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UNITED STATES PATENT OFFICE 
ORIENTENG MECHANISM FOR PULSE ECHO sysTEMs 
George W. Leck, Collingswood, N.J., assignor to 

Radio Corporation of America, a corporation of 
... Delaware 

Application June 14, 1941, Serial No. 398,057 

This invention relates to scanning devices and 
particularly to improvements in devices for vary 
ing the direction of a beam of energy from a pulse 
echo System, and for directing in Synchronism 
therewith the Scanning beam of a cathode ray 
indicator. 

Pulse echo systems are used to detect objects 
and to indicate the direction and distance of the 
object. In such systems a directive antenna is 
generally used for the pulse transmission and a 
non-directive antenna, may serve for reception 
or vice versa, or directive antennas may be used 
for both transmission and reception. 
While separate antennas may be used, the in 

stant invention is described by referring to a 
single directive antenna, which may be used for 
both transmission and reception. Such an an 
tenna system is described in the copending ap 
plication Serial No. 184,354, filed January 11, 1938, 
by Wolff and Herschberger, for Signaling system. 
One of the objectS of the instant invention is 

to provide improved means for scanning a region 
by a beam of pulse energy. Another object is to 
provide improved means for moving a beam of 
pulse energy and a cathode ray beam in syn 
chronism... Another object is to provide means 
for directing a beam of pulses throughout a 
conical region and for synchronously directing 
a cathode ray beam in a helical pattern. 
The invention will be described by referring to 

the accompanying drawings in which Figures 1 
and 2 are front and side views, respectively, of 
one embodiment of the invention; Figure 2a is 
a fragmentary sectional view along the line 
IIa-IIa; Figure 3 is a sectional view of another 
embodiment of the invention; Figure 4 is a 
schematic diagram of a modification for conical 
scanning; and Figure 5 is a circuit diagram of a 
modification of Figure 4. Similiar reference 
characters are applied to similar elements in the 
several figures. - 
- Referring to Figs. 1, 2 and 2a, a motor f is 
mounted on a base 3 Which Supports a directive 
antenna. System 5. The. antenna, System is 
pivotally mounted in a yoke. The yoke is oscil 
latably mounted on a hollow, bearing member 9. 
Ther. Oscillations of the ...yoke are produced by 
means of a driving gear which is secured to: a 
shaft. 3 extending from the motor of through 
the hollow bearing member 9. The driving gear 
engages a driven gear 5. A pair of links. , 
9 or a can slot or the like, connect the driven 

gear to the yoke. So that as the gear rotates the 
yoke is oscillated through the desired angle. A 
second set of link members 2, 23. are used to 
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connect the gear shaft 25 with a potentiometer 
arm 27 so that the potentiometer arm oscillates 
in Synchronism with the antenna system 5. The 
output leads from the potentiometer 29 are con 
nected to the horizontal deflecting electrodes of 
a cathode ray tube 3. w 
The antenna, System 5 is oscillated about the 

yoke pivots by an eccentric 33 which is driven in 
the following manner: A first bevel gear 35 is 
connected to the motor shaft 3 and is arranged 
to engage a second bevel gear 37 which is mounted 
on a stub shaft 39. A can A is secured to the 
shaft 39 and is arranged to engage the inside sur 
face of an aperture in a connecting rod 43. The 
connecting rod 43 is pivotally connected to a 
member 45 which terminates in the antenna. 
system. The eccentric 33 is also connected to a 
potentiometer arm 47. The potentiometer arm 
is arranged to oscillate in Synchronism with the 
antenna System as it moves about its horizontal 
axis on the yoke. The output of the potentiome 
ter 48 is applied to the vertical deflecting elec 
trodes of the cathode ray tube 3f. . . . . 
The antenna system is connected by a trans 

mission line 49 to a pulse transmitter 5, and to 
a pulse receiver 53. The output of the pulse're 
ceiver is applied to the e6ntrol electrodes of the 
cathode ray tube 3 so that received signals may 
brighten or dim the cathode ray trace. The trace 
is moved horizontally in synchronism with the 
oscillations of the antenna System about its ver 
tical axis. The trace is moved vertically in syn 
chronism with the oscillations of the antenna 
System about its horizontal axis. The ratio of 

