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The present invention relates to a lens shutter camera in
accordance ‘with the generic part of claim 1 and to such a
camera having a lens cape opening and closing mechanism.

It is not possible to take a picture with such camera when
the photographic optical system is out of the range which
is provided for taking pictures.

This problem is solved by the features mentioned in claim
1. The the of
embodiments of the invention.

subclaims describe features special

In one aspect of the present invention, a lens shutter
type of camera is provided having a photographing optical
system with a zoom lens having a rotatable cam ring with
cam grooves engaged by at least one lens group in the zoom
lens which is novable along an axis of the photographing
optical system in order to vary the optical length of this
optical system in response to rotational motion of the cam
ring. The cam ring includes at least one flexible code

plate attached to the ring which includes zoom 1lens

positional information thereon.

The camera includes a zoom lens which can be moved by a
driving motor into a collapsed lens position rearwardly of
an extreme wide angle lens position. The lens is supported
by an exterior frame having a central photographic opening
and one or more barriers are provided for selectively
closing the central opening. The camera comprises means
for moving into the collapsed 1lens position and for

opening the barriers in all other lens positions.
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systemwi th a zoomlens having a rotatable camring with cam grooves
erlgaged by at |east one |ens; group in the zoom | ens which is novabl e al ong
ah axis of the photographi ng "optical systemin order to vary the optical

I engt h ﬁﬁehhtﬁeoﬁbbﬁaheﬁﬁsti%mllnn thes @@aﬁentgopbgaatibmalth@owm the cam
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position. A range having a lens positional information

between the zoom range information and the totally

collapsed lens position information is prohibited from

stopping and no picture can be taken.

A barrier mechanism is adapted to be used with a lens

support frame having an outer periphery, a central

opening, and at least one barrier plate for selectively

closing the opening. The mechanism comprises a movable

member positioned in a peripheral opening of the frame,

with the member being engaged with the at least one

barrier plate. Means are provided for selectively moving

the member inwardly of the frame to close the opening with

the at least one barrier plate.

Other objects, features and advantages of the present

invention will hereinafter be described.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features, and advantages of
the present invention will be described in greater detail
with respect to the accompanying drawings, in which like
reference numerals represent similar elements throughout
the several views, and wherein:

Fig. 1 1is a schematic perspective view of a first
embodiment of a lens shutter type of camera having a zoom
lens formed in accordance with the present invention;

Fig. 2 is a front elevational view of a lens barrel block,
a light emitter, a light receiver, and a macrocompensating
optical element which forms a part of a distance measuring
device, together with a 2zooming motor, all forming a
portion of the invention of Fig. 1;

Fig. 3 is a top plan view of the apparatus of Fig. 2;
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cIosiEg the central opening. The canmera conprises neans for noving into the
cql | apsed | ens position and for opening the barriers in all other |ens
positions. This is the replacenent sheet Date: 2 7 SEP 1996 2 Wen the
zoomlens is in the zooning positioR, the control unit checks whether the

| ens positional_jnformation is in the zopmrange. I1f_the |ens positional
i nformation is IoH* of tife §o§ﬁﬁ§%ﬂﬂilr%F%VcF@%@Qxﬂﬂ%@gt&%&?zﬂ*ﬂlv of
Fig. 2;

Fig. 5 is a sectional view of the apparatus of Fig. 2
taken along line V-V of Fig. 2;

5 Fig. 6 is a longitudinal sectional view of a lens
barrel block and two photographing optical lenses formed in
accordance with the present invention;

Fig. 7 is a developed view of the camming
grooves in a "flattened" cam ring used to surround the

10 front and rear lens element groups of the photographic
optical system of the camera of Fig. 1;

Fig. 8 is an exploded perspective view of a lens barrel
block used in the camera of Fig. 1;
Fig. 9 is a sectional view illustrating an optical

15 arrangement for adjusting the focus point of the camera when
the camera is placed into its macro mode;

Fig. 10 is an enlarged plan view of the prism, frame
(i.e., mask) and one light receptor lens of the system of
Fig. 9;

20 Fig. 11 is a front elevational view illustrating the
assembly of Fig. 10;

Fig. 12 is a sectional view of an optical arrangement
used in a two lens group zooming lens in the camera of Fig.
1;

25 Fig. 13 is a schematic view illustrating the 1light
emitter and light receptor of a distance measuring device
used in the camera of Fig. 1;

Fig. 14 is a sectional view of an optical arrangement
of a system for adjusting the focal point of the object

30 distance measuring system when the camera is in a macro
mode ;

Figs. 15A - 172 are vertical sectional views of a first
embodiment of a finder optical system used in accordance
- with the present invention, in which:

35 Fig. 15A is a side plan view of the finder optical

assembly when in a wide field, small magnification position;
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accordingly, the camring wll be noved into the zoom ng position. A range
having a | ens positional infornmation between the zoomrange information and
the totally coll apsed |l ens position information is prohibited from stopping
and no picture can be taken. A barrfer nechanismis adapted to be used with
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east one. bar 1 "8 pl AE8 107 Sl VERSCIR) Fhet AE AR oS E T oo R Sm

conpr i ses wherpviipe ecaawmar Posiihi enedakrpoa m‘—nremleralar\g]semmnfld:htalbnane,
with the ar bei ng engaged with the at |east one barrier plate. Means
are provi ded t'or sel ectively noving the menber inwardly of the frame to

cl ose the opemfh@.w 1R is a plan view of the assembly of Fig. 15A

5 when the camera is in a narrow field, 1large magnification
position when the camera is in its macro mode;

Figs. 15B, 16B and 17B, respectively, illustrate the
aberrations of the optical systems of Figs. 15A, 16A and
17A, respectively:;

10 Figs. 18A-20B are all vertical sectional views of a
second embodiment of a finder optical system formed in
accordance with the present invention in which:

Fig. 18A is a plan view of the optical system when the
camera is in a wide field, small magnification mode;

15 Fig. 1%9A is a plan view of the optical system when the
camera is in a narrow field, large magnification mode; and

Fig. 20A is a plan view of the optical system when the
camera is in a narrow field, large magnification macro mode;

Figs. 18B, 19B and 20B, respectively, are all views

20 illustrating the aberrations for the finder optical assembly
when it is in the positions of Figs. 18A, 19A and 20a,
respectively;

Fig. 21 is a plan view of a cam plate which can be
attached to a portion of the finder block and the strobe

25 lamp assembly of the present invention:

Fig. 22 is a sectional view taken along line XXII-XXII
of Fig. 21;

Fig. 23 is a back plan view of the cam plate of Fig.
21;

30 Fig. 24 is a plan view of the apparatus of Fig. 21 with
the cam plate removed; '

Fig. 25 is a sectional view taken along line XXV-XXV of
Fig. 21;

Fig. 26 is a sectional view taken along line XXVI-XXVI

35 of Fig. 25 showing the finder plate in a first position;

Fig. 27 is a sectional view similar to that of Fig. 26
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the at | east one barrier plate. Oher objects, features and advant ages of
the present invention wll hereinafter be described. BRI EF DESCRI PTI ON OF
DRAW NGS The above and other objectg, features, and advantages of the

present invention will be described in greater detail with respect to the

acconpany g dnawdidsat ing Weheh fiidees ehEA8ACE NN HTBEBLSNHE Pt SbRAL ar
el ements thrqughout the several views, and wherein: Fig. 1"i's a schematic
perspecti@@séﬁéﬂndf a first enbodi nent of a lens shutter type of canera

having a zoom lpags ber MR 4 ESAGEDSHANCRi vkt BihRaRr €L thd RV | O FEGO.
's a frontzstil e})./r?t Iw?xr:}.%k'x vaev&eo leac’(l'_frrx]gs %%rirs% al.)cl:gggting plate has been
5 vremoved to facilitate consideration;

Fig. 29 is a front elevational-view of the apparatus of
Fig. 25, shown in a position in which a deflection prism
actuating plate is inserted;

Fig. 30 is a sectional view taken along line XXX~-XXX of

10 Fig. 29;

Figs. 31 and 32 are sectional views of a first
embodiment of an optical barrier mechanism, as viewed along
a plane which is perpendicular to an optical axis, when in
its open position with the central lens frame opening being

15 open;

Fig. 32 is a sectional view similar to that of Fig. 31
but illustrating the optical barrier mechanism when it is in
its closed position;

Fig. 33 is a sectional view of a second embodiment of

20 an optical barrier mechanism formed in accordance with the
present invention, the view being similar to that of the
first embodiment of the optical barrier mechanism
illustrated in Fig. 31;

Fig. 34 is a sectional view of the optical barrier

25 mechanism of Fig. 33 in its closed position, similar to the
view of the embodiment of Fig. 32;

Fig. 35 is an exploded perspective view of a light
intercepting mechanism positioned adjacent to a lens barrel
block:

30 Fig. 36 is a perspective view of a light intercepting
ring; |

Fig. 37 is a sectional view taken along line XXXVII~-
XXXVII of Fig. 36;

Fig. 38 is a sectional view of a second embodiment of a

35 1light intercepting ring formed in accordance with the
present invention which is similar to the view of Fig. 37;
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alight emtter, a light receiver, and a macroconpensating optical el enent
which forns a part of a distance neasuring device, together with a zooni ng
notor, all formng a portion of the invention of Fig. 1; Fig. 3 is a top
pl an view of the apparatus of Fig. ®. This is the repl acenent sheet 2 7 SEP

1996 Dat e: '1535.5.9'361 iissa ect L{%nlaldw ew tg_kepectcin eI 'vnfewv'cla¥ A e
’ embodiment of a guiding device for a flexible printed
circuit board (i.e., an FPC) with the cam ring being
partially cut away:;
5 Fig. 40 is a perspective view of the FPC board guide
member of Fig. 39;

Fig. 41 is a sectional view of a mechanical arrangement
of an FPC board guide plate with respect to the space
defined between the cam ring and a front lens group frame;

10 Fig. 42 is a side elevational view of an FPC board
which is illustrated in extension (in dashed lines) and in a
deformed position (in solid lines), respectively;

Fig. 43 is a side elevational view of a light
intercepting means used in association with an FPC board;

15 Fig. 44 is a developed or schematic view of a code
plate, with the lens of the code plate and grooves of the
cam being illustrated on a flattened cam ring, illustrating
the functional relationship between conductive lands on the
code plate and the cam (ring and plate) grooves;

20 Fig. 45 is a table illustrating the zoom code on the
code plate of Fig. 44 and the stopping positions which are
located on the code plate;

Fig. 46 is a front elevational view of the operational
switches of a camera formed in accordance with the present

25 invention:;

Fig. 47 1is a back elevational view of the camera of the
present invention illustrating a zooming lens operation
switch thereon;

Fig. 48 is a top plan view of the camera of Figs. 46

30 and 47, illustrating additional operational switches;

Fig. 49 is a schematic sectional view illustrating a
mode changing switch formed in accordance with the present
invention in a first, inoperative position;

Fig. 50 is a sectional view of a mode changing switch

35 and a macro button illustrated in a second operational
position; '
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Fig. 2, Fig. 5is a sectional view of the apparatus of Fig. 2 taken al ong
lisne V-V of Fig. 2; Fig. 6 is a longitudinal sectional view of a |lens
barrel block and two phot ographi ng gptical | enses formed in accordance with
the present invention; Fig. 7 is a devel oped view of the camm ng grooves in

a "flattened" mrlnglus_@gt Sa?h8§%dt%] ‘;E%Q} g@d LeAT & Il} r%la

groups of the ographi ¢ optic e carnera of
is an explhﬁmmmt&v@mm sWwitichenst b&hee| canerk u:s%dtm tpeesanﬁra
of Fig. LiiRihefbis a sectional viewillustrating an optica
Fig. 52 is a front plan view of a finder optical system
5 lens having a plurality of bright frames thereon;
Fig. 53A is a perspective view of a double-~wedge shaped
prism used in the present finder optical system;
Fig. 53B is a top plan view of the prism of Fig. 53A;
and
10 Fig. 53C is a right hand side plan view of the prism of
Fig. 53A.
BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will now be described below in

greater detail, with specific reference to the accompanying
15 drawings which illustrate a variety of embodiments and
features of the present invention.
The description will be generally provided in
accordance with the following general sub headings:
A. The Overall Camera Construction for a Lens Shutter
20 Type of Camera
B. Distance Measuring Device, i.e., Range Finder, and
Camera Macro Functioning Thereof
C. Finder Optical System
D. Finder and Strobe Driving Mechanisnms
25 E. Barrier, i.e., Lens Cap, Mechanism
F. Light Interception Assembly and Mechanism
G. FPC Board Guide and Anti-Reflection Mechanism
H. Mechanism for Detecting Information Relating to the
Position of the Zoom Lens
30 A. Overall Camera Construction for a Lens Shutter Type of

Camera
The overall construction of a lens shutter type of
camera formed in accordance with the present inventipn is
well illustrated in Figs. 1-8. A following embodiment
35 of a camera comprises a -zoom lens barrel block 1, a finder
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arrandenent for adjusting the focus point of the canera when the canera is
placed into its macro node; Fig. 10 is an enlarged plan view of the prism
frame (i.e., mask) and one light regeptor lens of the systemof Fig. 9;

Fig. 11 is a front elevational viewillustrating the assenbly of Fig. 10;
Fig. 12 igna spetbpRalbd&w of @{bﬁeihaaét@frﬁagamduaad dd) & FWRd&ars
group. zoo the canera of 1; _Fi 13 is, a schenatig Vview

m.ng.l ens
iIIustratPﬁQ%FﬂeIQQJthF1FFéF§%ﬁjq iﬁh ?e&éﬁ b TRCSLHR%t 4nEQTHEISUM ng
devi ce usgdritiohheotamerdigtahtg. wWeasuring, i.e., AF, device, and a

zooming motor 5 which is used for the zooming operation of
5 the photographing optical system. All of these elements are
secured to a base 6 which forms an immovable portion of the
camera body.

Base 6 includes, as is best illustrated in Figs. 2-4, a
lens barrel supporting plate portion 6a which lies in a
10 plane which is perpendicular to the optical axis of the
lens; and a horizontal supporting plate portion 6b is
provided which extends at right angles from the lens barrel
support plate portion 6a. Support plate portion 6b extends
beyond the side edge of plate 6a, as seen in Fig. 2, in
15 order to support finder assembly 8 and strobe assembly 9.
The base further comprises motor supporting plate portions
6c which are positioned perpendicularly with respect to the
horizontal support plate portion 6b. ILens barrel block 1 is
supported on lens barrel support plate portion 6a, which has
20 a central opening (unreferenced) for receiving the lens
barrel block as illustrated in Fig. 2. A zooming motor 5 is
attached to motor support plate portions 6c and is located
above the central portion of lens barrel block 1.
Preferably, only a single such motor (e.g., a DC motor) is
25 used to drivingly engage all of the movable elements of the
systemn. A distance measuring device includes a light
emitter 3 and a light receiver 4, which are secured to the
horizontal support plate portion 6b of base 6, and which are
located on opposite sides of zooming motor 5 (see Figs. 2
30 and 3). Finder block 2 is secured to the right hand portion
of horizontal support plate portion 6b, as viewed from the
front of the camera as seen in Fig. 2. A gear train support
plate portion 6e is connected to motor support plate portien

6c via spacer 6f, as best illustrated in Fig. 3.
35 Lens barrel block 1 is adapted to be actuated by
zooming motor 5, and the construction of this block will be
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Fig. 14 is a sectional view of an optical arrangenent of a systemfor

adj usting the focal point of the object distance neasuring system when the
camera is in a macro node; Figs. 15A - 17A are vertical sectional views of
a first enmbodi ment of a finder opti.gal systemused in accordance with the
present invention, in which: Fig. 15A is a side plan view of the finder
opti cal adeseaipashdiereinbel de wilshd masren| $peeifl ¢ tafpoanpgesito FEgsThi s

is the reglageneny shapt Qééﬁrlngzﬁﬁéﬁgzﬂfgﬁs mounted to lens barrel

support plate portion 6a of base 6 by fastening screws 10,

as is best illustrated in Fig. 6. Rear securing plate 11

5 includes four guide rods 12 which are attached to and

through bores in the rear portion of 'the guide plate and

which are 1located about the optical axis of +the

photographing optical system and parallel to this axis. A

front securing plate 13 is secured to the front ends of

10 guide rods 12; these guide rods and plates are the main
securing elements for lens barrel block 1.

A rotatable cam ring 14 is positioned between front and

rear securing plates 13 and 11, respectively; a sector gear

15 is provided about a substantial portion (but preferably

15 not the entire 360°) of the outer periphery of cam ring 14;

this gear can be attached to the cam ring by conventional

means, e.g., via set screws 15a, as seen in Fig. 6; this

gear is adapted to engage, either directly or indirectly, a

first pinion 7 (Fig. 1) which is positioned between the gear

20 train support plate 6e and the motor support plate portion

6c, as seen in Figs. 3 and (particularly) Fig. 5. Gear 15

can be a sector gear which will cover a predetermined range

of rotational movement of cam ring 1l4; a turning recess 44a

and cam surface 44 are provided adjacent to each other on

25 (a flat surface portion of) the gear. The cam ring is

itself provided with zooming cam grooves 20 and 21 (see Fig.

7) which are used to engage the front and rear lens element

groups, respectively. _

Fig. 7 is a schematic or developed view of zooming cam

30 grooves 20 and 21 of ring 14. Cam groove 21, used to engage

the rear lens element group, includes an extreme wide angle

fixing section 2l1a, a variable magnification section 21b

inclined upwardly (as seen in Fig. 7) from section 2la, and

an extreme telephoto fixing section 2lc. Cam groove 20,

35 used for the front lens element group, includes a section

20a for opening and closing barrier block 30, a lens
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4 Figt 16A is a plan view of the assenbly of Fig. 15A when the canera is in
a-narrow field, large magnification node; Fig. 17A is a plan view of the
assenbly of Fig. 15A when the canera is in a narrow field, large
magni fi cation position when the camerali®% in its macro node; Figs. 15B, 16B
and 17B, respectively, illustrate the aberrations of the optical systens of
Fi gs. 15AretsAackien pecticypetil very; extysne| Bideopngie SLKing: secdiion
sectional 2vicgwsaofvarsaeand AEkAM FERRtaford EbRdalowPhioedl awstemtkemeed in

telephoto fixing section 20e, a macro transfer section 20f,

and an extreme macro fixing section 20g.

5 When the term macro is used throughout this
specification, it refers to a "close-up" photographing
configuration for the camera. Previously, the term "macro"
has occasionally been used to mean "bigger than life";
however, the term macro has been used throughout this

10 specification as an equivalent term for close-up, and
whenever it is used it should be taken to have such a
meaning unless indicated to the contrary herein.

The total angle 43:1 of the rotational displacement of
cam ring opening and closing section 20a, lens retraction

15 section 20b, and extreme wide angle fixing section 20c of
zooming cam groove 20 is identical to angle & ; of the
extreme wide angle fixing section 2la of zooming cam groove
21. Angle , of the variable magnification, i.e., variable
power, section 204 of zooming cam groove 20 is identical to

20 angle@, of the variable magnification, i.e., variable
power, section 21b of zooming cam groove 21. Further, the
total angle €3:3 of the extreme telephoto fixing section
20e, the macro position fixing section 20g, and the macro
transfer section 20f, is equal to the angle (%] 3 of the

25 extreme telephoto fixing section 2l1c¢. In the illustrated
embodiment, the zooming range is between approximately 35mm
and approximately 70mm.

A roller 17, as illustrated in both Figs. 6 and 8, is
positioned within zooming cam groove 20; this roller is

30 attached to a front lens group frame 1l6. A roller 19 of
rear lens group frame 18 is positioned within zooming cam
groove 21, again as illustrated in Figs., 6 and 8. Front
lens group frame 16 and rear lens group frame 18 are movably
guided by guide rods 12, and a decorative frame 22 and

35 shutter block 23 are secured to the front lens group frame
16 via set screws 22a, as best seen in the exploded view of
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accordance with the present invention in which: Fig. 18Ais a plan view of
the optical systemwhen the canera is in a wide field, small .magnification
node; Fig. 19A is a plan view of the aptical systemwhen the canera is in a
narrow field, large nagnification node; and Fig. 20A is a plan.view of the

optical sysd en@ Whed 48€1Ca8ERA ikhe RrdJdavefdedd, vié&géfnﬁﬂgl figcation
macr o node; 5. 18B, 1 and 20B, respectively, are a
|IIustHﬂ|ngt a§§9%§|iﬁP?quﬂﬂ?f?&k¥ 6ﬁH(§NPH§§§ﬂH¥rﬂ#§14Fnﬁsin
the posi té?&ﬁﬁelﬁf cfsr@sp 1L8Ais18Agaa@ @y draspest ivEbyk E3gvidlhediaoildan
view of 4, cam bl af e; whigh can be attaghed Lo, 2 qortl op ol the (L0dendl ock
5 an arm 24a which engages lens feeding lever 23a of shutter
block 23 (see Fig. 6), so that when lens feeding lever 23a
rotates in a circumferential direction in order to rotate
front lens frame 24, the front lens frame will move along
the direction of the optical axis of the photographing
10 optical system under the guidance of helicoid 25. Rear lens
element group L2 is directly attached to rear lens group
frame 18, as seen in Fig. 6. One desired configuration of
lens groups Ll and L2, as illustrated in Fig. 6, are
disclosed in commonly assigned U.S. Patent Application
15 Serial No. 935,982, filed on November 28, 1986, the
disclosure of which is expressly incorporated by reference
herein.
The structure of shutter block 23 is known per se.
This shutter block rotates lens feeding lever 23a over a
20 predetermined angular displacement in accordance with a
detection signal which is received by the shutter block from
the distance measuring device, as described hereinafter, via
a pulse motor which is incorporated within the camera body
and which is adapfed to open shutter sector 23b, which has
25 been closed for a predetermined time, and to thereafter
return lens feeding lever 23a into its original position
after the shutter has again closed. This type of shutter
block is disclosed, e.g., in unexamined Japanese Published
Patent Application (KOKAI)} No. 60-235,126, dated November
30 21, 1985, the disclosure of which is expressly incorporated
by reference herein. The present camera utilizes such a
shutter block in the fundamental way disclosed therein.
Finder block 2 includes finder assembly 8 and strobe
assembly 9. The finder device and the strobe device are
35 adapted to vary, respectively, the field of finder view and
the illumination angle, i.e., the intensity of the strobe,
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| anp assenbly of the present invention; Fig. 22 is a sectional viewtaken
alsong line XXII-XXI'l of Fig. 21; Fig. 23 is a back plan view of the cam
plate of Fig. 21; Fig. 24 is a plan viewv of the apparatus of Fig. 21 with
the camplate renoved; Fig. 25 is a sectional view taken along |ine XXV- XXV

gf5 Fig. 23, Eic%]pragnic% Qv:ﬁﬁ?%ﬁ’?i‘%n&ge‘i’nt RN f”é@%ﬂ iéggtwlf 0 fdndi 9
. shomﬁpg the finder plate in a first position; Fg. IS a sectiona
vi ew si mi Parred bReckofl.Fi gZoowing satox h% #épMﬁﬁék#ﬁ 3hpeWer source
both for finder control and strobe control; only a single
motor need therefore be used.

5 As seen in Fig. 1, sector gear 15 of cam ring 14 is
engaged by a second pinion 50 which is different from the
first pinion 7 referred to previously. Shaft 51, to which
pinion 50 is attached, extends rearwardly towards the rear
portion of base 6, and is provided with a reduction gear

10 train 52 adjacent a rear end of the shaft. The reduction
gear train includes a final gear 52a which meshes with a
rack 53a of movable cam plate 53, This substantially flat
cam plate 53 is slidable in right and left hand lateral
directions, as viewed in Fig. 1, and includes a downwardly

15 bent portion 53b at its rear end, as best shown in Fig. 1.
Rack 53a is formed on the lower end of bent portion 53b of
cam plate 53. Reduction gear train 52 is adapted to reduce
rotation of gear 15 in order to restrict or 1limit the
lateral movement of cam plate 53. The cam plate is provided

20 with a variable power cam grocove 55 for gulding movement of
finder device 8, a parallax correction cam groove 56, and a
strobe cam groove 57 for guiding movement of strobe device
g.

The lens system used in findexr optical assembly 8

25 essentially comprises a subject lens group L3, an eyepiece
group L4, and a movable variable power lens group L5, and
further comprises a deflection prism Pl which is used when
the camera is placed into the macro or close-up mode.

Variable power lens group L5 makes the image picture

30 size, which is adapted to vary in accordance with the
variable power operation of 1lens barrel block 1, be
coincident with the field of view in finder device 8.
Deflection prism Pl will enter the optical path of the
finder lens system only in the macro mode, in oxrder to

35 adjust parallax which otherwise occurs in such mode.
Specifically, parallax which inevitably occurs when using

T




Date: 2 7 SEP 1996 .5 but illustrating the finder plate in a second,
operational position; Fig. 28 is a sectional viewsimlar to the view of
Fig. 26, in which a deflecting prismactuating plate has been renoved to
facilitate consideration; Fig. 29 is alBront el evational view of the

appar ot us, of e S00uR. U LROSHLONY Gl a8 ookh e R

whose picture is being taken approaches the camera; and,
accordingly, a large parallax would normally result in the
macro mode. In order to solve this problem and reduce the
5 large parallax which otherwise occurs in the macro mode,
deflection prism Pl is provided in the form of a wedge with
a thicker lower end and a thinner upper end. Deflection
prism Pl, when located along the optical axis of the finder
optical system, serves to deflect rays downwardly in order
10 to take a picture of a subject which is located extremely
close to the camera. Fig. 28 illustrates the optical path
of light rays when the deflection prism Pl is located along
the optical axis of the camera. As described hereinafter,
the wedge prism which is used is preferably selected to be a
15 double wedge prism, which wvaries in width in both the
vertical and in the horizontal directions, as clearly
illustrated in Pigures 53A, B and C. The use of such a
prism bends the light rays downwardly and rightwardly, to
move them into substantial alignment with the photographic
20 optical axis.

Strobe assembly 9 restricts or limits the illumination
angle when the focal length of the photographing lens is
large, namely, as the zoom lens is fed forwardly; and the
strobe assembly 9 is moved to increase the illumination

25 angle in the macro mode, in order to decrease the amount of
light which reaches the subject. In the embodiment
ililustrated, strobe device 9 includes a fixed Fresnel Lens
1.6, a movable concave reflector 59, and a xXenon lamp 58
which can be moved along the direction of the optical axis

30 of the strobe. Alternately, a simple strobe could be used
in which the illumination angle would be fixed. Although
such a strobe arrangement is possible, it is preferable to
move the lamp in the optical axis direction in accordance
with movement of the zoom lens in order to optimize the

35 quantity of light given to a subject during photography,
dependent upon the position occupied by the photographing
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Fig. 30 is a sectional view taken along Iine XXX-XXX of Fig. 29; Figs. 31
and 32 are sectional views of a first enbodi nent of an optical barrier
mechani sm as viewed al ong a plane which is perpendicular to an opti cal
axis, when in its open position with thé central |ens frane opening being
open; Fig. 32 is a sectignal viewsinmlar to that of Fig. 31 but
|IIustratPH§1?ﬁé spetem ipathieezafmA@NSm when it is in its closed
posi tion; gl §is83nke MehatilioRAIDt/ iR Ofi fe SeoRMGENPOdERNt a8 @AM Cal
barrier nechanism f red 1 n accordance W th the present I nvention, the view
bei ng sinﬂﬂéﬁﬁﬁgﬂﬁﬁgégéf t he

Before looking in a detailed fashion at the distance

5 measuring device of the present invention and its
relationship to the macro function of the camera, the
relationship between the distance of a subject from the two
lens group zoom lens and the displacement or forward feed of
the zoom lens will be now be discussed.

10 Fig. 12 illustrates a relatively simple construction
for a two lens group zoom lens., In such a construction, the
distance of the subject and the displacement of the zoom
lens have a relationship as follows:

U=fl (2+X/f1+£f1/X) + BH + A ...(1), wherein:

15 U equals the distance of a subject from the film plane;

f1 eguals the focal length of the first lens group:

X equals the displacement of the zoom lens;

HH equals the principal point distance; and

A\ equals the distance between the focal point of the first

20 lens group and the focal point of the two iens group zoom
lens. '

From equation (1) it can be calculated that:
X=(-2f1-HH-delta+U- \ (2f1+HH+delta-U)2-4£1°%}/2
ess(2)

25 Fig. 13 illustrates the relationship between the
distance U of a subject and the positional deviation (t) on
a position detection element 4a, which forms a portion of
the distance measuring device which detects the distance of
a subject from the film plane based upon the principle of

30 triangulation.

The triangulation distance measuring device includes a
light emitter 3 having a light source 3a and a 1light
emitting lens 3b; and a light receiver 4 having a light
receiving lens 4b and a position detection element 4a, e.g.,

35 a photo sensitive detector (hereinafter PSD). The rays of
light emitted from light source 3a are reflected by the
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first enbodi ment of the optical barrier nmechanismillustrated in Fig. 31;
Fi.g. 3 4 is a sectional view of the optical barrier nmechanismof Fig. 33 in
its closed position, simlar to the view of the enbodi nent of Fig. 32; Fig.
35 is an expl oded perspective view of &5light intercepting nmechanism
positioned adjacent to a lens barrel block; Fig. 36 is a perspective view
of a |iglupjder ceahdnghd NUighty.re¥fiésSted SehbirefalonVi By rekivwdomgy! i ne

XV 1= X001, OF ddiieBig "hdhsdl b3 Tno88hb2"8h YU &SP ance

of the subject from the film plane F. Namely, the deviation

(t) of the image on position detection sensor 4a, from a

5 reference point represented by the position of an image of a

subject at an infinite distance, relative to distance U of

the subject from film plane £, is given by the following
equation:

t=Lx£f/(U-£-d) ...(3), in which:

10 L represents the base length of the distance measuring
device; .
f represents the focal length of the light receiving lens;
and
d represents the distance between film plane F and the focal
15 plane of the light receiving lens.

The deviation (t) can be detected by the electric
current, i.e., output, of position detecting sensor 4a in
.accordance with the quantity of light received by position
detecting sensor 4a, in a well known fashion. The

20 photographing optical system of the camera is adjusted to
form an image on a focal point of the image plane in
accordance with the output signal, i.e., electric current,
of position detecting sensor 4a, based upon equations (2)
and (3), so that automatic focusing can be effected. The

25 actuating or driving mechanism of the photographic optical
system is noted above.

It is necessary to shift the range of measurement of
the subject distance by the distance measuring device
towards a close subject distance side in order to achieve

30 the macro function of the camera. In the macro mode, the
photographing optical system is either partially or entirely
displaced, from a standard picture taking position, towards
the subject to be taken, as is well known.

In the embodiment of Fig. 12, the first lens group of

35 the photographing lens is moved forward, towards the subject
over a predetermined displacement, in the wmacro mode,
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light intercepting ring fornmed in accordance with the present invention
which is simlar to the view of Fig. 37; This is the replacenent sheet
Date: 2 7 SEP 1996 6 Fig. 39 is an expl oded perspective view of one
enbodi nent of a guiding device for a flexible printed circuit board (i.e.,
an FPC) with the camring being partiallley cut away; Fig. 40 is a

per spect indepetidedft Iyheo FPCab@darse gothde the displacement effected by

the automatic focusing device during normal photography.
Fig. 14 represents one mechanism for shifting the range
of measurement of the subject distance in the macro mode in
5 accordance with the present invention. In Fig. 14, a
relatively conventional prism P having an apex angle of d is
inserted in front of light receiving lens 4b in order to
shift the range of measurement of the subject distance
towards the subject whose photograph is being taken. In
10 other words, the zoom lens camera system uses a pivotable
prism or wedge which is adapted to be positioned in front of
light receiver 4.
Assuming, e.g., that the apex angle and the refractive
index of prism P ared and n, respectively, the Qdeviation t;
15 of the image on position detecting sensor 4a, with respect
to the subject distance Ul, can be obtained as follows:
firstly, the incident angle alpha of the rays of 1light on
the plane of prism P adjacent to the subject is determined
by the following eguation:

20 alpha=tan™} (L/(Ul-f-d)} +
Refraction angle beta of the rays of light which are
incident upon prism P having an apex angle at the
incident angle alpha 1is determined by the following
equation:
25 beta=alpha- J‘+sin"l [n sin {J - sin

(alpha/n)}3}, and, therefore Yzox —d& —F .
Accordingly, deviation tl1 of the image on position
detecting sensor 4a will be determined by t;=f x tand .
Subject distance Umfl, which is obtained when 1light
30 which is coincident with the optical axis of light receiving
lens 4b intersects the optical axis of light emitting lens
3b is determined as follows, provided that the thickness of
prism P is negligible:
Umfl=L/tan {sin"t (n sin & ) -=f+£+d.
35 In one example, the present Applicants calculated the
values of U, Ul, t, tl, and t-tl, in a camera in which the

This Sheet Has Been Reﬂlaced

AR




menber of Fig. 39; Fig. 41 is a sectional view of a mechanical arrangenent
of -an FPC board guide plate with respect to the space defined between the
camring and a front lens group frame; Fig. 42 is a side elevational view
of an FPC board which is illustrated i fxtension (in dashed lines) and in
a deformed position (in solid lines), réespectively; Fig. 43 is a side

el evati onghotbgwaphikg id¥iddt €£¢ERERNG NAMMRA'SLUYD 28RHSCILRIRN ybdm an
FPC board'p Figg 4% is?gcggaelopedyor schemati c vi codg%E*g?e, Wt h

i ew of, a
the | ens bfDSe ¥BBE It efdnd HrBovesht tfﬁ’é’ar}aniﬁé‘ﬁﬁd’ i PRkt @t €d 7 a
fl attenedgeap i nggubllust pat. eigmine Runctioeal , tRkeatp PHFE Pphat Weeint

conductivgiggggge?nééﬁals 7.02mm; delta, i.e., the distance between
5 the focal point of the first lens group and the focal point
of the zoom lens, equals 30.04mm;

d, i.e., the distance between the film plane and the focal

plane of the light receiving lens, equals 6.292mm; the

displacement of the first group at the macro setting equals

10 0.5502mm.; L, i.e., the base length of the distance

measuring device, equals 30mm; £, i.e., the focal length of

the light receiving lens, equals 20mm.; cf‘, i.e., the apex

angle of the prism P, equals 2.826°; n, i.e., the refractive

index of prism P, equals 1.483; the distance range which can

15 be measured equals 0.973m~ infinity; and the number of steps

of forward feeding movement of the zoom lens is 18, so that

the range of 0.973m ~ ém is divided into 17 forward feeding

motion steps of the zoom lens. The results of these

calculations are illustrated in Table 1 hereinbelow. In

20 these calculations, the distance range of 0.973m~ 6m is
shifted towards the range of 0.580m~ 1.020m.

In Table 1 hereinafter, step 17-18 represents a
shifting point at which the 17th step changes to the 18th
step; similarly, the step 0-1 represents a point of transfer

25 Dbetween 0 and the first step.
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code plate and the cam (ring and plate) grooves; Fig. 45 is a table

I Ilustrating the zoom code on the code,glate of Fig. 44 and the stopping
positions which are |ocated on the codé€ plate; Fig. 46 is a front

el evational view of the operational TABLEcRes of a camera forned in

accordance Wgdkfeows %ﬁnimaﬁgnbuoman@sxﬁoNs pETIReknel emNdoral view
of the canera of the present_invention \W&ﬁa zoom ng | ens

operation swtch thereor®T PEFFEBENT §UPBHCEIQES E¥ the canera of Figs.
46 and 4&7HEP INGITaty nmddltlgng I(mpper ati(ampal sw Hjif_’( i) Fi g. tfl—gtl mA)
bo"

schematlc s_,ecté 1 onal é/l eg\blllus& 92 4 1004 0.1274 0. 0270
17 5.154 0.996 0.1170 0.1423 0.0253
16 4.027 0.951 0.1500 0.1719 0.0219
15 3.310 0.911 0.1827 0.2013 0.0186
14 2.814 0.875 0.2153 0.2305 0.0153
10 13 2.450 0.841 0.2476 0.2595 0.0120
12 2.172 0.810 0.2797 0.2884 0.0087
11 1.952 0.782 0.3115 0.3170 0.0055
10 1.775 0.756 0.3432 0.3455 0.0023
9 1.628 0.732 0.3747 0.3738 -0.0009
15 8 1.504 0.709 0.4059 0.4018 -0.0041
7 1.389 0.688 0.4369 0.4298 -0.0072
6 1.308 0.668 0.4678 0.4575 -0.0103
5 1.230 0.650 0.4984 0.4850 -0.0134
4 1.161 0.633 _ 0.5288 0.5124 -0.0165
20 3 1.100 0.616 0.5591  0.5396 -0.0195
2 1.045 0.601 0.5891 0.5666 -0.,0225
1 0.996 0.587 0.6189 0.5934 -0.0255
0-1 0.973 0.580 0.6338 0.6068 =0.0270
U qg1=1.283m
25 As can be seen from Table 1, an image deviation of

0.027mm occurs at the position detecting sensor 4a at the
two extremities of the range of measurement of the subject
distance which can be measured, as a result of compensation
by prism P. Such a deviation corresponds substantially to
30 about 1 step, in the sense of the number of feeding steps of
the zoom lens. Accordingly, it is not possible to move the
photographic lens into a correct focal point by directly
controlling displacement of the photographing optical system
in response to the output of position detecting sensor 4a,

35 +thus resulting in an "out of focus" situation.
In other words, it is impossible to completely
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node changing switch fornmed in accordance with the present invention in a
first, inoperative position; Fig. 50 ii a sectional view of a node changi ng
switch and a macro button i1{ustrated A a second operatlonal osition;
This is t¢eupepsatemdimr dreiathon: in the Shregescby Us imiqy. omlly | prasn

schemti cpVi g9heb #Relhla®idNa s VEndBLEPHE! Qovideidnolta, W ke 0inkge eamera
of the msgggklon detecting sensor 4a with respect to subject
distance Ul cannot be varied by prism P. The prism begins
5 to compensate for the image deviation; but cannot alone do
so.

