2213956 -1- FOUR COVPONENT COWPACT ZOOM LENS This:.invention relates to °
conpact. zoom | enses including four lens groups all of which are 5 aX|aIIy
movable. It is an object of the present invention to provi

zoom |l ens for a viewfinder canmera, which is sufficiently ch;Z£E§EBE§€Eh
front end of the zoomlens does not intrude into the field 10 of vjiew of
the viewfinder when the view inder is posili-oned desirably close to the
taking lens for avoiding viewfinder parallax. Cbviously, both dianeter of

the front end of the zoom| ens and the dlstance of the front end of the
zoomlens fromthe 15 fi iUy ) GNRA s8Rl em The | ens

may al so be light in wei qﬂmsanph@éﬁttanswtedesl aoaeempdartceowh t he
present inventiqn there |sl§{OV|d d a oontlens congi si_n fo r conponents
athr 8

each novabl e axil®NSEs R Ly ?@s EFBHBEN GgHACha f5E of at
| east 2.5:1,5i nelxidilNg andvable negative conponent, a positive conponent, a

positive cenented doublet cqﬁ%qﬁed+%£€€g oEegﬁenéggggﬁ eﬁ&%%ﬁe“pqﬁponent

conprising three el enments m nount :
first- nentlonedgmnyﬁdewanxnhunmﬁﬁvetheomolanslﬁngtﬁ wdemﬁﬂmﬂ&nntex of the

front surface of I
1.8 [err] at the% reft LI eéﬁﬁ?{\&iéﬁcwegs}aﬁabtptﬁ@e helenEdcrfs than

focal |ength setetﬂchg?f v eWP‘BO e“f ZS;;;Enpgtt Iﬂétgﬁgf'i F:%h%tené)‘t%‘iaong
[sggg f : iat Ihg% | Otrarzlref\fg@& drengté; vE@Wftheeﬁuwneaeshef vilew findemtis
i ncl udes one or BRFHE %‘?1%33@3{1%%%%28%&#? h ﬁgé(gﬁgé égérfirnt Qat
form ng the commwnﬂulngewi@nﬁindernpetaiéapnoprwﬂputh»dﬂéﬁ
(¥ diameter of the front end of the zoom lens and the @?’
distance of the front end of the zoom lens from the
15 film plane are factors in this problem. The lens
may also be light iﬁ weight and easily stored.
' Iﬁ_accordance with the present invention

there is provided a zoom lens comprising four
components each movable axially to vary the focal

20 length through a.raﬁge of at least 2.5:1, including
a front negative component, a positive component, a
positive cemented doublet component and a rear
negative negative component comprising three

. elements, and a diaphragm mounted with the
25 first—-mentioned positive component, the total length
- from the vertex of the front surface of the front

lens element to the focal plane being less than
1.8 Fs at the short focal length setting and less
than FL at the long Eocel length setting, wherein

30 Fs is the short focal length and FL is the long
focal length.

For the purposes of the present
specification, the term "component" means a part of
the zoom lens that includes one or more lens

35 elements, wherein those lens elements forming the
component are located in close proximity with one
another and are capable of moving together as a

group.



. [
andt her. and are capabl e of noving together as a.group. -2- An
alternative zoomlens is described and claimed in our copending divisional
application GB-A-2 238 401. 5 Enbodi nents of the present
invention will now be described, by way of exanple, with reference to the
acconpanyi ng ‘drawi ngs, in which: Fig. 1 schematically represents a first
enbodi ment of the present invention; 10 ~4 Figs. 2 and 3 are tables
of constructional data for the first enbodinent, illustrated in Fig. 1;

Fig. 4 schematically repreg ment, of , t he ent

i nvention; Figs. 5 and ﬁ%%&iﬁﬁgo%%ﬁﬁq onﬁ %ccfajt%a cfc?r“q he
second enbodi rrent01ﬂilﬂl€u%thatm icopending divisivnahappliicdtdion epresents a
third enbodi ment gy—4 e pigsyt. i nvention;, and Figs. 8 and 9 are tables of
constructional 20 data for e third enbodlnent illustrated |n F|g 7. A

first embodi mBnt of the pr%ﬁ BeRtehtqHorthe axesank dnventdiqn willis a zoom
| ens 21 intended ﬁmvhfetdkasdzaiﬁéw, Wy afdy Vceflésféinﬂeaw/iﬁwfﬂélt&%d&mra '

The |l ens 21 has e ane ‘25 whi ch, t.h i.lmis disposed in the
canera. The lens ch trsHi ‘gcb?népcﬁnyﬂl%éig%"r&qg?t E‘é"é’ﬁ'&ﬁ By description, the
front of the lens or of a Ei@ypdnesthema tdcaiehy nespﬂmrarsca ﬂiavaatrds the

obj ect plane 25. ﬁ%dﬁﬁ%%é r}_q,{éjdée‘_se GTFHJ{fl A al | of which

are axially novab ar e: conponent 27 a second

corrponent 2910a third confov&s Bmnthd areratiles of aratonmti gl
data for the first embodiment, illustrated in Fig. 1;

