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UNITED STATES

PaTeNT OFFICE.

EDWARD BAUSCII AND AUGUST KOEHLER, OF ROCHESTER, NEW YORK,
ASSIGNORS TO THE BAUSCH & LOMB OPTICAL COMPANY, OF SAME

PLACE.

MICROSCOPE.

SPECIFICATION forming part of Letters Patent No, 617,007, dated January 3, 1898.

Application filed March 26,1888,

To wll whom it may concermn:

Be it known that we, EDWARD BAUSCH and
AvuausT KOEHLER,of Rochester, in the county
of Monroe and State of New York, have in-
vented certain new and useful Improvements
in Microscopes; and we do hereby declate the
following to be afull, clear, and exact descrip-
tion of the same, reference beinghad to the ac-
companying drawings, forming a part of this
specification, and to the reference-numerals
marked thereon.

Our present invention relates to improve-
ments in microscopes, and particularly to the
substage thereof, and has for its object to
provide a complete substage which is small
enough to be convenient, rigid enough to with-
stand constant wear and atthe same time not
be out of proportion to the microscope, and
which enables all the required adjustments
to be had without detaching any of the parts
from the instrument; and it further consists
in the provision of an improved diaphragm or
stop particularly applicable for useinamiecro-
scope beneath the stage, but capable of other
uses, and which is simple in construction and
not liable to get out of order, and also in an
improved adjustment for relatively-movable
parts of an instrument of this character; and
to these ends the invention consists in certain
improvements, the novel features being point-
ed out in the claims at the end of this speci-
fication.

Referring to the drawings, Figure 1 is a side
elevation of a portion of a microscope, show-
ing theapplication of our new substage; Fig.
2,a front elevation of the same; Fig. 3, a sec-
tional view taken on the line x x of TFig. 2,
looking upward; Fig. 4, a vertical sectional
view on the line 7/ y of Fig. 3; Fig. 5, a sec-
tion on the line a a of Fig. 2; Fig. 6, a section
on the line 0 U of Fig. 2; Tig. 7, a-section on
the line c ¢ of Fig. 2; Fig. §, an enlarged sec-
tion of thediaphragm; Fig. 9, asectional view

'on the line z z of Fig. 4, looking downward;

Trig. 10, a plan view of one of the diaphragm-,
leaves; Fig. 11, a side elevation of the same.
Similar reference-numerals indicate simi-
lar parts.
lindicates the base of amicroscope to which
our improvement is shown attached, having

Serial No. 675,302, (No model.)

the standard 2, to which a main arm 3 is piv-
oted.

4 is the adjustable arm, 5 the tube, and 6
the stage or table attached to the arm 3 and
provided with the usual object-slide-holding
springs 7. This stage may be of any suitable
construction, but is preferably such a one as
is shown in Patent No. 577,344.

8 indicates an extension connected to the
lower end of the main arm and adapted to re-
ceive a slide or carriage 9, on which the com-
plete substage is mounted and which is ar-
ranged to be moved vertically by the spindle
10, having the outer milled head 11 and a
spiral pinion 12 on its inner end, located in a
recess formed in the extension 8 and codper-
ating with a rack-bar 13 on the slide, having
spiral diagonally-arranged teeth. The con-
nection between the carriage and the bar 8
(shown particularly in Figs. 3and 5) is formed
by providing the outer surface of the bar
with'the inclined sides 14, upon which the cor-
respondingly-shaped rear side of the carriage
operates, and beneath these inclined surfaces
is provided an undercut recess for the reeep-
tion of the laterally-extending flanges of a bar
15, secured in arecess in the front of the car-
riage, the rack, with which the pinion 12 on
the shaft 10 cooperates, being inserted in a re-
cess in the bar 15, so that the teeth are sub-
stantially flush with the rear face of the bar
15, and the bearing between the carriage and
its supporting-bar may be ground and accu-
rately adjusted, the ineclined faces and the
upper portion of the flanges on the bar 15 be-
ing the only bearing portions. By locating
the rack-bar 13 in the face of bar 15 and lo-
cating the pinion in a recess of the arm ex-
tension 8 the thickness of the parts is mate-
rially reduced and the rack is accurately held
in the recess, and being separate from the
bar 15 it can be made of steel instead of brass,
of which the other parts are composed, thus
preventing undue wear. We prefer to em-
ploy the spiral rack and pinion for causing
this adjustment by reason of the fact that sev-
eralof the teetharein engagementatonce and
they operate by a ‘‘shearing motion,” so to
say, thereby insuring a more even movement
than can be accomplished with an ordinary
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rack and a pinion having radial teeth. This
means of adjustment may be applied toother
parts of a microsecope, the part having the
ways and lateral recesses (in this instance
the extension 8) constituting the female mem-
ber and the carriage, which has the bar 15,
constituting the male member, and thus the
advantages of adjustment and also of the re-
duction in thickness of the parts are accom-
plished.

