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METHOD AND APPARATUS FOR 
ELECTRONICALLY CONTROLLING THE 
PATTERN OF A PHASE!) ARRAY ANTENNA 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates in general to an analog phase 

control system for controlling a directional beam of a 
one-, two-, or a three-dimensional antenna comprising 
a plurality of individual radiators each of which have a 
phase shifter for altering the phase of the signal beam 
received or radiated by the individual radiator and in 
which the phase is changed proportionally to a control 
ling direct voltage feeding resistors which are asso 
ciated to the individual radiators. 

2. Description of the Prior Art 
Phased array antennas are known which are con 

structed of individual radiators mounted relative to 
each other in parallel rows and vertical columns. Each 
of the individual radiators must be properly phased to 
obtain the desired directivity and gain of the antenna 
array. 

SUMMARY OF THE INVENTION 

The present invention provides for correct in-phase 
control of phased array antenna structures formed with 
a plurality of radiating elements arranged in rows and 
columns that are spaced half wavelengths apart and 
which have phase shifters which are homogeneous. 
Two linear resistance chains fed by controlling direct 
current sources such that a ?rst direct current source 
applies voltage to the first row of resistors in the x— 
direction and a second direct current voltage applies 
voltage to the column resistors in the y-direction, and 
in which the resistors are selected so that taps between 
adjacent resistors in columns and rows vary as a func 
tion of the position of the particular resistance tap and 
which when fed to the antenna array provides the 
proper delay line as the control voltage. By the use of 
the voltage dividers and due to the fact that the rela 
tionship between the control voltage and the group 
transit time of the delay lines approaches linearity, a 
radiation pattern from the array is obtained which has 
optimal focusing independently of the two control volt 
ages. The magnitude of the x- and y-control voltages 
determines only the direction of the beam focusing rel 
ative to the plane of the array. 
The invention provides means for creating a simple 

‘and accurate phase control for phase shifters of the in 
dividual radiators of an antenna array such that the de 
sired phase displacement is proportional to the control 
ling direct voltages. Thus, a group of radiators mounted 
in rows and columns but which do not necessarily lie in 
planes at right angles to each other may be fed. Also, 
the invention calls for accurate and precise control of 
the beam of an antenna array which is linearly arranged 
and by which the individual radiator elements are con 
nected to linear-arranged series resistances which are 
formed in a mirror image of the antenna array with the 
direct voltage source connected to the linear series re 
sistance system and the bias voltage for the phase shift 
ers of the individual radiators is removed from the con 
nection points between the individual resistors. With an 
antenna array lying in a single plane the control of its 
phase may be obtained with two linear series resistor 
arrangements, each of which are provided with a direct 

2 
voltage and with the connection points between the 
rows and terminals forming a network. The bias voltage 
for the phase shifters of the individual radiators is taken 
from junction points between the various resistors. For 

5 example, with a ?at planar array, a phase control is pro 
vided comprising two linear series resistance arrange 
ments each connected to a direct voltage source and 
with the resistors formed into rows and columns so as 
to form a network and the junction points of the net 
work provide bias voltages for the phase shifters of the 
individual radiators corresponding to the position of 
the resistors. For a three-dimensional radiator arrange 
ment there are provided three linear rows of resistors 
forming a three-dimensional network with each of the 
three series of resistors being connected to a direct cur 
rent source and the bias voltage for the phase shifters 
of the individual radiators is taken from the corre 
sponding position from the resistive network. The indi 
vidual values of the resistors is selected so that the re 
sistance is proportional to the distances between the 
individual radiators. 
Thus, one, two or three linear resistive networks with 

one complementary terminal is capable of providing 
the phase control for an array for a linear, planar, or 
three-dimensional radiator. Thus, the resistor layout is 
extremely simple. The input impedance is very high. 
Phase control of antenna arrays with radiator elements 
lying in curves may also be controlled by utilizing inho 
mogeneous arrangement of series resistors. The proper 
phase displacement may be accomplished at the‘high 
frequency or the intermediate frequency portion of the 
spectrum and frequency multiplication may be used if 
desired. 
Another object of the invention comprises providing 

a phased array antenna with a sharply focused beam 
with a tracking system for moving the beam. Tracking 
systems utilize radiator elements arranged in rows and 
columns parallel to each other, each having delay de 
vices that may be controlled by control voltages. Such 
arrays provide narrow fan-shaped directional beams 
and signals obtained from such antenna arrays allow 
accurate tracking of signal sources. 1 
The present invention provides for automatic track 