In view of such results, the present inventors have
found that complete compensation of such deviation can be
achieved if the rate of deviation tl1 1is adjusted by

10 multiplying this rate by 1.1130 (calculated by dividing
0.5334 by 0.4794), which equals the change in t from step 0-
1 to step 17-18 divided by the change in tl1 between step 0-1
and step 17-18, since decreases in the deviations t and tl
between steps 17-18 and 0~1 are 0.5334mm and 0.4794mnm,

15 respectively. To this end, in the present invention, a
macro mode compensating optical element is adapted to be
selectively moved in front of the distance measuring optical
system only when the camera is placed in the macro mode, in
order to optically extend the base length between the light

20 emitter and the light receiver of the distance measuring

- optical system, and in order to intersect the optical axis
of the light emitter and the optical axis of the light
receiver with a finite distance. Further, in this
embodiment, an actuating mechanism is provided for moving

25 the macro compensating optical element in front of the light
receiver in coordination with transfer or movement of the
photographing optical system, i.e., the zoom lens, from the
normal photographic mode to the macro mode, as discussed in
detail hereinafter.

30 Figure 9 illustrates an optical arrangement of the
distance measuring device when in the macro mode, in the
automatic focus camera of the present invention. In this
figure, macro compensating element 4e comprises a prism 4c
and a mask or frame 4d, rather than only the optical wedge

35 of Fig. 14. Element 4e is moved in front of light receiving
lens 4b of the distance measuring device when the camera is
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invention; Fig. 52 is a front plan view of a finder optical systemlens
having a plurality of bright frames thereon; Fig. 53A is a perspective view
of a doubl e-wedge shaped prismused in the present finder optical system
Fig. 53Bis a top plan view of the pri of Fig. 53A; and Fig. 53Cis a

ri ght hand side plan view of the prismof Fig. 53A. BEST MODE FOR CARRYI NG

orcat or AR aHhe MAFQpBERHANS of orlahcEbo AR Sk cORE R FRE B ARS8 Sani ch

i | | ustratelemerslt | £6yisf retadit@ntsvandfrom the optical axis of light
receiving lens 4b.

Prior to discussing the mechanical structure which is

5 adapted to actuate the compensation element 4e, the actual

construction of the macro compensating element 4e and the

reasons why measurement accuracy can be improved or

increased in the macro mode will be described in detail.

The element includes a prism 4c which is adapted to

10 optically extend the base length of the distance measuring

device and to refract rays of light which enter the prism.

Figure 10 illustrates in detail prism 4c, mask 4d, and

light receiving lens 4b. Figure 11 is a front elevational

view of Figure 10; and both of these figures illustrate how

15 mask or frame 4d is capable of intercepting rays of light

out of the path of light approaching the prism. Mask 44

includes a front opening 4f which is shown in the form of a

generally rectangular, elongated slot, on the (front) side

of the frame located most closely adjacent to the subject

20 being photographed, and a rear opening 4g (see Fig. 10} on

the side of the frame or mask most closely adjacent to light

receiving lens 4b. Opening 4f is in the form of a slit

spaced from optical axis O of light receiving lens 4b by a

distance (1) which is measured on the opposite side of the

25 optical axis from light emitting lens 3b. Rear opening 4g

is also in the form of a elongated slit, which is

substantially located along the optical axis 0 of 1light
receiving lens 4b.

When prism 4c, together with mask 4d, move in front of

30 1light receiving lens 4b, i.e., when the camera is in the

macro mode, a first lens group of the photographic lens is

fed forwardly by a constant displacement, independently of

the displacement of the lens which is fed forwardly during

the normal photographic mode by the automatic focusing

35 device. As best seen in Figs. 9 and 10, when prism 4c is

located in front of light receiving lens 4b, the range of
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features of the present invention. The description wll be generally
provided in accordance with the follow ng general sub headings: A The
Overal |l Canmera Construction for a Lens Shutter Type of Camera B. D stance
Measuring Device, i.e., Range Finder, add Canera Macro Functioni ng Ther eof
C. Finder Optical SystemD. Finder and Strobe Driving Mechani sns E.

Barrier, ipghsutdientads $RENaDEEANEe biEJRhel BUDIERIY icih ASS el ytaadto
Nbchanlsnl FPC Board Guide and Anti-Reflection Nbchan£5n1H Nbchan£5n1

fm*[kted:@@ MK PrafiAsHe ROZAGPg t oPEHS™M 4c serves to move ligh

incident thereon in a parallel fashion, over a displacement
(1) in the direction of the base length, so that base length
5 L can be optically extended to equal the distance (L+1l).

Assuming that the angle and the refractive index of

prism 4c are § 1» and n, respectively, and that the parallel

~displacement of light by prism 4c is represented by the

distance (1), deviation t2 of the image on position

10 detecting element 4a, as viewed with respect to the subject
distance U2, can be obtained as hereinafter detailed.

The incident angle of light on the plane of prism 4c
which is adjacent to the subject is provided by the
following equation:

15 alpha;=tan™! {((I+1)/(U2-£-d)} + & ;.

This equation indicates that the base length of the
triangulation distance measuring device is extended from L
to (L+1l) by the insertion of prism 4c in front of the light
receiving lens 4b. The refraction angle beta,; of 1light

20 which is incident upon a prism having an angle  ,, which
light is incident upon the prism at an incident angle of
alpha;, is calculated in accordance with the following
equation:

beta; = alpha,- o 1+sin ~-linsin { o 1-sin

25 (alpha,/n)}1, and, therefore: ' , = alpha; - ~; - beta,.

Accordingly, deviation t2 of the image on position
detecting sensor 4a is equal to £ x tan & ;, i.e., t2 = F x
tan ZY 1°

The subject distance Umf2 which is obtained when light

30 coincident with the optical axis of light receiving lens 4b
intersects the optical axis of light emitting lens 3b is
yielded by using the following equation, provided that the
thickness of prism 4c is negligible:

Umf2=(L+1)/tan {sin’l(n x sin CS'l) - é;l} +£+d.

35 Table 2 hereinafter illustrates the results of the
calculations in which the distance measuring device of Figs.

mi]ﬁiiﬁliﬁlfﬁﬁlllﬁhced




Position of the Zoom Lens A Overall Canera Construction for a Lens Shutter
Type of Canmera The overall construction of a |lens shutter type of canera
formed in accordance with the present invention is well illustrated in
Figs. 1-8. A follow ng enbodi nent of 2@ camera conprises a zoom | ens
barrel block 1, a finder This is the replacenment sheet Date: 2 7 SEP 1996

8 10 and 11 has been applied to a photographing lens
satisfying the same basic criteria as those mentioned with
respect to the embodiment of Figure 14, i.e., namely that:

(a} The photographic lens is a 2~group

lens;
(b)fl, i.e., the focal length of the
10 first group, equals 24.68 mm;

(c) HH, i.e., the principal point

distance, equals 7.02mm;

(d) delta, i.e., the distance between the

focal length of the first lens group and
15 the focal length of the zoom lens, equals

380.04 mm;

(e) d, i.e., the distance between the

film plane and the focal plane of the

light receiving lens, equals 6.292mm;

20 (£f) the displacement of the first lens
group in the macro setting equals
0.5502mnm;

(g) L, i.e., the base length of the

distance measuring device, equals 30mm;
25 (h) £, i.e., the focal length of the

light receiving lens, eguals 20mm:

(i1y § 1+ i.e., the angle of prism 4c,

equals 3.39°;

(j) n, i.e., the refraction index of the
30 prism, equals 1.483;

(k} (1), i.e., the distance representing

the parallel displacement of the rays of

light, egquals 3.39%9mm;

{1) the range of measurement of the
35 distance of the subject which can be

measured equals 0.973m~ infinity;

(m) the number of steps of forward

feeding movement of the zoom lens is 18;

"‘“"ﬁiiii‘ﬂ‘l’i‘iiiﬁiﬂ"xi‘mn



.ndstrobe block 2 (hereinafter referred to as a finder )lock), a |ight
emtter 3 and a light receiver 4 formng a )ortion of a distance neasuri ng,
i.e., AF, device, and a ;conmng notor 5 which is used for the zoom ng
operation of :he photographing optical_system Al of these elenents are
secured to a base 6 which forns an i M@vabl e portion of the camera body.
Base 6 includes, as is hest illustrated =i g 1888 barrel
supporting plate péPti dPsaTftén ?feg P?gglz[ e?lp %vsvlé}n %%vl s perpendicul ar to
the optical axis ofntbei7e’tepmrd andhori zont al supportl ng plate portion 6b
i's provided which 28; B:S’ts gqg%(%{g%{ Ebei—a‘hf;‘émdﬁWGOIE‘Mmbasmel support

p

pl at & portion 6a. I on 6b éxtends _
is shifted into the range of 0.580m

1,020m.
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beyond the side edge of plate 6a, as seen in Fig. 2, in order to support
fi nder assenbly 8 and strobe assenbly 9. rhe base further conprises notor
supporting plate portions 6c which are:ﬁ%5|t|oned perpendicularly with
respect to the horizontal support plarRBDErRi on 6b. Lens barrel block 1 is

suppor e or BRATRAN e HPRGEL BLeLEDBLLHATOR DRI AR UFL
in Fig. 2. ADIGUWRRANTAWRIBCT sDASTANAEE WETHOTHE YAGRE (CQMRENSABIONONS 6C

and is |ocated above the gek ﬁ% 8P +reires bengobgmﬁgljplock 1.
Preferably, only a single su not or %e g., a notor) 1s used to

drivingﬁy engage all of the novable elenents of the system A di st ance
measuring gewrcad.ncl udegmp |ighg . (m) £ (mm) . £, (mm) to-t (mm)

17-18 6.000 1.020 0.1004 - 0.1005 0.0001
17 5.154 0.996 0.1170 0.1171 0.0001
16 4.027 0.951 0.1500 0.1500 0
10 15 3.310 0.911 0.1827 0.1827 0
14 2.814 0.875 0.2153 0.2152 -0.0001
13 2.450 0.841 0.2476 0.2475 =0.0001
12 2.172 0.810 0.2797 0.2796 ~0.0001
11 1.952 0.782 0.3115 0.3115 0
15 10 1.775 0.756 0.3432 0.3432 0
9 1.628 0.732 0.3747 0.3746 =-0.0001
8 1.504 0.709 0.4058 0.4059 0
7 1.399 0.688 0.4369 0.4369 0
6 1.309 0.668 0.4678 0.4677 -0.0001
20 5 1.230 0.650 0.4984 0.4984 0
4 1.161 0.633 0.5288 0.5288 0
3 1.100 0.616 0.5591 0.5591 0
2 1.045 0.601 0.5891 0.5891 0
1 0.996 0.587 0.6189 0.6190 0.6001
25 0-1 0.973 0.580 0.6338 0.6338 o

U peo=1.283m

It should be clearly understood from Table 2 that the
deviation of the images on the position detecting sensor 4a

30 at different steps between the normal photographic mode and
the macro mode will therefore be within +/-~ 0.000lmm. This

is represented by the value t,-t in the last column on page

2. Accordingly, it is possible to almost completely form
images at the focal point by adjusting the photographic

35 optical system in accordance with the output of the position
detecting sensor 4a. Table 2 illustrates that prism 4c can
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enitter 3 and a |l ight receiver 4, which are secured to the horizontal
support plate portion 6b of base 6, angswhich are |ocated on opposite sides

of zoom ng notor 5 (see Flg 2 and 3). Finder block 2 is secured to the

ri ght harmepbpbealdy extend; dvaseppengtpl, aﬁ@lsbr tisornemprably v3 emsd ihr om

the front, ofotR&1 C@(@{E{t@ﬁ%@r@f%ﬂeﬂ@lmae jg9eehd hldrs URRL t B! 8hat

pOI’tIOI”I 66 IS conn

ort prate portion 6¢_via, spacer 6f
best il ukEr #idd ipeFlgll3, ‘Eé’ﬁgsbérhf%l ngrag quse ad&PIEY 1t oL - acthist ed

as

by zoomi nga @t QénéthaMJLtlh%é:omtwﬁﬁl fRefl thidl Tatledek 8 | {inbetdhinicks the
replaggnent sheet "Date: 2 7 SEP 1996

10

15

20

25

30

35

mode; as a result, displacement of position detecting sensor
4a can be increased by a factor of 1.113.

In operation, it is possible to automatically focus the
camera within any zooming range, including the macro setting
of the camera, by actuating previously discussed shutter
unit 23 in accordance with the output signals, i.e., the
measurement data, which are sent by position detecting
sensor 4a. Specifically, when driving pulses are applied to
the pulse motor of shutter unit 23 in accordance with the
measurement data which has been received from detecting
sensor 4a, a lens actuating or feeding lever 23a, as seen in
Fig. 8, rotates over an angle corresponding to the driving
pulses which it has received in order to rotate front lens
frame 24 together with it. As a result of this rotation of
front lens frame 24, the front lens element group Ll is
moved along the direction of the photographing optical axis,
via the action of helicoid 25, in order that focusing of the
photographic lens assembly will be automatically effected.

Lens barrel block 1 rotates cam ring 14 when =zooming
motor 5 is driven. Rotation of cam ring 14 causes roller 17
of front frame 16 to engage the extreme macro position
fixing section 20g of cam groove 20, i.e., roller moves into
section 20g from macro transfer section 20f of cam ring 14,
so that front lens element group Ll will be fed further
forwardly to move into position for macro mode operation of
the camera.

As clearly seen in Figs. 1 and 2, macro compensating
element 4e is secured to a free end of a flexible
compensation or correcting flag 42, which is pivoted at its
base end to camera base plate 6 via a shaft 41 located below
light receiver 4. Flag 42 is normally retained in a

substantially straight position when no external force is

il




.9 described hereinbelow with nore specific reference to Figs. 6-10. A
rear securing plate 11 is nounted to |l ens barrel support plate portion 6a
of base 6 by fastening screws 10, as is best illustrated in Fig. 6. Rear
securing plate 11 includes four guide rags 12 which are attached to and

t hrough bores in the rear portion of the guide plate and which are

| ocat ed ag%ﬂliéd*%o Ofé Cﬁiag?xhﬁd 95 hBetRRANAY HUHIYhD WHH Py S L HN

and paral | to this axis. (A'front securing platé 13 is_secured to the

front endsedtejiade £8gse1oistpppdigd dkor Rt gt at ALSP eatfached, to

shaft 41, and having a pointed surface directed away from

the flag, is a projection 43, which can either be formed

5 integrally with the flag and attached to shaft 41, or which
can be formed separately from the flat and attached to shaft

41 at a central bore of the projection. The macro
compensating element 4e is continuously and rotatably biased
into a retracted position in which it is retracted away from

10 the optical axis of light receiver 4 by a tension spring 4s,
as illustrated in Fig. 2. As seen in Fig. 2 and (better) in
Fig. 1, cam ring 14 includes a projection 44 on sector gear

15 (or on the cam ring) which engages flag projection 43 in
order to move macro compensating optical element 4e into the

15 optical axis of the distance measuring device and in front
of light receiver 4 whenever the cam ring 14 rotates to the
macro setting position. As shown in Fig. 1, a substantially
semi-cylindrical recess (or other recess configuration) 44a

is provided on the gear 15 adjacent to the camming surface

20 or projection 44. This recess is provided to facilitate the
pivoting or rotating motion of flag projection 43 as the cam
ring rotates. In other words, recess 44a is necessary to
facilitate turning movement of the projection and hence
pivoting or rotating motion of optical element 4e into the

25 position illustrated in dotted lines in Fig. 2, in front of
light receiver 4. Alternately, ring 14 or gear 15 can be
formed with a smaller diameter in order to provide
sufficient pivoting room for projection 43. Camming
projection 44, which effects, via its engagement with

30 projection 43, rotational or advancing motion of macro
compensating optical element 4e, is positioned and
configured so that the optical element will be rotated
slightly past the position in which the element would be
aligned with the optical axis of light receiver 4. However,

35 the flat end of the element 4e which most closely approaches
support plate 6e which is integrally attached to base 6, is
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securing elenments for lens barrel block 1. A rotatable camring 34 is
positi oned between front and rear securing plates 13 and 11, respectively;
a sector gear 15 is provided about a substantial portion (but preferably
not the entire 3600) of the outer periplyery of camring 14; this gear can
be attached to the camring by conventional nmeans, e.g., via set screws

15a, as sggAptRdritd &5 | af o t 0 o dige or
i ndirectly, laD fjrst [‘)a?,r%a?ng ?t%%l {ff%ﬁg\/\ﬁl&cﬁg?% Sggiq?i&%ng e?&ger?e’[ Fl(tealséear

train supp6ER ptat EiGe Al MHE ndt Shosppbeopbdng pBrb 6% &uthensdsn in
Figs. 3 asHogpariti ceben! F)i.g@.]g-l 5an<ti_G§Qr| %@@dbﬁgﬁ}l?ﬁ@%@?i %-%?Z:‘_M@Jrfall Wil
fﬁYﬁ{ng P%gggégaggn% ement 4e &ﬁ&éﬁlfgaéfggggggngyppro%ectiog 44’3311
5 be absorbed both by the flexible flag 42, which is formed
from a resilient plastic, rubber, or other resilient
material and/or the provision of nub 4g, which will serve to
engage the side edge of plate 6e.
Thus, when cam ring 14 moves into the macro setting
10 position, the macro compensating optical element 4e can
automatically be brought into alignment with the optical
axis of the light receiver, into a position in front of the
light receiver, in order to optically extend the base length
between the light emitter 3 and the light receiver 4.
15 C. Finder optical System
The finder optical system 1s best illustrated in
Figures 1 and 15-20.
The finder optical system is designed not only to vary

magnification between a wide field of view with a small

20 magnification, and a narrow field of view with a large
magnification, in accordance with the zooming operation of
the photographing lens system, but also to provide a field
of view having less parallax when the camera is used in its
macro mode.

25 One significant feature of the present invention is
that the finder optical system is capable of automatically
moving in association with both zooming of the photographic
lens and movement of the photographic lens into a macro
setting in order to satisfy all of the requirements of a

30 finder system as set forth immediately above. While
conventional finders appear to provide a plurality of bright
frames with different sizes in the field of view of the
finder, this is not a satisfactory solution to the problems
noted above, e.g., the use of such frames alone will not

35 minimize parallax in a macro operational mode such as that
used in the present camera.
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and cam surface 44 are provided adjacent to each other on (a flat surface
portion of) the gear. The camring is itself provided with zoom ng cam
grooves 20 and 21 (see Fig. 7) which are used to engage the front and rear
I ens el ement groups, respectively. Fig. 28 is a schematic or devel oped view
of zoom ng cam grooves 20 and 21 of ring 14. Cam groove 21, used to engage

the rear |ens ehgaBRt HidH Peirbumddasciy eXAhAME M Q@céﬁlﬂ'a@xcfé Xxbﬂghs%fe' on
2la, a variable na nification section 21b i,ncl.i ned upward égéas seen in

Fig. 7) frioResetti dRvenkiong anfinepEnePtdraghfsy ¥9%i+g BEeYigRd2 4 2
Cam groovel@fls Usiedtter tbgple 0blf | eamnetizenhal igipup, zaelnudm&n& Ssehtiicon

20a for openingd, a0fh ¢ Q3R RS & PhoEsvdY Bidiled calilean finder.

5 In other words, the finder optical system of the present

invention includes a first lens group having a negative

refracting power which comprises a positive lens in the form

of a fixed lens L3 and a movable negative lens in the form

of a variable power lens L5, a second lens group having a

10 negative lens L4-1 which is one lens in a fixed eyepiece

group L4, and a third lens group having a positive

refracting power lens L4-2 which defines a second lens in

the fixed eyepiece lens group L4. A prism Pl is adapted to

be selectively moved between the positive lens L3 and the

15 negative lens L5 of the first lens group in order to refract

rays of light towards the optical axis. The negative lens

L5 of the first group can be displaced from a position

adjacent to the subject towards a position which is adjacent

to a photographer's eye in order to vary the magnification

20 from a wide field of view having a small magnification to a

.narrow field of wview having a large magnification. Prism

Py, selectively brought into alignment with the optical axis

of the finder optical system, serves to decrease the

parallax when the photographic optical system is in the

25 macro setting and when the negative lens L5 of the first

group moves closest to the eye of the photographer along the
optical axis.

The bright frames which are illustrated in dashed lines

in Fig. 52 define the photographing ranges and are applied

30 to the face of the lens of the third group which is closest

to the subject, i.e., on the left hand face A of stationary

eyepiece lens L4-2 in Figs. 15A, 16A, 17A, 18A, 19A and 20A,

respectively. These yellow frames, which are placed on lens

surface A comprise a central autofocus spot (to be

35 positioned on the main portion of a photographic subject), a

large picture area frame (for ordinary photography using the
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27SEP 1996 10 retraction section 20b, an extrene w de angle fixing
seetion 20c, a variable magnification section 20d, an extrene tel ephoto
fixing section 20e, a macro transfer section 20f, and an extreme nacro
fixing section 20g. Wien the term macrosys used throughout this
specification, it refers to a "close-up” photographing configuration for

the canera. Previously, the term"pgacro" has occasionajlg'be%n used to(yean
"biggertrﬁﬁpmiﬂéms)' and a smaller parallax correctlion frame (use

since the picture area will slightly narrow in the macro
mode). Further, face B of the second lens group L4-1 which
is most closely adjacent to the eye of a photographer, is
5 formed from a semi-transparent material, so that a wvirtual
image of the bright frames which are formed by the semi-~
transparent face can be enlarged and viewed through the
positive lens of the third lens group L4-2.
The yellow bright frames are positioned on the front

10 surface of the fixed eye piece lens L4-2 by, e.qg.,
sputtering; and the rear surface of the eyepiece lens
element IL4-1, i.e., surface B or r6, can be in the form of a
semi-transmissive, semi-reflective concave mirror. Light
rays emitted from (i.e., reflected by) the bright frames are

15 reflected rearwardly by concave surface R6 and are focused
on the viewers eye. The eye recognizes enlarged false
images of the frames in a position in the far foreground,
which images are formed via the optical effect of lenses L4-
1 and L4-2.

20 The negative lens L5 of the first group is movable, as
noted above, so that it will move from a position which it
is located adjacent to the subject into a position in which
it is more closely adjacent to the eye of a photographer, in
order to increase the focal length of the photographic

25 optical system during the normal zooming operation, so that
magnification can be varied from a wide field of view having
a small magnification to a narrow field of view having a
large magnification. When a picture is taken in the macro
(beyond telephoto) mode with a narrow field of view and

30 large magnification, a prism is inserted between the movable
lens L5 and stationary lens L3 in order to decrease
parallax, so that 1light will be refracted towards the
location of the axis of the photographic optical system.

Enough room is provided for the prism to pivot upwardly

35 for macro focusing, i.e., thereby creating a need to move

the lens L5 a relatively large distance, as shown in Figs.
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however, the term macro has been used throughout this specification as an
equi valent termfor close-up, and whenever it is used it should be taken to
have such a nmeaning unless indicated to the contrary herein. The total
angle [err] of the rotational displacen8fit of camring opening and cl osing
section 20a, lens retraction section 20b, and extreme w de angle fixing

section 20ggaf Z‘PPK” nQﬁ@”&ﬂHOOZ/@AZO 'nS bH8BY a2 Hasuet ethel idr PEnl 18
extrene w de an e f |X|ng section zoon1ng cam groove 21." [err] of

t he varlabFEeﬁﬁgﬁl%PcétP yotabde QEMﬁQﬁﬂF? asBiePron 20d of zooming
cam groove 20 ieni davhntabe! o1 amd s@fsﬁéﬁ: ilélrﬁ@é)telﬁﬁﬁlﬁbfa dira®ds lorfly

variable pomrhgigc%o%r]in%;lt)l.gzgs zggm gt rh%%vezczclmlng a piuratll%y of
5 1lenses or the entire finder opt1ca1 lens system and having
to thereafter compensaﬁe for such zooming movement of all of
the lenses. This serves to simplify the zooming cam plate
structure, as movement of only a single lens will suffice to

change the magnification of finder image.

10 The fixed viewing frames, as shown in Fig. 52, are
provided in order to avoid having to make a viewing
adjustment. The two rear eyepiece lens groups L4-1 and L4-2
which include the frames are fixed, and the curvatures of
their respective surfaces are controlled so that the

15 reflected frames will have a desired magnification which is
compatible with the image magnification over the entire
range of zooming operation of the photographic lens.

The apex angle or angles of the selectively insertable
prism are defined by the resultant angles in the horizontal

20 and vertical directions, in accordance with the positions of
the optical finder system and the photographic optical
system. The prism can be a single wedge prism, or can be a
double wedge shaped prism, as illustrated in Figs. 53A, 53B,
and 53C, which illustrate a double wedge prism P1' which is

25 advantageous because it is capable of bending 1light
downwardly and rightwardly towards the optical axis of the
photographic optical system.

As illustrated in Figs. 53, double wedge prism Pl has a
surface which increases, when viewed from the top in the

30 direction of arrow A (see Figs. 53A and 53B) and which also
increases from the left hand to the right hand direction, as
viewed from the front of the camera from the photographing
optical axis, and as shown by arrow B (Figs. 53A and 53C).
In the example illustrated, the angle & H can be 2.8°,

35 the angle & V can be 4.2°, the angle & H' could be
4.2°, and the angle @ V' could be 5.0°.
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total angle [err] of the extrene tel ephoto fixing section 20e, the macro
position fixing section 20g, and the nacro transfer section 20f, is equal

to the angle [err] of the extrene tel ephoto fixing section 21c. In the
il lustrated enbodi nent, the zoom ng raBfje i s between approxi mately 35mm and
approxi mately 70mm A roIIer 17, as illustrated in both Figs. 6 and 8, is

positioned w tHhe wedgenprism gmoaéamedt fics Pel ioseirtesd: tativearn othef r ont
| ens gro er | gqs o) [ i oned
g %éé@nsoﬂx@ex éihagba 1ok Oéléx@é’r‘i‘f £9Sa8h ttﬁaef E?ngswage é%&gé{ré

wi t hi n zoom ng cam groove gain as ustrat ed Fr ont

| ens gr oupLRY aBps saterenk Lénéngaoﬁstﬁta#éelsfa@%émaﬁmylgmmmy
gui de rodshd 2£indér aullPEOt 8t b¥emhtiaMBoRpadtdy and allows the prism to

5 be inserted between these two elements. The viewing
distance of the false image of an object and the bright
frames remain stationary throughout the zooming range of the
photographic lens, and parallax compensation is provided by
moving the prism between the lenses in the macro or close up

10 picture taking mode. The viewing magnification or size of
the bright frame images is also maintained constant
throughout the 2zooming range of the photographic lens, as
well as in the macro setting, due to the placement of the
bright frames on the stationary lens element L4-2. The

15 distance between the eye of a viewer and the image distance,
i.e., the diopter of the finder, virtually does not vary,
because the zooming concave lens element moves over an image
magnification of 1x, or, i.e., is life size.

Parallax compensation in the macro or close up picture

20 taking mode is effected by positioning the wedge prism
between the lens elements, as well as by the use of the
compensation framing marks illustrated in Fig. 52 (which is
the normal means of parallax compensation in a close
focusing mode in viewfinder type cameras). The edges of the

25 wedge prism are tinted green to highlight the frame that
illustrates the photographic area in the macro or close-up
mode.

Theoretically, the prism could be located in front of
the first lens group; however, by so arranging the prism, it

30 would increase the overall size of the finder optical
system. The prism cannot, however, be located between the
second and third lens groups, because if it were inserted
between these groups, the positions of the bright frame and
of the virtual image of the subject could vary in accordance

35 with movement of the prism. However, when the prism is
retractably inserted between the positive lens and the

T




shutter block 23 are secured to the front I ens group frane 16 via set
screws 22a, as best seen in the exploded view of This is the repl acenent
sheet Dat e: 2 7 SEP 1996 Fig. 8 as well as in the cross-sectional
view of Fig. 6. The front |lens frame 24 3g@hich supports front |ens el enent
group L1 is engaged by shutter block 23 via helicoid 25, which is shown in
Fig. 8. Mmeyatieaslénamef2éhinclinges 12ansaigholds, Wi cis eflg@oesaskens taadi ng

;g;er 23aﬂ¥e§£%ﬁtfﬁvgngfgn?3 %e%rﬁé%'f@’fégét fgmvgﬁé Igggbigggtngnlever
virtually no change in dioptric power to the virtual image
of the subject will occur.

5 Several examples of a finder optical system formed in
accordance with the present invention will now be discussed:
Example 1 _

Figs. 15A, 15B, 16A, 16B and 17A, 17B illustrate
different positions of a first embodiment of a finder device

10 formed in accordance with the present invention. Fig. 15a
illustrates the finder optical system when it is providing a
wide field of view with a small magnification; Fig. 16a
illustrates this finder system when it is providing a narrow
field of view with a large magnification; and Fig. 17A

15 illustrates the finder system whenever it is providing a
narrow field of view with large magnification and when it is
in the macro mode, respectively. Figs. 15B, 16B and 17B,
respectively, are views illustrating the aberrations of the
finder lens system in the positions of Figs. 15A, 16A and

20 17A, respectively.

This finder optical system includes a positive single
lens L3 and a negative single lens 15 which form the first
lens group; a negative single eyepiece lens L4-1 which forms
the second lens group; and a positive single eyepiece lens

25 IL4-2 forming the third lens group; together with a
selectively positionable prism Pl. Among all of these
optical elements, only the negative single lens L5 is
movable along the direction of the optical axis, and prism
Pl is selectively movable into alignment with this optical

30 axis; all of the other lenses remain stationary.

Tables 3 and 4 which follow illustrate the curvatures
r, the distances d, the refractive indexes Nd& and Abbe's
numbers ¥~ d of the opposite side faces of optical elements
L3, L5, L4-1l, L4-2, and Pl (Table 4 only), respectively. As

35 shown in the following tables 3 and 4, each of features r,
d, Nd and Y  d are designated by any one of numbers 1-8 and

i



rotates in a circunferential direction in order to rotate front |lens franme
24, the front lens frane will nove along the direction of the optical,
of the photographing optical system under the guidance of helicoid 25.
| ens element group L2 is directly attaghed to rear lens group frame 18, as
seen in Fig. 6. One desired configuration of lens groups LI and L2, as

il lustratedsizwn E i s¢lL.o ' assign

nopl 1oati on G FaEpes FPELE: S85°VItudd LRI Uite PTHAIBE Ui, pSLSLve
di scl osur 818glehileans sLaxpibdsd yis nebppeskt &@ ihe esubdnct, hdr@.n. Mhen
structurepfe ShWEteha@Cho2d icn KBEWEHE' £36urBlY Stluhiey PhacCkydtotes

| ens feeding |ever 23a over a
ri

5

10

15

20

ht hand portion of the figures.

Table 3 represents the position of the lens when it is
in its wide field of view, small magnification position
(0.38x) and when it is in its narrow field of view, large
magnification position (0.70x), and Table 4 illustrates the
position of the lens when it is in the macro mode. The apex
angles of prism Pl used in this mode, when it is in a double
wedge prism are, e.g., 2.8° in horizontal section and 4.2°
in vertical section.

The bright frame which defines the picture taking range
is applied to surface A of the positive single lens L4-2 of
the third lens group which is most closely adjacent to the
subject being photographed, and the surface B of the

-negative single lens L4-1 of the second lens group which is

most closely adjacent to the photographers eye is semi-
transparent. As a result, a virtual image of the bright
frame applied to face A of the positive single lens L4-2 is
formed and reflected by face B, and is thereafter enlarged
and viewed through the positive single lens 1L4-2, again as
discussed previously.
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predet erm ned angul ar di spl acenent in accordance with a detection signal

whi ch is received by the shutter block,f,romthe di stance neasuring devi ce,
as described hereinafter, via a pulse notor which is incorporated within

t he canera body and which is adaptéﬁﬁg%go%en shutter sector 23b, which has
been cl oged for axpredetermnadl tinme, and to thergdfter rewi@n | ens feeding
| ever 23a into its I ginal position after the,s r ha ai n cl osed.
This typg of shabfg%%block i 5" i scl osed, e.g.,lr%ggh§xani%§g%bapanese
Publ i she® Pat ent-2223l.i238t | ord (KO }8&p. ~60- 235, , 126, dated Novenber 21

ﬁ9853 t he di scl osure of which i$+§§Q6?6§5ﬁxgncorporated by reference
erein. The present canera utiTTizes'suc shutter block in the
fundanenBal way 5&i.$85%sed t herZl n. 1.49186 57.4
4 9.680 18.30(0.38x) -~
| 3,00(0.70x)
5 -8.327 1.00 1.60311 60.7
10 6 50.845 7.33
7 o0 2.23 1.60311 60.7
8 ~11.780
TABLE 4
15 No. x d Nd <4
1 30.800 4.50 1.49186 57.4
2 -2221.231 1.70
3 o 2.70 1.49186 57.4
4 QO 11.40
20 5 55.555 1.21 1.49186 57.4
6 9.680 3.00
7 -8,327 1.00 1.60311 60.7
8 50.845 7.33
° o0 2.23 1.60311 60.7
25 10 -11.780
Example 2

Fig. 18A illustrates a second embodiment of the finder
optical system in its wide field of view, small
magnification position; Fig. 19A illustrates this embodiment

30 in its narrow field of view, large magnification position;
and Fig. 20A illustrates this finder optical assembly
embodiment in its narrow field of view, large magnification,
macro mode position; and Figs. 18B, 19B and 20B,
respectively, illustrate the aberrations in the finder lens

35 system in the three different positions illustrated in Figs.
18A, 19A and 203, respectively. In this second embodiment

This Sheet Has Bee,
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Fi nder bl ock 2 includes finder assenbly 8 and strobe assenbly 9. The
finder device and the strobe device argqgadapted to vary, respectively, the

Strobe, ThEs e HIGER! ebEte RN I NI RO
accordancﬁrmmthha&ruan¢helfﬂﬂstfemhbdimm@thasfdiﬁeusseé dar eglanipleck ,l.
Zoom 19 rehgbeax % S&E*eaén r8018hs® YHctp Wb Wes 1RSI fBBL" Th ¥

a single
form of p051t1ve lenses L4-2 and L4-3.
5 Tables 5 and 6 illustrate the curvatures r, distances

d, refractive indexes Nd, and Abbe's numbers v d, for all of
the elements of the second embodiment of the finder lens
system, which tables are.- similar to Tables 3 and 4
previously discussed with respect to the first embodiment of

10 the finder optical system. In Table 5, which represents the
wide field of view, small magnification (0.35x) position of
the system, and the narrow field of view, 1large
magnification (0.648x) position of the system, and in Table
6, which represents the system when in the macro mode, the

15 apex angle of prism Pl is 3.0° in the horizontal direction
and 5.0° in the vertical direction, e.g. The bright frame
which defines the photographic range is again applied to
face A of the positive lens L4-2 of the third group, and
face B of the negative single lens L4-1 of the second group

20 is again semi-transparent, as in the first embodiment of the
finder system.
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not or need therefore be used. As seen in Fig. 1, sector gear 15 of camring
14 is engaged by a second pinion 50 whigh is different fromthe first

pinion 7 referred to previously. Shaft 51, to which pinion 50 is attached,
extends rearwardly towards the rearIBBLE @n of base 6, and is provided with
a reduct iNm_gear tgain 52 adjagent a rear end of WN@ shafts’d@ The reduction

gear traiyn incl final ge 52a whi ch neshes wi.th a rack 53a of

novabl e C‘Lampla'tgege‘ .. This Ugétantiallyflat cz‘ J;te g’i"s slidable in
right an@ left harfDJ3BEeral 0ive¢0i.dhAx) as viewed in Fig. 1, and includes a
downwar dly bent portion 53b atitgalga , as best shown in Fig. 1. Rack
53a rg formed on the | ower endl%fggéﬁfgggg i on 53b of

5.200 1.50 1.49186 57.4
4 8.081 14.39(0.35%x) ~
3.00(0.648x)
5 ~7.056 1.00 1.67003 47.3
10 6 34.700 5.37
7 oD 2.93 1.60311 60.7
8 -12.538 0.30
9 -30.259 2.23 1.49186 57.4
10 ~15.420
15 TABLE 6
No. b d Nd a
1 25.800 4.50 1.49186 57.4
2 -190.341 9.42
3 oo 2.00 - 1.49186 57.4
20 4 o0 0.47
5 85.200 1.50 1.49186 57.4
6 8.081 3.00
7 -7.056 1.00 1.67003 47.3
8 34.700 5.37
25 9 'S 2.93 1.60311 60.7
10 -12.538 0.30
11 -30.259 2.23 1.49186 57.4
12 -15.420

As illustrated in Fig. 17A, the finder optical device
30 of the present invention preferably satisfies the following
conditions:
(1) 0.3 <dP<0.5;
(2) f£f1+ <1.8; and (3) 0.45< £3/LD <0.7; wherein:
ID = the total length of the finder;
35 dP = the distance between the face of lens L3 which is
most closely adjacent to prism Pl and the face of lens 15

This Sheet Has Been Re’ilaced
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cam plate 53. Reduction gear train 52 is adapted to reduce rotation of gear
15 in order to restrict or limt the | gyeral novenent of cam plate 53. The

cam P24k REYIG0 M dlg, vaptabbesouier qa groove 5 for quiding

strobe cam griiove=5tHeor fguiadi Mpengiéimet thestpoditdew chelds dlfe tieas

ons or dog i, tahcnel . BhatofTin i aEO8T N Rienr BE SR RS

group L3ensngramp-her conprises a deflection prismPl which is used when

;?gugarﬂgr ﬁa Lgﬁﬁ?ﬁgﬁ%%ﬁ%&mCh%%ae-&&ﬁ@@f- t¥aldrAN1® AREL ! ens
Pl to be retractably inserted between the movable lens L3 of
the first lens group and the negative lens L5 of the first
lens group and to minimize the effective diameter of the
prism when it is brought into alignment with the optical

10 axis.

The first condition, i.e., 0.3 < dP < 0.5 is based upon
the fact that 1if the wvalue of dP exceeds the noted upper
limit, the effective diameter of the lens L3 will become
large, making it difficult to provide a compact camera as

15 does the present invention; to the contrary, if the value of
dP was <0.3, it would become extremely difficult to smoothly
and easily rotate prism Pl so that it would come into

- alignment with, and be capable of retrécting away from, the
optical axis in a position between lenses L3 and LS.

20 Conditions 2 and 3, in which fl1+ < 1.8, and 0.45 <
£3/1LD <0.7, are provided to minimize the effective diameter
of prism P1l. The second criteria noted above is

substantially equivalent to setting or establishing the
focal length FR of the lens system which is positioned

25 rearwardly of prism Pl when the prism is in alignment with
the finder optical axis. Namely, if fl+ exceeds its noted
upper limit of 1.8, the effective diameter of the prism will
beconme large, thereby resulting in difficulty in realizing a
compact prism and finder.

