CATADI OPTRI C LENS W TH REFRACTI VE COVWPONENTS MOVABLE FOR FOCUSI NG Thi s

I nvention relates to catadioptric |lenses, and nore particularly relates to-
cat agl optric | enses which are focused by novenent of internal ZeﬂrlaétS\TE
components. Catadioptric lenses are used to provide extrenely |ong focal

| ergt hs whil e requiring oghdaprobfiret Lesg ¥Wrih etiraehye cal | ength of the

lens.y Pri n@ and secondagiMPoRENTSC MovABLE UFdrRaBecusaigNM rrors within the | ens
are tilize 0 increase the length of the optical path through the |ens

whil ¢ decreasing the overall length of the lens and thereby provi de a very
hi gh {it el eph a t S EP0048 O e id fedFidPer { &t d ertex
di st dnce (FVI ie 1hﬂentg§§ t"gélts equi v ‘ehnt fo%gxf ?e%%’?&gs :ar;r%%rg/ertex

di st nm:mmdm Gt dENCe SNl eatadd optiic iriges afhidie af@sfbeusbe byl m
plang. In catadioptric |enses of the type to which this -invention

pert @i movemegit achtimtemnaherébrachfvpascomponendaprimary mrror where it ig
refl gcted to a secondary mrror on the object side of the primary mrror,
and HBlence to the refractive portion of the optical system Mst , if not

Ceco 82?3"' %'e”sf%afr%igﬁgigdggégi Bel ReroARe SHhpAnaty Pond F9eAl”
_ | _
Thesy merEshs WAL TERLERRTINEP o PRIBLRLRTY Ml hydichs ARHA A

pri Hbfm EROT YRl M e 4 aRd heueendRi$ 2¥FIRTLIGBdCoided or
focugi ng mechanisms. It woul d be desirable to seal the main mrror system

and mirrors within the lens are utilized to increase the length of
\ .
the optical path through the lens while decreasing the overall

length of the lens and thereby provide a very high telephoto:

ratio. The t:elephoto ratio is the ratio of the front vertex

distance (FVD) of the lens to its equ:.valent focal length, the
front vertex distance being the dimension £rom the front vertex
of the lens to the £ilm plane.

In catadioptric lenses of the ty;e to which this invention
pertains, light entering the housi.ng paéses- to a pr'ima:y mizror

where it is reflected to a secondary mirror on the object:side of

L t.he prim#ry mirror, and heﬁée_ to the refractive portion of the
optical s'ystem. Mosgt, if not all, catadioptric lenses are {
focused by relative motion of the primary and secondary mirrors.
Optically; this is satisfictcry. However, if the lens is to have
a large rélative aperture, l.a:ge primary mirrors are required.
These mirrors are inherehtly sensitive in éositioning. Movement
of the primary mirror requires large,. and hence more gxpensive
) heli:coida,l focusing mechanisms.

It would bé desirable to seal the main mirror system and

achieve focusing by moving smaller refractive elements within the




<
achi eve fqcusing by moving smaller refractive elements within the | ens.
However, this.presents a difficult optical problem Catadi- optric systens
coverinng the relatively large angles required for consumer photggraphy,
typi Calby four to ten degrees full field angle, necessarily nqéggrear
refractive corrective elenents to conpensat\e®5 - for the inhef&nt field
curvature of the main mrror system An obﬁhct of this inventionis to
provi de new and i nproved catadioptric | enses. Another object of the
invention is to provide a catadi- optric | ens design wherein refractive

groups ot her thanigndl r newevat g th@ls predeerd bodif€Louml bptichbqtabban, Acdtadiher
object of this invention is to provide a new and i nproved catadioptric |ens
which may utilizeoptriel aysteabycdvariyg phe melytively drarghianglés raquinedgfdr ed
to nmove for focusing to thereby achieve a fast relative aperture and Ion?
focal |ength in aceosymertphpographenstypiealdydfawy to tepcdqgresefull fiekd iapale,
there is provided a catadioptric |ens _having object and i mage sides

conprising a firsfeetifashhrestFeAp tefrpctdye eorrective e L efppty &0 famRensate
central aperture therethtqugh second conponent having.a reflective
surface di sposed 28F &eoﬁﬁ%gﬁ%%jiﬁg °§de’etug? qrs}git%e f"'lal;'ts‘t“%ES?ﬁJC)sxgn?n,' sai d
second conponent  arranged toplsl ' e t] he
O gﬂ)@&l 8 Lenits Oftfveh €1 do®hL G5! bY6% 148 HenOLitd Biip RfF el

i mage side of said second onent, I'rs cond conponents bei ng
arranged in fixed LeldlpepRibnsed.first lens group of positive power

Another object of the invention is to provide a catadi=-

optric lens design wherein refractive groups other than a mirror are
10 moved to accomplish focusing.

A further object of this invention is to provide a new and
improved catadioptric lems which may utilize a relatively large
primary mirror which is not required to move for focusing to thereby
achieve a fast rélative aperture and long focal length in a compact

15 lens. |

According to the present invention there . is provided a
catadioptric lens having object and image sides comprising a first
component having a first reflective surface with a central aperture