ing by connecting even-numbered and odd-numbered 
rows and columns of radiators together in which signals 
being received are fed to a phase discriminator which 
controls the delayof individual rows and columns of 
the antenna array so as to track the received signal. 
Such phase controlled antenna systems like all other 

antenna systems are subject to interference from extra 
neous transmitters which are capable of influencing the 
tracking system and cause it to track an undesired sig 
nal. 
The present invention provides for phase control an 

tenna arrays which have fan-shaped directional charac 
teristics which are provided with a discriminator circuit 
such that when an interfering signal occurs in the range 
of one of the fan-shaped directional beams, the appara 
tus for generating a follow-up signal is disabled such 
that the beam will not track the undesired signal and 
thus position the beam incorrectly. 
Thus, the angular position of the directional beam 

can be established and maintained with great accuracy 
without being in?uenced by undesired interfering sig 
nals originating from transmitters or elsewhere. 
The invention allows operation of high accuracy and 

maintains the beam aligned with the target being 
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tracked. The target might, for example, be a satellite or 
other body. 
Other objects, features and advantages of the inven 

tion will become apparent from the following descrip 
tion of certain preferred embodiments thereof taken in 
conjunction with the accompanying drawings, although 
variations and modi?cations may be effected without 
departing from the spirit and scope of the novel con 
cepts of the disclosure, and in which: 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 comprises a general representation of a three 
dimensional radiator antenna upon which the signal 
from a source impinges; 
FIG. 2 illustrates the three-dimensional resistances 

and connections of the invention; 
FIG. 3 is a schematic view of a linear resistance ele 

ment of the invention; 
FIG. 4a illustrates a planar antenna array with rows 

and columns disposed obliquely relative to each other; 

FIG. 4b shows the corresponding linear resistance ar 
rangements with connecting terminals for the planar 
antenna structure of FIG. 4a; 
FIG. 5a and FIG. 5 b illustrate respectively different 

arrangements for controlling the phase of the planar 
antenna array; 
FIG. 6 illustrates the feed arrangement for radiator 

elements along arbitrary curves and the associated re 
sistance arrangement; 
FIG. 7a illustrates antennas arranged in parallel rows; 

FIG. 7b illustrates antennas arranged in offset rows; 

FIG. 7c is a plot of the phase angle as a function of 
the scanning angle; 
FIG. 8a illustrates an antenna arrangement compris 

ing rows and columns of antennas; 
FIG. 8b is a block diagram for controlling the an 

tenna of FIG. 8a according to the invention; 
FIG. 80 is a perspective view of the radiation pattern 

of two antenna arrays according to FIG. 8a which cross 
each other at right angles; 
FIG. 9a illustrates a modi?ed arrangement of an an 

tenna comprising rows and columns; 
FIG. 9b is an example of the invention connected to 

an antenna according to FIG. 9a; 
FIG. 10a illustrates the structure of an antenna sys 

tem for generating three fan-shaped directional pat 
terns; 
FIG. 10b is an end view of the antenna beam pro 

duced by the antenna of FIG. 10a; 
FIG. 1] is a block diagram of the apparatus for con 

trolling the antenna of FIG. 10a; 
FIG. 12 illustrates a modified antenna system; 
FIGS. 13a, 13b and 13c, illustrate examples of an 

tenna systems utilizing various types of monopulse an 
tennas; and 
FIG. 14 illustrates a hexagonal antenna with a triang 

ular grid. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a diagram for illustrating the principles of 
the present invention. A three-dimensional radiator 
group is designated generally as G and is mounted rela 
tive to the x, y and z axes as shown. Radiation is re 
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4 
ceived from a source which has the spherical coordi 
nates determined by the angles (b and 11 which corre 
spond to the azimuth and elevation angle. A represents 
a particular radiator element but it is to be realized that 
the radiator group G comprises a number of radiator 
elements such as A and the present invention provides 
the proper phase relationship among the various ele 
ments by providing a mirror image of the radiator ele 
ments from a plurality of impedances to which voltages 
are applied such that a phase controlling impedance is 
connected to the antenna element which corresponds 
to the position of the elements and the impedances. 
The radiator array should be fed in-phase in the direc 
tion (too and v0. The phase 94 represents the phase of the 
signal received from a radiator element A. 