30 Condition three is basically equivalent to a
requirement for the third lens group located rearwardly of
the prism. Namely, if f£3/LD is less than the lower limit of
0.45, the tolerance of the system will become quite small.
To the contrary, if the value of f£3/LD exceeds the upper

35 limit of 0.7, the effective diameter of the prism will

increase.
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size, which is adapted to vary in accordance with the variabl e power
operation of lens barrel block 1, be coincident with the field of viewin
finder device 8. Deflection prismPl will enter the optical path of the
finder lens systemonly in the macro B8de, in order to adjust parallax
whi ch ot herwi se occurs in such node. Specifically, parallax which

i nevi tably octhe svalleresisiofy dPRi,s £5+{ handpfagameninstides Pdrst &nd SEP
1996 sg%ond embodiments above will now be listed; all of these

values are set to satisfy conditions 1, 2 and 3 noted above.

First Embodiment Second Embodiment
5 drp 0.45 0.36
fl+ 1.76 ' 1.42
£3/1D 0.56 0.49

D. Drive Mechanism for the Finder and Strobe Devices
The driving mechanism which serves to actuate finder

10 optical assembly 8 and strobe assembly 9 is best illustrated
in Figs. 21-30.

A mother plate 60 is attached to a finder block 54
which is mounted to base plate 6 via horizontal support
plate extension 6b. The mother plate is provided with guide

15 pins 62 integrally attached to the mother plate and which
are adapted to fit within a substantially linear guide
groove 61 of cam plate 53. Sliding motion of cam plate 53
is in the lateral direction, with respect to the optical
axis of the camera, and is restricted by the engagement

20 between guide grooves 61 and guide pins 62; and a guide
projection or flange 60a (shown in both Figs. 21 and 22) is
formed integrally with mother plate 60 and serves to prevent
cam plate 53 from floating or moving away from the front
surface of the mother plate, particularly at the front end

25 of cam plate 53 where the flange engages the cam plate.

Finder mother plate 60 includes a variable power lens
guide groove 63, a deflection prism guide groove 64, and a
strobe assembly guide groove 65. Each of these guide
grooves extends parallel to the photographiceptical axis of

30 the camera. A guide projection 66a of variable finder lens
frame 66, which carries the variable finder power lens group
L5, is fitted within variable power lens guide groove 63.
Guide projection 67a of deflection prism actuating plate 67
is slidably positioned or fitted within deflection prism

35 guide groove 64; and guide projection 68a of strobe assembly
case 68, which casing has a concave reflector 59 attached
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| ens shutter type of caneras will increase as the subject whose picture is
bei ng taken approaches the canera; and, accordingly, a |large parallax woul d
normally result in the macro node. |In order to solve this problem and
reduce the large parallax which otherwi¥® occurs in the macro node,
defl ection prismP]l is provided in the formof a wedge with a thicker |ower
end and atlﬁ%"ﬁﬁ%r afpdltded or peesitippedpMidhin sthehe| gudted gxicowg t he
optical agss of the finder optical system serves to deflect rays
downwardly in grder‘%g take a picture of a subject which is |ocated

S

extrenely clos&?fd& e REVET e S 2F FRPG@st P&tresderfl eptiican (rx hsotf
light rayecteenindie pdefdeccé? pn apid sstPdbes dNHsaisTy akare tde, ORblyedhedXi s

of th% CHERF&- inAsa. d&fgéégfgnh%rheijc af Egr’parallel with respect to the

optical axis, along the respective guide grooves. Guide

projections 66a, 67a, and 68a are provided with driven pins

' 69, 70 and 71, which fit within the variable power cam

groove 55, the parallax compensating cam groove 56, and the

10 strobe cam groove 57, respectively. Accordingly, when cam

pPlate 53 moves laterally, variable power lens frame 66,

reflection prism actuating plates 67, and strobe case 68

move along the respective camming grooves 55, 56 and 57.

The sections of the variable power canm groove 55,

15 parallax compensating cam groove 56, and strobe cam groove

57 correspond to sections of zooming cam grooves 20 and 21

of cam ring 14 which have been illustrated in Fig. 7 and

described with respect thereto. Specifically, the variable

power cam groove 55 includes an extreme wide angle fixing

20 section 55a, a variable power section 55b, and an extreme

telephoto fixing section 55c, with the angles @ 1r @ 5 and

@ 3, respectively, of these three sections corresponding to

the similar angles in the cam ring Fig. 7. The parallax

compensating cam groove 56 includes a non-projecting section

25 b56a, a projecting movement section 56b, i.e., a forward feed

section used for the macro mode, and a projected position

fixing section 56c, i.e., an extreme macro fixing section.

Strobe cam groove 57 includes an extreme wide angle fixing

section 57a, a variable power section 57b, an extreme

30 telephoto fixing section 57c, a macro feeding section 574,

and an extreme macro fixing section 57e. The relationship

between cam grooves 55, 56 and 57, and zooming cam grooves

20 and 21, is best illustrated in the schematic or plan view

illustrated in Fig. 44.
35 The variable power lens frame 66 which supports the
variable power lens group L5 is movably supported along
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the wedge prismwhich is used is preferably selected to be a doubl e wedge
prism which varies in width in both the vertical and in the hori zontal

di recti ons,

as clearly illustrated in Figures 53A, B and C. The use of such

a prismbends the light rays downwardi40 and ri ghtwardly, to nove theminto

subst anti al

alignment with the photographic optical axis. Strobe assenbly 9

rﬁsE ri Ct@%@de' f@téssaaeofl led FigRat noqréca@cﬂ@ yhethd bertenal sbgﬂ?m Qxfaﬁd”'e
pnot ogr A ens | s ZOO ens e or war
the st rg’g‘é ﬁggﬁ%f y2§ ?m&ég n%’%‘f@%z n% #&?l %ﬁaﬁﬁgpéni g’%he

macr o nofkermed, oedgu,t@x@mcneamesimewhhohntcahIshﬂdev*dth respebes tiche

subj ect

5

10

15

20

25

30

35

'thel?ihgareﬁﬁggk”%ﬂ{ a substantially frictionless fashion.
When variable power lens frame 66 moves along variable power
cam groove 55, magnification of the finder optical systenm,
including lens group L3, eye piece group L4, and variable
power lens group L5, will vary, so that the photographic
range over which lens barrel block 1 moves will be
substantially coincident with the field of view of the
finder. _ _

The deflection prism actuating plate 67 is illustrated
in Figs. 26-28, and is hereinafter described in greater
detail.

Deflection prism Pl, which is formed of synthetic
resin, is rotatably supported by finder block 54 wvia two
lower opposed prism support pins 74 of the prism. These
supporting pins include torsion springs 75 which surround
them, with one end of each spring bearing against a
respective abutment 76 which abutments are provided along
the side faces of deflection prism Pl, so that the
deflection prism will be continuously biased into a position
in which the prism Pl moves into alignment with the optical
axis of finder lenses L3-L5. Abutment 76 are located in
arc-shaped grooves 79 formed in finder block 54, as best
illustrated in Figs. 26-28. The deflection prism actuating
plate 67 is held between finder block 54 and a guide plate
80 (see Fig. 25) connected to finder block 54 so that a
guide pin 81 which is positioned on the side face of finder
block 54 will fit within linear guide groove 82 of guide
plate 80.

Position restricting abutments 76 on the prism can be
engaged by a stop surface 77 and a guiding surface 78 of
deflection prism actuating plate 67; further, the prism
abutments 76 can come into contact with an end surface of
the groove 79 in plate 67 (see Fig. 27). Deflection prism
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illustrated, strobe device 9 includes a fixed Fresnel Lens L6, a novable
concave reflector 59, and a xenon |anp 58 which can be noved al ong the
direction of the optical axis of the strobe. Alternately, a sinple strobe
could be used in which the |Ilun1natlgq_angle woul d be fi xed. Al t hough
such a strobe arrangenent is possible,” it is preferable to nove the lanp in

the opticaltgad sndli g@ﬁ&bow Ns8e0ALdang e it FR DU hedh RS APPEL SRS 11

order to optinize the quantity of [ight given _to a subject durin
phot ogr afhPm d‘é’b%n&@ﬁtlcééorpac% pEslenssSoddndied againetpideodrami #§ This
is the repwioesenysshagiedapdn 70 i% 71&4td&@98n the non-projection

section 56a of parallax compensating cam groove 56, insofar

5 as the rotation preventing face 77 of the plate will move

into engagement with abutment 76 (see Fig. 26). When pin 70

moves into the projecting movement section 56b, guide

surface 78 will move into a butting contact with abutment

76, so that deflection prism Pl will rotate into a position

10 in which it is in alignment with the finder system optical

axis with the help of torsion spring 75. buring such

movement, abutments 76 move on and along face 78, and

deflection prism Pl will gradually move into the optical

path, as illustrated in Figs. 27 and 28, so that the optical

15 path of the finder will be deflected downwardly by prism Pl,

as illustrated by the arrow in Fig. 28. As a result of this

movement, a subject which is otherwise located below the

finder optical axis will come into the camera field of view,

and parallax in the macro mode of the camera will be

20 decreased. It is even further decreased, as noted above,

when a double wedge prism (Fig. 53A) is used to deflect the

finder optical axis downwardly and (rightwardly) towards the
optical axis of the photographing optical system.

A guide block 85 is provided along the side face of

25 strobe case 68 and is fitted within a linear guide groove 84

which is parallel to the optical axis of the camera which is

formed in guide plate 80, as illustrated in Fig. 30.

Further, height adjusting pins 86 (see Figs. 23 and 29) are

provided on the upper and lower faces of strobe case 68 and

30 are adapted to prevent the strobe case from £falling

downwardly. The strobe case 68 moves along strobe cam

groove 57 when cam plate 53 moves in the lateral direction.

Variable power section 57b of strobe cam groove 57 is

adapted to move xenon lamp 58 rearwardly, away from Fresnel

35 lens L6. Rearward movement of the xenon lamp 58 causes the

illumination angle of light emitted from Fresnel lens L6 to
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14 optical systemin the zoomlens. B. D stance Measuring Device, i.e.,
Range Finder, and Canera Macro Function Before |l ooking in a detailed
fashion at the distance neasuring device of the present invention and its
relationship to the macro function of42he canera, the relationship between
the distance of a subject fromthe two | ens group zoom | ens and the

di spl acEittete f6 vis dté eogbofahibEaZDP M hepsawel thee g endiserssd.
Fig. 12 | | | uérates a {lel atively si nplfncggst I‘J).,JC'[I

ccordance with an increase ocafnlength. To the
contrary, in macro feeding section 57d, the illumination
angle is increased, and the guide number 1is therefore

5 substantially decreased in the macro mode.

E. Barrier, i.e., Lens Cap, Mechanism

The barrier lens cap mechanism is best illustrated in
Figs. 6, 8 and 31-34.
Barrier mechanism 30 opens and closes a pailr of
10 barriers 31, (see Fig.8 ) which are located forwardly of the
front lens element group L1 of the photographic (zooming)
lens system, and which are closed with the assistance of
rotational force which is produced when cam ring 14 rotates
within retracting or storing cam section 20b (see Fig. 7) in
15 which the lens is collapsed.
Fig. 31 and 32 illustrate a first embodiment of the
barrier mechanism. In this embodiment, barrier mechanism 30
opens and closes a photographic opening 22b at the opening
of frame 22 via pivoted barrier elements 31. The barrier
20 elements are pivoted, via pins 32, in a substantially
symmetrical fashion with respect to the photographic opening
22b of the front lens group support frame 22,
Barriers 31 are disposed in a symmetrically opposite
position with respect to each other and include respective
25 barrier plate portions 3la which can be moved so as to
project into the path of the photographing'optical axis, as
well as driving arm portions 31b which are positioned on the
opposite sides of the barriers from the side on which
barrier plate portions 31la are located. Driving arm
30 portions 31b are generally attached to the inner front
surface of barrier assembly 30 by pins 33. Driving arm
portions 31b include pins 33 which are engaged by
operational arms 34a of opening and closing springs 34, as
shown in Figs. 31 and 32. In other words, pins 33 are
35 adapted to slide within, and/or be moved by, respective
fork-shaped end portions of the driving arms.

i




for a two |l ens group zoomlens. In such a construction, the distance of the
subj ect and the di spl acenent of the zooml|ens have a relationship as
follows: W=fl (2+X/fl+fI/X) + HH + [err] ...(1), wherein: U equals the

di stance of a subject fromthe filmplane; fl equals the focal |ength of
the first lens group; X equals the displacenent of the zoomlens; HH equals

o "y b e shanseootnd Beadiais $nshstpngasbiaienthe boco
ol of a0t Lere aroug.and (fo,Tofay palt o e (6 Vo wste
[err] 34b and driving arm portions 34c, in addition to the fork-
shaped operational arms 34a which engage pins 33. Each of
5 the springs is pivoted to the barrier mechanism 30 by a
respective pin 35. Spring arms 34b bear against the inner
wall of the front lens group support frame 22 in order to
continuously bias barrier plate portions 31a, via
operational arm 34a, into positions in which barrier plate
10 portions 3la are located away from the optical axis of the
photographing optical assembly, and in which the front
aperture 22b of the frame 22 remains in an open position.
Driving arms 34c come into engagement with opposed
flange portions 36a of pin 36, which is movably fitted in a
15 radial direction within front lens group support frame 22.
As shown in Figs. 31 and 32, pin 36 is engaged by a free end
of an operational lever 38 which is pivoted to front
securing plate 13 wvia pin 37, through an operational
aperture 39 of the front group lens support frame 22.
20 Although a pivotable actuating lever is illustrated in the
embodiments of Figs. 31-~34, any structure which can move pin
36 inwardly in a radial direction would be satisfactory.
Pin 36 occupies a substantially radially projecting
position, under the influence of the spring force of spring
25 34, when no external force is applied to pin 36, as is
illustrated in Fig. 31. In this position, the barrier plate
portions 3la are located away from the photographing optical
axis or path, and aperture 22b remains in an open position.
A restricting projection or abutment 40 is provided on
30 the inner wall of cam ring 14, which is adapted to bear
against the outer end of the operational lever (or other
analogous structure)} 38 when the cam ring rotates in its
fixed axial position into a predetermined position in order
to press pin 36 radially inwardly:; this occurs when cam ring
35 14 (pin 17)rotates within the opening and closing section

20a of zooming cam groove 20.
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(2) Fig. 13 illustrates the relationship between the distance U of a

subj ect and the positional deviation (t) on a position detection el enent
4a, which fornms a portion of the distance nmeasuring device which detects
the distance of a subject fromthe fil bl ane based upon the principle of
triangul ation. The triangul ation di stance neasuring device includes a |ight

emtter 3 havigik shdht afOHrFEndament df Ml HPAild N Gndoien PO, 2RHed

| ight receiver 4 having a light feceiving |l ens 4p and a paositiaon detection
el enent PFoleqkion ARot+Ss t $0 e CRGRSENEY et R nePeEA SNl ¥R¥eFays
of |ight 3 theeriiledm plgtiesoBLaE o¥P Paerieisecs edober thotographic

opening 22b. Specifically, cam ring 14 causes rollers or

5 pins 17 to engage any groove section other than opening and
closing section 20a of zooming cam groove 20, with barriers
31 thus being opened.

To the contrary, when zooming motor 5 is driven by a

lock switch (not shown in the drawings) to rotate cam ring

10 14, so that roller 17 will move into and engage opening and
closing section 20a of zooming cam groove 20 from lens
collapsing or retracting groove section 20b, projection 40
will push opening and closing pin 36, via operational lever
38, in the radial direction, and barriers 31 will rotate

15 through their engagement with spring drive arms 34c¢ and
operational arms 34a to move the barrier plate portions 31la
into the optical path of the lens system. As a result, the
photographic opening 22b will be closed so as to protect
front lens element group Ll. Namely, front lens groups

20 support frame 22 closes barriers 31 after the frame has been
collapsed from the rearmost position from which a picture
can be taken.

When a picture is to be taken, zooming motor 5 is
reversed so as to rotate cam ring 14, so that the zooming

25 cam groove 20 will be rotated from a position in which
opening and closing section 20a is engaged by roller(s) 17
towards a position in which lens collapsible section 20b is
so engaged. This causes barriers 31 to open and the front
lens group Ll is moved into a position in which a picture

30 can be taken.

Figs. 33 and 34 illustrate a second embodiment of a
mechanism used in a lens shutter type of camera in
accordance with the present invention. As shown in Figs. 33
and 34, this barrier mechanism 30 is basically identical to

35 the embodiment illustrated in PFigs. 31 and 32.
Specifically, barrier mechanism 30 in Figs. 33 and 34 also
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This is the replacenent sheet Date: 2 7 SEP 1996 15 subj ect, and the
light reflected therefromis received by position detecting sensor 4a in
order to detect the distance of the subject fromthe filmplane F. Nanely,
the deviation (t) of the imge on positﬁ%n detection sensor 4a, froma

reference BRlad B GRER! 88 BLARROSIT | oy 80! dRge oL A pELECl ol an
i s given lsubskahtilddiyngsymmetrical fashion with respect to the
photographic opening 22b of front lens group support frame
22. Barriers 31, 31 are pivoted to frame 22 via pins 32 in
5 order to open and close photographic opening 22b. However,
details of construction of the barrier mechanism in this
embodiment are different from those in the first embodiment
discussed above.

Barriers 31, 31 which are illustrated in Figs. 33 and

10 34 are symmetrically disposed with respect to each other and
include barrier plate portions 3l1la which can be projected
onto the photography optical axis, and driving arms 31b
which lie or are disposed on opposite sides of the barrier
plate portions 3la:; and the barriers are pivotably attached

15 to the frame by pins 32.

Driving arms 31b include operational pins 133 which are
engaged to, and which are adapted to abut or contact, a
single wire spring 134 having elastic leg portions 134a. A
free end of each of the elastic leg portions 134a is adapted

20 to contact a respective pin 133 in order that barrier plate
portions 31la will be continuously biased into an open
position in which the photographic aperture 22b is opened
and the barriers located away from the optical axis and the
aperture. Thus, when no external force is applied to

25 barriers, they constantly maintain the photographing
aperture in an open condition.

Wire spring 134 is made from metal and has a central,
U~shaped portion 134b which bears against a support pin 135
provided on front lens group support frame 22. Wire spring

30 134 has a constant spring force which force will not vary in
accordance with changes in temperature, humidity or other
environmental parameters. Accordingly, it is therefore
possible to bias barriers 31 in a direction in which a
photographing aperture is maintained in an open position by

35 a substantially constant spring force.

Operational pins 133 are engaged by respective driving
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equation: t=Lxf/(Uf-d) ...(3), in which: L represents the base | ength of
the di stance neasuring device; f represents the focal length of the |ight
receiving lens; and d represents the distance between filmplane F and the
focal plane of the light receiving | ensté The deviation (t) can be detected
by the electric current, i.e., output, osition detecting sensor 4a in
accor dancExsie lendse J@fmtaf \a apair gof Ib@bgvéﬂdb}eﬁ& Ao nge taads B &ensor

4a, in a yelilcHknove Laablean rddif BREhOWENY NEn@PWIGRIh SypheRuabtdie €anera

s adJUSte%en barriers 31, by overcoming the biasing force exerted by

wire spring 134. The free ends 136a of each of the driving

5 arms 136 bears against a respective inner side of a

respective operational pin 133, which is located away from

the outer side of each pin against which one elastic leg

portion 134a bears. Driving arms 136 are pivoted to 1lens

support frame 22 via pins 137. Driving arms include

10 operational arm portions 136b located on opposite sides of

the driving arms from free ends 136a, with a pin 137

provided between them to pivot the arm to frame 22, such

that operational arm portions 136b will engage flange

portions 138a of pin 138, which 1is radially movably fitted

15 within an opening 39 in frame 22. Pin 138 includes a head

{(unreferenced) which is adapted to bear against the free end

of operational lever 141; the lever is pivoted to front

securing plate 13 by pin 140, and the head can extend, when

depressed, through an opening 39 of frame 22. The opening

20 and closing pin 138 is normally maintained in a position in

which it projects outwardly from the inner periphery of

frame 22, and is radially movable by lever 141 into a

position in which the head of pin 138 is forced inwardly

through opening 39, overcoming the influence of wire spring

25 134. Thus when an external force is applied to pin 138, it

moves radially inwardly against the force of spring 134, as
seen in Fig. 34.

As in the first embodiment, the cam ring 14 can be

provided, along its inner wall, with a narrowing projection

30 40 attached to its interior peripheral surface which is

adapted to push the operational lever 141 inwardly so that

it will engage operational arm portions 136b (via pin

flanges 138a) when cam ring 14 rotates so that roller 17 is

positioned within opening and closing section 20a of zooming

35 cam groove 20. Other suitable actuating structure could

also be used.
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forman image on a focal point of the image plane in accordance with the
out put signal, i.e., electric current, of position detecting sensor 4a,
based upon equations (2) and (3), so that automatic focusi ng can be
effected. The actuating or driving nmecKdni smof the photographic optical
systemis noted above. It is necessary to shift the range of neasurenent of
t he subj ect di sWarde ®ychheanli ataraeyeraatr icy the tatoierdhndckiAsen,

bt S BhERIESS' 0 Bl ot e IS TIERLCHTE | 00 D" R
entirely dFBgl mrmwg Praneatd g ctar slaeski ngtpeyigdam, opewartdsnaie
subj ect tolégetraken. agperiW8ldaliiPWbarriers 31 open when roller 17 is
5 1located within any of the sections of the zooming cam groove
other than opening and closing groove section 20a. To the
contrary, when roller 17 is moved to engage the opening and
closing section 20a, after it has been positioned within
lens collapsible section 20b of zooming cam groove 20 (via
10 rotation of actuating cam ring 14 effected by zooming motor
5), projection 40 will push the opening and closing pin 138
in a radially inward direction, via operational lever 141,
in order to rotate barriers 31, via driving arms 136 and
operational pins 133, so that barrier plate portions 31a
15 will be brought into the optical path of the lens system.
In this condition, the photographic opening will be closed
so as to protect the front lens element group Ll. Namely,
after front lens group support frame 22 is collapsed from
the most extreme rearward position i.e., the extreme wide
20 angle position, in which a picture can be taken, the
photographic aperture will then be closed by barriers 31.
When a picture is taken, zooming motor 5 will be
reversed to rotate cam ring 14 from a position in which
opening and closing section 20a is engaged by roller 17 to a
25 position in which lens collapsible section 20b is so
engaged, in order to open barriers 31, so that the front
lens element group L1 will move into a position in which a
picture can be taken.
F. Light Interception Assembly and Mechanism
30 The light interception mechanisms are best illustrated
in Figs. 6 and 35-38 of the present application.
In a lens shutter tYpe of camera as described herein,

the front and rear lens element groups can be independently
moved along the photographing optical axis direction in
35 order to effect a lens zooming operation. Since a gap
exists between the ffont lens group frame 16 and the rear

T IiITIIl




In the enbodi ment of Fig. 12, the first |lens group of the photographing
| éns is noved forward, tomards the subggct over a predeterm ned

di spl

O\ 5P aceMSlhy GEAlle PRERR, TS R bRt Mol SHAPSPTC yRUR! R aes 2

t he aut onthiroufibc gsimn gmerese 2Qrang Rdr fak pnbuagnaghyxovmtgntmafr e]m‘r&ents
one mechagkaflebon SMAd! 19, 118 NYNRH dBANT EHEbubr! BeriphletSedlicy ance

in the macro
the lens frames, the possibility exists that undesirable

5 light rays would otherwise penetrate into the photographic
optical system of the camera through the gap between the
front and rear lens group frames and through the cam grooves
20 and 21. Further, since front lens group frame 22 moves
through opening 201 of front cover 200 (see Fig. 6), rays of

10 1light can also enter the camera via opening 201. The front
cover 200 covers the front face of lens barrel block 1 and
supports lenses L3 and L6 of the finder as well as strobe
block 2. Opening 201 is formed along and defined by an
inner flange 202 of front cover 200, so that the movable

15 decorative frame 22, i.e., which includes the front group
lens frame 16, will move through opening 201 when the camera
is in its zooming operation. An annular space 203 having a
relatively small width W is provided between inner flange
202 and front stationary plate 13. The front stationary

20 plate is substantially annular in configuration.

In oxrder to prevent rays of light from penetrating into
the camera, as noted above, a light intercepting mechanism
has been provided. Specifically, a light intexcepting
assembly 210 which comprises a plurality of sections is

25 provided about the outer periphery of cam ring 14 and is
adapted to cover throﬁgh or continuous cam grooves 20 and 21
in order to intercept rays of light and prevent them from
entering the interior of lens barrel block 1. In the
embodiment illustrated in Fig. 35, intercepting assembly 210

30 comprises a gear ring 15, a flexible code plate 90 which is
adjacent to gear member 15 along one side of the gear
member, and a light intercepting tape 211 which extends on
the opposite side of the gear member 15. In other woxds,
the annular gear member is located between the flexible code

35 plate 90 which is wrapped about lens barrel block 1 over cam
grooves 20 and 21, and the light tape 211, which is also
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accordance with the present invention. In Fig. 14, a relatively

conventional prismP having an apex angle of [err] is inserted in front
light receiving lens 4b in order to shift the range of neasurenent of the
subj ect di stance towards the subject wfdse photograph is bei ng taken.

ot her words,

the zoom |l ens canmera system uses a pivotable prismor wedge

of

In

which is admpueﬂé Garb msa:mi bgedrhppbﬁoabo@‘t lohght] erec damsre Y. bPssknsag,

e.g., tha
n, respec

ex_.an e nd the refractiwe . .ndex of prismP are [err]
%ﬁ%&)ﬁ¥)59v oﬁrfgyﬁf g? é 2 ge on position detecting

sensor 4a, Wt lccrdespep:lata t9e sibj ep:rodmslteahc$0UI det@mcitbe thist aiemerh bsr

foll ows:

5

10

15

20

25

30

35

Hdsilddon 88 AW ey 209! §rdl g T £ hgukBkS tatahhi P ladlect a
change in the focal length of the zoom lens, a change of the
F number which will vary in accordance with the changing
focal length of the zoom lens, the extreme wide angle
position of the zoom lens, the extreme telephoto position of
the zoom lens, the collapsed position of the zoom lens, the
extreme macro position of the zoom lens, e.g., in order to
effect a variety of controls which are disclosed in detail
hereinafter with respect to the mechanism for detecting the
position of the zoom lens and for deciphering information
relating to the position of the zoom lens.

Code plate 90 is formed from a flexible material having
a light intercepting property. Intercepting tape 211
comprises a flexible material alsc having such a property,
e.g., a dull-finish black paper. The code plate and the
intercepting (paper) tape are applied to the cylindrical
outer surface of cam ring 14, along opposite sides of gear
member 15, in order to cover the major portions of zooming
cam grooves 20 and 21. Gear 15 is preferably superimposed
or overlapped over the side edges of the code plate and the
intercepting tape in order to ensure the interception of
rays of light, as illustrated in Fig. 6.

An annular light intercepting member 220 which forms an
additional portion of the light intercepting assembly is
provided in annular space 203, which is defined by the space
between front stationary plate 13, which rotatably supports
the front portion of cam ring 14, and front cover 200, as
best seen in Fig. 6.

Annular light intercepting member 220 which is
positioned within annular space 203 comprises an elastic
annular body 221, e.g., rubber, and an annular reinforcing
plate 222, so that the light intercepting member 220 will be
have the overall configuration of a substantially flat

““ﬁ‘iiff T
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the plane of prismP adjacent to the subject is determ ned by the foll ow ng
equation: [err] Refraction angle beta of the rays of light which are

i ncident upon prismP having an apex angle [err] at the incident angle

al pha is determned by the foll owi ng éfuati on: beta=al pha- [err] (al pha/n)

], and, therefore [err] Accordingly, deviation tl of the inmage on position

det ecti ng smxemsbar 4aingl, | ake weder pinadtbrtkar in Subgect 36 andngy Unfihe

Y"Péﬁ[‘ Ichgi%f#ggsgm =4 !)fgr}:[igvml_ank:%r%%b%%ln%en}ne%gg tﬁ‘foo‘its' Csaiig‘é{:iy()f
less than the width W of annular space 203, so that the
light intercepting member 220 can move over a small distance

5 within space 203, along the direction of the photographing
optical axis.

Elastic body 221 of light intexcepting member 220 is
provided, along its inner periphery, with a 1light
intercepting 1lip 223 having a small width which slidably

10 contacts the outer periphery of decorative frame 220.
Reinforcing plate 222 can be secured to elastic body 221,
e.g., by partially imbedding the elastic body 221 into
connecting recesses, holes or apertures 224 formed in
reinforcing plate 222, which plate is made, e.g., of metal

15 or synthetic resin. The inner 1lip 223 is extremely flexible
and is capable of moving in either direction axially of a
lens barrier block about which it is positioned. The 1lip
can thus play a minor role in reducing rebound of the
barrier block after it ceases movement in a first axial

20 direction.

Fig. 38 illustrates a second embodiment of the annular
ring illustrated in Figs. 36 and 37, in which two spaced
light intercepting 1lips 223 (rather than merely one) are
formed on the inner periphery of annular light intercepting

25 member 220 in order to increase the light interception
effect of the apparatus. These 1lips are spaced from each
other in a parallel fashion and form a generally annular U-
shaped, inwardly directed annular flange for the light
intercepting member. Elastic body 221 is used to cover the

30 outer periphery of reinforcing plate 222 in such structure.

Alternately, it would be possible to replace annular
light intercepting member 220 with a conventional O-ring
structure, which would be the simplest manner of
intercepting light and preventing it from reaching undesired

35 areas within the camera.

With such a light intercepting mechanism, undesirable
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| ens 4b intersects the optical axis of light emtting lens 3b is determ ned
as follows, provided that the thickness of prismP is negligible: [err] In
one exanpl e, the present Applicants calculated the values of U, Ul, t, tl,

and t-tl, in a canera in which the Th?$ is the replacenent sheik Date :
2 7 SEP 1996 17 phot ographi ng optical systemincluded a two | ens group
zcem light rays will not enter the camera lens system through the

circumference of the front lens group frame 16 and/or the
rear lens group frame 18, nor through the front annular
opening between the lens barrel and camera cover.

The FPC board guide and its associated anti-reflection
mechanism of the are best illustrated in Figs. 39-43.

In a lens shutter type of camera as in the present
invention, it is necessary to provide operational signals to

10 shutter block 23 on lens barrel block 1 from the body of the
camera. Shutter block 23 is supported by support frame 22
of front lens element group L1, and accordingly moves
together with front lené.element group L1 along the
direction of the optical axis. In order to send operational

15 signals from the camera body to the shutter block 23 which
moves in such an optical axis direction, in response to
outputs of the distance measuring device, i.e., the range
finder, and, e.g., the exposure control device on the camera
body, a flexible printed circuit board (hereinafter referred

20 to as an FPC board) is desirably used. The mechanism for
guiding movement of the FPC board and the anti-reflection
assembly which are used in conjunction with such board are
described hereinbelow in detail with more specific reference
to Figs. 39-43.

25 FPC board 160 (see Figs. 39 and 40) provides
operational signals to shutter block 23 from one side of the
camera body. This board is made from a flexible synthetic
resin sheet having a predetermined printed circuit pattern
thereon; in general, such FPC boards are well known.

30 As illustrated in Fig. 33, FPC board 160 has a
connecting pattern 161 at a front end of the board to which
shutter block 23 can be electrically connected, and a rear
connecting pattern 162 to which a CPU (a central processing
unit which is not illustrated in the drawings) which is

35 provided in the camera body can be electrically connected.
FPC board guide plate 163, which guides FPC board 160, is
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| ens, wherein: fl, i.e., the focal length of the first group, equals
24.68mm HH (i.e.,the principal point distance) equals 7.02mm delta, i.e.,
t he di stance between the focal point of the first |lens group and the focal
poi nt of the zoom|ens, equals 30.04mg2d, i.e., the distance between the
filmplane and the focal pl ane of the light receiving | ens, equals 6. 292mm
the di spl aesiaind ofta hbhei reamgmsupbady hatmr Paket 0¥y E§aH sPOT

L, i therbage la@fwtaxeanaae Hhed aHC%ﬁ%%éﬁﬁeéﬁVld&n ?ﬂﬁ@' 31430 f,
i.e., the focal Iength of the | i ght receiving |eps [err]
i o.| thedRFOTALTS dTAME P siPTHRARALE [ r15D8, %agr@i HeLogk: dct i ve
i ndex of gecamiRg equdss 164 83ret beodiisied o aligeasthing ¢he FPC board
5 163 to the guide plate, and clamping members 167 (see Fig.
41) are provided for attaching the FPC board to the front
portion of a camera body frame, e.g., which is die cast, or
to the rear portion of a lens barrel frame (base 6).
A bent gulde 165 is provided on the front end of FPC

10 board 163; this bent guide comprises a pair of front and

' rear guide pins 168 and 169. These guide pins are
preferably stationary {(although it is conceivable that
rollers could be used instead) and are adapted to maintain
the curvature of the FPC board 163 along an immovable bent

15 portion 160a of the board, at which point the board extends
forwardly from the camera body and is bent in opposite
directions so as to extend towards the camera body. FPC
board 160, which is bent around guide pin 168, extends
rearwardly into the gap between guide pin 169 and FPC board

20 guide plate 163, and is agaln freely bent forwardly by or at
a movable bent portion 160b.

It should be appreciated that the relative positional
relationship between guide pins 168 and 169, and FPC board
160, 1is constant, irrespective of the movement of shutter

25 Dblock 23 forwardly and rearwardly in an axial direction.
Accordingly, gulde pins 168 and 169 are preferably immovable
pins which are not rotatable. Alternately, it is possible
to replace these pins with guide rods or shafts over which
the FPC board will be bent in opposite directions.

30 As shutter block 22 moves forwardly and rearwardly, the
movable bent portion 160b of the FPC beoard also moves
forwardly and rearwardly. Although the extension of the FPC
board 160 extends rearwardly from the board guide plate 163,
ag shown in Figs. 22 and 40, actually the rear extension of

35 FPC board 160 can be bent forwardiy along, and by, a bent
guide 170 of guide plate 163 in order to move the board
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be neasured equals 0.973m infinity;, and the nunber of steps of forward

f €éedi ng novenent of the zoomlens is 18, so that the range of 0.973m - 6m
is divided into 17 forward feeding notion steps of the zoom | ens. The
results of these calculations are illusBrated in Table 1 hereinbel ow In
t hese cal cul ations, the distance range of 0.973m 6mis shifted towards the

(pnge, of Bowaks L o i o e R o e h oteny Siet ) ot
Sl_lnngln 1l C e Sepcanes (0] e Sep; Similar y,
Che ‘step O-1 r Rsafien, SYEHAGE OEnEPS BeARdenl6OantreRs rihe: aRp

This is tbetwermnmetiefraitecendt@roup 2f¥anEP16998s well as decorative
frame 22) and rear group lens frame 18, and there is

5 therefore a possibility that rays of light which are
incident upon the lens system will be reflected by FPC board

160, resulting in undesirable internal reflection. 1In order

to prevent such internal reflection, an anti-reflection
material or apparatus can be (and should be) provided on FPC

10 board 160.

Several alternate solutions can be used to provide
anti-reflection means on the FPC board 160. As one
solution, FPC board 160 can be formed from a dull-finish,
black synthetic resin material. Alternately, the FPC board

15 160 can be provided along its inner surface, i.e., on its
surface which is adjacent to the optical axis of the camera,
with an anti-reflection sheet 171, as illustrated in Fig.
43. Such a sheet can comprise, e.g., a dull-finish black
paper or the like, and is adapted to be placed on the FPC

20 board 160. Preferably, the anti-reflection sheet 171 is
simply loosely superimposed on the FPC board without being
adhered to the board in order to provide flexibility against
deformation due to expansion and shrinkage of the material.
Sheet 171 lies on the FPC board in the area between bent

25 portions 160a and 160b of FPC board 160. A third solution
is to coat at least the inner surface of FPC board 160 with
an anti-reflective layer.

With the guide mechanism of the FPC board and with the
anti-reflection mechanism which are noted above, when the

30 zooming motor 5 is driven to rotate in order to rotate cam
ring 14, front lens group frame 16 and rear lens group frame
18 will be moved in directions along the optical axis in
accordance with the cam grooves 20 and 21 on cam ring 14 in
order to effect a zooming operation, and can be moved into a

35 position in which the camera is in its macro setting or
mode. Movement of the front lens group frame 16 causes
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TABLE 1 POSI TI ONS OF | MAGES ON THE PGSI TI ON DETECTI NG SENSOR AT DI FFERENT

SUBJECT DI STANCES STEP NO. U (m) Ulerr] t (nm [err] (mm
[err] (mm 17-18 6. 000 1. 020 0.1004  0.1274  0.0270 17
5. 154 0. 996 0.1170  0.1423 54 0.0253 16 4.027 0. 951
0.1500  0.1719  _0.0219 15 3.310 0.91 0.1827 02013

0.0186 14shutten hock 23 gtgrgove irp ﬁﬂ%ssameoda’sestlono Fodhat F
2.450 HoBH 160 wlli4 e exBeRr@8@ inOaBddPdance with movement of

the shutter block 23. Extension of the board is made

- possible by displacement of movable bent board portion 160b.
5 Specifically, FPC board 160 is integrally connected to the
CPU in the body of the camera at rear end connecting pattern
or portion 162 {(see Fig. 39) and the intermediate portion of
the FPC board is guided by FPC guide plate 163. The
immovable bent portion 160a of the FPC board 160 is

10 immovably guided by guide pins 168 and 169; and,
accordingly, when the front end connecting pattern 161 of
FPC board 160 moves in accordance with or in response to
movement of shutter block 23, only the movable bent board
portion 160b will be displaced forwardly and rearwardly in

15 order to absorb the movement of shutter block 23, as
illustrated in Figs. 40 and 42. In this fashion, FPC board
"160 can be surely guided within the annular space 164
located between cam ring 14 and decorative frame 22 (Fig
41).

20 Since the FPC board 160 has an anti-reflection
structure as disclosed above, internal reflections which
would otherwise cause an undesirable phenomena, e.g., a
flare or a ghost, will not occur.

