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UNITED STATES PATENT OFFICE.

WILLY SELKE, OF BERLIN, GERMANY,

APPARATUS FOR PLASTICALLY REPRODUCING OBJECTS.

1,155,010,

Application filed December 14, 1910,

Lo all whom it may concern: :

Be it known that I, Wirny Serke, a sub-
ject of the German Emperor, and residing at
Berlin, Germany, have invented a certain
new and useful Improved Apparatus for
Plastically Reproducing Objects, of which
the following is a specification.

My invention relates to the plastic repro-
duction of objects, and a primary object i
to provide an improved apparatus for plas-
tically reproducing objects by means of pho-
totheodolitic, 7. ¢. photogrammetric - or
stereogrammetric  photographs or plates,
points. from the phototheodolitic photo-
graphs being directly transferred by means
of suitable mechanieal or optical means to a
plastic mass.

In the accompanying drawings varions
forms of the improved apparatus are dia-
grammatically represented by way of ex-
ample.

In said drawings:—Figure 1 is a plan
view of one form of apparatus, comprising
a microscope-stereoscope, adapted to plasti-
cally reproduce objects from stereogram-
metric theodolitic photographs or plates,
which are transferred in such a manner that
points in space are determined by the in-
struments, corresponding te certain points
on the photographs; Fig. 2 is a side eleva-
tion of the same as seen in the direction of
the arrow A in Fig. 1, and Fig. 3 shows a

. detail in side elevation; IMig. 4 is a diagram

indicating how the scale, on which the re-
production is to be made, can be varied, and
Fig. 5 is a like view indicating how the ob-
ject can be reproduced in relief; I ig. 6is a
plan view of an apparatus for the plastic
reproduction with the aid of photogram-
metric theodolitic plates, Fig. 7 is a vertical
section of the same apparatus

Referring first to Figs. 1 to 3, the numeral
1 designates the frame which carries the two
phototheodolitic photographs or plates 2 and
3 located in one vertical plane. binocular
microscope-stereoscope 4, which is movable
vertically on the guide 5 whose base 6 is
slidable in a guide-way 6 in the base of the
frame, can be moved horizontally and ver-
tically in a plane parallel to that of the
plates 2, 8 and is arranged in front of the
latter for observing the same. A graduated
slide 8 which can be moved at right angles
to the pline of the plates 2, 3 is slidable on
the top of the frame 1 and carries a cardanic
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suspension 7, in whose center a pointer 9 is
mounted axially displaceable.  An arm 10
Is firmly connected with the microscope-
stereoscope 4 and is provided at its top end
with a cardanie suspension 11 or the like, in
whose center the pointer 9 is likewise
mounted.

Obviously, all the horizontal and vertical
novements of the microscope-stereoscope 4
are automatically imparted by the arm 10 to
the pointer 9, and as the Iatter is free to rock
in all (]?irec.ti(ms, it may for example, occupy
the positions 9* and 9 indieated by dotted
lines. The original relative position of the
pointer 9, the plates 2 and 3 and the micro-
scope-stereoscope 4 is determined in such a
manner that the direction of 9 stands per-
pendicularly to the plane of the plate 2.and
that - the optical axes of the observing in-
strument 4 pass through the centers of the
plates 2 and 3. Now if f be the focal length
of the lenses of the phototheodolitic camera,
used in exposing the plates 2, 3, and if the
distance between the cardanic suspensions 7
and 11 be adjusted equal to the distance 7,
and if any desired image-point on the left-
hand plate 2 be sighted by moving the mi-

* eroscope-stereoscope -+ both horizontally and

vertically, the pointer 9 will simultaneously
be moved automatically in space into, e .
the position 9* and its longitudinal axis will
exactly represent the direction of that ray
of light which during the exposure of the
plates went from the point of the object in
question and formed the corresponding im-
age-point on the plate. Consequently, the
longitudinal axis of the pointer in the posi-
tion 9* or the extension thereof is the opti-
cal line in-the three-dimensional space in
which the point I which is being sought is
to be found. -

It now remains to determine the distance
of the sought point P in this line from the
vertical plane which is parallel to the plates
2, 3 and passes through the center of rota-
tion of the cardanic suspension 7. I do this
as_follows:—The right-hand phototheodo-
litic plate 3 is carried by a horizontally
movable slide 12 momnted on the frame i.
and is displaceable horizontally by means of
the said slide in its own plane, in order that
the corresponding image-points, which dif-

Afer from each other only in the horizontal .

direction, can be adjusted. The frame 1 also
carries a horizontally movable, graduated
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slide 13, the movement of which is the same
as that of the part 8 and is determined by
the focal length 7 and which carries a bear-
ing 14 revoluble about a vertical axis. A
bearing 15 likewise revoluble about a verti-
cal axis is connected vertically above the
plate 8 with the slide 12.

