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- 20 objective: incorporating movable lens means to shift the object plane in front of the - .20
. camera; over macro and normal ranges, a mount for positioning 2. supplementary lens
of negative refractivity in front of the varifocal objective so that the varifocal objective
can focus in the macro range on the focal plane of the supplementary lens, and addi-
tional marker or mechanical means which are correlated to the mount and which pro-
vide the correct setting for the varifocal objective to suit the supplementary lens when 25
it correctly is positioned on the mount.. . .
_ The additional marker or mechanical means of the second aspect of the ‘invention
may comprise simply a special indicating device for the particular focus setting of the
. varifocal. objective which is associated with the fitted . supplementary element. The
30 indicating device can for example comprise a special Vernier on the focusing ring of the 30
: - lens. A visible signal provided on the camera case or in the finder is however also feasible -
for the above-mentioned focus setting. A special kind of indicating device is the use of
- a reflex finder with a focus indicator. The object rays‘would in this case of course have
' -t0 be reflected in the reflex finder as seen in the incidént light direction — behind the
35 lens elements which set the varifocal objective to the * macro” range. The focus indi- 35
cator can be constructed as a ground glass screen,. split-image rangefinder or the like.
To relieve the user of the need for any adjustment of the lens it is also feasible that
fitting. the supplementary lens on: the lens actuates an’ adjustihg means for the lens
: element which sets the lens .to the “ macro” range. Other forms of such means are
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a reflex finder with a focus indicator. The object rays would in this case
of course have to be reflected in the reflex finder as seen in the incident
light direction - behind.the 35 | ens el ements which set the varifocal

objective to the " macro " range. The focus indi- 35 cator can Be:
constructed as a ground gl ass screen split-inmage rangefinder or the like.
To religeg the user of the need for any adjustnment of the lens it is also
f easi bl ¢ hat fitti ng. the supplementary lFens on the |ens actuates an »
adj usting/nmeans ‘for the |l ens el enment which seta t he lens to the "macro" 4
range. Clher forms of such means are 40 ‘nentioned later in the text.
40 . 2 1,531, 525
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where hp refers to- the fmee helght of ﬂ:e lens curvature suxface whuch 1s dlsml wzth '
- respect to the object. -
: As already menuoned it is advantageous for opumum correctxon of the Tens |f both ' Co
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whete Ag, refers to the deformatlon of the asphencal lens curvature, surface nearest to
the object Ag, refers to-the deformation of the: aspherical lens curvture surface: whxch Sy
50 lsdlstalwlthrespecttotheobjectandAgrefers 0 ‘the ‘sufiy ‘of the’ two’ deformiations. ' 50 -
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aspherical configuration froman inmaginary spherical surface with a radius

of curvature corresponding to the vertex curvature radius [err] of the

aspherical configuration, in each 40 case at a height h fromthe _

opticalaxis, is to be defined by the followi ng condition: 40 [err] where

[err] refers to the free height of the |l ens curvature surface which is

di st al mnth respect to the object. As already mentioned, it is advantiieous
fl

for opti®mum correction of the lens jf bot'h 45 curvature surfa are
aspherical. In. th|s case-the follow ng conditions will have to be
satisfied: - > [err] where [err] refers to the
deformati on of the aspherical lens curvature surface earest to the object
[err] refdrs tothe deformation of tAe35¥3herical Jens curvature sudface
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Fi gure ﬁ'ﬁﬁ ar, ens uhit--i'n conjunction wth 28 zoom
| 'ens;’ F| gur ,pm Qﬁ) Qt v mfgﬂanf negative

Suppl enent ar yplul mml ZWaxi 1 show a camera havmg a zoom lens in the form of an anamor—
c lens; -
o _ Figures 22 to 25 show two posslble embodtmenns of lenses in which the focal length
40 can be adjusted for two different object distances; - ' 40
Figure 26 shows a basic embodiment for a sliding device provided for. different
object distance adjustment;
Figures 27, 28A and 28B show poss1blc arrangements of focal length ad;ustmcnt
) : cams on cam supports; '
P45 Figures 29A and B show in detail a focal length ad;ustmg device for the two shd- 45
able elements of a zoom lens; :
Figures 30A and 30B show a non-posmve version: for transmtmng motion;
Figures 31A to C show a positive version permitting focal length adjustment in
several planes in the macro range, this facility being also offered by the device illus-
50 trated in Figure 32 but with a different locking device or cam system; 50
. Figures 33A, 33B show positive means of guiding the cam follower, with ¢ cam sup- '
ports situated in different planes; :
R Figures 34A and 34B shown an emboduncnt with cam followers for the second
D . focal length adjustment cam or for different macro zoom ranges; and,
i 55 Figures 35 and 36 show a camera with a supplementary unit such as a transparenc S 3
holder on wide-angle supplementary unit mounted on the lens, the focal length adjust-
ment being controlled in dependence on the supplementary device. .
' The varifocal zoom lens 1 illustrated in Figure 1 by infinitely thin lens elements
comprises a positive front element 2, negative elements 3,4 which can be slid along




an aspherical surface on the curved surface nearest to the object (Figure
15); on the curved surface which is distal with respect to the object

(Figure 16): and, on both curved surfaces (Figure 17); 35 Fi gur es
18A to D show a nodification of an ananorphic lens; ' 35
Figures 19A to D show a second nodification in diagrammtic form Figures

20 and 21 show a camera having a zoomlens in the formof an ananmor- phic
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The varifocal zoomlens 1 illustrated.in Fi gume 1 by i nfvdql tely thin lens
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1y, + 1.440

60.1

Focal length with wide anglc supplementary unit f( w= 0 22,

Another combination of a wnde-angle supprlemcntary lens unit in conjunction with

a zoom lens is shown in Figure 3, the image angle obtained thereby being approximately
90° as for the above example. In this modification, the supplementary unit 8" comprises
two lenses of the same lens radius and the same lens thickness. The zoom lens 1” has

five times the zoom range and a relative aperture of 1:1.9 and is characterized more
particularly by a low loss of brightness towards the image edge compared with lenses
of comparable power and kind. Technical specifications of the zoom lens and of the
supplementary unit are disclosed in the Table below. -

g vd
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1, + 1.47 - R .
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Diaphragm space 0.09 + 0.05 [err] + 3.948 [err] =0.16 / 1.720 /
50.4 [err] - 2.475 [err]= 0.01 [err] + 0.676 [err] = 0.30 / 1. 664

/ - 35.8 [err] - 0.835 [err] = 0.05 / 1. 805 / 25.4 [err]
+ 27399 f{errj = 0.07 [err] + 1.295 [err] = 0.11 / 1. 847 /
23.8 [err] +0522 [err] +2.482 [err] = 0.17 / 1.713 /

/ 60 err] + 1.440 Focal length wth wi de angl e suppl enentary unf't
[err] = 07Z2. Another conbination of a w de- angl e suppl enentary lens unit %
in conj unction with a zoomlens is shown in Figure 3, the imge angle

obt ai ned t Qereby being appr oxi mat el y1§31 525 [err] as for the above eganple.
In this mndification..the.supnl enentar xr LRt g CONPLi-585—5—two—t-8nses oF

the same I'ens radius and t he sarre lens thi ckne§s The zoog | ens 1" has five
tinmes the zoo - rture of 1°1.Q9 and is r‘haracterrz&L

53.8[er 0.576 [err] =0.01 [err] +0700[err] =012 |/ 1.64]
0

nore particul arl yn'by+ aOD?oW | oss of bri ght ness towards the i mage edge e 1—‘,..
conpared with |ensgs, lg 6‘forrpar abf’e=pbdkr and k6#d. TéchnPbhl specificanfons
of the zoom | ens"™and 16 he 10 . spgplepgpntary unit are’ “discl. osed in-the
Tabl e bel ow. 177 = 0.69. "lerr] + 2.14-[err] = 0.13
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Figure 4 finally shows a third variation of a wide-angle supplementary unit in com-
. bination with a further zoom lens 1’”. As in the example of Figure 3, the wide-angle

5 * 'supplementary unit 8" comprises two lenses. The zoom lens has a focal length range -
covering a factor of 8 and a relatively aperture of 1:1.8. A “fish eye ” effect with an
image angle of nearly 180° can be achieved with this wide-angle lens, One posslble
modlﬁcauon of the embodlmmt for this lens is dlsclosed in the Table below. - :
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The distance between this lens elements and. the lens 1" is 0.40 and it has a focal
- length of 5.0L. If'only one lens element is coupled to the lens 1, there will be an over-- =
20  all focal length of 0.22, while two such lenses will provide an ovmﬂfoca! length of 20
0.17. This overall focal length can be reduced still further by the addition  of further _
lens clements. e -
. - The zoom lens illustrated in: Figure $ has.mounts 9, 10 for the elements 3 and 4
which are adjustable in the course of focal length adjustment over the I ) ' .
25 range. These mounts can slide on guide columns 11, 12 along the optical axis 0. The 25
sliding motion is controlled by a disc cam 13 which can be rotated about an-axis “by
means of a focal length adjusting knob, not shown. The disc cam 13 supports two cam '~ -
lobes 15, 16 in which cam followers 17,18 are guided which are. connected to the
mounts 9,10. iOn: ¢

_ Each of the cams has. a- section: @ which controls the motion of the lens _
30 elements 3,4 when adjusting the focal ‘length over the normal listance range and a sec- . .30 _
* tion 8 for controlling the focussing motion of. the 'said ‘elements in the macro range. - N
‘A receiving device 20 for a mount 19 of 3 wide-angle supplementary lens unit:8 is. -
situated on the front of a camera 21 into which the lens 1 is inserted. When the mount R ‘
19 is “ coupled ’ to the receiving device 20, a tracer 22 which projects into the receiving . B
35 device on the camera side is moved to the right against the action of a spring 25 — 35 e
reference Fig. 5. A locking device 23 disposed in the region of the disc cam 1Bisthus o0
moved into an operative position. in which it projects into.the path of the rotatable disc
" cam 13. The said disc cam has a ratchet 24 with which: the locking device 23 can
' engage. The position of the ratchet 24 on the disc cam 13 corresponds to a focus set-
0 o ihelenstotheplane (seeFig 1) L iy

45  however also bear upon the edge of the Sise am by means of a spring, not shown, 5
which must however be weaker: than the spring 25 so that by dropping into the ratchet - :

24 further rotation and therefore gdiusm;ent of the focus setting to thie plane 7 is

* prevented. If the supplementary unit 8, 19 is again removed from the camera 21, the
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rel e'ases t.he roﬁ(ﬁﬁlﬂldnﬂg. AG1Y thé @pparatus illustrated in Fig. 7, the locking device 60 is fixedly
connected to the locking tube 44’ which in turn can be slid along the optical axis 0 by
s _ means of the mode selector switch 46’. The control tube 41’ or the cam 42’ of this
: - embodiment contains not only the normal focal length adjusting range « but also the _
55 " range 8’ in which the lens is automatically focused on the plane 7. 55
- If a wide-angle exposure is ‘'desired, it is merely necessary to move the mode -
selector switch 46’ into the position WW ” and to traverse the range S’ while the cam
follower 43’ bears upon the stop abutment in the cam 42’. The locking device 60 pre-
vents the wide-angle supplementary unit 8 or the lens element in the mount 50/ bemg )
60 - ocoupled to the lens 1 in the “ NORMAL ” position. 60
: Fig. 9 shows a method for focusing directly on the macro plane 7. by fitting the
supplementary unit on the lens 1. The supplementary unit 70 for the lens element 8 has
a flange 71 with a recess 72 of width b. The camera 73 with the lens 1 is provided
with an adjusting handle 74 which is rotated about the optical axis when the. focal .
65 length is adjusted but is moved along the optical axis 0 when the lens is focused on the 65
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either by the node selector switch 46 and this position is advant ageously
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The curvature of the spherical surface is defined by the radius [err] but
the aspheri- cal surface has a vertex curvature radius [err] in the region
of the optical axis 0. A group of aspherical surfaces are available for a
defined vertex curvature radius [err] in accordance with the known :

appr oxi: (on for an aspherical surface [err] in which x is the aspherical"
curvat uf g the appropriate distance-s fromthe optical axis- referreq to
a refere_ pl ane and c is the reci procal value of a radius R The.

enmbodi nent of ‘the invention illustrated in-Figure 2 preceeds froma radius®
R 30- for the aspherical surface of 63.5 and froma radius of curature
[err] for tlbe spherlcal - 30 surfaﬁmﬂﬁ 18.9,given a lens thlcknezs of

3.0. The Fers—s - T T ehiT} “WATCTh ‘has™
o rerractive L Bl TR A 7 They
lens is also to focal Iength of --55..9: 'I_'h_e resultant famloty 3(5 -
aspheri cal surface§‘h¢ smmitwemn qseherlamef iR Poves o (| IFJS“GS‘O) - ]‘gg o
‘ E sa"['err nd o

aspheri cal Ssurf %F-is g
[err] the 35 sm rétfactlv® ngarréwy b a@mym_meatd;@
approxi mation in the interests of Si npl | city. .'.11'

1,531,525 [err] 12. 3 Fo o 1 531 525
12 refractive power distribution and tAn F—f'ore |nd|rectly t he ‘radi us of
curvature R defind by the .coefficients” ferr] and [err]. can:vary. iif the
suppl emtary unit [Tbe rangdefvpssiblgoutadioent ef . agpbericd shifasn is Rfiesddyabe ity A,
representi¥g t h&wHan o of refractive povver err] (see Figure :10) of :510
the suppl ementary unit al ong the opty gal “to'the refractive power
[err] of the supple-- mentary unit at the(le,m)foprr ate distances fromthe
optical axis is plotted on the abscr ssa, . the said refr ctrve ower [err]

bei ng di rectly pro B‘F‘FF ?r‘"ﬁ?g" 8range of
possi bl e enbodi r‘r"ﬁ%l t"rm € aspﬁsgrl surtace-1s e 10 o
equation ~  Example2 -.. - Clerr] v L
10 Furt her .enbodi rrents of the Wi de aragl e suppl ntary unrv‘t aI so : o

constucted as .a negatlr \LeaspheRidkiscUs Wi th the aspheri cal surface near est to

t he object, are descr[‘)eg?lg) | ow. Exa ‘Ee 2 d . rr] [err]
aspheri cal [err] b1 _ rEp 142 1. 49%4& o 54 67
[err] . R= 11R4E 1141~ f:f-S-EZTABLE 2A [e_rr] Yo D| stortr on.% -
D|stort|on% __D|sto_rt|on_%.' Distortion %2:01 - - - -2, 78 = :
-2.1 -.-0.9 - 0.3 2.51. _-5 85 - 2117 _ B
-2.5 . -03355 | 11 7TA'-‘“~E2A 8.9 T - T
1.5 TABLE 25 __ - : L
'.az . 1,5010 ’ . 1’5‘10 . ’ 1,5.10“3 b 1'5.1:0-3 o
:'_-_ a; ) '_ 2,510 | . 3.107 - 4.10" - 5'.'_1_'()_-"6 -
Y -'__'-f)i'.s'to'tt_'ion % _Disttorti‘o_n-% ) -_D.is-tettion'%. Dlstortlon% oo
201 | 21 | 2r | 9 | 0.3 o
Csss |- ] s | oaas f s S,
TABLE 2B o
' Vo |- 10007 | g5 | 15000 | nsaee | '.
e | sa0c 5.10% . 5107 5107
Y | Distortion% | Distortion % | Distortion % | Distortion %
251 | 22 45| A4S .0 o
sss | 03 .'E'~1._6"' o .;: - s _-