H. Detection Mechanism for Detecting Information Relating to
25 the Position of the Zoom Lens

As noted previously, in a lens shutter camera formed in
accordance with the present invention, the photographic
optical system is moved along the optical axis by the
rotation of cam ring 14, so that the focal length of the

30 photographic optical system will vary, and so that the
optical system will move from one extreme angular position
of the cam ring into the macro setting position, and from
the other extreme angular position of the cam ring into a
lens (totally) collapsed position. In such a lens shutter

35 type of camera, which includes a zoom lens, it is necessary,
e.g., to detect the focal length of the photographic optical
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12 2.172 0. 810 0. 2797 0. 2884 0.0087 11 1. 952

0.782 0.3115 - 0.3170 0.0055 10 1.775 0. 756 0. 3432
0. 3455 0.0023 9 1.628 z%g 0. 3747 0. 3738 -0. 0009 8
1.504 0. 709 0. 4059 0. 4018 0.0041 7 1.399 0. 688
0. 4369 0. 4298 -0.0072 6 1. 309 0. 668 .. 0.4678 0. 4575

-0.0103 5system, bhg macypgsgtting opggdtionyp agsh theptwmssextreme

1.161 pOsb83ons o). BRES cam OrdaA 41n Qr@é§5€% 1ndichﬁgxkhe f&éﬂ@
0195 0. 5666

0. 5591 5
-0.0225 11‘3"9%%'0@96“““%12 sg§he EXP%%QWMC’B B’Qé‘ées bn09§§°6 gnce
0.973 with8@he F 338, and. 6668ontr81l02he direction of rotation

5 of the motor which drives the cam ring.

In the present invention, the above information, i.e.,
relating to the focal length and the two extreme positions
of th zoom lens, can easily be detected by code signals on
the single flexible code plate 90 which is provided on cam

10 ring 14. Specifically, code plate 90, as illustrated in
Fig. 44, is provided on cam ring 14 (which is shown in Fig.
1) and is brought into sliding contact with a brush 92 (Fig.
44) which is secured at its base end to a stationary frame
91 positioned on the outside of cam ring 14. This is well
15 illustrated in Fig. 1.

Fig. 44 illustrates the developed code plate 90, in a
flattened condition, in which the upper half of the drawing
illustrates the cam profiles of zooming cam groove 20 and 21
of cam ring 14, and cam grooves 55, 56 and 57 of cam plate

20 53, respectively. Brush 92 includes a common terminal C and
"~ independent (bristles) terminals TO, Tl1l, T2, and T3. When
each of terminals TO-T3 is electrically connected to the
conductive lands 93 of code plate 90, a signal "“o" is
issued, and when each of the terminals TO0-T3 are not

25 electrically connected to conductive lands 93, a signal "1¥
is issued. The angular position of cam ring 14 can be
detected by the combination of signals "“o" and "1%", A
plurality of dummy terminals 94 are formed in conductive
lands 93. The purpose of the dummy terminals, which are

30 formed from the same material as conductive lands 93, is
that the flexible code plate bent about the cam ring, and in
order to improve the physical strength of the plate-and
still provide an area without electrical contact the dummy
terminals were so_poéitioned to increase flexibility while

35 preserving strength. Additionally, these dummy terminals
provide (non-conductive) lands upon which the terminals TO-
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[err] As can be seen from Table 1, an inmage deviation of 0.027mm occurs at
thé. position detecting sensor 4a at the two extremties of the range of
measur enent of the subject distance mhig% can be neasured, as a result of
conpensation by prismP. Such a devi at?%®n corresponds substantially to
about 1 step, in the sense of the nunber of feeding steps of the zoom | ens.
Accordi nglmz of {:ISemsi'uQnsehhl eiie aBveheheaphatiogy dEhimotasnsii nto a

hot oar aphi ng G c5PuE, K ifdt AR PRPHIBaIER e seimiffs o3
det ecti ng asemsprotaidefua s esabhi mpda dat=aoulPof, fHRLUs" ZH2 uatingn.2P3,
other worqsghbchJdPPSSiOEe 10 LOIR! €185¥ encoder, as is clearly
5 illustrated in Fig. 45. This flgure comprises a table of
combinations of signals 0" and ®%1", in which the angular
position, i.e., POS, of cam ring 14 is divided into 13 steps
between "0O" and "9, and "A", "“B", and "C", respectively,
which are hexadecimal numbers. The number "O0" designates a
10 locked position, and the "C" position designates a position
in which the camera is in its macro mode. Between the
locked position and the macro position, there are nine focal
length positions f£0-f7!'. The locked position and the macro
position correspond to the two extreme angular positions of
15 the cam ring 14. Zoonming motor 5 is controlled so that the
cam ring 14 will not rotate beyond the two extreme
positions. These angular or rotational positions are shown
on the code plate in Fig. 44.

Rotation of cam ring 14 is controlled by the mode
20 changing switch 101 and the zoom switch 102, which are
illustrated in Figs. 47-50, in accordance with positional

information of cam ring 14 as determined by code plate 90.
The arrangement of mode changing switch 101 and zoom
switch 102 on the camera body is illustrated in Figs. 46-48.
25 A release button 99 is provided on the upper surface of the
camera which can be pushed by one step to turn a photometry
switch into an ON position, and which can be pushed by two
steps to turn a release switch into an ON position (neither
of these two switches are shown in the drawings, however).
30 Mode changing switch 101 is a transfer switch which can
occupy 3 positions, i.e., a lock position (LOCK), a zooming
position (i.e., ZOOM), and a macro position, i.e. (MACRO).
As illustrated in Figs. 49-50, when macro button 10la is not
depressed, switch lever 10l1b can move between the LOCK and
35 ZOOM positions. When macro button l0la is depressed,
however, and when switch lever 101b slides onto the upper
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Thjs is the replacenent sheet Date: 2 7 SEP 1996 19 conpensate for
deviation in the images by using only prismP, since the rate of change of
deviation [err] of the image on positigp detecting sensor 4a with respect
to subject distance Ul cannot be varied by prismP. The prismbegins to

conpensate for the inmage devi %ion, but cannot al one do so., In view of such
results,%qﬁiéﬁ%sﬁﬁtmqﬁﬂﬂng?g fiByd0la, the macro mode of the camera

will be set. Figs. 49 and 50 are cross-sections of the
macro and zoom-lock switches, respectively. When in the
LOCK position, neither the releasing operation nor the

5 zooming operation of the zoom lens can be effected. In the
ZOOM position, however, the release operation and the
zooming operation can be carried out. In the MACRO
position, the releasing operation can be performed but the
zooming operation cannot be effected.

10 Fig. 51 illustrates an alternate arrangement of the
zoom switch, in which the zoom lens is moved towards a
telephoto position when a telephoto button T is pushed and
towards a wide angle position when a wide angle button W is
pushed.

15 Zoom switch 102 occupies a neutral position, i.e., it
is placed into an OFF position, when no external force is
applied to the switch; and it can be manually moved into a
wide angle position, i.e., a WIDE position; and into a
telephoto position, i.e., a TELE position, which positions

20 are located on opposite sides of the neutral Y“OFF" position.
Zooming motor 5 can be rotated in both forward and reverse
directions by switching the position of zoom switch 102
between the WIDE and TELE positions.

Mode changing switch 101 and zoom switch 102 actuate

25 the camera of the present invention as detailed hereinafter.
In actual use, positional information relating to the
position of cam ring 14 which is indicated by code plate 90
will be used.

1. For the LOCK position of the mode changing switch

30 101, zooming motor 5 is reversed to rotate cam ring 14.
When the angular position POS of cam ring 14 becomes "0
(see Figs. 44 and 45) as detected by code plate 90 and brush
92, zooming motor 5 will stop rotating.

2. For the MACRO position of the mode changing switch

35 101, zooming motor 5 rotates in the forward direction and
stops rotating when POS reaches the "C" position.
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found that conpl ete conpensati on of such deviation can be achieved if the
rate of deviation tl is adjusted by nultiplying this rate by 1.1130
(cal cul ated by dividing 0.5334 by 0.4794), which equals the change in t
fromstep 0- 1 to step 17-18 divi ded H?Sthe change in tl between step 0-1
and step 17-18, since decreases in the deviations t and tl bgetween

17-18 and 0-1 gre (?"5933§hﬁ1 ZR0M peichdon e€pdde wade q}ba‘i‘%’r%geﬁﬁlif’ﬁptshe
oS o O] aninamerurus Sumegg ey sovs et siarens Ly Laphad |
whentima%%ﬂ%r&°?g%ﬁPch&q¢11§¥9Qﬁﬁwkpdgﬂé ﬁﬂé$£?%8§b9ﬁgghﬁé n;gg Y
the base iepgiAgheiwEesht e |ighthem tEEE @l&@mﬁenl i ghtz coadeiqv etobbrt Be
dlstaqge ngffu té% rotating when POS reaches the "A" position, when
the zoom switch is in the TELE position. When the zoonm
switch is in its WIDE position, zooming motor 5 will
continue reversing for a predetermined short span of time
after POS reaches the "1". position. After this time,
10 zooming motor 5 will begin rotating in a forward direction
and will stop rotating when POS becomes 2.

When zoom switch 102 is turned to the OFF, i.e.,
neutral, position, during rotation of zooming motor 5, the
zooming motor will immediately stop rotating when the zoom

15 switch is in the TELE position, and will stop after it
rotates in the forward direction for a predetermined short
period of time when it is in the WIDE position,
respectively.

Details of several of the positions will now be

20 described.

POS 1: Since the code signals change at the LOCK
position and at the extreme WIDE position, these extreme
positions are detected. More precisely speaking, the LOCK
position is not "pos 0%, but is instead a point which is

25 located between POS 0 and POS 1. However, when the camera
is in the LOCK position, the brush is in POS 0, in a
location very close to POS 1. Similarly, the WIDE extreme
position is apoint between POS 1 and POS 2. However, when
the camera is in the extreme WIDE position, (which is not a

30 wide zone), brush 92 is in POS 2, which is very close to POS
1. Accordingly, POS 1 denotes a range in which the cam ring
14 moves from the extreme WIDE position to the LOCK
position, and vice versa.

POS f7': This zone is provided for absorbing the

35 backlash of cam ring 14 (ie., backlash from movement of the
lens system). Specifically, as illustrated in Fig. 45,

i i Wi



optical system and in order to intersect the optical axis of the |ight
emtter and the optical axis of the |i§gHAt receiver with a finite distance.

Furt her nt, ctuati I Sl vin
t he nacrodcg}(]):lrjr‘pgzs @ér)lgi%%t | cal % néﬁ‘[ %ﬁggﬁqo?@?h? {8%%9?&%%5;;@' n :
coord| nat ithe vam eiagsfetlbr S‘hﬂmnémmedﬁ-attﬁéthdn%raprﬁW opigval sistem

i e, the?aﬁmpﬁl C%e f [ ORHdIY BHIdTRL0BRO S RBRI C1 4O difed NE ITBERO JPElE,

as discus détail’ hereinafter. Figure 9 ustrates an opt,i cal
ar r angene®esdttiare di Feadhre néasl&mﬁg',dm%tmann the @aBr &iRGdeLTOMm t he

aut omaki cplogrus aaRRRIAA8l BdEe B eSLAkeld\VEREI ¥hm riihd hid fHQurevdmaed O
corrpensatlrl%gehéa ntaé‘ge%m?”ngsre%r%rr{ssmlis desired position by a
predetermined displacement, and then stops the cam ring at a
first changing POS point. ©POS £7' is the extreme TELE
position, and, accordingiy, when cam ring is in its extreme
10 TELE position (with the TELE zone being a zone in which the
cam ring operates at the TELE exposure), the brush will be
located at position POS A, which is very close to POS 9.
The focal length information or the F number information are
fed to the shutter by the code plate and the brush.
15 Accordingly, the same focal length information is fed at the
TELE zone and the TELE extreme positions. This is the
reason that POS 9 is represented by £7 and POS A is
represented by £7!' in order to distinguish it from £7. The
zone f7' is quite small, and accordingly the zone £7' can
20 essentially be considered identical to the extreme TELE
position.

POS B:. In a fashion similar to POS 1, this zone is
provided to distinguish the extreme MACRO and TELE
positions. Unlike POS 1, in which the WIDE extreme position

25 is a changing point between P0OS 1 and the WIDE extreme
position, and POS B is an extreme TELE position representing
changing points between POS 9 and POS A, respectively.

POS 2 ~ POS A: These are intermediate focal 1length
positions which comprise a plurality, e.g., 9 in the

30 illustrated embodiment, steps.

The CPU then checks the code information and the
settihg positions for the various switches when they are
turned into their ON positions. If the mode changing switch
is in a zoom position, no zooming will be necessary when the

35 cam ring is in any position between and including POS 2 and
POS A. If, however, the mode changing switch is in a
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and a mask or franme 4d, rather than only the optical wedge of Fig. 14.

El enent 4e is noved in front of light receiving | ens 4b of the distance
measuri ng device when the canmera is This is the replacenent sheet Date:
7 SEP 1996 20 in the macro setting. 80n the normal photographic node,
element 4e is retracted away fromthe optical axis of light receiving |
4b. Pri or preigienuthey t hhanedhenizeom sppgdtdod mhl o i sin either the

10

15

20

LOCK position, an intermediate position between LOCK and
WIDE, an intermediate position between TELE and MACRO, or
the MACRO position, zooming operation of the lens will be
immediately effected. This is also true when the switch is
brought into the zoom position during rotation of the
zooming motor in the forward direction and when the switch
is brought into the zoom position during reverse rotation of
the zooming motor. Specifically, when in the zoom position,
whether the zoom code is within the range between and
including POS 2 to POS A (within which range zooming is
effected) will be checked by the CPU. If the zoom code is
out of the range, no picture can be taken, and, accordingly,
the cam ring will be moved into the zooming position. In
other words, POS 1 and POS B are areas in which the cam ring
is prohibited from stopping and in which a picture cannot be
taken.

Of course, it is clear that the present invention is
not limited to the embodiments described above, nor those
illustrated in the drawings, and the invention can be
modified without departing from the spirit and scope of the
claimed invention.
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adapted to actuate the conpensation el enent 4e, the actual construction of
the macro conpensating el enent 4e and the reasons why neasurenent accuracy
can be inproved or increased in the n? ro node will be described in detail.
The elenent includes a prism4c wh is adapted to optically extend
the base length of the distance neasuring device and to refract rays of

| i ght which enter the prism Figure 10 illustrates in detail prismd4c, nmask
4d, and light receiving lens 4b. Figure 11 is a front elevational view of

Figure 10; and both of these figur iAé tr how mask or frame 4d is
capabl e of intercepting rays of IF%%FLUU#ﬁ§93%§e pat h of |ight approaching
the prism Mask 4d includes a front opening 4f which is shown in the form
of a :

1. A lens shutter type of camera having a
photographing optical system (1) comprising a zoom
lens system (L1, L2), a motor driven cam mechanism
(14, 15, 16, 17, 18, 19, 20, 21) for moving the
photographing optical system (1, L1, L2) in a zoom
'range (204, 21b), thereby varing the focal length
of said optical system (1, L1, L2) and for moving
said optical system (1, L1, L2) to and from an
accomodating position (20a, 20b, 2la) where lenses
(L1, L2) of said photographing optical system (1)
are in a position behind said zoom range (20e,
21b),
characterized in that a code plate (90) is
provided with an area (Pos2 to PosA) for obtaining
focal 1length information of said optical system
(1) and with a detecting area (Posl) for detecting
a transient state (20b) from said zoom range (20d,
21b) to said accomodating position (20a, 2la) and
that the driving of said cam mechanism (14, 15,
i6, 17, 18, 19, 20, 21) cannot be stopped when
said detecting area (Posl) signalises a position
of the optical system (1, L1, L2) in said
transient state (20b, 21a).

2. Camera in accordance with claim 1, having a
.photographing optical system supporting fram (22)
including an opening (2) for photographing,
characterized in that said supporting frame (22)
is linear-movably supported so that the frame (22)
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general ly rectangul ar, elongated slot, on the (front) side of the frane
|.ocat ed nost cl osely adjacent to the subject being photographed, and a rear
opening 4g (see Fig. 10) on the side of the frane or mask nost closely

adj acent to light receiving lens 4b. ©ening 4f is in the formof a slit
spaced fromoptical axis O of light receiving lens 4b by a distance (1)

whi ch is neasured on the opposite side of the optical axis fromlight

emtting | ens 3b.god2eamtdedh Ncdénddatd g t'[)@siﬁﬁoﬁpllﬁbgb awgliengatsed slit,
which is substantially |ocated al ong the og ical axis 0.0 IE%Ehrrece|V|ng
lens 4b. Wen prifdhtdETr JRAIRKND Wi X n3R K SHET SR T &3 POSAS 1sht

receiving | ens 4lpositdon WRysZ)he canera is in the

3. Camera in accordance with <c¢laim 1 or 2,
characterized in that said cam mechanism (14, 15,
... 21) comprises a rotatable lens driving ring
(14), positioned about said zoom lens system (L1,
L2).

4. Camera in accordance with claim 3, characterized
in that said ring (14) being disposed around the
lens supporting frame (22) and moving =said
supporting frame (22) between an extrem rear
photographable positing (Pos2) and said
accomodating position (Pos0) by a rotation of a
collapsing range (20b) of said ring (14).

5. Camera in accordance with «c¢laim 3 or 4,
characterized in that said code plate (90) is
positioned about said ring (14).

6. Camera in accordance with claim 2, 3, 4 or 5,
characterized in that a barrier mechanism (30) for
opening/closing said opening (2) is disposed at a
front end portion of said lens supporting frame
(22).

7. Camera in accordance with one of the foregoing
claims, characterized by a brush (92) with a
plurality of electrical terminals (C, Ti, T2, T3,
T0) which ar adapted to ride over said code plate.

8. Camera in accordance with one of the foreging
claims, characterized by means for decoding the

L,
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macro node, a first |lens group of the photographic lens is fed forwardly by

a constant displacenent,
which is fed forwardly during the nornal

I ndependently of the displacenent of the |Iens
phot ographi ¢ node by the autonmatic

focusi ng device. As best seen in Fié@. 9 and 10, when prismd4c is |ocated
in front of light receiving |l ens 4b, the range of This is the repl acenent

sheet Dat e:
subj ect can be

10.

R

2 7 Sep 1996 21 measurenent of the distance of the

sphositlohal information on said code plate (90)
into focal 1length or lens opening information,
said means being connected to said electrical
terminals (C, T1, T2, T3, TO).

Camera 1in accordance with claim 6, 7 or 8,
characterized in that the barrier mechanism (30)
is closed in assoziation with a rotation of an
opening/closing range (20a) of said ring (14),
said opening/closing range (20a) is continously
formed from said collapsing range (20b).

Camera in accordance with claim 6, 7, 8 or 9,
characterized in that the driving of the 1lens
driving ring (14) cannot be stopped in an angular
range (20a, 20b) between the range (20c) of extrem
rearward photographable position (Pos2) and the
angular position (20a) of the closed barrier
mechanism (30).
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t he macro node range. Prism 4c serves to nove light incident thereon in a
paral l el fashion, over a displacenent (1) in the direction of the base

| ength, so that base length L can be optically extended to equal the

di stance (L+1). Assumi ng that the aggle and the refractive index of prism
4c are [err], and n, respectively, d that the parallel displacenent of
light by prismd4c is represented by the distance (1), deviation t2 of the

i mage on position detecting el engpkigactas viewed with respect to the
subj ect distance U2, can be obta§ﬁ€%”5§“here|nafter detail ed. The incident

angle of light on the plane of prismd4c which is adjacent to the subject is

provi ded by the follown g uati on:
Lens shutter camera including a zoom lens system

A lens shutter type of camera is provided, having a
photographing optical system (1) comprising a zoom lens
system (L1, L2), a motor driven cam mechanism (14, 15, 16,
17, 18, 19, 20, 21) for moving the photographing optical
system (1, L1, L2) in a zoom range (20d, 21b), thereby
varing the focal length of said optical system (1, L1, L2)
and for moving said optical system (1, L1, L2) to and from
an accommodating position (20a, 20b, 21la) where lenses
(L1, L2) of said photographing optical system (1) are in a
position behind said zoom range (20e, 21b). In that camera
a code plate (90) is provided with an area (Pos2 to PosA)
for obtaining focal length information of said optical
system (1) and with a detecting area (Posl) for detecting
a transient state (20b) from said zoom range (204, 21b) to
said accommodating position (20a, 21a). The driving of
said cam mechanism (14, 15, 16, 17, 18, 19, 20, 21) cannot
be stopped when said detecting area (Posl) signalises a
position of the optical system (1, L1, L2) in said
transient state (20b, 21a).
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[err] This equation indicates that the base Iength of the triangulation
di stance nmeasuring device is extended fremL to (L+l) by the insertion of
prism4c in front of the light receiving2lens 4b. The refraction angle
[err] of light which is incident upon a prismhaving an angle-[err] 1
which light is incident upon the prismat an incident angle of [err], is
cal cul ated in accordance with the follow ng equation: [err] [err], and,
therefore: [err] Accordingly, deviation t2 of the image on position
detecting sensor 4a is equal to f x tan [err] , i.e., t2 = F X

1
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tan [err]. The subject distance Unf2 @ﬁich I s obtained when |ight
coincident with the optical axis of light receiving |lens 4b intersects the
optical axis of light emtting lens 3% s yielded by using the foll ow ng
equation, provided that the thickness of prismd4c is negligible: [err]
Table 2 hereinafter illustrates the results of the calculations in which

t he di stance neasuring device of Figs. This is the replacenent sheet Date:
2 7 SEP 1996 '
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22 .10 and 11 has been applied to a phoéégraphing | ens satisfying the sane
basic criteria as those nentioned wth spect to the enbodi nent of Figure
14, i.e., nanely that: (a) The photographic lens is a 2-group lens; (b)fl,
i.e., the focal length of the first .group, equals 24.68 nm (c) HH, i.e.,
the principal point distance, equals 7.02nm (d) delta, i.e., the distance
between the focal length of the first |lens group and .

This Sheet
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the focal |length of the zoom| ens, e['als [err] mm (e) d, i.e., the

di stance between the film plane and focal plane of the light receiving
| ens, equals 6.292mm (f) the displacenment of the first-lens group in the
macro setting equals 0.5502mm (g) L, i.e., the base length of the distance
measuring device, equals 30mm (h) f, i.e., the focal length of the Iight
receiving lens, equals 20mm (i) [err], i.e., the angle of ‘prism 4c,

L3(L6) [ 277777774

200 : 90(210)
211(210) 6::.(6) ZO Z1
W
3 e a2 7 /J 19
203, T L 7,
J e | /
“///f//j///// F% //// yr//
202 %T\\\\\\\\\\\\T{\\\\\\\\\{ AR 777777
' 220 oy '
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zAa/ﬁ 22z
/
22b L +23b
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equals [err] (j) n, i.e., the refract*?-on I ndex of the prism equals 1.483;
(k) (1), i.e., the distance represent3Zg the parallel displacenent of the
rays of light, equals 3.39nm (1) the range of neasurenent of the distance
of the subject which can be nmeasured equals 0.973m infinity; -(m the
nunber of steps of forward feeding novenent of the zoomlens is 18 This is
the repl acenent sheet Date: 2 7 SEP 1996 '
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. 0
23 (n) the range of O 973m 6mis3¢givided into 17 steps; and (o) the
phot ographi ¢ range of 0.973m 6mis shifted into the range of 0.580m
1.020m This is the replacenent sheet Date: 2 7 SEP 1996
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24 TABLE 2 POSI TIONS OF | MAGES ON THE P@8I TI ON DETECTI NG SENSCR AT

Dt FFERENT SUBJECT DI STANCES W TH THE MA COVPENSATI ON ELEMENT OF FI GURES
9, 10 AND 11 STEP NO. U (m [err] (M [err] [err] (MM
[err](m) 17-18 6. 000 1. 020 0. 1004 0. 1005 0. Q001 17
5.154 0. 996 0. 1170 0.1171 0. 0001 16 4. 027 0.951
0. 1500 0. 1500 0 15 3.310 0.911 0. 1827 0. 1827 0 14
2.814 0. 875 0.2153 0.2152 -0.0001 13 2. 450 0. 841
0. 2476 0.2475 -0.0001
4L
41 -~
uf P
\/ﬁe
7\
i _.—--""rzi' "];2
h %
d f—""————\
/}-3b | 3a21\ F
\ 1
Uz2-1-d _ £ d
U2
LImf?

FIG.S
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v -

322796

12 2.172 0. 810 0. 2797 -0.0001 11 1.952
0.782 0. 3115 0. 3115 0 10 1. 775 0. 756 . 0.3432
0. 3432 09 1. 628 0.732 0. 3747 0. 3746 -0. 0001 8
1.504 0. 709 0. 4059 0. 4059 07 1.399 0. 688
0. 4369 0.4369 -~ 0 6 1. 309 0. 668 0. 4678 0. 4677
-0.0001 5 1. 230 0. 650 0. 4984 0. 4984 0 4 1.161
0. 633 0. 5288 0. 5288 0 3 1.100 0. 616 0. 5591
0. 5591 0 2 1. 045 0. 601 0. 5891 0. 5891 01 0. 996
0. 587 0.6189 0.6190 0.0001 0-1 0.973 0. 580 0. 6338
0. 6338 0
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[err] It should be clearly understood 3%m Tabl e 2 that the deviation of
the i nmages on the position detecting sensor 4a at different steps between
t he normal phot ographi c node and the macro node will therefore be within
+/- O 000lmm This is represented by the value t2-t in the last colum on
page 2. Accordingly, it is possible to alnost conpletely forminmages at
the focal point by adjusting the photographic optical systemin accordance
with the output of the position detecting sensor 4a. Table 2 illustrates
that prismd4c can This is the replacenment sheet Date: 2 7 SEP 1996
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10

25 optically extend the base | ength, ichis normally 30nmin a nornal

phot ogr aphy canera node, in the macro de so that it will be 1.113 tines
the normal base length, i.e., the base length will be 33.39nm when t he

canmera is in its macro node; as a result, displacenent of position
detecting sensor 4a can be increased by a factor of 1.113. In operation, it
is possible to automatically focus the canera within any zoom ng range,

i ncluding the macro setting of the camera, by actuating previously

di scussed shutter unit 23 in accordance with the output signals, i.e., the
4L
4Lb La
o) 5 T i }'
T~ JUa t-q--- ~11
s ,/’L_N T
/,/ ._J
-l 5 3 | L
P /%~3b % ~F
,"' _ M fan)
Ui-1-d f Fd
. Ui '
Umf1
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measur enent data, which are sent by pog'tion detecting sensor 4a.
Specifically, when driving pul ses are gplied to the pul se notor of shutter
unit 23 in accordance with the neasurenent data which has been received
fromdetecting sensor 4a, a |lens actuating or feeding | ever 23a, as seen in
Fig. 8, rotates over an angle corresponding to the driving pulses which it
has received in order to rotate front lens frame 24 together with it. As a
result of this rotation of front lens frame 24, the front |ens el enent
group LI is nove tHe direction of ttﬂ§|xﬁotographﬁng80pt|cal axi s,

A
via the action i £0p.d4 25, in order that cusi ng oé yhe phot ogr aphi c
tomatically effected, hens barrjel |bl ock 1 rotates

camring 14 wh

| ens assenbly
L4-2
L/

L3

EYE
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motor 5 is driven. Rotation of camring 32 causes roller 17 of front frane
16 'to engage the extrenme macro position fixing section 20g of .cam groove

20, i.e., roller noves into section-20g frommacro transfer section 20f of
camring 14, so that front lens elenent group LI wll be fed further
forwardly to nove into position for macro node operation of the canera. As
clearly seen in Figs. 1 and 2, nmacro conpensati ng elenent 4e is secured to
a free end of a flexi Ie ensation or corr ct“gg g 42, yhi his
pivoted at its base en to >aner a base plate g aft 4 ated bel ow
| i ght receiver 4. Is normal ly retai substaptiplly

straight position mhe no thernal force is
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This is the replacenent sheet Date: :%27 SEP 1996 26 applied to the
flag, and is elastically defornmed whenever an external force is applied to
the flag. Al so attached to shaft -41, and having a pointed surface directed
away fromthe flag, is a projection 43, which can either be forned
integrally with the flag and attached to shaft 41, or which can be forned
separately fromthe flat and attached to shaft 41 at a centra

bore of the
proj ecti on. The macro
LD 0
ry r2r3rh r5 r6 r7 r8 rg i
J’ )
' ' LS —
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conpensating elenment 4e is COﬂtInUOUS|§3%ﬂd rotatably biased into a
retract ed position in which it is retracted away fromthe optical axis of

| ight receiver 4 by a tension spring 46, as illustrated in Fig. 2. As seen
in Fig. 2 and (better)'in Fig. 1, camring 14 includes a projection 44 on
sector gear 15 (or on the camring) which engages flag projection 43 in
order to nove nmacro conpensating optical elenent 4e into the optical axis
of the distance neasuring device and in front of |ight receiver 4 whenever
the camring 14 rotates to the macro setting position. As shown in Fig. 1,
a substantially senw1cykangruqal recess (orgorder rgce segnfrggratlon) 44a

is provided on th ear (1% agj acent to the ,ca ng proj ection
44. This recess |s Tded o facilitate fhe
L4-2
L5
: L4-1
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LI

pivoting or rotating notion of flag p&%eunion 43 as the camring rotates.
I n other words, recess 44a is necessary to facilitate turning novenent of
the projection and hence pivoting or rotating notion of optical elenment 4e
into the position illustrated in dotted lines in Fig. 2, in front of |ight
receiver 4. Alternately, ring 14 or gear 15 can be forned with a smaller
dianeter in order to provide sufficient pivoting room for projection

43. Camm ng projection 44, which effects, via its engagenent with
projection 43, rotational or advancing notion of macro conpensating opti cal

el ement 4e, is posiryi oped and confi g8 egh sobrifat triYer8pt8calllel enent will

be rotated slightly pagi t he p03|t|oﬂ\in whi ¢ the\fl nt uld be
LS —1~ L4-2
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aligned with the optical axis of |ight rec%?ver 4. However, the flat end of
the el enent 4e which nost closely approaches support plate 6e which is
integrally attached to base 6, is This is the replacenent sheet Date: 2 7
SEP 1996 27 adapted to engage the left hand side surface of plate 6e
(as seen in Fig. 2) via a shock absorbing nub or button 4g, shown in both
Figs. 1 and 2. Accordingly, over rotational notion of elenment 4e which is

effected by projection 44 will

LD
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be,:absor bed both by the flexible flag 4&, which is formed froma resilient

plastlc rubber, or other resilient n@ferial and/or the provision of nub

49, which will serve to engage the side edge of plate 6e. Thus, when cam
ring 14 noves into the macro setting position, the macro conpensating

optical element 4e can autonatically be brought into “al i gnnmen th the

optical axis of t G receiv, into a position in front ’the |1ght
0 @? @ §£e : t 3\@2{ ' gh

receiver, in_orde ically e gt | the |ight
emtter 3 a ghL—L@G@LM%L:ﬁ;—Cp—FL Ll —iéggie#\lhe fi nder
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The finder optical systemis designed ﬂ_& only to vary magnification
between a wide field of viewwith a smggd magnification, and a narrow field
of viewwith a large nmagnification, in accordance with the zoom ng
operation of the photographing Iens system but also to provicde a field of
vi ew having | ess parallax when the canera is used in its macro node. One
significant feature of the preqefit invention is that the finder optical
systemis capable of .automaticajly noving in association with both zoom ng
of the photographic |ens and ngvenent of the photographic lens into a macro

setting in OCHER 10\ SahisNy al I SGINRE RGN NeRERDS “of\ 8 N i\n‘de{$ temas

set forth imedi ately abol:= Ile \
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conventional finders appear to provi.de @I urality of bright frames wth
different sizes in the field of view of e finder, this is not a ' '
satisfactory solution to the problens noted above, e.g., the use of such
frames alone will not mnimze parallax in a macro operational nobde such as
that used in the present canera. This is t6e7(ﬂepl acenent sheet Date: 2 7
SEP 1996 28 Under such 6:9rcumstanceSA an |n7@coréj%nce with the
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préesent invention, a finder optical de@pce is provided in a |l ens shutter
t-ype of camera having a zoom | ens which essentially conprises an inproved
inverted Galilean finder. In other words, the finder optical systemof the
present invention includes a first. | ens group having a negative refracting
power which conprises a positive lens in the formof a fixed lens L3 and a
novabl e negative lens in the forn1ofx& vari abl e power |ens L5, a second

| ens group having a negative |ens L4 '*ah is one lens in a fixed

eyepi ece group L4, and a third | ens group HaV|ng a positive refracting
power |ens L4-2 which defines a second I-gys in the fixgg eyepiece |ens
group L4. A prismPl is %@hpt ed to 2e S é}.(i‘théSyS nege? %%weeraj:ghe

positive lens L3 and the
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negative lens L5 of the first |lens gr&r}o in order to refract rays of I|ight
towards the optical axis. The negatiV$Z2lens L5 of the first group can be
di spl aced froma positi.on adjacent to the subject towards a position which

I s adjacent to a photographer's eye in order to vary the nmagnification from
a wde field of view having a small magnification to a narrow field of view
having a | arge magnification. Prism P1, selectively brought ‘into

alignnment with the optical axis of the finder optical system serves to
decrease the parallax when the photographic optical systemis in the nmacro
setting and when the negative lens L5 of thepfifgst group noves closest to
the eye of the photographer along the OEtZ cal axis.
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The .bright frames which are ill ustrate:%izi n dashed lines in Fig. 52 define
t he phot ographi ng ranges and are applied to the face of the lens of the
third group which is closest to the subject, i.e., on the left hand face A
of stationary eyepiece lens L4-2 in Figs. 15A, 16A, 17A, 18A, 19A and 20A,
respectively. These yellow franes, v@?h are placed on lens surface A

conprise a central a spot (t ositi d on the main portion of
z%(g q??% i ¢ Sf‘gpea ﬂ%ﬁe (for ordinary

a phot ographi ¢ subje
phot ography using3fp
AY
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29 zoomlens), and a smaller parallé;gcorrection frame (used since the
picture area will slightly narrow i n3Zhe nacro node). Further, face B of
the second lens group L4-1 which is nost closely adjacent to the eye of a-
phot ographer, is forned froma sem -transparent material, so that a virtua
I mmge of the bright franmes which ‘are forned by the sem - transparent face
can be enlarged and viewed through the positive lens of the third | ens
group L4-2. The yellow bright frames are positioned on the front surface of
the fixed eye piece lens L4-2 by, e.g., sputtering; and the rear surface of
t he eyepi ece | ens

211(210)

F1G.35
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el erent L4-1, i.e., surface B or r6, caﬁzbe inthe formof a

sem -transm ssive, sem -reflective concave mrror. Light rays emtted
from(i.e:, reflected by) the bright frames are reflected rearwardly by
concave surface R6 and are focused on the viewers eye. The eye recogni zes
enl arged false images of the franmes in a position in the far foreground,

whi ch images are formed via the optical effect of Ienses L4- 1 and L4-2.
The negative lens L5 of the first group is novable, as noted above, so that
it will nove froma position which it is |located adjacent to the subject
into a position in which it is nore closely adjacent to the eye of a

phot ographer, in order to increase the focal |[ength of the photographic

W
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optical systemduring the normal zoey ng operation, so that nmagnification
can be varied froma wide field of view having a small magnification to a
narrow field of view having a | arge magnification. Wen a picture is taken
in the macro (beyond tel ephoto) node with a narrow field of view and |arge
magni fication, a prismis inserted between the novable |l ens L5 and
stationary lens L3 in order to decrease parallax, so that light will be
refracted towards the |ocation of the axis of the photographic optical
system Enough roomis provided for the prismto pivot up%gédly for macro
focusing, i.e., thereby creating a need to nove the lens I52a relatively

| arge di stance, as shown in Figs. This is the repl acen sheet
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Date: 2 7 SEP 1996 30 16A, 17A, 198%nd 20A, in order to insert the
prismPl therein in a pivotable or rotatable fashion. On advantage of the
systemis that it incorporates only a single noving |lens L5, rather than
zooming a plurality of lenses or the entire finder optical |ens. system and
having to thereafter conpensate for such zoom ng novenent of all of the

| enses. This serves to sinplify the zoom ng cam plate structure, as
novenent of only a single lens will suffice to

160
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change the magnification of finder igsge. The fixed view ng frames, as
shown in Fig. 52, are provided in order to avoid having to make a view ng
adj ustment. The two rear eyepiece'lens groups L4-1 and L4-2 which include
the frames are fixed, and the curvatures of their respective surfaces are
controlled so that the reflected franes wll have a desired magnification
which is conpatible with the inage nmagnification over the entire range of
zooni ng operation of the photographic | ens. The apex angle or angles of the
selectively insertable prismare defined by the resultant angles in the
hori zontal and vertical directions, in accordance with the positions of the
optical finder system and the photographic opti cal

@60
“71 F1G.43
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system The prismcan be a single wedge3%ri sm or can be a doubl e wedge
shaped prism as illustrated in Figs. 53A, 53B, and 53C, which illustrate a
doubl e wedge prism Pl which is advantageous because it is capable of

bendi ng |ight downwardly and rightwardly towards the optical axis of the
phot ographi c optical system As illustrated in Figs. 53, double wedge prism
P1 has a surface which increases, when viewed fromthe top in the direction
of arrow A (see Figs. 53A and 53B) and. which also increases fromthe |eft
hand to the right hand direction, as @wed fromthe front of the canera
from the phot ographi { by Sg\.{gw B (Figs. 53A and
53C). In the exanple illustrated, the angle [err], b§6[cerr]

[
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the angle [err] V can be [err] the3zwmle [err] could be 4.2, and the
angle [err] could be 5.0. This is the Teplacenent sheet Date:.2 7 SEP 1996
31 The wedge prismis adapted to be inserted between the first convex
single lens elenent L3 and the novabl e concave single lens elenent L5 in a
rotatabl e fashion. This permts the finder unit to be nade conpactly and

allows the prismto be inserted between these two el enents. The vi ew ng
ZP 3 21 0 || POS |cn oo, [emaima e il ornard_[isring reverse
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e
di stance of the false inmage of an objégi and the bright franmes renmain
stationary throughout the zoom ng range of the photographic l-ens, and
paral | ax conpensation is provided by noving the prismbetween the | enses in
the macro or close up picture taking node. The view ng nagnifi-cation or
size of the bright frane_imges is al so nmaintai ned constant throughout the
zoom ng range of the p ographic lens, as well as in .the macro setting,
due to the placenent of{the bright franes on the statiopary |ens el enent
e eSS mage di stance,
|.e., t he dlopte , because the:
zooni ng concave eenes 05— QVC gge magni fijicati on of | x, or
i.e., islife s 7~ \

i
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> ~1 .
Paral | ax conpensation in the macro or 8Pose up picture taking node is
effected by positioning the wedge prism between the | ens el ements, as well
as by the use of the conpensation framng marks illustrated in Fig. 52
(which is the normal neans of parallax conpensation in a close:focusing
node in viewfinder type caneras). The edges of the wedge prismare tinted
green to highlight the frane that illustrates the photographic area in the
macro or cl ose-up node. Theoretically, the prismcould be |located in front
of the first lens group; however, by so arranging the prism it would

i ncrease the overall size of the finder optical system The prism cannot,
however, be | ocated between the
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v 32
secend and third lens groups; because ggéit were inserted between these
groups, the positions of the bright fr and of the virtual imge of the
subj ect could vary in accordance with novenent of the prism However, when
the prismis retractably inserted between the positive lens and the This is
t he repl acenent sheet Date: 32 negative lens of the first |lens group, as
Is the case in the present invention, the prismis free fromsueh problens,
and .

f::: j,Pi A P1

FIG.53B "FIG53C
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is F"kggghggggﬁer camgra 1nclud1ng a_zoom lens system

The present invention relates to a lens shutter camera in
accordance with the generic part of claim 1 and to such a
camera having a lens cape opening and closing mechanism.