A telescope 16 having vertical wires,
marks or the like is mounted in the two bear-
ings 14 and 13, it being firmly connected
with the bearing 14 while it is freely axially
displaceable in the bearing 15. The frame 1
has a lateral, horizontal, graduated slide bar
17 parallel with the plane of the plates 2, 3.
A horizontal arm 18 having a millimeter
seale 182, which is longitudinally movable in
the direction of the arrows, as shown in Fig.
3 is slidable freely on this bar 17. A car-
riage 20 is slidable along this arm 18 and
carries a telescope 19 which has a vertical
wire, mark, or the like 192

For the purpose of enlarging the range
of vision. of the telescope 19 I prefer to ar-
range the latter to rock, as shown, in a plane
parallel with the plane of the plates about
a horizontal axis. The support 20 of the
telescope 19 has a short vertical mark 20

which corresponds with the mark 19* of the

telescope 19, as shown in Fig. 3. Now when
a parallax ¢ (by parallax is to be under-
stood the value, by which the two images of
a point deviate from one another, when the
two photographs are supposed to be super-
posed, the one on the other, in such a man-
ner that the two images of an infinitely dis-
tant point coincide) is set by moving the
plate 3 horizontally, the telescope 16 will
simultaneously automatically swing, for ex-
ample, out of its normal position shown in
full lines into the position 16* shown in
dotted lines. But as this telescope is at the
same height as the arm 18, when looking
through the telescope located in the position
16* the arm 18 will be seen. When using the
instrument the distance of the arm 18 from
the vertical axis of the bearing 14 is made
equal to the base B, 4. e. the distance between
the objectives when the exposure was made,
and then the point Z at which the visual
ray of the telescope in the position 16*
strikes the arm 18 is the sought distance of
that image point whose parallax « has been
set.
the telescope 16 in the position 162, by shift-
ing the telescope 19 along the armr 18 its
vertical mark 20° is caused to register with
the scale division which is seen in the tele-
scope 16, when the optical axis of the tele-
scope 19 will lie in the required plane.
‘When the telescope 19 is in this position, its
optical axis is located in the so-called Z-
plane of all image points of like parallax
« and consequently this plane contains the
point P which is being sought in space. It
now only remains to look through the tele-

“field of the telescope 19.

Now while one person looks through -
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scope 19 to sight the pointer 9 in its posi-
tion” 9 and simultaneously to displace the
pointer 9 axially until its point apparently
contacts with the vertical mark 19* in the
At this moment
the point of the pointer 9 represents the
image point P placed back into space.

Instead of the pointer 9 I may use a tele-
scope and transter the point P, at which the
two visual rays of the telescopes intersect
when in the positions 9" and 19%, by means of
suitable modeling instruments to the plastic
mass. ,

The work-piece or plastic mass 21 1s ar-
ranged behind the frame 1 on a rotatable
gradnated table or plate 22 which can be
displaced on the graduated table 23 in a
direction at right angles to the plane of
the plates 2, 3. After the desived number
of image points have been transferred in
the above described manner to the one side
of the work-piece, the latter is rotated an
angle equal to the angle which another pair
of stereophotogrammetric plates formed
daring the exposure with that last em-
ploved, whereby it is possible to work an-
other side of the work-piece in accordance
with other phototheodolitic plates.

Fig. 4 illustrates how plastic reproduc-
tions may be made on various seales accord-
ing to my invention. For example, if it is
wished to make the reproduction half the
natural size, I place the arm 18 at a dis-
tance 3B from the axis of rotation of the
bearing 14 equal to half the base I3 which
was used when the exposures were made.
The Z-plane is now obtained at Z*, so that
the image point P is displaced to P* and the
natural dimension @ of the plastic repro-
duction is diminished in all three dimen-
sions to Ja.

