
}ens as further set forth in Table X has

ihe di aggonal of tRée Rmmgbsfzege. The Iesh's

L12, L13 followed by bi-concave elenent L14

ower EFL which is- | ess than

bt.ends sem -field angles of
wi-th an ESFSL Sr ange

§27 gtderr], and is scaled for a24x3§rmy0|rragefr
o 41,g0mm to 19R%0mm 42.255 | . ¥/ |
| ~RIO = 2180.742 4992 Ly 23.8
f | iL7 - '-.R11z= 154.385. o '59.035 (DZJ . h . .
[ m2=-sse9eq 10 Lm0 g5
P T M e e 0.200 | |
[ R13 34.221 o S | |
L - R4 42,312 0 851 . 1.487 - 70.4
. RIS = 124,660 300 . 1.805 . 255
o o ' 5.006 (D3) | o
. . Rl6 = . .
L1 | e S R
- R17 = 167.817 1691 1.581  40.9
R18 = . 35.204 .. 6.077

e RI9 = 22,020 1500 1.ma7 238
up 0 RO 3635 TS0 S
Y e snses 6,578 .51 472
s R22 =::¥18l143 : _'87928 | g o

A REe 114343 - S l.s00 .' 1,834 37,3
s R '._278'736 e |

4 o sasz T 1.847 a3

" UR25 = -35.211 :
.. - BFL = 38 553

AT O s S NS D 830 o 0

x .
f e b, e -

veral | .conbi HdY negati v« PBrver. 20 49.7 This o

A TV UL e N ¢ e e g

. b A ead ot kb i b mA e b o e




. o b t o T /%dex of ﬁgfvg}“r? ( 81 OSS'LIH' )
 TABLE*X El emen : n - Abbe No. = 1.0 -
- Bdtween Surfaces Surfaces o REfraCEI287 7004 R3 = 81,894

R2'=-357.220 . .  .6.073 "'- 1517 . 697 R5-

0.200. L- R4 = ;1%365880:,“. Ly 805 _ ; B ,l 25 5 RS 57741_212 | . 000 -
(Drf R6 - -145.203 L4~ - 2000 1,850 . ST 322 Rs

}485(7)257 : :__ 29 lzn 71‘§b6271‘[5ﬂm9 iris daﬂlﬂﬁi’g the apertgurfoiéga is located

1.617 0 betuéﬂ%_@lg%gnts B&Sgn ?&7, and moves wﬂtﬁﬂﬁ%;ogrouplng ébl§%7
=%3.8'R13 = 244T336$pac1ﬁ£% %%Otﬂégggo&g§n§%4at d{fﬁgnyansqu&iﬁﬂéﬁQ§E$4§ﬂ
L 3.8 | : 0 - 1 o
.}nig; . a.1ength;0aneﬂiwen-§;%88 ﬁ?ﬁ%ble Vih. (éBgOng 125.375 .
GBI 1Régi r34 53.3 L12 R0 :i 832 e 37'3'R22- |
7312 o SOBABLE VI T R :
12 722 R21 = 17_194 P 3 1 sogag——ff- . 51.6 RR2 -~ 4.S 436 7.
4:500. L14 O R3= -

'§0.260  Spacing 5. Smm_.', - gs. 00mm . 135.00mm '_ : 195;00mm |
I . n - 1.000mm - 13.307mm - g, SZme . 27.537mm .

D2 46.83Lnn o 30.407Tmm - 14.997pm -~ 2.000mm
D3 gi109mm © 4.571mm '2.208mm . .500mm
C fMNoo T .9 S 335 T 5 as S

J*Lbetween elements L10 and L11. and moves with .sub- -grouping SGIIIb.

The spac1ngs of the groupings at dlfferent equlvalent focal

lengths are glven below in Table VII

 7 TaBLE q;;'

| | o . ERL S o
~ Spacing Slsmm. fgs.Odmﬁ - 135.00mm 195.00mm -
b f'-__z.sssmm' S 18.285ma 23.334mm 23, 899mm

op2 _ :;_. 59.03Smm o :ﬂéi 496mm - 15.039mm . 1.000mm -

D3 s.o06mm- 2. 782mm . .9%4mm  .soomn -

]ﬁf/N¢._'fﬂ.1 -z.95 o  ;~5 .5 - s 4.1

: T e Tt LIV T ._.',"_.__..,‘_.":_;.:..;:._..-..____4._7_.”..?:}.»_y._h_,ﬂr_mfw,:__,r’mmw:,




15 * Re5 = --56._0'60 ] | 0.724'R26 = -75.126 - 3.971
1. 847 2 -23. 8 BFL 38.556 - - In the foregoing Table.X, the iris
deffi ning the aperturc stop is- Iocated between el enents L7 and LB and noves

w ijth s ub - grouping SGIlla. Positive radii are struck fromthe. rlght and -
negative radii are struck fromthe left.

-th grouplngs at differcent -equival ent- focal I'engths are given bel ow in

_Taﬁle_Xl TABLE: XI - - EFL Spacing - - . 41.0mm- _:8S;Q0nwr_
13%.00nm_- . 195, o0omMm Dl - 1.000mm .. 17.567mm . e
26}928mm . 31.136'b2 . -~ = - 47.970mm - .26.960mMm _
13; 815mm- - 2. 000mMm D3 S .14.245mMm 4.978mm = - ¢
_2.,26ﬁn1,j .1 .50 :
35 o AR Modinens,on, € Fiveraan he I oI ol e

bit- convex el ement L12 of overall p05|t|ve ower. -Group G33 is a doublet -

chnpri sing a beuboricdieccenspErdowr et k3, bl a -WisSooRbexfaremdnconnanet:s

of orm.a

Il P hi
thrih in Tabl cbiod g Kioer Charh orebten, 5EBRRL 8N § Mot Mhol S

5mmto 195. Om BLE XI1 El enen rvaturc (mm Bet ween-

%errl and are seplPei8oR0ek PARATT00 arf & FAAThe Hdh AR IFEL Tange of
g |

= S 685 LT 51. 2.000 1. 728

8.7 R2- = 35szjpf a convcv obJect 51de menlscus L1 and a bi- conve\ clcmcvt

LZ forming a doublct,_followed by a positive mcnxscus.Lo, '
' ~vorivex to the object. | | | -
' The prescrzpt1on of thls lens 1s set foxth 1n Tahle VIII

'1he lens subtends a semi- f1e1d angle of 228 to 6.3°, a d :g

is scaled for an image plane of 24 x 36mm with an EFL range of

51.5mm to 195mm.

A e ——
b M ey g

D Tt e e g st e )

The vari-abl e spaci ngs of_.f'

ventic 15 \A@ﬁ&esnﬁPuluqmgléﬁﬁy amieuvsoay&%cmub;hembl HAMchBoblnbeing a
‘nggative neniscus, and L2 is a.positive with'its shortest.radius being =~ . -

‘c@nvex to the- dbfﬁnﬂa préEmanplE3ih cdvagsr ssbsgroupdeasi 861 bnicmps ikks, and a

rfaces = Reff&giingnGPI £§ﬁ&h N@mp&ﬁﬁ}s three elements, bhut here 1n'théﬂ _Rl': 



P2 % L 113227 1 487 70, H‘

‘B3 = -300. 792 0. 200 R4 = 70.392 L3 . -
4.236 © - 1.487 70.4 R5-.-= 260 451 2.174 (Dl) R6 =
C . 1.500 1773

ol.bes L4 032 R8 50. 332TABLE VIIT

49,6 R7. =  33.369 5. o

180~ . 1.697. . 555 R9 = —20°3I5 L6

' o -1.sa7 .23 8 RO = 372 044 39, 101 (DQ)lR%éS

_5 544 S
- Radius of .
ance Index of

278. 9481 dalnt ;3 i
hah By seserian):  KEve .
_25 7 R12 112 13 0 70, 4“9%% ) f§ﬁ§s741 Refraction _ Abbe No.

1 500 .- - " 1.gP8 . 311. 481 P 5, 344 L 1 589

130,554 kho - 65 53. 10& Qo0 1.84
13 RI7 = 161. 99 9.7
Dl e T 1oL QTR g - 36732 0.998 20 = ot 95% e
v 4621 . R31608108.672  60.7 R -86.52B.583.000 45
L . | - 0.200 | - |
: : R =
S RS = 84784 . . '222'_ IR L Y
s R7 o= lg7.35, - 5.563 S CL AR £ N
5.239 R

e . R = -3ges T
S . Inflnlty S Lseo gy . s5.9
R T R ; RIL = s9518 47 717 (pz)~.’._. . '.f. o
s . RiZ.=' -30.945 - *®48 - 1.7 - 51.1°
7 R13 = -106.827 1.500 - 13 . 24,2
\L/Q . Rl4 =2, 22_29.5._:_ - E .' '4-'_906-_@3) | : S _ |
. RIS = as.es 7.351 .1.487 70.4
| 18.021 - | -

Llo. .. R16 ;l' l5.4_7z.5l . a .- - _ o
. M7TE eey STRL O pen EEN
. R8= .6g.g55 .50 B %
§f . L mea 15, 620 o 2.365 o . o
| . Ro= -53 sse LS00 ages 4,
BFL = 38547 .
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T e R AN S




SR SR S S R -~
R2§ Y20, 688 L13- - . oo 1L 200 . o .;'<§§
-1.473. . . 49.6 R23 = 36.746 L14 - SR '

3mmmMwaH

%GZ_H_ o - 1.673.. - 32,2 R24 = 36. 746 BFL = - 38.S50. TABLE .
XIIL Radi uS .of = ~Axial D stance - . - Index of Curvature (mm - Between
Suf aces ‘Refraction -~ Abbe No. Element 2.000 . : 1.847
'2353’RQ = 61. 77¥kn the fq;cg@@ns lable VIfI48vhe iris deligpng ¢l aRpRrturc o
;(hfngglé 02%89836§5 locagﬁg-?ctﬂeen elqupts L6 an%éa 2?95%4é6§§ég%17Zéc
2.000 R7¢con the ri3Rs5akd i %@— 3% 84w ¢
gaz o St¥5g sfFa ¢ ‘ﬁi%g 508 %atlve 9 féecbéf %ﬁ %” 5§ 289
1836 . 1e¥t80 . . - . 2S L7 : _
¢836 R12° -218.835 L8 R13 = 37.170 o 7 645 =
487 - 60. 253 R15 The spacings of uhc groupingeoa~ different, gmﬂ1va1cnt focal.
3.8 L9 RI5: 74. 160 89 (D3) R16 L 28. 233 - '
691 . lenpshs are given baB°W-H&d?ble IX5 691 R17 = 161.805
196 LIl R18 . oo : 1 500 - , 1 847 -
Spacing 51.5mm  85.00mm_  135.00mm 195. 00ma -
10 D © 2.822wm  12.01Smm - 25.282mm 23, 730m
b2 47.717wm. . 30.486mm  15.603mm 2000w
b5 4.906mm L. 699mm . .788am . .S00m
f/No. . 2.8 s 3. 3 s 6 e

.« -

FIGS 4d and b dlSClOSG an embod1mcnt of thc xnventxon whcrc:
15 the groupln; GPI takes the same form as 1n FIGS Za Zb. Howcvcx,
' ~ grouping- GPII 1nc1udes a posztlve menlscus LS behind thé bi-concave

. element- L4. Group G32 of sub- grouplng SGIIIb comprxbcs 1 -

_b1 convex doublet L12 L13 followed by bi- conuave elcment l14
and bi-convex elcment LIS of overall comblned negat1ve powcr
23 1h1s lens as further set forth in Table X has a lower Lll

~ which is less than the diagonal of ‘the 1nage frame. The lens

N
e e b e o

':ubtcnds semi- fzeld angles of 27. 8 to- 6 3 y» and is scaled for

"a 24 x 36mm 1mage frame, w1th an EFL range ‘of 41. OOmm to 195 00mm



'.'3-3...166" _' S ' " o ' o 48;_8'4:.571@:\.’2
: rR22 =

- 1.13% R20; - = - S :
- ¥.532°  48:8 L12° ' R2l = -115. 7T48ABLE X 4,571 11.. 000 =~
-18y977 A - 1.83F —— . 37.3 R23 = 73.633 R24. =
94886 o Bl Eﬁfﬂl . 1.785 ~ 25.7 L14 | B
- R25 =gja 880 BF). #2dius3® {550 Axidiheife; ing Tahle XIl,.the iris. . -
_ defi nFln% the aper tUF ¢ 4rsp () I.odecb-esugéfh% emlﬁgggg%"a‘?ﬁ L7. _Positive -
radiiTarestruck f+rem-the—right aﬂﬂ_w-i ar g Stk fro‘zgfh%im
o left. -.The'_spaci_'ng§Q of _the groupings. at- differen eqU‘i‘v‘é'I"em—_-S - f —
.. lengthgjare given bel ow. i% P28l e X1 V. TABLE XV EFL Spacing = .-51.5nm -
. 85.00mm . - %35.00/487 5, 195. 008RPES 1.482.174mm 9.4
©12.738nmm . ---18.123mm° " °°"  22.25Qmm 100 D2 - 39.19Imm
©25.950mm - R312 813meo4 2.008mb3 - 12. 937mm o
. 8.08Snht 3. 2S3mm . .500 é‘hb.' 617295 . 3.5
3.7 . 4R4 = |-ilBhesgéoregoing Table X I1, the’tiis definPlg’the -
ts0dd O and 'LI{ gggl noves wiih sub. -

. apert. ulf_ e stop .is +§ca_t ed between el enen . _ . _

15 grouping SG 1%, = Pd4lt?42 radii are struck fromthe right and® htgative. '

.. radii are struck ggom thgs! 8f4. The spaktidigs (BR)the groupings at different. .
.equi vdldent focal |engths are Qgiven below in Table XV, - LE XV 20 -
. 2.000 398 0m 32.2

