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To attain greater compactness and/or extended focal Iength range or aperture, a more complex lens form
can be used. Particularly, the second group may be formed with positive and negative subgroups which
55 move independently for zooming. Also, a secondary motion may be superimposed on the relatively simple - 55
motion of the second group to provide a more complex and compound movement resulting in still better
optical corrections.
Another embodiment of the lens, as shown in Figures 2 and 2a, is a ten element form capable of the focal
length being varied over a zoom range almost as great as 4:1.
60 _ The lens of Figures 2 and 2a has two groups. The first group is-a doublet formed ofa negatlve biconcave 60
_ element L1 and a thin positive meniscus element L2, very slightly air spaced. This doublet is air spaced from
theé second group. In this space is positioned a first diaphragm stop D1.
The second group'is formed as two subgroups which move in relation to each other for zoommg The flrst
~subgroup comprises a biconcave element L3 followed by a positive doublet formed of a thicker biconvex
65 element L4 and a negative element L5 Thereafter, another thick doublet L6, L7, convex to the.object, follows. 65
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2.50 nd 7m0 O A 2 = % 64. 727
19 R3 59, 6468812 3.20 1633 4. Skbs 40
1.813 25.3 2§12= : 25.976 R4 = 230. 458
25 71 RS = 116. 205 L3 2.95 - 6.50
1. 560 s 61.4 RB1E&= 37.52018. 23%7‘1130 ey 7030,
15 - : | 30 R#8e= 886 L4
12.50 ® R145 48910594 0.2 R8 = -96.191 L5
200 15l 813 19884  25.3 35 RO = ‘
557. 537 L9 © 233 1.614 59> .15 RI10
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1.°489 50 70. 2 ] .20 ... b0
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e . 22 . AWD "~ #No.
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60 75.0mm 39.358 21.846 158.8 4.0 60
135.0mm - 12,593 22.208 . 167.0 ' 40

192.0mm 2.696 22,925 190.0 4.0

_ Another embodiment of the invention substantially as shown in Figures 2 and 2a scaled to an image frame
65 of 24 x 36mm, and EFL’s of 76.5mm to 192.1mm is substantially defined in Table lil. 65



- 167.

shown in Figures 2 and 2a scal ed tas@n i mage frangsfs5 of 24282 36mm an

3.20° .,

<

"R1 410. 187 40 L7 _ ,
1. . - 48.6 40 R12 = 25.976 2.95 R13= 37.520 L8
5.7 1. 489 70.2 45 ' R14="
105. 944  GB2033606 B 45 72 R45U
19. 587419 ‘ ) 233 644
59.5 R16= -40. 587 50 . 20
50 R17 103. 944 L10 o TAREIL . . 3.76
1.792 . 25RauikghHB - 78aaPBikawe & OUP spaci ng ' ;
55 EFLElement Curvature (mm) Z1 Between Surfaceéfmm) Ny %D
f/ No.s550.0mm - ' 67.831 22.834 172.1 5
4.0 60 75.0mm R1 = —88.100 39, 358 21. 846 ~158.8
4.0 U 60 135. gm 2.50 12. 593642 5%%. 208

0 3.0 192. 19 2. 696 22.925 -
- 190. Qg ré. 0 Anotghgfs enbodi ment of the invention substantiall ydﬁas

"EFL's of 76.5mm RO 492. 1186818s substantially defined in Table |11,

56

4 GB 2 033 606 B TABLE |11 Radi us of Axi al Di stance
El enent CurvB® uT e (miy4.983 Bet ween Surfaces (nm Nd
vd 515 L3 . 6.50 1.609 56.4 15
5 RL = -g8%100 Li T 2. 50
1.642 59g9 R2 = sg708 67.104 .19 10 R3 =
64. 01414 12.50 1.489 70.2 10 L2
4.5020 R8 = 1., 8P8315 25.2 R4 = 136.313 Z R5 = 2
134.9885 15 L3 20 18 50 = 252
1. 609 56R9 = 573019 15 R6, = -159. 956 .15 R7 =
58. 708 L4 R10 = 28.413 ' 12. 50 1. 489
70. 228205 B = 15.98. 315 1.488 70.2 25
20 L5 R11= 335.947 . 1.812
25.2 RE7 = 573.019 .15 R10 =3.20 28. 413 253646 47.6
15. 40 R12= 1.258% 095 70. 2 25 R11 = 335. 947
L7 ‘ 3.20° : 1. 646
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47.6°Rig = 7535 2 5?’9 5.74 1.489 70.2 e
R14 = ©110.481
_ 6.02
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20
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L10 3.76 1.791 25.4
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105.69
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EFL 2z FVD f/No. .
76.5mm 44.107mm 166.5m 4.0
50 129.2mm 15.649 168.6 40 . 50 .
192.0mm 2.100 191.7 4.0

Here the front group L1, L2 moves toward the object'end with increasing EFL as does the second group’
L3-L10. An aperture defining mechanismis located between element L8 and L9 and moves with the second

group.

