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OPTI GON RESEARCH AND DEVELOPMENT CORPORATI ON of P. O Box 1740, Santa MNbni
California, United St ates of Anerica, a Corporation organized and existing -
under the laws of the State of California, United States of America, do-

her eby decl\aLe thel | RAH]ENT OSRE(}IFICATlmaY t haflln ?%8%'3229

granted to US, - et hod b._- vvhlchlt is to be: 5performe
particul arly ?‘}?“g?d 5 he@bfﬂ%ln‘g%s%‘ﬂﬂerrent S anti on

TPt 929 318 0 t hose known as

£ \Vi-de. eenses may be.defi ng
jatio ﬁ @P%l ‘mage frame of the [Ch

whi ch t'e le gg,;ugﬁ il y:equal. to or -~ 10 gredt{§
equi val ent f(i-ﬁ‘-ﬁ|(4l)eﬁﬂﬁﬂie ch &3’? ; pg&; qb,y, Wi de angl e-rg \
obj ectives- cover(sr)gn\fn@;(bmg)@s approxitnately [err] have \-\\
many years. Typl(saljnaeﬁdaes@p{am lmw been large in I'ength akd 4
resulting in considerable manufacturing expense and--a | ack .of . por. apl lity.

In order 15 . -to .reduce necessar to increase the lens .
el ement powers which . 15 no%W&%@§g A ELENSESe aberration. |
contri butions. Wen... ‘wide. angle objectives. of reduced si.ze configuration:
are constructed to r(ell)at i Wee apaprmesn OREfS:ETABCHt h&NMEeDEV(ELCE)PMMTl arge
aperture. dependenc__ IR PHrPiPr% Monice ! &Nm@ﬂétﬂeseg
apertures of “appr oELHate ‘}’d%ﬁfe f@§ o .étgﬁmv :ﬁﬁ)t s o amount
of zonal sphebi cal walpe yrtﬂdtlaqiat 1etBE By wmchc,gmg, ﬁ'érabl %

20 i néreased. Mor et me@it!ebemrtlt-‘ slwas edl ens:ddd ehefdlogg gutatsmetthe armount

of field curvature, T ng'g;ﬁnﬁgp &J;gg-é%&e?remmﬂwte veaswiden -
t hough the aperture de mmsehewmeﬁiheaﬁneepmﬂbnmﬁ Zonal
field curvat dfPe andnasfmtymmemmr Mtlswheheieyedsusrnsédmm bor.

The present invent Bgmfocu% i. . ody piypl °“t\qu?‘fﬁﬂe§g§g§§; %gsétrg hmvfl E/)épe

25 whi.cl conpri ses
group, .. second nemﬁlumn midprablania : eRpense B 8 IaK UEp lx@gnardeencave

i mage si 1$ur f atgsredpce; !ﬂic ; gasey the dens elementopoweiy eluch si det5
surf ace® a fourt h %ﬁ:@iﬁ%‘:ﬁ&aﬁ ﬁ% n%ﬁ%;}f@ '. .

fifth negative gropms, e Geed tlcorrect. Rrpels _ertﬁ@&lebén‘dihcegib

i mge and -obj ect- shwvsru%mdsﬁgééve apertures 058D % aleibtmo mt at%gretdﬂ Ffﬁﬁent_ 20
invention is*a L “3 'Ejﬁ‘l"f‘ qnden 8 '
arge lens e €n o :
b cot] ves i oh oot Hoth B Rerts aﬁ&gﬁ%ﬁ Jﬂiﬂ zes
the | ens eI ement pdependent nbenradms may bé)twﬂl reotrbmed ‘the: zonal field curvature and
astigmatism -will seéverely limit resolution. - ° -
25 'The present invention consists: in:a :wide angle lens of the retrofocus type 25
’ * which comprises from. the object end to the image end a first negative group, a '
second negative group in the form of ‘a meniscus having a concave image side -
~ surfage, a third. positive -group  havirig a convex -object side surface, a fourth
. positive group having a convex image side surface, a fifth negative group, and a .
- 30 sixth. positive. group ‘having ‘convex image and object side surfaces, 30
: © One embodiment of the present invention ‘is a new and improved lens T
 configuration for ‘wide :angle objectives. which: employs ‘a new lens. grouping
arrangement which-minirizes the: lens element powers in ordei to obtain the -
i : necessary back focal distance and’ front vertex distance ‘as required to be useful in o
- 35 single lens reflex cameras. The minimization of the lens group powers decreases =~ 35
~ the surface contributions to-distortion ‘and various aberrations. L
- Briefly stated, the present embodiment is a wide anﬁle lens comprising a first
lens group from the. .object end to the .image and which is afocal, a second
_ . diverging group, third'and fourth converging groups, a fifth diverging group anda
40 - sixth convergin group 'The lens groups and elements, and particularly the fourth 40 -
- group, have relative powers and- configurations to achieve the objects of the
invention, as hereinafter more specifically pointed out.
The lens is a lens of the retrofocus type having a large relative aperture with
- minimized field curvature and astigmatism and the capability of focusing to very
45 close object. distance. without introduction of unacceptable field curvature and 45
o astlgmatllm '
The invention will now be described, by way of example, w1th reference to the
aecompany drawings, in which:

SPECIFICATION 'AMENDED - SEE ATTACHED SLIp:



necessary back focal distance and front vertex distance as required to be

useful in 35 single lens reflex caneras. The mnim zation of the |ens
group—povwers—decreases 35 the surface contributions to distortion and

- eleme¥ or-

various aberrations. Briefly stated, the present enbodinent is a wde angle
lens conprising a first lens group fromthe object end to the inmage and
~whi is afocal, a second diverging group, third and fourth. converging

gr , a fifth diverging group and a 40 si xth converglng groEp The
|.ens~groups and el enents, and partlcularly the fourth 40 group,- have _
“rel atui_p‘a_merc a_nri confi gur at i nnlzr G%Fhl eve the obi eCt s of the2inventi on,

as her ei naf t erFI & 3RACidd &4 atidhs BPicR] Efbddythe th-ghﬁvehﬁﬁx,s i's a lens of, the
retrofocus typHGSa#anngaleémegﬂlustdtmgtheanprpﬁd ﬂiellHnEbezed fTeld

curvature aft§ i sm.a ty of- focu ~to very 45 '
cl ose sobj ec;ndd%?isannzd Wt“ﬂ%[}fvaith °Edg‘g “Ginl %‘f ’tge‘S FILioR; o gurvature

and - 45" .asti gHEIGSsIn anIhEaﬂeI&\tﬁé’ixllﬂﬁaﬁﬂghhe mmaﬁpdil@ﬁﬂdnw@d’elbﬁs Way of 5

exanpl e;. WI?'-_". &ere ce t he acconpa draW|n A “Wh :
oo o G et :rs*;::f?fm i
1, 48410822, Finﬁ?e oﬂanﬁ:bjthEd _ @Mﬁ&"mlas},* '-:-t@;‘_ de ﬁ‘;‘he I nygntion;
FIGS. 4 andalE 0T cequivalentsfocal |lengthr for iarmpedifive

of Fig. 1; -.

lxmsFr wel;mtece of- the | ens
but
= wiuien a(rich oo i o et e ,m,m;;:a Bl enbodying the
o nVent | On "athers to prowid Sithe desired resuit.

5 FI@5 11 andA leds embodying, msnvehﬁansetsrdmlbseg cb:hpnsesnsi)t Busagio@ehemrrancqs of the

| ens of Figth8 objegt ed;to. the jmageeand a8 followsic | errent al .groupi ngs and spaci ngs

- thereof . are chose s and distortion of the overall
- l'ens and genetﬁl | &g@&%n@é f??%mv%b% mage . of .an- Obj ect. The |ens
-groupiongs ar.e: os‘erps@w.""m ing acenvex fodnt girfacey “f i el-d - ‘10 angle
orequi val ent f calA ‘5 ,_Bl‘c"l having ‘J‘t?ﬁ‘fj‘é‘ ot ’i“ffit"e ‘*‘Pﬁér ef oﬂ%
cont.ri buti an ocf eaa(; ﬁ&ﬁq&@ﬂ&‘ﬁﬁeﬁhﬂm&nt in mlti-element lens'is
i ncapabl e of pﬁleCMSMdaublet on'-i:nasmuchasal 1. ens gonf i gjur ati ons are-.
1 red: result.

sel ected in- V'f‘ﬂrsg{ens RFe L%é?thte?né%uowmd&t I’Opfgm n%cfe?n s grgyps from

A | en2s emboglyd: Rgs: .
15 the obj edtm@csd-l&d. dnedemug audifl R&S-Ril6hs shown. 'Ihe ﬁ_rstgréuﬁmeal ement _group of

el ement havd, 19e 33501! group 11 1 Eﬁl ised.of a’ gusL3ofne gow Os't've -3
izing). iseaumsédm vi-EdtivetcldmentDdofPositive - 40 Conv.ex
rear. surfacE“W °°n"°i$'% viafconmms' ;bletAposHlve x
&

and corrpr [ Sﬁﬁver (conve '-__ng) Thls lens. is-define :by-the data set: forth in :'Ifab_le-: o ' '
: -A:second lens:11, embody1 ] _;-the invention is:set forth-i and compnses 23
: _;lens elements.L1-—L83, arr arranged: in six.groups of the same tive.powers’as'the - -
. -lens of Fig. 1..Lens 11 differs: from lens:10 primarily in- that Group:TV comprises a
.8 n‘gle element L5, but . which. i is-still: of Fosmve power (convergmg) Lens ll 8
. defined:. b{ the data set:forth. in-Table: T .
40 .~ Another lens 12 is shown in: Fig. 3.and compnses the six: groups I—VI of the : 40
. same:relative, power as:lens: 11,:having eight elements L.1—L8. The: lens surfaces
. -are defined on.radii; R1-—R15.as, shown.:Lens 12 differs:from Jens:11: pnmanly in
-that-Group: VI, elemenls L7-and L8; is comprlsed of a meniscus-and a coritacting
45 -bi-convex . element in_ that. order, rather than v1ce-versa, as lens 11 Lens 12is - o
bl ,deﬁned by.the data-as set forth.in Table III 45
. " .In'the tables. the index_of ‘refraction is. denoted as N,, and the dlspersxon as - .
referenced-by the: Abbe number. is denoted: by-
... Tablel sets forth. dataon-lens 10-of FIG:: scaled to an- EFL of 28 7 mm for a
..24 X 36 mm. 1mage frame, and .havmg a, relatlve aperture of: F/l 9




25 ni ne | ens
surfaces of the

,elenents L1-L9. arr

25 elenents L1-L9 are defined on radii

anged in six lens groups. The
R1- R16 as shown.