1_; therethrough, a second component hafing a reflective surface disposed
20 on the object side of said first cdmponent, said second component
arranged to réflect light to refractive lens groups on the.image side
" of said second component, said first and_second components being
arranged in fixed relationship, a first lens group of positive power
disposed to the image side of said second component, and a second
25 refractive lens group of negative power disposed on the image side

of said first refractive group, said second refractive group being



di sposéd to'the i mage si de of said second conponent, and a second 25,
refgactiver-lens group of negative power disposed on the inmage side of sard
first refractive group, said second refractive group being - 3 axialky
movabl e to focus said | ens. The present invention provi des =~
catadioptric | grses where refractivedel enents internal to the lens are
noved axially @ focusing, and al so provides stability of aberration
corrections as t hese el ements are noved. The invention as hereinafter
expl ai ned may be enbodied in either a Cassegrain or Mangin type
cat adi opt r i ¥4adhg movpblesitp hfacug 2add YeRs+first refractive Lens group is a
positive group of rela- tivel# vvecg_k opti €al nger d %%g econd or noving
refractive group 107® PFeSeR: dPEFHHAPY - a t AL 2B SBRHPP HeRGat $878% gr oup of
SUIONG POy orkNfe diakflvedDfbdedtl SRURATCH SlPeni®add BOLA 010D €8S

dad np npl € oubl et .-~ Thry et

) i
while the m [fe"conmponent 1 n a%l exanpleés 1's a od of

focusing al pRuReEST aid 4180 A Ife LELiih 2ty 6@/ Xbé&ﬁﬁi&negéﬁiétiéﬁrs gxanple, an
aperture of F/ 4.5 for an equival ent focal |length (EFL) 15 close to

- 450mm  sThe thwsenéldmanid ldre e descri bed, by way of exanple, with
reference to the acconpanying drawi ngs, in which:- Figures 1 - 4 are
schemati c si de el eTheiimvention esdeseindftelyiexgliivedimpyehé iembodidd in
Thr oughout the draw ngs and description, refractory |ens
either a Cassegraig or Mangin type catadioptric lens. 1In either
casg,_the first refractive lens group is a positive grqﬁp of rela-
tively weak optical power, and the second or moving refractive group B
10 is preferably a three component negative_group of strong power, the
first and last components may be singlets or doublets while the
middle component in all examples is a doubiet. This method of
focusing also permits the design of relatively fast lenses, for
example, an aperture of F/4.5 for an equivalent focal length (EFL)
15 close to 450mm,
The invention will now be described, by way of example,
with reference to the accompanying drawings, in whichs:-
Figures 1 - 4 are schematic side'elevations of .lenses

embodying the invention.

@,

20 Throughout the drawings and description, refractory lems
elements will be:indicated by the letter fo folléwed by an Araﬁic
number. Groups of lens elements'will be identified by ;hé letter
"G" followed by an Arabic numeral. 'Refrﬁctive surfaces of various
elements will be identified by the letter "s" followea by an Arabic

25 numeral, and mirror surfaégs which have no refractive value are

designated "M" followed by an Arabic numeral.

N



elements will be indi.cated by the letter "L" followed by an Arabic nunber.
aoupd of lens elenents will be identified by the letter "G' followed by an
Arabi c--numeral . Refractive surfaces of various-elenents wll ~identified
by thiwgetter "S" followed by an Arabic 25 nuneral , and m@ surfaces
whi ch have no refractive value are designajed "M followed by an Arabic
nuner al . Figure 1 exenplifies the inveri on enbodied in a Cassegrain
type catadioptric lens. The lens of Figure 1 conprises a first or primary
mrror having a reflective surface M, and a secondary mirror having a

reflective surface M. ASF:L?E? aégﬁﬂphgf@esr e Rn@éﬂéigﬁ{j&bédied B rd @Eséelé'igﬁfe

M is reflected by mrror to surface M and then re-reflected to
refractive el ement§p& QEREADpOELALEIAL | PHEANLYnP QS Figuee O QuiprEbeay tarsvabl €
negative group &. Goup. Gl conprises lens elenents L1 and L2 in the form
- 5 - of a cenment gdimdryl hireor dhheta befliengivlshatxes M, at?® aavécdndargimivfor
& conprises a positive biconvex singlet L3 having surfaces S4. and S5;. a
doubl et conpri si nhavidy eorafdectiveespnincd M2. ardg ahqwsi & ihight mayi R arsiking
havi ng surfaces S6-S8; - and a doubl et conprising a biconcave. el enent L6
and a biconve® el ederar sPrfageiMgis mefieetedsoy gipror surfacguil &2 surfpee Mwed
by two plano and then re-reflected to refractive elements comprising a stationary
positive group Gl and a movable negative group G2. Group Gl

comprises lens elements L1 and L2 in the form
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LS and F. Elenent's LS and F ar'e not optically required. Etement
_seal@prot ective menber, and elenment F represents a filter. The

| ane A ndi cat ed’'by the refePence PP. A lens accqording to Figure 1
urt her>#ncl ude a doubl e pl ano sealing el ement om the-object si daexgr
Mof @& cegmelted posibivef doubdatsihayimhesuefiaces ¢, go2and $3
substarftially described in Tabl e%i where, Nd is the index of refraction of
each r dif CXOUP, S%COMRRL&R7 A/PT ’f%‘éecﬁ”s‘b%?‘é?%nsgﬂ‘gkﬁﬁhnélEﬂ’éfﬂ‘ga§“rface's

expresded by i 5 Abbe nu r.. Positi radji ich_are struck t he axis

of "t he | e 2t 5 1 P ROt St LELAE 1 pECRBEaT) sldnsnt Fr odiron

t he axifls : e f h : | axi di St

P%tesi?&ﬁéagﬁéngggggetﬂfo%‘?ﬁif}?o%%; OEJ e'sc ééha- toﬁﬁmhi mage en%l.

t e riisiNd g Btcdncace! es1dhenel LeCldne guUbieeavitk (OLemddace7MV
as negative. Figure 2 exenplifies a.catadioptri.c lens of the

Thatidgersubpades SosLinary nGeoap [BY Lfse faddonddr by twor plafo

on refractive elenments. The | ens conprises a first corrector el enment

i edementacdsS I RE SElementdniS randaftarve nobnepticaliyviceguired.

