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OPTICAL FOCUSSING SYSTEMS

Joseph Dahl, Schwerin, Germany; vested in the
Alien Property Custodian

Application filed June 27, 1540

This invention relates to an optical system for
the focussing of real images, which may be inter-
mediate images.

It is an okject of the present invention to effect
the foeussing by comparison of at least two im-
ages or image portions.

It has been proposed already to compare such
images, for Instance, by producing on the focus-
sing screen of a camera a plurality of more or
less sharp images in succession, and to focus
the camera ln aceordance with that image of
the series which appears to be the clearest, as
judeed by the operator. Also, in my co-pending
patent application Ser. No. 255,721, 10 Feb. 39, it
has been suggested already to produce the images
in different planes and to compare said Images or
image portions as to thelr sharpness until they
show the same sharpness; In this case, the plane
of optimum sharpness 1s defined between the two
planes of comparison.

It is ah Important object of the present inven-
tion to provide a very simple arrangement for
achieving optimum sharpness in the focussing of
images of the type referred to.

‘With this and further objects in view. as may
become apparent from the within disclosures, the
invention conslsts not only in the structures here-
in pointed out and illustrated by the drawinegs,
but includes further structures coming within
the scope of what herelnafier may be claimed.

The character of the Invention, however, may
be best understood by reference to certain of its
structural forms, as illustrated hy the accom-
panying drawings in which:—

Flg. 1 1s a dlagrammatle view of an arrange-
ment having the invention applied thereto, em-
ploying mirrors.

Fig. 2 is a fragmentary, schemaitic, longitu-
dinal section of a photographic camera having
the invention applied thereto.

Fig. 2a is a perspective view of the front plate
of sald camera as viewed from plane 11, Fig, 2.

Fig. 3 is a diagrammatic view showing a modt-
fication in which plane parallel plates of differ-
ent thickness are used.

Fig. 4 is a diagram showing a further modifi-
catlon, comprising glass plates having different
relraction.

Fig. 5 is a diagram of still another modifica-
tlon.

Fig. 6 i1s an axial section of a distance meter
or range finder having the invention applied
thereto.

Pleg. 7 is a perspective view, partly in sectlon,
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of a fteld glass or binoceular of the prism type,
having the invention applied thereto.

Pig. 74 is g detail of Fig. 7.

Fig. 8 is a purely schematic longitudinal sec-
tion of an episcope, having the Invention applied
thereto.

Similar characters of refsreuce denote similar
parks in the different views.

The fundamental idea of the present invention
consists in producing on a common plane real or
virtial Images or image portions corresponding
to light paths of different length, for comparing
said images or image portions as to their sharp-
ness,

The optical system is then adjusted until the
images or imgage porticns show the same degree
of sharpness, whereupon the setiing is finished.
In other words, I produce simultaneously Images
having different light paths, by optical eans, in
order to attain magimum accuracy of setting by
comparison of said images, inuage portions or In-
termediate Images.

The differential length of the light path from
the exit pupil of the optical system producing
the image to the projection plane or plane of the
intermediate image for the images or image por-
tiens may be attained, for instance, by directing
thelighi rays through a mirror or refiecting prism
the reflecting surface of which is subdivided into
at least two planes. Intercepting said images or
image portions of different light paths, for in-
stance, on a foeusslng ccreen, one of the two im-
ageg Oor Image portions will be sharply focussed
in a certaln position of the intercepting plane,
while the other image or image portion will be
out of focus with respeect o said plane. Again,
with another position of the intercepting plane,
reverse eonditions will be prevailing with respect
to the two images or image portions, Intermedi-
ate said two exfreme positions of the Intercepting
rlane there is only & single position of the said
plane in which the two images or image portions
show the same degree of sharpness, and in this
position, the desired optimum sharpness of the
image is ohtained.

Similarly, where intermediate images are
looked at, for instance, by means of an ocular,
the optieal system may be set to produce a similar
impression as to the comparative sharpness of
the intermediate images or lmage portions pro-
dueed in somewhat staggered parallel planes.

The planes of the subdivided mirror or prism
may be adjustable, so as to permit their use in
conngction with optical systems of different type.
The planes of the refleeting system may be sub-
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divided In various manners, for example, in the
form of strips, of a chess-board, of concentric
clrcles or the like. In order to simultaheously
produce two ldentical images of the same object
with different light paths, for comparison, a cross
mirror may be used the two mirror surfaces of
which are made to be semi-transparent.

According to a further feature of the inven-
tion, the differential light path may be produced
by special optical means, for instance, by the
provision of & subdivided plate having portlons
of different thickness, or of different Index or
refraction. Moreover, prisms of different index
of refraction may be used Instead of plates. Fur-
thermore, it i1s contemplated that the mirror or
reflection systems may consist partly or entirely
of glasses having an optical flltering effect, for
instance, of glasses producing special contrast
effects.