1,0.[err] 6,5. [err] 1.5. [err] 1,5. [err] [err]
[err] [err] [err] [err] Y Distortion %
Distortion % Distortion % Distorton %2 Q1 0.-35

-3.5 4.0 2.51 a -3.5 -4.5

-6.0 3.55
13

coefsficient [err].
coefficients [err]
(Tabl e 28)3 whi ch agal n | ed to a greaﬂ;sg-[ 533| storti-on.

renai ned—e-e-nT"‘s{ar.tT'._Aa.. I';_ldo uth'th p o lhcum --fﬁ-[err] Terr]
-4 1cdte- that the di n diminis es with -anyin g Coe clent
iggh_eg_;l cal [err] k mg 92°ﬂ4°emha oeﬂi[:"ll %{?2‘;1 o e 5467 R
. (Ta-ble zn) wh a§:ﬁ§ ed 102 gn&él’- r]
[er¥] fer r] dl &f easugmatlsm ﬁbﬁl'c nstant. S Jerr]
Drstort‘fvén% Drstort|on% Drstort|on% : Drstortlon”%Z 01 :
2.7 E % -1._0 © - 20.16 2.51 -5.0. -
-3.0 xemplf 3 2017 3.55°° . -10.0 - 6.0
-4.0 -0.3 TABLE 3B [err] [ e¥d ] - .Vd[err] :
0 [err] _ [er;]_,asphemal ferr] [err]. . [err] Y
Drstortron% ‘Di stortion % Drstortlon%'-Drstortlon % 2. 01
-0.4 -1. 41, = 21.48 -2.2’-4 1492 .3 0 25447 -0.8
-1.8 - 1n _ 1386 -3¢4 3,55 -0.8 . -1.6
-2.6 . - 3. 5 Thi'S exanpl e shows substantially the same
characteristic changes of the distortian as those. obtained i.n.Exanple 2.
Exanple 4 d [err] [errTABLEéépherlcal [err] = 18.6 2.4
1.492 _ 54.67 R=71.0 . » f=-52 14 - o
1, 531, 525 e 14 '|ABL1E104,A [e r] Jigsr] = [4rr]
10° 14 110 : :
[err] . '[er‘r Y.1 . Distortion po Distorition % stortion %
Di StOfthﬂ % 2. 01 a, . '-.-.3,5,.1:6'-64 4,5.10¢ - |- 1540 - 6.10+0. 3 '
' :'Y' --'_-Distortion-% | Distortion % | Distortion % |. Distortion %
- 201 _27 e 1.0 - -0.16
(251 =50 3.0 Co=20 -0.17
3.55 ~10.0 6.0 4.0 0.3
_TABLE 3B -
o | 8107 Csaot | wier | 0
. | a‘ | 6.1:0'-'5 - 6.10'5 . N 6.10"6 -_ e 6.10-5
Yy | Distortion % Distortion % - | Distortion % Distortion %
- 2.01 04 14 2.7 3.0 .
-. 251 - | 0.8 -1.8 3.1 3.4
° 3.55 0.8 ~1.6 2.6 -3.0

-0.3 -3.5

. .1, 531, 525

Pr oceedi ng from the aspheri-cal
= [err] and [err] ,

-4.8
&
13 Tabl €s 2A, B indicate that the dJStOI’tIOI’] di m ni shes with an increas+Ag
enbodi ment havi ng t-he
the coefficient [err] .was reduced
The asti gmat [ sn13

Thas example shaws substanually the same characteristic changes of the dlstortxon :
as those obtained in Example 2, .

Example 4
= a_spherical
1, = 18.6

R =710

) 204
=52

q

©1.492

va'

54.67 ..



2.51 -4.94 -1.7 -0.2 0.7 3.55

-10.9 -5.8 -3.5 -2.4 TABLE 4B [err]

0 " [err] [err] lerr]

[err] Y Distortion % Distortion % ~ Distortion %2.01

-0.6 0.2 1.0 2.4 2.51 0

0.7 1.5 2.8 3.55 ) 2.8 -2.4

-2.0 &4 -1.2 This exanpl e shows that the distortion renains
substantrally constant, proceeding fromthe best correction result from «
Table 4A. As in Exanples 2 and 3, the astrgna- 5 "tismin the

enmbodi nentyg - of Table 4B remai ns constialisys - ' 5
suppl ementary unit- construted fron1T£BuBngIe negatr"e lens elenent are -
shown in the follomnng exanples ‘Exanpl e '5 d ‘ ' ¥
[err] [err] =asp errcar [erTT § 22- 5, - - _ _@g?_ — 1> 1.492- ‘&
54.67 R = 280 4, [ [&9° = lerrp-10® - [eﬁ-lror Exqnpl 8-18™d 3

nd - fvd ferr]. = a<pner|ca| [TETT ] - 3.9

1. 492 fPegf7 ROI0Gp | 8107 [err]—9[’é’rr] 9S50 ef r ] 15 .
1,531, 525 : , . BX e _ .
[err] _ X L Disgetipn | Qﬁsé"é-‘b"l’f&r czB‘Stf”é‘P‘i‘T" ZB{TE"““’“% | 3.0
1.492 2.004. 67 R§4138 ® 1.4 Lerr] zferr]l o “Jerr]
Exanple 8 d - N R [err]-;err] . aspheri ¢al [err]
181 . | 2t | 0-494 -14. 492 5_4 69-7R 65

[err] [Ersks Tne SupR- erreIt ary_slgens (di scl§)§ed i n thq;; ol I pwi ng Exarrpl e
9 is particul t- able f a_lens (ij scl osed | Pat ent

Speci fication 333 580 and is intended td-achi eve an extrenme wi de- angl e
effect for takrnglensfor t he 16% ‘rl]%format Exarrple95 :
r err

d : [er aspher|cal : 3.0
1. 4875 ' 70 /I1 rnrrl 1 . [PI‘I‘] .
[err] The fol ow_r gzexangaé @@4 descrrobe wr de- nﬂ ﬁrsup Iergq,nlroary ens units. _
copstructed of S¢uer al [ ens (—"I paent s, Th _EX USt rated. in _Fi gure:
12irefers to a symplle- gsiov |- 9,5 10 | wsaee | gysaee

Y o "'Disto;ti\:on% "'Dis‘tqr't_i:pn% ""ﬁistt.)rt.i;pn% | Distortion %] ¢

200 | -0 R TR AT N R

250 [ o0 7 e | o 1s | 28

3.55 |- -2.8 S N 20 | -2

"This example shaws that the dxstoruon remains substannally constant, proceeding
from the best correction result from Table 4A. As in Examples 2 and 3, rhe astigma- ' o
5 © tism in the embodiments of Table 4B remains constant, ° 5
© Other embodiments for an aspherical surface in the first place in a supplementa s
unit constructed from a single negative lens elemcnt are shown in the followmg .

examples
Example 5
. d “d } v4
. r;' _=-aspﬁeri¢al_ . .
L =205 . 30 1492 . sak7.
R =280 o =1,4.10° &, ,=6.10"
Ekample 6 |
d nq V4
1, '=-aspherical _
=-18.4 3.0 1492 . 54.67

R =80 a,=3.10"" - a, =-9.10"¢



mentary unit conprising a negative neniscus with an aspherical surface
nearest to the object and a negative neniscus with two spherical surfaces
but Exanples 11 and 12 10 describe wi de-angle supplenrpptary—urits
conprising two simlar neniscus elenents. 10 Exanple 12 is
diagrammatically illustrated in Figure 13. Exanple 10 [err] [err] =

aspherigal [err] = 46.9 - ferr]:= 2.4 _ 1.492 ;
54.67 [err] = 32.5 - L =0.5([err] = 17.82 [err] :”Q'

1. 492 54.67:Rr, s ' ' 100 lerr]
[err] 16 _ ' 1, 531,525 :

.16 Exanple 11 [err] ' x [err] = aspherical [err] yw .24
lerr] =2k 1492 WD oy of ot o Foak 1
=10.ckerr] =Efafiple 7 [err] = 2.4 1. 492 ' :
54. 67 R - [err] [err], [err] Exanple 12 [err] [err]= aspherical
[er] =26 d, - 2.4 7. 1.%92 - d° - 54.67 [err] =
aspher->dal | Aokl = 26 - o 24 1. 492
54.67 R . . [err] '[;err% _ L 280 o [err]
[e-rr]_ [err]- ) I, =:20.5 7L 1¢) 1.492 [er §1-67 . [.err]. As

al ready nentioned, gthgggspher, cglpsurface an ¢begar ranged not only on the
surface nearest to the object " but also on the SUrface nearest to the inage
or on both sidmprtgure surfaces 5 ' Accordi ng to Exanple 13, the
suppl ementary unit has an aspherical surface on the 5 side nearest to the
| ens and aspherical surface on thd side nearmst to thevpl ane 7 of Figure
.1. Wiile the curvature of the spherical surface is defined by the radius
[err], the aspherita®®§Ff¥4ce can again be defined by the followi ng known
approxi mation: 10 r, =:18.1 3.0 1.492 [erg, : _
10 For this aspherical surface, the ratio A between the focal Iength of the
suppl e- nentary elBméAt al ong thé: oftiPal ai-P-aHT a focal |ength of the
suppl ementary el ement at a distance Mfromthe optical axis, Mbeing the
n I l E t ' . . i’l]il i ; = H LM '-'. .-'-"-..
u@r ' cal apearbgeufl;irea, lens d:sclose:ddx\‘:znﬁgelsﬂv;d?s.!s,?I Il’:tgﬁ gpecirﬁcation 3§-3 %ﬁm tmzeﬁi:o7

achieve an extreme wide-angle effect for taking lens for the 16 mm film format.

. _ - _ -Example 9
5 ' R 5"'
1, .aspherical _ 3.0 1.4875 70.41 . -
h, 1461 o - )
R 2300 8, =-2.5.107 a, =-1,275.10°°
: The foldwing examples descnbe wide-angle suﬁpiémentary lens units construéted
of several lens elements. The Example 10 illustrated in Figure 12 refers to a supple-
mentary umt comprising a negative meniscus with an aspherical surface nearest to the
- object a,nd.a negative meniscus with two spherical surfaces but Examples 11 and 12
10 describe wide-angle supplementary units: comprising two similar mieniscus’ elements. 10
Example 12 is diagrammatically illustrated in Figure 13.: -~~~ - =~ -
Example 10
1, .= aspherical '
% - .
1, = 32.5 L =0.5 '
r’.’ = 17.82. . ) dz = 2“'.4:.:_:__ e 1.492 "'_54-67'_.
R a, a,

I, 100 5.10° 6.3.10°



15 [err]

15 17 1,531, 525

17 Exanple 13 d " [err] Terr] 138 6 [err] = _
aspheri cal : 2.4 _ 1.492 54.67 R = 21.5
[err] . . [err] [eH] One nodification of the enbodinment in

whi ch b curved surfaces are aspheri.cal ly constructed as stated in the
fol | ow ng anpl e 14: Exanple 14 [err] . . [err] [err] =
aspherrc.__[err] = aspheri cal . 2.4 . » 1.492 .
54.67 R~ : _ [err] S [err] ' - - E
[err] 138. s | [err] ' 153«1525[6”] - 21.5 16
[err] ' : ] LCTI] e — e Hcgatlvc +ens

el enent 100|I3ﬁﬂw%ﬂgd in Figure 14 has a focal pornt F' in 5%which the — .
axially parallel incident rays fromthe object, conver ge. Jrhe aperture ofbf.
the lens is defined by-the magnitude [err] of Yhe free apérture associ ated *
with the curved shr=afthericabhich is distal with respect to.the object. Phe
curvature [err] o; this surfacey |s ). gssen- tral of Or the %Q gectron of this
optical “element and if the follomnng condrtron IS observeg it also
defi nes- the curva&ureﬂ*aﬁwhs [etril®df the curved surface:- nearest to the -
object. 10 [err] . Figyre 14 sho e negati uppl ene y lens in -
conjunction with & zggntlens 10§§m%gn set tngﬁfextrenepégilose obj ect.

