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(57) ABSTRACT 

A high-performance real-image ?nder optical system 
reduced in siZe, particularly in thickness, includes a positive 
objective optical system, an image-inverting optical system 
for erecting an intermediate image formed by the objective 
optical system, and a positive ocular optical system. The 
objective optical system has at least tWo movable units 
moving When Zooming is performed. A prism is placed on 
the object side of the intermediate image. At least one 
re?ecting surface of the prism has a rotationally asymmetric 
surface con?guration. At least one re?ecting surface of the 
image-inverting optical system is formed from a roof sur 
face. The ?nder optical system satis?es the folloWing con 
dition: 

1.O<d/(fW-tan 6W'Z)<2.5 

Where d is the distance from the entrance surface of the 
objective optical system to the ?rst re?ecting surface 
of the image-inverting optical system; fW is the focal 
length of the objective optical system at the Wide 
angle end; 0W is the maximum ?eld angle of the 
objective optical system at the Wide-angle end; and 
Z is a Zoom ratio. 
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FINDER OPTICAL SYSTEM AND IMAGE PICKUP 
APPARATUS USING THE SAME 

[0001] This application claims bene?t of Japanese Appli 
cation No. Hei 11-252535 ?led in Japan on Sep. 7, 1999, the 
contents of Which are incorporated by this reference. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a ?nder optical 
system having an image-inverting optical system. More 
particularly, the present invention relates to a ?nder optical 
system for use in a camera, a video camera, etc. Which uses 
an image-inverting optical system Whereby an inverted 
image of an object formed by an objective optical system is 
observed as an erect image. The present invention also 
relates to an image pickup apparatus using the ?nder optical 
system. 

[0003] A ?nder optical system used in a compact camera 
or the like is constructed separately from a photographic 
optical system and generally placed above the photographic 
optical system. Among ?nder optical systems of this type, 
real-image ?nders are Well knoWn, in Which a real image 
formed as a ?rst image by an objective optical system is 
inverted by an image-inverting optical system and observed 
as an erect image through an ocular optical system. 

[0004] Recently, it has been demanded that compact cam 
eras should be further reduced in siZe, particularly in thick 
ness, i.e. siZe in the direction of the optical axis. In a Zoom 
lens, Zooming is performed by varying the spacing betWeen 
lens units. Therefore, if the Zoom lens is arranged to attain 
a higher Zoom ratio, the Zoom lens basically becomes large 
in siZe in the direction of the entering optical axis. In the case 
of taking lenses, therefore, schemes have been devised for 
the lens mount structure to attain a reduction in thickness. 
That is, When not used for photography, the taking lens is 
stored With the Zooming spaces reduced (this system Will 
hereinafter be referred to as the “collapsible barrel”). 

[0005] In the case of ?nder optical systems, hoWever, the 
collapsible barrel system as used in taking lenses is unfa 
vorable from the vieWpoint of camera design. Therefore, it 
is very dif?cult to reduce the thickness of ?nder optical 
systems. This is an obstacle in attaining a reduction in siZe 
of cameras. 

[0006] Cameras have also been demanded to provide a 
higher Zoom ratio. Therefore, it is also necessary to form a 
?nder optical system from an increased number of optical 
units in order to ensure the required performance. HoWever, 
if the number of optical units is increased, the sum total of 
the thicknesses of lenses increases. Therefore, such a ?nder 
optical system arrangement is not alWays favorable for 
attaining a reduction in thickness. 

[0007] As a conventional technique, Japanese Patent 
Application Unexamined Publication Number [hereinafter 
referred to as “JP(A)”] Hei 5-53054 has, in order from the 
object side, a negative ?rst unit, a positive second unit, and 
a negative third unit. The ?rst and second units move for 
Zooming. The negative third unit, Which is stationary, 
ensures the negative poWer by refraction through a refract 
ing lens or a prism entrance surface. The optical system 
attains a reduction in overall length by disposing a negative 
unit closest to the pupil. 
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[0008] MeanWhile, it has heretofore been common prac 
tice to use a plane, poWerless surface as a re?ecting surface 
of an image-inverting optical system. Accordingly, there 
have been made some propositions that a re?ecting surface 
of a prism or a mirror constituting an image-inverting optical 
system is given a poWer so as to have the function of an 
objective optical system or the function of an ocular optical 
system, thereby attaining a reduction in siZe. 

[0009] JP(A) Hei 8-248481 used a rotationally symmetric 
curved surface as a re?ecting surface of a prism in a 
real-image ?nder. Although it is stated that an aspherical 
surface or a toric surface is applicable to the curved surface, 
the curved surface disclosed in the speci?cation is a rota 
tionally symmetric aspherical surface. In general, a toric 
surface is symmetric With respect to tWo coordinate axes. 
Therefore, it is not an asymmetric surface. No numerical 
values are mentioned in regard to the amounts of displace 
ment of re?ecting surfaces in Examples. 