55

Another embodiment of a lens embodying the invention substantially as shown in Figures 2 and 2a is set
forth in Table IV. This lens differs in that element L8 is biconvex, as scaled to an image frame of 24 X 36mm

and EFL's of substantiaily 50mm to 120mm.



30 . . RI3= 35.799 B
30 L8 o : 5.74 1489 (g
70.2 Rl4= , ' 110.481 6.02 Aperture 35 '

ig&g 5 : | o an --35 R15 =GB1232%?;06,2@- 282 g
60.4 R16 = -40.. 780 .20 40 - ' N R17 = 142. 976

40 L10 s TABLE 18, 76 1.791

25.4 R18 = -296. 675 105.69 45 g«;.cmp spaci ng

45 EFL adius o ial Distance =

fINo. 76 gment Curvature-(le\) a4 107m§ﬁatween Surfaces (mm) \‘%66’ 5m Vq

4.0 50 129.2mm  m = —-65.12f1 649 168. 6 °
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GB 2 033 606 B 5 TABLE .\ Radi us 9 | Axi al Distance
El ement ., cur vatlr 8 (nm 10.4883 ween Sur f acgggg M) DNl
vd 5 2 R8 =  —56.2006 | -
5 Rl = 5 -65.1214 L1 2.0000 1.805 256000
1; 633 ' 53.5 R2 = 2424B99779 .2000 10 - R3 =
49. 7071 f10 354002 2000 10 L2
4.4988 =1. 803 O RA = 123.0426_30.02 to 1,0
R6 = 2% 955044 15 L3 o, 2 1.53 S8oge
1.720 ., 50.4 TA¥R6 = 20000 - 89. 8393 1729000 R7 o4
51.9336 L4 R12 = 67.8449 10. 1667 | 1. 487
70. 4 20 R8 = - 562066 |
20 15 30 R13 = 89,2652 .0000 . 1.805 30
25.5 R9 =18 2421799 .2000 R10 =%6997 35 4902 23-%8b 513
9.9112 21505747 g0 6 25 R11 = 63. 9444
L7 Aperture 8 0000 1.720
50.4 35 _ 24.2395 35
" R15= —19.5383 B : : '
L9 - ' 1.5811 . 1.720 504
: R16 = 211.1908 . :
. ’ .2000
40 R17 = 72.5994 " 40
L10 8.000 1.805 25.5
R18= —198.3869 .
BFL = 40.0mm . .

45  Still another embodiment is a seven element form in which a five element rear group is used, as shown in 45
Figure 3 in the mid-focal length position. This lens is scaled to an image frame of 24 x 36mm, has EFL’s of 70
to 145mm, and is substantially described in Table V.
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.6 TABLE V Radi us _of : | D stance El enent Curvature
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296.5650 L1 ma o ssrrems - 3%00 : | |
1. 847 23.8 R2 = - 6765889)563. 7200 10 R3 =
- 64. 8290 ‘R = 70.8430 _ 10 L2 ‘
2.15601L3 1.697 4.26065. 5 R4 = 1518 2317. 6220 -65. 5618t 0
.50 R5 = 76.8430 1%#58.1480 | | 4. 2600
1.518 5980 = asoz00 15 RO D - 258. 1480 . 5000 R7 =
48. 0209, L4 L 3.9000 - 3. 9Q9P. 64.2 1.517
64. 22020 R8 = RSB p4.8770 204.8770 - - _ 20
20 3.3500 Aperture .5000 R9 = 3.350B7. 4330 25 L5
9. 2300 Aperture 1. 583 - 46. 4 : 25 R10 = 200. 0540
1.0900 R11 = R 639. 6834;(233%6 -5000 ' 12. 0000
1.84 238 30 el 12 = : 000
30 2T 7800 R13 =ppo. 56008609 L7 02500 T 464 2
2.2300 1.847 1.000023. 8
' R11 = 639.6840 o
L6 : 12.0000 1.847 23.8
30 ~ R12= - 23.1000 . _ 30
' 21.7800 : '
R13 = 56.0900 .
L7 2.2300 1.847 23.8
R14 = 138.5020 o .
35 ' 35