Referring now to the drawings in greater de-
tail, and first to Fig. 1, item { is the objective of
an optical system the exit pupil of which is indi-
cated at 2, Item 3 1s a step mirror, or the re-
flecting surface of a step prism by which the
particular effect is obtained in accordance with
the gist of the present invention, It will be
noted that owlng to the stepped shape of the
reflecting surface 3, travelllng paths 4, 4 and
5, 5 of different length are provided for the
Hght passing from the objectlve | and projected
onto the plane T which may be a focussing screen
or Intermediate image plane. As & result, at
least one image point, 1. e., point 6 in the present
example, falis outside sald plane 1, or, In other
words, a sharp image point 8 and a circle of dis-
persion 9 will appear on the plane 1.

Now, the setting has to be carrled out In such
a manner that the degrees of sharpness at 8 and
9 becoma equal, which wlll be the case in the
plane of the circles of dispersion of equal size,
namely, the measuring plane which is to be
found.

It will be appreciated that there are varlous
further practical possibilities for providing the
required difference in the length of the light
paths or for splitting up the Images which are
to be compared. Thus, for Instance, Instead of
mere geometric differences of the distances, the
mirrors and refiectlon systems may be optically
different. Furthermore, combinations of geo-
metric and optic differences may be used within
the scope of the Invention. For instance, the
light paths of different length may be produced
by a subdivided plate having portions of different
thickness or different Index of refraction, such
systems being shown In Figs. 3 to 5.

Referring to Figures 3 to 5, the exlt pupil of
the objectlve 1s indicated at AP, while 18 1s &
plane parallel plate, items 19 and 20 are the
relatively staggered image points and n, 71, na
are the indices of refraction of the plate 18 or of
the different portions of plate I8, respectively.

The operatlon of the system shown In these
Figures is as follows: According to Fig. 3, the
lower portlon of the plane parallel plate 18 Is
substantially thinner then the upper portion
while the index of refraction n is the same
throughout the plate. It will thus be seen that
while the upper and lower light rays 21 and 22
are deflected by the same angle owlng to the
angle of refractlon of the glass, the total deflec-
tlon of the two light rays is different in accord-
ance with the different thicknesses of the upper
and lower portlons of the plate 18, whereby the
Image point 20 comes {o lle at a point having a
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greater distance from the exit pupll AP than the
image point §9.

In Fig 4, the principle is similar, but the por-
tions 18’ and i8’" are of the same thickness while
the Indices of refraction ni, na, of the two por-
tions are different, whereby the angles of deflec-
tion become different and, as a result, the corre-
sponding image points 19 and 20 are produced at
different distances from the exit pupil AP.

A very simple practical form of the principle
of Flg. 3 is lllustrated in Fig. 5, showing a plane
parallel plate {8 disposed In the course of the
upper half of the pencil of rays only, whereby
the same deflecting effect is produced as in Fig, 3.

Referring now to Flgures 2, 2a¢ and 6 to 8, show-
ing some practical forms of the Invention, and
flrst to Figs. 2 and 24, there are provided two
transparent mirror surfaces {1 and 12 cooperat-~
ing with mirrors 15 and 48 which are spaced,
¢. g., by different distances a and a:, respectively,
from the axis b of the cross mirror system. The
rays 13, 14, passing from the two mirror surfaces
11 and 12 towards both sides will therefore have
to travel through paths of different length and,
in consequence, will produce sharp images In dif-
ferent planes, as indicated by the points 6 and 8.
It is possible, however, by moving the common
ground glass 171 into an Intermediate plane be-
tween points 0 and 6, as indicated at 1T, to ob-
tain an image the two portions of which show
exactly the same degree of sharpness, or, more
precisely, of lack of sharpness. In this case, the
plane i7" which on removal of the focussing
screen or ground glass 17 represents the active
surface of the photographic layer, 1s exactly in
focus with respect to the non-deflected light rays,
or, strictly speaking, a plane will be in focus
spaced from plahe 171a by a constant amount cor-
responding to the length of lateral deflection 13,
or 14, respectively. Accordingly, in order to make
the exposure, the cross mirrors i, 12, which may
be mounted in a frame 18° hingedly connected
to the front plate 17 of the camera, In which the
objective may be threadedly engaged, are swung
out of the light path, into the position indicated
in Fig. 2a. This may be effected by means of a
Bowden control 10 passing to the outside through
a light-tlght bore in plate I1T. The light tight
bellow of the camera is indicated at 19 and it
will be understood that conventional means (not
shown) are provided in the camera for adjusting
the distance between objective | and focussing
screen IT In accordance with the comparative
sharpness of the two images or image portions
ITe and 17b at the bordering Une IT¢ there-
between.

