A METHOD AND ZOOM LENS ASSEMBLY FOR GORRECTI-NG.FOCUS DEVLATI.ON DURI NG
ZOOMNG 1. . 5 The present invention relates to a zoom | ens assenbly

whi ch ¢an be advant ageously used for an aUtlof ocus caner a, parU&yéségf(g[ ;

a conpact canera. Mre precisely, the present invention'relates
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with the focBémjtam.gtdmhereln zooming is effected by varying the distance
between the first and second lens groups, and focusing is
effected only by the first lens group. However, in this
type of zoom lens, it is necessary to increase the
20 displacement of the lens groups in order to increase
magnification. 1In practice, it is virtually impossible to
obtain a large magnification because of the restricted
d'isplacement of the lens groups. A large magnification can
be easily realized by a vari-focal lens. However, in a
25 vari-~focal lens, the focal point thereof moves during
zooming, and accordingly, such a vari-focal lens is usually
not used in a single-lens reflex camera.
In a'n autofocus camera having a photographic optical .

system and a separate finder optical system, the movement of
30 the focal point which is caused by the zooming operation can
be compensated for by the movement of the focusing lens
group. Namely, since the position of the focusing lens
group at which an "in focus" image can be formed on a film
plane is predetermined in accordance with the focal length
35 and the object distance, the focusing lens group can be
' moved to the predetermined position in accordance with the



35 and the obj éct diStanee,- the fecusing | ens group can be noved to the
_predeterm ned position in accordance 'Lh t he -2- ‘focal length and the
obj ect distance to forman "in focus" fnage. This is because a vari-focal
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t he second | ens groug consi st sub- groups
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di f.ferent tracks ur|n e,
Thefgj ég ocagni é%*afﬁﬁggeﬁkoQ%cu51ng {E effected g%:he - “}
second lens group - ‘or the third lens group. . See, e g., '

‘"Shashin Kogyo"' JUne 1988 techn1ca1 report pages 81 86,
and Japanese Patent - Application No. 63-225294 .flled 1n the'
name of the assignee -of the present appllcatlon.- -

- 20 " Also known is a ‘zoom 1ens whlch has. " ba51c_t
‘Gonstruction similar to the above-mentloned known zoom 1ens
‘and’ in which the second lens group consists of two sub—

: groups having a negative focal length and a p051t1ve focal
length, respectlvely, as disclosed, for example, 1n Japanese
25 Patent Application. No. 63-225294 mentloned above. The sub—_i
groups of lenses are moved along dlfferent tracks durlngr"
zooming and are moved together. or _separately durlng
focusing. ThlS prlor Japanese patent appllcatlon also -\
discloses an alternatlve ‘in wh1ch the focu51ng is effected |
30 by the movement of the third lens group._ o .
' These known zoom lenses . are ‘small 1n size and have a
relatively large magnlflcatlon.'o_ However, generally
' Speaking, in a zoom lens in which the dlsplacement of the
. focal p01nt takes place in accordance with a change 1n
35 magnification, the p051tlon of the zoom lens is. ad]usted so
that no displacement of the focal p01nt ocecurs when zoomlng-



zoomihy -and are- woved together or separately during,focusing. Thi s
prior Japanese patent application also disgloses an alternative in which
the focusing is effected 30 by the novenent of the third lens group. These
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anmount of dedaison(gihe dRodhyi ded f@edk akaRH hFud NYgFadtssvided object
St 15 distances) at the specific point. .. The latter dev:.atz.on of _
focus (an amount. of deviation  due to div;ded object
distances) in addition to the former deviation of focus (an

amount of deviation due to divided focal lengths) increa_sés

the degree by which the object is "out ofl focus" as the

20 object distance decreases. This problem will be discussed

hereinafter in more detail in connection with. the present

invention. |
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- the degree by which the object is "out of focus" as the 2Q-'object - distance
decreases. This problemw || be discussed hereinafter ‘in.nore.detail in
connection with the present invention. 25 30 35 An obj ect of the present
invention is to provided a controlling nmethod for. a zoomlens in which the
anmount of deviation fromfocus can be;decreased even if the nunber of"
divisions of focal lengths is snal | ording to one aspect of the present

i nvention theg 0 g,u_.ggérko c d; aner a
" having a plur gﬁl tl?/J%Et lrérfnsé‘% ens g?%%%égﬁniﬁs% ﬁ 98131 ast one usj'n
| ens gPedpPd Oﬁrqdém'ﬂdeﬁﬁr%‘e&@lqhthﬂtﬂmpn%fﬁdﬁ??%% ﬁrPanq@HEtﬁa'bEBse y

a ZOOﬂHé@'éaEédaéveﬁnlﬂfthbW%f Sigisidhe SRIEBESL Qenfriss 8 omiae. st eps of :
defining a reference object -distance at a. non.i:nfi-nite object distance" for

whi ch substantially no deviation - from focus occurs ‘during zooni ng of said
zoom | ens; deAemmmg:qheeaﬁpem05fthnmm mfrelmpdﬂ@msxm dreidie

ef f ect fn%ﬁéa DR RE i W ANzl 848 8P GE chal haRA NS Fﬁ&%‘i@tﬁ%ﬁﬂaﬁbﬁ!@& tion

of sai d f ocusi ng,l ens at said referenge ob' ‘ec d| stance and In '
ccor (LR SRPIE EELIFIT RS TShet; 81 SRURIPSC1on SHOMRLh GATE ERePRSYFng sai
f ocusi a:gainemstbﬁ asviietiors firan ffoo.uscag;sed'lheal mpemt:roheomtheanm

I nvent h; tloned problens whi ch characterlze
0L NBKE e g@&ﬂﬁgfﬁhen

the prior ‘art  can ence obj ect - di stance at which no.
di spl acenent @ef g apGPfﬁﬁreé'%uP@%r idhﬁtaz'{‘i’érrfi g2i Bor einfinite object

dJ.stance for wh1ch substantlally no’ dev1ation from focus occurs during
zoom.mg of sald zoom 1ens, _ - ST . : o~
_ determming the amoimt of movement of sald focusmg lens group to . o/
effect focusmg based upon a reference p051t10n correspond:mg to a pbsn:mn |
of sald focusx.ng lens grcup at said reference"object dlstance and in
accordance with focal length data and ob]ect dlS > data; and ' )
| mov:mg sald focus.mg 1ens to effect saJ.d focu51ng

'l‘he mven{:ors of the present mventlon have found that the above-
mentioned problens whlch characterize the prlor art ean be solved when a
reference object distance at whlch no dlsplacement of - focal pomt occurs
durlng zooming is set ' '



to be a specific finite object distance rather than,an infinite object

di stance, as in the prior art. 10 Al though the presént invention can be
advant ageously 15 applied to a conpact cengEfar~ the invention is not limted
thereto and can be applied to an autofocus type of the single | ens reflex
canera. Thd¢o be a speqbliic finite object distangengratherie tharemn

i nvention Gaf¥ ifi B obFEcOeREEBhhde! Ca¥aih- tRE2prIBrzae®, | enses incl uding
the types referred to 1n the description of the prior art nentioned above.

The fokl owing are typical exanples of vari-focal zoomlenses to which the
present invention can be applied: 1. A type having two | ens groups in which
a 25 secgyd | ens group or a part thereof is used as a focusing | ens group;
and 2. A“type having nore than two |l ens groups, including: a. a type in
whi ch focusing is effected by a 30 | ens group other than a first |lens
group; b. a type in which focusing is effected by a part of a |l ens group
other than a first lens group; c. a type in which focusing lens group is
made of a plurality of |lens groups which are noved together 35 or '
separately to effect focusing; d. a type in which focusing lens group is
made of 3 plurality of Iens groups which are noved together to effect
zoom ng and noved separately to effect focusing;

Loy ' Although the present invention can be 'advantageoufsly
15 applied to a compact cémera, the invention is not limsi‘ted
thereto and can be 'applied to an autofocus type of the
single lens reflex camera. | - ' '
The method ' according to the
present invention can be applied genérally to vari-focal
20 zoom 1lenses including the types referred to in the
| description of the prior art'mentionéd above.
_ The following are typical examples of vari-focal zoom
lenses to which the present invention can be applied:
1. A type having two lens groups in which a-
25 second lens group or a part thereof is used as a focusing
lens group; and
L; 2. A typé having more than two lens groups,
including:
a. a type in which focusing is effected by a
30 lens group other than a first lens group:; _
b. a type in which focusing is effected by a
part of a lens group other than a first lens group:
c. a type in which focusing lens group is
made of a plurality of lens groups which are moved together
35 or separately to effect focusing:; -
d. a type in which focusing lens group is



and e. a type in which focusing-lens group is 5 magde ' of a plurality of
lens groups which are noved separagely to effect hoth.zoon ng and
focusing. In any type of above-nentioned vari-focal zoom|ens, when the
ref er ermadebpéch gilstraldey o clernd groppsi Whichi aree mbjerr ttalistianee,

i ncrea g i f ocuskn 1 j e Ste can. be expected.
lI'he refsgge%%ggt% g{:btél‘gllgsfa%@aé ?lge%gt %r%l’nrg#%& _agbol%i%% td%%}%’éﬁ(ii' ‘whi ch

a nore Prlcise focusing is desired, as can be under st ood. from t he above
di scussion. For instange, o otywer age JHicl! e6ktsingOf1ds ugkBapatid he ~ .
infinite qbj ec% di st ce_'raln 9 osesél org; ect. 15 distance, the re?er_ence\__/
obj ect WF€EanRt i3 aR)a:B'TIB;?' Yol PT1. 3908 2 FFPMREs YRiCh caxe Beved |
di st ancsepamattelef toabkfetti boethheoohmdags andbjfeciusdimgi.ance.. I n case of an
~aut of ocus ¢ r VA an cact, ve obj. Lgtance neasuripg systemwhich -
emts a rreaz:gqr?i %8%| g*#e ' g’ﬁﬁ él'#g‘l?? q?éﬁgiéggl?éd.stgﬁgt qf%eagoz Bt _ cﬁﬁjr ate
focus iwhemt Fheedrefierencenfohiaat odjiistangiest inceseati det tade speficdrfdnce -
obj ect i ${edICEbY ectbAllstiailces tiifctoas8at pledlidnen WH CRobASi fEaSW | NO
| i ght reaches. 22 30 .35 Preferably the ﬁet'ho*d f-urf%}&er -?nc%ﬁggs%ltﬁe step
of pdsidt oRPAGEEaIH SHBGR i FR11 B FFRRGESE - saiThe eFefeReRCBoSbieaH:
“wher ei ”iitdtearitss et diét‘gnsf _iﬁ@ddfnyeam' GB§?atd'dlieeEh&& at a;a}iaemea]g more a
magni t K sd10 f .said . f:QCUSi n roup from sa ref erence
posi ti on necses_s%(rgéygs:%%ngf i3 qus 6%%3%?%3&% Sgéi g’_ezo‘gnn%;?xésnts?"%oﬁggﬂi SR y, the
met hod A BSFIRskeRp ofopoinstancag tai average the precision of
foc_usj.ng- at the igf.i_n_ite._ quect distance and. closest object
15 distance, the reference object di'standf__-__::- is approximatels~ 1.5 C:
to 2.5 times 'thef"c]_;ose_s't object d_isftajiCe, and preferably
twice the closest _:o__b'j'ect distance. _'In_"':ca's_j'e_ of an autofocus
camera . having an active object distance _iﬁéa-é'uring_ system
which, enits a _me_é_su-ri-ng. light, and if it is desired that the
20 most accurate fqi._':'us ‘'is obtained on the infinite object
distance side, the referéqce object distance is about twice
the longest distance which the measuring light reaches.
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focusing lens group at said reference position on the basi s -,-Of_.-ph'dt'é:grréph_i c

data and the respective positions of said plurality of.hovabl e |-ens. The
ref erence object distance may be set to be approximately tw ce the cl osest
obj ect distance of said canera at which a picture can be taken. In the case
of detecting said object distance by nears bf—an object distance neasuring.
means which emts a nmeasuring |ight towards an object for detecting said
obj ect distance, beefRLRIFNAR MRS AirthéN ChcTBled&neekty & positioning
approximately, twi ce the di'stance which sajd nmeasuring |ight can_ reagh. L
Pref er abl y, S?¥k fREUHHIF LhaferdOYRpats eSals oTRIFRYCR hEOF 3 wiekei the

| ens gr oupsdetdimihiis stap detaamposs ta \Glréttish bEnsowment,aral @0 madnitedeecodnd

| ens group,_and a negat.ivg thi | r f ' L ns
o oup nay. FROBEReRCE i Fod g 2660 Srplp thom NS TERbrsilon e AP HARaY
group; or bto sfifect ifiostsngdof said zeams lgesbups. Accordi ng to anot her aspect

of the invention there is provided a zoomlens assenbly for use with a .
canera having an object  di stance nmeasuring device, said zoomlens assenbly

conmprising: - a stafPEeRientlyns the pelhod,ingludes pthe SoPr PhPIItisnigneatd
al ong an opficslingliens Qfrotpiatt sidmrdfeRranas pesitlivh dii theBasisnof phibvedraghiens
group for adlusting aegnl i eald ﬁ@sqéioﬁg.éfr%ﬂfdéﬁugﬁi%‘g%?%&%fé’?m.a --
focusing | ens group tor eCt g tosusi ng of sal d Thage; neans flor

determ ning the amount of novenent of said focusing |lens group to effect

f ocusi ng bQSEd Up%@r&?&fé&é@%j@@@ﬁih%dé%ﬁ%@%&itﬁlﬂbéchpﬁrBﬂﬁriaﬁ:@a tRlice
sai d focusing l-ens %rou,p at_,a réference_object position at a non jnfipite
obj e%& di stdRcelessstuphient disteanas phispyd rﬁ?Jma'a/ 2 t‘fs*l}ﬁhfar BATFEEaY en.
during movement of said at |east one novable {ens group and :
In the case of detecting said object distance by means of an’'object
distance measux"i.ng' means which emits a measuring light towards an object
for detecting said object distance, the reference object distance may be
set to be approximately twice the distance which said measuring light can
reach.

S .

" Preferably, the method further comprises providing the camera with
three lens groups. The lens may be a positive first lens group, a positive
second lens group, and a negative third lens group.

Movement of said focusing lens group may be performed by said
second lens.group; or by said third lens group; or by said first and third
lens groups. B :

L«

According to another aspect of the invention there is provided a
zoom lens assembly for use with a camera having an object distance
measuring device, said zoom lens assembly comprising:-—

~ a stationary lens barrel; _

a rotatable cam ring for movement along an optical axis of said
zoom lens assembly;

at least one movable lens group for adjusting magnification of an
image to be photographed;



I n accordance with focal length data and obJeci drstance‘daLa and means-
for causing said focusing lens to nove to effect said focusing.

Conveniently the nmeans for determ ning determ nes a direction of novenent
and a magni tude of novenent of said focusing |ens group from said reference
position necessary to effect f ocusi AgQQf~sai d zoom | ens assenbly.
Preferably, the assenbly includes nmeans for positioning said focusrng | ens

group at -sai d g gbessinee g& b £0P 4£18cbag FollsiAh0sP2aiR hegdat & and. the
sal at

respective positions of east on vabl-e 1 é he -re erence obj ect
di stance may B‘?aﬁﬁpﬁspd Wr\i"lee rrg %é?a& LpgrRinggtens,; .

caner agtmwmchfﬁeqm foausdng donsked UpEea | refferaer posra:rldnmaqmespmlﬂmme :
Measur GoURARA Sfdalaedd '1@5'%%4%% &Q MJW%A kng said
pro

obj ect d stance and said re ence stance may “be XI mat. er
twi ce BhBOR ARt wRIeFE 9&?%%?.%@.%%#&&&9 deyistdpRbisem t hree
| ens greuRs cetarrauvingtovement of said at least one moValleasamiTirpupmndhave a

Porra HE AP Baflh doPan PSR bR A S5 el BBl 000 et s

t he focusrng mgaaSchmux2u51na paid efomgingrbdehsram moyei ¢or effectblsaidam ring
I's suppg! on said stationary .lens barrel and has at |east two cam '
grooves, a |rst of - said grooves being for ‘moving said first and third
" lens groups and a second of said cam grooves being for noving said second
| ens group. Plcehwabhﬂyttﬂne negEnoy detiatrizring alqteineiviesaal diveetion wevabl e

ring STRY s DGR B eyt Bl Le13ckl 'gqoegtfr_-&ﬂ' s

o di rec}thlﬁ%n an I ¢h, I's rotatab re athe ‘to ‘sal cgﬁrﬁ%l n en ssaal'aL cam” ™
ring nsra%%ranﬁewat%ﬁn pecgssaxy dopffect iforusing of SRR ZPPY lﬁrﬁas'ﬁenblwng beiwy
provided with linear anenent gui.de grooves. by mhrch said first lens

group, sai d Pr‘eferably, the assembly mcludes means for pcsxtlonmg sald-

focusing lens group at said reference position on the basis of photogramlc

data and the respective positions of said at least.on_npva_._ble lens.

The reference object distance may - be approfcimat_ely twice the
- Closest object distance "6f said camera at Whlch a picture can be taken;
or where said object distance measurmg neans emlts a measurmg llght
toward an object for detectmg said- object distance and saJ.d reference
object distance may be approximately twice the dJ.stance which said
-measurmg light can reach.

2

‘Preferably, three lens groups are provided. ' R -

The assembly may have a positive f1rst lens group a positive
" secord lens. group, and a negatlve third lens group

Conveniently, movement of said second 1ens group defmes the
focusing lens group.

In a preferred embodiment, said rotatable cam ring is supported on
said stationary lens barrel and has at least two cam grooves, a first of



second | ens group and said third.l ens group: are guided:to nmove-in sai d
optical axis direction. Conveniently, said camring has-+a zoon ng section
in whicth said camring is rotatable for noving said first |ens group, said
second lens group, and said third lens group in said optical axis direction
to effect zoomi ng, and an accommodating sec™ on in which said camring is
rotatable for noving said first I ens group, said second | ens group, and

said third Lens gbow iaswéo@np@z%;sﬂém%aﬁdhﬁ@w id 8% b %econa
S second | en nd said third l-ens

retract said_first |ens group,,sai S group, a

group. “The PFredid) e %PSW E’ﬁ%é%d@’%rﬁ'&dvﬁ%ﬁf‘# lens F%Bm | ens
assenbly to be noved by rotation of said camring to approach said third

| ens group-in said grgm atdi Samhd ?” o , | \ovSB .
further conprise | ggéf ran’gs%% Stégpiafr? mgggal gi_glgregglle.ns group ajrtl%réxé?d
third | ens geimipis swvablehogethered thaapidramiing iy spid opbiealviaxiehdinestion t
the Iar ﬁ/gstaﬁaﬁhafaﬁeiéogéwth_ ééjaﬁéiaiwesttolﬁla &xf?'waﬂ_eﬁ%laq_dt%n_{ éi:lehﬁtam
group. vepent sai i,r ens, group, alternatively define the
Pocusi ng. | oS Td PEERL ke b Harhiq Lidedy bl Hi e g e
plef i ne t he ﬁmugjinga:l- mengexmjguide girowaﬂbyz@hml samr_pﬂie'sb-fledsegpuasesaid
I nvention V‘é&%cirhelgﬁé%r‘oggd el Qi By iFA" Sl idtblp Za-eVliladf 48" flotd in said
preferred non-l1mting _enbodinents wth reference to tthe acconpanyi ng

drawi ngs i nORHieR: 2EgBEeEAONs 3 schematic view showing tracks al ong which
various |ens groups nove in a zoomlens enbodyi ng -

) Conveniently, said cam ring has a zooming section in which said cam

(% ring is rotatable for moving said first lens group, said second lens*group,
and said third lens group in said optical axis direction to effect zboming,
and an accommodating section in which said cam ring is rotatable for moving
said first lens group, said second lens group, and said third lens group
beyond an extremity of said zooming section to retract said first lens
group, said second lens group, and said third lens group.

" The first lens group may be positioned within said zoom lens
assembly to be moved by rotation of said cam ring to approach said third
lens group in said accommodating section..

The zoom lens assembly can further comprise lens . frames for

oo supporting said first lens group and said third lens group, said lens

' frames having engaging portions which restrict the largest distance between
said first lens group and said third lens group.

