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This invention relates to directive control sys 
tems and more particularly to a radio receiving 
System which is provided with a plurality of an 
tennae on which energy from a radio beacon may 
be simultaneously received. 
This application is a continuation in part of my 

co-pending application, Serial Number 727,931, 
which was filed on May 28, 1934, patented June 
2, 1936, No. 2,042,831. 

It is an object of my invention to provide means 
for diversity reception of signals on an array of 
antenna Systems. 

It is another object of my invention to so com 
bine the energies of radio signals when received 

i5 upon different antennae that the output of a 
receiving System may be utilized in various ways. 
A further and more specific object is to pro 

vide a System wherein the phase relation of cur 
rents derived from a diversity antenna system 

20 are maintained at a constant value so that cur 
rents derived from the antennae may be com 
bined as though the phase of each antenna re 
mained Constant. 
In the invention herein described means are 

25 provided for combining the R. F. or I. F. energies 
in a diversity System so that the system, instead 
of having a directivity equivalent to that of a 
single antenna, has a directivity equivalent to a 
combination of all of the antennae. The phases of 

30 the energies from each antenna are automatically 
controlled so that the phase of combination is 
always proper. Hence, a super-directive system 
is obtained. 
A further advantage of the system herein de 

35 scribed is that it may be utilized to effect a 
directive system which automatically changes its 
directivity in accordance with the changes in the 
bearing of the signal. Thus, as the signal comes 
in from different directions the antenna system 

40 automatically "follows' it. Such a system would 
be valuable where atmospheric conditions change 
the apparent direction of the source of signal and 
where communication is with mobile conveyances 
wherein the direction of the signal source is actu 

45 ally changing. 
Other objects, features and advantages of my 

present invention will become self evident as the 
more detailed description thereof proceeds. 
In the accompanying drawing I have shown as 

50 the sole figure thereof a circuit diagram of a 
diversity receiving system wherein a phase shift 
ing device is embodied. 

In the figure the two heterodyne receivers 2, 
3 and 5 and 2’, 3 and 5 are fed by diversity 

5 antennae and d'. The high frequency oscil 
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lator 4 furnishes beating energy for both re 
ceivers so that the intermediate frequency of both 
receivers will be the same. The output of one 
I. F. amplifier is fed directly to anti-phasal trans 
former 6 of differential detectors 8 and 9. The 
output of the other I. F. amplifier is fed to co 
phasal transformer 7 of the differential detectors 
via the automatic phase shifting unit in the 
dotted line enclosure 30. The energy from I. F. 
amplifier 5 is fed via line 5 to transformer 6. 
Transformer 6 feeds coupling tubes 7 and fi 
having tuned circuits 9 and 20 in their plate 
circuits. The tunings of 9 and 20 are adjusted 
so that their voltages, induced in coupling coil 
2, are 90 degrees out of phase, thus effecting 
a phase shifter. 

Coil 2, which feeds transformer 7, is mounted 
on shaft 22 in bearing 23. On the other end of 
shaft 22 is a friction drive wheel 24 circularly 
slotted so that flexible drive shaft 3, driven 
by motor 26, rotates wheel 24 in a forward direc 
tion when drive shaft 3 engages one side of the 
slot, and in a reverse direction on the other 
side of the slot. (For a more complete descrip 
tion of this type of drive see D. R. Goddard ap 
plication Serial Number 11,915, filed March 20, 
1935.) 

Rectified I. F. energy from detectors 8 and 9 
operates solenoids 27 and 28 to move armature 
25. . Arm 25 is pivoted at one end and is provided 
with a forked bearing at the other end for en 
gagement with the shaft 3 so as to reversibly 
operate a clutch mechanism associated therewith. 
An unbalance of currents in solenoids, 27 and 28 
causes armature 25 to shift shaft 3 to the for 
Ward or reverse engagement with wheel 24. 

Rectified audio frequency energy is obtained 
from detectors 8 and 9 via blocking condensers 0 
and to coupling or amplifier tubes 2 and 3. 
The combined A. F. Output is obtained from jack 
29 and transformer 4. 
The automatic phase control obtains its con 

trolling energy from the differential detectors such 
as 8 and 9 of the figure. These differential de 
tectors are fed co-phaSally by one of the signal or 
signal intermediate frequencies and anti-phasally 
by the other. As long as the two signals are 90 
degress out of phase the plate currents of the 
detectors 8 and 9 are balanced and no differential 
Woltage is passed on to operate the controlling 
circuits. As soon as the relative phase of the 
two signals deviates from 90 degrees, the detector 
plate currents are unbalanced and a differential 
voltage operates the controlling circuits to correct 
the phase relation to 90 degrees. 
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The system illustrated may be used for direc 
tion finding by, for example, associating with 
shaft 22 a pointer P movable angularly with shaft 
22, and a relatively stationary scale S. The an 

5 tennae and ' for this purpose should be spaced 
or be two directional arrays of antennae. With 
such an arrangement, the pointer P would indi 
cate on the scale the phase relation between the 
waves picked up upon f with respect to l'. By 
having previously calibrated the scale when in 
harbor, say, on known directions of several known 
transmitting stations, then, when at sea, devia 
tion from the calibration would give deviation 
from the course. 