. EFL -Spaci ng’ R7 51.5pm)28p. 00mm 2+ _
~195. 00nm DL o 1.774mm 1§§9§mﬂ < 23.690nm
+'28.07Qgm D2 R8 = 440 228 - 30 473mm .- 15.272mm
2.000Mh D3 . . . 8,989mm - 4.3084gMm 1.192. S37TMm ., .
S U500mmit/No. - RO nekg4s 3.5 - 3.7 08 4
L R0 = -34.696 039 R
Lo " RI1 & 30.644 S 2.000 0 1.620 60.3
o R12 = -836.811 .602 L&z 23
e RI3 = 244.236 47.970 .(D2) : |
- ‘R14 = -159.720 Ses7. 0 L7 i3
L -0.200 |
R1S =
o - F 5= 37.449 o .. L |
tie R16 = -59.792 - ""7‘564 v 1e4s7 - 70.4
RI7% 128574 1500 187 238
S - . 14,235 (D3)
. | R18 = o _
Ly ERAEE LA | - o |
- . . 12,722
R20 = - | |
L12 (Re0 = q0.777 | .
R22 = -45.357 8.377 . l.529 . 51.6
. RIZ = . - 4.500
‘R24 = 50,260 1.500 1.850 - 32.2
s R2S = | T o0.724 o
o " R2S = |
1s R25S se.ocp A S o
o R26 = -75.176 3.971 . 1.847 3.8
|  BFL = 38,556 | | ” '
{

a3 .
p——
iy




Fl (SS Ga and 6b exerrpl i fy anot her enbodi rrent of the |nvent|on whi ch d| ffers "(
fﬁénlthe ot hers primarily in that group G33 is a negative meniscus L14,
coicave to -the object Group G32 conpri ses positive meniscus L11, a

"negatlve 5 meniscus L12 fairly.strongly<tbhcave to the image and a
“bi Fconvex positive el errent L13. The l'ens subtends seni-field angles of 228 .

tod8.3 A prescripti oné{?f ef°r%?§é§€ SHA LGt OpaN; PR o g&q@ g]‘c f},c);t?@gﬁn

_mnfh an EFL range of nn1to Ommis dgiven in10 T - TABLE :
| El enent _ <topRﬁdllﬁtdﬂbd between elemﬁ&t§|Lfliﬁdammeaﬁnrmﬁ&dﬂ’®1¢Hn)ub-'
S Supf aces - Refract.on Abb  No (mm Abbe
No? RI° = 94.32rpgpReg SGLIJ25 2P@sitive radii age 153:7ruck from qhqr,n;,ht and
516 T M Mprive rauis g8, R Raggragore S
‘14847 s 23.8 Lfyo v 75. 603 ;g@gﬁthRri:
43,006 l 500 _4hc \ar1a£R91§pacﬂné§ @Q ge g{ﬁ¥p1nbs CTOME - o6
4:571 L6 -  cqBvalenB&oARQ lengths are: ng@@QJelow in Taﬂl@gﬁ' . o
55.5 R11 -2603. 400 ° : 4.988 - . . 1.847 ' 23.8 Rll
57.230 . . 46.933 (D2) R12 = -355.668_. - 5.338
1; 607 .~ 56.7 L8 © RI3  GABREIXI - 0. 200 L9
RS -38.031 - . 7.895 Lpp8l © . 40.9 RIS = -
383. 703 . 1.500 ; 1. 847 23 8 L10 R16 = L
126. 072 . 75 (DB) 264 So0 185 195.00mr -
‘4517 6324—E%§ 4E%§mm : ?g O ./ A "
o - . 1.000mm 17.567mm L .26.928mm . 31.136r
p2 © 47.970mm  26.960mm  13.815mm 2.000s
D3° . 14.245am  4.97%mm 2.626mm - -.5000
£/No. 2.95 . 3.8 . . 3.7 . . 4~

- FIGS. Sa and Sb‘illuotfate anooher_lens embodying the-inventio
~ -_' 15 -whore GPl comprises a bi-convex dooblet L1, L2 with L1 being'o_
| lthegativo menisous, and L2 is a positive with its shoftéSt.radius
‘being convex to the object. Group G32 compr1ses a ncgatlv
'.menlscus L11, and a bi-convex element L12 of overall po>1t1ve

power. Group G33 is a doublet comprlslng azbl-conqnvc-clcmcnt

S

20 L13 and a bi-convex element L14 of overall neqhtive power.
| | Prescriptions of two lenses of this: form are set forth in
'Tables XII and XIII. Both lenses subtend semi-field anglcs oE
T 22.8° to 6.3°, and are scaled to an 1mage frame of 24 X 36mm

" with an EFL range of. 51.Smm to 195.0mm.



. and bi-convex Rl enestolm2 fol | owe _
‘conpri'ses hi - concave .el ement L4 and @ JLrigoconcave doubl et LS, L6. . Gouping .

S T TP RSN - 2. VST A2 e T M SR R Ay s e L L % A A TR T Ny YT I e Lty - 5oL e w0 A £ X T i R e PO N 2

'R19.= Y 157. 667 . 2.881 1. 487 | 70.4 L12 R20= :
132,141 .. 0.588 R21.= . 17. 564 o 1.500 - 1.786 ‘fcl
743.9 L13- . .° R22 a 18.852 R23 = -54.308 . .. 6.418 - 0 NC
©1.648 - . - 33.8 L14 - R24 =TABIZ) .XJ96 ... 2.694 BFL =

. 3§. 540 The lens of the foregoing Table XVI has an iris defining an -
japerture Stop between el enents L6 and L7 which noves wi'th sub- grouping
:SAlla. . Positive radll are 'struck fromthe right -and negative radii are

?struck fromthe Ieft 5 Tr\1e spaci ngs of the novabl e el ements at '

_du@ EFL' eIOMIXmNBuESXVthEFL Spdeideg of '51.5mm
Egn§£E %“ aﬁé&?ﬁihﬁ% 10! °fwzzg Surfaces  |Re@@@mmion  AbBeI¥GIM -

! 23"707‘m‘n . : - N30, 323mm Vi ' o

14.940mMm nmg? 10 275mﬂ o ; 5 30 3mm

P 2. 4q0nm - 500 1 b; _

3.73 . . - Rz 412 K 7a and 7 'snr?gw an enbold'l"'ﬁént of thel§ ﬁventl on

wheng 15 groupl ng CPI |nc udes a_ doyplet conpri si n egative: iscus LI -
8Hby bi - convex elg‘ezent L3. Crréfogdpl ng GPI I

GPI lLl i ncl udes R4 - frrst7%tﬁ5’—group| ng SGlla conprising a Positive ‘el enent.

And convex- goncavg %04 doubl et L&,.2368;- and sub- grB(Zupl ng SG70.4 whi ch
corrprl ses. a bi-convex‘® nr’éfnt L10,. a ni%at ’\riﬁ meni scus |,Il convex to the"
obj ect. side wi tpg a-bippeax el'enent 2L )i nal Iy a negatl ve meni scus -
L13Lgonvex to the image side. This | gngogs furthe ZE forth ”l Tabl e XVI |
has a | ower 2SR7 =  33.3b9g5nm and an upper EFL The *&x mpled .
| ens subtends semi -field angles of 23%. aezto 8. 20 - as scaled to an i rrage' o
frarﬂg of 24 x 88mt -50.332 _ ; 2 S S

iy ~ R9 = 29,315 RO 1.697 55.5

R R10° = '372.944 = L 1. BN
. . ' : 39.191 (D2)
oL R11.= 278.949 _— e
oL S S . 3.349 1, : hE 7
e . R12 = -112.134 . LTS 287
';EL' . R13 = 37.648 : . - " _ o
: - : S o 8012 - 1, .
o ~ Rl4 = -46,741 6 2487 70.4

T . Cac S . ; _

: _ : - 1,500 : 1.728 _

o '~ - R15 = 130.107 = : IR 28.1
- 12.937 (D3)

g eT sesse 5.3¢44 - 1.589 61.3.
| .~ R17 = 161.993 ; - o : S
'Lil -: . RI8 = 53.104 . _ ::::§ | .I'i}sds . 5'
S RO = 26,732 - o T o
- 0.998
'le- L  _32°5%' 38986 l '4.253- - -1:663 o 60.7

.. R2l = -86.528 - S IR

S - 110.000
Ly ReE= -20.688 o IR
- S “1.200 773
:  R23 = 36.746 T o1 773  49.6

R24 = -36.746 _ |
I © BFL.= 38.550




4 TABLE. XVI 11

8

0 e e AR R : ) .

ety R e

4 TA Radi us of Axi al” b stfhce. I'ndex of “El erent @
Curvature (mr) - Bet ween Surfaces _ "Refraction. - Abbe No (rm -
iNdV R1 = 43.818 L1° TABLE XIII 2 00. - _ SRR
11.805 . 25,5 5 R = 30.325 T2 - SR
19. 03" o 1.487 704 R3 = 660.800 0.20 R4 = 57.757"
GO .+ 4.58 . y l1 4§; S 7040

S -2198. 63 Z;Q%IQL)of R&ial Distgmxed7e [4 ladex of - .
1 5Qlement . Curvaku?SG(mm) BGWS“—‘Q ggrfaces 3%55‘“4“4&? rg Abbe My £og-
o - { mmp) M go4gy ._-—4L--70 4
- R9 ‘-"'27 5726 . 419 1,847
23. 8 RlO =. 21@1640 280880@2) Rll = . 58063 L7 , - 23.8
276 785 - 25 2% = 4s1is¥ 20 ri3 77T 40: 879
3 R2Z = 61.777 - 6.4§ 540 1.487 487, 0.470.4
CJR14 =Lz -30.890 L9 015 - 1.50 . 1.805
25,3 R15 1—R3 179 38294364(D3) R169=200 26.196 L10 - 3
S.72. Ra 4 487 007 70. 44RI3§3=“ -122.438 0.4
- N RS = 141. 1.774 (D1) | ;
g - = -219.606 o = 49
L RO _219 o 1.500 1,773 49.7
. ’ = . z . . ca . - . N
L R§ = ~-50.056 2.000 1.697 55.5
Ls _ g - . 1.697 |
| - R9 = ~ 39.784 - .4'992 1.847 23.8
. . =- . 300 . o
' _.RIO 1453 47,246 (D2) | | o
- CR1l = 93.289 3.836 1.805 . 25.5
. = - .835 e
Rz o= 218855 0.200 ° I
; I'JS R13 = 37.170" 7,645 1.487 ' - 70.4
L9 15 = 74.160 = L '
R o ' 8.989 (D3) | |
| - =  28.233 I ' : 1
Lo R16 = 28.2 . 5.691" 1.583 487
_ " R17 = 161.805 . g 196
o R8s = 41.946 ' 1.500. S1.847 23.8
L11 . - _ s
- R19 = - 23.983 1.133 | o
: R20. = 33.166 3.571 '. 1.532 ' - 48.8
B 2= -115.748 . ‘ o .
| RZL = =15.78% ~11.000 | . |
S R22. = -18.977 -1."5'00 1.834 37.3
L13 T | a o
_ R23 =  73.633 ~ . 0.505
. R4 = 94.636 - | Y 25
o - R24 94.630 5,061 1.785 25.7
R25 = 73S GFL = 38.550

VIR TSI svm—————_, b T




- Xl
L X,
11 13 ?ua = 54. 654 Lll "1.50

17.908 L12  .© -
13834 o - 37. 31819}16' fore]g%lgigél'g%)ggpgi,-t he_ 17171534;5&5;12@1;% aper‘t?z?e(2346 :
5.14. - .~ 1.743 o
B e SN
c rl% thec i gbit betdveigaeh 8Bl $ 116 ang, Tom ¢ -
'7S§EfSL28pTES ngrF&r 1b5|t|ve radii are struck fromthe rl&h 3ﬁd h%géﬁfW% o

cradii are struck fromYHENEFtOfsthe grouphngs st mlfﬁew’a@'é‘ﬁ‘é 3 X EFL

. Tabl e XI X. TAB :
. grouping’ ats deE@Ien&uﬁﬁk arg ggy?Pb% Lgmﬁﬁnﬁﬁgﬁhgrv  145nm 10. . D1
Spaci ng -

2. omm 'miwm': 1Z“mmﬁ”1emmﬂn434ﬁ ”22%&ﬁ
Ll o .g_11;331nn1_v.1;c0nn1 ABLE XIV o ' :
:g}Qegng1 ©0.50mm- D4 - . 38.50mm —— 40358g“} : 47421"22 -
55, 28mm f/No. 3.2 . . . FEH '

: he: |nvent|bn shown i n
“AnoO | en: fourte | enent s and enbodylng t
'férgéhegalggsﬁggg%%%‘sane gggéﬁgﬁ conflgﬁ?& ™ on' as sH@SN00mA FIGSlgSaogmg

ex. This lensis set forth |
S ML e Cxamption thal ZedRal L3 IIIS"')els}I Sﬁﬁgx t he dit&gdAdmor the@2i.260en

This. o
.20 . plane:? Thil® | ens subt¥ndsiseni - fi elsdogpghes of 29129&5;?;? gﬁérgf 25006an

in Table XX. Thi's | ens has a Iomer EFL

' ' to 146:0mn. for an
ns as. scal ed 40 EFL' s of 38 0nn1 |
fggni1|s def.i ned as followé 7mm _ 8_055mm_4-- - 3.253mm | , SOOmm

f/No. -~ 2,95 3.5 I X 2 4

" In the forego:.ng Table XIII the 1r1s deflnlng the aperture
stop is located between elements L10 and L11 and moves with sub-
- 158 groupmg SGIIIb P051t1ve radii are struck from the rlght and
negatlve radu are struck from the left - .
‘The spacmgs of the grouplngs at d1fferent equlvalent )

_focal lengths are glven below 1n Table XV

" TABLE Xv -
20 -‘_; R kR | - | o
 Spacing '_ SL.Smm - 85.00mn . 135.00mm  195.00mm
n _'.'ﬂ 1.774mm 12.804mm 23.690mm :28.670mm¥J
D2 47.246mm '30-473mm - ~15.272mm - 2.000mm
'Ds_'_e  8.989mm 4.08mm 2.537mm . .500mm.

