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OPTICAL SYSTEM FOR MICROSCOPES 

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

BACKGROUND OF THE INVENTION 

a) Field of the Invention 
This invention relates to an imaging optical system for 

microscopes. 
b) Description of the Prior Art 
An optical microscope most suitable for observation and 

photometry of a cell in vivo is often utilized for conducting 
researches and examinations in the ?eld of industry, not to 
speak of the ?eld of biology. Recently, in keeping with the 
improvement of performance of various sensors including 
an image sensor, such as a CCD, the usage of the microscope 
relying mainly on visibility has changed to that relying 
mainly on sensors. Contrary to such a change of usage, 
however, the optical system and fundamental arrangement 
of the microscope remain unchanged, so that when the 
sensors are employed, it is necessary to add various 
improvements to the microscope in accordance with the 
purpose of research and the object of observation. For 
example, where an intermediate image located between an 
objective lens and an imaging lens is directly introduced to 
the CCD, with a visual observation of an image, to process 
and record an observed image through the CCD, an appre 
ciable improvement of its mechanism is required for an 
optical path from the objective lens to a lens-barrel for 
observation, according to which a complicated optical sys 
tem is also required for the security of the amount of 
marginal light and the maintenance of magni?cation. 

Speci?cally, the use of the optical system and fundamen 
tal arrangement of the conventional microscope leads to 
great restriction on insertion or removal of the intermediate 
lens-barrel and makes it impossible to insert or remove a 
unit, such as an image converter intermediate lens-barrel 
(image module) for using the image sensor, together with 
intermediate lens-barrels, such as an intermediate magni? 
cation lens-barrel and a re?ecting projection tube. If, 
therefore, the optical system is such as to be free to insert or 
remove two to three intermediate lens-barrels, each having 
a length of nearly 50 mm, it will dispense with the need for 
the improvements, so that a single microscope can be used 
in accordance with various modes of observation. 

The optical system of the conventional microscope may 
be divided, according to the difference in its imaging system, 
into two classes: a ?nite correction type for forming an 
image of an object at a ?nite distance through the objective 
lens itself and an in?nite correction type for changing 
emergent light from the objective lens to nearly parallel 
beams. These types are now considered from the viewpoint 
on whether two to three intermediate lens-barrels can be 
inserted or removed as mentioned above. In the former, 
since an image relay lens must be incorporated in the 
principal path of the intermediate lens-barrel (the optical 
path of the lens-barrel on the observation side), the provision 
of the intermediate lens-barrels of two or more stages 
complicates the optical system and the resultant increase of 
the number of lenses reduces imaging performance on the 
observation side. Thus, the intermediate lens-barrel is lim 
ited to a single stage, and two to three lens-barrels cannot be 
inserted. In the latter, on the other hand, light beams between 
the objective lens and the imaging lens become parallel, so 
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2 
that if the intermediate lens-barrels are interposed 
therebetween, the image relay lens need not be incorporated 
and the imaging performance will be prevented from dete 
riorating due to the increase of the number of lenses. If, 
however, a one-stage intermediate lens barrel is assumed to 
have a length of 50 mm, the length of a two-stage interme 
diate lens-barrel will be 100 mm and consequently, a vari 
able amount of at least 100 mm must be secured between the 
objective lens and the imaging lens. In this case, unless 
aberrations, such as coma and the like, are favorably 
corrected, the imaging performance will likewise deterio 
rate. Japanese Patent Preliminary Publication No. Sho 
63-311222 sets forth an imaging lens in which the variable 
amount of spacing where the focal length of the imaging lens 
is represented by f is about 0.3 f. With this imaging lens, if 
the value of the focal length f is 160~200 mm, the variable 
amount of spacing within the range of 48~60 mm will 
merely be secured, a distance insufficient for insertion or 
removal of two to three intermediate lens-barrels. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the present invention to 
provide an optical system for microscopes having an in?nite 
correction type in its imaging system which is free to insert 
or remove two to three intermediate lens-barrels and can 
accommodate various modes of observation. 

This object is accomplished, according to the present 
invention, by providing an objective lens for changing light 
from an object to parallel beams and an imaging lens for 
forming the parallel beams emerging from the objective lens 
into an image of the object at a predetermined position, in 
which a distance is variable from a contact surface of the 
objective lens to a surface on the incidence side of the 
imaging lens, and Eq. (1) which will be stated later is 
satis?ed. 

