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ABSTRACT OF THE DISCLOSURE

Arrangement combining a laser range finder, including
transmitter and receiver, with a sighting mechanism, in-
cluding an ocular, for dstermining the distance of a
target and for adjusting the angle of elevation required
to fire a projectile at the zarget. The laser range finder
and the sighting mechamism have partially coextensive
beam paths. A divider mirror in the beam path of the
sighting mechanism directs received rays to the laser re-
ceiver and sighting mechamism ocular. A reticle plate ar-
ranged in front of the mixwor is connected to an element
of an optical system provided in front of the laser trans-
mitter. The reticle plate amd such element are displaceable
transversely to the optical axis of such optical system.
Means provided in the tweam path to the laser receiver
block the rays reflected frewm the target to which the laser
receiver is sensitive, excepg for rays, which correspond to
the transmitted beam im divergence and direction and
which are within the visible portion of the spectrum; the
former being passed to the laser receiver and the latter to
the ocular of the sightimg mechanism via the divider
mirror. Means are also swupled between the laser re-
ceiver and the reticle plate for displacing the reticle plate
and such element in respowise to signals from the laser re-
ceiver. By this arrangememt, adjustments can be. made in
the elevation angle required for a projectile to reach the
target.

The present invention raiates to an arrangement where-
in a visual sighting meckanism is coupled with a laser
range finder and wherein the arrangement is provided with
a device which adjusts for #he angle of elevation required,
e.g. for a weapon associazed with the arrangement to fire
a projectile at a target.

A device of this type #s known wherein the angle of
clevation for a weapon associated with the device is de-
termined by adjusting a metating pair of prisms provided
in the beam path of both ghe sighting mechanism and the
laser transmitter, Since thwe rotating prisms must receive
each beam path in contradistinction to a single beam path,
the diameter of the opticat systems for the pair of rotat-
ing prisms and also for the associated optical components
positioned in front thereof must necessarily be corre-
spondingly larger. It has therefore been suggested that

this disadvantage may be &vercome by directing the beam’

of rays of the laser transenitter within the region of the
beam path of the sighting mechanism. However, this is
impossible without limitissg the field of a portion of the
beam required for the visxal sighting device, Aside there-
from, the use of a rotatissg prism pair represents a sub-
stantial increase in the sst of the device because the
prisms, of necessity, must be made of a complicated con-
struction in order that the prisms have good optical and
mechanical properties.

Another dxsadvantage «f the prior arrangcmcnts is that
whcn the mcchamsm i% morporated mto armored ve-
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nection between the adjusting device in the interior of the
vehicle and the rotating prisms located on the outside of
the vehicle.

Additionally, there is a further disadvantage in that
rotating prisms generally produce astigmatic distortions
and secondary chromatic aberrations. Furthermore, the
components can not be cemented together because of the
intense laser radiation and the resulting glass-air areas
cause disturbing reflections.

It is an object of the present invention to provide an ar-
rangement of a sighting mechanism coupled with a laser
range finder which is of simple construction and economi-
cal to produce.

It is another object of the present invention to provide
a combined sighting mechanism and laser range finder
having a common optical system for a portion of the
beam paths.

It is a further object to provide a combined sighting
mechanism and laser range finder having an optical sys-
tem which is relatively free of distortions.

In accordance with the present invention, the afore-
described disadvantages of the prior arrangements are
overcome by providing in front of a chromatic divider
mirror mounted in a conventional manner in the beam
path of a sighting mechanism, a reticle plate, and connect-
ing the plate with an element of the optical system ar-
ranged in front of a laser transmitter, with the plate being
mounted for displacement transverse to the optical axis.
There is further provided in the beam path of a laser
receiver, optical means which block the rays to which the
laser receiver is sensitive, except for the rays which are
reflected from the target and correspond to the trans-
mitted beam in divergence and direction and for the rays
within the visible portion of the spectrum which are fed
to the ocular of the sighting mechanism via the divider
mirror.

. According to a feature of the invention, the blocking
may be accomplished by providing a coating on the re-
ticle plate, except for a small central surface portion, for
blocking the rays lying beyond the visible portion of the
spectrum to which the laser receiver is sensitive. Thus the
coating forms a diaphragm for limiting the beam of rays
used for measuring and which is united with the reticla
plate,

Although the arrangement including a coating as a dia-
phragm for blocking the rays is more economical than
prior arrangements, the coating increases the expense of
the arrangement. Therefore, according to another feature
of the invention, the diaphragm is separated from the re-
ticle plate and is mounted in a plane that is optically re-
lated to the plane of the reticle plate. There is further
provided means which ensure that the received rays that
are used for measuring and which are parallel to the
transmitted rays always enter through the center of the
diaphragm regardless of the position of the reticle plate.
The diaphragrm may be adjusted to correspond to the dif-
ferent positions of the reticle plate by means of a com-
plicated gear arrangement. However, the present inven-
tion provides a simplified arrangement wherein a two-
member optical system having a parallel beam path be-
tween the two-members is arranged in front of the fixed
diaphragm of the laser receiver. The reticle plate image is
then produced in the diaphragm plane, and the member of
the system which is adjacent the reticle plate is connected
to the reticle plate and is displaceable with the plate in a
plane transverse to the optical axis. The beam divider is
suitably arranged between the reticle piate and the mem-
bcr of the two-member systemn which is arranged in front
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According to a further feature of the present invention,

. there is provided a pancratic or zoom lens telescopic sight

-as the sighting mechanism, wherein the sight may be used

with the laser range finder or as an auxiliary system in
place of the laser range finder.

Additional objects and advantages of the present in-
vention will become apparent upon consideration of the
following description when taken in conjunction with the
accompanying drawings in which:
~ FIGURE 1 is a schematic view of the combined sight-
jng and laser beam measuring device having the reticle
plate coupled with the device for blocking rays.
~ FIGURE 2 is a front view of the recticle plate of FIG-
'"URE 1 with a target indicated thereon in dash-dot lines.

' FIGURE 3 is a schematic view of another embodiment
of the present invention having a pancratic telescope sight
and a deflection device.

FIGURE 4 is a further embodiment of a combined
sighting and laser beam measuring device according to

. the present invention having a reticle plate and a dia-
phragm that are arranged in different planes.
" Referring now to the drawings, there is shown in FIG-
URE 1 a reticle plate 9 arranged in front of a chromatic
divider or semi-reflecting mirror 1 which directs a portion
2a of the rays 4 coming from an objective 3 of the sight-
ing mechanism to a laser receiver § and reflects a por-
‘tion 2b via a field lens 6 and a mirror 7 to an ocular 8
with the field of view plane 29 being arranged in the ocu-
far image plane. As can be seen, a plane parallel plate
‘1g supports the mirror 1. As shown in FIGURE 2, the
reticle plate 9 which is fully permeable for the visible
portion of the spectrum carries the line configuration 10
and is provided, outside of the central portion 11, with
a cpating 12 which is impermeable to laser rays, the size
of the central portion 11 being determined by the scatter-
ing angle of the laser transmitter and by the focal length
of the optical system of the sighting mechanism provided
in front of the reticle plate, The coating may be of any
suitable type such as a reflective coating effective only for
laser rays. The reticle plate is connected with the nega-
tive optical member 13 of a two optical member Galilean
system 14 and is displaceable with the member 13 in the
“direction of arrow A transverse to the optical axis of the
‘two member optical system.

The ‘Galilean system has an axis 15 which extends in
parallel with the center line of the objectives 3 and is
arranged in front of a laser transmitter 16, whereby the
negative member 13 which is connected to the reticle plate
causes a deflection of the transmitted laser rays. The dis-
placement of the negative element has the same optical
effect as the displacement of the reticle plate. The dis-
placement can be done in two coordinates at right angles
to the optical axis of the laser transmitter and at right
angles to the optical axis of the optical system provided
in front of the divider mirror, respectively, i.e., in a plane
transverse to the optical axis. A computer 17 is connected
via a cable 18, with the laser beam measuring device and
transmits its commands to the reticle plate 9 via the con-
nection 19, The mechanical means for adjusting the sight-
ing mechanism are not illustrated in the drawing.

The mode of operation of thc arrangement shown in
FIGURE 1 is essentially as follows: At first, the sighting
procedure is carried out in the conventional manner
through use of the visual sighting mechanism with the ¢n-
tire system including a weapon coupled thereto, being set
on the target with respect to height and direction. There-
after, the range finding process is carried out by means
of the leaser beam device, In this process, the rays 15
emitted by the laser transmitter 16 are received by the

. objective 3 after reflection at the target and pass through
" the central aperture 11 of the reticle plate 9 to the divider
mirror 1 and to the receiver 5. The sighting mechanism is
provided with conventional protective devices which are
acluated during the laser range finding. The divider mir-
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shown in FIGURE 3, a prismatic cube. The reflective
coating 12 prevents undesired rays from passing through
the reticle plate for these would otherwise impair the
measuring result.

The laser beam range finding process is similar to a
radar distance measuring process in that the time interval
between the emission and reception of the transmitted
beam is an indication of the distance of the target. The
distance information is then fed to the computer 17, to-
gether with other values such as wind speed and direction,
target speed, etc. The computer processes this data and
determines the elevation and lead angle for the target and

. transmits the result to the plate 9 via the connection 19.
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The reticle plate 9 and the lens 13 are then shifted in
accordance with the computer calculation to compensate
for the elevation angle necessary for a projectile to reach
the target. However, the shifting of the plate and the lens
13 results in the target no longer being centered in the
cross-hairs 10 of the plate 9 since the line of sight is no
longer directed at the target and therefore the entire sight-
ing arrangement and the weapon coupled thereto are
shifted to again center the target. The movement of the
weapon and the sighting arrangement thereby provide the
required elevation angle necessary for a projectile to
reach the target. The laser beam range finding process
may then be repeated to check the target range without
having to return the entire arrangement to a basic set-
ting. However, any further changes causing a further shift-
ing of the reticle plate will also have to be compensated
for by a corresponding movement of the entire apparatus.

In FIGURE 3, which is another embodiment according
to the present invention, there is shown a movable mirror
20 provided behind the objective 3; whereby in case of
inoperativeness or non-use of the laser device, the re-
ceived rays are directed to a pancratic or zoom lens range
finder 21 combined with the sighting mechanism. For this
purpose, a further deflection mirror 22 and an additional
field lens 23 are provided in the beam path. Further-
more, the mirror 7 in this embodiment must be collap-
sible, i.e., capable of being swung out of the axis of the
pancratic system. The deflection system also includes a
range finding mark 24, arranged in the ocular 8.

In the arrangement of FIGURE 3, the range finding
procedure can be carried out by means of the pancratic
system 21 in case the laser device is inoperative, or as a
supplement to the laser measuring process. However, in
order to use the pancratic system for range finding, the
mirrors 20 and 7 must be moved into the position shown
in solid line in FIGURE 3. This range finding is then
accomplished by changing the enlargement scale of the
pancratic system until the target configuration on the
range finding mark 24 is adjusted to the size of the target
so that the mark is rendered congruent with the target.
The adjustment path for changing the magnification
which is an indication of the range, can then be used to
set the elevation angle of the weapon or the movement
of the lens system can be transferred to the reticle plate
9 via means which are not illustrated, and the elevation
of the weapon carried out as discussed in connection
with FIGURE 1.

Thus, the zoom lens system may be used with the
laser arrangement as a complementary system, or as an
auxiliary system in place of the laser arrangement for
the purpose of range finding.

Furthermore, it is also possible to obtain an auxiliary
range finding without using a pancratic optic by provid-
ing in the ray path of the visual sighting mechanism a
conventional range finder comprising two mutually dis-
placeable sections. In this conventional arrangement, as
well as in the arrangement using a pancratic system, the
range finding mark is positioned in the image plans of an
intermediate image producing system included in the
auxiliary system. In order that only this measuring murk
be visible in the ficld of vision, it is advantageous to cir-
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by means of a mirror arramgement similar to that of
FIGURE 3. However, if the range finding marks are ad-
vantageously arranged, for example in such a manner
that they do not overlap ome another, the feature of
eliminating the reticle plate by deflection mirrors can be
omilted.

In the arrangement shown in FIGURE 4, which is a
further embodiment of the present invention, there is
provided a further two-memiber optical system compris-
ing lens 2%a and lens 25h, a diaphragm 26 and a lens
27 arranged in front of the iaser receiver 5. Reflected
rays sre directed to the beam divided mirror via the ob-
jective 3 arranged in the optical axis 4 of the laser re-
ceiver, after passing through the reticle plate 9. The
beam divider 1 splits the received rays so that a portion
of the rays is fed to the ocwlar 8 of the sighting device
via the deflection mirror 7 and the other portion passes
through the beam divider to the laser receiver via the
two member system 25, the diaphragm 26 and the lens
27, with diaphragm 26 corresponding to the coating 12
as shown in FIGURE 1 for imiting the beam of rays
used for measuring the range.

The reticle plate 9 is arramged in the front focal plane
of the lens 25a and the diaphragm 26 in the back focal
plane of the lens 25b of the system 25 which is con-
structed to provide collimated rays between the two
lens members, whereby the fmage of the reticle plate is
produced in the diaphragm plane. The lens 254 is fixedly
connected with the reticle plate 9 through a connecting
member 30 and together with the plate is displaceable in
a plane transverse to the optical axis of the system. The
negative member 13 of the Galilean system 14, which is
arranged in the beam path I3 of the laser transmitter
16, is also coupled with the reticle plate and is displace-
able therewith. The reticle plate 9 is controlled via the
cable 19 from the computer 17 which evaluates the
measuring results fed to it from the laser beam range
finder via cable 18.

The mode of operation of the device shown in FIG-
URE 4 is as follows: As im the operation of the ar-
tangement of FIGURE 1, the range finding process is
first performed in a convemtional manner by using the
sighting device, whereby the entire arrangement includ-
ing the coupled weapons is set on the target in height
and direction. The target line of the telescope, the trans-

. mitted laser beam, the received laser beam and the bore

axis of the weapons are them arranged parallel to each
other. The measuring of the range is then performed
by means of the laser range finding device. The rays 15
transmitted by the transmittex 16 are in a conventional
way received by the objective 3 after having been re-
flected by the target and then reach the chromatic di-
vided mirror 1 after having entered through the reticle
plate 9. The divided mirror meparate the visible portion
of the rays and directs that portion to the ocular 8 of
the sighting device with the lsser beams being passed to
feceiver 5 via the system 25 amd the lens 27. The results
of the recetver are fed to the computer 17 for calcula-
tion of the angle of lead amd elevation which is then
transferred to the reticle plate 9 by displacing the same.
" The displacement of the negative member 13 and the
lens 25a with the reticle plate results in the target line
of the telescope as well as the transmitted and received
laser beam being maintained paralle]l to each other, but
forming as desired, an angle relative to the weapon cou-
pled therewith. The shifting of the reticle plate 9 and
the sight line toward the target is then compensated for
by counter-steering the entire sighting arrangement and
the weapons, thereby providing the elevation angle re-
quired for a projectile to reach the target.

-The operation of the present embodiment is depend-
ent upon the displacement of the lens 25q with the reticle
plate. Due to the afore-described construction of the
system 25, it is provided that in any angular position
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existing between the transmitted beams and the bore
axis of the weapons coupled to the sighting arrangement
only those received rays that enter parallel to the trans-
mitted rays are directed in the desired way through the
center of the diaphragm 26 to the laser receiver S for
a true determination of the range.

Thus, it is seen from the afore-described embodiments

. that the present invention provides arrangements includ-

ing laser beam range finders which directly adjust for the
angle of elevation by movement of the reticle plate. These
arrangements are economical to produce and are relative-
ly free of distortion since the need for additional optical
components of complicated structure is eliminated. As
shown, the present invention also provides means for
limiting the rays passed to the laser receiver, such as the
coating on the reticle plate and the separate diaphragm
in a different plane from that of the reticle plate, in order
to provide a true measurement of the target range.

It will be understood that the above description of the
present invention is susceptible to various modifications,
changes, and adaptations.

What is claimed is:

1. A combined sighting mechanism and laser range
finder arrangement for determining the distance of a
target from the arrangement and for adjusting for the
angle of elevation required for a weapon associated with
the arrangement to fire a projectile at the target, the ar-
rangement comprising, in combination:

a laser range finder including a laser transmitter for
transmitting laser rays to a target along a beam path
and a laser receiver for receiving reflected rays from
the target along a beam path;

a sighting mechanism optical system having a beam
path and including an ocular, said beam path of the
sighting mechanism optical system and said beam
path of the laser receiver being at least partially co-
extensive;

a divider mirror mounted in the beam path of said
laser receiver for transmitting received rays from the
target to said laser receiver and for reflecting received
rays from the target for direction to said ocular of
said sighting mechanism optical system;

a two-member optical system arranged in the beam
path of said laser transmitter; :

a reticle plate mounted in front of said divider mirror
in the beam path of the laser receiver and the sight-
ing mechanism optical system and coupled to one
member of said two-member optical system for dis-
placement in a plane transverse to the optical axis of
such two-member optical system, such displacement
adjusting the elevation angle required for a projec-
tile to reach the target;

means for passing to said laser receiver that portion of
the rays reflected from the target which correspond in
direction and divergence to the transmitted rays and
to which said laser receiver is responsive, and for
passing to said ocular of the sighting mechanism op-
tical system that portion of the rays reflected from the
target which fall within the visible spectrum by way
of said mirror, and for blocking the other rays to
which said laser receiver is responsive; and

means coupled between the laser receiver and the ret-
icle plate and responsive to signals from said laser
receiver for displacing the reticle plate and said one
member of the two-member optical system in said
transverse plane thereby to adjust for the elevation
angle required for a projectile to reach the target.

2. An arrangement as defined in claim 1 wherein said

0 reticle plate is fully permeable for the visible portion of

75

the spectrum and said means for passing and for blocking
the rays is a coating impermeable to laser rays provided
on said reticle plate having a small open portion of a pre-
determined size at the center of said reticle plate for pass-
ing the rays to which the laser receiver is responsive, the
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size of said open portion being determined by the scatter-
ing angle of said laser transmitter and by the focal length
of the optical system of said sighting mechanism.

3. An arrangement as defined in claim 2 wherein the
coating provided on said reticle plate outside of the cen-
tral open portion reflects rays to which the laser receiver
is responsive,

4. An arrangement as defined in claim 1 whereln said
two member optical system is a Galilean system, said
member connected with said reticle plate being the nega-
tive lens thercof.

S. An arrangement as defined in claim 1 wherein said
sighting mechanism is a pancratic telescopic sight.

. 6. An arrangement as defined in claim 5 wherein said
pancratic telescopic sight is provided with a range finding
mark for auxiliary range finding in addition to the laser
range finder.

7. An arrangement as defined in claim 6 wherein said
pancratic telescopic sight includes an image-reproduc-
ing system and said range finding mark is provided in
the image plane of said system. ]

8. An arrangement as defined in claim 1 wherein said
divider mirror is a chromatic mirror and a plane parallel
plate supports said mirror.

9. A combined sighting mechanism and laser range
finder arrangement for determining the distance of a target
from the arrangement and for adjusting for the angle of
elevation required for a weapon associated with the ar-
rangement to fire a projectile at the target, the arrange-
ment comprising, in combination:

a laser range finder including a laser transmitter for
transmitting laser rays to a target along a beam path
and a laser receiver for receiving reflected rays from
the target along a beam path;

a sighting mechanism optical system having a beam path
and including an ocular, said beam path of the sight-
ing mechanism optical system and said beam path of
the laser receiver being at least partially coextensive;

a divider mirror mounted in the beam path of said laser
receiver for transmitting received rays from the tar-
get to said laser receiver and for reflecting received
rays from the target for direction to said ocular of
said sighting mechanism optical system;

4 two-member optical system arranged in the beam

" path of said laser transmitter;

10

15

20

25

30

35

40

45

8

a reticle plate mounted in front of said divider mirror
in the beam path of the laser recciver and the sight-
ing mechanism optical system and coupled to one
member of said two-member optical system for dis-
placement in a plane transverse to the optical axis
of such two-member optical system, such displacement
adjusting the elevation angle required for a projectile
to reach the target;

means for passing to said laser recciver that portion of
the rays reflected from the target which correspond
in direction and divergence to the transmitted rays
and to which said laser receiver is responsive, and
for blocking the other rays to which said laser receiver
is responsive, said means for passing and for blocking
the rays being a fixed diaphragm mounted in front of
said laser receiver;

means coupled between the laser receiver and the reticle
plate and responsive to signals from said laser re-
ceiver for displacing the reticle plate and said one
member of the two-member optical system in said
transverse plane thereby to adjust for the elevation
angle required for a projectile to reach the target;
and ' .

a further two-member optical system arranged in front
of said fixed diaphragm, one member of said further
two-member optical system being adjacent to said
reticle plate and connected therewith for displacement
fransverse to the optical axis of a portion of the sight-
ing mechanism optical system, said further two-mem-
ber optical system providing a parallel beam path
therebetween and producing the image of said reticle
plate in the diaphragm plane.
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ABSTRACT OF THE DISCLOSURE

An integrated first-surface reflector and transducing
sensor, in a kincmatic mount, for use in optical systems
such as laser range finders, the sensor being positioned be-
hind the reflector to use the small amount of light un-
avoidably transmitted therethrough.

BACKGROUND OF THE INVENTION

This invention relates to the field of optical instruments
and more expressly to laser range finders, Tt is frequently
desirable to provide an optical instrument with means for
making known the exact instant when a beam of light is
received or transmitted. One method of accomplishing this
has been to insert a fiber optics tap into the optical path,
but this has the disadvantage of reducing the available
light intensity by reducing the effective area of the beam.

SUMMARY OF THE INVENTION

Our invention may be used wherever the light path re-
quires a reflecting surface and where the light is of suitable
intensity. It comprises a photodiode mounted behind the
reflecting surface, to make use of the otherwise wasted
light energy transmitted through the reflecting surface,
which is typically a layer of metal on the surface of a
block of optical glass.

BRIEF DESCRIPTION OF THE DRAWING

In the drawing FIGURE 1 is a view enlarged of an as-
sembly embodying the invention and FIGURE 2 is the
section taken along the line 2-—2 of FIGURE 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Our invention comprises an assembly 10 mounted in
an aperture 11 in the housing 12 of an optical instrument
such as a laser range finder by suitable means such as
screws 13. Assembly 10 includes a backing member 14
having a bore 15 to receive a photodiode 16 having ter-
minals 17 and 20, the sensitive surface of the diode being
within bore 15 which is enlarged at 21 to avoid occultation
of the sensor. Diode 16 is pressed or otherwise suitably re-
tained in bore 15.

A mirror 22 includes a block 23 of optical glass having
a first reflective surface 24, and is.received in a cap 25
having a flange 26 traversed by a plurality of mounting
screws 27 which pass through compression springs 30 and
which are received in thread bores 31 in member 14.
The rear surface of block 23 is engaged by the ends of a
plurality of adjusting screws 32. Screws 27 and 32 co-
operate with springs 30 to comprise a kinematic mount
for mirror 22.

Assembly 10 is so positioned with respect to housing 12
as to receiving a beam of light, specifically laser light,
which is shown at 33, and to reflect as large a portion as
. possible of that light, as shown at 34. It is unavoidable
that a certain minor portion of the incident light is not
reflected but transmitted through surface 24, as at 35, to
impinge on photodiode 16,
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OPERATION

Whenever light of suitable intensity is supplicd at 33,
a portion thercof acts at 35 to energize diode 16, which
thereafter gives an electrical output. This output can be
used for any desired purpose: in one embodiment of the
invention the diode signal was used as an indicator of zero
time for a laser range finder, since it occurred at the in-
stant when a laser pulse was transmitted at 34 to emerge
from the output optics of the device.

In the foregoing disclosure of the invention we have set
forth details and advantages of its structure and function,
and the operation and the novel features thereof are
pointed out in the appended claims. The disclosure, how-
ever, is illustrative only, and changes may be made within
the principle of the invention, to the full extent indicated
by the broad general meaning of the terms in which the
appended claims are expressed,

We claim as our invention:

1. Apparatus for indicating the presence of a beam of
light comprising, in combination: a mirror comprising
a block of optical glass, having a plane front surface
coated with metal to form a reflector, and a flanged
mounting cap enclosing said block and apertured to ex-
pose said front surface reflector;

a backing member including adjustable spacing means

projecting therefrom;
means securing said mirror to said backing member
with the rear surface of said block in contact with
said spacing means, including means traversing the
flange of said cap and resiliently urging said cap
toward said backing member while preventing sig-
nificant lateral movement therebetween;
means for mounting said member so that said front
surface reflector is positioned to reflect radiant en-
ergy impinging thereon; and .

detector means comprising a photodiode mounted in
said backing member to receive a portion of the radi-
ant energy transmitted through said reflector and
said block.

2. Apparatus for indicating the presence of a beam of
light comprising, in combination: a mirror comprising a
block of optical glass, having a plane front surface coated
with metal to form a reflector and a flanged mounting cap
on closing said block and apertured to expose said front
surface reflector;

a backing member including adjustable spacing means

projecting therefrom;

means securing said mirror to said backing member

with the rear surface of said block in contact with
said spacing means, including means traversing the
flange of said cap and resiliently urging said cap
toward a said backing member while preventing sig-
nificant lateral movement thercbetween;

means for mounting said member so that said front

surface reflector is positioned to reflect radiant en-
ergy impinging obliquely thereon; and

* detector means comprising a photodiode mounted ec-
centrically in said backing member to receive a por-
tion of the radiant energy transmitted through said
reflector and said block.
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L.ASER RADAR SYSTEM
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ABSTRACT OF THE DISCLOSURE

A compact optical system which changes the trans-
mitted output of a laser unit into a slender rectangular
beam which is scanned back and forth at right angles
to the length of the rectangle while, simultaneously, the
field of view of associated receiver optics is scanned
across a detector unit in synchremism with the scanning
motion of the transmitted beam.

Optical systems for tracking of laser-illuminated targets
are known in the art. Such systems include optical trans-
mitter and receiver combinations for transmitting energy
and receiving echoes reflected back from target objects.
In most of the known systems the transmitter and re-
ceiver are made separately and are used at spaced posi-
tions so that the transmitted signal is reflected back
through some angle from a target object to a receiver.
Such devices present problems of accurately directing each
transmitter and receiver for target object picked up and
of coordinating the transmitter and receiver relation for
object tracking.

Composite optical transmitter and receiver devices have
been developed that utilize annular transmitter and re-
ceiver reflectors so that the signals are transmitted and
received concentrically or coaxially to and from a target
object. )

The present invention utilizes optical transmitter and
receiver devices which move in unison and function to
transform the output of a laser crystal into a beam
whose cross section is a slender rectangle, and to scan
the rectangular beam back and forth in a direction at
right angles to the length of the rectangle while simul-
taneously scanning the receiver field of view across de-
tector cells or an eyepiece in synchronism with the scan-
ning motion of the transmitter fan beam.

Therefore, it is an object of this invention to provide
an optical system,

A further object of the invention i3 to provide an
optical system having synchronized transmitting and re-
ceiving optics.

Another object of the invention is to provide an optical
system for a laser radar.

Another object of the invention is to provide an op-
“tical system for a laser radar where the transmitting and
receiving optics are inter-related through a scanning
mechanism which causes the receiver to be always look-
ing at whatever objects the transmitter is illuminating.