Movement of said third lens group, may alternatively define the
focusing lens group; or movement of said first and third lens group may
‘define the focusing lens group.



an aspect of -the present invention; - Figs, 1B isa dlagran1shomnng a
rel ationship between a focal Iength age?a di splcacenent. ‘of .a'f.ocusing-|ens
group when a reference object di st anc s set to be about twi ce the cl osest
obj ect distance,  in.the zoom l-ens.shown in Fig. 1A 35 Fig. 1Cis a
diagramsinmilar to Fig. 1B, but having a reference obj ect distance which is
about tw ce the | ongest di stance which a neasuring light emtted from .
an.obj ect- distance neasuring device reaches; Fig..1Dis a diagramsimlar
to-Fig. 1B, but showi.ng the prior art; 5 . .Figs. ‘1E 1F, and 1G ar
schenmatic views showi ng different tracks al ong whi ch various Iens groubsﬁ
nnve% n a different zoomlens, of : anot her enbodi ment of t he
present invention; Figs. 2A, ZB 2C, .and 2D are views corresponding to 10
Figs. 1A-1D, of the ‘embodi ment of the present ‘i nvention;
Figs. 3A and 3B are Schematic views show ng arrangenents -of |enses of the
zoom |l-ens shown in.Fig. 1A} Figs. 4A, 4B, and 4C are |ongitudinal sectional
views 15 of the upper half of a lens barrel having a zooml|ens shown in
Fig. 1A, shown at three di f f er ent positions (lens retracted position,
shorfest focal | ength position, and.longest focal length position); Fig. 5
is a schematic-diagramof the zoomlens shown .in 20 Fi gs. 4A—4C Flg 6 iI's.
an expanded view of a camring and a linearly . _

20

An example of the present 1nventlon w111 he _ _
_ descrlbed below 1n more deta11
25 w1th regard to preferred non-llmltlng embodiments w1th_
'-reference to the accompanylng drawxngs 1n Whlch'
Figure 1A : is a schemat;c view showing tracks along

Fan
which various' lens groups move in a zoom lens emhmhdng - \o/
~ an aspect of the present invention; - _ '
30 .  Fig. 1B is a diagram showing a relatlonshlp between a

focal length and. a dJ.splacement of . a focusing lens group.'
when a reference object. distance is set to be about tw1ce.
the closest object distance, in the zoom lens shown in Flg,
1Aa; _ . . _ _

35 Fig. 1C is a diagram similar to Fig; iB, but hav1ng a
reference object distance which is about twice the longest




movabl-e ri ng-i'n connection wth rollers of first, second and third | ens
groups in a zoomlens shown in Figs. 4A—4§2 Fig. 7 is an expanded vi ew of a
third I'ens frame and a 25 second | ens nov rlg ring in a zoomlens shown in

Fi gs. 4A- 4Gy; Bl ce Buifich pgog,@@&éwfngc% t e e debens 45 agphawn

in Fig. 7; FIg. 9 1s an ex ed pers view of a barrier nmechanismin
the zoom | chkS&aRsiM Wﬁaﬁ?ﬁén‘34¢\e¥€ce363acnesﬁ g 10A and 10B are rear

views of the barigeripesbaa siagten diniiiar o BhgwniBp batopehopnsj tion
and axcl/osed agélél oD, Lespect ively, Fig: 11 is a front elevation view of
an el ectronic cont canera having a zoomlens therein enbodying the 35
present ifventi oM gsigslE42 Idhd aBdar £Ga aran sghemakdca Yéawsyj showing

respectively;rdrd e €28BKS ‘&flo'ﬁbg whifleh Rr8riddsi ieﬁsb@l‘aﬁﬂi ag6ea §h an
el ectronic control circuit_of P%l ectroni c cont roI gﬁogisho

Fig.
11; Fig. 15h&ferent nz‘P‘P’Bw!:ﬁﬁﬁt ot he el ect r FHC k&%‘ﬁt? ’BFPgnPIf Hisn
in Fig. 14;pregentlGinventschenmatic view of a. zoom code pI ate and brushes in

the el ectronic ;]?{'% 4ol 287 28 shaun 1Dy Fgg are Filws'’ 6%@5@6&‘%&8‘ to

showi ng the rel nship’b V\Ieen odth todes Hid Z6m po
Fig. 181G lélgiﬁaglﬁ'nlléhovﬁ’ﬁ*\gfh?he rel ati onship mmn@n@ﬂ sheh@resent
positions Widhtién det erm ned by stepw se (divided) focal Iengths and

stepwi se (divi deﬂ obj ect di st ances and focus positions;, Fig. 18 s a
flowchart show fgt®FoceSds BPdda3Binpy@ schematic  views” showing
arrangements of lenses of the zoom lens shown in Fig. 1A;

Figs. 4A, 4B, and 4C are longitudinal sectional views
15 of the upper half of a lens barrel having a zoom lens sirown
in Fig. 1A, shown at three-differént positions (lens
retracted position, shortest focal length position, and
longest focal length position); _ _
Fig. 5 is a schematic diagram of the zoom lens shown in
20 Figs. 4A-4C;
Fig. 6 is an expanded view of a cam ring and a lineafly

movable ring in connection with rollers of first, second and
third lens groups in a zoom lens shown in Figs. 4A-4C;
Fig. 7 is an expanded view of a .third lens frame and a
25 second lens moving ring in a zoom lens shown in Figs. 4A-4C;
Fig. 8 is a perspective view of the third lens frame -
b shown in Fig. 7: : _
Fig. 9 is an exploded perspective view of a barrier
mechanism in the zoom lens shown in Figs. 4A~4C; .
30 Fig. 10A and 10B are rear views of the barrier
mechanism shown in Fig. 9, shown in an open position and a
closed position, respectively. |
Flg. 11 is a front elevatlon view of an electronlc
control camera having a zoom lens therein embodying the
35 present invention;
| Figs. 12 and 13 are ‘a plan view and a rear view,



15 and output; Fig. 20 is a flowchart showing a lens latch arithnmetic
operation; Fig. 21 is a flowchart sh?&ng rel ease | ock processes; Fig. 22
is a flowhart show ng macro/tel e Fhi Pprocesses; and 20 and Fig. 23 is:.a

ftowchag, Ehee € S. 111A 1B, and 1C show a first
neéﬁ&;fvﬁ} RneCaMRRE or TFigs

enbodi present I nventi on. i'g. 1D represents the prior art,
for 25 refeFdmoe. 14 Aisoom bPdeskshdimgramFiofs. an Aelegtraitic CCREEXPhr ce | ens

grOUDSBdichlt &de::ﬁz eljhch:i%rﬁb é&iﬁfﬁl rceh\ei:ermogﬁcmppegarm ;the seco?d Ielns
group are pogiti enses. a | negative le
As shown in F.%’ X‘E ﬁwgnm?]ﬁ‘e%?ﬁ’q’grg &Iglé %ng and m)ve-j

away s5f cdlrc&(ltalshdmgelrplm@. 134 and when t he d| stance therebet ween |s

changed th 11fggct ¢ | £00LD Lhangrsidromad Hiord £o6H! éfo%egt;t% tgna ong

focal |engt 3igh an 1 nternedi ate focal Ieng e focusing can

be ef f ebreshegy i gRptyalnsanprgushan n thig. 2B ng range. . The
third lens ol AP £ whldafagfamyﬁehfngl eyt fsisnip hoetweenar atel y

fromthe first.'| ens roup , maln‘%/ uncfions to vary the nagnlflcatlon
I n thez?BB‘rrFPQﬁ§ $%e di spl'acement of the focal point takes
pl aze duri ngitghe Jzanoﬁsng miergaiamrshowlhd;atthbhe-ém,mmipnbegweep (second

| ens gi%{g) Pal8nlBV $beiffRS Whad “%tze{ h‘&e‘i‘e%& AR °£t£8$ Lgcal

pOI nt | nvent | on, refer ence
obj ect (disrisird) atfagath rngtbel- a%%#erﬁt%PWP-ﬁ@ f&éawwmx csz;laﬁstduru ng

zoom ngls’éaﬁébsahn@ fﬂo@sdsepayﬁstons, BEEES
' Fig. 19 is a. flowchart show1ng processes of data 1nput ﬁ%'
15 and output,. SR : L : o L\
Fig. 20 is a flowchart showing a lens latch arlthmetlc R
operation; ' ' e ' o
' Fig. 21 is a flowchart showing - release lock processesf_
Fug. 22 1s a flowchart showing macro/tele Shlft pmccesses, and
20 and - _ '
"Fig; 23;is;a flOwchart of a releeseﬁsequence;

_Fig:s'_. 1A, 1B, ‘and - 1C show a. flrst embodlment of the_"_
present invention.x Fig. 1D represents the . prior art,. for
25 ref'erence. ‘A zoom 1lens shown in Figs. 1A, 1B, and 1C has .
three lers groups A, B, and €, of whlch.the flrst lens group’
A and the second lens group B are pos1t1ve lenses and the
third lens group’ C is a negative lens. . As shown in Fig. 1a, T
_ when the first and second ‘lens groups A ‘and B move away from
30 an image plane I, and when the dlstance therebetween 1s?
chenged” the foCal length changes from a short focal length'
fg to a long focal length fL through an :mtermedlate focal
length fM' " The focusing can be effected by mov1ng the -
second lens group B in the zooming . range., The  third lens

Q)

35 group C, which is movable elther together w1th or separately
from the first lens group A, mainly functlons to vary the



di stance, so that the displacenent of the focusing. l'ens 10 group necessary
for the,focusing operation can be determ ned based on a reference position
corresponding to the position of the focus'l@ +ens group at the reference
obj ect distance, as shown by the solid Iine 100A in Fig. 1A If the object
i s closer magmifieatdfdy-ence object distance, the focusing 15 lens group B’

Itﬁ m);/ﬁd to Corf&ncltq%b_-rz%@m_t ﬂ?n@bjnﬂﬁ%thﬁﬂ%’ f dfal_t)@@ef)bjtﬁ%t dﬁs&ih%‘énB : ér&:fgf:her
nan the reference _objec i stance, . t he, f ocusi ens grou is,moved to
o avay. L STHET H8%08 BNt Feket RLasE GBI i oo CREFSGhoe <o
respecti velthati thiel Fociisinf lens ¢rowpi $seagndhiliehsr guoupd, Bjeirrerabveyd
speaki ng e cysin ar, i,s firs at .an..i onfinj [ errs.obj ect
di stancesu%g’n égt ;{T%nggtdrﬁpés%uttt%g gﬁ(?pllsa%r%ﬁghg V\#lgnq'fl#; é?rﬁlf%ateler%b%glﬁgn I's
pushed, to Wibsition at which the focusing ithen present f dowentdondi ta on

In accor dapggepehRe?bE {0l estafbat TR T ARl al Sptidemdie t g PEgSENt
I nventi on, he qt her” hand, the position at,which the focusing | ens group

on t 2 .
i s hel d upbRCadt PPAGY: RERUNRR (I ing meRoning t 88 F8taatpacifitdtsosRIeFE For
gxarrpl e, i i’iitsharr:f:equsédﬂg thaits ghﬁumi@md:fkn@ﬁtt ]tiff 3@heef eoens &ngbj paris .
| stance,u [ tl , e Spee . CUSI erat,l on can, be
I ncr easg%, ng}J?l }é%fggrsfég&hg%%t ﬁégogfogz&sqlng ioﬁi)mtprﬁé&\?:ﬁc ic% ;’/SD eof‘? %"lh%n?%qeedr ence
obj ect di sPased. oni § regediemge Papipienfconrespbndingstiop the asitinn 35

di spl acemest ghet B8chigeHg NE8nkeBScUPOUR Bhieh i@ @iidL AbFedts dlidwaldon and
the focal égngﬁgwﬁh% tt:rlllee rsecl;leirc?nfEne l%gA in Fig. 1A. If the object
\ s is closer than the reference object distance, the. focusing

15 lens group B is moved to come closer to the object and ‘if
the object distance is farther than the reference object
distance, the focusing ‘lens group B is moved to go away from
the object, as shown by dotted lines 100B and io00cC,
respe_ctively,. in Fig. 1A. ' ' ' '

20 In existing shutter units, generally speaking, the
focusing lens group is first held at an infinite () object |
distance upon setting the shutter and is moved, when the
shutter button is pushed, to a position at which the
focusing is in an "in focus" condition in accordance . with

25 the object d_istance and focal length. '

. In th'e present invention, on the other hand, the
s position at which the focusing lens group is held upon
setting the shutter is not limited to a specific position.
For exa.mple,' if the focusing lens group is held at the

30 reference obj’ect distance upon shutter setting, the spe‘ed of
the focuSing operation can be increased,_ particularly when
the object is in the vicinity of the reference object
distance. ' _ '

Fig. 1B shows a graph of the relationship between the

35 dispiacement of the focusing lens group B in the optical

axis direction and the focal length when the reference



| obj ect distance u is set to be approxinately twice (i.e., 2.45 neters.in
the illustrated enbodinent) the shortest object distance at which a

pi cture can be taken. In Fig. 1B, —t¥ig e+dinate represents the focal
length f and'the 5 abscissa represents the displacement of the focusing

| ens RRIFCH. diskangesd sis sedo ¥epbesanprhicataher tudcet gis .di VI 5| ons)

or pOSZI45)n$ne'iier\Mll Gh: thﬁefmmw@é Wb Fhdist Bt QRS dhdpiedL i be
referr d to ag step r@lr or _AF ns l-atch step nunt_)er her el nafter) 10
The Iens:' s‘f%p 8 FPICSI’I arBHE 3n5.“t1é: URS (FRP RPk tBKEMNt a LBpdi&k-i on- point

whi ch Rt ertrhmegrdnaatbh thepraeead;sacem Ifecsalst dengthi tforrsncat uldas ch \.t__be
f ocusidKkd fdl$a OkQgRobentd bgh st 22889 o cende! 9§€t DY el R K1l 1]

The mark X. st ands. _ great es stance about the .
i 11 ustFRauRy %nboa‘bﬁemscma:rﬂ% ﬁea§esen55| ithier mumkersof }‘-tte!m?osmlons

o at V\himsitﬁ'lsf)oablﬁlﬁ@sieﬂéngraupwﬁﬁghf ttghebef&éﬁm@ ﬁé"ihaﬁghgggﬁsfn ¢ he
lglrggh r{a&@é’é}%&g 3%12%3 Rﬁog) é\%r]f ‘g gBj 88t %&hsst e“ﬁmt’gre&&'al to the
ref er dcd ety dateh §t'eﬁrcem(mber2hel:6emafthe)focu3| ng Iens group B is set at
a apeci fi C oijexetbdd Step. ﬁHEPéioﬁ&eﬁrlef dlls gratdla 'b§P e | Ra T I§C DY 1 he

zoom % oper ati.on. an focus” “state alned duri. ng

zooni Pt ?‘F@a’ﬁﬁgt?t‘oﬁ‘b‘fm’t hé’}"z‘ﬁ:lbb}iéféﬁr!“énﬁét eehed @5 Bde| swer than
t he r efigacesdt omenst it cph am:(tﬁcgzs Ht= whdéh rr)thé heedua ipcushag | ens

rou tp. a ep nu h nds on the focal  I'-ength)
gn tﬁgl%cllug)sest O%J g%t QEAEPaﬁce&sm e gr(a\f,?e‘%hg r‘sf)f ?rre ob sct_ S
det ectadk &. setangs heor tthe gheasesteﬁesemeomaéznutjlm ameeete dn, u = 1&

m 180 tReOr 1 hahide hedat fem%aagw%ie%ﬁmur& | Seuiedihg @{?tstep |
nunber g E%h d %P%%éi fbé% (Mg% wh1£L ghe focusing Llens group B :

is to be stopped ‘at " the longest 11ght-reach1ng dlstancei '
depends on _the focal length.. S _ )
As can be seen in the graph shown in . Flg. 1B as long

20 as the object dlstance u is equal’ to the reference object”
dlstance (4 =.2.45 m), the focusing lens group B is set'at a =
spe01f1c flxed AF step ‘number even if the focal length 1sm.
varied by ‘the zoomlng operatlon._.That is,_an "1n focus"

'state is maintained durlng zooming. If the p051t10n of the:

25 object is detected to be closer than the reference objecti:'_
dlstance (e. g.,'u = 1.30 m), then the . focus1ng lens group B': -
is moved to an AF step number (whlch depends on the focall'
length) on the closest object dlstance 51de If the
p051tlon of the object is detected to be farther than the f

30'reference object distance (e.g., u = 10 m, 20 m or o ),_then'i
the focusing lens group "B is moved to an AF step number_
(wh1ch depends on the focal length) on the longest object
dlstance 51de

o Fig. 1C shows a graph: similar to Fig. 1B but in whlch'

35 the reference object dlstance is set to “be approx1mately

twice (20 m in the illustrated embodlment) the longestﬁ



di'stance side. Fig. 1C shows a graph simlar to Frg. 1B, .but in which 35
the reference object distance is set t_q__q_ approxi matel’y twice (20 min
the illustrated enbodi nent) the | ongest Obj ect di stance at which a

pi cture can be taken, i.e., the. ] angest distance which the measuring.light
can reach.oR]ect 19iskances af 4PH R hBIGERER SAP BE F3keNt olt Rergridth of -
Fig. 1B, héndéeswhiistaheer ehétchntheohpasurdngt adghtbScan sehchi. infinity.

n_an actual o eontsgl oppLacessapidd de L] 4PtLaL edspbodient e the

present\invention; tT ocusi ng ~l. group oppéll at any one of 27 AF
step nunbeyzaph @fcBidanitB,wbuk dhewhdghl thengefegengeopbieet; 8datamaeens
and objecis dist ageeiAaiAaitpl an object distance neasuring device. The
focal length data is detected in a stegmnse fashion t Bﬁe resent a _
plurality of di¥RdedMst@E5Wt wsaRERRL| REeSLSFucal “8 ®and the short est
1;:_ocal rlagi rﬂ:&jhigu&mfémg éﬂta:bdﬁheg_iwbron_?nb :biﬁesaﬁandfrb:eﬁbﬁ)mAStm -
i gs. represent two .acent fao en S.0 vjsded st an
for the p&%&%ﬁé?ﬁ EFHﬁHqﬁ?§ﬁi€n&8f5%ﬁ?3§ I%ﬁa?l n?mﬁu§¥t%g ggcﬁ%%g; -
| ens gr ouphumbexrspiedabeondancehwithntbeafagdlblepgthedath gfatdieh Zioom

det ect C e ; tags: et e [ l-ch QH%_ ] | ce
s 20 gbugﬁse%% ié%érreng?%?ge?u glftfmrgg the di sdp;ﬁ \zgﬁgélcrrer?t -of&?h:&#'%gtgib%g

| ens gr oupneRwring pdaUifg-t o The fafatedenaddnldakngifs detaared i sn[érr)
D1 in the didpipidat edsRIBAdItE FePfedditt | BV RNIUKAN iy RiM. al¥idéd Etepet her.
hand, the di s‘gl acenent Ian t he prior agrlt. as Ill#‘it{'-gte?ﬁllﬂn EI Ly 1Pb LS
[err] 25 RELRerD 1thYetongartofPLadL RRIPE andetBeo fROBEe ca

v.-

point. Supposing that the horizontal 1ines_'a and b, shown

15 in Figs. 1B and 1D, represent two adjacent focal lengthss‘of
divided steps and, for the purpose of simplification of the
explanation, when the focusing lens group is stopped between.
the lines a and b, either of a and b is detected as focal
length data. 1In the case in which the object distance is

20 equal to 1.3 meters (u = 1.3 m); the displacement of the

- focusing lens group B corresponding to the adjacent focai _
lengths a and b is A D1 in the illustrated embodiment of the
invention in Fig. 1B. On the other hand, the displacement
in the prior art, as illustrated in Fig. 1D, is A\ D1’

25 which is larger than A D1 (AD1’ > ADl). The amount of

) deviation due to the divided focal lengths is one-half A D1
Y or A D1’ at the maximum and, accordingly, a higher degree
of precision in focusing can be obtained in the present
invention. In other words, to obtain a foc_:'using precision

30 substantially the same as that in the prior art, the number
of divisions (steps) of the focal length can be decreased in
the present invention. y

As shown in Fig. 1C, when the reference obje’ct distance
is set to be about twice the greatest distance which the

35 measuring light reaches, focusing precision at the infinite
object distance is substantially the same as that at the



deviation due to the d|V|ded focal Iengths i 5. one- half [err\ or [err] at

the maxi mum and, accordingly, a hlgheI%%egree of precision in‘focusihg can
be obtained in the present invention ot her words, to obtain a focusing
preC|&vmciﬁhﬁwbsfaMheﬂlgngéetsmeasarlhbauiqht+methnmgadhsthheenunber of

i vist oo doaliepaly of ho: ehal obFBOLM 6aRL0R deCtRahlenRabicopngset

i nvention own |n ent ere erenceo |sta ce |s_set
to be m&an%cethﬁefmlegt REegisien V\EPEhllenel%r%%%%%rPﬁg'PPF&ﬁt

r eachessi i aited rlgrmlecaﬁtogh@@ntﬂﬁ Figl n1be Obj ect . di stance s
- substantially the sane ﬁ,‘ a% the {,} éx g t he Iog est rreasbpr)ng
|i ght-r eachitlly B LSHRE | HPDFEFREPRPS °P%?° h8*8bPREE F8la St he
greatexbkﬂnguﬁntbsﬁenmmnttthe éb@eetn@xstencelab whmchethncheghedtconpared
W th ”Egch{ %lgeg %lsta% In-any:event, the reference
1 §

obj ect can be set 'g‘ |nto account_ the obj ect di stance at .
whi ch t he hl’ltjtﬁesﬁoqlochsnﬁglprb’blls‘r ofthies s@esinde d.enen g% Pehs MAedhi ch t he

'secondalsen%mgrm@su?usqerﬁs dfBupf OL4Si ERarheter BEOAP bYS the

characteri ze plLacenent of the-focusing.lge oup which

o1 By abs Eaeeant Pt R0y FRCH M) LANR, FIGTR W EFE | DHIBLY T ocal

| engt h isickeasieseefrfany. thd Shoxtest . ﬁwem]:dlog@?h sadeeiqqathenlmhgeht i

deter ihaén@@hae’{@@t Eed N dPousiay 4 gra%f@f?neiys' L 'f'ed
C show - a secon I ment " a“zoom lensof

2A-
pr esen?‘l“@g?én’m orhiclri getepmingss ttbrﬁa ‘bﬁm‘a‘éﬂ‘elﬁﬁr ofithRr SSS’rBséf‘g
conpar ipeps: rla\gs ca’&AE’&@i}ﬁpBﬁﬂm@ to Figs. 1A 1C and Fig. 2D corresponds

to E%g 1DF£3§¥K¥il¥@|¥how é'_second embodlment of a  zoom=~lens- \U
of the present 1nvent10n.' Fig. 2D shows the prlor art for . ..
the purpose of comparlson. Flgs. 2A—2C correspond to. Flgs.
1A-1C, and Flg._ 2D corresponds to FJ.g. ID respectlvely. -

The zoom lens ”of'_ - the second embodlment has three .

