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Ret yped Specification filed on 12.5.86 | MPROVEMENTS I N OR RELATI NG TO ZOOM
LENSES This invention relates to zoom |l enses. A | ens having an equi val ent

focal length I ess than the diagonal of i-ts inmage plane may be classified as

a wde angle |l ens. Zoom | enses which have a range fromwde angle to a | ong
focus or so-called tel epﬁMMW@Mresem
different design criteria when considered fromthe extrenes of the EFL's. A
wi de angle | ens of about 700 field is not difficult to design. Such design

general ly incl “dﬂ&saﬁﬁkg?\%%ﬁ’%ﬂ%&t 9T 4R Iaeqlg?%hposi tive rear group where

r
the back focal |engt e l'ens1s greater n the EFL. Such lens is
often kernmed a rgtyent Odiing anl Sﬂlﬁmeﬁ@k‘gw.oﬁ.@n%tﬁnfessa‘@h&i(Qﬂplcﬁ‘. Imangfan g

excellent optic of this cafegory is shown in U Patent No. 4.099. 84

_i's narketed o @madeVplafe Hilfe BeSéRissdribicaas dVaide afeld nd. 286ANIbAdesd | ens.

#{On.the other hand, |enses having an EFL several tines the diagonal of the

i mage franme yiiekduiveoa hahge efvod nwidengrigler €4 ia0Déng Bscu¥d b sostatiege! |
corrected telephoto lens are given in U S. Patent No. 3.942.876, and have
been mar ket ettlaphotiovequiivabent fecdl Lemgbhs (ERL)1p8ewent /@ fferemtdd@ignm f/ 3. 0. A
conmpari son of such |ens shows conpletely different design configurations
and consi derepitenia wign consideret|fronhe ettrgmespof) thanEFLS.t 0 cross the
so-cal l ed wide angle definition, a nore gophisticated.|ens desi %n is .-
denmanded requi ri hyifgraglenteng ¢frehewt IAd 4 rignpat dif{dquls ko desiengr oups.
An exanple i hown in U S.__Patent No. 3.975.089, and has heen narketed as
2 Vivitar TIGh detign %e@BF%E'(?@nb‘Pﬁq“Qﬁ%& negRtIve JTPRF SFoUP and. a gosi tive

55, 50T 112 kLB LS5l SR 58, BB R B 10,
?r;a r1i<i ﬁgd thegl NG ACI U 15FdreBX delibd 'a° e BloPoSiiP b CevbBsd thi¥shiis £l
An example of an excellent optic of this category is shown in U.S.'
Patent No. 4.099.849 and is marketed as a Vivitar (Registered Trade
Mark) Series I, 28mm £/1.9 lens. On the other hand, lenses having an
EFL several times the diagonal of the image frame present other design
considerations. Examples of a well corrected telephoto lens are given
in U.S. Patent No. 3.942.876, and have been marketéd as Vivitar Series 1
_ lenses at 135mm f/2.3, and 200mm £/3.0. A comparison of such lens shows
- completely different design configurﬁtions and considerations.
Where the EFL range of a zoom lens is to cross the.so-called wide
angle definition, a more sophisticated lens design is demanded requiring

more lens'elemeqtsdand movements of various lens groups. An example is

shown in U.S. Patent No. 3.975.089, and has been marketed as a Vivitar
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t ol er ance. Seirtes JcB5735om fih8clenst.he spherical abberrations become
excessive as the longer EFL is attenpted to be increased and/or attenpt is
made to i ncreaskew Aecw dpngqs, bavg been designedhand ngrietednrpvdogta dower EELnt s,
t hese probl ens can _be overcone by any experienced optical designer.

However, t H& &N "ddp anglaranee ARd havigg 2 zomhange A1 greatespthas 3:1o8nd

| enses, fr the standpopnt of c act size,. relative aperture, zoomrange, .
and good- q&a Pt%/l'easgﬁagb#ﬁe}" Ff‘gﬁmg%sdgrﬁr%’l%ge?taﬁﬁea \&%’ﬁ DETEERt FACliNg | ange
of three t oer 30N r ¥ ver,
Ellis | Be%gggﬁy N @Sgéﬁféﬁf ]%é?)%gl’cat | gh %erl al @48?3 : %ﬁléﬁ}g% .

di scl osed axBE¥%iSRNEd GHb idngEr ., f5 %Qgéﬂﬂtﬁastd"/@éqh&@%ﬂé indy o 000R up RO of
almost five to one froma field angle of over seventy degrees. Such lenses
conpri se a ifsr edde BOSircrEfsd) thé [helattilel apertaegat i ve second group, a third
positive group and in sonme cases, a fourth positive group. Three of these
groups may be ritithbhte stiee \emdycddtecdidtraintshetieaasprobiens dafichd @véinpr esent
invention there is provided a | ens of variable equivalent focal |ength

ext endi ng foyoanw edpemiencerd opbical désigiengoHavever, t there nampepfesamtly ffewhe

| ens to a dinension substantially above, the lens having a first positive '
group, a sé€ofR¥negpmeargtaldyoagrertable zaon Hensesy| Sramvthe stapdnoipftef 25/ 6/ 87
-3- an aperture defini ng means, a third positive group, and a fourth

posi tive grSBRECtsE1%e [ FFACIRBAREFTWyr BoRR BRASRy 8hf 8RR GIPLLEY svetlablesai d
negative 9QUR g 5358 AGEE WHnBSE Uath & rdbOH Robs e bt Mol tS SneSbsiul SaTd
for the 24 x 36mm image frame format. -

.However, Ellis I Betensky in U.S. Patent Application Serial No.

070.749 has disélosed a new configuration for a zoom lens which permits
a zoom range of almost five to one from a.field angle of over seventy
degrees. Such lenses comprise a front positive group, a strong negative
second group, a third positive group and in some cases, a fourth
positive group. Three of these groups may be movable to vary the EFL of
the lens.

According to thé present invention there is provided a lens of
variable equi&alent focal length extending from a dimension.below the
diagonal of the image frame of the lens to a dimension subsfantially
above, fhe lens having

a first positive group,

a second negative group,

This is :the _rep_\acemep't §hee'f
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aperture defi ni ngam@pestureadefinimg depussi ti ve group bei ng positioned
internedi ate said second negative group and said fourth positive group and
bei ng close to an® third Hoskeiver erapih o#n& 0 sai d aperture defining neans, -
said fourth positive group bei ng on the inmage side of said aperture

defini ng neans, thPY¥THLPRELHYSERARAl power between said second negative

O e oo Pl AR b0 MR Db RE e Bt "1 8P i et
axially si rru{,é]r%ggousl y in one direction to vary the equival ent focal |ength
of the lens ilefsaid second negative group nDVes_axia!Iy in an opposite
direction, and sajfigapédont’ fogdeivdichSugTBaite B3RdreAbhljdc! SihePOPidali¥e 9roup
remai ni ng stati'onary during variations of the equival ent focal |ength of
the | ens. Thegebtiré pegining meah®yp and the aperture defining neans remain
stationary as the EFL is varied. The positive optical power at the aperture
permts a | arger ssidathird pegsitive groyp delisy ipasitignedentermediate satd aecodd’
spherical aberration at the longer EFL's. The positive conponent reduces
t he mar gi nal negpting grourofind (seid fpubtn doeitiveagrdupaand baing ctogehdo and in.
repl acenent sheet Date; 25/6/87 the aperture defining neans. The opti cal
power of thi Fixedineleblapy 50 Paid snerhyre)debindpEdieapdyr anet ers of the lens as
herei nafter descri hed ErEFodi ts of tge resent |nventjon rovi de
- Pour side of s £
i nprovenent s oversaéﬁd N o t%’sggil‘éegm %{'&@R el flage, P t%é'g WELEHER e
a larger aperjure.fo gi ven physical size of the lens, or alternatively a
reduction in‘%ﬁ%’gﬁ%afle%}%e for a given relative aperture. A-first
embodi ment of they th@M, j fy ARV S d
negative group, LR anarrar QERcet R b el BRLE PeEoM HWRerdfe BERP e
group in fixemdisetmivd Ogbsli @11 @rSE bhd R tHEdN BAND tAPANSnd fourth positive

groups,

said first and fourth positiﬁe groups being movable_éxially
simultaneously in one direction to vary the equivalent focal léngth of
the lens while said second negative group moves axially in an opposite
direction, and said aperture defining means and said third positive
group remaining stationary during variations of the equivalent focal
length of the lens.

