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ABSTRACT OF THE DISCLOSURE 

Apparatus for producing a rotatable directional antenna 
pattern is disclosed. The apparatus employs an antenna 
array comprising a plurality of longitudinal rod-like ele 
ments disposed symmetrically about a central axis. Each 
element is a collinear slot array 0]‘ the coaxial type. The 
elements are connected to a source of radio frequency en 
ergy by directional couplers and electrically controllable 
phase shifters. The control signals for the phase shifters 
are derived from pulses from light-sensitive cells. The de 
sired control waveforms are produced from the pulses by 
appropriate circuits. 

This invention relates to directive radio antenna sys 
tems and, more particularly, to apparatus for producing a 
[rotating] rotatable directive antenna ?eld pattern for 
a radiating system. Such a ?eld pattern may be associated 
with a spinning body, the ?eld pattern rotating counter 
to the spin of the body and at the same angular velocity, 
thereby de-spinning the pattern. 

In a space vehicle such as a communication satellite, 
for example, it is desirable that any radio antenna there 
on be highly directive so that the most effective use may 
be made of the limited amounts of radio energy available 
for transmission. One type of antenna system for space 
vehicles utilizes an antenna having a directive ?eld pat 
tern that is mounted on a movable member whose orien 
tation is automatically varied relative to the space vehicle 
in order to maintain the antenna ?eld pattern constant 
ly directed in the desired direction. Alternatively, the at 
titude of the vehicle itself may be automatically con 
trolled, the orientation of the antenna remaining constant, 
or the attitude of both may be automatically controlled. 
Any of these expedients requires a large and heavy elec 
tro-mcchanical control system to automatically control 
the orientation of the antenna or the vehicle. 
To eliminate the necessity for complex automatic orien 

tation systems in a communication satellite orbiting the 
earth, the satellite may be caused to spin about an axis 
as it traverses its orbit to provide orientation stability, 
with the spin axis perpendicular to a line from the earth 
to the satellite. A directive antenna may then be used 
to provide a uniform circular antenna ?eld pattern about 
the spin axis that is narrow in width about a plane 6X 
tending through the center of the satellite perpendicular to 
the spin axis. Some portion of this pancake-like antenna 
pattern is always directed toward the earth as the satellite 
spins on its axis. Although this arrangement provides a 
gain improvement of eight decibels over an omidirectional 
?eld pattern, it is inefficient in that not all of the radiated 
energy is directed toward the earth. The most e?icient an 
tenna is one producing a pencil-like beam or lobe of 
narrow width that is directed to the earth. Such an an 
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tenna provides a gain improvement of approximately 18 
decibels. 
To provide a pencil-like directive antenna ?eld pattern 

in a ?xed direction from a spinning body, the antenna pat 
tern must rotate counter to the spin of the body and at 
the same angular velocity. Although antenna systems pro 
viding rotating ?eld patterns have been in existence for 
use in radio beacons, direction ?nding equipment and 
the like, this apparatus is unsuitable for use in space 
vehicles for several reasons. The antenna ?eld patterns 
produced thereby are usually not of the highly directive 
pencil-beam type. The apparatus is large and heavy, 
usually utilizing large rotating structures such as aper 
tured masks or cages, large rotating antenna elements or 
the like. The prior art apparatus is not adapted for use on 
a spinning body, there being no provisions for counter 
rotation of the ?eld pattern at the same angular velocity 
thereof. 

Accordingly, it is an object of the present invention to 
provide [a predetermined] improved apparatus produc 
ing rotatable antenna directivity from a [radio] radiat 
ing system [on a spinning body]. 

Another object of the invention is the provision of ape 
paratus for increasing antenna power gain from a spinning 
communication satellite. 

[Yet another] Another object of the present invention 
is to provide apparatus for improving the antenna gain 
and directivity from rotatable beam radiating [radio] 
equipment [on a spinning body] that is simple and light 
in weight. 
A further object of the invention is the provision of 

improved electrical means providing a [rotating] rotata 
ble directive antenna ?eld pattern [associated with a 
spinning body] for a radiating system. 
A still further object of the present invention is to 

provide circuit means for causing a rotating antenna ?eld 
pattern associated with a spinning body to rotate counter 
to the spin thereof and at the same angular velocity there 
of, thereby de-spinning the pattern. 

In accordance with these and other objects of the 
invention. in the illustrated embodiment thereof a body 
adapted to spin about an axis is provided with an antenna 
array, the relative disposition and excitation phase of the 
various elements thereof being such that a narrow beam 
type of ?eld pattern is formed perpendicular to the spin 
axis of the body. The excitation phase is periodically 
modulated or varied by electrically controlled phase shift 
ers to cause the beam to rotate counter to the spin of 
the body and at the same angular velocity thereof. The 
rotation of the antenna ?eld pattern is synchronized with 
the spin of the body by a control circuit to maintain the 
antenna ?eld pattern pointing in a desired direction. 
The following speci?cation and the accompanying draw 

ings describe and illustrate an exempli?cation of the 
present invention. Consideraton of the speci?cation and 
drawings will provide a complete understanding of the 
invention including the novel features and objects thereof. 
Like reference characters are used to designate like parts 
throughout the ?gures of the drawings. 