[0010] JP(A) Hei 10-197796 uses a rotationally asymmet 
ric curved surface in an image-inverting optical system of a 
real-image ?nder optical system. HoWever, almost all 
Examples of this ?nder optical system fail to disclose design 
examples. Therefore, the performance, siZe, etc. of the ?nder 
optical system are unclear. Numerical Example 5 of this 
?nder optical system uses rotationally asymmetric curved 
surfaces as refracting and re?ecting surfaces of a prism in 
the ?nder optical system. In addition, the image-inverting 
optical system is arranged to have the function of an ocular 
lens, thereby reducing the number of lenses used. 

[0011] JP(A) Hei 11-38472 and 11-38473 use a rotation 
ally asymmetric surface as a re?ecting surface of one of 
Porro prisms of a real-image ?nder that is disposed on the 
object side of the intermediate image formation plane, 
thereby attaining a reduction in the thickness of the ?nder 
optical system. 

[0012] HoWever, these prior art optical systems suffer 
from various problems as stated beloW. 

[0013] In JP(A) Hei 5-53054, if a strong poWer is given to 
the negative third unit, the positive poWer of the second unit 
unavoidably needs to be increased in order to ensure the 
required poWer, Which is unfavorable from the vieWpoint of 
performance. For this reason, a very strong poWer cannot be 
given to the third unit. Therefore, the effect of reducing the 
overall length is limited. Moreover, an optical system having 
a poWer cannot be placed on the pupil side of the third unit, 
and it is therefore necessary to ensure a long back focus. For 
this reason, the basic structure of the optical system is the 
retrofocus type. Accordingly, it is still difficult to reduce the 
overall length of the optical system. 

[0014] In JP(A) Hei 8-248481, a poWer is given to a 
re?ecting surface of a prism. HoWever, because this re?ect 
ing surface is tilted so as to be decentered With respect to the 
axial principal ray, rotationally asymmetric decentration 
aberrations are produced. The aberrations cannot be cor 
rected by the rotationally symmetric aspherical surface 
con?guration. At the toric surface also, aberration correction 
With respect to skeW rays cannot satisfactorily be performed. 
In this regard, no solution means is disclosed for any of the 
arrangements of this optical system. Thus, the disclosed 
optical system is unsatisfactory in terms of performance. 
Furthermore, the siZe of the optical system is unclear from 
the numerical values mentioned in the speci?cation. 
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[0015] JP(A) Hei 10-197796 states a layout and arrange 
ment of prisms, etc. that seem to allow the ?nder optical 
system to be reduced in siZe. However, no consideration is 
given in terms of performance. Therefore, the disclosed 
technique lacks feasibility. In Numerical Example 5, a 
reduction in thickness is attained by reducing the number of 
lenses constituting the ocular optical system. Accordingly, 
the objective optical system itself cannot be reduced in 
thickness. When the optical system is arranged to attain a 
higher Zoom ratio, it is dif?cult to reduce the thickness 
satisfactorily. 

[0016] In JP(A) Hei 11-38472 and 11-38473, the prisms 
are large in siZe although the spacing betWeen the movable 
lens units is reduced. Accordingly, the overall siZe of the 
?nder optical system, including the prism arrangement, has 
not yet been reduced satisfactorily. 

[0017] Thus, all the prior art optical systems have prob 
lems to be solved in terms of performance or siZe. Acompact 
and high-performance ?nder that simultaneously satis?es 
the demands for high performance and siZe reduction has not 
yet been attained. 

SUMMARY OF THE INVENTION 

[0018] In vieW of the above-described problems With the 
prior art, an object of the present invention is to provide a 
high-performance real-image ?nder optical system reduced 
in siZe, particularly reduced in thickness. 

[0019] To attain the above-described object, the present 
invention provides a ?rst ?nder optical system that includes, 
in order from the object side thereof: an objective optical 
system having a positive refracting poWer; an image-invert 
ing optical system for erecting an intermediate image 
formed by the objective optical system; and an ocular optical 
system having a positive refracting poWer. The objective 
optical system has at least tWo movable units moving When 
Zooming is performed. Aprism is placed on the object side 
of the intermediate image formed by the objective optical 
system. The prism includes at least one re?ecting surface 
having a rotationally asymmetric surface con?guration. The 
image-inverting optical system has at least one re?ecting 
surface formed from a roof surface. The ?nder optical 
system satis?es the folloWing condition: 

[0020] Where d is the distance from the entrance 
surface of the objective optical system to the ?rst 
re?ecting surface of the image-inverting optical sys 
tem; fW is the focal length of the objective optical 
system at the Wide-angle end; 0W is the maXimum 
?eld angle of the objective optical system at the 
Wide-angle end; and Z is a Zoom ratio. 