The first group viewed fromthe object end—to—+he—nmge_end conprises

el ements LI and L2 whi
equi val ent focal
conprised of a neniscus L3 of
third group IIl. is conprised of a bi-
power (convergBng). The fourth group IV i

LS and L6 af positive pomer \bunvCT"'””\

are,

negat|ve

as a conbination,
| ength (EFL) of the overall

- convex eIenent L4 of positive

afocal with respect to the ——
| ens. The second group Il is
power 30 - (diverging). The

30

E.)I‘I sed of a contacting doubl el

2f i f4:0°-group V i.s conprsed of

48]

a negative meniscus (diverging) .and’ thesm(ntgyl gr.oup. VI

doubl et of positive pomer (converglng)
forth in Table 1. 35 -

set forth in-Fig. 2 GMsCOWD“Sﬁgdu

T.5 _a contatt-ag—

This 1'ens -i's- def.ined. byt he . dat a set

“A secon§IGERE 111 nbodyi ng the .invention is
35 Iensﬁﬁdlﬂmw
ds _the IF"é‘PmSuﬂ’acgs 1 LRps 11

LI-L8, arranged in six

ffers from

groups:.of - th§~sane—re+a%+¥e—nmnrq

| ens 1G=pr|narlly in ihat Rloup Isesxnmmw ses a srigre—erefent fhut - which
is still of posi t| ve power conve qun Lem.aasmnl s . defj ﬂg b the data set
forthin Table Il. Another” ens 12 shomn |nF|g 3 and ri ¥2 the Si X
groups |-VI of the g sanB3reI alligy3gg power 808 ens-:11, havi ng ei ght .
el ements LI-L8 The |ei% s aces are deflneﬂuﬁn radii 5 as.shown. Lens:
12 differs fromlens 11 prlrrarlﬁ? t hat Group VI, elg nts I‘_‘?3and L8 is
conpri sed of a meni sc[g’ amb a: confgagd i ng . 4§ 2—-0.20: b| convex el enent in'that
order, - rather than vi ES 12 is flned bythe data-

as set forth in Table II. :
is denoted as [err] and tl]H-dlSpQ§

i

a,as.-lens 11.
" He 124565 | n. the tabI es thg _
9N as PS6%renced by the Abbe nunber is:

!f dex 8-S5refraction

enoted by [err attte ets :f or at a J ens. 0 scaled to.
d d by [ 1. .T I % 1 d ? 10.of FIG 1- | ed
an EFL of 28.7 mhfor a22$ %Wﬁlmage rame, and h ga36e§|at|ve
aperture of F/1.9. 3, R9: 241 2.581 11a¢ ... 1,484,322
3 TABLE 1. FIGURE 1.Lfens R dl us Axial D stance Between
Sur faces. - NRL g 38 §Q37rrmIMGZ ig’°75 - 17470 1 2288mMm-
1.5168 . 64.2-R3 - R§A9-3 ;  85.5R8 L2 R4
7.167 . 1.7995. 42 gﬁrﬁ' $950379 9. 3%26’ _ S L
-123.776 - RL 55,125 8306 ° 365 L5 . i -22.141
2.581 L6 - R O ..1109.§ﬁ3 6 00024&1- 70. 27.5 R11
-21.131 5774 7 728565 49.2§ 84764 B
| " is R4 76751 . R
g RIS ;—22374 , 6000 -1.8042° 465
L & .'R,l_6'._: . -54 353 '1_'500 R 1;.8_05'2' v _25;_5
o . BFL = 38.8 mpm . | L
- - -'Il;l:e aperture stop is located 84 mm after L3
S o ”Pacms between ele e '
.focusm from. infinity ments L2 and L3 vanes fromozo
S group- funng focll;.;:hys 1 :'.5_Elements L3-—L9 move mntl‘il:e:'lolilglglr:n a?; :
: 3 _ _ 5



R12 -21.131 40. 3 L7 R12 55.725

0. 135 R13 26. 386 2. 454 1.8467 23.8 R14
+6—75% 2239t6—t9 R15 ——=22. 374 6. 000
1. 8042 46.5 R16 54. 363 1.500
1.80 25.5 BFL = 38.8 nm The aperture stop is located 8.4 mmafter L3.
The 5 ci ng between eI enents L2 and L3 varies fromO.20mmto 4.72mm .
focusthg frominfinity to 178.4nmm group during focusing.travel. 4
1, 484, 32% . 4Tab|e [ sets forth data on
lens 11~ l ' - wige frame,
and having a reﬂ'g*ml u%ferthdmooﬂeﬁ/lkoomqﬂasﬁedto anfERLUMEST modx | al \O/st ance
Lens ¢ imagp, (e ctRd daying, ¢ sdlative aperiure of BR0. 3 5707m LI
2.435mm '1.5168 ©  64.2 R2TABLEII19 187 8.508 R3  -118.121 L2
4. 797 : 1 7995 . 42.3-R4 ..o 53, 498 4. 000-0. 25 RS _18. 55‘6
L3 : 21§Eﬁ RE 2. 15831 ) 595R6/‘_'.
12.336 10. 615 R7 . -50.120 L4 AxlalDrstance‘ ) 2. 159" -
1.8306 36. S5Lén8 :.-.-16ﬁad3&32 2. Sﬂe‘twRQSurfaces-22 ﬁ90 : L_5'-. v‘- e
10. 883 - ~ +F666——— S—R—2+% §56~0—435~RHt— 51.8954 L6 -
o 5 m - . - o
3. 257 o 84dY %@m 2435mm - - 15168  64.2
S R2 1987 S :
- . 8.508
. 'R3 ~1sa2r- o . .
L2 L4791 YT 1.7995 423
R4 =~ 53498 - S e
' L "4000—025 '
. RS 18.556 - , L o
Ly ] -2180 Lo L 15831 0 595
- R6 - 12336 . ST
B , 10.615 N
o R7 50120- s -
14 2159 - - 1.8306 36.5
o R8: —1605232 _ S
_— .- 2.881 , -
St RS 22890 - 5
LS _ o - 10883 - 1.7600 = 475
~ R10  -21050 . . - o
_ ' ' 3 0'135_ . L o . . . <
. o RIt - 51.895¢ - _ . S - '
L6 - . 3257 - 1.8467 238 _
“R12-- 26298 - .. - .0 S .
R13 © 77064 ¢ = _ v -
L7 ' ©. 70000 - - 1.8042 46.5
ot RI4& -18570 .. i
L8 1500 - . 1.8052 255 -
- - RIS '—51.214 N L. L
BFL = 9.0 mm.

_ The aperture stop is located 9 55 mm behmd L3 . _
5 °  Elements L3—L8 move in fixed elation as & iroup for focusmg whrle L1 and 5~
: _ L2 are stationary. The spacing between elements L2 and L3 varies from 025 mm

to 4.00 mm for focusing from infinity to 178 mm



. 000
R12 26. 298 2.239 R13 77.064 L7 . 5(7)000
1.8042 46.5 R14 -18. 212 IéISZL 290 T . 5(
.5 R15 -51. = : ‘he—aperture—stop—+s—+eeated
é' ggSﬁm behizﬁdSLB. 5 El ements L3-L8 nove in fixed relation as a
g'roup for focusing while LI and 5 L2 are stationary. The spaci ng between

: _ g ' : ing from i
el enents L2 and L3 varies from0.25 nmto 4.00 mmfor focusing g TabI

infinity to 178 mm . 1,484,322 . o
:Prlsetg-fort-h data on lens 12 of -FIG 3 scaled to an EFL of 28.7 mmfor a

x 36nm i mge'mﬂ ng a relativel4¥e322ure of (_E/ 2. 0. T/%\Blg‘lial:gls. 5
. -Axi-al  Di'st alistde 1ERs forth data on 8342 YBFIG. 3 scalec Dl EEL T3R5
'[:'eﬁJ]RERf’ 301807 RS mm image frae GatPBavibg W Velative aperm of FR0. . ¥.520.

aaiia. - . 5.835. .
65.6 8.500 R3. - -111.180 12 - . TABLE Ilf7. 5. 4.000-0. 25 R5 = 17.557 L3
1.802 % 47.5 R4 o-55.111 - gl ; YUU-U 29 R _
12.193 °° 72,180 | . 1.807 FiddrB310. 7€ 1 ana |
. o N e . 2 433 o 1.833 . -, 41.8 R8
10. 789 L4 Cmanc e '-.2’3-?2"86;: c - . . . Axial Distance = - 9.700 S
-138. 978 3.390 RO Leng =°- lﬁ?ms ¢ Between Surfaces - N, - Vo 3.324 -
1. 837 © 51.9 0.435—RI1- - - Q4. 16 ———75 : : .
' : . R$.009 29.88@mR13- - = 85. 3 : o o
1.848 23.4 Rtz B6.009 P86z 2.435mm 1520 656
. R2 19.832 o :
: : : - 8.500
| R3 111180 . - .
L2 o - 5.835 " 1.802- 475
' R4: 55111 R i
T 4.000—0.25 - _ _
- RS 17.8557 R -
L3 e 2.180 - 1.807 4.3
. R6 . 12,193 oL T T
T 0789 - .
' R7 - 47013 ° e ,
L S 24330 1833 41.8
.. R8 ' 138976 . L ST U
: RO - . —23.286 A o
LS T 9.700 1837 519
- T RI0T a1sT3 | -
LS 0a3s .
. | RII 51904 T ._
: L6 o - 3324 : - 1.848- 234 .
- - Ri2 26000 T R
e _ " : . .2.682 .
| . RI3 . 85346 T o
L7 1000 L1848 234
- RI4 31429 ST T -
L8 oL B : " 4000 - L776 . 50.6
RIS . _43.746 A T -
* BFL = 39.9 mm, |
The aperture stopis located 10.79 mm behind L3. .