FIG. 1 is a perspective view of the earth and an orbit 
ing satellite associated therewith and illustrating a direc 
tive ‘antenna ?eld pattern of the type contemplated by 
this invention; 

FIG. 2 is a perspective view of a space vehicle suitable 
for communication uses and illustrating an antenna array 
constructed in accordance with the present invention and 
associated solar sensors; 

FIG. 3 is a cross sectional elevational view of a 
single antenna element in accordance with the present in 
vention; 
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FIG. 4 is a plan view of an antenna system in accord 
ance with the present invention illustrating the phase re 
lationship of the several elements thereof; 

FIG. 5 is a graph of relative power gain as a a func 
tion of excitation phase angle between the antenna ele 
ments of FIG. 4; 

FIG. 6 is a schematic circuit diagram of the intercon 
nection of the antenna system of the present invention; 
and, 
FIG. 7 is a schematic circuit diagram of a synchroniz 

ing system for use with the antenna system of the present 
invention. 

Referring now to FIG. 1, there is illustrated a space 
vehicle, such as a satellite 10, traversing an orbit 11 about 
the earth 12. The staellite 10 is in the equatorial plane 
of the earth, that is, a plane passing through the equator 
13 also passes through the orbit 11 of the satellite 10. 
The satellite 10 travels in the same direction as the earth 
12 does in rotating about its axis 14 and also travels 
at the same angular velocity thereof. Thus, the satellite ~ 
10 rotates with the earth 12 to remain stationary over 
a single geographic area thereof. Such an orbit 11 is com 
monly referred to as being of the synchronous, station‘ 
ary, or 24-hour type. Although described with reference 
to a stationary orbit, the invention is also applicable to 
satellites in other orbits. The satellite 10 also spins about 
a spin axis 15 as it traverses the orbit 11 in order to pro 
vide attitude stabilization thereof. The spin axis 15 of 
the satellite 10 is parallel to the earth’s rotational axis 
14. For other than equatorial orbits, the spin axis is 
aligned normal to the orbital plane. Methods of placing 
the satellite 10 into its orbit 11 are known and form no 
part of the present invention. Furthermore, methods of 
spinning the satellite 10 about its spin axis 15 and orient 
ing the spin axis 15 parallel to the earth’s axis 14 are also 
known and form no part of the present invention. For 
example, the spin of the satellite 10 may be residual spin 
imparted by the launching vehicle and the spin axis 15 
may be oriented parallel to the earth’s axis 14 by preces 
sion caused by applying a moment to the satellite 10 in 
a predetermined direction. 

FIG. 1 also illustrates an antenna ?eld pattern 16 or 
beam which is optically conical and extends from the 
satellite 10 to the earth 12 with the apex of the conical 
pattern 16 being at the satellite 10. The ?eld pattern 16 
intersects a large area on the surface of the earth 12. 
FIG. 1 is solely representative and is not to scale, the 
relative size of the satellite 10 to that of the earth 12 and 
the distances therebetween being disproportionate for con~ 
venience. Accordingly, although the included angle of 
the conical ?eld pattern 16 is represented as being rather 
large in FIG. 1, the actual angle is relatively small, being 
approximately 17.3 degrees. The satellite 10 is at an alti 
tude of 22,300 miles above the earth 12 and, at this dis 
tance the provision of an extremely directive antenna ?eld 
pattern 16 is of great importance. As mentioned herein 
before, the gain of the pencil beam antenna pattern 16, 
which it just encompasses the earth 12 from an altiude 
of 22,300 miles, is approximately 18 decibels. 

FIG. 2 illustrates an array of four antenna elements 
21~24 disposed on the satellite 10 for forming a narrow 
pencil beam ?eld pattern 16. Many other different types 
of antenna arrangements will also form a directive an 
tenna ?eld pattern suitable for use in accordance with the 
present invention and the embodiment herein shown and 
described is by way of example only. The satellite 10, 
of the present example, is generally cylindrical about 
the spin axis 15. The antenna elements 21-24, which will 
be described in more detail hereafter, are longitudinal, 
rod-like members and project parallel to the spin axis 
15 from one of the ?at surfaces of the satellite 10. The 
antenna elements 21-24 are identical and are disposed 
symmetrically about the spin axis 15 of the satellite 10 
at an appreciable fraction of a wavelength therefrom. A 
satisfactory radial spacing between the antenna elements 
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21-24 and the spin axis 15 is one-quarter wavelength, 
for example, although other spacings may be used. In 
the present example, the antenna is designed for opera 
tion in the vicinity of 2000 megacycles at which frequency 
the wavelength involved is approximately 6 inches. In 
the present embodiment of the invention, four antenna 
elements 21-24 are provided, although any number from 
a minimum of two may be utilized. The gain improve 
ment is in general proportional to the number of ele 
ments, however, if a greater number of elements are sym 
metrically located at the same radial distance from the 
spin axis 15 as provided for the lesser number of ele 
ments, the spacing between the elements will be less and 
there will be an increase of interaction or mutual cou 
pling between them that will adversely affect the radia 
tion impedance to some extent so that the optimum gain 
improvement factor may not be achieved. 
A ?rst solar sensor 25, associated with the ?rst antenna 

