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1. 
The present invention relates to directional an 

tennas of the type known as scanners or spinners, 
and is particularly concerned with an arrange 
ment for preventing shifting of the directive axis 
Of the antenna, due to the pitch or roll of the Sup 
port (e. g. a ship) on which the antenna is car 
lied. Such antennas are primarily used with 
radio locating equipment for Scanning the hori 
ZOn Or ZOnes at a small elevation from the horizon 
to obtain information as to the location of remote 
objects. 
The object of our invention is to provide a di 

rective antenna, with an improved arrangement 
for neutralizing the effect of pitch or roll. 
The novel features which we believe to be char 

acteristic of our invention are set forth with pair 
ticularity in the appended claims, Our invention 
itself, however, both as to its organization and 
method of operation, together with further ob 
jects and advantages thereof, may best be under 
stood by reference to the following description 
taken in connection with the accompanying draw 
ings in which Fig. 1 is a rear elevation of an an 
tenna, embodying our invention; Fig. 2 is a side 
elevation; Fig. 3 is a diagram of the elevation 
control; Fig. 4 is a diagram of the azimuth con 
trol; Fig. 5 is a top plan view of the gyroscope; 
and Fig. 6 is a sectional elevation of the elevation 
drive. 

Referring to the drawings, there is shown a 
Scanner mounted on a turntable journaled for 
rotation on a vertical axis in a base 2. Fixed on 
the turntable is a transmission line 3, the lower 
end of which is connected to a rotating joint (not 
shown) at the axis of the turntable and the upper 
end of which extends through a clearance opening 
in a parabolic reflector 5 and terminates in a 
radiator 4, shown in Fig. 2. The radiator and re 
flector constitute an antenna, having a directive 
axis determined by the relative position of the 
radiator and reflector. The reflector is supported 
by trunnions S at the upper ends of standards : 
fixed to the turntable for tilting relative to the 
turntable on a horizontal 3xis perpendicular to 
the axis of the reflector. The directive axis of 
the antenna, is shifted in azimuth by rotating the 
turntable and in elevation by tilting the reflector 
relative to the turntable. Oue to reflection the 
directive axis is shifted in elevation through twice 
the angle between the radiator 4 and the axis of 
the reflector. 
The turntable is rotated in azimuth by a motor 

8 through reduction gearing 9 which drives a pin 
ion 0 meshing with a crown gear fixed to the 
outer edge of the turntable. The position of the 
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directive axis of the antenna in azimuth, which 
corresponds to the position of the turntable, is 
controlled by a generator Selsyn i 2 (which may 
be located in a control box rein Ote from the an 
tenna) having its rotor 3 connected to an A.-C. 
supply and optionally rotated by a motor or a 
hand crank 5 and having its stator 6 connected 
to the stator of a Selsyn transformer 3 on the 
base 2. The rotor 9 of the Selsyn transformer 
is driven from the crown gear through a pinion 
28 and reduction gearing 2. So its position at all 
times corresponds to the azimuth of the antenna. 
Whenever the position of the rotor 9 does not 
exactly correspond to the position of the rotor 3 
of the indicator Selsyn, a displacement voltage is 
induced in the rotor 9 which corresponds in 
magnitude with the magnitude of the displace 
ment and in phase With the direction of the dis 
placement. In apparatus indicated at 22, the 
displacement voltage is converted by amplifica 
tion and rectification to a D.-C. Voltage Varying 
in magnitude and polarity in accordance with 
the magnitude and direction of the displacement. 
This Voltage is applied to the fields 23 of a genera 
tor 24 which generates a voltage corresponding 
to its excitation in magnitude and polarity. The 
voltage of the generator 24 is applied to the motor 
8, causing rotation of the turntable in the direc 
tion to reduce the displacement between the ro 
tors of the Selsyns 2 and 8 so that the directive 
axis of the antenna, is positioned in azimuth in 
accordance With the generator Selsyn 2. 
The directive axis of the antenna, is shifted in 