Another object of the invention is to provide an optical
system which transforms the output of a laser crystal into
a beam whose cross section is a slender rectangle, and
to scan the rectangular beam back and forth in a direc-
tion at right angles to the length of the rectangle while
simultaneously scanning the receiver field of view across

_a_detector unit in synchronism with the scanning motion
" of the transmitter fan beam.

Other objects of the invention, not specifically set forth
above, will become readily apparent from the following
description and accompanying drawing wherein:
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FIG. 1 is a plan view of an embodiment of a trans-
mitter-receiver unit utilizing the optical system of the
invention; .

FIG. 2 is a schematic illustration of the inventive opti-
cal system; and

FIG. 3 is a perspective view of the drive assembly for
the optical system,

Broadly, the invention, as illustrated, relates to an
optical searching device comprising a laser, a transmitting
channel, a receiving channel and detecting means. Align-
ment of the transmitter and receiver in the searching
mode - is accomplished by the use of a two sided scan
mirror, alternate sides of the mirror cooperating on the
one hand with the laser beam to scan a given area, and
on the other with detector cells to align their field of
view with the beam. Specifically, the system comprises
transmitting optics including a first lens and an adjust-
able mirror which deflects the laser output to beam shap-
ing optics comprising a projecting lens and a cylindrical
lens. In the receiver a single collecting lens is interposed
between the scan mirror and the reflected energy. A syn-
chronized drive assembly is utilized to operate the scan
mirror. :

Referring now to the drawings, the device illustrated
is the opfical system of a laser radar. The optical sys-
tem consists of two main parts, the transmitting optics
indicated generally at 10-and the receiving optics indi-
cated generally at 11. These two parts are interfocked
through the scanning mechanism indicated generally at
12, which causes the receiver 11 to be always looking at
whatever objects the transmitter 10 is illuminating.

The transmitting optics 10 receives the output or beam
13 of a laser crystal indicated at 14, which is a beam of
circular cross section, and forms it into a beam of rec-
tangular cross section. In the process of transforming the
beam 13, the transmitting optics 10 reduces the beam
divergence in one dimension and increases its divergence
in the other dimension. This is done in two stages. A
collimator comprising a first lens 15 and a projecting
lens 16 is used to reduce the beam divergence in both
dimensions and then a cylindrical lens 17 is used to in-
crease the divergence in one dimension.

The receiving optics includes a lens 18 which images
the target complex onto the detector cell or cells 19. The
target is regarded as being at infinity because its distance
from the receiver collecting lens 18 is many times the
focal length of the receiving optics 11. Scanning is ac-
complished by the use of a single two-sided plane mirror
20 oscillated by the mechanism shown in FIGS. 1 and
3. The light to be transmitted is reflected from one side
of the mirror 20, and the received light is reflected from
the other side. Because both reflecting surfaces are de-
posited on the same substrate, any rotation of the sub-
strate will be faithfully converted into a proportional
rotation of both the transmitted beam and the receiver
field of view.

As shown in FIG. 2, the beam 13 of light from a
laser 14 is first reflected by the scan mirror 20 onto the
first lens 15 of the collimator which focuses the beam
into a bright spot indicated at 21. Because of the oscil-
lating motion of the scan mirror 20, the focal point
or bright spot 21 moves back and forth, thereby pro-
viding the basis for the scanning motion of the trans-
mitted beam, this being accomplished by the drive as-
sembly illustrated in FIGS. 1 and 3 described in detail
hereinafter. After passing through the focal point or
bright spot 21, the rays diverge as they move toward
a projecting lens 16 via an adjustable mirror 22. After
passing through the projecting lens 16, the rays are
nearly parallel. The divergence of this nearly parallel
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beam is related to the divergence of the original beam
13 from the laser 14 as follows:

f10=fp¢
where:
fr=focal length of the first lens 15
fp=focal length of the projecting lens 16
p=divergence of the laser 14 output
¢=divergence of output from projecting lens 16

Because the ratio of f, to f; would typically be 5 to 1,
the output beam divergence is only one fifth the diver-
gence of the input luser beam. This output beam diver-
gence is satisfactory for the narrow dimension of the
sectangular beam cross section, but the divergence is
not great enough for the longer dimension of the beam.

To broaden the beam in the long dimension, the di-
verging (negative) cylindrical lens 17 is inserted into
the optical path following the projecting lens 16. The
resulting long dimension of the beam is:

)

¢+2 are ctn tj['c

where:

¢=divergence of output from projecting lens 16

fe=focal length of cylindrical lens 17

d—diameter of the bundle of rays falling on the cylin-
drical lens 17

The adjustable mirror 22 is used in the transmitted
beam path between the first lens 15 and the projecting
lens 16 to change the direction of the rays and to pro-
vide an adjustable capability which is accomplished via
adjustment screws indicated at 23 in FIG. 1.

The receiving optics 11 consists of the réceiver col-
lecting lens 18 and the scan mirror 20. The receiver
collecting lens 18 focuses the rays toward the detector
cell or cells 19 which is adjustably mounted by the
mechanism indicated at 24 in FIG. 1, the cell being
omitted in FIG. 1 for clarity. Along the optical path
between the receiver collecting lens 18 and the detector
cell or cells, the rays are reflected by the scan mirror
20 which changes their direction and imposes a scanning
motion on the image formed at the detector cell 19
which lies in the image plane of the receiver collecting
lens 18. This scanning motion is provided through the
drive assembly illustrated in FIGS. 1 and 3 and de-
scribed hereinbelow.

The detector cell 19 remains motionless. It is desired
that the detector cell 19 always receives the radiation

indicated at 25 returned from the spot or target illu- -

minated by the scanning transmitted beam 26. There-
fore, the scene formed by the receiver collecting lens 18
must be scanned across the detector cell 19 by exactly
the right amount to keep the image of the moving illu-
minated spot or target centered on the detector cell. To
achieve this degree of synchronism, the present inven-
tion makes use of the scan mirror 20 which is silvered
on both faces for use by the transmitter 10 and receiver
11. Thus, the common scan mirror 20 produces identical
movements of the rays in the transmitting and receiving
“portions of the optical system. Because the projecting
lens 16 and the receiver collecting lens 18 have different
focal lengths, the necessary condition for synchronism
is that: ]
r N

I fo

where:
r—distance of recciver image plane from scan mirror 20.

In practice, the distance r is varied systematicaliy until

synchronism is achieved. .
Referring now lo the scan mirror drive assembly illus-
truted in FIGS. | and 3, a lever member 27 is oper-

ativel Approved For Release 2009/04/10 : CIA-RDP&1-00120R000100010021-3

10

20

30

35

40

(A
o

60

4
at 28 on the housing 29 of the optical system. Lever 27
is spring biased in one direction by spring 30 and in the
opposed direction by cam follower 31 driven by cam
32 which in turn is driven by a prime mover or motor

. 33 via a gear train indicated generally at 34, the gear

train 34 being mounted in a support member 35. The

_motor 33 may be electric or other suitable type.

A potentiometer 36 is also driven through gear train
34 and functions to determine thc angular position
(phase) of the cam 32 and thus providing a means
whereby the target location can be read out electrically -
at the instant the target is registered by the detector
cell or cells 19.

Housing 29 is provided with a pair of slots 37 which
permits the drive assembly for lever 27 to be moved
toward or away from the scan mirror 20 whereby the
scan mirror 20 can be moved through different scan
angles to enlarge or decrease the field scanned due to the
cam follower action on different effective lever arm
lengths of lever 27. Screws or other attaching means in-
dicated at 38 serve to hold the support housing 35 of
the drive assembly fixed in slots 37.

It is thus scen that the present invention provides a
laser radar having an optical system which utilizes a
single scanning mirror to insure synchronism between
the transmitter and receiver functions. Also, the novel
use of the cylindrical lens to form a beam having a
rectangular cross section thereby provides an advance
over the prior known systems.

Although a rectangular beam cross section is utilized
herein, the scan synchronizing technique is equally appli-
cable to other beam shapes such as multiple fan beams
or V-beams, however the forming optics for such beams
would be different.

By substituting an eyepiece and a human observer in
place of the detector cell, the system could be used for
visual -scanning with illumination. This approach could
be useful in directing. a searchlight beam against an air-
craft, due to the observer's eye remaining fixed during
the scanning.

Although a particular embodiment utilizing the inven-
tion has bheen illustrated and described, modifications
will become apparent to those skilled in the art, and it
is intended to cover in the appended claims all such modi-
fications as come. within the true spirit and scope of the
invention.

What we claim is:

1. A laser radar comprising, in combination, a laser
unit, synchronized transmitting and receiving optics, and
detecting means, said laser unit being operably disposed
to transmit a laser beam to an associated target via said
transmitting optics; said receiving optics being operably
disposed to receive a laser beam reflected from said asso-
ciated target and to direct said reflected beam to said
detecting means; said transmitting and receiving optics
including a dual sided mirror-like scanning means opera-
bly disposed between said transmitting optics and said
receiving optics for synchronizing said receiving optics
with said transmitting optics; and means operably con-
nected to said scanning means for moving said scanning
means; said transmitting optics additionally including an
adjustable mirror, a first lens operably disposed between
said scanning means and said adjustable mirror for direct-
ing said laser beam onto said adjustable mirror for reflec-
tion therefrom, a second lens operably disposed to receive
said reflected laser beam from said adjustable mirror, said
second lens causing the rays of said reflected laser beam
to diverge to a substantially paraliel pattern, and a third
lens operably located adjacent said second lens to receive
said substantially parallel rays of said reflected laser beam
and to broaden said beam in a jong dimension; said scan-
ning means being pivotally mounted for reflecting said
luser heam onto said [first lens while simultaneously re-
flecting the received beam onto said detecting means; the
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. changes in the direction of the respective beams reflected
from said scanning means,

2. The laser radar defined in claim 1, wherein said
receiving optics additionally includes a lens for collect-
ing the bcam rays reflected from said associated target
and focusing the rays toward the detecting means via said
scanning means,

3. The laser radar defined in claim 2, wherein said
dual sided scanning means consists of a plane mirror
_silvered on both faces which thus produces identical
movements of the rays being transmitted and received.

4. The laser radar defined in claim 3, wherein said
means for moving said scanning means includes a prime
mover, gear means drivingly connected to said prime
mover for movement by said prime mover, a cam op-
eratively connected to said gear means and responsive
to the movement of said gear means, a cam follower
operably disposed relative to said cam and responsive to
movements of said cam, a lever operatively connected to
said scanning means and to said cam follower, said cam
follower biasing said lever in one direction to move said
scanning means, and bias means operatively connected
to said lever and responsive to movements of said cam
and cam follower for biasing said lever in a direction op-
posed to that of said cam follower.

8. The laser radar defined in claim 4, wherein a po-
tentiometer is drivingly connected to said gear means,

6. The laser radar defined in claim 5, additionally in-
cluding means operably connected to said detecting
means for adjustably positioning said detecting means.

7. An optical system comprising: a source of light,

transmitting optics from transmitting light from said
source to a target, receiving optics for receiving light
returned from said target, and means operably disposed,
between said transmitting optics and said receiving optics
for synchronizing said receiving optics with said trans-
mitting optics; said synchronizing means comprising a
. pivotally mounted dual sided mirror-like means, and
means operably connected to said mirror-like means for
oscillating said mirror-like means; said transmitting optics
comprising an adjustable mirror, a first lens operably dis-
posed between said dual sided mirror-like means and said
adjustable mirror, a second lens, said adjustable mirror
operably positioned between said first and second lenses,
and a third lens located on the side of said second lens
opposite said ajustable mirror; said pivotally mounted
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mirror-like means reflecting the light from said source
onto said first lens while simultaneously reflecting the
returned light onto detecting means; the oscillation of
said mirror-like means causing corresponding changes in
the direction of the respective beams reflected from said
mirror-like means. '

8. The optical system defined in claim 7, wherein said
receiving optics includes a collecting lens.

9. The optical system defined in claim 8, wherein said
means for oscillating said dual sided mirror-like means
includes a lever means operatively connected to said
mirror-like means, biasing means operatively connected
on one side of said lever means for biasing said lever
means in one direction, and means operatively connected
on the side of said lever means opposite said biasing
means for driving said lever means against said biasing
means. -

10. The optical system defined in claim 9, wherein said
driving means includes a cam and cam follower.

11. The optical system defined in claim 10, wherein
said cam and ¢am follower are driven by a prime mover
via gear means operatively connected to said prime
mover and to said cam and cam follower for driving said
cam and cam follower.

12. The optical system defined in claim 11, addition-
ally including means driven by said oscillating means
for determining the angular position or phase angle of
said cam.
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ABSTRACT OF THE DISCLOSURE

A laser range finder device in which a small sample
of the pulsed light beam tramsmitted by the laser head
is fed back to the receiver optics along an optical path
inciuding a light deffusing element.

The invention relates to faser apparatus and, more
particularly, to laser range finders and like devices which
comprise a laser transmitter to transmit a pulsed beam
of radiation toward a target, an optical objective system
for receiving a beam of refiected laser radiation from
. such target and a detector for detecting such reflected
radiation.

Devices of this kind form an important field of appli-
cation for lasers. They may be used, e.g. in conjunction
with suitable electronic counters to measure the time
lapse between the transmittat of a pulse by the laser and
the reception of a reflected pulse from the target whereby
the distance to such target can be determined. Tn addi-
tion to range finders in the strict sense, e.g. optical radar
systems fall into the category of apparatus to which the
invention is applicable.

In order to accurately define the zero point of the
time measurement a sample of the radiation pulse trans-
mitted by the laser is directly fed to a radiation detector.
The electric pulse thus generated may be used to start
an electronic counter or utilized in any other manner
according to the specific purpese of the device envisaged.

It has hitherto been common to provide a separate
detector for generating the zero pulse and such detector
is placed beside the Iaser beam and receives a fraction
of the laser beam either from a small mirror projecting
into the laser beam or from a wire grid which is posi-
tioned in front of the laser and scatters some of the radia-
tion thereof into the direction of the zero pulse detector.

Tt is an object of this invention to provide simple means
to guide a required amount of radiant energy from the
laser beam to the detector detecting the radiation reflected
by the target, so that the same is also utilized as zero
pulse detector. It is a further object to provide such
means which permits the amount of energy from the
laser beam that is incident on the detector to be easily
adjusted within wide limits. A still further object is to
provide such means which does not require critical adjust-
ments to ensure that a sample of the laser beam is incident
on the detector.

In accordance with the invention, broadly, means are
provided to diffuse a portion of the radiation of the pulsed
beam transmitted and to make such diffused radiation
incident on the optical objective system so that a sample
thereof is detected by the same detector which detects
the reflected radiation. In a preferred embodiment opti-
cally active surfaces are placed in the laser beam trans-
mitted and in the reflected beam entering the optical
" objective system so that radiation from the laser beam
transmitted is directed into the objective system via said
surfaces, and at least one of these surfaces has radiation
diffusing properties. More specifically, the surface in the
laser bpnm tranemittod mav ha a mirrar rafantlon
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placed at an angle to the beam, axis, whereas the surface
in the reflective beam is a diffusely reflective or diffusely
transmissive surface. In order to permit adjustment of
the intensity of the sample of radiation coupled back to
the detector, the angle of any of such surfaces, or of
both, relative to the respective beam axes may be made
adjustable.

A particularly simple embodiment is achieved by pro-
viding a rod-like element of a material which is trans-
parent to the laser radiation and one end of which projects
into the laser beam transmitted and is so shaped that a
portion of that beam enters the element and is guided
thereby toward the other end of the element which projects
into the reflected beam and has a diffusing exit surface
for the radiation. Suitably, such element is a straight rod
which is supported in a plane substantially perpendicular
to the laser beam axis so as to be rotatably adjustable
about its own axis, and has two beveled end faces one of
which at least has radiation diffusing properties.

The radiation diffusing surface in the device according
to the invention ensures that in all circumstances radia-
tion from the laser beam will be incident on the optical
receiver within the extremely small spatial angle from
which radiation is passed on to the detector, without
having to resort to delicate adjustments which other
available means, such as mirors, would require. On the
other hand it provides automatically the necessary weak-
ening of the radiant energy before reaching the detector.
Since the zero pulse and the echo pulse are both produced
by the same detector and processed by the same electronic
circuits, the intensities of the direct laser radiation and
the reflected radiation on the detector should be in the
same order and this may necessitate an attenuation of the
laser beam by a factor of, e.g. 106 to 108. This is brought
about by scattering almost all of the laser radiation picked
up from the beam outside the small spatial angle which
the optical receiver system passes on to the detector and
which may be in the order of 1 milliradian. Furthermore,
by adjusting the angular positions of the diffusing and/or
reflective surfaces in the device described, their apparent
area or their effectiveness in directing radiant energy
toward the detector can be controlled with a view to
varying within wide limits the amount of energy incident
on the detector.

The drawing illustrates diagrammatically a preferred
embodiment of a laser range finder constructed in ac-
cordance with the invention. In the drawings:

FIG. 1 shows the device in longitudinal cross section;

FIG. 2 shows a partial front view; and

FIG. 3 shows the coupling element of the device at a
larger scale.

In FIG. 1, the housing 1 of the device has two com-
partments separated from each other by a light tight
partition. In the upper compartment a laser device 2 is
housed, whereas the lower compartment contains a tele-
scope 3 diagrammatically shown as comprising an objec-
tive 4, a prism image inverting system 5 and an eye piece
6. The laser and telescope axes are parallel, In the focal
plane of the eye piece a recticle 7 is provided to permit
accurate sighting on a target the distance to which is to
be measured. o

The laser which generally will produce infrared radia-
tion, has in the embodiment illustrated a ruby rod as its
active medium, which is optically “pumped” by means of
a helical flash lamp 9. High energy pulses of very short
duration are generated by means of a roof prism 10 which
borders the laser cavity on one side and can be rotated
very fast by driving means not specificially shown in the
drawing, a technique well-known in the art as Q-switch-
ing. The resulting pulsed beam of monochromatic coher-
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angle and is accurately parallel to the axis of the tele-
scope 3.

A parallel beam 12 of radiation which has been reflected
‘by the distant target is focused by the objective 4. In the
convergent beam behind the objective a beam splitting
prism 13 is positioned which is preferably provided with
a dichroit surface 14 which, in well-known manner, is
virtually transparent for visible light but selectively reflects
infrared components of the incident radiation including
the laser radiation toward a prism 15. Through a narrow
pass-band filter 16 the laser radiation falls on a diaphragm
or field stop 17 which is positioned in the plane of best
focus and has a pin point aperture corresponding to the
target point to which the laser beam has been directed.
The radiation admitted by the aperture is detected by a
photomultiplier 18. Whereas through the eye piece 6 the
whole field of the telescope 3 may be observed the photo-
multiplier 18 receives only the reflected laser radiation
‘from a small target in the center of such field.

To derive a starting or zero pulse for the time meas-
urement a sample of the radiant energy of the laser beam
11 is coupled back to the photomultiplier 18 directly by
means of a rod 19 of a material which is transparent to
the laser radiation and which has one end projecting into
the laser beam whereas the other end projects into the
reflected beam 12. The manner in which the rod is mount-
ed appears best from FIG, 2, whereas FIG. 3 shows the
end portions of the rod on an enlarged scale.

The rod is cylindrical in shape and rotatably mounted
in a hole of a support 20 attached to the instrument hous-
. ing 1. A milled ring 21 fixed to the rod 19 facilitates its
angular adjustment and a blade spring 22 maintains the
rod in the selected position.

. Both end surfaces of the rod 19 are beveled at 45° with
the rod axis (FIG. 3). Surface 23 is optically polished
flat 4nd serves to deviate by total reflection incident radia-
tion from the laser beam entering the rod through its
cylindrical surface towards the exit surface 24. This latter
surface has been made diffuse, e.g. by grinding, such that
radiation reaching this surface is scattered in a wide spatial

angle, as illustrated by the bundle of arrows in FIG. 3.

Thus, an extremely small fraction only of this radiation
will enter the objective 4 at such an angle as to be ad-
mitted by the pin hole of the field stop 17 to the detector
18. On the other hand, the rod need not be adjusted to
any precision since the scattering at the diffusing surface
24 ensures that some of the laser radiation will in all
circumstances be within the small field angle which the
objective 4 focuses on the pin hole of field stop 17. The
amount of energy actually incident on the detector can be
easily adapted to the requirements of the detector and
its related circuitry by rotating the rod 19. Thereby the
angle at which the laser beam sees the surface 23 and
hence the apparent effective area of this surface is varied,
as well as the percentage of the radiation leaving the rod
at surface 24 which eventually falls on the detector 18.
The latter is true since, generally, the diffusion caused at
surface 24 will not be such that the intensity of the result-
ant radiation is equal in all directions.

Many modifications may be applied to the apparatus
shown and described without giving up its essential ad-
vantages and without leaving the domain of the invention

_in its broader aspects., As an example, it is within the
scope of the invention to utilize separate small reflectors
in the laser beam and in the reflected beam at angles with
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respect to the beam axes such that the reflcctor in the
reflected beam receives some of the radiation deviated
by the reflector in the laser beam. At least one of these
reflectors may have diffusing propertics, or a separate dif-
fusing element, such as a ground glass, may be mounted
in the optical path dcfined by the reflectors. Alternative-
ly, a reflector in the laser beam may be omitted and a
diffusing element of any kind, such as a grid, may be -
provided therein, in combination with a mirror in the
reflected beam, to transmit some of the scattered radia-
tion to the optical receiver. Preferably, in devices for
military purposes it should be avoided, however, to use a
diffusing element in the laser beam that scatters radia-
tion in forward directions also, since this would facilitate

“detection of the range finders by enemy forces. Finally, it

will be understood that a rod-like element like the one
described, instead of being straight, could have curved end
portions and light entrance an exit surfaces perpendicular
to the beam axes of which at least one has light diffusing
properties.

What I claim is:

1. In a laser range finding device comprising a laser
transmitter to transmit a pulsed beam of radiant energy
concentrated in a narrow spatial angle toward a target;
an optical receiver including an objective for focusing a
parallel beam of radiant energy reflected from said target
in a focal plane, a pin hole field stop in said focal plane to
discriminate between reflected radiant energy entering said
objective within said narrow spatial angle and other radia-
tion, and a detector disposed behind said field stop for
detecting such reflected radiant energy; a mirror reflective
surface placed in said transmitted pulsed beam at an
oblique angle to the laser axis for deflecting a sample of
said transmitted pulsed beam so as to become incident on
said objective, and a diffusing surface placed in front of
said objective at an angle to the objective axis, for optical-
ly diffusing said sample before entering said objective,
whereby some of the radiant energy in said sample is
projected by said objective on the pin hole of said field
stop and received by said detector, the angle of at least
one of said mirror reflective surface and said diffusing sur-
face being adjustable.

2. The device defined in claim 1, wherein said mirror
reflective surface and said diffusing surface are beveled
end faces of a radiation transparent rod supported in a
plane perpendicular to the laser axis and rotatably ad-
justable about its own axis.
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RANGE FINDER WITH LIGHT BEAM
CORRECTION

_Morris Schwartz and William Castedello, Stam=

ford, Conn., assignors to The Kalart Company
Ine., Stamford, Conn.

Application February 28, 1946, Serial No. 650,927
7 Claima, (Cl, 38—2.7)

1

This invention relates to licht beam projecting
range finders, particularly to range finders of the
type in which a source of light is positioned be-
tween two light deviating means or reflectors,
one of which is movable, and in which the angular
position of the movable rctlector relative to the
stationary one is employed. either to ascertain
the range of an object or to focus the lens.of a
photographic camera, the latter type cf range
finders being sometimes referred to as “lens cou-
pled range finders.” '

The word “camersa,” as used herein, is intended
to Include apparatus for the taking of photo-
graphs as well as.devices, such as moving picture
projectors, television cameras, enlargers, and the
like, or in other words, any device comprising a
lens to be focused on an object or screen.

JIn range finders of the type above referred to,
the source of light usually comprises an electrie
lamp having an incandescent filament, two im-
ages of which are viewable on the object. The
relative position of these images is varied by
means of the movable reflector, and the two
images are brought into a predetermined posi-
tion relative to each other which is indicative .of
the range of the object. :

As will be evident to & person skilled in the

-art, the accuracy of a range finder of the type

above referred to will be affected by a variation
of the position of the lamp filament relative to
the two reflectors because any variation of the
filament position will cause the images to be
wviewable on the object in a different relative posi-
tion for a given range of the object. It has been
found that in electric lamps, as commercially
available on the market, the filament is not al-
ways in the same position. Furthermore, the
lamp will not always be inserted in the socket in
the same position. As a result, when a new lamp
i3 inserted, it may be found that the filamert of
such new lamp is changed relative to a plane
parallel to an axis hetween the two reflectors,
and/or that the filament of the new lamp is
slightly tilted relative to a plane through the
filament of the old lamp. Either such change of
the filament position will result in altered light
paths, '

An arrancement for correction of a tilting of
tha lamp has been fully described end disclosed
in the co-pending application, Ser. No. 648,726,
flled Fel.rrery 19, 1046, by Morris Schiwartz and
Willam *++* iello, which application is now
abander: ¢
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change of the fllament position rélative to &
plane through or parallel to an axis belween the
two reflectors Is automaticully corrected.
Another object of the inventlon is to provide
means which correct e variation of the Hght
paths, as caused by a-change of the filament . posi-~
tion relative to a plane through or parallel to'an
axis between the reflectors without requiring an
adjustment of any component parts-of the range
finder. ‘ :

Another object of the inventlon s to provide

optical means which maintain the two ‘beams
projected by the range finder always parallel to
each other for all adjustments of the range finder
requiring such parall€lism of the light beams in-
dependently of a variation of the filament ‘posi=
tion relative to the reflectors.

Other and further objects, features and ad-
vantages of the invention will be set forth here-

inafter and the novel features thereof -defined .

by the appended claims.

The present goplication is & continuation In
part of the co-pending application Ser. ‘No.
494,872, filed on July 15, 1943, by Morris Schwartz
and William Castedello and issued -as Letters
Patent 2,403,308 on July 2, 1946,

In the accorapanying drawings severgl -now
preferred embodiments -are shown by way of
illustration and not by way oi limitation.

Fig. 1 is a diagrammatic view of the -optical
components of a light beam projecting range
finder according to the invention,

Fig. 2 is a plan view of a light beam projecting

range finder including an electric lamp -accord-.

ing to the invention.

Fig. 3 is a diagrammatic view of the optieal
components of a modification of a light- beam
projecting range finder according to the inven-
tion, and

Figs. 4 and b are diagrarmmatic views of the
images preduced by a light beam projecting
range linder -according to the invention on an
object, the images being shown in different posi-
tions of adjustment. .

Referring now -to the figures in tletail, the op-
tical system of the light beam projecting range
finder, as shown in Fig. 1, comprises an electrie
larap {0 having a filament 11. This lamp directs
a buam of Lght toward a pivotal light deviating
means {2 snch as 8 fully -silvered mirror -or &
prisin which re-directs the beam of light toward

an object the range of which is to be ascertained.

