relates to. zoom | enses.

5 \u-recent. 'years, zoom | enses which have | ower EFL's in the wi de angle
range have been devel oped whi ch have focal |ength variations of about 3:1
or lesst and a field of viewin excess of 70 degrees. Howevesg2dsaeoms! ens 1
often h Tt
as tme zogweciriAgfoN S extended. Thus, the field of view of such Ienses is
restricted on the longer field Iength of the range to an 10 angle which is
gr eat er t inarovederdeigzedsienséhi | € -t hese known design types can be nodified to -
cover greater - 10 focal length ranges the resulting designs for well .

correct édTT%ﬂ‘éeég""d?'@eﬁﬁd@gl'F %éé %g,:,n di ameter and in Ie’,r_lf%ih A wide 5
e

GB 2 033 607 B SPECI FI CATION | nprovenents in zoomlenses 5 Thi-s invention @

lense i T e |
angl e | en Walnﬁ ﬁé?gnbgr?sf o? SS andaf«e dhﬁ vuzgvﬁggcgstgeﬁ%‘gﬁ ?es °W9Y%g" 5.']' of
ke | rm-geleaftv Zﬁ?ﬁnca stk ke 1 g Focd | S{h¥ao§% %sﬁl ofn rartgeis Yocus
zoom I ensextéil.uécf nma tﬁé/rermwslﬁ& sbidh 16HaksAé rastmeoﬁsafnfen&agamtend lengh bt théangeq¥ e Of
t he i ndigvardeathich @&yseattr M0 degreasCWhit\tiesalkrio@a desnlblpys @A B hodifisdtadovergragt h ang

di*anmet er . fogdl levmerangefthe)'psultuuldeqmmmrwelm‘orreM l¢neeparegindesjyabhdlange mldiamatedardin be

smal |, thlémt't‘he d| rren5| ons of t | ens necessarll becorres Iarge but the
aber r at I OQ é :“"éfge an anrﬁﬁcEEst' om len f'?é dl": ides |n frg Ofthe
opti cal ,p ﬁe%é § .%5 Svirith ’biﬁ&&%
cor respon t’@ﬂ Mmé??&f%e ﬂoswaieéhaméiﬁ“&%an ﬂﬁ.ﬁ@l@dﬂhéﬁ&o hsdf th f%nm

I nvent i Onbdcbrtéstarhs bt abeteiodcoro@idhd wévot Bidicilitg ca et Mﬂdeem.ftﬁmbm b@ngafhﬁe
rangi ng 2@n{groups becdmpetrrp oine dberfratianst Heepnhi cagesparidingfy nonediffienttgecofre@ane of t he
lens to a &Fq?eqmt@weamesqn@asemthw%@elspwwdedzaom& heding eﬁuwhetf?cﬁ'e\gsthﬁ raawe

conpr i s?"h§°g 5"}'@ bsls é'&%“::g@ﬁp‘&f"%f‘ ei' B‘§PfttF qu i ension gid /e
group and a lm'dr éu}mf?leﬂéﬂ fs;g {§ lly éé gj miﬂj@g‘ \an cagii%1 al l y
movabl e thé&ﬁBﬂéanHTEﬂs. SHAR B atit e '?fb& Ut SGptiGhl powaPgreaté tithn SHEHEL
negative Gir@giduldpsaidigeondigrolisia Mgeo;&p&mu meﬁ@\dﬁ{egaweﬁwﬁaﬁdma@es.aederhérﬁﬁif and
third gzeopgsisive saved wbereond group having object side el ements of negative 25
power and image sikge el ements of 25 positive power, where:

25 [err] and wABT&,R2%%is the absolute sumof the powers of the negative

el ement s Q.Idv&hg.%ﬁaﬂ EhsGLRYRn oftlhoRrs of tanelystivb BEm @RS Jr 63 oY b dnat NE

posi ti vg CRERQ fv‘e% ﬁ%CL ntofth:secondgroup gag&é‘ EEor di ng togg
the invent IAGd&ordir’@&dehe tnserﬁbﬁmerpismébdmdaj 2061 ehEddmphsiFfontthé\ghjdcf e tike 0bj ect
end a fir pdsitpogotp, ¥ secorddegntiveagreani althivé pasttive grogyr, atigastandlofaaid ron bpiegi t i ve
group, at refaieedtaxialimerable to vdrydhrecsg ﬁ&a'mio fRljlengsh efitheensysaid gécand groupdwitdan t o vary
t he equ!'g’v%t?sé'ﬂie°Pt6’€'é’|°""P'e9ﬁ?jEeﬁ‘h6'fsat st pretibird azoupgt a8dcond gr oup havi ng an

absol ut optlcqwapQ%1a{eater than said first and third groups, and 35
35 [err] 40 wh "t he geonetric nean of the optical powers of said
| ens at the extogier,odskts equival ent focal |engths, and 45 K1, K2 and K3
are the optical powers of the first, second, and thi rd_ groups, -
respect#ely. 806 Oke<1-80s enbodying the present invention is a conmpact 40
Zoom obj ecw ve |lens with aberrations well corrected, and. capable of angul ar

‘coverage
cover a0, Ml dob il Wl b B B ESLAFBra AP RER U BB 00T,
ffame tas axi, K&Jrﬂ@ﬁbﬁ)baﬁtchlabvhﬁsf:mm@ sbdoh& @nd thindgFodps Sespbatigehnal of the i mage
frame. The Onelass dnibedyingshpréseftinyvabtion Gsratcampati b nisjectiva/Brsiwith plsdrationswell 0 50
focal len rﬁctecaﬂmi caqu&@é#ngp maqeém@e figld wiglerthan 78 deggees, ww Prhv'émg fa'n amrn
cover age. F'%I B‘”F‘ e dagme 'tﬁ"[“ o stan l‘jﬁ) £

f.
e ti e diagonal of t fro rtex e
| engt h ||e E%m Shoth| \qaéié% %@ﬁ s;ef@.sa %gégé Feiggego
t han pr eVbt% ﬁ: e i0deht foes! mh R (EFB)S The%ﬂiialip ﬁer%mé FUumngns fab ?an%r than
desi gn ed bl@w&bty&hcﬂvr{ 6m RASES, afi@ the Yverall form of the lens is desngned to obtain the nece ssary
" aberration corrections. This embodiment comprises either three of four basic groups. The aperture defining
: d|aphragm is located near the middie of the lens assembly so as to enable the lens to be of minimum size. In
55 the four-group system, a first positive group moves axially for focusing and the other three groups move for 55
zooming. The diaphragm may move with the movable components, may be fixed causing the relative '
aperture to vary, or the opening of the diaphragm may be varied with EFL to maintain a constant relative
aperture. In the four-group embodiment, the second group is of negative optical power and the third and
fourth groups are of positive power. The first focusing group is of a given positive power. This first group has
60 sufficient power to reduce the diameter of the axial beam presented to the strong negative second group, but 60
must have better aberration correction than would be provided by simpler forms. Hence, the second
component group includes a rear positive doublet. Since the negative power of the second group is
relatively large, some aberrations remain which vary as the focal length is adjusted. The third group is ,
selected to reduce these aberrations and a fourth group may be added to form the final image and contribute
65 to correction of aberrations. Alternatively, the fourth group may not be used in which case the third groupis 65