The substage is composed of three general
parts arranged one above the other and all
attached to the carriage 9. The upper part
consists of a ring 16, having its upper part
slit and secured to or forming part of a plate
17, attached to the upper end of the slide 9
and carrying a removable iris-diaphragm.
The casing or shell of this diaphragm is indi-
cated by 80, and 18 indicates the handle for
manipulating it, the specific construction of
the diaphragm being described lateron. Suf-
fice it to say that its leaves are adapted to
be brought substantially parallel with the up-
per surface of the stage and that the stage
itself is recessed to permit the diaphragm-
casing to come directly in contact with the
object-slide and the leaves very close thereto,
if desired, thus being in the most effective
position for use without a condenser. When
the condenser is in use, the diaphragm may
be used to limit the volume of light entering
the objective without limiting the angle of
the illuminating-cone, this method of control-
ling the light being of the utmost importance
in theexamination of highly-refractive trans-
parent bodies, such as living bacteria, dia-
toms, and similar objects.

The middle section of the substage consists
of a frame for a condenser and embodies an
arm 19, having an aperture, within which is
arranged a ring 20, in which the condenser 21
is removably fitted, said ring being centered
by scerews 19%, passing through the arm and
engaging the ring, and a spring 20 operat-
ing through a pin 20¥ on the ring to hold it
against the serews, which may be adjusted to
accurately position and center the condenser.
This arm 19 is pivoted upon the end of a
laterally-extending arm 22, attached to the
condenser-slide 24, vertically movable in a
guide on the main slide 9. The pivotal con-
nection between the arms 19 and 22 may be
of any desired construction; but we prefer
that shown particularly in Figs. 2and 7, from
which it will be seen that the arm 19 is pro-
vided with a pivot-pillar 70, rigidly secured
to it by a screw 71, and the arm 22 with a
spacing-sleeve 72, on which rests a shoulder
75 on the pillar. The sleeve 72 is provided
beneath the arm 22 with the segmental recess
74, with which cobperates a stop-pin 75 on a
washer 76, secured to the pillar by a screw 77
and rotating therewith. This construction
permits the condenser to be swung beneath
the diaphragm orout at one side. The lower
end of the condenser-slide 24 is bifurcated to
pass over the shank of the yoke 25, carrying

617,007

the reversible mirror 26, and is provided with
operating handles or arms 27 and also with a
stop-pin 28 on the upper side, adapted to con-
tact with the frame 17 of the upper diaphragm
to limit the upward motion of the slide. The
condenser is capable of swinging laterally to
the left of the instrument, so asto be entirely
out of the path of rays from the mirror, and
is also perfectly free for changing accesso-
ries, and when swung inward its support is
arrested by the stop-pin 75, with the con-
denser in line with the optical axisof thein-
strument, and is vertically adjustable on the
slide 9, so that the condenser may be brought
in immersion contact with the object-slide if
the diaphragm be removed or be placed in
any other position desired without reference
to the position of the upper iris-diaphragm.

The lower section of the substage embodies
the support for the large iris-diaphragm used
below the condenser, said support consisting
of an arm 30, having a sleeve 30° attached
thereto and pivoted upon a downwardly-ex-
tending pin or pillar 81, attached by means of
the serew 80 to the left side of the frame 17,
carrying the upper diaphragm. 50 indicates
a washer or collar fitting upon the lower end
of the pivot-pin 81 and turning with it and
held by means of a screw 52, entering the
lower end of the pin, as shown particularly
in Fig. 6, said washer having a stop-pin 8I
thereon, operating in a slot formed in the
lower end of the sleeve and serving fo limiv
the movements of the arm on the pivot. In
the present embodiment this diaphragm em-
bodies a ring-frame 32, resting upon the top
of the arm 30 and held to turn therein by
means of a collar 33, having a flange extend-
ing below the arm 30, as shown in Fig. 4, so
as to be rotarily adjustable on the arm.
indieates the diaphragm-casing, secured to
the support or plate 36, which is provided at
one side with a dovetailed projection 37, op-
erating in a groove formed in the extension of
the frame 82, the upper portion of said plate
36 being provided with a rack 38, preferably
having diagonal teeth, with which codperates
a corresponding pinion 39 on the end of the
arbor 40, journaled in a bearing or sleeve 41,
secured to the end of the frame 32, said arbor
having at its outer end an operating-head
42, As the frame or plate 52 is rotarily ad-
justable on the supporting-arm and the dia-
phragm-frame is laterally adjustable on said
plate, it will be seen that the diaphragm when
beneath the condenser may be rotated on its
own axis and moved laterally by the rack and
pinion when oblique illumination is required.