20 '1ens groups, v1z., a fJ.rst lens group ‘A, a second lens group -
B and a third lens group c, s1m11ar to the flrst embodiment.
The first and second lens groups A and B are positive .
lenses, and the th1rd lens group Cc is a negative lens. The'
dlfference' between the flrst and second embodlments resides

25 only in the negatJ.ve third lens group th.ch has a focusing
function in addltlon to the magnlfying functlon.' -The -
displacement of the 1ens groups can be decreased by changlng. .
the spatial dlstance between the f:Lrst 1ens group A and the . U _
second lens group B.. = o T .

30 . In the zoom lens of S 'the:'i"'s_eoond ‘embodiment; -
the -dispiecement _of;."t'he. focal point oc&urs: when zooming is
effected and the displacement can be ébs'orbed' by the control:
of the movement of the focus:.ng lens group (third 1lens
group) C In the second embodlment ‘a reference object

35 distance at whlch no dlsplacement of the focal point occurs’
du_rlng_ zoomlng_ is s_et at.a finite object distance, so th_at_
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£63E ngY 1KY Talubo A Bthel| reb St SNSE, PRI digtants, o)
csleotpndbyerthe t seldids pl tiwen@0020f in h&igeca@A poi rif otber hjent
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Qfle POLAlcRCCAI StEHERNGs ZEAFERBY! Stifdh hed Féféeiéndb @Hject

0 that he di spl acenent of the focusing | ens grou ecgessar
SRt aRR e e RORBRIRE GRS i BB o A% BRVEY, erbre the

abfjespondiay tshawppsidtondettd® fadmeisng 208 gramdp aRovks
‘isc
| ens Qo €has tnvaedgnay2s ramdt Bp, oltjhectd sl aderndret 0bFfethe
[ i her n r r oRj [ e, |
AN 108 ok el § H o6 CGhoTad THRAEC,
BaE i vepyesentedgby2A D D2 (present  embodimen J
2B) and A\ D2’ (prior art shown in Fig. 2D), respectively. .
Since the displacement of the focusing lens group

own in Fig.

'is a minimum at an intermediate focal length in a zoom lens

20

25

30

35

in which the third lens group constitutes the focusing lens
group, the amount of deviation due to the divided focal
lengths can be decreased in comparison with the first
embodiment mentioned above by balancing the lens powers and
the focal length ranges to make the displacements ‘of the

focusing lens group on the shortest focal length side and
the longest focal length side substantially identical to

each other.

Preferably, the division of the focal 1lengths is.
effected so that the circles of confusion at the divided.

points, due to the amount of deviation mentioned above with
a full open aperture, become identical with each other.
The diameter § (£) of the circle of confusion is given by
the following equation: B ' '
§ (£f) = K(f) ° X(£f)/F(£)

wherein K(f) is the focus sensitivity of the focus lens
group (sensitivity of focus displacement of the focal point
relative to the displacement of the focusing lens.group),
F(f) is the open F 'number, and X(f) is the displacement

é%%&g{%f%%%gnpfn FgééréPShomn by the solid Iine 200A in Fig. 2A -

han the reference object distance, the

ATt



© first

o ﬁbfé that im Figs. 2B and 2D, the displ acenent of ' t he focusing lens group C
at the divided focal lengths a and b‘a]r@ tepresented by [err] (presemnt
enbodi ment. shown in Fig. 15 2B) and [err] (prior art shown in Fig. 2D)
'respectlvel Si nce Iacenent of the focusing lens,group is a
m ni muf*&C I?Qr#hﬁréﬂﬁ ok pS | Ergem &b Ehio%hYFgﬁg PAifthi ch the third
| ens group @@nsdart lheemﬂda‘émlflgoxhemegﬁbu@e édjeaaimuntthé dewhation due
to-the dgo Q | ecre dii oqpar| wi.th the-
%%bég9$ %%ﬁt?%neﬁgggbve an%|n§§ I?@ﬁ§£%omé§§n%Ha Fhe foca
| engt hdli&ﬁ'g«S@ItSo nﬁk@ht@fﬁwlmﬁwac@hﬁu$mn5| ng | ens group. on the

shorsest forhle hRAdY %ﬂ&iﬁﬂﬂsi&?s'@ﬁgﬁﬁé Eeeah |3 é@él%@i@s ntially
i denti to0.25 each ﬁg Pr ef er abl i vi.siion “of the focal engt hs

s ffe% sEmdped, hy &f’gcl:‘éét%fc%’a%%%%?’ﬁﬁl‘a{‘ the Jfartedhssi nkRe due to

t he andivisdbndef athen fioesetli ohewlyttho v enwithe aléubésﬁp%oaqerléhﬁ@th becone
d h f

i dent i ggheWs kN r@ARR: Q_Hgﬁlr tp:%ql Hie t:q{eargﬁ Htest (EJCﬂQL Vé}e&%ﬁ'ﬁhr C]<$3 .}1% t he

confusjon is given oW ng equa ion: [err

f ocus E%ﬁsF?F9F9y98P°FH@ePGeus l ens group (sensitivity of focus.

di spl acenent of the focal p0|nt 35 rel ative to the. displacenment of the
focusing lens group), F(f) . is the open F nunber, -and X(f) is the

di spl acenent . error of the focusing | ens group at the di vi ded point. As
can be understood fromthe above equation, the focal "length f can be
determ ned -so as to provide |dent|cal dianeters . 6(f) of the circles of
confu5|on _ S ' o S

L

T



5 ~ The nunberof divisions of the focal I|engths should be determ ned by
taking [nto consideration the fact that the; ﬂl vision of the focal |engths
on the | ongest focal Iength S|de is finer t{1 n—that on the shortest focal

| engt h si deExe - milseh ses Exanpl es of Zoom Lenses The

fol I owi ng Tabl es'rlae3 f‘c’ﬁ 'Ag beléE eﬁ-f‘ ga s WPl £Sad-Babl@d! £559-tples
Tabl es 11-12, Tables 13-15 and Tabl es 7)5 show exampl es of | ens dat a,

the di st anc858nelabdes X0« |?%’?19§e56ﬁ32r ahaPLRer &3I"é1§s i TRbIes pl63ng
C, and \(he diryplstseireskanpleBe dOCUSHhE] dhtﬁs OflpelpdBstBRnges %tamérBBtbdaow

a lens arga nt at the Lt 0 | en ositi he
focal | en[g;t ﬁg?% t |sgenc°‘?e’spg§?| \%t?d Cﬁaer{‘ g&{}g% gr‘id @’B Ei‘]zrl;éiid|Eélpﬁilr agm
provi ded 10displhecement off mngari@rgﬁ cipedp Hable 1 bel ow shows

l'ens data. In Paglse ba [81d lasﬂ%ﬂ&ﬁa& %ﬁé‘eafré}%ﬁ‘ént dt thge f oS test
| engt h, . halt field angle ["l@hsg the b focus, r the radl us of
curvat ure ofofefd Lemgthyposiddony ank 4 Q‘}ﬂ%eg%c?ﬂ‘ lepath Rogition,

di st ance, Nrbbpebehﬁr@qy ve Ilrnd-ﬁ)ngf Ideard [3Be Dfdidplerdgms®esis teovibied s
nunmber 011,1 t he gﬁnses %# nf | ens__group, di stances. Note that the
first Q LR Lfi§ rRE%S &9 §ﬁ§°|_ é’dl c‘f‘f@a’adhered to each other at
t he second surfaE‘abliei waerbéhowf isBowsndlensordiatansesIn Takdepl &, Fygbl e
1 designates the F number, £ the focal 1length, the half
field angle, fp the back focus, r the radius of curvature of
. the lens surfaces, @ the 1lens thickness or the lens
“r 15 distance, N the refractive index of the d-line of_.the
lenses, the Abbe’s number of the lenses, and 1-27 2-3
the lens group distances. Note that the first lens Ll and
the second lens L2 are directly adhered to each other at the

second surface between the first and second lenses.



Lens Data [err] surface No.

1 -69. 545 1.50 | 0o L
393331 1. 58913 61.2 3 '"éQCD - gg4$g1 372 2o 10 4 45 086
: 3. 28 . - .
‘o mgmple 1 o4 gg7 b o0 ' Tamast anar
50863 . | - 00/ - 120 1 83481 42,77
6.54 9 3.15 - 1.g0shke 1 25.4 8 -83. 189
S11 70.905 Lend Bdta 1. 51821 65.0 10 .
0 16923 | - 1.35 180518 ~ 25.411 22,083 .
U35 486 -156[086T-6 5~ 8.3 2_2g2 sas L 589;3 61213 M
25.4 15 £ = 289dP5~T70.00 ~ 102089 15 2.99 1.80518
1.83400 - , - -25.935 - 1.30
37.2 17 243 658, '3.85 18 - >
1.40 . 1uw725028.6" ~48.& T 3% 62,857 : -16.323
Lens Groups f sr, nce; [err] - Tabl'e 2 Di stance Between
3.20 13. 80fs =B, §’0 gﬁﬂ 6"’l 49. Bé 42 Lerr] [err] 39 [err]
8. 41 5.95 30.76 1.3m | 14 o8, . B.80 70 [err]
o 1.48 6 88 -~ 30.76 B
surface No. r d ' N S N
1 | -6s.545 .50 1 83400 | 3.2
2 © 45.086 - 5. 36 f 1. 58913 6.2 |
3 | -7 | U S .
4 129.731 3.28 | 1.51633 | 64.1 T o
5 | see1ss | e ||
6 | -24.887 120 | 18381 | 4.7
7 120.863 3.15 | 1.80518 | +25.4
8 -83.189 654 |
g 70,905 6.37 .| 1.51821 | 5.0
10 ~11.989 1.35 | 1.80518 | 25.4
11 ~22.083 0.10
12 156. 086 2.00 | 1.58913 | 61.2
13 -35. 469 2o~ | | —
14 -152. 335 2.99 1.80518 | 25.4 i
15 -26.975 2.69 S
16 -25.935 1.30 1.83400 | 37.2
17 ' 243.658 3.85
18 -16.323 1.40 1.77250 | 48.6
19 ~62.857




102 Lerr] 13.93  2.00 - “49.64.1.3m 12,77
3.16 49. 64 Tabl e 3 Di spl acenent of—F@Tsi ng Lens G oup reference

obj ect f 00 20m Om 2.45m 1.3m di stance= 00
39 0 0.049 0.098 0.406 gaB1e738 70 0 0.059 0.118
0. 487 0.936 102 0 -, 073 . 146 0. %04 1.162 reference
obj ect f [ ance Pe n LOMEEm  1.3m
di st ance=20m 39 -0. 049 0 . 0.049. 0.357 0.729 70 -0. 059 0
0.059 N\0:429 0.878 02 1-0.073 12 Q073 70.532]  1.090
ref erence object f dbject distankerf{le .~ .| 220m fglOm - 2.45m
1.3m di st ance=2. 45m 39 -0.406 _-0.357 40.308 0 0.372 70
-0.487 -0.429 -0.370 G - 0.449]102 - |-0.604f -0.5B2 -0.459
0 0. 558 Exard® § 2 Thé&®l ens dafa3id® t|hi3s8@&xprkB® |is the sane as
that of Table 1 in Exanpl e p—7Fable—4 : ' : .
1. 3m 2.42 | 14.58 | 8.80
70 o0 8.41 | 5.95 [30.76
1.3m 7.48 | 6.88 |30.76
_- 102 o0 13.93 2.00 | 49.64
1.3m 12.77 | 3.16 | 49.64




Di stance Between Lens'é}odpé’f'-:ebject-dLstance .H[err] [ 2- 3 [err] 39

00 3.20 13.80 8.80 1.3m 3.20" 15.17 ' 7.43 70 .
[err] 8. 41 5. 95 30“76916‘( 3m 8. 41 6.86 29.85 102
[err] 13.93 2.00 - QE : 13.93 2.99 48. 65 ’
Tabl e 5 Displ acenment of Focu5|ng ens oup reference obj ect f
[err] 20m 1 ant Jus GRQ 0 0.081
0. 162 0.692 1.373 70-. - 0 0 056 0 112 ' 0 469 0.917 102 0
0.059  Qefd@nceO. 50% 0,998 ¢ af srence eb, eqt—: f D
20m 2. 45 c1. Bm gj stlangg=2pm g1 - 0.081- \/
0.611 ]‘3%“2‘ 70 -0. f05 0 %‘5 h56 " (). 31%59’ 0‘3'%61 102 -0. 059
0 0 dighmices 2444 0] 92T T grer encE ob] eqt f 00
20m 10m 2.45m 391} 3n@ di qt 0P, ATAB $90 4060 @9278 0.611 -0.530
0 0.681 70 0. 469 -0.413 -01357 } 0 - 0.448 102 -0. 503
_ _ I . 1 o . _ . s i ) -
0-444 -0.384 04 90 | %Y o.059| 0.118 0.487 0;935
102 | o | 0.073| 0.148] 0.604] 1.162]
reference — T —T - T —
object 1f o | ~ 20m 10m |°2.45m| 1.3m
distance=20m N _ .. . 1 . - .
-39 {-0.049| 0 0.049 [ 0,357 0.729 . e
70 |-0.058| 0 0.059 | 0.429) .0.878
102 |-0.073| o0 0.073 | 0.532 | 1.090 |
reference _ - _ _ — - .
object |t o 20m | 10m | 2.45m| 1.3m
distance=2. 45m |—— T : —— ——
39 | -0.406|-0.357 [ -0.308| 0 | 0.372
70 |-0.487{-0.429|-0.370{ 0 | 0.449| .
102 [ -0.604 | -0.532(-0.459| O - 0.558 - o/




In Exanples 1 and 2 given above, the first, second and third | ens. groups A,
B,. and .C are independently novable, anddy} f ocusi ng can be effected by

t he second | ens group B, as can be understvod fromthe | ens distances.

The following 5 discussion will be directed to a type in which the first

| ens groupEXampdetRBe third |l ens group C nove together. Exanple 3 shows a
type in which trh;@ TetfdiShRa if fieCiSehiy1 & N8 sSRIRNASARES 28" WA B, of
Exanple 4 g g whi ch the focusing is effected by the thlrd | ens group
C, 10 ahd'ER ﬁ§|é 31, ExageLien Inhi ch t he focu5|ng is effected by the first
and third |l ens groups A and C. Exanplm®le3 4and 4 correspond to Figs. 1A

and 2A, respectively. Th $% of; Sg éﬁg@ﬂt ;§ e lens for Exanple 5
is showmn in Fig. 1E 15 BaEiANED Bt Goupd n to Exanples 3-5

is shown in Table 6. Note that in Table 2, the first Iens L1 and the

second | ens L2 are not [adhefed to each otrer, unjirke 1 Tabl'gq 1. .
Exanpl e 3 Table 6 [err]] dur{abgechkidistance {r€.~ 2| £2~ 3 e N
v 1 -70. 000 500 1.83400 3712 2 48. 131
0. 338 3 43. 517 5. 338 5B . 61.2 4
- o sool 3 00 3 3.0 1430 | 8.80°
1.3m 3.20 |15.17 | 7.43
5 0 | 0o 8.41 5.95 }30.76
St .
1.3m 8. 41 6.86 | 29.85 )
102. oo 113.93 | 2.00 |49.64
1.3m 13.93 2.99 | 48.65




5 . 31. 486 ' 3.153 1.58913 .° 61.2 6

164. 560 -~ QY .7 : -25. 613 :
1. 200 1.83481 42.7 8 T21.482 - . 3.109 1.80518
25.4 9 . - -83.963 _ 6.198 10 - 50. 639 6. 700

1.51633 64 111 - Tabpisop . 1.380 1. 80518
1.58913 - 61. 2 14 - . -35.086 R

[err] Aference - 434-181 3031 180518 ~  25.4 16 Ay
-23.348 . - |1.701 12 23,820 c 1. .. 1{300 ~.1.83

37.2 1gpJect 2715 504 Z" | Zmgfg i g 2.45m |- 1.395) 449 1. 400
1. 7725bistance=4% 6 20— F00. 088 17| ——23782D . 1. 300

1. 83400 37.2 [18g 0 P7®R0896¢ 0.162 | 0.698} 9373). -15.441 .
1. 400 1. 77250 49. 6 PO -160. 088} I.n - . Table 7 Distance
Bet ween Lens G ougs . -obj ect0 %ISGS‘ a g[err]:ﬁ - lerr] f 39

- 2.000 -

“J

n . }
3.50 13.26 8.8601 3 | 0.056p 6 01 0.818p 70 o lerr]
10.98  5.78  29-60—4—3m— 66 9—20-D0 102 - [err]

14.46  2.30 _4‘ w8 | 0. | 0.059| 0.119 _'0;5032:3039981fj_

reference R ——
object £} oo f- 20m | 10m | Z.45m|°1.3m
distance=20m —t ‘ ' —

39 |-0.081] ‘0 | 0.081| o.611) 1.282| = . o

.170f._%0;056 0 0. 056 "0;413 i g.s61|

102 [-0.059| 0 | 0.060| 0.444} 0.929

reference _ T _ : — —
object f | oo | 20m 10m | 2.45m| 1,3m |
distance=2. 45m [——f————~ —

39 [-0.692|-0.611|-0.530| 0 | 'o.681]

70 [-0.469 | -0.413|-0.357[ 0 | 0.448]

102 |-0.503 | -0.444|-0.384| 0 | 0.485
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f . 2 i it e e st o e

1. 13.41 3.35 49. 28. TabI e 8 D spl acenmenpt of Focusing Lens
G q@p reference object Sr ‘20m 10m 2.45m
1 di stance= [err] 39 _ O 0.090 0.372 0.714 70 0

0. ds7 o 1;5 IA. ##inp18s948 oHAP 2 gl\ﬂen abové, Offie rdxdd) sébcﬁﬂ:g ancilog?’
rererence e m m m
di stance= 2%3‘?1‘?359“5 grqyps "0 ?27aL‘80‘J2§fe 1"6‘231’3“"9““6’ BV 3978
-0.471, - (kIBs3focusing can bg £fferied by e seGondlleng grdup H) as

0. 5? f e Barbe 4nddtSeSod %EBHCQ;@t l‘@ﬁg dli‘%'%%n@ésljps fthe f@lf&hn%es

di st Sﬁnd1scx£ss1$13 3’6-11 1lai4§1 ecy:eg4 te a type 1[‘er"fl]1°h the flrsLiB 08
5 78  29.Xhd. g?fbup A andOth8. th1§d69ens2§r6&p1@2move together.

S o ol? T"—"%gum ng] 22 Gr%u e‘?e 13 gnggt Hhelod %u]solng% 1.5

Di spl acenent ence obj ect
[err] effegked by 1ttthe segongmlen_'s 3wyroup B, Example 4 a type in

which the focusing is effected by the third lens group C,
10 and Example 5 a type in which the focus'ing is effected by
the first and third lens groups A and C.