£/No. 295 35 s 41




ol

TABLE¥ XX Radi. us of Axi al Distance - | ndex of El enent
C‘Jufvature ¢mm. Bet ween Surfaces  Refraction . Abbe No. (M R ="
84075 L2 R = 35 070 e - f7000° . - 1.824
3244 L2 - o 10'644 | . 1.487 -
70.4 R-3". _—Inf|n|ty 0 200 R4 = -551.202
F18e 63 and 6b ee;erzpalMfrmbfrmmbodm@m?oél@u '

'7?293 36, 651

rLS 1 500 - 1ril'veutlon wkl%lé#hffer% ?Z%g qjh gtheré ppl%ly in ttﬁ;’ 130 -

P |

1 1. 647 RIO = 1361% 63 liZ a negative men@c]us L145 coﬁ&?vcﬂ?ﬁ the oszect7 -
31 013 _Gro@ﬂ@alZQcomprlses aRpdsitive 3@114@&’115 Lll, a nGgESDve _

1¢ 487 70.4 R15 = - 83.438 . '1.500 1.789

2§7 5 RlI6 .3 m&ruscuszhlggggxq_lyostrongly concave to the image3amd a bi- corive\

§592 . - a R17 =/ , : _ .
6 .5 R18 = 5‘1°*7‘6‘¢‘E| Flﬁ?&"t ‘%‘% ‘511 1. ... . 1:805
2;5 5 L1z - . R0 he 1eRé- Q@%ends semi- f13e1ﬁ7.7mgi-es of 22.8° to6.3%
44.403. 196 -1. 599 .1 6.00 -18. 935 L14 . - R23
31 004. . - Ailpr%&erptmn of the lebdas scaled td7ad imbge. fHAde F

-531715_"-- 7. 807 - 1.692 36. 9
S 24 X 36mm wx.th an CFL range of Sl Smm to’ 195 00mm is given in

' 10. Table XVI.
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Ef - *38.572 In the foregm ng. Tableﬁ)é( the iris def|n| ng the aperturc
op |s | ocated between el ements-L6 and L7 and noves with sub- gr.oupi ng . {2
—and negatl ve radii- are . '

SGlla.  Positive radii are struckfromtﬂemrélgpi
struck fromthe left. S The variable s f the grouping -at
Tabl e XXI . TABLE XXl EFL SpaC| ng

difffer EFL's ar gagiyen, el ow in
3§“bnn$9° ment;, cnnfurvaig;;bgitto ral DistyaGeOmm-10 1, D o
1. A17r—— 12. Q0rm c,rfﬂ Surfaces 20: O&-rm‘,P%égn .
28.58mm . ~16.-89mm 8—25/A, 2. 8@ . Abbe No.
- 10.B0mm 94,324 4.49mm - : SOr%.« ~Ya_ -
4.1 Another lens: enbodyl ng -

109. '24rrmLl

.2.95 . - 3.32 . 3.7 1
“the invention sho#f i f FPZB.28m and 15 9% Sn7as the sdmslioveral | 69,7
configuration as sown ip FIGS. 7a and 7ky,; o However, the |ens ds set

~forth iB2Tabl e XXIT° has rHlative rmverrent bet ween the sub- gr oupi ngs of

Grouping GPI 1| durnlsng,zopitg This lens.l2gs el enents LL-L13 as more _

gélly set forth'in ri%Ige XXIl. 20 The Izlnék%f Table X4 has

ame of 24_x 36m‘n

- speci fi
.an EFL range of 5R55n$n-tscggl 430mMm as scal 228000 an i mageg
| es of ~22 8 to[err] - TABLE XXI| Radi us . .
- 1.00gy(R13 Rt ur e (m) Between:

with seni-fiel'd an
Axial Gigtance = RO |= nd@8.603El enent _ o
‘Sur faces Refragdion ' Abbe ( 55% 154,274 LI - R =
60. 625 - Y 0060 42.006 '1.805°°%5. L2 1IR3 g3
t?ﬁ482 Ls Re _l?69§s-$96 60.7 Res7r -166.752 R4 =~ 49.425
o RO = . 33 a4ap 2.000 e o
Lq.. . .38.480 ) . ) . 1.697. o SS;S
. R10 =-2603.400 - 4.988 1.847 . 535
L7 .0 Ril= 57250 46.935 (02) o
. R12 = - xee . 5.338 _ 1.6y . .7
| 355.668 T Ler s g
T RI13 = 97,831 0200 R
e 7 o o
. : RIS = 383703 Lo 1,847 238
‘L1 R = 26,072 .1°f275_[D3J i_ A
- o - ' . 8.076 . 1. o
- . - b7 sey

R17 = 264.855
L11 R18 = -57.188 e |
©° R19 = 157,667 o 2.881 - 3487 0.4
iz R0.= 13214 0 OeSBE -
| R21 = 17,553 1.500 1786 . 45
' .L13 :_ : RZZ = ;18'852 | _ 0-559: | ) Co
- R23 = .54 33 | 6.418 - 1,648 33
- 2.694 h L

Lla R24 = -20.096 - | o
. R25 = 96,856 1.500 100 4,5
| BFL = 38.540 C T




it o can PR

20 ‘doublet L8, L9;

15 rou =
g ping GPI Jncludes a doublet compr151ng negatzve men1scus L"

L

+¥

LE
B
N?
:.".
z

and
bi- convex element LZ followed by bi- convex element L3.

Grouplng GPII Comprises bi- concave element L4 and
“doublet LS, L6.

a b1 concave
Crouplng GPIII ifcludes a first sub g

rouping
SbIIIa comprlslng a p051t1ve element L7, |

, and convet concave

s and sub group1ng SGIIIb which compr1ses a

bi-conve
: X elcmcnt L10, a ncgat1ve meniscus !Il convex to the.

" object
J side with a b1 convex elcment L12, and f;nally a neq1'i"c

menlscus L13 convex to the image 51de

o

EFL 'of
” 51, Smm and an upper BFL. of ISOmm. The cxnmplod lens

g 8 to 8-2 as JCGlled to An

' ;1mage frdme of 24 x 36mm

é £ S oL, _ S —
L3 % R I 4. 711 <o 1,487 o
70.4 R6- = -111.965 : .2.000 (D) R7 = ° 29.937 S :
1. 500 : -1..834 . 37 3 4483 R8 - -40.282LS . RO '\
;"624 267 . - 1.500 . . 2 1.4 S 70.4 16 . - .R10. ~ °
= 181,49 T The 1 1,847 ° ' 23.8 L7 Rl ="

58{780 .37.179 (D2) Ri2 5“55%% thes foregoing TBbIBOXVI has an iris &e?ﬁnﬁa
255 7- R13 = - 40. 598aperture sQ;QQQ by
1.518 - - 29 0 R14 - é 5 Ben elemengs)ks an4£L7 wﬁxch mEﬂé&-w1ﬂ
6Q. 207 .. spb SGGOUPIHg SCGIIIa. 1pggg% v 2S.S R16 = 29.884 L
0.J200 L10 R17 = Ipfinity 4,661 Tive radii afestgugk from the GOLK—' |
13. 024 L11 = RE%S itivy raddi mue strucL?fQSA the lgfr, 1.900 . . :
14834 _s 37.3 bﬁ%:spacxn R20f- 18.509 R21 - -62.404 - 5, 462_ o
1} 632 . 34.8 L13 SfRo2t the fovehde elements Ge267f Ridnt (198,480
1; 500 , are §4d5$4below -~ 37.3 BFL = 38.590 In the forc90|ng .
~Tabte XXI'1, the iri-s defining the apert.ure stop is located between elenents_
QG and L7, and noves with grouping GPl Il. - Positi've radii are struck from
“tihe right .and negative radi i are struck'r,\gl_rprgvtgge left. S ‘The . -
ari abl e spacings of the grouping at dif s-are given.in Table
XXI'I'1. TABLE XXI'| | Spacing .51 5nmEFL = 65.00mm . - 80. .
ponm - 145. i AQ -' - 2.000(m . . - 563nm ..
D. 14mm %g&%%ng1cn Vst Smam 37. &00mm - 291Z8n0pmm 1195.00
p1.SOomm - 10 B1.00nm f/ Nq., g &% 5 cv 3,48 0 IS
3.61 ~4.12 Another enboglnent ﬁémmnventlon2é$7$hmmn in Fbgslllmwf
| 0a and = bz" 46.933mm: 30.323mm : .
o - ' 14 -940mm . 2.000mm
D3 10.275mm . o
3 _ .303mm_ 2.400 .
. : o o _ . mm . J500mm-
. . £/No. 2.8 3,35 : -
| FIGS. 7a and 7b sh 4
k;. oW an embodiment of the 1nvent1on where



U prescriphéRns of CwevheRseS(mal) t hi

- : )
ICb ytlllzes f|fteen el errents LI L15. Thi s enmbodi ment . dlffers primarily in

,that group' G1 of sub-grouping SA I es an additi onal elenent in
“'the formof a p05| tive meniscus LI I@&Mto t he object. G oupings GPI

~and GP2 and sub-Or qupiRg 0 | 1 282} 1 GAGkaROEPT [ o (Hhaggeferents, The

. SiMSaR8aset fOT tiReliRad BRI S XXbYeaNsl,
. XXV.. In the exanple of Table XXV, thenmns sub-tends angem -field gggle

cvarying from22.7 to 6.4 a nd is scaled for a24x36nm|rragefrane w th
., an. EFL range o f 51.53mm {0 194. 98mMm I n the exanpl e of -Table XXV, the :
¢ lens subhiends anéem fie :bl's&r?gle vary| %from [_err]anq @?nscal ed fzgr a-24 .
X 36mm i 0 :

ge frapg w.th a ibEstlsrange of?* 30 aamt o 194 .
4 TABLbE XXI.V Radi us o ' AXi g, gl stance - . ..1_ 487! ndex of70 4
- El enent - . Curm;ature é60)800 Bet ween Surfaces - Refractl on-
~ Abbe No. (mm)- Nd - 0.20vd Rl =  61.614 L1 -
- 3..000 - _ R4 = 1 BDYS? . 25.S RZ = - 43.179 1.2 '
. 11.800 ‘L3 S - 1.487 7058 R3  =-262.148.63200 R4 iO 4
S7.758 L3 ' - 3.500 R5 =
"1.487 - 70 XSRS 2B 32_117 ?Biblﬁﬁ =.1317. 271 L4~
1. 500 . R6 = --172,45@4 36. 278 S. S16 R8- B
-44.483 L§ . RO = 44,483 - 1,50 - .1.500.- 1,786 _ 4319773 o
49.6 34.734 L6 R7 = 23.666 _ - ~ 78,000 : ,
1.847-. . -23.8 R10 219. 127 444 . - '
o R = -37 s99 - _ . B : _
Ls .7 1.50 . 1.487 70.4
-~ RO = - 27,572 - . - : L
L6 ' - - 4,19 . 1.847 23.8 -

.~ R10 =  215.640 .
: 28.88(D2) o
e R11 = 58.063 T - N
L7 L - 2,76 - 1.785 . 25.7
" R12 = - 451.184 = - ' o - o

. . .20
o  R13 = . 40.879 S | : .
L8 S 6,83 . 1.487 70.4
- R14 = - -30,890 ' o o .
o L9 LT T - 1.50 © . 1.805 25.3
— . RIS = 179,032 . S
ST | 4.64(D3) |
. . R16 = 26.196 B - o
L1 . 5.72 S 1.487. - 70.4
. R17 = .-122.438 - o '
- | 11.13
: . R18 =  54.654 - : |
L11 R | . 1.50 | 1.834° . 37.3
. R19 =  17.104 | . SRR B
- 0.37

. - R0 =  17.908 S . - | o |
L2 : o - © 5.4 . -1.626 . 35.5
. R21 = -77.945 o o o .
- . o - 5,29
- R22 = -17.046 . - .
L13 | 1.50 o 1.743. 49.2
.+ R23 —40.228 - . ST |
| - 38, 50(D4)

o
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\bbe No. . are given below in Table XIX.

TABLE XIX

1nvent10n shown in FIGS 83 8b -has the same’ gencral confxqur1-
. tlon as shown in FIGS Sa and sb w1th ‘the cxccpt:on thar

element L3 is b1 convex. Th1s lens is set forth in Table KX
20 _plnne Thls lcns subtends sem1 f1e1d angles of 29 6° to 8.4°

frame of 24 x 36mm 1s_¢ef1ned as follows:

-

EFL
Spacing ~ 5l.5am° . 7Smm 100mm © 145mm
100 DL - Z.0mm 1o,i9mm 12 7lan  16.24nm
p2 | 27.88mm o 19.27mm_"_ _]1,31mm ' .-1 00mm
D3 4.64mﬁ o 2.98mm 1.75mm - ::- 0. SOmm o
D4 ©38.50mm  40.S8nm . 47.24mm S5, 28am
§No. . 3.2 - 33 . 37 41
_1555- " Another lens hav1ng fourteen elements and embodytng the

This lens has a, lower EFL: less than the dlagonal or the lmdgc ) _-”

"1'1h15 Icns as scaled to EFL's of 38. Omm to 146 Omm for an lnagc '

250%(D2) RII = 234.035 L7 o 3as0
699 L 30 1 R12. - 89. 453 0 200 - R13. - 43, 887 1.8
1600 - . 1 487 - . 70.4/R14 = . -58 165 L9 . . '
500 . 1.785 . . 26 ‘foRls = 117.280 1.000 (DB) RI16
. 796 L10 | 4200 o 1.487
) 4 RL7: 1423 188 Olgoghéagﬁreg01ﬂé'fﬁﬁﬁdJXWIII the iris deflnxng thc_
600 - 0.4 R19= 64. 901 4.495 R20 .
.729 L12 . aperture is. located between e12mefos L6 and L7 and moqu BOSh
.S R1 = 18.696 8.570 R22: = _ 72.878 L13 e
. 900 . sub- -grouging BC111a.  Pogitive fodifoure strygkqfron ghe ""“t o
629180 L'IS o - and negag'we 4i‘dd11 are é&u%k%?glaothe 31e2f%3 0.571 R26 '1“ 805 e
45.5 R27 = -12¢. 368 ' thJABLE (¥ Eﬁgtiﬁgéﬁbf the gfdhﬁﬁﬂq BtSUaﬂﬁﬁrent LFL
Itndex of El'enent- - Curvature (nn) Between Surfaces o Refractlon
A e .