The upward movement of the substage as
a whole is limited by the adjustable stop-
serew 53 on the under side of the stage, pro-
vided with a lock-nut 54, as shown particu-
larly in Irig. 1.

From the above construction it will be seen
that the condenser and lower diaphragm may
be moved toonesideand the upperdiaphragm
used alone, if desired, and in substantially
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the plane of the top of the stage, also that
the condenser may be used with or without
either or both diaphragms, or either of the
diaphragms may be used without the con-
denser, as may be desired, the arrangement
of parts being such that the adjustments are
easily effected and the parts not in use lo-
cated out of the way of the operator.

While we prefer that the substage shall
carry the parts described, it will be under-
stood that as the condenser and both dia-
phragms are capable of removal from their
supporting arms and plates other substage
accessories could be substituted for those
shown and used singly or in combination, as
desired..

The upper iris-diaphragm involves several
new features, and is particularly desirable
for use in substantially the plane of the sur-
faceof thestage,the construction being shown

‘in Figs. 8 and 9 of the drawings, to which

reference is now particularly had. The ex-
treme upper portion of the diaphragm-casing
consists of a casing section or ring 55, having
an inwardly-extending flange 56 to cover the
ends of the diaphragm-leaves, and the lower
portion of which is provided with the inter-
nal thread adapted to receive a correspond-
ing thread upon the exterior of a confining or
holding ring 57, serewing into it, and upon
which latter is screwed the shell 80, support-
ing the device and, in the embodiment shown
in Fig. 4 and in fulllines in Fig. 8, held with-
in the ring 16 by friction alone. Arranged
within the casing section or ring 55 and be-
neath the flange 56 thereof is the pivot-sup-
porting ring 58, held in position by a small
serew 59, passing through the side of the cas-

ing-section 55 and engaging correspondingly--

threaded apertures in the rings 57 and 58, as
shown in Fig. 8, thereby preventing the ro-
tation of both of said rings when adjusted.
If desired, several of these screws 59 may be
employed; but we find in practice that oneis
ample for all practical purposes, and there-
fore have shown the sectionin Fig. 5 astaken
through this securing-screw. Thepivot-ring
58 is provided with suitable vertically-ex-
tending apertures or recesses adapted to re-
ceive the pivot-pins 60 of the diaphragm-
leaves 61, said leaves being shaped asshown
in Figs. 10 and 11 and being also provided
with pins 62 on their under sides and at the
ends opposite the pivot-pins 60. These dia-
phragm-leaves are arranged to overlap, as
usual in such devices, and the free or outer
ends extend across the aperture in the dia-
phragm-support, and the pins 62 play in
slots between inwardly-projecting fingers 63
formed on arotatable operating-ring 64, held
against the under side of the pivot-ring 58
by means of the inwardly-projecting flange
on the holding collar or ring 57, said ring
64 being rotated by the shell 65 screwing
upon its lower end, and in the present con-
struction formed with the operating-handle
18. Instead of the fingers slots in the under

pev)

side of the ring 64 would answer for mov-
ing the free ends of the leaves. The ro-
tary movement of said ring is limited by the
stop pin or screw 59, adapted to engage the
shoulder 67 at the end of the recess formed
in ring 64, as shown in Fig. 9. By this ar-
rangement we are enabled to place both the
pivot and operating pins on the same side of
the diaphragm - leaves, which enables the
leaves to be brought close against the object
and in substantially the plane of the upper
side of the stage, thereby materially decreas-
ing the thickness of the diaphragm as a
whole, and further enables the condenser to
be used through the diaphragm in oil-immezr-
sion contact with the slide, if desired. The
advantage of such a diaphragm as described
is apparent, as it is thus in the only position
at which the volume of light entering the ob-
jective can be varied without changing the
aperture of the illuminating-cone. If it is
desired to use such a diaphragm upon an or-
dinary adjustable substage, the supporting-
shell 80 could be provided with a laterally-
extending flange adapted to be secured di-
rectly to the upper side of the ordinary sub-
stage-ring by means of serews 17%, the arms
or devices for operating the ring 64 being cor-
respondingly modified to occupy but little
space and serving to permit the easy adjust-
ment of the ring and diaphragm, as will be
understood.