The spacing between elements L2 and L3 variés between 0.25 mm and 4.00
~mm for focusing from infinity to 178 mm. _ :
- Elements L3—L8 move in fixed relation as a.group for focusing while L1 and . _

L2 are stationary. - .

o 5 - In the examples of Tables I—III, all lens have a rated EFL of 28 mmi and a 5
P rated equivalent aperture. of F/1.9, as scaled to a film or image frame size of 24 x 36
' : mm. The lenses may, of course, be scaled to other image frame sizes, and EFL’s,
_ -Figs. 4 and 5 exemplify plots of imafe height versus focal plane shift for the .
' .. lens of Fig.'1, and a known wide angle lens scaled to 28 mm EFL and a stated -
> 10- © “relative aperture of . F/2.0, respectively, ‘as shown in; U.S. Patent 3,736,049, . 10
-~ Comparisons weré made at a magnification of M =—.025 fora haif image height of
20 mm, for both sagittal S and tan ential T rays. o
- The curves of Fig: 4 are re atively close together: evidencing essential
, elimination of. astigmatism. The curves of Fig. 4 have less deviation from the
15 vertical, and are generally: flatter than those of Fig. 5, to evidence a substantial - 15
reduction in field curvature. . S ‘ L
The lenses of Tables I, IT and I1I are designed for the first gréup elements L1
and L2 to be stationagy while the rear elements are shifted in fixed relation asa
_ %11)81.11)31;11') focusing as disclosed in copending application No. 36799/74 (Serial No. .
20 304,321). : . '



L7 R14 31. 429 1. 000 1.848 23.4 BFL = 39.9 mm
The aperture stop i's Iocated 10 79 nnlbehlnd L3 The spaci ng betmeen

' ™ for focusing from
|nf|nty to 178 nm Elenents L3 L8 nnve in flxed relation as a group for
focusing while L1 and L2 are stationary. 5 In the exanpl es of
T s I-1Il all lens have a rated EFL of 28 nmand a 5 rated equival ent
ap ure of F/1.9,as scaled to a filmor imge frame size.of 24 x 36 mm
The Ie‘ses nay, of course, be sca{ﬁg3kp other |nage frane S|zesz6and EFL' s
' Fi-gs. —4—afe—s—exerp S—of—Fer et - s—focat—ptare——shi ft for
my wise| e | omeiéfareeaalb@s% mnEFL and a

t he’ Iens of ‘. Vs.r,.tlad
stated 10 - de% ﬁﬁh‘?’s-_-- éﬁg ey ? own in US.
-Patent 3, 73 erJthsqmm Mﬁgfﬂc@&m\aomgﬁb pwa dwn of M =.025

for ahalf snhualaghereloifteZ(dembe both sagittal and tangentbal T
rays. The c T °’EF‘§1°S 4’f ges aﬁé“#‘%"f “g‘?@gg afpig g}ﬁ%{;m *denci-ng
essenti-al |lg{1 0 giat sm CuTvVes ave“%ss .

“devi atj on froan:bteeIVJs&sforthdmbntteHnsIMﬁlgwasqmdmaiE dflzsasmer t han thdse of
Fig. 5 to @mad?éntaé amsimess; plens; and haying agelativeiapertyre of FA% cur vat urte. The
| enses of Tables I, IT and Il argpffgyoned for the first group el ements LI

and L2 to be statlonary vhi l e-the rear elements are shifted in fixed
relation as a group for focusi ngFEGURES§cl osed in c0pend| ng appl i cation No
36799/ 74 (Serl al No. 20 - 1, 484 3
20 6 Rl Dss o, 555
6 However, theLdnens Grautpes(mng aI S0 bémml)ranged tUa nmove diiafferentl aI I y. as
in the:conve e a =0 f e entire -
obj ective nay Ry ShIRf'ted for Pd s ng,4m§nle thelfsg;yrth &3 fifth lens
G oups nove.di fferern,l ally :.mlawvell known manner.” Al so, - the | ens may be
arranged to nove onlﬁl Groups 2\42’3‘5“' Vi #389 focusing; as hereinafter
descri bed. L2 " 3.000 ' '1"-4875 Fur §ger- exanpl es of
| enses enbodyl ng thﬂl‘l nventl on.oare set forth |n Figs. 6-10, and Tabl es

¢ IV-1X .In all of the ‘exanples %oup 1275%s an air spaced doublet L5, L6.
Table |1V sets. f rthpdata on t4#8% ens ]fqogf Fig. gaﬁ scajefl to an EFL of

ane, © an a

28.5 Mm- 10 - or qz‘24x36msmrrage V|ngarelat|ve .
aperture of F/l 9. R,,' 10 TABLE V. SFEDEURE 6. Axial Distance Between
Sur f aces Lens . Radl us ( (mr) ' : [err] 155.101
Lt A 0561 4160 ”is 562 57 g 52, .
. _ e .
L5 el e 2164 1.805.. . 25.5
T Ry —1430264'_. o
L6 - S 5.504 ©1.800. | 423
. R, —19.767- HE
_ 3550—1.028
- R; 45215 - T o T
L7 . 2.580. 1.847 238
. _ : ~-1,700- . _ - o
e Ryg o T0.687 o
L3 o 8.00. 1.743 492
L9 o o270 1847 238 o
Ry -44577 S R o

The aperture stop is located 7. 18 fam after L3 The BFL varies from 39.68 mm
. to 44.34 mm as the lens is focused from infinity to an object distance of 174.7 mm.
All lens elements- move for focusmg and the space between Groups IV and V. .
15 ° moves dlfferentlally as: shown _ o _ , _ L 15



[err] -541.744 . 300 [err] 29. 242" L2

3. 000 1. 487 70.4 [err] 13.031 12.759 22.898 L3

2. 000 1. 800 42.3 [err] — 15520 8692 [err] — . 48.249
L4 ©3.200 1.785 25.7 -70.561
1.967 [err] -24.204 L5 -24.204 2.164 - L
1. 805 25.5 -1430.264 .844 [err] =~ -94:529 L6 .

'5.504 1. 800 - 42.3 [err] - 19. 767 3.550-1. 028 [err

45.215 L7 ) : 80 _ l 847 23. 8
[err] N 179 1. 700 [eer] - ‘7‘&%’@227 R ' 3’ _
8.00 ‘\\/' 1 TARble V. setﬂgnﬁ-}dﬂtﬁ'bﬁ]a lens 14‘3!1[%&953}#&9 shown in Flg 7 scaled -
2.700 : Tto84ry EFL 28 .28.6] mavr for a 24 "x' 36 4dm SffaineT lsize cqndr 4 ueletiet op i s

| ocated 7. 18 nm APERYre 08 F/iPne BFL varies from 39.68nmto 44.34 nm as the
|l ens i»ss focused frominfinity to an Objrgﬁi_Ed;l stance of 174.7-nm Al |ens
el enents nove for focusing-and the. space ‘bet ween Groups LV and V 15

noves diffesentially as shown.: .~~~ FIGURET.
15 &/ _ _ . 1PuiBs: 322 -
7 Table V sets forth data .on Iens 14 m‘aﬁgﬁﬁa&g y ‘as shown |n Fig. 7

scal ed to an EFL .ofLle8.6 niRadiw(mm) 24 x 36(mm) frarre sNaze andVa rel atlve
aperture. of F/ 1.9 TABCE ¥ l—rbum':dmo

L1 : o o 5.700' 1.487 - 704 -
. TRy 384,104 N '
P : .300.. L
R, . 35.935° S . :
L2 o o 2800 - 1487 - 70.4
: R, 11,488 - L
_ ey o 4.032 .
Ry . . 26721 Lo i -
L3 o C 2000 . - L5170 642
- - Rg 0 18510 : T .
e 14.343 "~
e Ry © 39.692 o L
L4 o 3200 : 1.689 . 312
Ry - . ~925.392 - - . S o
_ _ T 2973 . . i _
o - Ry —76.847 e :
. L LS _ 2164' 1.847 .~ 238
- : Ry 97.091 . T
_ . e 1750 '
' . Ry -75.162 . T
I S L6 P 4549 o 1800 423
_ o o 4098—100 '
T Ry 37.634 : R .
L7 S 2700. - L7220 . 292
Ry, S 32248 : T '
S Rys =~~~ 70613 IR e -
L8 - L. 8400 1.641 598
Ry -—13940"'. R Co o
o S 2700 e 1.805- - 25.5 -
s R,’, : —42358 o
- The aperture stop is located 12.3 mm after L3, The BFL varies from 392 mm
o 5 to 43.2 mm s the lens is -focused from infinity to an object distance .of 203. mm. . g

nary while Groups V and VI (elements L7—L9) move.in
fixed relation for focusing.” .