i L 4= 76.881 (i - S e
(m’r) ¢ _ o Nd'd'lRéOS . . - 25.5 EXBLE xx 48. 966 L2 'R4 _ 45 744 @
s*oo0 - 7., © . 70.4 RB = -164.561 0.210 a5, 744
12.250 . . 1.48 '3.500 . . 1517 642

SRS : . 500 -
L3 o . gggagzmhﬂancc : x of :
RS = Eldwendl4. 30. ﬁ)e %%5) 023 vsep ﬁgrfnc& 39. iﬁ@rﬁguon Abbe No,

A o 53_9 RY PN £ 36. 704N4 6
1,500 T 1.847 238 RO 23, 177‘5‘75U“(DZ)‘§%ﬁ*—-"
5000 . gy L 84.075 | 2800 " . = 03

166.537 LY. 928.080 o 1.824 . 32.a
26,1 RI2 = -72_12320 200 B3 5 4?6’ o o aos 1t .
73000 L2 L. 487 | ’105&% =526. 365 1. DMBYD3) Rl679. 4
1,500 RS 1==i735’fmlty 200 o 1. 487

':gg 232a$ig 2211 4ﬂ9¢0-200 RS2k 29. 665" fqﬁ

: - 1.487 70. 47 Rigs = _ 76’428 f?é%%o 60.2 "
- S.450 C RS = T84 202 | : - g
S  1.417 (D1) o
. R6 = 3577.318 - o S :
L4 R7 = am gz . 15000 gg5 49.6
. R? 22.455 - o . -
» - - 4.403

7. - R8 = .36.651 S e L .
LS ' .. o l.500 . . 1,697 55.5
: - - R9 = - 23930 ] S : ' o
L6 e . 4.494 - - 1.847 23,8
. o Ri0 = 305.162 - . R o
: . o 27.789 (D2) _

S -~ RIl = 182.035 - S : .
L7 . - . . 3.349 © 1,805 '25.5
. . Rl2 =- .83.526 = . e o .

o o - Co..2000 0
' . ~R13 = 31.013 o SR - o o
L& R . 6.560 1.487 70.4 .
- R14 =  .39.407 : - SR -
L9 R : - - 1.500 - 1.789 27.5
o - R15 =  83.438 . : : .
N o - 19.239 (p3) |
o R16 = 24.898 . . ' o . ' . L
-L10 RS - 5.344 . 1.592 60.5
S - R17 = 131,219 : _ o S

... 7 R18 = 51.764 - | o S - |
L11 - S - 1.s00 - 1.805 . 25.5
B RIS = 22,511 | o T
s 1.477 | _
S R20 = 32.129 - _ S
L1z o 0 6.196 | 1.599 62.1
. Rl = 44,403 - e - .
L 6.00

.. - R22 = .18.935 . . | - o .
L13 - o 1.200 1.764 47.9
Do - R3S = 310004 0 YT - A .
L14. . 7.807 . 1.692 36.9
. "Rad = .31.715 S ,
o ~ BFL"= 38.572

T T W PO eng N T T 1 A M SO T 1T, v T P E By A AT Y e o



=% 26.516 L12 S S .. 12,000 | S
'BA7 . 23.8 Rel = .19.733 6.680 R22 25 - 64.036 L13 - §
.p00 ST 104870 0 70.4 RS - 30. 409 - 1,280 R24 o

-2 289 L14 o ~1.200° . 1.804

.5.R25' = 52130 gmgbeRﬁgr&gmn@zngQeL&g, the iris def1n1ng the aperture’ .
43780 n the fore90|ng S
ibl e XXI V the i ?T%p st |1ﬁ ﬁ@e‘tlrpeeté’ﬁ(§CerF’Be'§tt%r§']6l §"$ ﬁét BerGEcHI ¥l etbrit s

- Lg and - and’ E‘Pa/ \@ ‘SBI?FE’ gfogliQéOESr;ﬁﬁ! i lae E??ééﬁ 'fvr%mr %qhx.lé{? and

struck" fromthe right and negative ra are struc romthe

- The spacings. of  theagveupangs @te ditriekenforelievakent focal |engths ‘are

- given below.in Table XXVI. diff TABLE XXVI -EFL Spacing . . - 51.53mm - .
- 8b..07mm S 135 Thgnvariable }@gcgggﬁ1q£)the mroupxng at dlffggcmgnﬁﬂi's '
2¢.15mm - 15. 69mm 8 25nn1- : o
B3.17mm “Eﬁ1ﬂé§ﬁﬁmb°1°“ in %?Z%$2%£%B | 1.00" |
£ 00mMm. o 12. 30rTm ce o 22.24mm f/ No. o 2 91 - : '
3. 40 o 3.75 ~ 4.15 In Table XXV, the iris deflnlng the

'perture stop is 15 . Iocat ed between el erpBUs Xlx6-and L7. and noves wi'th .
“gub-grouping SAlla. Positive radii are struck fromthe ri ght and negative

adii 'are struck fromthe left. The spaC|d§§.of t he groupings at. dlfferent

) équi val ent f_QcaISIengt hs- are gjl ven beI ow in Table XXviI. 20 . R o
“TABLE XXVI1 - pacing - 70.0mm 110. Omm 146 Omm

1o B S .5f 1.417mm. | 12.00mm 17.61mm - IIZQ.Ogmm.

bz .. 28.58am  16.89mm §.25mm L 2.80mm

DS, 19.24mm . 10.30mm . 4.49mm . .SOmm

Cf/Ne. o 295 332 37 . a4

Another lens embodylng the 1nvent10n shown in F[CS 93 and
..K)"-_' 15 9b has the same overall conflguratxon as. shown in FIGS 7a and
Zbli Howcver, the lens as set forth in Table XXII has no relat1ve

movement bgtween the sub-groupings of Group1ng GPIII.duran

zooming. This lens ‘has elements L1-L13 as more spccifically'set_

"-forth in Table XXII.

AW e fasmmn i

n AR R

20 " The lens of Table XXII has an EFL range of 51 Smn to 145 Omm o
' as scaled to an 1mage frame of 24 p 4 36mm w1th semi- f:eld angles

: _of .22.8° to 8.5°% L

e s .



Tt el

T , o~ SR B o
“'EFL Spacing = . 51 44mm .84.30mm 133.96mm. . of
A4 05Mm DL - - 30.4STm 2 5, 55nn|TABL1 XXII |'S.16mm (54
22: 64tm D2 A R3d 75mm - 1379Smm—— - 26.33nm "
H ’ a :
140. Admmppden, D3 Curvaéll;l: °gf 3 0_1rg?‘\“31‘ bistande 12 |, dex e 0o
22, 38rrmf/N0 2. §am) ctwcen Sufibacos r S
4N5 AT O err] fertb—ferri—ferr] [efmh)  TABLE xﬁfgeﬁﬁmiﬂﬁ Abbe / ¥o/D
fri/rvDl e o fl I#g/ FVD154 , fI Il b/ FVD r 0. 5% d Ve :
1 0:58 . L1 0.54 >#-2740.83 . o 0.18 - - '0..57 .
0.49 5 V11 R20.56 49625 0.29000. " 0.6B.805 . - Opet X
0 -0.45 - Lz . 0.14- . 050 ' 7.482 - 0.45 Xl I. - 0.43
.0.14 - 0.485 = -106.75@ 48 v ° . 0.56 - 1.603 .0 1%0.7
:0.62  0.45 Xitl ) 0.50 9.200 0.18 . 0.54°
0,50 10L3XVI R4 =0:589.425 0019 -~ . 0.57 - 0.51
XX - .. 0.37 0.12 - 3. 711 0.41 1. 4@737 XVIII
0.45 o.f. = 97%. 009o 40 0.40 XX 4504
10.19. - LG = -qy).9690- 34 XXM/OOO (b1 0.53° . = 0.16 -
-.0.48. L4 . 0.45 15 %0 . 0. 15 - . 0.53
‘-0 42 ‘Tabl es XXVI1} Riand= XXstjmwthe f oIengths of tHe®34rious - 37.3
“groupi ngs,. sub-groupi ngs and-groups as §qgs0 as well .as other paraneters
‘Wwhere 20 FVDR8 = -4q.282he front vertex di-stance related.to unity.
- EFL at’ tlI.i: | ower - IIRg‘It EFI_3 of the I ens,1.500 e 1,487 L 70.4
| - _Rlo = -601.409' o 4190 B 1.847 I.. - 23.8
L, Rl= 5750 s o) .
" R12 = 588.325 - 3:370 ... Luss 25,7
T ‘RE5 = 40.593 K 200 o7 =
Lo Ru= 33790 6.062. . 1.518 . 59.0
' RIS = 60,207 S 1500 1805 5.5
kj..Llo'."" RI6 = 29,384 200
S - R17 = Inf1n1ty | 4.661 - . 1.603 | . 60.7
' '15.024 '

L11' RI8 =  47.488 S -
T M i7.ese - 1.500 T L3 373
Lz #io =. 18.509 _ _o,sugj"-_ | o - - |

o . R2l = -62.404. Swaez 1632 sas
L1z . Raz= ._..1_‘9-946 6’2_67-_1 - | .
o R3s .sgase M0 1sm g

N BFL = 38.590 R |




-oted that in al$"'cdséy

| .
: : . ™
Ii' * s the EFL of group| ng GPl related to unity EFL at the | ower - LD/'_
# t EFL of-the l'ens; is the EFL of grouping GPIl related to. unity 25 - \V

L at the | ower Ilnlt EEL of the lens, fldja .- is the EFL. of o

"b-grouplng SGJIIa related to uni ty EFL at the lower limt EFL of the

ns, flllb " is the EFL of sub-grouping SG1lb related to unity EFL at
I

ower limit EEL din the fenggoid@ Table XXIN, the irijsdefimiBELthé gpouppre.
related to unjt Fh N é t he Iomer limt EFL 8f he |l ens, fG&32 -
.t heEFL. of gr'o%’p° grated ReFwesn §lements Lonan r ‘}TI“m"‘P"EFL“’ bth ‘Jn‘é’“f““

ens, fG33 -. ilmt IEI}:he"EEIi:RPVT gtraQHH_l_g?gpigL?é}Rg'rER Pl%t% EFL.xﬁd "1"1"0 md.'l :

t he | ower ens oto tirors e ratio. o

 front vert ex di siehoa r@kkt beoh enfe t1e fihe upper EFL of the |ens, Zooanatlo

s the ratio of ‘the higher EFL of the lens to-the |ower EFL, 10 "TERR]
ijs the absolute ratio of the power of group G31 to the power of group 633,' '
Tel ephoto RatPo SG | Thej ¥athblaqisipgcéngs het ftheneroppiegk i shidfescot LFL's are
gub- grouping SG llb taq.i q lent, focal length. 15 1t -will be"

Eﬂﬁ?ﬁ ;Q‘éf}k}St antially equal to or greater than 5 '
¢t herwi-se stated, [err] 5 -=l.n all exanples given;, it has been found that

the object side surface of G33 should be cnnngyaxq®1|ntroduce the proper

- dberration.corrections. 1 f the foregoing Tarro decreases below the

expressed val ue, the aberratl on contributionBFL the object side surface .of
hroup G33- may becone unaccept ably | arge. Usually ferr]w || be less than _
.45 All lens ed@Eings will- fded®m o a madH-0088ti on of B0408pn25 ¢ HeS- 00ms:. .

L ongest " focal .l engi.h by virtue of the struct of the overall |.ens an the
Ih%l gﬁ'p eagglnue of fl 19?124 q'“““. '

front focusi ing' GPl. Tnd%Raller t Shorter t
travel ' of grOUp' nQ)ZGPI to fOCUp; %Ii“mCIOSE' 29.28mm 21.50mm- 2.00mm

. f/No. '--"h 3.2 3.08 RO Y S S S 02

_ Another embodlment of the 1nvent10n as shown in FICS inn and
| 7'10b ut111zes fifteen elements L1- L15 ‘This empodzment differs
N - J _ _ przmarlly in that group.GSI_of sub-grouping SGIIIh'ComPrises an_...
| 'addiﬁidnai éiement in the form of a positive meniscus L11, convéxi
to the object.. Groupings GPf and GPi“and sub-groupinﬁ'sctfru |
again each comprlse three elements |
_' The prcscrlptlons of two lenses of th1s form are set forth
~in Tdbles XXIV and XXV. . In the example of Table XXI1V, “the lens
. sub- tends a semi- Eleld angle vary1ng from 22.7° to-6.4° and 
is scaled for a 24 x 36mm 1mage frame with an BFL rahgé_ofiSl.SSmm

to 194.98mm. In the_example.of;Table XXv, the lens sub-tends a

B bt s

" semi"--f'ield angle‘varying from 22.8% to 6'4°, h and is scaled
for a 24 x 36mm 1mage frame with an FFL range of ul. 4tmm to

194 05mm '



a%hrevethrs resul t. 30 2. [err] 4 where fllla and

."_fI are  as previously defr ned. Al so for z%g(ﬁn:nemaberratr on correction, the
"EFL [err]a of sub-groupin SGI | 1a shoul e substantially the same as or

“greater than tge EFL |Rq usf ofub: gr odpiiad B tadcer 5 . Index of 3.2

TN > Een ?fyaﬂﬁ§§ f@?%trcﬁﬁﬂweﬁnfﬁrffﬂﬁespernlBsftégzﬂqans tabhe No.
_'close focusrftrﬂagnrf+ea++eﬁs-e#~4 4 o
,of grouping GPI. _Forpgexanpl g; e Iens of Table XIl may focus this. close
“wi'th only L105mm of axial .extension, 10 3_ggg Wth ref erence 4@ Tabl e ;?(Ig(
-.thefollovmng relatrdh?s are obtprned: .3 | / FVD [erT .6 .10 T
-3 ferr] idZ 3 [err] wherelllgodll, fllla, frlihs7and FVDoare '

as prevrously defrned“5AS'sﬁ wnldy the varrous exanpl es, various |ens forns
‘may be made within tﬁﬁ scopesg g*g i nveft#&h. Accordingly, the appended
“clai.ms arejzntended t'0.cover t{ drfrcgtﬂg s of -the 20 discl osed
~enbodi ments"as wel | gg other genppedi ment s”t et eof “whi ch do nbt8Hepart 0 .
~the spirit and.scope of the Invention. 3 @ﬁ 11111121112 1 CLAIMS: 1. -
A zoom | ens conprisimg feopBihembject side a Yifst positive'grouping
'_nnvable axLéIIy for focusing, a second npgstd ve grouping andggathird 445
positive groupi ng, s&’d Seco¥d 2#8d .t hi rd groupi ngs bei ng simul taneously
- nmovable axially but |g 5, quosrte di rectlifons to vary the equrvalent