This macro setting of the lens 102 is obtained by sliding a negative |ens
[err] fromposition [err] into theRposition sBown in sol®d lines in 15
Figure 14. The pogition L,' corregponds to tgq0p03|t|on§ f« the lens at the
m ni rum 15 focal Iength setting of the lens 102. A'zoomlens which is
particularly suitkble in conjunct#dn with théPegative il e- mentary lens
el ement 100 is that clained in daim®6 of the Austrian Patent Specifica- -
tion 325 325 and aIso described therein. 20 The said lens .102 _
has its entryégmg situated at a di.stance of 1.29 referred to a 20 nmean
focal length ‘The -ri-ni mum f.ocal - l'ength of -t he said l.ens also & ‘..,
referred to the above nentroned focal -l engt h ‘gpounts, to: Q 301 wi'thout the
| ens el-ement 100. By noving.the [ens elenent [%®rr] fromthe position ferr].
into the positiongShgRerical solid lines.in Fi gure 14 and by attaching the

| ens el ement 100 according to the invention, it is 25 possible to
reduce the focal Wehtfth of the értite systemlt‘%? 0.167, 467 by nearly -50%
of 25 the ni mmm;sfpg&iagl lengi h.@f the-lens 102. The i mage angle thuas
obtained is shown'jin solid lines in Figure 14, the edge ray of the |lens. 102
bei ng shown in br@ke? |ines. Figurk415 showsl 492 di agrami&ti c form part of
the curved surface of a l.ens 111 having the radius [err] and being nearest
to the object, the said curved sugface- belng 20 - asgherically- :
constructed. .In the regi on of the optrcal axis 0 the said aspherrcal
surface 30 has acurvature radi 8% err]. Tht44Bheri cal 8481 f ace associ ated:
with the aforenentioned vertex .cuggat ure radiysv{err] i-g;1§8own-in dash-dot.
lines in Figure:15. This’ dlscloses t'’hat - t he-di stance [err betmeen the '

aspheri cal” surface _ rof ﬁ ncre
i ncreasi ng hei glg&,f ﬂmgﬂ; o "%pha&l@ s%ﬁ,;fee 'begfmu,g:% by oﬂy o U g,al cuI at ed

as the - curvature surfaces.
5 _ According to Example 13, thesupplementary unit has an aspherical snrface on the. s .
ls;de nealrest to the lens and asphencal surface on the side nearest to the plane 7. of = - _
igure ’ . o
While the curvature of ﬂle sphencal surface is deﬁned by the radius r,, the : -
aspherical surface can again be defined by the fdllowmg known approxlmatlon S
-10 L . 5 x‘-1+w__"”fz‘zf.alo*"*lﬁss*‘r-—an"-' _ : 10’ .

. For this: asphencal surface, the ratio 'A between the focal lmgth of the snpple-.
mentary element along the optical axis and a focal length of the supplementary element .
at a distance M from the optical axis, M being the numerical aperture, is expressed by ’
the following condition: =~ -

17

15 A< b+ 15
M,—'l o




35 difference between [err] and [err], these two quantities being
cal cul ated by the following 35 fornula: [err] In these fornul ae, ¢
refers to the surface curvature in the optical axis., the curva- ture ¢
representing the reciprocal of the vertex-curvature radius [err] for the
aspherical surface. A deformation factor is represented by K, [err] .

are coefficients which can 5 ~be selected at random and can be ied
up to amy desired power. . . 5 The val ue of g Shoul d
be-iin the regi on of 20%.0f [err] if optinumcorrection by the aspherical
s}u‘rf‘ace--i. s to. be obtained. Enbodinments of negative | ens el enents according
to the invention with aspherical 12’%31“%%}' curvature sqrfatﬂ:gs nearegj. to t he

obj ect are disclaosed in thefollow Y39

o
A=

1,531, 525 [.@xagple 13 20 B 1,531,525 [ERR] 21
1,53%, 525 e 21 d Clerr]

[erg] . [err] [err] 4 asphericald [err] asplerical 0.125
1.492. ) 54, 81438.6 1.513:[err] aspherical [err] Kk _
[err] Jerr] [er’r& - 3.039 1.2 :
[err] [err] r, = agphepaal - 0>35, 1492 54.67 [err]

The negative supphegent ar yz_ung,-i-_o-"_i S not::_;"re.szt,lro‘r?ct--éd al‘:'-érv,«use' W th a zoom | ens.
How ever, special: advantages are undoubtedly:obtal ned by the use of a zoom
| ens' because of e modifRAGUS the Priibodxithd i Whitlokvill ditvedqurfadeire Sptatiphe, the |ens
el ement is al sonsfrected japitaged;imthg following Exempleikfct i on with a zoom | ens having a
suppl enentary unit of the reverse Vario-Gd aukar 5 kind conprising a fixed
front el eneft®2aii!4 wo novabl e el enent ‘groups of different sign. For reasons
of manufacturing technology and gost-saving,, plastics is a preferred '
material for negative lens elenments.with an daspheri cal “Yurface. ‘An
enbodi ment of ghagsphedeal - woul d be -advantageous for a |ens-elénment
wi t hout aspheri glésﬁgﬁ%@g’:es becpyse of the 10 avail a?l.%' material, further
correction facilities being possible by the appropriate choice of the
glass, as is alReady known. Al #&he above-dascribed enbpdi nents of the -
I nvention are conbi gi wth-a VA I« focal _é,gctive or lens that can be
ire conbi,pg o g - 3

focused to a natro di'stance. For exanple, com :
o _ r, 215 -8.10™ S =2.107 -6.10°%
" " ‘The negetive lens element 100 ilustrated in Figure 14 has a focal point ' in 5

which the axially parallel incident rays from the object converge. The aperture of the

lens is defined by the magnitude hy of the free aperture associated with the curved sur-

face which is distal with respect to the object. The curvature ro. of this surface is essen-

tial for the correction of this optical element and if the following condition is observed
10 " it also defines the curvature radius r,, of the curved surface nearest to the object. 10

._ Loa<ll5. he _
I'oé<ifr . (nd—-l) :

Figure 14 shows the negative supplementary lens in conjunction with a zoom lens
102 when set to an extremely close object. This macro setting of the lens 102 is obtained
- by sliding a negative lens L, from position L,’ into the position shown in solid lines in
15 Figure 14.- The position L,” corresponds to the positions of the lens at the minimum 15
focal length setring of the lens 102. - . : o
A zoom lens which is particularly suitable in conjunction with the negative supple-
mentary lens element 100 is that claimed in Claim 6 of the Austrian Patent Specifica-
" tion 325 325 and also described therein. ' : '
20 : The said lens 102 has its entry pupil situated at a distance of 1.29 referred toa 20
mean focal length of 1.006. The minimum focal length of the said lens also referred to
© the above-mentioned focal length amounts to 0.301 without the lens element 100. By
' moving the lens element L, from the position L, into the position shown in solid lines
in Figure 14 and by attaching the lens element 100 according to the invention, it is .
25 - " possible to reduce the focal length of the entire system to 0.167, i.e. by nearly 50% of 25
. : the minimum focal length of the lens 102. The image angle thus obtained is shown in :
solid lines in Figure 14, the edge ray of the lens 102 being shown in broken lines.
Figure 15 shows in diagrammatic form part of ‘the curved surface of a lens 111
having the radius ro, and being nearest to the object, the said curved surface being .
30 aspherically constructed. In the region of the optical axis 0 the said aspherical surface 30
. has a curvature radius R,. The spherical surface associated with the aforementioned :
vertex curvature radius R, is shown in dash-dot lines in Figure 15. This discloses that
the distance Ag, between the aspherical surface and the spherical surface is increased
with an increasing height h from the optical axis 0. The value Ag, is calculated as the .
35 fdiﬁeﬁnce between g, and gs, these two quantities being calculated by the following 35
ormula: .

i



15 bi ning the said supplenentary units with the |l ens described in the
Austrian patent speci- 15 fication 325,325 it is possible to obtain an
overal focal length of approximately 4 nm The kind of material of the

i ndividual” T'ens elenments 1s not restricted to a specific material.
Pl astics, for exanple PLEXI 7N, is however used for preference because the

aspher i£ surface can be produced mpre readily with this material than

W th gI 20 Ki nds of gl ass W|tha3|mlar refractive i ndex anf Abbe
nunber »€ ‘however al so feas- 20 ible i f onIy t he aberratl ons are to be .
correct ed The zoomlens illustrated in Fig. 18 conprises a first negative
el enent 1, a posi- tive el enent Zolzqmgzpegatl ve el enent 203 and fhnal ly a
pO,SItIVP ase lens 204 _The anlfl\IF\ ahs nt 202 perforps.g-lingar -«

moti on towards the el ement 201 |9theh25 course of adj usting ‘'t he fo;;al
| ength but the negative el ement ®1l1#mPv@8 in accord- .25 ance with an M
irregular law of kinetics in order topmintain the i mage position constants -

while the focal length is adjuste@ ‘matgpr;%hzi or such a.lens ari
listed in the fol l.ow |ng Table: r . . [err]

[err] -55.09 2011 fo e,creferstothesm*face mthe ical 1dn.5§§v

34.°7 43.8 53. 2&61‘ the recnprocalofthe atiife radlusopl%‘fo:gg’e ‘aspiericab4 202

3.6 27.5 1.0 mce Adtef;l‘n%!ggﬁzfaﬂor is mﬁe‘?ﬂ' KJR.R,SAONQCW?@WMC!!&@QOG 203
ected a i up to s T,

i' 231 5255 Thevalueofgsh v:lceelzs:?;:ﬂxeteglongf+a';gE M% 77 22 S 5

22 r d h* - [.err] 3.0 (P) . 005.0

1.586 - 56.13 00 8.67 11.1 8—4—-—'—3 _ ' 1.744 - C T 44,77 -

37.44 0.75 - 17.62 6.75 - 1Rg(dBhe) - 25.43 204

9.25 0.95 20. Eipoptxmum correction by the aspherical surface is to be obtained. .
Embodiments of negative lens elements accordmg to the invention’ with asphencal :
10 curvature surfaces nearest to the ob)ect are disclosed m the followmg Table —_ 10
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f ocal

1.744

44. 77 -

12. 48 Proceeding fromthe m ni num
seting, di spl acenent of the lens el enent 201 towards the object

results in the I ens being focussed to the object situated in the macro

pI ane 205 (see Figure 18A).

hori zont al
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An obj ect at

the followng effect wll occur;

wi t sharply defined horizontal
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the radius R.Jhe said aspherlca : § L&g 207 . express id by
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0 THe i mage|of |t he obj ect at infji nlty .S d| tcggeobﬁy‘-’-the .éctrlzontal
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Anot her

nodi fication is shown in Fig.
| ens el ement contours which are effective for
shows the lens contours which are effective for the vertical

19. As in Fig. 1
hori zont

19A shows the
rays and Fig. 19B
rays. The zoom

8, Fig.
al

| ens2I0 shown in solid ITnes

51n Fig.

19C i s descr

bed in the Austrian

pat ent specification 325,325 and conprises a supplenentary unit 211 and-a
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a macro plane 10
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direction the len
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-175. 13 Aspherical surface R [err] 55 90.0

0 [err] 0 55 Data for a

nt—and a toric lens elenent in accordance with the
nodi fication of the invention illustratéd in Fi gure 18 for a |l ens according
to Figure 19 may be obtained fromthe follow ng Tabl e: 24 _
1,531, 525 . o 24 Radi i d
[err] Vertical plane Horizontal pl ane [err] Supplementary el e \aﬂ
aspkerical 2.4 1.492 :5467 5. °~ 18.6 ;
. toric lens [err] 1.5 1517 64.17 440.1 aspherlcal surface [err]
10 10 ~ 2t . . . 1531,525 Y
10 An aramorpi ' ' - T - ' Tt -arrple
andwa ratio of 1 8 for the Iastdrrentlorred ITDdIde.‘.atIOI’l zlﬁbgure 20 shows a

canefa to 15 . The
carfer a>220 has @ a,salidrifcmtcal obj ective | ens 221 whose focal I ength can be

adj ust &t 15 by means of . theOHahdl e RP2. A ws4ler angl a."appl enentary unit
223, having a |%efS? ef‘f)"ﬁ exanple. a lens 214 of Figure 19, nounted therein
Is also mounted in front of the lens 221. The lens elenent 213 (Figure 21)
must be noved int t he ®otical path of the lgns 21 so thaj the canera can
obtain a sharpl ¥ focusegd |magq f an obj e% a}b sinfinity, 20 said i mge
bei ng distorted |nthe ?mrlzon di i on. 'I38 his end, the canera is pro
20 vided with andi SC DHOShoWn-o. 25F| gure 21 supported |roj,h)ewrranner of a
turret and provided with | ens nounts, for exanpl e three | ens nounts

225- 227, and a Tree aper- ture 228—Thetens—nmotmnts—as—metH—as the free
aperture can eaCThebegaanMhenm!tymnin iSPOS testridtéd0for dsé) with a @ddmi IBRYH&¥-€ 1 N

al i gnment- wi tﬁ'e"e FF@C'H TAgeS AR | %WW@WF%BV@Q@: 0f|'¢1¥°9ﬂlll@s bestrsesfed 25

by rmanSSO]c aé t};ﬁé en! -'n Pr@ ; % ano- g wal.l of
t he canera. Sontpristin i GRdd Rdn® elbrhde %R0t Gid ulé)aenteﬁt ta rattThet
230 which is sIianxed to the canera. In the pOSltIOI’l it ustrated in Fig. 21,

the lens ele §la$t ialai piefergedt with the
o ool o B R R G gj*tmmg
c gy

obt ai ned in cmgldﬂacmtaﬁlwﬁtdfiert&ﬁe&blp RN %g‘gmpgdleens i‘?em&nt
cor - resﬁ'emhfmgm ?tstrﬁeilrbadnktlouherrent 209 o F| 18 coul d be supported

in the rmunt ,.» }'é{ bﬁd CWF%Wi a g3shj unctlon
with thasl ens BEd sebbfent ot ,f‘;ﬁgi ﬁ@'ﬂﬂs eAus iﬁfr :pher|§

| ens el enment ﬂm ndzhmsauppmbleda dbﬁmtdﬂevdim o SppRR osureé to be
obtained-wi th th'E‘eI vighedl d¢ns dlplsttnt;rltm@mstna&l toa speciloj ects i n the

Macro- range c 3;? )f107 P lf°f : Fﬂeary 35
| ens el @pent %@a&%ﬂ\w Ao Rl %ﬁé’AEfE sb"c'ﬁtmlﬁ'ﬁﬂmi&‘{l g fith L9 2
ocal

spheri cal or iblsglvely deaberstqppl rematmegted,mlt Zoom ng-over -the nor nal
| engt h range W|t comprisesratfirit gegprive ledéne 284 4 posi- he canera i f

t ement 03 and finally a positive base lens 204. The
the aperture %&% f rms a linear motion towards the element 201 in the

25 course of adjusting the focal length but the negative. element 201 moves in accord- - 25
ance with an irregular law of kinetics in order to maintain the image position constant -
while the focal length i is ad]usted Specmﬁcanons for such a lens are listed in the folow-

ing Table:
T d " ng .ovg |
" S - . T55.09 L . S
¢ o - 201 - e 2,000 1,586 o 34.F-
- ~ 53.2867 :
% | S a0 o
o L .36 - 1.492 54.67
o .. = 32.64 S
©202 < _ o 3.6
27, . ' .
_ 1.0 , 1.492 . 54,67
-340.2 ' .