If desired, by means of the Selsyn motors SM, 
whose armature coincides with shaft 22, and SM2 
Operating steering mechanism, guidance or steer 
ing of a ship may be made automatic. 

It will be seen from the above description that 
my invention has utility, for example, in the auto 
matic steering of a boat or airplane. In this case 
the antennae and may be spaced on a line 
at right angles to the direction of travel. The 
Selsyn motors SM and SM2 may be coupled to 
the rudder. The coil 2 may be mounted on the 
shaft 22 so that when the vessel is head-on to 
the radio beacon the phase difference between 
the voltages in the lines S and S2 will be 90 
degrees and the detector currents will then be 
balanced. Under this condition, the clutch arm 
25 is disengaged and the shaft 22 will remain stationary. 
ASSunning now that the vessel becomes misdi 

rected, one antenna will receive the incoming 
energy slightly before the other antenna, so that 
a phase difference will be introduced between the 
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voltages of the lines Si and S2. This phase dif 
ference will unbalance the detector currents. So 
that the clutch 25 will be impelled either by the 

40 magnet 27 or the magnet 28 to engage the disc 
24 with the end of the shaft 3. Rotation will 
then be imparted to the shaft 22 in a suitable 
direction to adjust the rudder by means of the 
Selsyn motors SM and SM2. This operation 

45 will restore the vessel to its direction head-on 
with respect to the radio beacon. As soon as this 
steering operation has been completed the clutch 
arm 25 will again be disengaged by the balancing 
of the detector currents. 

50 In place of the Selsyn motor arrangement for 
coupling shaft 22 to the rudder, this shaft may, 
if desired, be directly geared to the rudder control 
mechanism. 
Another advantage to be derived from my in 

55 vention may be seen if the shaft 22 is caused to 
control any suitable indicating device such as the 
arrangement of scale S and pointer P for direc 
tion finding purposes. This arrangement does 
not require the manual adjustment of a loop an 

60 tenna, which has heretofore been used. On the 
other hand, the direction finder is seen to be a 
direct reading instrument showing left and right 
digressions of the vesse from its course. 
Other arrangements and embodiments of my 

65 invention will readily occur to those skilled in 
the art. It is, therefore, to be understood that 
the scope of the invention is limited only by the 
claims themselves. 
I claim: . 
1. In a directive control system, a radio re 

ceiver having two aerials spaced apart, means in 
said receiver for combining the energies collected 
by said aerials, means operable in dependence 
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upon the phase relationship between the energies 
collected by said aerials for introducing phase 
compensation into the energy combining means, 
and steering apparatus operable under control 
of the phase compensating means. 

2. A radio receiving and directive control sys 
tem for use on board mobile craft, said system 
having two aerials spaced apart and symmetri 
cally mounted on opposite sides of said craft so 
that when the craft follows a course directly to 
ward or away from a source of signals the energy 
of said signals as collected by said aerials will 
be in phase agreement, means for monitoring the 
phase relation between the signals collected by 
said aerials and steering means operable under 
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control of the monitoring means to maintain said 
craft on said course. 

3. In a navigating system, the method of steer 
ing a vessel along a course which is defined by 
the direction of propagation of radiant energy 
signals which comprises the steps of collecting 
the energy at separated points on an axis trans 
verse to the longitudinal axis of the vessel, dif 
ferentially detecting and combining the energy of 
said signals, applying phase correction to said 
signals, and causing the vessel to be steered under 
control of the phase-correcting action, 

4. In a navigating system of the type wherein 
the steering apparatus of a vessel is controlled 
by existing differences of phase between two 
alternating voltages, the method of linking to 
gether a phase correcting operation and a steer 
ing operation which comprises differentially de 
tecting and combining the energy of said alter 
nating voltages, producing a one-way response 
when the first of said voltages has a phase lead 
over the second, producing a one way response 
Opposed to the response first mentioned, when 
the first of said voltages has a lag behind the 
Second, and causing said response to be effective 
to compensate for the phase difference between 
the voltages and simultaneously to cause a read 
justment of the steering apparatus in a direction 
suitable for maintaining said vessel on a course 
such as is defined by the direction of propagation 
of radiant energy signals producing said voltages. 

5. In a system for steering a craft along a pre 
determined course, the method which comprises 
propagating radiant energy signals from a point 
in the general direction of travel in which the 
Craft is to be steered, collecting the energy at 
Separate points aboard the craft, spaced on a 
line at right angles to said direction of travel, 
differentially detecting and combining the ener 
gies of said signals, deriving currents wh h vary 
in accordance with phase differences between the 
energies of said signals as collected at said sepa 
rate points, and steering the craft in accoidance 
With the derived currents. 

6. Apparatus for steering a craft along a pre 
determined course defined by radiant energy sig 
nals propagated from a point in the general di 
rection of travel in which the craft is to be 
steered, comprising a pair of energy collectors 
mounted on board Said craft and spaced on a 
line at right angles to said direction of travel, 
means for differentially detecting and combining 
the energies of said signals as collected by said 
pair of collectors, means for differentiating be 
tween the respective phases of said energies, and 
steering apparatus responsive to the action of the 
phase differentiating means. 

MURRAY G. CROSBY, 
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