Another six element embodiment of the lens is shown in Figufe 4 with the elements in the shortest focél
length position. This lens, as scaled to an image frame of 24 x 36mm, and having EFL’s of 77mm to 1456mm,
is substantially defined in Table VI. -

-



R14 =, 138. 5020 35 ' ‘ - Q
35 Anot her six el enent enbodinent of the lens is shown in Figure 4 with t

el ements in,the 'shortest focal |ength position. This lens, as scaled to an

i mege fr.,arre of 24 x 36mm and having EFL's of 77mmto 145mm é§20336063 7

substantially defined in Table Vi 7

GB 2033 606 B 7 TABLE VI Radi us of - Axial Distance

El ement -, Curvature (nm " BasMeen Surfaces (m Nd '

\5/dR? - - - 246. Fediug of Axial Distance . 000

1. 806 Elemenyy - Lyrvature(mm) ;- Zlﬁetzetﬂfglrfiﬁs (mm) Ny a— |
49.870 S R = 246,583 | . 1012 °
4.110 u 1.728 26003 R4 = P88. 575 z g5 =

46.962 15 L3 R2 = 47.217 6.376

1.658 50.9 15 R6 = 2.199 -299. 223 0.200 R7 = :
32. 687 19 R3 = 49.870 4379 6. 539 1728 283 1. 7200
50.3 20 ' = 98. . e A
20,4.738 RO = Myano LEPY® ’ 2. 500

1. 805 25.5 R4 - w6033, 887 25

4.000 1513 ' 6.376 2fesépert ur e086. 177 Rlis
= 91.566 L6 R6 = = -299.223 . 3. 000 : '
1.603 | 38.0 3|97 42,687 REO0 = . -276. 325 ; _

30 G oup spaci ng EFL . 6530 Z 1.720 50.|§VD

f/No. 3%0 ' R8 = 98,647 : ' 20
35 77. 258 622 m 4 199.0 -
3.4 105.0 ' " R9 = Ztand 7 181.4

3.9 145.0 15 - - 1.88 2.500 : - 11850 25,5

4.6 40 In the fored®orrgy t abP®8B7 Nd is the index of refraction and Vd.(Abbe
nunber) %8s the di-spersion of the |1ens49®0 el ements. The powers of the fird®
and second groups of “Refi¥®di scl osed | gps,,are set forth in Table VIl. TABLE

VII 45 R11= 91.566

45 Table 1 = [err]. 3.000 | F2s03 38.0 .
[err] -1368. 70mm = Ri2= ~68.329 M. 2.16 11 30
-88. 63 . 50. 07 1.77 50 111 _ ' o
-97.99 Group spacing 54.51 1.80 _ 501V
-77.55 . 32.05 : 2.42 vV .
-140. 25 4 = 7073 P2 00 ie- %
: 77.25mm 62.39mm 199.0 3.4
- 105.0 28.17 181.4 : 39
145.0 1.88 179.0 4.6
40 Inthe forego'ing tables, Ny is the index of refraction and V4 (Abbe number) is the dispersioﬁ of the lens 40
elements. . : :

The powers of the first and second groups of the disclosed lens are set forth in Table VIl

_ . TABLE VIl - ,
45 o 45
. Table ' Fi : F ’ {F41/F2
i : -148.70mm - - 68.79mm 2.16
. [ : . —88.63 . 50.07 1.77 _
50 Wl . —97.99 54.51 1.80 B0 -
v -77.55 . 3205 . 2.42
Vv -140.25 70.13. 2.00-

Vi - —129.48 77.26 ' . 1.86.