'OBjecvs . As. shown by the exanples the féyl(mm ng relation is preferred to (%5

focal IengLQ of sard I
'1.500 -- 77 - _ .
PR RO = 34,734 ' o 2 5 _;,49 .6 .
. e - 5.000 1.847 - .
.. R10 = -219.127 o I R B
o . 3.250 (D2) : o
L o o 3.350 - 1. BRI ¢
T Riz = -80.4s3 _ _ o | 1.699. | 30.1
L _ . 0.200 - - . '
g R13= 43.887 o
S | o 16.600 . . 0.4
Lo R14 =  -58.165 MR U 1 487. . 70.4
U . RIS = 117.280 S ! 8? SNRCLET
el _ L ' 1.000 (D3)
L10 R16 = 43.796 _ - o -
- S o 4.200 | 1.487 0.
- . RL7 = 1423.188 . o o | 0.4
| o 0.200
Ty . R18 = 25,838 L R -
s Ll o © . 5.600 ' 1,487 S 70,
| " R19°= 64,901 - | o . L
A ' S 4.495
hz - R20 =  27.729 T S
S - - ©2.000 1. | |
. R21 = . 18.696 - .. - 1.805 - 25.5
o : 8,570 '
113 R22 =  72.878 S _ :
. : . 4.900 - 1,487 . 70,
_ R23 = -31, 396 _ o - SRR _. 70.4
o ' _ ' 2.125 '
14 ‘R24 = -23.175 L S .
| - - 1,200 o "1.804 - N -
L R2S =  43.273 - o LB04 4GS
R . _ 0.571 ' '
A CR26 = - 46.400 . R _ o
‘L1s . ©.3.900 . 1.805 25.5

~
B ]
.~
L]

-124.368




=l ens,;e said third gr oup| ng corrprl Si ng Ob] ecg-\and i mage si de. sub gr oup| ngs
' d)f posi tive optical -power, saidimge side sub-grouping having a-tel ephotc
. fatio of 0.75 to 1.4 and the ratio of hELEag‘mWal ent focal length of the-

-obj ect side sub- groupln to that 10 of the i mge S|de sub- grouplng belng

- from1.0 10 3.1. .2 Radins|gfg C& m \gg'é}dé S :
o o CraiAeh TR SRAREFS (SIS b ﬁ.gié%e”??’% heT

. 005|t|ve——pﬁs-t—t|ve -a-nd-ﬂﬂreg‘a-t—rve-opt-r-ca-k—-%ﬁvger-s—-sﬁccesm-vew——ﬁ —3—-——-——-—

A lens as clained.. iRcl a m 2¢.géerein said sub- groupi ngs nove at dlfferent R

rates as tifie equival ent focal |ength of3sedal |ens is vari adsos. 25 .Isens-

ks claimed in clai mB o= 3, 48h@G&i n the optical power of said first roup -
of 'sai d sui groupi ng%gas an absol ute 282-25¢atio to the opt-d@dl power’Ooft

. -jsaid third . group of ]oupl ng ﬁfz q'S or-greater. I 11111 111111
4111711 1121 1 5. Iens4§s7ﬂ ai med Wai m4, wherein said ratio has - -

an upper ‘liqmt ‘of 1. 151 A lens 3sseg al med in any gngief clai rga; % to

5, -wherei-n the obj ects S|=de swrfpge of sard third group. is concave. .

A lens as. clained in any -one of clai ns38. 449 6pherein said thi rd group| ng

has a first sub- gr ouh ng= oﬁSOhéZGij ect side.wth equivalent focal - -

iléngth[errj4 and [err -9 whelesQrr] is the eqdi-VdBent foddl.9:

| ength of the first onl néz 8. 66‘ | ens as claimed.in any one of
clainms 2 to 7, wher 'éq?,S- 590'f 5.20 ' 9[err]f.9 - AT

ilens as clagmed i-n claim2, whereln 3.2y, g r] V\/nere [errli s,7t3he eqU|4\§aI6ent
focal | ength of the ggrst sgb 704 groupi ng and lerr]is 1he equi val-ent.

ifocal |engtéh of the second sub-groupings.d@. - A Iens as 1(;I8aﬂmed in zem;s

t{one of - the precedi ngRll & 235,177

_ 3.750 (D2) R
- R1l = -166.537 R o
L7. L 2,800 . 1.785 - 26.1
. . R12 = -72,127 - = - o :
- : 0.200 - _
_ R13 = 46.928 : : ' S o o
L8 o _ 7.300 . - 1.487 . 70.4
o - Rl4 = -50.494 - SR - S
L . . 1.500 R 1.785. ©26.1
I RIS = 526.365 S o . SR
NS R 1,010 (D3) o
C R16 = 64,334 : A C R P
Lo 4,200 - - .1.487 - 70.4 :
o R17 = -211.416 . o e
| o S 0.200
. R18 = 29,665 o S L
Li1 - AR . 5.450 L 1.487 - " 70.4
- R19 = 76.428 : . L -
' 9.370
o R20 = 26,516 = _ o L
Liz o _ 1 2.000 . 1.847 23,8
IR R21 = 19.733 : e : S
. : . 6.680
U R22'= 64,036 ' - o e
L3 - 5.200 - 1.487 . 70.4
o - R23 = -30.409 . - - :
- R ~. 1.280 _
= R24 = -25.280 A o
L4 - ' ' 1.200 - - .1.804 " 46.5
L R25 = 52,130 - . T
' . | - 3.230 _
R - R26 = 62.262 : o L :
L15 L - 4.280 1.805. 25.5

--189.602

A

‘R27



'Eggereﬁn sald first.grouping conprlses an. 8bject si de doublet mhlch isa /7

- jnegative neni scts and- a-bi - convex el emerft? ol | oned 20 by a positive ;
~‘meniscus...11. A Ieng % I:’;uned in any one of the preceding claims, /
<wherein the front . gr OBty fogego g shatl ec SHBY | slmguasbuelfbmnraq/eth&l ammtua@d ’
ia bi-convex elegepy, ;o onvex el eme *C LM S 12.
_.:A\l’ens as claimed I n agfydcgl\r?gqoggfvbeeerbréfé‘al‘ﬁﬁ k9 a‘l"ﬁ‘s”mhéﬁl‘éllwvtelﬁehdomzbm- '

‘i's ‘of -negative Qﬁbhﬂfﬂg§ﬂ$@&ﬁ[al3 Posit iAe€ d ne of the.
.preceding clains,. wherein said thiod 5r8u3?38§6§£ aq?qu fﬁb{é@t §FH%‘S%&9

5 gr oupi ng- oﬁeoosttq\nadpomereamKFUEaldrsubﬂggcnaﬁtng conpri:ses fromthe

jobject Si de: 3 positiye elent and-a doublet conprising a bi-concave el enent
“and a bi-convex el engtft SPEgings of |thes gacupl gaed il feyeioneqafi vikbént focal

i precedi ng cl ai rei 0 |ng has a first object side .
. group. 10 ;_coggrl %ggégnégaf?jﬁﬁgﬁegﬁ Lhd ™ Tdoubl et concave to the:
- obj ect -side and convex to the inmge si de. 15. -Alens: as clainmed in any
-one of the preceding clainms, wherein thﬁmﬁgpgﬂgIgrouplng is, fromthe
“object side, adoublet conpriS|ng a' bi -tonvex—el enent and a bi -~-concave -
element 15 fol | owed by a negative elenennqhaV|ng a concave. obj ect side
~surface. 16. © A Iens as clainmed in any one of the-preceding clainms .. .
- wherein the seck upi ng . éﬂnﬁPWﬂes from8sh@7mbj ect silds.azmegativaoy, QSnm

t*optlcal powgg el g{ent, a posi neni scus _el enent 20 - . concave to the
©obj ect. si-de, and a doublet c&ﬁcégﬂ Mto the dpdeMMside andSeéfmmx to tha.7Imm

+ image side. ‘17. p2 A lens as Gl akpgrd in an of the p c di ng clalns '
“wherein said first sub- grouplng cgﬁprlses Xsdgu%Wet havi 4§+ 858 - conveR7.62mn
elenent and ‘a ne@dtive el ementt.085 15. - 4 b&Rs as clahgeﬂhhn any og?'?I
;the precedi ng C|?IHE wherein said first sub- grouplng |s doublet e s ma

~the formof a ©2.9r .. 340 - 75 o 41s

In Table XXV the 1r15 deflnlng the aperture stop 1sf
15 Iocated between elements L6 and L7 and moves with sub- grouptng
o _ SGIIIa Posztxve radii are struck from the rzght and ncgatxve
\/i'f _ ’.1ad11 are. struck from the left, |
. The spac1ngs of the grouplngs at dtfferonthulvalcnt focal.

-'len&ths arc gzvcn below in Table XXVII.

00 ;-d] © TABLE XxvII
" Spacing . S1.44mm - . 84.39mm  153.96mm ".iga'osgp“
'Dl.:',] ”d" 30. 45mm f_t-' 25. 55mm  15.16mm o z 64mm
. bz o ':: -3§75mm-l ©13.95mm 26.35mm 10 44mm
.28 D3 - © 1.0lmm . | 7..12m-:~,:.. ,13.68"un.' - 22.38&!2::,,? . :-.

-

Cf/No. . a9  3.40 3,95 as

H
:
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T TR e




claim1, whé§B

,t}egastlve meni scus and a bi - convex- el eyé% fromthe Ob] ect side. 19. A
: ecedi ng

~ ‘bub-groupin cggprl ses a positive single elenent and a weak optical power

1.- 22. © The'lens of claim1 wherein: ..3 < fI/FVD - <. .6 15
£ 10 < fll/FVD <. - 25 .:3.. < fllla/FWD < 12030
“dlerr] - flllb/FVD: [err] - .6 Vere fl is the effectlve focal Iength

of sald flrstOQrouplng, fII is the equi val'ent focal length of said second.

20 grouplng«ofllla i ssthe eguiyal ent of 0gal ol emgt & of» sai-d obj ect side-

Jsub- gr oupi ng, S&#Hd FVIT i €t K2 fFon? vBrt8x di sPance of the lens. F = 3, A

M ens ‘as, claimed”in any one of the pr claims, 5 mhereln said firs

“gdoubl-et "whi cl-udes asbiecomvex ehensnt. 28. Alens as claimed.in .
_ aitd SUbYr FupiVgmote Bt Ti f‘F‘er Ent “y afles' as the equival ent 3
¥ocal Lengt tj‘.’,ﬁt_‘,‘it e 0 ©1éns s ThafgeT. 21.2 TA FPen® as clainmed in claim 3

1, “wherei n the%lel.ephoto ratio of said inmage S|de sub-grouping is less than - %

sub-gr oupi ng, ..f3 1% i% the equivalient: fBcalt | 8ngfh &f Shid image side

| ens accordi r@ tlo clai.m 1 having sem -field angles of [ERR] as scal ed to a
24 x 36mm i mage frane defined substantially as. fol lows: Radius of. .

JAxial Distance- . _ Index of Elenent "Curvature (nm - Bctween .
Surf aces Refra(;;lqp v ABbELNO, (@Me ~ o - = M RL = -331 909 Ll
§2.000 T Sk 837, e 9 ®23P88 K2 = 79 893 B2 = - :
8.325 - E_E-_l.¢-53l_° © © o 59 9R3S =--'165. 97_700. 200 R4 = 7_5. 55_0
ol @ o & Vv . a o o o T N &N ©
Bl & N N N KN O~ O~ N ®© © © N~ O~ _
& M m e @ M M oM oM oM o~ N )
N T ) o - ;
— _ . ;
Pt . . g . . .
3 M .~ [T S B O o~ N < "= O
_ ;<<. o W s 0O © @ M v v & & v v
. W o © © ™M M. 0 H © =M. © © o o
23] t. 1 1 ’ [ « 1 1 R ' [
ar : K ) - .
. =~ - N e N~ o M MM M N MM O
N L 8 T T L T I TR T B
el B A e T . I - — -
o - N O o~ e © v ©
e B T T e
v = T R R o o,e o i
Sl M o m o wn v o © ~ & o «© “
: LS - N T~ T - L - o B - R B g :
q:-« ™ e e N e et e T T - T T
<] @ © © M M. O e NN
Hle = M 0 M ®oa N Moo
ol = o~ N - T I R T

et b A

- NN VY O LU e A e O W O
i . [ LY - . 'Y . . . .« . . .
L] o o O O O o o0 oo O o o ©
. . I . . 1 | - ) L [} { ] 3 ? L} 1
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-.'4

L3

.,_73§ 1

0 1.847
~2:000

, - Lo,

- \BLO
74,902
. 6..485
© 18470

- .8.148

o
"R19 =

' 6.440

S 1.13

R23.

26 1.

. 148.

-
16.

- 106.