The third positive group and the aperture defining means remain
stationary as the EFL is varied. The positive optical power at the
aperture permits a lafger relative aperture by alleviating the_limiting
factor of spherical aberration at the longer EFL's. The positive

component reduces the marginal ray height of the ray bundle at and past
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and a fourtie pperturecdefinigg nBans.ngTheaopttdadnpaferf of ahis qrgtibive geodp r st
and fourth groups nove sinultaneously in one direction and the second group
moves i n tie reppssi te athee mareveteirsroff ¢heslieng ad hergimaftemdescribedi xed
rel'ation. The invention will now be described, by way of exanple, wth
reference to tEeboddaenisanyithe presfnhnvertiophrash provdesinproyeppnty oyer

schematic side el evations of. one_ lens form enbqQdyin he i nyention; and
Pr o S o T cie Poremoins BeBusHnvohenst T R o h o PHER (& SRRERRG

i nventi on. L e nbodyi he, i pventi own_in,Figs..1 and | a.
conpri ses ?ﬁr%gr%“%ié%gb'jggéf' eﬁ%‘v%jf#a?t %ér? g?e&rr%n ‘gnslll‘-”l'_ﬁlé?%‘- Sut yg?oups

Gl G4, O opRuulGP IR HRIcAC RS Mor BLI 6N Telduivd lbGRAKEX e erent L2, a

positive neniscus L3, and i1s of overa positive power. G oup & conprises

a negative nenjseivstldubodifinkose ane HiveRBItn kSmprases & Febst by@letvbhi ck
positive doubl et shown as a biconvex el enent L6, and a negative el enent L7.

The doubl egrdup, 4 éecénd nBESLiveOgidup, Oihecapertiire defindig hedisacelmatd Byeet
Dat e: 25/ 6/ 87 -5- and has a | arge radius i mage side surface which may be
convex or adidiadeosdtivegrompgdn aixeorelabion e thecspentpre clefiningf means@ oup: -
G3, as shown in Fig. 1, conprises a single elenent L8 very closely spaced

to the apeandigefeurthpesdtivegsown. | Puring vardahinmehfitfacsl| thw dket o t he

obj ect and_has an_ imge side surface defined_on a very large radius Rl

rel ative tbluskeanshfautths gpRURsBPYRs siditapecusly i epe Hrpsrionsand gheonvex
element L9, a relatively thick biconcave. el enent L10, a posif]ve neniscus
L1 ConvexstmiHE QRRyes b 6 RAFRELRD HAFRC LS T8  SP AL b ERBRE scus

convex’toxgéag_ 5 Q%l'ignhereinafter be nade apparent, the third group
bears a certain re a?ions I'P to other paraneters of the |ens:

The invention will now be described, by way of example, with
reference to thé accompanying drawiﬁgs, in which:~

FIGS. 1 énd la. are schematic side elevations of one lens form
embodying the invention; and

FIG. 2 is a schematic side elevation of another embodiment of the
invention. |

A lens embodying the invention as shown in Figs. 1 and 1a_¢omprises
from the object end thirteen elements L1-L13 in four groups G1-Gli.

Group Gl comprises negative meniscus L1, a biconvex element L2, a-'
positive meniscus L3, and is of overall positive power.

Group G2 comprises a negative meniscus L4, a biconcave element L5,
and a relétively tﬁick positive doublet shown as a biconvex element L6,

and a negative element L7. The doublet L6, L7 is convex to the object



\ - . ’ s

[err] .3>  pfidHas a large radiusl indfes@dé Subfacd shidhenapbeCdnveRVes cohcdviae

group G3 [err] is the zoomratio of the lens, and [err] is the geonetric
mean power ofotthe image asrshoperby] thd)eresdrdptionss indfeapower of the | ens at

t he | ongest equivalent focal length, and [err] is the power of the lens at
the shortest equiGrews @B, fas ghowncantFig. Thr cenpnisnp|esiegle ptemenh dds very

substantially_as_shown in Figs. 1 and |a are set forth in_Table I-1l}. 1In

these exanpl 85088y sRacef i the, apepture defining, megns, G5sivis Ond CoppoRspE L8
t th t dth bj t th FL i ( R { dth
| mage and or SEFEEon Y Fie. ofie<s Rad ' i SRR AL SURERSE PELSLY B BFY

' . .. - erture defining neans
remai ns st at |l%rnsaer f/'advﬁ%sth erse[%%% ve & ttﬁg ?b(}gg sa'ldgﬁré Eftquoﬁ the follow ng
t hree exanpl es, S&dminRE 4 s @Sy d1ayi Eﬂ@pﬂ I mage
frame; an equi valhgﬁltup:;G gcﬁdplﬁe%ég%tn %EEE‘;’Q{ g%sg%%gfléz]’8¥6{r%a? jdgeé'f mm and
rel ative apepiétnRaveMtileRentdLy0 [ ROPRditLve neRiddud. P11f tomvexN o |thCindgll 4 0 the
higher EFL. In Tables I-111, the lens elenents are identified fromthe
obj ect to thbicoimge eletledty LL2; lahd, a inBgativBSnetlietld lcofvdy 86 ctthealmaghl- S25,
the index of refraction is [err], and the |lens el enent dispersion as
measured by the Abbelllludennafterebe madd reppavantyeties third groupabeanss agr oups
are shown by the data under the headi ng Zoom Data for various EFL's. Z1, Z2
and Z3 are tpertginparelapienshipdionethergpenaseters ofiothe depsihe drawings. FVD is
the front vertex distance of the lens, and BFL is the back focal |ength of
the lens. The relative aperture at_the Kgarious ElFsL' S is given

Kelr

where K3_is the optical power of the group G3
ZR is the zoom ratio of the lens, énd

KG is the geometric mean power of the lens, and

Rg = EKg |
where KL is the power of the lens at the longest equiValent focal
length, and

KS is the power of the lens at the shortest equivaleht chal
length.

Three examples of the lenses substantially as shown in Figs. 1 and

la are set forth in Table I-III. In these examples and as shown in
Figs. 1 and 1a, grohps Gl and G4 move together tdward the object as the

EFL increases, group G2 moves toward the image and group G3 and the

- .
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under the agmuae ddtMRing Rbsind Pehdi: r@éﬂﬁsﬁéﬁ”&ié{‘%ﬁé ddt! €0 tha/ - 7-
TABLE | Surface gfl al D gt ange Radi us B’é vvee?] Surg aces Lens
Surface  plane fET) - (m) N err]
V[err] S1 878.67 LI - \3.00
1. 805 In the?Fobldwing three &xampilbs]. Bfk PBescriptionsdafl fbR lenses
8.70 1.786 : 43.9 4. -295.19 0.15 S5 . 49. 87
L3 having & 24 x 36mm image frame; an equivalent Fpcal length (EFL) 38Bge

. 83.91 L4
3308 S.6 of 28. %00 1887210m§? and relagév% apgrtures vwhich/vary fremy£4£3.9 to :
- i16. 10 L5 . 2.00 1.835
43.0 S0 £/3-9 frop the loygr EFL to the highes ERL,
11.54 ' I& féﬁies I-I1X, the 1eﬂ%8ef%i§$gs are iden%Zflé% from the object

to the image end by L1-L13, the lens elemept surfaces are 31-825. the
index of refraction is ND’ and the 1gns elgment dispersion as measured
by the Abbe Numb'e_f is V.
shown by the data under the heading Zoom Data foi'_ '.vari\ous EFL's. Z1, .Z2

- The .movements of the various groups are

and Z3 are the axial spaces between groups as shown on the drawings.
FVD is the front vertex distance of the lens, and BFL is the back focal
length of the lens. The relative aperture at the various EFL's is given

under the heading f/No.

-Thié is the replacement, sheet
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Ne——" . Surface’ | - Axial Distance
L7 : . Radius _ Betweenl S@nces 1.835 -
43.0 S13 Lens 826.507(age aper {mmp 1. 00 S14 (mm)55.92 L8 N
2.23 -1. 667 48. 3 S15 1165. 66 73 S¥6
L9 St 878.67 4,79 1.613
58.6 s17- M 41 59 0.79 s18 280 11 L1(8.00 1.805
12. 00 1. 593 53.00- 35.5 S19 80 38.61 2.68 S20
-145.85 L11 - - . 3.00
43.0 s21 |, -31.%3 02089 5153 L12,
5.97 1.523 9519 42-6 523 -710.23.68 0.1986524
21.43.L13 | 299, s . 160
25.5 S25 -993. 48 This h§.8t,he repl.acenent sReet Date: 25/ 6/ 87
DATA L3 ' 4.30 1.835
S6 ~ 100.18 :
: 71
S7 83.91 :
La : - . 2.00 . . 1.850
S8 17.34 .
1.80
S9 -116.10 .
L5 2.00 1.835
S10 33.18
0.20
sl 25.25
L6 | - 1.54 1.728
S12 -17.23 :
L7 L50 1.835
S13 -826.07 .
72
aperture
1.00
S4 - 55.92
L8 2.23 L1667
: S15 1165.66 .
S16 - '28.44 .
L9 . 1.79 1.613
: S17 -41.59
. - 0.79
SI8 -28.1
L10 - - 12.00 1.593
- S19 38.61
2.68
S20 -145.85
L1l 3.00 1.835
s21 -31.12 :
o 0.20
S22 5153 o
112 _ . 5.97 1573
S23 -23.68 _
0.99 -
S24 2L43 | ,
L13 . - 16O T L80S
S25 ~993.13

