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1
ZOOM FINDER SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This is a continuation of Reissue Application No. 08/017,
401, filed Feb. 11, 1993, now abandoned, which is a Reissue
Application of U.S. Pat. No. 4,992,809 issued on Feb. i2,
1991,

BACKGROUND OF THE INVENTION

The present invention relates to a lens-shutter type camera
having a zoom imaging optical system, a finder optical
system separate from said zoom imaging optical system, and
an electronic flash device. The present invention relates to a
zoom finder. More particularly, it relates to a zoom finder
capable of effecting zooming with the eyesight through the
finder being kept constant when it is used with a lens-shutter
camera, a video camera or other types of cameras that are
equipped with a zoom lens system.

The recent advance in technology for providing lens-
shutter type cameras with a zooming capability have been
remarkable and versions having zoom ratios of 3 or more are
presently available on the market. One of the problems that
have occurred as a result of the efforts to increase the zoom
ratio is how to insure the optical path length of the finder
optical system. An albada finder which has been commonly
used may be provided with a zooming capability but this is
difficult to accomplish if the zoom ratio exceeds a certain
value. Although a real-image (Kepler type) finder seems to
be the inevitable alternative, it requires a longer optical path
than the albada finder because the real image of a subject
formed with an objective lens must be inverted and reversed
right and left by means of such clements as other lenses, a
prism and a mirror for viewing after enlargement with an
eyepiece system. This problem becomes substantial if a
zooming capability is provided because a longer optical path
must be allowed for the movement of a zooming lens and
since the length of the optical path increases with increasing
zoom ratio.

Thus, a lens-shutter type camera that adopts a real-image
zoom finder and which is designed to have a large zoomratio
is unable to insure the necessary optical path length with the
traditional camera configuration and this has given rise to
the need for changing the configuration of the camera itself.
In other words, it has become difficult to use the traditional
camera configuration and design a real-image zoom finder
having high zoom ratio.

On the other hand, cameras such as lens-shutter cameras
and video cameras employ an imaging system and a finder
system as mechanically separate components If a zoom lens
is to be used in the imaging system, it is desirable to employ
a zoom finder the magnification of which varies in accor-
dance with the degree of zooming and such a zoom finder is
already available. Most of the zoom finders used today are
classified either as reverse-Galilean finders of the type
described in JP-A-53-63014 (the term “JP-A” as used herein
means as “unexamined published Japanese patent
application™) or as real-image finders of the type described
in JP-A-61-156018.

A reverse-Galilean finder is so designed as to view a
virtual image formed with an objective lens but it involves
difficulty in increasing the finder magnification and zoom
ratio. In addition, it suffers the problem of an unclear finder
frame. To avoid these problems, the use of a real-image
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finder capable of viewing a real image is desirable.
However, a real-image finder has such a construction that is
overall length will increase inevitably. The zoom finder
described in JP-A-61-156018 is so designed that the first
lens group has a negative power but the finder magnification
must be reduced in order to shorten the overall length, or the
zoom ratio cannot be increased without causing increased
variations in the overall length upon zooming.

Recent versions of lens-shutter cameras and video cam-
eras are characterized by the increasing use of zoom lenses
with high zoom ratio in the imaging system but on the other
hand, the size of camera body itself is becoming smaller.
Thus, it is desired to install in these cameras a zoom finder
that is compact and which is so constructed that a high zoom
ratio can be easily attained without experiencing any sub-
stantial aberrational variations upon zooming.

OBJECTS AND SUMMARY OF THE
INVENTION

An object, therefore, of the present invention is to provide
a lens-shutter type camera that uses a real-image zoom
finder and which yet permits the adoption of the traditional
camera configuration even if it is designed to feature a zoom
ratio of 3 or more.

The present inventors noted the fact that an electronic
flash device typically built in cameras has the light-emitting
section located on the front face of the camera, thus leaving
a space unoccupied in the area behind it. The present
invention has been accomplished on the basis of the idea of
utilizing this empty space for the optical path of a real-image
zoom finder apparatus.

The finder apparatus of the present invention is generally
intended to be used with a lens-shutter type camera having
a zoom imaging optical system, a zoom finder optical system
separate from this zoom imaging optical system, and an
electronic flash device. In one aspect of the present
invention, said zoom finder optical system is made as a
real-image zoom finder apparatus and part of the associated
optical elements is disposed behind the electronic flash
device, with part of the optical path from the objective lens
to the eyepiece being bend backward of the electronic flash
device to pass through said optical element disposed behind
the electronic flash device.

In another and specific aspect, the objective lens in said
real-image zoom finder apparatus is disposed adjacent the
electronic flash device and part of the optical clements of
said finder is disposed behind the electronic flash device,
with the optical path in said finder apparatus being com-
posed of an entrance path from the objective lens to a first
reflecting element, a refraction path from said first reflecting
element to said optical element disposed behind the elec-
tronic flash device, and an exit path from said optical
element to the eyepiece disposed behind it.

The zooming lens group is desirably disposed in the
entrance path since it can be made to have a sufficient path
length.

If desired. the optical element disposed behind the elec-
tronic flash device may be a resin molded article having a
lens formed integral with a prism that reflects rays of light
toward the eyepiece. This arrangement is effective for space
saving.