Fig. 5 illustrates how reliefs can be made
one-third the natural height according to my
invention. Any image point which e. g. has
the parallax o and is afterward to be located
in the plane of the background of the relief
is first selected on the plates 2 and 38 and
the range-plane of this point is found in the
manner described above with reference to
Figs. 1 to 8. Instead of the rotatable plate
292, a vertical background plate 22* is then
placed on the table 23 and pushed into the
position shown-in full lines with its face in
this range-plane found for the said select-
ed point. The movable scale 18* in the. arm
18 Tig. 38 is then shifted longitudinally until
the zero point of its scale coincides with the
range-plane, as shown. Any other desired
image point, which e. ¢. has the parallax o,
is then selected on the plates 2 and 3, where-
upon the appertaining range-plane 2%, e. ¢.
at the division 15 of the scale 182, is found
according to the above described mode of

‘operation, and the appertaining point P? in

space. This point 1s located at a natural
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and correct distance, ¢. g. 15 divisions, from
the face of the background 22%. Now when
a relief is to be made having one-third this
natural and correct height, the background
plate is placed with the aid of the seale 28¢
two-thirds of 13 divisions toward the front,
/e at division 10 of the scale 23 in the po-
sition shown at 22% in dotted lines. The re-
maining distance from 22 to the point P*
is then equal to the height of the relief, 7. e.
to one-third the natural height.  The
heights of all the other measured points of
the work-picce are reduced in the same man-
ner, so that a reliet one-third the natural
height is produced.  Reliefs may also be
made according to my invention in another
manner. Referring to Fig. 1, if the distince
of the axis of rotation of the suspension 7
from the similar axis of the suspension 11°
is made equal to §f instead of equal to 7,
when sighting the plate 2. the point of the
pointer 9 will move three times the normal
distance, so that the face of the work-piece
or plastic mass becomes enlarged threefold;
the natural correct depths, however. simul-
taneously remain as in Fig. 1. so that these
are now too small relatively to the three-
fold frontal expansion., and therefore a re-
liet having one-third the natural height is
obtained.

Fig. 6 shows how an apparatus for plastic
reproduction with the aid of photogrammet-
rie plates, 4. e. phototheodolitic plates, whose
axes formed an angle with one another when
exposed. A ground-plate 24 is provided
with a guide-way 24 two slides 25 being
horizontally movable along this guide-way.
A plate 26 is fitted on each of these slides
rotatable about a pivot 27 and carries a
microscope 4* fixed to it, a guide-way 28
and_a cardanic-suspension 7 and 7* respec-
tively, the center of which latter lies ver-
tically above the pivot 27. The plates 2
and 3* are fixed each on a snpport 29, which
support is vertically movable by means of a
guide-way 30. Kach-of the pointers 9 and
9 passes through the cardanic-suspension 7
and 7 respectively and through a cardanic-
suspension 31, which latter is fixed on the
top of the support 29 corresponding to it.
‘The two plates 2* and 3* are placed at an
angle to one another corresponding to that
used during the exposure, exactly as pre-
viously the stereogrammetrie plates were ar-
‘anged parallel to one another correspond-
ing to_their parallel position during expo-
sure. Iirst the image pointsof theleft-hand
plate 2* are sighted with one ocular, prefer-
a microscope 4%, when the pointer 9
swings automatically exactly as described
above with reference to Ifig. 1, in the three-
dimensional space and fixes the direction in
which the sought point P is located in space.
This same operation is then repeated with

5 the right-hand plate 8* and the direction of

3

the other corresponding sighted image point
determined in like manner by a second
pointer 9", The distance between the centers
of rotation 7 and 7 is equal to the hase 13

‘used during the exposure of ‘the ‘photegrum-

metrie plates. s soon as the points of the
two pointers tonch one another, the sought
point P is automatically located in the three-
dimensional space and can be transferred to
the work-piece 21. In this case also one or
two sighting devices, such as 16 in Fig. 1.
may be employed instead of one or hoth
pointers.