S3 and a reflective surface M on the inmage side thereof; - 6-

i PlementenkSLdthadi LA sOFr REOLECBiNE r BebeLiv aAnd edeBept &M ch1
obj ect Siz(je%rter]setarn?t(g;aa ffijl&eedr.pOSi'IIkxieveiﬂgggp;ﬁlan%on}.)gi Si.in%q.cated by the
" reference FP. A. lens éccérding_to Figixre 1 would further include
a double plano sealihg ei'ement on. the object Si’dé of mirror M2._:_:;__,_
Group G2 is movable for focusing. o
The lens of Figure 1 is substantially described in Table I
where Ng is the index of refraction of each refractive element
and Vg is the dispersion of each element as expressed by its Abbe
number. . Positive radii which are struck on the axis of the lens
to the right of the surface, while negative radii a;:e struck on
the axis of the lens- to .t:he left of the surface. All a':giai |
distances between the surfaces are set forth from the object end

to the :I.mage.end. The distance from the axial center of

reflective surface ML to surface M2 is shown as negative. e
Pigure 2 exemplifies a catadiopﬁric lens of the Mangin 'J.‘yp:‘(
where both the primary mirror _and the secondary mirror are formed
on :e.f-ractive elements. *“
The lens comprises a first corrector element L1, having
surfaces Sl and S2; a second refractive element L2 'having a

surface S3 and a reflective surface Ml on the image side thereof;




a doubl et _.consisting.of a biconvex el enent L4 and a negative neniscus Lb5;

& oup*Gl has surfaces S5-S7 as shown. Goup Gl.is 5 ~followed by a
negatiae group G2 which conprises a biconvex singlet L6, a doubl g
consi&ing of biconcave el ement L7 and positive meniscus L8 fol lfgt¥d by a
doubl et conprising a biconcave el ement L9 and a positive neniscus L10, then
two plano elerments LS and F. The lens elgments L6-L10 have surfaces S8-S15,
as shown. The group 10 & conprising the elements L6-L10 are axially '
novable to focus the lens. Elenment L5 is nmerely a sealing unit and el enent .
Fis arenovable filter. Alens as shown in Figure 2 is substantially
descri bed i n Taba eefftadtdira plehents hfthanbme acsutface Sdsand) rgfilsicsive spripgee 3
exenplifies a Mangin type catadioptric |ens 15 enbodyi ng the invention
which utilizes aMZonrthe obidact $idei theraehnér fixed pesitivesgraipy G romppising
corrector L1 is positioned behind a double plano sealing el enept on the

obj ect side (notasieybtat corsisting Pt ﬁbc‘?"r"(?% %ﬁ@e'btb?écﬁrgs?cffg?ﬁjr"gugh t he
corrector elenent L1 is _reflect a | _nar LI 10 r f of . el enent
L2 to the i mage BHLSEPHESE P&%gﬂngﬁsggéﬁﬁ ary§?1%%%?§%b gﬁguﬁgﬁcgﬁto a
fixed positive grou : o [ P 0 A

consists of 3 bi %‘%’#}i@gg&g e%ng‘%ga%ea%g;&g %Z’gt&lﬂ\igéwﬁgﬁ:%suf_uf%ﬁg%%gg&et

surfaces S4-S6. £ 0oupalabibs dofblAMRE d3YbicdiRvd leededtUS? BEd PorUELVEZ Whi Cch
conprises a first doublet consisting of a negative neniscus LS and 25 a

bi convex el ement méfiscas IBCOsIdodedibyed doablsdtstonpyisfngaansgatdave elemescus L7

and a positive neniscus L8; and a negative neniscus L9 foll owed by a double

pl ano seal ing el bopamid & Positive meniscus L10, then two plano elements LS and F.

L4 - The lens elements L6-L10 have surfaces S8-S15, as showq. The group

10 G2 comprising the elements L6-L10 are axially movéble to focus the
lens. Eiement L5 is merely a sealing unit and element F is a
removable filter. A lens as shown in Figure 2 is substantially
described in Table II using the same nomenclature as in Table I.

Figure 3 exemplifies a Mangin type catadioptric lens

15- embodying the invention which utilizes‘a corrector L1 having aspheric
surface S1 and S2. The corrector L1 is positioned behind a double
plano sealing element on the object side (not shown). Light
‘entering from the object side through the corrector element Ll is
reflected by a primary mirror surface M1l of element L2 to the image

20 side surface of a secondary mirror Mé and hence to a fixed pogitive
group Gl. Group Gl comprises a positive doublet which ébnsists of
" a biconvex element L3 and a negative meniscus L4 having surfaces
S4—56. Group Gl is followed by a movable focusing group G2 which
comprises a first doublet consisting of a negative meniscus L& and

25 a biconvex element L6; a second doublet consisting of a negative

meniscus L7 and a positive meniscus L8; and a negative meniscus LS

followed by a double plano sealing element LS.

r plree.



wat Ry

S LiRns VLt .

..- 7 - Supface S1 of elenent Jerr}-is aspherlc and is .gflnéd by the |

-

“f ol l'owi nfy .equation: [err]. where X is the surface’sag at.a
sem - ape tuL di stance y\fromthe axis of the lens; \Cjis the curvat ure~of a
| ens surface the optical axis éqd%l‘to t he reC|proan of the radi us\g¢

the optifal axis, Kis a constant; and D, E, F, and G dre coefficients A

| ens as fhown |S\"Fhﬁﬁ SB pE e&am'faﬁ%m asPherie Andeld AREINSH) WY h® Using the

same nonmfncl ature as in Tables | "and I|. Figure 4 exenplifies another
cat adi oplf FeL19¥WERE IBEANg the i nvention which al so.uses a corrector
having ap aspheric surface defined by the foregoing equation. This | ens

is of thfp Cassegrain type and cbnprises fromthe object end a protective

el enent havi ng pl ano surfaces a corrector el enent L1 haV|n surfaces S1
and S2, primary mirror M, ‘and a_ secondary mirr-or .~ The.lens further
conprisep a stationary positive %up Gl conp_JS|ng a do | et cgn sisti of
a positiye elenent LR, -and a negat Ive i scus |-!-3D|5'avr‘-n§ ure s '*SCGiégtp