5 horizontal to vertical oscillations is determined by 
the Several gear ratios. . . . . . . . . . . . 
The cathode ray screen may be-provided with 

a suitable calibration so that the azimuth, and 
elevational angles at which an echo pulse is ob 
served may be indicated. From the nature of 
the antenna movements, it follows that the direc 
tive beam will explore a substantially pyramidal 
form. The cathode ray trace will correspond to 
the base of the pyramid. . . . . . . . . . . . . . . . . 
-In some installations it may be desirable to 
explore a conical region. One suitable arrange 
ment for scanning conically is shown in Fig. 3. 
In this arrangement the antenna, System. 6 is 
mounted On a cylindrical member 63 which is 
journalled in bearings. 65, 67. The antenna, sys 
tem is rotated by a motor 69 which may be coin 
nected by a belt, chain drive , gearing or the 
like, to the cylinder-63. A ring gear 3 is secured 
to the base. 15: which supports a synchronous 
motor 69 and bearings. 65, 67. A pinion gear:77, 
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mounted on the cylinder 63, engages the ring 
gear 73. A pair of cranks 79 are connected to 
the pinion gear shaft on either side of the bear 
ingS 8 therefor. The cranks 9 are connected 
by links 83 to the antenna System 6. 
The Synchronous motion of the cathode ray is 

effected by the following means: The currents 
applied to the Synchronous motor .69 are also 
applied to a phase splitter 35 and hence to the 
cathode ray deflecting electrodes of the cathode 
ray tube 87 to produce a circular trace. The 
radius of the trace is controlled by deriving biasing 
voltages from a potentiometer 89 which is oper 
ated in Synchronism. With the radial movements 
of the antenna, System. The potentiometer 89 
is operated as follows: A link 9 is used to connect 
the antenna, System to the potentiometer arm 93. 
As the antenna System moves on its pivotal 
mounting 95, the arm 93 will move to vary the 
potentiometer output voltage, which is applied 
to a radial defecting electrode 92 of the cathode 
ray tube 87. 

It should be understood that as the antenna 
system is rotated about the axis 9 of the cylinder 
63, the gear through the movements of the 
crank 79 and connection lever 83, slowly tilts 
the antenna System about its axis. 95. Thus the 
beam of pulse energy from the antenna, traverses 
a conical region, or expressed another Way, the 
axis of the beam traverses a spiral path. The 
cathode ray also traverses a spiral path and it 
moves in Synchronism with the beam from the 
antenna. 
The ratio of the two movements which make 

up the conical scanning by means of the radio 
beam is determined by the ratio of the ring gear 
13 to the pinion gear 77. This ratio may be se 
lected to obtain the required definition of scan 
ning. While the arrangement has been shown 
for scanning a conical region in which the axis 
of the cone lies between the horizon and the 
Zenith and including a definite azimuth angle, 
it should be understood that, by mounting the 
base 75 in a vertical plane the device may be 
used to scan throughout the azimuth as will be 
shown in a modification of the invention. 
A modification of the foregoing arrangement 

is shown in Fig. 4 in which an electromechani 
cal drive is Substituted for the mechanical Sys 
tem of Fig. 3. In the modified arrangement the 
directive antenna System O is mounted in a ball 
and Socket or other universal joint 3 which is 
supported by a post fo5 extending from the base 
member 07. Three Solenoid type motors 09 are 
preferably mounted at 120° intervals. The motors 
each include a polarized magnetic armature or 
movable member . 
The movable members if f are connected by 

suitable links 3 to bearings if 5 on the outer 
portion of the antenna reflector or other antenna, 
member. The field coils of the motors are ener 
gized by a three phase alternator ill, which is 
driven by a motor 9. The shaft 20 of the al 
ternator, or the driving motor 9, is connected 
through suitable gearing 12 to a rheostat 23 in 
the generator exciter circuit. 24. The generator 
Output is thus varied according to any desired 
pattern so that the three phase output voltage 
follows, for example, a sawtooth pattern. The 
notors fo9 are successively energized by the three 
phase currents so that the antenna, system under 
goes a circular rocking movement of an amplitude 
Varying according to the generator output. The 
resulting antenna, beam deflections follow a spiral 
pattern. That is, as the applied: voltages in 
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4. 
crease because of the Sawtooth wave form of the 
generator exciting voltage, the motors 09 pro 
duce larger and larger movements and since the 
movements are preferably at 120° intervals in 
space and in time, the axis 26 of the antenna, 28 
traces a helical pattern and the beam of pulses 
from the antenna, Scan a conical or hemispheri 
cal region. The three phase currents may be ap 
plied to a three coil deflecting system 30 ar 
ranged around the cathode ray indicator 32 to 
rotate the cathode ray in Synchronism with the 
rotations of the antenna, and the Sawtooth Wolt 
ages may be applied to produce radial movements. 
The cathode ray Will trace a helical pattern on 
the fluorescent screen of the indicator, which 
may be provided with a suitable calibrated Scale 
34 to indicate the position of the reflecting ob 