It is not possible to take a picture with such camera when
the photographic optical system is out of the range which
is provided for taking pictures.

This problem is solved by the features mentioned in claim
1. The subclaims describe the features of special
embodiments of the invention.

In one aspect of the present invention, a lens shutter
type of camera is provided having a photographing optical
system with a zoom lens having a rotatable cam ring with
cam grooves engaged by at least one lens group in the zoom
lens which is movable along an axis of the photographing
optical system in order to vary the optical length of this
optical system in response to rotational motion of the cam
ring. The cam ring includes at least one flexible code
plate attached to the ring which includes 2zoom 1lens
positional information thereon.

The camera includes a zoom lens which can be moved by a
driving motor into a collapsed lens position rearwardly of
an extreme wide angle lens position. The lens is supported
by an exterior frame having a central photographic opening
and one or more barriers are provided for selectively
closing the central opening. The camera comprises means
for moving into the collapsed 1lens position and for
opening the barriers in all other lens positions.

This is the replacement shest
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narrow field of vieww th [arge magnification and when it is in the macro
node, respectively. Figs. 15B, 16B and 17B, respectively, are views
illustrating the aberrations of the finder |lens systemin the positions of
Figs. 15A, | 6A and 17A, respectively. This finder optical systemincludes a
positive single lens L3 and a negative single lens 15 which formthe first

| ens group; a negative single eyepiecg lens L4-1 which forms the second

| ens group; and a positive single eyepiece lens L4-2 formng the third | ens
group; together with a selectively positionable prismP1l. Anmong all of

t hese optjcal _el enent only the negative single lens LS i s novable al ong
the di r ediEBntaT 4978 ABEF CH iFRS SHRIiBy ;B4R Tion, the contiol

unit checks whether the lens positional information is in
the zoom range. If the lens positional information is out
of the zoom range, no picture can be taken and,
accordingly, the cam ring will be moved into the zooming
position. A range having a lens positional. information
between the zoom range information and the totally
collapsed lens position information is prohibited from
stopping and no picture can be taken.

A barrier mechanism is adapted to be used with a lens
support frame having an outer periphery, a central
opening, and at least one barrier plate for selectively
closing the opening. The mechanism comprises a movable
member positioned in a peripheral opening of the frame,
with the member being engaged with . the at least one
barrier plate. Means are provided for selectively moving
the member inwardly of the frame to close the opening with
the at least one barrier plate.

Other objects, features and advantages of the present
invention will hereinafter be described.

BRIEF DESCRIPTION OF DRAWINGS

The above and other objects, features, and advantages of
the present invention will be described in greater detail
with respect to the accompanying drawings, in which like
reference numerals represent similar elements throughout
the several views, and wherein:

Fig. 1 1is a schematic perspective view of a first
embodiment of a lens shutter type of camera having a zoom
lens formed in accordance with the present invention;

Fig. 2 is a front elevational view of a lens barrel block,
a light emitter, a light receiver, and a macrocompensating
optical element which forms a part of a distance measuring
device, together with a zooming motor, all forming a
portion of the invention of Fig. 1;

Fig. 3 is a top plan view of the apparatus of Fig. 2;

This is the replacgment shesl
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Pl is selectively novable into alignnent with this. optical axis; all of the
other lenses remain stationary. Tables 3-and 4 which follow il lustrate the
curvatures r, the distances d, the yefractive indexes Nd and Abbe's numnbers
[err] d of the opposite side faces™of optical elenents L3, L5, .L4-1, L4-2,

and P1 (Table 4;:qnly), ;Lespect i + . ALt | 0 Dgr{rable and
4, each of fea?&gés er% %Nd;%énydf %?]ff%&%glﬁ\é@ad}é%?g%;ito&? bi;lvgé]nylgngbo%fg
nunbers 1F8gand:This is the repl acement sheet Date: 2 7 SEP 1996

Fig. 5 is a sectional view of the apparatus of Fig. 2
taken along line V-V of Fig. 2;

Fig. 6 is a longitudinal sectional view of a lens
barrel block and two photegraphing optical lenses formed in
accordance with the present invention;

Fig. 7 is a developed view of the camming
grooves in a "flattened" cam ring used to surround the
front and rear lens element groups of the photographic
optical system of the camera of Fig. 1;

Fig. 8 is an exploded perspective view of a lens barrel
block used in the camera of Fig. 1; _

Fig. 9 1is a sectional view illustrating an optical
arrangement for adjusting the focus point of the camera when
the camera is placed into its macro mode:

Fig. 10 is an enlarged plan view of the prism, frame
(i.e., mask) and one light receptor lens of the system of
Fig. 9;

Fig. 11 is a front elevational view illustrating the
assembly of Fig. 10;

Fig. 12 is a sectional view of an optical arrangement
used in a two lens group zooming lens in the camera of Fig.
1;

Fig. 13 is a schematic view illustrating the light
emitter and light receptor of a distance measuring device
used in the camera of Fig. 1;

Fig. 14 is a sectional view of an optical arrangement
of a system for adjusting the focal point of the object
distance measuring system when the camera is in a macro
mode;

Figs. 15A - 172 are vertical sectional views of a first
embodiment of a finder optical system used in accordance
with the present invention, in which:

Fig. 15A is a side plan view of the finder optical
assembly when in a wide field, small magnification position:;

This is the replacement sheet
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33 1-10, respectively, as viewed fromthe sideof the positive single |ens
L3 which is closest to the subject, i.e., fromthe left hand portion of the
figures towards-the eye or right hand portion of the figures..Table 3
represents the position of the lens_ when it is inits wde field of view,
smal | magni fication position (0.38x3 and when it is inits narrow field of

bosi tion of 1 HEPencthen 131 PLAR (PELRmEro TGe 2 R abiu I B of Shr i sm
P1 used iwhehi £hedeametren i is ian maxivowl €iwddye prrgm anagnificatoB80 in
horizontaﬁoaggtion and [err] in vertical section.

Fig. 17A is a plan view of the assembly of Fig. 15A
when the camera is in a narrow field, large magnification
position when the camera is in its macro mode;

Figs. 15B, 16B and 17B, respectively; illustrate the
aberrations of the optical systems of Figs. 15A, 16A and
17A, respectively:;

Figs. 1BA-20B are all vertical sectional views of a
second embodiment of a finder optical system formed in
accordance with the present invention in which:

Fig. 18A is a plan view of the optical system when the
camera is in a wide field, small magnification mode;.

Fig. 19A is a plan view of the optical system when the
camera is in a narrow field, large magnification mode; and

Fig. 20A is a plan view of the optical system when the
camera is in a narrow field, large magnification macro mode;

Figs. 18B, 19B and 20B, respectively, are all views
illustrating the aberrations for the finder optical assembly
when it is in the positions of Figs. 18A, 19A and 203,
respectively;

Fig. 21 is a plan view of a cam plate which can be
attached to a portion of the finder block and the strobe
lamp assembly of the present invention;:

Fig. 22 is a sectional view taken along line XXII-XXII
of Fig. 21; '

Fig. 23 is a back plan view of the cam plate of Fig.
21; '

Fig. 24 is a plan view of the apparatus of Fig. 21 with
the cam plate removed; '

Fig. 25 is a sectional view taken along line XXV-XXV of
Fig. 21; '

Fig. 26 is a sectional view taken along line XXVI-XXVI
of Fig. 25 showing the finder plate in a first position;

Fig. 27 is a sectional view similar to that of Fig. 26

This is the replacement shest
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The bright frame which defines the picture taking range is applied to
surface A of the positive single lens L4-2 of the third | ens group which is
nost cl osely adjacent to the subject being photographed, and the surface B
of the negative single lens L4-1 of the second | ens group which is nost
closely adjacent to the photographérs eye is seni- transparent. As a
result, a virtual image of the bright frane applied to face A of the
positive ls‘iﬁg#élpé‘ﬁ@a%&@ i §h¢0|f#§gea'n@1raét’fq etlt el I5LIRRRD, BOPEHAE tiignal
thereaftgéogﬂéféggd and viewed through the positive single lens L4-2, again
[

as This t he_repl acenent sheet, Date: 2 7 SEP 1996. . .
Fig. 28 is a sectional view similar to the view of Fig.

26, in which a deflecting prism actuating plate has been
removed to facilitate consideration;

Fig. 29 is a front elevational-view of the apparatus of
Fig. 25, shown in a position in which a deflection prism
actuating plate is inserted; ' '

Fig. 30 is a sectional view taken along line XXX-XXX of
Fig. 29;

Figs. 31 and 32 are sectional views of a first
embodiment of an optical barrier mechanism, as viewed along
a plane which is perpendicular to an optical axis, when in
its open position with the central lens frame opening being
open;

Fig. 32 is a sectional view similar to that of Fig. 31
but illustrating the optical barrier mechanism when it is in
its closed position;

Fig. 33 is a sectional view of a second embodiment of
an optical barrjer mechanism formed in accordance with the
present invention, the view being similar to that of the
first embodiment of the optical barrier mechanism
illustrated in Fig. 31;

Fig. 34 is a sectional view of the optical barrier
mechanism of Fig. 33 in its closed position, similar to the
view of the embodiment of Fig. 32;

Fig. 35 is an exploded perspective view of a light
intercepting mechanism positioned adjacent to a lens barrel
block; |

Fig. 36 is a perspective view of a light intercepting
ring;

Fig. 37 is a sectional view taken along line XXXVII-
XXXVII of Fig. 36;

Fig. 38 is a sectional view of a second embodiment of a
light intercepting ring formed in accordance with the
present invention which is similar to the view of Fig. 37;

Thig is the repiacemeht shest
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34 TABLE 3 No. - r d | Nd - [err] 1

30. 800 4.50 1. 49186 57.4 2 -2221.231
0.50(0.38 X) - 15.80(0.70x) 3 5. 555 1.21 1.49186
57.4 4 9. 680 18. 30(0.38X) ~ 3.00(0.70x) 5 - 8. 327

1.00 Fig.léwB&E anm££p§odedE%%%@%ectivg'%%ew of one

embodiment of a guiding device for a flexible printed
circuit board (i.e., an FPC) with the cam ring being
partially cut away;

Fig. 40 is a perspective view of the FPC board guide
member of Fig. 39;

Fig. 41 is a sectional view of a mechanical arrangement
of an FPC board guide plate with respect to the space
defined between the cam ring and a front lens group frame;

Fig. 42 is a side elevational view of an FPC board
which is illustrated in extension (in dashed lines) and in a
deformed position (in solid lines), respectively;

Fig. 43 is a side elevational view of a 1light
intercepting means used in association witﬁ an FPC board;

Fig. 44 is a developed or schematic view of a code
plate, with the lens of the code plate and grooves of the
cam being illustrated on a flattened cam ring, iliustrating
the functional relationship between conductive lands on the
code plate and the cam (ring and plate) grooves;

Fig. 45 is a table illustrating the zoom code on the
code plate of Fig. 44 and the stopping positions which are
located on the code plate;

Fig. 46 is a front elevational view of the operatiocnal
switches of a camera formed in accordance with the present
invention;

Fig. 47 is a back elevational view of the camera of the
present invention illustrating a zooming lens operation
switch thereon;

Fig. 48 is a top plan view of the camera of Figs. 46
and 47, illustrating additional operational switches;

Fig. 49 is a schematic sectional view illustrating a
mode changing switch formed in accordance with the present
invention in a first, inoperative position;

Fig. 50 is a sectional view of a mode changing switch
and a macro button illustrated in a second operational
position;
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7 lerr] 2.23 1.60311 60.7 8 -11. 780

TABLE 4 No. r d Nd . [err] 1

30. 800 4.50 - 1.49186  57.4 2 22221231 1.70 3
[err] 2.70 1.49186 57.4 4 [err] .

11.40 5 55,555 __ -, 1.21 . .1.4918 57.4 6 . 9.680
3.00 7 ; Eé?? 51 1§ @ schematic Vi.eébsffﬁ angpaj grnatipeg, s

7.33 9 telepbotd-wide andd&3switch of the 1c6f8th of 6@he present

invention;

Fig. 52 is a front plan view of a finder optical systenm
lens having a plurality of bright frames thereon;

Fig. 53A is a perspective view of a double-wedge shaped
prism used in the present finder optical system; '

Fig. 53B is a top plan view of the prism of Fig. 53A;
and

Fig. 53C is a right hand side plan view of the prism of
Fig. 53A.

BEST MODE FOR CARRYING OUT THE INVENTION
The present invention will now be described below in

greater detail, with specific reference to the accompanying
drawings which illustrate a variety of embodiments and
features of the present invention.
The description will be generally provided in
accordance with the following general sub headings:
A. The Overall Camera Construction for a lLens Shutter
Type of Camera
B. Distance Measuring Device, i.e., Range Finder, and
Camera Macro Functioning Thereof
C. Finder Optical System
D. Finder and Strobe Driving Mechanisms
E. Barrier, i.e., Lens Cap, Mechanism
F. Light Interception Assembly and Mechanism
G. FPC Board Guide and Anti-Reflection Mechanism
H. Mechanism for Detecting Information Relating to the
Position of the Zoom Lens
A. Overall Camera Construction for a Lens Shutter Type of
Camera
The overall construction of a lens shutter type of
camera formed in accordance with the present invention is
well illustrated in Figs. 1-8. A following embodiment

of a camera comprises a zoom lens barrel block 1, a finder

This is the replacement sheat
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10 -11.780 Exanple 2 Fig. 18Aillustrates & second enbodi nent of the
finder optical systemin its wide field of view, small magnification
position; Fig. 19A illustrates this enbodinment in its narrow field of view,
| arge magnification position; and Eig. 20A illustrates this finder
optical assenbly enbodinent in its narrow field of view, |arge

magnlflcag,i&)n *?Pustr ggggh gk&&%’}.na Qr B OF rr%%B o198 anflz.naert he

respective errations I n the ens systeml
t hree dlfﬂGK@ﬁh ﬁbslﬂgbﬁsamﬂtkﬂra$eandnaﬁkﬁgh§8necﬁﬁwanmﬂ29¢xm1ng a

respectivelpkion | Bet M S A%tQMLLRELETR hg NI 5. 4 5, L  eBLIIREEN 7R
;coming motor 5 which is used for the zooming operation of
:he photographing optical system. All of these elements are
secured to a base 6 which forms an immovable portion of the
amera body.
; Base 6 includes, as is best:illustrated in Figs. 2-4, a
.ens barrel supporting plate portion 6a which lies in a
lane which is perpendicular to the optical axis of the
.ens; and a horizontal supporting plate portion 6b is
srovided which extends at right angles from the lens barrel
support plate portion 6a. Support plate portion 6b extends
seyond the side edge of plate 6a, as seen in Fig. 2, in
>rder to support finder assembly 8 and strobe assembly 9.
The base further comprises motor supporting plate portions
6c which are positioned perpendicularly with respect to the
norizontal support plate portion 6b. Lens barrel block 1 is
supported on lens barrel support plate portion 6a, which has
a central opening (unreferenced) for receiving the lens
barrel block as illustrated in Fig. 2. A zooming motor 5 is
attached to motor support plate portions 6c and is located
above the central portion of lens barrel block 1.
Preferably, only a single such motor (e.g., a DC motor) is
used to drivingly engage all of the movable elements of the
system. A distance measuring device includes a light
emitter 3 and a light receiver 4, which are secured to the
horizontal support plate portion 6b of base 6, and which are
located on opposite sides of zooming motor 5 (see Figs. 2
and 3). Finder block 2 is secured to the right hand portion
of horizontal support plate portion 6b, as viewed from the
front of the camera as seen in Fig. 2. A gear train support
plate portion 6e is connected to motor support plate portion
6c via spacer 6f, as best illustrated in Fig. 3.
Lens barrel block 1 is adapted to be actuated by
zooming motor 5, and the construction of this block will be

Thﬁisthereu@cem&ntsheat_
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Date: 2 7 SEP 1996 35 of the finder optical device, the lens systemis
different fromthat in the first enbodi ment as di scussed in exanple 1,
insofar as the third |l ens group conprises two | enses in the form of
positive lenses L4-2 and L4-3. Tabl-8s 5 and 6 illustrate the curvatures r,
di stances d, refractjive indexes Nd, and Abbe's nunbers [err] for all of the
el ements SeSHeRRE ORAreABBELAWNWISD mrre | sEeFLEARs refamancattie FFia®t es

are sinmlgwido Tablesa® 8BEuting plate 11 is mounted to lens barrel
support plate portion 6a of base 6 by fastening screws 10,
as is best illustrated in Fig. 6. Rear securing plate 11
includes four guide rods 12 which are attached to and
through bores in the rear portion of ‘the guide plate and
which are located about the optical axis of the
photographing optical system and parallel to this axis. A
front securing plate 13 is secured to the front ends of
guide rods 12; these guide rods and plates are the main
securing elements for lens barrel block 1.

A rotatable cam ring 14 is positioned between front and
rear securing plates 13 and 11, respectively; a sector gear
15 is provided about a substantial portion (but preferably
not the entire 360°) of the outer periphery of cam ring 14:
this gear can be attached to the cam ring by conventional
means, e.g., via set screws 1l5a, as seen in Fig. 6; this
gear is adapted to engage, either directly or indirectly, a
first pinion 7 (Fig. 1) which is positioned between the gear
train support plate 6e and the motor support plate portion
6c, as seen in Figs. 3 and (particularly) Fig. 5. Gear 15
can be a sector gear which will cover a predetermined range
of rotational movement of cam ring 14; a turning recess 44a
and cam surface 44 are provided adjacent to each other on
(a flat surface portion of) the gear. The cam ring is
itself provided with zooming cam grooves 20 and 21 (see Fig.
7) which are used to engage the front and rear lens element
groups, respectively.

Fig. 7 is a schematic or developed view of zooming cam
grooves 20 and 21 of ring 14. Cam groove 21, used toc engage
the rear lens element group, includes an extreme wide angle
fixing section 2la, a variable magnification section 21b
inclined upwardly (as seen in Fig. 7) from section 21a, and
an extreme telephoto fixing section 21lc. Cam groove 20,
used for the front lens element group, includes a section
20a for opening and closing barrier block 30, a lens
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previously discussed with respect to the first enbodi nent of the finder
optical system In Table 5, which represents the wide field of view, snal
magni fi cation (0.35x) position of the system and the narrow field of view,
| arge magni fication (0.648x) position &€ the system and in Tabl e 6, which
represents the systemwhen in the nacro node, the apex angle of prismPl is
[err] in ERETRGGIPPERCtdiareAlon atheXerenpe i widaecangle EaK1a0r &aGteien e. g.
The brightddama washadald nasgiier PERLAGHAPELELEYIIE 2108 208NN @RBIeGk t O
face A of tﬁe oiltlme.lens L4-2 of the third group, and face B of the
negat i ve SFHGREOtoNE URE FeTHEOBe20Rd G JRFTS BT SEFeCrARBpA%, as
in the fiasd embetitienl aaddie Fixdey Sestidsh 20g.

When the term macro 1is used throughout this
specification, it refers to a "close-up" photographing
configuration for the camera. Previously, the term "macro"
has occasionally been used to mean "bigger than life";
however, the term macro has been used throughout this
specification as an equivalent term for close-up, and
whenever it is used it should be taken to have such a
meaning unless indicated to the contrary herein.

The total angle GBZL of the rotational displacement of
cam ring opening and closing section 20a, lens retraction
section 20b, and extreme wide angle fixing section 20c of
zooming cam groove 20 is identical to angle.Gail of the
extreme wide angle fixing section 2la of zooming cam groove
21. Angle@ , of the variable magnification, i.e., variable
power, section 204 of zooming cam groove 20 is identical to
angle@, of the variable magnification, i.e., variable
power, section 21b of zooming cam groove 21. Further, the
total angle 63 3 of the extreme telephoto fixing section
20e, the macro position fixing section 20g, and the macro
transfer section 20f, is equal to the angle 3 of the
extreme telephoto fixing section 2lc. In the illustrated
embodiment, the zooming range is between approximately 3S5mm
and approximately 70mm.

A roller 17, as illustrated in both Figs. 6 and 8, is
positioned within zooming cam groove 20; this roller is
attached to a front lens group frame 1l6. A roller 19 of
rear lens group frame 18 is positioned within zooming cam
groove 21, again as illustrated in Figs. 6 and 8. Front
lens group frame 16 and rear lens group frame 18 are movably
guided by guide rods 12, and a decorative frame 22 and
shutter block 23 are secured to the front lens group frame
16 via set screws 22a, as best seen in the exploded view of
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This is the replacenent sheet Date: [err] 36 No. [err]
Nd [err] 1 . 25. 800 4.50 ' 1. 49186 57. 4 2
-190. 341 0.50(0.35x) - 11.89 (0. 648x) 3 85.200 1.50
1.49186 57.4 4 8. 081 14,,39(0. 35x) - '

Fig. 8, as well as in the cross-sectional view of Fig. 6.

The front lens frame 24 which supports front lens
element group Ll is engaged by shutter block 23 via helicoid
25, which is shown in'Fig. 8. Front lens frame 24 includes
an arm 24a which engages lens feeding lever 23a of shutter
block 23 (see Fig. 6), so that when lens feeding lever 23a
rotates in a circumferential direction in order to rotate
front lens frame 24, the front lens frame will move along
the direction of the optical axis of the photographing
optical system under the guidance of helicoid 25. Rear lens
element group L2 is directly attached to rear lens group
frame 18, as seen in Fig. 6. One desired configuration of
lens groups Ll and L2, as illustrated in Fig. 6, are
disclosed in commonly assigned U.S. Patent Application
Serial No. 935,982, filed on November 28, 1986, the
disclosure of which is expressly incorporated by reference
herein.

The structure of shutter block 23 is known per se.
This shutter block rotates lens feeding lever 23a over a
predetermined angular displacement in accordance with a
detection signal which is received by the shutter block from
the distance measuring device, as described hereinafter, via
a pulse motor which is incorporated within the camera body
and which is adapted to open shutter sector 23b, which has
been closed for a predetermined time, and to thereafter
return lens feeding lever 23a into its original position
after the shutter has again closed. This type of shutter
block is disclosed, e.g., in unexamined Japanese Published
Patent Application (KOKAI) No. 60-235,126, dated November
21, 1985, the disclosure of which is expressly incorporated
by reference herein. The present camera utilizes such a
shutter block in the fundamental way disclosed therein.

Finder block 2 includes finder assembly 8 and strobe
assembly 9. The finder device and the strobe device are
adapted to vary, respectively, the field of finder view and
the illumination ahgle, i.e., the intensity of the strobe,
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3.00(0. 648x) 5 -7.056 1. 00 : 1.67003  47.3 6

34. 700
8

57.4 10
Nd 1
9.42 3
[err]

5.37 7 ©olerr] 2.93 "~ 1.60311
-12. 538 0.30 9 -30. 259 2.23 _ 1. 49186
-15. 420 TABLE 6 No. [y r] d .
25. 800 4.50 1.49186  57.4 2 -190.3
[err] 2.00 1.49186  57.4 4

in acBofidance with variance in the focal length of the lens
sarrel block 1. Zooming motor 5 is used as a power source
both for. finder control and strobe control; only a single
notor need therefore be used.

As seen in Fig. 1, sector gear 15 of cam ring 14 is

- engaged by a second pinion 50 which is different from the

first pinion 7 referred to previocusly. Shaft 51, to which
pinion 50 is attached, extends rearwardly towards the rear
portion of base 6, and is provided with a reduction gear
train 52 adjacent a rear end of the shaft. The reduction
gear train includes a final gear 52a which meshes with a
rack 53a of movable cam plate 53. This substantially flat
cam plate 53 is slidable in right and left hand lateral
directions, as viewed in Fig. 1, and includes a downwardly
bent portion 53b at its rear end, as best shown in Fig. 1.
Rack 53a is formed on the lower end of bent portion §3b of
can plate 53. Reduction gear train 52 is adapted to reduce
rotation of gear 15 in order to restrict or limit the
lateral movement of cam plate 53. The cam plate is provided
with a variable power cam groove 55 for guiding movement of
finder device 8, a parallax correction cam groove 56, and a
strobe cam groove 57 for guiding movement of strobe device
9. '
The lens system used in finder optical assembly 8
essentially comprises a subject lens group L3, an eyepiece
group L4, and a movable variable power lens group L5, and
further comprises a deflection prism Pl which is used when
the camera is placed into the macro or close-up mode.
Variable power lens group L5 makes the image picture
size, which is adapted to vary in accordance with the
variable power operation of lens barrel Dblock 1, be
coincident with the field of view in finder device 8.
Deflection prism Pl will enter the optical path of the
finder lens system only in the macro mode, in order to
adjust parallax which otherwise occurs in such mode.
Specifiéally, parallax which inevitably occurs when using

60.
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5 85.200 - 1.50 1. 49186 57.4 6 8. 081

3.00 7 -7.056 - 1.00 1. 67003 47.3 8. 34.700
5.37 9 00 2.93 1. 60311 60.7 10 -12.538
0.30 11 - 30. 259 2.23 13 1. 49186 57.4 12 . -15. 420
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(2) fl <Whseanpdi¢Bhre. 45 beibb %@k&§n Wpansiaches the camera; and,
accordingly, a large parallax would normally result in the
macro mode. In order to solve this problem and reduce the
large parallax which otherwise occurs in the macro mode,
deflection prism P1 is provided in the form of a wedge with
a thicker lower end and a thinner upper end. Deflection
prism Pl, when located along the optical axis of the finder
optical system, serves to deflect rays downwardly in order
to take a picture of a subject which is located extremely
close to the camera. Fig. 28 illustrates the optical path
of light rays when the deflection prism Pl is located along
the optical axis of the camera. As described hereinafter,
the wedge prism which is used is preferably selected to be a
double wedge prism, which varies in width in both the
vertical and in the horizontal directions, as clearly
illustrated in Figures 53A, B and C. The use of such a
prism bends the light rays downwardly and rightwardly, to
move them into substantial alignment with the photographic
optical axis.

Strobe assembly 9 restricts or limits the illumination
angle when the focal length of the photographing 1lens is
large, namely, as the zoom lens is fed forwardly; and the
strobe assembly 9 is moved to increase the illumination
angle in the macro mode, in order to decrease the amount of
light which reaches the subject. In the embodiment
illustrated, strobe device 9 includes a fixed Fresnel Lens
L6, a movable concave reflector 59, and a xenon lamp 58
which can be moved along the direction of the optical axis
of the strobe. Alternately, a simple strobe could be used
in which the illumination angle would be fixed. Although
such a strobe arrangement is possible, it is preferable to
move the lamp in the optical axis direction in accordance
with movement of the zoom lens in order to optimize the
quantity of 1light given to a subject during photography,
dependent upon the position occupied by the photographing
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LD = the total length of the finder; dP = the distance between the face of
|l ens L3 which is nost closely adjacent to prismP1l and the face of lens L5
This is the replacenent sheet Date: 2 7 SEP 1996 37 which is nost
closely adjacent to prismPl; fl+ = thé4 ocal |ength of the positive |ens

of the f”ﬁ%tié%f;é¥é¥gﬁ fH“¥ﬁ§ ;bégelégg?l | ength of the thlrdllens group

B. Distance Measuring Device, i.e., Range Finder, and Camera

Macro Function

Before looking in a detailed fashion at the distance
measuring device of the present invention and its
relationship to the macro function of the camera, the
relationship between the distance of a subject from the two
lens group zoom lens and the displacement or forward feed of
the zoom lens will be now be discussed.

Fig. 12 illustrates a relatively simple construction
for a two lens group zoom lens. In such a construction, the
distance of the subject and the displacement of the zoom
lens have a relationship as follows:

U=£1 (2+X/f1+f1/X) + HH + A ...(1), wherein:

U equals the distance of a subject from the film plane;

£l equals the focal length of the first lens group:

X equals the displacement of the zoom lens;

HH equals the principal point distance; and

A equals the distance between the focal point of the first
lens group and the focal point of the two Zens group zoom
lens.

From equation (1) it can be calculated that:
X=({-2f1-HH-delta+U~ \/ (2f1+HH+delta-U)2-4£1%}/2

eesf2)

Fig. 13 illustrates the relationship between the
distance U of a subject and the positional deviation (t) on
a position detection element 4a, which forms a portion of
the distance measuring device which detects the distance of
a subject from the £ilm plane based upon the principle of
triangulation.

The triangulation distance measuring device includes a
light emitter 3 having a light source 3a and a 1light
emitting lens 3b; and a light receiver 4 having a light
receiving lens 4b and a position detection element 4a, e.qg.,
a photo sensitive detector (hereinafter PSD). The rays of
light emitted from light source 3a are reflected by the
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These criteria are useful and helpful to enable prismPl to be retractably
i nserted between the novable | ens L3 of the first |ens group and the
negative lens L5 of the first |ens groEg and to mnimze the effective

di anmeter of the prismwhen it is broug into alignment with the optical
axis. The first condition, i.e., 0.3 < dP < 0.5 is based upon the fact that
i f the vauRiestdpasdcdiis Lhghiotrsflepked| thiere fnem e1$emq¢e1v(ﬁdarmer of

the |ensg%%lti&ﬁ|d$€5€%@héaégﬁsofakhn9n'Br@byfﬁaﬂdéﬂéﬁén &Rdpact

canera as does the present”invention; to the _contrar e va ue of dP

was <0.3,0% tthp sebrReBnErent toaeflai PLABE F - toN§m?thhl )t%di%‘é’sﬁlﬁpﬁ otate
prismPl &0 tBat tHe WHhEgeCHUE pBEQtion detection sensor 4a, from a

reference point represented by the position of an image of a
subject at an infinite distance, relative to distance U of
the subject from film plane £, is given by the following
equation:

t=Lxf/(U-£-d) ...(3), in which:

L represents the base length of the distance measuring
device;

f represents the focal length of the light receiving lens;
and

d represents the distance between film plane F and the focal
plane of the light receiving lens.

The deviation (t) can be detected by the electric
current, i.e., output, of position detecting sensor 4a in
accordance with the quantity of light received by position
detecting sensor 4a, in a well known fashion. The
photographing optical system of the camera is adjusted to
form an image on a focal point of the image plane in
accordance with the output signal, i.e., electric current,
of position detecting sensor 4a, based upon egquations (2)
and (3), so that automatic focusing can be effected. The
actuating or driving mechanism of the photographic optical
system is noted above.

It is necessary to shift the range of measurement of
the subject distance by the distance measuring device
towards a close subject distance side in order to achieve
the macro function of the camera. In the macroc mode, the
photographing optical system is either partially or entirely
displaced, from a standard picture taking position, towards
the subject to be taken, as is well known.

In the embodiment of Fig. 12, the first lens group of
the photographing lens is moved forward, towards the subject
over a predetermined displacement, in the macro mode,
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alignment with, and be capable of retracting away from the optical axis in
a position between |l enses L3 and L5. Conditions 2 and 3, in which fl+ <
1.8, and 0.45 < f3/LD <0.7, are provided to minimze the effective dianeter
of prism PLl. The second criteria noted above is substantially

equi valent to setting or establishing t4%e focal |ength FR of the I|ens

syst em wHindegendeodilty oogd (aeat viseyibyd pf thei shishladenethe efifiesreds By

dpper 11 erd et eid SIS Mefie S aBETELY pekhar, BRI Tar ge.
t hereby resul thify ikt diditessnys one caerhangsa fowpsdd fivingmthml fangter .
Condi ti o eRGUronman G |ohSWINALEPIai9t8nce in the macro mode in
accordance with the present invention. In Fig. 14, a
relatively conventional prism P having an apex angle of é‘is
inserted in front of 1light receiving lens 4b in order to
shift the range of measurement of the subject distance
towards the subject whose photograph is being taken. In
other words, the zoom lens camera system uses a pivotable
prism or wedge which is adapted to be positioned in front of
light receiver 4. ’
Assuming, e.g., that the apex angle and the refractive
index of prism P ared and n, respectively, the deviation ty
of the image on position detecting sensor 4a, with respect
to the subject distance Ul, can be obtained as follows:
firstly, the incident angle alpha of the rays of light on
the plane of prism P adjacent to the subject is determined
by the following equation:
alpha=tan™t (L/(Ul-£-d)} +
Refraction angle beta of the rays of light which are
incident upon prism P having an apex angle at the
incident angle alpha is determined by the following
equation:
beta=alpha- J‘+sin"1 (n sin {J§ - sin
(alpha/n) )], and, therefore Yzo<—d& ~f4
Accordingly, deviation tl1 of the image on position
detecting sensor 4a will be determined by t;=f x tand .
Subject distance Umfl, which is obtained when 1light
which is coincident with the optical axis of light receiving
lens 4b intersects the optical axis of light emitting lens
3b is determined as follows, provided that the thickness of
prism P is negligible:
Umfl=L/tan {sin"l (n sin & ) <=f+£+d.
In one example, the present Applicants calculated the
values of U, Ul, t, tl1l, and t-tl} in a camera in which the
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“requirenent for the third lens group |ocated rearwardly.of the prism
Nanmely, if f3/LDis less than the lower limt of 0.45, the tolerance of the

systemw || becone quite small. To the contrary, if the value of f3/LD
exceeds the upper Iimt of 0.7, the effggtive dianeter of the prismwl|
i ncrease. This is the replacenent sheet Date: 2 7 SEP 1996 38 The

val ues of piRtdgrephigds f@ptirxeah sweterr sinclitled a two lens group zccm
lens, wherein: f1, i.e., the focal length of the first
group, equals 24.68mm; HH (i.e.,the principal point
distance) equals 7.02mm; delta, i.e., the distance between
the focal point of the first lens group and the focal peoint
of the zoom lens, equals 30.04mm; _
4, i.e., the distance between the film plane and the focal
plane of the light receiving lens, equals 6.292mm; the
displacement of the first group at the macro setting equals
0.5502mm.; L, i.e., the base 1length of the disfance
measuring device, equals 30mm; £, i.e., the focal length of
the light receiving lens, egquals 20mm.:; <f~, i.e., the apex
angle of the prism P, equals 2.826°; n, i.e., the refractive
index of prism P, equals 1.483; the distance range which can
be measured equals 0.973m~ infinity:; and the number of steps
of forward feeding movement of the zoom lens is 18, so that
the range of 0.973m ~ ém is divided into 17 forward feeding
motion steps of the zoom lens. The results of these
calculations are illustrated in Table 1 hereinbelow. In
these calculations, the distance range of 0.$73m~ 6ém is
shifted towards the range of 0.580m~ 1.020m.

In Table 1 hereinafter, step 17-18 represents a
shifting point at which the 17th step changes to the 18th
step:; similarly, the step 0-1 represents a point of transfer
between 0 and the first step. )
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second enbodi ments above will now be Iisted; all of these values are set' to

satisfy conditions 1, 2 and 3 noted above. First Enbodi nent Second
Enbodi nent dP : 0. 45 0.36 fl+
1.76 1.42 £3/LD 0. 56

0.49 D. Drive Mechanismfor the Finder 'Qd Strobe Devices The driving
mechani sm whi ch serves to actuate findet“optical assenbly 8 and strobe
assenbly 9 is best illustrated in FITeBLR21130. A nother plate 60 is

ttached t fl | ISty e
hor [ zont al _suBRTH IS Ste At b AT EOREETON BRTECRAATSRIGR, i)

gui de AT DIFFERENT SUBJECT DISTANCES
STEP NO. U (m) g (m tlmm) £y (nm) £,-t {mm)
17-18 6.000 i.020 0.1004 0.1274 0.0270
17 5.154 0.9¢s6 0.1170 0.1423 0.0253
16 4.027 0.951 0.;500 0.1718 0.0218
15 3.310 0.911 0.1827 0.2013 0.0186
14 2.814 0.875 0.2153 0.2305 0.0153
13 2.450 0.841 0.2476 0.2595 0.0120
12 2.172 0.810 0.2787 0.2884 0.0087
11 1.952 0.782 0.3115 0.3170 0.0055
10 1.775 0.756 0.3432 0.3455 0.0023
9 1.628 0.732 0.3747 0.3738 -0.0009
8 1.504 0.709 0.4059 0.4018 -0.0041
7 1.399% 0.688 0.4369 0.4298 -0.0072
6 1.309 0.668 0.4678 0.4575 -0.0103
5 1.230 0.650 0.4984 0.4850 -3.0134
4 1.161 0.633 0.5288 0.5124 -0.0165
3 1.100 0.616 0.55%91 0.5396 ~0.0185
2 1.045 0.601 0.5891 0.5666 -0.0225
1 0.9396 0.587 0.6189 0.5934 -0.0255
0-1 0.973 0.580 0.6338  0.6068 =0.0270

U ne1=1.283m
As can be seen from Table 1, an image deviation of

0.027mm occurs at the. position detecting sensor 4a at the
two extremities of the range of measurement of the subject
distance which can be measured, as a result of compensation
by prism P. Such a deviation corresponds substantially to
about 1 step, in the sense of the number of feeding steps of
the zoom lens. Accordingly, it is not possible to move the
photographic lens into a correct focal point by directly
controlling displacement of the photographing optical system
in response to the output of position detecting sensor 4z,
thus resulting in an "out of focus" situation.