Instead of swinging the cross mirrors i1, §2 out
of the light path, 1t is also contemplated that two
parallel optical systems may be provided, after
the manner of a mirror reflex camera, the cross
mirrors 11, 12 being tnserted In the finder system.,

Referring now to Fig. 6, showing a range finder
or distance meter, 20 is a tubular member in the
left end of which the objective lens system 20’ is
mounted while In the right hand end, a second
tubular member 2/ is slidably seated for opera-
tion by a rack and pinion drive 22, 23, whose pin-
lon 23 is secured on a base member 24 together
with the tube 20. The ocular system 25 is mounted
in a sleeve 26 threadedly engaged in member 2,
50 as to permlt adaptation of the optical system to
the special conditions of the eves of the operator.
A semi-clreular or sector shaped plane parallel
Dlate 27 15 secured in the member 21, and advan-
tageously in the Intermediate plane A—A of the
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whole optical system, as Indicated by the light
rays 28, 29.

This device operates in accordance with the
general principle illustrated in Figs. 3, 4 and 5,
and especially in accordance with the latter fig-
ure, the plane parallel plate 27 corresponding to
plate I8 of Fig, 5. Accordingly, as explained
above, & focussing difference Is produced and, in
order to obtain optimum sharpness, the pinion
23 has to be operated until the upper and lower
image portions show the same degree of sharpness
at the dividing line, at the lower edege 27’ of plate
21. 1In this case the point whose distance from
the distance meter is to be measured is in focus
and its distance mav be read from the scale 30
in connection with & second scale provided at
the operating knob (not shown) of the pinion 23.
The rack and pinion mechanism and said scales
are advantageously constructed similar to & mi-
crometer, with high accuracy of the parts, so as to
permit very accurate measurements.

The device shown in Fig. 6 may also be used as a
telescope. In this cese, the plate 27T also serves
to facilitate accurate adjustment. Of course,
theoretically, owing to the working principle pro-
ducing a focussing difference, it 1s not possible to
obtain simultaneously 1004 sharpness of both
image portions owing fo the focussing difference
between the two image portions produced by the
plete 21. However, according to an important
feature of the Invention, it is possible to chose the
conditions in such & manner that the remaining
dispersion lies under the 1imit of perceptivity of
the human eve, which 1s defined by the fact that
the human eye {s unable to perceive from a dis-
tance of 250 mms two object polnits spaced by less
than 0.07 mm. In other words, the lower llmit
of perceptlvity is 60’7, It follows that it is possi-
ble to provide a system in which the focussing
difference and the dispersion due to the plane
parallel plate or other differential member 1is less
than 60’ in case of a symmettical focussing dif-
ferenee of the two image portions to be compared,
so that there is no perceptible loss of sharpness at
all, with respect to observation by the human eye,
while the focussing difference and consequent dis-
persion Is more than 60’ in case of a nonsym-
metrical focussing difference of the two ilmage
portions. Therefore, In devices for direct observ-
ation, it is not necessary to withdraw the differ-
ential member from the light path.

Fig. 7 {llustrates a prism binocular which ag re-
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gards the arrangement of the optical system {s of
known type and, therefore, does not require de-
talled description, except that the prism 2t is
composed of two portions 43’ and 41'* consisting
of glasses of different angles of refraction (e. g.,
41’ may be flint glass and 41’’ ecrown glass, re-
spectively), as best seen In Fig. Ta, showing the
two adjacent halves drawn apart. In this man-
ner, a differential length of the path of the light
passing through the two prism portions may be
provided, for the purpose set forth. By way of
alternative, or in addition, a plane parallel plate
may be inserted into the lght path, as indicated
at 48 In dotted lines, to form the differential mem-
ber.

Fig. 8 is a dlagram of an episcope comprising a
source of light 42, a condenser 43, a picture 44
which Is to be projected, a mirror 45 and a lens
system 4T. 1In order to focus this episcope, as by
threeding the lens system 27 in the casing 48, the
normal plane mirror 4%, indicated in dotted Unes,
may be replaced by a step mirror 45', whereby
the effect explained with respect to Fig. 1 will be
produced. Afterwards, the plane mirror 45 may
be re-Inserted, for the projection. By way of
alternative, a removable plane parallel plate may
be inserted at a suitable polnt In the course of the
light rays, as Indicated at 49 In dotted lUnes, in
accordance with the arrangement of Fig. 5. It
should be noted that the episcope system has been
shown purely schematically to explaln the man-
ner in which my invention may be adapted to it,
and various optical implements which are known
by those skilled in the art to be required for oper-
ation of the eplscope have heen omlitted for the
sake of clarity.

Advantageously, a fllter plate may be inserted
in the course of the light rays for Increasing the
contrasts of the iImages and so to facilitate a com-
parison of the sharpness of the contours. A filter
plate of this type has been indicated at 3¢ in Fig.
6, in dotted lines. Suitable types of Alter glass
are well known in the art.

The method and apparatus of the present in-
vention have been described In detall with refer-
ence to specific embodiments. It is to be under-
stood, however, that the Invention Is not limited
by such speclfic reference, but is broader in scope
and capahle of other embodiments than those
specifically described and 1llustrated in the draw-
ings. _

JOSEFH DAHL,