Further, this prism integral with the lens may have a
second reflecting face for reflecting the rays of light from the
refraction path downward, a third reflecting face for reflect-
ing the rays of reflected light from said second reflecting
face in a direction parallel to said refraction path, and a
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fourth reflecting face for reflecting the rays of reflected light
from said third reflecting face to travel along said exit path.
This embodiment is effective for achieving a further increase
in the optical path length.

Another object of the invention is to provide a real-image
zoom finder that is compact. that is capable of attaining a
high zoom ratio of 2.5-3.5 without experiencing any sub-
stantial variations in aberrations and overall length upon
zooming, and that has a sufficient finder magnification to
produce an impressive image by viewing through the finder.

The zoom finder of the present invention consists basi-
cally of an objective optical system having a positive overall
power and an eyepiece optical system having a positive
overall power, which objective optical system comprises, in
order from the object side, a first lens group having a
positive power, a second lens group having a negative
power, a third lens group having a positive power and a
fourth lens group having a weak power. The image formed
by said objective optical system is focused in the neighbor-
hood of the first surface of said eyepiece optical system, and
said second and third lens groups or said first to third lens
groups are moved to effect zooming with the eyesight
through the finder being held constant.

In the zoom finder having the construction described
above, the objective optical system desirably satisfies con-
ditions (1)~(3) set forth below, and it is also desirabie for the
eyepiece optical system to satisfy condition (4) to be set
forth below:

0.4<N,<0.9 0y}
2
(3)

@)

1100/£,K3.0
2.2<E,/,<3.5
0375<r/£,<0.6

where N,: the zoom ratio of the second lens group as
compared to the zoom ratio of the objective optical system;

f;: the focal length of the ith lens group;

f.: the focal length of the objective optical system at
wide-angle end;

f,: the focal length of the eyepiece optical system; and

1,;: the radius of curvature of the first surface of the
eyepiece optical system.

According to another aspect of the invention there is
provided a zoom finder comprising an objective optical
system having a positive overall power and an eyepiece
optical system having a positive overall power, said objec-
tive optical system comprising, in order from the object side,
a first lens group having a positive power, a second lens
group having a negative power, and a third lens group
having a positive power, the image formed by said objective
optical system being focused in the neighborhood of the first
surface of said eyepiece optical system, said second and
third lens groups being moved to effect zooming with the
eyesight through the finder being held constant.

In this zoom finder, the objective optical system satisfies
at least the following conditions (1) and (3):

0.4<N,<09 )

2.2<fyf,<3.5 (3)

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a plan view of a lens-shutter camera using the
finder apparatus of the present invention;
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FIG. 2 is a front view of the same camera;

FIG. 3 is a rear view of the same camera;

FIG. 4 is a side view of the same camera:

FIG. § is a plan view showing an example of the mecha-
nism for driving the zoom finder apparatus and electronic
flash device shown in FIGS. 1-4;

FIG. 6 is a front view of said mechanism;

FIG. 7 is a side view of said mechanism;

FIGS. 8, 11. 14, 17, 20, 23, 26, 29 and 32 are schematic
cross-sectional views of finder apparatus constructed
according to Examples 1-9, respectively of the present
invention;

FIGS. 9, 12, 15, 18, 21, 24, 27, 30 and 33 plotting the
aberration curves obtained at the wide-angle end with the
finder apparatus constructed according to Examples 1-9,
respectively; and

FIGS. 10,13, 16, 19, 22, 25, 28, 31, 34 are graphs plotting
the aberration curves obtained at the telephoto end with the
finder apparatus constructed according to Examples 1-9,
respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention is described hereinafter with refer-
ence to the accompanying drawings.

FIGS. 14 show the general appearance of a lens-shutter
type camera having a real-image zoom finder apparatus 20
constructed in accordance with the present invention. The
camera body indicated by 11 has a zoom imaging lens 12 in
its generally central portion, and the light-emitting portion
13 and light-receiving portion 14 of a range-finding meter
are disposed on the left and right sides above the zoom
imaging lens 12. The camera body 11 also has a zoom
electronic flash device 15 in the upper right portion as seen
looking into its front face.

The real-image zoom finder apparatus which is the char-
acteristic future of the present invention is disposed in the
space left available in part of the area behind the zoom
electronic flash device 15. The objective lens 21 in the
real-image zoom finder apparatus 15 is disposed inward and
adjacent to this flash device 15. Zooming lens groups 22 and
23 and a prism 25 having a first reflecting face 24 are located
in the entrance path A along the optical path of the objective
lens 21. The first reflecting face 24 of the prism 25 deflects
the entrance path A by 90 degrees to form a refraction path
B.

Behind the flash device 18, a prism 26 integral with a lens,
both being made of resin molding, is disposed on the
refraction path B. This prism 26 has a lens surface 27, a
second reflecting face 28, a third reflecting face 29 and a
fourth reflecting face 30. The second reflecting face 28
reflects the rays from refraction path B downward; the third
reflecting face 29 reflects the rays of reflected light from face
28 in a direction parallel to refraction path B; and the fourth
reflecting face 30 reflects the rays of reflected light from face
29 to travel along the exit path C which is parallel to the
entrance path A. An eyepiece 31 is located on the exit path
C.