35



aberration corrections. This enbodi nent conprises either three of four

bAgs/¢ groups. The aperture defining diaphragmis |ocated near the m ddl e.of
t ‘ens assenbly so as to'enable the lens to be of mninmumsize. In 55 they
folr-group system a first positive group noves axially for focusing and

t he ot herGBhlomogrB)ups move for 55 zoom ng.. The di aphragm may rmve W tzh

t he Jmie e

or t hedeeeﬁaaltmamfcorrb&asu@m; SHBdTRN he.nramee.qaaeﬁ EEJfL.Qne”H' ntain a =z

const anprefeRedXbins®f ABRNdnddsOwith a‘foaahe.gfmryuﬁrfem r& adwmeaémhmsh &RARIY group

i s of te®agiovs fieldl dreddsigha@meresuiritla telativelyimallowrutl Iehgt biid b siifal tigMeta fRNOT -

posi t | afegnept Tesse eldherts enslile § mona sormygcigpufigpration thdn veoulyiby expegativtalens hmdnuahe Thi s

f | rst5 ﬁf’"e "‘rfa’$° he degrgerof entics| corpeotinng. apdthe @waﬁ@!d pﬂvev"dﬁmtl\emsdffﬁwn@ axi als
W‘Baﬂ%@ﬁ‘f‘% ‘g"h tﬁ’f& i e?é% ewalg inligve better

cber oF .@ﬁnkmaﬁ&%‘ﬁ“ i :3%@;@ A e he
secondyg@aponent group |nc u s rear p03|t|ve t e 'he Negative
powefp Oi-'lg&rm 2 8GO 5 gre GidPillistratidl Biliéné& eyhbbdyir@@he .mmnahﬁweabﬁcergso.wnal Mo
. Whi ch thereof pasitichéxtfof to€shbrtér ERKf kheileds;adg ust ed. The third group is selected to
reduce fiereciaclaciar 4ar dnd Azaresiep edevhtions efithedersessf Fawres e, wepectively ovithaherpptivab {1 nal
i mge ¥ s&?ﬁ'ﬂ° ?ﬁﬂ’tté‘*ha'geﬁf'-eﬁf‘?'é n_of aber rations. Alter nat ively, the

?1 a

»

fou 01% .;m’u g?gs)m alens apprg?rgjat nﬁﬂrsnﬁatoyfwegz :Ens:sw pn-:-r:‘:rlly 215

de for useona camera of the 35mm format, the angular coverage extends from a wide angle through .
2 desi‘GorshIritombidiatt telopices.r ect aberrations and aid in nmaintaining. the.imge

of the haeakawigartse refereaéed folpded B anbrabic nard@ahdbsighates|ensyirddressivéliedh thk.engt h
varyi repiecrepdtoghe impge eng elthe lopscEne Fefarbrge § followegl owrgitby amarabieriutnetabdegighaterdersoc us ’
fi el29,sugpqes U@%’P welu f'?'B theeelartfofhw"agﬁr@#atthe/'er T'?H%ﬂq’s leRsareups arg éﬁ?ﬂﬁe‘énoﬁoa

1 fer n I l' Tl
smal | ﬁ%a%ﬁ hva E ﬁIEFLar 6 ém@ eféren ezeélt'tta Fn%: rewﬁesen st::
conf i giip '?ap.ﬁase@é; arfoce ﬁ@%fﬂ@%nhﬂnm EorBtione
ratlo,vat.mgdﬁggemcl etemrmsLeemoasmem& and l'arge field o VI eW

Genessal |y, it is difficult to 5 provide a I.ens vvl_th an EFL ranging.frasm a
wide angle field to an extended zooMBtEhge whil e mai ntai ni ng conpact ness

and cost effectiveness. Fbmevg | enses_enbodyin the |nvent|on acconplish
such features. The invention hill now $% descri b by vva Pot exanpl e,

V\nttborﬁ,fBeg@nce to the acconmpapyi,Rg drawsgs, in v[@l,_gh - 10 qfifures. 1,4
2,3, 4 ppilely-are side illustrafiens of |enses enbagdybng the ppygntion W|th
the optABtEYI groups - 10 thereokflyaasi ti ontel7f or t hesshorter HA-LWf the |ens;
and Flggig‘g"ll a, 2a, 3a, 4a, atl:}c:ll-gg% are E%Lge el evggr::%ns of 'ﬂgtgﬁnses of
Fi gure respectively, Ht-Pe opt | grou ositio r the

| ongBr B Xt the Iens. Refert®dd®to Fi difes 1 and la, a cofipdtt varidBle

focal length or zoom |l ens of four groups is shown. The 15 enbodi nent of

Fi gur esajourgrdugleyster s @xefipliffieddn FigUngs 1Qhd RDREIGIeE STEQbYIVR ghoup BPWhiERhbves | N

t hese dxanga@dy fprfodusing. Tiye axibbpdsiibestibe remaining g@uptaravatiedm ke fahl ldnge oBhem f or mat ,

t he 4Qnepidctive ischympd daliaphragm B4 positioned bativebe therseroad andthindgrpubsto emaile thetlens o H8r at e
el eph¥ed b:l"PP‘EtIPé“'G'F‘aW - P ’é“thb;Hv@‘ePé‘faéﬁaBl?g?n@ n ! T"E?IPL"CHREE(!)Pa“b e&ﬁ:&@raaﬂ?laﬁe numer al

Sk e e T e e

sur f4%C Em tlfér eQ{BBéiﬁn%ht\éﬁAvbh ith Figured 1h8d ﬂbiheﬂﬁst dréuplidy? pés&ﬁélﬁov@ﬂ%d%mﬁ.&@sé ens. Tdse !
var i ouseghtra mefjsddslflEmént E1, slsigbaueaél@tlent LZ2Hd byostthemeﬁcesmmtlﬁ foll oned by an

ar abi ¢ Ausmcealfroprtogfire geup slayechndgrount 2 obingetive pdzverzrwlm ie movatle@s theFagall ens. The
axi al '3 he\gnp isNanpdy Naisgrqup corppiig %"PW“EJE‘*"&’F sanwex tpihepbiects ef er ence
Z. Theluedpes a‘fﬁe}’b@ $§%"rﬁ‘§e“f YpeTBIBAMEX Houblg, 'i"Fﬁ“H ERART ?ﬂabéﬁﬁ“’?iﬁ:

I men 6, a
i ndi'Cat gy lfﬂgsrt 5{61;963. HeBdrmidr ﬁF‘&:ace’d BodoiReibéns1%! 8% aﬂ@vﬁf& #opkb%emt he
-Var i OUklafie@HAS sded upCEfentdAEL8% LRR Régatie nibhis&is Meht/Elehitht 1O ish-bi-€onvex
25 TABdémdnt ﬁbosmve power Thrs gfadp moves with a rever§igg motion, as hereinaffefseB0rtf, ABthobél
L1, L2, le@th of the ldnd isvgried. This third ch@rp b@vides aberratior cofpprisation. :
55 The fourth or last group GR includes a plurality of doublets air spaced one from the other but movable - 66
together durmg variation of the EFL of the lens. Elements L10, L12, and L14 are meniscus elements of .
negative power, which are mated respectively with bi-convex elements L11,L13,and L15 of posmve power
to provide three bi-convex Ienses of positive power.
A lens embodying the invention may have azoom ratio of essentially five to one. In a 24 x 36mm image - )
60 frame format (43.3 ' diagonal), examples are given of 25.5mm to125.00mm EFL. However, the invention is 60 .
equally applicable to provrdmg well corrected lenses of smaller zoom ranges from an EFL substantially .
below the diagonal ofthel |mage frame (about 66) to an EFL of two or more times the dlagonal ofthei lmage
frame, - L
Toachieve a lens whrch satlsfles the ob;ectlves of the mventlon certam parameters have been
65 determined. - : - : : . 65




TABLE | V- S L1, L2, L3 L4- L7 L8, L9 .
L14-L15 TABLE M L1,L2,L3 L4- L7 Ls, Lo (|4

L1Q;J.13 TABLE VI 1 L1,L2, L3 L4-L7 L8, L9 \&
L10-L13 TABLE X L1, L2, L3 L4-L7 L8, L9 -
L10-L14 35 TABLE Xl | L1,L2,L3 L48l2 633 607 B 3
L8-L14 = | i

i nclordes f| rst om#i v§ éﬁ o Vmé]_I%h ngrves ' %m$s for f cu I'ﬁ
The axi al th
of the 4(5?a { Ve |§teé req d I'tgg he@ﬁ ':?)T 5%“%“%&(?@?&1 “fn
second andArt |hip6|‘i’an9£di\bﬁﬁ&1 dt meeaaaia uR rsmen bﬁﬁﬁ.bme&l&ws& o fhe b RBativB@BEmMérs A _
M ni mung gadsupleztdmypds&wé pon@elconiposent. & hagieen detebiiined thatf | Xxed i n position, the s
relative aperture varies as the focal length is changed. However, a

di-aphr agm adj d@%@l%"aﬁt"ﬁ'&ﬂfocal Iength changes, can be incorporated to
mai ntai n the l& const he |l ens is zooned from one end

here |st(?\t I ower OSI compone g
of its §tl A rﬁ&% S &é ambis rBRoupEROCI TENE ShOWN in o
Fiegur es s the fostli htrpﬁ mBtetd ralntaintompateets. Gﬁer&@%’éte%@dteﬁﬂﬁ@rchﬁﬁgih@ 3
negati ve dEEi@il SHTdnSes@mBOoERHg tHelnvertioh imag BetVifex ik R8FIR terthof R Ge@ndd@anhdah Y&wver of

Meni scus tad lemsen The gdomdtric megpowel Kobaaobidens isestresgrdasp | s a second group G2
of negative-power which is novable as the focal |ength of the lens is

vari ed.Thi s dmiupKedffpri ses a negative neniscus el enent L4 convex to thdS

obj ect, fvﬁle!re%‘?hé%‘éw@ro’?ﬁ\g?eﬂééﬁs OR&QHF&YrS’ %L.ﬁ{m”t L5, a bi-convex doubl et
of posi ti Ve iPHYEIwer SFIRY 1dns bf 1 IdAg&HEFICEEIRE B ment L6, and a meniscus L7.
50 A t hi r dinfreséstil von,onQdex0R, is .th7v Aed hassR vfk,.ad o198paced doubl et el enents L8,
L9 is aor aﬂg@dwéMomﬁwmttquehmm\be to the second group. Elenent L8 is @0

thin negative neniscus elenent. Elenent L9 is a bi-convex el enent of

posi ti ve power# &t & gt¥ noves with a reversi ng m)tl on, as hereinafter
set fort m, ?asthé IQS‘\S chggiseﬂ'lrg ﬂs%exé@;ﬁnﬂﬁh@ b'ie%XM%r es Imd%a am:l&v Q{hg}é
pr ovi deg Ainrles It group [ nc

a plur aI [ ty of dou | ets air spaced one fromthe ot her but rmvabl e - 55

t oget her duri ngp Kk Kat 1.0 of the EFL of the lens. E ements L10, L12, and
L14 are meni scus el ements of. |(;;jatlve power, which are mated respectlvely
wi th bi - cofifethe@rusrknpidhgthind orqupshouldhe: | 15 of positive power to provide %0
t hree t?io-conve%slg | &nsese f positive power. A |ens enbodying the invention
may have a-zoom ratio o essentially five to one. In a 24 x 36mm i mage 60
frame fordfatheadsoiute pbine s thaksgcondneg#tivt GBu@éhbuigbsten of 25. 5nmto 125. 00mm EFL.
However, the invention is 60 equal ly applicable to providing well
correctsd | ens‘e%ml'(éﬁéloﬁer zoom ranges from an EFL subst antially bel ow tiﬁe
di agonal of_.the

i agonal PR QE, e R sl ol e i B dpy B e~

obj ecti vesy, ef&lE&Gn g %@&iph&ﬂabl&eth& Rl oPRfraIBH & bsth BiaMEnt ReRen SN Ak Blem ned.

65 @B dsgdridn@diedsured by thelAbbe hiitbes RGR by, HdPm spacings Ztfre Gioh@@dhGhBde/E 40
negative QUMollomeaah\prede-ptijet ness of the overall lens, both as to

| engt h and'nd'i'ed?mpéﬁ- uregs(l end @eand Tebie 'wsqptth@vew%tﬂnlvé?réocpﬂnq frethe Eil-9f thé lepshe
doubl et L‘B"a”E f glimitt uRpPeh “"tﬁg{ f gg ﬂgﬁﬁ“ bgrov@Bhagns s
the relﬁtéé %ﬁ;p ?“%‘P prianee ati V¥ n%'"sf ec&?"'%“(jroup G245
to the poOShy e‘nyﬁnm th@ﬂmmtsealédtto Maﬁeﬁﬂeg@ul&rsme%édﬁgﬁ of 25.5mm (76

5 [err] vdegreefidl@id 12276 ddghess poudgreedfield) Aeh qeaswdapmrwnmme/ms is@libsfadtiatiand
descnbed in Table Il




[err], is the sum of the absolute power of the negative el ements of
Group Q2. 10 This is the nost inportant paranmeter to .. .
/i:vTi tain conpactness. Qther paraneters determned during the design of I\
ennses enbodyi ng the invention may best be expressed in terns of the
geonet ri cewm@asEoBer of the | enses. The geonetric nean power KM of a zobm
| ens—tsexpressedtas—15 fFerti ' -2
15 where [err] is the power of the {gpeyat its shorter EFL extrenme, and ‘W&
is the power. of the lens at its longer EFL extrene. In Tables Il, IV, VI,
VIl and X, [err] is .0177Radsdf i n Tabl Axia/Djstaken i s . 0193. 20  The power
[err] of the first G oup Gluretwsel d be: . BetweenSurfaces

20 [erkdnswherSsriadge | ens cof®i se three B*Bups as exeMdlified V9 Tables Xl |
and Figures Ss1and 5a, and ¥¥Q§§ the I ens 25 conprises four groups as shown
in Tabhes 1,71V, v, VLT, and X