6,, = k' 1,4 (cosv- cosvo) + k' xA 

(sinv' cos¢—- sinvn - 005%) + k ' y, 

in which k = 2 ar/Aand x,,, y,. and z,4 signify the coordi 
nates of the radiator element A in the Cartesian system 
as shown in FIG. 1. The phase control angle 64’ of the 
radiator element is defined by the equation 

2 

The phase angle 94’ is thus a linear function of the 
radiator element coordinates x,,, y, and Z,‘ as illustrated 
in FIG. 1. 

FIG.‘ 2 illustrates a three-dimensional resistance and 
terminal arrangement which is fed by three indepen 
dent direct current voltages, V1, V2 and V3 for produc 
ing phase control impedances for the various antenna 
elements of the array G. The resistors Rn, R12, R13 and 
RM are connected in series between ground and the 
voltage VI along the x axis and the resistors R21, R22, 
R23, R24 and R25 are connected in series between 
ground and the voltage V2 in the y axis. Resistors R3,, 
R32, and R33 are connected in series between ground 
and the voltage source V3 in the z axis. The values of 
the resistors in the x, y and z axes are chosen to be pro 
portional to the distances between the various elements 
of the antenna G along the x, y and z axes for which the 
impedance network of FIG. 2 is being constructed. 
For example, for the antenna element A illustrated in 

FIG. 1, there corresponds in the impedance network of 
FIG. 2 an intersection point a of the three terminal 
rows which have the potentials V1“, V2“, and V3“. The 
sum of these three voltages is Vn=Vm+Vza +V3,z which 
exists at the intersection point and is proportional to 
the phase angle 0’. Thus, there corresponds to greater 
phase displacements greater voltage values. The resis 
tance and connection of the row arrangements accord 
ing to FIG. 2 for phase control purposes comprises a 
mirror image of the radiator arrangement illustrated in 
FIG. 1 and thus a particular radiator in the antenna 
array G may be properly controlled and phased by con 
necting it to the corresponding impedance value from 
the resistance network of FIG. 2. 

It has been discovered that this principle also holds 
for irregular forms of antenna arrays as well as for those 
of rectangular or cubical shapes. 
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FIG. 3 illustrates an impedance network for control 
ling the phase of a linear phased array antenna. A bias 
voltage V is connected to the series arrangement of the 
resistors R1, R2, R3 and R,, which have their other side 
connected to ground. Phase shifter P for the particular 
radiator receives at terminal 1 in the voltage V23 
between the resistors R2 and R3 which correspond to 
the position of the radiator in the array. Phase shifter 
P adds a voltage proportional to the phase angle a 
which depends on the angular position of the radiator 
source and the voltage V23 which appears between the 
resistors R2 and R3 to produce at its output a signal pro~ 
portional to a +f (V23). The phase angle alpha dem 
pends on the respective direction of the linear or plane 
array antenna to the radiation source from which the 
signal is received. For different angular positions of the 
radiation source relative to the phase array arrange 
ment different voltage values are developed by the 
phase shifters for controlling the direction of the an 
tenna. \ 

The principle is also applicable to non-rectangular 
arrays and for example FIG. 4a illustrates a planar an 
tenna array in which the x’s represent radiating ele 
ments that are mounted on the rows and columns iden 
tified by the letters A-D and A-J, as shown. 
As illustrated in FIG. 4b resistors RM, RM, and RC0 

are connected between ground and a voltage V,, and 
resistors RAE, REF, RM, RM, and R,” are connected in 
series between ground and a voltage source V1. Con 
ductors are connected to the junction points between 
the various resistors for applying phase control voltages 
to the individual radiating elements of the array. As in 
the example of FIG. 2, the values of the resistors are 
proportional to the distances between the radiating ele 
ments in the actual planar array of FIG. 4a. A linear re 
lationship exists between the required phase control of 
the radiators illustrated in FIG. 4a and voltage current 
relationship in the resistance arrangement of FIG. 4b. 
With reference to equation 2, z, is equal to zero. xA and 
y’, are proportional to the correspondingresistance val 
ues and cos¢,,~ sinv0 as well as sin¢,,- sinv, are propor 
tional to the voltages V1 and V2. 
FIGS. 5a and 5b illustrate two different structures for 

controlling the phase of a planar radiator array. In each 
system, resistors are connected in series and voltages V1 
and V2, respectively, are connected to the linear resis 
tors and the other ends are connected to ground with 
the values of the resistors corresponding to the posi 
tions of each radiating element of the array. In FIG. 5a 
the phase shifter P receives a ?rst voltage from terminal 
D between the resistors Re and R,,l corresponding to the 
position of the particular radiator to which the phase 
shifter is connected along the y axis, and a second volt 
age from terminal E between the resistors R, and RG 
corresponding to the position of the particular radiat 
ing element along the x axis. The voltages at' terminals 
D and E provide the proper bias voltage in the phase 
shifter P to provide the proper phase shift for the par 
ticular radiating element of the antenna array. 
FIG. 5b illustrates a modi?cation of the invention of 