. In other words, it is impossible to completely
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pins 62 integrally attached to the nother plate and which are adapted to
fit wthin a substantially |inear guide groove 61 of camplate 53. Sliding
nmotion of camplate 53 is in the lateral direction, with respect to the
optical axis of the canmera, and is restricted by the engagenent between
gui de grooves 61 and guide pins 62; and a guide projection or flange 60a
(shown in both Figs. 21 and 22) is forned integrally with nother plate 60
and serves to prevent cam plate 53 fron%?loating or noving away fromthe
front surfeoepehsahe dorheieviaitiogn phnt thel dmages bie ubriort arldy oprLsm

plate 53 vBere;hig thange RNoaoehiis O Bediaeibhndsl JPUI Hale &

i ncl udes a Variable power Tens gui d€ groove 63, a defTection prism gui de

groove 64, paadtion detecting sensor d4a with respect to subject
distance Ul cannot be varied by prism P. The prism begins
to compensate for the image deviation, but cannot alone do
so.

In view of such results, the present inventors have
found that complete compensation of such deviation can be
achieved if the rate of deviation ti is adjusted by
multiplying this rate by 1.1130 {(calculated by dividing
0.5334 by 0.47394), which equals the change in t from step 0-
1 to step 17-18 divided-by the change in tl1 between step 0-1
and step 17~18, since decreases in the deviations t and t1
between steps 17-18 and 0-1 are 0.5334mm and 0.4794nmm,
respectively. To this end, in the present invention, a
macro mode compensating optical element is adapted to be
selectively moved in front of the distance measuring optical
system only when the camera is placed in the macro mode, in
order to optically extend the base length between the light
emitter and the 1light receiver of the distance measuring

- optical system, and in order to intersect the optical axis
of the light emitter and the optical axis of the light
receiver with a finite distance. Further, in this
embodiment, an actuating mechanism is provided for moving
the macro compensating optical element in front of the light
receiver in coordination with transfer or movement of the
photographing optical system, i.e., the zoom lens, from the
normal photographic mode to the macro mode, as discussed in
detail hereinafter.

Figure 9 illustrates an optical arrangement of the
distance measuring device when in the macro mocde, in the
automatic focus camera of the present invention. In this
figure, macro compensating element 4e comprises a prism 4c
and a mask or frame 4d, rather than only the optical wedge
‘of Fig. 14. Element 4e is moved in front of light receiving
lens 4b of the distance measuring device when the camera is
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strobe assenbly gui de groove 65. Each of these guide grooves extends
parallel to the photographicoptical axis of the canmera. A guide projection
66a of variable finder lens frame 66, which carries the variable finder
power lens group L5, is fitted within wariable power |ens guide groove 63.
Qui de projection 67a of deflection prismactuating plate 67 is slidably

b oj ccti oa"ogn 51 abzdbe 4E5dfn y cale Bt HhiaR s r Rt e fEnadile,
refl ect or egmgntadieediThratracted repadementtishesptDask: axid BHESER GIHO6
receiving lens 4b. . ,

Prior to discussing the mechanical structure which is
adapted to actuate the compensation element 4e, the actual
construction of the macro compensating element 4e and the
reasons why measurement accuracy can be improved or
increased in the macro mode will be described in detail.
The element includes a prism 4c which is adapted to
optically extend the base length of the distance measuring
device and to refract rays of light which enter the prism.

Figure 10 illustrates in detail prism 4c, mask 44, and
light receiving lens 4b. Figure 11 is a front elevational
view of Figure 10; and both of these figures illustrate how
mask or frame 4d is capable of intercepting rays of 1light
out of the path of light approaching the prism. Mask 44
includes a front opening 4f which is shown in the form of a
generally rectangular, elongated slot, on the (front) side
of the frame located most closely adjacent to the subject
being photographed, and a rear opening 4g (see Fig. 10) on
the side of the frame or mask most closely adjacent to light
receiving lens 4b. Opening 4f is in the form of a slit
spaced from optical axis O of light receiving lens 4b by a
distance (1) which is measured on the opposite side of the
optical axis from light emitting lens 3b. Rear opening 4g
is also in the form of a elongated slit, which is
substantially located along the optical axis 0 of light
receiving lens 4b.

When prism 4c, together with mask 44, move in front of
light receiving lens 4b, i.e., when the camera is in the
macro mode, a first lens group of the photographic lens is
fed forwardly by a constant displacement, independently of
the displacement of the lens which is fed forwardly d&uring
the normal photographic mode by the automatic focusing
device. As best seen in Figs. 9 and 10, when prism 4c is
‘located in front of light receiving lens 4b, the range of
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39 thereto, is fitted or positioned within strobe guide groove 65. Variable
power |l ens frame 66, deflection prismactuating plate 67, and strobe
assenbly case 68, together nove in a digection which is parallel with
respect to the optical axis, along thezrespective gui de grooves. Qui de
proj ections 66a, 67a, and 68a are provided with driven pins 69, 70 and 71,
whi ch fitmeakhirenehnd o ithd & ipdvaice anf grlvevsubfectheapabel Istd fted to
conpensat | cam groove .56, _and the r C 57, _respecti

Accor di ngH},% \Aﬂﬁﬁggan?‘ﬁfigt ergggﬁdvesséﬁf?grﬁalf‘g], gs\r/eglg?lgﬁl et%o AR e%?éf}%/tarre
incident thereon in a parallel fashion, over a displacement
(1) in the direction of the base length, so that base length

L can be optically extended to equal the distance (L+1).

Assuming that the angle and the refractive index of

prism 4c are 5’1, and n, respectively, and that the parallel
displacement of light by prism 4c is represented by the
distance (1), deviation t2 of the image on position
detecting element 4a, as viewed with respect to the subject
distance U2, can be obtained as hereinafter detailed.

The incident angle of light on the plane of prism 4c
which 1is adjacent to the subject 1is provided by the
following equation:
alpha;=tan™t {(L+1)/(U2-£-d)} + & ;-

This equation indicates that the base length of the
triangulation distance measuring device is extended from L
to (L+l) by the insertion of prism 4c in front of the light
receiving lens 4b. The refraction angle beta; of light
which is incident upon a prism having an angle <§"1, which
light is incident upon the prism at an incident angle of
alpha,, is calculated in accordance with the following
eguation:

beta; = alpha,- =h 1¥sin -1[nsin { & 1-sin
(alpha;/n)}1, and, therefore: ¥ , = alpha; - & 1 - beta;.

Accordingly, deviation t2 of the image on position
detecting sensor 4a is equal to £ x tan ' ;, i.e., t2 = F x
tan ZY 1

The subject distance Umf2 which is obtained when light
coincident with the optical axis of light receiving lens 4b
intersects the optical axis of light emitting lens 3b is
yielded by using the following equation, provided that the
thickness of prism 4c is negligible:

Umf2=(L+1)/tan (sin"I(n x sin § ;) - § 1) +f+d.

i Table 2 hereinafter illustrates the results of the
calculations in which the distance measuring device of Figs.
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reflection prismactuating plates 67, and strobe case 68 nove along the
respective camm ng grooves 55, 56 and 57. The sections of the variable
power cam groove 55, parallax conpensating cam groove 56, and strobe cam

groove 57 correspond to sections of zo

I ng cam grooves 20 and 21 of cam

ring 14 which have been illustrated in Fig. 7 and described with resgect

thereto. SpedRfcattylaheDrsnafiRe pavist @8n§r&ﬂ@?9§¥ﬂ$ﬁk%gaﬁﬁ Rt reme

wi de anglsafisfPingeeheoared, bas VAI it diveds Seabkan b iswed agiext rene

t el ephoto f|X|n€ ggc i on 55cC, ,wi angles Jerr] and O 3, _r
ecti

of these GTHTRES

g %%P?ééza‘a%‘gi tﬁgetf‘& it 15w angPRBeL Y

“Ehet

tively,
camring

Fig. 7. The parall ax conpensating cam groove 56 includes a non-projecting

section

{(a) The photographic lens is a 2-group
lens;

(b}£1, i.e., the focal length of the
first group, equals 24.68 mm;

{c) HH, i.e., the principal peoint
distance, equals 7.02mm;

(d) delta, i.e., the distance between the
focal length of the first lens group and
the focal length of the zoom lens, equals
30.04 mm; '
(e) d, i.e., the distance between the
film plane and the focal plane of the
light receiving lens, equals 6.292mm;

(f) the displacement of the first lens
group in the macro setting equals
0.5502mm;

(g} L, i.e., the base length of the
distance measuring device, equals 30mnm;
(h) £, i.e., the focal length of the
light receiving lens, egquals 20mm;

(i) § 1, i.e., the angle of prism dc,
equals 3.399;

(3) n, i.e., the refraction index of the
prism, equals 1.483;

(X} (1), i.e., the distance representing
the parallel displacement of the rays of
light, eguals 3.39mm;

{1) the range of measurement of the
distance of the subject which can be
measured equals 0.973m~ infinity;

(m) the number of steps of forward
feeding movement of the zoom lens is 18;
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- 56a, a projecting novenent section 56b, i.e., a forward feed section used
for the macro node, and a projected position fixing section 56¢, i.e., an
extrenme macro fixing section. Strobe cam groove 57 includes an extrene w de
angle fixing section 57a, a variable p?yer section 57b, an extrene
tel ephoto fixing section 57c, a macro feeding section 57d, and an extrene
macro fixing sectiofny7ethdhearRicat b&NPNigy et Wean £aam3gkea¥gs 55, 56 and
57, and zoom ng cam,grooves 20 and 21, is best illustrated in the schematic
or plan viewillustrf 8d\ii7n i&PSi4AN%he variabl e power |ens frame 66 which
supports the vari abl{e)paisy pledSogtopRitSrahgeovnbl §. svupRor kad al ong This
is the replacenent sheet. . :
is shifted into the range of 0.580m-~

1.020m.
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~Date: 2 7 SEP 1996 40 guide face 54a of finder block 54 so that frane 66
w Il hang therefrom as best illustrated in Fig. 25. The frane can be

f or med,

e.g.,

froma resin which can slide with respect to the finder block

in a substantially frictionless fashion. Wen vari abl e power |ens frame 66
moves al ong vari abl e power cam groove 55&4% magni fication of the finder

opti cal

.pomer | ens grﬁglz%§onnll var so th

system including | ens group hﬁEL%yg pi ece group L4, and variable
a

. hot ogr aphi c
S CF IMAGES ON THE POSI ICN DETECTING SENSCR AT

DIFFERENT SUBJECT DISTANCES WITH THE MACRC COMEENSATION
ELEMENT OF FIGURES 9, 10 AND 11

STEP NO. U (m) g _z.(EL t{mm) E_g_{mm £o-t {(mm)
17-18 6.000 1.020 0.1004 0.1005  0.0001
17 5.154 0.996 0.1170  0.1171  0.0001
16 4.027 0.951 0.1500 0.1500 0
15 3.310 0.911 0.1827  0.1827 0
14 2.814 0.875 0.2153 0.2152 -0.0001
13 2.450 0.841 0.2476  0.2475 -0.0001
12 2.172 0.810 0.2797 0.2796 -0.0001
11 1.952 0.782  0.3115  0.3115 0
10 1.775 0.756 0.3432 0.3432 0
9 1.628 0.732 0.3747  0.3746  -0.0001
8 1.504 0.709 0.4059  0.4059 0
7 1.399 0.688 0.4369 0.4365 0
6 1.309 0.668 0.4678  0.4677 -0.0001
5 1.230 0.650 0.4984  0.4984 0
4 1.161 0.633 0.5288  0.5288
3 1.100 0.616 0.5591 . 0.5591 0
2 1.045 0.601 0.5891  0.58%1 0
1 0.996 0.587 0.6189 0.6190  0.0001
0-1 0.973 0.580 0.6338  0.6338 O

It should be clearly understood from Table 2 that the
deviation of the images on the position detecting sensor 4a
at different steps between the normal photographic mode and
the macro mode will therefore be within +/- 0.000lmm. This
is represented by the value ty,-t in the last column on page
2. Accordingly, it is possible to almost completely form
images at the focal point by adjusting the photographic
optical system in accordance with the ou tput of the position
detecting sensor 4a. Table 2 illustrates that prism 4c can
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range over which lens barrel block 1 noves will’ be substantlally coi nci dent -
with the field of view of the finder. The deflection prismactuating plate
67 is illustrated in Figs. 26-28, and is hereinafter described in greater
detail. Deflection prismP1l, which is forned of synthetic resin, is
rotatably supported by finder block 54 ¥Ba two | ower opposed prism support

pins 74 of tﬁgcg %irbﬁFe Eggg%lfgn Lps iagldide d o&grggihgrﬁggﬁ {3

whi ch surr3% eac sprlng earlng agai
respect i veaabotmeidt pmmgnﬂprabmmmzs nedepr dni dewe atamgorhmdel ge ftaess of

deflection; prigmPlyesq YRat {fifes the normal base length, i.e., the
base length will be 33.39mm when the camera is in its macro
mode; as a result, displacement of position detecting sensor
4a can be increased by a factor of 1.113. '

In operation, it is possible to automatically focus the
camera within any zooming range, including the macro setting
of the camera, by actuating previously discussed shutter
unit 23 in accordance with the output signals, i.e., the
measurement data, which are sent by position detecting
sensor 4a. Specifically, when driving pulses are applied to
the pulse motor of shutter unit 23 in accordance with the
measurement data which has been received from detecting
sensor 4a, a lens actuating or feeding lever 23a, as seen in
Fig. 8, rotates over an angle corresponding to the driving
pulses which it has received in order to rotate front lens
frame 24 together with it. As a result of this rotation of
front lens frame 24, the front lens element group L1 is
moved along the direction of the photographing optical axis,
via the action of helicoid 25, in order that focusing of the
photographic lens assembly will be automatically effected.

Lens barrel block 1 rotates cam ring 14 when zooming
motor 5 is driven. Rotation of cam ring 14 causes roller 17
of front frame 16 to engage the extreme macro position'
fixing section 20g of cam groove 20, i.e., roller moves into
section 20g from macro transfer section 20f of cam ring 14,
so that front lens element group L1 will be fed further
forwardly to move into position for macro mode operation of
the camera.

As clearly seen in Figs. 1 and 2, macro compensating
element 4e is secured to a free end of a flexible
compensation or correcting flag 42, which is pivoted at its
base end to camera base plate 6 via a shaft 41 located below
light receiver 4. Flag 42 is normally retained in a
substantially straight position when no external force is
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deflection prismw Il be continuously biased into a position in which the
prismPl noves into alignnment with the optical axis of finder |enses L3-L5.
Abut ment 76 are |ocated in arc-shaped grooves 79 formed in finder block 54,
as best illustrated in Figs. 26-28. The2#leflection prismactuating plate 67
I's held between finder block 54 and a guide plate 80 (see Fig. 25)
connect ed appliadetobltbek f84g50 arkhti sa el steiqa hl gldabbehelds whesickiegnad on

gu de. it at XBaEhRYL EeE | 8 RTYeR a5 bt o e A s SrieReRe o

engaged byshagtoplsurdndehavimgd @ puidited ssuffeee78icfeatefd estapn mrcmsm
actuating phat 166G, fULtREr o bBERELAM 43, which can either be formed
integrally with the flag and attached to shaft 41, or which
can be formed separately from the flat and attached to shaft
41 at a central bore of the projection. The macro
compensating element 4e is continuocusly and rotatably biased
into a retracted position in which it is retracted away from
the optical axis of light receiver 4 by a tension spring 46,
as illustrated in Fig. 2. As seen in Fig. 2 and (better) in
Fig. 1, cam ring 14 includes a projection 44 on sector gear
15 (or on the cam ring) which engages flag projection 43 in
order to move macro compensating optical element 4e into the
optical axis of the distance measuring device and in front
of light receiver 4 whenever the cam ring 14 rotates to the
macro setting position. As shown in Fig. 1, a substantially
semi-cylindrical recess (or other recess configuration) 44a
is provided on the gear 15 adjacent to the camming surface
or projection 44. This recess is provided to facilitate the
pivoting or rotating motion of flag projection 43 as the cam
ring rotates. In other words, recess 44a is necessary to
facilitate turning movement of the projection and hence
pivoting or rotating motion of optical element 4e into the
position illustrated in dotted lines in Fig. 2, in front of
light receiver 4. Alternately, ring 14 or gear 15 can be
formed with a smaller diameter in order to provide
sufficient pivoting room for projection 43. Camming
projection 44, which effects, via its engagement with
| projection 43, rotational or advancing motion of macro
compensating optical element 4e, is positioned and
configured so that the optical element will be rotated
slightly past the position in which the element would be
aligned with the optical axis of light receiver 4. However,
the flat end of the element 4e which most closely approaches
support plate 6e which is integrally attached to base 6, is
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abutnments 76 can cone into contact wwth an end surface of the groove 79 in
plate 67 (see Fig. 27). Deflection prismThis is the replacenent sheet
Date: 2 7 SEP 1996 41 actuating plate 67 serves to retract the
deflection prismfromthe optical path2df |enses L3-L5, against the bias of
springs 75, when pin 70 is located in the non-projection section 56a of

par al | ax eadygpdeshtinemrgeridoyelstt hasdf aldas stirfacet atfi @l giree\ant {ay

face 77 0%&4E39h3¥%§M'£)m®§% a shock absorbing nub or button 4g,
shown in both Figs. 1 and 2. Accordingly, over rotational
motion of element 4e which is effected by projection 44 will
be absorbed both by the flexible flag 42, which is formed
from a resilient plastic, rubber, or other resilient
material and/or the provision of nub 4g, which will serve to
engage the side edge of plate 6e.

Thus, when cam ring 14 moves into the macro setting
position, the macro compensating optical element 4e can
automatically be brought into alignment with the optical
axis of the light receiver, intoc a position in front of the
light receiver, in order to optically extend the base length
between the light emitter 3 and the light receiver 4.

C. Finder Optical System

The finder optical system is best illustrated in
Figures 1 and 15-20.

The finder optical system is designed not only to vary
magnification between a wide field of view with a small
magnification, and a narrow field of view with a large
magnification, in accordance with the zooming operation of
the photographing lens system, but also to provide a field
of view having less parallax when the camera is used in its
macro mode,

One significant feature of the present invention is
that the finder optical system is capable of automatically
moving in association with both zooming of the photographic
lens and movement of the photographic lens into a macro
setting in order to satisfy all of the requirements of a
finder system as set forth immediately above. While
conventional finders appear to provide a plurality of bright
frames with different sizes in the field of view of the
finder, this is not a satisfactory solution to the problems
noted above, e.g., the use of such frames alone will not
minimize parallax in a macro operational mode such as that
used in the present camera.
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I nto engagenent with abutnment 76 (see Fig. 26). Wen pin 70 noves into the
proj ecting novenent section 56b, guide surface 78 will nove into a butting
contact with abutment 76, so that deflection prismPl will rotate into a
position in which it is in alignnment witth the finder systemoptical axis
with the help of torsion spring 75. During such novenent, abutnents 76
move on and al angidmceud8, anEberstesteon P MRl adddraimeakieHovgei nt o

(e, OPL1 cal ekl AtydbLEShbed i S5 epnd o8 oo el e ptical

by the arrmmsnsfiurt@8. ¥gpa resuldamdrahiltavbugrent zcomulljesé WHIEhi S

ot her wi se | ocated g} MhDEs LLOYSh WBid:Sled™d 3 Lbkbac s {103, tPengarer @
In other words, the finder optical system of the present
invention includes a first lens group having a negative
refracting power which comprises a positive lens in the form
of a fixed lens L3 and a movable negative lens in the form
of a variable power lens L5, a second lens group having a
negative lens I4-1 which is one lens in a fixed eyepiece
group L4, and a third lens group having a positive
refracting power lens 14-2 which defines a second lens in
the fixed eyepiece lens group L4. A prism Pl is adapted to
be selectively moved between the positive lens 13 and the
negative lens L5 of the first lens group in order to refract
rays of light towards the optical axis. The negative lens
L5 of the first group can be displaced from a position
adjacent to the subject towards a position which is adjacent
to a photographer's eye in order to vary the magnification
from a wide field of view having a small magnification to a
narrow field of view having a large magnification. Prism
P,, selectively brought into alignment with the optical axis
of the finder optical system, serxrves to decrease the
parallax when the photographic optical system is in the
macro setting and when the negative lens L5 of the first
group moves clcsest to the eye of the photographer along the
optical axis.

The bright frames which are illustrated in dashed lines
in Fig. 52 define the photographing ranges and are applied
to the face of the lens of the third group which is closest
to the subject, i.e., on the left hand face A of stationary
eyepiece lens L4-2 in Figs. 15A, 16A, 17A, 18A, 19A and 20A,
respectively. These yellow frames, which are placed con lens
surface A comprise a central autofocus spot (to be
positioned on the main portion of a photographic subject), a
large picture area frame (for ordinary photography using the
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and parallax in the macro node of the camera will be decreased. It is
even further decreased, as noted above, when a double wedge prism (Fig.
53A) is used to deflect the finder optical axis downwardly and
(rightwardly) towards the optical axis28f the photographing optical system
A gui de block 85 is provided along the side face of strobe case 68 and is

(L5, BESR g e O, SEniRaS pabtofe iAok optlfnrtisal

Fig. 30. EdPFRertheepdmturd uarerag piks §éi(3§1é'éYFi parroy dmd Rhp aracro

provi ded mBdqkhe upRefcrd, | pyes Bases thle sstéé&&edC:@éﬁsfSéraag giye 1adapiad to

prevent the strqbe case_from/falling downwardly. The“strobe case noves

al ong strbﬁeqﬁﬁ% closely adjacent to the eye2 of a photographer, is
formed from a semi-transparent material, so that a virtual
image of the bright frames which are formed by the semi-
transparent face can be enlarged and viewed through the
positive lens of the third lens group L4-2.

The yellow bright frames are positioned on the front
surface of the fixed eye piece lens L4-2 by, e.qg.,
sputtering; and the rear surface of the eyepiece lens
element L4~1, i.e., surface B or r6, can be in the form of a
semi-transmissive, semi-reflective concave mirror. Light
rays emitted from (i.e., reflected by) the bright frames are
reflected rearwardly by concave surface R6 and are focused
on the viewers eye. The eye recognizes enlarged false
images of the frames in a position in the far foreground,
which images are formed via the optical effect of lenses L4~
1 and IL4-2.

The negative lens L5 of the first group is movable, as
noted above, so that it will move from a position which it
is located adjacent to the subject into a position in which
it is more closely adjacent to the eye of a photographer, in
order to increase the focal length of the photographic
optical system during the normal zooming operation, so that
magnification can be varied from a wide field of view having
2 small magnification to a narrow field of view having a
large magnification. When a picture is taken in the macro
(beyond telephoto) mode with a narrow field of view and
large magnification, a prism is inserted between the movable
lens L5 and stationary lens L3 in order to decrease
parallax, so that light will be refracted towards the
location of the axis of the photographic optical system.

Enough room is provided for the prism to pivot upwardly
for macro focusing, i.e., thereby creating a need to move
the lens L5 a relatively large distance, as shown in Figs.
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groove 57 when camplate 53 noves in the lateral direction. Variable power
section 57b of strobe cam groove 57 i.s adapted to nove xenon | anp 58
rearwardly, away from Fresnel |ens L6._ Rearward novenent of the xenon | anp
58 causes the illum nation angl e of Iié t emtted fromFresnel lens L6 to
This is the replacenent sheet Date: 2 7 SEP 1996 42 decrease so as to
~substantihéhy i1tk eade X handuizdh nuddnerordezcdor dansewi t bhan gmcsea®a i n

the foca]tﬂ@?&iﬂ'in lopﬁogtable or rotatable fashion.

" On advantage of the system is that it incorporates only
a single moving lens L5, rather than zooming a plurality of
lenses or the entire finder optical lens system and having
to thereafter compensate for such zooming movement of all of
the lenses. This serves to simplify the zooming cam plate
structure, as movement of only a single lens will suffice to
change the magnification of finder image.

The fixed viewing frames, as shown in Fig. 52, are
provided in order to avoid having to make a viewing
adjustment. The two rear eyepiece lens groups L4-1 and L4-2
which include the frames are fixed, and the curvatures of
their respective surfaces are controlled so that the
reflected frames will have a desired magnification which is
compatible with the image magnification over the entire
range of zooming operation of the photographic lens.

The apex angle or angles of the selectively insertable
prism are defined by the resultant angles in the horizontal
and vertical directions, in accordance with the positions of
the optical finder system and the photographic optical
system. The prism can be a single wedge prism, or can be a
‘double wedge shaped prism, as illustrated in Figs. 537, 53B,
and 53C, which illustrate a double wedge prism Pl' which is
advantageous because it is capable of bending light
downwardly and rightwardly towards the optical axis of the
photographic optical system.

As illustrated in Figs. 53, double wedge prism Pl has a
surface which increases, when viewed from the top in the
direction of arrow A (see Figs. 53A and 53B) and which also
increases from the left hand to the right hand direction, as
viewed from the front of the camera from the photographing
optical axis, and as shown by arrow B (Figs. 53A and 53C).
In the example illustrated, the angle & H can be 2.8°,
the angle & V can be 4.2°9, the angle £ H' could be
4.2°, and the angle @ V! could be 5.0°.
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“contrary, in macro feeding section 57d, the illunmination angle is
i'ncreased, and the guide nunber is therefore substantially decreased in the

macro node. i. Barrier. i.e. Lens Cap, Mechanism The barrier |ens cap
mechanismis best illustrated in Figs.36, 8 and 31 34. Barrier mechanism 30
opens and closes a pair of carriers 31, (see Fig.8 ) which are |ocated

forwardly of tHeefVEATe @riss chenrdgpses (1o olPet hEsgrsesyaiee Z8umi ng)

mnShSyStﬂEsﬁndoMﬁmﬁﬁh sdhg1el q&.&g!s‘lvuéméxhe asstﬁﬁaartqz% Q:fq[\fafﬁléé |élﬂ?éaw;@r ce
ichis pro en,camrin rotate . refracting or storing cam
section qﬁ% 9. e%?m?ﬂtmﬂgcﬁntﬁerpgﬁga d e flasipian s permits

the finder unit to be made compactly and allows the prism to
be inserted between these two elements. The viewing
distance of the false image of an object and the bright
frames remain stationary throughout the zocoming range of the
photographic lens, and parallax compensation is provided by
moving the prism between the lenses in the macro or close up
picture taking mode. The viewing magnification or size of
the bright frame images is alsc maintained constant
throughout the zooming range of the photographic lens, as
well as in the macro setting, due to the placement of the
bright frames on the stationary lens element L4-2. The
distance between the eye of a viewer and the image distance,
i.e., the diopter of the finder, virtually does not vary,
because the zooming concave lens element moves over an image
magnification of 1ix, or, i.e., is life size.

Parallax compensation in the macro or close up picture
taking mode is effected by positioning the wedge prism
between the lens elements, as well as by the use of the
compensation framing marks illusirated in Fig. 52 (which is
the normal means of parallax compensation in a close
focusing mode in viewfinder type cameras). The edges of the
wedge prism are tinted green to highlight the frame that
illustrates the photographic area in the macro or close-up
mode.

Theoretically, the prism could be located in front of
the first lens group; however, by so arranging the prism, it
would increase the overall size of the finder optical
system. The prism cannot, however, be located between the
second and third lens groups, because if it were Iinserted
between these groups, the positions of the bright frame and
of the virtual image of the subject could vary in accordance
with movement of the prism. However, when the prism is
retractably inserted between the positive lens and the
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Fig. 31 and 32 illustrate a first enbodi nent of the barrier mechanism In
this enbodi nent, barrier mechani sm 30 opens and cl oses a phot ographic
openi ng 22b at the opening of frame 22 via pivoted barrier elenents 31.
The barrier elements are pivoted, via pl4s 32, in a substantially
symetrical fashion with respect to the photographic opening 22b of the
front Iensegabdyes&ppsrpffmamefZZsthﬁnt%ﬂ$rGupaIQSdispbBedcaﬁeai1 the

symmetri Cgkggeﬂepemﬁt&%' tion 241%.%1-{ \%}nssoe%eéof sﬁegegraﬂﬁe acl udey

respectiv arrier plate pdrtion can e noved $0 as o ‘project
into the ﬁaFﬁUéﬂ’yh@Oprm%maphnngmﬁ@a? BRYST &9 die wbromaki Agagem

portions 3§btnglgﬁbgggtpqsuglg@@@ron the opposite sides of the barriers

fromthe side ggvgbai examples of a finder optical system formed in
accordance with the present invention will now be discussed:
Example 1

Figs. 15A, 15B, 16A, 16B and 17A, 17B illustrate
different positions of a first embodiment of a finder device
formed in accordance with the present invention. Fig. 15A
illustrates the finder optical system when it is providing a
wide field of view with a small magnification; Fig. 1l6A
illustrates this finder system when it is providing a narrow
field of view with a large magnification; and Fig. 17A
illustrates the finder system whenever it is providing a
narrow field of view with large magnification and when it is
in the macro mode, respectively. Figs. 15B, 16B and 17B,
respectively, are views illustrating the aberrations of the
finder lens system in the positions of Figs. 15A, 16A and
17A, respectively.

This finder optical system includes a positive single
lens L3 and a negative single lens 15 which form the first
lens group; a negative single eyepiece lens L4-1 which forms
the second lens group; and a positive single eyepiece lens
L4-2 forming the third lens group; together with a
selectively positionable prism Pl. Among all of these
optical elements, only the negative single lens L5 is
movable along the direction of the optical axis, and prism
Pl is selectively movable into alignment with this optical
axis; all of the other lenses remain statiocnary.

Tables 3 and 4 which follow illustrate the curvatures
r, the distances d, the refractive indexes Nd and Abbe's
numbers ¥~ d of the opposite side faces of optical elements
L3, L5, L4-1, L4-2, and Pl (Table 4 only), respectively. As
shown in the following tables 3 and 4, each of features r,
d, N4 and Y~ d are designated by any one of numbers 1-8 and
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"barrier plate portions 3la are | ocat ed. Driving arm portions 31b are
generally attached to the inner front surface of barrier assenbly 30 by
pins 33. Driving armportions 31b include pins 33 which are engaged by
operational arms 34a of opening and classing springs 34, as shown in Figs.
31 and 32. In other words, pins 33 are adapted to slide within, and/or be

nmoved by, ; Legpegkiyeciariieishanss ¢ndwBar iehons tHe tHEIET bY BHcADFEi RIS 1S
t he repl acement sheet Date” 2 7 SEP 1996 ‘
single lens L3 which is closest to the subject, i.e., from
the left hand portion of the figures towards the eye or
right hand portion of the figures.

Table 3 represents the position of the lens when it is
in its wide field of view, small magnification position
(0.38x) and when it is in its narrow field of view, large
magnification position (0.70x), and Table 4 illustrates the
position of the lens when it is in the macro mode. The apex
angles of prism P1 used in this mode, when it is in a double
wedge prism are, e.g., 2.8° in horizontal section and 4.2°
in vertical section.

The bright frame which defines the picture taking range
is applied to surface A of the positive single lens L4-2 of
the third lens group which is most closely adjacent to the
subject being photographed, and the surface B of the
negative single lens L4~1 of the second lens group which is
most closely adjacent to the photographers eye is semi-
transparent. As a result, a virtual image of the bright
frame applied to face A of the positive single lens IL4-2 is
formed and reflected by face B, and is thereafter enlarged
and viewed through the positive single lens IL4-2, again as

.
P R L R I B I TR T
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43 Opening and cl'osing springs 34 are conprised, e.g., of nolded synthetic
resin and include the Y-shaped spring arm 34b and driving arm portions 34c,
in addition to the fork- shaped operational arns 34a which engage pins 33.
Each of the springs is pivoted to the barrier nechanism 30 by a respective
pin 35. Spring arnms 34b bear against theyjinner wall of the front |ens group
support franme 22 in order to continuga YA gias barrier plate portions 3la,
via operational arm34a, into positiﬁﬁéﬁ#h-mhich barrier plate portions 3la
are | ocatd2away fromthe opticdl axis of the phot g aphi ng 6@t i cal
assenbly, qand in ywhighgthe frontjaperture 22b ofl_t@a,afgarre 22 ‘Eemai ns in an
open position. - oo

2 -2221.231 0.50(0.38%) ~

15.80(0.70x)
3 55.555 1.21 1.49186 57.4
4 9.630 18.30(0.38x) ~

3.00(0.70x)
5 -8.327 1.00 1.60311 60.7
6 50.845 7.33
7 o0 2.23 1.60311 60.7
8 -11.780

TABLE 4

No. r d Nd <4
1 30.800 4.50 1.49186 57.4
2 -2221.231 1.70
3 co 2.70 1.49186 57.4
4 =Ye) 11.40
5 55.555 1.21 1.49186 57.4
6 9.680 3.00
7 -8.327 1.00 1.60311 60.7
8 50.845 7.33
9 oo 2.23 1.60311 60.7
10 -11.780

Example 2

Fig. 18A illustrates a second embodiment of the finder
optical system in its wide field of view, small
magnification position; Fig. 19A illustrates this embodiment
in its narrow field of view, large magnification position:
and Fig. 20A illustrates this finder optical assembly
embodiment in its narrow field of view, large magnification,
macro mode position; and Figs. 18B, 19B and 20B,
respectively, illustrate the aberrations in the finder lens
system in the three different positions illustrated in Figs.
18A, 19 and 20A, respectively. 1In this second embodiment
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Driving arns 34c cone into engagenent with opposed flange portions 36a of
pin 36, which is novably fitted in a radial direction within front |ens
group support frame 22. As shown in Figs. 31 and 32, pin 36 is engaged by a
free end of an operational |ever 38 which is pivoted to front securing
plate 13 via pin 37, through an operational aperture 39 of the front group

| ens support frame 22. Although a pivoggble actuating |l ever is illustrated
in the enpadihents; .Fi 1313 StI Qi§@ e=pLR 36 -
|nmardlynpn aaga %é%l§%1W§ vg d s cf%rﬁf é%ngaaa“rgg a

subst ant i SkbR itaétalmytpeo;femsrcngw@samm md@xsmesenf Lneasanpiet e
isgr' ng fofG8oehrSRL Nhe34n IMEM 89 e¥LeLBakohpsds BpPl 18449 PHN+3R as

form of positive lenses L4-2 and L4-3.
Tables 5 and 6 illustrate the curvatures r, distances
é, refractive indexes Nd, and Abke's numbers v ' d, for all of
the elements of the second embodiment of the finder lens
system, which tables are - similar to Tables 3 and 4
previously discussed with respect to the first embodiment of
the finder optical system. In Table 5, which represents the
wide field of view, small magnification (0.35x) position of
"the system, and the narrow field of view, large
magnification (0.648x) position of the system, and in Table
6, which represents the system when in the macro mode, the
apex angle of prism Pl is 3.0° in the horizontal direction
and 5.0° in the vertical direction, e.g. The bright frame
which defines the photographic range is again applied to
face A of the positive lens L4-2 of the third group, and
face B of the negative single lens 1L4-1 of the second group
is again semi-transparent, as in the first embodiment of the
finder systenm.
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illustrated in Fig. 31. In this position, the barrier plate portions 3la
are located away fromthe photographing optical axis or path, and aperture
22b remains in an open position. Arestricting projection or abutment 40 is
provi ded on the inner wall of camring 14, which is adapted to bear agai nst
the outer end of the operational |ever (3% other anal ogous structure) 38
when the camring rotates in its fixegy ax+a1: position into a predeterm ned
position in order to press pin 36 radﬁﬁ’“ Tnwardly; this occurs when cam
ring 14 (p|§$—17)rota=tes wi t hin the opening and cl osNdg sectiwd 20a of

zoom ng cam groovex2@oglhis i the repl acenent shegh,Bate: 277 SEP 1996

2 =190.341 0.50(0.35x) ~
11.89(0.648x)
85.200 1.50 1.49136 57.4
4 8.081 14.39(0.35x) ~
3.00(0.645%) |
5 -7.056 1.00 1.67003 47.3
6 34.700 5.37
7 oD 2.93 1.60311 60.7
8 ~12.538 . 0.30
9 -30.259 2.23 1.49186 57.4
10 ~15.420
TABLE 6
No. by 4 Nd vd
1 25.800 4.50 1.49185 57.4
2 -~190.341 9.42
3 oo 2.00 1.43186 - 57.4
4 oQ 0.47
5 85.200 1.50 1.49186 57.4
6 8.081 3.00
7 -7.056 1.00 1.67003 47.3
8 34.700 5.37
9 o0 2.93 1.60311 60.7
10 -12.538 0.30
11 -30.259 2.23 1.49186 57.4
12 -15.420 |

As illustrated in Fig. 17A, the finder optical device
of the present invention preferably satisfies the following
conditions:

(1) 0.3 <dpr<0.5;

(2) £1+ <1.8; and (3) 0.45< £3/LD <0.7; wherein:

= the total length of the finder;

dP = the distance between the face of lens L3 which is .

most closely adjacent to prism Pl and the face of lens LS

This is the repiacement sheei
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44 Wth such an arrangenent of the barrier nmechanism when projection 40 is
not in engagenent with operational |ever 38, barrier plates 31a of barriers
31 open phot ographi ¢ openi ng 22b. Specifically, camring 14 causes.
rollers or pins 17 to engage any groov%jsection ot her than opening and

cl osing section 20a of zoom ng cam groove 20, with barriers 31 thus being
opened. Waictheisones#r glowkdy addaasptriorpsise Biiven by a | ock switch

(not shown inghhe AranengecdP §ehYich C8% WHY positive lens of the
first lens group, and £3 = the focal length of the third
lens group.

These criteria are useful and helpful to enable prism
Pl to be retractably inserted between the movable lens L3 of
the first lens group and the negative lens L5 of the first
lens group and to minimize the effective diameter of the
prism when it is brought into alignment with the optical
axis.

The first condition, i.e., 0.3 < dP < 0.5 is based upon
the fact that if the value of dP exceeds the noted upper
limit, the effective diameter of the lens L3 will become
large, making it difficult to provide a compact camera as
does the present invention; to the contrary, if the value of
dP was <0.3, it would become extremely difficult to smoothly
and easily rotate prism Pl so that it would come into
alignment with, and be capable of retracting away from, the
optical axis in a position between lenses L3 and LS.

Conditions 2 and 3, in which fl1+ < 1.8, and 0.45 <
£3/LD <0.7, are provided to minimize the effective diameter
of prism P1l. The second criteria noted above is
substantially equivalent to setting or establishing the
focal length FR of the lens system which is positioned
rearwardly of prism Pl when the prism is in alignment with
the finder optical axis. Namely, if fl+ exceeds its noted
upper limit of 1.8, the effective diameter of the prism will
become large, thereby resulting in difficulty in realizing a
compact prism and finder.