_ Fig. 4 schematically represents a second
U embodiment of the present invention; _
Figs. 5 and 6 are tables of constructional
15 data for the second embodiment, illustrated in Fig.
4 | -
Fig. 7 schematically represénts-a thircd
embodiment of the present invention; and
_ Figs. 8 and 9 are tables of constructional
20 data for the third embodiment, illustrated in Fig. 7.
A fFirst embodiment of the present
invention, represented in Fig. 1, is a zoom lens 21
"intended to be the taking objective lens of a
viewfinder camera. The lené 21 has an image plane
25 23 in which the film is disposed in the camera. The
| lens has an object plane 25. 1In the ensuing |
description, the front of the lens or of a component
or element is nearer or towards the object plane 25.
~ The 1ens_21'inc1udés four components, all
30 of which are axially movable. There are: a front, .
- first component 27; a second component 29; a third
component 31 and a fourth, rear component 33.
‘Front component 27 is a negative meniscus
lens element A having front and rear surfaces R1
35 and Rz and a thickness ty- The values of the
radii of”the'surfacesRl,.R2 and the value of
t1 are given in the tablg in Fig. 2. The front
component 27 is utilized to adjust the image to



Front. conponent 27 is a negative neniscus |lens elenent A having front and .
.rear-.surfaces R 35 and R and a thickness [err] The values of the radii
of the surfaces [err] and the value of [err] are given in the table iq;&. p
Fig. 2. The front conponent 27 is utilized to adjust the image to | -3- :
focus at the imge plane 23. The object_fiane 25 is spaced by a variable

di stance [err] fromthe elenment A 5 Spaced from front conponent

27 by a variable air gap [err] is the second conponent 29, which is :

positive and ppeLiddat 2ndi 3pEEROP1IANEADE .2 QDI JCW P1dndN S seligment B
having a front surfaﬁe %err% which is aspheric, and a rear surface [err] 10
The t hi ckness3P8FFf BY Bnh¥ardable distense §,qifrom ithe gdememte in Fig. 2.
The aspheric Aurface R conforms to the fornula: [err] wherein C =

0. 02557865 K = 12. 0445 184 E = -0.26615 x

= -0 X [err] 20
[err] F =0.26087 x [ePEfCE:‘_i:f-%B%gfgf x‘:f’hﬂplof’e?q 27 B Bongi t udi nal
coordi nate of varpebie edrt BepsS:,f dse thiei secionda component 29,r om 25
the X axis. TRR1PRSiEI BBsk 11/B€ afligd i ' aﬁ 4 he variable
space [err] fromthe e eﬁent'A gng E&kgggggwhi?}gﬁkgﬁggir ?%%h?%lenent-B.
The di aphr agnfiPHPR8sCaN¥YLEaleRge pilemens B3baving mofmondn@urEagsvabl e wit h
the lens elenRgL Bhich is aspheric, and a rear surface R,.
10 The thickness t3 of -the lens element B is given in
the table in Fig. 2. . o :
The aspheric surface R3 conforms to the
formula: - T
- _ : NS

15 X = | cyz - ~ + DY# + EY6 + FY8 +GY10

| 1+J1 - (KrDcha?

wherein C = 0.02557865
= 12.0445
= —0.37847 x 10~
= —0.26615 x 10
= 0.26087 x 1079
= -0.33251 x 1030

X is the longitudinal coordinate of a point
on the surface which is a distance Y from
25 the X axis. | . . B
| The position of the diaphragm DM is N

determined by the variable space S2 from the |

element A and by fixed distance FS1 from element

B. IThe q1aphragm DM has a clear aperture of
30 17.20mm, and is movable with the lens element B.

' Spaced from the second component 29 by a

variable air gap S; is the third component 31 '

which is a positive cemented doublet including a

meniscus lens element C and a double convex lens
35 element D. The lens element C has a front surface

Ry, a rear surface R, and a thickness t,. The

double convex lens element D has front and rear

4

20 6

Q Mmoo R

surfaces R6 and R7, respectively, and a.

thickness t5‘



Spdced fron1the second conponent .29 by a variable air gap [err] is the
third ¢onponent 31 which is a positive cemented doubl et including a

méni scts/ | ens el ement 'C and a doubl e convex | ens 35 element D. The |lens
element C has a front surface [err] a rear surface [err] and a thickness
[err] The double convex |ens element D hag_front and rear surfaces [err]
and [err] respectively, and a thickness [err] -4- Spaced fromthe third
component 31 by a variable air gap [err] is the fourth conponent 33 which
is atw units, both uni t@dwmgnmga'me/ethi&d Wmo@ie@fﬂsfm ®&¥yRonent and is

herein terned a ve en fourth egati ve negative
conponent i ncl u tt~1‘1ron %ds%@?l'g‘ feor‘r‘éﬁ?‘ '1? r]:f% nt and rear
surfaces R and Néﬁ:qh ri@s@(nﬂweiryi,tsandmﬁh akridss Hedmg) megatddrlee; 10 meni scus
l ens el ementgF ] and t hi ckness
EEIE J1lcn 2R, Ga[]rﬁf% el P U ol |

t9, and a double concave | ens el ar surfaces R
and R and t hin@&dddye aﬁﬂativerm@magnﬁnyﬁe ﬁQWﬂﬂb.Fﬂﬁ&gtéﬁaced by a