FIG. 54 wherein the voltages occurring at terminals D 
and E are combined in an adder S before being applied 
to the phase shifter P. 
FIG. 6 illustrates a planar attenna array with two lin 

ear resistor arrangements superimposed for feeding the 
radiator array. The antennas are represented by the 
crosses and a voltage J l feeds the series arrangements 
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6 
of the resistors r1-r5 which are connected between 
ground and the voltage source J, and a voltage source 
J2 feeds the series arrangements of the resistors r,’ 
—R5' connected between ground and the voltage 
source. The radiators of the array lie on the curves 
shown in heavy solid line but the magnitude of the indi 
vidual phase control resistances needed for the anten 
nas is proportional to the spacing'in the direction of the 
rows or in the direction of the columns as illustrated. 
Thus, the position of the radiator elements may be con 
sidered as lying on the curves illustrated in heavy lines 
but they may be properly fed to obtain the proper 
phase relationship by controlling their phase control 
with the linearly arranged resistors, as shown. 
The principles of this invention are also applicable to 

control three-dimensional radiator arrays with three 
linear resistance systems as illustrated in FIGS. 1 and 
2. Such three linear resistance systems may be suitably 
used for radiator elements which lie on curved surfaces 
such as surfaces of spheres, cylinders or cones, through 
an extension of the principle illustrated in FIG. 6 and 
by using three linear resistance rows. The voltages asso 
ciated with each of the radiating elements as illustrated 
in FIG. 2 are added and supplied as the bias voltage to 
the phase shifter for the particular element and the 
other terminal of the particular phase shifter is con 
nected to ground. 
The phase shifters and phase control devices may be 

used for feeding radiator systems of the prior art by uti 
lizing principles of this invention. For example, the in 
vention may be used with radiators which have variable 
spacing as, for example, those with hexagonal symme 
try. The feed for the phase control may be non 
homogeneous which gives rise to further applications 
of the invention. 
Generally, the phase shifters used will have a very 

high input impedance and will have a linear relation 
ship between the bias voltage and the phase angle inde 
pendently of the magnitude of the signal over the 
broadest possible range, as well as having a continuous 
phase displacement. The phase displacement range 
should be as great as possible. Spiral ferrite delay lines 
may be used as phase shifters, for example, and which 
have very desirable performance characteristics. 
FIG. 7a illustrates radiator ‘elements shown by 

crosses arranged in the rows Al and A2. The rows are 
parallel to each other and the radiator elements are 
aligned as shown and are fed in like phase. When the 
signal components of all the radiator elements are 
added, the signals from the radiator row Al and the ra 
diator row A2 remain equal. The phase difference be 
tween the radiator elements such as for example, a1 
and a2 is represented by the angle B. Since several radi 
ator elements are connected in parallel, the output 
voltage will be higher and a measurement may more 
easily be obtained. FIG. 7b illustrates radiator elements 
arranged along line A’l or A’2 but with the individual 
elements offset from each other but with the same 
spacing of the radiator elements madelin both rows. 
Between the radiator elements 0'1 and a'Z there exists 
a phase difference of B’. The phase measurement de 
pends on the coupling between the elements a'l and 
0'2 but not on the coupling between the elements a'l 
and a'3 (or the elements in a particular row). If the 
rows of the radiator elements A'l and A’2 lie far apart, 
the coupling between them is very weak and the rise of 
the phase angle B as illustrated in FIG. 70 is very great 
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as a function of the scanning angle v. FIG. 70 illustrates 
a family of curves identified by the spacings at the ends 
of the curves in the upper right-hand corner for the dis 
tance between the rows A1 and A2, and A’l and A’2, 
respectively, in FIGS. 7a and 7b. A range B on both 
sides of the value v = 0 gives the preferred direction of 
the directional beam. If both of the radiator rows lie far 
apart the coupling in?uence is weak and the associated 
curve of FIG. 70 climbs very steeply. However, with 
this arrangement there is a drawback that the phase 
reading is no longer unambiguous unless it is main 
tained in the range about the value of v = 0 as for exam 
ple B. In each particular case a compromise must be 
made between the disadvantage of the coupling and of 
the resolution on the other hand which depends on the 
properties to be achieved with the particular apparatus. 
A radiator group for example of two rows should be 
driven in correct phase with respect to a given active 
or passive remote radiation source when the measured 
phase difference between the rows A1 and A2, and A'l 
and A’2, respectively, equals zero. This criterion, how 
ever, no longer holds if a second radiation source is 
present as, for example, in the form of an interfering 
transmitter. In this case both sources would be detected 
by the beam which is generated by a pair of radiators 
mounted in rows. 
The radiation diagram of two linear arrays spaced 