Condition three is basically equivalent to a
requirement for the third lens group located rearwardly of
the prism. Namely, if £3/LD is less than the lower limit of
0.45, the tolerance of the system will become quite small.
To the contrary, if the wvalue of £3/LD exceeds the upper
limit of 0.7, the effective diameter of the prism will

increase.
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14, so that roller 17 will nove into and engage openi ng and cl osi ng section
20a of zoom ng cam groove 20 fromlens collapsing or retracting groove '
section 20b, projection 40 will push opening and closing pin 36, via
operational lever 38, in the radial diBéction, and barriers 31 will rotate
t hrough their engagenent with spring drive arns 34c and operational arns
34a to nove tf&adaVrilared| atfe ¢Byt ifons, 3aad nfd/Lbe opt thal parbtofardde

| ens sys h hi [ b, W be cl.gsed so as
o pr of eot o ony STESR pack B DT PR Ao B! B o888 B e B R or
frane 22VRHLSES B& 58 S35ty pendibheniad b@erncoll apsed faloywd he

rearnost position frommui€heRhchehe can be t3kedny Empodiment

dp 0.45 0.36
1+ 1.76 1.42
£3/LD 0.56 0.49

e et | o A e, R 2mrsLo s i Y e S

The driving mechanism which serves to actuate finder
optical assembly 8 and strobe assembly 9 is best illustrated
in Figs. 21-30.

A mother plate 60 is attached to a finder block 54
which is mounted to base plate 6 via horizontal support
plate extension 6b. The mother plate is provided with guide
pins 62 integrally attached to the mother plate and which
are adapted to fit within a substantially linear guide
groove 61 of cam plate 53. Sliding motion of cam plate 53
is in the lateral direction, with respect to the optical
axis of the camera, and is restricted by the engagement
between guide grooves 61 and guide pins 62; and a guide
projection or flange 60a (shown in both Figs. 21 and 22) is
formed integrally with mother plate 60 and serves to prevent
cam plate 53 from floating or moving away from the front
surface of the mother plate, particularly at the front end
of cam plate 53 where the flange engages the cam plate.

Finder mother plate 60 includes a variable power lens
guide groove 63, a deflection prism guide groove 64, and a
strobe assembly guide groove 65. Each of these guide
grooves extends parallel to the photographiceptical axis of
the camera. A guide projection 66a of variable finder lens
frame 66, which carries the variable finder power lens group
L5, is fitted within variable power lens guide groove 63.
Guide projection 67a of deflection prism actuating plate 67
is slidably positioned or fitted within deflection prism
guide groove 64; and guide projection 68a of strobe assembly
case 68, which casing has a concave reflector 59 attached

This is the replacement sheest
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When a picture is to be taken, zoomng notor 5 is reversed so as to rotate
camring 14, so that the zoom ng camgroove 20 will be rotated froma
position in which opening and closing section 20a is engaged by roller(s)
17 towards a position in which | ens coPPapsible section 20b is so engaged.
This causes barriers 31 to open and the front lens group LI is noved into a
posi ti on thergficoh 8 pfitted ean besitdiened ishin3singbss gulidestgraavea
second eriaqdi nent of a nechanismused in a |l ens shutter type of camera in
accordance with the_ present invention. As shown in Figs. 33 and 34, this

barrier necham¥ht36+4e BRTRElI 1}enFenfFradiet & & he dchbedthkan PFRSS rat ed
in Figsact¥htiard pBate 67, and strobe assembly case 68, together

move in a direction which is parallel with respect to the
optical axis, along the respective guide grooves. Guide
projections 66a, 67a, and 68a are provided with driven pins
69, 70 and 71, which fit within the variable power cam
groove 55, the parallax compensating cam groove 56, and the
strobe cam groove 57, respectively. Accordingly, when cam
plate 53 moves laterally, variable power lens frame 66,
reflection prism actuating plates 67, and strobe case 68
move along the respective camming grooves 55, 56 and 57.

The sections of the variable power cam groove 55,
parallax compensating cam groove 56, and strobe cam groove
57 correspond to sections of zooming cam grooves 20 and 21
of cam ring 14 which have been illustrated in Fig. 7 and
described with respect thereto. Specifically, the variable
power cam groove 55 includes an extreme wide angle fixing
section 55a, a variable power section 55b, and an extreme
telephoto fixing section 55c¢, with the angles @ ;, © , and
%) 3, respectively, of these three sections corresponding to
the similar angles in the cam ring Fig. 7. The parallax
compensating cam groove 56 includes a non-~projecting section
56a, a projecting movement section 56b, i.e., a forward feed
section used for the macro mode, and a projected position
fixing section 56c, i.e., an extreme nmacro fixing section.
Strobe cam groove 57 includes an extreme wide angle fixing
section 57a, a variable power section 57b, an extreme
telephoto fixing section 57c, a macro feeding section 574,
and an extreme macro fixing section 57e. The relationship
between cam grooves 55, 56 and 57, and zooming cam grooves
20 and 21, is best illustrated in the schematic or plan view
illustrated in Fig. 44.

The variable power lens frame 66 which supports the
variable power lens group L5 is movably supported along
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Specifically, barrier mechanism30 in Figs. 33 and 34 also This is the

repl acenent sheet 2 7 SEP 1996 Dat e: 45 include a pair of barriers 31,
31 which are positioned in a substantially synmetrical fashion with respect
to the photographi c opening 22b of frort?iens group support frame 22.
Barriers 31, 31 are pivoted to frame 22 via pins 32 in order to open and

cl ose phoiwgdaphreeopéni o Zibderbwdwek 54 so that frame 66 will hang

therefrom, as best illustrated in Fig. 25. The frame can be
formed, e.g., from a resin which can slide with respect to
the finder bleck in a substantially frictionless fashion.
When variable power lens frame 66 moves along variable power
cam groove 55, magnification of the finder optical systenm,
including lens group I3, eye piece group L4, and variable
power lens group L5, will vary, so that the photographic
range over which lens barrel block 1 moves will be
substantially coincident with the field of view of the
finder.

The deflection prism actuating plate 67 is illustrated
in Figs. 26-28, and is hereinafter described in greater
detail.

Deflection prism P1l, which is formed of synthetic
resin, is rotatably supported by finder block 54 via two
lower opposed prism support pins 74 of the prism. These
supporting pins include torsion springs 75 which surrocund
them, with one end of each spring bearing against a
respective abutment 76 which abutments are provided along
the side faces of deflection prism Pl, so that the
deflection prism will be continuously biased into a position
in which the prism Pl moves into alignment with the optical
axis of finder lenses L3-LS. Abutment 76 are located in
arc-shaped grooves 79 formed in finder block 54, as best
illustrated in Figs. 26-28. The deflection prism actuating
plate 67 is held between finder block 54 and a guide plate
80 (see Fig. 25) connected to finder block 54 so that a
guide pin 81 which is positioned on the side face of finder
block 54 will fit within linear guide groove 82 of guide
plate 80.

Position restricting abutments 76 on the prism can be
engaged by a stop surface 77 and a guiding surface 78 of
deflection prism actuating plate 67; further, the prism
abutments 76 can come into contact with an end surface of
the groove 79 in plate 67 (see Fig. 27). Deflection prism
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details of construction of the barrier nmechanismin this enbodi nent are
different fromthose in the first enbodi nent di scussed above. Barriers 31,
31 which are illustrated in Figs. 33 and 34 are symetrically di sposed
with respect to each other and include4 arrier plate portions 3la which can
be projected onto the photography optical axis and driving arns 31b which

lie or aredisposed gnaeEp tse%gss S kberbarrial p&é!eiee%ﬁw@rﬁé@

and the barriers are §|vota attach rane b
arms 31b iFARdeRypep tlr:aﬁaqualhsoiséemﬁﬁéhIér-easeng%@@mm thed hmscrpiére

adapt ed t @pabifigsdr 760Ntdtdn 2if NOG € 1w IPoSPEed g ik34chaVih g asfd e 159
portions 13é%lon 56a of parallax compensating cam groove 56, insofar
as the rotation preventing face 77 of the plate will move
into engagement with abutment 76 (see Fig. 26). When pin 70
moves into the projecting movement section 56b, guide
surface 78 will move into a butting contact with abutment
76, so that deflection prism Pl will rotate into a position
in which it is in alignment with the finder system optical
axis with the help of torsion spring 7s5. During such
movement, abutments 76 move on and along face 78, and
deflection prism Pl will gradually move into the optical
path, as illustrated in Figs. 27 and 28, so that the optical
path of the finder will be deflected downwardly by prism P1,
as illustrated by the arrow in Fig. 28. As a result of this
movement, a subject which is otherwise located below the
finder optical axis will come into the camera field of view,
and parallax in the macro mode of the camera will be
decreased. It is even further decreased, as noted above,
when a double wedge prism (Fig. 53A) is used to deflect the
finder optical axis downwardly and (rightwardly) towards the
optical axis of the photographing optical system.

A guide block 85 is provided along the side face of
strobe case 68 and is fitted within a linear guide groove 84
which is parallel to the optical axis of the camera which is
formed in guide plate 80, as illustrated in Fig. 30.
Further, height adjusting pins 86 (see Figs. 23 and 29) are
provided on the upper and lower faces of strobe case 68 and
are adapted to prevent the strobe case from falling
downwardly. The strobe case 68 moves along strobe cam
groove 57 when cam plate 53 moves in the lateral direction.
Variable power section 57b of strobe cam groove 57 is
adapted to move xenon lamp 58 rearwardly, away from Fresnel
lens L6. Rearward movement of the xenon lamp 58 causes the
illumination angle of light emitted from Fresnel lens L6 to
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free end of ‘each of the elastic leg portions 134a is adapted to contact a
respective pin 133 in order that barrier plate portions 3la wll be
continuously biased into an open position in which the phot ographic
aperture 22b is opened and the barrierd2| ocated away fromthe optical axis
and the aperture. Thus, when no external force is applied to barriers,

t hey constesmeasarsintad rtq euhstrrgrably njnapeaser €hien garideperundmadi i on.
Wre SPriagoldics Magen! LM IELALL Q0] iASLRaCAULA | 1nalianed Bar ipn 134D
whi ch bears agal nst a support |n.i provi ded on Fofit Pens gr Oup Support
frame 22 °OWr@X3pri A IRC¥Rs feegdmst afecsperrngSTer cetihi di uarigwtvidn not

vary in ageardlanee heheGRAEeSaind t EABEIGhUAR AURLEA YiQr ©4bekfore
substantially decreased in the macro mode.
3. Barrier, i.e., Lens Cap., Mechanism
The barrier lens cap mechanism 1is best illustrated in

Figs. 6, 8 and 31-34.

Barrier mechanism 30 opens and closes a pair of
sarriers 31, (see Fig.8 ) which are located forwardly of the
front lens element group L1 of the photographic (zooming)
lens system, and which are closed with the assistance of
rotational force which is produced when cam ring 14 rotates
¥#ithin retracting or storing cam section 20b (see Fig. 7) in
which the lens is collapsed.

Fig. 31 and 32 illustrate a first embodiment of the
barrier mechanism. In this embodiment, barrier mechanism 30
opens and closes a photographic opening 22b at the opening
of frame 22 via pivoted barrier elements 31. The barrier
elements are pivoted, wvia pins 32, in a substantially
symmetrical fashion with respect to the photographic opening
22b of the front lens group support frame 22.

Barriers 31 are disposed in a symmetrically opposite
position with respect to each other and include respective
barrier plate portions 3la which can be moved so as to
project into the path of the photographing optical axis, as
well as driving arm portions 31b which are positioned on the
opposite sides of the barriers from the side on which
barrier plate portions 3la are located. Driving arm
portions 31b are generally attached to the inner front
surface of barrier assembly 30 by pins 33. Driving arm
portions 31b include pins 33 which are engaged by
operational arms 34a of opening and closing springs 34, as
shown in Figs. 31 and 32. In other words, pins 33 are
adapted to slide within, and/or be moved by, respective
fork-shaped end poftions of the driving arms.
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envi ronnent al paraneters. Accordingly, it is therefore possible to bias
barriers 31 in a direction in which a photographing aperture is naintained
in an open position by a substantially constant spring force. Operational
pins 133 are engaged by respective drivi3ng This is the replacenent sheet

Dat e: 2 7 SEP 1996 46 free ends 136a of a pair of right and left
driving arns 13tenishg cAandr elosdoed spimemchd oaker campuitsect, az ey adapfed to

nolded synthetic resin and include the Y-shaped spring arm
34b and driving arm portions 34c, in addition to the fork-
shaped operational arms 34a which engage pins 33. Each of
the springs is pivoted to the bkarrier mechanism 30 by a
respective pin 35. Spring arms 34b bear against the inner
#all of the front lens group support frame 22 in order to
continuously bias barrier plate portions 3la, via
operational arm 34a, into positions in which barrier plate
portions 3la are located away from the optical axis of the
ohotographing optical assembly, and in which the front
aperture 22b of the frame 22 remains in an open position.

Driving arms 34c come into engagement with opposed
flange portions 36a of pin 36, which 1is movably fitted in a
radial direction within front lens group support frame 22.
As shown in Figs. 31 and 32, pin 36 is engaged by a free end
of an operationél lever 38 which is pivoted to front
securing plate 13 wvia pin 37, through an operational
aperture 39 of the £front group lens support frame 22.
Although a pivotable actuating lever is illustrated in the
embodiments of Figs. 31-34, any structure which can move pin
36 inwardly in a radial direction would be satisfactory.

Pin 36 occupies a substantially radially projecting
position, under the influence of the spring force of spring
34, when no external force is applied to pin 36, as is
illustrated in Fig. 31. In this position, the barrier plate
portions 3la are located away from the photographing optical
axis or path, and aperture 22b remains in an open position.

A restricting projection or abutment 40 is provided on
the inner wall of cam ring 14, which is adapted to bear
against the outer end of the operational lever (or other
analogous structure) 38 when the cam ring rotates in its
fixed axial position into a predetermined position in order
to press pin 36 radially inwardly; this occurs when cam ring
14 (pin 17)rotates within the opening and closing section
20a of zooming cam groove 20.
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open barriers 31, by overconming the biasing force exerted by wire spring
134. The free ends 136a of each of the driving arnms 136 bears against a
respective inner side-of a respective oggrational pin 133, which is |ocated
away fromthe outer side of each pin against which one elastic |eg portion
134a bears. Driving arnms 136 are pivoted to | ens support frame 22 via

pi ns 137. Dr Withgsachs ann elreagemrerdt icdhatharmpoieronechiftisingcatheth on

orov ded Btseeiihendottl MR R SieE T s et iofa b Rekeh
arm portidhs bPI6triwr| pdfee Blangef pbArirdrar1384 ofpemnphégogihaphiics
;aﬂ'egljl y SPagbhy bi.ed whbbii?i2R 190N Sfn32ing T18MRa%%es RidL 13851 BY udes
pins 17 to engage any groove section other than opening and
closing section 20a of zooming cam groove 20, with barriers
31 thus being cpened.

To the contrary, when zooming motor 5 is driven by a
lock switch (not shown in the drawings) to rotate cam ring
14, so that roller 17 will move into and engage opening and
closing section 20a of zooming cam groove 20 from lens
collapsing or retracting groove section 20b, projection 40
will push opening and closing pin 36, via operational lever
38, in the radial direction, and barriers 31 will rotate
through their engagement with spring drive arms 34c and
operational arms 34a to move the barrier plate portions 31la
into the optical path of the lens system. As a result, the
photographic opening 22b will be closed so as to protect
front lens element group L1l. Namely, front lens groups
support frame 22 closes barriers 31 after the frame has been
collapsed from the rearmost position from which a picture
can be taken. o

When a picture is to be taken, zooming motor 5 is
reversed so as to rotate cam ring 14, so that the zooming
cam groove 20 will be rotated from a position in which
opening and closing section 20a is engaged by roller(s) 17
towards a position in which lens collapsible section 20b is
so engaged. This causes barriers 31 to open and the front
lens group L1 is moved into a position in which a picture
can be taken.

Figs. 33 and 34 illustrate a second embodiment of a
mechanism used in a lens shutter type of camera in
accordance with the present invention. As shown in Figs. 33
and 34, this barrier mechanism 30 is basically identical to
the embodiment illustrated in Figs. 31 and 32.
Specifically, barrier mechanism 30 in Figs. 33 and 34 also
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27 SEP 1%
Date:



(unreferenced) which is adapted to bear against the free end of operational
| ever 141; the lever is pivoted to front securing plate 13 by pin 140, and
t he head can extend, when depressed, through an opening 39 of frame 22.
The opening and closing pin 138 is norm&bly maintained in a position in
which it projects outwardly fromthe inner periphery of frane 22, and is
radi al | y rigvabide by Pedsrof4kbarmiers posi t3brwhichhich Pl itgahast Jim 138

is forced éwaedhmleyg@ﬁa@@teac%% @&@mnwm I:{Eé;_sll@eee 5 wye

spring 134. Thus an external force is applled , It noves

radlallylﬂﬂ&ﬁ?ﬁﬁﬁ ?ngPthﬁgfeﬁéb‘E? §pPPRg 1EE %EO%@eﬁuP@qrqngﬁﬂeAs
in the firxt. enbathiens, 31he3cadre pivbkBredeframe 22 via pins 32 in

order toc open and close photegraphic opening 22b. However,
details of construction of the barrier mechanism in this
embodiment are different from those in the first embodiment
discussed above. ’

Barriers 31, 31 which are illustrated in Figs. 33 and
34 are symmetrically disposed with respect to each other and
include barrier plate portions 3la which can be projected
onto the photography optical axis, and driving arms 31b
which lie or are disposed on opposite sides of the barrier
plate portions 3la; and the barriers are pivotably attached
to the frame by pins 32.

Driving arms 31b include operational pins 133 which are
engaged to, and which are adapted to abut or contact, a
single wire spring 134 having elastic leg portions 134a. A
free end of each of the elastic leg portions 134a is adapted
to contact a respective pin 133 in order that barrier plate
portions 31la will be continuocusly biased into an open
position in which the photographic aperture 22b is opened
and the barriers located away from the optical axis and the
aperture. Thus, when no external force is applied to
barriers, they constantly maintain the photographing
aperture in an open condition.

Wire spring 134 is made from metal and has a central,
U-shaped portion 134b which bears against a support pin 135
provided on front lens group support frame 22. Wire spring
134 has a constant spring force which force will not vary in
accordance with changes in temperature, humidity or other
environmental parameters. Accordingly, it is therefore
possible to bias barriers 31 in a direction in which a
photographing aperture is maintained in an open position by

»  a substantially constant spring force.
Operational pins 133 are engaged by respective driving
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provided, along its inner wall, with a narrowi ng projection 40 attached to

“.its interior peripheral surface which is adapted to push the operational

| ever 141 inwardly so that it will engage operational arm portions 136b
(via pin flanges 138a) when camring l446otates so that roller 17 is

positioned within opening and cl osing section 20a of zoom ng cam groove
Gt her sui t2ide acdsalBeg sfracpale odukrdghltsarke lus®td.driving arms 136,

This is t%f&?' Q%@”%Baéélfeh@x%t %:ac% 7ot§Egr1%%% which are adapted to
open barriers 31, by overcoming the bilasing force exerted by
wire spring 134. The free ends 136a of each of the driving

arms 136 bears against a respective inner side of a

respective operational pin 133, which is located away from
the outer side of each pin against which one elastic leg
portion 134a bears. Driving arms 136 are pivoted to lens
support frame 22 via pins 137. Driving arms include
operational arm portions 136b located on opposite sides of
the driving arms from free ends 136a, with a pin 137
provided between them to pivot the arm to frame 22, such
that operational arm portions 136k will engage flange
portions 138a of pin 138, which is radially movably fitted
within an opening 39 in frame 22. Pin 138 includes a head
(unreferenced) which is adapted to bear against the free end
of operational lever 141; the lever is pivoted to front
securing plate 13 by pin 140, and the head can extend, when
depressed, through an opening 39 of frame 22. The opening
and closing pin 138 is normally maintained in a position in
which it projects outwardly from the inner periphery of
frame 22, and is radially movable by lever 141 into a
position in which the head of pin 138 is forced inwardly
through opening 39, overcoming the influence of wire spring
134. Thus when an external force is applied to pin 138, it
moves radially inwardly against the force of spring 134, as
seen in Fig. 34.

As in the first embodiment, the cam ring 14 can be
provided, along its inner wall, with a narrowing projection
40 attached to its interior peripheral surface which is
adapted to push the operational lever 141 inwardly so that
it will engage operational arm portions 136b (via pin
flanges 138a) when cam ring 14 rotates so that roller 17 is
positioned within opening and closing section 20a of zooming
cam groove 20. Other suitable actuating structure could

also be used.
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47 Wth such an arrangenment of the barrier nmechanism barriers 31 serve to
open the photographing aperture when the restriction projection 40 does not
engage operational |ever 141. Specifically, barriers 31 open when roller 17
is located within any of the sections ofythe zoom ng cam groove other than
openi ng and cl osi ng groove section 20a. To the contrary, when roller 17 is

noved to engageythe o n n c a, .afte
positioned wt h}q%“%enés)&gi&l %a,gsggggg?emgeﬁé %d%ntlﬁg bgm%bégagrﬁegﬁz%%gg%
(via rotatbanrépractijat FAgvearha i apen4 tdref epefoayapbancn R oer§) when
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| nvard dlrfct|0n14¥[a g gé%i&%gﬁayke%%&rlers 31 open when roller 17 is
located within any of the sections of the zooming cam groove
other than opening and closing groocve section 20a. To the
contrary, when roller 17 is moved to engage the opening and
closing section 20a, after it has been positioned within
lens collapsible section 20b of zooming cam groove 20 (via
rotation of actuating cam ring 14 effected by zcoming motor
5}, projection 40 will push the opening and closing pin 138
in a radially inward direction, via operational lever 141,
in order to rotate barriers 31, via driving arms 136 and
operational pins 133, so that barrier plate portions 3la
will be brought into the optical path of the lens system.
In this condition, the photographic opening will be closed
so as to protect the front lens element group Ll. Namely,
after front lens group support frame 22 is collapsed from
the most extreme rearward position i.e., the extreme wide
angle position, in which a picture can be taken, the
photographic aperture will then be closed by barriers 31.

When a picture is taken, zooming motor 5 will be
reversed to rotate cam ring 14 from a position in which
opening and closing section 20a is engaged by roller 17 to a
position in which lens collapsible section 20b is so
engaged, in order to open barriers 31, so that the front
lens element group L1 will move into a position in which a
picture can be taken.

F. Light Interception Assembly and Mechanism

! The l1light interception mechanisms are best illustrated
in Figs. 6 and 35-38 of the present application.

In a lens shutter type of camera as described herein,
the front and rear lens element groups can be independently
moved along the photographing optical axis direction in

3 order to effect a lens zooming operation. Since a gap
exists between the ffont lens group frame 16 and the rear
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in order to rotate barriers 31, via driving arhs 136 and operational pins
133, so that barrier plate portions 31a will be brought into the optical
path of the lens system In this condition, the photographic opening wll
be closed so as to protect the front lens elenent group L1. Nanely, after
front lens group support frame 22 is ctdl|apsed fromthe nost extreme
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can be ta ot'ogr aphi ¢ aperture w t hen e cl osed by rriers 31.
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by roller 17 to a position in I ens_col | apsj bl e secfion IS SO
the lens frames, the possibility exists that undesirable
light rays would ctherwise penetrate. into the photecgraphic -
optical system of the camera through the gap between the
front and rear lens group frames and through the cam grooves
20 and 21. Further, since front lens group frame 22 moves
through opening 201 of front cover 200 (see Fig. 6), rays of
light can also enter the camera via opening 201. The front
cover 200 covers the front face of lens barrel block 1 and
supports lenses L3 and L6 of the finder as well as strobe
block 2. Opening 201 is formed along and defined by an
inner flange 202 of front cover 200, so that the movable
decorative frame 22, i.e., which includes the front group
lens frame 16, will move through opening 201 when the camera
is in its zooming operation. An annular space 203 having a
relatively small width W is provided between inner flange
202 and front stationary plate 13. The front stationary
plate is substantially annular in configuration.

In order to prevent rays of light from penetrating into
the camera, as noted above, a light intercepting mechanism
has been provided. Specifically, a light intercepting
assembly 210 which comprises a plurality of sections is
provided about the outer periphery of cam ring 14 and is
adapted to cover through or continuocus cam grooves 20 and 21
in order to intercept rays of light and prevent them from
entering the interior of lens barrel block 1. In the
embodiment illustrated in Fig. 35, intercepting assembly 210
comprises a gear ring 15, a flexible code plate 950 which is
adjacent to gear member 15 along one side of the gear
member, and a light intercepting tape 211 which extends on
the opposite side of the gear member 15. In other words,
the annular gear member is located between the flexible code
plate 90 which is wrapped about lens barrel block 1 over cam
grooves 20 and 21, and the light tape 211, which is also
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engaged, in order to open barriers 31, so that the front |ens el enent group

LI will rmove into a position in which a picture can be taken. F. Light
I nterception-Assenbly and Mechani sm The light interception mechanisns are
best illustrated in Figs. 6 and 35-38 &9 the present application. In a |lens

shutter type of camera as described herein, the front and rear |ens el enent

groups canehexiprependenhlynhmpyedrabgad thsurherRoranhi %ﬁpéi’ S o8%! So

direction . in order to effect a | ens Zoom ng operati on. NncCe a gap exlsts
bet ween t H&F oht FRRETEr B $FaR¥es628ndnénelrear This is the repl acenent

sheet 2 7 SEP 189&e plate 90 is provided to detect the angular
position of cam ring 14 in order to automatically detect a
change in the focal length of the zoom lens, a change of the
F number which will vary in accordance with the changing
focal length of the zoom lens, the extreme wide angle
position of the zoom lens, the extreme telephoto position of
the zoom lens, the collapsed position of the zoom lens, the
extreme macro position of the zoom lens, e.g., in order to
effect a variety of controls which are disclosed in detail
hereinafter with respect to the mechanism for detecting the
position of the zoom lens and for deciphering information
relating to the position of the zoom lens.

Code plate 90 is formed from a flexible material having
a light intercepting property. Intercepting tape 211
comprises a flexible material also having such a property,
e.g., a dull-finish black paper. The code plate and the
intercepting (paper) tape are applied to the cylindrical
outer surface of cam ring 14, along opposite sides of gear
member 15, in order to cover the major portions of zooming
cam grooves 20 and 21. Gear 15 is preferably superimposed
or overlapped over the side edges of the code plate and the
intercepﬁing tape in order to ensure the interception of
rays of light, as illustrated in Fig. 6.

An annular light intercepting member 220 which forms an
additional portion of the 1light intercepting assembly is
provided in annular space 203, which is defined by the space
between front stationary plate 13, which rotatably supports
the front portion of cam ring 14, and front cover 200, as
best seen in Fig. 6.

Annular ligﬁt intercepting member 220 which is
positioned within annular space 203 comprises an elastic
annular body 221, e.g., rubber, and an annular reinforcing
plate 222, so that the light intercepting member 220 will be
have the overall configuration of a substantially flat
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Dat e: 48 lens group frane 18, and since camring 14, which includes

t hrough cam grooves 20 and 21 for actuating novenent of |lens frames 16 and
18, is located about the outer peripheries of the lens franmes, the
possibility exists that undesirable | gght rays woul d ot herw se penetrate
into the photographic optical systemof the canera through the gap between

the front za 805 gEOUBLT AN A U ough sl cak 05AQVEY .20 AR 21

Furt her, S|nce ront 1ens group frame noves
thlckness w of light 1ntercept1ng member 220 1is slightly

less than the width W of annular space 203, so that the
light intercepting member 220 can move over a small distance
within space 203, along the direction of the photographing
optical axis.

Elastic body 221 of light intercepting member 220 is
provided, along its inner periphery, with a 1light
intercepting lip 223 having a small width which slidably
contacts the outer periphery of decorative frame 220.
Reinforcing plate 222 can be secured to elastic body 221,
e.g., by partially imbedding the elastic body 221 into
connecting recesses, holes or apertures 224 formed in
reinforeing plate 222, which plate is made, e.g., of metal
or synthetic resin. The inner lip 223 is extremely flexible
and is capable of moving 1in either direction axially of a
lens barrier block about which it is positioned. The lip
can thus play a minor role in reducing rebound of the
barrier block after it ceases movement in a first axial
direction.

Fig. 38 illustrates a second embodiment of the annular
ring illustrated in Figs. 36 and 37, in which two spaced
light intercepting 1lips 223 (rather than merely one) are
formed on the inner periphery of annular light intercepting
member 220 in order to increase the light interception
effect of the apparatus. These lips are spaced from each
other in a parallel fashion and form a generally annular U-
shaped, inwardly directed annular flange for the light
intercepting member. Elastic body 221 is used to cover the
outer periphery of reinforcing plate 222 in such structure.

Alternately, it would be possible to replace annular
light intercepting member 220 with a conventional O-ring
structure, which would be the simplest manner of
intercepting light and preventing it from reaching undesired
areas within the camera.

With such a light intercepting mechanism, undesirable
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t hrough opening 201 of front cover 200 (see Fig. 6), rays of light can also
enter the canera- via opening 201. The front cover 200 covers the front face
of lens barrel block 1 and supports |enses L3 and L6 of the finder as well
as strobe block 2. opening 201 is fopPéed al ong and defined by an inner
flange 202 of front cover 200, so that the novabl e decorative frame 22,

i .e., whitighbcrageswibe fhobnengeouphkepambrand eify sydtemmierdbghughe
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G. FPC Board Guide and Anti-Reflection Mechanism

The FPC board guide and its associated anti-reflection

. mechanism of the are best illustrated in Figs. 39-43.

In a lens shutter type of camera as in the present
invention, it is necessary to provide operational signals to
shutter block 23 on lens barrel block 1 from the body of the
camera. Shutter bloeck 23 is supported by support frame 22
of front lens element group L1, and accordingly moves
together with front 1lens element group L1 along the
direction of the optical axis. In order to send operational
signals from the camera body to the shutter block 23 which
moves in such an optical axis direction, in response to
outputs of the distance measuring device, i.e., the range
finder, and, e.g., the exposure control device on the camera
body, a flexible printed circuit board (hereinafter referred
to as an FPC beoard) is desirably used. The mechanism for
guiding movement of the FPC board and the anti-reflection
assembly which are used in conjunction with such board are
described hereinbelow in detail with more specific reference
to Figs. 39-43.

FPC board 160 (see Figs. 39 and 40) provides
operational signals to shutter block 23 from one side of the
camera body. This board is made from a flexible synthetic
resin sheet having a predetermined printed circuit pattern
thereon; in general, such FPC boards are well known.

As illustrated in Fig. 392, FPC board 160 has a
connecting pattern 161 at a front end of the board to which
shutter block 23 can be electrically connected, and a rear
connecting pattern 162 to which a CPU (a central processing
unit which is not illustrated in the drawings) which is .
provided in the camera body can be electrically connected.
FPC board gquide plate 163, which guides FPC board 160, is

This is the replacemsnt shest

Date: 27 SEP 1096



the canera, as noted above, a light intercepting nmechani sm has been

provi ded. Specifically, a light intercepting assenbly 210 which
conprises a plurality of sections is provided about the outer periphery of
camring 14 and is adapted to cover tBrough or continuous cam grooves 20
and 21 in order to intercept rays of light and prevent themfrom entering
the i nt erdextupkd ens bﬂ‘[éelczhh@ﬂk bodyn dtheaenbadiereat iteast patedion Fig.
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163 to the guide plate, and clamping members 167 (see Fig.

41) are provided for attaching the FPC board to the front
portion of a camera body frame, e.g., which is die cast, or
to the rear portion of a lens barrel frame {base 6).

A bent guide 165 is provided on the front end of FPC
board 163; this bent guide comprises a pair of front and
rear guide pins 1868 and 169. These guide pins are
preferably stationary (although it is conceivable that
rollers could be used instead) and are adapted to maintain
the curvature of the FPC board 163 along an immovable bent
portion 160a of the board, at which point the board extends
forwardly from the camera body and is bent in opposite
directions so as to extend towards the camera body. FPC
board 160, which is bent around guide pin 168, extends
rearwardly into the gap between guide pin 169 and FPC board
guide plate 162, and is again freely bent forwardly by or at
a movable bent portion 169b.

It should be appreciated that the relative positional
relationship between guide pins 1568 and 16%, and FPC board
160, 1s constant, irrespective of the movement of shutter
plock 23 forwardly and rearwardly in an axial direction.
Accordingly, guide pins 168 and 162 are preferably immovable
pins which are not rotatabla. Alternately, it is possible
to replace these pins with guide rods or shafts over which
the FPC board will de bent in opposite directions.

As shutter block 23 moves ferwardly and rearwardly, the
movable bent portion 160b of the FPC board also moves
forwardly and rearwardly. 2although the extensicn of tne FPC
board 160 extends rearwardly from the board guide plate 163,
as shown in Figs. 292 and 40, actually the rear extension of
FPC board 160 can be bent forwardly along, and by, a bent
guide 170 of guide plate 163 in order to move the board

This is the replacement sheet

Date: 27 SEP e



plate go which is wapped about |ens barrel block 1 over cam grooves 20 and
21, and the light tape 211, which is also This is the repl acenent sheet

Dat e: 2 7 SEP 1996 49 flexi ble and which is wapped about the |ens
barrel block so that it covers cam grogges 20 and 21. Code plate 90 is
provi ded to detect the angul ar position of camring 14 in order to

aut omat i SRl AR Gl TAIA YD SHQ BnbERILBag] the zoom lens, a

The inner surface of FPC board 160 faces the gap
between the front lens group frame 16 (as well as decorative
frame 22) and rear group lens frame 18, and there is
therefore a possibility that rays of light which are
incident upon the lens system will be reflected by FPC board
160, resulting in undesirable internal reflection. In order
to prevent such internal reflection, an anti-reflection
material or apparatus can be (and should be} provided on FPC
board 1690.

Several alternate solutions can be used to provide
anti-reflection means on the FPC board 160. As one
sclution, FPC board 160 can be formed from a dull-finiéh,
black synthetic resin material. Alternately, the FPC board
160 can be provided along its inner surface, i.e., on its
surface which is adjacent to the optical axis of the camera,
with an anti~-reflection sheet 171, as illustrated in Fig.
43. Such a sheet can comprise, e.g., a dull-finish black
paper or the like, and is adapted to be placed on the FPC
board 1690. Preferably, the anti-reflection sheet 171 is
simply loosely superimposed on the FPC board without being
adhered to the board in order to provide flexibility against
deformation due to expansion and shrinkage of the material.
Sheet 171 lies on the FPC board in the area between bent
portions 160a and 160b of FPC board 160. A third solution
is to coat at least the inner surface of FPC board 160 with
an anti-reflective layer.

With the guide mechanism of the FPC board and with the
anti-reflection mechanism which are noted above, when the
zooming motor 5 is driven to rotate in orxder to rotate cam
ring 14, front lens group frame 16 and rear lens group frame
18 will be moved in directions along the optical axis in
accordance with the cam grooves 20 and 21 on cam ring 14 in
order to effect a zooming operation, and can be moved into a
position in which the camera is in its macro setting or
mode. Movement of the front lens group frame 16 causes
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F nunmber which will vary in accordance with the changing focal |ength of

" the zoomlens, the extrene w de angle position of the zoomlens, the
extrene tel ephoto position of the zoomlens, the collapsed position of the
zoom |l ens, the extrene nmacro position5%# the zoomlens, e.g., in order to
effect a variety of controls which are disclosed in detail hereinafter with
respect tshuhbenebhamksRof dio dervwxrtimgthhespoei digrealfiame goobhkbnEPand
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Specifically, FPC board 160 is integrally connected to the
CPU in the body of the camera at rear end connecting pattern
or portion 162 (see Fig. 39) and the intermediate portion of
the FPC board is guided by FPC guide plate 163. The
immovable bent portion 160a of the FPC board 160 is
immovably guided by guide pins 168 and 169; and,
accordingly, when the front end connecting pattern 161 of
FPC board 160 moves in accordance with or in response to
movement of shutter block 23, only the movable bent board
portion 160b will be displaced forwardly and rearwardly in
order to absord the movement of shutter block 23, as
illustrated in Figs. 40 and 42. In this fashion, FPC board
160 can be surely guided within the annular space 164
located between cam ring 14 and decorative frame 22 (Fig
41). |
Since the FPC becard 160 has an anti-reflection
structure as disclosed above, internal reflections which
would otherwise cause an undesirable phenomena, e.g., a
flare or a ghost, will not occur.
H. Detection Mechanism for Detecting Information Relating to
As noted prev1ously, in a lens shutter camera formed in
accordance with the present invention, the photographic
optical system is moved along the optical axis by the
rotation of cam ring 14, so that the focal length of the
photographic optical system will vary, and so that the
optical system will move from one extreme angular position
of the cam ring into the macro setting position, and from
the other extreme angular position of the cam ring into a
lens (totally) collapsed position. 1In such a lens shutter
- type of camera, which includes a zoom lens, it is necessary,
e.g., to detect the focal length of the photographic optical
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intercepting (paper) tape are applied to the cylindrical outer surface of
camring 14, along opposite sides of gear member 15, in order to cover the
maj or portions of zoom ng cam grooves 20 and 21. Gear 15 is preferably
superinposed or overl apped over the side edges of the code plate and the
i ntercepting tape in order to ensure the interception of rays of light, as
i || ustr at sgsitrerfj gthé. nacamnelkart inghpoEdttdrarept iamgl nelrbet w22 xbretef or ns

annul ar - spogttAlhs! Wk Obnbl Gn TRinby 5] [ERULED ACERRLar: NRY) SBEan )

plate 13, lahgth,rdxaiemmwrehppbet§H@ﬂ§¢ﬁ&wﬁhp©htN@mmﬁB cam1acngr§4pcand

front covgl+R0@he2F Mo ahd ELJcofitrol the direction of rotation
of the motor which drives the cam ring.

In the present invention, the above information, i.e.,
relating to the focal length and the two extreme positions
of th zoom lens,'can easily be detected by code signals on
the single flexible code plate 90 which is provided on cam
ring 14. Specifically, code plate 90, as illustrated in
Fig. 44, is provided on cam ring 14 (which is shown in Fig.
1) and is brought into sliding contact with a brush 92 (Fig.
44) which is secured at its base end to a stationary frame
91 positioned on the outside of cam ring 14. This is well
illustrated in Fig. 1.