Examples 3 and 4 correspond to” Figs. 1A and 2A,
respectively. The track of the movement of the lens for
Example 5 is shown in Fig. 1E. o

L 15 The lens data which is common to Examples 3- 5 is shown
in Table 6. Note that in Table 2, the first lens L1 and the
second lens L2 are not adhered to each other, unlike in
Table 1. '




di stance= [err] 39 0 0.072 0.145 0,614 1.212 70 0

0.056 0.112 - 0.471 0.918 102~ QL0 __ 0.056 0.112 0.472° 0.926
ref erence obj ect f - Jerr] 20m 10m 2.45m -
1.3m 2.45m 39 . -0.614 0. 542 -0.469 O - - 0. 598 70
- 0. 4;§L3ﬁ%2%%% -0. 359 0 9 447 102 -0.472 -0.416. -0.360
o : 0. 454 Exanple 5 TaBte ©11 b st ance Between Lens G oups f
obj ect di stance : [err].-39 [err] ' - 3.50 13.26
8.80 1.3m Fyo = 4.0~1668~ 815. 08 6.98 70 - 00 S \mg
10.98 - L7BBY ~ 102.00 9.79  6.97 27.80 102 .
14.46 .3% 439Q@) ﬂgﬁb 102. ' ‘13.26 " 3.50° 48.08 Table 12
Di spl acenent wof =F(3§u§| n’g‘"lLe%s 'UUué ref erence Obj ect - f
[err] f2,,0m= 8.80 1028.00 -2 4988 1.3m di stance= 00 39 0 0.110
0.220 0.926 1.824 70 0 0.075 0.150 O. 623 1.194 102
0 .0.075 0.150 - 0.623 ~1.199 reference - |
-surface No. Lr . . d - N v o
1 -70.000. - . 1.500. | 1.83400 37.2
2 48.131 - 0.338 | - _ '
.3 - 43.517 . 5,338 1. 98913 . 61.2
4 -43.517 |  0.100 _ | |
5 31. 486 3.153 1.58913 | 61.2
6 164. 560 — E 2N _ ::;
7 -25.613 " - 1.200 1.83481 42.7 :
8 21.482 3.109 | 1.80518 25.4 -
9 -83.963 - 6.198 | . |
10 50. 639 6.700 | 1.51633 64.1
11 -11.927 1.350 1. 80518 25.4
12 -22.599 0.100 :
13 ' 175.67% 2.000 1.58913 61.2
14 -35. 086 : . 8 2~
15 -134.181 3.981 1.80518 25.4
16 -23.348 1.701 _
17 -23. 820 1.300 1. 83400 C31.2
18 275.596 3.972
19 -15. 441 1. 400 1. 77250 49.6 =
20 -60. 088 : ' 93
17 -23. 820 1.300 1.83400 31.2
18 275.596 - 3.972 -
19 -15. 441 - 1.400 1. 77250 . 49.6
20 -60. 088
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~ obj ect f [err] 20m ~ 10m - 245m 1 3m j
' distance=2. 45m39 -0.926 -0.816 -0.726 0o . 0.898 70 -0.623

-0.548 -0.473 0o . 0.571 19%3g7 0.623 -0.548 -0.473 0
0. 576 The foll owi ng exanples are dir ed"to a nodified three |ens group

type in which the second lfens group B has two sub-groups Bl and B2 which
are independently noved al ong the reSfectlve tracks when zoomng is

ef fect ed. Focusing is 5 effected®L®p¥ing the sub-groups Bl and B2
together (Exanple 6) or byst@ncagpébeedfi Lenke8podpaUP C (Exanple 7). Figs.
1F .apd, 1G show tracks of novenent of the lenses in Exanples 6 and 7,

respgﬁflvely The |ETETTEp21VWHLn Ts—cgrmom tp Examptes—6jand 7 i s 10 shown
in Table 13. In Tall g 13objdee distaicel gng,L1L a@Q~IpW sgeond 1ens L2 are
adhered to each ot hqr. Note that in Table 1B, thejradii jof curvature of
the second and third surfaces are identjical tp eachjotherf and the distance
d therebetween is zgr@d Exaf®l e 6 T4bRBed03 Fbﬁﬁ] s&r¥ade No. r
d . N v 1 —1074-006 150 —1..83400 37.2 2
38.413 0. 00 3 38413 2.7 Ph.a1 | 8.3805jr633 64. 1
70 oo 10.98 5.78 129.00
1.3m 10. 07 6.69 | 29.00
9, 102 o |14.46 | 2.30 [49.28
1.3m 13.41 | 3.35 |49.28
_ | Table 8
Displacement of Focusing Lens Group
reference - ,
object - f 0o 20m 10m 2.45m | 1.3m

distance= 00 -
39 0 01045 0.090| 0.372] 0.714

0 o | 0.057| 0.115| 0.478 0.918|
L 102 | 0 | 0.065] 0.131| 0.546| 1.053|
reference
object £ ] o0 20m 10m | 2.45m| 1.3m

distance=2. 45m .
: 39 |-0.3721-0.327 | -0.282 0 0. 342

70 | -0.4781-0.4211-0.3631 0O | 0.440

102 |-0.546]-0.481-0.415) O 0. 507




Displacement. of Focusing Lens:Group

4 -40. 606 0. 10 5 29.?95 . -13.04
60.3 6 135. 495 .~%?§ES : [err] -7
1. 20 1.83481 42.7 8 20. 155" | 3 29
25.4 9 - 89. 454 | - [err] 10
6. 70 Exam 21 65.0 11 -11. 768 1.35
25.4 12 -22.113 0.28b18 9 - 140 662 -
1.58913 61.2 14 ] , _
- 135, 273 2. g Distance roups .
-25.912 1.30 83406 — 9-
-14. 965 1.40 | £ ]oBI@a0distad@e 6] BO~ = | €2~ 49. 389
Di st ance Between Lens s—— —ﬂbfect f-stanrge— J%er%i
- 3.20 6. 84 13.]13g 8.8 1 3.36 [13.26 3. 4785
13. 86 8.80 70 ° 00. bq 41 [ 5]96.
1.3m 8.5 | 5.96y'3, 6.59 3 362Pi7 '-8122 |
14. 71 4.97 2.03 | 4820°1.3m | =;-;§;1 L
3.15 48 20 Tabl e 1q ghs)lacenggt of F 'HFbgg§g§q§ Cﬁ&%ﬁ r
L3m 10.98 | 6.69 |28.08
102 = 14.46 | 2.30 |49.28
 L3m 14.46 | 3.23 [48.36
_ Table 10

reference - — —
object f co 20m 10m 2.45m| 1.3m
distance= oo — — :
39 | 0 | 0.072; 0.145) 0.614} 1.212
70| o | o005 0.11z| 0.471| 0.918
10z | o | o.0s6| 0.112| 0.472 0.92
reference : — : —T T
object £ o 20m 10m | 2.45m| 1.3m
distance=2. 45m [——F——— 4 T
39 | -0.614 | -0.542 | -0. 469 0| 0.598
70 |-0.471|-0:415|-0.358 | 0 | 0.447
102 |-0.472|-0.416 [ -0.350| 0 | 0.454

1.62041
'+ -26.035
1.80518 = .
60. 814
1.80518:
2.00
[err] 15
2.49}17
 4.3%49
Table 14
39 [err]
6. 84
5. 68
00
4. 97
ef erence

29.73

XS
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obj ect f [err] | 20m '10n1 2.45m 1.3mdi st ance=

[err] 39 ~ 0 ~ 0.046 0.092 0.379 0.727 70~ 0 ©0.057 -
0.114- 0.472 0.908 102 -0 0.0 ©. 140 0. 580 1.119
ref erence _Qhj egt_ . f 00 20m 10m 2.45m 1.3m
di stancez%—s. -0.379 #0.333 -0.287. 0 ¢ 0.348 70  -0.472
-0.415 -0. 358 0 . 0.436 10rable(1®%380 -0.510 -0.440 O
0.539 - Exanple 7 Table m&m%@%gﬁeﬂeﬁgrﬁrgﬂﬁ%ps f obj ect
di st arjce [err] 39 84 13.13
8.80 I3m 3.2 582 TAT42 75T 70 00
9. 41 5.96 5.68] f zgotziacﬂ distance e, Be4% | fs 5/96
6. 60 28.81 102 [e r1 : 414 _4, 97 2.03
48.20 1.3m 14. 4. 97 ] 7,21 Tahl el 17
Di spl acenent of Focusi ng _e:ﬁc’s Gré’ﬂp referenc %Oeqtﬁ‘ 23 % f
[err] 20m 10m 5t 3~ Jm th-st D
0.076 0.153 0.651 .1 287 701 3 O olq@e 15008L 142 172 0.921
102 0 o0 060 p.izd s 0.9 H1 .50
70 o 10. 98 5.78 |29.00
1.3m 9.79 | 6.97 |27.80
(o ] 4. 46 .30 .28 .
P 102 ) _1 4 .2 30 |49.28
1. 3m 13.26 3.50 |48.08
Table 12
Displacement of Focusing Lens Group
reference - ._
object 1 f ) 20m 10m 2.45m| 1.3m

~distance= o0 -
39 E ‘0.110] 0.220}) 0.926| 1.824

70 0 0.0751 0.150{ 0.623| 1.194

W 102 0 0.075| 0.150] 0.623| 1.199

reference
object f o 20m 10m 2.45m| 1.3m
distance=2. 45m

‘39 1-0.926)-0.816-0.726| O 0.898

70 |-0.623]-0.548|-0.473{ 0 0.571

102 | -0.6231-0.548 |-0.473| 0 0.576

AP S e o 10 Y-



ref erence obj ect : f [err] 20m - 10m 2.45m 1.3m
di stance=2. 45m 39  -0.651 -0.575~ 498 0.636 70 -0. 472
-0.416 -0.360 0 - 0.449 102  -0.505 -0 445 -0.385 0

0. 487 Zoohhéeefiol Bawiny Ebtambmlelsowmgddjrm dro & [nodief ibd ettimske t 0 a
zoom | efigy Qap&%hpwtagpa B AR LRES sePhA 1dhEX3Rp hasthigh the
first lens ou Iens group C are together to

ef f ect §%‘n9ﬁ©uaﬁd5¥- hénflo%slﬂ’ﬁg‘ml args F-M"S‘f‘tﬂé’ %ﬂj 31ong gkkrip B.
In the tééy&éﬁiﬂréd t22URd eWhehardsdmbly tilke eppatteas CaFobﬁsﬁﬁgmﬂ el p
on

acco ed, w n the l.ens rrel carrer agretrac 0Si
in V\/n P%ﬁgtzeéionh’enrgovén gﬁﬁe Té |ﬁoper %) ‘%2 pgg{}]{ t3 S:g.é)
4B, and(ElGllBhbw 6he0rebYam©Ednpo§hf-'l Shird: fensh@roayy G d@tammm -p05| tion

(WDE) ,rogd. the lanpess sheal éfww BQS'rﬁd\%iner(E" Ela%) thd eieﬁgbgveiﬁ/ The
zoom | ens” barrel 50 operates as_ foll The first lens group A and

t he thlﬁ:’éaml%}]%sg?oﬁ’@dc"mﬁ@spﬁﬁﬁﬂﬁgﬂybet ween a wide extrenity shown in Fig.
4B and a telPhexieas t@atﬁahcxvmmm Esg cotfors 0t hBkamptesz@nang i7s i f ect ed,

or oiE B 5 BBH8 g2t neth plep Br 13 Gt A e 2Rt BeA™. R s ng
can be sdc¢end edenp the aeeoraﬂhexsd gtoupeaB;h softhlear. t o Notz rtha’cl dirshi p
shown iy @- 131A¢he. 'Paﬁi‘g %ﬁ:o fgétﬁé‘ér%f'g\héh%éédﬁ@téﬂ&e%ﬁ@d' ent,

when the first, ‘second oups
surfaces are identical to each other, and the distance d

therebetween is zero.

P
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B, and C are noved backward fromthe wide extremty shown in 25 Fig. 4B to

the retracted position shown in Fig. 4A,
group C are indepen
conpl etely accomodating the zoomlens in the canera body.

t he
of
first

third lens

| ensx

closer to the third I ens group C. Argﬁﬁéi

t he canera body has a femal e helicol
helicoid 12.is engaged by nale helicoid 13 to which a camring 14 is

secur gg/ W t
gear 15 connect &%
16,

helicoid 13. TIf%

addi t

t he

first

'l*ens

dty novable for-

gr oup

t he

A and
pur pose
Nanely, the

@ and t he ‘second | ens group B can be noved 30 to cone
ppary ring 11 which is secured to
secured thereto.

The fenale.

j ongly regesengg to Fig. 5 35 the camring 14 has a

Theréto which is en%aged by pi nion 16a of a zoom notor

gear

Ay

so t hat -whdn tHe 39.00 cofl.#0t vl 02.8
the direction of the

is prefer

9916.%Xi4i1£3§

is driven,

the camring 14 noves in
-t he | ead indications of the male
y inclined in the sane direction as

the threads of fihe=n.80het2%d3 14820 Front 5 cover 17 covers the female

helicoid 12. tn the inner periphery of the camring 14 is fitted a linearly
novable ring 18 which is provided on its rear

movenent gui de sphiice Nb9

portion of the 10
groove l1lla forned

is provided on-its2front

14 is rotatably fi
guide plate 19 so

Consequently, the 4inearl

No?

portion with a |inear
_ 1ecured theﬂeto.d A_partf$f tHe cuter peripheral
o the | STUEORar y |FTRES0L ' el po BB, VBER0I Lo ng 1
engg.Mi3 h an oud.d flpange 18d, |so that tpe camring
Lo DICIERTe 911681 AT iefgand (R L1 nepr moveren:

y-gneabl e i ngd. 18, which is

29.795 3.04 1.62041 60.3

135. 495 £~

-26. 035 1.20 1.83481 42.7

20. 155 3.29 1.80518 | 25.4

-89. 454 £aa~20

60.814 6.70 1.51821 65.0

-11.768 1.35 1.80518 | 25.4

=22.113 0.10

140. 662 2.00 1.58913 61.2

-36.015 Q2a~a
-135.273 2.99 - 1.80518 25.4

-25. 386 2.49

-25.912 1.30 1. 83400 37.2

179.516 4.34 |

-14.965 1. 40 1.77250 49.6

-49.329

Chedts



prevented from being rotated by the guide plate 19, can always be noved
together with the camring 14 in the tical axis‘direction. - The camring
14 is rotatable relative to 20 the T'l%@l‘y- novable ring 18. The outer .
flange 18d has a | ens cover barrel 21 secured thereto. Afirst lens frane
22, to which the first lens group Ais secured, is connected to a first

| ens noving ring 23 through an d&glbeidy screw 22a.  The adjusting screw .

is-25 adapted to effeqijARH Bd-Rebn LIRSt gf8lipadd) ust ment to prevent the -
di spl acenent of the focal point when the zoom ng 1s effected at the

ref erence object ISLFHbE} TpomT assgnbty—jiie— T st teng novi g rlnd\d
is provided on [iffs lob.aaCtdeltsttamne a/lﬂh’r-r;o WenszA' @uht oh (wi Ifk bé referred
. to as first 30 gleup—etters—hererngtter—foer—thef+st +grs—greyp A - The

first group roll éersgA exdt end t hroudh 3l gmeppr gxgyenerns. p3ui- de §gg®opes 18a to
be fitted in firgt campgrooves 14a f_Jhe_c_aﬁmrln JLfnr the first | ens

group A. See Ficbs. 5landsf. A second gl frsa 25 jiasgiendagegh W t h the

second lens 35 gioup B bf\:/l'Ba@m-i-nner geripher al ellcol|3d8€7 %'goshutter

bl ock 26, which §s,sefured to a secqdn nis i Ng (h the rear
end of the second -?@ns rr°6’vi'ng ring 28%%@ prggy%ed. IS'I er 2@“7%\ ich wll
be referred to a$ secpnd group rolldrs herleinaiter]) for tHe second | ens
group B which extend Fhrlo Bh |inear nﬁv@mnt 59%5 dg gﬁo’éﬂ/es 2@8?33( igs. 55

and 6) forned inftheinearty novablfe TIngl 18 . to . ge frrtreg tm second cam
grooves 14b of thé&0Zam reong 14 for pHé Beclond- 9&ns gﬁdlﬁo B.48A2Q hjrd | ens

frame 30 to which therthirdtens—grgup—Eis——sectrdd—tas—rqgHers— (whi ch
~WwWill be referredjto as 1.3m 13.59 4.97 3.15 |48.20 T
| Table 15 |
Displacement of Focusing Lens Group
reference — — :
object f oo *20m 10m | 2.45m) 1.3m

distance= oo R T
' 39 [ 0 0.046| 0.092| O. 379 0.727

70 | 0 | 0.057| 0.114] 0.472} 0.908

102 | o | 0.070| 0.140| 0.580| 1.119

reference x — —— —T

object _ f ) 20m 10m | 2.45m| 1.3m-

distance=2. 45m | — — -
39 |.-0.379 | -0.333 ] -0. 287 0 | 0.348

O

70 |-0.472|-0.415(-0.358| 0 | 0.43

102 .—U. 580 | -0.510 | -0. 440 0 - 0.539




10 th|rd group rollers herei nafter) for t he th|rd | ens group C which are
fitted in linear novenent guide groovesé%‘§f the linearly nmovable ring
18. Note that the third group rollers:C not fittedin the cam grooves
of camring 14, unlike the fi:rst and second group rollers A and B . 15
The first cam grooves 14a and"'the second cam grooves '14b have .
accommda¥¥$§9—1-?felt| ons[err] for noving the zoomlens barrel to the
retracted position, and macro traapiey nieng sections [err] which are

| ocat eg on the opposite si Bes of respective_zoom ng sections [err] as shown
in Fig=20 6. The zooni ng%@&?ﬂgﬁs—?%”%ﬁ;@é—%%éﬁ%m in Fig. 1A The

acconmodat i ng sections 02 are adapted to retract the first, second, and

third | ens groupsf#, and C beyond[the wW[de extrgmiy toyard the camera
body.  The nmcro tfan;fﬂé}erctnbsbai@?l prik 1~ [2q rme]zaaabe a@am ed|t ofmdyjance the
first, second, ang—25thrrd—tens—gtoups— & B—4gmd—C-tpyetienf by a

slight displacenent3¥rpmdahe tele exjramuy ih. & ddr 180i30r § ng.8heéminto a
macr o phot ogr aphi g popHi-er—Fhe—petnati-on—anghes—et—the—+gt cam
grooves 14a and the sefpornd3gam gr oovps3lzpb [ar ¢.8€! dtitgeizy $nplgy gdnd the
directions of inclination of 30 thespk camdrooves _14a and 14b inlthe nacro

transferring sect|ofig | 03oare opposifegtg éacg g:st'herﬁ? L §%i7§ hecause the
e el i d

camring 14 itself -1s dvanced while|rotatilng by the fenal oid 12
(and nmal e helicoifd 13)} mely, the,di,spla nt LSt [Hens group
A (third lens group O 3&‘5@d the dip ?ddcl n?"eéeg thé@ D%gﬁl éns group

B are determned ps_a yesult of the |[ead - |ncI I hatfi on) t he femal e
heli.coid 12 and k¥ ijncl%®nation of M,>7f1| rst cga?mcro%\pés LA&-ZQnd as a

resi of the lead (i ngctimatiom—of
1.3m 14.71 ' 4.97 3.02 47.21 -

_ Table 17 _
Displacement of Focusing Lens Group

reference . _ :
object | ©0 20m 10m 2.45m| 1.3m
distance= oo |- :
39 0 0.076 | 0.153| 0.651 ) 1.287
70| 0 0.056 | 0.112| 0.472| 0.921

102 0 0.060] 0.120} 0.505] 0.992

‘reference —
object f oo 20m 10m 2.45m| 1.3m
distance=2. 45m

39 [-0.651(-0.5751-0.498{ O 0.636

70 |~0.472(-0.416|-0.360| O 0.449

102 |-0.505)-0.4451-0.385| O 0. 487




St e s rNSem o fasus dmglsidn st e L aven i aalie U e daen e ad

femal e helicoid 12 and the inclination of'fhejsecond'éan1groOves 14b,
respectively. 5 Between the third | ens frame:30 and the first I'ens
nDV|ng ring 23 are provi ded engagi Ty ons 30a and 23a (Figs. 5, 7, and

m&om:&sgama_; nto engagenment with each other as the first | ens
WDV' ng ri ngﬁ% Mp¥eEoling (dEsSeSQPIRAJLING. Bes'dn@b@w\’\@d Na FizgontA and

then r ac 0O wide extremty shown in Fi 4B _i n accordange with
the pr. ‘ﬁt gecgﬁ"f‘rﬁ}dﬁ i hg? é@ ¢ 1GNS . [(The oiint o tamigr ooves
14a. amidme m&alfmdlensegeogpan@mbruhe)rﬂxﬂﬂh Tews 28apupergaged W t
eachsOhitfoq U diREROEEI PPeLlE T465hing SalEY| Bfle! | FOCARIMY O3 fro\‘m he

w de extremty and then reac es t e acc t|n§;§03|tlon at IS

the fieffectesd Jyi kher iSREIA ndedS | Frowe §pt|c5n & dllustrated,

accor dapem Widhs hpagigapest  ehd hgobi slegsowaﬁolﬂer toMipBedetpe first
ates e en rtions 30a and

14 th 14 r
(Z:g;n g; g%lvgg‘%?m? agﬁl ﬁgﬁg%rznoéléﬁg Qith 8Fﬁ§r1 V\E‘F?ge ﬁg?g' g}’ouﬁ rollers
A' ar erledozetedn positdem ndnsevhiiois th[eerzpoandlelms mder oinr ahbeerri ng
t cam es,dda: QY t h rst
isg(r:\g'b(r)rg\?ll 9&%%19%3 ?8%5;(:&.5:{%”5 g?% %Vcisllénd %%e t-hi. rq%?;ngnf)rv}arrgh%b ?t hird

| ens g¥e¥Fagt ?gemlﬁﬁ?@oZSthg@chﬂe?tQQF thrcalndenghla, perhtine first

group [@ipa)s, Aarkit ehel hPoﬁ?@HﬂTDQ%Uaflg 3eHJ S oA ©f ok he(FELRY ,cam
grooveé 14a, )St he third | ens frame 30 stops when |tp cones toe(t he rsear end of

the |i hEEPSFNY¥Sddt guide grooves 18c. At this moment, 30 the engaging
portion 23aThe ciceendaged bérrml t5e epexates apsrfobho@@a so that the

engagi ng poghijonft 237 r!Pé’r?é &%yAb%BEV"%@ Hys o &5‘% EERgAr oup a

is retracted by e engage e secon group:roller wth the

secondtegpthesoeatvesn o "Hﬂ%ﬁ eRETPPALY. SROWMdinaRid hi A8 13 2

tele extremity shown in Fig. 4cC, 50 that - when zooming is
effected, the second lens 'group B 1s moved relative to the
first and third lens ‘groups A and’ c to change the spatial
20 distance therebetween Focusing can be effected by the
second lens group B, similar to" the relatlonshlp shown . in
Fig. 1A. In the .z'oom lens bérrell in the illustrated
embodiment, when the first, second, and .thir,d. lens groups A,
B, and C are moved backward from the ‘wide eXtreinity shown in
2% Fig. 4B to the retracted pos:n.tlon shown 1n ‘Fig. 4A, the
first lens group A and the th1rd lens group C are
independently movable for - the purpose of completely -,
accommodating the zoom lens in the cainera body. Namely, the \)
first lens group A and the second lens group B can be moved B
30 to come closer to the third lens group C. _