Reproductions on a changed seale are

made by the distance B between. the two

bearings 7 and 7 being varied in propor-
tion to the desired enlargement or reduction.
This distance can be read off on a scale 25
provided on the ground-plate 24%.

The hereindescribed apparatuses for plas-
tically reproducing phototheodolitic photo-
graphs or plates may be very considerably
constructively varied without departing
from the spirit and scope of my invention.
For example, the antomatic movements of
the sighting devices 9 and 16 may be brought

about by connecting these devices with the )

two plates and making these movable, while
the microscope-stercoscope remains station-
ary. Likewise, the two phototheodolitic
plates may be mounted horizontally and the
driving and supporting bearings for the
sighting devices 9 and 16 may be arranged
in other suitable manner. Also, the tele-
scopes 16 and 19 may be substituted by
metallic pointers. The movements of the
telescope 19, of the arm 18 and of the vari-
ous slides may be brought about in any de-
sired manner. :

I am aware that it has heretofore been
proposed to make plastic reproductions ac-
cording to ordinary photographic plates or
photographs by means of a stippling proc-
ess. Tamalso aware that it is well-known to
measure  stercogrammetric’ phototheodolitic
photographs or plates by means of a micro-
scope-stereoscope and directly to transfer
the measurements to drawing devices, with
the aid of which plans or maps can be made.
Also, it is well-known to observe virtual

images through a Wheatstone’s mirror-

stereoscope for the purpose of constructing
topographical” plans. "T do not broadly
claim any apparatus for carrving into prac-
tice these known methods, but—

I claim:—

1. An apparatus for plastieally reproduc-
ing an object with the aid of two photothe-
odolitic photographs of the said object com-
prising optical observing instruments, means
for moving the said photographs and the
said optical observing imstruments relatively
to one another for directing the said instru-
ments on’ corresponding points of the said
photographs, a plurality of movable carriers
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of directional lines and means for transmit-
ting positively the said relative movement to
said movable carriers.

9. An apparatus for plastically reproduc-
ing an object with the aid of two photothe-
odolitic photographs of the said object,
which photographs lie in one plane, com-
prising optical observing instruments, means
for moving the said photographs and the
said optical observing instruments relatively
to one another for directing the said instru-

ments on corresponding points of the said

photographs, three movable carriers of di-
rectional lines and means for transmitting
positively the said relative movemernt to two
such carriers, the latter carriers being rota-
table about adjustable points, the third car-
rier containing a marl, being displaceable n
the direction parallel to. the photographs
and being adapted to coact with one of the
said two other cdrriers. .

3. An apparatus for plastically reproduc-
ing an object with the aid of two photothe-
odolitic photographs of the said object,
which photographs lie in one plane, com-
prising optical observing instruments, means

- for moving the said photographs -and the

said optical observing instruments relatively
to one another for directing the said instru-
ments on corresponding points of the said
photographs, three movable carriers of di-
rectional lines and means for transmitting
positively the said relative movement to two
such carriers, the latter carriers being rota-
table about adjustable points, the third car-

1,155,010

rier containing a mark, being displaceabl
in the direction parallel to the photographs
and being adanted to coact with one of the
said two other carriers, the dependency of
the angular movements of this latter carrier
on the relative movements of the observing
instrument and the photograph, which both
pertain to this carrier, being variable.

4. An apparatus for plastically reproduc-
ing an object with the aid of two photothe-
odolitic photographs of the said object,
which photographs lie in one plane, com-
prising optical observing instruments, means
for moving the said photographs and the
said optical observing instruments relatively
to one another for directing the said instru-
ments on corresponding points of the said
photographs, three movable carriers of di-
rectional lines and means for transmitting
positively the said relative movement to two
such carriers, the latter carriers being rota-
table about adjustable points, the third car-
Mer containing a mark, being displaceable
in the direction parallel to the photographs
and being adapted to coact with one of the
said two other carriers, the distance between
the plastic reproduction and the photo-
graphs being variable.

In testimony whereof, I affix my signature
in the presence of two witnesses.

. WILLY SELKE.
‘Witnesses:
Hexry HASPER,
- Worpedaar Haurt.

Copies of this patent may be’ obtained for five cents each, by addressing the “ Commissioner of Patents,
‘Washington, D. C.”
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