The beam of light reflected by mirror (2 is passed
through an image forming lens 13 so thut ‘am

snv inaceuracy -caused by 8 §5 image of Cisment f( 48 viewabls on the object,
Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3
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plane parqllel to the optical axis between mirror
12 and pentaprism {5,

In order .to facilitate the understanding of the
invention, it be first assumed that pentaprism 15
be replaced by a reflector such.as mirror 2. It
will then be evident to a person skilled in the art
that a variation of the fllament position in axial
direction, say a higher position .of filament i,
will result in two light beams that are no longer
parallel to each other when mirror 12 is placed
in a position corresponding to the maximum
measuring range of the range finder, thereby
ecausing faulty indications throughout the enure
measuring range of the range finder, Let it be
now assumead that filament {§ be in a higher posi-
tion in a range finder according to the invention
in which light deviating means 15 consists of a
means having constant 90° deviation charactéris-
tics. As a result of a higher position of fila-
ment Hf wich s indicated in Fig. 1 by dashed
lines, the light beam (shown in dashed lines), as
reffected by mirror {2 will constitute an angle
(a) with the light heam (shown in dashed-dotted
lines), as reflected by mirror 12 when filament
(1§ is in its original position, (shown in full lines).
The second light beam will also be reflected by
prism 15 at an angle to the light beam as re-
flected by the pentaprism wheh filament { is in
its original position. Due to the constant 90°
deviation characteristics of prism I5, this angle

‘will be always the same angle (a) as the angie

between the light beams reflected by mirror (2.
Consequently, parallelism between the light beams
as rrejected by the light deviating means will
be maintained in any higher position of filament
$4. 'The same is true when the filament {4 is in
any lower position, the only difference being that
then the dotted light heams will be at the oppo-
site side of the dashed-dotted light beams.

It will of course be understood that the correc-
tive properties of pentaprism 15 are limited by the
size of the pentaprism, but experience shows that
variations in the filament position”are rarely if
ever beyond the corrective range of pentaprism {8,

Fig. 3 shows a modification in which penta-
prism 5 is replaced by two stationary fully
silvered mirrors 15’ and {5’’ arranged at a rela-
tively acute angle to each other. These mirrors
correspond to the reflecting surfaces of penta-
prism 15 and hence constitute a light deviating
means having constant 90° deviation characteris-
tics. As a result, mirrors 15’ and 5’ will always
maintain parallelism between the reflected beams
independently of a variation of the filament posi-
tion, as previously described.

It should be understood that the invention is
not and shall not be limited to the light deviating
means, as herein disclosed but that other light
deviating means may be provided having constant
90°* deviation characteristics.

Fig. 4 shows an object 50 on which two images
f4* 2nd t1’* of filament (i are viewable. These
imagss are shown separated from each other,
therchy indicating that the angle of mirror [}
does not correspond to the correct range of the
okjict. _ .

PFiz. 5 shows the two images in a super-imposed
position, thereby indicating correct adjustment of
the angular position of mirror i2 which in turn
will result in a correct focusing of the camera
lens in case of a lens coupled range finder, as has
been explained in connection with Fig. 2.

What §s claimed as new and desired to be
secured by Letters Patent is:

1. A light beam projecting range finder com=
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prising a light source, a first light deviating means
receiving light from said light source and direct-
ing a beam of light toward an object, and a second
light deviating means recelving light from sald
light source and directing a second beam of light
toward the object, said light deviating means

Ybeing constructed to be movable relative to each

other for varying the angular relationship of said
lizht beams, one of the light deviating means
having constant 90° deviation characteristics.
2. A licht beam projecting range finder com-
prising a light source, a first image forming lens
means receiving light from saic light source, a
first light deviating means receiving light from
said first lens means and directing a beam of
light toward an object, a second light deviating
means receiving light from said light source, and
a second image forming lens receiving light from
said second light deviating means and directing &
second beam of light toward said object, sald
light deviating means being constructed to be
movable relative to each other for varying the
angular relationship between said light beams,
one of the light deviating means having constant

» 90° deviation characteristics.

3. A light beam projecting range finder com-
prising a light source, a first image forming lens
means receiving light from said light source, a
first licht deviating means receiving light from
said first lens means and directing & beam of light
toward an object, a second light deviating means
receiving light from sald light source, and a
second image forming lens recelving light from
said second light deviating means and directing a

5 second beam of light toward said object, one of

said light deviating means being plvotal for vary-
ing the angular relationship between said light
beams, the other light deviating means having
constant 90° deviation characteristics.

4. A light beam projecting range finder as de~
seribed in claim 2, wherein the light deviating
means having constant 90° deviation character-
istics ecmprises a pentaprism. '

5. A iight beam projecting range finder as de-
scribed in claim 2, wherein the light deviating
means having 90° deviation characteristics eom-
prises a pair of mirrors mounted at a relatively
acute angle to each other. )

6. In a light beam projecting range finder in=-

cluding a light source, in combination a pair of-

images forming lenses and reflecting means for
directing & pair of images of the light source on

an object whose range is to be determined, one -

of said reflecting means being a movable mirror
to effect coincidence of the images on the said
object, the other reflecting means comprising a
constant 90° deviation prism, whereby a slight
displacement of the light source relative to the
optical axis of the range finder will result in dis-
placement of the images which are equal and in
the same direction.

7. In a light beam projecting range finder, in
combination an exchangeanly mounted electric
incandescent lamp having a filament, an image
forming lens and a reflecting means mounted
on either side of the lamp in an optlcal relation-
ship with the lJamp fillament for directing a pair
of images of the filament to an object whose
range is to be determined, one of sald reflecting
means being a movable reflector to effect coin-
cidence of the images on the sald object, the
other reflecting means having constant 90° devia=

tion characteristics, whereby a slight displace«.
‘ment of the filament position relative to the opti-

cal axis between the refiecting means will resul$
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in displacements of the said images that are equal
and in the same direction.
. - MORRIS SCHWARTZ.
WILLIAM CASTEDELLO.
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2,701,500

BANGE FINDING UNIT, INCLUDING A VIEWING

-RANGE FINDER AND A LIGHT BEAX PRO-
JECHING RANGEFINDER FOR FHOTOGRAPHIC
PURFOSES

Morris : Schwartz .and AYilliam .Castedello, -Plainville,
Conn., assignors ;to The Katart Company -Inc., Plain.
-ville, Conn.

.Application March.9, 1951, Serial No, 214,736
5 Claims, {CL '88—2.4)

This'invention relates to-a’ viewing range finder and a -

light beam projecting range finder unit for pinotographic
purposcs, jparticularly to a unit-of this type designed for
‘mounting withia the casingof -a photograpaic camera and
controlied by ‘the focusing movement of the camera lens.

It will be evident, that the space availdble in the casing
of a.camera, even of -2 comprratively large camera sucn
as a so-called -press camera, -is rather limited. As-a re-
suls, it is ditticult trom a-manutacturing view point to find
room for-all the necessary components of the nnders with-
out reducing the individual componentsto a size which
makes the same too -delicate and interferes witn-a-satis-
tactory range linding operation.

‘One of the objerts of tne present invention is to provide

“a comomation -unt of the general type, above reterred to,

wiiich is so compact in desiga that it can be convenicntly
fitted in the space generaily available in a camera casing
without sacnuicing -the -accuracy and reliability of the
range ‘finding operation and ‘without reducing tne sharp-
ness of vision tnrough the gystem. .

-Apother ovject-or ‘the invenuon ‘is to provide a novel
and improved combination unit of the general type, above
referred to, which is simple in design and requires com-
paratively rew individual components. ‘these advantages
are attaincd vy structurally combinng-some of the optical
components of the viewing -range nnder and -the light
beam projecting range finder.

sAnother more -specific object -Sf the invention, -allied
with the precediog oae, is 1o yeduce the total space occu-
pied by ‘the:two range ‘finders by arranging some of the

finder-components one above the other and by » novel ar-

rangement:of -ine’ imags/torming lenses of the'light beam
projecting range finder, :

“Other aud turther objects, features and advantages of
the invention will be pointed out hereinafter and set forth
in’ the -appended claims ‘forming part of the -application.

In the accompaunying drawing a now preferred embodis
maent of the'invention 18-shown' by ‘way of illustration and
not by way of limitation.

iin'the drawisg: |

“Fig. 'l s a plan view of :a lens coupled range finding
combination unit according to the invention.

TFig. 2 is an clevational side-view of Fig. 1,

1Fig. 3 is'a-section‘taken on line'3—3 of Fig. L.

Fig-4'is a section taken on line 4——4 of Fig. 2.

*Fig, § is-a-section of the lamp holder on an enlarged

e. .
fFi%.*s s 5 plan view:of ‘Fig. '5-seen alcng line 6—6 of

‘Fig. 7 is'a'diagrem of the optical system of the viewin,
range finder, and &

‘Fig. 8 is a diagram. Jf ‘the Tight beam projecting range .

finder of the unit,

‘Referring first 'to Figs, 1 to 6, the entire ranpe finding
unit is mounted -upon & base plate 10 which savuld be
visualized as a parstition wall in -a camera cosing.  The
stationary -reflector-of the-viewing range fiader is desig-
nated by d1:and the stationary rcilector of tha'light beam
projecting range finder is designated by 2. Xeilvctor 11
is @ ‘semi-transparent-mirror -and ‘partially ccated for this
purpose. ‘Mirror i1 iicts as a beam cplitter in a conven-

" tional manner. “Reflector 12 is a solidly silvered mirror,

The pivotal reflectors of the two range finders are formed
by-a common reflcctor 13 shown as a prism.
“The -optical components -of the viewing range finder

80
further comprise - :stationary réflector 14 :shown as-a d

o
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prism which reflects images viewable on the beam splitter
10 a stationary réflector 15 having-a reflecting surface 16.
‘The position of the e¢ye of the observer is indicated at 17,

The light beam projecting range finder comprises, in

§ addition to the aforementioned components, an image
forming lens 18 disposed in the optical ceater axis be-
tween mirror 12 and prism 13 and an image forming lens
19 disposed between mirror 11 and an exterior object, the
range of which is to be determined. The last mentioned

10 range finder further includes a source of light shown -as
an incandescent light bulb, generally designated by 20.

The common prism 13 is pivoted by moving means,
-generally designated by 21, These moving means ‘are
controlled in a conventional manner 'by the focusing

18 movement of the camera lens and should be visualized ag
being coupled with the lens carrier by means of a shaft 22
which is rotated by a displacement of the lens carrier on

- the camera bed. -It is believed: that the coupling between
shaft 22 and the lens camera is-not esseantial for the un-

20 derstanding - of the invention and it is, therefore, ‘not
shown in detail. :

Referring -now 'to:Figs. 7 -and 8, Fig. 7 shows a dia-
gram of the optical system of the viewing range ficder and
Fig. 8 of the light beam projecting range finder,

25  As will be apparent from Fig. 7, a light beam reaching
‘beam splitter 11 from -an exterior -object to be obscrved
will pass through the beam splitter and is reflected by
prisms 14 and 15 to the eye 17 of the observer, A second
beam from the object will be reflected by pivotal prism

30 13 to beam splitter 11, then by the beam splitter to, prism
14, and finally by ‘prismr 14 to prism 15, As a result, ‘ag
observer can view two images of the object on the reflect-
ing surface 16 of prism 15, the rclative position of the
two images being -controlled by the angular position of

83 prism 13 which, in turn, is controlled by the focusing
movement of the lens in-a manner. well understood in the
art.

According to Fig. 8, a light beam will be projected to-
ward the object by stationary mirror 12 through lens 19

40 and a second light beam through lens 18 by pivotal prism
13. As will be obvious, due to the image forming lenses
18 and 19, the observer will see two images of the fila-
ment of lamg 28 on the object, the relative position of
said images being again controlled by the angular posi-

48 tion of prism 13,

‘Reverting again to Figs. 1and 2 and also referring to
the companion Fizs. 3, 4, 5 and 6, the structural features
of the-range finding unit will now be described in detail.

As can best be scen on Fig. 1 a bracket or block 25 is

50 fixedly secured to base plate 18, ‘This block has a slanted
side wall to which is.secured mirror 12 by any suitable
means such-as screws 26, "The top of blocx 25 is flat and
supports the mountings of beam splitter 11 and prism 14,
Beam splitter 11 and prism 14 can be mounted in an

55 suitable manner, a frame 27 and a bracket 28 being indi-
cated by way-of illustration. It is essential to note in
this connection that mirror 12 and beam splitter 11 are
mounted substantially -one above the other, mirror 12
being disposcd -at tlie lower level relative to the base

@p blate 10, Prism 14 i3 disposed in the upper level and in
substantially -the same borizontal plane with beam

., splitter 11, :

Block 25 may further support a-shield 38 which serves
to prevent stray light to enter the scction of the compart.

¢g ment to the left of the optical sysiems of the range finders
(as seen in Figs. 1 and 2} which section may serve to

house for instance the optical system of a view finder.
Prism 13, which of course could be replaced by a

mirror, is pivotally mounted on the base plate by means

vp of a bracket 35 and pivots -about a shaft 36. "As can
best be seen on Fig. 2, prism 13 is clongated to extend

., through the level of mirror 12 to the level of beam
splitter 11. While it is preferable and also shown . to
make prism 13 out of one picce, it will be apparent that

ng this prism could also be made of two sections, one on

top of the other. Prism 13 is secured to a suitable mount-

« ing 37 which pivots together with the prism and is at-

tached to or integral with a lever 38 the free end of which

supports a pin 39 coacting with a cam or wedge surface

40 of a lever 41, This lever is slidably guided between

a rib 42 of base plate 10 and:a finger 43 secured to
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rib 42 for instance by a screw 44. Lever 41 is further

guided by an adjustment screw 45 engaging an edge of
fever 41. Tt will be apparent that adjustment of screw
45 will vary the path of engegement betwéen pin 39 and
wedge surface 40 and, thercby, also the ratio of trans-
mission between the rotation of shaft 22 and the angu-
lar position of prism 13. Ose arn of a two-arm lever
46 is pivoted to lever 41 by a pivot pin 47 and the other

- arm of this lever is pivoted by a pivot pin 43 to an arm

49. Lever 46 is pivotal about a pivot 50. Arm 49 is
pivoted to an arm 51 which in turn is fixedly secured to
shaft 22, for instance by means of a screw 52. Springs
53 and 54, secured on one end to base plate 10 and
on the other end to arm 51 and lever 41 respectively, load
the entire system so that wedge surface 40 is always
biased against pin 39 and a notch 55 is biased against a
timiting edge 56 of lever 46. .

The entire hereinbefore described system of moving
means 21 is mounted in the lower level or plane or
closely adjacent to base plate 10. As will be apparent,
a certain angular rotation of shaft 22 will result in a
corresponding pivotal movement of prism 13, thereby
jointly varying the angular position of the pivotal re-
flecting surfaces of both the range finders.

Image forming lens 18 is secured to bas¢ plate 10 by
means of a-mounting 60 which can be adjusted in the
direction of the optical axis of the lens by means of an
elongated slot 61 and a screw 62. Similarly, lens 19 i3
secured to block 25 by means of a mounting frame 63
and ‘can be adjusted in the direction of its optical axis by
means of an elongated slot 64 and a screw 65 engaging

-a bracket 66 secured to block 25.
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“A frask 70 on the lower half of prism 13 limits the

effective reflecting surface of this prism in accordance
with the diameter of lens 18,

Lamp 20 is inserted in a lamp holder of suitable de-
sign. This lamp holder is shown as comprising a metal
sleeve 71 which is rotatably fitted in a wall 72 which
may be visualized as part of the camera casing. Sleeve
71 ‘supports an insulation slecve 73 in which is fitted a
metal sleeve 75 which serves to receive the base of lamp
20. The terminals of the lamp are connected in a con-
ventional mariner 10 a source of current, usually a battery
disposed within the camera casing. The entire lamp
holder can be rotated by means of a knurled head 85

-accessible from the outside of the camera, To secure the

holder in a selected rotary position an”insulation block

10

86 is secured by screws 87 to a bracket extending from ..

base plate 10 (not shown). The insulation block sup-
ports two springs 88 and 89 secured to block 8§ by
screws 90. These springs engage frictionally sleeve 73
thereby holding the lamp holder in position. A pin 91

extending from sleeve 71 and engageable with a station-

ary stop 92 secured to base plate 10 or part of the
camera casing serves to limit the rotational movement
of the lamp holder.

The globe of the lamp extends into an axial bore 93
of a block 94 made of opaque material and secured to

50

66

base plate 10. Block 94 further includes two channels gE

or bores 95 and 96 extending from the central bore 93
and positioned in alignment with the lamp filament 74 and
the ‘optical center axis between reflectors 11 and 13,
Lamp 20 is of the type having a filament 74 in form of

6o

a substantially cylindrical coil and is so inserted in the

lamp holder that the long axis of the filament coil is
paraliel to the aforementioned optical axis. As a result,
the two images of the lamp filament which are projected

a5

by the light beams of the range finder appear as circles

which can be conveniently and accurately placed in a
superimposed position, :

As previously mentioned, frame 27 of the beam splitter
11 of the viewing range finder is mounted on the top of
block 25. The position of the beam splitter can be ad-
justed by means of a screw 76. Rotation of this screw
by means of a crown wheel 76’ causes the beam splitter
to be tilted slightly in its own plane for purposes of
adjustment. o

The reflecting prism 14 of the viewing range finder is
also mounted on block 25 or more specifically on a
raised portion 25’ thereof so that prism 14 is at the cor-
rect level relative to the beam splitier, as can best be seen
on Fig. 3. The viewing prism 15 of the viewing range

70

(-]

£o

finder is mounted on the same level as prism 14 by means .,

of a post 77 secured to base plate 10. A mask or screen
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20 to reach prism 15 and to disturb thereby the observer
when viewing the images on the prism, The optical sys-
tems of the range finders may further be shielded against
stra)g llight by a shield 80 secured to base plate 10 by an
ear 81.

As will appear from the previous description, the
optical systems of the two range finders are disposed in
two different planes parallel one to the other. The only
movable optical components of the two finders, namzly
the pivotal reflector, are combined in the single clement
13 so that the same moving means 21 can be used for
the pivotal reflectors of both the finders. Furthermore,
one of the image forming lenses is disposed between
the respective reflectors. Finally, the provision of the
reflectors 14 and 15 permits to view the two images of
the viewing range finder in a position very closely adjacent
to the position normally occupied by the cye of the ob-
server when the observer uses the view finder of a
camera of the type here in question. This view finder, as
previously mentioned, may be visualized as being disposed
in the compartment to the left of shield 30, As a result,
only a slight shift of the eyeball of the observer is neces-
sary to switch from the viewing operation to the range
finding operation.

The result of the aforedescribed structural arrange-
ment of all the optical and mechanical components of
the range finders is a very compact design which can be
conveniently mounted within the available space of a
camera casing without requiring an undue reduction of
the size of the individual components.

While the invention has been described in detail with
respect to a certain now preferred example and embodi-
ment of the invention it will be understood by those
skilled in the art after understanding the invention, that
various changes and modifications may be made with-
out departing from the spirit and scope of the invention,
and it is intended, therefore, to cover all such changes
and modifications in the appended claims.

What is claimed as new and desired to be secured by
Letters Patent is:

1. A photographic range finding unit comprising a
viewing range finder and a light beam projecting range
finder, the said viewing range finder including a semi-
transparent stationary reflector through which an image
of an object exterior to the said ranpge finder is viewable,

‘a pivotal reflector disposed in optical and spacial align-

ment with the stationary reflector so as to reflest a second
image of the exterior object to the stationary reflector,
and reflecting and viewing means optically associated
with the stationary reflector for viewing the said two im-
ages; the said light beam projecting range finder includ-
ing a stationary reflector, a pivotal reflector, a holder
for a source of light disposed between the two reflectors

- of the light beam projecting range finder, the said stas

tionary reflector, the said pivotal reflector and the said

“holder of the ligaht beam projecting range finder being

disposed in optical alignment an image forming lens be-
tween said light holder and the respective pivotal re-
flector in optical alignment therewith, and a second im-
age forming lens between the respective stationary re-
flector and said exterior object in optical alignment taere-
with, thereby causing each of the two reflectors of the
light beam projecting range finder to reflect a light beam
emanating from a source of light in said holder toward
the said exterior object, respective reflectors of the two
range finders being disposed one above the other substan-
tially in alignment ome with the other, the said pivotal
reflectors of the range finders being formed by a single
pivotally mounted reflecting member including a light
deviating surface having a portion in optical and spacial
alignment with. the stationary reflector of one of the
range finders for the purpose aforesaid and a second

. portion in optical and spacial alionment with the sta-
- tionary reflector of the other rar_: finder for the pur-

pose aforesaid, and moving means coupled with said piv-

otal member for varying the angular position of the said

pivotal refiectors. .
2. A range finding unit as defined in claim 1, wherein

+ the aforementioned components of one of said range

finders are disposed substantially in one layer ond the
aforementioned components of the other range finder
substantiaily in a sccond layer genecrally parallel to a'nd
above the first layer, and wherein said light deviating
surface of the pivotal reflecting member: extends through

.78 mav ha nravided tn nrevent strav licht from lamp 83 both said lavers.
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3. A range findiog unit as defined in claim 2, wherein
the said- pivotal reflecting member is a single prism clon-
gated to extend through bcth said layers having their
reflecting surfaces in the same plane, i

4. A range finding unit as defined in claim 1, in combi-
nation with a base plate on which said pivotal reflecting
member, a bracket having a side wall and a top wall,
said image forming lenses, said moving means, said re-
flecting and viewing means, and said light holder are
mounted, said bracket supporting on said side wall the
stationary deflector for the light beam projecting range
finder and on its top wall the stationary reflector for

- the viewing range finder.

5. A range finding unit comprising a base plate, a
viewing range finder and a light beam projectling range

‘finder mounted on said base plate, the said viewing range

finder including a semi-transparent stationary reflector
through which an image of an object exterior to the said
range finder is viewable, a pivotal reflector disposed in
optical and spacial alignment with the stationary reflector
so as to reflect a second image of the exterior object to
the stationary reflector, and reflecting and viewing means
optically associated with the stationary reflector for view-
ing the said two images; the said light beam projecting
range finder including a stationary reflector, a pivotal re-
flector, a holder for a source of light disposcd between
the two reflectors of the light beam projecting range
finder, the said stationary reflector, the said pivotal re-
flector and the said holder of the light beam projecting
range finder being disposed in optical alignment, an im-
age forming lens between said light holder and the respec-

tive pivotal reflector in optical alignment thercwith, and

a second image forming lens between the respective sta-
tionary reflector and said exterior object, thereby caus-
ing each of the two reflectors of the light beam projecting

.~

&t
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range finder to reflect a light beam emanating from a
source of light in said holder toward the said exterior
objeet, the reflectors and the viewing means of the view-

ing range finder being disposed substantially in one layer -

parallel to the base plate, and the rcflectors, the lenses
and the light holder of the light beam projecting range
finder being disposed in a second layer situated between
the said first layer and the base plate paraliel to the
first layer and the plate, respective reflectors of the two
range finders being disposed one above the other sub-
stantially in transverse alignment rclative to said layers,
the said pivotal rcflectors of the range finders being
formed by a single pivotally mounted reflecting member
including a light deviating surface having a portion in
optical alignment with the stationary reflector of one of
the range finders and a sccond poriiow in optical align-
ment with the stationary reflector of the other range
finder, both said portions being in one plane, and moving
means coupled with said pivotal member for varying the
angular position of the said pivotal reflectors, the said
moving means being disposed substantially in the second
parallel layer.

References Clied in the file of this patent
UNITED STATES PATENTS

1,489,838 Kohler Apr. 8, 1924
2,101,543 Henkel o Dec. 7, 1937
2,151,124 LeitZ e Mar. 21, 1939
2,376,982 Schwartz et al, ceemao . May 29, 1945
2,379,698 Fischer acccmmmacacccaae July 3, 1945
2,397,160 Schwartzetal, oo Mar, 26, 1946
2,403,308 Schwartz et al, ceeo—... July 2, 1946
2,547,232 Schwartz et al. ...

——-a Apr. 3, 1951

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3




Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3

Oct. 10, 1961 " D.S. GREY 3,003,407
- o COMBINED RANGE FINDER AND VIEW FINDER
" Filed Oct. 8, 1956 | - 4 Sheets-Sheet 1

. Second Image FPlaney 40
\{36 r/’ ,———-L—-—ﬂ

» 34b
34 2 g e First Image Plane
' 32 _

S .““"8
-= 24 .
i |
¢§ ;
17
; /40
pum—————e
3 S | ~58"
14—
34— . lz
‘\ .
|
N 418
ot P\
N
N
B
:\ .
N
v
%
| e OY

/ INVENTOR.
' Beerict f A?U;

< BY,
FIG. 2 G rorne it K ho il

ATTORNEYS

Approvéd For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3



Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3

Oct. 10, 1961 D. S. GREY 3,003,407
: COMBINED RANGE FINDER AND VIEW FINDER
F_iled Oct. 8, 1966

4 Sheets-Sheet 2

Second Image Plano—\‘ (-40
-2 38 r N I
- é- ] _‘ - »§

| Yy N

9 . JIN EEN TOR.
%MW/

ATTORNEYS

Approved For. Release 2009/04/10 : CIA-RDP81-00120R000100010021-3



Appfoved For Release 2009/04/10 CIA-RDP81-QO120ROOO100010021-3

Oct. 10, 1961 DS GREY 3,003,407

COMBINED RANGE FINDER AND VIEW FINDER

" Filed Oot. 8, 1956 4 Sheets-Shest 3

Second imoér Plono -~

5 s _f;_@cf_-.._-_sfrai--——~

——

—
——
e

80 : 22

FIG. 7

(Sccond lmaqo Plane

’ "1 ~—First Image Plane 40
I N
F L

2 WIA

~First Image Pluno | FIG. 9

~Flrst Imoqc Plane

40
38 I A A .

Second Image Plane

L

.

SRR
RV

o jN ENTOR.
i BY éy
e FIG. 8 d’*w““’m

ATTORNEYS

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3



Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3

Oct. 10, 1961 D. 5. GREY 3,003,407
_ COMBINED RANCE FINDER AND VIEW FINDER
'Filed Oct. 8, 1956 ' | 4 Sheets-Sheot 4

/ Reflecting Arsa

Reflecting Area

92

INVENTOR.

e

' ATTORNEYS

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3



r

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3_ }§3,487

Unxu\—u WLALLD A ALV ALL JL11ILT

Patented @ct. 19, 1561

1..
L ' 3,003,407
COMBINED RANGE FINDER AND VIEW FINDER
David S. Grey, Weston, Mass,, assignor to Polaroid Cor-
paration, Cambridge, Mass., a corporation of Delaware

Filed Oct. 8, 1956, Ser. No. 614,716
15 Clalms. (ClL 95—44)

The present invention relates to a range finder and a
view finder for use in a photographic camera and more
particularly to a combined range finder and view finder
which employs the objective lens of the camera for rang-
ing and view finding, in addition to its imaging fumction
refativc to the photographic exposure.