ject with respect to predetermined coordinates. 
Instead of using polarized magnetic armatures 

in the Solenoid motors 09 and applying sawtooth 
eXciting voltages to the three phase generator, 
the movable motor members may consist of 
a Second Solenoid f2 to which the sawtooth volt 
ages from the potentiometer 23 may be applied, 
as shown in Fig. 5. Under these circumstances, 
the three phase currents are applied to the fixed 
Windings and the direct currents are applied to 
the movable windings, or vice versa, so that the 
antennas will be deflected by variable amounts 
So that its axis follows a helical path as before. 
In either arrangement the connecting rods may 
be provided with biasing Springs 25 to maintain 
the zero or central position of the antenna, which 
has been omitted to avoid complicating the dia 
g'an. 
Thus the invention has been described as an 

improved means for scanning a region by means 
of a beam of pulses. A cathode ray is moved 
in Synchronism with the scanning beam. Re 
ceived pulse echoes are applied to modulate or 
Vary the cathode ray. So that an object will be 
indicated according to predetermined coordinates 
On the Cathode ray tube Screen. In this manner 
the sky from the horizon upwardly may be con 
tinuously scanned and reflections from an air 
Craft. Or Surface vessel coming over the horizon 
will indicate the azimuth and elevation of the 
Craft. 
I claim as my invention: 
1. A pulse echo scanning device including a 

directive antenna, for radiating a beam of pulses 
and for receiving reflected pulses returning sub 
stantially along said beam, means for moving 
Said antenna. So that said beam traces a spiral 
in a plane normal to said beam so that said beam 
Scans a conical region, a receiver connected to 
Said antenna and responsive to said reflected 
pulses, a cathode-ray indicator including ray de 
fiecting and ray varying elements, means for de 
riving from Said antenna movements currents 
corresponding to said Spiral, means for applying 
Said currents to Said ray deflecting elements, so 
that Said ray is Synchronously moved in a spiral 
path corresponding to the said beam spiral, and 
means for applying to said ray varying element 
Currents deriving from said receiver and corre 
Sponding to said reflected: pulses to indicate; the 
position of a pulse. reflecting object. 
2.A. pulse. echo scanning device including, in 

combination, a directive antenna for radiating a 
beam of pulses and for receiving echo pulses from 
objectS in Said...beam, a rotatable support for said 
antenna, means for pivotally mounting said an 
tenna. On Said. Support, means for rotating said 
Support, a ring gear and a pinion gear. cooperat 
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ing with said rotatable support So that said pinion 
gear is rotated as said Support is rotated, a crank 
member operated by said pinion gear, a linkmem 
ber connecting Said crank and said antenna, for 
moving said antenna, back and forth on Said piv 
otal mounting as said antenna. Support is ro 
tated, the movements of Said Support and Said 
antenna, directing said beam of pulses in a spiral 
path, a receiver connected to said antenna, and 
responsive to Said echo pulses, a cathode ray 
indicator connected to said receiver for indi 
cating said echo pulses, and means responsive 
to Said antenna Support and antenna, movements 
for Synchronously moving said cathode ray along 
a path corresponding to said spiral. 
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3. A radio beam Scanning device including an 

antenna, System for establishing a sharply de 
fined beam, a rotatable support including a piv 
otal mounting for said antenna, system, means 
for rotating said Support, a ring gear and a pinion 
gear cooperating with said rotatable support So 
that Said pinion gear is rotated as Said support 
is rotated, a crank member operated by said 
pinion gear, and a link member connecting said 
crank and said antenna System for moving said 
antenna system back and forth on Said pivotal 
mounting as said antenna, Support is rotated. 

GEORGE W. LECK. 