apart by an amount of a half wavelength or less does 
not contain any side lobes. There is a threshold value 
in actual practice which limits the phase discriminator 
curve in the zone of the main beam. Up to a certain 
amount greater spacings between the twin rows of an 
tenna elements may be chosen without rendering the 
measurements ambiguous. 
FIG. 8a illustrates an antenna array which includes 

two pairs of rows of antenna elements which cross each 
other at right angles and are of the form of that illus 
trated in FIG. 7a. The first pair of radiator elements is 
designated A1 and A2 and the second pair is desig 
nated A3 and A4. Such structures generate fan-shaped 
radiator patterns S1, 2 and S3, 4, respectively, as illus 
trated in perspective in FIG. 8c. In FIG. 80, for simplic 
ity, only a single row of radiator elements is illustrated 
for each pair of radiator element rows. 
FIG. 8b illustrates the radiator array as well as the ap 

paratus for controlling the phase displacement by the 
numeral 10. The radiator elements of the array includ 
ing the rows Al and A2 are designated 11 and the radi 
ator elements comprising the rows A3 and A4 are des 
ignated 12. The associated phase shifters are desig 
nated 11a and 12a. Although these are illustrated in 
FIG. 8b as being physically separated from the pairs of 
antenna rows 11 and 12, it is to be realized that they 
may actually be integrally formed with the radiator 
rows. The output from the antenna rows 11 and 12 are 
respectively connected to phase discriminators 11b and 
12b. A low frequency generator 13 produces control 
signals which are delivered to the phase shifters 11a 
and 12a through switches 14 and 15. By changing the 
phase of the antenna elements the fan-shaped electri 
cal beams S1, 2 and S3, 4 may be moved. The sharply 
focused directional beam SP occurring at the intersec 
tion of the fan-shaped beams S1, 2 and S3, 4 may also 
be controlled by varying the phase shift of the elements 
of the antenna. The generator 13 then allows searching 
to occur with the beams of the antenna. As soon as an 
active or passive target has been located, the switches 
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8 
14 and 15 are moved out of engagement with the out 
put of the generator 13 and into engagement with 
contacts connected to the outputs of phase discrimina 
tors 11b and 12b so as to track the particular target. 
The antenna arrangement 10 also supplies an output to 
a threshold evaluator 16 which feeds a receiver 17. The 
device 16 may also include decoding arrangements for 
identifying answering relay stations. 

In FIG. 9a there are shown four pairs of rows of radi 
ator elements designated as Al-A8 which cross at right 
angles. The ?rst two pair of radiator elements comprise 
the rows A1 and A2; the second two rows comprise the 
elements A3 and A4. The elements A2 and A3 may be 
the same physical elements in that the elements may 
form one of the pair of rows with the row A1 and the 
second pair with the row A4. The spacing between the 
rows is M2 so as to eliminate interference caused by 
side lobes. The horizontal rows of radiator elements are 
designated as A8 and A7 which form the ?rst row and 
A5 and A6 which form the second row. The rows A6 
and A7 may be the same elements as are the rows A2 
and A3. The phase angles between the individual rows 
are preferably kept within the range of i 45° so as to 
obtain maximum sensitivity control. The corresponding 
fan-shaped radiation patterns I and II are illustrated ad 
jacent the pairs of rows of radiator elements. It should 
be noted that the overlapping zone in the middle of the 
fan-shaped radiation characteristic is shaded and corre 
sponds to the zone designated as SP in FIG. 80. If an in 
terfering transmitter TJ lies in the range of the fan 
shaped radiator I, it is picked up by one row of the radi 
ator elements but not by the other row if it does not lie 
in the shaded portion of the radiation characteristic. 
This allows the interfering transmitter to be eliminated 
by suitable means. 
Means for accomplishing this is illustrated in FIG. 9b 