The image of a subject formed by the combination of
objective lens 21 with zooming lens groups 22 and 23 is
focused on the lens surface 27 and inverted and reversed
right and left by means of the second refiecting face 28, third
reflecting face 29 and fourth reflecting face 30 for viewing
through the eyepiece 31. The finder frame is depicted on the
lens surface 27.
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As described above, the real-image zoom finder apparatus
20 of the present invention is so designed that its optical path
is routed behind the zoom electronic flash device 15 and this
enables the necessary optical path length to be insured
without designing the camera body 11 to have a special
configuration as in the prior art. Further, the zooming lens
groups 22 and 23 are disposed in the entrance path A that can
be made fairly longer than the other optical paths and this is
effective in attaining a high zoom ratio, say 3 or more.

The mechanism for driving the zooming lens groups 22
and 23 is described below with reference to FIGS. 5-7. On
top of the zoom electronic flash device 15 and real-image
zoom finder apparatus 20, a place cam plate 40 is disposed
in such a way that it is movable laterally by means of a guide
groove 41 and a guide pin 42. This plane cam plate 40 has
formed therein cam grooves 43, 44 and 45 through which are
respectively inserted a pin 22a fixed to the support frame of
the zooming lens group 22, a pin 22b fixed to the support
frame of the zooming lens group 23 and a pin 15b fixed to
the movable light-emitting unit 15a of the electronic flash
device 15. The movable light-emitting unit 15a consists of a
unitary assembly of a xenon flash tube 15¢ and a refiector.
The angle of illumination with the electronic flash will
change if the unit 15a moves toward or away from the
subject to the imaged.

The plane cam plate 40 has a rack 46 formed at its rear end
and a pinion 47 that meshes with this rack 46 is rotationally
driven via a gear 48 fixed to the cam ring on the zoom
imaging lens 12 and a gear train 49 in mesh with this gear
48. The cam ring on the zoom imaging lens 12 is rotationally
driven to effect zooming with said lens. Thus, the plane cam
plate 40 will move from right to left or vice versa when
zooming is effected with the lens 12, and the zooming lens
groups 22 and 23 are moved in the direction of the optical
axis as guided by cam grooves 43 and 44 so as to insure that
the scene to be imaged will coincide with the visual field of
finder. Further, the angle of illumination with the electronic
flash is varied in accordance with the viewing angle by
moving the light-emitting unit 15a as guided by the cam
groove 45.

The foregoing description assumes that the present inven-
tion is applied to a silver salt photographic camera but it
should be understood that the present invention is also
applicable to a video still camera.

As described on the foregoing pages, the finder apparatus
of the present invention for use with a lens-shutter type
camera makes use of the space in the area behind a com-
monly employed electronic flash device in such a way that
the optical path is routed in that area to insure the necessary
optical path length. This enabies the construction of a
real-image zoom finder apparatus having high zoom ratio
without increasing the overall thickness of the camera body.
Consequently, a lens-shutter type camera having high zoom
ratio can be produced using the traditional and hence easy-
to-handle camera configuration.

If the zooming lens groups are disposed in the entrance
optical path which can be made longer than other paths, the
zoom finder apparatus can be constructed in an easy way. If
the optical element to be disposed behind the electronic flash
device is formed of a resin molded article in which a lens is
made integral with a prism, the added advantage of space
saving can be aftained. The lens and the prism may be
integrated as defined in claims 4 and 5 and this unitary
assembly of lens and prism is also effective in increasing the
optical path length.

The optical system layout of the present invention which
is applicable to the foregoing zoom finder is described
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hereinafter with reference to FIG. 8 which shows Example
1 of the present invention.

In FIG. 8, numerals 101 to 107 denote lens groups that
make up an objective optical system having a positive
overall power; 101 and 102 are lenses that form a first lens
group having a positive power, 103 and 104 are lenses that
form a second lens group having a negative power, 105 and
106 are lenses that form a third lens group having a positive
power, and 107 is a fourth lens group having a weak power.
Shown by 108 is an image formed by the objective optical
system and which is focused in the neighborhood of the first
surface of the eyepiece optical system. Numerals 109 and
110 collectively refer to the eyepiece optical system having
a positive overall power. In the example shown in FIG. 8. a
Porro prism 109 is used to erect the image 108 formed by the
objective optical system. For the sake of simplicity, the
Porro prism 109 is shown as a flattened glass block.

The optical layouts shown in FIGS. 11, 14, 17, 20, 23 and
26 need not be described in detail since one will readily
understand them in the light of the above explanation of the
layout shown in FIG. 8.

In the finder apparatus of the present invention, the second
and third lens groups are moved in the directions indicated
by arrows in FIGS. 8, 11, 14. 17 20 29 and 32 (Example 1-5
and 8 and 9) so as to effect zooming while correcting the
change of eyesight through the finder that will occur upon
zooming. This enables a high zoom ratio to be attained by
the finder with minimum aberrational variations due to
zooming. An even higher zoom ratio can be obtained if the
first lens group is also moved as shown in FIGS. 23 and 26
(Example 6 and 7).