G oup Glfis fol |l oned by anltklallﬂbVa%Ye]negatlve group & which conprises
a positipe doublet L4, L5; ae.negative doublet L6, L7, and a biconcave

singlet §8. Goup & is.fol|lowed by a_bi-plano ealln el enent LS
rennvabl=f|Ite¥h$re(}ouhxcgshﬁgesgPFgésg 3698f§ seti -apeélure diStdnce 4

from the axis of the lens‘

C is the curvature of a lens surface at the
optical axis equal to the reciprocal of the radius
i : at the optical axis, v
K is a constant, and
D, B, F, and G are coefficients
A lens as shown in Pigure 3 is substantially described in
Table IIX using the same nomanclgture as in Tables I and II.
Pigure 4 exemplifies another -catadioptric lens embodying the
invention which also.uses a corrector having an aspheric ?n:face
defined by the foregoing equation. This lens is of the
Cassegrain type'and'CSEP:ises £from tﬁe-object end a protective
element P having plano surfaces a’ corrector element L}'haviq:;
surfaces Sl and S2, a primary mirror Ml, and a2 secondary mirror
M2, The lens further éomp:ises a stationary positive grodp Gl
comprising a doublet comsisting of a positive element Lz, and a
negative meniscus L3 having surfaces S3-S5.  Group Gl is followed
by an axial movable negative group G2 which comprises a positive
doublet L4, LS; a negative doublet L6, L7, and a biconcave
singlet L8. Group G2 is followed by a bi-plano sealing element

“'Ls and a removable filter F. Group G2 has surfaces:és-SLB;.




hown in Figure 4 is substanti al | y defined i M Table 1V, usi ng the
clature,at usediih Tables |- I& The internal, focusing gf\the
el ements of groups GL and & Wil | produce\s()ma vari ati. n EFL

A lens as
sane nome
r ef r act-or

as t Iawhe is focused as shown in the prescription tables. This is due to
t he novenght of nggative group & to agghieve- sasf r A '
bet ween a {range o 3&&&% fﬂgecaﬁg%‘ﬁg 31“ ?@‘rg&:ﬁ nfi #t ?@S%%ai‘ﬁg‘ﬁ&vm@f nenq na's‘
one hundr Yedgl V u d ( 2k o Nigl Fadled' X-I1I.
relative t?ﬁ?apé{v{érgs%Bg[ 3??] tso?'egg%ﬁ‘%ﬁtan&ugz r é’s%ecr{?llt vel y eshoul d
have a reljati onshirReOfnt@rhhlVEicudiify Op# | €He PefRAcRbriyN@lements ¥ groups
expressed fps the reciprocal of ‘the EFL of the group in mllineters. This .
wi || provijdeGLhande G2 swi)l oprodacec @ome tvariabvion cipe BFlL tasigthevdenst i«
negative group Il for focusing. In all of the follow ng tables, the |enses
are set fdytfoqusedaiasd showm inrthe fprescoiption tables. ThisriscAue to the
AXI AL DI STIANCE ELEMENT = RADI US (MM . BETWEEN  SURFACES (MM :\Jerrt]
[err] mirrformovenentoQf negative group G2 to achieve satiafachqry, performance
between a range of magnifications of zero (infinity) to
. approximately minus one hundred twenty-five thousandths (.125) at
. about three meters. _
The relative optical powers of K, and K, of groups Gl and
J_;d . G2 respectively should have a relationship of
3.5 > l‘z/“ll > 1.8
where the optical power of the groups are expressed as the
reciprocal of the EFL of the group in millimeters. This will
provide the necessary optical correction, while pe:migting
novement of negative group II for focusing. .
In all of the following tables, the lenses are set forth as
sealed to an image frame of 24 x 36 mm.
|\




body ﬂ60.83,nirror M2 -163. 995 ;2;33 I . ; Refl ecti ve

body 59 .664®%  180.151 Li | 7.60 . -~ |
1.517) 642 S2 SURBBCBO6 |2 - AXIAL DISTANCE 2.54
1. 648| ELEMENT: RADIUSG(MM)S 54 BETWEEN: SURFACES (MM) N, Yo ,,v; '
5.00 1 . 1. 847 gs.g S5 -143.114 .10 S6 -786.272 [ = ¥
2.43 | mirror ) My, =233788 57 30.664 L5 - Reflective |
3.87 { poa 1. 501 58..6 S8 79.859 19.322.S9  -33.498 L6
2.12 4 1. 487 55.4 S10 199.250 L7 o
3.00 1.648  33.8 S11 -325. 4QgRgxtive Aperture=1+/6.0
mirzor M2 ~163.995 '  Reflective
body ‘
59.66
S1  180.151
pAY | - - s 7.60 o 1.517  64.2
S§2 ~35.596
| nfnz : '  2.54 - 1.648 33,8
83 ~70.640 o . - A
15.54 N
S4 113.479 | |
L3 5.00 1.847  23.8
S5 ~143.114
.10 :
S6 =786.272
L4 ) : 2.43 3 1.834 37.3
Ls | 3.87 1,501 . 58.6
S8  79.859 ' W
' 19.322
S9 =33.498
L6 2.12 1.487 55.4
S10 199.250