According to another aspect of the present invention, the 
optical system for microscopes is constructed so that the 
imaging lens includes a ?rst lens component having a 
positive power and a second lens component composed of a 
negative cemented doublet con?gured from a positive lens 
and a negative lens and Eqs. (2) to (4) which will be stated 
later are satis?ed. 

This and other objects as well as the features and advan 
tages of the present invention will become apparent from the 
following detailed description of the preferred embodiments 
when taken in conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional view showing the con?guration of a 
?rst embodiment of an optical system for microscopes 
according to the present invention; 

FIG. 2 is a diagram for aberrations when a distance 
D=0.25 f in the ?rst embodiment; 

FIG. 3 is a diagram for aberrations when a distance 
D=0.59 f in the ?rst embodiment; 

FIG. 4 is a diagram for aberrations when a distance 
D=0.85 f in the ?rst embodiment; 

FIG. 5 is a sectional view showing the con?guration of a 
second embodiment of an optical system for microscopes 
according to the present invention; 

FIG. 6 is a diagram for aberrations when a distance 
D=0.25 f in the second embodiment; 

FIG. 7 is a diagram for aberrations when a distance 
D=0.59 f in the second embodiment; and 

FIG. 8 is a diagram for aberrations when a distance 
D=0.85 f in the second embodiment. 
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DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Prior to describing the embodiments, the fundamental 
conditions and functions of the present invention will be 
explained below. 

The microscope optical system according to the present 
invention is of an in?nite correction type and designed so 
that the distance from an objective lens to an imaging lens 
is variable only within the range de?ned by the following 
equation, thereby providing the variable amount of spacing 
enough to insert or remove two to three intermediate lens 
barrels: 

O.5f<W<1.1f (1) 

where W is the variable amount of spacing from the contact 
surface of the objective lens to the ?rst surface of the 
imaging lens and f is the focal length of the imaging lens. 

Hence, if the focal length f is to be 160 mm, the variable 
amount of spacing W becomes 80~176 mm, and the focal 
length f of 180 mm brings about the variable amount of 
spacing of 90~198 mm, which are suf?cient to insert or 
remove the intermediate lens-barrels, such as an intermedi 
ate magni?cation lens-barrel and a re?ecting projection 
tube, of two to three stages at the same time. 

In order to minimiZe the shortage of the amount of 
marginal light and the changes of aberrations including 
coma in particular when such a widely variable amount of 
spacing is secured, it is desirable that the imaging lens is 
constructed as follows: The imaging lens comprises a ?rst 
lens component L1 having a positive power and a second 
lens component L2 con?gured by cementing a positive lens 
T2 to a negative lens 02, having a negative power, and 
satis?es the conditions de?ned by the equations: 

(4) 

where f is the focal length of the imaging lens, f1 is the focal 
length of the ?rst lens component L1, fT2 is the focal length 
of the positive lens T2, fO2 is the focal length of the negative 
lens 02, and ED1 is the effective diameter of the ?rst lens 
component L1. 

Next, reference is made to the functions of the optical 
system based on the above equations. 

Eq. (1) is the condition for inserting or removing two to 
three intermediate lens-barrels in the microscope optical 
system according to the present invention. The intermediate 
lens-barrels currently known are available in intermediate 
magni?cation and discussion lens-barrels, and if the re?ect 
ing projection tube is also regarded as one of the interme 
diate lens-barrels, the lengths of individual barrels will be 
nearly 40~70 mm and as such the intermediate lens-barrels 
of two to three stages will have the overall lengths of 80~210 
mm. From the fact that in general the distance of parfocality 
of the objective lens is 45 mm and the condition of the back 
focus for con?guring a binocular tube prism, the focal length 
of the imaging lens is within the range of nearly 160~200 
mm. Hence, it follows from this that if the variable amount 
of spacing W exceeds the lower limit of Eq. (1), two to three 
intermediate lens-barrels cannot be inserted or removed. On 
the other hand, the excess of the upper limit increases the 
outer diameter of the imaging lens in order to secure the 
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4 
amount of marginal light and at the same time, produces the 
necessity of increasing also the siZe of the binocular tube 
prism in the lens-barrel for observation, with resultant 
oversiZing of the observation lens-barrel, which situation is 
unfavorable. 