55 The absolute value of the EFL of the first group is always greater than the lower limit EFL of the lens, and 55
the absolute value of the ratio F,/F, is greater than 1.5 and less than 3.0.



vi/ N -129. 48 77.26 L L 66

" 5P e absol ute val ue of thﬁlmﬁ t group is always greater than -
t° ovver limt EFL of the | ”ﬂgu"@ absolute val ue of the ratio

[err] han 1.5 and*| éss Lt han GB2033606 B -

Qéﬁgés gghpn: comprising fromt he abj eCt end, a first negat Iste e

group follomed by a second p05|t|ve group, sai d groups bei ng novabl e
axi al ISHAMS each other to vary the equival ent focal |ength of the | efts, t he

S abso'Pt ngo%L Igﬁscg ﬁ% a%s@lie’é Fola ov§e% grfgii Og{l Up
[err] tb%dbgsaﬂf §Bel aEI 5« l?%ﬁc o‘trm'{ova tHe &Ul ﬁ’%afb

|l enss a‘&&ﬁ:@va‘me of the eduivalert focalllergthlddsaid first group | F; | being greater than the lower I|m|t 5
10 whemeivétéht fogal tdngthetpaidvab.@nd f ocal | ength of said second group, the |ower"
limt equivalent focal |ength being greater than the diagonal of the inmage
~franme of said lens, said first groPp cgngi sting of two el ements, one of

whicgh is biconcave. 15 2. > TR R =16 ’
Azoom ensaccor di ngt ocl ai nlwher esai df i r st gr oupconsi st sof sai dbi concaveel ¥rent *
anda’ where F, bohd2qGicdnerecat [eRTR Bitsaid Secor GFOLPNIhE BWEr liRT@QUIvHIdREFotaDiefdtifbdingl Wher e

sai d fdrésdr trgh e piaferanaf thle tmagh fraraé ofesidleon seid B4t gronp cahaibtihg bf tooBlemurs, ehedte Nt and
a posiwiisghds igongaye.us concave to the object. 4. A zoomlens according to-

cl aith 12 wné?en lens ageardingte clgimol yrerasaifits °‘5’d’P’éT§Es obfif Riconevelemeptandsi d 15

Vi
gbcgnc g‘?& 956 nE?:nsrg%pt}rdlr?nt cl?ikaffv%le;es\é% &E&Erﬂ%cf%% etl&ee %wect eng Fonsrsts ofv%rgipgorﬁ:avseal d
second gr m@ormamcb&asg fo &1gif 1vRredRid Akst gr&iﬁ#rohﬂh@ob@dc@means.stsme.dfaica&twet wo of
sai coedienendng alpeditivg mehisquesi ti ve power, foll owed by a negative el ement znd

fi nal | y5-a Azpateleys asgradiegito pmsif the precesinai¢iainis whereinAaid sasand gseup coroprsesdrangthe 0 any

sai d

of cl g{;‘f@tetrd 5":&?‘}%‘?@%‘“25’2&1‘"’%@‘:@6‘ "I?ﬁ %iﬁ?"@@ﬁ&ﬂ#‘%“‘?’r@ﬂ?‘ﬁﬁ'@yébﬁgéﬁ‘te end 25 a
si ngl et e‘i ré s r @a% dfcl ms erJe§ gdiegg u?ao Arlsgsgromq dOUQl et
Con%va?surget TiGsitivb 1 d%%kuagre%me% Beus Lol eéio Dlodediirh Pand) Aficna prane
and a di@atdn¥sve B'tR4HIM Blals; byt SRPAKSGB6h itdh8epahted mgm.ssas@m zoom

| ens acz.ornabdrglehDacedndingib aty o tlaihs 1—5SIhWeea‘aes@udrooemmﬁsgmmphmjéptrehaes from

t he obfieertcavereigmanty bicenyexdaublel emmve dogbipjin hefevesf admbrnetconvex pYwicbledten '
doub| eqegﬁtwem@squafgw yp togh S \’/%‘)?'ef"ﬁ"t hrou ect tro a ne%at | veofgenl scus
COI’I rcgnc \f %ﬁ (é%fo ’tlv;%ﬁ |s u B § ﬂné;g nlsc Sconca?'gé

accordg g,gm Bthe bbj ct re sa se group consi sts %m t he

- obj ect §n¢IQ'fsao§:ord3|gtJl!Ia‘irﬁQQ&ﬁH?oaﬁluﬁam%'ﬂ'Eme@fZQQ%ern\éﬁdMi&leﬁsﬁﬂpvex to the
obj ect substaritigigak fowewsTENI SCUS concave to t e i mage, and a positive el enent