In order to form an exit pupil on an appropriate position
behind the eyepiece (indicated by 110 in FIG. 8) of the
eyepiece optical system, it is generally required that a
condenser lens be positioned in the neighborhood of the
focal point of the objective optical system. In the present
invention, the first surface of the eyepiece system is pro-
vided with a curvature to serve as a condenser lens.

While a Porro prism is typically used to erect the image
viewed through the finder, other erecting systems may be
used such a the combination of a condenser lens and a
mirror, or an image reversing relay lens system. In some
applications such as astronomical telescopes, means for
reversing the image are not necessary at all.

In most of the examples of the present invention set forth
herein, the fourth lens group is simply made of a single lens
element of large thickness. If desired, such a thick single
lens (e.g. lens 107 in FIG. 8) may be replaced by an isosceles
right triangular prism which is combined with subsequent
optical members to form an image erecting optical system as
shown in FIG. 1. also, alternatively, an isosceles right
triangular prism may be disposed between the third lens
group and an eyepiece optical system. This arrangement is
effective in achieving further reduction in the overall length
of the system.

If at least one of the surfaces of the system of the present
invention is rendered aspheric, compensation for aberrations
such as distortion, astigmatism, spherical aberration and
coma can be easily accomplished. Further, lenses may be
made of resin materials and this offers the advantage that
lenses of a desired shape can be easily fabricated.

The conditions that are to be satisfied by the finder
apparatus of the present invention are described below.

Condition (1) relates to the degree of zooming that should
be effected by the second lens group. If the focal length of
the first lens group is written as f,, the magnifications of the
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second and third lens groups at the wide-angle end as myy,
and m,,. respectively, the magnifications of the second and
third lens groups at the telephoto end as m,; and m,p,
respectively, and the magnification of the fourth lens group
as m,, then the following relationships are established
between the set of these parameters and fy, (the focal length
of the objective optical system as the wide-angle end) or f;
(the focal length of the objective optical system at the
telephoto end):

@
(i)

ot My w Mgy
f=f, mypmypm,

If the zoom ratios of the objective optical system, the second
lens group and the third lens group are respectively written
as Z, Z, and Z,, they may be expressed as follows from

equations (i) and (ii):
zo fr mx (iii)
TR T mw
By taking the logarithms of both sides of equation (iii}, it

is rewritten as:

mar
T 2B

logZ=logZ,+iogZ, . . . (v).

Let us here introduce parameters N, and N, as defined
below:
logZs \J]
TogZ T
logZs
Tz =M
where N,+N;=1. By using N, and N, the degrees of
zooming that is effected by the second and third lens groups
as compared with zooming by the objective optical system
can be expressed.

Thus. the degrees of zooming that is effected by certain
movable lens groups in a zoom lens system as compared
with zooming by the overall system can be expressed by
equations (v) and (vi). Condition (1) relates to N, defined by
equation which may be properly adjusted to attain an
increased zoom ratio of the second lens group by the finder
while preventing undue increase in the overall length of the
objective optical system. In a zoom lens system of a type that
adopts the construction of the objective optical system of the
present invention, the second and third lens groups are
typically used as a variator and a compensator, respectively,
and N, is nearly equal to unity. In this case, the second lens
group is solely responsible for zooming by the zoom lens
system and in order to attain a high zoom ratio, the second
lens group must be moved by such a great mount that it
becomes impossible to attain the purpose of reducing the
overall length. Condition (1) sets for the requirement that
must be satisfied in order to shorten the overall length of the
system by reducing the zoom ratio of the second lens group
and making the third lens group also responsible for zoom-
ing. If the upper limit of this condition is exceeded. the
movement of the second lens group becomes too great to
shorten the overall length of the system. If the lower limit of
the condition is not reached, the movement of the third lens
group becomes excessive. also making it impossible to
shorten the overall length of the system.

Condition (2) sets forth the requirement that must be
satisfied in order to control the curvature of field of the

(vi)
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objective optical system by properly adjusting the power of
the fourth lens group. If often occurs with such cameras as
lens-shutter cameras and video cameras that restraints by the
mechanical setup introduce difficulty in compensating for
the curvature of field of the eyepiece optical system. To cope
with this problem, the field curvature of the objective optical
system must be brought into agreement with that of the
eyepiece optical system so that the difference in eyesight
between the center and the marginal area of the visual field
of the finder can be corrected. By adjusting the power of the
fourth lens group in such a way that condition (2) is satisfied,
the Petzval sum of the objective optical system can be
controlled to achieve agreement between its field curvature
and that of the eyepiece optical system. If this condition is
not met, the field curvature of the objective optical system
becomes so great as to cause an excessive difference in
eyesight between the center and the marginal area of the
visual field of the finder.

Condition (3) sets forth the requirement that must be
satisfied in order to properly adjust the focal length of the
first lens group so that a higher zoom ratio can be attained
by the finder while preventing excessive increase in the
overall length of the objective optical system. The focal
length of the first lens group is closely related to the overall
length of the objective optical system and the zoom ratio that
can be attained. If the focal length of the first lens group is
increased, the overall length of the objective optical system
also increases. If the focal length of the first lens group is
shortened, the movement of the second lens group becomes
too small to attain a high zoom ratio. If the upper limit of
condition (3) is exceeded, the overall length of the objective
optical system becomes excessive. If the lower limit of this
condition is not reached, the movement of the second lens
group becomes too small to attain the desired zoom ratio.

