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This invention relates to directional scanning
antennas for use in radar systems.

In some radar systems, the scanning antennas
are required te search rectangular areas. In
the past this has been accomplished by starting
at the upper left-hand corner and sweeping hori-
zontally across, and by then stepping down and
sweeping horizontally back, this being repeated
until the entire area is swept. This method re-
quires limit switches for reversing the horizontal
and vertical drive motors.

According to this invention, a scanning an-
tenna is moved vertically up and down periodi-
cally to substantially follow a sine wave or tri-
angular wave of position as a function of time,
while at the same time it is moved horizontally
hack and forth periodically to substantiaily fol-
low a sine wave or triangular wave of position
-as a function of time, at a higher or a lower fre-
quency. This results in the scan beam tracing
the pattern of a Lissajous figure while it sweeps
a rectanguiar area at a faster rate than the prior
parallel sweeps, and without the previously re-
quired liinit switches. Another feature of this
-invention is that the scanning traces overlap over
most of the area searched.

An object of this invention is to increase the
rate of search of a rectangular area by a scanning
antenna.

Another object of the invention is to simplify
scanning antennas used for searching rectangu~
lar areas.

Another object of the invention is to more
thoroughly search a rectangular area with a
scanning antenna,.

Another cbject of the invention is to search an
area with a scanning beam which forms a Lis-
sajous figure.

The invention will now be described with ref-
erence to the drawing, of which:

Figure 1 is a simplified diagrammatic view of
one embodiment of this inveniion;

Fig. 2 is a graph illustrating the first half of
a search pattern provided by the apparatus of
Fig. 1, and

Fig. 3 is a graph illustrating the second half
of the search pattern.

Referring now to Fig. 1 of the drawing, the
constant speed, electric moter 18 rotates the gear

{1 of relatively large diameter which is meshed :

with the gears {2 and {3 of relatively small di-
ameter, the gear {3 having, however, a larger di-
ameter than the gear 12.

The gear 12 has adjacent ifs perimeter, the
pin {4 in the slot {5 in the crosshead (6.
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crosshead 16 has attached thereto the arm {7
which is slidable horizontally in the fixed sup-
port 3, and which has the gear teeth 19 on its
upper surface. The teeth {2 are meshed with
the gear 20 which drives the elevation Selsyn
generator Zf.

The generator 21 is connected through the
control transformer 22 and the elevation con-
trol amplifier 23 to the elevation servo-motor 24
which is connected through the elevation posi-
tion generator 37 to the vertical drive of the scan-
ning antenna 25. Error voltages from the gen-
erator 37 are fed back to the transformer 22 as
is usual.

The gear {3 has adjacent its perimeter, the
pin 26 in the slot 27 of the crosshead 28. The
crosshead 28 has attached thereto the arm 29
which is slidable horizontally in the fixed sup-
port 30, and which has the gear teeth 3! on its
upper surface. The teeth 31 are meshed with
the gear 82 which drives the azimuth Selsyn
generator 83.

The generator 33 is connected through the
azimuth control transformer 34, azimuth control
amplifier §6 to the azimuth servo~-motor 86 which
is connected through the azimuth position gen-
erator 38 to the horizontal drive of the antenna
25. Error voltages from the generator 38 are fed
back in the usual manner to the transformer 34.

In operation, as the gears {2 and (23 are ro-
tated by the gear H, the motions of the pins 14
and 26 in the slots of the crossheads 18 and 28
respectively, cause the arms {7 and 28 to recip-~
rocate horizontally in sine waves of accelera-
tion as a function of time. This causes the gears
28 and 32 of the generators 21 and 23 respec-
tively, to rotate back and forth, and to deliver
sine wave voltages to the control transformers
22 and 34 respectively.

The voltage from the generator 21 is supplied
through the transformer 22 and the amplifier
23 to the servo-motor 24 which moves the an-
tenna vertically up and down in a sine wave of
acceleration as a function of time, similar to that
imparted to the generator 21.

The voltage from the generator 33 is supplied
through the transformer 34 and the amplifier
35 to the servo-motor 36 which moves the an-
tenna back and forth horizontally in a sine wave
of acceleration as a function of time, similar
to that imparted to the generator 33.