BT

15

S o .%a 1741 35.1 i
000 R8 = -273.757 L4 S .49 3
. 23,8 R7- =-39.174 LéELE_EKL_ - N S
. .1.697 ' 55.5 R8 = 74.538 4.086.R9 = -53.121 ;
8T 49510 RT—= A6 66T - : S
1 1.608 o0.s8  40.0 BI2F - 929. 669 0,900 RI3 = §261860 L8 |+
.. 1,587 ° 51.7 Rl4 = -31.445 1.500 | -
- 3¥. 8 RIS = 2663591 10. 8250RMB 23.960-3%10 0.49 . .
; 1517 o . 69.7 249.885; 11 397 R18 = 64.8S8
%70 0.467 RQ@ 75 18.004 L&21 0,50 . 0.45
- 1. 648 33.8 ROL  -46.653 2.692 1122 = -18.862
Xit 0.43 .0.14500 - .0.481.834  0.48 37.3 i
740 v%ere.L1-1f13 are lens elenmets from the object end to th g
v .56 . 19 0.62 - 0.45 ¢
XIII 0.0 - 0.18 . 0.5 - . 0.50 .. &
I - e.ss 0.9 - . 0.57  0.51 o
oXxX1r’ . 0.37 0.12 0 0.41 . -0.37 i
XVIII  0.45 . 0.16 . - 0.40  0.40 ]
XX 0.45 019 . 104 0.3 h
XXIV. . 0.53 . 0.16 © o 0.48 0.45 s
. . o - _ : e _ .
XXV o 0.s¢ . -~ 0.15 - - 0.53 o 0.42 - o

Tables XXVIII and XXIV show the focal lengths of the various

group1ngs, sub- -groupings and groups as follows, as well as other

' parameters where

20

25

FVD s the front veftex distance related to unitf ._'”
| | EFL at the lower 1imit EFL of the lens,. .
S . is the EFL of grouping GPI related to unity EFL
_ :- .. ‘at the lower limit EFL of the lens,'
s B _i$ fhe_EFL of group1ng GPII related to unlty
_ | __EFl at the lower 11m1t EFL of the lens,
'fIIIa: ;. is the EFL of sub-group1ng SGIIIa related to
| . '_ i'unzty EFL at the lower 11m1t EFL of the lens,
fIlIb ' is the EFL of sub group1ng SGIIIb related to
) | .'_unlty EFL at the lower 11m1t EFL of the lens, o
£631 . is the EFL of_éroup 631 related to unity_EFl
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lenaga end successivelv. - R-R23 arc t he rad|| of thc el enent surfaces _ U:
-!ucceSS|ver fromthe object to i mage end: 2iNd is the i ndex of refraction
- of "the el enents, and vd i's the dlsper5|on(ﬁ the el enents as measured by

the'. Abhe nunber S 24 - Alens. a%cor ﬁ#kt lah?ﬂ |ng §§n1 field
o §%nn1 %% 8 _

angl es  of [err] t0 6,3 as. scal® nage rame-défined :
‘swbstantially as folfiggys: RadHHStQE EFL of g fbatsi)ﬁaya@ea to unity EFLndex
ur

_of Elenent S CUrvature (M) Bet ween Surfaces Refraction = Abbe
(m) . ----;: N Rl at tfd. BOOer Mimit EFL of the 1en6,157
_1;517; 7_ ' © 69 - -204.977_0. 200 R3 99. 20 g _
. 6.256 . 1. ﬁ3 - is the BFlRef groyp Ghhrrqleted to unity EFL
| 2.000 . 1.847. . 1 668 L4
1,500 - . > 1713 &t tég g {gi kit ng %# the) 1%@{ :
i -48.686 LS - Tele hoto Ratio.is the ratio of the f?biKN}ertex dlstancb 6#7the
t B5,S RO =- 39 é) 4.988.
i1.847 . - 23 8 RlO -5%%8@04&831.PPI§1‘1EFL of Bhesgens, _
Lo- L7 ' : 5. 338 1. 607
56.7 R12 = -374. 7@6’“0R266°R13 is the7rg1'€pso|_o§ the higher EFL of the.lens to
-‘7.895 o 1. 581 . the igwgrﬁ%ﬁ. 36 501 | '
‘ﬂ _ : l '1Q B lﬁGl : _ is the absolute ratio of the power of group GSI
- | | to the power of group G33, a
. Telephoto Ratio SGIIIb is the ratio”of the'front vertex distance
| ”  of sub- group1ng SGIIIb to 1ts equlvalent focal
' length.
k. o : _ ﬂGl
15 - - It w111 be noted that in all cases | fG3)is substant1a11y |
' "'.'equal to or greater than .5. Otherwlse stated, '
_ : - S y ﬁGl S | |

In a11 examples glven, it has been found that the obJect

- side surface of G33 should be concave to 1ntroduce the proper
20 'aberratlon correctlons If the foregoing ratlo decreases below .

- the expressed value, the aberration contrlbutlon of the obJect

'_51de surface of group G33 may become unacceptably large

gG1}
gG3| ' .
All 1lens examples will focus to a magnlflcatzon of 1:4 at

Usually! will be Iess than 1.45.

25 the longest focal length by v1rtue of the structure of the overall
lens and the front focus1ng grouping GPl The smaller the value
of £ the sh:rter the travel .of grouplng GPI to focus at close

. objects. As shown by the examples, the follow1ng relat1on 1s
preferred to achleve thls result.
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L9 & ) - "1800 o 1.847 7T
$38°RIS = 104 7o7f9 109 ng - 26.911 L10 o ;
8.076 where5 PBla and f168rd 4313 raviddh 46 RI8 = 52.178 L11.
- 1.838 "_ 1,559 T 64, 4BF§5 1)ﬁ@§f§8$§3 42S R20 =  28.087
L2 = : Also for proper aberrationScd@@®ction, the EFL6Z711a of
34/b Rl = -6, 138 2 562 RP2; = .,-23.600 113
.1.500 grouping SGTTTa shepld Rogsubstapgially uius sRRé as 028.914.

-1 14 - reater thén3 Eri 5
© \here 1, 1- LF4 are Itg[r%g gﬁemen ]t%flrl?%mo hseu]bolﬁrgé:‘?“é%dsqgllbherl nmage end
' SUCCGSSI velSy RI-- RZS are thg, Z‘Sf(IIIIIbOf t hey |gl,enent sﬂﬁflq,ces successi vel y-
fromthe object to image end. N, is the index & refraction of the-
“el ements, and VU |¥?H§héeaatsan§hmpl6nrtﬁetlpenmheHEﬂhs ruhsneaseregetnbchhe'
" Abbe. nunber ‘%1f1 a 1 1111ii | A
-l ens accordi ng t'o Eiat i il?ﬁncﬁg sémwﬂfblr&l&ﬁg}’w gimaldr pkisl sualeemtnto a

.24 x 36nmm i mege gfo%'ﬁngeéﬁ’f‘ed F%'rbﬁsc%@“[eal lt%eg?%g![ lt?ﬁ%zal}%agllijgéa%\ﬁf@ﬁus -

Axi al Di stancc | ndex of E

'- Sur f aces Rdflrsacs:tlloea withAla yNa, 0 §fiof axial extensﬂyn. = 311.481
L1 . 2. 000 2.847 23.8
- 10 .. With reference to Table XXIX ‘the follow:.ng relations are

: obtalned ' o

302 fyep 2 e
.10 < [fryeve) 2oLz
- .35 frrrazm 2 1.2
15 C 3 % fum/m 2o |
' __yhere-fI fII fIIIa, fIIIb and FVD are as prev:.ously defmed
| As shown by the various examples, var1ous lens forms may .
be made w1th1n the scope of the invention. Accordlngly, the
' appended clalms are intended to cover all modifications of the
_' 20___dlsclosed embodlments as well as other embodiments thereof whlcﬁ.

-do not depart from the sp1r1t and scope of the invention.




R2 68 476 L2 - T 9. 718 _ -~ 1.589

: = .108. 672 0. 200. R4_, 50.060 . . ' ——
| . 1.690 .31, 0 RS . .84.784 2.8

.;22 4 ' n )5%563 ﬁﬂlﬁﬂm!lﬂﬁﬂmlw

3 8 R7. =-47;257LS -
13696 . 55.1 R8 = 41.931 5. 239 - . RO = -38.143 L6

o0 - | 1 711 crLams: S3.9 RO = Infinity 47. 717 RI1 = © B9.518

: _ | 7.648 0 ‘1.571° . 51.1
rRi2 = -30. 945 L8 - - . o . 1es00. L83l

§ 2 RI3 = -106.827 4.906 . R14 22.295 L9 B
7E3S1 1,487 e AReom F&%"““P“%’S‘%?Sm 1%%’21“#%1%““ a “5% 725

10 - s . - 34.2
= : a for f ; d
47 = - 16 627 Lll ~ 'positive groupmg "10V§b_13 ;xlally or oc}: 13%0 a secon 1. 806
4p. 7 R18. = T 68 8S5. 2ne%§§1v81g9mu "n%ganﬁzé) thiled positive groupiag, said second
1§ 500 © . 1.806 - P7 -53.856 Were LI-L12 are | ens

fad|| of the el ement
: o } S5 oppos1te dlrectlons to vary the equlvalent focal lenrth of said

r
lens, said third grouping comprising obJect and image 51de -sub=~
groupings of positive optlcal power, said zmage side sub-grouping
havino a telephoto ratio of 0.75 to 1.4 and the ratio of the

'_equivalent focal length of the obJect side sub-groupxng to that

'”'16  of the image side sub-grouplng being from 1.0 to 3.1.

2. A lens as claimed in claim 1 where said image side
' sub-gfouping comprises three'groups which from the object.side
are of positive, positive, and negative optical powers

. .successively,

15 3."._ A lens as claimed in claim 2, wherein said sub-grqupings
" move at different rates as the' equivalent focal length of said

‘lens is varied.

: 4, :" A lens as claimed in clalm 2 or 3 where;n the opt;cal_
power of sald first group of saxd sub-group1ng has an absolute '
'20. ratio to the optical power of said third group of-sazd sub=
:gfouping of..5 or'gré#ter. | | | |

-

| enents from the obj e_ca_ndeth:irtl mrb&p&ngﬂgﬁxgemu’swg@ssf wnehy:le aRhalRSZODuare' the .



jsurfaces successwely fromthe Obj ect to |rr&ge end. th

I ndex
sefraction of thé el enents, and Vd is the dlsperS|on ”'!II t" I HIE
measur ed by ‘the Abbe nunber : A Ienrs)gaccordl ng I
senmi -field angl es-of 27.8 to [err] as scaPéd to a 24 x 3 nn1|nage frame

~defi ned substantlally as follows: Radius of - . - Axial Di'stance

- hadex of El ement . 5.CUrval YR s MMimed Bqtmm 4$Whtﬁﬁassam Reid magtanon
_-Abbe No. (nw) RI _:. 87.088 L1 6 073

1.4S7 . "~ 70. 4 uvRPer HmiZ%E RAG.0. 200 R3 - 81.894 L2 . .
'6.904 . ..1.517 - . 69 7 R4 = -113.5S88 L3

2.000 - 1.805 -741.212 1..000 -145 203 L4
2.000° - - 1.8506. . A 1‘*"5325 211%79- dn anygougsef glyisg 2Ré“ 5 whegeinzog LS
g gég o i gjz‘g the obJect sid ugf%% of sa§=|8 %ﬁg %ﬁggQ.sRJchave - 34. 696 L6
©.1.847 ' 23;8 R12 = -836. 811 47.970 R13 = 244.236 - L8

-3

. 347 o 1.8477,- - 4a lens23s 81RMhéd <n- dfyJonk26f claims 2 to 6, wherein
. | said third grouping has a first sub-grouping on the object side -

. with gqt_:ivalent focal length fIIIa and

frzza > 9
], =

. where fl1 is the equivalent focal length of the first grouping.

10 8. A léﬁs as claimed in any oune 6f claims 2 to 7, wherein
2.-5_; > fIIIa s .9
-z
S _ T .
 _= ) - 9.- " Alens as claimed in claim 2, wherein
3.2 f > £

| fam > fime > fun
- where fIIIa is the equivalent focal length of the first sub-
15 _ grouping and fIIIb

sub-grouping. .' ]

is the equivalent focal length of the second

, _.1_.'0... A lens as claimed in any one of the preceding claims,
wherein said first grouping comprises an _obje‘c't side doublet
' which is a negative meniscus and a bi-convex element, followed

20 by a positive meniscus. .

1. - A lens as claimed in any one of the precediung c".aiﬁs,
- wherein the front grouping is a doublet 'comprisiﬁg a bi-concave

'--.element and a bi-convex element, followed by a bi-convex element.




= 37.449 L9 R o R T 464
- 70 .4 R16 5 -59.79 Llo

R e H e 1fﬁuﬁ1|ﬂu||||n|mf|i s

1. $0
"

R19 = 125 37S 12. 722 R20 :;-_40.777,L12 |

1800 . .. 1.834 . 37.3Rla _17.194 L13 L s 377 o
|.529 ~ 51.6 R2-= -45 367 4.500 R23 = -23.943 L14 - .
| 1§ 00 - L 880 13-: .A le3< 23 Bg‘ﬂr'ed mSQn @Q gr tzxéilnge%mg CLaSiEré.sggOSL. _
ug |
-Rﬁa "-75.126 Where L hetsis eheedduers e&em@smﬁémﬁtidae @biect end to the-

ge .end successively. R -R26 arc the radii of the elenent surfaces"

[ . .
S§ ccesswel fromthe ghject to inmage end. Nd is the index of ref r“actlon
of the el en')énts ~and Véllil s thdeBt SpeTaimA B 2PhenePefeatrseasi ppastired by

e Abbe number.  27unefisholi3 A58 GhNGul0uEl 81 v 0 Se?g?f'n el d

1

qg::gl es of 22.80 ~co 6.30 as -sca nm’i hage
-~ substantially as f d 1 owzoupRagliodSpoditive power AXd aleDls@;.@nqg,ln, co_,pr,ses gi,%;g of
. énent Curvature (mm) - - Between Surfaces Refraction - Abbc (m
_ [err] : \/b Rj!:he obfdct58ige a positive elemert end doublet corpﬂs-‘ g a

bi-concave element and a bi-convex element.

S L PO | lens as claimed in any one of the preceding cla1ms,

_'wherein the second grouping has a- first obJect szde group

e e gt e e

10 compr151ng a negative element, and a doublet concave to the

obJect 51de and convex to the image side.

.

15, A lens as claimed in .any one of the precediag claims,_?
wherein the second grouping is, from the ob1ect szde,
doublet comprising a bi-convex element and a bi-concave elenenc.
: 15 followed by a negative element haV1ng a concave obJect 51de

surface.

16.'_-'A lens as claimed in any one of the'preceding'claims,l
. .. wherein. the second grouping ccmorises from the-object'side'a_7
5 T -_.l_ L .'Q negative.optical power element, a pos*tine meniscus element |
. . | 20 | concave to the obJect szde, and a doublet concave to the

object side and convex to the image side.

17. - A lens as claimed in any one of the preceding cla-ms,
"wherein said- first sub-grouping comprises a doublet having a

'.'bi-convex element and a negative element.