L7 3.00 1.648 33;8'
| S11 =325.400 | |

Relative Aperture=l/6.0

EFL=437.lmm -~ 281,6mm




EFL:4éz.ﬂgF1- 281.6mMm  TABLE || SURFQS$0~ z  AXIALDI STANCE ELEMENT
RADI US (NM) . BETVEEN SURFACES (M)  TRPEE K [err] S 16 L1
8.00 - ,. 1.517 i 2 2 2afEE - 146. 41 L2 -2
10, 13 5189 SURFACES (MM v,
Ref | ecti\ E‘m ———55'——1-5'17——"'53‘ |\/12"”-18.44'2
Refl ectide 25.07 S5 198 - 7.98
1.517 [52.2 S6 - 2%3 2 | 2.66
1.673 3352 S7 -166 09 33.30 S8 95.93 (8300 1.517  52.2
3.50 1.741  27.8
| S2  708.47
72.00
$3 -~146.41°
£2 | 10.13 1.517  64.2
M1 ~248.91 ' Reflective
13 -5.07 1.517  52.2
s M2 -183.44 Reflective
25.07
§5  198.63 |
L4 : 7.98 1.517  52.2
| S6 ~60.22
- T 2,66 1.673 .32.2
37 -166009
’ 33,30
s8  95.93
| L6 | 3,50 1.741  27.8
b .
S9 -158.82
0.72
§10-1125.26

L7 . 2.20 1.834 37.3




o 4 .
- 50 -1d8.82 0.72 S10-1M98 . 26 L7 i w 2.20
" 1. 834 3£;g S11  40.32 L8 | . 3.50
1. 487 312 2.93al%455 S13 -44.18 L9 - .
1.92 §3i 39°3222,° %30 57 10 A
3. 80 1 805 25.5 S15-6824 .24 Belsgtive Aperture-ﬂd . 65 70.4
EFL=43§. 6mm - 260.9mm  TABLE |11 SURFACE AXI AL DI STANCE ELEMENT.
RADI US (VWM BEIYEEN43UBEACES (M) ' [err] lerr] s1
856. 98{iLi C . 40.00 1.491  57.1 S2
-266. $1 19.55 -
' 513 ~44.18
L9 1.92 1.650  39.9
| . s14 39,27 |
Lo 3.80 1.805  25.5°
S15~6824.24 '
Relative Aperture=l/4.65
EFL=436.6mm = 260.9mm
o

R




9.0 S3
57.1 M-
-152.58.

. 60°
21
21

21

EINESENENES

70
60

§ Ll

A

| L4

| L5

| L6

| L7

167.53 L2
-242.65.

1.517
1 620

77 4 88
@R?A% §
U 11

82

83

M2

sS4

85

S6

87

89

sl

81

“/

64.2 S5
36.3 S6

2

-40.50 L4

- 86TRRLE JEI% 5 S7

SPtRE P

%%5912 181. 78

-266.81
-167:53
-242.65%
-152.58
374.06
-40.50
-86.61
160.91
52.65
-125.17

0-1399.06

1 33.15

40.00
5.10
25.62
73.17
55.45
5.60
2.2
23.16
. 2.21
5.70
- 0.75

2.21

Reflectlve [f-o>
Refl ecti ve-55. 45 84

160. 91 L5

ad 3 ﬂH 6 L7§D

h7 M2

374. 0653

D ¥p
1.491 57.1
1.491 57.1
Reflective
Reflective _1
1.517 64.2
1.620 36.3
1.776 49.4
1.740 28.2
1.806 40.7

1.491




'13.7“4 S13 -42. 28 L9=\ﬁ) L ) _
49.4 S14 -178.63 Aspheric Surface: S1-S1 K 0. %o 'D o. 5892 x [err] E -
. 0.18P3 x [g@i F 0.7951 X [err] G 0.1502 X [err¥, EFL-436 .2-263., 5mm,

= .
13 2.00

TABLUE ugv SWPEACE AXI AL DI STANCE &GOENT  RAD U §MVK)
* SURFACES (W Jerr] “[err] Si [err] L1
36. 45 1R 43B8L.787 2 2 -1107. 79 27.30 ML 217 43
Ref ljjecti ve -64.55 M2 -143.54 A
S3 || 634.30 13.7
S13 -42.28
L9 2.00 1.766
S14 -178.63

Aspheric Surface: él .

" W O =W

G

s1

0.010

0.5892 x 1077
0.1893 x 1071
0.7951 x 10733
0.1502 x 10738

EFL=436.2~263.5mm

1, 766

6 BEZVEEN-

Ref I ect i ve 53 50

49.4

7

C




L2+, ,“ ' S . 6.88 il 1.517 '64.2 S4 -50.64

L3 e O 2.30 . . ¢ 1.73 . 32.2SS -87.29
4.25 S6. .116.03. L4 . : 2.20 1. 720
50. 38§ 50.04 L5 _ 5. 17% . 728
26.1 58 §204.60 0.72 S9 -800.99 L6 TABLE IV 2. 20
1.834 [37.3 S10 7 3.50
1o | YnBwhir  oigy st ¥ 018D
-.289x [frr] E [err]gy o0 .
15 ) ~ 36.75 1491  57.2
$2 ~1107.79
| . 27.30 _
ML -217.43 Reflective
~64.55
M2 ~143.54 Reflective
~ 53.50
— 53 634.30
L2 6.88 1.517  64.2
S4 -50.64
L3 2.30 1.673  32.2
Ss -87.29
4.25 :
S6 116.03 " :
L4 2,20 1.720  50.3 -
| §7  50.04
LS . 5.17 1.728  26.1
— 58 -204.60 -
0.72