[0021] The function of the ?rst ?nder optical system Will 
be described beloW. 

[0022] In a real-image ?nder, an image-inverting optical 
system is generally placed on the pupil side of an objective 
optical system. Therefore, the objective optical system needs 
to be arranged in the form a retrofocus type such that the 
image-inverting optical system can be placed on the pupil 
side thereof, thereby ensuring the required back focus. 
HoWever, the retrofocus type arrangement makes it dif?cult 
to reduce the overall length of the optical system. Therefore, 
it is an unfavorable lens arrangement for the attainment of a 
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reduction in siZe. In addition, because the type of adoptable 
image-inverting prisms is limited by the amount of back 
focus, there are cases Where the ?nder optical system cannot 
be arranged in a compact form. 

[0023] Therefore, according to the present invention, a 
poWer is given to a re?ecting surface of the image-inverting 
optical system. By giving a poWer to a re?ecting surface of 
the image-inverting optical system, the function of an obj ec 
tive optical system can also be imparted to the image 
inverting optical system. As a result, it becomes possible to 
relaX the restriction in terms of the back focus, Which is an 
obstacle in attaining a reduction in siZe. 

[0024] It should be noted that if a poWer is simply given 
to a decentered re?ecting surface, rotationally asymmetric 
decentration aberrations are produced, and the decentration 
aberrations cannot be corrected by a rotationally symmetric 
aspherical surface or the like. Therefore, it is necessary to 
use at least one rotationally asymmetric surface. It is pos 
sible to correct the decentration aberrations favorably by 
using at least one rotationally asymmetric surface. 

[0025] MeanWhile, When the taking lens is arranged to 
have a higher Zoom ratio, a larger aperture is needed in order 
to keep the same F-number at the telephoto end. Conse 
quently, the lens barrel becomes undesirably large in diam 
eter. Accordingly, When the taking lens is arranged to have 
a higher Zoom ratio, the siZe of the camera in the direction 
of height is also likely to increase. When laid out in a 
camera, the ?nder optical system is often placed above the 
taking lens. Therefore, an effective Way of preventing the 
height of the camera from increasing even When the taking 
lens is arranged to have a higher Zoom ratio is to minimiZe 
the siZe of the ?nder in the direction of height. For this 
reason, it is desirable to use a roof surface in the image 
inverting optical system. 

[0026] Thus, it becomes possible to reduce the ?nder 
optical system in both siZe and thickness. HoWever, a 
reduction in thickness cannot alWays be attained unless 
careful consideration is given to the layout and arrangement 
of the objective optical system and the image-inverting 
optical system, Which also has the function of an objective 
optical system. Conventionally, the re?ecting surfaces of the 
image-inverting optical system are poWerless and irrespec 
tive of the optical performance. Therefore, it has heretofore 
been possible to set the re?ecting surface separation and 
position relatively freely. HoWever, When a poWer is given 
to a re?ecting surface of the image-inverting optical system, 
the re?ecting surface separation also needs to be considered. 

[0027] Accordingly, it is necessary in order to reduce the 
thickness of the ?nder optical system to reduce the space in 
Which the objective movable units are movable and the 
distance from the entrance surface of the objective optical 
system to the entrance surface of the image-inverting optical 
system and to reduce the distance from the entrance surface 
of the image-inverting optical system to the ?rst re?ecting 
surface thereof. The object of the present invention cannot 
be attained unless the movable range of the movable units 
and the above-described distances are reduced. Accordingly, 
it is necessary to satisfy the folloWing condition: 

[0028] Where d is the distance from the entrance 
surface of the objective optical system to the ?rst 
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re?ecting surface of the image-inverting optical sys 
tem; fW is the focal length of the objective optical 
system at the Wide-angle end; 0W is the maximum 
?eld angle of the objective optical system at the 
Wide-angle end; and Z is a Zoom ratio. 

[0029] The de?nition of the focal length f in the folloWing 
description of the present invention is as folloWs. A light ray 
Which is parallel to the axial principal ray and Which has a 
small height h is made to enter the objective optical system 
from the object side thereof. The angle that is formed 
betWeen that ray and the axial principal ray exiting from the 
objective optical system is denoted by 0t (units:radian). The 
focal length f is given by 

f=h/OL 

[0030] In addition, d is the distance betWeen the tWo 
surfaces as measured at the points on the axial principal ray 
in parallel to the entering optical axis. 

[0031] If d/(fW-tan 0W~Z) is not smaller than the upper 
limit of the condition (1), ie 2.5, it becomes impossible to 
attain a reduction in thickness. If d/(fW-tan 0W~Z) is not 
larger than the loWer limit, ie 1.0, the poWer of each unit 
becomes excessively strong, causing the performance to be 
degraded. 