While the diaphragm deseribed is particu-
larly adapted to use in a microscope and in
the plane of the stage, it is capable of other
uses, as in photographic shutters or lens-
tubes, the construction being such as to per-
mit of its use in other forms of apparatus
without change, excepting in the supporting
and operating devices. _

We claim as our invention—

1. In a microscope, the combination with
the main arm and the stage, of the substage-
carriage mounted on the main arm and ad-
justable vertically in a plane parallel with
that of the optical axis, the diaphragm-sup-
port on the carriage, and the laterally-swing-
ing supporting-arm mounted on the carriage
and arranged to be moved into and out of the
optical axis of the instrument.

2. In a microscope, the combination with
the main arm and the stage, of the adjustable
substage-carriage mounted on the main arm,
the ring-support on the carriage, and two lat-
erally-swinging supporting-arms adapted to
receive attachments connected to the carriage
and movable into or out of the optical axis
of the instrument.

3. In a microscope, the combination with
the stage, of the vertically-adjustable sub-
stage-carriage, having the two attachment-
supperting arms pivoted thereon, and adapt-
ed to be swung laterally into and out of the
optical axis of the instrument.

4, In a microscope, the combination with
the stage, of the substage-carriage, the two
attachment-supporting arms pivoted thereon
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on axes parallel with the optical axis of the
instrument and movable intoand out of said
optical axis.

5. In a microscope, the combination with
the stage, of the vertically-adjustable sub-
stage-carriage having an attachment-support
rigidly secured thereto, and a second attach-
ment-support pivoted upon said carriage and
movable laterally in a horizontal plane into
and out of the optical axis of the instrument.

6. In a microscope, the combination with
the stage, of the vertically-adjustable sub-
stage-carriage having an attachment-support
thereon, a slide movable on the carriage, and
an attachment-support pivotally mounted on
said slide and movable into and out of the
optical axis of the instrument.

7. In a microscope, the combination with
the stage, of the vertically-adjustable sub-
stage-carriage, havingan attachment-support
secured thereto, an attachment-carrying arm
pivoted on the carriage and laterally movable
into and out of the optical axis of the instru-
ment, a movable slide mounted on the car-
riage, and an attachment-carrying arm piv-
oted thereon and movable into and out of the
optical axis.

8. In a microscope, the combination with
the stage, of the vertically-adjustable sub-
stage-carriage, the diaphragm mounted there-
on, the laterally-swinging arm pivotally con-
nected to the carriage, the diaphragm on said
arm, the slide adjustable on the carriage, the
arm pivoted thereon, and the condenser car-
ried by said last-mentioned arm.

9. In a microscope, the combination with
the stage, the vertically-adjustable substage-
carriage and the adjustable diaphragm re-
movably mounted thereon, of theslide mount-
ed on the carriage, and a condenser pivot-
ally connected to the slide and adapted to be
moved into and out of the optieal axis of the
instrument.

10. In a microscope, the combination with
the stage, of the vertically-adjustable sub-
stage-carriage, having the ring thereon, and
the diaphragm removably mounted in the
ring, the slide movable on the carriage, the
laterally-swinging arm pivoted on the slide,
and the condenser adjustable on said arm.

11. In a microscope, the combination with
the stage, the vertically-adjustable substage-
carriage, the ring thereon and the removable
diaphragm in the ring, of the laterally-swing-
ing arm pivotally connected to the carriage,
the diaphragm adjustable rotarily and later-
ally of the arm, the slide mounted on the car-
riage, the laterally - swinging arm thereon,
and the condenser mounted on said arm.

12. In a microscope, the combination with
thestage,the substage-carriage,thering there-
on, and the shell fitting in the ring, and the
diaphragm at the upper end of the shell, of
the slide adjustable on the carriage, having
the laterally-movable swinging arm, and the
condenser thereon adapted to be moved in-
side the shell.

13, The combination with the stage having
the aperture, of an iris-diaphragm arranged
in the aperture and substantially in the plane
of Lhe upper surface of the stage.

. The combination with the stage having
the apel ture, and an iris-diaphragm m‘mnfred
in said apertureand substantially inthe plane
of the upper surface of the stage, of a verti-
cally-movable condenser arranged beneath
the stage.