A stationary ring 11 which is secured to the camera
body has a female helicoid 12 secured thereto.. The female
helicoid 12 .is engaged by male helicoid 13.to which a cam
ring 14 is secured. With additional- reference to Fig. 5, _

'35 the cam ring 14 has a gear 15 connected thereto which is
engaged by pinion 16a of a zoom motor 16, so that when the




»

35 groups A, B, and C are retracted as_a whol e, thus resul'ti ng in a
decreased acconmopdati on Iength of the zo ers. Figs. . 5 and 7

correspond to Fig. 4A shows the accommmodati,n i tion. a
oot 0gr aphi (4 BPERTNbAn 1" Ajrenys Bha e | FAREnoLY: MORRR {1 Bhe ths,
and 30a corredmé@tmnbaame Vitticaa cdxiet be ttheb lead uﬂﬁcﬁaﬁenstdfeta@caamé | ens

T wnloh adl R0d N ! i §08x (18 (TFs SprBEErRES 'ﬂﬁéliﬂaﬁf ZASERQ SRRLNOS

31 which are of ~Ci er en i‘ons
conti nyoys| @iglegtione as; rtdlei eﬁbrféa@ﬁem tlé%r wadel yhell@ld A3a di Feenton

in whic tsh%&ﬁaagmgcmﬁ%héofeﬁéﬁféeﬂéuéoi@ Ppought into contact with
t he engagi ng portion 23a of the fir | ens m)V|n r|n 23.. . The SE teé a

bl ock 26 rot at es H dFRSi hﬁ“ﬁFnP%d' i ®% tEIF%r ngn Ungiit
di spl acerrentlmarﬂgpom@wu@lteo tl:hagob;tecmldlcﬂt adse prgvmdiedetmt ddsbyrebe

bj ect di st ' I d 1.0 426
iosJ :gsoc:Zt 3)3) }ﬁ connec |g§¥‘|re%§'" ]gév?g'g\gﬁed tﬁg@qlepégg%ndi? ég?l?gﬁg :

25, so that. tﬂ%‘@%e drh vPagt mh renters pepipheradndrpehiongr afp Bhe
noves. i nyohgudrid Cp?la@('fQdiéeéhQQQeﬂnlﬁcﬁoﬁCﬁ%@Q wcwéﬂé}ecl e p?fbaber al

hel i coi d 27 20. connectin S secyre sec
(T o5 of 13a (hemah (A ERe Prakiefany Einduil -of Mo LinShely cne¥hblse
in the opti mhganss fisr patovdideds aonmptet €tont 'Bmi A(Fltshepnnwﬂms fbangewn

in Figs. 1B %:Dt 21:5&3:? th@'%a%P P%%eﬂ) Ilg é@&bf} bfx@ﬁ&éeﬁet&ééﬂpt

posi tions) I VI ng utter ens an
cl oses shut Pélltel?l aﬂé&ﬂ%blﬁﬂ a&éortd’@nc]el%%m '&O‘HF‘F%'E ngydde; Mt%fl? h&o

ObJ%E} 15 as not to move in the direction of the optical axis.
Consequently, the linearly movable ring 18, which is
prevented from being rotated by the guide plate 19, can
always be moved together with the cam ring 14 in the optical
axis direction. The cam ring 14 is rotatable relative to

20 the linearly movable ring 18. The outer flange 18d has a
lens cover barrel 21 secured thereto.

A first lens frame 22, to which the first lens group A

is secured, is connected to a first lens moving ring 23

through an adjusting screw 22a. The adjusting screw is

25 adapted to effect a zooming adjustment (an adjustment to

| prevent the displacement of the focal point when the zooming

is effected at the reference object d'istance) upon assembly.

L The first lens moving ring 23 is provided on its rear
portion with rollers A’ (which will be referred to as first

30 group rollers hereinafter) for the first lens group A. The
first group rollers A’ extend through linear movement guide
grooves 18a to be fitted in first cam grooves 1l1l4a of the' cam
ring 14 for the first lens group A. See Figs. 5 and 6.

A second lens frame 25 is engaged with the second lens

35 group B by an inner peripheral helicoid 27 of a shutter

block 26, which is secured to a second lens moving ring 28.
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A decoration frame 35 is secured to the front portlon of the first |lens
nmoving ring 23, so that a barrier. &gchanl sm 36 can be -provi ded between
t he decoratlon frame 35 and the firs NS nmoving ring 23 to open and close

t f the dec f Th t t
o CRE BT Y B PEmtNe, SeRBNN - HADerURRIRd v F T £RE 85I n Lo

open previded |rp1:1grs 1BA ewhlidh wililhebe| referpesi tton asn Segond0B. The
decor gtbap ioATRr3d He?:eqrrﬂa\‘fb Igﬁ:ﬂ tishd eé’écéﬁ&elensv\‘;fguﬁ ﬁ%ﬁlﬁﬁ sli ding

_nmoveneént gui di ng -grooves 35 extend 1 n parallel Wlt the shorter

si dese¥teffe ?%ﬁ%uﬂaneaseaweﬁa 9‘“- visst t 18Rs (FisiSj et i on E‘)/
35c5aaadpra)wmdnm ihethean ihvae19f xﬁdxmmlne:orshgomsf tentba35cittédr ecei veda
pair rs arrier Iates 7 d n rLai er Iat s 38 an
o gulhe SR Tl Ar et 1 4, $F csRel Bl TP ¥ oK CAE L PoRMET The

gui di hgngr gyeup IGb. The first and second barr| er' plates 37 and 38 have 10
portions 3Za14B38hAL ££ a1 5e 30 NPT éh€h§i1&r Gene Ipbug NE opening

and cl,osing portions extend parall el th't l-onger sides_of the

r ect ah§ulSECHRA Ags3sEol hﬂ-’ﬁsgtﬁ di ﬁU GPt |"'()‘n"s1 3bg FRfedxtonRF oward t he
OpDOSthQr&hglrbﬁb Yoiaerdf Héxeeirecﬂmgplﬂoromel amaraa,lerxﬁ@edup/ed:y 15 The

first I e ) 37adthe £ ates 38 uerlnposed
one uﬁgﬁcg‘hegot ﬁg %\Nﬁlenmt ey “Are |n an op “J‘ ‘%‘%.4” g ‘fc‘h Sbarrier

pl at etipeazhy sevabde gdmgedSout dNake mt‘opdm riglxama QifOI!PIerfdbl:@rat i on
framec85ayas nptows tted i th éi% c2f grooverQeon%'&'nﬂ&ﬁﬂjj ) 051!:15‘191]9@” i ons
37a O{C:ht h:%lfrlstsgnd second group rollers A’ and B' R
is The flrst cam grooves 14a and the second cam grooves | w/
14b have "a_ccommo_datlng" ‘sections Q2, fo_r_ mov1ng ‘the 2zoom
lens barrel to the retracted'_position, aand macro
tran'sferrin_g sections O3 which are __]'_.o'cat':,ed' on the opposite
sides of respective zooming sections B1, as shovjn in Fig.
20 6. The zooming sections @1 are also shown in Fig. 1A. The
accommodatlng sectlons B2 are adapted to retract the first,
second, and third lens groups A, B, an_d c beyond the wide
extremlty toward the camera body. The 'm'ac:ro transferring
sectlons 93 are adapted to advance ‘the flrst second, and
25 third lens groups A, B, and C together by a slight
dlsplacement from the tele extremlty in order to bring them
into a macro photographlng position. The 1ncllnatlon angles ",
of the first cam grooves l14a and the second cam grooves 14b
are relatlvely small and the dlrectlons of 1nc1_1natlon ~of

30 these cam grooves 14a and 14b in ‘the macro transferring

sections 93 are oppos1te to each other. 'I'hlS is because
the cam ring 14 itself is advanced while rotatlng by the
female helicoid 12 (and male he11c01d 13). Namely, the

dlsplacement of the f1rst lens group A (thlrd lens group C)
35 and the dlsplacement of the second lens group B- are
determlned as a result of the lead (inclination) of the
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barrier plates 37 are provided on their front and rear side faces with key
projections 37c and connecting pins S?dgrﬂeglal W t'h the respective
barri.er plates 37. The opening and cl osing portions 38a ‘of the second
barrier plates 38 25 have el ongated holes 38c in which the associ ated key
proj ect i ofemate drelheoidr sk2:handi ckhe| dinel gmtikan f pft ebhe THel xgtongamed

hol es §8c abeveeougtat and cagzcmt@é‘éumtafoaeeemaef ihelaﬁagsbat)eefk%)se
projectio i.n ppe 05| | nd- secon arrier
D O oot O, 'l [ PRIP %208 Pl i ERab IEn! w&fmtﬁﬁ SeFOND ACT g
are bmglgtomes aelm,ao:tespedtimw her ends of the associ at ed key

proj ect gons. 37 e S | C h p 'ng
porti ong 37a a(r%g%g’ Efq‘argil q-'g}e Pré(@é rh& gna eﬁ#g tfﬂ% 12hs
super i npoBe¥ings winrmn2n auey. PI_T_QBldSQ engaqmm kE?rtp'mFeétolaor%nd 328a are

fitted inqriageh sthe asapti gf cowrienJared roRMB3EG N lehdkgaRent ahiel
sliding ve ui d£ rrooyes 35b, so, that,the_novenent of the

barrier pfaf %%% %8 ﬁ‘g 2&§F¥ VNG sFLBYi A3t MOVES e%‘f‘?‘bntBF t he
| engt h of atbemmbdagdned plmcdmﬁo&&showmm g o4A phad esné%ﬂ psdcB8satRehel d
by and n or, fs 5 a u I 9 ich is
secureﬁeﬁﬁi\?ﬁe és’%‘grénf@%orsﬁdgﬁ{s] é fhe‘%e?&?agggn r%g]rrc% %ﬁ%@ f%@ T eni ng
Screws 393r9§k13¢ve§ ithhe mmmpmretsgssactmnann 2rofir thend ipistt ecat® and

a rotati ofpbovéat 2441 aich | PRET beHekN bR, da9M abhghg iha”%o%ftlon@%%' ving
plate 10 40.i ovided with t r adi aI ynnect.or grooves 40a whi ch are
di anetri c%??yszo%posgﬁgﬁgegac‘ﬁl%gh&ac ?ﬁ eXonnREEi spﬁ’}%a% 8F tFRefirst

barrier pfitret Bénar moNimigedring t3® wovesspooni thec eridec tert pmitae sanda.
Thenyof at¢ Q8R! rohahes the accommodating position. That is, the first
lens moving ring 23 moves in the optical axis direction in
accordance with the engagement of the first grbup rollers A’
and the first cam grooves 14a when the cam ring 14 rotates.

The engaging portions 30a and 23a are kept in engagement '
20 with each other. while the first group rollers A’ are located

in the zooming sections ©O1 and the macro transferrlng.
sections ©3 of the first cam grooves 1l4a. Censequently,
the first lens moving ring 23 (third lens group C) and the

third lens frame 30 (ﬁhird lens group C) thereby mov'e".

25 together. '

On the other hand, when the first group rollers A’ enter
the accommodating sections O2 of the first cam grooves 14a,
the third lens frame 30 stops when it comes to the rear end
of the linear movement gulde grooves 18c. At this moment,

30 the engaging portion 23a is disengaged fromth_eengagmg
portion 30a, so that the engaging portion 23a moves 'sole.ly.
backward. Thus, the second lens group B is retracted by the
engagement of the second greup rollers B’ with the second _
cam grooves 1l4b, so that the first, second, and third lens |

35 groups A, B, and C are retracted as a whole, thus resulting
in a decreased accommodation 1ength of the zoom lens. Figs. |
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41 has a driving arm4la integral therewi th, extendi ng 15 parallel with the
optlcal axis. To the rear end (free __.of the driving arm4la is secured
a roller 42 which engages with a tapered surface 30b forrmed on the front:

end of st Rgd By ré'oi—Péé Sﬁ&”ﬁo gugas £oNRiER Fi ghols theeadioivbd@@ingat e 40

has a connecti.ng pro| c I on whi ch i.s Io ated Jgn circunferenti al '
r ecessP2EF G ed Th @ I‘%hﬁ"b?%’f‘?%a‘i’ prsitign = aﬁa%’i!ﬁral“ |aP€ 41 al so
has a pcgj ¢hlei elmgéiﬁngS@dﬂtﬁtora; tx3esidred spoa n:gonﬂd intoroonﬁadtbeiu&en and
S conggghe ?1% the projection 41c and the connecting projection 40b o

the drivirng pl'a %r The 25 rotational plate 41°is conti nuousl y bi asezd

by aStensi | Ge;*,—p'lelem fzmevxﬁﬁgnnﬁs Jensyi mevingt wiag (2R andvithe athinda

ther eo eaBd FRAMTHY Y& 0;9&5&1&& Oéoﬁﬁﬁesgﬂénbéb&ﬁhg‘s"' A diti £6lh | @Pei N whi ch
the barrier plates 37 and 38 tend to ¢l ose the rect ul ag, Qpeni ng 35a.

The rot@Cdief Bkare BIvI@LHdy (RS o??'GPHQ'f;ﬁ’%ﬁ’étﬁB OHLEARNS, ¥9t at ed
t oget hebnb;inhbesagr m@s‘ e tfirdelénssiEranep Blmg:easwamEy whepeap

| f I f I
o oafh, EOEAOn o G RS "ShabdTag BRRIGR O BRKGE poLes B
cony® dhredghtntmg:«al céntabbr euithh, the r engaigingr cncattfl:mn bétacamf ttize C

rotati pnglkep Livi ng pl ate 40 takes place agai nst the
tensil Eﬂgt iéﬁE ﬂ%xi\/\% E'Ji?llggzt?'hen extended, - As iflustrated in Fig. 5, the

t aper ed sur'?’&‘ées whbtex blgskedspyotatesod drivingain 263 wrerided frane
30 nmovaseteget her \ant hahalkir saﬂspmacamémg cOﬂgerohdlhbe o«pt i€lgd 5 axis

U bectdRfeld (PESPERRETAPhhAS SAELLBRUP by Yhd "Btk Gikearibel s TS
15 measurlng device, as is well known. The dr1v1ng pin 26a is Nt
assoc1ated with a connectlng r1ng 33 secured to the second '
lens frame 25, so that when the dr1v1ng p1n 26a rotates, the .
second lens group B moves in the optlcal ax1s dlrectlon 1n_
accordance with the inner per1phera1 he11c01d 27. .The-
20 connectlng ring 33 is secured to the second lens frame 25
after the adjustment (focus adjustment) of the second lens
frame in the optical axis dlrectlon is completed._ The AF
step numbers o] shown 1n Figs. 1B-1D and Figs. 2B- 2b
correspond to. the stop angles (stop p051t10ns) of the
25 driving pin 26a. The shutter block 26 opens and closes
shutter blades 26b in accordance with a brlghtness signal of
the object. o . o | | - . #f:
" A decoration frame 35 is secured to'the front portion et
of the first'iens_moving-ring 23, so_that'a harrier
30 mechanism 36 can be provided between the decoration frame 35
and the first lens moving .ring 23 to open and close a
rectangular aperturedésa of the decoration frame 35. The
construction of"the barrler mechanism'_is shown' in-
perspective in Fig. 9, in the open p051tlon ‘in Fig. 1034, and ™
35 in the closed p051tlon in Flg. 10B.

‘The decoratlon frame 35 is prov1ded on 1ts rear face



rotate the rotational plate 41 by a predeterm ned angl e necessary for
opening and closing the barrier. Wen .the camring 14 isrotated in the

forward or 10 reverse direction- by the notor 16, the camring 14 al so
noves in the optical axis direction.: the .camring 14 which-has the
mal e helicoighl3, gx@u:h olrS FHAGRS msvtemen%t a}umq/ éﬁﬁﬁbéshdsmowﬁldﬂ
noves in the opti¢al axis_diregtion while rOtat'n% veetlhg %I nea{a¥
novabl e ri¥ ‘;‘L’Bd18“ ﬁaFﬁe1§&n¥1&5‘t ithe shardes 2 Ifice

rotat. onalaprartlm Obat.ne |Stepped morbiens ngpr@mesctegnsoct%wbyame
| i nearAro @F&?id&&' W p'tﬁ%e f'@ax.an‘i’alde'1665 f@i@naa&ogatdengrppaﬁe L33 €

relative r 1'on occurs between the camring 14 and the I|nearI%
ring 18,5 skeeadvet fe Paist afenfivetghanriennplakessctona®fe® §RIGD m)ve

in the Opté&éénéxb%r‘ih@:c%méél 88CAMBNES Yulidet hﬂ-xeprﬂbvéménaf dmettﬁerst
cam grooves 14a and_the secon am gr.oov 14Db. The hird .l ans

stops bef JPRFYHET PLates Yy %‘b‘%egal % % Witk | h glde &g?%%l&fl F st

| ens novi ngsBS ring 23 to m)ve in the accommdatl ng sectlons[err] t o engage

the engagi ng po,t[,‘:m1 ?5]21353‘___ o%nhhe %J(‘)éﬁ& 'b%%:i{?lvl %gr E.f'bgg 4P \Mﬂcf' Be wagagi ng

portion of the ens Trame since t group rollers C' are
| ocat edlfatpfmblﬂear dgmisand BBa L£apcPREBAND ANd GLOBEBH! the RPYFHeRs

18c. Furtdeg 30qhat dpedin 4t 6P6sindgOpdftionsr.éxtend guirdid eleotiths
[err] after the “en a e nt of t

ngaqi ortlons 2 30
est abl i sheth@adorg FFd qfenghﬁrd%i’q@ e°P5Y eﬁﬁe%t h%{’ﬁie first
| ens groupguiding apcnetsiduhs i37H handoo38ing esmgnd)nsl;p@a:r]d t tbef i epPOS @ 0nd,

and third éﬁ&'étQ{-OEEE 8 o% tire aPcha fai‘nr}) ?t '3(‘5’% af‘é§p£’éff@é19n to
fftmﬂ the 'zo Whil € kee ping a e er el"at i'onghi p { | 9.