which shows a receiving device similar to that illus 
trated in FIG. 8b and corresponding reference symbols 
are utilized for corresponding parts. The individual 
rows of antenna elements Al-A8 are shown. A switch 
H allows the output of the rows of antennas A1~A4 on 
one hand, and A5—A8 on the other hand to be selected. 
In the event that a target and an interference source ex~ 
ists in one of the two fan beams, which have been con 
trolled by the low frequency generator 13 so as to lo 
cate the target by scanning, the threshold value of eval 
uator 16 is not reached because that particular fan~ 
shaped beam will be aligned at about mid-point be 
tween the target and interference source, and searching 
will be again carried out. The treshold vaue of evalua 
tor may be a Schmitt circuit as described in the book 
entitled “Pulse and Digital Circuits" by Millman and 
Taub, 1956, McGraw-Hill Book Company, pages 
164-172. Such circuits operate as threshold evaluators 
and produce an output voltage only when an input volt 
age exceeding a predetermined value is applied. If such 
minimum input voltage is not received there will be no 
output from the circuit. After the new search opera 
tion, when the target is located, the other fan-shaped 
beam will be switched on and it will be focused with its 
maximum on the target since no interference source is 
present in that particular fan beam. As illustrated in 
FIG. 8c the two fan-shaped beams intersect at right an 
gles to each other and in the case of a radiator arrange 
ment according to FIG. 9a the two fan-shaped beams 
can be independently moved to cover a large area due 
to the large number of radiator elements. If one of the 
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fan-shaped beams covers an interfering source as well 
as the desired target the sum of the signals from the de 
sired target and the interfering source causes the point 
ing angle of the antenna to be directed to a point be 
tween the two sources. Thus this antenna searches for 
a fictitious aim between the actual radiation source and 
the interfering source. However, because of the inter 
ference effect the received voltage is not sufficiently 
large to actuate the threshold value of evaluator l6 and 
the system will switch to the other fan-shaped beam 
which is at right angles to the first one. The second fan 
shaped beam will pick up only the actual desired radiat 
ing source and will be free from the interference source 
due to the fan-shape of the beam. It is to be realized of 
course that the interfering source cannot lie in the 
plane of both of the right angle beams unless it is di 
rectly aligned with the desired radiating source. Thus 
the use of the two beams allows the antenna arrays to 
be correctly adjusted to the desired radiating source by 
switching between the two. 
Thus, the structure of FIG. 9b allows various pairs of 

rows of antenna elements to be selected such that suit 
able pairs are selected in which the interference signal 
does not cause errors in the tracking of the desired ra 
diation source. 

FIG. 10a illustrates three pairs of radiator element 
rows with each pair designated respectively by the nu 
merals 22, 23 and 24. The first pair of radiating ele 
ments is enclosed in solid line and designated 22; the 
second pair of antenna elements is designated by nu 
meral 23 and is enclosed by dashed lines; and, the third 
pair of antenna elements is designated by numeral 24 
and is enclosed by dot-dash lines. Each of the pairs of 
radiator elements produce fan-shaped characteristics 
as illustrated in FIG. 10b and the three fan-shaped pat 
terns intersect at the center to form a sharply focused 
beam SP within which the desired target is located. An 
interfering transmitter TJ that lies in the zone of one of 
the fan-shaped directional characteristics as, for exam 
ple, that of the pair of antennas designated by the nu 
meral 23, can be eliminated because the signals from 
this group of antennas (23) will not be utilized for di 
recting the actual directional beam SP. The antenna ar 
rangement illustrated in FIG. 10a has the advantage 
that if one of the fan-shaped directional beams inter 
cepts an interfering signal, the other two still allow 
clear pickup and tracking with the antenna system on 
targets. 
FIG. 11 is a block diagram of the equipment utilized 

with the antenna system according to FIG. 10a. 
Elements common to those illustrated in FIGS. 8b and 
9b are designated by the same numerals. The circuit is 
very similar to that illustrated in FIG. 9b but includes 
a switch 21 for switching out any one of the three pair 
of antenna elements, 22, 23 and 24, when an interfer 
ing signal occurs. 
Another application of the invention is illustrated in 