Eq. (2) is the condition for correcting optimally the 
change of coma aberration where the distance between the 
objective lens an the imaging lens is variable, namely, where 
the position of the entrance pupil of the imaging lens is 
variable. If the focal length f1 of the ?rst lens component L1 
exceeds the lower limit of Eq. (2), the imaging lens will be 
undercorrected for coma on the side of the upper ray, 
whereas if it exceeds the upper limit, the lens will be 
overcorrected for the coma, and the result is that asymmetric 
coma is liable to occur. This is because, when the distance 
between the objective lens and the imaging lens is particu 
larly large, that is, in a state where the value of the variable 
amount of spacing W is close to the upper limit of Eq. (1), 
the upper ray is incident at the highest position from the 
optical axis of the ?rst surface of the imaging lens, so that 
it is greatly affected by the positive power of the ?rst lens 
component L1. 

Eq. (3), similar to Eq. (2), is the condition for making the 
position of the exit pupil approach toward the image while 
correcting for coma. If the magnitude of the ratio of the focal 
length fO2 of the negative lens 02 of the second lens 
component L2 to the focal length fT2 of the positive lens T2 
exceeds the lower limit of Eq. (3), the power of the negative 
lens 02 will increase. This is advantageous to the approach 
of the position of the exit pupil toward the image, but brings 
about an overcorrection for coma on the side of the upper 
ray. If, conversely, it exceeds the upper limit, the negative 
power becomes too small with the inconvenience that the 
position of the exit pupil is shifted toward the objective lens. 

Eq. (4) is the condition for securing the amount of 
marginal light If the effective diameter ED1 of the ?rst lens 
component L2 exceeds the lower limit of Eq. (4), the amount 
of marginal light becomes dif?cult to be suf?ciently secured, 
while the excess of the upper limit makes the effective 
diameter large unnecessarily, resulting in a remarkable 
increase of ?are. 
By ful?lling the conditions mentioned above, the optical 

system with the variable amount of wide spacing can be 
constructed and a good imaging condition can be created 
over a wide range from a state where the intermediate 
lens-barrels are not inserted to another state where two to 
three intermediate lens-barrels are inserted. Further, the 
variation of the position of the exit pupil is held to a 
minimum and can be corrected by the optical system like the 
eyepiece subsequent to the imaging lens. 

Referring to the drawings, the embodiments of the present 
invention will be explained below. 

First embodiment 

The microscope optical system of a ?rst embodiment, as 
shown in FIG. 1, comprises an objective lens 1 and an 
imaging lens 2 including two lens components of a ?rst lens 
component L1 having a positive power and a second lens 
component L2 having a negative power. The second lens 
component L2 is a cemented doublet con?gured by a posi 
tive lens T2 and a negative lens 02. Calling f the focal length 
of the imaging lens 2, a distance D from a contact surface 1a 
of the objective lens 1 to a ?rst surface of the imaging lens 
2 is such as to be variable within the range of 0.25 f~0.85 f. 
Thus, the variable amount of spacing W of this embodiment 
is 0.6 f. 

In such an optical system, FIG. 2 depicts aberrations for 
the imaging lens when the distance D=0.25 f, FIG. 3 
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illustrates aberrations When D=0.59 f, and FIG. 4 shoWs 
aberrations When D=0.85 f. The numerical data of the 
imaging lens 2 in the ?rst embodiment are listed beloW, 
Where reference symbols r1, r2, . . . represent radii of 

curvature of individual lenses arranged in order from the 
objective side; d1, d2, . . . spaces betWeen individual lens 
surfaces; n1, n2, . . . refractive indices of individual lenses; 

and v1, v2, . . .Abbe’s numbers of individual lenses in terms 
of the D line. 

EDl = 0.15 f 

r1 = 30.5194 

d1 = 1.6667 n1 = 1.48749 6, = 70.2 

r2 = 154.9333 

d2 = 0.1866 

r3 = 18.2894 

d3 = 3.3333 n2 = 1.72342 U2 = 37.95 

r4 = -50.5194 

d4 = 1.4444 n3 = 1.71850 U3 = 33.52 

r5 = 14.4040 

Second embodiment 

The microscope optical system of a second embodiment, 
as shoWn in FIG. 5, comprises the objective lens 1 and the 
imaging lens 2 including tWo lens components of the ?rst 
lens component L1 having a positive poWer and the second 
lens component L2 having a negative poWer. Each of the ?rst 
lens component L1 and the second lens component L2 is a 
cemented doublet con?gured by cementing a positive lens to 
a negative lens. A distance D from the contact surface 1a of 
the objective lens 1 to the ?rst surface of the imaging lens 
2, similar to the ?rst embodiment, is such as to be variable 
Within the range of 0.25 f~0.85 f. Thus, the variable amount 
of spacing W of this embodiment also is 0.6 f. 