Axi al Di stance Between Surfaces Lens Radi us( nm (mm vd

[err] 42.160 L1 5. 700
- — - r] 35.935 L2
2. 800 1.487 70.4 [err] 11.488 4.032 [err]
26. 721 L3 . : 2. 000 1.517 64. 2
[e@ 15. 510 [er] . 39.692 L4 -
3. Adk | 1. 689 31.2 [err] ©925.392 2. 973 [err]
EZ?‘;]&AJSLS | o L4842 2ﬂ}6f1m_u 1.847. 4  23.8
j T J. J. 1TI9U
~4.549 . 7 - legg@etsforthdap o le{: FIG 8scaledtq ﬁl‘j.g)ﬁigp@g\g'ora 100 \[-drr]
37.634 L7 - ;‘b"’m‘m‘ frame, an “EE{? apertige o000 g 722 29.2.
[err] ' _32.248 2. 000 [err]'rABLEVI '70.613 L8 - C :
8. 400 : 1.641 = 59.8°'L9 - 18.940 e 2. 700’
1.805 25. 5 [err] - - 42, 35‘9% aperture stop is Iocated,’IZ 3 mm

affer L3. The BFL varies from39.2 MXiePDistance. L 0 43.2 mMm as the: t®As is

. focused frominfinity-to an ob&ect Rétwrien Suréacess 203 mm Groups I-IV are *
stationary. anﬂ%ﬂ(?oup@“W“&H& VI (eleﬁ%ﬁl L7-19) Move i nViixed - relatlon
for focusing.” 8 195 1,484,322

8 Table VI setSLflorth data on Iens 15 Qf99s-I G 8 stél7ed tos42@n EFL of 35.0 mm
for a 24 x 36 nminma&e frame, 20460 a rel %t,‘{ve aperture of F/2 0.

R, -96 642 O
L2 __ 2829 - . L7185 25.7 .
‘ . R -58.277. - . S o
' : - 0726 _ .
R, . 18.356 : :
L3 - o g - 4,321 1723 . 380
- R 126499 - - - a S
_ R, © 53.996 LT : St '
L4 Lo 2800 - 1.831 36.5 -
o R, 172838 o " _
R, ~2950 S | |
- LS - : B . 2.695 : S L1741 278 L
o Ry ~276.177 ' o o ‘
Ry - ~76.849 e . , g _
L6 _ 6.081 1.757 . 41.7 _— T
' R —19.800 U L o - T
: Ry © 51599 _ : oL _
L7 : ) ' - 3.000 - . 1.847 238
o Ry 31.353 . R : -
L S T 2332 .
L8 : N 7.000 _ 1.800. - 423
o Rs . ~25.647 S o oo _
L o o 3.000 . ' . -
' R,, ~57034 = 1.805 255 -
BFL = 40.5. -
e apertiire stop is located 10.73 mm after element L3 The space between
] Grou s IV and V varies as'shown for close focus comﬁ)‘ensatnon at a linear rate as ‘5
the lens focuses to 230.1 mm. The entlre lens also shifts for focusing. -



TABLE VI. FIGURE 8. Axial Distance Between Surfaces Lens Radi us( nm

(nm [err] [err] 31.195 LI
2.998 1.517 64.2 [err] —————20.569 7.074 [err]
-96.642 L2 _ 2.829 1.785 25.7
[err] -58.277 0.726 L3 18, 356 4.321 _
1.723 38.0 [err] 12.649 11.925 [err] 53.996 L4 @
2. 800 . -1.7831 36.5 [err] - -172.838 3.000 [err] '
-22.950 L5 - . - 2.695 .- 1,741 -27'.-8
[err] =~ _9276.177 0.720 [err] _ 14847362849 L6 . .
6. 081 o L 757Table7ﬁ?sf3rtl[&’x{t”mlens 16 Id'g &ﬂgtganoé)l%, 9 f
51.599 L7 . 24 x 36 mm image frame,’ and @ rela: Q&rtfxre of F/1.9 Q‘Zﬁ M°F£3 8
[err]'. + 31. 353 2 332-[err] - 82,914 L8 - o
. 000 1.800 42.3 L9 [er?ﬂ}BLEVII .- | '3.000 [err]
-57 034 L "~ 1:805 -FIGEGRED. BFL. = 40.5. The aperture stop.
is | ocated: LOr 73 rrmafter el enent L3. The space betvveen 5 - Goups IV
and V ganes as shown for clos focus u‘y{ f€ at” a |.inear. LAt e as 5
the l.ens focuses to Z3b.1 n L€ Q8% shifls for-fécusing.
1,484,322. - = . - - Rl _-—159884mm ‘9 T
N _ . nm : . 4.160mm - 1.750 .350
o RE L AT S
o - R3 287 L T o
L2 T . 2985 - 1.487 - 70.4
R4 1399 7 o
- 9079 '

RS~ 2340 0 T o :
L3 T 5008 L 17000 478
TORET 1549 S

8869 ¢ |

R7. 5880

7 R L ..3200 7 18317 365
REY "~ .=10028° " L 7.l AR
o . 2385 |
R -se 0 T -
LS C Loo23s8 T LeT 278
. T RIO 84899 T o T
e . - 680 .
| RNl —10281
L6 - R % £ B L7577 417
. RI2. . -1997 - T T
e TR T pe1de |
RI3 5883 ¢ e
L7 T 3000'-_' 1847 238
o R4 3265 - S T
o 17000 o
RIS . 6528 . N
L8 oo 730007 . L1800 0 - 423
LTS RI6S - -2700 L R
L9 T T e T 1808 . 255
. RIT'—"’-.' . —7924' S } .'». o E '

. BFL =39 A48 — 45 28 mm_ as lens is focused from mfimty to 221 3.mm. The :
S aperture stop is’ Jocated 7. 54mm after element L3, The BFL varies from 3948 mm. 5
t0 45.28 mm as thelens mfoeused from mfimty to, 221 3 inin. The - spacing between
Groups IV and V also vanes ‘as shown " _



Table 7 sets forth data on lens 16 of FIG 9 scaled to an EFL of 35.0 mm
for a 24 x 36 nmimge frane,and a relative aperture df F/1.9. TABLE VII.

FIGQURE 9. Axial Distance lens _Radi-us Bet ween Surf aces
[err] R~ -1598. 84mm L1 ' 4.160mMm
. 35.0 R2 -175.71 . 300 R3 22.57 L2
1.487 -70. 4 R4 13.99 9.079 RS | 23.40 L3
) 1.700 47.8 R6 15.49 8.869 R/ . 58.80 L4
3. 200 _ 1.831 '36.5 R8 -100.28 2.385 R9 , 24.54 L5
2.358 10 . _1.741 - 27, 81M84322 845 99 680 RIT 2. 81 R12
-19.97 0. 913y Vﬁifsets forth 4@ ol Rnd-17 of FIG. 10 scaled to an EFL of 350mm 3. Q08
1. 847 ferta 2 6 mim image friﬁé,ﬁﬁd:h r?ﬁﬂveﬂlpﬁﬂure of F/1.965.:28¢ 1.8
7.300 - 1 800 -27.00 L9
0 1.805 25 5%?&6"“1 -79.24 BFL = 39.48 - 45.28 mmras
lens is focused frominfinity tQ‘-‘IGQREElOmn The 5 - ' apegrture stop
is located 7.54 nmafter el enent’ e BFL varies from 39. 48 M 5 to-
45.28 nmmas the lens is focused- fr "L f usy to 221.3 mn .The spaC| ngb
bet ween GroupsLe{,sV and g/admsgamyarl es” aﬁmﬁ own. . Ny Ve
TRy, 130600 SR S
L1 _R‘-r:'-- - 7.000 = 1487_ 704
: R, . 170290._ S -
34231 .-, ' -
L2 Ry st 2085 ;0 1487, 704
R, 11567, 7 o
o135 000 o
| R, . 67235 . . T T
L3 B ST 2000 1.569. 560
R, . 25201 . - . - -
. e ’ 46077 6.171 R R . :
e R ST e iss 407
I e T
* LS R, -_-‘-9.' L2358 . 1182 266 |
R, 829911 - o S «
" - L 13%0 -
L6 LI X < 7 S el , :
R, T -19289 . LT 41T E .
R o "35.544 . 0 § ’ .
g el | MO0 LT, 480
L Ry 2414 S
L9 R 2700 1.8_05_,- 25.5
| Ro  ~-S6648 " | B
: Th BFL je from 39 56 i’ ‘ta. 44 16 mm s the lens is focused from L
5 mfimty:o 258 n;,:ll:l a:d the's gacmg ‘between’ GroupsIVandVvanesasshown The 5
' ‘apertore stop is located 1.59 mni bchmd element L4. . B :



10 1, 484, 322
10'Table VIIl sets forth data on lens 17 of FIG.

10 scaled to an EFL of
frame—and—a—elaive aperture of E/1.9

35.0 mmfor a 24 x 36 mm i mage {

TABLE VIII. FIGJRE 10. Axial D stance Between Surfaces Lens

7.000 1. 487

34.231 L2

. 2.985
11.567 6.000 67.235 L3

_46.077. L4 . 1,488,322

1. 487
2. 000

Radi us

00 Li
: [err] [err] 30. 6
(rm) (mm 170.290 .300 [err]
- 70.4 [err] - 70.4 R4
1. 560.

. 3..200.

. Y A0

1

56.0 6.-171 [ecky

762 26 : o8 L Bl e andte gt G0 clsdtaen

1.762 ~ 26.6 [ erEFL of 28.5 mm 3¢

L6 : _ :
1.757 * 47.7 41.514 L7

e size ani

4.832 [err] -
. " 'TABLEIX. . .