3.000 1.847 2349 - 70 KM <
Kl < 1-01(M Asso, the powesgdosgr] of the third group should be: 30
[err] 1768 - _ ' .
30 and the alssol ute power ®#24the second n gative gr oug should be: 35 .
[err] L2 : 11.70 1.743 49235 g x

exanpl es of I_%nses enbodyi ﬁi)“tgﬂg for egoi1 paraneters are set forth i.n the
fol | owi ng tatgses and descrihegd in conjunCtion with the drawings. In the
fol lowg prescription tables, the indeyogf refracti agodf eacpzel ement is
given as ND, ggnd the 40 dimpeosi on as neasured by the Abbe nunber is given
by VD. Zoom spacings Z are given in oddZhunbered 40 tables follow ng each
prescription able. In thelBé#of Figures 1 and |la, and Table_.l, group Gl
moves Wi al | y_onl yforfocusing, . Asthe EFE8% he 1ens i d%ri ed $Pom the | ower
limt to the %per limts, ggr%?ﬁjp & novgssd oward the image end, group G3
has reversinggmtion, and gigese CR noves toward the object end. The
apertugg defining nechanismis 45 positpgosed just inifssont ofasgroup G3.

45 A lens emsadyi ng the in4&hes on as scaled to an inage frame of .24 x 36
mm and EFL's of 25.5mm (76 degree fiel ff0to 122. 70 degrees (18 degrees
field) with r¥ative apert%ﬁ@"gf f/3.0 t@,f/4.6 is syhgfantially described
in Table Il. g, 4 GB2_Q33607 B ) ' )

4 TABLE || Raoill us of g\xi al Disbasece Curvat uneis 53.9 Bet ween

Sur f aces Lenssis Sur f ace -223.5334 nmm
Nd vd Si 185. €887 L1
- 3.000 Aperture 1 847 23.8 S2 49. 6058 1. 768 S3
51.2413 L2 " 471016 z 11. 700
1.743 4 44%2 s4 _ - 333007418 . 150 g4y 23.8
S15 25.6722 - .
1.408
S16 . 31.4590 ,
L9 . 4.300 1762 40.3
S17 —100.8025 ' '
. : Z4
. .s18 40.3475 - _ _
L10 S 2.000 . 1.847 23.8
s18 25.3014 : ?
L1 - ' _ 7.000 1.589 41.0
S20 —95.3470 '
150 ' .
s21 59.5290
L12 : 2.500 1.835 43.0
S22 20.2397
L13 6.100 1.488 70.4
S23 ~564.7725
: 7.154
S24 220.4092
L14 2.500 1.850 32.2
S25 28.9627 :
L15 , 6.100 1.488 70.4
S26 -83.7917

The spacing of the various groups of Figures 1 and 1a and Table Il during zooming are set forth below in
Table Il



S5 37.4951 L3 .
6. 000 , . 1. 806 40.7 S6 70.1003 Z1 S7 e
118.4422 L4 2. 000 A&/
1. 850 32.2 S8 13. 2349 6.735 S9 N
-49. 69% L5 2. m°33so7 B b
1.835 43—0—516- —42 74092300511 2472041

7. 647 1.689 '31.2 %LE " -13. 4465 L7

2.000 1.713 53. 9 -223.5334 Z2

Aperture g8 S14 Z1 22 47. 1016 %38 - 74 #/No.

1.500 1.847 - 23..8-S15 . 25. 6722 1.409 S16
31.459058L9 B . 4,300 - 5
1.762 25.5mpy . 3 sgzggmm fgg;mm - 1?590155"8025 z4;g§g_f8m 3.30

40. 3475 : y : 2.7000

1.847 L?igozs 8 51@ T 2.1 R ﬁ? -

7.000 49 589 41.0 820 -95.3470 . 150 Sz}
59.5290 L12 2.500

1. 835 ThekPad® Z$BZhe spacing between surface 3[6 A he dlgg_lsagm D.

6. 100 Another embodlrgemlgfghe mventton?nes the elgmental configuration showing inbigrnestandilay 154

S24 : 36Here the aptfartu ; gm is Ic;cag:t:% aféezr5 group (;2 artl)tti a):;ally fi xidﬂ%hlzélgg;caled t:: a3§4 X

2 500 15 36mm image fram gs an ra 37?2 2 mm and subtends semi-fi g[e.fg (o) 15

6 100 degrees is substa ﬁaﬂly cribedin Ta V4 506 . 783 7917



The spaC| ng of the various groups of Figures 1 and |a and Table 11 duri ng

ogrfj ng are set forth belowin Table I11: 5 ) . L
033 607 B .5 TABLE Il EFL Z1 Z2 ’ - \_/

& Z4 f/No. 5

5 2565nm GB 203360F. ROnm 20. 61mm 6. 71lmm | 19. 73mm [

3.30720.0 7.70 16797 50 — 10793 T

4.35 85.0 - 25.12 4. 9BLE IV . 4. 88 .50 ~

4.10 125.0 29. 66 1.70 . " .50 . 50

4.60 10 Radius of - Axial Dlstance

10 The space Z3 is the spa@@"l’ﬁj“fbet ween SefwpenSurises and the di_ aphr agm D.

Anot helengnbod?ui@st of the MWention has ™Rk el enent aMN9%onf | gutiati on show ng
in Figures 1 gnd 1 a. Here, 1t$ﬁ5 aperture defining diaphragmis |ocated after
group & and axially fixed. s lens, geggd ed to a 24gx7 15 36;§1§nrrage i
frame, and hase an EFL rangsosbd 25.5 to 125mm and subtends sem -fields of

9.1 degrees to 38 15 degrees is-substiaestially described in Table |V.

6 GB 2 038 607 B 52.721 '
6 TABLE2 |V Radi us of %) al Dist Aht@ curvat ur d-743 4986t ween
Surfaces Lens ~Surface ~203.797 (), o (mm 3
Nd VgeSi sees  414.835 L1 k -
3.500 3 1.847 23.8 S2 600 13306 369 140768 S3
52.721 L2 S6 103.130 . 11. 700
1.743 49.2 4 -203. 797 . 150 S5 41.688 L3
6. 00 §7 1.806 3023140 7 S 103. 130 72i S7
302. 318% L4 14753 2.00 180 69 322
1. 850 3% s8 ' 14. 793 4§ 400 S9 -64. 865 L5
2. 000 S 1.840 _gaged2. 8 :
N L5 2.000 1.840 42.8
S10 44117 )
.100
S11 28.093 :
L6 7.700 1.739 28.3
S12 -19.503
L7 2.000 1.651 _ 59.0
S13 349.480
22
Aperture
Z3
S14 42.981
L8 1.200 1.847 23.8
S15 26.354 '
1.858
S16 31.399
L9 3.300 1.790 414
S17 —-199.096
Z4
S18 . 28.676
L10 2.000 1.862 23.3 _
. §19 20.560 ¥
L1 _ 4.500 1.547 - 27.8
S20 . -128.190
8.039 .
S21 70.468
v L12 2.500 1.619 20.3
822 25.194
L13 6.100 1.488 70.3
S23 —132.809
1.984
, S24 2798.444
L14 2.600 1.863 374
825 21.73%5
L15 6.100 : 1.482 71.2
S26 -70.988

The spaciﬁg of the various groups of Table IV during zooming as set forth below in Table V.