15 The flrst barrler plates 37 and the second barrier plates 38
are super.unposed_one_ upon the other when they are in an open
poéition in which the barrier plates 37 and 38 are located
outside the opening 35a of the decoration frame 35, as shown .
in Fig. 10A. | | )

20 The opening and closing portions 37a of the first
barrier plates 37 are provided on their front and rear side
faces with key projections 37c and connecting pins 37d
integral with the respective barrier plates 37. The opening
and closing portions 38a of the second barrier plates 38

25 have elongated holes 38c in which the associated key

_ projections 37c of the first barrier plates 37 are fitted.
1“i The elongated holes 38c are brought into contact with one-
end of the associated key projections 37c in the open
positien in which the first and second barrier plates 37 and

30 38 are entirely superimposed, as shown in Fig. 10A, and are.
brought into contact with the other ends of the associated
key projections 37c. in the closed position in which the
opening and closing portions 37a and 38a are located side by

. side, i.e., partially superimposed, as shown in Fig. 10B. -

35 The key projections 37c are fitted in both the

associated elongated holes 38c and the associated sliding
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1A) therebetween in accordance with the first cam grooves . 14a and the
second cam grooves 14b. The above {iBxrussi on cam be appli ed when t'he cam
ring 14 noves fromthe zooming sections [err] to the macro transferring -
secti onsoyemeht5guiding Quodeest BSb,hassl, thatn theanabeeneng fdﬁ)rrthée

zoomi n LONsg , Lekt c%{gm ti h t lens
group %’gaﬁ%i%geitlh g]lée-}r)]ség"?oég 93&;}90% ‘& fgp %2%31‘3 éﬁ ag_i ng

porti orﬂ@:ﬁcbﬁhgag@sf vikhe ﬂh@g§hga@f n&hsorelme'eed hq;l@ﬂevéﬁc- th'éhe

retractxb-&mtext hg1bkidsl 59Nsadd Feuare 'ﬁel’laStlBthﬁ‘i'db)bétmeEh”e@i | |
and only the fjrst.lens group A;is retra}l‘{ed

novemnen rooves .18c, _
to ccﬁm‘g%‘g ?g"?h%r"‘lq‘ﬁr(?q eﬁ?dgr%u ‘@p°r‘}5&n9hl%l"‘}ﬁﬁrer?t9 ’E'Hé Bectd 1 ens
group Psé@uf@araet tHel Bteppoalpae ivnid 356 6£Cehd @macgcracmms ﬂﬁ&néo corme

cl ose tg the d L ens_qgrou 15 sjmil s the. f rst roupA
As a resulty % ZESBLRY| ﬁﬁgeggng&g E&ﬁﬁllé'te?lr QX% 3&%‘# barrera
body, as shokm annﬁigr Axivimg Mat@r4MM|%wGBabpenaﬂe9m¢ 041 ows,
with tmer&eiﬂsgi»téaelheltﬂ@ waaawﬁ%n fahdessi rS&han%ﬁ%wg, e 20

groups the gptical axis.,direction. - Wen no externa orce s

appl%%d‘q ol? hBrPBtIQFFior‘I’dithpI%‘l"é xadipfe q’?‘?‘éﬁc‘%ﬂﬁ JECOKESHAOA é'fhkﬂ”ht es 37
and 38 aaree dttaa\ed:,rmlshp\/\ﬁppasédg td.Oeab:yx tdnemspn ngrher asomiedtitng ensi | e

spri nggéi nﬁyﬁéh%‘i“ ik Fk rst? ba E.’Jl:xl &éf ?ke’!&ermﬂi?@ &' gy heS 1S

advanc e acconnnda sec ons err grng -position of the
“taper e&@lﬁq%% oconnectﬁrr gnagves r48a- 30, Thai €ﬁta§1méblm1até¢ ative

to the 43 rBhsl &NSAFBVIMHY- raaa ?431aw i tdiera ol fedBwieh ! hextend g arm 40,
ried S]|O t hat thg roga pI ate %IS rot-at ed a al%g:t the force of
30 tte RARRITRE JptPhgths. Pk EhFinEERFng t, kv
|n t he ofi rtdod | dnieiongnabn amaovizs tslamugéﬁtmeroller 42" which engages
with a tapered surface 30b formed on. the ‘front end of the
third lens frame 30, as shown in’ Flg. 5." _ e '
- ‘The driving plate 40 has a connectingfﬁrojebtion'40b
20 which is located in a circumferential reéees 41b formed on
the rotational plate 41. The rotational'ﬁletef4l'alsd has a
projection 41c, so" that a tensile 'sprin'g';'44' is provided
between, and: is connected to,'the ﬁrojection'4lc and the -
connecting projection 40b of the dr1v1nq plate 40. . The
25 rotational plate 41  is continuously blased by a tensile )
spring 43 which is provided between the_ dr1v1ng arm: 41a:'-'_'
thereof and an immovable portion of the lens barrel in a’
direction in which the barrier plat'es 37 ':’ahd' 38 tend .izb.'"
close the rectangular opening 35a. Thetrqtationel plate 41
30 and the driving plate 40 are normally rotated "together by -
the spring force of the tensile spring"'_f44,'-”but- when an o :

external force (e.g., a force against the closure of the

barrier plates 37 and 38) is applied to the driving plate

40, or to a member which can be con51dered 1ntegra1_ -
35 therewith, a relative rotation between the rotat10na1 plate

41 and the driving plate 40 takes place agalnst the tensile

dvkady
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driving plate 40, so that the pair of first barrier plates 37 .npve away

fromthe c¢enter of the rectangul ar opening 35a. The key projecti-ons 37c of
‘the first barrier plates 37 nove 35 in-t’-hg,_le‘gngat ed connection- hol es 38c
of the second barrier plates 38, so that no novenent of the second barrier

_ jbgi s supposed that the second
e Eeenaty

o e el sl

plates 4338 4 aes ol 4
‘barrier plstes 8 canno('f be nove rictional faqrce. When the first

barrier plates &y aldushpatpdpddedFis-t Be. dh@nlapsrefeSHERRS 380 4§ t hat
t he k%préﬂg%cdéd)rtsy 3ke SrenrErt 22t betNdhefthhed el engaredneonveabives
C

hol es < the . second barrier..plates 38 begin ving..fogether with the
first bar rt-iog'e%ﬂ}ealf e‘gl?ﬁ’.{:{lg 1E§§uﬁte,nﬁ Heo ?"nggéﬁg 35’(:0 -gg?rloé’ 1 th es
37 and 38 awiwe dipethiont dnt Htheopeocpusodabingn addtﬂonmeyeaﬂ.e_$ocahaﬂ
outside tRgd egaiggg! %2 OEE”'n‘{&fé& 3334 'Ehei%ﬁpeéﬁlfnghﬁ}%abﬁ' r$bs €88
frame 30 noves relative to the Tirst l'ems novingring 23 in the
accommodatiat@trecthensrobationak ddateodiltiby A Hredateymined sapghe

barrier philRsshi2ibBSpdiind aed s S8ihgCcendObagpyees the rotational 15
plate 41 to be_rotated by the tensile 3%]'8?3’4 , o,thaé t he. connecti ng

y
pins 37d are ndB&d i FReneLMR r &di%ntén r ABwsthe FAFvWarsh, or
t hr oughot revédrsd ictionby Ahe zasl hotdhelb| r shebeani eingl agtealsd are .

noved towgrd the. ce r . nj 5a.. At ho ti S e t he
20 nnverre\i\ﬁ‘toqoefg]'t & ﬁgs?ggé‘%r&?e%&%sq{%s?e\f%l?rﬁé kgg%ﬁrlgyj'ecﬁeon% 759Ir}gve in
t he el ongdted®tdstindeas obhaomad e3dreldicaie Tacowbiphr diserengagess 138, the t hat
the | att egtae idpariPVeenden Hdlei I8 PLO),CohbPaS I €REE dprid eAfd$sof

thengrre%9%@%€¥%n while rotating to move the linearly movable ring
15 18 in the same optical axis direction.  Since the rotational
movement of the linearly movable ring 18 is restricted by
the linear movement guide platé 19 and linear movement guide .
groove lla, a relative fctation occurs between the cam ring
14 and the linearly movable ring 18, so that the first lens
20 group A and the second lens group B move in the optical axis
direction in accordance with the profiles of the first cam
grooves l4a and the second cam grooves 14b.
“The third 1lens group C stops before the first cam
grooves 1l4a of the cam ring 14 cause the first lens moving
25 ring 23 to move in the accommodating sections ©2 to engage
the engaging portion 23a of the first lens moving ring 23
(% with the engaging portion of the third lens frame 30, since
the third group rollers C’ are located at the rear ends of:
the associated linear movement guide grooves 18c.  Further
30 rotation of the cam ring 14 toward the zooming sections O1 .
after the ‘engagement of the engaging portions 23a and 30a is
established causes the third lens group C to move together
with the first lens group A. As a result, in the zoomi.ng
sections @1, the first, second, and third lens groups A, B,
35 and C move in the optical axis direction to effect the.
zooming, while keeping a predetermined relationship (Fig.
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el ongat ed connector hol es 38c, the second barrjer, -plates 38 25 begi n noving
together with the first barrier plate 7. \When the openi ng and cl osi*ng
portions 37a of the first barrier plates 37 come into abutnment with each .

other;2f theresstgeedl imeaééskaaﬁééamcmﬁntﬂs HHast heaRpeicdgesand
- cl OSI]n‘ga port| s 38a of . the second barrijer tes 38 ancci,1 t he 3Q opening and

cl ositte pBRY; W‘iﬂ { 2" IrOPVes r14k- p ahoYe  ALSCHSEION e by
Si de ¢an cbesappméedpemeng 3ba ¢dmgringBp4 ‘mov&sonf temstlentzoomibeyi ce The

. t Sef
porn e LPATCELEH) AENED, (b Ta BB OO e oo
| efgth 5 rang@ 1 &pen s tyansFerring,i ﬁerEtfér%) zogadnghe numnber

of dlsééulm}ssoo (iBBSEthfQQ% é&f&ﬁxﬁ%détiﬂgsé_lé_ﬁﬁlghs38 Glﬁ, “Bfle ﬁrng 72, 80,
mm nac e focusin rou i S

cont S'tﬁ'fseag*ﬂugcéol‘ad%c'éh% %ﬁ %ﬁ ileg']tgalgf%‘h%tﬁ J%ﬁrfgg ﬁ?g’f)ne ®above .and

i n 10aeroasiabhe engagting gneciondi 23anengages. with-ithe ébgadging canera

Dody kit 23680M | BBReba ol B0 NAMARLIGE Ok AREOBNGNP 1eHEDO0YI NG

t he present |nvent|on he "caner a has a b cover 53, a back
Cdﬁ%@%l%@%mﬁﬂww |l@getshg4lnae@r nmevelggntagggdp.pquggqgwygt al

d: sphad ,N%akd abﬁl§67thea FBF St Zl‘éhéh grbup %Siéoﬁgti%ct%@h@é OEBh%r Ibng
o eons ] o ailhd o Soh e e B S R S secbp D UL Lo
swi t dleinsg dnduwrB 68s mefraehedndinc acwordanresdd tharkthe sedo@d tcadi cat or
-l anp H4lbvELC-14b TRGS€cEhEMEM Ss8f &6 B thdrd lens group c, R
1'5 similarly to the first. lens group A. As a.r'e_sult, the zoom:™ W
lens can be completely accommodated in :the camera body, as
shown in Fig. 4A. B | S
The barrier mechanism 36 operates -as -follows, with the '
help of t_h_e relative moVéme'nt of the -fitstlé{nd second lens
20 groups A and B in the ‘optical axis direction. When no
external force is applied to the rotational plate 41, the
first and second barrier plates 37 and 38 are closed, as .
shown in Fig. 10, by the spring force of'theftensile spring
43, as shown in Fig. 9 ‘When the fifst'len’s'-'moving ring 23
25 is advanced in the accommodating s'ect'i_o_n_s”_ 02, the engaging-
position of the tapered sur_fa'ée 30b of :the'third lens frame
30, which is movable relative to the first lens moving ring ' .~
23 with the roller 42. of the driving arm 40, is varied, so
that the rotational 'p]'.ate 41 is rotated against the force of
30 the tensile spring 43. As a result, the connectlng pins 374
are moved in the direction shown by arrows through ‘the - '
driving plate 40, so that the pair of first bar_rier plates
37 move away from the center of the rectangular opening 35a.
The key projections 37c of the first 'barrier'plates 37 move —-
35 in the elongated connection holes 38c of the second barrier
plates 38, so that no movement of the second barrier plates



those of a conventional camera, except for the. ar-rangerrent or the | ocati on
t hereof .. The back cover 53 is opened by noving the back cover opening and
CIOS|ng Iever 54 in direction-P QFig. _13). 25 The main switch 57

sel ectively occupies a | ock position SW, a zoom position SWZ, :and-a macro
position S\/\M(Flg 15). When;the main switech 57 i's. moved formthe | ock
posi ti on38w takeshdLRm posHeren Sk, ¥ muRRased | &Rty okhei ofiesandi o the

macr o pO!‘»atrIrQI&rS\ﬁMaﬂé&;tfﬂ@ 8anA6ti Be Gdved) b¥3the it iBH4Y Hoive.

[ It trol t..66 t t I'l ed
ccordantBl (s nEEET AT EISE BIARER B0 BB FIREHIASSI8d At Ehfui o
crystal sespndy haxriesophatesarihusseyihalts fhe kepr@ammaqn}qn5|HVe
advancg abnd ftld Bned diitadli 58 eﬁe3§1£h+;ateah%oﬁu@%&oaf ﬁal%@gsé)é ataé' m

the position of the zoon1|ens- focal Tength), etc I'n accordance wth
control SecApd; RaREiAr clat eF’ne3r$a| Regbly t’?%\‘h’s'?ﬁté'-’-’gﬁd:heé'cef"\}é%‘ dbhg to

and fronf&rsubbGEHﬂdﬁprﬁtés(h7ye Agiaa&eSthn ttheFiffrstt.and d8€ongub

CPU feeds. the oto ng device 60.and the
obj ect dPeFEHSE mlards Hhend bf nfve; boiRElSroRE. Bhi, bani eSateidte |,
t he mai nigPWhizid thayismrtes ochted eouts idec tie@exeatgmdaﬂart ooxaanlmgom an
aut of pgugsh Cy F;g aggg{dance with a predetermned sequence. The autofocus IC
controls an infrare t emtting diode and supplies the object distance
data whi ch i sWhepr et g@ bieRfie fHARRIL 3QatBOYRs t FeladdvecpyiHael i ght

reflect edlféermbhe HIvaGg tﬁﬁdwzstPnGE’He Iaeoﬂﬁbaatdhgvge@t&(aﬁst @2drives

en position o cond barrier plate

ISK«; 37 and 38, the tapered surface 30b causes the rotatlpnal
15 plate 41 to be rotated by the tensile spring 43, so that the
connecting pins 37d are moved in the direction shown by the -
arrows in Fig. 10A, through the driving plate 40. As a
- result, the first barrier plates 37 are moved toward_thé_ _
center of the opening 35a. At the initial stage of the =
20 movement of the'first'barrief plates 37, the Key projectiohs_
37c move in the elongated connection holes 38c of the second-
barrler_plates 38, so that the latter do not move. When the
key projections 37c come -to the ends of the correspondlng
elongated connector holes 38c, the second barrier plates 38
25 begin moving together with the first barrier plates 37.'
_ When the opening and closing portions 37a of the first'
\_ barrier plétes 37 come into abutment with each other at the
center of the rectangular opening 35a, the bpehing”and
closing portions 38a of the second barrier plates 38 and the
30 opening and closing portions 37a of the first barrler plates _
37 are located side by side to close the opening 35a (Flg._ |
10B).

t he ZOO”IWDLge op 6 and a fllnlfgg qg gv £ and seThe tor drive CérCUIt 65




controlled by the main CPU. The nobde SWItChI ng button 63 s 15 pushed to
alternately change the nodes between normal phot ogr aphi.¢ node and a
dayl i ght synchronous phot ographi c no nodes are indicated in the =

| i qui dgzebws tansdicoNts 1P Ipdwvicd. The push button switch 62, which is

id body., 5 hot o tch SW5,
D Pel case APRcRogRRLers gt Wi dresn itent iPnct 8 PoffEaRleashe ™

phot om£pdd ossi t(«sleeﬁmmsbulhrlr}ellehﬁ. sm«tm SV\R constitute a shutter

button 70 vhtolehs mighertaune B8 fhe! BRah bl | Bfe PRI fhughl oN

ON, and. is pus Step to turn the ‘rel ease sw't .-..-;-'i-he
t el eSsHRNER AT, tﬂmeﬁo%t dened 1sdrigekod hamz davdlddmeters)in m theection

that tRambeeMdENSi Pidishs S8FPEAke Hordl OJendEn Cageha kadpdlor IBE wide
switch S when act uat ed, drlvers7 t he zo](_)(ir)n?lm)aﬁﬁ 16 in {he d| rection.such
a to e My

30 t hat4rh@%odh R batr ePO50 8 at (9t s 5§1%%he main
CPU rotap es the Zumasintgrldts i group Bou.salc@rd:m:blrl@thrne alccerdance i n’

aceor gaes “thQ | PecaRer pLhgRaol abln teke st EBnRNT aRdydicaideau toh

SWN reSpect1vel orns a maln Tl ow generall'y shown in 35
Fi 91015000!@#9?? wikhi $he %Jteéﬂ'» gHiistanice 1a%Mi n switch 57, the photoneter
switch SWS, thheigel qu_e.lgvy taC lealéRa WY B E has AV Z6bm SVinst Berybsie swit ch

SWV t de, swi't |n button 63, and a svmtchSV\B

whi ch g@t FEiNF et ndt ER8™pattRfy |se%%§§l¥€dﬁge¥%ég&are i nput t ed to
t he nainvéRtian.st @hesSlcameifaebedgata aﬂescstlm:edal bagkb qovedet®3 i aed
MENDI v, L AT ey & gkagpuﬁé a &‘ftcg. di - 18bedt &y S5a YWPELAEE &5, N04 the o~

batterX I's renoved :
1qu1d crystal dlsplaying plate 56, a maln switch 57, a - _V_

strobe 59, a photometering element_.(,c.ds_) 60, an object
distance measuring device 61, a push button switch 62 for
thé shutter bperétion -and the 'zo.oming - operation, a mode
switching button 63',_. a green indicator lamp 64a, and a red
20 indicator lamp 645, etc.  These _elements are similar to
those of a _con'ventional camera, _except for the arrangement

or the location thereof . : :
The back cdver 53 is opened by moving the back cover -
opening and closihg lleve_r:_5_4. in diréc_t_ion P (Fig. 13).
25 The main switch 57 selectively occupies a lock position SWL,
a zoom position SWZ,' and a macro position SWM (Fig. 15).
When the main switch 57 is moved form the lock position SWL
to the zoom position SWZ, or from the lock position SWL to
the macro position S'WM,”'in the direction Q (Fig. 13), a
30 motor drive circuit 65 and  a strobe control circuit 66, -
etc., are cont'rollle:'d in' accordance with the control of a
main CPU shown in Flg. 14. | '
The 11qu1.d crystal dlsplay plate 56 has various symbols
for representing an idle advance of a film, a. loading of
35 film, the number of frames of a film, the position of the
zoom lens (focal length), etc., in accordance with control
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checki ng whet her the battery'detecting swi tch .SV\B s ON. If no battery S '

detected, * - the control proceeds to step !86 to perform a. backup pr ocess.
On the other hand, if the battery 10 is | , the control proceeds to
step S7 to determ ne ,whet her the main switch 57 is, t he | ock ,positjon
SW. 1f thP¥ebRe shpibh &Y s FieHBipoGPY Jﬁquma"‘ghé'eé’&&tleﬁl data
proceeds ttctapl SBrom ahetib’ \malhﬂiir (aoﬁlﬂnv@n Ianbes ) shewnerim (FXR=0) .

Her e, POS represenls, tf%lgl Vé%?d &%eégepta%nbg&_ (qhétpgsgocag%os%tp (%f t he

zoomlens as shown 1n 1 on nunber repr Yent s

a hexawdci miiotaneker ing ¢v}ca| fRoagd the thbeﬁﬁ piistance datat @f ithe he
fol | oW NG @sfddtPld PEEahcENeh8BFEp§NHRVIRR €10Cle OS] tt@nthgoﬁallna PP 20

hi bi t ed posi.tion osi tion whi ch the z ns does_ not
Bt op) . Pos#ad i Hemend ESSP LY aBEbe cRORARBAEY A CPoER AFEh PR
mm - 105 mMautdsdns: ECop ipr Gltdntdahgeswithna guredéSefmihedmaaquemmsi.t i on
105 t h ny
NG Cari e Gt dfodus | 70 ldordeltir g "en URHFaEed" Y S ehGeE g ode
the i qU| @ndcr%mlleau thieqpbisnat edisbanger dadgorih i tgspmr@gq‘ted

g’gst S. b h'ie Qixﬁ: \tY Ela B &hetﬁel(psbl ygg:éggmﬁ t b @ghef r%ﬂm&w%ﬁ{ aL e
o brus an groun shown™ in Fig iC
i | lustrat eg'% l‘é"Z%eas‘gB%Egt or pattern of .the zoom code plate 75.

The zoom code pI'Iatee mwetor deive edirémitesanq:téyabothhezoam moteprlde amd t he

brushes ar Hpe | 4 glhe
zoom code SZCEf hgfv?ﬁ%iqqe: ﬁ&@&b’% g%%biﬁo?u?e codes 3@1?&21: é% OJL
cory espondpﬁglttr@ld-@tﬂ’}s 1616 @S, CRU. D, Thﬁdl‘\Ederéyp§§th§I put&m 63 dis ve
codes’ 415°pushed to alternately change the modes between a normal

photographic mode and a daylight synchronous photographlc
mode. The modes are 1nd1cated in the 1liquid crystal display
plate 56.
The push button switch 62, which is provided on the top
20 of the camera body 51, has a photometer switch SWs . Q
release switch SWR, a tele switch SWT, and a wide switch
SWW. The photometer switch SWS and the release switch SWR
constitute a shutter button 70 which is pushed by a half
step to turn the photometer switch SWS ON, and is pushed by
25 a full step to turn the release switch SWR ON. |
The tele switch SWT, when actuated, drives the zo_om.
motor 16 in the direction that the zoom lens barrel 50
projects from the camera body 51. The wide switch SWW, ‘when
actuated, drives the zoom motor 16 in the direction such
30 that the zoom lens barrel 50 retracts into the camera body
51. The main CPU rotates the zoom motor 16 in the forward
and reverse directions in accordance with the operation of
the tele switch SWT and the wide switch SWW, reépéc’tiv’ély'.
The main CPU performs a main flow generally shown in
35 Fig. 15. Namely, various switch data of the main switch 57,
the photometer switch SWS, the release switch SWR, the tele
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6, and 7, corresponding to 11 POS' s of POS=2 through POS=C.' The rel ative
codes appear at least twice and ar engessary to detect 15.zoom | ens
positions with thre'e brushes. For mpl e, zoom code ZC=4 appears three

ti nmes gt Jhe P t t he
nunber™ o%‘E%né‘s?Ta el atw?‘\fge colde égh %c% ?’?%‘?ngaggﬁgggs%gng"%bts%?ute code
ment i ohdd @nshea. tb@ttamerdegepégmdsngﬁ@ aSHifoci Whd qlendepesitts on.