element 21, projects from the ?at surface of the satellite 
10 that is opposite the ?at surface from which the an 
tenna elements 21—24 project. The solar sensor 25 is a 
generally elongated, ?at assembly that is aligned with 
and intersected by a plane passing through the spin axis 
15 and the associated antenna element 21. A second solar 
sensor 29 (not shown in FIG. 2) is associated with the 
second antenna element 22 and is angularly displaced 
around the circumference of the satellite 10 from the ?rst 
solar sensor 25 to lie in a plane passing through the spin 
axis 15 and the second antenna element 22. Similarly, 
third and fourth solar sensors 26 and 27 also project from 
the ?at surface of the satellite 10 at the circumference 
thereof and are ‘aligned with the third and fourth antenna 
elements 23 and 24, respectively. Each of the solar sen 
sors is provided with a longitudinal, slit-like opening 28 
that is aligned with the plane passing through the respec 
tive antenna element. Within each of the solar sensors 
are sensing elements (not shown) such as cadmium sul 
?de or silicon cells that produce an electrical voltage in 
response to sunlight passing through the opening 28, 
The construction of the ?rst antenna element 21 is il 

lustrated in FIG. 3 and is typical of the remaining ele 
ments 22—24. The antenna element 21 is a collinear slot 
array of the coaxial type and comprises a coaxial transmis 
sion line having an inner conductor 30 and an outer con 
ductor 31. The transmission line is provided with a short 
circuiting member 32 at the distal end and is provided 
with four circumferential openings or slots 33-36 in the 
outer conductor 31. The slots 33—36 are spaced one-half 
a free space wavelength apart and the end slots 33 and 
36 are one-quarter wavelength away from the ends of 
the antenna element 21. The surface of the satellite 10 
is conductive and forms a ground plane for the antenna 
system. The slots 33-36 are excited with an in-phase rela 
tionship to obtain a broadside ?eld pattern, that is, a cir 
cular pattern perpendicular to the axis of the antenna 
element 21. To accomplish this, the electrical distance be 
tween the slots 33-36 has been made equal to a whole 
wavelength by folding the outer conductor 31 adjacent the 
slots 33-36, as at portions 37 and 38 adjacent the distal 
slot 33, to obtain the necessary phase shift. Alternatively, 
this may be accomplished, if desired, by utilizing a mate 
rial having a dielectric constant of 4 within the coaxial 
transmission line. Such a material is titanium dioxide 
loaded with iron particles, for example. 
FIG. 4 is a plan view of the antenna array showing 

the relative location of the elements 21-24 and is for 
the purpose of identifying symbols to be used in subse 
quent analysis. The antenna elements 21-24 are located 
on a circle 40 having a radius equal to one-quarter wave 
length and are symmetrically displaced from each other. 
Taking the amplitude as unity, the radiated ?eld from 
the ?rst antenna element 21 is expressed vectorially in 
exponential form as ej‘?. The field from the second an 
tenna element 22 is eit’gg for the third antenna element 
23, et'3; for the fourth antenna element 24, (21%. The 
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phase angle p indicates the time phase of the excitation 
potential applied to the related antenna element. The 
angle cp or spin angle is the angle between a radial line 
41 from the spin axis 15 to the ?rst antenna element 
21 and a line 42 from the spin axis 15 in the direction 
of the center of the earth and varies as the satellite 10 
spins about the axis 15. The ?eld pattern of the antenna 
is at a maximum along the line 42 to the center of the 
earth. A perpendicular line 43 from the line 42 to the 
earth passing through the ?rst antenna element 21 forms 
a right triangle having the radial line 41 for a hypotenuse, 
the earth line 42 for an adjacent side, and the perpen 
dicular line 43 for an opposite side. The angle to is an 
angle between the line 42 in the direction of the center 
of the earth and a line 44 in which the antenna ?eld 
pattern is less than maximum. 

In order that the far ?eld (the ?eld at a distance at 
which the [anntenna] antenna array appears to be a 
point source) contributed by each of the antenna ele 
ments 21-24 have an in~phase relationship in the direc 
tion of the earth, the excitation phase angles it are as 
signed values that account for the different space delays 
(differences in path length along the line 42 to the earth) 
of the individual elements 21-24. The excitation phase 
angle for the ?rst antenna element 21 may be found 
by considering the right triangle associated therewith. 
The amount of space delay of the ?rst antenna element 
21, or the component of the difference in path length 
from the center of the array at the spin axis 15 along 
the line 42 to the earth, by 

trigonometryzhypotenuse dx cos p 

The hypotenuse is one-quarter wavelength which corre 
sponds to a phase shift of 1r/2 radians. Accordingly, 
the space delay of the 

?rst antenna element 21=—=,b/2 cos (p 

The ?rst element 21 is closer to theearth than the refer 
ence point (the spin axis 15), hence its delay is nega 
tive. Hence, the excitation phase angle for the ?rst ele 
ment 21, \!/1=—1r/2 cos (p. The sign convention used 
here for excitation phase angle is minus for phase lag 
and plus for phase lead. Inasmuch as the antenna ele 
ments 21-24 are angularly separated by 90° or 1r/2 ra 
dians, the excitation phase angles of the remaining ele 
ments 22-24 are found by trigonometry to be for the 

Second element 22, \l/2=—7r/2 cos (qD-i-iT/Z) 
Third element 23, ¢3=—1r/2 cos (<p+1r) 
Fourth element 24, ip4=—1r/2 cos (tp+31r/2). 