| s9 -800.99 . |

L6  2.20 1.834  37.3
S10 {31.89 |

L7 3.50 1.517  64.2
511  196.80




- . - S [
F Rerr] G [er r A\ EFI :_437.4nn1f’y1Lnghe rnel/at i onship of the powers
[err of groups Gl and &, respectively is set forth in Table V.bel ow
TA84E Vv abmer of Power of Group G [err] Goltp & [err] [err] .-
Tabl'e | *@§D_ . 00829 .-.0163. 23.08 1.966 Table II . 00486~
-.0134 ) 3.300 Table I'll - °.00598 -. 0153 2.559
Tablje |V §33p45-44.48 -.0186 . 3.413 The foregoi ng technique
of ffocusing catadioptric lens -permts the -design of fast | ns;sy§§g- ‘forja
gi vén gfgL, whil-e using relatively'large-%hﬁﬁary'nirrorsltﬂip ar e2Mifer ent

ftive-fron1the st andpoi nt of positioning, and which whoul d ot herwi se
i re expensi \8131et286¢841 focusi ng nechanisns if the mirror had to be

movgd for focusing.. with the internal focusing disclosed herein, the.
overjalAs d at its front and rear ends agai nst noisture a

dust)j It may tnéﬁgge seen that the objects of the invention set forth as
wel I} as t hdse apparent fromthe foregoing description are efficientl
att.;ned. D NwilfhiﬂfB?WﬁEd" » : ‘
| B .365x10712
P -.579x107° )
¢ .913x107? |
EFL=437.4mm

y




'gnbodlnenls of the invention have been'sef forth f3 pur poses of
-di scldbsure, nodificatign to the disclosed enbodijtents of the inventign as
wellﬁgs ot her enbodi ments thereof may occur to tMoge skilled in the .
Accorgingl y, the appended clains are intended. to cover all enbodi meg of
t he ithvent i Shearelatdionahip of the (povers c¥gcandnBgli sEngrompisci6ldo not
depart fromthe spirit and scope of the invention. A catadioptric
| ens
first] reflective surface with a central aperture therethrough, a second
Inent having a reflective surface di sposed on the object side of said
f conponent, said second co grranged toreflect light to '
3 ggggﬁggde of said second conponent, said
first) and second conponents-being arranged in fixed relationship, a first
}group of positive popeyesli §@0sed t opbheri 880e side of said second -
gnent, and a secondGi®hp oGt YR jengggﬁgugzotxgpgatigﬁ/ng r di sposed
the ifrmage side of said first refrattive group, safd setofid fractive gro
bei ng axi alTabbevhbl.e to fo@8B82%ai d | ens. =20063The | ens BE966ai m 1 where
' #§bsol ute optical power of said second negative refractive group is
fler t hdPabke Thver of <0406 rst posiriog34efractive3g389p. 3. The
Iensjof claim?2 where the absol ute optical 8£§§r of saidzsgggnd negative

refrgctive TARM FEL subst ar@9398y twice - .
. Table IV 00545 | -.0186 3.413

i
|
|
f The foregoing technique of focusing catadioptric lens

% permits the design of fast lens systems for a given EFL, while
|

|

i

i

%

| using relatively large primary mirrors that are inherently
i sensitive from the standpoint of positioning, and which whould

| otherwise require expensive helicoidal focusing mechanisms if
gthé mirzror had to be moved for focusing. . With the internal
focusing disclosed heiein, the ogerall lens may be.sealed:at
! its front and rear ends against moisture and dust.
It may thus be-scén that the objects of the invention set
| forth as well as those made apba:éht from the foregoing
| description are efficiently attained. While preferred
embodiments of the invention have been set forth for purposes
%of disclosure, moditication E; the disclosed embodiments of
?the_tnvention as-w§11 as othei embodiments thereof may occur
] £o those skilled in the art. Accordingly, the appended claims
{ are intended to cover all embodiments of the invention and
Emodlfieations to the disclosed embodiments which do not depart

it:on the spirit and scope of the invention.

1
aRg; Re.oppEPecEivelynds S8 SorshAns TabLe M bedoMsiponent havi ng a

DN
Up




I I I

or grdater than the Op-t’l cal power ofs salij firs 11K p. 4.: The
lens ¢f claiml where the ratio of the absol Utallmll:“ﬂﬁ“mﬂlwuu f said
[ a-n@econ af@Cctive groups are [err] where®X2ti s"the dptical’ pougr |
d sdghnd .group and [err] is the optical power of the fi¥<t

t Ve OROUSatadibptriéd |Xews adawitigigobdeckai sad Hmageg sidesrector
gn aspherid surface between the first.and second conponents,..the

i compriiaingha Bl ret icompunernt haxding onr£ifstriefhective surfacehe
surfade sag at a sem -aperture distance y fromthe axis of the lens; Cis
ﬂi-ttgr e obentrals apertucreathersthnquah, oRi second ¢omPABeRECi procal
g radius at the optical axis, : . - - Kis a
| baving » refrechivecsurface.diepesed op the, gbiest, 8idei RS o
claimjl s ed. to an i mage franme_of. 24 x 3 tanti d ri bed:
bel ow: %@A@é“ st °°“‘P°%%"L' __-DPQ?&N@@%%%%SEL t¥nda %\/\EEN
SURFA ' eleLk 1 . . o L& I : :
. §et(;W§ l1ight to r_eﬁﬁéghgrﬁl é‘@ﬂ'\[, ?{g]ups Qn {3& b%?/?e Sid?_ oL
said second component, said first and second components being
'arzanged in fixed relationship, a first lens group of positive
power disposed to- tlise image side of said second component, and
a second refractive lens group of negative power diaposed on
the image side of said first refractive group, said second

tefractive group being ‘axially movable to focus said lens.

