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1 Claim.
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The invention described herein may be manu-
factured and.used by or for the Government for
governmental purposes, without the payment to
me of any royalty thereon.

This invention relates to radio systems and
more particularly to an a1m1ng angd fire control
system by radio impulse.

The objects of the present invention comprise
a simplified microwave equipment for short wave
applications in aiming and protective fire control;
" a means for presenting on a concentrically cali-
brated display screen a contour image of a po-
tential target that is obscured from sight by cover
of darkness, fogs, clouds, smoke screen, or other
view obscuring media; a short range system of
very high frequency that minimizes. interfering
with other electronic equipment in the immedi-
ate vicinity and hence minimizes detection of the
system by an enemy; a short range system to be
used at point blank range, under which circum-
stance correction for windage, gravity, and the
like, are not required; and a fire control system
associated with a weapon to be aimed and con-
trolled and the system employing quasi-optical
radiation that upon encountering a friendly far-
get equipped with a protective transpondor: op-
erating on the same frequency as the fire control
system, causes the firing mechanism of the fire
control system to be locked to prevent its asso-
ciated weapon from being fired on the friendly
equipment,

‘With the above and other obJects in view which
will be apparent to those who are informed in the
subject of radio operated fire control systems, a
symbolic and block diagram of a preferred sys-
tem and circuit for operation of the present de-
vice is shown in Fig. 1. Fig. 2 is a pictorial
representation of vehicles utilizing a fire-control
system in accordance with this invention.

The system that is contemplated hereby com-~
prises a sighting and fire control interlock sys-
tem that is carried upon an attacking vehicle and
inclusive of protective transpondor equipment
that is carried by friendly objects that otherwise
might be mistaken for legitimate targets.

The present system, in its association with the
normally operated weapon to be aimed and con-
trolled, employs quasi-optical, pulse-modulated,
~electromagnetic radiation and preferably is
mounted directly upon the weapon carriage. The
system comprises, as a part thereof, a cathode
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ray tube dlsplay system that is shown in the
accompanying drawing. In the system there
shown a transmitter { provides a short burst of
high frequency energy that is projected through
a transmit-receive switch, or TR box 2, and a
wave guide 3 to a dipole antenna 4.

The energy originating in the transmitter {
and so projected to the dipole antenng, 4 is radi-
ated from the dipole antenna 4 through the ac-
tion of an associated parabolic reflector 5 and is
projected from the surface of a spherical reflec-
tor 6 as a highly directional beam.

The paraboloid 5 is pivoted at 12 to be rocked
in such a manner as to result in a combined hori-
zontal and vertical scan. The dimensions of the
spherical reflector & compared with the wave-
length of the radiation are such that, with the
rocking point 12 of the paraboloid 5 located at
the center of the sphere of rotation, the element
of spherical surface intercepted by the beam of
radiation is effectively plane. The radiation from
the parabolic refiector 6 will, therefore, be again
reflected at this surface and will be projected into.
the region that centers along the axis of the
radiating system and is bounded by the solid rock-
ing angle. .

The energy pulse that is radiated from the

. Spherical reflector 6, upon its being reflected by
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an object in its path, will be returned to the
antenna system which then acts as a receiving
antenna,

The echo energy that is intercepted by the
spherical reflector 6 is reflected thereby upon
the parabolic reflector 5 whenee it is focused on
the dipole antenna 4 and passes through the TR
box 2 and is applied to radio receiver 1. The
output from radio receiver 1 is applied to a cath-
ode ray tube, part of a display system 8, where
such output intensity-modulates the electron
beam within the cathode ray tube,

Scanning impulses that originate within the
cathode ray. tube sweep control part of the scan-
ning motor and cathode ray tube sweep control
circuit 9, are applied to the cathode ray tube de-
flecting plates and cause the cathode ray beam
to be deflected in synchronism with the move-
ment of the paraboloid 5. The luminous spot
therefore moves over the face of the cathode ray
tube screen in much the same manner as in a
conventional television display system.

The cathode ray tube is blanked at all times .
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except when energy is being received. Hence the
presentation upon the concentrically calibrated
screen of the cathode ray tube is a silhouette
image of the energy intercepting object or target.
Intersecting hair lines substantially at the cen-
tér of the concentric circles upon the screen of
the cathode ray tube within the display system
8 permit an operator of the system to present the
impinging point of the projected axis of the an-
tenna system -upon a desired part of the target,
since the antenna is directional, by bringing the
intersection of the hair lines on the cathode ray
tube to bear upon that part of the target image
at which it is desired that a shell be placed.
Since the proposed operating range of the weapon
that is associated with the system is the effective
point-blank range of the weapon and since the
aiming part comprised of refiector 6 is firmly
attached to the weapon in such a manner as to
remain aligned with the flight axis of the pro-
jectile, the point at which the cross hairs bear on
the cathode ray tube image will correspond to
the point of impact of the projectile upon the
target, except for a slight error due to parallax.
The use of exceedingly short wave length radia-
tion, as in radar and the like, provides good pen-
etration of obscuring media and-also provides
sharp beaming,

In operation during conditions of darkness,

heavy fog, smoke screens and the like, heavy cal- .

iber ordnance that is carried by aircraft, tanks,
tank destroyers, P. T. boats, gun boats, and the
like, and that is provided with the system that is
disclosed herein, is equipped to close in upon an
intended target to within point blank range and
cause the transmitter I, through the disclosed an-
tenna, to maintain a practical image outline of
the target upon the cathode ray screen part of
the display system 8 and to place one or more
shells precisely upon an intended part of the
‘target. The equipment may then, under the cov-
er of the obscuring agency be advanced to fur-
ther objectives or be withdrawn to safety, as re-
quired by circumstances.