Various advantages are known to accrue to the employ-
ment of the camera objective in view finding systems, said
systems being generally either of a reflex type or one in
which viewing occurs along an eye-level axis which is
an optical image of the axis of the objective, either co-
incident with or laterally displaced with respect te that
of the objective. - One principal benefit identified with
this type of view finder is avoidance of the need of cor-

" recting for parallax, there being provided for viewing
purposes an accurate image of the photographic subject,
Furthermore, where the entrance pupil of the range and

- view finder system is identified with the camera objective
rather than with a separate finder objective the same over-

" lap of foreground with background objects occurs in said
system as in the photographic image. In addition, a posi-
tive and accurate framing of the field, irrespective of
frontal attachments or of the focal setting of the camera
objective is achieved.

Use has been made of the camera objective, or of a
-special objective, in a so-called split-field range finding
i system combined with a view finding system wherein the
i\central area of the objective is employed for imaging
the view finder field and marginal areas of the ob-
jective are used for imaging the range finder field. How-
ever, systems of the last-mentioned type have, it is be-
lieved, only found application relative to small cameras,
namely, cameras of the type employing 35 mm. film, said
systems bcing entirely unsuitable for incorporation with
larger cameras such as those providing an image diagonal
gteater than approximately three inches. '

In another known finder system, the image formed by
the camera objective is deflected by a mirror to a posi-
tion such that it can be viewed by a magnifier, either
simple or compound. In a camera which employs a
small image area, it is-feasible to follow this procedure
but if the image area has a diagonal dimension larger
than approximately three inches, the necessity for pro-
viding an image to be viewed by the magnifier, together
with the requirement for a magnifier so constructed as to
collect light from this image necessitates an unwieldy,
bulky and costly system, especially if such a system is of
an eye-level type. The same considerations also apply,
perhaps even more strongly, to other known systems
which employ an auxiliary finder lens of the same focal
length as the camera objective imstead of said objective,
The present invention is concermed with the provision
of o compact, relatively simple and moderately priced
Combined range and view finder system, utilizing the
camera objective and adapted to incorporatiom with
cameras of the larger type, hereinbefore mentioned.

An important feature of the present invention is the
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construction in which an auxiliary or complementary
positive lens or its optical equivalent is inserted behind
the camera objective which, in combination with said
camera objective, forms, in effect, a lens of short focal
length. Hence, the angular field of the camera objective
is imaged within a small area. There are two principal
variations of this arrangement as follows:

In one arrangement, a single auxiliary positive lens or
objective is employed, the positive lens being positioned
behind the camera objective and dimensioned to cover
an area which is generally coextensive with a strip-like
area extending substantially across the objective aperture
thus permitting the use of light which passes through
the edges or marginal areas of said aperture for range

Another arrangement employs two or more auxiliary
objective lenses having individual optical axes and being
behind the.camera objective, the separate axes being
subsequently combined by suitable light-deviating means,
such as optical wedges or reflecting means, so that they
have substantially coincident image planes. The sepa~
ration between the apertures of the auxiliary objectives
permits acceptance of light from marginal portions of
the camera objective and, accordingly, permits accurate
ranging.

One object of the invention is to provide a novel and
efficient combined split-field range finder and view finder
system for a larger type camera in which the camera
objective is employed as a component of the system and
in which focusing of the photographic image and of the
ranging and view finder images is obtained simultaneous-
ly through movement of the objective along its axis to a
correct position.,

Another object is to provide and arrange a plurality
of reflecting and refracting optical components of given
characteristics in combination with a camera objective
of relatively large image diagonal so that light rays pass:
ing through the central area of the objective are used i
forming view finder image portions and light rays pass-
ing through marginal areas of the objective are employed
in forming ranging image portions. o

A further object is to provide a range and view findef
system in a form wherein light-deviating and imaging
components may readily be moved into, operated with-
in, and withdrawn from the area defined by the angle of
view of the objective which is used for making the -
photographic exposure.

Other objects are to provide systems of the character
described employing novel combinations of optical com-
ponents which result in improved imaging accuracy, de-
sired image magnification and reduction, contrast be-

. tween ranging and view finding image areas, and correc-

55

tion for spherical and chromatic aberration; to provide
an eye-level range and view finding system wherein erect
images having unreversed left and right image portions
are produced and can be scen through a single viewing
aperture; and to provide a system in which photosensi-
tive materials positioned in the focal plane of the camera
are safeguarded from unwanted actinic light during oper-
ation of the ranging and view finding components,

Other objects of the invention will in part be obvious
and will in part appear hereinafter.

The invention accordingly comprises the product
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possessing the features, properties and the relation of
components which are exemplificd in the following de-
tailed disclosure, and the scope of the application of
which will bs indicated in the claims.

For a fuller understanding of the nature and objects of
the invention, reference should be had to the following
detailed description taken in connection with the accom-
panying drawings wher:in:

FIGURE 1 is a side-elevational view, in section, illus-
trating diagrammatically a combined range and view
finder optical system of the present invention;

FIG. 2 is a diagrammatic, side-elevational view, partly
in section, of a camera showing incorporation of the
system of FIG. 1 therein;

FIG. 3 is a diagram natic view, in perspective, of the
optical wedge means ot FIG. 1; .

FIG. 4 is a diagrammatic view, in perspective, of a
light-deviating and image-forming component of FIG. 1;

FIG. 5 is a diagrammatic view, in perspective, of a
- modification of the optical component of FIG. 4

FIG. 6 is a diagrammatic side-elevational view, in sec-

tion, showing a modification of the combined range and
* view finder optical system of =IG. 1;

FIG. 7 is a view, similar to that of FIG. 6, of another
s:ombined range and view finder optical system of the
invention;

FIG. 8 is a diagrammatic side-elevational view of a
modified portion of the optical system of FIG. 7+

FIG. 9 is a diagrammatic, top plan view, partly in
section, of the system of FIG. 7;

FIG. 10 is' a diagrammatic, top plan view, in section,
“of another combined range and view finder optical sys-
tem of the invention;

FIG, 11 is a diagrammatic view of the composite light-
deviating and image-forming element of FIG. 10 show-
ing surface areas in elevation; .

- FIG. 12 is a diagrammatic, top plan view of a modifi-
cation of a portion of the system of FIG. 10; and

FIG. 13 is a diagrammatic top plan view of another
modification of a portion of the system of FIG. 10.
 Referring to FIG. 1, a combined range and view find-
ing system of the invention is shown which incorporates

- the picture “taking” objective lens 12 of a camera 14,
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- the camera being shown more fully in FIG. 2. The

objective lens 12, or a component thereof, is movable
toward and away from focal plane 18 by conventional
means, not shown, as indicated by the double-headed
arrow 20. Camera 14 has, for example, a between-

the-lens shutter and an iris diaphragm, not shown, posi-

tioned at location line 16, and a focal plane 18, the
latter being the image plane of objective 12 which is
‘used for positioning and photographically exposing a
" photosensitive film. Tt is to be assumed that camecra
14 is- of a type larger than a so-called “miniature”
camera, A light lock 22 is mounted for positioning
within and withdrawal from the area 24 defined by the
angle of view of objective 12. The light lock. at the
closed position shown, scrves to shicld from actinic light
a film, not shown, which would normally be positioned
for exposurc at plane 18 when the range and view find-
ing system is being used preparatory to said exposure.
" The light lock is pivoted away from its light intercept-
ing position when a photographic exposure is about to
be made, as indicated by arrow 26. Other compo-
nents of the combined range and view finding system
comprise a-composite light-deviating and image-form-
ing element 28, movable, as indicated by arrow 30, in
and out of area 24, as for example, by pivotal or slid-
able mounting means, such as the pivotal means shown
in FIG. 2, a field lens 32, ranging wedge means 34 com-
posed of wedges 34a and 345 shown in detail in FIG.
3, prism 36, relay lens 38 and eyepiecc 40. Composite
element 28 is composed of prism components 42 and
44 bonded together and having an intervening, semi-
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is provided with an image-forming, concave, spherical,
specularly-reflecting surface 44a. A negative lens cle-
ment 48 is bonded to the upper planar surface of com-
ponent 44, as shown in greater detail in FIG. 4.

Operation of thc system is substantially as follows.
Assuming light lock 22 to be closcd and composite cle-
ment 28 to be positioncd as shown, the iris diaphragm
to be open to its maximum diameter and the shutter |
to be open, light from the field of view which includes
an object to be ranged is admiticd to the combined
range and view finding system. The image-forming light
rays from the objective and incident upon composite
element 28 are transmitted. by prism component 42,
semi-reflecting surface 46 and component 44 to concave
reflecting surface 44a, whence they are returned through
component 44 to surface 46, are reflected upwardly
therefrom through lens component 48 and pass through
field lens 32 to the first image plane. The objective 12,
or a component thereof, is moved axially to establish,
in conjunction with concave image-forming mirror 44a
operating as an auxiliary or complementary objective,
correct focus relative to the first image plane. The
concave mirror 44a in conjunction with negative lens
48 provides correction for spherical and chromatic aber-
ration, said correction being of importance if ranging is
to be accurate.

The system has an exit pupil defined, for example,
by the image of the relay lens 38, and three distinct
entrance pupils each of which pertains to a separate
portion of the field of view. The principal entrance
pupil lies at or near the center of composite element
28 and is conjugate to said exit pupil for light from the
field of view which passes outside the area dcfined by
the deviating wedges 34a and 345 which are used for
ranging. The two other entrance pupils located at each
side of the central entrance pupil, are conjugate to the
exit pupil for light which passes through the respective
ranging wedges.

The deviating wedges 34a and 34b are located in
the first image plane of the system composed of the
camera objective 12, the composite element 28 and field
lens 32, said image plane having been established with
the objective 12.set for an object at infinite distance.
The deviating wedges provide a discontinuity of light
deviation in said image plane along the line of junction
of the two wedges. Hence, there is a discontinuity of
entrance pupil pertaining to the individual areas cov-
ered by each of the wedges. In other words, there is a
deviational discontinuity to incident light. If objective
12 is adjusted to focus an object located at a finite dis-
tance and if the focus is correct, the image of the
object will be formed at said first image plane and the
object image portions, because they are focused at said
plane, will be deviated in coincidence by the wedges
and will provide alignmcent of split-field areas. [If the
image of the object is not formed at said first image
plane the wudges will deviate the light rays-from the
object but they will not be in coincidence and the split-
field image portions of said object will not be aligned.
This occurs because a wedge at an imape plane will
not shift the apparent position of the image, but a
wedge outside the image plane will shift said apparent
position of the image. It will be understood that cor-
rect alignment of the split-field object image portions
implies correct imaging of the object at the focal plane
of the camera. When the camera is focused, the film
plane, the composite element 28, the field lens 32 and
the wedges 34a and 34b are kept in fixed relation to
each other to insure operation of the system.

Images of the field of view and of the objcct formed
at the first image plane are twice reflected by prism 36,
which may appropriately be a penta prism, and are
relayed by relay lens 38 to the second image plane
for observation by eyepiece 40. Camera lens 12, field
lens 32, relay lens 38 and eyepiece 40 constitute, in

transparent. reflecting surface 46. Prism comnaonent dd 7K effect a terrestrial talocrans  Tha fauns raflantions which
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occur in clements 28 and 36 are mutually compensating
for ipversion thus insuring an ercct image.

In operating the combined range and view finder of
the invention relative to making a photographic expo-
sure, it is assumcd that, preliminarily, the camera iris
diaphragm at 6 is completely open, the shutter at 16
is .open, the light lock 26 is closed and the composite
clement 28, or other type of auxiliary objective to be
described below, is located immediately behind the
camera objective. A workable operational sequence for
making the photographic exposure weuld be as follows:
The shutter closes; the diaphragny assumes a preset open-

_ing value; composite element 28 is removed from the

exposure area; the light lock closes; and the shutter
opens and closes. A focal plane shutter, not shown,
could also be employed and would probably obviate the
necessity of providing the light lock.

The combined range and view finder system of FIG., 1
is shown in FIG. 2 incorporated with a camera of a fold-
ing type having a bellows 50. The camera objective lens
12 is moved axially byian adjusting knob 52 which, when
moved arcuately, actuates mechanism, not shown, pro-
viding translatiomal movement of the lens, or one or more
elements thereof, along its axis. The composite light-
deviating and imaging element 28 is mounted on a pivotal
arm 54 which permits the element to be moved to a posi-
tion out of the area 24 within the angle of view of the
objective, as indicated by thg broken line, Other optical
elements of the finder system are shown mounted in tubu-

" lar means 56 having a viewing aperture 58.

A modification of the light-deviating element 28 of
FIG. 4 is shown in FIG. 5. The semi-transparent mirror
60, formed at the interface of prism elements 62 and 64,
terminates short of the extremities of the element. Clear,
light-transmitting marg:inal areas 66 and 68 are thus lo-
cated adjacent each extremity. A cencave reflecting sur-
face 64a, similar to surface 444 of element 28, is pro-
vided. In operation, marginal entering light from the
camera objective employed for ramging passes through
clear areas 66 and 68 of the prism interface and is con-
vergingly reflected by surface 64a te surface 60 whence
it is reflected upward to field lens 32. Light from the
central part of the objective forming other areas of the
fieldd of view will necessarily have to pass through the
semj-transparent reflecting area 6@ before being twice
reflected by said surfaces 64a and 60 and a portion of the
light will thus be absorbed by said area 60. Accordingly,

ranging image areas will appear brighter than other areas -

of the visible image and the heightemed contrast thus pro-
vided between the image portions permits greater facility
in determining the alignment condition of the split-field
images during ranging operation. Other possible modi-
fications of clement 28 of FIG. 4 iaclude: forming the
concave reflecting mirror on the bottom of the element
to utilize light which is devinted downwardly from semi-
transparent surface 44 thereto; forming said mirror on
the rear surface, as shown, and alse on the bottom sur-
face to provide incrensed light for imaging purposes;
mounting negativz lens 48 on the front surface of ele-
ment 28, or on both the front and tep surfaces.

IG. 6 illustrates a range and wicw finding system
which operates substantially similarly to that of FIG. 1
but, which employs slightly modified components. A
light-deviating and imaging clement 70 having portions
somewhat modified as to their relative size or arrange-
ment but otherwise similar to these of element 28 of
FIGi. | deviates light from objective 12 obliquely vpward
toward a modified prism 72. A pair of deviating wedges
34 is positioned between a field lens 32 and a face of
prism 72, the wedges preferably being bonded to at feast
one of the elements 72 and 32, Ramging and view find-
ing, considerations, adjustability of components, etc., are
similar to those described with respect to FIG. 1.

The system of FIG. 7 employs a pair of positive aux-
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prisms or mirrors 80 to form deviating and imaging ele-
ments 82, A mirror 84 or a prism having a single re-
flecting surface is used in place of the twice-reflecting
prisms of FIGS. 1 and 6, only one additional reflection
being required to provide an erect image in conjunction
with the single reflecting surface of clement 82, Optical
wedges 34, of the type used in the systems above-shown,
are located at the second image plane. Other elements of
the system are esscntially the same as those previously
described. In this system the ranging beams are main-
taincd separate until incident upon the second image
plane, or upproximately at this plane. It is therefore
necessary to insure exact alignment of all components be-
tween .the entrance pupils and the second image plane, or
ranging accuracy would be impaired. Decentered lenses
may, alternatively, be used in forming the clements 82.
The deviating wedges 34 may be located at the first image
plane of the sysiem, as shown in FIG. 8, if preferred,
or alternatively, they could even be positioned adjacent
the auxiliary objectives 78 of elements 82. It will thus
be scen that wide latitude is permitted in the placement of
wedge componcnts which provides flexibility in the design
of the system and in its adaptability to mounting in a
camera. A generally similar system to that of FIG, 7 is
shown schematically in plan in FIG. 9, mirror surfaces
which operaté relative to light traveling in a vertical
direction being omitted for reasons of clarity.

In FIG. 10 a modified system is illustrated which in-
cludes three auxiliary positive objectives, 86, 88 and 90,
mounted immediutely behind the camera objective 12.
A composite prism element 92 having reflecting surfaces
94 and 96, and given reflecting areas of surfaces 98 and
100 which are shown in further detail in FIG. 11, is
positioned at the first image plane. Reflecting means of
the system which opcrate relative to light traveling in a
vertical direction huve been omitted for clarity. Auxiliary
objective lcnses 86 and 90 could, appropriately, have
relatively long focal lengths while auxiliary objective lens
88 couid have a relatively short focal length. ~ Higher
magnification would thereby be produced in the central
ranging arca than in the rest of the field. This arrange-
ment provides greater ranging accuracy but leaves a gap
in the. object field between the area presented by the rang-
ing objectives and the area presented by the central ob-
jective. - Reflecting surfaces 94 and 96 of composite
prism 92 are nonparallel with respect to surfaces 98 and
100, said nonparallelism of surfaces serving to deviate
light in a manner similar to that of the optical wedges 34
of FIG. 1. Accordingly, element 92 provides deviation
of the ranging light rays so that it may be said to consti-
tute the functional equivalent of the deviating wedges
34a and 34b, above described.

The modification of FIG. 12 illustrates placement of
a negative lens 102 in the optical path of light trans-
mitted by the central positive auxiliary objective 88 of
FIG. 10. Lcns 88, with negative lens 102, constitutes
a telephoto lens and, accordingly, the three auxiliary ob-
jectives have substantiafly equal focal lengths. In FIG.
13, an alternate construction is shown for making the
focal lengths of all three auxiliary positive objectives, 86,
88 and 90 substantially equal. Glass components 104
and 106 arc placed in the optical paths of the outer
auxiliary objectivés and serve to increase the optical path
lengths bctween said objectives and the first image plane
with respect to optical path lengths in air which was
shown in FIG. 10. The glass components 104 and 106
are preferably bonded to the auxiliary objectives and to
the prism element 92, respectively.,

It will be apparent that the systems described herein
could te modified in several ways. For example, the
deviating wedges could cover the entire field of view; they
could be omitted to provide a view finder only; or the
arca around the deviating wedges could be omitted to

CIA-RDP81-00120R000100010021-3 . deviating
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wedges, or the mirrors of prism 92, can be located at
either the first or second image planes of the system.

Since certain changes may be made in the above prod-
uct without departing from the scope of the invention
herein involved, it is intended that afl matter contained
in the above description or shown in the accompanying
drawings shall be interpreted as illustrative and not in a
limiting sense.

What is claimed is:

1. In a photographic camera having an axially ad-
justable objective lens, a combined finder for vicwing
and ranging a ficld of view through said lens, said finder

. comprising composite light-deviating and imaging means
located behind said objective lens, said light-deviating and
imaging means being substantially coextensive with a pre-
determined area which extends transversely of the optical
axis of and incfudes opposite marginal portions of said

" objective lens, said composite light-deviating and imaging
means including a first reflecting means for deviating light
from said objective lens to one side of the angular field
of said lens along a second axis disposed at a predeter-
mined angle with respect to said optical axis and also

" including first focusing means which, in combination with
said objective lems, effectively constitutes lens means of
short focal length for focusing an image of the field of
view at a first image plane on said second axis, second
focusing means located on said sccond axis adjacent said
first image plane, second reflecting means for deviating
light transmitted along said second axis to a third axis
substantially parallel with said optical axis, third focus-
ing means positioned on said third axis for relaying said

. image to a second image plane on said third axis, an
eyepicce located on said third axis for viewing said sec-
ond image plane, second light-deviating means compris-
ing at least two adjacent elements disposed at one of said
image planes for so splitting the field of said image into
separate and adjacent fields which correspond respectively
to light coming from each of said marginal portions of
said objective lens that said adjacent fields are continuous
when said image is coincident with said one of said

image planes and are discontinuous when said image’

is out of coigcidence with said one of said image planes,
and means for moving at least sajd composite light-deviat-
ing and imaging means outside of the optical path ex-
. tending between said objective lens and the focal plane

of the camera.
2. A combined range finder and view finder accord-

ing to claim 1, wherein the composite light-deviating and -

imaging means comprises a scmi-reflecting surface and a
concave, sphericai reflecting surface for reflecting and
focusing light coming from said objective lens and through
said semi-reflecting surface back to said semi-reflecting
surface.

3. A combined range finder and view finder according
to claim 1, whercin the composite light-deviating and
imaging means comprises a semi-reflecting surface, a
concave, spherical reflecting surfuce Tor reflecting and
focusing light coming from said objeetive Iens and through
said semi-reflecting surface hack to suid semi-reflecting
surface, and a megative lens for correcting aberrations in
light reflected from said semi-reflecting surface,

4. A combined range finder and view finder according
to claim I, wherein the composite light-devinting and

_imaging means comprises a positive lens constituting an
auxiliary objective with respect to said camera objec-
tive, and means for deviating light transmitted by said
auxiliary objective.

5. A combined range finder and view findor according
to claim 1, wherein the composite light-deviating and
imaging means comprises a plurality of positive lenses
constituting a plurality of - auxiliary objectives with re-
spect to said camera objective, and means for deviating
light transmitted by said auxiliary objectives,

6. A cor” A bproved For Release 2009/04/10
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to claim 1, wherein said composite light-deviating and
imaging means includes a pair of reflecting surfaces, and
wherein said reflecting means for deviating light trans-
mitted along said second axis also includes a pair of re-
flecting surfaces.

7. A combined range finder and view finder accord-
ing to claim 1, whercin said second light-deviating means,
located at one of said image planes, comprises a pair
of optical wedges. .

8. A combined range finder and view finder according
to claim 1, wherein said second light-deviating means
comprises a composite prism clement having a plurality
of non-parallel surfaces which include given light-reflec:-
ing and light-transmitting areas.

9. A combined range finder and view finder according
to claim 1, wherein said composite light-deviating and
imaging means comprises means for forming an image
corrected for spherical aberration.

10. A combined range finder and view finder accord-
ing to claim 1, wherein said composite light-deviating
and imaging means forms two laterally separated image
planes at said first image plane, said images being pro-
jected for viewing at said second image plane.

11. A combined range finder and view finder accord-
ing to claim 1, wherein said composite light-deviating ard
imaging means comprises a semi-reflecting surface, a
concave, spherically reflecting surface for reflecting ard
focusing light coming from said objective lens ard
through said semi-reflecting surface back to said semi-
reflecting surface and a negative lens for correctir g aber-
rations in light reflected from said semi-reflecting surface
along said second axis, and wherein said reflecting means
for deviating light transmitted along said second axis
comprises a penta prism, and wherein the last named light-
deviating means comprises a pair of optical wedges.

12. A combined range finder and view finder accord-
ing to claim 1, wherein said composite light-deviating and
imaging means comprises a concave, spherically reflect-
ing surface, a semi-reflecting surface having clear, light-
transmitting marginal areas coextensive with said mar-
ginal portions of said objective lens, light transmitted
through said marginal portions of said objective lens be-
ing passed through said light-transmitting marginal areas,
being convergingly reflected by said concave surface to
said semi-reflecting surface to increase thereby the rela-
tive brightness of light transmitted by said marginal por-
tions of said objective lens. -

13. A combined range finder and view finder accord-
ing to claim 1, wherein said composite light-deviating
and imaging means comprises a positive lens constituting
an auxiliary objective with respect to said camera objec-
tive and means for deviating light transmitted by said
auxiliary objective, and wherein said reflecting means for
deviating light along said sccond axis comprises a plane
mirror, and wherein the last named light-deviating means
comprises i puir of optical wedges located at said sccond
image plane.

14. A combined range-finder and view-finder accord-
ing to claim 1, whcrein said composite light-deviating
and imaging means comprises at least a pair of positive
lenses constituting auxiliary objectives with respect to
said camera objective. and a composite prism element
having a plurality of non-parallel surfaces which include
given light-reflecting and light-transmitting areas, said
surfaces constituting said second light-deviating means.

15. A combined range-finder and view-finder accord-
ing to claim 1. wherein s~id composite light-deviating and
imaging means comprises a pair of positive lenses con-
stituting auxiliary objectives with respect to said camera
objective, said auxiliary objectives being located to sub-
tend said marginal portions of said objective lens, and a
composite prism element located at the image plane of
said auxiliary objective, said composite prism element
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the op.tlcu\l path length between said auxiliary objectives 2,364’652 Poliock ) -“-“"Dec ylz' 1944
and said first image plane with respect to the optical path 2 337'019 Dodin ... .~ M . 19' 1959
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. ABSTRACT OF THE DISCLOSURE

" An automatic focusing system for a camera in which

a beam of light is directed toward a subject from a light

. source within the camera and a portion of the light beam
reflected from the subject back to the camera is sensed
by photoelectric means. The angle between the emitted

. and reflected beams is translated into a mechanical rhove-
ment which is a function of the distance from the camera
to the subject. The projected and reflected beams are
focused in accordance with the distance to the point of
reflection and there is a mechanism providing for se-
quential operations which insures completion of various
adjustments prior to exposure.

This invention relates to automatic focusing apparatus
of the type described in the copending application for
Automatic Focusing Sysiem, Ser. No. 554,072, filed on

- May 31, 1966, in the name of Allen G. Stimson,

The present invention relates to photographic cameras
or related optical instruments and, more particularly, to
such instruments embodying fully automatic means for
deiermining the distance from the instrument to the object
to be brought into focus,

Further, the present invention is an improvement re-
lating to the automatic focus apparatus disclosed in co-
pending U.S. application Ser. No. 554,072 filed in the
name of A. G. Stimson on May 31, 1966,

During the evolution of the modern photographic
‘€amera, continuing attempts have been made to minimize
the numerous visual observations, subjective determina-
tions and manual operations usually involved in adjust-

ing shutter speed, lens aperture and focus of the lens to

achieve a photograph of optimum quality. Many cameras
now on the market incorporate light meter means which
automatically adjust the shutter and/or-lens opening in
response to the illumination of the scene to be photo-
graphed. However, although many present-day cameras
iacorporate devices which enable the operator to focus
the lens properly by visually observing the quality or
composition of one or more images of the subject to be
photographed, no commercially successful device has thus
far been developed to adjust the focus of the lens auto-
matically without necessitating any such visual obser-
vations. Accordingly, ‘many cameras, including some of
relatively high price, are now provided with so-called
universal focus lenses, which do not require focusing
adjustment within the distance range usually encountered
by the amateur photegrapher, Such lenses, however, are
a compromise between eliminating focusing problems
and providing an image of optimum quality, and, there-
fore, are not satisfactory under all conditions.

The basic principle employed in the invention dis-
closed in the Stimson application referred to above in-
volves directing onto the subject a beamr of light emitied
from' a light source positioned in predetermined relation

1o the cameru; receiving, at a location spaced laterally
from the emitted beam, a portion of the beam reflected
back to the camera from the subject; sensing the angle
between the emitted and the reflected beams by bringing
the reflected portion of ‘the beam into alignment with
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photoresponsive sensing means; and translating the angle
so sensed into a corresponding mechanical movement.

The subject invention improves the basic Stimson range-
finding system by automatically focusing the projected
and reflecied beams in accordance with the disiance to the
point of reflection, thereby increasing the efficiency of
the range-finding portion of the apparatus, and by pro-
viding for completion of camera lens focus adjustment
prior to camera shutter actuation, the latter sequential
operations assuring that the light beam used for range-
finding purposes will be extinguished prior to actual pic-
ture-taking.

It is therefore an object of the present invention to
increase the efliciency of automatic range-finding ap-
paratus which uses a projected light beanr.

It is a further object to focus bo:h the projected light
beam and its reflection, and to adjust such focus auto-
matically in accordance with the distance to the point
of reflection, .