© 1.3769

| - 66.06 L S
© 203 R F | T 7" Y I 70,41
k 2677 | '



opposite the opical path of the lens. 40 Rot ati on of the
above-descri bed | enses through 90 can achieve distortion of the 40 object
is situ in the horizontal and verical direction The use qf_an aspherical

surface in the supplenentary elenent is not absolutely necessary but t he
aspherical surface pro- vides corrective advantages. It would al so be _
possi blg construct the second surface of the torus lens elenent in fhe
suppl engttjiary | ens elenment as well as in the main. ens with 45 a
ifi'c”refractive power instead of cylindrically, so that the second . «
plane of sharp 45 focus can also be positioned in the nmacro range or at a
“finite" db§tance -|t.IS al so feasrbleshgvcnurol the |ndeX|ng of se&gra

| ens el enmen —8eeo _ £ § : e
wi de-angl e supplenentary uni t* A nDdr fTcation oﬂdthrs krn&dcould be "'ﬁ(
constructed so that, pj he wi de-angl e su&ﬂ?nentary uni-t- 50 - -cannmot be .. ™

fitted unless its assocrated mai n | enss,é s i ndexagkggnt o thgg@ptrcal path or
vice 50 versa Figs.. 22-36 shew advant ageous enbodi nents of |ens mount®

whi ch, in conjunc- tion .th1 e wi de-%figl e system according to the
invention permt variatifon of “the foogl | ength (glythe maigfs) ens without

t he supplenentary unit as| welsr.4as variation of the 55 - focal | engt h of
alens with a negative s pplgg% tary. d-Brent .- _ : 55
Fig. 22 shows a zoomleps d gned pa6r-;5|cularl348f0§)r t he P8l 8 film. _
format. The Tabl e mehow describlaes an enbodi nent-:of the -l ens where r refers
tothe radii, d to the v rteéo%hstancé@5 [err] to the refractlve I ndi ces
and [err] to the Abbe nuniper T 25 . :

1,531, 525 - 248 . 2352'.-[.er'r-]-e '74‘146 1308 1‘4'67 07

1.805 - 25 4 [.er aﬁ%;976*ﬂerrf '

_ et 82 [err]
: ength seting, disp th
0. 2.6 ' 20;' It‘hge ect rem%;lﬂeri bihg fotkisé %ﬁmeﬁ‘sl f lﬂer] :
2.341 [err] = = (nstl plane 205 (sce Figdre A88). If a torlc:lene’ elem® 207, [f@eidmple WOB1 [ T r]
= 0.01 [er¥] +1 l@fj@n cnve pow@ a@Qvemcad cyhnder surfac6 3nounted in/front of tEgny r, 5

+12. 664 0.04 . 5‘;& the fogsl pojpc of the horizoneally refragtigg pyrfage beigg giggted
5, o‘ﬂ eﬁ U -
0. 967 [ei [e”] us énﬁ mm“gﬁ%w&mﬁg@%d&&dﬁmm@&#g”]o+o5
err mw tra into fhe
1. 669 (] plagqm o’ &3¢t to the macro plane:205. Since the lens has no refrac-
th

ve power foi contours it is. necessary. to. provide . an equalizing lens element - -~
which pto;ects the vertical .contours of an object at:infinity sharply into the film plane ; :
_ 208, despite the lens being set to the macro plane 205, The said lens-element, designated &
wrthdrenmnemlzwml?rgm'els is disposed between the lens elements 203 and 204 '
15 and because of the cylindrical surface has no refractive power in the horizontal direction. 15
FThe opi:ncal ray path of ﬂle lens is shown dmgrammancally in ‘an melmed wew in
igure - 8D .
) Lens elements with the followmg specrﬁcanons are pamcularly smmble for the
abovemennoned fens: .

: Verucalplane Honzontalplane I RN .
207 oo aspherical _ SRR
30 1492 "54-.67 o
'.-'oo__" 230 _ R :
25 " Distance from from elememl 7386 - . 25
209 o 0 : .
10 1517 6417
21821 oo C
Distance from element 203:2.0 _ _
30 The refractive surface of the lens element 207 whlch acts in the honzontal direc- . 30 <
tiond and has the radius r, is asphencal and i is deﬁned by the following expression: :
x= 1+V__271 = +azsz+ a,.s"+ass5 :

In this expression, x is the curvature of the aspherrcal surface referred toa refelence_
plane at the relevant distance s from the optical axis and ¢ corresponds to the reciprocal :
35 value of the radius R. The said asphencal sunfaoe of the lens 207 is expressed by the = 35
following data:
R ap 2,
90.0 o 6 10-‘ 0

The image of the object at mﬁmty is dlstorted by the honzontal refractwe power '
40 of the lens 207 and is therefore distorted in the horizontal direction of the image plane - 40.
208. The toric equalizing lens 208, which defines a plane of sharp focus at infinity in
one direction and in the other direction has a refractive power, where appropriate zero
refractive power which dlsplays the intermediate image of the lens 207 in the film plane

&



[err] = 0.15 1. 805 / 25.4 [err] + 7.039 1.09. [err]

[err] [err]- 0.639 = 0.05 1.624 / 47.0 [err] - 1.288
0,10, . .Jerr] Q.22 [err] [err] 0 22 [err] Q _06- [err]
[err] + 1.097 [err] = 0.10 1.691 / 54.7 [err] - 3.661
[err] = 0.46 [err] + 2 052 [err] = 0.10 1.620 / 60
[err] - 2.052 [err] = 0.01 [err] + 0.686 {er] = 0.13 [err] ARo)3
/ '48.0 [err] +26. 527 [err] =0.04.[err] - O. 848 [err] = 0.16

1.786 / 26.1 [err] + 0.535 [err] = 0.18 [err] + 1 614 [err]

0.19 1.720 /- 50. 4 [err] - 0.639 The varifocal Iens
conpri ses.,g statronary posrtrve eIe '"E 301 nearest to the obJect 33

negative &l enent- i ect-adj-ac 2 the. g
sl idable al onnggn ?!eﬂl ll»se ﬂt“hé": Jneep a’é‘b’ P&?’%‘E‘i’ |“h§‘etan€°‘over al'l
focal™1 ength, gﬁr&ﬂ? PR o ol i ¢ o 000

t he. "0ptVC&| aXbl&n&xOcdﬁ&;hﬁt\ﬂ:icﬁ afk éﬂ@cﬁﬁé B tioriZomt4) Ga Qﬁd Fig. I9Bl h&i3 ddknsA

stati onér’y pOS kdntous w&lcbmenﬁec@(éltor\nliﬂveducatow lehseZl éwn in solfd linesy

di vergi ng behi H’dF;Sh’é’Ce'?é‘ﬁw base lens%‘i.z H@;_Y‘ﬁﬁlf'%% cﬁmﬁpﬁ?ﬂ aI I eI in
the di aphragm into a ﬁnder system of a si leel reflex camera, can be dxsposedl 531, 525
26 between theb&hauenrmmeﬁscgaﬁ tﬁé’m codfd 'E&Eﬁgmmmgwexﬁaaemaleens 305
whi ch i s1@l so QQSatsrth by fplag: gtsommeewm em ingHand ke of -1he

| ens, Figs. 23@:%1 Sl dﬁ vgﬁ g’@ﬁE&g 23F
showi ng the nagdiig ) atr.a@qo GO power anwag 2l enent s

bei ng. .shown aSplaﬁlﬁe&rp/\iwebfraéEnslzméatnnﬂnﬁyyf ihhlemxs preeded ibin g supplement-obj ect
si tuated1pn th%tyéﬂre}’s:mt é@s@%ﬁi&@g Jjgmg%'@'lﬂe"@e!m ng 1%r
m ni mum over al sgﬁﬁ B .f!, h setting,
by ‘sl'i di ng thez@zel‘mﬁéyt ok the ke %%? a%i&engéggnﬂg&%e el ement s
remain in the slsu"rnvqn@sr“mmﬁznntaﬂ’hm t‘usﬁsedl i:liecimdaef‘h&rhmta!afrsh? 2ﬁbuselde13 o ns
therefor émconp T4 ammjmem@rtﬁﬂ ‘these amycalﬁ:t%jdpnﬁ?reapdaﬁm §?ﬂiﬁa l?mil; described '

~ in Claim 6 of- theAustrlan Patent Specx'ﬁcanon 325 325. o _ o

e . . . Radii d ‘™ . vd S R . _
. Verneal plane Honzonml plane . - ' : g 25
25 _ 213 o0 S ' S S '
" ' 1.5 1517 6417
co _ j-jMJZ )
T - "aspherical o S .
. - 214 e S e S S 30
30 - I ' 24 '1.492 54'.67 ' - R
C o : 186 .

The aspherrcal refractive surface of the lens 214 is deﬁned by the above-men-
noned forniula and the sald surt"ace is expressed by the following data: .

I - mo o 9610—" o 35

: If the overall focal length of the lens for the vertical dnrecnon is re'lawd to- the
overall focal length of the lens for the honzontal dxrecnon, the va:lue thus found wxll
the modification accordmg to Flgure '19 it will be 1 8. It is of course also possrble to
. 40 obtain advantages with the modification- ilustrated in Figure 19 in conjuncnon wnh a 40
lens in accordance with Figure 18 and vice versa.”
The lens 201—204 Hustrated in Figure 18 could then be’ combmed with a supple-
mentary unit and an element which’ focusee the lens to a macro plane 205 and having

& the followmg data _
45 o Radii d m .V " | 45
Verucal plane’ Horizontal plane S T e o
® Supplementary element o0 asphencal
o 30 1492 54.67 :
: w230 - S _
50 toriclens o ° ‘oo P _ i - . S 50
' 1.53 - 1.586' _5_6-.1 T S
© 0 —=17543 e T
Asphencal surface 0 - - : :
. . R a, 8, a, : AR
55 90.0 0 6,10 0 55

Data for a supplementary element and a toric lens element in accordance with the
modification of the invention illustrated in Figure 18 for a lens according to Figure 19
may be obtained from the followmg Table:



10 for exanple in the Austrian patent specification 317,576. As

al ready nmenti oned, the Io focal Iength i's to be add|t|onaI I y adJ ustabI ein
t he ) ) g s
made possr bI e by i nitiall y settl ng the el errent 303 towards the el errent

302, f_or_exarrple in position 303a. In this position-the entire lens is -
0 -an obj ect plane 306 which<s:situated in the macro range apd the
| ens .15 have a focal length of f=0.28. To increase the aspect = -
rati o fof the object situated in the 15 plane.306, the el enents 302 and »
303 are noved-into the positions marked wi'th the index b, ¢ in Figs. 23B
and 23C, e el ement 302 traversr ng I,Fmgdgh part of the di stance whiz2gh it
woul d trave . TE TSt of e for Tgtt——ftre—toTat—tengt t
adj ust nent- rang@ fcglr TRCT ] .'.es s t@fm nat ed in posrtlon c becausg

t he nove- Sy dev i ot WSphesi@ ENt - 303, "which i ncreases. steeply towar%, :
the front, vvoul cause the sal d 220 -ehemelstst o nove into the path of the =
el eent 3025 O/erl paémfl mg - d8:6t he movenment s. of el enents 302" and 303" ‘wouT e
occur- even earT"F“'e f @t he®obj ect ¢ vve%ﬁ etma,t ‘the extrene 'macr o di st ance
(position 303" " of t hgsey egent. 303 e pltch of the. camfor fhe el enent .
303 however deqmplmﬁat mrfad y. on the |nd| vr dual.;f.ocal Iengt hs of- the lens

el enent s @nd 25 - can yl e_}m an-o ‘;“;_gal P~ength range .if. suitdBly

sel ect ed. 25T e fo Iength of the lens ‘in position

c is 0.43 and thuan: oty rmoraquwxswmrn&efmmmmmaluimahwlaength of

the lI'ens with aaunwlrmmbitamnden_ .._f.M-Hovvever ~as-wW | .-be .degcribed =~
subsequeq%l y by, rEBeee 2 1P ; ‘.v:i'- t he ;goom

's;s

ratio for>macr g ETINSHEE hadd 200, (& P b3 ubid 233, ga* JJatisn, 8t travel |
for the el errentx 1e~a—1enszﬁoomgm3f98mmmmdthemn'xsalsommmwdmfmmofﬂmlens .o :
30 Fig. 23A sh@ls 'l&e dmezt@l @Mmﬂa ust. be BPVE eWthP eptical Pty of thenj d el enent
an extren o0 A P 0 £ S JE 27 (O P i Gnt e ¥l | ustygt ed -
rreantotal vide s, foreamanpiOthred (Rps mbunts. 2 andafreeaper-r:.g 24 ‘_:
al.so shows a z@,sfr?&? S Jpounte: , APEIIFY @p &4 1dered ‘B‘°taﬁ’a°t* of 'Fig.

22. -~5535 Th] o 0P Abas o Fva= Ko % gata ik - Vg (seezsal s
Fig. 25), e RrRopdit: \pBsitih € ' ﬂ;ﬂ.alrd’ich%mrﬁnchhﬁ(ﬁﬁ:d @ thehi r d C
sl i dabl e posi tnanmel erren 12 and a fourth negattve el enment 313. The . '

el ement 313 is In S pesitipg il B‘sf”tl‘f‘&@"b;% .. ) Qﬁl _ 4' ! f m Hch a lens

may be o 5 ' bl : dii,. 340 _
d to the Vert eXespnd ﬁdﬁsleﬂru&nhﬁms} oftIthlheo eﬁersagﬁomdanldﬂdnmﬁrszaand [err] to

t he Abbe nunbemdwéezaomgemgr}m{nm ratio gy copjufiction ith egemelmmg:asmel 805
25.4 [err] TPE ATy | PUgely pRarTica. ‘ P COURC. T ]

56.4 [er r%s ahBE shaBily without the supplémentaryl . 643;5
48.0 [err -18 - efftlt chulll b md&:y?ﬁﬁnga})sphencaltmﬁSB B

_. ?‘E“?ﬂ Jength: range without a
50.9 [err] +_16 emen]m element is poss1 e with: the c&em rture 228 is posmoned. )

_opposmeﬂ'leopmcallpmhofﬂ!elens : -

40 - Rotation of :the above-described lenses througx 90° laclue:ve dlstomon of the 40
' ob;ect #n situ in. the horizontal and vertical direction. The use of an aspherical surface. _

.in the supplemenmry clement is not absolutely “but the aspherical surface pro-

vides corrective advantages. It would also be | le to. construct the second surface of . :

the torus lens element in the supplementary lens well as in the main lens with _
45 a- specific. refractive power instead. of cylinds it ‘the second plane of sharp 45

fomscanalsobeposmonedmthemcrom or.at a “ finite ? distance. S

' Itxsalsofeasibletoconu'olthemdexmgofseverallenselanentsonadmcm L

'accmdanoe with Figs. 20, 21 by means of the wide-angle supplementary unit. A ‘modi- L -

~ fication of this kind could be constructed so. that the wide-angle supplementary unit E

50 cannot be fitted unless its associated main lens is mdexed into the opucal paﬂi or vice 50

versa. -
. Figs. 22—36 show advamageous embodlmems of Iens moums wluch in con)unc-_ .

tion with the wide-angle system according to. the. mventmn, permit variation of the

o focal length of the main lens without the supplementary umnit as well as variation of the. c
55 focal length of a iéns with a negative supplementary element. - .35
: ' Fig. 22 shows a zoom lens designed particularly for the Super 8 ﬁkn format. The L

" Table below describes an embodiment of the lens where r referstoﬂtetadn,dtothe

vertex dlsmnces, n, to the refracuve mdlces and o,, to the Abbe numbers ' ‘

‘atly axial:. n.

et e —nt — e ——— _Ir - . - _'.