Condition (4) relates to the radius of curvature of the first
surface of the eyepiece optical system. In order to construct
a Porro prism or like device to erect the image viewed
through the finder and to minimize the size of the eyepiece
optical system, the effective aperture of the eyepiece optical
system is desirably made small with respect to its overall
length. In addition, it is necessary to insure a long eye relief.
For these reasons, it is desired that nearly parallel rays of
light pass through the interior of the eyepiece optical system.
The finder apparatus of the present invention is designed to
have a magnification of about 1.5 at the telephoto end. In this
case, f;, or the focal length of the objective optical system
at the telephoto end is 1.5f,. Further, in order to make a
compact objective optical system while maintaining good
optical performance, the distance (t) from the exit pupil of
the objective optical system to the first surface of the
eyepiece optical system is desirably in the range of from
about 0.5f, to about 0.8f;. Given these values, the eyepiece
optical system permits the passage of parallel rays of light if
the refractive power of the first surface of the eyepiece
optical system is 1/t. Hence, the following relationship is
established:

n-1) _1

Fet t
Wherein n is the refractive index of the optical member on
the object side of the eyepiece optical system. If n is nearly
equal to 1.5, this equation can be rewritten as r,_,=0.5t. Since
0.5f,<t<0.8f, and f;=1.5f,, condition (4) can be derived by
substituting r,=0.5t and f,=1.5f, into the relationship
0.5f, <t=0.8f;. If the upper limit of this condition is
exceeded. the rays of light passing through the interior of the
eyepiece optical system will spread so broadly that the size
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of the eyepiece optical system becomes excessive. If the
lower limit of this condition is not reached, the rays of light
passing through the eyepiece optical system will converge
so much that not only does it become impossible to insure
a long eye relief but excessive coma will also develop.

EXAMPLES

Seven examples of the present invention are desctibed
below with reference to data sheets, in which 2 denotes the
real visual field of the finder covering both the wide-angle
and telephoto ends, 1;, the radius of curvature of the ith
surface, d;, the aerial distance between the ith surface and the
(i+1)th surface, n,, the refractive index of the ith optical
member at the d-line, and v,, the Abbe number of the ith
optical member.

The geometry of an aspheric surface may be expressed by
the following well-known formula:

x= cr + A4Y* + AGYS + ABY®

1N1-g+6n or

In the following data sheets, zero is meant where the
indication of asphericity coefficients is omitted.

EXAMPLE 1
2m=522° ~ 19.4° exit pupil, 4 mm*
Surface No. | q; n v;
1 20.441 1.50 1.58547 299
2 13.680 4.30 1.49186 574
3 -20.132 1.02~5.86
4 —11.166 1.50 1.49186 514
5 3.008 112
6 5.175 205 1.49186 574
7 14.372 8.69-0.50
8 9.600 1.50 1.58547 29
9 5.000 2.33 1.49186 574
10 —6.930 0.50~3.84
11 -12.450 7.50 1.49186 574
12 -12.000 12.20
13 10.154 28.03 149186 574
14 o 0.20
15 20982 2.55 1.49186 574
16 -17.287
Asphericity coefficient
Surface No. 1 K = -0.67843531 x 10!
Surface No. 3 K = -0.11143750 x 10* A6 =0.58584883 x 107°
Surface No. 5 K = -0.87868797 A6 = ~0.30098075 x 10™*
Surface No. 10 K = —0.14044499 x 10! A6 =0.20915375 x 107*

Surface No. 15 K = —0.66340567 x 10~ A6 = —0.24104055 x 10~
N, =0540 100/, = 0962
£/f, = 2466  R/f, = 0.509

EXAMPLE 2
2 w=524° ~ 194° exit pupil, 4 mm*
Surface No. 5 d; , v

1 20.962 1.50 1.58547 299
2 14.219 4.30 149186 574
3 ~19.705 1.01~5.83

4 -11.211 1.50 149186 574
5 3.044 1.12

6 5.186 205 149186  57.4
7 13.854 8.69~0.50
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10
-continued
2m=52.4° ~ 19.4° exit pupil, 4 mm*®
Surface No. r & n v;
8 9.811 1.50 1.58547 299
9 5.000 2.33 1.49186 57.4
10 —6.821 0.50-3.87
11 -12.597 7.50 1.49186 574
12 —12.000 12.20
13 10.901 272 1.49186 574
14 ~106.249 17.23
15 20.627 2.50 1.49186 574
16 -17.687
Asphericity coefficient
Surface No. 1 K = -0.69853580 x 10"
Surface No. 3 K = ~0.13458219 x 10* A6 = 0.58492920 x 1078
Surface No. 5 K = -0.87121564 A6 =-0.35108134 x 1074
Surface No. 10 K = ~0.14494918 x 10* A6 =0.18628684 x 10™*
Surface No. 15 K = -0.66952880 x 10! A6 = —0.25469236 x 10~°
N, =0538  100/f, = 0.999
fi/ff, = 2482  R,/f, = 0.550
EXAMPLE 3
2w=524°~19.2° exit pupil, 4 mm*®
Surface No. 1, d; n, Vi
1 17.021 1.50 1.80518 254
2 13928 3.00 1.61800 634
3 ~234.166 0.66~7.82
4 ~62.836 1.50 1.80400 46.6
5 7.549 14.34~5.30
6 7.615 1.00 1.72825 285
7 3.820 2.00 1.53172 489
8 -8.992 0.50~2.38
9 -15.156 7.50 1.51633 64.1
10 —14.842 12.23
1 9.950 29.14 1.51633 64.1
12 o 0.20
13 17.428 2.50 1.53113 624
14 -25.656
Asphericity coefficient