Stated generally for the four element array of the pres 
ent example, the excitation phase angle of each of the 
elements 21-24 is 

where i is the number of the particular one of the four 
antenna elements 21—24 being considered. Thus, to pro 
vide an antenna ?eld pattern that is at a maximum along 
a line 42 in the direction of the center of the earth as 
the satellite 10 spins about its spin axis 15, the excita 
tion potential applied to each of the antenna elements 
21-24 varies sinusoidally in phase between the limits 
of i90°. Hence, a total phase shift of 180° must be 
variably provided for each of the antenna elements 21 
24. Furthermore, there is a 90° phase difference be 
tween the rate of change of phase between adjacent ones 
of the antenna elements 21-24. That is, when the phase 
of the excitation potential applied to the ?rst antenna 
element 21 is passing through 0° going toward 90°, the 
phase of excitation potential applied to the second an 
tenna element 22 is passing through —90° going toward 
0°, the phase of the third element 23 is passing through 
0° going toward ~90", and the phase of the fourth 
element 24 is passing through +90° going toward 0°. 
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6 
Still further, the excitation phase angles must be peri 
odically varied in accordance with the variations in the 
spin angle (p and is sinusoidal in the present example. 
Slight variations from sinusoidal modulation may be de 
sirable to reduce the incidental spin modulation of the 
gain in the direction of the earth. 
To show the gain improvement factor of the antenna 

array, the radiation ?eld along the line 44 at an angle 0 
to the line 42 in the direction of the earth is considered. 
The normalized far ?eld in the equatorial plane may 
be shown to be equal to 

2 cos {glsin ¢+Sin emqill} 
FIG. 5 is a graph of the relative power gain 

G)” 
of the antenna array as a function of 0 for 2 values of to 
and represents the ?eld pattern of the antenna array. 
It will be seen from FIG. 5 that the radiated ?eld in 
the direction of the earth (0=0°) is at a maximum 
(normalized to unity). The ?eld decreases to approxi 
mately zero in the direction at right angles to the direc 
tion of the earth (6:90“). However, minor side lobes 
are present, the most pronounced being in the direction 
opposite to the direction of the earth at that point in 
the spin cycle when the satellite spin angle <p=45°. For 
comparative purposes, the straight horizontal broken line 
in FIG. 5 indicates the ?eld of a directive antenna hav 
ing a uniform circular, pancake-like pattern. 
From the graph of FIG. 5, the power gain improve 

ment factor of the array may be computed. When rp=0 
the improvement factor of the pencil beam is 6 decibels 
over the 8 decibel gain of a ?at circular pattern, or a 
total of 14 decibels gain over an omnidirectional pattern. 
When q>=45°, the present array is only 5 decibels greater 
than the gain of a circular pattern. This one decibel re 
duction of the improvement factor as the satellite 10 
spins shows the deleterious e?ect of the close spacing 
of the antenna elements 21-24. However, the attained 
gain of 13—14 decibels of the present antenna array com 
pares favorable with the 18 decibels optimum which cor 
responds to full earth coverage by a pencil beam. 
The interconnection of the antenna element 21-24 with 

a radio transmitter 50 is shown in FIG. 6. The trans 
mitter 50 is connected to a power divider which may be 
a unitary device or made up of several microwave bridge 
networks known as hybrid networks. In the present ex 
ample, the transmitter 50 is connected to one terminal of 
a ?rst directional coupler 51 having a second terminal 
terminated in its characteristic impedance by a resistive 
impedance element 52. The construction and operation 
of the directional coupler 51 is well known in the art. 
When the directional coupler 51 is connected as described, 
the signal energy appears at two terminals 53 and 54 
at equal power levels but the signal at one terminal 53 
lags the signal at the other terminal 54 by 90°. Each of 
these terminals 53 and 54 is individually connected by 
transmission lines 55 and 56 to one terminal of second 
and third directional couplers 57 and 58, respectively. 
The transmission line 56 interconnecting the ?rst and 
third directional couplers 51 and 58 is one-quarter wave 
length longer than the other transmission line 55 to com 
pensate for the 90° phase difference of the signals be 
tween the terminals 53 and 54 of the ?rst directional 
coupler 51. Hence, the signals applied to the second and 
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third directional couplers 57 and 58 have an in-phase re 
lationship as well as being equal in magnitude. 
The second and third directional couplers 57 and 58 