condx to the object. 9. Alens accord to claim1 scaled to an i rags
frame of 24 x 36 ”%EI( an EFL of A gbstan&rally as ol lows: 35
35 RadfoBenbf urvatureimm? axi al Iﬂet“f gmce Mt Curvdture (m
Bet ween Surfacesm(rm) Ng6483 ' vd Rl = ~ -96.483 40 L1 _
3.8Q0 1. : 1.815 3.8043. 2 181540 R2 =432 93. 32
1.13 R3 =, B2l =885 L[ 23.362 ' B - 7.96
1.674 31%33 45 34885 1183 R4 = -225.454 ,
45 z Ry = 084 L 6. 08
1. 704(;>l S4ed R = o 4sa- 3507307 50 1674 3ne
=y 50 R7 = 36.34% La
5. 31 " Rs = 1. Gd%s4 - 48.4 R8 = 277. 063 .
L3 : . 6.08 1.700 54.7
R6 = —350.307 :
- 50 .30 : 50 .
R7 = 36.342 - _
L4 531 1.675 48.4
R8 = 277.063 '
76
55 .. R9 = -1107.411 ' _ 55
L5 , 1247 1.754 '27.6
R10 = 22.283 : '
8.31
_ R11 = 49,921 : _
60 L6 6.82 . 1.802 25.6 60

R12 = 75.151



.76 55. . RO STT07 41—

>7.6 RL0 = . '22:283 8 31 RlHI“""""l!"Ememo L6 | nTee 2

6. 8\2/ R12= . 151

I 2 033 606 B 9 qrouo spaci ng EFL | 652033606 B . 9°
FVD _ f/No. 5 70. onm _ 75.92mMm -

190. 6mm . \_("’UPSP“"’Q 2.8 5 92.0mm . : : 41. 09
165. 9 b 3.2 145. Omﬂ .50

149. 8 - ERL ' 4. O%ere L1 -L6 areFY[?'ne | ens eI errentf@'°fromthe

obj ect - e dfogmg,he i mage endgohtdm- R1 2 are t hsy exids f aces of “elgents 10
L1-L6, Nd igefolvn | ndex of refipgcti on of the hgsms el ements, Va4 sthe _

di sper si on4sfomhe | ensel enentss as 10 neasunexs by the Abbe mober, Zis a
vari abl e |l ens spacin EFL is the equival ent focal Ienlgth of the Iens FVD
is,the frow'ﬂefv'érltsésetgq lanslements from Hie opiggt gnd ta g imagriend. R tzﬁ@ﬂreévﬁqcpw elements
TR b i ol pliok s bt %m; oge
frame of 2 Bearlor (L 1o fﬁﬁg&f bbbt Vg rd S

15 Radi us Ofg, Alensaccordmgto l aﬂﬂﬁﬁ; 8531 x 36mm and-HEFESFE0-Fo2kiFT)

Bet ween Sugd‘b&eﬁtﬁu‘(m"owsl\ld Vi -81. 235 20 L1

53.4

2.50 15 1. f729 234 20 R2. = : 64. 727s
- IS . 1al vistance
'1131?'?3 Elemelz563' 2 g’ivature {mm) F@ftv&een Surfaces (rztgb 48g 4Vd50
25 zi R = 11Q4 205 L3 _gq.035 6. 50
1.560 20 L1 61.4 R6 = -118. 23@030 1.729 53.4 20
.15 R2 = 64.727 : ' 30 R7 = 59. 886
L4 J2.50 1.489
70.2 R8 = -96F4g1 |5 64688 450 _ 2872 e
1.813 . 25.3 3 = 557. 5 : -
35 .15 RT0 = B 30 16204 21 " 15. 40 2
1. 489 70. 2 Rgd = 1162b8. 187 40 L7 .
3.20 L3 : 1.633 48306 ' 4054812 = 614 25. 976
2.95 R13= 37.B@C6=L8 -118.230 ' 5.74
1.489 30 70. 2 45 : RA2= _ 105. 914 , _ 30
: L4 1250 1.489 70.2
R8 = -96.191 .
L5 2.00 : 1.813 25.3
- 35 R9 = 557.537 35
' ' .15 :
R10 = 28.530 :
L6 15.40 1.489 70.2
. R11= 410.187 : :
40 L7 3.20 1.633 48.6 - 40
R12 = 25.976 :
: 2.95
: R13= 37520 : _
18 5.74 1.489 70.2
- 45 R14 = 105.914 : 45
. Z2
_ R15= . -19.584
: L9 2.33 1.614 59.5
R16 = —40.587
3 50 .20 50
R17 = 103.944
L10 : 3.76 1.792 - 255
R18= —781.970
" B85 Group spacing : : ' 55
EFL Z1 Z2 FVD : f/No.
- 50.OmM 67.831 22.834 172.1 4.0 .
60° 75.0mm 39.358 21.846 . -158.8 4.0 ' 60
. 135.0mm - - 12,593 : 22.208 - 167.0 _ 4.0 '

- 1920mm 2696 - 22925 1900 4.0



-19.584 L9 | 2.