2. The lens of claim 1 where the absolute optical power of
said second negative refractive group is greater than the
| power of said first positive :e!:active':?:oup.* ' . '
| 3. ‘The lens of claim 2 where the absolute optical power of °
said second negative refractive g:dup is substantially tw:ice-

| or greater than the optical power of said first refractive
| group. . _ _

4. The lens of claim 1 where the ratio of the absolute

optical powers of said first and second refractive groups are -5;\ &
3.5 > ,xz/n "> 1.8

| where K, is the optical power of the second refractive group
| and K, is the optical power of the first refractive group. o




K 18 a constant, and

Y . .m r r M. s ‘NE iIiﬁ i ' ' Cee '_-‘-‘ . ) Ref lectiv bOdy
’-.'«1:-'..*;" 131 - 80? 151 LH'" 'Lm B" "Ill " ,II' 18 - o -+ 7.-60 - __@
1"5 [ ?._4.6 2 . ‘._ Z 5'4-:'\
10648, 33 &, 83 i@nﬁ4g.cco:aing5‘hos4c1aﬂd314iﬁdﬁm a corrector with an
5¢ 00 L.l 847 23.8°Sb  -:143.114 .10 S6 -786:272 L4
2.43 1 éspﬁ'er@g%urfac?b?b&vﬁln the3P1afidand second components, "the aspheric
3. 8% 1.501 58.6 S8 79.859 19.322 89 -33.498 L6
2.12 . surflac4dSoeing d'n&‘iﬂei'by the equationr— . 3.00
14648 33 8 S11 - 325. 400 . S '
e _ o . 2 : _
. cy B
3 Xn 2 2. %+ oyt Ey® 4wy s ocyt0
. L+[1=(14k) ¢*y?) o
. where X is tﬂe su:tace sag at a semi-ape:tu:e distance y
o : 'fzom the axis of the lens;
C is the curvature of a lens surface at the
. R optical axis equal to the reciprocal of the radius
- .at the optical axis, - T
.\"-“:’

b, E, F, and G are coefficients.
6. A lens accozding to claim 1 scaled to an image frame of 24 x
36mm substantially as described below: '

R . surFac®’ "' AXIAL DISTANCE =
T ELEMENT _RADIUS (MM} - BEIWEEN SURFACES (W) N,  'Vp:
5500 Lomtesor, WL -235.42.0 0% ., . . Reflective
MQL;”' N  -60l83
- ) ! mirror M2 =163.995 . , . J-.Reflective
A body “. .
| 3 59,66~ "-
~s1 180.151 '
B LT 160 1.517  64.2
| 52 =35.596 S
L2 | L 2.58 1.648  33.8

83 ~70.640




K & AV . : R W
Rel ati¥e Aperture = I/‘GfJ 0 EFL=437.1mn mm wher e 1 L7 de5|gnate

| ens el en*enps havi ng surfaces S1-Sl1, [err] |s tqmum (l I M“Ift'on and
[err] Ii @h'e di spersion of the | ens el eng$}s4as Abbe |
7 :

Number A lens according to claim-1 scal ed to an I mage frame of 24W

36mm substanti al | \8&s cm-rﬂﬁad bel ow. "SURFACE AXI AL DI STANCE
iT - -RADI US (nma - BETVEEN SURFACES (MV) [err] . ~ lerr]
1.316 L1 5.00 g 00 1.8471 5123.8 52 2
08. 47 72.00 S3 -146.41 L2 - _ . 10.13
64.2 M. SD4g-kAd.114 Reflectlve -73.14 S4
0 L3 - 1.517 52.2 M2

Q?
Reflect T!?_ 25.07 SS 198.63 L4

1.9¢ -af@uBys6  -60.22

L4 I 2443 1.834 37.3
87 30.664 |
LS P 3.87 1.501 58.6
88  79.8%9 |
| 19.322
S9  =33.498 |
B 2020 1.487  55.4
b R | 3.00 1.648  33.8
S11 -325.400
Relative Aperture=l/6 .0 .
| EPL=437.1mm - 28l.6mm B .

¢’

where Ll-L7 designates lens elenents having su:faces S1-sl11, Nb
is the index of refraction, and V, is the dispersion of the lens
elements as measured by their Abbe Number. R

7. A lens according to claim 1 scaled to an image frame of 24 3

- 36mm substantially as described below:

SURPACE ' AXIAL DISTANCE SR
ELEMENT RADIUS (MM) BETWEEN SURFACES (MM) ED 3 !D
81 251.16 - |
L1 | 8.00 1.517  52.2

S2 708.47




s f. . D QO 1.6¥3 32.2 87 -166.09
.33.30 fs8 95. 9 Hm y v 3.50 1. 741
27.8.49. -158. 82'3”* Uﬂlﬂlullﬂmﬂlﬂk L7 S @ 2.20
1.834hs 37.3 S11° 40.82 #8's "+ - - 3.50

1.487" 70.4 S12  142. 91 19.55 S13 -442s89 9

1.92 1.g§o _1439‘3 S14  39.27 L10

3.80 1. 805 3. S15- 6824 . 24 Rel ative Aperture=l/4.65
EFL:46 nm - 260. 9mm where L1-L10 desi IRy 9.? l ens el emert gyhavi ngeug faces

Sl-s14, “ferr] is the indes of refraction,~and VD is the di'spersion of the
l ens ¢l enents as pgasw2a@. g their Abbe Nunber. 8. A | engeBi&esd ey to
cIainﬂS scaled to an inmge franme of :
o -73.24
sS4 -119.10
| r3 . -5.07 1.517 . 52.2
M2 -183.44 © Reflective
 2s.07 |
S5 198.63 _
R 7.98 1.517  52.2
~ S6 =60.22 . _
| s | 2.66 1.673  32.2
| 7 -166.09
33.30
S8 ‘95.93 .
L6 | . 3.50 1,741  27.8
| §9 . -158.82° . | P
0.72
_ S10-1125.26 °
w7 2,20 1.834  37.3
Sll 40.32
L8 o 3.50 1.487 '70.4
S12 142.91
'19.55
| S13 =-44.18
| 19 ' - 1.92 1.650  39.9
S14 39.27
.| r10 | ' 3.80 1.805  25.5