Al 't er ntétedy, ot tnb€ €$§0b9€€§i:9| g st eha&%eaoselﬁa Qﬁ@sm e&tu&h;@ach zoom
code h‘_rs a differ nt sé_gaé)lecullar hereto POS step S8, theg |
cont r ot pr Sodds 8 s?‘ép t Sdi ch TRRES th%aif)%w&resuﬁ P§efis W fed ot
On tmqamd\etemimledl inelmeny]  therebfeansstépt S2he zaddihdrenthat,n&tin the
retrac it he .z (o] Y then the -
contro éj%p€§et u‘?lgé%h %fgf 88?&%Lsémaltt§ﬁ%§7qis§ n?;ve%ttq% %L ‘%épos ion SW
at st ghssikinghevinether toe battenyndekecting? swgt,qh S8 e posif i on SWM

i s chepkagitebrpligpasiebted, | f  t BReMRidhtdil cﬁrééeéasl Q;Qﬁt@Qe Ngh&dracr o
position SWM 't he cont rol | me whet her

20° roc o | c :
POS=E ReX {3 Ragkupr B S« he con% 'S ] ur’rpedty% 55"’%24 at . whi ch
t hacwvig chodded,i stisé omdmrrbli hproeeedg. 1é6t artdphasy? the determiines '

ret “r;lﬁf’e(ﬁ het ftﬂérxﬁ 1:?%@1@%5%? %hﬁnzﬂﬂg‘ TRER ﬁ?)%ﬁﬁornorﬁit ped in the

f or wa rection ste nove the 200 éns toward the macro
position. IfArkhe !Mht’ Svﬁaﬁcboﬁt'?r dis iin reherhegk pesifiiopaSHIswitheh 57 is

not lrbdxhﬁ:dmcgsﬂo@eéaél €8 §\eupats§tee awecwmm&mePOSaa I(positGlga at step

S14. | f POS<2 (Wm ch rrﬁ%g% tjat t Z00 Iens is loc eghat the(i%ide 30

extrerﬂ‘{’%e ) 1} 286 7996 i s ?5?at &S TN 8 A5 at step

sias cstmp/mmhbaezoom thes fiomeel dlémgtizoofh the zoom lens, as shown O
in Figs. 17 and 18. The posltlon number PQS represents a

hexadecimal value from Oy to Ey, although the subscript "H"
is omitted in the follow1ng description.. o
. POS=0 represents the 1lock p051t10n,.pos=1 e stop
20 prthb;ted p051t10n (i.e., a position at which the zoom lens:
does not stop), Possz_through POS=C the divided step numbers
of focal length of.38 mm - 105 mm, POS=D a stop prohibited
position, and POS=E the macro position (105 nmm),
respectively. Note_t_hat_ the numbers int__ii'_cated' in column
25 "INDICATION" of Fig. '17 represent the focal lengths
displayed in the liguid crystal display  plate 56,
corresponding to partlcular POS’s. o _
The POS’s are glven by the selectlve connectlon of a
zeom_code plate_75 to brushes-zC0, 2Cl, ZC2 and GND (ground) -
30 shown :hu_Fig; .16,_,whiCh illustrates an example of a
conductor pattern'of'the zoom code plate 75. .. The zoom code
plate 75 is secured, for example, to the cam ring 14, and
the brushes are secured to the stationary ring 11, as shown. ..
in Fig. 4A,  The zoom code "zc" shbwn in Fig. . 17 has
35 absolute codes 3, 1, 2, and 0, corresponding to 4 POS’s of
POS=0, 1, D, and E, respectively, and relative codes 4,-5,



posi tion. |f POS>2 at step Si14, the control proceeds to step 815 at V\:hl ch

time whether POS<C is checked. If PGOS>C, e control -proceeds to step S10
at whirch the zoom notor 16 35 is reverse move the zoomlens toward the
zoom position. After that, the control is returned to the start of the main

flow |If PEB<@NEhé: cEREFSERIMN &9 AL (RQS 5605 PRRTEh thronaih RIRTC he
e o, paEana Chis e ipissh ’-‘d“ e S e S an Y e
the flag | r et ermne i
means |t hat ti%ed%gﬁhgl g‘r#s %o'f‘oéﬁf‘?d aﬁs’t 'W d‘@ @t FoEes, BPryghesyn; &g’fr
procee tcemmmlé.’z&oomfcsﬂéwc@ appearsnthees timesvet RO&H3] the andle
extrem tyg tg dat t .St th%cst [ D0k h
t he cont ?lsol |s r urﬁgg 8 eéiaﬁ bglﬁﬁ"f vé%meg '% E %%é kh&éﬁgﬁbg%e?fsw
t he cont roltmeﬁ;eedsel@tsvepcség is deteckede fm@t A&y 1leﬁ§tt ene alsqlmter
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: e.contro err oomlens is
Toved 1t onarE T ePPEIEL08-oxe ALRPEREiveTRy 4t 1% crASH: dartingg o ih
that, the cahbdHolite scodesr ded whifch heaclel zosmi tolleShRs sa ndlifwrehhe POS

control %C{&ﬁl 49 at which tine the present switch input is
corrparec}vmt reV| ous Yy stored data to determine 20 whether there is a

change in the pH& d?%?%‘? at stap SH8, the gonhipdeProcgedscted skepsiS a%io
t he controlwtﬁrd;pqgﬂﬁetglétlg@wgzlsﬁ Igmnigtgut_-hgdswftch 6d\R-heosthero handy| ue
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retracted position), the zoom motor is reversed at step S10

N 15 and then the control is returned. .

If the main switch 57 is not in the lock position SWL
at step S7, whether or not the main switch 57 is in the
macro position SWM is checked at step Sil. If the main
switch 57 is located in the macro position SWM, the control

20 proceeds to step S12 at which time whether POS=E is:
determined. If POS=E, the control is jumped to step S24 at
which the switch data is stored in the memory. After that,
the control is returned. If POS#E at step 812, the zoom
motor 16 is rotated in the forward direction at step 813 to

25 move the zoom lens toward the macro p051t10n. After that
the control is returned.. _

&V If the main switch 57 is not in the macro position SWM

at step S11, whether POS>2 is checked at step S14. If POS<2

(which means that the zoom lens is located at the wide

30 extremity), the zoom motor 16 is rotated in the forward
direction at Step '§13 to move the zoom lens toward_the' zoonm
position. If POS>2 at step S14, the control proceeds' to
step S15 at which time whether POS<C is checked. If PO'SI.>(.:, |

the control proceeds to step S10 at which the zoom motor 16.

35 is reversed to move the zoom lens toward the zoom _pbsition.
After that, the control is returned to the start of the main



25 photoneter swtch SWsis ON. |If the photométer switch SW5 is not ON at
‘step S22, the control is returned t_g)&i_gp S24. On the other hand, if the
photoneter switch SW5 is ON, the DAT O process shown in Fig. 19 is L
perforned. Before the discussion is directed to the DATA I/O process,
t he 3&1081- owi ng expl anation will be directed to a relationship between
| ens | at ch 1g, pdbtch QﬂkJG@@@ﬂdﬁlt@rbh&eE&Cato|eﬂ@#ﬁ detaatanghide object

dista __ SItIO. - Fj e .focal -l.ength_position
 (POS) @‘g'ﬁl& ?f;‘rgeﬂg %EL)S"BD %&ﬂw d cot eﬁl gﬁt\ﬁl}“ﬁ"fﬁﬂe det®ct ed \j
obj ecthe; mlsiec@‘n(lmmie qﬂWaalss@w,, wﬁaﬁ:lwpatﬂae ﬂag)oF&hIEEdBm gemd)eitb
mengi h cet n the”
enb%dla%g% %\()é\%l’]vglén ?:égi’ %gf} the:lt’)fe g?g 24 ﬂmufat CE 05|t|ons % %eps) LL
of LL29°E“hr¥)%@ﬂ I}LS-ZS"?%B?Q ay | £pe M%L%r&@ﬁmeaf:é& a@onteal gnd
LL=24proeepasl itee! ytep s2hC | ans FﬁiDﬁ—DQSltlhleO%éi# TeRECSRONRLY&u 5 the AF
- step punber.s eS| ted nt h d above vm&h éﬁference to, -for
exanpgg IEfig % e“?'ﬁ!si{ & uBEESMgIptel (3 SEEBCtSHP obj ect

di st anwedespto&smag)POSaEt@ﬁ:owaﬂ,emtéq omﬂﬁ:om‘r)z,s tfmtdmed] atch position
LLy§ is sekgc I 1C o) oL pt a d 0 above -
thegdet ect g? Eggeé‘fi Ja%ﬁwgié 8FP 5@ sq-'tgke rat%o bdi nent ,

t he separgedsn %lﬂteposﬂg e e@?édmsnénélhﬂﬁhﬂr |the| @-9é§t switgld above

t he aswahsdomect eﬁf Otlhécte!!ésts&ﬂ@:%h swihi :§s | 6N hﬁhb%&%&” ﬁd@aic tihe

o0 dhLaPpERLA! o2 B8 bagee 58 st hor HLIE SRR AL gl Nt 15
t he de2éet edIﬁbJI@ﬁ#fw staﬁcezcmlﬁolmrtshamSt he>eesd ed:ttmdn@ephhet ItIHquOI nt 5.26
M15 extremity at step 512 (tele proceSSJ.ng) After that, the . e
control is returned. ' ' ' -
If the tele switch SWT is not ON, the. control ‘proceeds
to step 8197 at wh:n.ch ‘time. the present sw1tch input is
_ compared with the prev1ously stored data to determlne o
20 whether there is a change in the photometer switch SWs. If
a change is detected at step 519/, the control proceeds to
step S24 to rewrite the switch SWS position value in memory.
If no change is detecte'd at. st'ep S197, the control proceeds
to step S22 at whlch tlme ‘it is determined whether the
25 photometer switch- S_WS._ is ON. If the photometer switch SWs
is not ON at step S22, the control is returned to step s24. -
On the other hand, - if the photometer switch SWS is ON, the . W
DATA I/O process shown in FJ.g. 19 is performed. Before the
dlscuss.Lon is d1rected to the DATA I/O. process, - the
30 follow:.ng explanatlon w111 be directed to a relatlonshlp"
between lens latch LL, which corresponds to the focal length
data, and the object distance data and focus positions.
' Fig. 18 shows the focal length position (POS) and the -
lens latch (LL) positio'n in connection with the detected
35 object distance (more precisely, the separation points.
designated by L mentioned above with reference -to, for



In the illustrated enbodi ment,

to be 2.45 m(u = 2.45m, S|n1Iar to .20 tgﬁﬁenbodlnent shown in Figs. 1A

and 1B.

Accordingly, it can be easily f
distance is equal to or near 2.45 m the lens latch LL to be selected is 12

glrsgﬁsg:_larégmaﬁl%?))%iégg?égl ?B?DAT/E}'lh% ?‘lbrc%)cgig%}é& &t{w #eren e to'Fl g.

19. First tharetaye 924311em$1e141s<ch,oﬁ@smagaﬁedswpﬁhel-ﬁvapﬁ EbF0; $haemgdr t ed
to |1 SQ sensiddyi ixoR: ALieb Khat Ln%t2§td¥é ¥atad a’r’épbﬁ—i ahdcemensi on

procesS™of the zoom code data POS of .the.zoomlens is f ormed |n the form

of an 30 HGTRRETTYELRkr at (e tbEPB bRt PRIPLLNE. L A'f‘Plé’f(?)
arit hnets cclopehRt istved | mgmisetsi e signedss=i | by pap f memdoaltedsta?lqaowBQSSutht
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di st ance at
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35

atch arithnetic operatlon) IS, pertornme

e of fddaln 1efg8hm= &yl mm) ; ﬁﬁﬁ lenst h@t&pwﬁﬂw\nt n1tlge
so, that a

foe%éé’ ¢ oEherafnen seRaraeey PefpFolii G cte: APfled
5 %.rﬁlét‘? \(}%é exﬁf‘\o rf?é/rllél Ogﬁlal glr%%rl &a?y rﬁ:sgpgldﬁ %e?gctgg

osest nore t e actua ct

oint 5.26 m is selected, rather than the separation point
4.46 m, in spite of the fact.'that the separation point
4.46 m is closer to the detected object distance 4.50 m than
the selected separation point 5.26 m. _

In the illustrated embodiment, the reference object
distance u is selected to be 2.45 m (u = 2.45m), similar tp'-
the embodiment'shown in Figs. 1A and 1B. Accordingly, it

‘can be easily found that when the detected object distance

is equal to or near 2.45 m, the lens latch LL to be selected .
is 12 or 13 (LL=12 or 13), regardless of the focal length.

The following discussion will be directed to DATA I/O
process, with reference to Fig. 19.

First, at step.sz31, the DX code inputted to the main
CPU is converted to ISO sensitivity SV. After that, at step
§232, an alpha (@) conversion process of the zoom code data
POS of the zoom lens is performed in the form of an
arithmetic operation for obtaining exposure. An exposure
arithmetic operation flag setting process is perfbrmed'at'
step S$233. At step S234, the object distance data from the
sub CPU is inputted. At step S235, a lens latch arithmetic
operation (LL operation) is performed. ' -

In the LL operation shown in Fig. 20, the 6bject
distance data is limited within a range of 14 m - 0.3 m, and
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t he réference'object -di stance u is selected

d~that when the detected object

obj déetanseare 4aPQ i Rtnited



10 which a picture can be taken) is cheoked at "step S2356. | f [err] the
provisionally selected LL nentio ve is determined to be a fi'nal
lens latch LL. If LL=25, the control "proceeds to step S2357 at which time

t he prpsgeﬁeﬁ esmf)f.aedl\/ﬁﬁ/Ed h= th(ef ogllmleswlsalpatﬁa:?;grtp&?ﬂ&remewgl |( ][lg the
macr o e inthe IC]UI | ate ag = or
rel easie@1 ol oge]’r 5ti on ?3 (ﬁﬁl\/l%fp (Q'Eﬁ ‘éﬁ‘%he %t | anmp
64a) ib#lég%brﬂétﬁredPOS)Th@ m#miwmllﬁedgtemlh&#p (@@Mrm35he carmer a

user tdisipe obpssh ithel Prév LS LohAL @&Mﬁﬁfbme ag tﬁé&?@ onjxé%
step 82355 whet her or not” LL=25 is checked at st_.e__-'

cont? APP¥Sceddtens lakghsheshe; Brpyisdom e %rlg%?pemm Tens
Hslt ch td arabupaaathbﬁ%otmﬁl shiath stsepcﬁs?s&&th tbeanaom (ﬁhaﬁetﬁhéllg thef
ag 25 peyr for rni a e cl ose for
a phot ogtglgfﬁID ?%k%ﬁjecgﬁlggﬁgﬂlgs ‘it % t‘:Ih}]:t aksgtepatSs :;L%OSM a .
pi ct urwhetthem (m]evptva@ﬂ"Es (nacxed e\ﬁénmrﬁﬁan t hBE sHROF#BL  obj ect

oy Ao Senighatn (pdde Siah (i Shr ey i0mcas Motdign O
er st e e r no s chec step ' Y,
RECLE I B et |

PiGRBEReFaphbesfakan)yils fhecksdes RR F&dfum ol ¢ ect:
d| St armag«sl, 38:1113 provtlelmaﬂaynndeleeteueck.hd mentiofnedr ]above vzaé ue -

LL f 5. ¢ [f LL=0, that f the
'S -exming: exceﬁ% A“ﬁinﬁ“iah@ Egtcﬁ at 1s, 1 e

obj ect € :maxi mum obj ect L&' stance in the macro rmde 't he
process of If H-’&%SNﬂ'ShPTﬁPﬂté?qierPW%%%dﬂsoﬁOp@r‘?@ nP#A357 hatmatrigh ele

shift O ahONpLdEes8bEL o QQ%@SMCQ&FIQleP( QﬁGQIJ.nkIHQ Whe symbol-j )
15 representing the macro mode in the 11qu1d crystal display N’
plate 56), flag RLOCK—l (for release lock operatlon) and
flag GLAMPFL=1 (for bllnklng the3green lamp 64a) are
performed. The bllnklng of the green’ 1amp ‘64a warns the -
camera user that the object is too close for a picture to be'
- 20 taken. . _ o . .
. If POS—E at- step 82355 whether or not LL—25 is checked
at step S2358. If LL—ZS, the control proceeds to step 52359-
to perform the operatlon to set the lens latch LL value as
LL=24. Also at step S2359, the process of. settlng ‘the flag
25 GLAMPFL=1 is performed for ‘warning that the object 1s ‘too
close for a photograph to be taken. Thls makes it ‘possible
to take, at LL=24, a- picture of an ob)ect whlch is 1ocated_ : e
even closer than the shortest object: dlstance at whlch an’
"in focus" 1mage of: a plcture can: be taken.-,“j _ I :
30 - If LL#ZS at step '$2358, . whether or not LL=0. is checked“
at step S2360. Namely, at step 82360 whether " the. ob)ect;
distance exceeds the maximum object dlstance (1 38 m) at the
macro mode is checked. If LL#0, the. value of LIL is
determined as a flnal lens latch. o S . e
35 If LL=0, that ls, if the object dlstance exceeds the'; '
maximum object distahce in the macro mode, the-process_of_



shift process is f or conpul sorily returnrng the zoom.ng Iens fromthe macr o
node to the tele extrenity. After:that, the5contro| proceeds to step
S2362-at which tinme the object di stance piais conpared with the

t t the tel t PCS=C Fi, t hat |
of "L whi s r BIBORISY: ofn° ARRAcmes, S6fn PRRFORNE8a, Hikee Facs o458 ebove
t he act ual siﬂﬂctepenhtﬁoh MTt asleieft spetess) nat 169tép Be3s1f.i narhéeny
| atch. Aftef, 4 t 3
Shown i n FERIES PPORREL B0 Lo QomBRALORTLLCrREASHE Bt ShBRiNG TendTC
from t\wé sfirarPthe mherqamndecpu the tetlep exdaamuity. AfAgtert that, fhe
aut omat i G 1R, f9s E%Eb@?@ma,cs%@pt hgBsks oper anlieh {ARFNPeLy gbe%)

performed at ste S237. Aiter that, "‘the control proceeds to step
which ti rre%ﬁfé?e tfrta| &g roepREed; wigh: &he rﬁaparraftmwantﬁ héthhﬁr ol

proceeds tQ:etlhae &Rt LAt 0PoERRY) atmnmaQ 18, £ Wt €4e3¥QuledCKr LL

process, r the batte et erm ned at ste S2401,
P ohown | deH oorresbeRad bﬁ?tarﬁeme&ﬁowm@%@mtm §8: %o
phot oret er aBdb dalovaN tise dattual ndetettetiepbiati2 didtdmee phst dehéemmudt ch

SWE is QY Ldeide] HndPt1die yBidhswitch is located in the 25 | ock
position SV\L I'S ff"(raternn‘%nfrzedé at ste S2403. If the photoneter switch SW5

is not ON, the &ianl the r%‘f‘ﬁﬁ’%’él’-?% afepthesArithmehie enayatiahentt he
battery svvnstmipl sz@s whad ShewinotigireFaly .SWtegh Sﬁ&l srdgh tdswhedathe

T L Slenbeigdtls SpkRE 5 5:P85h EeRReS\rnon PERBOMP) oo, HEECEh 7,
OFF, when madmphEBetat seitech SB36s CFFAfmen/vhetrhdlhe mann mtm’sicu [S
movbel t @5t B&plout- )3 'éétﬁt{hé\él artiﬁhﬁQQEEO|oﬂ>ér§t§&l?ar@ﬂ9’EfM OBbIaPStESh?ase |
Ioop Not,e "t hat |f the battery swtch
is performed at step 'S237. After that, the control proceeds
to step S239 at which time whether the flag RLOCK=1 is
determined. If RI.DCK-l, the control proceeds to ‘the release
lock operatlon. _
20 In the release lock prOcess; whether the battery switch
SWB is ON is determined at step S2401, as shown in Fig. 21.
If the battery switch SWB is ON, whether the photometer SWS
is ON is determined at step S2402. If the photometer switch
SWS is ON, whether or not the maln sw1tch is located in the
25 lock position SWL is determ:l.ned at step 82403 If the'
photometer switch SWS is not ON, the control is returned to
U, step S2401. Consequently, when the battery switch is ON,
when the photometer switch SWS is ON, and when the main
switch 57 is not in the lock position SWL, ~the control
30 repeats a loop (release 1loop) of steps $2401-5S2403. When
the battery switch SWB is OFF, when the photometer switch
SWS is OFF, or when the main switch 57 is moved to the 1ock
position SWL, the control is d1scharged from the release _'
loop. Note that if the battery sw1tch SWB is OFF, the
35 control proceeds to the backup process, and if the
photometer switch SWS is OFF, or if the main switch 57 is
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35 control proceeds to the backup process, and if the tht-cl)rreter--svvi_tclh SW6
is OFF, or if the main switch 57 s g ~mwved to the |ock '‘position SW, the
control is returned to the main flo The release | ock flag RLOCK=0 at

step %?o’i;%d Wt bre e |p&M§rFTsﬁLI stHet eonitRed als SE€PuSREd - tol f
MISI FT=1, 5 the control proceeds to step S242 to. performthe ML shift-

procei?e N el ft process, as can.be seen in Fig. 22, the zoom notor
16 i s reverkedchet wBébeasS@4Pédck £lag. mmnﬂHrOtduasﬂnpn$Emg bwheeherSO mhlch_

is lo e t [ n rd e tre

5oy S ol WS ERELE BESutaRaER a0 AV R ne (T
on Bhd&hesgpntrobf p@rn@e@ﬁsckto SFeP h8242pde-prer four: &he R atuﬁ:ep 52423.
The zopmceade chegkihe PRGY rotdds, PA5=Ban Weerddie Zwomgensaharrel s

stopped.-at POS=B, the reverse rot at | on. of .the zoom notor 16 ISHi opped
Af t er the (3RFT| BRERT 0263 15 éEFe‘f%‘??ﬁ%eﬂtpﬁFFBdsaﬁzﬂ'l me, A% R 768 tor 116 is
rot at athe Nzbbm f DeRAr bakirert ismn apdich (5&e[d @AY . a4f t €het hmazeom not or

16 is_raot.at.ed in_the for d [ h om, ck i forned at
srep Bomith, Bebifia] ol (ehat lend (S AWVRELIELREK | ReBREL T TP
wh@oh&hathe a@o Serpn $2422 bathel values ofp e tzoPQm pzssiq | b @hepls@dc is .