15. The combination with the stage, having
the aperture, an iris-diaphragm in said aper-
ture and substantially in the plane of the
stage-surface, the shell for supporting it and
the operating-handle, of a vertically-movable
condenser arranged beneath the diaphragm
and adapted to be moved with its upper sur-
face into substantially the plane of the stage-
surface.

16, The combination with the stage, having
the aperture, of the diaphragm-shell project-
ing through said aperture having its up-
per surface substantially flush with the upper
surface of the stage, the adjustable iris-dia-
phragm at the upper end of said shell, and
the operating-handle below and at one side
of the shell fo1 operating the leaves of the
diaphragm.

17. In an iris-diaphragm, the combination
with the casing, of the pivot-ring having the
apertures, the overlapping diaphragm-leaves
having the pivot and operating pins on the
same faces and at opposite ends, and means
for operating said leaves.

18. In an iris-diaphragm, the combination
with the casing of the overlapping diaphragm-
leaves, each having the pivot and operating
pins on the same face, hut at opposite ends,
and means for actuating said leaves on their
pivots.

19. In an iris-diaphragm, the combination
of the casing, the ring having the pivot-aper-
tures, the overlapping leaves, each having
the pivot and operating pins projecting from
the same face and at opposite ends, and the
operating-ring having the fingers engaging
the operamnfr—pms.

20. In an iris- dlaphra"m the combination
of the casing, the ring having the pivot-aper-
tures, the overlapping lezwes, each having
the pivot and operating pins projecting from
the same faces and at opposite ends, the ring
overlapping the pivot-ring and having the
fingers projecting inside the latter, and en-

gaging the opelaunmpms on the leaves.

°l In an iris-diaphragm, the combination
of the casing the pivot-ring having the aper-
tures, the overlapping leaves having the pivot
and operating pins, the operating-ring hav-
ing the fingers and bearing on the pivot-ring,
and the confining-ring secured to the casing
extending over the operating-ring.

22, In an iris-diaphragm, the combination
of the casing, the pivot-ring having the ap-
ertures, the overlapping leaves having the
pivot-pins, the operating- ring havm" the

fingers, and bearing on the pl\*ot ring, the
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confining-ring 57 screwed to the casing and
engaging the operaling-ring, fastening de-
vices for holding the pivot and confining
rings to the casing, the shell engaging the
ring 57, and an arm connected to the operat-
ing-ring.

23. In an iris-diaphragm, the combination
with the casing-section 55, the pivot-ring 58,
the leaves having the pivot and operating
pins, the operating-ring 64 having the fin-
gers, and the slot, the securing-serew 59 en-
gaging the casing and rings 58 and 64, the
supporting-shell 90 and the operating-handle
18 connected to the ring 64.

24, In a wicroscope, and as a means for
connecting relatively-movable sliding mem-
bers, the combination with a female member
having a way with inclined Dbearing-walls,
and undercut recesses al the sides of said
way, of the codperating male member having
the correspondingly-inclined walls, and the
recess between them, the bar 15 secured in
said recess having the laterally-extending
flanges operating in the undercut recesses in
the female member, said bar also having a
recess in its face, a rack-bar therein, and a
pinion journaled in the female member co-
operating with the rack.

25. In a microscope, the combination with
the main-arm extension S having the way pro-
vided with inclined sides, and the undercut

[4

recesses ab the sides thereof, of the carriage

having the inclined sides fitting the ways,

and the recess, the bar 15 arranged in the re-
cess in the carriage, having the laterally-ex-
tending flanges, and the recess in its face,
and the pinion on the extension 8 engaging
the rack.

26. In a microscope, the combination with
the stage and a support below it, of an arm
for carrying a substage accessory pivoted on
the support, said pivotal connection embody-
ing a vertical pin or pillar secured to one of
the parts, a bearing-sleeve secured to the
other part and encireling the pin, and stops
for limiting the relative rotation of the sleeve
and pin.

27. In a microscope, the combination with
the stage and a support below it, of an arm
for carrying a substage accessory pivoted on
the support, said pivotal connection embody-
ing a vertical pin or pillar secured to one of
the parts, the washer thereon having the stop-
pin and the holding-screw, the bearing-sleeve
on the other part encireling the pin and hav-
ing the segmental slot with which the stop-

pin cooperates.
EDWARD BAUSCH.
AUGUST KOEHLER.
Witnesses:
L. B. ELLIOTT,
WM. L. PATTERSON.
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