R1 33 -
1/ 59.5 RI16= _
- R YO |I|I Il o mr=r - 10300
L ' 1.792
25.5 1&18— GB2033608 831 970 55 Group soaC| nq S 10
55 EFL Z1 Z2: FVD
f/ No. M)e@mﬂ.w are the lens elements frorg the@Bjgct end to the imagp ndgBYR 18 are the surfaceggf 2 1*"~
4.0 60 elemgntylih10, Ny |sthe|ndexofrefractl§-gn glﬁ nseIements,Vd |sth_d| 4 tsion of the lens ele
4.0 as measured byth ?}) § and Z2 are the variable Ienss |s the equwale%éoczl gth
) ofthelens. FVD i ﬁ' ﬁ ﬁ istance of the lens, and f/No. i % % eaperture ofthefg2
167. 05 1. Alensacc za andan EFLof765 %ﬁ b

aled toan |magSe frame of 2
-190.0 substantlallyasf loWs:
10 where L1 -L 10 are the Iens el enent s fromthe Obj ect end to the inmage

end, R1-R18 are tBediusefr f aces of elAsiadlitancg 1-1.10, Nd isthe index of

r ef r actElemenbf t heCurestige @mdnent s, ‘9&‘“@%"§Wé°eﬁfn§b‘ersmon of the¥d ens el enentsS,
as mdlsured by 't Abbe nqu)fé Zl and Z2 are the vari-able | ens spaci ndg

EFL is t1he equi val'ent focal I'engt o the lens. FVQ,s the fgpgnt vertex .
di stance of the Igns, andgf{ghio. |s the relative aperture of the lens. 5 p
11. A lens according to claim1 scalmd to an i mage-frame of 24 x 36mm and
an EFe of 76.5-198 &#m.  564UMstantially as fol |l ows: Radius of 15

FVD is the front vertex distance of the lens. and #/No. is the relative aberture of the lens.
12. Alens according to claim 1 scaled to an image frame of 24 X 36mm and an EFL of 50-1 20mm

substantially as follows:

Axi al Distance El enent Cur vat4hOe (mm) 1.812Bet weer?58ur f aces (nm)
Nd vd o= 313 |
10 RL = - 8§ 100 |_| 134.983 | 2.50
1.6430 L3 59.9 R2 = 67. 144 .19 15 1.609 R3.4= o 20
64.014 R6 = —159.956 . - 15 L2
4.50 1.812 B5.2 R4 = . 136.313 z RS =
134. 983 20 L3 R7 = 58.708 0 ‘ o 6. 50 0.2
1. eog 564 _ _op31s20 REE -159. %48 15 R79Z )
58. 708 |lg4 20 12. 504, 25.2 12389
- 70.2 25 Rg = R8 573019 --98. 315 : : |
25 L5 ' 15 2.0 _ 1.812
25.2 RO = Bp3 019 28483R10= 28.413 30 L6
- 15.4@0 L6 A1 1. §385 47 154070, 2 148930 R11 72 3353947
L7 = . 3.20 1. 646
47.6 R1Z= 5535 2,95.35 > R13="%4 $85799
35 L8 ' 05 5.74 1.489
70.2314 = H13Q 481 65133 ' 35
L8 : 5.74 1.489 70.2
R14 = 110.481 .
6.02
Aperture
40 : 15.80 - 40
R15 = —20.282
Lo 2,33 1.605 604
R16= —40.780
.20
45 , R17 = 142.976 - 45
L10 3.76 1.791 254
R18 = —296.675
105.69 -
- 50 Group spacing 50
EFL z FVD f/No.
76.5mm 44.107mm 166.5m 4.0
55 129.2mm 15.649 168.6 4.0 55
192.0mm 2.100 - 191.7 4.0
where L1-L10 are the lens elements from the object end to the image end, R1-R18 are the surf_aces of
elements L1-L.10, Ny is the index of refraction of the lens elements, V4 is the dispersion of the lens elements
60 as measured by the Abbe number, Z1 is a variable lens spacing, EFL is the equivalent focal length of the Iens, 60