Pigure 2 illustrates one application of the in-
vention, The boxed-in elements of Figure 1 are
indicated by reference numeral 16 and shown in-
stalled on vehicle I 7.

The prevention of the destruction of friendly
objects by misdirected fire resulting from errors
in target identification is effectually minimized by
having mounted thereupon a transpondor that
operates upon the same frequency as the aiming
and fire control system that is contemplated here-
by. It will be apparent to those skilled in the
radio art that the responder contains apparatus
capable of receiving a signal within its range on
its frequency and then retransmitting it in some
modified form. The transpondor {5 installed on
friendly vehicle 18 is designed to receive a pulse
signal of high frequency electromagnetic energy
and to transmit a corresponding energy pulse 13
which differs from the received pulse in pulse
width. The circuits of the transpondor 15 are
continuously tuned over a predetermined band of
frequencies at a rate sufficiently rapid to avoid
the overlooking of targets. The width of the
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transmitted reply pulse is accurately predeter-

mined to match the setting of the pulse gate i0.
The transpondor is triggered by a pulse that
arrives at the potential target from the antenna
of the system that is disclosed herein, The trans-
pondor bearing device returns two pulses, an echo
pulse {4 and a modified pulse {3 that are trans-
mitted by the transpondor, These two pulses
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are returned to the primary radiator or antenna
6 of the contemplated system. The echo pulse
and the modified pulse are both of the same car-
rier frequency as the interrogating or emitted
pulse but their duration will be modified.

Pulses that are properly modified and that ar-
rive at the radiating receiving antenna of the
present system pass through radio receiver 7 and
pulse gate 10 and are applied to and activate a
locking device {I. The locking device 11 ener-
gizes any usual form of mechanism operating de-
vices, such as relays, not shown, or the like, that
lock the firing mechanism of the piece of ord-
nance upon which the equipment that is con-
templated hereby is mounted and prevents it from
firing upon the vehicle that carries the trans-
pondor. As in the previously described system,
an image of the transpondor conveying device
is continuously available on the cathode ray tube

-screen of the display system 8.

The transmitter i, the transmit-receive device
2, the receiver 1, the display system 8, the scan-
ning motor and cathode ray tube sweep coniro}
circuit 9, the locking device 1 as-well as the trans-
pondor are components well known in the art and
no claim is made to any of these units per se.
A description of these components may be found
in “Principles of Radar” published by the Massa-
chusetts Institute of Technology. The pulse gate
10 may be of the type described in my abandoned
copending application S. N. 557,537, on “Pulse
width discriminator” filed October 6, 1944,

The use of wave lengths that are one centime-
ter or less in length are large in comparison with
the dimensions of the water particles that make
up fogs and clouds, solid particles that may be
suspended in air to form smoke or dust storms,
and the like, and hence the use of wave lengths
of the intended lengths provide advantageous
penetration of these types of obscuring media.
The use of short wave lengths of radio energy
also permits proper pulse formation and the use
of small light weight equipment. These same
characteristics make the present equipment read-
ily transportable and its simplicity makes it highly
dependable in operation,

It is to be understood that reasonable modifi-
cations and substitutions may be made in the
circuit and parts thereof that are disclosed herein
without departing from the present invention as
defined by the appended claim.

‘What I claim is:

An aiming and fire control system for manu.-
ally operated weapons comprising a first device
mounted on g weapon to be fired; and a second
device mounted on a friendly object; said first

- device comprising in combination a short range

pulse modulated radio transmitter, a directional
antenna system for dirécting the output of said
transmitter toward said object and for receiving
echces and radiations therefrom, said directional
antenna mounted so that its radiation axis is
parallel to the bore axis of said weapon to ke
aimed; a radio receiver for receiving signals in-
tercepted by said antenna; a display means in-
cluding a cathode ray tube responsive to the
output of said receiver for presenting a contour
image of said object; electro-mechanical means
responsive to a selected output of said receiver
for preventing the firing of said weapon; said sec-
ond device comprising electronic means for re-
ceiving said pulse modulated signals from said
directional anitenna and retransmitting said sig-
nals in a modified form; whereby said retrans-
mitted signals are received by said first device anc
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prevent the operation of said weapon when radia-
tion from said antenna strikes said friendly ob-

Ject.
REX S. WHITLOCK.
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