}‘ixed f” sta?cth%ggdéS% Q:Tonlﬂwne\tﬁ:r tilrfcq?;da‘sdtd&@:{onw&:{eaﬁ%%d?tﬁ?ﬁ [err% The
ens el enents n ar, ce i X istance [err] a e vertices
of their surfac@ge["}?f‘rt] E:ﬁﬁp%é\gr ]Ebl),g?é‘q:eef&ﬁietﬂeacrh@q‘rtf gn@%nponent s 20
i ncreases (or G@r,emwpdm@ﬁtmﬂhmam a@emtidmrﬁoonent t he

change i n 19p2! de8gda" g SR % JVGER eldlior deGigasl 0

i ncrenent al “space | every
component has a%ﬁmﬂmeamn&mbmdortm@mss tthe dest @ase (or

increase) of th@id®i@d doMe@vid lens element G having front and rear
K*/ surfaces R12 and R13, and thickness tll‘ The
lens elements E and F are spaced by a fixed distance
15 FS2 at the.vertices of their surfaces R9 and
RlO‘ The lens elements F and G are spaced by a
fixed distance FS3 at the vertices of their
surfaces R11 and RIZ' |
As each of the four moving components
20 increases (or decreases) its distance from its
adjacent component, the change in focal length with
respect to increasing (or decreasing) incremental
space is of the same sign for each component. Thus,
every component has a constructive contribution to
25 the decrease (or increase) of the focal length.
N This contributes to the large zoom ratio and short
' front vertex to image.plane distance exhibited.
‘The variation in space S4 between .
components 31 and 33 contributes to the focal length
30 change four or five times more than equal increments
of variation in space S3 and two to three times
more than equal increments of variation in space
S,. The actual magnitude of the ratios depends on
whether the lens is in wide angle or telephoto
35 configuration.
Besides changing focal length, the
| increments of change of spaces Sz. S3 and S4
also partially compensate for aberrations,



This contributes to the large zoomratio and short front vertex to inagé

- plane distance exhibited. The variation in space [err] between conponenp§
31 and 33 contributes to the focal |ength 30 change four or five ti

nore than equal increnents of variation in space S3 and two ta three ti

more than equal increnments of variation |§ space [err] The act ual nagnltude
of the ratios depends on whether the lens"is in wde angle or tel ephoto 35
configuration. Besides changing focal |ength, the increnments of change of

spaces [err] asgdeberil ahﬁa Bphkirdlclat %%%E%%%ab%'WW’tW%e&@% Adto
especially thepggE?rlca err&hlon in the tel ephoto conflgurgtlon
n

negati ve spher §H€PF&PPO 2t Negakive §§h§§ P@FFF%%%?W(Hr] are
varied is 5 cohpensesadtBoasbyplakespss, ande @@é‘ﬁ@ri@@ﬁﬁ@atlon t hat

borrati on DueropREnearkd 13 B9, thy STy MR Bhebbien 2,

novabl e 10 co#beﬁenesuabsraatbpﬂsea dentvarliledd tdhamceptable | evel s and
arelatively | og¢Hs | [ I t 31, if
the ratio [erriaﬂ?rgﬁﬁ%x%bgunﬁhgegga% ﬁi&?dgﬁe%g%F?b% %i%%qgggﬁ?s
conput ed so t hkhe[ dAFEe| 0gMeEBEAOthan unity (i.e., of the two possible

ratios a:b and b:a, thagtoRasi beedl Eoupd wthhw&%ﬁ@%o%rV§kH%bﬁ%@atef than
unity) then [e net ers axi al l.or, i.s corrected. 20

In the fodh 881?8898%33§%Fﬁ835ﬁ8ﬁ?e5513 &P&@&? Led &oc@ceeptable ratio

[err] of the Abbewels and a relatively 1arge back focus is
maintained.

In the third component 31, if the ratio _ Q;)'

'VRCD of the Abbé numbers of the elements C and D

‘15 is computed so that VRCD is greater than unity
(i.e., of the two possible ratios a:b and b:a, that
one is selected which gives a value greater tﬁan
unity) then 3>VR,,>1.8. With such parameters
axial color is corrected.