FIG. 12 in which a hexagonal array 46 is shown. It is to 
be noted that elements. are mounted on ?rst horizontal 
lines designated 47a-47i; the second lines slanting gen 
erally up toward the right relative to FIG. 12 and desig 
nated 4811-481’; and, the third ‘group of lines designated 
as 4911-491’, slanting generally up toward the left edge 
of FIG. 12. The antenna elements are mounted at the 
intersection of the group oflines 47, 48 and 49. The an 
tenna elements may be spaced half wavelengths apart 
as illustrated. The radiation pattern is improved if the 
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10 
energy applied to the individual radiators decreases as 
a step function of distance to the center of the array. 
Greater distances may be maintained between the indi 
vidual radiators to vary the accuracy of the phase con 
trol and when the coupling effect of the antenna is to 
be changed. 
The phase control is used mainly for reception pur 

poses. The linear twin arrays may be part of a planar 
array system however their phase shifters have to be 
regulated. The phase control system may also be lo 
cated adjacent the installation of the main antenna so 
that an optimum design may be obtained with regard to 
radiator spacing and feeding. There is an advantage of 
such an arrangement in that an antenna according to 
the present invention is very mobile. 
FIGS. l3a-l3b illustrate how improved antenna gain 

may be obtained from twin arrays. The phase discrimi 
nator 30 in FIG. 13a allows the phase difference be 
tween the signals in the two identical array halves 31 
and 32 to be nullified. The array system may also be 
split in a perpendicular direction into two halves 33 and 
34 as shown in FIG. 13b so that the discriminator 35 
can obtain phase control in the other direction. No am 
biguities result if the threshold value is chosen high 
enough or if the spacing of the twin array radiator cen- ' 
ter is less than a fixed value. FIG. 13c illustrates the en 
tire phased array antenna. 
FIG. 14 illustrates a triangular grid array with hexag 

onal formation. Phase discriminators 36, 37 and 38 
allow the phase differences between the various por- - 
tions of the array to be eliminated. The entire antenna 
array is designated by numeral 51 and each of the tri 
angular partial sections of the array are designated by 
the numerals 52-57. 7 

It is seen that this invention allows the phase relation 
ship of an antenna array to be controlled by synthesiz 
ing impedances which vary as a function of distance 
and which are fed to phase controlling elements respec 
tively connected to the various components of the 
array to control it. 
Although minor modi?cations might be suggested by 

those versed in the art, it should be understood that I 
wish to embody within the scope of the patent war 
ranted hereon all such modi?cations as reasonably and 
properly come within the scope of my contribution to 
the art. 

I claim: 
1. A two dimensional steerable directional antenna 

array including a plurality of radiating elements ar 
ranged in rows in a plane, a plurality of phase-shift de 
vices, each associated with a radiating element, and the 
phase shift of which is continuously variable within a 
predetermined range and proportionally to a control 
ling d.c. voltage, two rows of series-connected resistors 
connected together to provide tapping points each of 
which represents the relevant planar dimensional coor 
dinates of said antenna elements, two regulated d.c. 
coltage sources respectively connected across said two 
rows of series-connected resistors, wherein each an 
tenna phase-shift device derives its controlling voltage 
from those tapping points which represent its spatial 
co-ordinates; and wherein the resistances of the resis 
tors between the individual phase-shift devices are pro 
portional to the spacing distances between the corre 
sponding individual antenna elements. 

2. Apparatus according to claim 1, wherein the great 
est resistance value of any one of said series connected 
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resistors is substantially smaller than the input impe 
dance of the phase shifters. 

3. Apparatus according to claim 1, wherein the total 
impedance of the series connected resistors is not small 
relative to the total impedance of said phase shifters. 

4. Apparatus according to claim 1, in which said 
phase shifters have very high input impedances. 

5. Apparatus according to claim 1, wherein said 
phase shifters have a response which is linear over a 
broad range between the bias voltage received from 
said resistors and the phase angle and which is indepen 
dent of the magnitude of the signal. 

6. Apparatus according to claim 1, in which said 
phase shifters comprise spiral ferrite delay lines. 

7. Apparatus according to claim 1, in which the spac 
ings of the radiating elements between rows and col~ 
umns is one-half wavelength or less. 

8. Apparatus according to claim 1 in which the feed 
energy for the individual radiator elements decreases as 
a funtion of the distance from the center of the array. 

9. Apparatus according to claim 1, in which said radi 
ator row pairs form a portion of a planar array system. 

10. Apparatus according to claim 1, in which said lin 
ear radiator row pairs are mounted adjacent a planar 
array system. 