This is the replacement sheet
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28. 44
" 25,5
1.835

43.9
1.805
ZOOM

43.0°
32.2

43.0

28.3
43.0

48.3

35.5

43.0

42.6



f/ No. EFL FVD Z1  7ZOOM DAZA . Z3 BFL 2.9

28.6mm  156. 4nm .80mm  15.3mm_ _ 14. 7mm 43.6 3.2 40.0
161. 3 f@Na. wa4 VD3 .Z1 48.5 325 735.0 BFL165. 0
18. 6 6.5 53.1 3.9 87.0 171.7 . 29.2
1.0 0282 2§86m Th| slﬁﬁsumhe re |89mrren5 Jimeet MaTen 25/ 6/1376
TABLE | | Sgrgace ]%5 Bi st an1 Yradi uﬁgog 12 get ween Bupf aces
Lens Sgrface 8.6 ( . N[53r. 1]
V[err] Si 649857 L1 a7 29.2 1.0 0.8 58.93. 00
L805 25.5 S2 " 57.37 1.80 S3 - 58.75°12

8.70 - 1.700 - . 47.8 4 -237.36 0.15 S5  52.91
L3 | ©4.30 L834

37.3 S6 120.92 71 S7 70.22 L4 | |

2. 00 1. 805 25.5 S8 17:07 5.10 S9 -64.49
L5 ' | 2.00. 1589

61.3 SI 0 25.54 0.50

This is. the rep\_a’c_em_er_rt shggt
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S11

22.97 L6 : Surface “Axial Distance 7.17
1.699 _ 30.1 S12 Radius - 18. 35 fefween Surfaces : ’
- 1.50 Lens 1.804ace (mm) 46. 5. S13 (mm)58. 15 Z2 aperture 1.30 Spd
61.35 L8 | : 2.23 S 1.723 4
38.0 S15 -697. 28 Z3 S1649.67 31.91. L9 .
4.79 L1 1. 658 57.3 S17 - 3.0040.93 0. 6D8®L8 = = - 2854
L10 52 57.37 ' 13. 30 1.593
35.5 S19 40.69 2.84 S20 -65. 65 L11.80
3.00 _ 1. 583 58.75  46.5 S21 -27.15 0.20 S22 -50. 97
L12 L2 - 195 1700 1 517 47.8
52.2 S23 223,28 179 U368 _20.86 L13 o5
1.60 1.8§§ ' 23.8 S25 91956, 24 This is the
repl acements sheet te: 25/562/'?317 : 4.30 1834 37.3
' : S6 120.92
Z1
ST 70.22 _
L4 ' 2.00 1.805 25.5
S8 17:07
5.10
S9 -64.49
L5 2.00 1.589 61.3
S10 25.54 :
0.50
| su 92.97
L6 ' 7.17 1699 30.1
_ S12 -18.35
L7 _ 1.50 1.804 46.5
: S13 158.15
. Z2
aperture _
| 1.30
S14 61.35 :
L8 2.23 1.723 38.0
S15 -697.26 -
Z3
S16 31.91 <
L9 4.79 1.658 57.3
S17 -40.93 '
0.60
S18 -28.41
L10 13.30 1.593 35.5
S19 40.69
2.84
S20 -65.65 '
Ll : 3.00 1583 46.5
- s21 <27.15 -
| 0.20
_ S22 -50.97 -
L12 - 7.25 1.517 52.2
823 -23.28
- 1.79
: S24 =20.86 _
L13 - 1.60 1.847 23.8
S25 -56.24 .
This is the replacement sheet o
-

wiliry



e o4

-10- ZOOM DATA f/ No. EFL  ZoS#® DATA Z1 Z2 - Z3

BFL 2.9 28. 6mMm 156. 5nm ~8mm  15.1nm  16.4nm  42.5nmm

3.2 £/800 EFL61.8 FVD 10.6 .21 = 10.4z2 11.53 4gm8 3.5

55.0 166.7 19. 0 6.7 6.6 52.8 4.0 87.0

173. 3 29 8 28.6mg  156.6m8  0.8mB9. 3 1Fhimm i s 16r14miepl abEMaRt
sheet Date3+35/6/8740.0. 11 -160aBIE || 10Surfacd0.4 11.8xi al D¥psBance

Radi us 2‘0 Bet wee}?-8ur f ace¥8:&ns  19.0Sur f acé.7 &.6m 52.8

(rm) Si Y 367.16870¢ 173.3 | 29.8 1.8 0.8 59.3 3. 00

1. 805 25.5 S2 53.15 1.80 S3 54.36 L2

8. 90 1. 700 47.8 S4 -220.65 0.15 S5

46.30 L3 4. 00 1.834

37.3 S6 83.28 S7 59.28 L4 o -

2.00 1. 805 _ . 25.5 S8 - 16.09 5. 04

This is the replacement shegt |
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S -59.80 L5 . S 2. 00
1. 609 © 59.2 Sl ﬁ?ff 28. %i&sl@d)q'sm?c" 23.44 L6
8. 00 14699 Radius 30 7 dielween Surfqces37 L7
150  Lens f‘g'gﬁ“ (mn) ~"46.5 s13 (mm) 110.83 ZoNgperture 1.30
S14 63. 48 L§7 —— | - 2. 00 d
1.834 .3 s8¢ 659 47 73 s16 32.68 L9 |
4.79 - 1.8p1 535 57-0 s17 300 .42 95 01805518 $25.5
-29.12 L10. ) - 12.32 1. 593
35.5 S19 . 4326 3. 275539 -229. 66 380 1: 543
46.9 S21°L2 -29.26 0.20 $22 57.54 12
7.65° 1.§617  -220.65 52.2 S23 -24.09M10%4 s24 47.8
-21.66 L13 | - . 1. 80 1. 847
23.8 S5 46.30 - .
L3 S6 83.28 4.00 . ~1.834 37.3 |
. | 71
La s7 59.28 .
| s8 ' 1609 200 1.805 25.5
Ls s9 -59.80 04
S10 28.34 2.00 1.609 . 59.2
y - 23.44 | 0.50 | | |
S12 1737 8.00 1.699 30
L7 - ) .
s13 10.83 L.50 1.804 . 46.5
22
Aperture
L 63.48 90
S15 -659.47 2.00 1834 37.3
73 -
Lo Sl6 32.68 -
ST 4295 479 - LB6I 57,0
0.
” SI8_ ~29.12 o0
“ SI19 43 2-6 12"32. L593 _ " 35.5
. 520 -229.66 : 8.2 _
) s21 -29.26 o 1043 469
0.20
o 522 57.54 | |
’ $23 —24.09 | 7.65 1.517 . 52.2
1.5
3 524 -21.66 . 1 :
* - 1.80 L '
525 -68.41 - 18‘.’.7_ | 23.8
This is the replacement's_heet Y

Date: 13 £Z?7 | ' ' S



S25 -68.41 This is the repl acel@@ ﬁl;l.gét Date: .25/6/87 . -12- ZOoM

DATA f/ No. EFL FVD z 72 73 BFL 2.9
28.6Mm - IfWo3mm  @8AMM  1ZmR0mm . 37.20mm g, 42. 3Mp.3. 2 48. 0
161. 8 10. 32 9.14  11.89 47.8 3.5 55, 1670
18. 36 2.95 7208m  585634n0  0.84n87. A3.30mn 1767.30mm 2843

1.78 e 6048 0Thi s i $61.8e r ephag@rent sbﬂen':m Daﬁa,sglzn%/ 6/3-7%“'“‘ I n

the foregoin§ prescri®pOions, 16%Ofront 1836 ex dssgmnce (FdB) is ggﬁla;ul at ed
froma pl ale06. 5nm i87..0r ont 0f74%8r f ace88.FD whenitP® | ensegeare fegigsed to a
magni fication of 1:50. The.lenses set forth in Tables I-11l -are so desi gned
that the first and fourth groups nove in the sane direction for zoom ng.
For sinmplicity of nechanical design of the zoom ng nechanismand to reduce
the required size of the front group, the various |ens groups nove in fixed
relation for focusing. Also the groups GL and 4 nove in fixed relation
when zoom ng. In the foregoing |lens exanples, the third group is in
sinplest form a single-element. 1In the given exanples, the object side -
surface is convex, and on a much larger radius than the imge side surface.
[err] where Rlerr] is the radius of the inmage side surface and R err] is
the radius of the object side surface. Fig. 2 illustrates another '
enbodi nent of the invention where the
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third group at tile tigeforsgoinefpresagprbans tle ifrodteeftaxnitdtanne AFVD} paced
doubl et. The | ens enbodying the invention shown in Fig. 2 conprises
thirteen el epalnudated Ifremisnplang 6¢fmpups. fzonthof eurfinceSSicwhgn theslenbesent s
L1-L3 in the same positive configurations. Goup G2 conprises elenents