20 In the fourth component 33 the choice of
glasses is such that the ratio VREF .0f the Abbé
numbers of the elements E and F is computed so that

REF is greater than unity (i.e., of the two
possible ratios a:b and b:a, that one is selected

25 which gives a value greater. than unity) then

' ‘3I>VR
observed axial and lateral color correction will not
be achievable. : _

' In order to control higher order distortion

30 in the wide angle mode and balance'the distortion
and lateral color over the full zoom range, the
following relationship exists:

) 0.4>INc—Np1>0.1
wherein NC is the refractive index of

35 element C; and

| | ND is the refractive index of

element D. '

EF>1 .3. If these parameters are not _ \hf

s



ﬁunberé of the elenents E and F is conputed so.that [err] is greater than
uhity(i.e., of the two possible ratios a:b and. b:a, that one.is selected
25 %Q)ch gives a value greater than unity) then 3>err]>.3. If these
parameTers are not observed axial and lateral color correction will not be
achi evable. In order to control higher orger distortion 30 in the wde
angl e node and bal ance the distortion and | ateral color over the full zoom
range, the followi ng relationship exists: [err] wherein Nis the refractive

index of 35 element Crmnddial Slérre}EtHsefdzaCéaiéte dMage Eowrl enent D.
-6- The focal |engths of each of the

ur conponentgs, | | th ti
L of those | enfidfPaeRti AR &% ds \féatfrri&: qérﬁﬁs‘lﬁe\[ﬂgﬁﬂg e Si \r/gnlg
in the ensuing e nforipnerf fec tHooal fdomigtlerigth F_ are giwvef [err] 27

-49.27 mm - .29 27 73 mm
0.79 31 5 InHg¥ Ssine tavle: 1.58 33 -25.12 mm
-0.72 The lens 21.is a positive-pegative zoom 15 lens in that the first

three corrponentsﬁTl gnerftnd 3Fpdadethigdipe @ posi tiye ety power, and the
rear conponent 3 &g a negative power. The positive- negatife arrangenent
tends to make the lens telephoto in the longer—focal—tergt-h—pdes—Ihe 20

table in Fig.- 3 givesy the back fapnl2 aagth; lens lengtlbllength fromfront -
vertex of the front - :

10 29 27.73 mm - 0.79
: 31 55.29 mm 1.58
33 ~25.12 mm . —0.72

. The 1ens 21 is a positive—negative zoom

15 lens in that the first three components 27, 29 and
31 together have “a positive net power, and the rear
component 33 has a negative power. The positive—
negative arrangemint tends to make the lens
telephoto in the longer focal length modes. The

20 table in Fig. 3 gives the back focal length; lens
length; length from front vertex of the front
element to the image plane (i.e., the sum of lens
length and back focal length); and the telephoto
ratio (i.e., length from fronf vertex of the front

25 element to the image plane divided by the focal

U length), for each of four focal lengths including

' the two extreme focal lengths. As elsewhere in this
specification, all linear dimensions are in mm. It
will be seen that at the longest focal length, the

30 lens has a telephoto ratio of 0.93 which is an
‘i{ndication of compactness. In the wide angle mode,
the lens has a length, 50.68 mm, which, together
with the back focal length of 8.25 mm, renders the
lens comparable in its forward protrusion to a

35 normal taking lens of a 35mm camera which typically
extends 58 mm in front of the film plane. In that
the camera for which the lens is intended is a
camera with a separate viewfinder, it is impOrtant



““length); and the tel ephoto ratio (i.e., length fromfront vertex of the,

el enment to the inmage plane (i.e., the sum of lens | ength and back focal’

- front 25 elenent to the inage plane di vi ded by the focal | ength), foraﬁach
of four focal lengths including the two extreme focal |engths. As el sewher
inthis specification, all linear dimensions are in nm It wll be seen
that at the |ongest focal |ength, the 367+ ens has a tel ephoto ratio of
0.93 which is an indication of conpactness. In the wi de angle node, the

| ens has a length 0.6 nn1 mhlch t.ogether with the back focal |ength of
8.25 mm renddmBt he FRIMARDHPEBHETHON (QF 1 ERSAINB BOF LBP ORUED & 35
nor mal t aki ng dseniso adbscwdema cpoet bonho £htivey pf tald yofxv eedsob8then i n front
of the filn1pl 4{?@hat the canera for which.the lens is intended is a
canera with a separ%. Tewfinder, it is inportant -7- that the forward
pr ot r usi onsof the | ens The batbecof athe cexteeneefacabriengtbs ofie fiel d of

- view of the vigyf £ 0 pfth t cal lengths
of this enbodlnent 1S %%éﬁ%&f %§0%04|§@ 3§a%% Qmﬁlcg 4 Fgaﬁééﬁally be
termed a 3:1 MAd SHREmat b e gteomed %n3l1bé°§@eheﬁﬁat at a focal length

of 35.06 nm being [erra‘rédilefﬁgprseﬁt wPLRl bd Oskendthatt e hepgthifromthe

4

vertex of the front f the front el ement A to the filmplane 23
1S 5a 08 Ak 0 Lot Re bene &, Fhe Shvrbesf FiSelicngin to the

focal |enggh, Iengﬂh;siﬁbfibmtmhhftemlehe vémtes. 8f theofrantthe |ong 15

focal |ength, dﬁfég%e II?@ Iane %Leggég %gq&1£gmﬁﬁéopilaurface R of the

front el enent h“is | ess than the
plane 23 is 58. 93 mm, and the telephoto ratio, i.e.,

the ratio of that length to the focal length, Fg _ QL)"