In such an optical system, FIG. 6 depicts aberrations for 
the imaging lens When the distance D=0.25 f, FIG. 7 
aberrations When D=0.59 f, and FIG. 8 aberrations When 
D=0.85 f. The numerical data of the imaging lens 2 in the 
second embodiment are listed beloW. 

EDl = 0.17 f 

r1 = 38.1217 

d1 = 4.5889 n1 = 1.48749 61 = 70.2 

r2 = -36.8464 

d2 = 1.9111 n2 = 1.80610 U2 = 40.95 

r3 = -56.9778 

d3 = 0.4083 

r4 = 46.8789 

d4 = 3.0889 n3 = 1.83400 U3 = 37.16 

r5 = -28.1233 

d5 = 1.8333 n4 = 1.64450 U4 = 40.82 

r6 = 22.5833 

What is claimed is: 
1. An optical system for microscopes comprising: 
an objective lens for converting light from an object into 

substantially parallel beams; and 
an imaging lens for focusing the beams from said objec 

tive lens to form a magni?ed image of the object at a 
predetermined position, 

Wherein a distance from a contact surface of said objec 
tive lens to a surface closest to said objective lens, of 
said imaging lens, is variable and said optical system 
satis?es the condition: 
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Where W is the amount of change of the distance from the 
contact surface of the objective lens to the surface closest to 
the objective lens, of the imaging lens, and f is the focal 
length of the imaging lens; 

Wherein said optical system for microscopes is adapted to 
alloW insertion and removal of lens elements betWeen 
said lenses. 

2. An optical system for microscopes comprising: 
an objective lens for converting light from an object into 

substantially parallel beams; and 
an imaging lens equipped With a ?rst lens component 

having a positive refractive poWer and a second lens 
component including a negative cemented doublet con 
?gured by cementing a positive lens to a negative lens, 
said imaging lens for focusing the beams from said 
objective lens to form a magni?ed image of the object 
at a predetermined position, 

Wherein a distance from a contact surface of said objec 

tive lens to a surface closest to said objective lens, of 
said imaging lens, is variable and said optical system 
satis?es conditions: 

Where W is the amount of change of the distance from the 
contact surface of the objective lens to the surface closest to 
the objective lens, of the imaging lens, f is the focal length 
of the imaging lens, f1 is the focal length of the ?rst lens 
component, fT2 is the focal length of the positive lens of the 
second lens component, fO2 is the focal length of the 
negative lens of the second lens component, and ED1 is the 
effective diameter of the ?rst lens component. 

3. An optical system for microscopes comprising: 

an objective lens for converting light from an object into 
substantially parallel beams; and 

an imaging lens for focusing the beams from said objec 
tive lens to form a magni?ed image of the object at a 
predetermined position, wherein a distance from a 
contact surface of said objective lens to a surface 
closest to said objective lens, of said imaging lens, is 
variable and said optical system satis?es the condition: 

where W is the amount of change of the distance form the 
contact surface to the objective lens to the surface 
closest to the objective lens, of the imaging lens, and f 
is the focal length of the imaging lens,‘ wherein said 
optical system for microscopes is adapted to allow 
insertion and removal of intermediate lens barrels 
between said lenses. 
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4. An optical system for microscopes according to claim 
3, wherein said optical system for microscopes is adapted 
toallow insertion and removal of two to three intermediate 
lens barrels at the same time between said lenses. 

5. An optical system for microscopes according to claim 
3 or 4, wherein said intermediate lens barrels comprise an 
intermediate magni?cation lens barrel. 

8 
6. An optical system for microscopes according to claim 

3 or 4, wherein said intermediate lens barrels comprise a 
reflecting projection tube. 

7. An optical system for microscopes according to claim 
3 or 4, wherein said intermediate lens barrels comprise a 
discussion lens barrel. 