815-6824.24




. . L -~ -?: --.‘ N LI :- .3-- - 4.“ .
24 x||36 nn1substantlﬁij ‘as descrlbed omr T SURFACE— AXIAL '

D STANglE NT RADI Us (‘MM BET mﬁil hmvm ‘ i o 49L
: E%sr;"s&e Qdal%lkm&mm-llieﬁsw |:2 , "" ,””” 25. 624
s sgag;em. "2Z66 . oum Refl ective 55. 45 gﬁfleggzvge7fsl7 3

v 133§ ontobici s R, b e 155, 5y
[ is the uéﬁZ; £ :ei?g&%tgg. _‘f&#p;% l¢he dispersion of the lens

| elements as measured by their Abbe Number.
| 8. A lens according to claim S scaled to an 1mage frame of

{ 24 x 36 mm aubseantially as desc:ibed belowz

SURPACE M(IAI. DISTANCE

| BLEHEM RADIUS (MM) BETWEEN SUR!‘ CES_(MM) -!!D !D
| 81  856.98 B -
Ll |  40.00 1.491  57.1
S2 ~=266.81
9.10
83 ~167.53
L2 25.62 1.491 . 57.1
ML ~242.65 Reflective
- 73.17 - ,
M2 =152.58 a " Reflective
, 55.45
S4  374.06
| 3 - 5.&0 1.517 64.2
85 =40.50 -
L4 | T 221 1.620 36.3.
S6 ~-86.61 '
23.16
87  160.91

LS o 2.21 1.776 49.4 .

1 .

"h




1

9. 75 81‘)- 1399.06 L7, R d%l 1. 806
a0.7 s “as s CHIIMIAN ~ee Qoo 1517
- 64.2 S12 .181.78 13. n42s28* L9 - - . vy 2.00
(v ] 49.4 S14 -gg/8. 6FAgBeric Surfacé: SI K 0.0M0 D 0.5892 x [err]
IB93 x [err] F 0.7951 X [err] O 0.1502 X [err] EFL=436.2nmm 263.5
16 - L9 designates |ens .el ements haBalPsurfaces SI2 M40 [erd$-2s

x of ref,raction,)éerr’ is the dispersion of the |lens 9. A

| ens acffording to @&%i m ed to an inmage frane [err] x 36mm

substangially as descri bed bel ow SURFACE 75 AXI AL DI STANCE ELEMENT
RADI US § M) BET VEN SURF,.ACES (M - [er9‘j [err] S1 [err]
| | 810-1399.06 |
7 - | 2,21 | 1.806  40.7
s 33us, | |
L8 . | 4.60 1.517 64.2
sS12 181.78
13.74
813 -42.28 |
"/ Ly ‘ 2.00 1.766 49.4
| 814 =178.63

Aspheric Surface: Sl
' 81
0.020
0.5892 x 1077
0.1893 x 107¥ | | .
0.7951 X 10713 '
| & o0.1502 x 1078
| EPL=436.2mm=263.5mn

N B O R

| where L1-L9 designates lens elements having surfaces S1-514, N,

is the index of refraction, V, is the dispersion of the lens




ﬂ‘f:}ié?':zg ; 217 4' : 5 S ﬁﬂﬂm l"iil"l’!gﬁﬂ 55 -
SR BN Ot ~ftfective 53 56 S8 EN
g: gg | 9. % g# s acgérgiéé to gga%g‘l Zngaé.ed to é‘“ 31.11:3.12@ frame oP—<4 x
é i7 36mm %ui&@antiﬁ@l SZ d_egg%iggdlésnogé 800,99 L6
2020 1 834 37 3 510 31,8957 o
3.0 1. 517SURPACE? ° S1i AXIAL DISTANCE | -
T g I! ELEMENT RADIUS (MM) ~ BETWEEN SURFACES (MM) N, A
¥ | B S - - a
: 1 : . 36.7s 1.491  57.2
82 =1107,79. | '
c 27,30
| ML =217.43 . - - Reflective
. | -64.55 -
M2 =143.54 o . Reflective
. §3.50 N
$3 634.30 |
| 2 - : 6.88 © 0 1.5LT - 64.2
sS4 =50.64 |
o] 3 | 2.30 1.673°  32.2
B - s5  -87.29 | :
4.25 .
S6 116.03 |
L4 ‘ 2.20  1.720  50.3
87  50.04 | ,:
s sa7 0 1.728 - 26.1
S8 =204.60
" 0.72...
§9 =-800.99 "
L6 R 2.20 1.834  37.3
S10  31.89 " |
L7 - | ~ 3.50 1.517  64.2




—_—_——

23 08 S12 -44.4

EFL=437. 4mn where LI-L8 desig es | ens

%eziﬁ A50 3 %ﬂﬁl’;ﬂﬂ“ﬂ#l@ m,rlc SUg1 9<2a Sl K .016 D [errl] E

ele _j:s'haw ng surfaces S1-S13, [err] in the index of refra n, [err]

i's tihe di-spersi &t of 94eBlens 10. "'A catadioptric |lens constructed,

arrgnged and adapted to operate'substarhp éﬁl |y as heéreinbefore descrl bed
[

wthj reference to, and as illustrated:i

512 =44.48

e acconpanyi ng draw ngs.

[ % T ' . 1.92 1.720 . 50.3

S13 =286.84
Aspheric Surface 81
| & .10 v -
D ~.289x10"7 o -
E - .365x107%2
P ~.579x10™%5
, G-- -.913x2073?
| EFLe437.4nn '

>

is the index of refraction, V, is the dispersion of the lens
10. A catadioptric lems constructed, arranged and adapted to operate substan-
:tially as hereinbefore described with reference to, and as illustrated in,

the accompanying drawings.

| where L1-L8 designates lens elements having surfaces S1-S13, Ny

s i e