Another object is to increase the efficiency of automatic
range-finding apparatus for cameras by assuring that the
camera lens is focused and its projected light beam ex-
tinguished prior to operation of the camera’s, picture-
taking shutter mechanism. .

The novel features considered characteristic of the in-
vention herein are set forth with particularity in the
appended claims. The invention itself, however, both as
to its organization and method of operation, together
with additional objects and advantages thereof, will best
be understood from the following description of illustra-
tive embodiments and from the accompanying drawings
in which:

FIG. 1 is a schematic diagram of one embodiment of
a range-finder device according to the present invention,
including means for focusing the objective lens of an
optical instrument in response to the distance between
the instrument and the subject;

FIG. 2 is a schematic diagram of another embodiment
of a range-finding device according to the present in-
vention, in which the light beam projecting unit and the
reflected beanr detecting unit are symmetrically disposed
on opposite sides of the axis of an axially adjustable lens
and are coupled for symmetrical movement, whereby the
detected point of impingement of the light beam on the
subject is located along such axis at all positions of the
range finder mechanism;

FIG. 3 is a schematic perceptive illustration of a pre-
ferred embodiment of the present invention, incorporated
in a photographic camera to determine automatically
the distance between the camera and the subject and to
effect a corresponding setting of the camera lens;

FIG. 4 is a schematic diagram of still another em-
bodiment of a range-finder device showing an alternate
means for detecting the alignment of the reflected beam
with the light sensing element thereof; and

FIG. 5 is an isometric view of yet another embodi-
ment of a light-sensing means, comprising a galvano-
meter-type electrical measuring instrument adapted to
align itself with a light beam, and including means for
translating mechanically the aligned position of the mova-
ble portion of the instrument to establish the correspond-
ing position of a movable mechanical element.

Referring now to FIG. 1 of the drawing, element 10
represents generally the lens system of a photographic
camera or other optical instrument in which a lens Sys~
tem is movable along its -axis to focus, at an image-re-
cciving surface illustrated at 12, an image of a subject
located along the lens axis. The lens system is moved as
a function of the distance between the subject and the
lens system, For purposes of illustration, lens system 10 is
shown mounted on niate 11 whirh in t:en, is movably
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attached to a supporting surface, not shown, by pins 14,
which extend through parallel slots 15 to allow sliding
movement of the plate along the axis 11, of lens 10,

A-second lens system, represented generally at 16, is
located in alignment with g light source 17 energized by
a battery or other source of electric energy 18, and is
adapted to project a beam of light along the lens axis 20
which, in the illustrated embodiment, is located in fixed
parallel reiation to lens axis 11. Thus, the beam of light
will impinge upon a subject located along axis 20, which
subject would presumably present a frontal surface gen-
erally transverse to the light beam and of sufficient width
to also be in alignment with lens system 10, thereby con-
stituting the object intended to be brought into sharp
focus by lens 10. Although not shown in the illustration,
it is' obvious that a conventional viewfinder device could
be employed to establish the alignment of lens system 10
with the subject,

The light sensing system employed to detect the spot
of light impinged upon the subject and at least partially
reflécted therefrom,  comprises a third lens system, de-
picted generally at 21, which is mounted on a support
member 22 in alignment with a photoelectric device 23,
the light responsive portion 24 of which is disposed in
alignment with the axis 25 of the third lens system.
(While the photoelectric device is represented in the
drawing as a photoelectric vacuum tube, other types of
similar devices, including photoresistive or photovoltaic
solid state devices, can also be employed. Hence, the term
photocell, as used herein, is intended to refer to any such
device which may be employed in connection with appro-
priate circuitry to generate or control an electric signal
as a function of the illumination impinging on the de-
vice.) Support member 22 is pivoted for arcuate planar
movement on a fixed shaft 26 which, in the illustrated
embodiment, is axially aligned with the light responsive
portion of photocell 23, The opposite end of the support
member is provided with a pin 27 and is thereby joined,
through connecting rod 28, to crank pin 29 which is
cccentrically mounted on gear member 31 to move orbit-
" ally about the axis of gear shaft 32 as gear 31 is rotated

by motor 33 through speed reduction gears 34, 35, and

36. .

When a subject is located along axis 20 in the path of

the beam of light emitted by light source 17, the beam

will impinge upon the frontal surface of the subject and

will be at least partially reflected. However, before a

portion of the reflected beam can be detected by the

light sensing system and generate a corresponding electric
signal, the axis 25 of the light sensing system must be
positioned to coincide with the frontal reflective surface
of the subject along axis 20 to cause the illuminated area
on the subject to be focused at the light sensitive portion
of the photocell, For example, with the light sensing sys-
tem positioned as indicated in FIG. 1, its electric signal
will be produced only when the frontal reflective surface
of the subject is substantially at point 37.

. - Thus, as the light sensing system is reciprocated arcu-
ately, it scans the portion of axis 20 between point 37 and
point 38 and produces an electric signal responsive to the
focusing of reflected light onto the sensitive portion of
the cell whenever axis 25 traverses a reflective frontal
surface along axis 20 between these two points, The dis-
tance from the instrument of points 37 and 38 depends, of
course, on the particular design of the device. In the case
of a camera, points 37 and 38 might correspond, respec-
tively, to the so-called hyperfocal distance (beyond which
further focusing adjustment is not normally required)
and to the nearest distance at which the camera is in-
tended to photograph a subject.

* To effect the automatic focusing of lens 10 according

to the distance from the subject to .the camera, support

member 13 is provided with a cam follower arm 40 which
is resiliently biased by a spring 41 into engagentent with
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a cam 42 (secured to gear 31) so that the rotative naci. ==
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tion of gear 31, and hence the angular position of the
light sensing system, correspondingly determines the posi-
tion of lens 10 relative to image receiving surface 12.
While the drawing shows simply a circular cam 42
adapted to increase the distance between lens 10 and sur-
face 12 as the point of coincidence between axes 20 and
25 move away from the instrument, or vice versa, in
actual practice the cam could have a non-circular profile
determined by the relative positions of the various ele-
ments involved and their particular optical character-
istics.

The operation of the illustrated device is initiated by
closing switch 43, thereby electrically energizing light
source 17, motor 33 and an electric transducer device 44
connected to photocell 23 by leads 45 and 46. Transducer
44 is adapted to supply current to energize solenoid 50,
through output at leads 47 and 48, whenever photocell 23
responds to the presence of a predetermined increase in
light intensity.

As soon as- the motor is energized, the light sensing
system begins to scan axis 20 between points 37 and 38 and
continues to do so until the intersection of axes 20 and
25 coincides with a reflective surface, at which position
a portion of the reflected light is focused on the photocell,
in response to which solenoid 50 rotates latch arm 51
about pivot 52 against the influence of spring 53 to open
switch 54, thereby deenergizing motor 33. To insure instant
response of the system independent of the inertia of the
motor and other moving parts, the latch arm may also be
provided with a tooth 85 which, upon actuation of the
solenoid, is interposed between two adjacent teeth of
gear 35 to effect an immediate and positive braking ac-
tion, thus stopping the motion of all the movable ele-
ments of the device in appropriate positions as a function
of the distance of the subject from the instrument. This
distance may also be related as a numeric valuc by a
pointer member, as shown at 56, which is pivotally mmount-
ed at pivot 57 and movable against spring 58 by an arm
60 connected to support plate 22, such that the angular
position of the support plate may be translated into a
direct distance reading by an appropriately numbered
scale 61 in alignment with the pointer.

Although the foregoing description has used the term
“light” in a general sense in referring to the emitted light
beam and the light sensing means, it should be noted
that to minimize the possibility of ambient light imping-
ing on the photocell and causing a spurious motion stop-
ping signal, the associated electric transducer device should
be so designed as to be responsive only to illumination by
a range finder light source of greater intensity than the
normally encountered illumination of the subject by other
sources. Rather than simply providing an extremely in-
tense source of visible light, however, it is preferable to
utilize a photocell which is responsive primarily only to
light within a particular spectral frequency range which
is not preponderant in normal ambient light, and to pro-
vide a light source which emits primarily light within that
frequency range. For example, a preferred embodiment
of the range-finding device might employ light outside
of the ordinary visible spectrum (e.g., infrared or ultra-
violet) with other frequency components being minimized
both in the emitted beam and in the light reccived at the
photocell by appropriate optical filters. Alternatively, a
beam of relatively intense monochromatic light might be
employed, for example, by use of an optical laser as the
light source, with a corresponding narrow band filter be-
ing used in conjunction with the photocell.

While the foregoing explanation describes the essential
clements and mode of operation of the device, jt may
for some purposes also be desirable to further increase the
accuracy of the device by insuring not only that the sub-
ject is in sharp focus at surface 12 at all times, but also
that the lens system 16 and 21 are continuously adjusted
50 that the point of intersection between axes 20 and 25
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and the phetocell. To obtain this objective, the light beam
projecting lens 16 is mounted on a plate 62 which cor-
responds in structure to support member 13 of lens 10,
whereby lens 16 may be moved along its axis 20 to vary
its position relative to light source 17, This adjustment of
lens 16 is effected by a bell crank 63 pivoted at 64, which
moves plaie 62 against the influence of spring 65 in ap-
propriate relation to the movement of support plate 13
as a function of the profile of cam surface 66 thercon.
Likewise, lens 21 is also supported on support member
22 by a similar plate member 67 for movement along axis
25, with the distance between the lens and the photocell
being adjusted as a function of the angular position of
member 22 by a curved tapered cam arm 68 fixed to a
stationary portion of the instrument at 70 and held in by
a spring 71 in contacted engagement between lobe 72 at
the forward end of plate member 67 and a pin 73 fixed
to support member 22,

Referring now to the embodiment of the invention
shown in FIG. 2, the light beam projecting device, com-
prising light source 81 and lens 82 and the light sensing
system, comprising photocell 83 and lens 84, are mount-
ed respectively on support plates 85 and 86 symmetrically
located at pivot points 87 and 88 on opposite sides of the
axis 90 of a lens system 91 of a camera or other optical
instrument. Lens system 91, in turn, is supported by a
mounting plate 92 movable along axis 90 against the in-
fluence of spring 93 by a cam 94 attached to a rotatable
shaft 95, to vary the distance between the lens and the
image receiving surface depicted at 96. A symmetrical
cam follower member 97, positioned in contact with a
second cam 98 attached to shaft 83 is also movable along
axis 90 in response to the rotation of shaft 95 and is re.
siliently engaged by the respective arms 98 and 100 of
plates 85 and 86 under the influence of springs 101 and
102, In this construction, therefore, the axes of the light
beam projecting device and the light sensing system at all
times converge at axis 90, such convergence point being
kept in focus at surface 96 by lens 91. Such a system, in
association with a drive mechanism and associated cif-
cuitry as shown in FIG. 1 would, therefore, eliminate en-
tirely the lateral discrepancy between the sensed position
of the subject and the axis of the instrument, which might
constitute an unacceptable degree of parallax if, for ex-
ample, the device were to be used for accurate long range
measurements in connection with surveying, weapon aim-
ing, or the like.

FIG. 3 iilustrates a camera having a fully automatic
system responsive to depression of the shutter actuating
button 120, to first automatically focus the objective lens
121 according to the distance between the camera and a
subject located along the axis 122 of the viewfinder com-
prising lenses 123 and 124, and, thereafter, to actuate the
shutter mechanism to effect an exposure.

The embodiment illustrated in FIG. 3, utilizes range-
finding system which utilizes the same genera: iainciple
of operation as that previously described in relation to the
structure shown in FIG. 1. Objective lens 121 is mounted
in a cylindrical housing 125, and is supported in the
camera housing, not shown, by a stationary ring 126. The
rearward portion of lens housing 125 and the internal sur-
face of ring 126 are provided with mating threads, as
shown at 127, whereby the rotation of housing 125 in a
counterclockwise direction, as viewed from the front of
the camera, moves the lens forwardly away from the film,

_ Mot shown, and vice versa. Attached to lens housing 125
is a gear member 128 which is-rotatable, through some-
what more than a half revolution, between the illustrated
position in which lug 130 at the periphery thereof is in
contact with a stationary stop pin 131 and a sccond posi-

_tion in which Jug 130 contacts slationary stop pin 132,

This rotation of housing 125 is sufficient o move lens 121

axially through its entire range of focal adjustment as
indicated by indicia shown on the front surface of the
housing adjacent the lens. As hercinafier deseribed, gear
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128 may be rotated in the manner just described, either
by (1) a reversible clectric motor 133 connected thereto
through a speed reducing gear train 134, 135 and 136, or
(2) by simply rotating the accessible forward portion of
housing 125 manually, thereby rotating the motor through
the gear train. ’

The light beam emitting device built into the camera
comprises an clectrically energized light source 137
mounted at the focal point of a lens 138, the axis 140
of which is parallel to the axis of the objective lens 121.
The light sensing device includes a mirror 141, angularly
located on support arm 142 behind a third lens 143 and
movable about a vertical axis defined by pin 144 pivotally
supporting arm 142 on the camera housing, The angular
position of mirror 141 is determined by the axial position
of the objective lens by means of a follower arm 145
which is pivoted to the housing at 146. One end of the
follower arm 145 is held in resilient contact with the
back surface of gear member 128 by the contacting en-
gagement of the other end thereof with support arm 142
under the influence of spring 147, whereby a forward
movement of the objective lens moves mirror 141 in a
clockwise direction, as viewed from the top, and vice
versa. Photocell 148 is optically aligned with mirror 141
by means of fixed inlermediate mirrors 150 and 151, which
serve to increase the focal distance between the lens 143
and photocell 148 and also to increase the optical distance
between mirror 141 and the photocell, thereby increasing
the movement of a focused spot of light at the photocell
in response to a given angular movement of the mirror.

Although each of the light sensing systems previously
described in relation to the embodiments illustrated in
FIGS. 1 and 2 involves moving a lens relative to a photo-
cell to effect a scanning function, the same result is
achieved in this embodiment by moving the mirror behind
the siationary lens 143 while simultaneously carrying out
a corresponding movement of the objective lens. For ex-
ample, in the position shown in FIG. 3, the objective lens
121 is in its rearwardmost (hyperfocal) position, and, at
the same time, mirror 141 is positioned to focus at the
photocell only such light beams as are reflected from a
subject located beyond the hyperfocal range of lens 121.

To take a picture with the camera shown in FIG. 3, the
operator first brings the photographic subject into the field
of the viewfinder. Next, he depresses the shutter actuating
button 120 to initiate the operation of the camera by mov-
ing slidable member 153 downwardly, agains the influence
of spring 154, When the camera is set for fully automatic
operation, the downward motion of member 153 is limited
by engagement of its shoulder 155 with stop member 156.
In this position, the shutter release arm 157 of member
153 has not operatively engaged shutter-actuating trigger
158. However, such downward movement of member 153
closes normally open switch 160 in series with o battery
161 to energize light source 137 and an electric transducer
device 162 similar to the one described in reference to
FIG. 1. Further, such movement of member 153 simul-
taneously actuates a double-pole double-throw switch com-
prising movable contact blades 163 and 164, moving such
blades out of contact with conductors 165 and 166, re-
spectively, and into contact with conductors 167 and 168.
This causes mo’or 133 to be energized by battery 161 with
the proper polarity to drive gear member 128 in a counter-
clockwise direction, thereby axially moving lens 121 and
causing the range-finding system to function as previously
described. - ‘

When the scanning movement of mirror 141 causes the
reflected beam of light to impinge on the photocell 148,
transducer 162 cnergizes a solenoid 170 which, acting
against the bias of spring 171, moves actualing arm 172
in a counterclockwise direction about its pivot 173, forc-
ing its tooth 174 between adjacent teeth of gear 136 to
cause an immediate and positive stoppage of the drive
system, In this embodiment, however, the motor remains
energized and is simplv stalled hv the blncking of gear
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able member by means, not shown, corresponding to those
previously illustrated and described.

While photocell elements 212 and 213 were previously

described as being rectangular, it may be preferable to
utilize such elements having frontal profiles which de-
crease in vertical dimension toward each other, whereby
the area upon which the vertical light beam impinges
is reduced as the system approaches alignment with the
illuminated area of the subject. By utilizing such an ar-
rangement, the motor energizing voltage can be reduced
gradually toward an apex (in this case “zero”) output as
. a function of the size of the illuminated area of the
photocell, thereby slowing the speed of the motor as the
system moves into alignment and reducing the inertia
of the drive mechanism which tends to carry plate 204
past the aligned position in which the drive motor is de-
energized.

FIG. 5 illustrates still another embodiment of a light
sensing system which may be incorporated in an auto-
matic range finder as previously described. In this embodi-
ment, the light sensing system utilizes a galvanometer-
type electrical measuring instrument comprising 2 mov-
able coil 230 pivotally supported by two jeweled bear-
ings, one of which is shown at 231, at opposite sides of a
permanent magnet 232, supported by a stationary sup-
port arm 233. In such an instrument, the angular de-
flection of the coil against the slight resistance of a hair-
spring 234 is a function of the amount of current flowing
through the coil. In this embodiment, such current is
produced by a photovoltaic-type cell 235 mounted on coil
230 in alignment with a vertical slit 236 between aperture
plates 237 and 238, which are also supported on the coil
and which define a narrow vertical scanning path illus-
trated by broken lines 240.

The light measuring system shown in FIG. 5 may be
mounted on a camera or other instrument in the same
manner as described in reference to the system illustrated
in FIG. 4. The scanning range of the system, is defined
by the limits of motion of needle 241, which is attached
to the coil for arcuate movement between legs 242 and
243 of step member 244, and so long as the subject is
located along the axis of the light source and within the
scanning range of the system, light reflected from a sub-
ject will always impinge on some portion of the photo-
cell. By profiling photocell 235 so that a maximum area
thereof is illuminated when path 240 is aligned with the
reflected spot of light at the subject, an apex (maximum)
current output is produced at the point of proper align-
ment, and the system can be made to align itself auto-
matically, With the illuminated spot reflected from the
subject being aligned with the maximum cell area, the posi-
tion of needle 241 is therefore determined by the distance
of the subject from the camera as may be indicated by
appropriate indicia 245 on stationary anvil member 246,

Alternatively, other means might be employed modi-
fying the embodiment shown in FIG. 5 to cause the elec-

tric signal of the photocell to change in a similar man-
ner as iluminated area moves either way from the aligned
central position. For example, instead of/or in addition
to varying the arca of the photocell, a transparent filter
member varying in density toward each end might be
moved across the light path by the coil to vary the in-
tensity of the illumination of the photocell as a func-
tion of the position of the object. To stabilize such a self-
aligning galvanometer system and prevent undue oscil-
lation thereof, it is necessary 1o determine carefully the
desired profile of the photocell, the characteristics of the
hairspring, and other operative elements associated with
the instrument, as well as to provide appropriate damp-
ing means, but such considerations are within the province
of persons skilled in the electric meter art.

To translate the position of the needle into a corre-

. sponding adjustment of the camera lens or some other
element, step plate 244 is slidably supported by stationary
pins 247 extending through parallel slots 248 and is pro-
vided with a series of steplike surfaces 250, whereby
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needle 241 is trapped between one of such surfaces and
the lower surface of anvil member 246 to block further
movement of plate 244 as the plate is moved upwardly
by operating lever 251. Accordingly, the blocked posi-
tion of the plate, and/or the corresponding position of
operating lever 251, reflect the angular orientation of the
light sensing system and can readily be translated into the
desired corresponding mechanical movement needed to
focus the optical system,

FIG. 5 represents both the photocell and the associated
scanning path defining means as being movable with the
coil. However, it should be apparent that the coil might
carry only a mirror or some other single movable ele-
ment of the light sensing system as has been illustrated
by the various embodiments previously described. Al-
though the latter varieties necessitate flexible electrical
connections to the coil, they might nevertheless be pref-
erable to reduce the mass of the movable coil struc-
ture.

While the various embodiments of the invention herein
have been described with reference to instruments hav-
ing a movable lens or other element separate from the
elements of the range-finder device itself, it would also’
be possible to utilize the instrument lens for purposes of
focusing the light beam onto the subject.or focusing the re-
flected beam onto the photocell. For example, to adjust the
projection lens of a projector as a function of the dis-
tance to the screen, an aperiure plate could temporarily
be introduced to restrict the projection beam to illuminate
only a small spot on the screen for detection by the photo-
cell, and, after the lens was adjusted, the plate could be
removed to allow the projector to function in its normal
manner. Likewise, in a camera, a mirror could be inter-
posed temporarily behind the camera lens to focus the
reflected beam onto the photocell, and then removed after
the distance setting had been accomplished, in a manner
similar to that employed in the viewfinder device of a
single lens reflex camera,

The invention has been described in detail with par-
ticular reference to preferred embodiments thereof, but
it will be understood that variations and modifications
can be effected within the spirit and scope of the inven-
tion. Accordingly, the invention is not to be limited to
the specific details shown and described, but is of a scope
as defined by the appended claims.

I claim:

1. In a photographic camera having:

(a) exposure means for exposing an image receiving
surface within said camera to illumination from a
scene to be photographed in response to actuation of
said exposure means; and

(b) trigger means for actuating said exposure means,
the improvement comprising:

(c) rangefinder means including means

(1) for projecting a light beam toward a subject
to be photographed to impinge on the surface
thereof and

(2) for receiving a portion of said beam reflected
from said surface;

(d) beam disabling mears for terminating the im-
pir:igemenl of light on the surface of said subject;
an

(e) coordinating means operatively connecting said
beam disabling means and said trigger means for
terminating said impingement prior to the actuation
of said exposure means.

2. A photographic camera according to claim 1 wherein
said beam disubling means includes light beam extinguish-
ing means for terminating the projection of said light
beam.

3. In a camera having:

(a) a film plane,

(b) actuatable shutter means for controlling the trans-

mission of light to said film plane, and

(c) actuatable rangefinding means including a mem-
ber positionable automatically as a function of the
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distance from said camera to a subject to be photog-
raphed;
the improvement comprising:

(d) trigger means for sequentially actuating said range-
finding means and said shutter means, whereby said
shutter means is actuated only after said member
has been positioned by said rangefinding means.

4. The camera structure according to claim 3 further
including: an objective lens, focusing means for varying
the distance between said lens and film plane, and means
operatively connecting said positionable member and said
focusing means for automatically adjusting said focusing
means to vary the distance between the lens and film
plane in accordance with the position of said member.

5. The camera structure according to claim 3 farther
including indicator means responsive to said positionable
member for indicating the distance from the camera to
said subject.

6. The camera structure according to claim 5 further
including a viewfinder, said indicator means being visible
in said viewfinder.

7. In a photographic camera having:

(a) an image receiving surface;

(b) an objective lens;

(c) shutter means for exposing said image receiving

surface to an image formed by said objective lens;

(d) focusing means for adjusting said objective lens
to different focal positions varying the distance be-
tween said lens and said surface;

(e) a rangefinder system comprising:

(1) a light source unit including means for pro-
jecting a light beam to produce an area of il-
lumination on an object to be photographed
when said beam impinges thereon;

(2) a directional light sensing unit spaced from
said light source unit and including light respon-
sive means for producing a predetermined elec-
tric signal when said light responsive means and
said area are in alignment;

(3) drive means for moving at least one of said
units to bring said light responsive means and
said area into alignment by altering the angular
relation between said units;

(4) braking means responsive to said signal for
arresting said drive means when said light re-
sponsive means and said area are in alignment;

(f) adjustment means operatively connected to at least
one of said units and to said focusing means to posi-
tion said lens at a focal position corresponding to the
distance from the camera to said object as a function
of the spatial and angular relation of said units when
said drive means is arrested;

the improvement comprising:

(g) light control means for terminating the impinge-
ment of said light beam on said object;

(h) a trigger member; and

(i) actuating means responsive to movement of said
trigger member for sequentially actuating:

(1) first, said rangefinder system and said adjust-
ment means to adjust said lens according to the
distance from the camera to the subject,

(2} second, said light control means to terminate
the impingement of said light beam on said
object, and .

(3) finally, said shutter means to expose said
image receiving surface.

8. A camera according to claim 7 further comprising:

(a) latching means operable to

‘(1) a first condition 10 retain said lens in its ad-
jnsted focal position when said braking means
arrests said drive means in response to sajd pre-
determined signal, regardless of subsequent al-
teration of said signal; and

(2) a released condition to permit adjustment of
the focal position of said lens; and
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(b) means responsive to said shuttcr means for op-
erating said latch means to its releascd condition
upon completion of the exposure of said image re-
ceiving surface by said shutter means.

9. A photographic camera according to claim 7 further

comprising: .

(a) a viewfinder; and :

(b) indicator means visible in said viewfinder for in-
dicating the actuation of said shutter means.

10. A photographic camera according to claim 7 fur-
ther comprising: override means including a manually
operable override element movable from a first position
to a second position for disabling said actuating means
to allow said shutter means to be operated independently
of said actuating means.

11. A photographic camera according to claim 10 fur-
ther comprising:

(a) means for releasably retaining said override ele-
ment in said second position upon movement of said
clement to said second position: and

(b) means for returning said element to said first posi-
tion in response to movement of said trigger means,
whereby said element must be moved manually to
said second position prior to each exposure to be
made independently of said actuating means.

12. A photographic camera according to claim 10 fur-

ther comprising:

(a) a viewfinder; and

(b) override indicator means visible in said viewfinder
for indicating the position of said movable element.

13. In the combination of a photographic camera having
an objective lens adjustable to different focal positions
and a rangefinding device having distance triangulating
means including:

(a) a light source unit adapted to project a beam of
light toward an object to be photographed to pro-
duce an illuminated area on said object when said
beam impinges thereon; and

(b) a directional light sensing unit spaced from said
light source means for producing a predetermined
electric signal when said light sensing means and
said area are in alignment;

the improvement comprising:

(c) adjustable lens means associated with at least one
of said units; said lens means being adjustable to
vary the position of a focal point thereof;

(d) drive means for moving at least one of said units
through a plurality of positions to bring said light
sensing means and said area into alignment;

(e) focusing means responsive to the position of at
least one of said units for adjusting said focal posi-
tion of the lens means during such movement as a
fur_lcu'on of the angular and spatial relation of said
units;

(f) braking means responsive to said signal for arrest-
ing said drive means when said light sensing means
and said area are in alignment; and

(g) indicator means operatively connected to at least
one of said units to indicate the distance from the
camera to said object as a function of the spatial and
angular relation of the units when said drive means
is arrested.

14. The combination according to claim 13 further
comprising: adjustment means responsive to said indicator
means for adjusting the focal position of said objective
lens as a function of the spatial and angular relation of
said units when said drive means is arrested.