L4- L7 in the28afocytatktala ragaifiicationnef JubQtion as Fig. 1. Goup B is a
positive doublet |8 and L9 in_fixed rejatio o0 an aperture_defining_.jris
"*° G oup GI conpithe deges det Tarsh i Fak(es UL ekt S0 SRt potioPer the Slae
t he repl acengn hegt Date: 25/6/87 -14- L11 2 and.a negative

meni sous conBt LAt FEOU BEY 1n e, pate, Stessiton o, A BB O Tuo

exanpl es of I ' g r i ' ' V, Bot h
| enses are s%ghrpelég??)‘y g?%ﬁ%@é_ed%%gg4&5%tﬁ% ;fgﬁ%% *ﬂ g?r%géﬁs?hsgﬁ%gﬁ‘}r{?ge
frame. In boghe |x%§ £%d 1R bl @k FROMPESduY! CenePhhSidub FRms! frdubs AovkNen
shorter EFL to f/4.7 at the larger EFL. In both Tables IV and V, group G3
and the irisfixddepeldtioh HorOPedugingd ONDEdStheéRretps Gaodand Ghhencvl] ACifigedl as
the EFL is increased, group & noves toward the image end, and group 4
noves towar drélueriobjwheh moting.G oup GL noves for focusing. This is the

- repl acenent sheet Date: 25/6/87 -15- TABLE |V Surface Axi al
Di st ance Radi us In the fordgotinedens axbupies,| thes third gSwmpf d8eln simpleShm)
(m N err] V[err '

form, a single-element. In the given exaLples, the object side surface
is convex, and on a much larger radius than the image side surface.

Ry

R_
o

> 8

where R1 is the radius of the image side surface and Ro is the
radius of the object side surface. |

Fig. 2 illustrates another embodiment of the invention whefe the
third group at the aperture defining means is in the form of an air
spacéd doublet.

The lgns embodying the invention shown in Fig. 2 comprises thirteen
elements L1-L13 in four groups G1-G4. 'Group Gl comprises elements L1-L3
in the same positive configurations. Group G2 comprises elements'Lu-L7
in the same general negative configuration as Fig. 1. Group G3 is a
positive doublet L8 and L9 in fixed relation to an aperture defining

iris I. Group G4 comprises a positive element L10, a biconvex doublet

This Is the replacement sheet
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1805 _ E.{)]? 452 Lzlnd g r?ggjz-ive meniscgg c?éxcsv fosghe object:.5 6912%‘!,&1' Q.g of

12. 60 _ positivelpoq,g;, - 70.4 S4 -605.21 0.10 S5

54.35 L3 . 6.9 3 1.834
37.3 S6 . ThO lexplpYds OFf the lens Showh3ih4Fig. 2 are set forth in Tables IV
1.50 1.834 37.3 S8 14.79 7.53 S9 ‘
-65.44 L5 and V. Both lenses are scaled to an EFL range of 2!0.5060c 12Umm for a 2t 835
63.0 S10 42.84 0.20 S11 27.06 L6

15. 72 x 36mm iqagmirame In both lengqs,gtlgg_g‘elative_ aperggre varies from
1.53 .6 S13 -508.18 Z2 aperture 2 05
S14 féﬁ;ﬁ4§tL§pe shorter EFL to f/4 7 ‘at the larger EFL. In both Tgbleg I

1:227 and V, grqu7é3 ang the iris I ;%%é;g é%é% onary Group é& hoveé'%oward

the object end as the EFL is increased, group G2 moves toward the image
end, and group Gl moves toward the object _end. Group Gl moves for

focusing.
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Si7 -58.18 Z3 S18 gypface 38- 94 L1fkial Distance

This is the replacement .-sheet

o 35/ 3

6.00 1.564 Radius 60BS&wabd Surfaced862. 11 10. 93 S20
94. 60 Liéns Surface (mm) . (mm) 00N, : 1. 8p0
32.2 S21 22.04 L12 _ d 0]
1.471 3 Sl 67. 318225 -25.15 1.94 S23 -21.83 L13
2.00. LI 1. 620 - 60. 3 S28.00 -480310. This is ti8.5
repl acement sheetSDate: 2%3.8287 -16- ZOOM DATA f/ No. EFL -
FVD yal z2 - z3 . . BFD.43. 6 25. 5nm 198. 8mMm
1. 000nm _ 28. 636nM3 27. 353¥P3 40.0nm 4.0 -40.0 198. 3
12. 482 L216. 261 13. 378 44.6 4.6 1260 g5 0 1487214 1 70.4
37. 390 5.983 8¢ 2702l  67.1 4.7 124.0 220. 1
47.590 . . 8714%8 . 7,()4035 69.3 This i 9®he repl acenent sheet Date:
25/ 6/ 87 -17- LE v % : - .
L3 6.9 1.834 37.3
S6 151.66
zZ1
| 87 9583 . _
L4 | - L.50 1.834 - 37.3
S8 14.79
7.53
_ S9 - -65.44 .
L5 - 2.00 1.835 63.0
S10 42.84 '
- 0.20
I su 27.06
L6 . 15.72 1.741 27.8
si2 -26.96 |
L7 1.53 1.773 49.6
S13 ~508.18 - |
. 72
aperture
| 2.05
Sl4 33.47 |
Ls = ' 150 - 1847 23.8
Si5 25.18 :
2.66 -.
SI6 32.36
‘L9 - | 4.55 1.487 70.4
SI7 -58.13 |
Z3
S18 38.94
L10 | 6.00 1.564 60.8
S19 1862.11
10.93
. S20 94.60 _
Ll - - 2,00 1.850 32.2
s21 22.04
L12 | 11.50 1.471 67.3
: S22 -25.15
1.94
523 -21.83 .
LI3 | 2.00 1.620- 60.3
- S24 -47.40 .



Surface Axi al Distance Radi Yoy paTa  Between Surfaces Lens

Sur f ace (M) Yy ~ Nerr]

V[err] S1 f/No. 188. HEFLL1 FVD . Z1 z2 Z F3- 00
1. 806 25.5 S2 56.11 0.38 S3 36 11 12 °

12. 20 3.6 1. 4%.5mm ©198.8mm 70. 2.0B0mm 28.636aR. 837.8536h S540.0mn
55.24 L3 4.0 4o. 198.3 12.482  16.261. 9413.378 44 %6 834
37.3 S6 ‘l: -6 172 293529 S7  214.1 99 987(390  5.983  2.061 67.1
1.50 7 "1 g3kl 220.1 37 47480 .87 45 6788 SO 69.3
-63.20 L5 o 2.00 - 1.835
43.0 S10 . 42.33 0.20 S11 . 26.50 L6 | -

14. 48 . 1.761 _ 26.8 S12 -28.98 L7

1.53 1.743 ' 49.2 S13 -699 54 Z2 aperture 2.05
S14 ° 33.36 L8 1.50 -
1. 847 - 23.8 S15 24. 83 |

This 18

Dates
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2.50 S16 31.37 L9 | , 4.55 |
1. 762 . 26.9 Sldace - 56- TAx#%d BidGince 38.07. L10
6. 00 . 1.570 Radius 60. Betwk@n Surfack365. 55 11.47 S20
88. 72 Likns Surface (mm) (mm) 2.00 Ny - '1.850y, -
32.2 S21 . 21.05 L12 - - ~ 11.5(A
L471 Sl 67.318022 -25.14 1.47 S23 ~-21.79 L13
2. 00 L 1.591 - : 63.0 S243.00 -47.99L8B6s is the  25.5
repl acenent sheetSPate: 286.8/ 87 -18- ZOOM DATA f/No. - EFL ' FVD
Z1 Z2 Z3 - BFL 3.6 . 088 5nm  194.6nm - 0. 800nMm
26.957mm 27.515n¥3 40. 1nP§-l. 0 40.0 194.8 12. 491 15. 244
13.209 L254.7 4.6 85. 0 212.2 12,2038 og5  L48% @14 1. gPrt
67.4 4.7 12450 -698.850 48.820 - 0.874  0.700  69.4 This
S t_he repl_acemené5 sheet %Ef 25/ 6/.87 |
© L3 | _6.94 1.834 37.3
S6 172.29 o |
zZ1
B . 9995 . -
L4 150 1.834 - 37.3
S8 14.45 . : |
6.83
| S9 -63.20 :
L5 . 2,00 1.835 43.0
SI10 42.33 :
0.20
sl 26.50 : -
L6 : _ 14.48 ' L.761 _ 26.8
812 -28.98 .
L7 1.53 1.743 T 49.2
S13 -699.54 .
| z2
aperture - .
S 2.05
Si4 33.36 . |
L8 B 1.50 * 1847 : 23.8
SI5 24.83 , B
- 2.50 <
| - S16 31.37 :
L9 4.55 1.762 26.9
- S17 -56.74
23
Si8 38.07
LI10 6.00 1.570 60.1
Si9 1365.55
147
. S20 88.72 .
Ll 2.00 1.850 32.2
s21 21.05 .
L12 o 11.50 L471 67.3
S22 -25.14 . .
1.47
S23 -2L79 - : ' |
Li3 ‘ . | 2.00 1.591 63.0
S24 -47.99 -
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In the prescriptions of Tables IV-V, zdom bArt vertex distance (FVD) is
calculated froma plane 5.00mmin front of surfaces S1. In Table V the |lens
is focused f¥e-a magnEFL cationF¥® 1:40 .Zad in Tade IV t#e | ens i gpf ocused
at infinity The power s of t he groups Gl- G4 of the various |enses are set