Apért ure 40

) — : 15. 80

40 R15 = 2.33
Doos’ T o4 e mnuummn s T
14&976 45 L10
3.76 1.791 2 .4"RI8 = - 296. 675BRII3 €05 B0
G oup s aci n ;

50 EIF;L P . I Radiusof 7 Axial Distance FVD

f/ No. 76. ent. Curvature (mm} 4~ 107 mrPetween Surfaces (mm).  Nugg. 5m  Va

4.0 55 129.2mm ??mj"?“ 649 168. 6

for 7 S Lol B are (el end W enents Fom the 3

: wwie L1-L10 are the Iens elements Tromthe

object end to the |mage end, R1-R18 armoebhe surfaces of elenents 11-110, Nd
is the index of refrR3cti on 0497!)7ﬂe | ens el enments, Vdis the dispersion of the
| ens el emddts 60 as neasured b% t he A88 nunber, zI i'POA vari a8 | ens -
spaci ngWEFL is the ®qai val e“f?f3 f%?cal %&f m of the lens, 60 FVDis the 10
front vertex distan of thegd . ah ? is the relative aperture of
the lens. 42. A lens accordi ng to cl ag gpgd scal ed to amyhnmage frggge of 24 x

36nm and an EFL of' g 120mm sggmbantially as fol | ows: 11111 11111 11111
|l 1111%8 GB 2 033 606 B 11 Radi us of.2000 ~ Axial Distance Elenmeng
Curvature (mm - R?7 = Bet¥e8% Surfaces (nmm Nd vd RL =
-65.1214 3411 RS = 56,20 10.1667 2.15600 704
1.633 5 53.5 - ~56.2088 o 0000 - 49, 97791 gooo R3 56
49. 7071252- R9 = 242.1799 4. 498" 20
1. 803 26.0 10 60 = 123. 0426 .
10 30.02 to 1.0 R5 =R10= So8044 13 :
5. 6086 Le 1.720 - 99024 R6 = 1.505 89, 83930.65 .
. 2000 5 L7 R11= —63.9444 20 ASR7 = . 5L 93§6
L4 2o soae D 1667 94487 5
70.4 R8 = -563306 L5 e 2. 0000
1. 805 25.5 f0=. 89.2652 RO = 242.1799
.20 . 2000 RBO = 35. 4902 L6 3.6997 1.531 51.3 9.9112
1.505 30 60.6 R4+ =  -75.4653. 9444 25 L7 ' - 30
2.-0000 1.720 2.009. 4 25 R12 =
67.8449.9. 7716 R13 Aperture g9 2652 L8, 5305
3. 6997 ris=l. 531 jo5a83  51.3 30 - | Rl4= |
-75.465%5 19 ] 1.5811 1.720 504 30 g5
R16 = 211.1908 '
.2000
R17 = 72,5994 . :
L10 : : 8.000 1.805 255
40 R18 = -198.3869 - 40
BFL = 40.0mm .

where L1-L10 are lens elements from the object end to the image end, R1-R18 are the surfaces of elements
L1-L10, Ng is the index of refraction of the lens elements, V4 is the dispersion of the lens elements as
" 45 measured by the Abbe number, and Z denotes a sbace which varies with change in equivalent focal length. 45
13. Alensaccording to claim 1 scaled to an image frame of 24 x 36mm and an EFL of 70 to 145mm
substantially as follows:

o e 40 et



408 . 2000 R17= .

8. 009 GB 2 033 606 B
- 19Q 20400

N

perture 24.2395 R15= -19.5383 35 L9

<

A AA A4

40. Omm Wnere 11- F;udo are

l ens ele fromthe object end to the inage end,

R1- R18E|1Q.E§,tthe swwa%;rg@dgf el ene ie'tanﬁigeg ,hlp | §, the indey of refragtion

of the I'ens elenents

is the dispersion o the ! ens el enghts as

measured by the #bke nunbesse2and Z denotes a space which varies with change
in esuitval ent focal length. 45 122900 | ens accordiég to clam 1 scal edsto
an image frame of2 24 x 366H8EAd an EFL of 70 to 145nmm substantially-as