11. Apparatus according to claim 1, in which four 
array quadrants are provided and for measurement in 
one of two directions, two oppositely mounted array 
quadrants are controlled so that their phase difference 
relative to each other tends toward zero. 

12. Apparatus according to claim 1, in which six tri 
angular array sectors are provided for forming a hexa 
gon, and two non-adjacent array sectors are controlled 
so that their phase difference relative to each other 
tends toward zero. 

13. Apparatus according to claim 1 in which the 
spacings of said radiating elements is non-uniform and 
the values of said two rows of resistors are non-linear 
and vary as a function of the radiating element spac 
ings. 

14. Apparatus according to claim 1 in said planar an 
tenna array, wherein said phase shifters of said individ 
ual radiating elements are connected to the junction 
points of said two rows of said resistors to obtain a 
phase control voltage which varies as a function of the 
position of said radiating element in said array. 

15. Apparatus according to claim 14, in which said 
phase shifters have two terminals with one connected 
to ground, means for adding bias voltages for said 
phase shifters connected to said two plurality of resis 
tors such that the voltages received are functions of dis 
tances of the associated radiating elements along coor 
dinate axes. 

16. Antenna arrangement according to claim 14 
comprising an electronic beam scanning means of a 
sharply bundled directional characteristic comprising a 
control system for obtaining this directional character 
istic, consisting of radiating elements arranged in re 
spectively parallel rows and colummns and arranged in 
a plane and whereby each one of them comprises a 
delay system which can have its transist time changed 
by a control voltage, whereby at least individual rows 
and columns are switched together for the production 
of narrow, fan-shaped directional characteristics, and 
control signals for the control of the sharply bundled 
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12 
directional characteristics are obtained in a phase dis 
criminator respectively associated with each receiving 
direction, for the rows or columns, respectively, from 
the phase differences of the receiving signals between 
the individual rows and columns characterized in that 
a switch-over device is provided in the receiving de 
vices, which are associated with the fan-shaped direc 
tional characteristics, and associated with the phase 
discriminator for switching off a phase beam and for 
switching on another fan beam, and the switch-over de 
vice is controlled by a threshold value device set to a 
signal level of these two fan beams and will switch to 
the other fan beam, when the threshold value is not 
reached during reception with the aid of a fan beam, in 
such a way that interferring signals received by the 
transmitter elements of the associated rows or columns 
during the occurence of interference in the range of 
one of the fan-shaped directional characteristics will 
have been rendered uneffective for the production of 
the subequent adjustment signals of the sharply bun 
dled directional characteristics. 

17. Apparatus according to claim 16, in which said 
receiving means includes a threshold device connected 
to said discriminator means. 

18. Apparatus according to claim 17, including a 
switching means between said radiator elements and 
said discriminator means for switching in another fan 
shaped beam and said switching means controlled by 
said threshold device. 

19. Apparatus according to claim 18, in which said 
radiator elements are arranged into three pairs of rows 
for forming three fan-shaped beams and including 
three corresponding phase measuring means for said 
three fan-shaped beams. 

20. Apparatus according to claim 19, in which said 
radiator elements are arranged in a hexagonal structure 
formed from groups of two parallel rows. 

21. A three dimensional steerable directional an 
tenna array including a plurality of radiating elements 
arranged in three rows spatially arranged to form a 
three dimensional array, a plurality of phase-shift de~ 
vices each associated with a radiating element and the 
phase shift of which is continuously variable within a 
predetermined range and proportionally to a control 
ling d.c. voltage, three rows of series~connected resis 
tors connected together to provide tapping points each 
of which represents the relevant spatial co-ordinate of 
an individual antenna element, three regulated d.c. 
voltage sources respectively connected across said 
three rows of series-connected resistors, wherein each 
antenna phase-shift device derives its controlling volt 
age from those tapping points which represent its spa 
tial co-ordinates; and wherein the resistances of the re 
sistors between the individual phase-shift devices are 
proportional to the spacing distances between the cor 
responding individual antenna elements, 

22. Apparatus according to claim 21, wherein said 
individual radiating elements are mounted in a hexago 
nal shape. ’ 

23. Apparatus according to claim 21 in said three 
dimensional antenna array, wherein said phase shifters 
of said individual radiating elements receive three volt 
ages from said first, second and third rows of resistors 
which vary as the function of the position of said ele 
ment in said spatial array and second terminals of said 
phase shifters connected to ground and the second ter 
minals of the three voltage sources connected to 
ground. 

* 1k * * * 