forth in Tagﬂoe VI as2k{amm ¥ n]m res@e&@@mlel y26.95pid e 27 1815kmt h@ogaaet ri c
mean of th Qsowers Kg ‘rgr] of Iens ghe EF15 @ '&remmzm ang4the zoom
I Tg

ratio.Z1 T ) -. 1.813114 67.4 .0224
. 020 304 | | - 263 % 89830 74 01290.700 . 08904 . 020
3.04 111 0121  -.0556 . 0145 0223 :020 3.04
Y, 0103 -.0521 . 0156 .0110  .0178 4.86 V
0137  -.0748 0177 0186  .0178 4.86 G where K[err]

is the power of the lens at its |longest EFL and Klerr] is the power of
the lens at its shortest EFL. It will be noted fromthe foregoing exanpl es
that the power K3 of group G3 is substantially equal to or greater than the
power K1 of the front group GlL. Also K3 is substantially equal to or |ess
_.than the geonetric nean power KG of the lens at the extrenes. of its EFL
range. The power K3 of group G3 as shown above bears certain relationships
to other paraneters of the lens: This is the replacenent sheet Date:

25/ 6/ 87 -20- 1.2 > [err] > .4 .006 > [err] > .003 .25 > [err] >. 15
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The third group £ ti@)%prBScpREsis 8P Tbioe TvsV dqhefrroh® vertéx d1gvaedr, in
nmost cases to permt novenent of the other groups to provide the snallest
FVD, it wilI(Fyp) ver yaldudatdd/ fodn@cpldne . [00nn R0 Eraitd6f Qfurfhces SLS. Ihhis is
the repl acement sheet Date: 25/6/87 -21- CLAI NS 1. A.lens of variable
equi val ent fTabké¢ V &hetlens xi=e fdcusgdf forna anegnifitsition o€l LIAOt bmd dindlablel Ibf
the inage franme of the lens to a dinension substantially above, the | ens
having a firthe }ansi 18 focysedpt imfiritynd negative group, an aperture
defining neans, a third positive group, and a fourth positive group, said
first positive grSupeHsEERf &hetﬁeu%j(ﬁé?u Sfgeheyvagiqug 1rngseiare 8o dprtsai d
second negat, v ro bej,ng, on the pobj.ect side of _said aperfure defining
means, said jf’hf?lg‘epggiatsi r "Eﬁ?eﬁtéfvr%&y pREe %’?né’%t}f%‘bgrﬁﬂﬁé\‘f & second
negative gr Qup, idefQ pti.v (@a¥]0] iLpg 05E, nd in
fixed rel at i(?)gnﬂ?%ggg%lc? g@e&ri{ E’Qee %E%iérﬁ g%gr%‘égn%’,égg%#glegbuar%?h&%o%???ve gr oup
bei ng on thgiigge side of said aperture defining neans, there being no
optical power between said second negative group and said third.positive
group and between said third and fourt fpagi®siyti ve groups, said first and
fourth positive groups being novable axialTy sinultaneously in one

direction ta@abaey the equivalent focal |ength of the Iens while said second
negative group noves axially in-an opposite
I

.0121 = -.0498 = .011h .0224  .020 3.04
II 018  -.0512  .0129 0220 .020 3.04
III L0121 -.0556 o5  .0223 .00 3.04
v .0103  -.0521 .0156 0110  .0178  4.86
v .0137  -.0748 .0177  .0186  .0178 4.86

| Kz v K Kg |
where KL is the power of the lens at its lbngest EFL and KS is the
power of the lens at its shortesﬁ EFL.

It will be noted from the .foregoing examples that the power K3 of
group G3 is substantially equél to or greater than the power K1 of the
front group G1. Also K3 is substantially equal to or less than the
geometric mean power KG of the lens at the extremes of its EFL range.

. The power K3 of group G3 as shown above bears certain

relationships to other parameters of the lens:

This is the replacement shest
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direction, and said apertureirgdefy rﬁ@g yreans and said third positive This is
the repl acenent sheet Date: 25/6/8/ -22- group renmai ning stationary
during variations of the equivalent” focal length of the lens. 2. A |l ens
as claimed in claim1l, wherein said first and fourth groups nove in fixed
relation to vary the-equival ejg $d&al yepgsh of the lens. 3. A lens as
claimed in claim1l1, where all of s@&id groups nove axially in fixed relation
to focus said lens. 4. A lens aslaimed in claim1, wherein said third
group conprises a single el enent alpd [err] > 8 where the image side
surface of said el enent has &% 2di B Rpens] and the object side surface of
said element has a radius Rlerr] . K&, Alens as clained-in claiml,

wherein said third group conprises two el ement s. 6. Alens as clai med in
.cl.ai m 5, wher eirhe Sgiigdtghouf G QHP HeOPTEdedCsn 2ibBRGA LIS TS GuEsANd a
bi convex el enent. 7. Alens as clainmed in claim1, wherein: 0.3 > [err] >

0. 15 wher ehifjetter] in sostieapes\ad pdérmibendvenént gFothe BElsr kroups td@rgetgetric
nmean of the powers of the lens at the extremes of its focal range, and
Z[err] is the smeblestaFVl, dt wild bervery &losely spasedaso cihei hmagel sidd afm 1,
wherein: 1.3> [err] > 0.4 where Klerr] 1is the power of the third group,
and This i $he H&igepl acenent sheet

-2y &1%7.
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N . . .
Dat e: 25/ 6/ 8CLAIMS- 23- K[err] is the geonetric nean of the powers of the

|l ens at the extrenmes of its focal |ength range. 9. A lens as clained in
claiml, wherein the power of said third group is substantially equal to or

greater than. the power of said fi rst group. 10. A lens as clained in claim
1, wherein the p8uwkansopf sariahle; equiye fecaly bengtht extiendingfadm tao or | ess

than the geogetri a oyer_of said:.lens at the extrenes of the range of
equi val ent f‘ge s?‘é‘hng’f*ﬂ%‘?tﬁ.diﬂs?%°§suﬁ inageqframecotyithe 1lengnt? & n t he
power of sai ' i ubstantiglly equal.to or greater than the
power of sai %i#elgrg%%' %Pg%%%no;t?\%ﬁgu%%"tvgnt% %(V’seg’ﬁﬁjrngto or less than the
geonetric nean of fﬂ%tpwﬁm@%rme | ens at the extremes of its equival ent

focal lengths. 12. Alens as clained in claim1, wherein: 0.006 > [err] >

0. 003 where K[ er g]sdcond tegRONR gifupSai d third group, and Z[err] is the zoom
ratio of the lens. 13. " Alens as clainmed in claim1, wherein 0.5 < [err]

<1.0 2.0 < [err] ax dpeBtirelderingngImesnd, 2 0.5 < [err] < 1.3 where Klerr],
Klerr], Klerr] and Klerr] are the powers of said first, second, third and
fourth groups: respedirdvmsitiwngrdipgragd i s the geonetric nean of the powers
of said lens at the extrenes of its equivalent focal lengths. This is the
repl acenent shee@ floarsh peBiGive7group, ' ' o
said first positive group being on the object side of said negati%e
_group,
| said second negative'group being on the object side of said
aperture defining means,
said third positive group being positioned intermediate said second
neggtive group and said fourth positive group and being close to and in-
fixed relation to said aperture defining means, -
said fourth positive group being on the image side of said apertuge
defining means, - |
there being no optical power between said second negative grbup and
said thifd positive group and between said third and fourth positive
groups, |
said first and fourth positive groups being movéble axially
simultaneously'in one direction to vary the equivalent focal length of