Surface No. 1 K = -0.56920582
Surface No. 13 K = —0.31055168 x 10* A6 =-0.28376003 x 10

N, =0.698 100/f, = 0.658
fy/f, = 2939 R./f, = 0495
EXAMPLE 4
2m=1524° ~ 19.2° exit pupil. 4 mm®
Surface No. n d; o v;
1 29.697 2.70 1.56873 254
2 —41.744 0.44-8.11
3 —44.160 1.50 1.80400 46.6
4 9.779 15.56~4.63
5 14.647 1.50 1.80518 254
6 5.000 2.30 1.66755 419
7 -9.961 0.50~3.76
8 -14.450 7.50 1.51633 64.1
9 -14.521 14.14
10 10.668 28.46 1.51633 64.1
11 o 0.20
12 21388 230 1.60311 0.7
13 -15.032 1.20 1.78472 25.7
14 -21.862

Asphericity coefficient

Surface No. 1 K = -0.65833785 x 10*
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-continued

2w=524°~19.2°

exit pupil. 4 mm*

Surface No.

b1

4 n v

Surface No. 2 K = -0.45719581 x 107! A6 =0.26579458 x 1076
Surface No. 12 K = —0.64892742 x 10 A6 = -0.24652131 x 1076

N,=0539  100/f, = 0.611
£/f,=3341  Rf, =0530
EXAMPLE 5

2w=3524° ~ 194°

exit pupil, 4 mm*

Surface No T dy n; v;
1 11.530 1.50 1.80518 254
2 9.317 388 1.56873 63.1
3 141.455 0.61~6.22
4 2411.715 1.50 1.80400 46.6
5 5.320 13.51~6.00
6 7.346 1.00 1.80515 254
7 3973 200 153172 489
8 9.600 1.50~240
9 -6.613 2.00 1.51633 64.1
10 —7.534 15.84
11 9.421 3048 1.51633 64.1
12 o 0.20
13 36.476 2.50 177250 49.6
14 —28.483
Asphericity coefficient
Surface No. I K = —-0.25736010
N, =0709 100/fhd 4 = —0.249
fyf, = 2416 R y/f, = 0446
EXAMPLE 6

2w=1522°~ 14.6°

exit pupil, 4 mm®

Surface No. Y d; ; v;
1 12.417 1.50 1.59270 353
2 9.534 495 1.48749 70.2
3 —-130.372 1.20~-8.37
4 -13.458 1.50 149186 574
5 2.606 1.30
6 4.593 1.50 1.74950 353
7 7.081 9.20~1.95
8 7.485 1.00 1.83400 37.2
9 4.590 1.80 1.48749 70.2
10 ~10.131 0.50~6.13
1 13.939 8.00 1.49186 574
12 27.368 9.30
13 8.982 3200 1.49186 574
14 -14.311 1.00
15 12.498 3.50 1.58900 48.6
16 -9.592 1.00 1.69895 30.1
17 25.866
Asphericity coefficient

Surface No. 1 K = —0.21261354

Surface No. 5 K = -0.67136337
Surface No. 11 K = —0.20726593 x 10 A6 = -0.64584433 x 107°

N, = 0.732
£/, = 2.513

100/, = 2071
R/, = 0.456

Ad = 097935539 x 107°
A8 = -0.10671989 x 10~*
A6 = 052313432 x 107~
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EXAMPLE 7
2 w=522° ~ 14.6° exit pupil, 4 mm?®
Surface No. r d, n v,
1 13714 1.50 1.59551 39.2
2 11.956 6.34 148749 70.2
3 —-89.387 1.20-9.37
4 -12.566 1.50 149186 574
5 2.509 1.30
6 4.736 1.50 1.74950 35.3
7 8.086 8.65~1.40
8 10.584 3.79 148749 70.2
9 -14.083 0.50~3.30
10 10993 8.00 149186 574
1 20.861 9.30
12 9.060 32.00 149186 574
13 -16.589 1.00
14 11.851 3.50 1.60738 56.8
15 -12.844 1.00 178472 25.7
16 32.188
Asphericity coefficient
Surface No. 1 K = ~(0.14472544 A4 = -0.16837054 x 107*
A8 = -0.83138880 x 10~®
Surface No. 5 K = -0.71060213 A6 = 098383473 x 1074

Surface No. 10 K = —0.40427126 x 10! A6 = -0,17941402 x 107
N,=0889  100/f, = 2.682
f/f, = 2568  R/f. = 0.457

EXAMPLE 8
2m=522° ~14.6° exit pupil, 4 mm?®
Surface No. T d; n; v;
1 18.295 1.50 1.58547 209
2 10.875 4.30 1.49186 574
3 -18.882 0.83~5.15
4 -11.041 1.50 149186 574
5 2880 1.56
6 6.123 2.05 1.49186 574
7 23.205 8.93-0.50
8 9.680 1.50 1.58547 299
9 5.000 233 1.49186 574
10 -7871 15.54~19.64
11 8.960 27.32 149186 574
12 [+ 0.20
13 18415 2.55 149186 574
14 -18.210

Asphericity coefficient

Surface No. 1 K = —0.66475739 x 10!

