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(57) ABSTRACT 

The optical system of the microscope includes a close-up 
optical system that faces an object, a pair of imaging optical 
systems that take object light rays passing through regions of 
the close-up optical system, and an illuminating optical 
system that guides illumination light emitted from a light 
source to illuminate the object. Each lens included in the 
close-up optical system has a semicircular shape in Which 
one side is cut out. The close-up optical system is held in a 
?rst lens barrel, and the illuminating optical system is held 
in a second lens barrel. The second lens barrel is arranged in 
the cutout space of the close-up optical system inside the 
?rst lens barrel. A light shielding member is attached to the 
second lens barrel to prevent a leak of the illumination light 
through grooves formed on the second lens barrel. 
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MICROSCOPE WITH ILLUMINATING OPTICAL 
SYSTEM 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a microscope for 
magnifying an object, and more particularly, to a microscope 
that is provided With an illuminating optical system for 
illuminating the object. 

[0003] 2. Description of the Related Art 

[0004] A surgical microscope is used for magnifying 
minute tissues such as brain cells during surgery. 

[0005] Since it is difficult to distinguish minute tissues of 
an intricate organ such as a brain by the naked eye, the 
surgical microscope is required to proceed surgery on such 
an organ. 

[0006] Besides an observing optical system or an image 
taking optical system, the surgical microscope is frequently 
provided With an illuminating optical system to illuminate 
the object. 

[0007] HoWever, the illumination light may be the stray 
light for the observing optical system or the image taking 
optical system When the illumination light leaks out from a 
lens barrel of the illuminating optical system. Particularly, 
When the illuminating optical system includes a variable 
poWer lens to vary the illuminating region according to a 
Zoom of the observing optical system or the image taking 
optical system, grooves are formed on the lens barrel to 
folloW drive pins, the illumination light tend to leak out 
through the grooves. 

[0008] On the other hand, the illuminating optical system 
has to include the variable poWer lens to vary the illumi 
nating region. A tWo-group Zoom lens that is knoWn as a 
simple image taking Zoom lens can be used as an illumi 
nating lens. 

[0009] HoWever, since the image taking lens has a larger 
number of lens elements to correct aberrations than the 
illuminating lens, in general, an adoption of the image taking 
Zoom lens results high cost and heavy Weight. Particularly, 
the illuminating lens should have small F-number at the 
incident side When it takes divergent light eXited from the 
light guide ?ber bundle With ef?ciency, Which further 
increases a number of the lens elements. 

SUMMARY OF THE INVENTION 

[0010] It is therefore a ?rst object of the present invention 
to provide a microscope, Which is able to prevent the 
incidence of the illuminating light into the observing optical 
system or the image taking optical system. 

[0011] The second object of the present invention is to 
provide an illuminating lens, Which is able to vary the 
illuminating region Without increasing the number of lens 
element. 

[0012] For the ?rst object, according to the present inven 
tion, there is provided an improved microscope, Which 
includes: 
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[0013] a close-up optical system that faces an object, 
one side of each lens included in the close-up optical 
system being cut out; 

[0014] at least one imaging optical system that takes 
object light rays passing through a region of the 
close-up optical system, the region being offset from 
the optical aXis of the close-up optical system in the 
direction opposite to the cutout side; 

[0015] an illuminating optical system that guides 
illumination light emitted from a light source to 
illuminate the object; 

[0016] a ?rst lens barrel that supports the close-up 
optical system; 

[0017] a second lens barrel that supports the illumi 
nating optical system, the second lens barrel being 
arranged in the cutout space of the close-up optical 
system inside the ?rst lens barrel; and 

[0018] a light shielding member attached to the sec 
ond lens barrel to prevent a leak of the illumination 
light through grooves formed on the second lens 
barrel. 

[0019] With this construction, since an inter-axis distance 
betWeen the close-up optical system and the illuminating 
optical system can be kept small, the parallax becomes 
small, Which reduces the deviation betWeen the observation 
region and the illuminating region in spite of the Working 
distance. Further, since the second lens barrel is covered by 
the light shielding member, the illumination light does not 
enter in the close-up optical system, Which prevents the 
problem of the stray light. 

[0020] The microscope may be an optical microscope used 
for an observation by the naked eye or a television micro 
scope that electronically capture the image of the object. 
Further, the microscope may be a monocular type or a 
stereoscopic type that includes a pair of the imaging optical 
systems. 

[0021] The shape of the cutout line of the close-up optical 
system in a plane vieW may be straight or curved. In 
particular case, the cutout portion may be a through hole. 
The cutout surface may be parallel to the optical aXis of the 
close-up optical system or inclined. 

[0022] The illuminating optical system may include an 
illuminating lens for projecting illumination light. The illu 
minating lens may consist of a single lens group or a 
plurality of lens groups. It is preferable that the illuminating 
lens contains a plurality of lens groups that are movable 
along the optical aXis direction to change focal length of the 
illuminating lens. 

[0023] The ?rst lens barrel may include a ?Xed ring that is 
?Xed to a housing of the microscope, a plurality of guide 
grooves being formed on the circumference of the ?Xed ring; 
a cam ring that is rotatably connected around the ?Xed ring, 
a plurality of cam grooves are formed on the circumference 
of the cam ring such that the cam grooves intersect obliquely 
With the guide grooves, respectively; and a plurality of 
moving lens frames that are inserted in the ?Xed ring With 
holding the lens groups, respectively. 