S10 . 44.117 100 Sil 28.093 L6

7.700 , < . 1.739 28.3 S12 -19.503 L7 7
2.000. 1.651 59.0 S13 349. 480 Z2 Aperture ZB i
s14 42.981 L8 ; )
1.200 7 ° . 1.847 23.8 S15 - 26 3546332%55605186 7
-31. 38\% +9 - , —— 3300
1.79 41. 4 S17 Z4 S18 28. 676 L10
2.000 1. 862 23.3 313’*9"%6" 20.560 L11
4.5000 gp 7}. 547 7927:8 S2023 74 -128. #RQ 8.039 S21
70. 468 L12 C s : ' 2. 500
1.619 5255m@0. 3 SA21mm 29.85mm 25. 8%dminl3 13.92mm 330 -
6. 100 ‘8}00 ggg488 izs-gf!'). 3 8232"38 %go -132.88® 1.984 824
2798. 444 . . S - 2.5
1. 863 259%7 4 s2398 1700 o) 7 115 B %
6.100 4¢ - 1.482° 71.2 S26° -70. 988 The spaci ng gf
t He vari ousia shisiinetint Jradalientidn thiahdwiOn EisHEE 245 d 265 arfias § Mbvable BiRIr0M defhingabl e
V. 7 mechanism between groups G2 and G3.
GB 2 033 60 fientpABDb E chinpifeks a positive cement@idoublet L1, L2, and a (R@itive meniscus L3conzg<tothe
74 object. Grpyl;N@Z nd@3 haye the same confl_gutzg_orﬁmewously despripati Group GR compyses 3 fi§§t
13. 92m+F positiv etL10and L11, andasecond po m letL12 and L3.: :

Asthe ies, from the low: to lgg perllmltgroqu oV §tow9rdthelma%e§%%%6ug%3
. 50 moves fi mrd the aperture, @/ g :@ then back towa perture
6.98 This lerfd & scaled to an lmagef f24x36mm, having EFL’s of 26.5mm to 125mm and subtendmg .

semi-angles of 9 degrees to 76 degrees is substantially described in Table V1.



29.6 1. 700 . 50 - .80 ' 4. 30

hird enmbodi ment of the invention is shown in Figures 2 and 2a, and Y}
a novabl e aperture defining nmechani sm between groups & and G3. The
frof gro@§2033eFd i ses apositive cemented doublet L1, L2, and a positidve
menisc 0 the oDnj : : S 3 e
configurations previously describedap® oup, GR conprises a first 15 positie
doublet L1 and L11, and a second positive doublet L12 and L3.

15 As the EFL varies, fronRadive | ower | i AxialDistan¢ehe upper limt group &

nmoves toward the inmage endtur@wep G3 nofeweenSpdaces owar d t he z%})erture," then’
r eveBsk®s and SUAE® back t ovi@™ the apert[ﬁ‘?’@. This | enfdis scad to.an ifmage
frame of 24 %,36nm havi ngﬁ;\%s' s of 25.5mMmto 125nm and subtending . :

sem -angl es of 9 degrees to degrees jgg substanti ahlkyp descrabhed in Table

VI . 8 s2 (GB2033607 Bi9.902
8 TABLE VI Radi us Axi al Di se.zhce Curvat unézs 51.4 Bet weemn
Surfaces 5 L&8s Sur f ace348.735 !(’mﬁ L (M. o ’
Nd vd Pk 1 272.365. L1 S
3.50 |, _ ©1.762 TP 27.3 82 (00 18009 902,30 L2 -
9.705 S5 1.673 ggesg 51.4 10 s3 Yo -348. 735
15 _ , 41.575 L3 7 S
6. 00 S6 1. 806 119.038 40. 7 15 S5 ' 88. 688
15 zi &6 . 119.038 L4 2.00 1.857 320
2.00 57 1.857 1530932 .0 S7 640 15.309 20
8.40® - _s9.323 40 20 s8 -59.423
LS L5 2.00 2.00 1840 a28 1.840
'42.8 S9 - s9 85gs@81 . 07 25 S10 _ 31. 319
25 L6 .07 7.70 1.762
27. 26511 s10 - 253139 L7 25
2.00 6 st 1.697 02,555 S12770 1762 10. 054330
22 L7 200 30 Apertylig, S13 g55
54. 083 s12 110.053
30 z2 : 30
Aperture ' .
z3
$13 54.083
LS 120 1.847 23.8
35 S14 27.576 35
- 43
S15 29.890 _
L9 3.30 1.806 40.7
S16 —163.620
40 z4 40
S17 47.088
L10 2.00 1.847 23.8
s18 20.204
Ln . 4.50 1.650 39.3
a5 S19 -192.570 45 &
. 14.66
S20 253.894 .
L12 2.49 1.790 43.7 ¢
$21 25.299
50 L13 6.10 1.488 70.4 - 50
S22 —47.350 '

The spacing of the various groups is set forth below in Table VII.

TABLE VIl
EFL Z1 Z2 | _ Z3 Z4 f/No.
: 25.5mm S50mm 30.83mm 4.37mm 17.60mm 3.65
40.1 894 22.56 0.00 11.67 3.65
85.0 25.93 5.72 3.95 1.33 3.65

125.0 30.70 78 15 40 3.65



L8 : . ' 1.20 1.847

23_. 8 35 - . S14 27.576 ,‘
35\, 43 S15 29.890 L9 : :

3.30 1. 806 40.7 S16 : -163. 620 40 74 S17 N
47.088 210 - o 2.00 GB2033607 B 9
1.84Z¥ 23787518 207204ttt -

4. 507 In another embédifve shown in Fiéﬂes’% aﬂésa, elements L14 aht15 of group G4 remain stationary

-192. 570 during zooming. Groups G1, G2 and G3 have the configuration shown in Figures 2 and 2a. Groép GR4. 66 S20
253. 894 L ddmprises a first positive cemented doublet L10, L11 of negative meniscus — bi-2ord/8x form, a second

1.790 doubleglL 12, LE&Ddf the same form, a positive eleMemt QO ahd a hepative meniscus L15 concave to the

6. 10 5 object. ' ‘

, 1.488 704 50 S22 . -47.350 5
The spaci E&f’%‘f‘“{"ﬁ@ MSTHGIAY YrSTRer o mpiain e Ee%"beeaf’&%’? et F‘E‘"%’VT’!“"“\“RBE E

VIl EFL This lens scal&jlto an image frame of ;gx 36mm, and having Zlgl.’s. of 25.5to 125.0mm, anh sutétanding

f/ No. 25. gMfield angles oPdHdBgrees to 38 degreddis SubbEntially descriiedin Table VIII. 17. mm
3.65 40.1 : 8.94 22.56- 0. 00 11. 67
3.°65 85.0 25. 93 5.72 3.95 1.33
3.65 125.0 30.70 .78 .15 . 40
3.65 = 9 : _ - E

& 2 033 607 B 9 I'n anot her enbodi nent shown in Figures 3 and 3a,

el enments L14 and L5 of group 4 renmin stationary during zoom ng. G oups
Gl, & and G3 have the configuration shown in Figures 2 and 2a. G oup GR
conprises a first positive cenented doublet L10, L11 of negative neni scus-
bi -convex form a second doublet L12, L13 of the.sane form a positive

el ement L14 and a negative neniscus L15 concave to the 5 object.