each have a terminal terminated in the characteristic im 
pedance by resistive elements 60 and 61. The signal en 
ergy appears at two terminals 62 and 63 of the second 
directional coupler 57 equal in magnitude but the signal 
at one terminal 62 lags the signal at the other terminal 
63 by 90°. Similarly, the signal energy appears at two 
terminals 64 and 65 of the third directional coupler 58 
equal in magnitude but the signal at one terminal 64 lags 
the signal at the other terminal 65 by 90°. These ter 
minals 62-65 of the second and third directional couplers 
57 and 58 are each individually connected by transmis 
sion lines 67, 68, 70 and 71 to a different one of four con 
trollable phase shifters 72-75. The lengths of the ?rst 
and third transmission lines 6-7 and 70 are equal and the 
second and fourth transmission lines 68 and 71 are one 
quarter wavelength longer to compensate for the phase 
difference of the signals at the terminals 62-65 of the sec 
ond and third directional couplers 57 and 58. Hence, the 
signals applied to the phase shifters 72-75 have an in 
phase relationship as well as being equal in magnitude. 
The directional couplers 51, 57 and 58 may be of the 
?at-strip transmission line type described on pages 78-80 
of the book “Handbook of Tri-Plate Microwave Com 
ponents," published in 1956 by Sanders Associates, Inc., 
Nashua, New Hampshire. 
The controllable phase shifters 72-75 serve to modulate 

the phase of the signals to be applied to the antenna ele 
ments 21-24 to cause the beam or ?eld pattern to rotate 
and provide a phase shift of :90". The phase shifters 
72-75 comprise ferrite phase modulators utilizing a vary 
ing magnetic ?eld to control the phase shift through a 
ferrite element. Other types of phase shifting devices may 
also be used, such as rotating half-wave plates, rotating 
capacitors, and varactor diode phase modulator. The 
latter device utilizes a semiconductor diode having a 
capacitance that varies with an applied control potential. 
An electro-mechanical type of phase shifter that may be 
used is described on pages 333-335 of the book “Prin 
ciples and Applications of Waveguide Transmission” by 
George C. Southworth, published in 1950 by D. Van 
Nostrand Co., Inc., although the all-electronic type is 
more convenient. The control signals for the controllable 
phase shifters 72-75 are applied to control signal ter 
minals 76, 77, 78 and 80. Each of the controllable phase 
shifters 72-75 is individually connected to a different one 
of the four antenna elements 21-24 by transmission lines 
of equal length. The ?rst phase shifter 72 is connected 
to the ?rst antenna element 21, the second phase shifter 
73 is connected to the second antenna element 22, and the 
third and fourth phase shifters 74 and 75 are connected 
to the third and fourth antenna elements 23 and 24, re 
spectively. 
The phase shifters 72-75 are controlled by the syn- * 

chronizing circuit schematically illustrated in FIG. 7. 
This circuit provides control voltages for each of the 
phase shifters 72-75 which produce relative phase shift 
between the antenna elements 21-24 necessary to cause 
the formation of a narrow beam ?eld pattern and also 
sinusoidally varies the control voltages to cause the beam 
to rotate. 
The four solar sensors 25, 26, 27 and 29 on the ex 

terior of the satellite 10 are each electrically connected 
to a different one of four adjustable time delay networks 
91-94. Each of the solar sensors 25, 26, 27 and 29 sup~ 
plies an electrical pulse to the associated one of the delay 
networks 91-94 each time the satellite 10 rotates one 
complete revolution about the spin axis 15. The ?rst 
solar sensor 25 associated with the ?rst antenna element 
21 is connected to the ?rst delay network 91, the second 
solar sensor 29 associated with the second antenna ele 
ment 22 is connected to the second delay network 92, 
and the third and fourth solar sensors 26 and 27 associ 
ated with the third and fourth antenna elements 23 and 
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8 
24, respectively, are connected to the third and fourth de 
lay networks 93 and 94, respectively. The adjustable delay 
networks 91-94 comprise resistance-capacitance circuits 
having mechanically variable impedance elements. 
The ?rst and third delay networks 91 and 93 are con 

nected to a ?rst bistable multivibrator circuit or ?ip ?op 
95 at the set and reset terminals thereof, respectively, and 
the second and fourth delay networks 92 and 94 are 
connected to the set and reset terminals of a second ?ip 
flop 96. The pulses from the solar sensors 25, 26, 27 and 
29 are applied by the delay networks 91-94 to the ?ip 
?ops 95 and 96, thereby causing the ?ip flops 95 and 96 
to change state. The ?rst and third solar sensors 25 and 
26 are on diametrically opposed sides of the satellite 10 
and alternately produce pulses each 180° of rotation 
thereof, resulting in a square wave being developed by 
the ?rst ?ip ?op 95. The second and fourth solar sensors 
29 and 27 are also on diametrically opposed sides of the 
satellite 10, resulting in a square wave also being devel 
oped by the second ?ip ?op 96, but displaced 90° from 
the square wave produced by the ?rst ?ip ?op 95. 