Fig. 44 illustrates the developed code plate 90, in a
flattened condition, in which the upper half of the drawing
illustrates the cam profiles of zooming cam groove 20 and 21
of cam ring 14, and cam grooves 55, 56 and 57 of cam plate
53, respectively. Brush 92 includes a common terminal C and
independent {bristles) terminals TO, T1, T2, and T3. When
each of terminals TO-T3 is electrically connected to the
conductive lands 93 of code plate 90, a signal "o" is
issued, and when each of the terminals TO0-T3 are not
electrically connected to conductive lands 93, a signal "1"®
is issued. The angular position of cam ring 14 can be
detected by the combination of signals "0" and "1". A
plurality of dummy terminals 94 are formed in conductive
lands 93. The purpose of the dummy terminals, which are
formed from the same material as conductive lands 93, is
that the flexible code plate bent about the cam ring, and in
order to improve the physical strength of the plate-and
still provide an area without electrical contact the dummy
terminals were so positioned to increase flexibility while
preserving strength. Additionally, these dummy terminals
provide (non-conductive) lands upon which the terminals TO-
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Annul ar |ight intercepting nenber 220 which is positioned wthin annul ar
space 203 conprises an elastic annul ar body 221, e.g., rubber, and an
annul ar reinforcing plate 222, so that the light intercepting nmenber 220
will be have the overall configuration5ef a substantially flat This is the
repl acenent sheet Date: 2 7 SEP 1996 50 annul ar ring, as best
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menber is slight
The four bit information received from terminals TO-T3

are provided as zoom code data 2ZPO, 2ZPl, 2ZP2, and ZP3,
respectively, of a zocom code encoder, as is clearly
illustrated in Fig. 45. This figure comprises a table of
combinations of signals "0" and "1", in which the angular
position, i.e., POS, of cam ring 14 is divided into 13 steps
between "0" and ¥g*, and "A", "B", and "C", respectively,
which are hexadecimal numbers. The number "0" designates a
locked position, and the "C" position designates a position
in which the camera is in its macro mode. Between the
locked position and the macro position, there are nine focal
length positions f0-f7'. The locked position and the macro
position correspond to the two extreme angular positions of
the cam ring 14. Zooming motor 5 is controlled so that the
"cam ring 14 will not rotate beyond the two extremne
positions. These angular or rotational positions are shown
on the code plate in Fig. 44.

Rotation of cam ring 14 is controlled by the mode
changing switch 101 and the zoom switch 102, which are
illustrated in Figs. 47-50, in accordance with positional
information of cam ring 14 as determined by code plate 90.

The arrangement of mode changing switch 101 and zoom
switch 102 on the camera body is illustrated in Figs. 46-48.
A release button 99 is provided on the upper surface of the
camera which can be pushed by one step to turn a photometry
switch into an ON position, and which can be pushed by two
steps to turn a release switch into an ON position (neither
of these two switches are shown in the drawings, however).
Mode changing switch 101 is a transfer switch which can
occupy 3 positions, i.e., a lock position (LOCK), a zooming
position (i.e., ZOOM), and a macro position, i.e. (MACRO).
As illustrated in Figs. 49-50, when macro button 10la is not
depressed, switch lever 101lb can move between the LOCK and
ZOOM positions. When macro button 10la is depressed,
however, and when switch lever 101b slides onto the upper
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| ess than the width Wof annul ar space 203, so that the light intercepting
menber 220 can nove over a small distance within space 203, along the
direction of the photographing optical_ _axis. Elastic body 221 of |ight

i ntercepting nmenber 220 is provided,-é%nu]its i nner periphery, with a
light intercepting |ip 223 having a small wi dth which slidably contacts the
out er persiydiage obf deacrat imetfarank0220. tRel mfasrd ngogeabd A2@E ceamdyea
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inner i g8 Lo {6A® ndi€XbPl &he releasing operation nor the
zooming operation of the zoom lens can be effected. In the
ZOOM position, however, the release operation and the
zooming operation can be carried out. In the MACRO
position, the releasing operation can be performed but the
zooming operation cannot be effected.

Fig. 51 illustrates an alternate arrangement of the
zoom switch, in which the zoom lens is moved towards a
telephoto position when a telephoto button T 1is pushed and
towards a wide angle position when a wide angle button W is
pushed.

Zoom switch 102 occupies a neutral position, i.e., it
is placed into an OFF position, when no external force is
applied to the switch; and it can be manually moved into a
wide angle position, i.e., a WIDE position; and into a
telephoto position, i.e., a TELE position, which positions
are located on opposite sides of the neutral "OFF" position.
Zooming motor 5 can be rotated in both forward and reverse
directions by switching the position of zoom switch 102
between the WIDE and TELE positions.

Mode changing switch 101 and zoom switch 102 actuate
the camera of the present invention as detailed hereinafter.
In actual use, positional information relating to the
position of cam ring 14 which is indicated by code plate 90
will be used.

1. For the LOCK position of the mode changing switch
101, zooming motor 5 is reversed to rotate cam ring 14.
When the angular position POS of cam ring 14 becomes "0
(see Figs. 44 and 45) as detected by code plate 90 and brush
92, zooming motor 5 will stop rotating.

2. For the MACRO position of the mode changing switch

i 101, zooming motor 5 rotates in the forward direction and
stops rotating when POS reaches the "C" position.
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and is capable of noving in either direction axially of a lens barrier

bl ock about which it is positioned. The lip can thus play a minor role in
reduci ng rebound of the barrier block %fter it ceases novenent in a first
axial direction. Fig. 38 illustrates @%econd enbodi nent of the annul ar
ring illustrated in Figs. 36 and 37,
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will stop rotating when POS reaches the "A" position, when
the zoom switch is in the TELE position. When the zoom
switch is in its WIDE position, zooming motor 5 will
continue reversing for a predetermined short span of time
after POS reaches the "1" position. After this tinme,
zooming motor 5 will begin rotating in a forward direction
and will stop rotating when POS becomes 2.

When zoom switch 102 is turned to the OFF, i.e.,
neutral, position, during rotation of zooming motor 5, the
zooming motor will immediately stop rotating when the zoom
switch is in the TELE position, and will sfop after it
rotates in the forward direction for a predetermined short
period of time when it is in the WIDE position,
respectively.

Details of several of the positions will now be
described.

POS 1l: Since the code signals change at the LOCK
position and at the extreme WIDE position, these extreme
positions are detected. More precisely speaking, the LOCK
position is not "POS 0", but is instead a point which is
located between POS 0 and POS 1. However, when the camera
is in the LOCK position, the brush is in POS ¢, in a
location very close to POS 1. Similarly, the WIDE extreme
position is apoint between POS 1 and POS 2. However, when
the camera is in the extreme WIDE position, (which is not a
wide zone), brush 92 is in POS 2, which is very close to POS
1. Accordingly, POS 1 denotes a range in which the cam ring
14 moves from the extreme WIDE position to the LOCK
position, and vice versa.

POS £7': This zone is provided for absorbing the
backlash of cam ring 14 (ie., backlash from movement of the
lens system). Specifically, as illustrated in Fig. 45,
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I ntercepting nenber. El asti ¢ body 221 is. used to cover the outer perlphery
of reinforcing plate 222 in such structure. Alternately, it would be

possi ble to replace annular light intercepting nenber 220 with a
conventional Oring structure, which would be the sinplest manner of

I ntercepting |ight and preventing it f $n1reaching undesired areas within
the canera. Wth such a light intercepting nmechanism undesirable This is
the repl acrirEnig sheeit 2o SEP HiP6cam ring from POS 0 towards POS C,

the cam ring will stop immediately when a stop signal is
given, i.e., when the zoom switch is turned to an off
position. To the contrary, rotation of the cam ring from
POS C towards POS 0 causes the cam ring 14 to reverse
slightly after it overruns its desired position by a
predetermined displacement, and then stops the cam ring at a
first changing POS point. POS £7' is the extreme TELE
position, and, accordingly, when cam ring is in its extreme
TELE position (with the TELE zone being a zone in which the
cam ring operates at the TELE exposure), the brush will be
located at position POS A, which is very close to POS 9.
The focal length information or the F number information are
fed to the shutter by the code plate and the brush.
Accordingly, the same focal length information is fed at the
TELE zone and the TELE extreme positions. This is the
reason that POS 9 is represented by f£7 and POS A is
represented by £7' in order to distinguish it from £7. The
zone f£7' is quite small, and accordingly the zone £7' can
essentially be considered identical to the extreme TELE
position.

POS B: In a fashion similar to POS 1, this zone is
provided to distinguish the extreme MACRO and TELE
positions. Unlike POS 1, in which the WIDE extreme position
is a changing point between POS 1 and the WIDE extreme
position, and POS B is an extreme TELE position representing
changing points between POS 9 and POS A, respectively.

POS 2 =~ POS A: These are intermediate focal 1length
positions which comprise a plurality, e.g:, 9 in the
illustrated embodiment, steps.

The CPU then checks the code information and the
setting positions for the various switches when they are
turned into their ON positions. If the mode changing switch
is in a zoom position, no zooming will be necessary when the
cam ring is in any position between and including POS 2 and
POS A. 1If, however, the mode changing switch is in a
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51 light rays will not enter the camera |l ens systemthrough the
cTr.cunference of the front lens group frame 16 and/or the rear |ens group
frame 18, nor through the front annul ar opening between the | ens barrel and
canmera cover. G FPC Board Gui de and ARPi-Reflecti on Mechani sm The FPC

board guide and its associated anti-reflection mechani smof the are bhest
i 11 ust ratR@SikipngSther jehan nthe) GRORHBPEEFIPRpe Jof® vantR a®dEDPR (

present lﬂMGRU ntiom§ wpe§ﬁeémb@1&rﬁyl pesafdlcd | patlveshdNBOSKt &nd
shutter bl ock lglgns barrel bl ock m .t he bogﬁ of the ca

Shutter DYBBE. 23 o 1GERRBRACAtS, RUSHBLENT FRo@nd HACEPe it
group L1, +nadaes® dbogi¥isRYeTooming operation of the lens will be

immediately effected. This is also true when the switch is
brought into the zoom position during rotation of the
zooming motor in the forward direction and when the switch
is brought into the zoom position during reverse rotation of
the zooming motor. Specifically, when in the zoom position,
whether the zoom code is within the range between and
including POS 2 to POS A (within which range zooming is
effected) will be checked by the CPU. If the zoom code is
out of the range, no picture can be taken, and, accordingly,
the cam ring will be moved into the zooming position. 1In
other words, POS 1 and POS B are areas in which the cam ring
is prohibited from stopping and in which a picture cannot be
taken.

Of course, it is clear that the present invention is
not limited to the embodiments described above, nor those
illustrated in the drawings, and the invention can be
modified without departing from the spirit and scope of the
claimed invention.

“ﬁﬁ’ii’ﬂ‘li’iifﬂﬂi‘]i“ﬁw e et o
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'toget her with front |ens elenment group L1 along the direction of the
optical axis. In order to send operational

the shutter block 23 which noves in such an optical axis direction,
response to outputs of the distance rdasuring device, i.e., the range’
finder, and, e.g., the exposure control device on the ThisPbecoHR@®d% ReBlaced
flexible printed circuit board (hereinafter referred to

desirably used. The nechani sm for guiding novenent of ”M”MWEH
the anti-reflection assenbly which are used in conjunction w

are described hereinbel ow i n det aPat@nthchaiBSspecific reference to
39-43. FPC board 160 (see Figs. 39 and 40) provides

l.

A lens shutter type of camera having a
photographing optical system (1) comprising a zoom
lens system (L1, L2), a motor driven cam mechanism
(14, 15, 16, 17, 18, 19, 20, 21) for moving the
photographing optical system (1, L1, L2) in a zoom
range (204, 21b), thereby wvaring the focal length
of said optical system (1, L1, L2) and for moving
said optical system (1, L1, L2) to and from an
accomodating position (20a, 20b, 21a) where lenses
(L1, L2) of said photographing optical system (1)
are in a position behind said zoom range (20e,
21b),

characterized in that a code plate (90) is
provided with an area (Pos2 to PosA) for obtaining
focal length information of said optical system
(1) and with a detecting area (Posl) for detecting
a transient state (20b} from said zoom range (204,
21b) to said accomodating position (20a, 21a) and
that the driving of said cam mechanism (14, 15,
16, 17, 18, 19, 20, 21) cannot be stopped when
said detecting area (Posl) signalises a position
of the optical system (1, L1, L2) in said
transient state (20b, 21a).

Camera in accordance with claim 1, having a
photographing optical system supporting fram (22)
including an opening (2) for photographing,
characterized in that said supporting frame (22)
is linear-movably supported so that the frame (22)

L
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oper ati onal

predetermned printed circuit pattern thereon; in gener
known. As illustrated in Fig.639, FPC board 16
pattern 161 at a front end of the board to which shutter

are wel |

ca

electrically connected, and a rear connecting pattern 162 to whi ch a
central processin [ l; t t

provided in the c rrégagggg gcan Bﬁ% ak: ?ﬂ%tcéﬁsgq:@'oglne& sgjr) %ay\%
pl ate 163, which gur'dleerFP&bward f@@m iag ﬁnt&rens 1 daec rwm@mlsgeet
2 7 SEP 19990511:1011 (Pos2).

Dat e:

Camera in accordance with c¢laim 1 or 2,
characterized in that said cam mechanism (14, 15,
..+ 21) comprises a rotatable lens driving ring
(14), positioned about said zoom lens system (L1,
L2).

Camera in accordance with claim 3, characterized
in that said ring (14) being disposed around the
lens supporting frame (22) and moving said
supporting frame (22) between an extrem rear
photographable positing (Pos2) and said
accomodating position (Pos0) by a rotation of a
collapsing range (20b) of said ring (14).

Camera in accordance with <c¢laim 3 or 4,
characterized in that said code plate (90) is
positioned about said ring (14).

Camera in accordance with claim 2, 3, 4 or 5,
characterized in that a barrier mechanism (30) for
opening/closing said opening (2) is disposed at a
front end portion of said lens supporting frame
(22).

Camera in accordance with one of the foregoing
claims, characterized by a brush (92) with a
plurality of electrical terminals (C, Ti, T2, T3,
T0) which ar adapted to ride over said code plate.

Camera in accordance with one of the foreging
claims, characterized by means for decoding the

HIIlII\ Il IIIH Il ll \III
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This board is made froma flexible synthetic resin sheBtis SheeyH: ﬁesnﬂ
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52 secured to the canmera body at a base or rear portion thereof, and
extends into a space between camring 14 and decorative frane 22, forwardly
of lens barrel block 1. securing clips 166 are provided for attaching the
FPC board 163 to the guide plate, andXl anpi ng nenbers 167 (see Fig. 41)
are provided for attaching the FPC board to the front portion of a canera
body frane; e.g., which is die cast, or to the rear portion of a |lens

barrel frame (bagefh;HaHent ngdbAgelBh | SnP" Y] dedt Ot t haaeont o89d of FPC
into focal length or lens opening information,
said means being connected to said electrical
terminals (C, T1, T2, T3, TO).

9. Camera in accordance with claim 6, 7 or 8,
characterized in that the barrier mechanism (30)
is closed in assoziation with a rotation of an
opening/closing range (20a) of said ring (14),
said opening/closing range (20a) is continously
formed from said collapsing range (20b).

10. Camera in accordance with claim 6, 7, 8 or 9,
characterized in that the driving of the 1lens
driving ring (14) cannot be stopped in an angular
range (20a, 20b) between the range (20c) of extrem
rearward photographable position (Pos2) and the
angular position (20a) of the closed barrier
mechanism (30).

L O
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board 163; this bent guide conprises a pair of front and rear guide pins
~ 168 and 169. These guide pins are preferably stationary (although it is

concei vabl e t hat

rollers could be used instead) and are adapted to nmintain

the curvature of the FPC board 163 al orgt an i mmovabl e bent portion 160a of
the board, at which point the board extends forwardly fromthe canera body
and is bent in opposite directions so as to extend towards the canera body.
FPC board 160, which is bent around Apgezagtn 168, extends rearwardly into
the gap between guide pin 169 and FPC.board guide plate 163, and is again
freely bent forwardly by or at a novabl e bent portion 160b. It should be

appreci ated that fdigs r@hald e POsAd Niuding a zoom lens svstenm

A lens shutter type of camera 1is provided, having a

photographing optical system (1) comprising a zocom lens
system (L1, L2), a motor driven cam mechanism (14, 15, 16,
17, 18, 19, 20, 21) for moving the photographing optical
system (1, L1, L2} in a zcom range (204, 21b), thereby
varing the focal length of said optical system (1, L1, L2)
and for moving said optical system (1, L1, L2) to and from
an accommodating position (20a, 20b, 21a) where lenses
(L1, L2) of said photographing optical system (1) are in a
position behind said zoom range (20e, 21b). In that camera
a code plate (90) is provided with an area (Pos2 to Posi)
for obtaining focal length information of said optical
system (1) and with a detecting area (Posl) for detecting
a transient state (20b) from said zoom range (204, 21b) to
said accommodating pesition (20a, 21a). The driving of
said cam mechanism (14, 15, 16, 17, 18, 19, 20, 21) cannot
be stopped when said detecting area (Posl) signalises a
position of the optical system (1, Li, L2) in said
transient state (20b, 21a).

Fig. 1.

This is the replacement sheet
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rel ati onshi p between gui de pins 168 and 169, and FPC board 160, is
constant, irrespective of the noverment of shutter block 23 forwardly and
~rearwardly in an axial direction. Accordingly, guide pins 168 and 169 are
preferably i mmovabl e pins which are not rotatable. Alternately, it is
possible to replace these pins with guide rods or shafts over which the FPC
board will be bent in opposite directions. As shutter bl ock 23 noves
forwardly and rearwardly, the novable bent portion 160b of the FPC board
.al so noves forwardly and rearmarqﬂy. Al t hough the extension of the.FPC
board 160 extends rearwardly fron$2he board guide plate 163, as shown in
Figs. 39 and 40, actually the realr extension of FPC board 160 can be bent
forwardly al ong, and by, a bent

This is the replacement shest
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guide 170 of guide plate 163 in order to nove the board This is the

repl acenent sheet Date: 2 7 SEP 1996 53 towards the front part of the
camera body. The inner surface of FPC board 160 faces the gap between the
front lens group frane 16 (as well as decorative frane 22) and rear group

|l ens frame 18, and there is therefore a possibility that rays of |ight

whi ch are incident upon the lens systemw || be reflected by FPC board

2
32

5
~ 6{c j 3
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S e
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160, resulting in undesirable internal reflection. In order to prevent such
internal reflection, an anti-reflection material or apparatus can be (and:

. shoul d be) provided on FPC board 160. Several alternate solutions can be
used to provide anti-reflection neans on the FPC board 160. As one
solution, FPC board 160 can be forned froma dull-finish, black synthetic
resin material. Alternately, the,FPC board 160 can be provided along its

i nner surface, i.e., onits surf;ce which is adjacent to the optical axis
of the camera, with an anti-refl82tion sheet 171, as illustrated in Fig.

43. Such a sheet can conprise, e.g., a dull-finish black paper or the like,
and is adapted to be placed on the FPC '

FI GS This is the replacement shest
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board 160. Preferably, the anti-reflection sheet 171 is sinply | oosely
superi nposed on the FPC board w thout being adhered to the board in order
.to provide flexibility agai nst defornmati on due to expansi on and shri nkage
of the material. Sheet 171 lies on the FPC board in the area between bent
portions 160a and 160b of FPC board 1604 A third solution is to coat at

| east the inner surface of FPC board 16§;with an anti-reflective |ayer.
Wth the guide nechanismof the FPC board and with the anti-reflection
mechani sm whi ch are noted above, when.the zoom ng notor 5is driven to
rotate in order to rotate camring 14, front lens group frame 16 and rear
|l ens group frame 18 will be noved in directions along the optical axis in

L3(LE) /L2777 7727773

K

90(2!0)

chs l

: z7j/j
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accordance wth the cam grooves 20 and 21 on camring 14 in order to effect
a zoom ng operation, and can be noved into a position in which the canera
isinits macro setting or node. Movenment of the front lens group frame 16
causes This is the replacenent sheet Date: 2 7 SEP 1996 54 shutter

bl ock 23 to nove in the sanme direction, so that FPC board 160 will be
extended in accordance with novenent of the shutter bl ock 23. Ext ensi on
of the board is nade 5

32
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possi bl e by di spl acenent of novabl e bent board portion 160b. Specifically,
FPC board 160 is integrally connected to the CPU in the body of the canera
at rear end connecting pattern or portion 162 (see Fig. 39) and the

i nternedi ate portion of the FPC board is guided by FPC guide plate 163.

The i movabl e bent portion 160a of the FPC board 160 is immovably gui ded by
gui de pins 168 and 169; andﬁiaccordingly, when the front end connecting
pattern 161 of FPC board 160 noges in accordance with or in response to
novenent of shutter block 23, only the novabl e bent board portion 160b wl|
be displaced forwardly and rearwardly in order to absorb the novenent of
shutter block 23, as-.illustrated in Figs. 40 and 42. In this fashion, FPC
boar d ’

This is the replacement sheet
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160 can be surely guided within the annul ar space 164 | ocated between cam
ring 14 and decorative frame 22 (Fig 41). Since the FPC board 160 has an
~anti-reflection structure as disclosed above, internal reflections which
woul d ot herwi se cause an undesirabl e phenonena, e.g., a flare or a ghost,
wi |l not occur. H Detection Mechanismfor Detecting Information Rel ating
to the Position of the Zoom Lens A2 noted previously, in a lens shutter
canera forned in accordance with t present invention, the photographic
optical systemis noved along the optical axis by the rotation of camring
14, so that the focal |ength of the

FIG.S

This is the replacement sheet
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phot ographi c optical systemw || vary, and so that the optical systemwl|
nove from one extrene angul ar position of the camring into the macro
setting position, and fromthe other extrene angul ar position of the cam
ring into alens (totally) collapsed position. |In such a |lens shutter type
of canmera, which includes a zoomlens, it is necessary, e.g., to detect the
focal ' ength of the photographic opticaj This is the replacenment sheet

Date: 2 7 SEP 1996 55 32
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system the macro setting position, and the two extreme positions of the
camring in order to indicate the focal length, to control the exposure
‘whi ch varies in accordance with the F nunber, and to control the direction
of rotation of the notor which drives the camring. In the present

i nvention, the above information, i.e., relating to the focal |ength and
the two extrene positions of th zoomIgns, can easily be detected by code
signals on the single flexible code plYate 90 which is provided on camring
14. Specifically, code plate 90, as illustrated in Fig. 44, is provided
on camring 14 (which is shown in Fig. 1) and is brought into sliding
contact with a brush 92 (Fig. 44) which is secured at its base end to a
stationary frane
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‘91 positioned on the outside of camring 14. This is well illustrated in
Fig. 1. Fig. 44 illustrates the devel oped code plate 90, in a flattened

- condition, in which the upper half of the drawing illustrates the cam
profiles of zoom ng cam groove 20 and 21 of camring 14, and cam grooves
55, 56 and 57 of cam plate 53, respectively. Brush 92 includes a conmon
termnal C and independent (bristhes) termnals TO TI, T2, and T3. Wen
each of termnals TOT3 is electIycally connected to the conductive |ands

93 of code plate 90, a signal " is issued, and when each of the termnals
TO- T3 are not electrically connected to conductive |ands 93, a signal "1"
i's iIssued. The angul ar position of camring-14 can be

F1G.14
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detected by the conbination of signals "0" and "I". A plurality of dumy
termnals 94 are forned in conductive | ands 93. The purpose of the dummy
ferminals, which are formed fromthe same material as conductive |ands 93,
is that the flexible code plate bent about the camring, and in order to

i nprove the physical strength of the plate and still provide an area

wi thout el ectrical contact the dumgny termnals were so positioned to
increase flexibility while preservyiing strength. Additionally, these
dummy term nals provide (non-cond gtlve) | ands upon which the termnals TO

This is the replacenent sheet Date: 2 7 SEP 1996
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56 T3 of the brush can ride as the camring is rotated. The four bit
information received fromtermnals TO T3 are provided as zoom code dat a
ZPQ, - ZP1, ZP2, and ZP3, respectively, of a zoom code encoder, as is clearly
illustrated in Fig. 45. This figure conprises a table of conbinations of
signals "O'" and "1", in which the angujar position, i.e., POS, of camring
14 is divided into 13 steps between "g%iand "9" , and "A", "B", and "C',
respectively, which are hexadeci mal n ers. The nunber "0" designates a

| ocked position, and the "C' position designates a position
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in which the canera is in its macro node. Between the | ocked position and
the macro position, there are nine focal |ength positions [err]. The | ocked
posi tion and the macro position correspond to the two extreme angul ar
positions of the camring 14. Zooming notor 5 is controlled so that the cam
ring 14 will not rotate beyond the twojgxtrene positions. These angular or
rotational positions are shown on the gpde plate in Fig. 44. Rotation of
camring 14 is controlled by the node changing switch 101 and the zoom
switch 102, which are illustrated in Figs. 47-50, in accordance with
positional information of camring 14 as determ ned by code plate 90. The
arrangenent of node changing switch 101 and zoom
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switch 102 on the camera body is illustrated in Figs. 46-48. A rel ease

button 99 is provided on the upper surface of the canera which can be

pushed by one step to turn a photonetry switch into an ON position, and

whi ch can be pushed by two steps to turn a release switch into an ON

position (neither of these two switches are shown in the draw ngs,

Mode changing switch 101 is a Eﬁansfer swi tch which can occupy 3
Z0ooV) ,

a lock position (LOCK), 33 zoonmi ng position (i.e.,
i i 49- 50, when

i.e. (MACRO. As illustrated in Figs.
switch lever 1A b can nove between the

however ,

however) .
positions, i.e.,

and a macro position,
macr.o button 10la is not depressed,
LOCK and ZOOM posi tions. When nacro button 10la is depressed

and when switch lever | Olb slides onto the upper
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This is the replacenent sheet Date: 2 7 SEP 1996 57 surface of macro
button 10la, the macro node of the canera will be set. Figs. 49 and 50 are
cross-sections of the macro and zoom | ock switches, respectively. When in

the LOCK position, neither the rel easing operation nor the zoom ng
operation of the zoomlens can be effected. In the ZOOM position, however,

the rel ease operation and the zoom ng opl%r ation can be carried out. I n
t he MACRO -
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position, the rel easing operation can be perforned but the zoom ng
operation cannot be effected. Fig. 51 illustrates an alternate arrangenent
.of t‘he zoomswitch, in which the zoomlens is noved towards a tel ephoto
position when a telephoto button T is pushed and towards a w de angl e
position when a wide angle button Wis pgshed. Zoom swi tch 102 occupies a

neutral position, i.e., it is placed ing® an OFF position, when no external
force is applied to the switch; and it can be manually noved into a w de
angl e position, i.e., a WDE position; and into a tel ephoto position, i.e.,

a TELE position, which positions are |ocated on opposite sides of the
neutral "OFF" position. S
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Zoom ng notor 5 can be rotated in both forward and reverse directions by
switching the position of zoomswitch 102 between the WDE and TELE
positions. Mdde changing switch 101 and zoom switch 102 actuate the canera
of the present invention as detailed hereinafter. In actual use, positional
information relating to the position of camring 14 which is indicated by
code plate 90 will be used. 1. For the LOCK position of the npbde changing
switch 101, zooming notor 5 is reversed3po rotate camring 14. \Wen the
angul ar position POS of camring 14 beconmes "10" (see Figs. 44 and 45) as
detected by code plate go and brush .92, zooming notor 5 will stop rotating.

62 61
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2. For the MACRO position of the node changing switch 101, zoom ng notor 5
rotates in the forward direction and stops rotating when PCOS reaches the
_"C' position. This is the replacenment sheet Date: 2 7 SEP 1996 58 3.
For the ZOOM position of the node changing switch 101, zoom ng notor 5
reverses when zoomswtch 102 is in the WDE position, and rotates in the
forward direction when the zoomng switchl8s in the TELE position.
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wi Il stop rotating when PCS reaches the "All position, when the zoom sw tch
Is in the TELE position. Wen the zoomswitch is in its WDE position,
zooming nmotor 5 will continue reversing for a predeterm ned short span of
time after POS reaches the "I" position. After this tinme, zoomng notor 5
will begin rotating in a forward directit and will stop rotating when POS
becones 2. When zoomswitch 102 is turne@"to the OFF, i.e., neutral,
position, during rotation of zoom ng notor 5, the zoomi ng notor wll
i medi ately stop rotating when the zoomswtch is in the TELE position, and
wll stop after it rotates in the forward @8Vaection for a predeterm ned
short period of tine when it gg in the WDE\pombtigE,
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respectively. Details of several of the positions will now be descri bed.
POS 1: Since the code signals change at the LOCK position and at the
extrene WDE position, these extrene positions are detected. More

preci sely speaking, the LOCK position is not "POS 0", but is instead a

poi nt which is |ocated between POS 0 and POS 1. However, when the canera is
in the LOCK position, the brush is4n POS 0, in a location very close to
POS 1. Simlarly, the WDE extrerng%gosition i s apoint between PCS 1 -and
POS 2. However, when the canera i n the extrene WDE position, (which is
not a w de zone), brush 92 is in POS 2, which is very close to PGS
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1. Accordingly, POS 1 denotes a range in which the camring 14 noves from
the extreme WDE position to the LOCK position, and vice versa. POS f7':
This:-zone is provided for absorbing the backlash of camring 14 (ie.,

backl ash from novenent of the lens systen). Specifically, as illustrated in
Fig. 45, This is the replacenent sheet Date: 2 7 SEP 1996 59 during
rotation of the camring from POS C2)7towards PGS C,
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the camring will stop i mediately when a stop signal is given, i.e., when
the zoomswitch is turned to an off position. To the contrary, .rotation
of the camring fromPOS C towards POS 0 causes the camring 14 to reverse
slightly after it overruns its desired position by a predeterm ned
di spl acenent, and then stops the camring agza first changi ng PCS point.
POS f7' is the extreme TELE position, and, &&cordingly, when camring is in
its extrene TELE position (with the TELE zone being a zone in which the cam
ring operates at the TELE exposure), the brush will be |ocated at position
POS A, which is very close to POS 9. The focal length information or the F
nunber information are fed to the ghytter by the code plate and the brush.
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Accordingly, the sanme focal length information is fed at the TELE zone and
the TELE extrene positions. This is the reason that POS 9 is represented by
f7 and POS Ais represented by f7' in order to distinguish it fromf7. The
zone f7" is quite small, and accordingly the zone f7' can essentially be
considered identical to the extreme TEL osition. POS B: In a fashion
simlar to POS 1, this zone is provided di stingui sh the extreme MACRO
and TELE positions. Unlike POS 1, in whiéh the WDE extrene position is a
changi ng poi nt .between POS 1 and the WDE extrenme position, and POS B is an
extreme TELE position representing changi ng points between POS 9 and PCS A,
respectively. .

FIG.35
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POS 2 - POS A These are internediate focal |ength positions which
conprise a plurality, e.g., 9 in the illustrated enbodi nent, steps. The CPU
t hen checks the code information and the setting positions for the various
swi tches when they are turned into their ON positions. If the node changing
switch is in a zoomposition, no zoonmng wll be necessary when the cam
ring is in any position between and i ncl gi ng POS 2 and PCS A If,

however, the node changing switch is in%—Thi s is the replacenent sheet
Date: 2 7 SEP 1996
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[err] position other than the zoom position, i.e., in either the LOCK
position, an.internedi ate position between LOCK and WDE, an internedi ate

. position between TELE and MACRO or the MACRO position, zoom ng operation
of the lens will be 5 imediately effected. This is also true when the
switch is brought into the zoom positionﬂring rotation of the . zoom ng
notor in the forward direction and when swtch is brought into the zoom
position during reverse rotation of the 2o ng notor. Specifically, when
in the zoomposition, 10 whether the zoomcode is within the range between
and including POS 2 to POS A (within which range zoonming is

This is the replacemsnt shoet



effected) will be checked by the CPU. If the zoomcode is out of the

range, no picture can be taken, and, accordingly, the camring wll be
noved into the zoom ng position. In 15 other words, POS 1 and PCS B are
areas in which the camring is prohibited fromstopping and in which a

pi cture cannot be taken. This is the replacenent sheet Date: [err] MAY
1998 61 clains 26 |
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1. A lens shutter type of camera havi ng a phot ogr aphi ng
optical system (1) conprising a zoomlens system (L1, L2), a notor driven
cam nechani sm (14, 15, 16, 17, 18, 19, 20, 21) for noving the

phot ographi ng optical system (1, L1, L2) in a zoomrange (20d, 21b),

t hereby varing the focal length of said optical system (1, LI, L2) and for
movi ng said optical system (1, L127 L2) to and from an acconodati ng
position (20a, 20b, 2la) where le s (L1, L2) of said photographing
optical system (1) are in a positién outside said zoomrange (20f, 21b),
and neans for controlling said notor driven cam nechani sm characterized in
that said cam nechani sm (14, 15, 16, 17, 18, 19, 20, 21) conprises a code
pl ate (90)
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provided with an area (Pos2 to PosA) for obtaining focal |ength information
of said optical system (1) in said zoomrange and with a detecting area
(Posl) for detecting a transient state (20b) when said | enses are in said
acconodati ng position (20a, 2la) and in that said control neans are
arranged so.that the driving of said cam nechanism (14, 15, 16, 17, 18, 19,
20, 21) cannot be stopped when said detectigf area (Posl) signalises a
position of the optical system (1, L1, L2) Ph said transi ent state (20b,
2la). 2. Canera. in accordance wth claim 1, having a photographing
optical system supporting frame (22) including an opening (22b) for
phot ogr aphi ng, characterized in that said supporting frame (22) is

| i near-novably supported so that the frame (22) This is the repl acenent
sheet
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[err] 62 goes into an acconodating position (PosO which is further
rearward from an extremrear photographing position (Pos2). 3. Canera in
accordance with claim 1 or 2, characterized in that said cam nechani sm
( 14, 15, ... 21) conprises a rotatable lens driving ring (.14), positioned
about said zoomlens system (L1, L2).

32
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4. Canera in accordance with claim3, characterized in that said ring (14)
bei ng di sposed around the lens supporting frame (22) and noving said
supporting frane (22) between an extremrear photographable positing
(Pos2) and sai d acconodating position (PosO by a rotation of a
col | apsi ng range (20b) of said ring (14). 5. Canera in accordance wth
claim 3 or 4, characterized in thaB8said code plate (90) is
positioned about said ring (14). 6. ra in accordance with claim2, 3,
4 or 5, characterized in that a barrier mechanism (30) for opening/closing
sai d opening (22b)is disposed-at a
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front end portion of said | ens supporting frarre'(22). 7. Canera in
accordance with one of the foregoing clains, characterized by a brush
(92) with a plurality of electrical termnals (C, T1, T2, T3, TO which

ar adapted to ride over said code plate. 8. Canmera in accordance with
claim?7, characterized by neans for decoding the This is the replacenent
sheet [err] 31
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63 positional information on said code plate (90) into focal length or |ens
apeni ng information, said neans being connected to said electrical
termnals (C, T1, T2, T3, TO. 9. Canmera in accordance with claim®6, 7 or
8, characterized in that the barrier mechanism (30) is closed in
assoziation wth a rotation of an opening/closing range (20a) of said ring
(14), sai'd opening/closing range (20a)32?s continously formed from said
col | apsi ng range (20b). 10. Canera in cordance with claimé6, 7, 8 or 9,
characterized in that the driving of t | ens

FIG.53B FIG53C
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position other than the zoom position, i.e., in either the
LOCK position, an intermediate position between LOCK and
WIDE, an intermediate position between TELE and MACRO, or
the MACRO position, zooming operation of the lens will be
immediately effected. This is also true when the switch is
brought into the zoom position during rotation of the
zooming motor in the forward direction and when the switch
is brought into the zoom position during reverse rotation of
the zooming motor. Specifically, when in the zoom position,
whether the zoom code is within the range between and
including POS 2 to POS A (within which range zooming is
effected) will be checked by the CPU. If the zoom code is
out of the range, no picture can be taken, and, accordingly,
the .cam ring will be moved into the'zooming position. In
other words, POS 1 and POS B are areas in which the cam ring
is prohibited from stopping and in which a picture cannot be
taken.
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claims

1. A lens shutter type of «camera having a
photographing optical system (1) comprising a zoom
lens system (L1, L2), a motor driven cam mechanisn
(14, 15, 16, 17, 18, 19, 20, 21) for moving the
photographing optical system (1, L1, L2) in a zoom
range (204, 21b), thereby varing the focal length
of said optical system (1, L1, L2) and for noving
said optical system (1, L1, L2) to and from an
accomodating position (20a, 20b, 2la) where lenses
(L1, L2) of said photographing optical system (1)
are in a position outside said zoom range (20f, 21b), and means for
controlling said motor driven cam mechaniém, characterized in that said
cam mechanism (14, 15, 16, 17, 18, 19, 20, 21) comprises a code plate (90)
provided with an area (Pos2 to PosA) for obtaining focal length information
of said optical system (1) in said zoom range and with a detecting area
(Posl) for detecting a transient state (20b) when said lenses are in said
accomodating position (20a, 21a) and in that said control means are
arranged so that the driving of said cam mechanism (14, 15, 16, 17, 18, 19,
20, 21) cannot be stopped when said detecting area (Posl) signalises a

position of the optical system (1, L1, L2) in said transient state (20b, 21a).

5. camera in accordance with claim 1, having a

photographing optical systen supporting frame (22)
including an opening (22b) for photographing,
characterized in that said supporting frame (22)

is linear-movably supported so that the frame (22)

This is the replacement shest
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goes into an accomodating position (Pos0) which is
further rearward from an extrem rear photographing

position (Pos2).

3. Camera in accordance with «claim 1 or 2,
chara_cteri'zed in that said cam mechanism (14, 15,
... 21) comprises a rotatable lens driving ring
(14), positioned about said zoom lens system (L1,

L2).

4, Camera in accordance with claim 3, characterized
in that said ring (14) being disposed around the
lens supporting frame (~22)' and mwoving said
supporting frame (22} between an extrem rear
photographable positing (Pos2) and said
accomodating position (Pos0) by a rotation of a
collapsing range (20b) of said ring (14).

5. Camera in accordance with claim 3 or 4,

characterized - in that said code plate (90) is
positioned about said ring (14).

6. Camera in accordance with claim 2, 3, 4 or 5,
characterized in that a barrier mechanism (30) for
opening/closing said opening (22b)is disposed at a
front end portion of said lens supporting frame

(22).

7. Camera in accorxdance witﬁ one of the foregoing
claims, characterized by a brush (92) with a
plurality of electrical terminals (C, Tl,‘ T2, T3,
T0) which ar adapted to ride .over said code plate.

8. Camera in accordance with_ claim 7, characterized by means for
decoding the
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