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(54) EYEPIECE FOR THE MEASUREMENT OF LENGTHS AND
ANGLES BY A MICROSCOPE

(71) We, CARL-ZEISS-STIFTUNG, a
Foundation established under the laws of
Germany, 7920 Heidenheim(Brenz),
Wuerttemberg, Germany, trading as CARL
ZEISS do hereby declare the invention, for
which we pray that a patent may be granted
to us, and the method by which it is to be
performed, to be particularly described in
and by the following statement:-

The present invention relates to a micro-
scope eyepiece or ocular, especially designed
to facilitate the use of the microscope in
measuring lengths and angles.

Length and angle measurements by means
of a microscope are made, for example, upon
the matching of toric contact lenses. In mod-
ern soft contact lenses, the correction of
astigmatism is accomplished by a toric outer
surface whose axis must be in a definite pre-
determined relationship to what is called the
DS axis. This DS axis extends through the
two thickest edge points of the lens and the
optical geometric center point of the contact
lens. The inclination of the axis passing
through the toric surface with respect to the
DS axis is determined by the matching pro-
cess.

It is known in the art to measure the incli-
nation of the principal axes of a contact lens
by means of aslit lamp. For doing this, a
pointer is arranged on the outer side of a
measuring eyepiece, in such position that is
represents a continuation of the datum line
of the eyepiece. Using this pointer, the incli-
nation of the axis on the contact lens can be
measured with reference to a graduated
scale on a plate which is rigidly connected
with the slit lamp, according to what is called
the TABO system.

This known system of inclination meas-
urement or angular measurement leaves
much to be desired with respect to the preci-
sion or accuracy which is attainable. Furth-
ermore, it is fatiguing and time-consuming
for the lens matcher, since his direction of

view must be continuously changed.
Nevertheless, the use of the TABO system
for angle measurements has gained general
acceptance in the field since its introduction
by the technical committee known as the
‘““Technischen Ausschuf} fiir Brillen-Optik”,
from the initial letters of which the designa-
tion TABO is derived. According to this sys-
tem, reading is effected from the right in
counterclockwise direction for both eyes.

An object of the present invention is to
provide a device to enable angle measure-
ments to be obtained more conveniently and
with greater accuracy than is possible with
the prior art devices.

Another object is the provision of such a
device in a simple, compact, and inexpensive
form.

The above objects are achieved, according
to the invention, by providing a novel
eyepiece for measurements by a microscope,
said eyepiece comprising housing means, a
ball within said housing means which is free
to move by gravity and a reticle which
together with the ball forms an artifical hori-
zon, onservable by a person looking into said
eyepiece. In an embodiment of the invention
the eyepiece further comprises a reticle
within said housing means, said reticle hav-
ing a diametrically extending linear scale and
a circumferentially extending angular scale.

Preferably the angular scale is so placed
with relation to said ball that said angular
scale may be read using one lateral edge of
said gravity ball as a reference point.

An eyepiece according to the invention is
so constructed that said reticle forms one
wall of a chamber confining said ball, and
that the eyepiece further comprises a glass
plate substantially parallel to and spaced
from said reticle and forming another wall of
said ball-confining chamber.

An eyepiece according to the invention
may also be constructed in a way that it com-
prises two glass plates within its housing
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means, the glass plates extending perpen-
dicular to the optical axis of the eyepiece and
spaced from each other in the direction of
said optical axis to form between them a
chamber, said ball being located in said
chamber. Preferably said chamber has a cir-
cumferential peripheral wall of smooth circu-
lar cylindrical shape on which said ball may
roll smoothly when said housing means is
rotated about said optical axis, and wherein
the axial spacing of said two glass plates from
each other is only slightly greater than the
diameter of said ball located between said
plates.

Said ball may be of steel or a drop of mer-

cury.
In an embodiment of the invention one of
said glass plates is a reticle having a diametri-
cal marking thereon and also having an angu-
lar scale arranged circumferentially thereon
and positioned to be read with reference to
one edge of said ball.

Figure 1 is a longitudinal section through
an eyepiece in accordance with a preferred
embodiment of the invention; and

Figure 2 is an illustration of the field of
view as seen through the eyepiece.

Referring to the drawings, the eyepiece of
the present invention comprises the main
housing 7 containing the usual conventional
eyepiece lens members 8 and 9, and having
an eyecup 10 against which the eye of the
user may be placed.