5 The diaphragmis stationary and arranged to maintain the relative
aperture constant during variations of EFL. This lens scaled to an inmage
frame of 24 x 36mm and having EFL's of 25.5 to 125.0mm and subtendi ng
sem -field angles of 9.1 degrees to 38 degrees is-substantially described
in Table VIII. 10 +'(3B2033607 8

10 TABLE VI Il Radi us " Axial Distance Curvature - -Bet ween
Sur f aces ' ' o .



Surf ace - (mm) (nm)~ ‘ Nd

5 Si 445.579 L1 . . -
1. 847 23.8 S2 46.817 10 LZ T
\ 1. 806 40.7 10 S3 -323.931
. 15184 GB 2033607 B 44. 318 L3 : ' 10
6. 00— — 482739515 S5 9876387
15 71 S6. . - 152. 122 Léyagle vl . . N A
2.00 - 1..840 42.8.S7 - . . 16. 665 20 .
8. 40 . : : Radius : Axial Dis@6ke S8 - . 166.642 L5
2.00 1.840 Curvatus®. 8 SO BetweenSurfaces 58,409 .50 25
S10 5 Lens Surface 32 864 (mm) {mm) Nd vd T
25 L6 - - - 7.70 ©1.733
28.1 §}1 $1 -348%7 L7 350 - 1.847 238 .
2. 00 S 1.700 4877 55. 3. S12 . 197.121°30
Z2 19 L2 970 30 Apertusms Z3 Sa@7 10
40.025 L8  s3 —323.931 1.20
1. 847 2%.48 35 42@18%4 15 24.132
35 1.30 S15 %26 L9
3.30, B 1.806 gggqe40.7 516 % "¥¥25. 016°30 -
Z4 oz 40 S17 41.374 L10
2.00 S6 1.854 15212223.6 Si . 28.237 L11
4.50 La 1.732 52.0 45 2.00 S19  1.840 428 . 456. 281
45 3.24 S20 S7 16569 . 078 L12 640 :
2. 40 1.785 48.8 S21 8 20.252 50 L13 20
58 —66.64 : ’
6.10 1. 475 %0. 3 200 50 1,840 428
S9 ’ 58.409
.50
25 S10 32.864 ) 25
L6 7.70 1.733 28.1
: S11 —30.877
L7 2.00 1.700 55.3
$12 197.121 ' :
30 z2 30
Aperture )
: zZ3
S13 40.025
L8 1.20 1.847 23.8
35 S14 24.132 35
1.30
S16 : 28.626 :
L9 3.30 1.806 407
S16 —425.010
40 .Z4 ' 40
S17 41.374
L10 2.00 1.854 23.6
S18 28.237
L11 4.50 1.732 52.0
45 S19 —456.281 45
} 3.24
S20 —209.078
L12 2.49 1.785 488
S21 20.252 }
50 L13 6.10 1.475 703 50
S22 ~38.872
' Z5
. S23 —-1513.366
L14 6.10 1.488 70.4
55 S24 —26.320 55
2.50
$25 . -24.591 )
L15 i 2.50 1.832 30.6
S$26 —56.837 .
60 . 60

The spacing of the groups during zooming is set forth in Table IX.

|



S22 -38.872°725 S23 : -1513. 366 L14

6.10 . . . 1.488 70.4 55 S24 -26.320 .
55.2.50 S25 -24.591 L15 S
2.50 1.832 30.6 S26 : -56.837 60 The spacing ~
of the gr oups during zoomng is set forth in Tabl e | X. 11GB2033607 B 1.
G320,336U1 B—TFABtE—1-XEFt 7% 72 73 Z4

75 > f/No. 5 25.5mm . 50mMM  yag AR 37MMm 4. 79mMm . 54mm

16. 63mm 3. 65 " 540.4 8. 08 21.73 .01

11. 28 eFL 10. 741 3zp65 85.0z3 26. 244 & 80 t/No.6. 22

13. 44 _ 2.08 3.65 125:0 " -29.60 .01

21. 5 25.5m@p .50mm 32%37mm) 4.79mm- -~ .54mm 16 63mm 365 -

10 Anot hef‘g rrbodg nt of 21-ffe inv i on sh |n F res 4: d 4a has groups
G+, & ana aszg Vi oug desc ed Xed r| sesakir ee positive
doubl ets L1 0, L1177 L12, L13 and LI4 L15 |ch m)ve Wit h variation of EFL.
The apekg ure defining diaphragmis positioned between groups G and G3 angy
i S arr angadothe embedigent atibaihwehtionapewd it Figures 4 dnd Eilas Hroupsr GV Zkad 63 eomnedausiy

rel ative aprsribedr@rouplGR comrlseﬂhews’oa%ves'elehl@ﬂ-w &11; b2, Fdernd L4y L hrvhigh move with36nm

wi th EFL' Yariptionoef EF.Theag R—?ﬁ'ﬂ?’lf betwaan 9§‘é‘ﬁfG%ﬁﬁ‘§IGé§""d¥arg'"ged

degr ees bgi 63% ﬁ?@o%éieéﬁ fﬁg:ﬁm%%{%hll&i gmi @@of?zeﬁsjﬂ Rl £5.6nm and su%%ndmg 15

B20336 i-angles of 9 degrees to 38 d%I('ees is substantially described in Table X.