3.8 / 1. 805 25.4 [err] 52.2 [err] = 1.0

/ 1.820 60.3 [err] + 16.6 [err] =1.0 [err] .9
27 1,531 525
27 [err] [err] [err] 379 F&rY] + 1.0 / 1.744

.8 [err] + 41.2 [err] 41.8-2.0 [err] + 77 7 [err] + 30.0 |
0.8 [ 1.741 .- 27:6 [err] = 3.8 |/ 1.652
44.9 [€tr] +30.0 [err]+ 19.9 . [err]= 0.1 [err] + 78.2
[erg] = 2.7 /[ s 1.720: S 50.4 [err]= 2.8 - .
[err]. - 41:1 [err] = 0.9 / 1.620 60.3 [err] +17.4
[err] = 1.9 [err] [err] . o1s3fsesr] = 8.2 / 1.5695 -
56.-1 [ewd _ _ [c ]4-45795 [e. + ferri—4—2 -
1.570 -7 .49.5 [err] = -16.5 - 3.5 [err% =25.4 i /
1. 4%l _ 23.8 [err]. 6 526 - 1. 35 Terr] 585 [err].- 3.8
[+ 1,569 1, + 6308 [err] -. 12 4 [err]: 18. 9 L ferr] = 0.2
23.3 [er [lige3-1  h 08620 1305 2%h.3 [efr] - 23.3

This lens, whic |s &rsclosedgrm d.6e Austri an patent speci fication 291, 619,
is dia- grannatgcauuyzrIlustrated in Fig. 25 by lenses which are ininitely
thin, Fig. 25A repre- sentingdt el de- angl &6Fbsi tion, 8¢} g. 25G t he
teleposrtron of “t Fi&" | .ens  and £i9sg025D and'5 . - 25F showi ng medi um foca
settings for theg noramel di stance rangé. By noving the el enent 312 into the
position 312a the Iens is fochisedto the pl & 315/in &k macro range. |f
the focal length 4%} pe adaﬂstqp W th a constant inmage posi- on,

proceedi ng’ fron;thqz@ettrng fich’I's focused to the plane 315, t he el ement
311 will take up the posi ti ond;, 310122 311c wi.b28 progressi.ve adjustment and
the el ement 312%Lwii26640 - | taks. upfposrtrons 312b and 312c. In Fig.
25C, the image ratiois 1:1 dye qﬂwthe fnenent 10 312. The direction of
notion of the element 311 is revat®ed - gk the el ment” 312 is noved to the
front nore stee[sl]z5(9§ee Fig ZSSF) J(? obtain _?ésu'rt.her igoc; ease of the zoom

: r + 0.567
¢ - dy = 0.16 e
Ty, - 1.086 o R L . . .
AR dy =005 0 1669 /5.4
o . . I + 0,652 . ST co .
. ) P o . dxz = 0015 ’ ) . 1-805 ) / 2504 .
Ty + 7.039. e o -
1.09. . .f .
S dy3 - 0.32 -"-fmm-
I ST % 7
d,, = 0.05 1,624 /  41.0 -
s ~ 1.288 - -010 o : ' N
L dy 8220 r‘?‘_'“
- . Ce 006 o
Ty + 1007 _ o o :
- ' “d = 0.1’0 o 1.691 /547
I, - 3.661 :
- d,, = 0.46
I,e + 2.052 ' _ .
S d,, =.0.10 - 1.620 / 60.3
I, — 2.052 ' )
, d,, = 0.01
o + 0.686 o
“« ' RS dyo = 0.13 LT /  48.0
Iy, +26.527 - : .
_ d,; = 0.04
r,, — 0.848 : '
. o d,,. = 0.16 1.785  /  26.1
T,; + 0.535
| T dys = 0.18
Ty + 1.614 : -
_ dye = 0.19 1.720 /  50.4
- 0.639 :

The varifocal lens comprises a stationary posmve element 301 nearest to the object,
a negative element 302 situated adjacent to the element 301 and being slidable along the
optical axis for the purpose of altering the overall focal length, furthermore a negative
element 303 which is shidable along the optical axis to maintain a constant image posi- " 5
tion and =a stationary positive element 304 which converges the pencﬂ of rays diverging :
ehind the element 303 so that they proceed axially parallel in the diaphragm space



rati o w thout encountering nechanical difficulties in socketing and guiding
the noving lens elenents 311 and 312. In this position the focal length is
12.07 and therefore 15 already extends far into the normal focal length
adjusting range from7.28 to 55.46. 15 The focal length of 12.07 can be
incregsed still further by a distributed construction of the control cans
for -t el ements 311 and 312; “for exanple on two different supports, _the
311 and 312 then noving towards the front elenent 310. Zoonrng
with t's lens is possible not only in the macro range, "but the wide-angke
20 *- range can be increased to an extreme degree by the addition of a
ne?atrvezglenent 20 315-- siml 95the procedure described by
referen

--28.38. Int eqmmmqim mrwmlee%W%ﬂwom| ch gan

S

be achieved b an | nage aryl e
of appr oxi mitzddle tﬂpw}aéﬁ%%ﬂk%& ﬁgsi alllangﬂf@ﬁhg,' tﬁe?f r._oi?* ¥

el enent 810 wrm bdingcdiownhe lerasi whichcayn dnfiinitelyt s, Focusing of an

25 Fig. 26 ke z;mgschlg W, CIoUHge Biis(e prebiein bgr@ng _ e vari focal._..
lens, the . %ﬁnothe tlon 303’ while the other elemems remam in the. same-p ; drive for '~
the adj usti ngcdimticﬁﬁil Eofiplis auith she(ypiod drt Miﬂu@lsclo&d,const ruct ed

as:a tuhe 333f<ur¢damphcmr Am mteu;omcrﬁg#noma HAs flyegsin mentioned2 gl t 0 @

described su lﬂ’gﬁfe‘ht‘q JRo8G Whiedhe BRAgE o cariisl ot
323 fromFig. % eﬁ MMWQS’%?‘% f_”.,l rotated -

for adjusti nglstf&eseﬂ@d: &s;mmdmwelmmmg%ﬂmeaﬁdwﬂlre support ed
in the tisbul ai\aVIqarﬁ@Pl ar dremmoémhegbeemm ttheon, tlhe

el enents 302, 3%6#‘ VA i~ accor d-
ance wrththewﬁ B O focdidéngthS Set to-the

second cam i nadjisement obgeFa3Imicnr Faom dslmmgated"ra pbsimml Heengtth ust ment in

the macr? ran tt°ﬁé’°€'|°'€ﬂ‘é?ﬁ3s %”‘d #8tion
nd focal .

for the obj ec LNy Ve . : |
length 10 adhid&buaenceqs&mm oe' elah@m manmeﬂm&mfsmwmy tn g

mechani cal t eB0ashawenes dépends iaielna ﬂ@ﬂmg}%bﬁ Sa¢nth eridng

const ruc?®d i ﬁ'“‘t. : ’pﬁ%ww o el Em%g e mﬂmyﬂf’ ogﬁrd%;sZgB;or o

the el ement 3
The. pi n of . t hbé& dgetibe suBsdiuesdyt K}ﬂbﬁ&n&heF a2y, 5t iS pébsible awaemem handl e 15
334 i s rotat e@ﬂof«@mmmm@m@ rlweémwemvﬁsfowwmsq ti ong) by
means of {303 AP bbckeh fhed. Wth fafdt GBfenCfn the TTWO — .
videlangleced 2 BB 15 HOMkifle iliRratd ARG 2BE e Of t he -
control cans maummfslummame dBagréam&tqa:abdnyomllqualsm'écﬂlq n Figs. 27,

epee®ient il Lustr at ed 27..S Gam, suppo t 320
wih conft ol sggRE EAn AL aﬁa@aﬁ%{ﬁ i A A
and 23.. The sigd uﬁeamufﬂlaﬁbﬂd Qdasle) maadma 12 dahQ fouth | S shovvn
20 in devel opeckalﬁwreimpm 313 ﬂdwﬁmnvesbasslsuéﬂﬁtm with a cam -

fol | oner 322 Jed% geama??’m@%‘*ﬁ%‘% R T 8 A e 0, S 0

length is adjusted in the normal distance rangg the cam+ol | oner 25
322 bears non-pogsitigygly upon the cam sl ot boundary 325-and the fol | ower
324 bears 25 non-positivel y UQor 1Lhe cam-32figosThe faciisi4ies for

control ling the mati%ol | owner \Aq:‘:en this engages with the cams will be S
descri bed subsecwenf ky- The co strleetion or shape of the.cams . 325. and 326
is known and it Ts therefore Nt =rgexessary . tnsdescri be ¢4 det ail the .=
relative posrtlcms-@“carrs and cam fol |l oners. 30 : ~ 'On the side of ..

the lens correspony k.pg to the G dé<angl e position the slots 321 and 30 323
have extensions 32 328 of adeag,m x for fQgsi ng the4,gloens |n the macr(x
range. The T -187 _ _

d, = 0.1
r, + 454 ' ' o
: d;, =57 /  1.658 o 50.9
I, +166 . :
d, = . 0.8 — 29.3
I, .+ 93,2 S C e e
oo dg =38 iU/ 1805 . o 254
L =10 /L 16200 0 6043

dam49



cam foll ower 322 does not alter its relative position in the extension 327
along the optical axis of the lens but the elenent 303 is displaced by the
anmopunt " y" para||e| to the optica! axis h\/ nmeans of the followers 328. The
anount "y" coresponds to the 35 di st'ance t hrough which the el ement 303
slides into the position 303" (see also Fig. 35 23A). If zoomng is to be
performed in the macro range, the camfol |l owers 322, 324 are appliei@;gﬁthe

| eft-hand flank of the control slot.321 or 323, with reference to FigAR7.
These fl anks are constructed as: the focal length adjusting cans 329
for an object situated at a-macro di stance defined:by -the traversing

distance'27 s " of ‘the fol- 40 153'192‘5‘” 324. In the course of adjusting
the focal T engtit e eremermt—S03—whteh—+s—~eariven—40 by the cam. fdl] ower
324 :hoves progr-essi vel y 't owards 'the: el enent @02 whi Te- tﬂae cam 329 for the
el ement 302 hastha pPddnt:-of reersal at.-a magnification B = 1 through the

| ens 3(@ in ther dtregtlon of #mrilh in o’rde1744o increaggsthe zoom ng ratio
(in a manner siffilar to that glescr%lggd reference to Fig. 25)

The posi tion ofrth87.2am f ol | overs 324 “illustrated in F| g 27 is
not equi- 45 vaI e t’ to the hosik& on of/ t hezgrount s f.og7.4 he lens el enents
which are to be* ‘contTol | ed be[pau the transmn ssi.on nmeans .between the cam
fol | oners and.tthe B®as nounts‘are thot sho wnt-§3% t he |nt‘Er9ests of clarity.
Fig. 28A shovvs & cgd‘r%support B34 0iin v\/m ch the™ “ operation of tracing by
means of 50 1’th amfoI_I c(xjwerg 322-and-324 is perfor med i n positive
manner . The cang +3ﬂ;'52 326' "5 Textenfl: oviel20a first dnge of the support.
The ends of the. cans ar e .provi,ded.swi th a cqmlmenber 332 which- changes over
the cam fol |l owéss. 42 324 fromthe focal I ength adjusting cams 325', 326
associated with .,Lhﬁ nor mal disst Bice . rahgelteeOthe foocab.3l engt h adj usti ng -
canms 329', 330'" for a. speql fi'gg0bj ect pl ane.in.the macro range. 55

Fig. 28B shovvsrzanot her met.hod”of constructl ng a cam support 331A. In this
case © .. 55, the cans 825"8.2329" pr ti569 cans “326g 6.+ 330" -are separate,
ea®h of the Ieﬁ§ el errents 391 gg§303 bei ng associ at ed. with two cana

foll onwers 322ar, 82218 324a ahd "324b respec: tively. .In thi's enbodi ment

the camfoll ower s g 2a 324 @;E =3R2b, 32/4b ek be capg@ge of being .

al ternately swi*t cied to the selei1 302 .303..-60 . ©07 Fi'g. 29A shows a
f-f1"at

cam support 34g, eqwst r uct ed | form The el errents 302, 60 303 are
supported in nmounts _3450r 344, wh.€h can sige along ?3 oI umm . 343. Each of
the mounts or ¥heifIcamfol | pvers 349 '350are birased 10 the appropriate
focal iength agjusgg ng -cans ‘gy a-¥or sion spring 347 - 348 whose direction

of force is reversible. Theal,feas | ength pgousting c ar..constructed as
the boundary -Surficts of control 65 ots 351, The support 344
with the camsiqtﬁggan slldé’"tré?r?sverselytothe optlcal 65 29
1,531,525 162029 axi s al ong pi n-sl ot

e
- gui des 353, tfe sﬁaﬁ)e of the control cans- 1 h the sl ot6 3convert| ng the said

sliding.notion R ng the optical axis towards the nounts 345,
+\346. The focgzhmr,m ﬁuw% “E W 291619, iigwis-ed by a
Yat chet 354 mnngmmw ' %Wob&rﬂéqgéﬁ ‘&?-f“;g%‘ macro range
Qf t hi § syst%ﬁﬁ A8 Pacy s Wm&rml:mﬂrdamﬁcemge reqﬁs I Tres: gver cgm ng the
Spl’l ng force3gf al "1 ] ,' g '. W%Hﬁ?ﬂ[ﬂvl@hefmmémr t o “bear
ypon the camigg 30 Wé‘é |36W5%$W#tep!§pr| ng force
347, 348 renakmﬁhﬁwﬁmr 15, the-lemey
s¥ct i dfs 358 wﬁons mbhmtmc men@
sbem fic mac é%%