Each of the ?ip ?ops 95 and 96 is individually con 
nected to a different one of two integrators 97 and 98 
that integrate the square waves to form triangular waves. 
The integrators 97 and 98 are each individually con 
nected to a different one of two waveform shapers 100 
and 101 that form the triangular waves into sine waves 
having a 90° relative phase difference. The waveform 
shapers 100 and 101 provide push-pull output signals, 
that is, the output signals appear at two terminals with 
equal amplitude but opposite in phase, or with a polarity 
inversion. The ?rst wave form shaper 100 is connected 
to the control signal terminals 76 and 78 of the first 
and third controllable phase shifters 72 and 74. The sine 
wave control voltage applied to the third phase shifter 
74 is inverted in polarity to provide 180° phase differ 
ence between the control signals applied to the ?rst and 
third phase shifters 72 and 74. The second waveform 
shaper 101 is connected to the control signal terminals 
77 and 80 of the second and fourth controllable phase 
shifters 73 and 75. The sine wave control voltage applied 
to the fourth phase shifter 75 is inverted in polarity to 
provide 180° phase difference between the control sig 
nals applied to the second and fourth phase shifters 73 
and 75. Due to the 90° phase difference between the 
sine wave from the ?rst waveform shaper 100 and the 
sine wave from the second waveform shaper 101 and 
due to the application of the sine waves with opposite 
polarity to the third and fourth controllable phase shift 
ers 74 and 75, the control signals applied to the four 
phase shifters 72-75 have a ?xed relative phase differ 
ence of 90°. That is, if the phase of the control signal 
applied to the ?rst phase shifter 72 is taken as the refer 
ence phase or 0°, then the phase of the control signal at 
the second phase shifter ‘73 is 90°, at the third phase 
shifter 74 it is 180°, and at the fourth phase shifter 75 
it is 270°. This produces the required relative phase varia 
tion of the radio signal applied to the antenna elements 
21-24 to form the antenna ?eld pattern into a narrow 
beam and to cause the ?eld pattern to rotate in a direc 
tion counter to the spin of the satellite 10 and at the same 
angular velocity. This causes the beam to point in a 
?xed direction, namely, in the direction of the earth. 

Inasmuch as the direction of the beam from the anten 
na array is determined in the present example by the di 
rection of the sun, two clockwork mechanisms 102 and 
103 are provided that compensate for movement of the 
earth with respect to the sun in order to maintain the 
antenna beam directed towards the earth. The clockwork 
mechanisms 102 and 103 are mechanically coupled to 
gether and are coupled to the mechanically variable im 
pedance elements in the adjustable time delay networks 
91-94 to progressively vary the phase shift of the pulses 
produced by the solar sensors 25, 26, 27 and 29. The 
clockwork mechanisms 102 and 103 shift the solar phase 
reference pulses 360° per day or for each revolution of 
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the satellite around the earth. A clock accuracy of one 
part in 20,000 causes a beam aiming error of only 6° 
per year. This synchronizing arrangement may be cor 
rected at relatively infrequent intervals by radio control 
signals from the earth, if desired. As an alternative to 
the clockwork mechanisms 102 and 103, synchronizing 
of the phase modulation with the spin cycle of the satel 
lite to maintain the gain maximum point of the antenna 
array in the direction of the earth may be accomplished 
wholly by radio control from the ground. In this case, 
synchronizing signals would be transmitted to the satellite. 

There has been described a directional antenna sys 
tem for use with a spinning body wherein an antenna 
?eld pattern is maintained in a ?xed direction. Although 
the present invention has been described with reference 
to use in a space vehicle such as a satellite, the inven 
tion is not limited thereto. The invention would also have 
signi?cant utility in a radio beacon or, in radio direc 
tion ?nding apparatus. Furthermore, the invention may 
be utilized on a spinning body located in environments 
other than space. 

Having thus described the invention and the present 
embodiments thereof, it is desired to emphasize the 
fact that many other modi?cations may be resorted to in 
a manner limited only by a just interpretation of the 
following claims. 
What is claimed is: 
1. A communication satellite comprising: 
( a) a body adapted to spin about an axis; 
(b) a plurality of antenna elements disposed sym 

metrically about said axis; 
(c) controllable phase shifting means; 
(at) circuit means coupled to said antenna elements 
through said controllable phase shifting means; 

(e) means for developing synchronizing signals; 
(f) and control means coupled to said last-named 
means and responsive to said synchronizing signals 
for developing control signals, said control means 
being coupled to said controllable phase shifting 
means for applying said control signals thereto. 

2. In a communication satellite orbiting the earth and 
spinning about an axis, apparatus for directing an anten 
na radiation pattern toward the earth despite the spin 
ning of the satellite by forming the radiation pattern into 
a narrow beam and couner rotating the beam in syn 
chronism with the spin of the satellite, said apparatus 
comprising: 

(a) a body adapted to spin about an axis; 
(b) a plurality of longitudinal radiating elements 
mounted to and extending from said body parallel 
to said axis, said elements being symmetrically dis 
posed about said axis, each of said elements being 
an array of radiators of the type which radiates in 
a direction perpendicular to said axis, said elements 
being spaced at least one-quarter wavelength away 
from said axis; 

(c) a radio transmitter; 
(d) a plurality of controllable phase shifters, each 

individually coupling one of said elements to said 
radio transmitter; 

(e) a phase control circuit coupled to said phase 
shifters for controlling the phase shift thereof, said 
phase control circuit controlling the phase shift of 
said phase shifters in a manner such that radiation 
from said elements is formed into a beam, said 
phase control circuit varying the phase shift of said 
phase shifters such that said beam rotates around 
said axis counter to the spin of said body; 

(f) and a synchronizing circuit responsive to solar 
radiation and coupled to said phase shift control cir 
cuit for synchronizing the rotation of said beam with 
the spin of said body. 