Surface No. 3 K = ~0.99662223 A6 = 0.10215232 x 107°
Surface No. 5 K = —0.11043028 x 10* A6 =-0.12343793 x 107*
Surface No. 10 K = —0.14136083 x 10! A6 =0.21809394 x 107*
Surface No. 13 K = —0.64268915 x 10* A6 = -0.27092237 x 107

N, = 0513
£/£, = 2.374
R/t — 0.460
EXAMPLE 9
2@=1522°~ 146° exit pupil. 4 mm®
Surface No. n d; n v;
1 21.133 1.50 1.58547 299
2 11.543 442 1.49186 574
3 -19.219 0.81~5.64
4 -11.931 1.50 1.49186 57.4
5 3.580 1.30



Re. 35,600

-continued
20=522°~146° exit pupil, 4 pun®
Surface No. L d; n v,
6 6.380 201 149186 574
7 14.535 9.44-0.50
8 10076 1.50 1.58547 299
9 5.000 2.32 149186 574
10 -8073  1601-20.12
1 11.139 3.02 149186 574
12 -36.167 18.47
13 20044 248 149186 574
14 -20.332
Asphericity coefficient

Surface No. 1 K = -0.66886643 x 10!
Surface No. 3 K = -0.10104418 x 10"
Surface No. 5 K = -0.98530482
Surface No. 10 K = -0.17075487 x 10!
Surface No. 13 K = -0.65187390 x 10*

N, =0.533

fy/f, = 2.406

Reffe - 0533

A6 = 0.79539756 x 1078
A6 =-0.17248913 x 10~*
A6 =0.36601805 x 1073
A6 = -0.19302144 x 107°

We claim:

1. In a finder apparatus for use with a lens-shutter type
camera having a zoom imaging optical system, a zoom
finder optical system separate from said zoom imaging
optical system, and an electronic flash device, the improve-
ment wherein said zoom finder optical system is made as a
real-image zoom finder apparatus having a plurality of
optical elements including an objective lens and an eyepiece
and defining an opftical path between said objective lens and
eyepiece, with [part] at least one of the [associated] optical
elements of said zoom finder apparatus being disposed
directly behind the electronic flash device while said eye-
piece is not disposed directly behind said electronic flash
device, and part of the optical path from the objective lens
to the eyepiece being bent backward of the electronic flash
device to pass through said af least one optical element
disposed directly behind the electronic flash device.

2. In a finder apparatus for use with lens-shutter type
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tronic flash device is a resin molded article having a lens
formed integral with a prism that reflects rays of light toward
the eyepicce.

6. A finder apparatus according to claim 3 wherein said at
least one optical element disposed directly behind the elec-
tronic flash device is a resin molded article having a lens
formed integral with a prism that reflects rays of light toward
the eyepiece.

7. A finder apparatus according to claim 5 wherein said
prism integral with the lens has a second reflecting face for
reflecting the rays of light from the refraction path
downward, a third reflecting face for reflecting the rays of
reflected light from said second reflecting face in a direction
parallel to said refraction path, and a fourth reflecting face
for reflecting the rays of reflected light from said third
reflecting face to travel along said exit path.

8. A finder apparatus according to claim 6 wherein said
prism integral with the lens has a second reflecting face for
reflecting the rays of light from the refraction path
downward, a third reflecting face for reflecting the rays of
reflected light from said second reflecting face in a direction
parallel to said refraction path, and a fourth refiecting face
for reflecting the rays of reflected light from said third
reflecting face to travel along with said exit path.

9. In a finder apparatus for use with lens-shuster type
camera having a zoom imaging optical system, a zoom
finder optical system separate from said zoom imaging
optical system, and an electronic flash device, the improve-
ment wherein said zoom finder optical system is made as a
real-image zoom finder apparatus having a plurality of
optical elements including an objective lens and an eyepiece
and defining an optical path between said objective lens and
eyepiece, said objective lens being disposed adjacent the
electronic flash device, said plurality of optical elements
including a resin molded article disposed behind said elec-
tronic flash device and having a lens formed integral with a
prism that reflects rays of light toward the eyepiece, and the
optical path in said finder apparatus being composed of an
entrance path from said objective lens to a first reflecting

camera having a zoom imaging optical system, a Z0Om 4 fgce of a first reflecting element, a refraction path from said

finder optical system separate from said zoom imaging
optical system, and an electronic flash device, the improve-
ment wherein said zoom finder optical system is made as a
real-image zoom finder apparatus fthe] having a plurality of
optical elements including an objective lens and an eyepiece
and defining an optical path between said objective lens and
eyepiece, said objective lens [of which is] being disposed
adjacent the electronic flash device, with [part] at least one
of the optical elements of said finder being disposed directly
behind the electronic flash device, and the optical path in
said finder apparatus being composed of an entrance path
from said objective lens to a first reflecting face of a first
reflecting element, a refraction path from said first reflecting
element to said optical element disposed directly behind the
electronic flash device, and an exit path from said optical
element to the eyepiece disposed directly behind [it] said
optical element but not disposed directly behind said elec-
tronic flash device.