- the lens while said second negétive group moves axially in an opposite

direction, and said'apefture defining means and said third positive

This is the replacement sheet

Date: 1&7//?7 |
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-24- 14, Agk‘&’iﬁ réfiafilidg "Bk thSndilyddibihg \fe&&a@i&ﬁn&‘ aehbaéquaeaﬁen%4fdca36 mm
I mge frane wherein: 0 015 > K[err] > 0.010 0.080 > Klerr] > 0.040 0.019 >

Klerr] > 01edagct)o02the>ledd.err] > 0.010 vvhere K[err] Klerr], Klerr] and
K[err] are the optical powers of said first, second, third and fourth
groups expiesseydless taseckadppdriocalaiof 14 héaeeqin saldhirsocal faurgh reroups
mllimeters of said groups. This is the replacenent sheet Date: 25/6/87
-25- 15, moverd Sixesy selarien to wery the ipewivajens fasalkanetk afoshe leagt h of
28.5 to 87.0 mn a 24 x 36 mﬂlma e, frarre and _defi ned substantlally as
fol lows: 3+ A lens gg ¢laiged in claim 1, wherq,gl}| ofysaid groups doye axially

Bet ween Surfa es . Le urface _ (nm
N[err] . ?1xed reql.ativt 3? {‘ocgf said 1en%78. 67 L1 :

2408 4 L2 , A 1&1158 %5 claimed in claim 1.254h§r§§1 said third 5g3-o§;9 _fémgzoiség a
1.786 single elemen$any 4 -295.19 S5 .49.87 L3

4. 30 1.835 RA3/0 S6. 100. 18 71 S7
183.91 T -

where the image sidé surface of said element has a radius R1 and the
object side surface of said element has a radius RO'
5. A lens as claimed in claim 1, wherein said third group comprises
two elements. | |
6. A lens as claimed in claim 5, Qherein said third_group comprises a
negative meniscus and a biconvex element.
7. A lens as claimed in cleim 1,lwherein:
0.3 > Ky/KZy > 0.15
where - |
K3 is the power of the fhird gboup
KG is the géometric mean of the poéeré of the lens at the
extrémes of its focal ranée, and
ZR_is the zoom ratio of the lens.
8. A.lens as claimed in claim 1, wherein:
1.3 > KS/KG >0.4 |

where

K3'is the power of the third group, and

} [V7 N IIIII IIIII I
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L4 K., is the geometric mean of the powers 6f tRe @ns at the 1. 850

32.2 S8 7.34 4.80 SO -116. 10 L5

2.00 1.@gxemes of its focal igngrhnange. 33.18 0.20 S11
25.25 L6 : _ . ' ' 11. 54

"1.728 9. A lenggas aipjmed in claip/l,)wherein the power of said third group
1.50 ' .83 43.0 S13 -826..07 Z2 rture
1. 00 S14 is sujbgggxg-}aﬂgv equal to or gréater than the power of saj.% ff:%%

2.23 1. 667 : 48. 3 S15 1165. 66 S116
28.14 L9 5T - 1.79

1.013 10, A lend@sGiSlded in cla.im411 SHefb1RItR] Bower of saidBtHikdlged)
-1.593 35.5 L10O - 38.3 2.&X8 S20

-145. 85 L1l is substantially equal to or less than the geometric meard pdder of said
1.835 _ 43.0 S21 -31.12 0.20 S22 51.53 L12
5.97 lens atlthe/8xtremes of the rangdl dfGediivalent focal? Berggth&24

21.43

11. A leng as claimed in claim 1, wherein the power of said third group
is substantially equal to or greater than the power of said first group
and substantially equal to or 1e§s than the geometric mean of the powefs
of the lens at the extremes of its equivalent focal lengths.
12. A lens as claimed in claim 1, wherein.
0.006 > K3/ZH > 0.003
where
K3 is the power of said third group, and
Zo is the zoom ratio of the lens.
13. A lens as claimed in claim 1, wherein
0.5< Kl/KG £1.0
2.0< KZ/KG < 5.0
0.4 < x3/KG <1.2
0.5 < KH/KG <1.3
where Kl’ 'KZ' K3 and Kl# are the powers of said firsf;, second,
third and fourth groups respectively, aﬁd KG' is the geometric mean of

the powers of said lens at the extremes of its equiva.lént focal lengths.

This is the replacement sheet —
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L13 1.805
25.5 sp5 14+ A 1g9s pg qlaimed in glain 1, for o cemer: eetaJ%l 32425 4 T2
Z0OOM DATA Eklshge frame whéndin: - Z1 . Z3

BFL 28. 6nm 156. 4mMm . 80mMm 15. 3mﬂ 14. 7mm

43.6 40.0 . 161. 3 ' oloisA > K, > 0.010. 4 ©10.3

48.5 55.0 165.0 - 18.-6 : 6.5 . 6.0

53.1 87.0 171. 7 0208 > K21>0 .04a. 0 0.8

58.9 where L1-L13 are lens elenents fromthe object end; S1-S25 are the

| ens surfaces fromthe object eReO¥ Ph Kapsriq-Pa0r adi i struck fromthe i mage
side and negative radii struck B grtheﬁ Obiﬁ(g'tolél de; NNERR] is the index of
refraction of the | ens el enent; \}F s be number of the |lens

el ements; Z1, Z2 and Z3 are vari abl e durlng change in equival ent focal °

| engt hs EFL is the equivalent focal length; FVDis the front vertex

di st ance, %ﬂgreBlf(L i the aﬁﬁcﬂé fa& adnel td1 m,g ior bl Fepsacement sheet.

Date: 25/6 1122 13. -ens according to claim1 havi ng an equi val ent
focal |engiklcsta,28nirdt &xﬁ%oarmr@p%exp&@séandsm@ rbéfRcaR Bt €S i ned
substantially as follows: Surface . Axi al Distance Radi us
Bet ween Suefaivadeh®focal lenfithd dfiamillimeters(dfaid groups. : (nmm
N err] _ Vlerr] S1 - 649. 67 '
nee
ep\ace ent

AT



Ll - 15. ‘A lens according to claim 1 having an qui\(g;.ent focal length of(yg
25.5 S2 57637, 1,80 . 58.7
8. 70 28.5 £ 8]y . & 21 x 36 mm 1g3sp fGgke. and deffned gupstaptislly as
52.91 L3 . 4.30
1. 834 follows: 37 3 sGrace  120./9QaZDiSFPance 70.22 L4
2.00 - 1.805  Radius Botee@gSurfaces 17,07 5.10 S9
-64.49 L5 Lens Surface {mm) (mm) 2‘."'90 v(l
1.589 | 61.3 30 25.54 0.50 S11 . 22.97.L6
7.17 u L 99 : 30. 1 s§%l, -éek 35 L7 ‘s
1.50 1.804 5300 . 46.5 s13° 1588 72 apert ¢ 1. 30
S . 61.35 L8 e 180 - . 2.23
1.723 - 5338.0 S$b.o4 -697.26 73" S16 31.91 L9
4.79 L2 1,658 57.3 S8Z0 - -40.788 43.9
S4 -295.19 :
015
S5 - 49.87. - -
L3 - ' 4.30 .835 - 43.0
S6. 100.18
| 71
: s 83.91
L4 2.00 1.850 32.2
S8 17.34 -
4.80
S9 -116.10 :
LS ' 2.00 1.835 43.0
Sig 33.18 '
0.20
Sit 25.25 _
L6 : .54 .728 - 28.3
. SI2 -17.21 :
.7 : 150 . 1.835 43.0
S13 -826.07 '
72
ﬂ[)Cl‘l\H‘C
1.oa
si4 55.92
L8 2.23 1.G67 48.3
) Si5 1165.66 : .
7.3
SIG | 28.14
L9 : 1.70 L613 58.6
: si7 -41.59 . ’ :
0.79
S8 -28.11
k L1200 1.593 35.5
110 Si9 38.61 -
2.68
20 ~145.85 |
L1l - 3.00 . L835 43.0
s2i -3112 S
0.20
$22 51.53 |
L12 5.97 1.573 42.06
523 ~23.68 . :
0.99
S24 21.43 -
113 - . B 160 1805 . 25.5
S25 ~-993.13 :

- This is the rep_lacemen.t sheet
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0.60 S18  -28.41 L10 Z00M DATA -
13.30 1.593 555519 40. @ 2.84 S20

-65.65 L11 EFL FVD z1 , . Z2 z33. 00 BFL

1.583 . 46.5 S21 -27:15'0.20 S22 ' 50.97 L12°

7.25 28.6nm 1. 556 4mm .80m2. 2 S28.3mm 1427u?8 1. 79 BP4%

-20.86 L13 40.0 161.3 . 10.4 10.4 10.3 1.60 48.5

1. 847 55.0 16808 S25 18.6-56. 24 Thi% is thé.0epl acemens3 dheet
Date: 25/ 6/8570 - 2871.700M DATA @BLZ F\!D 0.8 21 58.9 72
Z3 | 156. 5

16. 4nm whergr Ilgh?é Ageqglens el%ilt% from the ob@tt;end 51-825 a@ the lens

éjz' g 87 0 surfgf{e’sg fgom Q:he objecggeng with pos:.tive fagli struck fe‘o% tzle image '58 g

~where L1- Usiaar g?aabsr@g&% %ﬂ@&t&sm%e%de%@d i@l §2§ &ﬁ&n& | ens

surfaces fromt positive ra rudk aro %ge si de -

and negati \g¢ E-éﬂ:‘dct%r{ beked 98hd Qﬁemteqfr 3kdfie NE e% bty
refraction of the lens elenents; V[err] 1% the Abbe nu er of the ens

el enents; Zlendts3angl 73204 zgraz%bb&-idulé e REAngd) 18 B Fa R Forad!
| ength; EFL is the equivalent focal length; FVDis the front vertex -

. lengths EFL is the equivalent focal length; FVD is the front vertex

distance; and BFL is the back focal length.