15. A photographic camera comprising:

(a) an objective lens;

(b) means defining a surface upon which an image

formed by said lens will be in focus when said lens
and said sorface are spaced by a first distance func-

-

tionally related to a second distance between said

~ lens and the object defining said image;
(¢) movable means for adjusting said first distance
between said lens and said surface;
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(d) a light lens means having an adjustable focal point
for projecting a beam of light from said unit along
a narrow first path to produce a localized illuminated
area on said subject when said first path is aligned
therewith;

(e) a light sensing unit including:

(1) photoresponsive means adapted to produce a
predetermined electric signal when in optical
alignment with an illuminated area; and

(2) a second lens means having an adjustable
focal point for defining a narrow second path
within which an illuminated area is in such

signal-producing alignment with said photocell -

unit, said second path being engularly disposed
with respect to said first path and in intersecting
relation therewith;

(f) drive means for moving at least one of said units
to alter the angular relation of said paths and the
point of intersection thereof;

(g). rangefinder focusing means responsive to said drive
means for adjusting the focal point of at least one
of said first and second lens means as a function of
the position of said drive means;

(h) disabling means for arresting said drive means in

i

10

15

14
response (o said signal when said point of intersection
and said illuminated area on said object are in coin-
cidence; and

(i) image focusing means operatively connecting said
drive means and said movable means for varying
said first distance as a function of the position of
said drive means. '
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of Ohio
Filed June 8, 1966, Ser. No. 556,018
Int. CL. G01c 3/00, 5/00, 1/00

Us. €1, 356—3 8 Claims

ABSTRACT OF THE DISCLOSURE

This invention provides a method and apparatus for
performing precise surveying operations relative to a
sclected reference point by utilizing a laser beam. A
portable laser beam reference plane generator is provided
which wnay be sct up in precise alignment with a selected
reference point and which produces a rotating laser beam
sweeping over the adjacent terrain. The generator may be
accurately adjusted to permit both elevation and angular
displacements to be measured at any point within the”

area traversed by the rotating laser beam.

This invention relates to a precision surveying appara-
tus employing & laser beam as a reference plsne, which
plane may be horizontal or at any desired angle relative
to the horizontal, and more particularly, t0 a portable
laser beam referénce plane generator which may be set
up in precise alignment with a selected refcrence point
on any type of terrain and conveniently and accurately
adjusted to produce a laser bcam rotating about an axis
passing through such reference point.

In my copending application Ser. No. 468,821, filed
July 1, 1965, now abandoned, and assig=cd to th= assignee

. of this application, I have disclosed and claimed a meth-
. od and apparatus for utilizing a penerated laser beam

sweeping through a preselected refcrence plane for de-
termining the relative elevation with respect to the refer-
ence plane of any ground surface point within the effec-
tive range of such laser beam. As pointed out in such co-
pending application, such system greatly facilitates sur-
veying operations and may also be utilized to simultane-
ously control earth working operations of a plurality
of grading machincs, scrapers, mining equipment, or the
like, each of which being provided with laser beam de-
tector means and rcuitable control arrangements respon-
sive to the laser beam for adjusting the elevation of the
implement to maintain such implement at a preselected
displacement relative to the laser beam reference plane,
irrespective of the terrain variations.

In my copending application Ser. No. 474,684, filed
July 26, 1965, now abandoned, and assigned to the as-
signee of this application, I have disclosed a specific struc-
ture for a wipcd-mounter laser beam generator. I have
now developed certain improvements in such construction
which provide even greater convenience and accuracy in
operating such laser beam generator and further permits
the resulting laser beam to be utilized to not only deter-
mine elevation in surveying operations but also permits
angular displacements to be accurately laid out or meas-
ured over any type of terrain. -

More particularly, it is an object of this invention 10
provide a portable laser beam generator capable of pro-

- ducing a laser beam rotating about an axis characterized

by the fact that the rotatable axis of the Jaser beam may
be precisely aligned with a ground reference point.
Another object of this invention is to provide an im-

proved method of surveying utilizing a rotating or oscil-
~lating laser beam.

A further abject of this invention is the provision of

]
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2
a rotatable laser beam generator wherein a shadow may
be_prodnccd in the beam at ary one or more of a plu-
rality of precise angular locations around the rotational
axis of the laser beam, thereby permitting the measvre-
ment or layout of angular displacements about the axis
of the rotating laser beam. '

Still another object of this inveniion is to provide a
Iaser beam generator of the type producing a laser beam
rotating in a plane, characterized by ihe provision of ace
curate mechanism for tijting the plane defined by the

Jlaser beam to assume a desired inclination with respect

to the axis of rotation of the laser beam.

Other and further objects and advarntages of this in-
vention will become apparent to those skilled in the art
from the following detziled description thereof, taken
in conjunction with the annexed sheets of drawings on
which a preferred embodiment of this invention is illus-
trated. :

On the drawings:

FIG. 1 is a side elevational view of a planar laser
kzam generator constructed in accordance with this in-
yention. .

FIG. 2 is a sectional view taken on the plane A—A
of FIG. 1.

FIG. 3 is an enlarged scale perspective view of ths top '

portion of the laser beam generator of FIG. 1.

F1G. 4 is a partial vertical sectional view of the top
portions of FIG, 1.

FIG. 5 iz a schematic plan view illustrating the utiliza-
tion of the laser beam generator of FIG. 1 in a survey-
ing operation for accurately determining angular dis-
placements. .

FIG. 6 is a perspective view of a modified beam block-
ing member. )

As shown on the drawings:

All of the elements of the laser beam generator shown
in FIG. 1 which appear below the section line A—A are
functionally “identical to those disclosed and Jdescribed
in detail in my said copending application Ser. No.
474,684, filed July 26, 1965 and hence reference should
be had to that application for a more detailed descrip-
tion of these elements. Briefly, there is provided a pri-
mary base or support member 10 which is of a circular
platelike configuration and has a plurality of depending
mounting brackets 11 welded around the periphery there-
of to provide a pivotal mounting for the bifurcated ends
of tripod legs 13. In this manner, primary base 10 may
be supported by the tripod legs 13 in a roughly hori-
zontal position on any terrain. Base 10 is further pro-
vided with a central depending circular boss 10a welded
thereto and.a similar boss 106, formed in iwo semi-
circular ‘pieces is secured to the top surface of primary
base 10 by a plurality of bolts (not shown). Bosses 10a
and 10b are centrally apertured and together define a
spherical segment internal bearing surface (not shown).

A secondary base element 15 is provided which consti-
tutes a vertically extending hollow member. The lower
end of sccondary base member is enlarged and ground to
produce an external spherical segment bearing surface
(not shown) which is cooperable with the interior spheri-
cal bearing surface of the primary base member 10 to
adjustably mount the secondary base element in a gen-
erally vertical position relative to the primsry base 19.

Near the middle portion of the secondary base ele-
ment 15, a radially projecting integral flange 15¢ is pro-
vided which overlies the primary base 10 beyond the
perimeter of boss 105, At equally spaced locations around
the perimeter of flange 15¢, a plurality of threaded aper-
tuies are provided which respectively receive the threaded
ends of dependiag adjusting pins 16. The adjusting pins
16 are each provided with an enlarged hand grasping col-

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3

P S TP



i

s

Gidiiaes

it

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3

3,47

3,234

- 3

lar 165 and a flat head portion 16c which contacts the
top surface of primary base'10. It is therefore apparent
that the adjusting pins 16 permit the vertical position of
secondary base 15 to be accurately pivotally adjusted reia-
tive to the primary base or support 10 to assume cither
& lrue vertical position or a position at any desiréd in-
clination relative to the verical, as indicated by means
.that will be hereafter described.

The top poition of secondary base 15 is axially slit to
define two opposed clamping flanges 15f and a hand actu-
ated clamping bolt 15e i: provided to draw such clamping

" flanges 15f together. Additonally, a spur gear 15% is

journaled betwezn flanges 15f and is rotaiatle by a hand
crank 15j for a purpose to be described.

As previously mentioned, secondary base element 15 is
holiow and defines a vertically extending cylindrical bore
15a (FIG. 2) extending completely through the second-
ary base element. A tubular support or housing 17 is pro-
vided baving a cylindrical portion 17a which is snugly
but slidally insertable in the cylindrical bore 154 of the
secondary base element 15. An axially extending rack
gear 17¢ is cecured to the outer wall of tubviar support
17 and passes through flanges 15f and cooperates with
spur gear 15k. A suitable axial slot (act shown) is pro-
vided in the secondary base element 15 to accommodate
the rack gear 17c,

It is therefore apparent that the relative vertical posi-
tion of the housing 17 with respect to the secondary base
element 15 may be conveniently adjusted by rotating hand
crank 15 and the housing 17 may then be locked in any
selected vertical position relative io the secondary base
15 by tightening the clamping bolt 15¢. Such adjustment,
however, docs not produce any deviation of the axis of
tubular housing 17 relative to the axis of the bore of
the secondary base element 15, hence, in any selectad ver-
tical position, the axis of the housing 17 is shifted relative
to the vertical by manipulation of the adjusting pins 16,

In the lower portions of the tubular housing 17, a con-
veotional laser beam source 18 is suitably mounted so
that a collimated primary beam L1 produced by such

- laser source is upwardly directed and is coaxially aligned

with the avis of housing 17. The laser beain source 18
may compris¢ any conventional gas laser such as the
Model No. 5200 currently manufactured and sold by
Perkin-Elmer Corporation of New Britain, Conn. The
housing 17 is preferably formed from aluminum or any
other mietal which will shield the laser source 18 from
ambient slectrical disturbances and which will readily
dissipate the heat generated by the laser source 18. Laser
source 18 may be actuated by any source of electrical
energy producing the required voltage and power.

I have observed that such laser beam sources actually
produce two oppositely directed beams, one beam being,
of course, the primary beam L1 and having the maximum
intensity, but a secondary beam indicated at L2 (FIG.
.l) is also emitted from the othe: end of such source
in aligament with the primary beam L1. Secondary beam
L2 is of substantially reduced intensity, yet quite visible
to the eye of an observer. In accordance with this inven-
tion, the secondary laser beam L2 is utilized to assure the
Pprecise vertical alipnment of the primary beam L1 with
8 sclected ground reference point P. This can be very con-
veniently accomplished by providing a central apsrture
17h in the bottom of housing 17 and covering such aper-
ture with a transparent window 17} of glass or a plastic

- material that will readily transmit the laser beam 12,

Referring now particularly to FIG. 3, it will be ob-
served that the top portion of the tubular bousing 17 is
provided with a radial enlargement indicated at 176 hav-

.ing a depending flange 174 along one side. An electric

motor 21 is mounted on flange 174 in depending rela-
tionship to the enlargement 17b and has its shaft 21a
projecting through an aperture 17¢ (FIG. 4) in the en-
largement 175 and mounts a puiley 215 thereon. Within
the top r\l\ﬂ:nnﬁ PR IR Ty I B ~
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hollorv hub 25 is rotatably journaled by suitable Searings
26. The upper portions of hub 25 project above the radial
enlurgrment 176 and the top end Z5a of hub 25 is sokd.
An inverted, cup-shaped cover 27 is mounted over the
projecting portions of hub 25 and secured thereto by a
bolt 27a. On the bottom edge of cover 27, a pulley 28 is

welded and a belt 29 connects pulley 28 to the motor .

driven pulley 215.

Near the top of hollow hub 25 an optical reflacling
device 22-is mounted which is arranged to receive the
upwardly directed primary laser beam L1 passing through
the hub bore 25¢ and to reflect such beam in a fixed angu-
lar relationship to the direction of the incident beam, for
example, at exacily 90° to the direction of the incident
laser beam L1. Thus, the reflected beam L3 will be posi-
tioned in a fixed angular relationship, preferably 90°,
with respect to the axis of tubular housirg 17 and the
bore axis of the secondary base element 15. Optical de-
vice 22 could be an accurate mirror positioned at a pre-
cise 45° angle with respect to the incident laser beam L1,
but preferably comprises a device known as a pentaprism,
one type of which is currently manufactured and sold by
Brunson Instrument Company of Kansas City, Mo. and
has the property of reflecting any incident light beam at
exactly 90° to the direciion of the incident beam. Hence
any eccentricity in the rotation of the hub 25 due to
bearing wear or misalignment will not change the angular
relationship of the reflected beam L3 relative to the pri-
mary beam L1. ’

In the specific embodiment shown in the drawings, the
hollow hub 25 is provided near its top with a recess 25d
communicating with the hub bore 25¢ and correspond-
ing in shape to the shape of the pentaprism 22. The re-
cess 254 opens through the wall of the hub 25 so that the
pentaprism 22 may be slidably but snugly inserted in such
recess. A cover plug (not shown) is then inserted in the
recess 25d to hold the pentaprism 22 in position.

The pentaprism is of roughly pentagonal shape and is

formed from optical quaiity glass. One side 22z of the *

pentaprism receives the incideat laser beam L1 and an-
other side 22b, which is perpendicular to the first side
22a, transmits the reflected laser beam 1.3. The other two
opposed angular sides 22c and 22d of the pentaprism
have a mirror coating applied to their outer surfaces, and
these sides are accurately ground so that the incident
beam L1 is internally reflected in the pentaprism 22 to
follow the path indicated by the dotted lines to produce
the final output beam L3, which will always be at exactly
90° to the direction of the incident beam L1, The hub
25 is, of course, provided with a radial aperture 25¢ to
permit the reflected beam L3 to pass out of the hub. The
cover 27 is provided with a suitable aperture 27b in its
side wall aligned with the radial hub opening of 25¢, and
hence with the path of the reflected laser beam L3. Aper-
ture 25¢ may be covered by a suitable inserted window
25f of glass or transparent plastic as desired.

The top surface 17m of the housing enlargement 17b is
accurately ground to be precisely normal to the axis of
housing 17, hence normal to the primary las=i team LI1.
A pair of mutually perpendicularly disposed fluid bubble
level indicators 24 are then mounted on, or in a selected
angular relationship with the ground top surface 17m
and the indicating bubbles of such level indicators may
be utilized to indicate when the surface 17m is exactly
horizontal with respect to gravity or in a selected angular
relationship therewith. )

In accordance with this invention, one of the level
indicators 24 is mounted on a sine bar 30. The sine bar
30 is snugly pivotally mounted at one end on a pivot bolt
30a which is threaded into the depending flat side 17d
of the enlargement ¥75. The other end of the sine bar is
raised or Jowered relative to the top surface 17m of hous-
ing enlargement 175 by a micrometer actuated rod 31
'_which abuts against a transverse pivot pin 33 journaled
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. the hoasing side 174 and such bracket is traversed by the
microracter rod 31 and wounts in depending relationship
a conventional micrometer adjusting mechanism '33.
Mechanism 33 is provided with conventional calibrations
33a which are graduated to indicate the angular displuce-
ment of the sine bar 30 relative to the ground top surface

7m, preferably in conventional surveying units of .01 ft.
vertical elevation per 100 ft. of horizontal distance. Ac-
cordingly, the sine bar 30 may be adjusted by.micrometer
rechanism 33 to a zero position where the top surface
305 of the sine bar 30 is exactly parallel to {1e ground

. surface 17m of the bousing enlargement 17b, or may be

i angularly displaced upwardly or downwar.dly relative to
the ground top surface 17x (hence, relative to the axis
of rotation of the laser beam L3) by a’ precise angular

. . amount by operation of the micrometer mechanism }3.

The last improvement accomplished by this invention
involves the provision of a support ring 40 which sur-
rounds cover 27 and is positioned in coaxial re_lationsh_lp
with respect to the axis of housing 17, hence in coaxial
relationship with respect to the primary la§er beam L1.
Ring 40 is supported in parallel relationship to th; top
surface 17m by a plurality of posts 41 which are svitably
secured to the ring 40 and to the top surface 17m of the
housing enlargémént 176. The ring 40 is of shallow U-
shaped configuration, thereby defining an annular wack
or channel 40a (FIG. 3). An indicating ring 42 is snugly
but rotatably mounted in the channel 40a. Ring 42 is
provided with angular graduations 424 on its top surface.

In accordance with this invention, one or more bsam
blocking members 43 are provided which nay be detach-
ably secured to the ring 40 at any desired.honzontal
angular position relative to the axis of the primary laser
beam L1, assuming such laser beam to be vertical. Beam
blocking members 43 are provided with a properly shaped
recess 43a in their bottom portions to permit- such mem-
bers to be snugly but slidably supported on the ;ing 40.

A radially disposed clamping screw 43b permits each

" block 43 to be locked to ring 40 at any desired angular
position about the ring 40. ) .

*" Preferably, one of the beara blocking membirs 43 is
constructed to have a transverse width in the plane of the
rotating laser beam L3 equal t9 the corresponding width
or diameter of the laser beam L3. The radial sides 43¢
and 43d of each beam blocking member 43 are exactly
radial with respect to the rotational axis of the laser beam
13. If desired, additional beam blocking members 43
(FIG. 6) may be provided whose cross-sectional con-
figuration in the plane of the rotating laser beam corre-
spond exactly to a fixed angle. In the case of the illustrated
beam blocking member 43, the angle is 90°.

The improvements in the laser beamn generator hereto-
fore described contribute substantially to the flexibility
and utility of the laser beam generator. For example, ia

- all surveying operations, or operations involving the con-
trol of earthworking or analogous equipment by a laser
beam, there has to be first located in the working area
one or more reference points whose elevation is precisely
known. These reference points are commonly indicated
by a stake driven into the ground with an X on the top
of the stake indicating the precise reference point. It is,
of course, desirable that the rotating laser beam L3 be
aligned so that its axis of rotation passes precisely through
the desired reference point. This is accomplished with
the utmost dispatch by permitting the secondary laser
beam L2 to project out of the bottom of housing 17 to
impinge on the stake. Hence in setting up the lase beam
generator, the transit legs will be adjusted so that the sec-
_ondary laser beam L2 is observed to be incident upon
tho center point of the reference marking on the top of
the reference stake.

In many surveying operations, it is desirable that a
horizontal line be laid out at an exact angular relation-

ealniliia ba amasbham Haa Thic mann ramisntle

- 6
Referring to FIG, 5, let us assums that it is dasiced to
lay out a line extending from the reference point P at
exactly 90° to another line passing through the reference
point, A beam receiving surveying rod 50, of the type de-
scribed in detail in my copending application Ser. No,

. 532,944, filed Mar. 9, 1966 and assigned to the assignee

10

135

20

25

30

35

40

50

&5

65

70

of this application, is then set up at any desired distance
away from the reference point along the known line and
vertically adjusted to reccive the laser beam L3. One of
the beam blocking members 43 is then moved around
ring 40 until the signal generated by the receiver on sur-
veying rod 50 is interrupted. At this pcsition the survey-
ing rod 59 lies exactly in the shadow of the beam pro-
duced by the beam blocking member 42. Such member
43 is locked in this position on ring 40 by screw 43b. The
second bean blocking member (or the first one, if de-
sired) is then positioned exactly 90° away from the po-
sition of the first blocking member, as indicaed by the
graduations 424. The surveying rod 50 is then moved
by the rodman until it lies in the beam shadow S’ pro-
duced by the second beam blocking member 43, and the
line drawn between the reference point and the second
location of the rod 50 will be exac-ly 90° with respect to
the known line, Of course, instead of utilizing two beam
blocking members 43, the single beam blocking member
43’ having an angular extent of 90° could be mounted
on the support ring 40. Other utilizations of the beam
blocking members for detecting or laying out horizon-
tal angular relationships will be readily apparent to those
skilled in the art,

At any time it is desired to move the rotating laser
beam L3 in a plane that is inclined by a known amount
of degrees relative to the horizontal, the sine bar 30
and micrometer adjusting mecbanism 33 may be em-
ployed. It is only necessary to set up the laser beam
generator so that the sine bar 30 is generally perpendicu-
lar to the horizontal axis about which the tipping of the
resulting laser beam plane is desired. Micrometer mech-
anism 33 is then actuated to displace the sine bar 30 by
the desired amount of angular inclination. Thereafter,
the adjusting pins 16 are operated to bring toth bubble
level indicators 24 to their level indicating positions. The
resulting plane through which the rotating laser beam
L3 is swept will then be exactly parallel to the top sur-
face 30a of the sine bar 30, and hence will be inclined
relative to the horizontal by the amount indicated by
the setting of micrometer mechanism 33.

It will be understood by those skilled in the art that
many of the terms utilized in this specification and claims
are relative, Thrs, in describing the invention, emphasis
has been directed to conventional surveying operations
wherein the rotating beam is moving in either a horizontal
plane or a plane inclined at a slight angle to the horizon-
tal. Laser beam generators embodying this invention may
be applied to eflect surveying measurements or utilized
as a surveying reference plane for structures or operations
requiring a vertical reference plane. In this case, the axis

of rotation of the rotating laser beam would be generally .

horizontal, and supports other than the conventional tri-
pod legs would have to be provided for the primary base
member 10. Furthermore, for lack of an adequate generic
term, I have employed in the claims the term “surveying
reference apparatus.” A .device embodying this invention
may obviously be utilized for setting up a laser beam ref-
erence plane for surveying operations, but the same plane
may be advantageously utilized for controlling the vertical
movements of the working tool of various types of earth-
working implements; hence, the term “surveying refer-
ence” is intended to include all utilizations of the refer-
ence plane established by the rotating laser beam,

1t is therefore apparent that a laser beam generator in-
corporating the described improvemcats may be quickly,

conveniently and accurately set up on any terrain and con-
veniantly adineted ta nradies a lacar hagm rota[ing or
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with a known reference point. The clavation of the re-
sulting iaser beam pian: may be convenicntly adjusted and
the inclination of the resulting laser beam plane relative
to the horizontal! mzy be accurately and conveniently
adjusted 1o any desired angular refationship. Lastly, angu-
iar displacements may be laid out, or the angular distance
between two unknown points on the térrain relative to a
reference point may be quickly and accurately determined.

As will be evident to those skilled in the art, modifica-
tions of this invention can be made in the light of the
foregoing disclosure without departing from the scope of
the appended claims,

I claim: .

1. T.aser beam surveying apparatus comprising:

(1) means for rotating a laser beam about a vertical

reference axis; : ’

(2) an annular ring supported in coaxial relationship
with said reference axis and axially spaced from the
laser beam;

(3) At least one beam-blocking member mountable on
said ring in any selected angular position thereon, said
beam-blocking member intersecting said laser beam
and having a width dimension in the plane traversed
by the laser beam at least equal to the width of the
laser beam, thereby creating a void i: the resulting
laser beam reference plane at any selected angular

" position about said reference axis; and

(4) arcuate scale means for indicating the angular
vosition of said beam-blocking memtber,

2. 'The apparatus defined in cizim 1 wherein said arcu-
ate scale means comprises a tecond ring bearing degres
graduations, said second ring being rotatable relative to
said first mentioned ring and coaxial thercwith. *

3. Apporatus for surveying angular relationships about
a ground reference point comprisirg:

(1) means for rotating a laser bzem about a vertical

axis passing through the ground reference point;

(2) a horizontal annular ring supported in coaxial re-.

lationship with said vertical axis and vertically spaced
from the laser beam; v

(3) at least one beam blocking member mountable
on said ring in any seected angular position there-
on, said beam ULiocking member intersecting said laser
beam and having 2 cross-sectional configuration in
the plane traversed by the laser beam corresponding
to the desired angle, thereby creating an angular
void in the resulting laser beam reference planz at
any selected angular position about the ground ref-
erence point. . ’

4. A method of utilizing a laser beam as a surveying

reference comprising the steps of:

(1) selecting a reference point in the area to be sur-
veyed; :

(2) positioning a laser beam source, of the type produc-
ing two oppositely directed laser beams, in a posi-
tion where the beams are vertical and the downward-
1y dir¢>sed one of said beams impinges on said ref-
erehve point:
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(3) reilecting the upwardly directed beain at a known

anvle 1o the verdeal; and

(4) “ztecting the reilected beam at a point horizontat-

ly spaced {rom said reference point, .

5. The method defined in cliim 4 wherein said re-
flected laser beam is continuously rotated or oscillated
about the vertical axis of the originally generated laser
beam, thereby defining a surve;ing reference plane having
a known elevational relutionsnip to said refercnce point.

6. A laser beam generator comprising a primary sup-

pert structure, a laser beam source producing two op-.

positely directed Jaser beams, a hollow tubular housing
constructed anA arranged to receive said laser beam source
therein with said laser beams respectively directed partallel
to the housing axis, means for mounting said housing on
said support in a generally vertical position, said last men-
ticned means including means for angularly adjusting the
position of said housing to precisely position both laser
beams in a true vertical position, whereby the down-
wardy directed beam impinges on the ground or other ref-

erence surface to permit vertical alignment of the down-

wardly directed beam wiih a desired reference point, an
optical device capable of reflecting an incident laser beam
at ¢ krown angle, means for rotatably mounting said opti-
cal device in the path of said upwardly directed laser
beam, whereby rotation or oscillation of said optical de-
vice causes the reflected laser beam to sweep through a
plane at a known angle to the true vertical,

7. The apparatus of claim 6 plus means for adjusting
the vertical position of said optical device relative to said
primary support.

8. Laser beam surveying appzratus comprising: (1)
means for rotating a laser beam transversely aoout a
vertical refercnce axis; (2) a beam-blocking member; (3)
means for positioning said beam-blocking member to in-
tercept said beam at any selected angular position arousd
said vertical axis, thereby creating a void in the resulting
laser beam reference plane at any selected angular posi-
tion about said reference axis. .
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ABSTRACT OF THE DISCLOSURE

An electro-optical rangefinder has two optical systems
and two light-sources. The one light-source through one
of the optical systems emits intensity-modulated invisible
light for measurement The other light-source emits visible
light and together with the other of the two optical sys-
tems makes up into a searchlight. Said other light-source
lies at such a focus of said one optical system as corre-
sponds to the medial wave-lengih of the light it emits. To
the optical system not emitting visible light is coordinated
an eyepiece for visual reception of the visible light. The
two optical systems may be coaxial with each other.

This invention relates to electro-optical rangefinders
comprising a radiation source emitting invisible light of
modulated intensity and two optical systems for respec-
tively transmitting and receiving this light.

Some known electro-optical rangefinders have a radia-
tion source emitting visible light the beam’of which is
modulated in intensity and then transmitted through an
optical system that serves at the same time for spotting a

distant reflector. Other such rangefinders with radiation’

source emit and receive invisible light. Locating a remote
reflector by means of an electro-optical rangefinder of
that kind presents considerable difficulties, which can only
be obviated by the simultaneous use in the measuring
process of a separate search light. This separate search-
light and the orientation it is required to impart to the
electro-optical rangefinder, incur considerable material ex-
penditure and complicate the measuring process.

The present invention aims at providing an electro-op-
tical rangefinder using invisible light for measuring which
is equipped with a searchlight that involves only a mini-
mum of material and technical complexity.

To this end the invention consists in an electro-optical
rangefinder of the foregoing kind wherein a light-source
emitting visible light is located at such a focus of one
of the optical systems as corresponds to the medial wave-
length of its light beam. If this optical system is a sur-
face mirror, the position of the focus is of course inde-
pendent of wave-length. On principle, the light-source sup-
plying visible light may be conjugate to the transmitting
or to the receiving optical system of the electro-optical
rangefinder. However, it is very often advisable to co-
ordinate the source of visible light to the optical system
emitting the intensity-modulated beam. A further simplifi-
cation in the set-up of such rangefinders can be obtajned
by providing that the optical system not serving as search-
light is in the form of a sighting telescope. Advantageous-
ly the beam of the light-source emitting visible light and
that of the radiation source emitting invisible light are
so directed to a selectively silvered surface that this sur-
face reflects to the transmitting optical system either the
Jnvisible or the visible light and lets the other pass un-
obstructed. o

Advantageously the transmitting and the receiving op-
tical system have a common optical axis. According to a
further feature of the invention, both systems are jointly
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rotatable about a horizontal and a vertical axis, both rota-
tions being measurable.