1 1.68 which is less than 1.8. Also, at the long
15 - focal length, F;, of 104.56 mm, the length from
the front surface R1 of the front element A to the
£ilm plane 23 is 97.15 mm, which is less than the
focal length F ' '
The clear aperture of lens A is 15.91 mm
20 Which, together with the shortness of the distance
between the vertex of the front surface R1 of the
front lens A and the film plane 23, ensures that a
separate viewfinder can be placed close to the zoom
lens without intruding on the field of view of the
25 viewfinder, thus minimizing viewfinder parallax.
Fig. 4 illustrates a second embodiment of
the present invention which is generally similar in
construction to the First embodiment described
above. Figs. 5 and 6 are tables giving the values
30 for the various parameters; In Figs. 4 and 5, the
four components are given the same reference
numerals but with a'prime'(’)=suffix. 'Simiiarly,
the lens elements are given the same reference
letters but with a prime (') suffix. Likewise, the
35 Vvariable spacings are given the same references but
with a prime (') suffix. '
In this second embodiment; the diaphragm
DM' is placed behind the element B' at a fixed



focal I'ength FL. The clear aperture .of lens Ais 15.91 nm 20 which,
together with the shortness of the distance between the vertex of the front
surfage [err] of the front lens A arld the filmplane 23, ensures that a
separate viewfinder can be placed close to the zoom|ens w thout intruding
on the field.of view of the 25 viewfinder, thus mnimzing viewinder
parallax. Fig. 4 illustrates a second enbddi ment of the present invention
which is generally simlar in construction to the first enbodi nent

descri bed above nd- ng,th ues or the
vari ous paranet%%glgﬁ#e5gg Eﬁé % P%f%e§$ t§g£ ﬁg%%%%tg Eﬁoﬁ{ven t he
sanme reference mﬁnelemenbuﬁ vﬂlthaafbxedmdtsyanmfl?s SinTherly, the |ens
el ements are giygep; it Séﬁ@c{ﬁéeﬁemfslﬁé{@éénbﬂﬁev‘é% PrAmaﬂ ) suffix.

Li kew se, the 35 variable sgaC|ng are %%ven t he sane r erences but with a
prinme (') sﬁfflfkhell?laffﬂr% BEconthenpetlaehe spaelogapyl ab®n DM is placed

behi nd 't he el erpetwden athé didﬁﬁlragmdlbmaél@& trérdo én@aﬁ'e BF is

included in front of ele at a, fixed dist e variabl e
spacing [err] is bet vveerKE‘?'nt“eI tethis e???°%ﬁae'gb°$1'@e%5ff“ée ir¥

vari abl e spacingo@pmméntstthsem ¢ érmenit e hd cuglivl ©0/1 amdweherponmonent 31" .
Agai n, |n this t t pi o] IS ment ed
doubl et . Fbmeve?ﬁfgqg¥ |s e |%%n igp?féﬁfgﬁﬁgﬁﬂ ﬁ%%%ehtﬂ%gg? whi ch 10
again is alri pﬁmi,nthe aemireletrentlse ElensideFements cEheanddf' |arehi s
second enbodi megsdmedfeg aspheric surface R . of the second lens elenent B,

has the formul a: _ .
In this second embodiment, the aspheric

\~2 surface R23 of_the second lens element B', has the
formula: '
15 X = cY2 + DY4 + EY6 + FY8 + GY10
'1+31—C7Y7 ' '
wherein C = 0.03467647
D = —0.42786 x 10~
| E =—0.11867 x 10~ °
20 F= 0.98374 x 10 2
_ -10

G =-0.75315 x 10
and its vertex radius is 28.838 mm.

The focal lengths of each of the four
components, as well as the ratio L of those lengths
25 to the minimum effective focal length, F , are

N given in the ensuing table:
Component  Focal Length F L = F/Fg
s0  271'  -54.75 mm © -1.%6
29 27.01 mm - 0.77
31 45.32 mm 1.29
33+ =19.38 mm - - =0.55
35 - The ratio of the extreme focal lengths of

the second embodiment is 104.79:35.02, i.e., 2.99:1.
From Fig. 6 it will be seen that at a focal
'1ength of 35.02 mm, being Fs‘ the shortest focal



15 - X . . [err] wherein C = 0.03467647 D = Lt
.-0.42786 x [err] E = -0.11867 x [err] 20 . F = 0.98374 x [err] G =
-0.75315 x [err] and its vertex radius ks 28.838 mm The focal |engths; of

each of the four conponents, as well as the ratio L of those lengths 25

the mnimum effective focal |ength, [errLh_are given.in the ensui ng table

. Conponent Focal Length F L= F/F 30 27" _ .-54 75
- mm ' ~-1.56 29 : 27.01 mMm 0.77 31
45.32 mm length, thelﬂﬂﬁéi from the "Vért¥x "6F the front: -0.55 35

f th t ths of the second enbodi nent is
1’82 r7gt !32 82 t eeEex r%gv ct_c eﬁlﬂ't Flemept |Aheteddie thbimat a focal
| ength of 35. ®2anq Z&ﬂrt;[&%JQG mmrundﬂthééxﬁléphoﬁo ratfb l?ngfgne;PeA
e e imeaan, de Wid e AN TFSd SHE1 81 40 JOEIY e et
ratio of that lesgdhh, iz 96 mm64(whﬂuhfixxmeSsnthdn IfBI] Ared.64 which is
less than 1.8gqt Ahw0.10wg té&dlorl%[{%ﬁﬁheﬁ enq;é‘r q‘erﬁ t"%; 4, 79 mm the

|l ength fromthe front surface R the filmplane
23' is 93.01 heNEtcHTOR ithe dronthsunface oy oi‘errgxeh firstihe cl ear