12 TABLE X Radi us ial D stance Curvature: Bet ween
Surfaces 5 Lens - Surface ()

Nd vd 5 Si _ 86.919 L1 7

3.50 1. 847 23.8 S2° _ 51. 507 10 L2

9.15 o+ 1.569 . 63.1 : .10 S8 ‘586. 863
.15 4 44.013 L3 P

6.-00 | 1.773 49.6 15 - s5 ' 120. 989



107. 542 L4 ‘ i
1. 857 32.0 S7 15. 311 2Q

20 S8 -'68. 184 |5/
) 1.839 42.0 S9 35.639 .01 25
S1012 GB 2033607 B 25. 449 ' 12
25 T© ' 7. 70 17727,
29.2 Sl11 -22.645 L7 TABLE X . i
2.00 1.773 " 49.6 S12 ' -4941. 359 30 '
Z2 ' : Radius - . Axial DistaB¢@ S13 42. 644 LS8
1. 20 1. 589 Curvaturg] 2 S]4Between Surfaces 23.589 43 35
S15 5 Lens Surface 27 132(mm) {ram) Nd . vd . .
35 L9 s1 _ 3.30 1. 655
33.7 §16 1187877 23 s1744 1880. 676 249 L10 .
2.00 S2 1.76 " .s1507 26.6 40 S18 ' 26. 206 L11
14. ©212 . 1. 807 35.5 S199.15 1.6646. 163100 45 10
S20 s3 -50. 91586.863 . - : L _ .
45 12 - - : o 2. 40 : - 1.847
23.8 21 % 144788 L13 - .
9. 73 S5 1. 488 120989 70. 4 S22 -27.371 o
2.04 21, 50 s23 © .16.837
L14 S6 . 107.542 1. 60 1.488
70.4 &4 : 32.237 L15 2.00 1.857 32.0
8.50 1. 650 1311 39 3 55 S25 -34,. 016
55 %0 The ﬁapam ng bet vveeﬁhgtalge vari ou® Qgr oups with variation of EFL ?s set
forth d n Table Xl 2.00 1.839 42.0
GB 2033607 Bgg 13 35.639
01
25 $10 25.449 25
L6 . 7.70 1.722 29.2
s11 —22.645
L7 2.00 1.773 49.6
S12 —4941.359
30 z2 30
s13 42.644 .
L8 1.20 1.589 61.2
S14 23.589
43
35 $15 27132 35
Lo 3.30 1.655 33.7.
$16 1101.577
z3
s17 29.676 ‘
40 L10 2.00 ' 1.76 26.6 40
S18 - 26.206
L11 14.92 1.807 35.5
S19 —46.160 : :
00
45 $20 -50.914 45 ’
L12 2.40 1.847 23.8
S21 14,786 ,
L13 9.73 1.488 70.4 e
_ S22 . —27.371
50 : 204 50
' S23 © -16.837 .
L14 1.60 1.488 70.4
S24 32.237
L15 8.50 1.650 39.3
55 s26 . ~34.016 55

The spacing between the various groups with \}ariation of EFL is set forth in Table XI. 60



TABLE Xl EFL ' Z1 | Z2 Z3

f/No. 5 25.5mm ., .10 ' 24. 34 19. 35

3.65 _ ' 5 40.0 7.04 14. 78 N
11.84 ~ 3.65 85.0 ' 26. 64 5.97 1.89
3.65 122 0 28. 77 .10 45 682033607 B 3. 653
10 Another—enbodine ' Te—rventton i ' '

GR & shown in Fi gures 5 and 10 5aTA§{E05dps Gl and GZ are construct ed as
previously described. Goup GR conprises a bi-convex positive doublet L8,
-19; a posgALi ve nenis@us L10; a bzz2 concave elzarrent--- L11; #NgoOSitive meniscus
L12 concave to the object; and a positive bi-convex doublet L13, L14. In
this entFo®idment al |l tWree groups24@ve with dBdhge in EFBSS As the EFL is 5

“incr eased“g roup G t owar d obj ect e: 4 "group G2%%hoves toward the
i mage enoﬁ g and grodp, noves Lpward the ofgect end. Jpe aperture _
defining rrechanlstls aX|aIIyT|xed|n position. . 15 |l ens of this

enbodi MRt ABGHRYr @ebddihentsF thelMERtioR kerREses thiddgrsupd G762, 4HIGRSes Siowhdn Bgur@ 5and. 10
104. 8mm  su0GrogpsiE @ndiG2uge omstruciell ad mlevinugly descritfed. Thoup GRegmprisss 4 ti-cowberositive al | y
descri bedddquhletfglora positive menisgug L10; a bl-t@B:age @g@nglg‘] gpositive meniscus L12 concave to the

14 TABLE qct, RYsitive bl-convex doublet 13, Li4. I Pl},tg proups move with chapg: e\A% e
Sur f ac e ? FLisi up G1 moves towar ject en group moves to ar the image en
5

GR move w ject end. The ape efining, Dis axi iXed in position. 15
Nd ofthus embodlment foran lmag lane of 24 x 36%@ fjrgl to 104 8mm, and
4.00 : subtendmg semi-fel®4hgles of 10 8 degre stantially described in Table ﬂf 924 10 L2
9.5 - 1.691 57.7 ' 10 S3 ' -412. 177
.15 $4 - 72.251 L3 _ ' wd
4. 50 1.804 46.5 15 . S5 . 145. 982
15 S6 . 68.558 L4 _ o
2.00 1.834 37.3 S7 : 19. 481 20
8. 00 . 20 S8 -91. 032
L5 | o 2. 00 . 1.834
37.3 S9 o - 41.216 4.69 25 . S10 40. 739
25 L6 ) S - 7.70 - 1.762
26.6 Sil ' - -19:592 L7 ' '

2.00  1.834 37.3 S12 7 -689.714 30
.22 - ) - 30 - | .



35.503 L8 _ ’ :
1. 805 25.5 S14 . 22.130 L9

1.713 53.9 35 S15 " -538. 122/
41.920 L10
GB 2033607 B1. 713 53.9 S17 526. 965 40 14
40—S18— —=37. 0607,
L11 TABLE XH - 1.50 1.570
42.6 S19 : 47.131 5.29 45 - S20 :
-103. 372 Radius .. Axial Distance : 45 L12
4. 00 1.623 = Curvatug(. 1 S21 Between Surfaces -26.839 6.33 S22
60. 6738 Lers | 1 3Surface S (mm) - (mm) : Nd 10. o¥d - 5
1.488 79, 4 3 . -18.358 L14 '
1.80 |, S 1.834 §£§§337 3 S24 400 180573 94,55 _ The 3
spacings of t§e various greugm With variation in EFL are given in Tabl e ;
X1l L2 - 55 TABLE XIIl EFL-- .. 95 Z1 . 1.691 5722 . 10 )
FVD -+~ .83 f/No. 25.5rmH2.177 - ~10mm ... - . 31.93mm. - . N
159. 7mm sa 3.7 go 0 12,951 - 6.6418 - 16.07 - . 164.5
3.7 85,0 7 28,06 2. - ' 193: 6 < - 3.7
8 452 ssesp -39 Bo 0 wes g

105
9 . . : L
Q?)BB 607 %5 15 The powers [err] Zerr],[err] and [err] of the 1

varr ous groupse[err],[err] esbsdrr], and [er r], respectively, are set forth

in Tablke XIV: TABLE XI V5 2.00 1.834 37.3
5 Lens 87 [err] 19.481 [err] - [err] err]
Tabl &0 | g - 0156 _o1gsy - 0645 8.00 .0173 .01312%°
Table Iy . 0159 ) . 0576 549 . 0172834 a73 - 0099 10
Tabl eVl sg .-0138 41216 - - 0535 . 0170 . 0127
10 Table VIII . 0143 -. 0539 . 0167 . 0119
Tabl es X 810 . 0147 40.739 -. 0607 . 0126 . 019225
Tabl.e Xfl . 0085 -. 0417 770 1.762 266 0260
s11 —-19.592
L7 2.00 1.834 37.3
S12 —689.714
30 . Z2 30
S13 35503 .
L8 1.50 1.805 25.5
S14 22.130 ,
L9 6.50 1.713 53.9
35 S15 —538.122 35
15
S16 41.920
L10 4.00 1.713 53.9
S17 526.965 '
40 _ 2.70 40
' s18 .—37.060
L11 1.50 1.570 42,6
$19 47.131 _
5.29
45 $20 -103.372 - _ 45 *
L12 4.00 1.623 - 80.1 :
s21 —26.839 :
: 6.33 <
S22 60.673 _
50 L13 1000 . 1488 70.4 50
$23 -18.358 '
L14 1.80 1.834 37.3
S24 —73.946
" 56 The spacings of the various groups with variation in EFL are given in Table XIll. . 55
TABLE X
EFL Z1 22 FVD f/No.
25.5mm 10mm’ . 31.93mm 169.7mm 3.7
40.0 6.64 16.07 164.5 37
85.0 28.06 266 1936 3.7