B o] gty 5 000 LB Lethburen, 04728
1717 48207[err] -0 -22.414 L (Dififnce t 0 44. 16 mm as t

1.805 # 25.5 -56.648 The BFL varies fr oAxisiDiktén

-

2

-3..000

adl i IO,

j_é§>

47.763

1.667

he

. i nfinit : ceshr spaci ng bet ween
lens is focused from bens ""ﬁahﬂ&r{?‘{m)t.gng?t m‘%t opis | 5{; ]

ated 1¥59. mm

. NPV S V<S5 Va1V Y a8
behi hd el erent L. gy R sede
: ' R, 937.48
R, 28640 - -
Ry SEREE l'l‘.§92'
R . 28.640
R,
R,
R,

300
L2

L3

_;“f;;;§y4x)_
- : - .. _.: “‘840.70‘ :- B

o o -. . ) Ry - 105030
R, S =T71.649 :

- Ce Ryt agde L
L7 e _ S 2700
. Ry 35430 - PR
N S 1212
TRy G 20430
Ry . : _- ~44.190

L

| . 2164 -'.. |
L0 -

© 2000
32 R 1.68'9"_5.“}_;;_'

IR 7 B

9459
© 27000

1.804

1487
1487

1517

1.805

e
1805

704

04

s

a BFL of 39.2 mm o,
5 - I—IV are fixed with respect to the film plane.

. Figs. 11 and 12 exemplify further comparison of the focal plane shift of the

" . " lens of Fig. 8 and the lens of the previously mentioned patent at a mﬁg

M = —.025 for a half image height of 20 mm, for both sagittal S an,

rays.

. 10 The curves of Fi 4 l-l-ﬁe relativel c]bse iogether e
. . astimatism than Fig. 12. The curves o Fig. 11, particular}
' .. deviation from the vertical, evidencing reduction.in fie d

ﬁdencing substantially less
in the saggital have less.

.curvature.

nification of
tangential T

As previously mentioned, the contribution of each lens group to an -oVei-ail'
lens is incapable of precise definition since properties of one or more elements and

15 - . groups serve the same function and are -complimenting and supplementing each

other. However, in the new lens form,descr_ibed, Group 1V is designed to provide -

. certain contributions to the overall lens,

Group IV provides a substantial correction for the Petzval sﬁ_m of the lens.

26 . The axial spacing of the front and rear surfaces contribu

.curvature convex toward the object, Additionally,

required to shorten the EFL of the overall lens whi

back focal length (B_FL) to make the lens of the r

Ibutes to correction of field

it provides positive power '
le ‘maintaining the required
etrofocus type. The E%‘L of -

o642

Tﬁe"a;)ert'ure stc}p is located 11.5 ni'x'nf‘bél'ﬁnd L3. Grouf)s Vand VI fhové from -
43.2 mm for focusing from infinity to 203 mm while ‘Groups

8. 000
2.700

10

15

20



11 1 484,322 Table I X sets forth data on a
| ens substantially as shown in FIG 7 scaled to an EFL of 28.5 mmfor a 24
x 36 mmfrane size and a relative aperture of F/1.9 FABLE+X FI GURE 7.

Axi al Di stance Between Surfaces Lens Radi us (nmm (mm
Nd [err] [err] 54. 600 L1

| 1.487 70.4 [err] . 937.48 [err]  28.640 L2
0 2. 800 1. 487 70.4 [err] " 11.392 4.474
err

. 28. 640 2. 000 1.517 . 64. 2
15 ool [&fr] 41450 [err] 148432 49 45g 13502 rerr'|2 -840.70
3.200 - Group Ivlcrﬁé’sﬁould haveSHe ﬁﬂMng relaRon to the EFE 60théalerall lens 3. 34/ L5
106. 030 (F). 2. 164 S 1. 805 " 25.5.-71.649 - s 1. 900 [err]
-21.220 ' o 5%'4 65F 46.5 48. 140 - 4. 098 .10 L7
35. 430 2. 700 | %. Feg65F,7 g [err] . 35.430 18212
[err] ‘The foregSiagis hﬁrmportm{t@ﬂi,tion, and other grefeﬂ'&i r@ﬁﬁonslups exisD. 159 :
1. 6395 ' wh&ﬁ d6 n{;tdmve]the same cntlcahty The radmsR.o thgrezaorface islessthan 1. ,‘agg :
25.5 [err] Fwor _44 190 = . . . - 25.5 The ‘aperture stop
is |ocated 11.5 nm behi nd 3 Gr gsg‘v and vy .mve froma BFL of 39..2mm of
43.2 mm for focusmgfromlnflnrt to 203 mnvv,hlle G.oups- 5 <1V are

fixed withy t‘ﬂaﬂph{ Cagtectionfo ify further:
conpapi son %ﬁ %ﬁ@" sd’é:%%“ﬁsug?ﬂt eeﬁtgé?qalgg %d th# | ens of

t he previously rrentloned patent, at a nlflcatlon of M= .025 for a half
i mage hei ght of 20 mm for boﬂ-’nFos%@ata-aq?FG and tangenti al T 10 . The
curves of Fig, bstantial |y
less 10 asgt i O&hjﬁgﬁl(arﬁ& 2&: gg%%erg\g}es 0 m"%ﬁi"s%%% cularly in the
saggital have | ess deviation from t he vertical, evidencing reduction in
field curvature. As.previ ouslzypﬁeﬁf#@nbﬁnthe contrjbution of each lens
groupist O an O%g kithwh GrBAIVi dayl b G ARAP bBmOH: 0Pk EbRE el béthdntedlor Si NCES
_properties airfspaead: Iomighttalse be efinediinithre eleménts. The front surfrse skGroep t he sane’
function- allh ygceawﬁmwhgwngéﬁem%n @Ryt depending 5 :

Groups V and VI are of positive power of a magmtude determmed by the

20 - pewer of the other elements but in the preferred designs have an EFL (F,,) 2
| - W 40F 2 Fez 10F, e .
| while the EFL (F,) of Group VI'is i ; _' ' "
= _20n>nzlon_ S .

: 'Group III is of posltrve Wer to supplement the posmve power of Group IV 3 P
25 and preferably has an EFL f]"'?,) range . _ o 25 -

- 2.5. F., F, 21 2 F., _ _
The ran_ges set: forth above may be better ap'preclated in consideration with

Table-X which ‘tabulates the ratio of the EFL of-each group and combmatlons
- thereof to the overall EFL of the lens



in the new lens formdescribed, Goup IV is designed to

ot her. However,
provide certain contributions to the overall lens. Goup IV provides a

substantial correction for the Petzval sumaof the |ens. 20 The axi al
spacing of the front and rear surfaces contributes to correction of field
curvature convex toward the object. Additionally, it provides positive
power 20 required to shorten the EFL of the overall lens while .

mai ntai ning the-requjred back focal length (BFL) to make the |lens of the
retrofocus type The -EFL of 12
1,484,322 « 13_ 1484322 12 Goup IV (F) - -shoul d hayf

the followhg,rel atlon to the EFL of the overalT Iens 25 ferri Fet+1—6-
[err] The foregoing is relation other preferred relationships: exist 5
which do not have the sane. crijicality. The radius [err] of therear
surface ¢ s |l ess than ThIS rel %_konshihp OI’]&I’I butes to corfection for

di stortion. The axial ‘:separ: #orﬁ[ﬁt %bgt\@en;fﬂorﬁ @j rear surfaces is
a substanti al>per cent age: of t@:EP‘I‘_ of the=16 —~ Fens ahfl preferably is in
the range of .45 [err] 20 ferr] Addltlonally,_to mai ntain the desired-
power COI’]tI’IbUtIOI’l t he -combi ngdl HFL of Groups 111 :and IV |err] is

preferably 2.0-[err] 10[err]5>]:‘=g 2 ® vAs,shp\i\g glVrmybea |
single el enent or a doublet, Qﬂte'! eemszntv:da)r-—. paced. |t m ght
al so be defined in three el emi&ity. The Trdit "kuf‘fa‘ae‘bf"G Gtagml ', 1A is

convex. However, the rer surface nmay be ot her than convex| gndl ng on the
eterm ned by -

desi gn. G oups V and VI are OE gsitive power of a magnlt
the 200. . power of the othe eteﬁt spby o Shexprefer'§ aie3| gns have
& Ferd]l Qe tttg BFL~ pPrggof G oup VI

an EFL [err] 20 4.0 [err] - g
is 2.0 [err] Goup III |swof tlve power to suppl enent E p05|t|ve
power of Goup IV 25 - étd preferably has an EEL [err] r‘é@@ﬁ
25 2.5 [err] 1.2 [err] Tﬁe rgtg set forth above may bel" e:t&er :
appreci ated in. consi derat©on ot | aﬁl egx,x&hﬁch%t aﬁ)utzatﬁs P ratio of the
EFL of each gr oup and conﬁl na@ 0 _,§ thereof= t e t-he -Qver alil. ___E_E_"of the -l ens.
13 : . 1 484 322 1 Cferr][38g . S
O . ; T e
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14 1,484, 322
14 Table Xl exenplifies the close focusing capability of the various |ens

disclosed. TABLE XI. LENS CLOSE FOCUS DI STANCE ( FD)
FD/ EFL TABLE | 178mm 7.02 in. 6.20 11
17 © 7.02 6.20 111 178
(A o 6.20 IV . . 175 . 6.91 6.14
= . 203 7.99 7.12 M1 230

9. 06 ' 6.57 VI 221 . 8. 70 : -
6.31 MBI - 258 484,328 o 7. 37 1X __- 14 903

- 7.99 " Table XI7 exkihplifies nthy dldwso&tang;ee;ﬁbmk)abf sieearivasviens de- angle |'enses

of the retndbtlosds typée according to the invention have a large relFative
aperture which will focus to anqt Si'ici( di stance of |ess than seven EFL's
with mninml astigmatismand fiefd curvature., Wiile referred enbodi meng's of
t he invent iLENShave been s@.OSEFQ(BUSDISTMIQFQBD}; of (H]JIEFbsure otJjer

enbodi nent : - : - ntsgk . the

i nvention- deri ved by%sf’}?ers ski 1T%Bd% n the ar?. 10 ‘Accor di ngl y,- the
appended cl ai ns @re intendearg o cover g enbodi ments2mnd applications of

t he invention and reversal st hereof which do not depart fromthe scope of
the invention I.nbur co- penél?sng Appl i cdt®on No.. 36799#%4 (Serial No. -