25 'lSJ-' & lens as'c‘ imed in anyv one of the precedircg <laims,

R
[}

™
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ARG AR

7{L1 o+ 0 R = 51685 ~ 2,000 28 -7 R
- '35.419 L2 . ' 11 3
L4

704 R3  -300. 792 0. 200_ R4 '= 70 392_ Ls, !l ﬂﬂﬂﬂiﬂ”ﬂﬂ ”!L

4.236 : 1. 487 ~ 70.4 RS = 260 451 2.1
1. 500 T 1,773, . 496 R7 33.369 5.032 .
.-“R8 = -50.332 LS : “ . 1.500
1 697 L 55 5 Rgerel-a szgdg:'jssq_eub-grounlng is a doublet in the form of a
"5.544 - 1.847 372. 94 39 19 ﬁ% .278.949 L7
. 3 349 .‘ 1 78§xegat1ve mer-:.sfgs ?n bl-colefé e_L 3 ob_]ect37 648 L8
..8.126 - .1.48744e. 70.4 R14 = 46. 741 1. 500 | - 1.728
- °28.7-1115 = 130.107. BV 937 R16.=" 30.554 L10 o
5,344 - 1.589 . 61 R17 = 161.993 9.765 R18 = 33 104 |11
1.500 ~ . 1.8089. A lens a@5:15idR@0in any 26s BB2XhO. (BOGdRRD claims, 35. 956
L12 o S - 4.621 1.603 60. 7
o S -5 wherein sa1d first sub-group‘ng comprlses a 9051t1ve single

- element and a weak optxcal power doublet which includes a

bi-convex element.

20. © A lems asﬁciaimed in claim 1, where said sub-groupiﬁgs
‘move at different rates es'the eqiivalent focal length of the
10 - lens is changed.

. o . \_:
2L, A lens as claimed inm claim 1, wherein the telephoto

" ratio of said iﬁage'side sub-grouping is.less than 1.

S22, ~ The iens of claim 1 whereiﬁ:
< - AR 3 &L fyrp £ 6
| | 15 e T lfn]FVD_J'.f_ .25
c | 3 X fuira/F £ 1.2
3 < fum/ED < .6

Where £1 is the effectlve focal length of said first
grouping, fII is the equ:.valent focal" lergth of sald second

20 -'_grouplng, fI11a is the equivalent;focal length of said object
: eide seb-groupiﬁg, £I1Tb ie-the eﬁuivalent foeal.length of
._said iﬁage s;de sub-grouping,.and FVD is the front fertex _

" distance of the 1eﬁ§;'
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——



i . S o S
i -86 528 10 000 R22 = .-20,688 L13 L.
R N e g ©
6.262" SR Y 673 .. 32.2 R4 = k§6 746 \Whe S '
relenents fromth&™ehi ect .end to thc i mage end successively. RI- R2 are the

dll of the el enent % facesnsusensding! Yol énuir henabjrgtsdnd -ifiege Sigics of
Nd¥is the.index of refractign-of the el-éments, and Vd is the. dispersion of
'the el enents as. AvdSured Gy t Ae mﬂd@dnmnberﬂ x ¥gm ipagerframccdedimglto -

'cE8|n11 havi ng senj -ficl.d nles ? [err]as scaled to a 24 x-36mnmiiriagc
' fﬁann dei |ined stbRt B A V 3% FHY¥RS: Radi us of "~ Axial Distance "
.[|ndeX' of El ement- ©  Curvature (mm. Betmeen Sur f aces . Refrraction: = .
Abbe No. (nm) RL. = 101,687 7.471 .. |.487 ' 70.4 R2 -198. 419 -
07200 R3 =, eg§y447 2 o, Radius of Axial Distapcgs53 Index. of - -
- 1§487 . -_" 4 R4 ugvaﬁﬂﬁf éﬂ@)3 Between Surfaces - Refraction ~Abbe ¥ '
.25000 —1.805 _cafdrFE——-—é@ﬂﬁ-&égfz_sss pila 190 8804
- . 1.773 . - 49.7 R7. = 48.001 E
5742 R =4§6.215 é‘ _331'909 1697 5,000 S5 Ry G2 255 6 55 ¢
-4.992 ° . 1 847 R2 = 772808 o - . o
S nz o . 8.325 1531 so.0
o © . R3 = -105.577 IR B '507f
S . o L - . 0.200
- LS , R4 = 75,550 A e -
P ks S 5.264 - 1.741 . 35.
P RS = -738.126 - - L 35.1
L - 1,000 |
L . . R6 = -273.757 SR . _
L4 S . S 4.990 - 1,847 - 23.8 -
o R7. = -39.174 . . oL T
L5 - . S - 2,000 1.697 §5.5
. - R8 =- 74,538 . o o _ _
- . - 4.086 _ '
c ~R9 = -53,121 o -
Lé. T - 1,500 ~ 1.697 - 55,5
S 'R10 = 148.879 AR R
o - . S 49.510 '
- ;'7' ~© Rll = 46.961 , , _ I
-k R - o 4,902 © 1.608 40,
: - R12 = -929.669 . _ _ -8, _ ”49 0
_ - I 0.200
s .~ R13 = " 726.860 , ) | . _
‘L8, o R 6.485 . 1,587 .7
o R4 = -31.445 T - : o Sha
X IR A - . 1.500 . 1.847 - 23.8
p - - R1S = ~260.591 ' _
; _ . - 10.825 S
: : R16 = 23.960 o o
Lio | .o - 8.148 - 1.817 . 69.7
: R17 = 249.88$ - T T
. : R o 11.397 _
_ - Rig = 64.858 . - . o o . :
- L11 . ' S . 1.500 : 1.804 46.5
. - _-R19 = 16.770 . : _ o
_ , RS o 0.467
- o R20 = 18.004 , | T -
Liz. -~ T . 6.440 1.648 - - 33.8
o R21 = -46.653 - . o - |
. - | - 2.692
| © R22-= -18.862 _ L . . :
13 - ' - _ . 1,500 : 1,834 _ "37.3
' . R23 = -106.740 . ' S : :

Where L1-L13 are 1°ns elemcnts f"om the ochct end to thc
image end successively. R1-R23 arc the radii of the element
- surfaces successively from.the object to image end. Ng is the :
. index of refraction of the elements, and Vy is the dispersion of .
_the elements as measured by the Abbe number . :
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e o ST T b caem o a. -



‘R10 = 2180.742 50.035 Rl = 154. 385 7¢3-

2.5 Ij!lﬂljjllﬂ!lllﬂlll W, (7

4 104 o ], 847 .23. 8 R12 =
iz 42.312 . - 4 R14 31
S Lsoo 0 p3ys A Tens ‘eccprding o cfai 1kavingRemiTiEle Sl of
?\ggé 22 801 t%836 3° as scal%g tl) 5154'}: 315@13\ 514(2%@ QJaﬁeRagfb%ed?ﬁ 204
°1.620 12 - substantxally as follows 6 578 ' 1.541 47.2
:;R21 =-83.500 8..928 R22 = = -18.143 1 .500 o 1. 834. 37.3 R23
= 114.343 Radius of ~ Axial Distance? 278 d86 o .
°0.617 3.cTRAt - Curvatugq47(mm) . Betw2dnSSEPfaces -35R81ﬂa&ﬁmﬁﬁ Llﬂbﬁé 86 €

;lens elenents fromthe object end_to tKem)nage end suckgssively. R¥;R2S

.are the radii

1mage end successively.

of the el enent surfaces

success ively fromthe object to :
and V - is the:’

.image end. Nd.is Rhe #nddi.606refraction of the elenents .
?;dISpersrbn of the g%enents a asured bf-dA& Apbe nubél? * C59L7 M.
.S *29. Alens a ord|ﬁ64t apn11 haﬁlegosen1 field angles. -~ S
SR - = 09,209 , ' .
- L2 - ' 6.256 . 1.487 70.4
- * R4 = 7121.897 . - IR
L3 S _ 2.000 , 1.847 - 23.8
' . RS =-1311,231 _ I L -
| g S - 1.000
. R6 = -207.668. ’ -7
L4 S o 1.500 1,713 .83.9
: R7 = 39.369 , ‘ : _
R R8 = -48.686 L - -
7 LS L ' 2.000 1,697 55.5
o - R9 = 39.043 ' :
o : L6 ' _ o 4.988 . ‘1.847 23.8
S ‘RI0 = -564,889 - -_ - .
L S 46.831
S - R11 = - 54.481 | - T T
S A . - 5.338 - 1.607 56.7
P ~ R12 = -374,746 S . L o
- - : R13 =  77.405 - | R -
k L8 : : 7.895 - 1.581 1 40.9
= . " R14 = -36.501 - . | o
o L9 o ' - 1.500 " 1.847 23.8
; R1S = 194,707 - R -
- ' _ . . - 9.109
; - R16 = 26.911 . o L N
i - Lio o - 8.076 1.525 80,0
& : ' R17 =-1041.865 : L : y
; : o 9.346
i L R18 = 52.178 5 : S -
3 L1k ' 1.838 1,559 64.4
K - R19 =  21.897 - | o 3
; S C - - 3.425 -
2 o R20 =  28.087 . - L
b L12 : - - 5,298 1.027 34.0
i R21 = -62.138 | . |
3 | L o 2,562
i L R22 = -23.600 -~ - | e
E IR 5 A : 1.500 1.854 37.3
i3 - - R23 = 28.021 S : o
g o : ' - 0.445 -
? - R24 = 28. 914" AR o
5 L14 4,385 F.oto 35.4
3 L R2S = -113 264 R L -

Where L1-114 are lens elementq from thc onject end to the

R1-R2S are the radii of the element

surfaces successively from the ohject to imape end. Ny is. the
index of refraction of the elements, and V¢ is- thu dispersion of
the elements as measured by the Abbn numbcr
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of[er¥] to 6.3 as scaled to a 24 x 36mminmage frane dggg ! |y
ds follows: ‘Radjus.of . .~ Axial Distance - |Mmlmﬁﬂﬂmm B
Curvature (nmm). . Between Surfaces . Refradifon . Abbe Sy mm RL *= .
100.000 R1 '= 100.000 2.000". . 1.847 . 23.8 R =
'61.777 L2 R " 25. A lens according %40claim 1 having8§emi-field angbesl
ﬁéﬁm_ -139.015 0.200 R4 - = -?7.007 L3 ° . x C
4,333 . bf487.8° to 6.3° 79 sc#lpd 2o 2434 ggPépmrimagy framerdgfiped | 4
1.500 - 1773 -, - gQ.gﬁFﬂ.;. 42.712 4.608 R8 = -S0O 0S6 LS
02.000 - pupgpantially as s8lkosy - 39 784 L6 . - |

45992 - - 1.847 ©.23.8 .RO.-1453.300" . . 4h992-47.246
R =.93.280 L7 - - oo 3.836 . 1.805
28.5 RI2 = <218.835-of202d§1§ 5 37.%;93{8 < tance: o '1 lox of - S
75645 . . 487 us 05704 Ry XA . .gﬁﬁ L9 hdex oL e
1,500 -"“‘e"%. g4y Curvature jqm) Rl%“?"‘*z;g%% 385089 Hyractiong 23¥hg g0
'5.691 © = ~——%.583 457 R1¥ : 96 —d— —d
[T -~ R1 = 311.481 . T
L1 - -~ 2.000 3,847 ©23.8
o R2 = 68.476 L - o o
L2 ‘ | | 9.718 1.589 - 62.6 -
PR R3 = -108.672 : : S R
S R4 = 50,060 S —_— - Lo L ;
L3 : - §.222 1.690 - 31.0
S RS = . 84.784 : - S L
: ' 2.822 |
© 'R6 = 508.164 o . : S -
L4 : _ - 5.563 1.847 .- .- 23.8°
. R7 =. -47.257 o o
Ls . . T C 2.000 ’ 10696 T o SS'.I,
- R8 =- 41,931 . : A o
: . . : 5.239 . . . d . . .
-+« RO = -38,143 o - o .
. L6 o : 1.500 1.711 - 53.9
- _R10 = Infinity - ' e S
: o S ‘R11 = 59.518 : o ) . . -
L7 S S 7.648 S 1.571 s1.1
.~ R12 = --30.945 . ' - S ' -
L8 A ) o 1.500 1.831 24.2
S "~ R13 = -106.827 - _ o o
. R14 = 22,295 - L
L9 : 7.351 -0 1.487 - 70.4
~R1S = 85.618 ' _ - AR
S . : S :"18.021_ _
L "R16 = 54,725 : : S ' - =
L10 - - . 5,731 1.631 34,2
R17 = -16.627 _ o
L1l o 1.500 1.806 40.7
R18 = -68.855. S ' _ B o

. R19 = -19.620 o . .
L12 o - - 1.8000 1.806 40.7
© . R20 = -53.856 S o

%
Where L1-L12 are lens elements from the object end to the
-image end successively. R1-R20 are the radii of the ele@ent
surfaces successively from the object to image end. Ny is the
index of refraction of the elements, and Vg 1s the dispersion of
the elements as measured by the Abhc number. '




o e

RIS = 41_946 o 1500 . ¢ 1.847. ”{
3.8 Fﬂg =. 23 98@%1-QQQeEQOaLcordiiglﬁﬁ é131m having semi-field angles

-4 571 S 53 = -115 744 11 .000 R22 = -18.977
.. L13 - © of 27.8° to 6.3% is scaled 105@024 X 36mm 1m3884frame def1n3¢ 3
R23 =73.633 0:.505 R24- 94 636 L14 = . :

5041 Suhb?fsstlall)' as foblowsos = 31 880'V\here L1- L14 are Iens

el ements fromthe obj gg&éﬁn%go the jr ‘}/%fe sucgesstﬂvgﬂh' R% R25 arg t he
Sur. e ol e n i