~aperture of tb&eknem A' lt% Zhe’ G 1R Wiigs - 233'9914193"3 "inn}*lﬂ}isélﬁ””ess of

t he dlstance en t rte of .the frant surface e e front
lens A 33I 400&1 eng ?1 o
The clear aperture of the lens A' is 21. 70

mm which, together with the shortness of the
distance between the vertex of the front surface S
R21 of the front lens A' and the focal plane 23,

15 ensures that a separate viewfinder can be placed
close to the zoom lens without intrUding on the
field of view of the viewfinder, thus minimizing
viewfinder parallax. :

Fig. 7 illustrates a third embodiment of

20 the present invention and Figs. 8 and 9 are tables
giving the values of various parameters. 1In Figs. 7
and 8, the components are given the same reference
numerals as their counterpartsoin the first
embodiment described above and 111ustrated_in Fig.

25 1, but with the addition of a double prime (") | _
suffix. Similarly, the lens elements are'given the | _‘NJ
same reference letter (with en exception described
below), but with the addition of a double prime (")
suffix. Likewlse, the variable spacings are given

30 the same ‘reference but with a double prime suffix
added.

Again, in this third embodiment, the third
component 31" is a cemented doublet and, as in the
case of the Second embodiment, the lens elements E"

35 end F" iﬁ_the fourth component 33” are a cemented
doublet. _ __'

_In this third embodiment, the second
component 29" is a doublet instead of a singlet. 1In



1. ensures that a separate viewfinder can be pl aced close to the zoom | ens
mAThoul intruding on the field of view of-the viewfinder, thus mnimzing
wi ew Linder parallax. Fig. 7 illustrates a third enbodi mrent of 20 t he
presenf invention and Figs. 8 and 9 are tables giving the val ues of various
paranmeters. In Figs. 7 and 8, the conponents are given the sane reference
nuneral s as their counterparts in the firgtyenbodi nent descri bed above and
dllustrated in Fig. 25 1, but with the ad§I¥|on of a double prime (")
suffix. Simlarly, the lens el ements are given the same reference letter

(110 ) K s b oy e O oy,
ref erence but >§t I‘F“? Julite t&étﬂsﬂ iatéﬂ Agaheric, suntagey rg
enbodi ment, t he niamely rrmn@dnsﬁb‘lemret (Banmﬁde ﬁ%oum dtergnd, as in the
case of the sec nment. 5 E" t he
fourth corrponen%ri%?% ar e " Iﬁ‘er?t? %%t LR rpoeor&cprent he
second conpoRensurfacies on dt)lﬂlla@ts |er1§tmt.ofth§ gihigidtembadiment 10- t he
first and secong,lg@gdltmnta%pﬁetﬁd @gﬁ TR S Ry %‘%1%3 cfe 1 9l ass

wi th one aspheric surface, nanel ens 43 enment "B, | on | ens
element B . In &l@@entyByloiend éﬁﬁ @m%ﬁlﬁ'ﬁ e lement z?qﬁ on a gl ass

el enent, t he t hiyidhe twedispheir itlalC durifaeess rlghdsurfa,ce [err] on a
plastic |ens ¢l aTERRehe Wbl aitach ANt VaTy BaIL) Sl ML, 0, 1
formed on 10 plastics material elements. Plastic lenses are
relatively susceptible to temperature changes. When
— subjected to a temperature change, their focal
lengths change greater than is the case with glass.
In order to avoid such disadvantageous effect, the
15 plastic lens element Ba".has no power. The glass
element Bb" has power but glass is markedly less
susceptible to power change with temperature change
than is the case with plastics material.
In this third embodiment, the diaphragm DM"
20 is placed at the rear of the second component 29"
and there is no baffle in front of the second
component. The variable spacing 82" is between
: the element A" and the element Ba"' The fixed
\_ spacing Fs32 is between the element Bb" and the
25 diaphragm DM". The variable spacing S3” is
between the diaphragm DM" and ‘the third component 31.
The aspheric surface R,y again has the
formula: - : '

X= cy2 '+ DY* + EY6 + FY8 + GYl10

30 : 1 +J1 — (K+1)C4Y

wherein C = 0.0307541

D = —0.6111104 x 10~ %
E = —0.2224872 x 10°°
= 0.7541840 x 10 °
| ~10

: : F
35 G = —0.1842949 x 10
K= 7.0508870



10 plastics material elenents. Plastic | enses are relatively suscepfiblev

‘to ténperature changes. Wen subjected to a tenperature change, their fca

+ I engt hs change greater than is the case with gl ass.
the 15 plastic lens elenment [err] has no power.
has power but glass is markedly | ess susceptible to
is the case with plastics

di sadvant ageous effect,
The gl ass elenent [err]
power change with tenperature change tha

material. In this third enbodi ment, the draphragm DM 20 is placed at the

In order to avoid Qgch

rear of the second conponent 29" and there is no baffle in front of the

second conponent .