'I evers 360 |,|a{,<p

15 already extends far into the

the dmts 311 ;:Ktih 3'1%e then moving towards the frbnt element 310, o
. ing wi is lens is possible not ‘only. in the macro ra but the wid
- 20 range can be increased to an extreme degree by the addxtlonngfe’a negan;'el eTe;tgl: 20

A 315 — similar to the ure desc
| ribed by reference to Fig. 2
' ;tas an assumed focal length of —28.38. In the present exu;lihﬁidmt 3:%:2
s\ oommg ranol wgfnch can be aclneve(g by the invention extends down to 3.48 to produce
el image angle of approximately 90° by attaching the element 315 in front of the front
. clement 310 by means which can be easily constructed. =

B\-_\ Fig. 26 shows a lens mount for the elements 302 and 303 of the varifocal lens, the. %



rat chet 354, 355 has engaged. Locking neans illustrated in Fig. 29B for the
operation of the changeover |ever 360 are provided to prevent any
changeover of the camfoll.owers to the macro focusing 15 camin the
macro zooning range. Only one of the levers is shown in the interests of

15 simplicity. The said |ever 360a has two ratchet grooves 361, 362 which
co-operafw th a paw 364 that can pivot about an axis 363. Pivoting about
the axi s|gd6B drives an axial cam 365 on the.carrier. 344. The net hod of

oper at i ol gt the | ocking device is as follows. I.n the position illus- 20
trated in"Fig. 28B, the spring 348a biases the nount 346 or its cam
fol | ower 358 upo 20. the can1359 of tnﬂmganlslot 352 The aX|aI can1365

which is ram TSPT S "

die ball 355 drdﬂgeﬁ";; \ _;- : . foIIovver

349, 350 rrerges }. a1 BB oleriit I £ hnblot 325 Sromay geibrich is »
driven by the c g mmébﬂhxmﬁﬁﬁaﬁmdmmmmmmﬁne 25 -0 o=
ratchet 363. Théollmm%em 5@3@&# %’m@over&ﬁ -
the spring 25 %m&g@“@?qzr c&:’é‘&%#ﬁﬁ Pirethe kK A% thangeover

of the direction Ol oferﬁelsls&t@aks&aﬁ&ml.@meamtmf&mnugo& the con- .

trol. slot 352 sumaﬂeﬁgldﬂdpmﬂemaﬁ&pmimmge yelanmams
cam 365, ckh dr opptipmfos the obiset @ ,
foll ower 350 be X
30 One enbodi nery
sever al macro disiot
acconmodat &Y %n'b{?ﬁfed
7C

cam fol | owner 36

pérfoomsrthceb ingls to the
e . %r th@ '
smsomammmfmwwos is

Wﬁw ‘Iﬁa&e@ oﬁ%ﬁa%ﬁ ol gﬁe?

367 with reSpectddgﬁmaﬁ 28A asP28B. The @nbodiént fuschakedtin 368 of a
support 369, theﬁt.éﬁshmecmuméaﬂui thqmofytﬁe!aﬂefosﬂle#m ustratedh -

accor dance2®i t h ‘RIF Qgﬂ&cams - W%mf%ﬁ THe
control sl ot 36 % Jhd Bhe et is opg;B Wﬁ, L eMERoll | ens 303

for zoom ng oversabtahermmlsosjl stance range. Anot her:cam secti ont 371 s
al l ocated to focusMignlﬁn fP‘H’e‘%ﬁ@ jsted; ipy the . ppge the g n ®
of force i &rev Y ok Bk L %‘é
370 or 372 resp epEes dedch : e 0 a
illustrated in 925 ahdlBMekqomaxﬂlmmdmdeﬂomsmmmdm msem lbhe cam

fol | ower 3 |sl'EHi a‘&%fﬂ‘ m: 372 _|ch| :
anot her ca | er ve j’,?ﬂ;{ o %&9 aI I e?o to
t he opti cal aX| xangkhxﬁmiw alGigne nanely

by a changeover Mwmmlmmumwkm@mmwt“rm tust ed |n
the direction of Pﬁﬁtf_' 1. (Y es mﬁg focal
I engt h adj ustl nq; v&g |,§ ge rfaten) dd angde [,,QF irect?
adj oi ns one end ﬁapbﬁuatmn@t-ﬁaﬁmmmthcafmram md;rszs, ﬁvhll&fe&:hbeacmged to

focal |ength adj? i ‘E@? 33@ ol an o
focusi ng ap, t hi t‘:‘ﬁg‘ ,\_i T ved to
the left - "W th gyt Ry [thkChledhént 305 hile the urﬁ’e

the cam fol | owers8 i@ meoemmsoémas‘ opi s, s/ mogniicavgn G ath Bioehi e he
control 50 sl ot‘ensl%'@ e diragtiom, ¢fy mation i ordee £ofacesats the; 29mipEcTatio. gpgAEmeENgth
adj ustment ,for ¢ \ition f thl Eiif-¢ 52 ".'..atu&ﬁteum ezms&ceq&ange hd
focal |engt adjvulsﬁtrwme o.:: HRG

deﬁxeﬁty\@hx ¢ B lenes i A the
macro range is t&@m@sﬁaﬁﬂ@m

55 - One perests, of, clarity,
%&f& -

adj ust ment 5§ams ﬂ,,

nurr‘;:)erof (gieal mlsgpgt h _g;._-

“whi e;vgera ofi

cam

fol | ower 380 andhetdaas mﬂﬂﬂ?’:ﬁﬁemm@’t
03 being. associated with two cam
_ , tlvely In this embodiment the’cam f¢
of bemg alternately switched to the'lenses 30: i

60 F:g-Z9Ashowsacamsuppo 44 ' [he ¢
) “in“mounts 345 or 346 wluch ¢an shde along a ¢olunin 3
the mounts or their cam followers 349;-350 dre biased to the appropri
- adjustinig ‘cams by a torsion spring - 347 r-348 whose' direction of force"
-+ The focal length adjusting cams are ‘Constiucted ‘as”thé boundary strfaces’ ' EE

65 slots. 351,352, The support 344 wuh the cam’ slots can’ shde transvmely to-the opncal . .es




a camfollower 381. Both camfollowers 380, 381 are guided in control cans
of a plate cam 382. The cam 383 associated with the camfollower 380 as
wel | _as'the cam 384 associated with th mfollower 381 have a section a

which is associated with focal |ength#adiustirent in the normal di stance
range. In the course of adjusting the focal 65 |l ength in the macro
range, the camfollowers 380, 381 traverse. through the section B of

65 30 ° 1,531,525

.30 boéh cans. A focal |ength adjusti ng devi ce 385, - conprising an o
operat| hg handl e 386 and an operating handl e 387 (Fig. 31B) is providd for
transmttlnggthe shape of the con- trollﬁ,ggg to the camfollowers T%_ _
handte 386 <Suppo %{0 at-6--Cam-33 : hlate-—-cs Ag—
nounted, on the ) 3230

handl es+ can be lswm rﬁd%; '_'Elﬂgtﬁ&ﬁaorrtﬁkt ran@e ﬁtlattemyaermcneﬂsﬂ &69 As can
be seenby refelﬂeraq:portm4F| g. 31C, .the pl ate cam- 388 |s pI’OVI ded wi-th
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.55  One embodiment in which any dwred ntunber of focal length ad;ustment cams 55
o . assocuated with' specific: planes i in, the macro range can be used for control purposes and '
is shown in Fig. 31A to C.
“Two mount parts 378, 37'9 for the lenses 302 303 are guided parallel to the opucal
: ~-axis 0 on stationary gmde columns :376, 377. To control the adjusting motion along., -
60 the ‘optical axis the mount 378 supports a cam follower 380 and the mount 379 supports .. 60
. a cam follower 381. Both cam followers 380, 381 are guided in control cams of a plate
cam 382. The cam 383 associated with the cam follower 380 as well as the cam 384
associated with the cam’ follower 381 have a section « which is associated . with focal i
length ad)ustment in the normal distance range. In the course of adjusting the focal
65 length in the macro range, the cam followers 380, 381 traverse through the section 8 of . - 65




range or macro focusing caminto the normal focal |ength adjustnent cam
This device also permts zoomng in other macro di stances, in which case
the plate cam 388 nust be exchanged for another plate with further cans
391, 392 which correspond to the focal |ength adjustnent cans. 45

Fi g. .32 shows another possibl e enmbodi ment of a cam support with focal

| endf.x\ 45 adj ust ment cans which are positively traced for several Macr o
di stgbtes. Al canms of this enbodinent ere disppsed on a single support
394 e camfol lower 395 is asso- ciated with the element 302 and-is

guiided in a slot 396. One follower 397 is associated with the el enent 303
-and is quided -in a slot 398 for 81543?"3%5' ng the focal |ength over the 50
.normal _AMist ance range. Altering:.th al lenuth resulls. Lo the s?ﬁmort 394
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driven 60  beingisble fqxugsg a5 i ﬁ_T'E?a!_;_ é 4 303 2. The support
394 al so has‘hﬁ A hoton ¢ i §4aTdr loF the I 2in the macro.
range. 14 S%ﬁﬁﬂf" ﬁt-&{a'&;._f-nclﬁigg&mnSSA and B has a. carp sI ot 4015in
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three cam se&"ﬁ‘F@n’é. ‘i“c"PF} jodie- APy S N g’f‘ e aﬁ; 2IMAs which is
not shown i ﬁf mam &1 Jein ﬁﬁﬁ{.l on 409
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the nor mal d'P-s“L‘.‘ _ ?fd:ﬁ s en %ﬁﬂa: . chd ' range. The

focal |engt hyg it - dme&ﬁ:q:mrcﬁrm@antes T &e@e fading Fi 9. 33B.
St op abut nendu.in mmindfldfmtvmglﬂe ﬂnmeeshajmea 'mslsolbn__ chieved/lyl thodbotehe support 406

so that4ot he é%mxbsﬂfesﬂﬂ ehé\ﬂ%ﬁl@dl -. afe} leag qledfet er 4&f the

Hts Buothin T other Tl : m&%m to 414

-t 1.» ifd? 4 eB 1a§aemr B ".“",lan corfrépod. avihélfeal f or _
control | ing lemgterdjustatemalodns. opt i cal™ el errent ‘i s shown. i nH‘T gsgg?AA and:. 34B.

Cont r ol 45 teF'éI3@rfE - 9fg €3 th b
SRR he gg%ﬁf%q wﬁ? S oo boer

- ‘ement -303 is:
associ at ed Widedd ﬁﬂﬁ&ﬂ&l&ﬂtmhn&lﬂﬁnﬂdﬂmhd& d,tmtr: &%917 is hesadlared ans 417 t o
420 each of mwhelmt apd i @dmﬁtslet ng@ ating ength o |- 20 :
distance l:é'ial'f’nge A.ltel‘r?nfg the ocal le %sults in. the support 394@!1'9
ad)usned in the direction of the arrow 399.° . Co .
" The changeover of the focal length range for norma] dxstances o macro dlstances_ w
. is obtained by adjustment of the cam follower 397 to the left, with reference to Fig. 32. _ '
. To this end, the locking device 400 for a focal length adjusting cam 401’ or the. sald_" oL
55 locking device 400 and a further locking device 402 for the focal length adjusting cam_ 55
: 403 must first be released The method of controllmg the lockmg devuce ‘will be'-:.‘ o
descnbed subsequently.
* "The cams 401 and 403 for the element 303 are’ assocxated with. dlﬁexem: planes in -
_ the macro range; the element 302 moving towards the element 303 dueto being driven - -
60 by the cam follower 395 and thie cam section’ 404. The support 394 also: ha cam sec-
non 405 for controlling focusmg in'the macro rangé. :
A’ support’ illustrated in Figs. 33A and B has a cam slot 407 ‘in wh
follower 408 is posmvely ‘guided. The cam slot is defined by three cam sections which .
- control différent settings of the lens which is not shown in the interests of simplicity..
65 The cam section 409" controls the motion of the ‘cam follovwer 408 for normal focal . 65




| ower 421 to 424. A nount 425 for the lens elenent 303 is guided along the
optical axis O by means of a colum 426 and supports a pin 427 which is
~inserted into the sup- port 416
34B). The camfollowers 421 to 424 support operating keys 429 to 432 each
of which is 25 associated with a known ratchet device 433 so t only
one of, the camfollowers can 25 be engaged with the cam assi ated
therewith. The camfollowers 421 to 424 are statlonarlly support ec
t ke support 416 can be adjusted relative to the camfollowers in<the:
direction of the arrow 434 (Fig. 34B). In the: illustrated exanpl e, the cam
fol | owgr 423 is | n engagenent w tl. 31t§} cam 419 30 ~ -associ at ed, therew th.
The .caus: +0-419 control the 3% - - : J 230 macro
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. &ig. 3
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S supporte.gmgrbuam gtassgg%gﬁés;@%nsﬂ? arfjfm&h nﬁémcamera | ens
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S BT

el eases a h a e slod Eg";’,%&n 627d'§\ﬁ‘dse'“ﬁ°’§°dd’8ﬂ§’€|"ﬂ’ct ed in tubular

form and ext engg Y flilowers: Mzom&temoﬂamchm\hl ch can be
const rzsctechssi:mmdeﬁ”grhm cthlnede 3myhaaml;theofﬂnbean38:llovzﬂsding 26B.