1,484,321) thererys. 15 nbescrl bed @'yj clained a gige angl e - lens of the
retrofocus type conprising a 15 housing, a f;rst | ens grouping in said
housing at the o¥ject end t R eof the 8%l ute val ue™® the equival ent

- focal. l'ength of gpi d first. bgns groupi Rhgbeing at legst three times greater
t han the equival ent- ‘facal” l ength of "said 'l ens, @and a second. l.ens grouping

in said housing, VHal d seconéﬂgroupl ng-dMprising a pf-3k al | ty of lens 20

elenments in fixe +el ation gﬁheach ot hfyag sai d.seconglyd ens groupi ng bei ng

“movabl e 20 forwardly .in sai ousing a predeterm ned d| stance for close

- focusing of sai dIXens ahid s@0¥kaid fi: rst”gr OUpI ng.is ‘étlat i onary VWHAT VE

CLAIM | S:

1¢ thiy, Aud b Res %s%ni%mi R 1eghls whi'ch compri ses
' from She Omc@&ﬁx ﬁnhe 1:vselﬂﬁ { comel Jorhl o Hedptilocs ety {8 o grogp, a-
second ' negabjevtediginme ofi less tthan § BL’s with mntmlllasmmudmnmgeld concave i nmage

- side surfacsrvaare. i Si I-Q haw n cogvex 0 si de* surface, a
. Tourth posigyisbis e 'ﬁj hﬁ%ﬁ&&@z il ofgl,flfth negative

groud® and efmbsmiit aoﬂietinmugrmap aeriv m tslmgemand £hj ect 1i de

- surfaces. 3J@cordingly, the appe lllgﬁ Rti lm ?‘ di val-ent focal
- l'epgth of t“@%“? mﬁﬁ flﬂﬁ'ﬂm‘?ﬁ F%”'éﬁ’h prep: w‘B‘fh nok fepart Hom e " and ones hal f
tines the ‘e lln/ah:em mﬁghpbwnfmafmdsm (Serial No. 1,484,321’ there is _
- 13 descnbed .and clanmed a wide e lens of the retrofocus type comprising a. - 15 -
housing; 4 first lens grou’pmﬁ in said housing at the object end thereof the absolute T
" value of the equivalent focal length of said first lens grouf)mg being at least three
times greater .than the equivalent focal length. of said lens, and a second lens
' . grouping ‘in.said housing, said second grouping comprising 2 plurality of lens
20 . elements in fixed relation to-¢ach other, said second lens gronipmg being movable -~ 20
- forwardly in said housing a predetermined’ distance for close ocusmg of sald lens S
whﬂst saxd f’ rst groupmg is stat:onary : o

WHAT WE CLAIM ISs— ' '
1. A wide angle lens of the retrofocus type whlch compnses from the object
25 endtothe image end a first negative gfoup,.a second negative group in the formof 25
* a meniscus having a concave image side surface, a third positive group having a
convex object side- surface, :a fourth positive group having a convex image side

_ - surface, a fifth negatlve group, and a sixth positive group having convex image and . ' .
: object side surfaces. - L . -
30 2. The lens of claim 1 wherem the equxvalent focal length of the fourth group 30
is e%ml lto or greater than two and one-half tlmes the eqmvalent -focal length of the _
© ove ens. : .

- 3. The lens of claum l wherem the eqmvalent focal length of the fourth group
: is equal to or leéss than six and one-half times the equxva]ent focal length of the
.35 overall lens. _ -35
4 The lens of cla:m 1 further defined by e

65F, 2F, 3 25F,

where F, is the equivalent focal length of the overall lens and F, is the eqmvalent
focal length of the fourth group. _



overal | @ 3. The lens of claim1l wherein the equivalent focal |ength of
the fou lL Hu | ess than six and one-half tines the
equi yal en focmlllmuwm “ | -~ overall lens.

35 4. The (ens &f &latm™ further deflnqd“h,gzzG 5" [er_r] wher e [err] S thg

equi val ent focar ten tn or The QVer FETTS and &
focal ‘1 ength of t egu)g.ﬁes t elclgrsg4f031?gng capab ity of the various lens |
14 Table Xl exenpll ]FI es the ¢l ose focusing capability of the various _I ens

di scl osed. TABLE XI. LENS TAROSEIFOCUS DI STANCE ( FD)

~N .
e PBEL e e pacpspistdinEady jgromm & 20,
6.20 1V . . TABIESI 176mA1l = 7.02 in. 6. 14 o S
203 . 7.99 " 7,12 VI - 230 9. 06
6.57 VI - 2220 178 70 .02 . 6. 31 620 | _—
258 ©10.20 m 7837 IX 702 . 203 20 . 7.99

7.12 It may thus be seen that some -new wi.de-angle | enses of the retrofacus
type according to the iRNention ha'® a Iarge réPhative apert ¥ which wi'll
focus to an 5 object.dystance of lgss than seygn EFL's withy @i ni nal
astrgmatlsmand field curvature. Wile preferred enbodi rents of t he _
tion have been setYkorth for’ B% poses .of .¥Mcl osure, otédr enbodi ment s
d“nodi fication to t heyfii scl osed 39; enboglggrent of the dqjvention may
be..dérived by others skilled in thé art. 10 Accordi ngly, t hé appended .
are intended to ¥BYér al|l eRbbdinents a2 applicati g8 of the

i nvention and rever sal snghereof whiygh- do not dlE rt-fromthe scope of t he
[ nve.nt ion. In ouf %@WWMNO—

,:321) there is It5maythus bkessen that e nalrlnt 5 pbel?tnm ofghere ofnchsetype of the
focus type ¢ &“"’e“ ¥ Teuys anefture sai
housi ng at the ob° et m hoefrl%s(gf eg e Véﬂ“ﬂ'@al f ns@q uﬁ%;ﬁﬁg

focal | ength of sai thulb eﬂmase adiqneﬂtg obehengwaiuoheme bebt @& forthefor gr eat er

than the eqypval e ersew 0415@@9 theedisel |r=fbup| ng
in said housing, Egé xdt %d,ﬁ:,t‘ﬁcqé
el ements in fi Xed ap caﬂidn@Bflhel Qih edversalaLt r&ﬁﬁrﬁiﬁ d ﬁ&SdeﬁitOﬂﬁinﬂﬂe be' ng

novabl e 20 f or warsek Oiftheslam}tIMUs d| stance for cl ose

1n erm
focusing of g d gpb M REA i bratti bt

housing, a first lens groutpmagl in said housing at the object end thereof the absolute
~ value of the equivalent focal length of said first lens grourmg being at least three
times greater than the equivalent focal length of said lens, and a second lens
grouping in said housing, said second grouping comprising a plurality of lens -
20 elements in fixed relation to each other, said second lens grouping being movable - 20
forwardly in said housing a predetermined distance for close ocusmg of said lens
whilst said first grouping is stationary.

WHAT WE CLAIM IS:(—
1. A wide angle lens of the retrofocus type which comprises from the ob_;ect
25 end to the image end a first negative group, a second negative group in the form of 25
a meniscus having a concave image side surface, a third positive group having a
convex object side surface, a fourth positive group having a convex image side
. surface, a fifth negative group, and a sixth positive group having convex image and
. object side surfaces. _
30 2. The lens of claim 1 wherein the equivalent focal length of the fourth group 30
is eq:ﬁllto or greater than two and one-half times the equivalent focal length of the
" overall lens,
: 3. The lens of claim 1 wherein the equtvalent focal length of the fourth group
is equal to or less than six and one-half times the equivalent focal length of the
. 35 overall lens. 35
4. The lens of claim 1 further defined by - :

" 65F,2F,225F,

where F., is the equivalent focal length of the overall lens and F, is the equlvalent
focal length of the fourth group.




VWHAT WVE CLAIM1S-- 1. Awide angle lens of the retrofocus type which

conprises fromthe object 25 end to the image end a first negative
group, i i Lscus.havi ng-a

concave image side surface, a third positive group having a convex object
side surface, a fourth positive group having a convex image side surface,

fifth negative g " positive group having convex inage and { sf
obj ect side surfmuﬂ“"ﬁg Iﬁ"ﬂ”m', 2. The lens of claiml wherein the )é
equi val ent focal [lenfth' of* tHe #ourth group 30 is equal to or greater than
two and one-hal¥’ ti rres t he equi.val ent_f &484.322engt h of the overall |ens. 8.
The | ens of@ aiml. Wserwlanst&eaaggqlfyﬂ{e ?Lﬁrfeﬁ%gl I-ength of the Fourth group

is equal to or less than six and one-h the.. eqw val ent -focal length
of the 35 - overall. lens. . . 20F0>F34>10F°

vl ey Ee O, ?#S"é? g RGO GIAEH o Bt P 50 Bl b 2ot ™
isQhe & en ’ -

focal length && th 4 furthier dihe BBYth rf f said fourth

15 5. Thg | ens of %’H%%’%%&PM“%&‘Y% defl n;aearb;u Sceoo [saelr ro]urt or 6 [errsj

i's the conbined equivalent f ocal Iength e ‘third and faurth. groups, and'_'
[err] is the equi val nt. focal Ien th of the overall lens. 6. The |lens of
claim4 further def‘i‘ ,%% ovsulldlen&ourth group‘ bei ng
defined on a 10adi ugroi, ko, néﬁﬁ; ‘% f!g'f ougtiengt h of .-
the overall |ens. ?he tens . of ¢ a|m Priveprh ‘mﬁiﬁs F‘Hﬁf"h TR firsa

surface of said fourth group:is concaﬁeFoam.zhmm stance [err]- bet ween the
first and | ast surtvﬁ&gﬁtﬂetﬁgi [ rr ere [err] is the L
equi val ent focal | engs. Theflenk éﬁ&%t forﬁ éﬁ“% ‘lff&mF'@ns of claim| further
defined by 2.0 [err] 15 - ..where [err] is the eqU|vaIent focal . | éngth of
the overal I lens and [err] is the eq@Q®i2Fiz 1.01& focal |length of the sixth -

group. 9. ThdS| enswidre g, 13%&@5&%@@1&%{}:@agle%sanéﬁ,s.haLTué\fa ngftwe

[err] is the equi viecadrien he-$ gr oup,
equivalent 20 o9c °F hgﬁﬂﬂe\fl f“néercdeénqd by | ens. '
ig 16”__-- D ST 25F.,>F,2J[2%84 322