elevation by a notor 25 through reduction gear 
ing 28 having a pinion 27 meshing with a gear 
sector 23 fixed to the back of the reflector 5. The 
motor 25 is energized through slip rings 29 on 
the turntable from a generator 3 similar to the 
generator 24. The connections to the other elec 
trical apparatus carried by the turntable are also 
made through the slip rings 23. The motor also 
drives the stator 3 of a Selsyn transformer 32 
through reduction gearing 33 having one half the 
reduction Cf the gearing driving the reflector So 
the angular position of the stator 3 corresponds 
to the elevation of the directive axis of the an 
tenna, which is shifted by twice the angle the re 
flector is moved. The stator 3 is journaled in 
a housing 34 fixed to a U-shaped frame 35 bolted 
to the turntable. Journaled in the frame 35. On a 
horizontal axis perpendicular to a vertical plane 
including the directive axis of the antenna is a 
f:3.ne 35 having a shaft, 3 fixed to the rotor 38 of 
the Selsyn transformer 32. The frame 36 is held 
horizontal in a plane along the directive axis of 



2,415,679 
3 

the antenna, by a gyroscope stable vertical carried 
in a frame 33 pivoted to the frame 36 on a hori 
ZOntal axis along the directive axis of the an 
tenna. The gyroscope consists of an induction 
motor having its stator fixed to the frame 39 and 
a rotor 40 surrounding the stator. At the lower 
end of the rotor is a spherical eddy current damp 
er 4 cooperating with a permanent magnet 42 
supported by a universal pendulous suspension 
43a from the frame 39. The magnet, which is 
free to swing in any direction, has a very short 
period and its average position over an interva 
of a few seconds is true vertical. If the axis of 
the rotor 48 differs from true vertical, the drag 
due to eddy currents in the damper 4 causes the 
gyroSCOpe to precess toward true vertical. So 
long as the gyroscope is in true vertical, the frame 
36 is horizontal in a vertical plane along the di 
rective axis of the antenna, although the frame 
may be inclined in a perpendicular vertical plane. 
The elevation of the antenna is controlled by a 

Selsyn 43 (which nay be located in a control box 
remote from the antenna) having a stator 44 
connected to the stator 34 of the Selsyn trans 
former 32 and a rotor A5 connected to an A-C. 
supply. The rotor 45 is positioned to the desired 
elevation angle in any suitable manner, for ex 
ample by a hand crank 45. Whenever the position 
of the rotor 38 of the Selsyn transformer does not 
correspond to the position of the rotor 45, a dis 
placement voltage is induced which corresponds 
in magnitude to the magnitude of the displace 
ment and in phase to the direction of the dis 
placement. In apparatus indicated at 4, the 
displacement voltage is amplified and rectified 
and supplied to the fields 43 of the generator 38 
Which generates a control voltage for the motor 
25 of magnitude and polarity such that the motor 
drives the stator 3 (and the antenna) in the di 
rection to decrease the displacement. 

In the use of the antenna, the base 2 may be 
fastened to a Support, such as a platform on a 
Ship, and the control box, containing the Selsyns 
S2 and 43, the apparatus 22 and 47, and the gen 
erators 24 and 3) may be located at some con 
Venient point remote from the antenna. When 
used on a ship, the platform supporting the an 
tenna is usually located at as great a height as 
possible. So radio waves along the directive axis 
of the antenna, will encounter a minimum of ob. 
Struction. Since the direction in which the an 
tenna, is pointed is indicated by the Selsyns (2 
and 63, the control box is usually located at the 
place at which this information is used. 
The Operator, by the hand crank 5 or motor 