A supplementary or extension housing 6 is
telescopically connected to the main housing
7. In this extension housing 6 there is a reticle
1, preferably in the form of a glass plate
extending perpendicular to the optical axis of
the eyepiece, and marked or graduated with
a length scale and an angle scale. The length
scale extends diametrically across the reticle,
as shown at 2 in Figure 2, and is subdivided in
intervals of 0.2 mm. The angle scale extends
circumferentially around approximately the
lower half of the circumference of the reticle,
the individual graduation lines extending
radially with respect to the circular reticle, as
indicated at 3 in Figure 2. This angle scale is
preferably subdivided in intervals of 2
degrees.

Spaced axially from the reticle plate 1 is a
second glass plate 4, parallel to it and likew-
ise perpendicular to the optical axis. These
two plates form the front and back walls of a
chamber which contains a steel ball 5, free to
roll on the smooth circular periphery of the
chamber so as to place itself, by gravity, at
the lowest point of the chamber. Thus the
ball forms an “artificial horizon” reference
point. The two glass plates 1 and 4 are just far
enough apart to allow free rolling movement
of the steel ball, without unneceesssary play.

The extension tube 6 also contains a diap-
hragm 11 which limits the field of view, pref-
erably to the extent of obscuring the lower

half of the ball 5, as illustrated in Figure 2.
The extension tube 6 may be rotated relative
to the main eyepiece tube 7, as well as be
moved axially to obtain exact focus on the
reticle and ball.

In the use of the present invention, the
eyepiece is applied to the conventional slit
lamp microscope device. When it is desired
to determine the angle of inclination of the
axes of the lens, either the entire eyepiece or
at least the extension tube 6 carrying the
reticle is rotated until the diametrical linear
scale 2 extends in the direction of the axis to
be determined, and the angle thereof is then
read off of the angular scale 3, using the right
hand edge of the ball 5 as the reference point
or reading point for reading the angular
scale. It will be noted from Figure 2 that the
angular scale is offset or displaced in a coun-
terclockwise direction by an amount equal to
the central angle subtended by half the
diameter of the ball 5, so that the right hand
edge of the ball can be used as the reference
point for reading the scale directly without
the need for any further calculation or com-
pensation because of not reading from the
center of the ball.

The accuracy of the angle measurement is
determined by the precision of the position
assumed by the artificial horizon ball at the
end of the turning movement of the reticle
when a measurement is being taken. This
precision of position, in turn, depends on the
value of the static friction of the ball on the
material adjoining it. With rolling friction of
a steel ball on glass, a precision of reading of
the angle of inclination within a tolerance of
one-half a degree can be obtained.

One advantage of the present invention is
that with a brief time of measurement, and
with a simple device, and using a very simple
and uncomplicated method of measurement,
a high degree of accuracy or precision is
obtained. Another advantage is that existing
slit-lamp microscopes may be easily used for
the matching of contact lenses, without any
great expense, simply by using the eyepiece
of the present invention with the existing
microscope.

WHAT WE CLAIM IS:-

1. An eyepiece for angle measurements
by a microscope, said eyepiece comprising
housing means, .a ball within said housing
means which is free to move by gravity and a
reticle which together with the ball forms an
artifical horizon observable by a person look-
ing into said eyepiece.

2. An eyepiece as defined in claim I,
further comprising a reticle within said hous-
ing means, said reticle having a diametrically
extending linear scale and a circumferen-
tially extending angular scale.

3. An eyepiece as defined in claim 2,
wherein said angular scale is so placed with
relation to said ball that said angular scale
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may be read using one lateral edge of said
ball as a reference point.

4. An eyepiece as defined in claim 2,
wherein said reticle forms one wall of a
chamber confining said ball, further compris-
ing a glass plate substantially parallel to and
spaced from said reticle and forming another
wall of said ball-confining chamber.

5. An eyepiece as defined in claim 1,
wherein said eyepiece has an optical axis,
further comprising two glass plates within
said housing means extending perpendicular
to said optical axis and spaced from each
other in the direction of said optical axis to
form between them a chamber, said ball
being located in said chamber.

6. An eyepiece as defined in claim 5,
wherein said chamber has a circumferential
peripheral wall of smooth circular cylindrical
shape on which said ball may roll smoothly
when said housing means is rotated about
said optical axis, and wherein the axial spac-
ing of said two glass plates from each other is
only slightly greater than the diameter of said
ball located between said plates.

7. An eyepiece as defined in claim 6,
wherein said gravity ball is of steel.

8. An eyepiece as defined in claim 6,
wherein said ball consists of a drop of mer-
cury.

9. An eyepiece as defined in claim 5,
wherein one of said glass plates is a reticle
having a diametrical marking thereon and
also having an angular scale arranged cir-
cumferentially thereon and positioned to be
read with reference to one edge of said ball.
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