3. Apparatus for producing a rotating directive an 
tenna ?eld pattern associated wtih a spinning body, the 
?eld pattern rotating counter to the spin of the body and 
at the same angular velocity comprising: 
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(a) a body adapted to spin about an axis; 
(b) a plurality of antenna elements disposed on said 
body and equally spaced about said axis, the indi 
vidual radiation ?eld pattern of each of said antenna 
elements being substantially circular in a plane trans 
verse to said axis; 

(0) a radio transmitter associated with said body and 
producing a radio signal; 

(d) means including a plurality of controllable phase 
shifters each coupling said transmitter to a different 
one of said antenna elements for varying the phase 
of said radio signal in response to applied control 
signals; 

(e) means providing electrical pulses synchronized 
with the spin of said body about said spin axis; 

(1‘) means coupled to said last-named means for de 
veloping in response to said pulses a plurality of 
sinusoidally varying control signals having a pre 
determined phase displacement therebetween; 

(g) said control signals being applied to said control 
lable phase shifters; 

(h) said phase shifters providing in response to said 
control signals a predetermined phase shift to said 
radio signal applied to different ones of said antenna 
elements and producing a sinusoidal phase variation 
of said phase shift causing the individual ?eld pat 
terns of said antenna elements to combine into a 
narrow directive antenna pattern rotating counter to 
the spin of said body and at the same angular veloc 
ity. 

4. Apparatus for producing a rotating directive an 
tenna ?eld pattern associated with a spinning body, the 
?eld pattern rotating counter to the spin of the body and 
at the same angular velocity comprising: 

(a) a body adapted to traverse an orbit around the 
earth and adapted to spin about an axis; 

(b) a plurality of longitudinally extending antenna 
elements projecting from a surface of said body 
parallel to said axis and equally disposed there 
around, the individual radiation ?eld pattern of each 
of said antenna elements being substantially circular 
in a plane transverse to said axis; 

(c) a radio transmitter associated with said body and 
producing a radio signal; 

(d) means including a plurality of controllable phase 
shifters each coupling said transmitter to a different 
one of said antenna elements for varying the phase 
of said radio signal in response to applied control 
signals; 

(e) means providing electrical pulses in response to 
for each revolution of said body around the earth; 
axis while traversing said orbit; 

(f) adjustable time delay means coupled to said last 
named means for delaying said pulses by selected 
amounts; 

(g) a clockwork mechanism operatively coupled to 
said adjustable time delay means for producing a 
delay of said pulses progressively increasing to 360° 
for each revolution of said body around the earth; 

(h) means coupled to said time delay means for devel 
oping a square wave in response to said pulses; 

(i) and waveform shaping means coupled to said last 
named means for forming said square wave into a 
plurality of sinusoidally varying control signals hav 
ing a predetermined phase displacement there 
between; 

(j) said control signals being applied to said control 
lable phase shifters; 

(k) said phase shifters providing in response to said 
control signals predetermined sinusoidally varying 
phase shifts to said radio signal applied to different 
ones of said antenna elements causing the individual 
?eld pattern of said antenna elements to combine 
into a narrow directive antenna pattern rotating 
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counter to the spin of said body and at the same 
angular velocity. 

5. Apparatus for producing a rotating directive antenna 
?eld patterns of said antenna elements to combine 

12 
6. Apparatus for producing a rotatable directive antenna 

?eld pattern from an antenna array of the type having 
a plurality of substantially omnidirectional antenna ele 
ments arranged symmetrically about an axis whereby each 

pattern rotating counter to the spin of the body and at a dame”, receives radiation from the Others Comprising: 
the same angular velocity comprising: 

(a) a body adapted to traverse an orbit around the 
earth and adapted to spin about an axis; 

(b) four longitudinally extending, collinear slot, co 
axial antenna elements projecting from a surface of 
said ‘body parallel to said axis and equally disposed 
therearound, the individual radiation ?eld pattern 
of each of said antenna elements being substantially 
circular in a plane transverse to said axis; 

(0) a radio transmitter associated with said body and v 
producing a radio signal; 

(d) a plurality of directional couplers coupled to said 
transmitter by transmission lines of predetermined 
length to provide four in-phase radio signals of equal 
amplitude; 

(e) four controllable phase shifters each coupling said 
directional couplers to a different one of said antenna 
elements by transmission lines of a predetermined 
length for varying the phase of said four radio sig 
nals in response to applied control signals; 

(f) four solar sensors ?xed to said body and disposed 
symmetrically about said spin axis [:1 said solar 
sensors each having a longitudinal aperture slit open 
ing outwardly of said body for admitting solar radia 
tion to a radiant energy detector disposed there 
Within, each of said solar sensors being associated 
with a different one of said antenna elements and 
having said aperture slit aligned in a plane passing 
through said spin axis and the associated one of said 

20 

30 

(a) a support; 
(b) a plurality of antenna elements disposed on said 
support substantially symmetrically about an axis, 
said antenna elements having individual character 
istic radiation ?eld patterns substantially circular 
in a‘ plane transverse to said axis; 