_ checkgdsedNeh t l’&‘?xezoi‘@s'tﬁr@s bf%ff e'trfé)rr@:%eték A RIRSEterm P@g-ﬁosiél on Of
the tele extrenit

éy mnotor is: brakqaﬁand sto g
sp427fletgrmined, %nﬁ%?gtﬁadzf-’romqu‘e F3PRgEPAS, ’ﬁvni%h PeE ér ocess
f unct uetd 1aPOB=BA t Wiery treansocm Chend dbarrdknisinskpepeddaticEOgen) al obj ect

d' Sta%% S‘:%’v%xls% Wl ssh ‘M'é}%le pé‘é’&ﬁ’%é@é’% "Po | {'s LOEPBEEO REEert NE ZOOM
15 the elapse of a predetermlned perlod of tlme, the zoom motor . o/
16 1s rotated in the forward dlrectlon agaln (step 32424) .

After the zoom motor 16 is rotated in the forward .direction,
the zoom code check is performed at step_$2425.. After that,
the control proceeds to step S2426 at which time whether the
20 zoom lens barrel 50 is moved to a pos:.tlon of POS=C is
checked. - When the zoom ‘lens barrel comes to a predetermlned-
position of the tele extremlty side, the_ zoom. notor is
braked and stopped (step 82427) | _ _ '
As can be understood from the fore901ng, the MT shift
25 process functlons as -‘a sw1tching means such that .when-
unexpected acc1denta1 object distance data is obtained.
during photographlng in the macro mode, the zoom lens is f. -
moved from the macro pos;tlon to the.tele extremity. o
| The'main_CPU”performs.the process of step,sz43-after;i
30 the MT shift process is completed. Note that'if no MT shift
process is performed the control directly proceeds to step
5243 to output the LL data to the sub CPU. After that, at
' step 5244, the exposure value_(AE data) is outputted to 'the . _
sub CPU. | | o S
35 At step 8245 whether the release sw1tch SWR is ON is '
determined. If the release switch SWR is OFF, the control.




noved fromthe macro position to the-tele’ extremty The main’ CPU per f or ns
the process of step S243 after 30 the M ft process is conpl ‘eted. Note
that it no MI shift process is perforned, e control directly proceeds to
step S243 raockeds the bbegats2ee thre deteGftineAfleethbat ont mitepthid4,

t he exposur, o] ed ?ﬂg{ Al St ep
S245, whet \ﬁLe relﬁgsa‘ggegl\)}m tégﬁ g&RW O\# %1’ rmn JH: I?Wlﬁ?ahrg ease
swi tch- SV\Rliss Q@F, vhathesnergnot thedeatn §Y51§9Bp5§24@ trerted nine the
whet heg_or 148k t;ﬁ@sﬂ@@éﬁ”@ﬁﬁf 1§Wdéﬁéx§%é§ 43\ stépt Baaphot anet ehe Sihliah

SWs is pot .t teh |sloated n, t he | ock
posi tion \ﬁv’ﬁ% é?erﬁ n&¥ t Beé’lz t 18KaiBPS fs%ﬁ"? cl‘?'"%? Ehgot
| ocat ed i ncdmtdodc Iqs)osétthmnedSV’I‘.g) sbepcsauSOIagas.rr.et memieqmeatbp, SkAen

agai n ConsgauepL Yasuhel LG, Igiease Sl CRE ReCiotRLD gy sech

phot oneter Swi t Wwhen t'he ‘mal n Sw cate 8% he
zoom posi t iS#$ Sk¥ 6N, tm-ndra\\zhenp(t@et imnls\&witeb (ﬁ?ntl%l lp@altadealts &heoop

of steps St oﬁ?]é@fuzmn Ei& COP! eple ';&aéfsuw%qttlw hgwi2 ru{é 0&’0%?81

phot ometer sw t SW5 1s F, or t e main_switch is mVed toward

| ock podi®% rGPeafE ap skeQP S?I? SFﬁPﬁhe‘-f?fﬁﬁet%§ﬁ4t7he ré‘f*t%\sé"%rtce-h éﬂR i s

ON at a &beﬁrn%aﬁlﬁao HHe marﬁ{emﬁa mwo@é@@ﬁs:smwhléwseiéoomj at
step S248. e ease, ce pracess -be se i n_F 2 t he
control pr (?&'eé’&%e Js‘? f?‘ﬁrmPNG %g p?%%%tgm‘ %yﬁ’ as
shutter driat ey o&zls's, |fupthfemlmé,aMMEptISQ%éleasestsaptsﬂA&waﬁst her
MISIFT=1 1 gp20a¢et grMiReds kb MTSI i éé‘fesgetfglaq%?f@éd%wcéééwléo
\ 15 performed at step S248. ' o
In the release sequence process, as can be seen in Fig.
23, the control proceeds to step S2481 after the exposure
control process, such as shutter driving process, is
performed at step S2480. At step S2481, whether MTSIFT=1 is
20 determined. If MTSIFT=1, the control proceeds to 52482 to
determined whether the main switch 57 is in the macro
position SWM. If the main switch 57 is in the macro
position, the tele/macro shift process (TM shift process) is
performed at step S2483. 'The TM shift process functions as
25 a returning means for returning the zoom lens from the zoom
position to the macro position after the completion of
W, photographing, when the main switch 57 is in the macro
photographing mode. After the completion of the process at
step S2483, the wihd process is performed at step S$2484. 1If
30 no MT shift process is performed, the wind process is
directly performed without performing the TM shift process.
Although the present invention has been described with
respect to specific embodiments and examples, various
modifications can be made without exceeding the scope of the
35 present invention, which is defined by the fbllowing claims.
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deterni ned whether the.main switch 57 is in_the nacro |d051t|on SV\M If the
main switch 57 is in the macro position, the tele/macro ShitT process (TM
shift process) is perfornmed at step S2483. Tlc'lml'm\m I s .functi ofis
as 25 a returning neans for returnin l[_Pe zo Imr’mmmem position
~to the macro position after the: corrp on of *phdét o§raphing,* when the main

switch 57 is in the macro photographing mode. After the conpletion of the
processCIaMSt ep S2483, the wind process is perforned at step S2484. If 30

~ho M shift prﬁcﬁﬁﬁeﬂéd%rff&dﬁ% bhgooh TshsPHO 6EShel-a rﬁbﬁ.ﬁ&h‘ﬂhﬂﬁii@
W t houfgfgerfor m n%ﬁt he TM shift ess. At hgﬁ)&#g‘%‘sesent nvent i oI has
been d %@ﬁ?@dﬂf{l&d%&a Jeast sy BB Wy OXJel: i ous
nodi fi ot centectadn hecamtd ef vddviatiiore foae dotgs thseicbya ebaiting Gleratbaent
i nventi def. n g o CLAIMS 1. A nethod
for fOCchE;'IﬂHg zéj%?o% eﬁé g’% a cgﬁrﬂ[%mﬁ% a rﬂ%urahty of movabl e |ens
groups i ncl udi defining exsrefenende abdpaly distenege alp a mopr dofinidecobject an

anmount GkeMed ForOfnidP BueeaR- 1821 b taévea@mrrma&n ORRMLA! b&ANESS dubfingz 00M
“lens, the pethad C({:‘gl‘l S|1§%6t he steps of:- defining a reference Obj ect

di st.an@@OHNg, ofoFRd bj ect distance for which substantially no

devi ati on frorﬂéwcmmmcthesmmmgfmmmg: of sa.ddfnmqanss gretiprin ni ng
t he anqypat ©Ofe ag@gﬁge‘gsegf , ' | based
upon a refereéence pasition E%glréjé%gon I n %Js'orgosml n garg’%cus%g I ens
group &f £3id FerusingcdewhjFPdatt Sl ’ﬁf&rﬁ%c@aﬁ%n‘&“% astain | engt h
dat a andceRierk Wit 866 dahgth asth M Ggjesidistanusidaga) ena to ef fect said

focusing. 2. Al\nor\rg%los%lgsfcl allrr‘rgpqelng tg':ol %%P‘eét fur& f}er |.ncI ud| ng the step Of\)

2. A method as claimed in claim 1 further J.ncludlng the step of
p051t10n1ng said focus:mg lens group at sald reference posltlon, vherein
the determining step- determmes a direction of movement and a nag111tude of
movement of sa1d focus:l.ng lens group from said reference pos:.tlon necessary
to effect focus:.ng of sald zoom lens.

3. A method as clalmed in claim 1 or 2 further J_ncludx.ng the step
of p051t10n1ng said focusnlg lens group at said reference p051t10n on the
bas15 of photographlc data and the respectlve pOSlthl’lS of sald plurallty
of movable lens '

4. A method as cla:.med in any precedmg clalm further comprlsmg ) o/
setting the reference object dlstance to be approxunately tw1ce the closest
object dlstance of sa1d camera at which a picture can be taken.

5. A method .as:'claimed in any one of claims 1 to 3 further
comprlslng detectmg sa1d object distance by means’ of an object dlstance

measuring means whlch emlts a measuring light towards an object for
detecting said object dlstance

6. A method as claimed in claim 5 further comprising setting said



positioning said focusing lens group at said reference, posi:ti on vvrler ern
the determining step determ nes a direction of novenent:.and ‘a

novenent of said focusing lens group from said reference posit mﬁﬂ lMl”"l
to effect focusing of said zoomlens. 3. A nethod as clainmed ins |

2 further including the step of positionmngSaid focusing |ens group at
said reference posrtron on the basis of photographic data and the

respective positions .0 a'd:;‘_Jur li.ty of nov rrethd
clarw 5}?3 4%% gﬁ:’gy q-‘ebtgégg |n &’%‘c ia
obj ect |stmeu1tmgbé1¢p‘pp§mmt=bly twi ce the closest Obj ect dr stance of

said camera at which a picture can be taken: 5. A method as clainmed in-any

one of clains.1 to 3 further conpri,sing detectin sard bj ect. .di st ance by
neans of an object i & EPHH@‘*%\% g ¢la %ﬂeﬁ‘é‘&g’ﬁﬁ PR EHI

t owar ds an Qiirbeidi_ri‘gotheie:‘amefa nd th ailteabj edst gxtkpsance. 6. A net hod as
claimed in claim5 further ccnprising setting said * C L S
reference object distance to be approximtely tw ce the di stance which said

measuring |ight carBr daeethod as glairesy insclaizy Mﬂrﬁl%@lﬁrmpﬁwm
further conpaididihels QYitl BSirdel Bertd R \bbrtp ﬂl@éﬁw SAHE caflera’wieh laod

as cl ai ned incarm? rein said ste rovr ai carre V\Ath hr ee
| ens groups P8 %%ﬁ\ﬁ“ﬁ FFPPai 8 B‘%@H&g n]%(ﬁ §£

group, a pos:hﬁmaeasognuhpLens group, and a negative third Iens group. 9. A
nmethod as claimed in claim8 wherein said novenent of said focusing |ens
group is performed by said second | ens group, 10. A method as clained-in

cl agrpt 8 wherein sai%t Aobethad asfclaimed ft ginimy 8 whereinospid
sai hird lreBssigigOuéns group is performed by said second lens group

10. A method as claimed in claim 8 wherem said movement of said
focusing lens group is performed by said third lens group

11. A method as claimed in claim 8 wherein movement of sald
focusing lens group is performed by said first and th.ud lens groups.

'12. A zoom lens assembly for use with a camera having an object
distance measuring device, said zoom lens assembly cmlprising:-

a stationary lens barrel;

a rotatable cam ring for move.ment along an opt1ca1 axis of said
zoom lens assembly;

at least one movable lens group for adjustlng magm.flcatlon of an
image to be photographed;

a focusing lens group for effecting focusing of sald image;

means for determining the amount of movement of said focusing lens
group to effect focusing based upon a reference position corresponding to
a position of said focusing lens group at a reference object position at
a non infinite object distance for which substantially no deviation from ...
focus occurs during movement of said at least one movable lens group and
in accordance with focal length data and object dlstance data; and

means for causing said focusmg lens to move to effect said
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11. A method as claimed in claim8 wherein novenent of !sai d fot.u5| n? | ens
group is perfornmed by said first and third Tens groups. 12. A zoom len
assenbly for use with a canera having an obj |"| uring deV| ce,
said zoom |l ens assenbly conprising: - a stat Tﬂl uﬂ maﬂm:wml a rotatable
camring for novenent al ong an opt |-ea5g|£ of* sai dtzobmd erls assenbl y; -at

| east one movable | ens group for adjusting magnification of an image to be
phot ogfaqizddg. a focusing lens group for effecting focusing of said |nage

neans for detggmyni, 0 i & _
ef fect focusi % base upon%é’oéﬁ@\%ﬁwoﬁ%@rrespondmngh%?'%%os
of sai 8o siakerminingndetprauipen a Ainecsianef GsVERenty @R Roragnitude ont

i nfini heveRBHE e SHidl AiRBiHd 1eid geBurS ¢hsh aaia FeForaite §R38H 61 drPRedds@if OCUS
occurs durlf%(}? %Dverr.ent gf Sgi-d at | east novable I'ens group and in
oFeREe P

~ accor dh &S e ker: i) %\'ﬁaﬁ "di stance data; -and means for
- causing said focusing lens to nove to effect said f ocusi ng. 13. A zoom
| ens assenbly,ps clgb‘geﬂpgn gifly a 39848 ng
det er mi nes a él rectlon--of novenen ?ia mag Ijl'flt ?§rr‘;58e}?rent ('i): id

f ocusi PRAEef Q’Pﬁwq’%ﬁgns?&?of%ﬁ%ﬁeﬁs @%l%%@%ﬁ%

focusmgmé mld dx)@ﬁbt@ﬁpﬁﬁé%ﬁa)andlﬂae AeBpartive positiciEhby saddcati med in
cl ai mll qgﬂg means for positioning said focusing | ens group at
said re nce posﬁ on the basis of photographic data and the

respectlve positions of said at |east on novable lens. 15. A zoom |l ens
assenbly as chsl RESodnl) 18R aeganafy &6 Q18Emek? 1h QankA oMb @pebhimBe1s ebefgnce

obj ect . di sta e i S_approxima ce the cl osest ob ect st gnce of sa
caner a5 r]%}? fﬁ‘r%?‘ﬁ? k@&ﬁgb%lﬁt"ﬂﬂ%‘?] g’ closest N

object distance of sald camera at which a plcture can be taken. )

16. A zocmlens __assembly as claimed in any one of claims 12 to 14
wherein said object distance measuring means emits a measuring light toward
an object for detectmg said object distance and sa1d reference cbject
distance is approxnnately tw:Lce the dlstance whlch sald measuring light

can reach.

17. A zoom l'en_s'assembly' as claimed in any one of-_c‘l_a:ims 12 to 16
wherein three lens groups are provided. '

8. A zoom 1ens assembly as claimed in claJ.m 17 vmerem the
assembly has a pos:.tlve fJ.rst lens group, a positive second lens group, and
a negative thlrd lens group.

19. A zoom lens assembly as claimed in claJ.m 18 wherem movement
of said second lens group defines the focusing lens grcvup

20. A zoom lens assembly as claimed in claim 19 vherein said ...
rotatable cam rmg 1s supported on said stationary lens barrel and has at
least two cam grocves a first of said grooves being fcr moving sa:.d first
and ‘third lens groupsandasecond of saldcamgroovesbeugformovmg



16. A zoom lens assenbly as clained in any one of cl ai: ms 3,an 14 \Aherer n

sai d obj ect di stance -neasuring nmeans emts a._neasuring ght tovvard an

object for detecti ng sai d object distance and said referenqe ”IJLM"I _
di stance is approximately tw ce the distance which said rreas :

reach. 17. A zoom|ens assenbly as chai in any one of cliai ms
wherein three | ens groups are provided.™18.” A zoom | ens assenbly as cI ar rred

in claim2l17Y er ei ﬁ ihe assenbly has a positive first |ens group, a
posi twe S ¥ind a negative third Iens group. 19. A zoom

| ens aSsenbl y as cl ai rred in claim18 V\,herel n novement of said second |ens
group defines the,{og jAﬁ ao m.l ens as ¢l aimed
in claimi9 vvher:?n salg ro% é%i Efgm AR J‘g"uﬁ%)o @%:sgﬁﬁgengéf H¥hary
| ens barr et léﬁﬁalﬁé’s“ﬁ?all’]@aﬁm\wlé’hrﬁ%rwvhb\? tggethen with swiid gaoanisg bei ng
for movi ngsadai dpﬁﬂdaitaﬁsﬂdlhédﬂﬂid')eﬁﬁd GIHAUR Sis Htataaeopdlfive ¢l 238 cam

grooves b second | e om | ens assenbly as
clained i (r? C al m Wu%em‘ionprl %nns& q %%ﬁgﬁzﬂﬁﬁl aﬁﬂ@ﬁzﬁ'
novabl e t dgFRRE wipghbeled Pravidednyitn ldnear opvenait guide ebrroemés dy wimith
which is rsaiatfbke Tedkaironp, (4 iadidbond Mehs H-olh HhaSalid GAT %Eﬁégsad:‘ .
oerng provided with

sai d optrcal IL,s di rectron,, sald |linearly ‘novable ring
B 5

| i near- JP RS OB RS G *P8t .l ens group, said second

| ens group and sald third Iens group are gur ded to rrove in said optical

axis direction LY, Ia| or, 21
V\/nerer n said cam?2r22| nlg zoom nggggct |%§'m|&1ri1 | cah %?m"’g |%aid
r? abl e SPBr TR, ihag §a?‘EP“P¥‘gs$e¢féﬁ§ i odichssaid s:emm |1snso@tebps, faoard
t hi r sholz&Rp sgi@ Uirst MenSadfbup) P4 6P ke@ids el 56D, 08nd Gaid HBEH lens

zoom ng, ggg%eg lgccgamg)dg&ﬂglsect Jon i ec)é:hl ch S d deamnri ri ng.1s rgngt abl e

for nmovin
accommodating section in which said cam ring is rotatable for moving said

first lens group, said second lens group, and said third lens group beyond
an extremity of said zooming section to retract said first lens group, said
second lens group, and said third lens group.

23. A zoom lens assembly as claimed in claim 22 wherein said first
lens group is positioned within said zoom lens assembly to. be moved by
rotation of said cam ring to approach sa1d thmd lens group in said
accommodating section.

W 24. A zoom lens assembly as claimed in claim 23 further comprising
lens frames for support:mg said first lens group and said third lens group,
said lens frames having engaging portions which restrict the largest
distance between said first lens group and said third lens group.

25. A_zoom lens assembly as claimed in claim 18 wherein movement
of said third lens group defines the focusing lens group.

26. A zoom lens assembly as claimed in claim 18 wherein movement
of said first and third lens group defines the focusing lens group



first |lens group, said second | ens group, and‘Sard*rhrfﬁ—reﬁs—gfeup heyond

an extremty of said zoom ng section to retract group, sai.d
second | ens group, and said third | ens group. 2 “ﬂ ilﬂ#senbly as

clainmed in claim?22 wherein said first lens group Is posm within said

zoom |l ens assenbly to be noved by-r ggron of said camring to approach

said third | ens group in said accommodafing secti.on. 24. A zoom | ens

assenbly as clatned metlsidaifior2 Totusingea @oopr lensgof exscanexpehaving a _

support%ﬂﬂam oklﬁebi@a&ewmﬁa abi Tt S5RPng J8hs oS o4
n

frames havi ng “engagi ng porti ons which restrict the |arge di stange
bet weenils ey jtoseorrest an Spgunh, of é&PHaFHFr5”?%H§”E?6ﬁﬂgaggy ens

assenblép@atmxaldfedhenzsdnalmﬁs athelaimeddvieqknin df ardi sikskantlial@psagr oup
defines_the cusi | @ ou 2 as claimed in

claim m ‘g h@%’e gﬁ t%ffeg%r'oﬁ ?o &F aén%h%%@ﬁ'al Ee&’gnisiggoup defines the
focusi ng | ens group. -27. A method for focusing a zoomlens of a canera

having a plurabdty %qrror@el SedciBly FRUBSe WithUS| Bl enhacusi ng
lens group in order to correct an anpunt of "deviation. fromfocus Caused by

a zooni HELARE MNASHEHN FeNicto @S shaimeds ig| Glajmy 12 a@ﬂla"mﬁ‘ia%l‘ﬂally as
subst anierelih jacerieae Wit avteides b thher sdcaipand nyodidudngs.conpanyi ng
drawi ngs. 28. A zoom | ens assenbly for use with a camera havi ng an obj ect
di stance neasuring device, as clainmed in Caim12 and substantially as
herein described with reference to the acconpanyrng draw ngs.