The VFHéE#&éh?FTEhé@héeéfleééhDSEWERQ gbgrel ement A" and

the elenment [err The fixed f C|n FS32 'f tm? the elenment [err] and
o okt

the 25 diaph

tS.TiRE MR kb

DM' and the tHhio ottre)rutmmum Béffé’d:m\aspfmar tengtlhy FY] avei given the

f-or mul a:
-0.2224872 x |

[err] K =

[err]

wel | as the ratigyndpdedthose rsdut t‘@eﬁ%ﬁl‘p m ni rruni,ef.ffpi;-l ve focal

Fs, are glven in the ensuing table:

+ [err]

27"

10

15

20

25

30

35

nmponent Foc [8ngth F

59— 8- 169

27 -59.28 mm -1.69
29" 27.81 mm 0479
31» | 47.86 mm 1.37
33" . -19.87 mm | ~0.57

The ratio of the extreme focal lengths of the third
embodiment is 104.88:35.01, i.e., 3.00:1

| From Fig. 9 it will be seen that at the
shortest focal length, Fg, namely 35.01 mm, the
length from the vertex of the front surface qu of

the front element A" to the film pPlane 23", is 58.94

mm and the telephoto ratio, i.e. the ratio of that
length, 58.94 mm, to the focal length, Fg, is 1.68
which is less than 1.8. Also, at the long focal:
length FL, of 104.88 mm, the length from the front
surface R4 of the front element A" to the film
Plane 23" is 93.80 mm which is less than the focal
length FL : :
The clear aperture of the lens A" is 22. 75
mm which, together with the shortness of the
distance between the vertex of the front surface
R41 of the front lens A" and the film plane 23",
ensures that a separate viewfinder can be placed
close to the lens without intruding on the field of
view of the viewfinder, thus minimizing viewfinder
parallax. ' ,
The values of L = FIF were'given above
for each of the components of each of the three

embodiments and they were:

| -4 D=-0.6111104 x [err] E =
i ﬁ“ﬁe: é}‘sqbﬁ'ﬁ& x [err] 35 G- -0.1842949 x

P 0508870 The focal lengths of each of the four components,
-l engt h,

i thegeLeng8thg di aphr agm

as

L

%



Jor 27.81 mm 0.79 10 ., 31" 47.86 nm
1.37 33" -19.87 mm -0.57 The ratio of the extreme
hbcalegngths of the third enbodi neit i»s 104.88:35.01, i.e., 3.00:1 15
FromR1g. 9 it wll be seen that at the shortest focal length, [err] nanely
35.01 mm the length fromthe vertex of the front surface [err] of the
front element A" to the filmplane 23", i5 8. .94 nmmand the tel ephoto
~ratio, i.e. the ratio of that 20 | ength, .94 mm to the focal |ength,
[err] is 1.68 which is less than 1.8. Also, at the long focal length [err]
of 104.88 mm the l.ength fromthe front surface [err] of the front el enent
A" to the filmplane 23" is 93.80 mmwhich is less than the focal 25

|l ength [err] The clear aperture of the lens A" is 22.75 mm whi ch, together
with the shortness of the distance between the vertex of the front surface
[err] of the front Iens A" and the filmplane 23", 30 ensures that a
separate viewfinder can be placed close to the |l ens without intruding on
the field of view of the viewfinder, thus mnimzing viewinder parall ax.
The values of L = [err] were given| above 35 for each of the conmponents of
each of the three enbodi ments an®ft heydwet €] @A [err]  -13- In the table
i mredi ately above [err] 10@6vaLyeF arq;gkng fpr each of the L values. It
w Il be seen _ : - _

+10%
-1.86
0.87
1.51
—-0.63

‘Embodiment

L_

-1.69
0.79

1.37
-0.57

~10%
—1.40
0.69
1.16
-0.50

~ 10%
-1.72
0.85

'Embodiment .2
1.42
—-0.61

L
-1.56

0.77
.29
-0.55

—-10%
-1.27
0.71
1.42
-0.71

+10%
-1.55
. 0.87
1.74
-0.79

Embodiment 1

L

-1.41
0.79
1.58

-0.72

COMPONENT
27
29
31
33



that the largest and smallest L values in the table for each of the

‘conponents are: 5 Conponent Lar gest Smal | est L o
- L 27 -1.86 - 27 29 0. 87 R,
0.69 10 31 1.74 1.16 33 , - -0.79