[0032] It is preferable to satisfy the folloWing condition: 

1.2<d/(fW-tan 6W'Z)<1.7 (2) 
[0033] In the ?rst ?nder optical system, it is desirable that 
the roof surface should be placed on the pupil side of the 
intermediate image. 

[0034] If a poWer is given to a roof surface, the roof edge 
generally fails to be a continuous surface because of the 
structure thereof. Therefore, such a roof surface cannot be 
produced. Accordingly, the roof surface needs to be formed 
from plane surfaces. For this reason, if the roof surface is 
placed closer to the objective optical system, the ?nder 
optical system becomes unfavorable from the vieWpoint of 
performance, and the thickness of the ?nder optical system 
cannot be reduced satisfactorily. For this reason, it is desir 
able to place the roof surface closer to the ocular optical 
system, ie on the pupil side of the intermediate image. 

[0035] In addition, the present invention provides a second 
?nder optical system that includes, in order from the object 
side thereof: an objective optical system having a positive 
refracting poWer; an image-inverting optical system for 
erecting an intermediate image formed by the objective 
optical system; and an ocular optical system having a 
positive refracting poWer. The objective optical system has 
at least tWo movable units moving When Zooming is per 
formed. A prism is placed on the object side of the inter 
mediate image formed by the objective optical system. The 
prism includes at least one re?ecting surface having a 
rotationally asymmetric surface con?guration. The image 
inverting optical system is formed from a Porro prism. The 
?nder optical system satis?es the folloWing conditions: 

1.O<d/(fW-tan 6W'Z)<2.5 (3) 
O.5<dp/(fW-tan 6W)<1.1 (4) 

[0036] Where d is the distance from the entrance 
surface of the objective optical system to the ?rst 
re?ecting surface of the image-inverting optical sys 
tem; fW is the focal length of the objective optical 
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system at the Wide-angle end; 0W is the maximum 
?eld angle of the objective optical system at the 
Wide-angle end; Z is a Zoom ratio; and dp is the 
distance from the entrance surface of the image 
inverting optical system placed on the object side of 
the intermediate image to the ?rst re?ecting surface. 

[0037] The function of the second ?nder optical system 
Will be described beloW. 

[0038] In general, When an image-inverting optical system 
is formed by using a Porro prism, the re?ection angle at the 
?rst re?ecting surface is set at approximately 45°. When the 
?rst re?ecting surface has such a large re?ection angle, the 
effective area of the re?ecting surface becomes large. In this 
case, further, the siZe in the direction of thickness becomes 
large unfavorably. For this reason, it is necessary in order to 
attain a reduction in thickness to minimiZe at least the 
distance from the entrance surface of the Porro prism to the 
?rst re?ecting surface thereof. Accordingly, it is desirable to 
satisfy the folloWing condition in addition to the already 
described condition (3): 

1.O<d/(fW-tan 6W'Z)<2.5 (3) 
O.5<dp/(fW-tan 6W)<1.1 (4) 

[0039] It should be noted that dp is the distance betWeen 
the tWo surfaces as measured at the points on the axial 
principal ray in parallel to the entering optical axis as in the 
case of the distance d. 

[0040] If d/(fW-tan 0W~Z) is not smaller than the upper 
limit of the condition (3), ie 2.5, it becomes impossible to 
attain a reduction in thickness. If d/(fW-tan 0W~Z) is not 
larger than the loWer limit, ie 1.0, the poWer of each unit 
becomes excessively strong, causing the performance to be 
degraded. 

[0041] If dp/(fW~tan 0W) is not smaller than the upper limit 
of the condition (4), ie 1.1, it becomes difficult to attain a 
reduction in thickness. If dp/(fW~tan 0W) is not larger than the 
loWer limit, ie 0.5, the effective portions of the ?rst 
transmitting surface and the ?rst re?ecting surface overlap 
each other undesirably. Consequently, it becomes impos 
sible to ensure the required edge Wall thickness. 

[0043] In the second ?nder optical system, it is desirable 
that the second transmitting surface of the objective optical 
system should have a poWer. 

[0044] In general, re?ecting surfaces are decentered. 
Therefore, if an excessively strong poWer is given to a 
re?ecting surface, decentration aberrations are produced. 
Therefore, to give a strong poWer to a prism, a poWer should 
preferably be given to a transmitting surface as Well. In 
particular, giving a poWer to the second transmitting surface 
facilitates the correction of distortion and also makes it 
possible to change the position of the exit pupil of the 
objective optical system. This is favorable from the vieW 
point of design and performance. 

[0045] In this case, it is desirable that the second trans 
mitting surface should have a rotationally asymmetric sur 
face con?guration. 

It is preferable to satisfy the folloWing conditions: 


























