The ratio of the pitch diameters of the azimuth
and elevation gears 3 and {2 should be the same
as the scanning ratio, typically 10:9 or 15:14, ete.

The ratio of the diameter of the azimuth gear
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13 to that of the elevation gear {2 should be
stuch that the elevation gear is driven at a speed
about 10% higher than that of the azimuth
gear. This phase displacement causes the scan-
ning beam 48 to rotate and to form a Lissajous
ficure as illustrated by Figs. 2 and 3, the arrows
on the scanning traces illustrating the direction
of rotation.

The result will be a sweep such as is illustrated

by Fig. 2, followed by a sweep such as that illus-

trated by Fig. 3, after which the sweep. of Fig.
2 will he repeated, ete.

The unsearched area in. two: of the corners. pf
Fig. 2 is seen to be searched by the sweep of Fig.
3, and the unsearched area in two of the corners
of Fig. 3 is seen to be searched by the following
sweep of Fig. 2.

This Lissajous type sweep covers the same area

in 11.5 seconds that the conventional parallel

sweeps covers in 12.6 seconds.

Figs. 2 and 3 assume that the antenna has a
10° heam, and 10° between half-power points.
They also. assume a maximum allowance accel-
eration of 425° per second squared, and a maxi-
mum allowable velocity of 150° per second.

As illustrated by Figs. 2 and 3, the scanning
spots. 40 overlap except at the very center of the
area where they are tangent. With parallel and
spiral searches the traces are tangent over the
entire area.

Square waves of acceleration as a function of
time can be used instead of the illustrated sine
waves with little effect on the form of the sweep
illustrated by Figs. 2 and 3, and would result in
about a 10% saving in time.

While the Lissajous type of search is partic-
ularly suited for scanning rectangular areas, its
simplicity of generation shows it has advantages
over the conventional spiral search method as
well ag over the conventional parallel search
method. .

We claim as our invention:

1. An antenna system comprising a directional
antenna, first motor means having a rotor for
eyclically moving said antenna alternatey in op-
posite directions at one frequency, and second
motor means having a rotor for cyclically moving
said antenna alternately in opposite directions
different from said first-mentioned directions,

and at a frequency different from said one fre- -t

quency, and control means for effecting the ro-
tation of said rotors at respectively predeter-
mined frequencies.

2. An antenna system comprising a direction-

al antenna, means including a first motor having -+

a rotor for cyclically moving said antenna ver-
tically up and down at one frequency, and means
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including a second motor having a rotor for
cyclically moving said antenna horizontally back
and forth at a frequency different from said one
frequency such that a substantially Lissajous
figure is formed.

3. An antenna system comprising a direction-
al antenna, means including an. elevation servo-
motor for moving said antenna vertically up and
down, means including an azimuth servo-motor
for moving said antenna horizontally back and

forth, an elevation Selsyn generator having a

rotor and connected to said elevation servo-
motor, an azimuth Selsyn generator having a
rotor and connected to said azimuth servo~-motor,
and means for cyclically rotating the rotors of
said generators in opposite directions at differ-
ent frequencies.

4. An antenna system comprising a direction-
al antenna, means including an elevation motor
having a rotor for moving said antenna vertically
up and down, means including an azimuth motor
having a rotor for moving said antenna horizon-
tally back and forth, and means for cyclically

_rotating the rotors of said motors in opposite di-

rections at different frequencies.

5. An antenna system comprising a directional
antenna, means including a first motor having
a rotor and adapted for moving said antenna in
opposite directions, means including a second
motor having a rotor and adapted for moving
said antenna in opposite directions different from
said first-menfioned directions, and means. for
cyelically rotating the rotors of said motors. in
opposite directions at different frequencies.

5, An antenna system comprising a directional
antenna, means including a first servo-motor
for moving said antenna in opposite directions,
means including a second servo-motor for mov-
ing said antenna in opposite directions differ-
ent. from said first-mentioned directions, a. first
Selsyn generator having a rotor and being con-
nected to said first servo-motor, a second Selsyn
generator having a rotor and connected to said
second servo-motor, and means for cyclically
rotating the rotors of said generators in oppo-
site directions at different frequencies.
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