105.0 45.2 .39 204.6 3.7



15 The powers K21 -of the negative elements K2, of group &and the power
K22 of the positive are setforth in 15 Table XV together with the
absol ute ratio of the positive to the negative: TABLE XV 20 Lens

K21 . [err] [err] 20 Table I'l
-. 0871 0997 33 _Tahle \

-. 0724 29 25 Tabl e |

- 0718 The powers K,, Kz, K@?e@oﬂhe various groups Gy, 622(3, and Gg, respectwely,are setfortl'nga‘thfam e X
-.0838 XV . 0268 .32 Table Xl |

-. 0601 . 0166 TABLE x1v27 The ratio of the absolute
power o each group to the geometric nmean of the powers of the Iens at theg
30 extrerensEFL's is #iven in TabKe XVI. : Kr

- 30 TABLE XVL“[e r] 56 [err 01_Jaer ] 0131 [err] 35

35 Tabl e J£REY, égq ~g578 0172 98 5099 74

Tabl Y Tabi g s "ok gpze 97 o1z . 60 Tabl g

Tablg Vi 0143 3.02 _ o539 - fe7 o119 72 Table Vil | _

81 - Table X 3. 0%0147 —~.0Bel 0126 .67 40 d18bl e X .83 -7

3 42 Table XH .71 0085 ~.’D408 .026d0 Table Xl |
1.46 CLAI NS 45

A 20 Kﬂhaf\} gRensKa plgkoyp Ge 1’%""‘1‘*& Phike RoPiHYR ase 35t RERE o018
f)lgl ow t he Wg&ﬁﬁ*e%’gﬁg E‘%’@"‘f;} '?’Fe°°8?‘1'ett?1§?yp oﬁg dl?errenm on at | eals? "

twi ce the diagonal of theinmage frame, yagu@Pxysi ng fromthe object end a
first positive group, a second negative group and a third positive group,

at | ea20 lewo of said groupskheing axially Kmvable to varyKgf¥e equi-val ent 20
focal length of said | ens, said second negative group 50 havi ng an absol ute
opti cal p‘lxgﬂ v greater than S first and .9%¥nd groups, I d second group
havi ng ob,| § 50 side el enento ©f negative’ r and i magégsi de el ements of
posi ti yg -,Qg,wem, where: [err]lopqad where K21 g6 t he absol ut ggsum of the - o5
powers ofrablB® negative el emepgsm of the secmaeb group, and K22 is the optical
power of TableXpositive conpor®stl of the secanes group. 2. AZ7ens as clained
in claiml, wherein said second group fromthe object end conprises a
negati g & heriaeconsehinres woroEech oo R eeRmElTc medgiof B RRARFRST PR A and
posi ti Ve, BT eTnd B8Vao P 60 3. Alens as clained inclaim1 or 2, 3
further including a p05|t|ve fourth grmste-x#- A lens as clained in claim1,
2 or 3, where during variations of focal length fromthe | ower extreme to

t he upper extrene, s&wdusecond gKekyp noves fK«#m t he obj eatKmwend toward t he

i mage é‘ﬁd aldthlrd cJroup noves initially toward the |mage end and 35
t hereaft rd thed obj ect and3Phen the i e end, and6 t least a 65
portion | d fourt’ group m)v§ 2tovvard t hi 6obJ ect end,2
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GB 2 033 Tabié xB 15 a“éhe powers {;ezr] [err].,71[err] and 1[.osrr] of the 40

various (drabeps [err] 44 err], [ereps and [err], respectivietey, are set forth
in Table XIV:

CLAIMS
45 45
1. Azoom lens having equivalent focal lengths ranging from a dimension below the diagonal of the
image frame of the lens to a dimension at least twice the diagonal of theimage frame, comprising from the
object end a first positive group, a second negative group and a third positive group, at least two of said
groups being axially movable to vary the equivalent focal length of said lens, said second negative group
50 having an absolute optical power greater than said first and second groups, said second group having object 50
side elements of negative power and image side elements of positive power, where:

40 < Ez‘ >.20
55 22 55

and where K, is the absolute sum of the powers of the negative elements of the second group, and
K. is the optical power of the positive component of the second group.
2, Alens as claimed in claim 1, wherein said second group from the object end comprises a negative
60 meniscus convex to the object end, a bi-concave element, and a positive, bi-convex doublet. 60
3. Alens as claimed in claim 1 or 2, further including a positive fourth group.
4. Alens as claimed in claim 1, 2 or 3, where during variations of focal length from the lower extreme to
the upper extreme, said second group moves from the object end toward the image end, said third group
moves initially toward the image end and thereafter toward the object and then the image end, and at least a
65 portion of said fourth group moves toward the object end. 65
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focal |engt ens sal d second negative group 50 having an absol ute__.
optical power greater than sai d firstTasd »aecond groups, said second group. -
havi ng obj ect 50 side el enments of negative povver and |rrage side el ements of
positive power, wherd&/Kperr] 55 KKm Ka/Km K

55 and Rhgre K21 is the absolute mof the powers of th,g negative el enentSs
of the segf group, ‘@nd K22 is E@ optical gpwer of th%oposrtrve conponent
of the segs jgroup. . A | ens a§0§| ainmed ingglaim1, wyarein said. second
group frovaplevtn obj ectgend conprises a negatige 60. neni szus convex to t-he
obj ect 49nTgbleX bi concag®e el enent, 34hd "a posi t¥ve, bi-conté& doublet:.  60. 340
A |l ens asTableflined in#aim1 or 216further i ncI uding a pd8itive fourth

gr oup.
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CLAIMS : : . .
45 - 45
1. Azoom lens having equivalent focal lengths ranging from a dimension below the diagonal of the
image frame of the lens to a dimension at least twice the diagonal of theimage frame, comprising from the
object end a first positive group, a second negative group and a third positive group, at least two of said
groups being axially movable to vary the equivalent focal length of said lens, said second negative group
50 having an absolute optical power greater than said first and second groups, said second group having object 50
' side elements of negative power and image side elements of positive power, where:

A0 < EZ’ > .20
65 - 22 . ] 65

and where K>, is the absolute sum of the powers of the negative elements of the second group, and
Ko, is the optical power of the positive component of the second group.
2. Alens as claimed in claim 1, wherein said second group from the object end comprises a negative
60 . meniscus convex to the object end, a bi-concave element, and a positive, bi-convex doublet. 60
3. Alens as claimed in claim 1 or 2, further including a positive fourth group. :
4. Alens as claimed in claim 1, 2 or 3, where during variations of focal length from the lower extreme to
the upper extreme, said second group moves from the object end toward the image end, said third group
moves initially toward the image end and thereafter toward the object and then the image end, and at least a
65 portion of said fourth group moves toward the object end. 65
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where .
K is the geometric mean of the optical powers of said lens at the extremes of its equivalent focal Iengths
‘and : . )
40  Kq, Kzand Kjare the optrcal powers of the flrst second, and third groups respectrvely , 40
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