-L7 fre | ens el nts fr
sur?aqgs of eleﬁgﬁts 35

Eé’r{hpe oﬁj &% end to the i mge end, RI-Rl4 are the
obhe i ndex of ygfractiongaf the [ efd

el ements, Vd is hhe di spesssosn of t e | ens el emrents as 35 rreasured by the

Abbe nunber and Z denot

es a space which varies wwth change in equival ent

focal | & LH;L7 are lens elements from the object end to the image end, R1-R14 are the surfaces of elements
35 L1-L10, Ny is the index of refraction of the lens elements, V4 is the dispersion of the lens elements as 35
measured by the Abbe number, and Z denotes a space which varies with change in equivalent focal length.
14. Alens according to claim 1 scaled to an image frame of 24 x 36mm and an EFL of 77 - 145mm =

substantially as follows:

18 =
: AQ%IZLV

fol | ows: *CoL M_§%J§% 3.7¢8 2 033 606 B
12 Radjus of h al Dispance El errent1697 Curyature (nmm
~ Betygen Surfacesgq mm %’176220 vd RL = -96.5620 5 L1 |
- 2.2900 . 847 —65.56t0%0- S S 5 R = = '
-67.5590 3. 7200 3= 708439 64.8290 L2. - :
2. 15003 1. 697 42600 55 5 10 1518 - B9.0R4 = c
2317, 6220 R6 —258.1480 5000 | 10 -65.56
to 50 R5 = Ry, 70- 8430:4:3 - 4. 26080
1.518 14 59.0 R6 = " 238006480 15 1517 64.2 |
. 5000 RS = 204.8770 _ 15 R7 = 48. 0200
L4 . 33500 3.9000 - ' . 1.517
64. 220R8 = A@Gw'eS??O 3. 3500 20 : Aperture © 20
20-.5000 RO = 9 = 37. 2173‘%%0 L5  .5000 " ' 9. 2300
1.583 ¢ 4674 RI0 = 200,0540 25 i 64
1. 0900 R10 = 200.0540 25 R11%4
63926840 L6 . : 1.0900 12 0000 - ' 25
1. 847 2318 R12 =e639.6840 23.1000 21.7800 30 _ R13 .
56. 090® . 12.0000 . 1.847 23.8 30 L7
2.2300 Ri2= 3. 109 23.8 rl4= _ 138. 5020 where L1

LIRS



14 A lens according to clai mI—stated to am image frame of 24 x 36nm and

an EFL of 77- 145mm substantl al : Radi us of
AXI al D stance ‘El enent mm "j ml!ll _ Bet ween Surfaces
' .S

(.  Nd vd Rl = 5 L1
-3.\760 13 _1.806 __40.7. 5 R2 =
47.217 2.199 R3 = 49.870 L2 ° .

- 4.110 C Radiusofl. 728 Axial Dgange 10 R4 = _
205 575 k"’Element Curvature (mm) Between Surfaces (mm) Ng : Va 10 z
RS = 46. 962 6. 376
1.658 . ,, 50.9 K= 246°8599. 283 15 1,806 407 5
0.200 "7  R2 = . 41217 15 R7 =
32.687 L4. - 2.199 6. 539"

1.720 o 50. 3 B8 = 49.87098. 647 4.738 20 RO =

p| ano L2 ' - 4.110 1.728 283 20 L5
2*500 10 o R4 = 1 g@%Hs7’c , 25.5 RI0 = 23. 887 4.000 10
Aperture 25 , - 48962 26. 177

25 RI1 = 5 . 91.566 L6 1,658 £.9000

1:603 . . 38.0 Ryl = _29922276 325 30 G oup spaci ng

"30.EFL 15 : ' z " 0.200 FVD 15

f/No. 77.25mm R7 = 32.68. 39nm .

3.4 35 105 28.19539 1720 187, 4503

3.9 - R8 35 1459847 1.88

179.0 re = 4 6 nfere L17% 7 are Iens el enents from the 20

obj ect ezpldl_go the i mage end, ‘I’?l Rl 4286 the surfacessmf el emezstss L1 -L7,
Nd is the index of rgfor=act|omsed7 the lens elenents, Vd is the dispersion of
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where L1-L7 are lens elements from the object end to the image end, R1-R14 are the surfaces of elements
L1-L7, N4 is the index of refraction of the lens elements, V4 is the dispersion of the lens elements as
40 measured by the Abbe number, and Z denotes a space which varies with change in eauivalent focal lenath. 40
15. Azoom lens constructed, arranged and adapted to operate substantially as hereinbefore described
with reference to, and as illustrated in, the accompanying drawings.
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