" where F, is the uwalent focal ] L
IR eyt :ﬁe vt o " ofsid i group, 0d F i the cauilent




10. The lens of claim1 defined by substantially the follow ng data as
scaled to an equivalent focal length of 28.7 mm Axial D stance Lens

Radi us Bet ween Surfaces [err] Rl 38. 387mm

" L1 2.435mM 1.5168 64.2 R2

18. 755 8.5083 R3 -119.389 L2 S T 7.167 _

99" 42. 3" R4 -52.877 4. 72-0. 20’ L3

t=tde’ 1.5831 '59.5 R6 ’ﬂm”mgf,!lﬂ # - 49.0379 L4
2.159 1. 8306 36.5 R8 -123.¢77 —22 141
. 6. 0006 . 1.7470 . ' 27. 5048432 . 109.562. L6 . - - .
5.774° 10, The-168 3Eclaim 1 défined bRdvbstantially the folibwih: gﬁ&ﬁaﬁeﬂedto55 7 O M

2. 454 an equivaledt. fBehb length of 287 $iniR1 3 26. 386 2.239 Rl14 6. 751 L8
6. 000 1.8042 - 46.5 %Salg - <22.374 L9 . _
1.500 1. 805 istance- 54. 363 \Were Ll L9 are

successi \/e_[_enggs el pnpn'r%‘qad}i"r;ranae °fvff°§§‘§(f“ﬁ?soups,N_dLl L2 V15 L3 14, L5

L6, L7; and L8, LORIRL- R18B.®Iamt he radii - of .curval ure of. Tﬁe & S
successive | ekb su gaces gar rdi ng 283Smaguence: 1oiss he F4pfaces in t he,
overall |ens; [err{{ and [ _{cs? are tggobndexes of refractlon and Abbe
Nunber s, respgé:tlvnky o.fust_jgg eI enen s? L1-L9 17 L .

322 7167 1 7 423
S hass ... R4 _-..:-_—52877:-._T S 17995, 423 "

I 4 72_020
i3 RS 1S, 178
' ' L2 l80'~ T 1.58 )
~ R6 2456 - S
u R7 49 0379 ..: R O PO o | .
: o 2159 _ 1.8306 - S5
RS - 12377 L 18306 3.5
. .Ls e R9 P -22-!41, o BT B : . Lz ...' R
Lo RIO M09 e e Ln700027s
. . . : 5.‘_774 ' 1.762 3
" Rm om0t L7620 403
YO . 0.135 N I
' ‘L7 CaoRI2 e S8R L e L R e
- o . 2.454 - 1L Y R .
RI3 26.386 . 8467 -~ 238
. 2.239 ‘
L8  Rl4 76.751 . '_ o |
. L ' . 6.000 1.8042 ' o
L, RS nam o 1804 4.5 |
L ' 1.500 l.8052'
.____RI6 ~54.363 : - : . 255
: : Where LI—L9 are successive lens elements arranged in six groups, Li,L2, -
5 L3; L4; L6, L7; and L8, L9; RI—R16 are the radii of curvature of the .5

- successive lens surfaces aeeordmg to sequence of the surfaces in the overall lens;
N, and V, are the m_dexes of. refractron and Abbe Numbers, respectively, of the

elements Ll—-L9



1. The lenS oF claim1 defined | defined substantially by the follow ng
data as scaled to an equivalent focal length of 28.7 mm Axial D stance

Lens Radi us : Va1t Rt—
38 570Mm 2.435mm 1.5168 64.2 R2 19. 187
8.508 R3 -118.121 L2 4.797 T .
1. 7995 42. 3 .000-0.25 RS ~ 18.556 L3 '
2. 180 |mmmlmﬁﬂl|mﬂ | 12 336 10.615 L4 ~R7
0.120. R8 -160.'5232 2.581 L5

RO ' -22 90 T 10 883 ‘_ 143];37:600 : 47 5 R10 . -21 0501%.-135
R11 . 954 —|-6—— s 25 1..8467
23. 8 RlZ\/ 26. Zlg.gT gg l definedyqbsgegallzjay the followxpgdgeassealed to _
1. 8042 46. 5““F€f2t‘“‘°“ ‘i%" hof 87 mm. 1509 © 1.8042 R15 =~
-51.214 \Were LI L8 are-successive: | ensAsiaddigtates. . ar r an ed in gix groups,
LI, L% 5 ‘L3; Lans 15; [ 6Rading g R1- BewegnSurlacss radiNe of culwature of the

successi ve, lens 75 SUTT agEsS acc ﬁblﬂg to the sequence of the surfaces in
t he overal ™ ens [err] and [err are 't hé 2.488mmes. arelélﬁﬂefra@ﬂﬁon and Abbe
nunbets, respectively, oR2the el%#nts L1: é‘ﬁ '

1, 484, 322 12. The lens- o{{ cl-ail 8]1 gefl ned® bstantlal ly by the fol I ow ng
data as scal ed to ap equi vaI ent focal | éngtdy of - 28. 7 1ve9s AXi a.3Di st ance

Lens . Radius R4 = Bsx4#en Surfaces [err] RL 39. 897mMm
L1 - | . rs 185’756435rrm4°°°"‘°'2-5 21,520 - 65.6 R2
19. 832 L3 e v 21800 .. - 15831 595 .
C - ' ~ R6 . 712,336 - : I
' S 20' 10615 - - . .
L4 R7’ ST 20189 . L8306 365
' RS = 1605232 o - ' o
CT 0 2581 . :
- R9 - -=225%0 . 7 Y
B 5. B 10.883 - - ... 1.7600 475
. R1I0. ~ -21050° _ S
RI11 © 51894 . - o
Cpe ettt T . 3287 0 - 1.8467. - 23.8
o _ " RI12 - 26298 . : o
_ L7 R3 77,000 18042-- 46.5
o - R14 —-18570 - . I
. S L8 . BT S .1.,500 o - 1.8052 : 255
. ' RIS —51 214 : .
Where Li=L "a.re su""essive lens elements arranged in six groups, Ll L2

5 | L3 L4; L5; L6, ET)L =2R15 are the radii of curvature of the-successive lens .5
* surfaces accordin: g to iience of the surfaces in the overall lens, N, and V, are -
- the mdexes of: refraetlon*ang Abbe numbers, respectlvely, of the elements L1—LS.




8.500 R3 -111.180 L2 5. 835

1. 802 47.5 R4 -55. 111 4 000--0.25 RS 17.557 L3
2.180 R __.-—_/—J»M R6 12 193 10.789 R7Z 47013
A I/ S 2. 433 1.833 41.8 R8
-138.976 3.390 RO -23.286 LS 9.700
1. 51.9 RO . -21.573 0.135 Rl
3.\324 1. 848 23. 4 R12 ,",mmm) & 13 _ 85 346
L7 : 3:4
- 31.4291¢°8 S 14843224 000 1. 776 50 6
“groups, LI, LZE&?S‘?&%:;{ ﬁ%éﬁfﬂ‘ﬁes&i’vgﬁ?%m L st tal”?eﬁf**“ o
curvature of the succssi ve | ens’ 5. surfaces according. to the sequence of
quer
the suraces in the overa Iens : SAWQ%!%?H] e the jndexes of .
‘refraction and ‘#Boe nunb U8 respedt™id the Iement‘é‘ LI-L8, >~ 19
-1, 484, 322 ‘Rl 39897mm saf 19 13.
The Tens of cl ale 1. def| ned subi. tantZ@IS!hyl b tHé20 oI I oﬁﬁﬁg data as sgal ed
_ y
to an equival ent foc®t | eng®¥3df 28, Ek ) Axial Distance Between Surfaces
Lens - Radi us ‘(3  —111.180 __ _ [err] L1
'[err] L2 155.101 [err] . 5835 541 7441802 - 41160 .
1.562" 58.52 . 3R L2 -3 | 4(%84’1%? 1.487 - 70.4
. RS : 17557 o '
L3 S .. 2180 1807 443
S Ré6 12193 '~ o S
R . .10.789 .
. R7 47013 L e K
L4 L . 2433 1.833: 41.8
< R8T 138976 o s o
T .. 3390 |
~ RY - -23286 R T :
LS. B ... 9.700 1837 519
RIO - -21.573 . P A
S : _ . 0.135 _ . .
R11 -51.904 S BT
L6 R .., 3324 1848 - 234 _
o RIZC 260090 T R R :
- RI3 - - 85346 - . .. L .
L7 o0 T 1.848 = 234 _
e RMS. - 314290 T -
8 4000 1.776_ 506 R

RIS —43.746

T Where Ll—L8 are successive lens elements arranged in. sur groups, L1,L2; S
- L3:L4; LS; L6; L7, L8; R'l—RlS are the radii- of curvature of the successive lens -1
' surfaces accordmg tothe s nce of the surfaces in the overall lens; N, and V, are.:
. the mdexes of refractlon ang Abbe numbers, respectrvely, of the elements-L1—L8.