(c) a source of a radio frequency signal; 
(d) means including a plurality of electrically con 

trollable electrical phase shifters, each of said phase 
shifters continuously and simultaneously coupling 
said source to an individual one of said antenna 
elements for varying the phase of the radio frequency 
signal fed thereto by varying an electrical parameter 
of said phase shifters while all portions thereof re 
main stationary, said means also including unidirec 
tional transmission means having energy dissipation 
means; 

>(e) an electrical control means for applying electrical 
control signals to said phase shifters and adapted to 
effect relative phase shifts of the radio frequency 
signals fed to said antenna elements so that the radi 
ated signals from said antenna‘ elements form a di 
rective antenna ?eld pattern, said control means being 
operable to vary said electrical control signals to 
e?ect rotation of said ?eld pattern relative to said 
axis in a plane substantially transverse thereto. 

7. Apparatus for producting a rotatable directive an 
antenna elements, said solar sensors producing an 3;, 
electrical pulse in response to solar radiation ad 
mitted by said aperture slits as said body spins about 
said spin axis while traversing said orbit; 

(g) four adjustable time delay networks coupled to 

tenna ?eld pattern from an antenna array of the type 
having a plurality of substantially omnidirectional antenna 
elements arranged symmetrically about an axis whereby 
each element receives radiation from the others compris 
zng: said solar sensors for delaying said pulses by selected 40 

amounts; 
(/1) clockwork mechanism operatively coupled to said 

adjustable time delay networks for producing a delay 
of said pulses progressively increasing to 360° for 

(a) a support; 
(b) a plurality of antenna elements disposed on said 

support substantially in parallel, equally spaced re 
lation about a central axis, said antenna elements 

each revolution of said body around the‘ eal'th;_ 45 having individual characteristic radiation ?eld put 
in a Pail‘ 0f bistable multivibrators, each being mdl' terns substantially circular in a plane .t'ransvc/sc to 

vidually coupled to a different, diametrically oppo- Said axis’. 
sitely disposed pair of said solar sensors, said bt- (c) a source of radio frequency signal; 
stable rnttltivibl'atpl's Each de‘lFlopmg a square wzfve (d) power splitting means including unidirectional 
in response to said pulses, sa1d square waves bstng 50 transmission means having energy dissipation means; 

felatlvfilll displaced In tlme of occ‘llrgenc? 13321.? ’ t (e) a plurality of electrically controllable electrical 
(I) a P3" (If mteglalors each coup?. to a. ‘ ere" phase shifters for varying the phase of a radio fre 
one of said multivlbrators for formlng sa1d square _ _ i 

_ , _ quency signal by varying an electrical parameter of 
Waves mm mangular waves’ - said hase shifters while all ortion th f ' 

(k) and a pair of waveform shapers each being coupled 55 _ p _ P S ereo remain 
to a different one of said integrators for forming Manama” _ _ 
said triangular waves into ?rst and second sinusoidal (1‘ means comlfmom‘ly and Simultaneously connect 
Control signals having a 900 Phase displacement mg each of said antenna elements to said radio fre 
therebetween; quency signal source through said power splitting 

(l ) said ?rst control signal being applied to the pair of 60 means and Phil-Y6’ Shifters; 
said controllable phase shifters associated with a (g) an electrical control means for applying electrical 
diametrically oppositely disposed pair Of Said 30- control signals to said phase shifters and adapted 
tenna elements and Said SeCOrld COHITPI Signal being to effect relative phase shifts of the radio frequency 
applied to the remaining Pair of saldtcomroll?l?le 65 signals applied to said antenna elements so that 
phasfi Shifters, each of said control slgnflls being the signals radiated from said elements form a di 
applhed with opposn? polanty to the associated pa" rective pattern at substantially a right angle to said 
of Said phase shlfiers; . . . - axis, said control means being operable to vary said 

(m) sa1d phase shlfters providing 1n response to said I t _al mlol , I I If I la" I 
control signals sinusoidally varying phase shifts of 70 Bee ”_c Q “gm” 0 e "'6 Mg” I’ "@8718" 
said four radio signals causing the individual field of sa1d dlmcthve Patten“ relative ‘0 sa1d ax” 1" ‘1 
patterns of said antenna elements to combine into a Pl‘me substantially "mm’el'se {hemlo 
narrow directive antenna pattern rotating counter to 8- The apparatus”? Claim 6 in‘ which Said Control means 
the spin of said body and at the same angular veloc- include-Y: 
ity. 75 (a) means for generating a series of pulses; 
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(b) means for forming sinusoidal signals from said 
pulses; 

(c) and means controlling said phase shifters in ac 
cordance with said sinusoidal signals to e?ect said 
rotation of said directive antenna ?eld pattern at a 
speed determined by the frequency of generation of 
said pulses. 

9. The apparatus de?ned in claim 7 in which said con 
trol means includes: 

(a) means for generating a series of pulses; 
(b) means for forming sinusoidal signals front said 

pulses; 
(c) and means for varying said control signals in ac 

cordance with said sinusoidal signals to effect said 
angular movement of said directive pattern at a speed 
determined by the frequency of generation of said 
pulses. 

15 
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