SR I

g_g.'..__



\/ 16. A lens according to claim 1 having an equivalent focal length of

di stance; and BFL is the back focal length. This is the replacenent sheet
Dat e: 25/ 6/ 8728.5 t287.0 hm, Azllens36&mc1migagrﬂamepIandrnélfin&a\sluagtmiany as

equi val ent focal - | ength of 28.5 to 87.00mMm a 24 x 36 rrmlrrage frame, and
defi ned substfeldpegdy as follows: SU rfnCC

Axi al Di stance Radi us . Surfadet V| 4veeaxial IUiStf:tmes Lens . Surface
Radius Betiyeaen Surfaces Verr]l] S1
gg‘rp 16 L| - Lens Surface (mm) . h (mfl})‘ 3. 0¥y vl _ ll
1. 805 _ 2%15 S2 649.67 53.15 1.80 S3 54. 3§ L2 _
8.90 L : 3. - 1.70Qg0s 25478
4 22085 s5 32 Ag; 3P L3 - 4. 30 -
1.834 : . 37.3 S6 . 83.28 z1 Si.so 59.23 L4
2.00 . 1. 868 58.75 25.5 S8 16.09 5.04 89
-59.80 L5 L2 : - 8.70 - 2000 47.8
1. 609 B 584 51023736 28.3.1 0. 50 S11 23. 44 L6 .
8. 00 1. 69%5 . 521 30.1 _ .
: L3 4.30 1.834 . 37.3
' S6 120.92 ' :
Z1
- 87 70.22 ]
L4 2.00 1805 ' 25.5
- 88 17.07
5.10
, S9 ~64.49 : . _ .
L5 2.00 1.589 613
Sio 25.54 - '
0.50
- .sH - 22.97
- L6 - 717 1.699 - 30.1
- sI2 ~18.35 - :
L7 ' 1.50 1.804 46.5
' - s13 158.15
Z2
aperture’
1.30
- SH 61.35
1.8 ' o 2.23 L723 38.0
", S5 -697.26 - -
' Z3
S16 L9
L9 4.79 1.658 57.3
SI7 -40.93
0.60
S18 -28.41 :
Ll10 : . 13.30 1.583 ' 35.5
S19 40.69
. 2.84
: S20 ~65.65 _
Ll . 3.00 1.583 46.5
S21 ~27.15 ' '
. 0.20
. S22 50.97 ' '
L2 7.25 - 1.517 52.2
523 -23.28 . '
' C 524 -20.86 ' o
S ¥ & i ' 1.60 1.847 . 23.8
. 825 -56.24 : o '
This is the replacement sheet e
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S12 -17.37 L7 o Z00M DATA 1. 50

1.804 ' 4G 5 S13 110. 83 Aperture Sl4 63. 48 L8
12.00 EFL. 1. 83gwD 71 37.3 S15z2 -659247 z3 S16 BFL
32.63 L9 ' ' _ 4.79

1. 661 28.6mm 356 GuB17 0.8a#. 95 S185.1mm . -2961/mat 10  42.5mm
12.32 40.0 . 116H3 10.6 35 5 5119 b 43.%26 3.27 478
-229 % L195-0 166.7 19.0 6.7 6.6 52.8

1. 543 87.0 173 s21 29-8.29.2G 0. é@3322 0.8" 57 54 B993

7. 65

-21. 66 L13where Lf‘ L?% are lens elements grom éme object en(? 459 %054 3 f,} lens

Date: 25 TtEecs £508 Beiings engc it Blaiilp pguek “ﬁﬁ@ﬂ'ﬁ%ﬁ”ﬁ@ S 5,

Z3 . sideBhid negative radii struck from the object side; N a is the index
of refraction of the lens elements; V g 1s the Abbe number of the lens
elements; Z1, Z2 and Z3 'are variable during change_in equivalent focal
length; EFL is the equivalent focal length; FVD is the front vertex

distance; and BFL is the back focal length.

L



\/ . ) . . a , s
17. A1 rd laim 1, h |
28 6mm 156, agm - 1e08 8ccording to claim 1, having an equivglent focal jength of o

161.8 28.8. &2 87.0 mn, a 4 %36 mm imagd B3me, and defindi 3Bbdkantial1}bds O
18. 36 5.95 7.03 : 53.0 87.0 174.3 28.70
1.78 .BBlows:  60.3 where L1-L13 are lens elenents fromthe object”

end; S1-S25 are'the lens suB@rdges from't heisbbjigaiccend with positive radii
struck fromthe i&gg‘csi de d&lndiwegat i veBeladen Sstiwoek fromthe i mage si de;
Nlerr] is t1&ind °r.ef-ra(!‘!."i‘bn of the | ed®nd| enent s; Il_l({ Z2 and Z3vare

variabl e during change in g&w{ﬁval ent focal length; EFL i.s'the equival eht

focal lengthy FVDis the front vertex dist angg- and BFL ,is the back .-f ocal
P6/87  tBS Alens 255

length. This is thesgepl acegemt sheet Dat e: _
according to claim1, having an equivalent feggl length of 25.5 to 124.0
mm a 24 x 3.6 mmi®dge fra®e3s and defined substantially as follows:

Surface L2 Axial Distance Radius - 8.90 Betweepsfgurfaces Legsg
Sur f ace : (m mP4 ~220.65 (mm  Nerr]
Vlerr] SL 169445 L1 . . | S ML - - 3.00
1. 805" 13 25°5 52 1630 56 72 0.41 S3. 503 L2 .
12,60 1. 483 sagg 704 S4 T.605 21 518 S5 4. 35
L3 : oo ' 71 6.9 1.834
37.3 S6 151.§6 Z1 Shgog - 95.83 °
L4 | | 2.00 5 95
Sg’ 16.09 . 180G 25.5
. 5.04
L 59 ~59.80
' 2.00 LGOS .
S0 28.34 L.60Y 59.2
0.5
) S 23.44 0 |
6 : ' .
8.00 - LG9¢
L7 Si12 -17.37 _ 1694 ' 301
. : ' Loty ' 1.804 e
SI3 110.83 - 6.5
72
Aperture : %
' 1.30
L8 Sl4 63.48
. . - . 2-00 . ’ ll83‘t )
S15 -659.47 : 37.3
. 73
SI6 32.68
4.79 SR K 1} '
L9 SI7 ~42.95 661 °7.0
' . 0.60
Si8 -29.12
L10 . 12.32 . 159 5.5
SI9 © 43.26 | 393 35.5
127
_ S20 -229.66
Li1 3.80 .. 1543 46.¢
S21 -29.26 ' Lo 16.9
. 0.20 °
. - 822 §7.54
L12 : ' 7465 L517 _
523 ~24.09 S ' 52.2
1.54
R 524 -2L.66 :
' L1 ' 1.80 1.847 .
3 $25  -68.l . | 2.8

_This is the replacement sheet -

one: 2574 i NN R R



L4 :
37.3 S8
2.00
27.06 L6
27.8 S12
1.773
1.50

L9

70.4 S17
6. 00
94.60 L11
32.2 S21
1.471

700M DATA 1.50 . 1.834

- 14.79 7 53 S9 -65.44 L5
EFL 1. 83BVD Z163.0 S10 22 42.83 0.20 S11BFL -

' : 15.72 1.741
28. 6mm26 6 43mm 0.84um 13.30mm 17 20mm b2, 3@1 53
“88 }I% s13 13% .18 72 a@e& ure 2. 14 gg 333 47 L8
gg 0 1.8 4.3 .8 S15 1.7 25. 1 66 S16 32. 36
87 B ss 1. 585
where” §§-ng é% ﬁt& element§8fr%ﬂ {:ﬂeoobject end; S1-S2 5 are the lens