In order that the invention may be more readily under-
stood, reference is made to the accompanying drawings
which illustrate diagrammatically and by way of example
two embodiments of an electro-optical rangefinder, and
in which:

FIG. 1 shows the optical parts of an embodiment with
separate optical systems for transmitter and receiver, and

FIG. 2 shows the optical parts of another embodiment
with coaxial optical systems for transmitter and receiver.

In the embodiment shown in FIG. 1, a light-source 2
emitting visible light and a radiation source 3 emitting
invisible light are located respectively in two foci of a
transmitting optical system 1. The source 2 lies in the
optical axis O;—0, of the system 1. The source 3 lies
at one side of this axis, its light being directed to the
system 1 by means of a folding mirror. The mirror 4
is so tiltable into two positions that a remote reflector 39
receives either visible spotlight (position 4’) or invisible
measuring light (position 4),

A receiving optical system 5, equal to the transmitting
system 1, has an optical axis Oy—O0; parallel to the axis
0;—0,. The focus of the system § lies in a diaphragm 6
coordinated to an electric receiver 7. The modulated in-
visible light of the radiation source 3 reflected by the re-
mote reflector, traverses the optical system 5, is reflected
py the remote reflector, transverses the optical system 35,
is reflected at a folding mirror 40, arrives at the dia-
phragm 6 outside the optical axis O2—O0; and enters the
receiver 7. The center of the diaphragm 6 and that of
tl_1e radiation source 3 lie in an axis X;—X; which is at
right angles to the optical axes 0,—0; and 0;—0, and
is the common axis of rotation of the two systems 1 and §.

The optical axis 0y;—0, contains a focussing lens 8, a
graduat_ed plate 9 and an eyepiece 10, which together with
the optical system 5 make up into a sighting telescope, If
the'mirror 4 and the mirror 40 respectively assume the
positions 4’ and 40, the light of the light-source 2 is di-
rected through the optical system 1 and reflected by the
remote reflector, whereupon it enters the sighting tele-
scope §, 8, 9, 10 and, if accurately oriented and focussed,
forms on the plate 9 an image of the reflector. When,
and not before, the image of the reflector lies at the cen-
ter of the graduated plate 9, the folding mirrors are to be
tilted into the positions 4 and 40, whereupon the distance
can be measured by means of the recejver 7 and the mod-
ulated light striking it, this light being converted for range
display. The simultaneous tilting of the two mirrors may
be operated by a suitable mechanism.

In the embodiment shown in FIG. 2 of the drawings,
two supports 12 and 13 are mounted on an alidade 11
rotatable about an axis Y—Y at right angles to the plane
of the drawing, A telescope 14 is rotatable about an
Xz;—X, by means of two hollow trunnions 15 and 16
extending into the supports 12 and 13, The telescope 14
contains a concave mirror 17 for light projection. A radi-
ation source 18 supplying modulated invisible light is
provided near the apex of the mirror 17. A visible-light
source 19 iy the trunnion 15 and the invisible-radiation
source 18 are both located at foci of the concave mirror
17. A right-angled prism 20 is so disposed in the telescope
14 that its cathetus surfaces 21 and 22 are respectively
conjugate to the light-source 19 and the radiation source
18. The cathetus surface 22 is selectively silvered, so that
the divergent light rays from the radiation source 18
are reflected to the concave mirror 17. The divergent
rays of the light-source 19 are reflected by the hypotenuse
surface 23 in the prism 20. They traverse the selectively
silvered cathetus surface 22 and arrive at the concave
mirror 17, which directs them ns 1 heam of paraliel rays
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to a remote reflector similar to the reflector 39 of FIG.
2. The light-source 19 and the radiation source 18 can
alternately be switched on and off.

The telescope 14 also contains an optical receiving
system comprising an objective 24 and a focussing lens
25, the optical axis O3—O; of this system coinciding with
that of the concave mirror 17. Whereas the objective 24
is rigidly connected to the telescope 14, the focussing lens
25 in the telescope is displaceable along the directions of
the arrow A. )

The trunnion 16 contains a plane mirror 26 which is
rotatable about an axle 27 at right angles to the plane
of the drawing. A tube 28 fast with the trunning 16 con-
tains a graduated plate 36 and an eyepiece 37 which to-
gether with the optical system 24, 25 make up into a
sighting telescope.

The support 13 contains a diaphragm 29 conjugate
to a photoelectric receiver. The diaphragm 29 and the
receiver 30 are. so located that their centers lie in the
‘axis Xg—Xy. The diaphragm 29 and the cross line on the
graduated plate 36 in the tube 28 lie within the image
distance of the optical system 24, 25. A beam 34 of
parallel light rays reflected by the remote reflector tra-
verses the optical system 24, 25 and is transmitted as a
converging beam to the hypotenuse surface 23 of the
" prism 20, whence this beam is directed either to the plane
of the graduated plate 36 or to that of the diaphragm 29,
depending on whether the light is of the visible or the
invisible kind and according to the respective position
of the mirror 26. A range is determined by the modulated
light that emanates from the radiation source 18 and
which in a similar manner to FIG. 1 is so reflected from
the remote reflector as to travel through the optical sys-
tem'24, 25, 23 to the plane of the diaphragm 29, and by
the receiver 30 which the impinging light signal causes to
display the range.. .

In the embodiment shown in FIG. 2, the light-source
19 emits visible light via the prism 20 and the concave
mirror 17, which serves as spotlight projector. The light
returned by the remote reflector travels by way of the
objective 24, the focussing lens 25, the hypotenuse sur-
face 23, the mirror 26 and arrives in the optical system in
the tube 28, which serves as sighting telescope.

In the support 13, a vertical graduated dial 31 is fast
with the trunnion 16. The readings on the dial 31 can be
taken by means of a mirror 32 on the support 13, an
aperture 35 in the support 13 and a reading microscope
33 fast with the trunnion 15. The microscope 33 can also
be used for reading the values of the rotations of the
telescope 14 about the axis Y—Y.
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The embodiments of the invention particularly de-
scribed are represented merely as examples of how the
invention may be applied, many modifications being pos-
sible in the construction and relative positions of the
optical systems and the light-sources.

We claim:

1. An electro-optical rangefinder comprising: .

a radiation source supplying invisible modulated light,

an optical system for transmitting said modulated light

subsequently to reflection by a remote reflector,

a photo-electric receiver receiving said modulated light,

a light-source supplying visible light,

said light-source being disposed at such a focus of one

of said two optical systems as corresponds to the
medial wavelength of the visible light,

said one optical system emitting the visible light,

the other of said optical systems receiving the visible

light reflection of same at said reflector,

and an eyepiece system coordinated to the optical sys-

tem receiving the visible light,

said eyepiece system being for visual observation of the

visible light reflected by said reflector.

2. An electro-optical rangefinder as claimed in claim
1, wherein the optical system traversed by said modulated
light is in the form of a sighting telescope.

3. An electro-optical rangefinder as claimed in claim
1, wherein the source of visible light in coordinated to the
optical system emitting the intensity-modulated beam.

" 4. An electro-optical rangefinder as claimed in claim
1, _wherein the optical systems have a common optical
axis.

5. An electro-optical rangefinder as claimed in claim
1, wherein said reflector is coordinated to a right-angled
prism, the cathetus surface of the prism which faces the
reflector being selectively silvered.

6. An clectro-optical rangefinder as claimed in claim 5,
wherein both systems are jointly rotatable about a hori-
zontal and a vertical axis.
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ABSTRACT: A range finder device for cameras comprising an ‘

. optical range finder for coarse visual control of the camera

range setting as well as a photoelectric range finder for a
precise reading of the range setting, the optimal setting being
indicated when both readings simultaneously indicate their
optimal value. The optical range finder is either of the triangu-
lation type, split image type, orof the ground glass type, while
the photoelectric range finder uses two photo-resistors in a
differential balance type circuit supplied by an AC-current.
The arrangement is suitable for adaptation to ‘“‘range finder”
cameras as well as to single lens reflex cameras.
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PHOTOELECTRIC PRECISION CAMERA RANGE
FINDER WITH OPTICAL VERIFICATION

CROSS-REFERENCE TO RELATED APPLICATIONS

Reference is mude to applicants co-pending application
Ser. No. 686,569, filed Nov. 29, 1967, now U.S. Pat. No.
3,529,527,

BACKGROUND OF THE INVENTION

1. Ficld of the Invention
The present invention relates to range finding devices in
ic cameras, and more particularly to photoelectric
range finding devices.

2. Description of the Prior Art

Itis well known to those skilled in this particular ant to guide
the two light beams of, for example, a coincidence-type range
finder to two photoelectric receivers. These receivers consist
each of an arrangement of elongated photosensitive elements
on which the light beams are simultaneously incident. An elec-
tric circuitry is provided for comparing the voltage difference
of the signals generated in the eclements by said two light
beams, which means comprise a measuring instrument having
an indicating needle. Range finding is accomplished by adjust-
ing the optical elements of the range finder until the deflection
of the needle of the measuring instrement is a minimum.

However, it was found that minimum needie deflection may
result, even though the range finder has not yet been adjusted
to the correct distance. Such erroncous adjustments occur
primarily when the objects whose distance is measured are
surrounded by an object space of periodic structure contain-
ing a plurality of similar objects located side-by-side, such as,
for example, a row of trees or of uniformed persons. From
such periodic structure equal light fuxes can originate which
may not come from the object itself but from other object
space portions, from which by sheer coincidence a light flux
may emerge which equals in intensity the light flux impinging
on the photoelectric receivers from the object. This, however,
may not be noticed by the operator.

Itis therefore an object of the present invention to provide a
range finder device where the degree of adjustment is in-
dicated as a photoelectric precision reading as well as in an
optical range finding image, 80 as to avoid erroncous adjust-
ments,

This object is attained by combining in a photographic
camera 3 photoelectric precision range finder and an optical
range finder. The latter then serves as a coarse adjustment in-
dicator, while the photoelectric reading is used only for the
fine adjustment reading within a range where the above-
described problems of spatial periodicity is no longer present.
During the initial adjustment, the object itself is observed
through a split-image-type, or coincidence-type, or ground-
glass-type optical range finder. The subsequent *“‘corrective”
fine adjustment is made while observing the reading of the
photoelectric range finder, which may be shown by a moving
instrument needle. The basic idea of the new device is to per-
mit a coarse lens setting sufficiently close to the correct posi-
tion by means of the optical range finder so that the axes of the
two range finder beams are already generally directed to the
object to be measured, consequently eliminating the danger of
one of the photoelectric receivers being exposed to light rays
of object intensity, which actually do not result from the ob-
Ject.

DESCRIPTION OF THE DRAWINGS

The invention will be more fully comprehended from the
following description when taken in conjunction with the ac-
companying drawings wherein

. FI1G. 1 is a perspective sectional view of a range finder
camera in which an optical and a photoclectric range finding
device are incorporated,

FIG. 2 shows schematically a wiring diagram of the
photoeiectric range finder,
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FIG. 3 is a sectional view of a single lens reflex cameru with
a photoelectric range finder, showing a different embodiment
of the invention; :

FIG. 3a is a partiul rear vicw of the penta prism and the
photoelectric receivers of the embodiment of FIG. 3.

_DESCRIPTION OF THE PREFERRED EMBODIMENTS

Referring now to FIG. 1 the camera 1 is provided with an
optical range finder of known design. This range finder com-
prises two objective lenses 2 and 3 and one ocular 4. Objective
lens 2 and ocular 4 form at the same time the view finder of
the camera.

In the path of the view finder light beam between objective
lens 2 and ocular 4 there is disposed a semi-transparent mirror
6 at an angle of 45° to the optical axis. By said mirror the
second range finder light beam impinging from objective lens
3 via a mirror § is reflected into the ocular 4. Mirror § is
mounted on a pivotable shaft Sa which is in rigid connection
with a lever $b. A spring 7 exerts a force on lever 5b thereby
keeping the free end portion of lever 8b in operative connec-
tion with a cam 8. The latter is part of the camera objective
lens 70 and is rotatable with said lens for distance adjustment
purposes. '

The above described elements by themselves constitute a
known optical range finder of the split-image type or coin-
cidence-type.

The camera 1 is furthzr provided with two semi-transparent
mirrors 10, 11 which are arranged, one in the path of each
range finder light beam. By said mirrors 10, 11 a portion of each
beam is reflected to separate photoelectric resistors 12, 13
through field lenses 122, 13a. The photoelectric resistors are
elements in a Wheatstone bridge circuit, as shown in FIG. 2,
which further comprises the ohmic resistors 14, 18, further
ohmic resistors 16, 17, 18, 19, 20 and current rectifiers 16a,
17a, 18a, 194, 20a.

The photoelectric resistors are of identical design, shape
and electrical properties. Each one consists of . signal elec-
trodes 21, 22, 23, 24, 25 and 31, 32, 33, 34, 35 respectively
which are electrically separated from each other and are ar.
ranged in parallel. One common electrode 29 and 39 respec-
tively is provided in each photoclectric resistor. The signal
electrodes 21 through 25 and 31 through 35 are connected in
pairs and each pair is connected to a series arrangement of
one current rectifier 16a through 20a and one ohmic resistor,
the ohmic resistors being connected in parallel to terminal D
in the circuit.

The Wheatstone bridge is supplied with an AC current at
the terminals A, B and the measuring instrument 60 is con-
nected between the terminals D and C. The field lenses 124,
13a are arranged in frorit of the photoelectric resistors.

The above described eiements constitute a photoelectric |
range finder which functions in the following manner: If, on
the photoelectric resistor 12, light beams are incident from the
details of a certain object to be measured, the different
photosensitive elements between the signal electrodes 21
through 25 will assume different resistance values according
to the intensities of said light beams originating from said ob-
ject details. Equal resistance values will be assumed by the
photosensitive elements of resistor 13 if the pivotable mirror §
in front of the resistor 13 is adjusted to a position wherein it
reflects on the rgsistor 13 light beams emitting from the same
object details as the light beams which are incident on the re-
sistor 12. Under this condition of adjustment the bridge is
balanced. At the terminals “'a” through “e" half of the supply
voltage can be measured. If, however, the object details
imaged on both photoelectric resistors 12, 13 do not coincide,
the voltage of at least one of the terminals “a” through “e”
will be different from the half supply voltage. The current
flowing through this terminal causes the needle of the measur-
ing instrument 60 to be deflected. As is well known to those
skilled in the art, range finding with photoelectric range
finders is accomplished bv directing the one of the photo-

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3



y-

3 :

4
elec Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3 i1 said camera

rigidly arranged to the object to be measured. Then the
pivotable optical elements in front of the second photo-
clectric resistor are pivoted until the needle deflection in the
measuring instrument is a minimum. The position of the
pivotable optical elements can be read against a scale
which may be calibrated in distance units, e.g. in fect or
meters.

The novel range finding device according to the invention is
operated in two steps, by first adjusting the camera objective
lens 70 by manually rotating said lens while viewing the image
of the optical coincidence-type or split image-type range
finder through ocular 4. After the objective lens 70 has thus
been set coarsely to the object distance, the second step,
which is the corrective fine adjustment of the objective lens to
the object distance, is performed also by manually rotating
lens 70, however, this time while observing the deflection of
the needle of instrument 60, for example, through an auxiliary
ocular 4a.

Emphasis is put on the fact that the novel range finding
device is by no means limited to those cameras which in the
art usually are termed “‘range finder” cameras. The new
device can equally advantageously be employed with so-called
single lens reflex cameras, if said cameras are additionally pro-
vided with a photoelectric range finding device as described
above.

Particularly satisfactory results are obtained if the
photoelectric resistors 12 and 13 are disposed in the place
where in applicant's co-pending application Ser. No. 686,569,
filed Nov. 29, 1967, the deviating wedges are located. FIGS. 3
and 3a show the resistors 12 and 13 arranged to the rear side
of the camera and beneath the entering surface of penta prism
80. In this place the resistors are particularly adapted to be il-
luminated by light beams from large aperture image portions
of the objective lens 81, after reflection of said beams from the
silvered and inclined rear surface portions 80a and 80b of the
penta prisni 80. The photoelectric range finder incorporated
in the single lens reflex camera makes thus use of a con-
siderably enlarged base line in substantially the same manner
as the optical coincidence-type or split image-type range
finder which is disclosed in my above-mentioned co-pending
application.

Below the main ocular 82 the camera has a second ocular
84 through which the photoelectric indicator 60 can be ob-
served. The electric circuitry is the same for both embodi-
ments shown,

Range finding with a single lens camera as illustrated in and
. described with reference to the FIGS. 3 and 3a is accom-
plished in much the same way as is done with range finder
cameras. [t involves an initial coarse adjustment of the lens 81
to the object distance while viewing an intermediate image of
the object through the ocular 82 on the viewing screen or
ground glass 83, followed by a “corrective” fine adjustment by
observing the needle deflection in the instrument 60 through
ocular 84.

Instead of being provided with the resistors 12, 13 the reflex
camera may of course have a conventional central split image
range finder comprising two deviating wedges in the central
ground glass or viewing screen portion. The two bundles of
light emerging from the wedges may be divided into two por-
tions cach, with one portion of each bundle being reflected to
the ocular and the other portions being conducted to the
photoelectric receivers. The light rays emerging from the
deviating wedges are thus used both for coarse and for fine ad-
justment.

Iclaim:

L. In combination with a photographic camera having a
housing, a range finder device comprising:

optical range finder means mounted in said camera and

responsive to first and second light fluxes originating from
object areas having an indication of the camera range
setting;
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including a first light flux sensing element located in the
path of said first light flux and a second light flux sensing
clement located in the path of said second light flux, said
two light flux sensing clements connected to indicator
means responsive to differential changes between the two
light fluxes, thereby discriminating between the condition
when the light fluxes originate from unequal object areas
and the condition when the light fluxes received are
identical in that they originate from a common object
area or from separate light flux equivalent object areas;
and
means in said housing for simultaneous viewing of said indi-
cation of the camera range setting and said indicator
means whereby further discrimination is obtained
between the condition when the identical light fluxes
originate from a common object area and the condition
when they originate from separate, light flux equivalent
object areas whereby the optical range finder means gives
a coarse visual control of the camera range setting and
the photoelectric range finder means gives the precise
reading of the camera range setting.
2. The device as defined in claim 1, wherein the photoelec-
tric range finder means further includes a power source sup-
plying alternating current to its circuitry which is of the dif-
ferential-balance-type, two identical photo-resistors in this cir-
cuitry serving as the light-flux-sensing elements, and optical
means directing, the light flux originating from at least a por-
tion of the object area to said resistors, whereby the portion of
the objegt area received by at ieast one of the resistors shifts in
response to changes in the camera range setting. .
3. The device as defined in claim 2, wherein the optical
range finder means are of the triangulation-type and include
two spaced image receiving means for viewing of at least a
portion of the object area through each of said means, and
mirror means to combine the two images thus received into a
coincidence-type comparison image, the mirror means includ-
ing orientable means for the shifting of at least one of the ob-

40 ject area portions viewed in response to changes in the camera
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range setting; and wherein
the photoelectric range finder means further include
optical means in the path of each of the two images
received by the optical range finder means, thereby
deflecting a fraction of the light flux from the two images
to the two photo-resistors for simultaneous optical and

_ photoelectric comparison of the two images received.

4. The device as claimed in claim 3, wherein one of the
image-receiving means also serves as a view finder means and
includes a view finder/optical range finder ocular, the coin-
cidence-type comparison image being a part of the view finder
image; and wherein

the photoelectric range finder means further includes as in-

dicator means a movable needle, and further includes a
second ocular located adjacent to the view finder ocular
for visual reading of the needle position. .

5. The device as defined in claim 2, wherein the optic
range finder means include, in combination with a single lens
reflex camera, a movable mirror, a horizontal imaging screen
for the reception of an intermediate image, a field lens above
the screen, a pentaprism thereabove, and an ocular serving
both as a view finder ocular and optical range finder ocular;
and wherein

the photoelectric range finder means include mirror means

located on the back side of the pentaprism ahead of the
ocular and laterally outside the image field; the two
photo-resistors being located between the field lens and
the pentaprism outside the image field and arranged side-
by-side in the form of parallel, elongated parts tilted in
opposite directions around a common transverse surface
line, wherein the last-mentioned mirror means reflect a
portion of the intermediate image from the screen onto
the photo-resistors, which latter register identical light
fluxes when the intermediate image is in focus and dif-
ferent light fluxes when it is out of focus.
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TELEMETER CHIEFLY INTENDED FOR
PHOTOGRAPHIC PURPOSES
The present invention has for its object a telemeter, chicfly
- intended. for photographic purposes. Such a telemeter serves
mainly for measuring comparatively short distances, generally
less than about 10 meters.

Arrangements have already been proposed for measuring
distances by means of infrared rays for instance. Such prior
known arrangements are adapted for measuring comparative-
ly large distances and their execution is based on the same
principle as optical telemeters. In practice, the distances are
measured by the angle within which a receiver collects in-
frared rays issuing from a source lying at a location remote
from said receiver and reflected by the object of which it is
' desired to measure the distance.

The arrangements known hitherto allow measuring accu-
rately comparatively long distances, of a magnitude of about
several times 10 meters, but they are on the other hand bulky
and require a comparatively considerable spacing between the
receiver and the transmitter constituted by the source of in-
frared rays.

The present invention has now for its object a telemeter to
be used chiefly for photographic purposes, which telemeter in-
cludes a projector supplying a narrow luminous beam and at
least one convergent optical receiving system of which the op-
tical axis is directed in substantial parallclism with that of the
projector so as to collect the rays of the beam which are
reflected by the object of which it is desired to measure the
"distance, while one or more devices are provided, which are
sensitive to the distance at which the rays collected by the
receiver converge. )

_ The accompanying drawing illustrates diagrammatically
and by way of example two embodiments of the invention. In
said drawing:

FIG. 1 is a sectional view of a telemeter according to the
first embodiment.

" FIG. 2 is a wiring diagram for said embodiment.

. FIG. 3 illustrates a second embodiment.

_The telemeter illustrated in FIG. 1 is enclosed in a casing 1,
~ the rear end of which is closed by a flange 2 screwed inside the
body of the casing 1. Said flange 2 carries an electric motor 3
driving into rotation through its shaft 4 a screw 5. The latter
engages a threaded opening 7 formed in a member 6 adapted
to slide over the inwardly projecting portion of the flange 2,
which encloses the motor 3. Said member 6 carries optical
parts to be described in detail hereinafter.

The front end of the casing 1 is adapted to carry a ring 8
provided with an annular series of openings 9 which allow
- light to enter the casing 1. Said ring 8 includes an inwardly

projecting cylindrical section 10 of a reduced diameter form-
ing a shoulder or bearing surface 11 for a concave reflector

12. The latter is held in position by a coaxial tubular member

I3 screwed into the ring 8 and enclosing a support 14 for a
central sleeve 16 carrying a bulb 15. The rim of the support 14
is connected with the central sleeve 16 by radial arms 17 so
that the bulb lies on the optical axis 18 of the reflector 12.

The luminous rays passing out of the bulb 15, of which the
filament or the arc forms substantially a pin point, are
reflected by the reflector 12 and through the front opening of
the tubular member 13 in the shape of a beam the rays of
which are parallel with the optical axis 18.

The bulb 15 and reflector 12 forms thus a projector supply-
ing a compact beam directed towards the object of which it is
desired to ascertain the distance with reference to the teleme-
ter, which latter is generally associated with a photographic or
kinematographic camera.

Preferably, the light supplied by the projector 12—15 is
modulated at a comparatively low frequency, for instance of a
magnitude of a few 10 cycles per second, so as to allow dif-
ferentiating the luminous rays produced by the projector when

“ reflected, from any parasitic luminous rays. Said modulation
of the light may be obtained in a simple manner by successive
interruptions of the current feeding the bulb 15, but obviously
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electromagnetically energized vibratory blade extending in
proximity with the bulb 15 across the path of the rays dirccted
towards the reflector 12.

A fraction of the rays reflected by the distant object enters
the casing 1 in the shape of an annular beam defined by the
gap between said casing 1 and the tubular member 13. Said
rays pass in fact through the openings 9 of the ring 8 and
thence through an annular optical glass clement 19. The latter
shows on one side a substantially tlat surface and on the other
side a tore-shaped surface coaxial with the projector. It acts
thus as a convergent cylindrical lens incurved so as to assume
an annular shape.

When said element 19 receives the rays passing out ot a lu-
minous point located on the axis 18 of the optical system in-
cluding the projector and the element 19. it produces u real
image of said point in the shape of an annulus concentric with
the element 19, the axial spacing between said element and
said annular image depending of course on the distance
between the luminous point and said element 19. When the lu-
minous point is shifted along the optical axis 18, the real image
of said point is constituted by a circle moving similarly along
said axis 18 while its diameter increases as the point of conver-
gence of the incoming rays moves further away to the rear of
the element 19. Thus, the annular images corresponding to the
different possible positions of the luminous point along the
axis 18 move over a conical surface. On the other hand, the
rays collected by the c¢lement 19 are received at the rear
thereof by an annular mirror 20 in the shape of a frusto-cone
the apical angle of which is selected in a manner such that the
rays reflected by it converge onto a cylindrical surface 21,
coaxial with the axis 18 and located between the planes
defined by 19 and 20, the reflected rays impinging on said sur-
face 21 whatever may be the distance separating the element
19 from the luminous point.

The cylindrical surface 21 is formed on two cones 22, 23 of
a transparent material, carried by the adjustable member 6.
The two cones 22, 23 form guides for the light received on the

.surface. 21 and guide the light towards the corresponding

photosensitive cells 24, 25 carried by their apices.

Thus, the point of convergence of the rays reflected by 20
onto the surface is-shifted axially as a function of the distance
of the object, the distance of which is to be measured. Accord-
ing to the distance of said object and to the position of the
member 6 carrying the two cones 22 and 23, the intensity of
the light collected by the cell 24 varies with reference to that
of the light collected by the cell 25. Said difference in light in-
tensity generates a difference between the electric conditions
of the two cells, which latter difference may serve for con-
trolling the motor 3 and causing it to rotate in a direction such
that it shifts the member 6 with the cones 22 and 23 until the
two cells 24 and 25 are subjected to equal luminous intensi-
ties.

To each distance between the object of which it is desired to
ascertain the distance and the telemeter, there corresponds
consequently a predetermined position for the member 6.
Thus, the position of equal illumination for the cells 24 and 2§
allows defining the distance of the object by noting the posi-
tion of the member 6. Said distance may, for instance, be read
by means of an index, not illustrated, actuated by a rod 6a car-
rying an arm 6b urged elastically into contact with the member
6. Said rod 6a may furthermore serve for the mechanical ac-
tuation of the ring controlling the adjustment of the ranges on
a camera coupled with the telemeter described.

Obviously, the telemeter described can be operative only if
at least one of the cells 24, 25 actually receives a fraction of
the rays reflected by the object, the distance of which is to be
measured. The cylindrical surface 21 should therefore have a
length sufficient in a direction paralle] with the optical axis 18
for one of the cells 24, 25 to be energized by the rays sent by
the object into the telemeter, when the object lies at one limit
of the range of measurements allowed by the telemeter, while
the instantaneous adjustment of the member 6 corresponds to

it is possible to resort also to other means, for instance to an 75 the opposite limit of said range.
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If, for structural reasons, it is not possible to give the cylin-
drical surface 21 a sufficient length, for instance because it
- may be of interest to provide a very broad measuring range for
the telemeter, the telemeter should be provided with a rough
manual preliminary adjusting mechanism adapted to bring
said surface 21 into a position where it may receive the light
refiected by the distant object.
“  If the cylindrical surface 21 has a length sufficient for it to
receive the rays reflected by the object throughout the range
»of measurements of the telenicter, it is of advantage to provide
the latter with an arrangement for the automatic return to the
“infinite when neither of the two cells 24, 25 produces a signal
corresponding to the reception of the reflected beam. As a
matter of fact, if the object of which it is desired to ascertain
ithe distance is too remote, the energy of the reflected lu-
minous beam is too weak for it to make the cells 24, 25
produce a perceptible output signal. It is therefore of interest
" in such a case for the telemeter to indicate a very large
distance which may be considered as equivalent to the infinite.
- FIG. 2 illustrates diagrammatically means connccting the
two cells 24, 25 when the latter are photoconductive cells.
One electrode of each of the two cells 24. 25 is connected with
a common terminal a showing a difference in voltage with
ground. The other electrode of each of said two cells is
grounded through the agency of a resistance R. The two re-
sistances R have the same value. Furthermore, the grounded
electrodes of the cells 24, 25 are connected with each other
through the primary winding 26 of a transformer 27. Said wir-
ing diagram constitutes a bridge of which two arms are formed
by the photoconductive cells 24, 25, the two other arms being
formed by the resistances R. Since the light defining the
distance of the object is' modulated by reason of the modula-
tion of the beam produced by the projector, the cells 24, 25
supply a variable electrical magnitude showing a component
the modulation of which corresponds to that of the projector.
Consequently, the primary 26 is fed by an alternating current
whenever the two cells 24, 25 do not receive the same amount
of modulated light and this produces an output voltage across
the terminals of the secondary 28 of the transformer 27. Said
output voltage serves for starting the motor 3 in the direction
_required for shifting the member 6 with the two cones 22, 23
.until the line separating the latter registers with the annular il-
lumination produced by the rays reflected by the reflecting
. surface 20. The direction along which the motor 3 is to be
driven is detected readily by comparing the phase of the cur-
« rent supplied by the secondary 28 with the modulation of the
projector beam.

Obviously, the two cells 24, 25 can receive luminous rays

other than those produced by the bulb 15, but since said other
rays are not modulated, they cannot produce any induced al-
ternating voltage in the secondary 28 of the transformer 27.
. However, an error may occur if a comparatively important
difference in illumination due to parasitic rays arises between
the two cells. To reduce such an effect and to increase the ac-
curacy of the telemeter, it is of interest to provide a luminous
source inside the casing 1, so as to produce an unvarying com-
paratively important illumination for said cells. Thus, the
characteristic properties of both cells are practically similar
for the modulated rays they receive.

In FIG. 1, said auxiliary source of light is constituted by a
bulb 29 carried inside a small casing 30 opening towards the
cylindrical surface 21 formed on the cones 22 and 23. Thus,
both cells 24 and 25 receive a continuous luminous com-
ponent of an intensity which is much larger than that of any
external parasitic rays liable to alter the accuracy of the mea-
surements. The action of such parasitic rays becomes con-
~equently quite negligible.

FIG. 3illustrates a modification according to which the bulb

. 18 supplies a beam of parallel rays as provided by the reflector
12, the rays retuming after reflection by the body being col-
lected by the reflecting surface 31 which causes them to con-
verge onto the optical axis 18. The point of convergence for
the rays, when perfectly parallel, is designated by Q.

20

25

30

35

40

45

50

55

60

65

70

75

4

The rays reflected by the reflecting surface 31 may be cut
off by a circular rearwardly facing mirror 32 located between
the two cells 34 and 35. If the convergence of the retlected
rays is larger than that illustrated in the drawing for the focus
Q. the reflected rays are cut off by the mirror 32 and are sent
back onto the cell 35. If, in contradistinction, the convergence
of the rays is less, the totality of the latter reaches the cell 34
without being cut oft by the mirror 32. It is therefore possible
to shift the mirror 32 and to bring it into a position such that
the two cells 34 and 35 are cqually illuminated, which allows
defining the distance of the object as a function of the position
occupied by the mirror 32 corresponding to equal illumination
of the two cells 34 and 35.

It is well-known in the art that the sources of light are never
perfectly pinpoints and consequently it is not possible in prac-
tice to obtain, with the projector described, a beam with per-
fectly parallel rays. Conscquently, the reflector 12 forms on
the object an image of the luminous source or bulb 15, said
image being generally blurred because it is not focused. If it is
desired to obtain an excellent accuracy with the arrangement
described, it is an easy matter to provide a mechanical
coupling between the member 6 and the bulb 15 or the reflec-
tor 12. Thus, at the beginning of the measurcment, when the
luminous image is blurred, the conjugated image of the latter
is formed by an annular blurred luminous line on the cylindri-
cal surface 21. However, said blurred line is sufficiently
spaced with reference to the line separating the cones 22 and
23 for a sufficient difference in illumination to be obtained
between the cells 24 and 25, so that the motor 3 is driven into
rotation in the direction urging said separating line towards
the annular luminous line.

While said displacement is being produced, the motor 3 also
adjusts the distance between the bulb 15 and the reflector 12,
which ensures the accurate focusing of the conjugated image
of the bulb 15 for a distance equal to the that corresponding to
the actual position of the member 6. Thus, as the member 6
moves nearer the position corresponding to the distance to be
measured, the focusing of the image of the bulb 15 on the ob-
ject is improved and when the member 6 reaches this position
corresponding to the actual distance, the focusing is excellent.
Thus, the rays collected by the element 19 form on the surface
21 a clean luminous line which registers with the line of
separation between the cones 22 and 23. The apparatus en-
sures in this manner a very high accuracy.

It should be noted that the telemeter described may be sub-
jected to various modifications within the scope of the accom-
panying claims. In particular, the reflecting surfaces or mirrors
may be replaced by lenticular systems.

It is not essential for the projector and the optical receiver
to be coaxial, since the telemeter may still operate normally in
the case where the optical axes of the projector and of the op-
tical receiver are slightly shifted transversely with reference to
each other, in principle by a distance less than the diameter of
the luminous spot produced on the object of which it is desired
to ascertain the distance.

We claim:

1. A telemeter, useful in measuring distances to an object,
chiefly for photographic purposes, comprising projector
means arranged to transmit a beam of substantially parallel
rays of light to the object the distance of which is to be mea-
sured, a convergent optical receiving system arranged to
receive a reflected beam from the object and the axis of said
system being disposed in substantially parallel relationship
with the axis of said projector means, means sensitive to the

“location of the point at which the rays of light of the reflected

beam passing out of said optical system converge on the axis
of said optical system, and said projector means comprising a
reflector positioned forwardly of said optical receiving system
in the direction of the object to be measured, said reflector
having a concave face directed toward the object, a substan-
tially pinpoint source of light located at the focus of said
reflector, said optical receiving system comprising an annular
convergent lens forming member coaxial with said reflector
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and having its outer diameter larger than the diameter of said
reflector, two rearwardly flaring cones of transparent material
nested one within the other, said cones being coaxial with said
-lens-forming member and the rearwardly facing surface of
said cones forming a cylindrical surface coaxial with said
cones, and means for directing the rays of light of the reflected
beam- passing through said lens-forming member onto said
cylindrical surface for passage through said cones to the

“apices thereof, and said sensitive means comprising a pair of

closely spaced photocells adiacent the apices of said cones to
be illuminated by the rays of light of the convergent beam to
. an extent varying with the location of the pomt of convergen-
cy with said optical axis.
2. A telemeter, useful in measuring distances to an object,
comprising projector

light to the object the distance of which is to be measured, a
convergent optical receiving system having an optical axis in
substantially parallel relationship with the axis of said projec-

_ tor means and arranged to receive a reflected beam from the
- object being mcasured, said optical system arranged to con-

verge the reflected beam received from the object, photoelec-
tric means arranged for receiving the reflected beam from said
optical system, wherein the improvement comprises said
photoelectric means comprising at least two sensitive portions
spaced with respect to the locus of the possible convergence
of the reflected beam, said optical system comprising annular
convergent lens-forming means arranged concentrically about
the optical axis of said optical system for collecting the rays of

~ the reflected beam and for directing the reflected beam to said

photoelectric means, separator means disposed between said
annular convergent lens-forming means and said photoelectric
means for separating the reflected beam into two portions
with each portion being directed to a different one of said sen-
sitive portions of said photoelectric means, a drive member for
displacing said photoelectric means within the range of possi-
ble locations of convergence of the reflected beam, and means
interconnecting said drive member and photoelectric means
for actuating said drive member when said sensitive portions
-of said photoelectric means are receiving unequal intensities
of light from the reflected beam for positioning said
photoelectric means until it receives equal intensities of light

" from the reflected beam.

3. A telemeter, as set forth in claim 2, wherein said sensitive

- portions of photoelectric means comprises a pair of spaced
. photoelectric cells each exposed to a different one of the two

portions of the reflected beam received from said optical
receiving system after its division by said separator means.

4. A telemeter as set forth in claim 2 wherein said sensitive
portions of said photoelectric means comprising a pair of
closely spaced photocells arranged on the axis of said optical
system for receiving separate rays of light from the reflected
beam to a varying extent, and said means interconnecting said
drive member and photoelectric device comprising an electric
circuit fed differentially by said photocells according to the lo-
cation of the point of convergence of the reflected beam on
the optical axis and consequently to the distance to be mea-
sured, and means for modulating the reflected beam passing
through said optical system, and an auxiliary source of light ar-
ranged to produce a permanent illumination of said
photocells.

5. A range finder for measuring the distance to an object,
particularly for use in photography, comprising a projector
means for directing a narrow light beam to an object whose
distance is to be measured, and a convergent optical receiving
system capable of forming an image of the portion of the ob-
ject lighted by the light beam with the image formed by said
convergent optical system being shifted parallel to itself along
the optical axis of said optical system in dependence on the
distance of the object, wherein the improvement comprises a
detector device capable of being displaced along the optical
axis, said detector device comprising a separator element for
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separate bcams with the proportion of the luminous fluxcs
forming the two beams being dependent on the position of
said separator clement with respect to that of the image, said
optical system comprising convergent lens-forming means ar-
ranged concentrically about the optical axis of said optical
system for collecting the luminous flux reflected from the ob-
ject and for directing the luminous flux to said separator cle-
ment, photoclectric means designed to measure and compare
the intensity of the luminous fluxes of the two beams, and
means in operative communication with said photoelectric
means for displacing said detector device along the optical
axis for bringing said detector device into the position for
which the ratio of the two luminous fluxes measured by said
photoelectric means assumes a given value.

6. A tclemeter, useful in measuring distances to an object,
chiefly for photographic purposes, comprising projector
means for transmitting a beam of substantially parallel rays of
light to the object the distance of which is to be measured, a
convergent optical receiving system having an optical axis in
substantially parallel relationship with the axis of said projec-
tor means and arranged to receive a reflected beam from the
object being measured, said optical system arranged to con-
verge the reflected beam received from the object, photoelec-
tric means arranged for receiving the reflected beam from said
optical system, wherein the improvement comprises said
photoelectric means comprising at least two sensitive portions
spaced with respect to the locus of the possible convergence
of the reflected beam, said optical system comprising a con-
cave mirror reflecting surface arranged coaxially with the op-
tical axis of said optical system for collecting the rays of the
reflected beam and for directing the reflected beam to said
photoelectric means, separator means disposed between said
reflecting surface and said photoelectric means for separating
the reflected beam into two portions with each portion being
directed to a different one of said sensitive portions of said
photoelectric means, a drive member for displacing said
photoelectric means within the range of possible locations of
convergence of the reflected beam, and means interconnect-
ing said drive member and photoelectric means for actuating
said drive member when said sensitive portions of said
photoelectric means are receiving unequal intensities of light
from the reflected beam for positioning said photoelectric
means until it receives equal intensities of light from the
reflected beam. )

7. A range finder for measuring the distance to an object,
particularly for use in photography, comprising a projector
means for directing a narrow light beam to an object whose
distance is to be measured, a convergent optical receiving
system capable of forming an image of the portion of the ob-
ject lighted by the light beam, and detector means displacea-
bie along the optical axis of said convergent optical receiving
system, wherein the improvement comprises said convergent
optical receiving system including optical means arranged to
form a substantially plane linear image of the portion of the
object lighted by the light beam, said detector means com-
prises a separator element movable with said detector means
along the optical axis of said convergent optical receiving
system to keep substantial coincidence with the surface
generated by the linear image when the distance of the object
to be measured is varied within the useful range of the range
finder, said separator element separating the 1 luminous flux
forming the image into two separate beams with the propor-
tion of the luminous fluxes forming the two beams being de-
pendent on the position of said separator element with respect

- to that of the image and said detector means comprises

70

photoglectric means designed to measure and compare the in-
tensity of the luminous fluxes of the two beams.

8. A range finder, according to claim 7, wherein the sub-
stantially plane linear image formed by said optical means in
said convergent optical receiving system provides a generated
surface which is substantially a cylindrical surface whose
generating lines are parallel to the optical axis of said conver-

separating the luminous flux forming the image into two 75 gent optical receiving system when the distance of the object
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1o be measured is varied with the useful range of the range
finder. . .

9. A range finder according to claim 8 wherein said optical
means in said convergent optical receiving system comprise an
annular convergent lens-forming member and a frustoconical
annular mirror member, with both said members being coaxi-
al.

10. In a range finder for measuring the distance to an object,
*panicularly for use in photography, comprising projector
means for directing a narrow light beam to an object whose
distance is to be measured, the improvement comprising, in
combination, an optical receiving system forming a substan-
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tially ptane linear image of the portion of the object lighted by
the light beam, this image being in the torm of symmetrical arc
portions of a circle centered on the optical axis of said optical
receiving system, a detector device comprising separator
means dispiaceable along said optical axis to a position where
said separator means coincide with symmetrical parts of the
lincar image, said scparator means separating the luminous
fluxes forming each of the symmetrical parts of the linear
image into two separate beams and said detector system com-
prising photoelectric means designed to measure and compare
the intensity of the luminous fluxes of the two scparate beams.
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ABSTRACT OF THE DISCLOSURE

An improved optical depth finder, and elements there-
for, for depth sounding and detection of submerged targets
from an airborne vehicle. The disclosed system uses a
coherent beam of polarized light from a laser directed
downwardly toward the surface of a body of water and
processes the polarized surface specular reflected energy,
energy reflected by submerged targets within the beam,
and energy reflected by the bottom of the body of water
to derive the desired information. Means are provided
selectively to attenuate the reflected energy in accordance
with the particular source thereof so as to permit the
dynamic range of the processor of the reflected energy
to be reduced and the system to be used when the height
of the airborne vehicle changes or ¢ondition of the water
varies,

The invention herein described was made in the course
of or under a contract or subcontract thereunder, with the
Department of Defense.

BACKGROUND OF THE INVENTION

This invention relates generally to laser depth measur-
ing systems and particularly to optical filters used in the
receivers of such systems,

Laser depth measuring systems using pulses of light are
known for the rapid accurate sounding of the depth of a
body of water, as the ocean, and for the detection of sub-
merged objects. The depth of the ocean or of the sub-
merged object is generally determined by measurement
of the interval between the detection of the energy re-
flected from the ocean surface and the energy reflected
from the ocean floor or from the submerged object. When
such a system is displaced from the ocean surface, as
when it is used on board a helicopter, the altitude of such
helicopter is determined by measurement of the interval
between the time of transmission of each laser pulse and
the time of detection of the resulting energy reflected
from the ocean surface.

The power of the reflected return varies greatly in
magnitude as the transmitted pulse is first reflected by the
ocean surface, then ocean medium and any submerged
target therein, and finally the ocean floor. While the ab-
solute magnitude of such power varies with aircraft alti-
tude, ocean surface roughness and ocean depth, under
any condition an extremely large relative difference in
amplitude of reflected energy is encountered. For ex-
ample, the predominantly specular reflections from the
ocean surface produce signals which may 70 db greater
than signals resulting from reflections from points im-
diately below the ocean surface and may be 90 db greater
than signals caused by reflections from the ocean floor.
These characteristics place stringent requirements on the

. dynamic range of the receiver. In particular, if a photo-

multiplier is used as the photodetector of the receiver,
reflections from the ocean surface may saturate the photo-
multiplier, thereby preventing soundings from being made
or submerged targets from being detected. This equivalent
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saturation phenomenon occurs if a photodiode-amplifier
combination is used as the receiver photodetector.

One approach to the solution of this problem has been
“range gating,” that is, a plurality of photodetectors are
employed, each one of such photodetectors having a differ-
€nt sensitivity, in combination with gating logic wherein
the photodetector of proper sensitivity is activated at the
proper time to thereby detect the various returns. Such a
system is complicated and expensive.

A second approach to the solution of this problem is to
place an optical filter in the focal plane of the receiver,
the center portion of the filter being of sufficient optical
density to greatly attenuate the relatively large power of
the reflected returns from the ocean surface. However, be-
cause of the density required of such center portion, the
measurement of shallow ocean depths may be prevented.

SUMMARY OF THE INVENTION

It is, therefore, an object of the invention to provide an
improved laser depth sounding system.

It is another object of the invention to process reflected
energy of a laser depth sounding system so that specular

It is another object of the invention to provide a filter
to attenuate more greatly backscatter reflections from
points nearer the surface of the measured medium than
backscatter reflections from points near the bottom of the
measured medium.

These and other objects of the invention are generally
accomplished by combining means for directing a beam
of coherent polarized light from a laser and means, in-
cluding a polarized filter in cross-polarized relationship to
the substantially polarized energy resulting from specular
reflections from the ocean surface, for selectively attenuyat-
ing such surface specular reflections prior to their detec-
tion by the receiver photodetector. In addition, an optical
wedge is disposed in the path of the reflected energy, the
optical density and related energy attenuation factor of
such wedge decreasing from its center portion to its
peripheral section so as selectively to attenuate reflections
form points nearer the ocean surface to a greater degree
than reflections from points nearer the ocean bottom.

BRIEF DESCRIPTION OF THE DRAWINGS

For a better understanding of the present invention ref-
erence should row be made to the following description
taken in connection with the accompanying drawings in
which:

FIG. 1 is a presentation of an airborne laser ocean
depth sounding system greatly simplified in order to show
the principles of the invention; and

FIG. 2 is a sketch of a polarized optical wedge, par-
tially broken away and somewhat distorted, to show the
construction thereof,

DESCRIPTION OF THE PREFERRED
EMBODIMENT

FIG. 1 shows a laser depth sounding system carried
within an airborne vehicle 11, here shown as a helicop-
ter, for use in oceanographic survey., The depth sound-
ing system comprises a laser transmitter 12, a laser re-
ceiver 13 and a wtilization device 14. The laser transmit-
ter 12, here a @switched frequency doubled yttrium alu-
minum garnet device of sufficient power considering the
depth of the ooean, produces a linearly polarized coher-
ent laser beam {not numbered) of transmission wave-
length 0.53u, such wavelength being near the peak of
the ocean transmission “window.” Such laser beam is re-
flected by transmitter mirror 15 so that it is transmitted
along a path substantiallv orthaonnal +n *he ocean sur-

Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3



Approved For Release 2009/04/10 : CIA-RDP81-00120R000100010021-3

3,669,540

face. Such orthogonal attitude is maintained by mount-
ing the laser transmitter 12, the transmitter mirror 15
and the laser receiver 13 on a common platform (not
shown}, such platform being gimballed with respect to
airborne vehicle 11 by gimbal system 16. The transmit-
ter mirror 15 is disposed in proper orientation to the
receiver boresight axis 17 so that the laser beam (after
reflection from transmitter mirror 15) and the receiver
boresight axis 17 are essantially coaxial. The transmit-
ter mirror 15 is small relative to the receiver collecting
aperture.

The energy in the transmitted beam is partially re-
flected first by the ocean surface, then the ocean medium
(including any submerged targets, not shown) and fi-
nally by the ocean floor. The maximum field of view of
the receiver 13 is herein represented by lines 18. In or-
der for detection by receiver 13 of subsurface backscat-
ter reflections occurring at depth Dy and greater depth
D,, such subsurface reflections must propagate towards
the receiver and be refracted by the wave facets at the
ocean surface so as to be within the field of view of the
receiver. While such backscatter reflections propagate in
many directions, the reflection at depths Dy and Dy which
are within the maximum field of view of the receiver are
represented by lines 19 and 2¢ respectively. It is noted
that the amount of refraction at the ocean surface re-
quired for backscatter reflections at depth ID; to be with-
in the maximum field of view of the receiver is larger
than that amount of ocean surface refraction required
at greater depth D,. Since large ocean surface refraction
will occur with large wave facet slopes, and since the
probability for smaller wave facet slopes is greater, the
greatest amount of reflected energy from shallow targets
is collected at the receiver near the receiver boresight
axis 17, while a correspondingly greater percentage of
reflected energy from greater depths will be collected
further off the receiver boresight axis 17. That is, the
field of view in the focal plane of the receiver is smaller
for subsurface backscatter returns occurring near the
ocean surface as compared with reflections near the
ocean bottom.

It is also noted that the polarized transmitted pulse
reflected by the ocean surface remains also essentially
polarized. In other words, the specular surface reflections
are substantially linearly polarized energy. The backscat-
ter reflections occurring immediately below the surface of
the ocean are essentially non-polarized.

. The various reflected returns, as described in detail
above, are collected by the receiver collecting optics 21,
herein represented by a lens, whereby such reflected re-
turns are focused at the receiver focal plane. An optical
filter 22, such filter being described in more detail here-
inafter, is disposed in such focal plane as indicated. The
filtering surface of the optical filter 22 is disposed es-
sentially orthogonal to the receiver boresight axis 17,
such boresight axis passing through the center portion
of the filtering surface. The function of optical filter 22
is to compress the dynamic range of the various reflected
returns. The center portion of the optical filter is used to
greatly attenuate specular reflections and subsurface back-
scatter reflections from immediately below the ocean sur-
face since such reflections predominate the center por-
tion of the filter. Subsurface backscatter reflections from
nearer the ocean floor are less greatly attenuated by the
optical filter 22 than those reflections from near the ocean
surface.

Field lens 13 converges the reflected returns filtered by
optical filter 22 on the photomultiplier 24. A narrow band
filter 25, of conventional design, passes only electromag-

" metic energy in a narrow spectrum centered at the laser
transmitter wavelength, herein €.53u. The electrical sig-
nal developed by photomultiplier 24 is transmitted to
utilization device 14 by transmission line 26. Utilization
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art. By measuring the time interval between the initial
signal it receives from the photomultiplier 24, represent-
ing ocean surface reflections, and the termination of the
signal from the photomultiplier, the ocean depth can be
determined since the speed of the laser energy in the
ocean medium is about 2.72 ns./ft. for a 0.53x operat-
ing wavelength. Utilization device 14 also rcceives a sig-
nal from laser transmitter 12, such signal occurring at
the initiaticn of the transmitted pulse and such signal be-
ing transmitted to utilization device 14 by transmission
line 27. The interval between the signal from the laser
transmitter 12 to the utilization device 14 and the begin-
ning of the reflected signal is used to determine the al-
titude of airborne vehicle 11.

FIG. 2 shows optical filter 22. Optical filter 22 is a disc-
shaped element comprised of a photographic film 33 sand-
wiched between glass plates 34 and 35. Cemented to the
outer portion of glass plate 35 is a disc 32 of linearly
polarized material. The photographic film 33 has formed
thereon a plurality of concentric rings 28, 29, 30 and
31, each such ring being less dense so that the film has
a greater optical density at its center.

In reference to FIG. 1, the linearly polarized disc 32
is oriented in cross-polarized relationship to the linearly
polarized energy resulting from specular reflections at the
surface of the ocean.

It will be obvious to one of ordinary skill in the art
that the graded optical density of the photographic film
need not be made up of a plurality of concentric rings
but can be a continuous graded density. It is also noted
that a polarized material could be formed with a more
optically dense center portion than the peripheral por-
tion to thereby form optical filter 22 in one unit. Also,
the polarizer could be separate from the graded density
filter. In any practical deployment a series of polarized
optical filters, as herein described, would be on board
the aircraft, each one suitable for a particular set of pos-
sible wind, altitude and ocean conditions. It is therefore
understood that the invention is not limited to the specific
embodiment as shown, but only by the spirit and scope
of the appended claims.

What is claimed is:

1. A unidirectionally polarized optical wedge.

2. For use in a laser depth measuring system wherein
substantially polarized electromagnetic specular reflec-
tions from the surface of a body of water are collected
within a receiver, the combination comprising:

(a) a disc fabricated from a polarized material, such
disc being disposed in the receiver to attennate the
polarized electromagnetic specular reflections; and

(b) a photodetector responsive to such attenuated re-
flections.

3. For use in a laser depth measuring system wherein
electromagnetic reflections from a body of water are
collected within the field of view of a receiver, such col-
lected electromagnetic reflections being comprised of sub-
stantially polarized electromagnetic energy resulting from
specular reflections at the surface of the body of water,
such substantially polarized energy being concentrated
at the center of the field of view of the receiver, and sub-
stantially nonpolarized electromagnetic energy resulting
from backscatfer reflections beneath the surface of the
body of water, the intensity of such substantially non-
polarized energy decreasing from the center of the field
of view of the receiver to the periphery thereof, the com-
binatior comprising:

(a) an optical wedge, such optical wedge having a
greater optical density at the center portion than
at the peripheral portion, such center portion being
disposed at the center of the field of view of the
receiver, for selectively attenuating the intensity of
the nonpolarized energy;

(b) a disc, fabricated from a polarized material, such
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(c) a photodetector responsive to the selectively filtered
nonpolarized electromagnetic energy and the atten-
uated electromagnetic cnergy.

4. For use in a laser depth measuring system wherein
electromagnetic reflections resulting from illumination of
a body of water by a polarized beam from a laser are
collected within a field of view, such collected electro-
magnetic reflections being comprised of substantially
polarized electromagnetic energy specularly reflected from
the surface of the body of water, such substantially polar-
ized energy being concentrated at the center of the field
of view, and substantially unpolarized electromagnetic
energy backscattered from points beneath the surface of
the body of water, such unpolarized energy being con-
centrated in the peripheral portion of the field of view,
the combination comprising:

(a) a disc, fabricated from a polarized material, such

disc being disposed in the field of view selectively
to attenuate the intensity of polarized energy and

10

15

to pass, substantially unattenuated, the unpolarized 20

electromagnetic energy; and,
(b) a photodetector responsive to the portion of the
electromagnetic reflections passed through the disc.
5. A unidirectionally polarized optical wedge, such
wedge having an optical density decreasing from its center
portion to its peripheral portion and a linear polarization.

25

6. A polarized optical wedge, such wedge having a
unidirectionally linear polarization, and having an optical
density which decreases from its center portion to its
peripheral portion. :

7. A unidirectionally polarized optical wedge, such
wedge having a linear polarization and formed thereon
a series of concentric rings, the optical density of each
one of the series of rings decreasing from the centrally
disposed ring to the peripherally disposed ring.
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