A4, determines the position of the directive axis 
Of the antenna, in azimuth and by the hand crank 
45 determines the position of the directive axis 
of the antenna in elevation. Through the dis 
placement voltages induced in the Selsyn trans 
formers 3 and 32, the voltages are generated by 
generators 24 and 3 of magnitude and polarity 
Such as to cause the motors 8 and 25 to shift the 
directive axis of the antenna, in azimuth by ro 
tating the turntable and in elevation by tilting 
the reflector 5 to a position corresponding to the 
azimuth and elevation indicated by the positions 
of the hand cranks 5 and 46. As the ship pitches 
and rolls, the components of the pitch and roll 
along the directive axis of the antenna are com 
pensated by the gyroscope 33 which holds the 
frame SS horizontal in a vertical plane along the 
directive axis of the antenna. This holds the ro 
tor 38 of the Selsyn transformer 32 in a horizon 
tal position and causes the stator 3 to assume 
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a position relative to the rotor 33 corresponding 
to the relative position of the rotor A5 and the 
stator. 46. The directive axis of the antenna, 
which corresponds to the position of the stator 
3, is accordingly held at the elevation angle cor 
responding to the Setting of the hand crank 46. 
Since the elevation of the directive axis of the 
antenna, is with reference to the horizontal frame 
36, the elevation is not affected by tilting of the 
base due to pitch or roll. The pitch and roll are 
compensated only along the directive axis of the 
antenna. When the directive axis is lengthwise 
of the ship, the compensation is solely for pitch 
of the ship Since the roll of the ship does not af 
fect the azimuth or elevation of the directive 
axis. When the directive axis is croSSWise of the 
ship, the compensation is solely for roll since 
pitch does not affect the azimuth or elevation of 
the directive axis. At intermediate points, the 
compensation is solely for the components of 
pitch and roll along the directive axis since the 
components of pitch and roll at right angles to 
the directive axis do not affect the azimuth Or 
elevation of the directive axis. 
While we have shown particular embodiments 

of our invention, it will be understood that many 
modifications may be made without departing 
from the spirit thereof, and We Contemplate by 
the appended claims to cover any Such modi 
fications as fall within the true Spirit and Scope 
Of Our invention, 
What we claim as new and desire to secure by 

Lette's Patent of the United States is: 
1. In combination, a directional antenna, 

means supporting the antenna for tilting about 
a horizontal axis perpendicular to its directive 
axis, a turntable rotatable on a Vertical axis car 
rying said supporting means, a frame on the 
turntable pivoted on a horizontal axis perpen 
dicular to a vertical plane including said direc 
tive axis, a gyroscope on said frame holding Said 
frame horizontal in a direction along said di 
rective axis, and means responsive to the angle 
between said frame and the directive axis of 
the antenna, for rotating the antenna. On its hor 
izontal axis to maintain said angle at a prede 
termined Walue. 

2. In combination, a directional antenna, 
means supporting the antenna, for tilting about 
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a horizontal axis perpendicular to its directive 
axis, a frame pivoted on a horizontal axis per 
pendicular to a vertical plane including Said di 
rective axis, a gyroscope on said frame holding 
said frame horizontal in a direction along said 
directive axis, a motor on the turntable, a drive 
from the motor for rotating the antenna, about 
its horizOntal axis, angle responsive means on 
the turntable having relatively movable parts one 
of which is connected to Said frame and the 
other of which is moved in accordance with the 
position of the antenna, and means responsive 
to changes in the relative position of said parts 
from a predetermined position for generating a 
control voltage for the motor causing rotation of 
the antenna, returning said parts to said prede 
teiniined position. 

3. In combination, a directional antenna, for 
In OU inting on a Support Subject to pitch and roll, 
drives for shifting the directive axis of the an 
teniha, in azimuth, and elevation relative to the 
Suppoit, a frame journaled on the Support on an 
axis perpendicular to the plane of the azimuth 
and elevation of the directive axis of the an 
tenna, relative to the support, a stable vertical 
for holding the frame horizontal in a plane per 
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pendicular to said first plane, and eaS e- REFERENCES CTED 
sponsive to the elevation angle in said first plane 
between the directive axis of the antenna, and The following references are of record in the 
the frame for controlling the elevation drive to file of this patent: 
maintain said angle at a predetermined value. s UNITED STATES PATENTS 
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