~-0.50 Enbodi nents of the present invention may be successfully constructed .
with the foll ow ng ranges: 15 —13L 1. 86Fs<[err] <-1.27Fs :
0.87Fs>[err]>0.69Fs 1.74Fs>[err]>1. 16Fs 0. 79Fs<[ err] <-0. 50Fs wherein

[err] and [err] are the focal 20 |engths of t he conponents 27, 29, 31 and-

33, resPec“V‘ihythW'tg%l'e” 1&&%&%@};‘1%%‘}43@ Ui § %ﬁﬂ?ddf?”ts the zoom

ratios are 2

98 , respectivel It 1s believed that

the 25 i nvenSP-Uﬁnnﬁ)Qrb@aé:l‘Po&cf ddhes de Y&UEA 4 y Tt WiddmheR&&N having a
ratio cl ose t@hatSthe aﬁrgist anh¢sm3mmdui Ll.valuemnin ettse ckable si ng four

conponents ea h ana I 0V t he focal |ength through a range of
ﬁa){g‘efl’%’ ogxeﬁﬁetéatqr\’ae conponent, a positive

at least 2.5:

conponent, 5a oo'

negative comoneghggg%tl SI ng Thr ti.aqueegterrent s and esnggﬂpgg@gm mount ed W th

the first-nenti one

10

15

20

25

30

35

posi tiv L | L
27 -1.86 -1.27
29 .0.87 0.69
31 1.74 1.16
33 0.79 0.50 W
Embodiments of the present invention may be
successfully constructed with the following ranges:
-1.86Fs<F1<41.27Fs
0.87Fs>F2>0.69Fs
1. 74Fs>F3>1 16Fs.
-0. 79Fs<F4<~0 .50Fs
wherein Fl’ Foy, F3 and F, are the focal
lengths of the components 27, 29, 31 and 33,
respectively.
While in the above—described three
embodiments the zoom ratios are 2.98:1; 2.99:1; and
3.00:1, respectively, it is believed that the ' o g*/

invention may be embodied successfully in zoom
lenses having a ratio close to 2.5:1.



bgnpoﬁént, the total length fromthe vertex of, the 10 front surface of the
front.1ens elenent to the focal pl ane being less than 1.8 [err] at the

bhorﬁ?ﬂocal | ength setting and | ess than FL at the .
setti'™g, wherein [err] is the short focal length anHmm,&m!!H'mﬁmf ocal.
1ength. 15 , ' 2. A zoomlens as clainmed in cktalm eselm wth

the ratio VR of the Abbe V nunbers of the glenents of said positive '
cement ed doubl et greater than unity 3>VRS143. 3. A zoom lens as clained in
claiml or 2, 20 wherein said negative negative conmponéent- conprises front,

second, and reaézggggents and with the ratio [err] of the Abbe V nunbers of
the front and : ment greater than unity 3>[err]>1.3. 4. A zoomlens
as claimed in claim1, 2ler A5zgomhdedsncomprising Fouseccompodeadsbl et

conponent i ncl udgshanbyaplechRiBALyNRY Vary thE #otkiclengen [err] and a
rear element having a refractive index ND and wherein_0.4>[err]>0.1. 5 A
zoom | ens assenﬁh?°§855?aﬁ?ﬂ&?lﬁfa§t3ée§ﬁ6wg'§ﬁlﬁiSGFéufiQ%dah FPRS the
PR it Ty o b
speci fications §8P986Fdiﬂ°ﬁP3&Fe°§m8P“FR§ ggggﬁpﬁ%??nggékg%fkgg. 35
7. A zoom | ensnegativkycomponenti eolmprisingothriee Eilements,amndnaving the
specifications §¢bpfivheh"mbufted With the #9TetPaRNtidndd2Yosdtive
component, the total length from the vertex of the
10 front surface of the front lens element to the focal
plane being less than 1.8 Fs at the short focal
-length setting and less than FL at the long focal
length setting, wherein Fs i{s the short focal
length and FL is the long focal length.
15 2. A zoom lens as claimed in claim 1,
wherein with the ratio VR of the Abbé V numbers of
the elements of said positive cemented doublet
greater than unity 3>VR>1.8.
3. A zoom lens ss claimed in claim 1 or 2,
20 wherein said negative negative component comprtrises
front, second, and rear elements and with the ratio
VR,, of the Abbé V numbers of the front and second
element greater than unity 3>VR12>1.3.
\ | - &, A zoom lens as claimed in cleim 1, 2 or
25 3 wherein the positive cemented doublet component
includes a front element having a refractive index
Nc and a rear element having a refractive index
ND and wherein 0.4>|NC—ND|>0.1; '
5. A zoom lens assembly substantially as
30 shown in Figure 1 and having the specifications set
out in Figure 2 of the accompanying drawings.
' 6. A zoom lens assembly substantially as
shown in Figure 4 and having the specifications set
out in Figure 5 of the accompanying drawings.
35 7. A zoom lens assembly substantially as
shown in Figure 7 and having the specifications set
out in Figure 8 of the.accompanying drawings.