) S19 1862.11 10.93 S20
surfaces from the object end w1th positive radii stduBl from the image 850
22.04 L12 11.50

side and nﬁ&a&v@ZQadii strudk. firomlths! ibdgk side; NEZﬂs &Be index of

refraction of the lens elements; Z1, Z2 and Z3 are variable during

change in equivalent focal length; EFL is _f.he equivalent focal length;

FVD is the front vertex distance; and BFL is the back focal length.

nt sheet

e
“This is the replace™

o >3RI
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L13 © 18. A lens accord:i.n$1 to claim 1, having08n quévalent foka®llngth of
60. 3 S24 -47.40 This is the repl acenment sheet 25/6/87 -~ -32-
ZOOM DATA EFL 25.5 to 128V® mm, a 24 x 36 4. image frame, aAd defined sub€@antially as
BFL 25. 5mm 198. 8nrm 1. 000mM 28.636mMm = 27. 353mm 40. Omm
40.-0 198, follows:  12.482 - 16. 261 13. 378 44.6 85.0
214. 1 37. 390 5. 983 2 061 67.1 124.0

220. 1 © 47. 590 . Surigeg pAximhistance 69, 3 where L1-113
are lens el enggls fremide Objl% ")send S1- SQVAF nﬁ‘r{“ﬁ‘és lens gurfaces from
the object end with positive radii struck fromt e i mage S|dda ‘and negat i de

radii struek fromthe sibj ect:sbde; Nerr] is the index of refraction of the
lens el ements;LlV[err] is the Abbe nunber of tha.bens el end8ds; Z1, Z2 2848
Z3 are variable duri ngSZChange55-ﬁ2eqU| val ent focal .l ength; EFL is the

equi val ent focal Iengt% FVD |s the front vert&d&ldistance; and BFL is the
back focal length. Thi¥ is th&8 T’épl acenent she gt Dat e: 25/%{3 -33- _19.
A l'ens accordifig to clgiml, Pg\ﬂ ng an equi val %80 tocal Ié& 81 h of 25. 5704

124.0 mm a 24 x 36 nminage franme, and deflneg §ubstant|ally as follows:
Surf ace Axi &gds Di st agggs Radi us Between Surfaces Lens
Sur f ace LB (mm) 6.9 N en.s34 - 37.3
Verr] S1 - 188.786L1 15166 B ~3.00
1.806" : 25.5 YA : .
_ . ST 95.83 _ . .
L4 . "~ 1.50 1.834 37.3
S8 14.79 .
7.53
S9 -65.44 .
L5 ' 2.00 1.835 63.0
v SI0 42.84 '
) -0.20
_ S - 27.06 : . : .
1.6 ) 15.72 1.741 27.8
‘S12 -26.96 '
L7 1.53 -L773 49.6
Si3 ~508.18
Z2
aperlure
2.05
Si4 33.47 - o .
L8 1.50 1.847 T 23.8
S15 . 25.18 . : ' S
_ 2.66°
S16 32.36 _
L9 . o . 4.55 1.487 70.4
SI17 -58.18 .
Z3 _
. Si8 38.94 - _
LI0 : ' ' 6.00 * 1.564 60.8
Sl9  1862.U :
) 10.93
S20 94.60 S
ng N 2.00 1.850 32.2
. s21 22.04 : . -
Li2 . 11.50 T 1.471 67.3
S22 -25.15 .
1.94
523 -21.83 _ : -
L13 K . 2.00 1.620 60.3
S24 ~-47.40 ;

This is the replacement sheet
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S2

12. .20
55.24 L3
37.3 S6
1.50
-63. 20 L5
43.0 S10
14.48
1.53

S14

1. 847
4.55

56.11 0.38 S3 56. 117zb6M DATA -
- L487 - 70.4 4 -608:85 0.10 S5

EFL FVD . Z2 6. %8 BFL1. 834
172.29 71 S7 99.95 L4 '
25.5m;n 334.98.8mm 1.000pn3 S8 28.636mm 14 ZB-363®B S9 40.0mm
g0.0 198.3 12.482 16.2 g ' 213}(36 16&4 .6 1.835
5.0 42 332 éo s11 37 390>6. 50 Lep+903 2.061 7.1
12h.0 7.590 76 8 51287% .05 980 7  69.3

geg%l.% 1A33are lens elements Zt“rom tﬁe object en%9 SS.I. SE’? m‘ge%r 1€ 2 05

surtaces tacgtfe Shiect end iipbstei St srrurk Ay tokdnage

side and negétive radii struck from the object side; N 4 is the index
of refraction of the lens elements; V d is the Abbe number of the lens
elements; Z1, Z2 and Z3 are variable during change in ééuivalent focal -
length; EFL is the equivalent focal length; FVD is the front vertex

distance; and BFL is the back focal length.

e rep\acement sheet
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sS18 38. §9. LAdens according to claim 1, having an equivalent focgl_llotength of

L570 6(2‘. 1 S19 1365. 55 11.47 S20 . 88.72 L11

2 00 25.5 tack?4.0 mm, a 24 x 36 gp imageiframe, andydefijged pubstantially as
11.50 i‘oll%w4°71 - 67.3 S22 -25.14 1.47 S23
-21.79 L13 ' - Surface Axial Distance 2. 00 1.591
63.0 S24 -47.99 This |s Radiusr epl aceBetweesHivefactnt e: 25/ 6/ 87 - 34-
ZOOM DATA EFkens Sunfagg - (mm} 73 - {mm) 7o Ny z3 VY4
BFL 25.5mm 194. 6rr§1il : lBQ.‘??OOﬂm 26..957mMm 27.515mMm .
40.1mm 40.0 ;  194.8 2. 491 3l 244 180 13.209 - e
54.7 85.0 212. 22 535 085 5 614 1.817. -
67.4 124.0 219.0 48. 820 088874 0. 700

69. 4 where 'L1-L13 areSd ens elseédents fromthe object end; S1-S24 are the

"l ens surfacesk¥rom the object end with positike€0radii stid8k fromthe itehe
side and negative rad¥¥ strif@k8from the object iibde; Nlerr] is the index of
refraction of the Ien§ el ement s, V[err] is thg‘l_ be nunber of the |lens

el ements; Z1, 472 and Z3 are variable during c\@/gqge in eqyigyal ent focal gq4

l ength; EFL is the eagg val enfgghgcal length; FVDis the front vertex ’
di stance; and BFL is the back focal length. 2. A lens of variable

equi val ent focal | eng8Th cons®99.86t ed, arranged and adapted to operate

subst anti al | ybdas her esi.snbEf ore. described with 150 . 1.834 37.3 -
' o 6.83
S9 ~63.20 :
L5 : 2.00 1.835 43.0
. : sio 42.33 : :
’ 0.20
st 26.50 L o
L6 14.48 1.761 26.8
- Si2 -28.98 ' .
L7 1.53 L743 49,2
sI3 -699.54 . i o
: z2 )
aperture
' - 2.05
Sl4 33.36 - _
L8 ~ 150 1.847 23.8 -
S15 24.83 ’
2.50 .
Sl6 31L.37
L9 . ' 4.55 1.762 - 26.9
s17 -56.74
' . 3
SI8 38.07 : -
Llo 6.00 + L.570 60.1
sl9 1365.55
' - 11.47
S20 88.72
Ll : 2.00 1.850 32.2
S21 21.05 '
L12 | 11.50 _ 1.471 67.3
S22 -25.14 o : .
' : 1.47
s23 -21.79
L13 2.00 1.591 63.0

524 -47.99

L e
Lo A

This is the'replaceme"t sheet | .- /m ..
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reference to, and as illustrated in, zodsepatagonpanyi ng drawi ngs. This Is t'he ‘
repl acement sheet Date: 25/6/87 ' _ : -

o

EFL FVD o Z1 - Z2 z3 BFL
25.5mm 194 . 6mm 0.800mm 26.957um 27.515mm 40.1mm
40.0 194.8 ' 12.491 15.244 13.209 54,7
85.0 212.2 38.085 5.614 1.817 67.4

124.0 219.0 : 48.820 0.874 .0.700 69.4

wherelLl;L13 are lens elemen#s from the object end: 81-824 are the lens
surfaces from the_object end with positive radii strugk froﬁ the image
Side and negative radii struck from the object side; Nd is the index
of refraction of the lens elements; Vd iS'the Abbe numbgr of the lens
elements; Z1, Z2 and Z3'are variable during change in equivalent focal
length; EFL is the equivélent focal length; FVD is the front vertex
distance;-and BFL is the back chal lenéth.

20. A lens of variable éduivalent focal length constructed, arranged
and adapted fo operate substantiélly as hereihbefore described wi;h

reference to, and as illustrated in, the accompanying'drawings.

is the replacem®

TSR mmmmi

Date:



