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ABSTRACT OF THE DISCLOSURE

A hit indicator system is disclosed for simulated hit-
kill field practice which permits the use of a standard
tank cannon with a photoelectric telescope which may be
inserted inside the cannon barrel. The photoelectric tele-
scope has a coaxial multiple lens and photodetector ar-
rangement which provides an extended range. The ar-
rangement is an improvement particularly applicable to
hit indicator arrangements as shown in U.S. Patent Nos.
3,104,478 and 3,169,191.

In U.S. Patent No. 3,104,478, a hit indicator system is
disclosed for use in tactical field training of personnel on
a realistic basis. In such a system, apparatus is connected
to a weapon, for example, a tank cannon, so that when
a gunner aims the tank cannon at a target, for example,
another tank, and operates the firing mechanism of the
tank cannon, an omnidirectional radio frequency target
interrogation signal is transmitted. The radio frequency
signal causes an infrared light source centrally mounted on
the target to radiate a light signal. If the tank cannon is
properly aimed, a photoelectrically responsive element,

such as a photodiode, having a light sensitive surface of °

variable sensitivity, disposed at, or near, the focal plans
of a telescopic lens arrangement, such being hereinafter
referred to as a photoscope or a photoelectric telescope,
which is attached to the tank cannon and suitably aligned
therewith, will receive the infrared light signal and cause
an electrical signal output having an amplitude which is
a function of the intensity of the light signal received by
the photoscope and which may desirably cause the ap-
paratus to produce another radio frequency signal which
informs the tank target that a hit has been scored. In
addition, or alternatively, the weapon-connected apparatus
may desirably produce a signal informing the gunner that
a hit has been scored.

For use in simulated hit-kill practice, it is necessary to
use a photoscope having a range which desirably ap-
proaches the effective range of the weapon which, in this
case, is a tank cannon. That is to say, when the target
is- located within the effective range of the tank cannon
which is properly aimed at the target, the photoscope
should desirably be capable of receiving and detecting a
light signal from an infrared source mounted on top of
the target. The parameters which determine the range of
a photoscope are: the intensity of the light source; the
diameter and focal length of the lens in the optical system;
and the sensitivity and size of the photodiode having a
decreasing sensitivity variation from the center to the
edge of the light sensitive surface. With any given com-
bination of these parameters, a maximum and a minimum
range of the photoscope may be defined. The maximum
range of the photoscope is the distance along the optical
axis from the lens to the target that a light signal from
the light source mounted on top of the target can be
focused on the center of the light sensitive surface of
the photodiode with sufficient intensity to cause an elec-
trical signal output having an amplitude that is great
enough to actuate the electrical apparatus associated with
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the hit indicator system which may be defined as an elec-
trical signal output of useful value. The minimum full-hit
range of the photoscope is the distance from the lens 10
the target at which the angle subtended by the height of
the target equals the angular field of view from the op-
tical axis to the radially outer effective edge of the photo-
electrically responsive element. For purposes of subse-
quent description in this application, the term minimum
range will refer to the minimum full-hit range because
it is the closest distance at which the optical axis of the
photoscope can intersect the target at substantially all
major points, and the light signal from the infrared light
source mounted centrally on the top of the target will
be focused on the light sensitive surface of the photo-
diode to cause an electrical signal output of nseful value.
At a closer range, while the photoscope will detect upper
target area hits in the vicinity of the light source, the
photoscope, when aimed at the lower area of the target,
will fail to receive the light signal even though the weapon
axis and the photoscope optical axis intersect the target,
because the light source is outside the angular field of
view. The closer the range inside this minimum range,
the smaller the detectably vulnerable area and the greater
is the source of error.

A photoscope having a single lens optical system and
a single photo-electrically responsive element is not en-
tirely satisfactory when installed in the barrel of a tank
cannon, because the minimum range, as hereinbefore de-
fined, is not sufficiently coextensive with the minimum ef-
fective range of the tank cannon. The effective minimum
range of a tank cannon obviously extends from the end
of the cannon barrel. However, in order for a photoscope
having a single lens-photodiode arrangement to achieve
a maximum range corresponding to the maximum range
of the tank cannon, the minimum effective range of the
photoscope for practical available lenses and photodiodes
has been found to be approximately 400 meters, which
obviously does not approach the minimum effective range
of the tank cannon. While it is theoretically possible to
‘vary either the light source, the optical system, or the
photoresponsive element to obtain a photoscope with the
desired range, the limitations of commercially obtainable
components render it impractical to obtain the desired
range  capabilities with a photoscope having a single
lens-photodiode arrangement.

Theoretically, a shorter minimum range could be ob-
tained by decreasing the focal length of the optical system
and increasing the size of the light sensitive surface of
the photodiode. A shorter focal length can be obtained
with relatively inexpensive, commercially obtainable
lenses by two methods: using a lens with a smaller di-
ameter, or using a combination of lenses. The first method
is impractical because the photoscope must still have
the maximum range that is coextensive with the maximum
range of the cannon. The intensity of the light signal
focused on the light sensitive surface of the photodiode
is determined by the amount of light entering the photo-
scope and the intensity of the light source. If a smaller
diameter lens is used, 2 more intense light source must
be used in order for the photodiode to provide an elec-
trical signal output of useful value when the light source
is at the maximum effective range of the tank cannon.
However, it is undesirable to increase the intensity of the
light source because a more intense light source is much
more expensive and complex and requires a much larger
power supply. The second method is impractical not only
because of the increased cost, but also because of the
difficulty in matching the optical characteristics of the
combined lenses.

However, even if the focal length of the optical system
is reduced, it is still impractical to obtain a photoscope



3,492,742

3

having a desirably short minimum range because of the
limitations of commercially obtainable photodiodes. For
one thing, the type of photodiode used in the photoscope
is determined to some extent by the signal-to-noise ratio,
which is the ratio of the magnitude of the electrical out-
put signal to the random electrical variations generated
internally in the photodiode and also caused by the back-
ground light. The reason for having a high signal-to-noise
ratio is to prevent the electrical signal output from being
obscured by the level of the noise in the photodiode and
thereby provide a sharp signal for actuating the electri-
cal apparatus associated with the photoscope in the hit
indicator system. The types of photodiodes that are com-
mercially obtainable are very limited. Photodiodes made
of silicon are commercially obtainable in a variety of
sizes, some of rather large size, but the signal-to-noise
ratio is low and this gives a poor response to the light
signal from the target. Also, with a large light sensitive
surface, the background light in the field of view causes
a larger value of direct current to go through the photo-
diode which increases the noise level. It has been found
that photodiodes made of germaninm provide a satis-
factory signal-to-noise ratio, but unfortunately such
diodes are commercially obtainable in only a relatively
small size. Consequently, the size of the light sensitive
surface of the photodiode is fixed by the practical con-
sideration that only one desirable photodiode is commer-
cially obtainable.

In spite of the fact that only one type of desirable
photodiode is commercially obtainable, such photodiodes
have a further, overriding limitation which renders it im-
practical to obtain a photoscope having a desirably short
minimum range with only a single lens-photodiode com-
bination. The overriding limitation is the limited sensi-
tivity variation gradient of the light sensitive surface of the
photodiode. As previously discussed, the effective sensi-
tivity of the light sensitive surface of the photodiode is
desirably varied so as to compensate for the increasing
linear field of view with increasing target range, and
thereby maintain a constant detectably vulnerable area.
However, the sensitivity variation gradient of the light
sensitive surface of a commercially obtainable photodiode
is controllable over a rather limited range, thereby per-
mitting compensation for the field of view over a limited
interval of range. Consequently, even if the focal length
of the optical system were reduced and the size of the
light sensitive surface of the photodiode increased, it
would still be impractical for a photoscope with a single
lens-photodiode combination to have a minimum range

desirably approaching the minimum effective range of a °

tank cannon because of the limited sensitivity variation
gradient of the light sensitive surface of a commercially
obtainable photodiode.

Since it is desirable to have a hit indicator system
that permits the tactical field training of personnel on as
realistic basis as possible, it is a feature of the present
invention to provide a photoscope which can be inserted
in the barrel of a tank cannon and have a range extend-
ing from the maximum effective range of the cannon to
a desirably short minimum range which is less than that
provided by a conventional single lens optical system
photoscope. It is an additional feature of the invention
to provide an inexpensive photoscope which can be con-
structed with commercially obtainable components.

In accordance with the present invention, a photoscope
having a dual optical system is provided, with two differ-
ent, preferably slightly overlapping, range capabilities.
The dual photoscope system has two lenses and two
photodiodes wherein the first lens and photodiode com-
bination provides an interval of range approximately the
same as the photoscopes used in the past. The second
lens, having a much shorter focal length than the first
lens, is combined with the second photodiode to provide
a desirably short minimum range and a maximum range
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which slightly overlaps the minimum range of the first
lens and photodiode combination. Each photodiode is
electrically connected through an amplifier and a Schmitt
trigger to an OR gate circuit which supplies an electrical
pulse to a driver, modulator, and hit indicator, which
forms a portion of the remainder of the electrical appa-
ratas associated with a hit indicator system as described
in the above referenced patents. By feeding the two photo-
diode outputs through threshold trigger circuits and an
OR gate, an electrical output signal of useful value from
either lens-photodiode subsystem will actuate the re-
mainder of the electrical apparatus. By this unique photo-
scope design, the crossover between the ranges, forming
the extended overall range, provided by the dual photo-
scope system is performed logically and a single output
is provided.

According to the preferred embodiment of the present
invention, a dual photoscope system is provided, in which
two photoscope subsystems are coaxially arranged with
the nodal points of the respective lenses and the centers
of the light sensitive surfaces of the photodiodes on the
same optical axis so as to provide a coaxial photoscope
with an extended overall range. This can be done without
reducing the area of the lens of the first photoscope sub-
system by very much because the area of the second lens
may preferably be much smalier in size than that of the
first lens, such as, for example, approximately 5-10%.
Because the area of the lens of the first photoscope sub-
system remains substantially unchanged, sufficient light
is still focused by the lens on the center of the light sen-
sitive surface of the photodiode to provide a useful value
of electrical signal output, when the infrared light source
is located at the maximum effective range of the simu-
lated weapon. The coaxial photoscope is particularly ad-
vantageous in tank weapon simulated firing, because it
permits the mounting of the photoscope in the barrel of
the weapon, thereby providing full protection against
damage by tree branches, etc., as well as bore sighted
alignment and minimizing of parallax problems, as such
is preferably arranged according to the invention.

To avoid any problems in matching the optical char-
acteristics of the two photoscope subsystems, it has been
found that the best method of locating the short range
photoscope subsystem within the long range photoscope
subsystem is to bore or otherwise form a hole in the
center of the large lens and mount the small lens within
the large lens in lieu of using adjacent interfacing lenses.
In this manner, the need for any supporting members
necessary to position the small lens on the optical axis
is eliminated, the small lens being secured within the con-
centric hole in the large lens as by an epoxy resin ad-
hesive at the annular rim intersection, which will thereby
provide the necessary support for the smail lens. This is
also desirable because extra supporting members, such
as a spider, would reduce the amount of light being
focused by the large lens on the light sensitive surface of
the first photodiode. Although the small second lens may
be located at other off-axis positions in the large first lens,
it is much more desirable for it to be positioned on the
same axis so as to avoid problems of parallax. Also, while
it is possible to mount the second photodiode in the first
lens and locate the second smaller lens forward of the
first lens, this has the substantial disadvantage of reduc-
tion of the field of view and the amount of light focused
by the large first lens on the first photodiode.

Still other objects, features and attendant advantages
will become apparent to those skilled in the art from a
reading of the following detailed description of a pre-
ferred embodiment and mode of practice of the invention
taken in conjunction with the accompanying drawings
wherein:

FIG. 1 is a block diagram of an overall “Hit Indicator”
system utilizing a radio frequency link and an infrared
link,
