22.898 2. 000 1. 800 42. 3

12. 759 L3
1. 800 42.3 8.692 [err]

15.520 .
48. 249 [err] 70.561 3.200 1785 25 7 20
20 14. The lens of claiml

1,484, 322 —_—_—
def| ned substanti al Ii by the “fol l owi ng data as scaled to an equival ent

focal |ength of 28. mmm nce Between Surfaces Lens
Radi us(nm , "m,ﬂ'ﬂ [err] - [err] [err] 42,16
L1 MUs 5700 - 1.487 70.4 [err]
384.104 . 300" [&rl - 35.935. L2 1484322 i = 2.800

" - 26721, 1

1.487 . Y4 [err] - 1
5 000 - 1. 5% etit?;u'rl;lh: 136 30 gjélﬁg ggla_eésu%stantlally by. tlhe followms dataasscaled t3. 200
1.689 - ~31.2[err] - -925.392 . 75‘[err] - -76 847 L5
2.164 * . 1.847 23 8-[err]~ Btrﬂﬂyt¥;e75o [err] - -75.162
L6 | " N 42 3 &err]

d

Lens- Radl ﬂ(.lmg (mm)
T21.352 4. 0987100 rerrT— 37 634 17
2.700 * . 1.722 1 'iﬁ 2 [err 135101 32 248 2000 [err]. —
70.613 L8 = o =541 7448 401 o 1.56M1 - " 58.5%9.8 -
[err] - 18. 940. - _ _
13031

R;
R‘ i

Re 15520

R,

R

.309—_.,_',_ -
3000 . 1487 - 704
s

200 . 1800 - 423
8692 . ..
3200 .. . L75. “257

s
70561

Ry. 2404 T o
Ro 1430264 . 24 1.805. 255

R oy _:.&ukJ; _ L
o rome | 3504 1g0 423

- " Ry~ =19.767
g vy Rel o ss215 550_1 028 SR

L9 . R“f i - —_1.9-95_9_ _ 50 1743 - w2
-~ Ry —44.577 ' 2’7°9r SR 1-847., 238

. g uccesswe lé:i’s; 'elehjqnts arranged m SIX groups, Li #L2; '
$ ’que'm':'e‘ of the surfaces in the overall 13::, suc::sjl‘\;ej >
Numbers;" respectwely, f the e‘lements- L

‘LS.




L9 2.700 1. 805 25.5 [err]
-42. 358 Were L1-L9 are succcessive |lens elenents arranged in six groups,

L1 L2; 5 L3; 14; 15 16, L7118 -19+—RI-R17 are the radii of
curvature of the successive 5 |ens surfaces according to sequence of the
surfaces in the overall lens, [err] and [err] are the indexes of refraction

k ggzNu"H“lm|||||fﬂ|ﬁl||“||y Of the el erre__nt;lLiE)LQThe Lgﬁs of cl aim1

defi ned substantfal'ty 'y *thé foIIo

?592 data as scaled to an eqU|vaIent

f ocal menqth of 35.0 mm Axjal 6 Between Qllrfnr‘e_s_]_gn_s___o Rad| us
(M) 14, &8s of claim 1 deﬁnehmdmuany by the fdllewing did askdled to NS
2.998 an equivdlers Tocal length 61286 M. S 20. 569 .7. 074 -96. 642 L2
2.829 1.785 25 7 [el h T .58.277 0.726 [err]

18. 356 L3’ B,tween,,“,‘,%}’s 1723 38%0
[err] . Lmlz 649{3&&;&5}5) [err] (mm) 53. 996N.4 Vg :

1 2.800. = ———483F— oxﬁmlc.., =17 838—3—000-[er?q‘“
-22.950 L5 .. Rp eo5 ¢ 5700 187 704 741 2%. 8
[err] --2'7‘6 178 0..720 [3e&'104 0.6 820 LGS |
6.081" . 175"7 477[err] 300 ~19. 800 2.00-0.20 [err] -

©51.599 LY : 000 ' .. 164847 23.8

. : U 1.487 7064°¢ .
lerr] = - '%1 35‘32332 11.488 8°°3 o |
o | . wmi 4032-_' . | )
b o 2.000'; | 1517 642
Ry 15510 S S |
_ T 39692 o 14343 - R
B 7O R’_. T 3200_"- ST 1689 312
o R, 925392 - - |
Ls - s . 2064 1.847 238
SERE 97.091 - e :
! R | .
e w0 TR e U 1s0 a3
ST Ry -21352 Lo o | ;
g sy A0S0 _ . .
g R TP e w2
SRS o8 Lo .
18 Rf’_, o T sa00” 1641 598
R R, -8, 940 e ' L .
s .. S 2.700. _ L -1.805 : 25.5.
O TRy 1. -
Lo Where L1—L9 are successlve lens elements arranged. i m six groups, Ll L2; o
5 . L3; L4; L5; L6; LT; L8, L9; ‘R1—R17 are the radii of curvature of the successive - 5

1 urf; according to sequence of the surfaces. in the overall lens, N, N and V;:
aerlc.:s t?le :f;:xes of ref%actl:iqand Abbe ‘Numbers, respectnvely, of the 01 s

- ements:
. LEI==L9 :



[err] 82.914 LB 7.000 1.800
42.3 [err] -25.647 L9 3.000 [err]
-57.034 1.80 2e—-5—ere—t+1-—=t9—are successi ve

| ens el ements arranged in six groups, L1, L2; 5 L3; L4; L5, L6; L7 IS8
L9; R1-R17 are the radii of curvature of the successive 5 lens surfaces
according to sequen -in the overall lens, [err] and [er
are the indexes of aglm' ﬂnmm“ e_ Nurrbers, respect_lvely, of the -

el enents- L1-L9. 1,484322 16. The

| ens of claigp 1l defined substant | al I y by1,48%822f ol.| owi.ng . data as scal ed t-aran

equi val ent\t,ocaT Ien%fmgi @&W«%@@.@W&Rﬁ%ﬂmascaled%ad' is

Bet ween Su aces an egm length of

4. 160mm. | . -175.71 . 300. R3" 22.57 L2
2.985 -1.487 =7o_._4 R4 | Bﬁga!@sfg =9 079 R5 - 23.40 L3
5,005 ~ . 1.7QQns - Adadfs i Tondy 0869 RY, . v, .58.80 L4
3.200 1 s & . . 61195. : ' ' - .54 L5
2.358 , - 1.741. .R27.8 RL 84599 680 Rl 102.81 L6 .
6. 778 Y 757'}l - RAT. 7 Rl2ygse9 - - 10 3% 0.91-3. 'els%"’Rls 6%2 58. 83
L7 o 03,000 .. 70741.847 - - 23.8.
| R, 96642 ST T
L2 . s 2829 1785 . 257
| R, -58.277 o o
R, 18.356 - L L _-
L3 . - 4321 o 1.723 . 380
Ry 12649 - o
: ' Cones -
' - Ry 53.996 . s
wu LT 28000 T 1831 365
TR, 172838 S S
. Ry ~22.950 Y .
LS T 2698 L umel - 218
: Rio =276.177 o Ly T .
e ; 072 |
-- Ry . -76849 . -
o | L6 T 6,081 1757 417
» ’ : Rn - —19.8m e
T zooo—ozo _
Ry 51599 o | .
- | S % R © . 3000 . 1847 . 238
. _ Ry 31353 s T ;
T o S 2332
L8 7,000 1.800 423
T Ry 25647 Lo T
BT o 000
Ro _._,_57034 L 1808 285

S Where Ll—-L9 aré successive lens elements arranged in six oups, L, L2 o

5.0 L3;L4; LS, L6; L7; L8,-L9; R1—R17 are the radii of curvature of the.successive 5
" lens surfaces aceordmg to sequence of the surfaces in the overall lens, N, and V,
irle tl;; indexes of refractlon and Abbe Numbers, respeetwely, of the ¢ ements



R14 32.65 1. 700 R15 65. 28 L8

7. 300 1. 800 42.3 R16 -27.00 L9
Q 1.805 25 5 R17 - 79 24 \here—t1+19—are—stccessi ve
| ens el ements arranged in six groups, L1, L2; 5 L3; 'L4; L5, L6; L7;

L8, L9; RI1-R17 are the radii of curvatire of the successive 5 lens

S es according to' sequeince of the s erall lens, [err]
a@rr] are the indexes of refraction Hmﬂﬁme“mmi riﬂ respect i vel y, of
the el ements L1-L9. 23 . 1,484, 322
23 172 The lens of claim| defrde@mﬁﬂbstantralLyfby the follomnﬁﬁ data as

scal ed-to an g0y dghe Lx F@Jg;%fsﬂggtﬁnﬁfy ﬁﬁhe%%ﬁ&a% séaeat@nce 8ot ween

-ggrggges L @i squivalent focd? . err] [err]
Li 000 : 1 487 : 70.4
Axial Distance _ .
lerr] Lens170 290Ra§” [e”iletweenSurfaces 34. 831 L2 v, »
2.085 . —% Aolzl 159884 4ferti 5676600 [err] -
- 67.235 L3 1 LT 2 000 : 569 56.0
[err] ''25.201 6. 1i#4y [err] *“l0ma™ Tue 7P 3’1"’ o .
3..200 - 1. 806 '2 40 7 [ err300. -644.608 7. 931 [err]
-34.424 L5 : 358 2 26.6 [err]
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Where Ll—L9 are successive lens elements arranged in six oups, Ll L2;

5 L3;L4; L5, Le6; L7; L8, L9; RI—R17 are the radii of curvature of the successwe : . 5' -
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Co _ Where L1—L9 are successive lens elements arranged in six groups, L1, L2 :
5 1L3; L4; L5, L6; L7; L8, L9; R1—R17 are the radii’ of curvature of the succeéssive - - 5

lens surfaces. accordmg to sequence of the surfaces in the overall lens, N, and V, .
) arle tlll.e9 indexes of refraction and Abbe Numbers, respectlvely, of the eiements
L1— .
19. A wrde angle lens constructed and arranged substantially as herembefore

described and exemplified.
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