Di spl acemnerbe exghged jrith 2 446 in.rel atlont the cam tube 447
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QhJTm%Q:ecl
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| e

will then ﬁﬁﬁ‘y de an effect The | ocki 9 devi ces 400,
402 of Fig. 34" 2 SolES ‘gg EJ ‘*Mfg@%@'* Lace of the
‘l'ocki ng tubgj support 415 ifTitkp. dirde o caﬁhiﬁ b anilcanbaeepent for a cine
_ caner 85450.pod3ts an ibe edjwted alongth ¢@ds‘95xm¢eﬁmﬂ0¢51ﬂcmdmmmml arlag -
const r uct ed? FepeRdeqee op H'ﬁéh%%‘i‘l‘ e /20 4?{&1’%;@?1 o8 ifsthe f9U38 ed posi tion so
that the caigosa( twﬁ,% heneh i the Qlrbetloncd eq;ma 450809 the focal
length in tﬂh&uﬁ&l:dix e. At t e same tinme, a locking nose 453 is adjusted
by a #8d 454, sb’cm}t éﬁjsl\wmmrh@laﬂmbéw memeeOf i boveof t M€ | eadi ng
front of t s ‘fc’ “l}%ﬁ cAngs o ; 55 can be
- placed in fp;g)ﬁtpagﬁl,f ,£ dpplenf? ,Wga§@,%g@py 456 which is
inserted mltmgdneetlmns.’f&m(an vdﬁh:s&ppntdmtaenbumd&hﬂmahbéy at the

di staflte f cro focal adj 48t i ng cans
329", 330 '&}& fﬁé&?f?gg@w R Lo 0l ol o, 1
i® pos- si hhcﬁeﬂt@dﬁWe:t abei® fdosl Qlogth Which okl 8 oEdédORr Whi ch i | |

only Q rni texaniple is the pine-way as @Qtube 331 of F1g 26B. stplaoement of the locklng tube
1, 531 @25 446mrelauontothecammbe%7releasesmemnsecuons329"&393 g&dew &8 to be

fitted whi (,‘- r.he focal legﬁh?igaimacmm the mt c"glate maée% at usti ng

prowde the extreme wide-angle effect. The lockng devices 400, 402 of Flg 32 can bz
controlied by the tracer rod 444 in place of the locking tube 447. _
55 - Fig..36 shows a similar embodiment for a cine camera 450. Operation of a macro 55
button 451 causes a similarly constructed locking tube 452 to be moved into the illus-
trated position so that the cam sections 329" and 330” are released for adjusting the
focal length in the macro range. At the same time, a locking nose 453 is adjusted by a
rod 454, associated with the tube 452, from the region of the leading front of the lens
60 442 so that a transparency holder 455 can be placed in front of the front element 301. 60 -
The transparency 456 which is inserted into the transparency holder is situated accur-- -
ately at the distance from the lens 301 with which the macro focal length adjusting
cams 329", 330” are also associated. If several such zoom cams are provided, it is pos-
 sible to switch the locklng nose 453 in the posmon which will only permit the supple-




cam WHAT WE CLAIMIS: 5 1. The conbination of a canera having a
varifocal objective novable I ens neans to shift the position of an object
plane in front of the cagera over macro and normal ranges, and a .
supplémentary [ ens of negative refractivity renovably nounted in front of
the objective and having a focal length less than the di stance between the
front Ieof the varifocal objective and the far limt of the macro ragge.
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| ocated on the optical vetiicl pfand eﬁebioambm -3@ 8. Theg conbi mati on
claimed in daim?2, and characterized thefollovvlng gg%a ssﬂlg;,ect to a
deviation of the chrvature®of indi w%ﬁﬁtét“cglurfacé’s and 0Pt he thPtknesses of
up to 10%of the rgfractivg power of therelevant el enment, up to 0.03 of
the refrac- tive indices and up to +5 of the Abﬂé‘%unbers Radii Verti cal

pl ane Hor i zont afs-pl ane d-65-09 - [err] rsl [er3§].,
aspheri cal 3,0 1. 4,9;28 54.67 233 7. 38¢
;_5. 1.'586 - . 34. 38.096
Is 450
3.6 1.492 54.67
Is : -32.64-
0.1
T, 27.5
3.6 1.492 54.67
l', _340.2 .
1.377
I -~66.06
1.0 1.487 - 70.41
Io 26.77 Lo
Ty o o0 L5 1.586 56.13

o0 . -175.13
' 1.0



43.8 38.096 [err] 450 3.6 1.492 54.67 r

-32.64 0.1 [err] 27.5 3.6 1. 492 54.67 [err]
-340.2 1.377 [err] -66.06_ 1.0 1487 . 70.41 [err]
2677 IT.0 [err] 1.5 1. 586

56.13 [err] : -175. 13 1. 33

1,531,525 Radii Vertical plane Fbrlzontal an

00 [errg. - | . . r mﬁ 56 17
[err] - 11:1 3.4 . 1.744 ! u ﬁﬂn”"'

37.%4 0.75 [err] - 17.62 6 25 1. 805 25. 43 [err] |

9. 25 0. 95 [err]_
12.48 t helaspher -
formula x is the asp herlc urvature referred to a reference pl ane
5 e at the relevgﬂf 3F§?an "?mF$8HPThe opticaldaxis &hd c is the
recj procal ngﬁe of the radifis 5 [err] thggaforeggg;longgmaspherlcal
surface,has thg followi ng daga: [err] 9. The conbination clained in Claim4

201_35 1. 744 44.77 Berri

=By Tllc —ormerte |_BII] T V\Iilicn 3ai d

and characterized by the follomnng data, 10.67 subj ect to a devi ati on of
the curvaturesf individualllstrfaces and og4the tQ7gfnes§g?7 10 up to
10% of the. rq{ractlve powery7qf the rel evant el ements o [err]0.03 of
the refactive indices and up to +5 of the Afbe nunbers: Radl
d - nd T vd Vérﬂ1éél pl ane ko |zon§§bspla9§43
_— e - 925 .
S 0.95 _
Is 20.80 -
- = 3.2 1.744 44.77
: . 12.48 : '

the asphcncai surfaoe defined by the formuda: -

xe 1'+v12‘ clst + azsz * 'l.sl' +agsb
& _ in which said formula x is the aspherical surface cm"vature referred to a reference plane
: 5 at the relevant distance s from the optical axis and c is the rec:vprocal value of the radius 5
. R, the aforemennmed aspherical s face has the following data:
o ' R a, a,
r, 900 0 6410—' 0

- 9. The combination claimed in Claim 4 and characterized by the followmg data, :
10 sub;ect to a deviation of the curvature of individual surfaces and of the thicknesses of 10
‘up to =+10% of the refractive power of the relevant elements, up to 20.03 of the
refractive indices and up to =5 of the Abbe numbers:

Radii : d ng - vd
Vertical planhe  Horizontal plane
0o aspherical . : -
. 3.0 1.492 - 54.67
5, e 23,0 o :
) . 7.386 .
1'3 . . "55-09
. 2.0 1.586 . 34.7
1'4 . 43.8 )
- 53.286
¥ S 3.6 1.492 54.67
' 1, ' - 3264 -
L 0.1
. . I7 ) 27-5 . :
¢ _ ' . : 3.6 1.492 54.67
' Iy C -340.2 . . - _ :
RO o 1377 _
I - 66006 T )
' o 1.0 1.487 70.41
t.l.ﬂ- . : 26.77 : ' :
2.0
Tis el o0 :
. . U 1.0 . 1517 6417
Iu', ) 218.21 o . 00 ’

10



[err] 00 aspherical 3.0 1.492 54.67 r2
00 23.0 7.386 [err] -55.09 2.0 1. 586
34.7 [err] . 43.8 53.286 450 3.6 1,492 54 67 [err]
8264 0.1 [err] 27.5. 3.6 1.492 54.67 r,
-340 2 1.377 - 66.06 1.0 1. 487 2041 [err] ' 26. 77
T, 1.0 1.517 64. 17 [err] 218.21 1.0
R : cal plane'
Y plane  d lerr] p IIIIIIII‘IIIIIﬁIIIIlIIIITHIIl :
: 1.567 ~ 56.13 [err] 8.67 3.4 B T /7 L N 7V B & [err]
-37.44 0.75 [err] -17.62 6. 25 1. 805 B 25, 43 *frr]
9.25 0.984[err] 20 de3h5% 1 744 Ad-T7 |G

-12.48 -the aspherlr cal

surfaaaddefr ned by the for mul a:

[err]

in whrch sai

formula x'is the asNemticiloidne sutorizaatat plevat urde ref eriged tovg reference pl’

5 at therel evant di st&hce s fromthe ppti calsg@xi s sghgl c i's the
reci procal valye of the radius 5 R the aforement | oned aspherr caI s
has the.foll owi ng dat a: [errl1 : 8.67 .
: Is. .1 _ .

* : 34 L4 4

fie ~37.44 . '

1, ~17.62 U

Iy 9.25. o

0.95
Io. 20.80 ' _
o 3.2 1744 44.77
Tho ~12.48 '

5 at the relevant distance s from the optical axis and c is the remprocal value of the radms '
R, the aforementioned asphencal surface has the following data: e
R 2 a, a,
r; 900 -0 6.10—* -0
10. The combination claimed in Claim 2 and. characterized by the’ followmg data,
10 - subject to a deviation of the.curvature of individual surfaceés and of the thicknesses' of
: _up to =10%, of the refractive power of the relevant. element, up w0 +003 of the.
'refracnvemdxcesandupto+50fﬂxeAbbenumbezs S _ :
_ Radii _
Vertical plane “Horizontal plane | d ng . - V4
Supﬁlementary _l:
element o aspherical
o ' ' 2.4 1.492 54.67
) 18.6 -
toric main lens. " o0
: 1.5 1.517 64.17
the aspherical surface defined by the formula:
' 2
15 x= TﬁV_T—T+ ags? + ash +agsb |
in whlch said formula x is the aspherical surface curvature referred to a reference plane
at the relevant distance s from the optical axis and c is the reciprocal value of the radlus
R, the afore-memoned aspherical surface has the following data:
R a, " a,
20 71.0 0 9. 6.'10—‘ 0

the aspherical surface defined by the formula: . - - .

1 +V1 cisi

O x Tl i aysh+ agss

in which said formula x is the aspherical surface curvature referred to a referenoe plane" .

11. The combination claimed in Claim 4, characterized by the follovnng data,
subject to a deviation of the curvawre of mdmdual surfaces and of the thicknesses of
up to +10%, of the refractive power of the relevant element, up to =0.03 of the
refractive indices and up to =5 of Abbe numbers:

el

ace

)

15



10. The conbination clainmed in Caim2 and characterized by the foll ow ng
data, 10 subject to a deviation of the curvature of individual
surfaces and of the thicknesses of 10 up to 10% of the refractive power
of the relevant elenent, up to 0.03 of the refractive i ndi ces and up to
[err] of the Abbe nunbers Radii Vertical plz pl ane d
[err] Suppl enmentary el enent - aspherical 2. m“‘ 492

54.67 18.% toric main lens. 1.5 1.517 ”m“!iml‘m aspherl
surfgce defined by the fornula: [err] in WhICh

s the
aspherical surface curvature referred to a ref efente pI ane at the rel evant
di stance s.fromthe optical axis and ¢ ?3 the reciprocal value of the.
radius R 38ii e af orenent i oned aspher WPt acehas—ih :
[err]<l1. The conbi nation Redii rred in Caim 4, characterlzed by the

f ol ng data, sumcgplgla,{eo a’ d@uii hia@Plastf th@ curva,t,dure of ,j ndi vi dual
surfaces. and of the thicknesses of up.to 10% of the refrac I ve power of

t he rel evant el &f&ﬁ?“‘“@lp to O 03 0 enca[e refractive indices and up to +5 of

Abbe nunbers: eg‘%e _ ~asp 2.4 - 1.492 - 54é7 531 525
35 Radii Vertical plane . « Hornszmnt al. pl ane - - d-- 0 o nd -
[err] Supplenentary el enment - L aspherl cal 118.6

2.4 1.492 Tome é°f‘518°°6 Toric Fain Fens Ls17. 1.5 77 . 64.17
410.1 the aspheri caI sur f age.zdefi ned by the %or mula: [err] 1n which said

formula x is the aspheri surface curvature referred to a reference pI ane
5 at the%@f@gﬁk“’g’ﬁ%@ﬁﬁeém‘efﬁ“ﬂ‘mthe optical axis and ¢ is the

reci procal value of the radius R gthe afzore[rentsl oned aspherical. surface has
the followi ng data: ‘[err] 12**ArpaoEr 82havnG*a varifocal objective

| ncorporating W%ﬁ.%&ﬁﬂﬁne@éﬂé&ﬁ Rerikd su aceaw'imeféfeééa%? j& J@“e in
front of tshe CajiRledeiQuR diskiies God oBﬁHaf@esaﬁ@e"igﬂfé e rad

posi tioni ng a smmlamﬁt&ngdabmatﬂeﬁﬁa@egaﬂxbmmdaact I Vi ty in front of the
varifocal objec- tive so that_the v%(r‘elfocalg obj eggtﬁwe .can.focus in the
macrg range on the focal plagggof t sup y lens, and additional
mar k& or nechani cal rreang whi ch are- cor-grﬁgt ed to the mount and which
provide the corredg. smetmgavmra vahﬁacalabwqhmatorwmtmwmletl@s Digans to Sullot t he

suppl ementlar y ISB‘Ffsd‘W‘i’é’ “gﬁmrnsfr%mr‘%n i ﬁrgﬁmww il p;p‘gt;gzﬂm,wmﬁ,ec_,

15 * nve so tha,t the varifocal objective can focus in the macro range on the focal plane of
the supplementary lens, and additionral marker or mechanical means which are cor-
_ . Telated to the mount and which provide the correct setting for the varifocal objective to
15 suit the supplementary lens when it is correctly positioned on the mount. 15
13. A camera as claimed in Claim 12, in which the additional marker or-mechanical ,
. means is a special marker on a setting controller for the varifocal ob;ectlve
14, A camera as claimed in Claim 13, in which the. means is a mechanism which
: responds to fitting of the supplementary lens to the mount by moving a setting con- ,
20 ltroller for the varifocal objecnve to the correct settmg for use with the supplementary 20
ens
15. A camera as claimed in Claim 12, in which the means is a marker visible in a
range finder of the camera and to which the user can get the varifocal objective.
. 16. A camera as claimed in any one of Claims 12 to 15, including a stop position- _
25 ally-controlled by. adjustment of the varifocal objective and which. acts to prevent a4 25 .
supplementary lens being fitted to ‘the mount unless the varifocal ob)ecuve is at. the. ;
correct setring to be used with the supplementary lens.
17. A supplementary lens of négative refractivity for removably ﬁmng in from of
_ a varifocal objective of a camera to provide the combination claimed in Claim 1, such
30 _lens containing a lens element having back and front facing surfaces at least one of 30
which is aspherical and is provided with radially inner and .outer surface portions co-
axially arranged with respect to the optical axis of the lens, the radius of curvature of
the inner surface portion being different from the radius of curvature of the outer
: surface portion.
35 18. A lens as claimed in Clalm 17,in whnch the lens element front facing surface is 35
aspherical and the radius of curvature of the inner surface portion is larger than the
radius of curvature of the outer surface portion.
19. A lens as ¢laimed m Claim 18 in whxch the lens element has.an aspherical .
back facing surface. '
40 " 20. A lens as claimed.in Claim 18 in Wthh the ratio of the radius (r,) of a con- 40 .
, cave back facmg surface to the lens element satisfies the followmg condition: - _ '