[0024] In such a case, at least one drive pin is installed on 
each of the moving lens frame to penetrate the intersection 
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between the guide groove and the cam groove, and the light 
shielding member is attached to the outer surface of the cam 
ring. 

[0025] The light shielding member may be formed from 
metal or resin. The shape of the member may be a plate, a 
pipe or a sheet. The shielding member is preferably coated 
by anti-re?ection material. 

[0026] For the second object, according to the present 
invention, there is provided an improved illuminating lens, 
Which includes: a ?rst lens group of a positive refractive 
poWer, all of lenses included in the ?rst lens group are 
positive lenses; and a second lens group of a negative 
refractive poWer that is located at the object side With respect 
to the ?rst lens group, all of lenses included in the second 
lens group are negative lenses. 

[0027] The ?rst and second lens groups are movable along 
the optical aXis direction to change degree of divergence of 
the illumination light projected to the object. 

[0028] Since the illuminating lens has a larger alloWance 
to the aberrations correction than an image taking lens, the 
above construction achieves suf?cient result. That is, the 
illumination light uniformly illuminates the object through 
the illuminating lens. 

[0029] With this construction, the number of lens elements 
can be reduced as compared With the tWo-group image 
taking Zoom lens. 

[0030] The ?rst lens group may include at least tWo 
positive lenses. More preferably, the ?rst lens group may 
consist of three positive lenses. 

[0031] Since the positive refractive poWer of the ?rst lens 
group is distributed among a plurality of positive lenses, the 
spherical aberration can be reduced, keeping uniformity of 
the illuminance distribution With the small F-number. 

[0032] The second lens group preferably consists of a 
single negative lens to reduce the siZe and Weight of the 
illuminating lens. 

BRIEF DESCRIPTION OF DRAWINGS 

[0033] The invention Will be described beloW in detail 
With reference to the accompanying draWing, in Which: 

[0034] FIG. 1 is a schematic vieW shoWing an overall 
construction of a surgery support system equipped With a 
video-type stereoscopic microscope according to a preferred 
embodiment of the present invention; 

[0035] FIG. 2 is a schematic vieW shoWing an optical 
construction in the video-type stereoscopic microscope; 

[0036] FIG. 3 is a schematic vieW shoWing an optical 
construction of a video-type stereoscopic vieWer; 

[0037] FIG. 4 is a plan vieW of an LCD panel; 

[0038] FIG. 5 is a perspective vieW shoWing an outer 
appearance of the stereoscopic microscope; 

[0039] FIG. 6 is a perspective vieW shoWing an overall 
construction of a microscope optical system; 

[0040] FIG. 7 is a side vieW shoWing an overall construc 
tion of the microscope optical system; 
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[0041] FIG. 8 is a front vieW shoWing an overall con 
struction of the microscope optical system; 

[0042] FIG. 9 is a plan vieW shoWing an overall construc 
tion of the microscope optical system; 

[0043] FIG. 10 is a perspective vieW shoWing arrange 
ments of lens barrels in a casing of the stereoscopic micro 
scope; 

[0044] FIG. 11 is a sectional vieW of a Zoom barrel of the 
illuminating optical system shoWn in FIG. 10; 

[0045] FIG. 12 is a perspective sectional vieW of the Zoom 
barrel of the illuminating optical system shoWn in FIG. 10; 

[0046] FIG. 13 is a side vieW of the Zoom barrel of the 
illuminating optical system; 

[0047] FIG. 14 is a perspective vieW With partial sectional 
portion of the Zoom barrel of the illuminating optical sys 
tem; 

[0048] FIG. 15 is a lens diagram of the illuminating 
optical system at the shortest focal length according to a ?rst 
eXample; 
[0049] FIG. 16 is a graph shoWing simulated illuminance 
distribution on the object When the illuminating lens of the 
?rst eXample is used at the shortest focal length; 

[0050] FIG. 17 is a lens diagram of the illuminating 
optical system at the longest focal length according to a ?rst 
eXample; 

[0051] FIG. 18 is a graph shoWing simulated illuminance 
distribution on the object When the illuminating lens of the 
?rst eXample is used at the longest focal length; 

[0052] FIG. 19 is a lens diagram of the illuminating 
optical system at the shortest focal length according to a 
second eXample; 

[0053] FIG. 20 is a graph shoWing simulated illuminance 
distribution on the object When the illuminating lens of the 
second eXample is used at the shortest focal length; 

[0054] FIG. 21 is a graph shoWing simulated illuminance 
distribution on the object When the illuminating lens of the 
second eXample is used at the longest focal length; 

[0055] FIG. 22 is a lens diagram of the illuminating 
optical system at the shortest focal length according to a 
third eXample; 

[0056] FIG. 23 is a graph shoWing simulated illuminance 
distribution on the object When the illuminating lens of the 
third eXample is used at the shortest focal length; and 

[0057] FIG. 24 is a graph shoWing simulated illuminance 
distribution on the object When the illuminating lens of the 
third eXample is used at the longest focal length. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0058] The preferred embodiments of the present inven 
tion Will noW be described in detail beloW With reference to 
the accompanying draWings. 

[0059] A video-type stereoscopic microscope (hereafter 
referred to as “stereoscopic microscope” for simplicity) 
according to the present embodiment is incorporated in a 




