. radii of1édunee! enenty sk AGE RYCCEs mage, & a
Nd is the index of refractloFc\( o? éi and vd .t"l‘ielaf's er’ }? B
-~ the elenents as nea"UF@ﬁ'ﬁV‘Fﬁ'“Abbﬁ‘ﬁ Ar#éhs—attordlﬁQJLe——— Lo
“toclaim1l having sem-f kel dgalgd &s of 22.8 to[err] as scaled to a 24 x-
- 36mMmi mage frane defined substantially as §gipws: Radilsigif ' 7d\d al
- Di stance '- IR2dex oBSElZafent Curvature (mm) - Between Surfaces
" Refraction Abbe No. Rl = 94.324 L1 RR.209 - 225 278 . 6.157
. 1.517 - . 69.R30.200 fB- 894 107 461 70.4 RS" 112 (29
6.256 Lz 1474L3_11 T aggd oso  LSITT 5 ooft? -
1.847 = ., 23.8Re _-i?ssf‘.%os L o D A
1,500 ** 10733 . .741.212 53-9 R8 55.596. .. = 437
B . _ _ ' o 1.000 _ '
S R6 = -145.203 ' | L L
- L4 o - . 2.000 . 1.850 _ 1 32.2
S . R?7 = 29.227 . S : : : .
_ _ - - - 5.027 :
.- - . . R8 = -40.720 - L o o
. LS : _ . 3.218 1.617 36.6
o ' RO = =28.743 o _ :
. - o 0.329 ,
o  R10 = -34,696 o e
L6 S : : ' '2_000 ' 1.620 - 60.3
' " R11 = 30.644 _ o - o
L? - L o 4. 502 ' 1.847 - 23.8
.- R12 = -836%.811 | D o S
| , N 47.970
AT R13 = 244.236 T
" L8 - S ' 3_347 s - 1.847 - 23.8
S | R14 = -159.720 | o -
_ . _ 0.200
- . . RIS = 37.449 o | S
LY . o . 7.464 - -1.487 ' 70.4
- . R16 = -59.792 . o
Lio ' R 1.500 _ 1.847 23.8 -
o R17 = 128.574 - | SR
L - 14,245 _
C R18 = 34.377 o _ . _
L11 ' ‘ o 7.312 . 1.694 53.3
3 "R19 = 125.375 - : ' .
| | - 12,722
o " R20 = . 40.777 - T B
L2 - - - . 1.800 1.834 37.3
_ ' R21 = 17.194 ' o o : ' '
L13 : | . : 8,377 . 1,529 51.6
R R22 = -45.367 _ - . -
- L 4.500 , |
S R23 = -23.943 - e : S |
L : . 1.500 .- 1.8%0 . 32.2 -
o " R24 = 50.260 - B . - o
: , o - 0,724 _
» . R2§ = so 060 S S o _ -
Lis 3.9 ©1.847 . .23.8
' " " R26 -75 126 ; ' : . .

Where Ll L15 are lens elements from the object end to the
"~ “image end successively. RLI-R26 arc the radii of the clement
~surfaces successively from the objest ta .image end. Ny is the
index of refraction of the elements, and V4 is the dispersion of

the elements as measured by the Abbe numier. I“I"I
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&S 2! 000 RO = 38.480 . 2. ooo .. 1,697 .- . 55.5

' 4 988= . 400 - L - 23.8 RII_  57.230° I - . 46.933 L7 -
R12 -355 668 - - 5.338 .~1pe- 1. 607 L 56 7 0. 200 Rl%g%a

=97, 881 o - 0.200 L8 - -~ R15 =38.03%t -

- ¢.89% - '1- S8l7, A lens 'aé&w%ihg to cla:ﬁ' lshavmﬁ&e(ﬁﬁlf'?&m—annlc
©383.703 - - - - 1.500 - - -1.847 L10 ~ R16 = - 26.072 -

- .10, 275 RL7 = 642885 co 6.3° as scal8d0¥6 a 24 x 36mm linfulge Q'rimtldiefme«. _

. R18 57.188 - ~11.774 R19 a 157.667 . .. o
1.487 subgtapuiedly as follRyg:i= 132 141 = . . o 588 R21 r

17.5%3 .o 1 igg - L RQ? Distance 43 9 h&%t of =
%ggsﬁl4 _ament CuQv %gxg&énngzs Bt g’g Surf.:ces6 41!3ch.u.txon '. 1!\@4@’ No.
e ¥
~1.800 42 3'V%ere [T-TIZ ar & Iens elenents TrdﬁTTh""ﬁUect“@ﬁ&“rU“
'1he i mage end successkyeLy s1R88825 are the radii -of the element surfaces '
%succe35|ve4y fromthe object to image end . C2Nglog's the inteXeof refractson
-of the elenments, and M2l 4 s BBe4ﬂﬂsperS|on ‘of the el enents-as neasured by :
the Abbe L2 number. 111111 31. A lens ated?ding to clat®hd 1 having70.4

~ isemi-field angles. 31. ﬁ@léhs398669€|ng ta. cIa|n11 havi ng semi-field angles'

“[eri]as scaled to-a 24 X 36 ggge frame dBff#®d- substantlally as’ folloms

'Radi us of . AXI ak 5 stdle | hde El errent q:g-yature ( TR
:Bet ween . SJF taces Fﬁgraptbgg 451Abbe No. ? %%ﬁ 818 2.00 hﬂb
;1. 80S - - 25. 5 _ 2,174 _
. : . . R6 = -218.893 . . . R
L4 | o 1,500 1,773 .0 . 49.6
o : R?7 = 33.369 § T
_ o ' h - 5.032 _ _
: R8 ‘= =-50.332 ° . o o
LS L - .- - . 1,800 .. 1.697 - - 55.%5
S R9 = 29.315 e :
L6 L L o - .5.544 . . - 1.847 . - 23,8
- < R0 = 372 944 . L S
_ B ' 39,191 o _ o
e .. Rll =, 278 949 . R S
N & © .. 3,349 - 1.785 o . 0 25.7
S -~ R1Z = -112,134 o e g
_ : S -0.200 . - T
_ R13 = 37.648 S e o
L8 : L D _ 8.126 _ - 1.487 - 70,4
: . R14.= - -46.741 - R ST e
L9 S .. . .- 1.500 - - ;. 1.728 o . 28.7 -
- R1S = 130.107. - S
Lo e ' $12.937 _
“ - - Rl6 = 30.554 . . L
- L10 o .. 5,344 - 1,589 . 61.3
- Rl7 = 161.993 S, R
e 9.765 o .
o ~ _Ri8.= 53,104 - - - . O
- Lll - . . 1.500 - 1.805- . - - "5'5'.
- . . R19.=" 26.732 . L T
- o . 6.998 - | | B
- . R20-= 35,956 = S S :
L1z - T S ... 4,621 - 11,603 - .  60.7
E ' R21 = . -+86.528 . - . LT
~ L13 ' - L oo - 1,200 SRRRE S b B 49.6 .
. R23 = 36.746 . e e
L14 R '.'6'262'j' ; -'1.673 o 3242
E . R24 = -36 746 - T ' '

: Where L1-L14 are lens elements f“on the OhlPCt end to- the
_image end successively. R1-R24 are the radii of -the clement

- surfaces successively from-the object to image e, Ng is the:
index of refraction of the elements, and Vg is" the. d1~pcls|0n of
‘the elemcnts as measured by the Abbe number

T




Rg ="30.325 L'2 % | © 0 .9.03 1. 487
70.4 R3 . .660.800 R4 "= 5 7. 757 53 S c
4.58° 1.487 ¢ .. 70.4 R¥T= -2198 63 2.00 R6 = -172. 4(7)6R7 97)
786 . S 28, v aim 1 havin semi - flcld Jﬂlﬁ_S '
= 23.666 4. sa B 2 1°§%=§§%4Eé?5 to clain 3 .50 "
-1, 487 o 0707§8R9to 6.327.8572chbed to a 24 x 3omm image framc dct1ncd‘4 19
“1.847 - 238 RLO= 215.640 .88 RI1 =. 58.063 .7 |
Lo 2.1eubstamgglly as follows: 257 R12 = 451.184 R13 = = -
-40.879 .20 L8 | 7 6.45 . 1.487
:70. 4. L9 .. _Hladius: 04'30 890 NA:QnI Dntancc fudex of - 1.50.
~ 1.805 . *ent 5C%f¥akytc (mayg dzawgemsSunimees = Refraction - ubng Xo. .
5,72 . 4487 70-4-REWmL 122 438 My 13 RIS . __ V5465 654
.§L11 R19 = - 17.10@10 37 gg0637 17. 908 L12 - N
‘5. 14 . S 71 35.5 R21 if471 77. 945 3 33 1.13. R22
L= l17.046 2 50 -198.410  1.743 - é - 407928
R E o o 0.200 .
: R3 = 95.447 _ | IR
| 2 S | - 7.353 . 1.487 - 70.4
. -~ R4 = -139,520 | o L BN
SO S o A .2.000 1.805 - 25.5
R RS =-5325.160 - . o S T
T . '2.883 .. |
'+ R6 = -190.880 | . . . R :
4. ST 1,800 0 1,773 49,7 .
: " R7..= 48.001 3 . Lo ;
R, o 5.742 2
- R = -58,215 A S :
5 D | . 2.000 - 1.697 55.5 ;
| RO = 42,255 | o : | :
5 o | 4.992 - . 1.847 - 25.8 g
| ~R10 = 2180.742 - T - . R .
| . SR §0.035 :
N - TR11 = 154,385 - o . o . .
. s 5 ; ' : 3.104 - 1.847 25.8 -
S R12 = -536.964 T - o T -
N _ 6,200
g | . R13 = 34,221 - e o . :
3 S L 8.851 - 1.487 - 70.4 g
. "Rl4.= -42,312 . | T :
S ' - -1.500 . 1,805 25.5 o
- RIS = 124.660 | S . . o N
S | .. 5.006" e .
g . Rl6=  27.114 - | | - 3
U o 5,601 “1:581 . 40,9 N
.~ . . R17 =-167.817 . - . -
| 1 6.077

S Rrig s 35.206 e -
T 1.500 1.847 . 23.8

R19 = 22,920
- - 'R20,= " 36.325 - S : _ . e L
12 . : - 6.578 - 1,841 7.2 g

B s o R RN ki 50 s 0 el B 0

‘R21 = -83.500 . , R o,
- o : a - g.928 - - E L
.. .R22 = -18.143 - . o - . .
i3 : o . 1.800 - . 1.834. . 37,3 *
L R23 = 114,343 o : - S .
- : - 0.617 .
o . R24 = 278.786 T T
B U : Co3.152 1.847 .. 23.8

. R2s = -35.211

nhere L1- L14 are lens elements from the oh)ect end to tlic
image end successively. R1-R2S are the radii of the element -
surfaces successively from the object to image end. Ny is the
index of refraction-of the elements, and ¥y is the dispersion of

the elements as measured by the Abbe nuule* ‘i
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Vyere 1.1- 1 13 ‘are lens elenents fron1the ob ect end to the | mage end
.successi vel y. Rl-R23 . are the rad|| of -t he eI enment Emnmﬂﬂmuﬂﬂjﬁmm y
“from.thc object to image énd. :Nd is the index.of _
el ements, and’ vuvya the dispersion of the &%nent as' neasdred by the Abbe

nunber C. . 32. ¥R lens according to claimil haV|n3 sem-field angles bﬁg.
g fang

-[gr/r]as scal ed to a 2219-x J6rhent negeotdidge taetl vk 1s Yinat$emifigd
'Radius of .. di st an ndex 0 e
.Bet ween Surfaces"f ra&&?bﬁe- asA&)‘t?elelQo E‘hf‘ Foen' 8%“%675%"‘@ de%mém
2.000° . - 35 070 L2 | | o
1o. 644 -.-ssugsfﬁﬂﬁflly as. §@1§6ﬁ? | Inflnlty 0.200 S R4
42 216. L3 640
dius. of qutané% !ndcx of1
60.2 RS s --asatzoz 1c41f? Rhire” (577, %@% Sont: ,
11.500 (ﬁ%? -”_(:m,%f 43 4. 45§h}§f“°“ -36“ g ¥
L5 o . 1. 697 R9—
= 23.130 L6 00.000 ° _' 4494 1 847 |
23.8 R10= - -'305. 162" 2? 789 L RI1= 51880035 L7 1.847 - = 23.8 _'
3. 349 _ - . 1. &QS a. 61 7725.5 Rl12= -83.526 . 200 ' _ o
~ AR 7 - 8.540 - 1.487 . . -70.4
S R3 = -139.015 LT
- 0.200

| R4 = 57,007 S N
R T 3 ST 4,333 1.487 - 70.4
| RS = 141,831 . A SR

. S 1.774
- - - . R6. = -219.606 I L ' _ . .
. ' - R7 .= 42,712 P _ : - g - o
o . . ' o 4.608 .
1 " R8 = -50.056 L . - . .
o ~ R9 = “39 784 . s T :
L6 . o : - . 4,992 - - 1.847 23,8
_ S ".R10'=-1453 300 . g - _ T
o N ' 47.246 _
N T R11_= 93 289 I SRR . o
R ¥ | T o -3.836 . 1,808 . 25.5"
. RlZ2 = -218.835 . o o : - '
_ _ - : e - 0.2000 _
: - . R13 = -37.170 o _ . L o :
-2L8__ : ) g . o -7.645 .. 1.487 - 70.4 -
SR - R1S§ = -60.263 : . o _ S
LS L L 1.5000 - 1.847 © 23.8
E " R1S = 74,150 - ) i I . o
o : ' _ 8.989 B , e
. Rl6'= 28,233 . S o
Lo - ' o o - 5,691 ) 1.583 o 45.7
- . -R17 = 161,805 C L S e
: o 8.196. '

- ‘m8= 41,96 o - IR
. S 1s00. - 1.847 . 23.8
S R9e 23983 0 T T T
| o R 1,133 | |
. R20.=  33.166 o T .
112 T s 1.832 . 48.8
| R2L = -115.744 .. 0 TUToeo
X © 11,000 |

e R2= 18,977 | - A " : S
3y . 1,500 1.834 - © 37,3
T Rz = 73, 633 | o | S -
_ . _ O 0.505
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Where L1-L15 are lens elements -from the object end to the
image end successively. R1-R27 are the radii of the element sur-
faces successively from the object to image end. "Ng is the "index
of refraction of the elements, and V3 is the dxspcrsxon of the
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operate substantially as hereinbefore described with reference
to, and as illustrated in, the accompanying drawings.
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