3. The finder apparatus according to claim 2, wherein said
objective lens is composed of a first, a second and a third
lens group, said second and third lens groups are movable in
the optical axis direction for zooming by a slot mechanism.

4. A finder apparatus according to claim 2 wherein said
zoom finder optical system includes a zooming lens group
movable in the direction of the optical axis [is] and disposed
in the entrance path.

5. A finder apparatus according to claim 2 wherein said ar
least one optical element disposed directiy behind the elec-
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first reflecting element to said resin molded article, and an
exit path from said resin molded article to the eyepiece
disposed behind said resin molded article, wherein said
resin molded article has a second reflecting face for reflect-
ing the rays of light from the refraction path downwanrd, a
third reflecting face for reflecting the rays of reflected light
from said second reflecting face in a direction parallel to
said refraction path, and a fourth reflecting face for reflect-
ing the rays of reflected light from said third reflecting face
to travel along said exit path.

10. In a finder apparatus for use with lens-shutter type
camera having a zoom imaging optical system, a zoom
Jinder optical system separate from said zoom imaging
optical system, and an electronic flash device, the improve-
ment wherein said zoom finder optical system is made as a
real-image zoom finder apparatus having a plurality of
optical elements including an objective lens and an eyepiece
and defining an optical path between said objective lens and
eyepiece, said objective lens being disposed adjacent the
electronic flash device and comprising a first, a second and
a third lens group, said second and third lens groups being
movable in the optical axis direction for zooming by a slot
mechanism, with said plurality of optical elements including
a resin molded article disposed behind said electronic flash
device and having a lens formed integral with a prism that
reflects rays of light toward the eyepiece, and the optical
path in said finder apparatus being composed of an entrance
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path from said objective lens to a first reflecting face of a first
reflecting element, a refraction path from said first reflecting
element to said optical element disposed behind the elec-
tronic flash device, and an exit path from said optical

element to the eyepiece disposed behind said optical element 5

but not disposed behind said flash device, wherein said resin
molded article has a second reflecting face for reflecting the
rays of light from the refraction path downward, a third
reflecting face for reflecting the rays of reflected light from
said second reflecting face in a direction parallel to said
refraction path, and a fourth reflecting face for reflecting the
rays of reflected light from said third reflecting face to travel
along with said exit path.
11. A camera comprising

(@) a zoom lens system arranged at a front side of a
camera housing had having an optical axis intersecting
the plane of a recording medium to be exposed by light
passing through said imaging lens system, for produc-
ing an image of an object on said recording medium;
(b) an electronic flash means arranged in said camera
housing for illuminating the object to be photographed;
and
(c) a zoom viewfinder optical system producing a real
image of an object to be photographed and including
(i) a zoom viewfinder lens system arranged in said
camera housing adjacent said electronic flash
means, said lens system having an optical axis which
is laterally spaced from said electronic flash means
with respect to said front side of said camera housing
and which is substantially parallel to the optical axis
of said zoom imaging lens system

(ii) first light reflecting means arranged behind said
zoom view finder lens system for reflecting light
having passed through said zoom view finder lens
system to a second light reflecting means arranged
behind said electronic flash means, such that at least
part of said flash means is disposed between said
second reflecting means and said front side of said
camera housing, said second light reflecting means
directing light to an eyepiece arranged in said cam-
era housing.

12. A finder apparatus for a camera having a zoom

imaging optical system, said finder apparatus including an
objective lens and an eyepiece and a plurality of optical
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elements defining an optical path between said objective
lens and said eyepiece, said plurality of optical elements
comprising:

a first reflecting surface receiving light from said objective
lens along a first portion of said optical path and
reflecting said light along a second portion of said
optical path;

a second reflecting surface receiving light from said first
reflecting surface along said second portion of said
optical path and reflecting said light along a third
portion of said optical path;

a third reflecting surface receiving light from said second
reflecting surface along said third portion of said
optical path and reflecting said light along a fourth
portion of said optical path; and

a fourth reflecting surface receiving light from said third
reflecting surface along said fourth portion of said
optical path and reflecting said light along a fifth
portion of said optical path to said eyepiece;

wherein the length of said second portion of said optical
path is substantially greater than the length of each of
said third, fourth and fifth portions of said optical path.

13. A finder apparatus according to claim 12, wherein at
least said second and third reflecting surfaces are disposed
behind a flash unit of said camera.

14. A finder apparatus according to claim 13, wherein
said fourth reflecting surface is not disposed directly behind
said flash unit.

15. A finder apparatus according to claim [2, wherein
said second and fourth portions of said optical path are
parallel to one another.

16. A finder apparatus according to claim 15, wherein
said first and fifth portions of said optical path are parallel
to one another.

17. A finder apparatus according to claim 12, wherein
said first and fifth portions of said optical path are parallel
to one another.

18. A finder apparatus according to claim 12, wherein
said third portion of said optical path is perpendicular to
each of said first, second, fourth and fifth portions of said
optical path.