3<' |<1n

21. A lene as claimed in Claim 18 constructed inhécordance with the dafa given
in any one of the above-mentioned examples ‘numbered.1 to 12: and Example 14 and
45 having a convex front facing surface lens element. - 45



13. A canera as clainmed in Gaim12, in which the additional marker or
mechani cal neans is a special marker on a setting controller for the
varifocal objective. 14. A canera as clained in Adaim13 in which the .
feans 1s a mechani sm whi ch responds to fitting of the suppl enentary 1| ens to
the mount by noving a setting con- 20 - —treH-er—for—the varifocal ,
obj egestwe to the correct setting for use with the ry 20 ens. -
15.- ARkoahera as claimed in Caim12, in whic MH@EE ED mar ker vi si bl e
i wgAge finder of the canera and to. whi th l the varifocal
objective. 16. A canera as clainmed in any one of -Clains 12 to 15, including
a stop pssition- al l'y-cont ngBl,gd by adj ust nent of the varr%ocal

obj ect i veam T 1acts T.0 pre ent_a . 29. supp plrenentary Lens being tittéd
to the nount é]g]%é

- m %w ns,% h'%gﬁwgp Wgﬂ“!‘ﬁ%""&‘ﬁrqé’ét‘e“éettl ng t’o be
used with the supp BIent a y 1 enment ary.l-ens of negative o 5

refractivity for renmovably fi ttﬂ r(gd—+l)>frnem.ﬁhpf a varifocal obj. ect ive-of &

canera to provid é';]e CO _ o m'1l, such 30 . ]‘éns B
cont ai nig1g- a'\f/"@ﬁ’ig?’_ b ST e m 75 ol R faci n lgast -
one of- d 30 bk eldmentaadk) Qéfbrn meugd.f'hémg.% BichickW s gc%&% i nner and _
out er surfacauqao'admmwp@dmaxo ablvyrtea umgedadhstﬂaofdm icklsuifive optrcal

axi s of the |¥hdhis ?%QM@W%W%%W%%tPW%WpMUon |
bei ng di f f er SF b5 FHR A adi us of cysvature of the outer surface portion.
35 j0 ~ 18. Alens as clapgedin.daiped7, in which the.lens elgnent
front facing surface is 35 aspherRc&bz¥nd the radi us of curvature of the -
i nner surface porti.o I r, than the radi urva ure of the outer . :
surface pOI‘tlﬁ% 'ﬂfﬂ\ r??hg‘gd&ell%ﬁsm% '@ﬁvar‘fgés‘ﬁ F e lens
el enent has an. ZQS.DMHsQBimebaﬁ@aﬁ:ﬂBL ﬁ‘lgvhﬁiil'tﬂe&ﬂﬁwmé@ondmonlswusﬁcao A l'ens as
claimed in Claim18, 'in which the ratio:of the radius:[err] of a con- 40
cave back facing surface to the. '%?%ﬁéﬁt .sati'sfies-“the follow ng -

condi ti 9. [ EHede Jam%hﬂ%&mm&d@mmm@m&&mmmwﬁd in is |
accor dance widbfect) Bierefdmtta dgi dsfonmition aihthe Gspherizil léns Curpdndy eurfienitiidinied exanpl egy

j toﬂlesum W
nunbered 1 t@%%g%l g}’ﬁﬂﬂ& qﬁsbs. o x _front faci ng.

surface |ens a%v.l:o following data subjecttoadevmnon m' 36
1,531, 538 suzfaosandofuwﬂnckneﬁofupm+-107 of:hemfgéf, | mag
inc ai m 18 Orelefiesst] w19 =-0.03 aMﬂaecbfmttiveupaesraodrupfo :t:hef ;

eiuﬂmsnt adj acent It he

optical axis satrsfles thefﬁllowng condi ti-o ‘wher e lerr]: “have the
meani ngs her ei npef, et fofth. -5 93 A*Pens as claimed in Caim 22,
in which-the asp"ﬁerr ca froo,uzsf acuiy; sum‘mce 0§13 5 the Iens -~ el enent .

has a d@bor nat.i on asppberic of an i magi nary’ spherlcal surface with a c#%va-
ture radius rr Q’ndrn he Y rtex curvat ure radius’ err] of
aspherical sur %e gd&nﬁ% PhHe “H”PH OWi ng expressmn
nmeasured at the 'appropriate heigth h fromthe optical axis: [err] 10 wher e
[err] is the free height of t%?ﬁmﬁa@reﬁ@urface whrch is distal with
respect to the obJect .24. Alens as. clarmeﬂrn Cl aim 23, "i'n which the

follow ng con%gnsmmﬁmm&mmdﬁ%km%ﬁm&w deforﬂat" On

of the aspher&smieeh@nmdmnpﬂalwiseckmmf' thd wertéx @rvaturkradildj ect | [err] :
al X a)

refers t¥9 theRdeﬁwM%% dsmmarm§ wmmafemre rsum-ace \Mﬂl chis.

' Toy 308 12 ) 035104 e R

) l'oz 0‘901 B ". —025 0310—1" I : zﬁ. :

35 .26. AlensasclannedmClannZZ inwhich - o : e 35: )

|  red<03TS . fowhere oo

05 fG—r<‘fd<0‘8 fc—-r

in which said conditions f, refers to the focal length of the opucal system and- fg_y' EE
: . refers to the focal length of the system which is redueed by the negauve mdmdual lens LR
40 clement. 40
27. AlensasclmmedmClaamZZ,consmmedmaccordancewmthedatagwenm _ T
any one of the above-mentioned Examples 15 to 21.
28. A lens as claimed in Claim 17, in which dlebackfacmgsurface ofthelens
element is aspherical and the ‘radius of curvature of its inner portion through which the ' T
45 - optical axis passes is less than that of the front facing surface .in the region where the . 4
optical axis passes through it, the ratio A, as defined hereinabove, at a distance M from - R
the opnwl axis where M is the numerical aperture, sausfymg ﬂle following equation: .



distal with respect to the object and g refers to the two defornmations.
25. Alens as clainmed in Caim24 when dependent on C aim 19, constructed
in. accordance with the following data subhject to a deviation of the

curvature of individual 20 surfaces and of the thicknhess of up to 10%
of the refractive power of the relevant 20 el enment, up to O. 03 of

the refrgctive indices and up to 5 ofthe Abbem
aspherical 0.125 1.492 . 54.67 . r’

rr] sp I
25 tme aspherical surfaces defined in accor dan m@'ﬂm m”ﬂt”m ég?
where [err] .is the aspherical surface curvature« eferen e
pl ane at tpe rel evant di stance h from I}E optical axis, c i's tthe reci procal
Val ue th\, vnri-nv nllV\le Ilrn'r?r‘ll us I o 3|l ; t he athF\rl (‘al QurfaCeS md K

refers to a constant expanS| on fact or ar1e7 con- S .30 structed in
accordance with the foI | ow ng data T"W . 26. Al ens as’ clai ned
in daim22, in which - ' ' ' 35 [err]

i n. whi cPsai d con(mtkma{dm}d ihertlﬂmszs;m viblivh tiie(mﬁ{ fabuﬁgtgﬁ-ﬁceai tiehas opt i cal
system and [ er refeme 94) i he, focal | ength of the systemwhich is
ﬁgfa}\ B

reduced by the Javingy lens clement gqptpycted in accordance .

40 27. A Iens as i adnt 29, GO BEEH @i bggMo@gfqﬁggm M th T he
data given in atayaMGsdturvdmabaﬁ@ﬂgmﬁfbm&daﬁxml es 15 to 21. 28. A lens
as claimed in Gaim17 in:which the bagk: faC| $9 surface of the Iens el enent
i s aspherical and the radius of St Urdest P s i nner portion through

which the 45  whereGRhi 428 b, ¥ Sic RAKEHIeleRatboRSPeciilAN that of the front faci ng
surface % the redRoh lensvseilagmed e Claim 31 5n éhthahsphmtatsb@nﬁmgsdrﬂa&mﬂgh g, the

ratio A as deff e deaeesiban deforma %Aaoawsmawm pewk axi s
her ¢ 115 e S Ll SR BT A g o a7
1, 531, 525. fromlheopncalaxxs T

M1 29. A |l ens as clainmed in Caim28,hin which the front facing surface of
the lensl®lenent is spheri cal . 3@‘W¢Mal med in Claim29, hatbng a
| eng. el ement constructed in accordance® with the data set forth in

t he Exarrpl e 13 vﬂﬁﬂé&b lisadOfte. height of the lens curvature surface which is distal with Rspddi-to A | ens as

claimed in d alﬂiﬁ Whl ch the | nner portlon of the back surface has a
radi_us. of curv %ﬁ m @F‘Bﬁs ulp@of] wher e
[err] . and [er Ve the meani ngs 3?3?"%%1"3 ewéc %’dngT °“ 18 32.
A lens as clai med in daim 31 I n M@[mgbhag,aspherl caI back faci ng surface
of 10 the lens_ el enent has ef or t| on [err] of an inmaginary spherical

surface w.th atﬁf@ YIVRIETE Surface peg vature
radius [err] ofis dud }2& g’ﬂr m ﬁiﬁ%ﬁr i) W‘b&ﬁﬁﬁgﬁl | owi ng
expressi®n, as rreélt.u'tbdsatclwm m pslmtvmcheiegh&k fhcidgl sifack O i Cal 252X S:
[err] -where [er"F‘]‘eq‘!?dPﬁ’i‘Ed'?Yr‘Eeé aght of the lens curvature surface which is
distal with respect to " .

L 1+V1—??(&+) Z az,,hz"

where g, is the aspherical surface curvature refened to a reference plane at the relevant
130 distancehfromtheopuealaxrs,cxsthereaproealvalueofﬂ:evergexcmvamreradms
| R, of the aspherical surface and K' corresponds to a constant deformation factor, the 30 .

condition for R, and he, the free hei t of the curved I ief;
the object — measuredrfrom ‘the opug:lnl axis — is g'tven‘z:lsls surface distal with respect to

R.>0,9 hy

- S 35. A lens as claimed in Claim 34, characterized in that the followi di
: 35 applies c:xfl K is the ;:mtanh tnbeddomfreealt!mn factor, R, the vertex curvature r:fhﬁ:nofl t:gg 35
aspherical surface a is eight of the curved sunfa
- the object — as measurec; from the opncalgmaxts surface disel with respcct ©

it

36, Alensas claxmed in Claim 35, wherein the deform t
40 efficients a,, a, satisfy the foﬂomng expr;ssxon ation factor K and the co- 40

|L+ a,'.'ll"+a5 L4 |<05

37. A lens as claimed in Claim 31, constructed
in any one of the hereinabove numbered Exam ples 22 t:’nzgccordance with the data given
38. The combination claimed in Claim 1 constructed and arranged to operate sub-

- 45 stantially as described with refercncetoan one of
the
thereof, shown in the accompanying dx*a:wmgsy © embodiments, or modification 45



the object. 33. Alens as clained in Caim 32,
facing surface of the les elenent satisfies the follow ng equation in which
the follow ng condition is 20 satisfied:

in which the aspherical back

20 Terr] where [err] refers to the deformation of the aspherrcal | ens

curvature surface nearest to the object
aspherical | ens curvature surface which is distal with respectgto
and [err] refers to the sumof t

$ as clainmed in Caim33, in whi chnmllmllﬁumﬂmsurface ..of the

5/el enent is defined by the formula: Ferf] Whére®gj is the

| ens

lerr]

refers to-the deformation

aspherrcakssurface curvature referreqsgpn@ reference plane at t he rekevant

y
‘

di st ance-h—om-the—eptieat— RS the—recipr “d"WFH%S e Vertex
curvature radru ?@A“m If“ e L G Saa of the o,gorrespon
to a constant ,ggm meg”af.g 'condrtron for [err] and [err] eﬁ

free height of th&)a

measur ed $rom subssangiplly as o

¥ tg any one of
in Caim34, cﬁ%?%&t@$?%£§ggﬁptﬂ§T"T Jheagiom
if Kis the constant deformation mRKsr&c[mRK]

ehmmasrchmutmmnaw amtlmd prl umitnpetme obj-ect = ¢

of the 35 aspherrcal surface anﬁ&@eﬁwﬂwﬁaﬂhne free .height of the curved

surf ace dlstal [ S Tt L
axis: [err] 36Pu e‘ﬁ%ﬁas’a«att%og&e ISt

factor K and the co-
expr essi on:

in Caim31, constructed
t he herei nabove nunbered
Claim1, constructed and
descri bed with reference
45 thereof, shown in the
1,531, 525

the Coaﬁer hedsy Hgaﬁlq:gtoﬁ S {he optical

mbmnw¢wuamderonnatron

W‘lé?“f?&‘f‘eﬂ‘t’s“[‘e’r"r‘ﬂ“’ satisfy the follow ng
: 40 [err] 37. Alens as clained
in accordance mnth the data given i-n any one: of

Exanples 22 to 29. "38."

“The conbi hation cl ai ned in

arranged to operate sub- 45 Lng?;_stantrally as
to any one of the enbodi ments, ‘or. -nodi fication

acconpanyrng dr awi ngs.

38

38 39. A canera as clarned o

1 daim12, arranged 'and adapted to’ operate substan- tially as descrrbed.
wth reference to any one of the-enbodi nents,

shown in the acconpanyi ng df awi ngs.

G aim17, arranged and-adapted to operate-5
descrrbed with reference to any one of "the supplenentary 1 ens. enbodi -

nmeats, or nodifications thereof,
& CLERK, Agents for the Appllcants
Offi.ce by the Courier: Press,

‘modi fi.cati.ons:t hereof.,

40. A supplenentary | ens “as cIalned |n

’ substantlally as

shown.i-n 't he acconpanyi ng- dr awi ngs. NARKS
Printed for
Leanlngton Spa 1978. “Publ'ishéd. hy. t he- Pat ent
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Ofice, 25 Southanpton Burldrngs London MCZA 1AY fronruhrch copresﬁnay
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