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ABSTRACT OF THE DESCLOSEURE 
Antenna system including three antennas having mutual 

ly perpendicular axes and a common point of intersection, 
i.e., common phase center. Individual circuit connected to 
each antenna, each circuit including means for independ 
ently varying intensity of signal carried by circuit, and/or 
means for independently varying the time phase of signal 
carried by circuit. 
Each circuit may have means for measuring the intensity 

and/or the time phase of the signal received by its respec 
tive antenna. 

This invention relates to transmitting and receiving sig 
nals in the form of electromagnetic waves, and more par 
ticularly to an antenna system for this purpose. Coordi 
nately, the invention relates to an antenna especially 
adapted for use in the present system. 

It is well known that if the polarization of an electro 
magnetic wave to be received is known in advance, a re 
ceiving antenna can be adjusted to receive the signal with 
maximum efficiency. More specifically, if the plane of 
polarization of the vector representing the wave is known 
in advance, the dipole of a receiving antenna can be posi 
tioned parallel to the vector and the signal will be re 
ceived with maximum efficiency. Alternatively, if it is 
desired to "null' the signal, i.e. not receive it at all, the 
dipole of the antenna is positioned perpendicular to the 
signal vector. Thus, in theory, if the polarization of the 
signal sent by a transmitter is known, and there is no inter 
ference between the transmitting station and the receiving 
station, it is a simple matter to position the receiving 
antenna to either receive the signal with maximum effi 
ciency, or to null the signal. 

In most practical cases, however, it is almost impossible 
to predict what the polarization of a signal will be when 
it reaches the receiving antenna even if its polarization at 
the time it leaves the transmitter is known. The reason is 
that there are usually obstacles, e.g. buildings, antennas, 
and airplanes, present between the transmitting and re 
ceiving stations which interfere with and alter the char 
acteristics of the transmitted-wave. Consequently, by the 
time the signal reaches the receiving antenna, it may have 
any conceivable polarization entirely unrelated to its 
polarization when originally transmitted. For this reason, 
it has been virtually impossible to determine in advance 
what configuration and orientation an antenna should 
have to receive a particular transmitted signal with max 
imum efficiency, or to null the signal. The problem be 
comes even more difficult when the transmitting and re 
ceiving stations are in relative motion. 

It is a general object of the present invention to pro 
vide an antenna system which is capable, without the em 
ployment of moving parts, of receiving any signal with 
maximum efficiency or of nulling any signal. 

It is another object of the invention to provide such 
an antenna system capable of accomplishing these results 
without requiring any knowledge of the location of ob 
stacles which interfere with the transmitted signal, or re 
fraction, diffraction, and reflection effects, or the polariza 
tion changes undergone by the signal. 
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It is a further object of the invention to provide a tool 

for determining the plane of polarization of any re 
ceived signal vector, and the rotational polarization, if 
any, of the signal vector. 
As used in the following description, and the appended 

claims, the term "plane of polarization” refers to the orien 
tation, in three dimensional space, of the signal vector, 
i.e. the plane containing the electromagnetic signal wave, 
incident upon the antenna, or leaving the antenna. The 
term "rotational polarization' refers to the locus traced by 
the signal vector as it rotates about the phase center of 
the antenna; this locus may be circular or elliptical de 
pending upon whether or not the amplitude of the vector 
varies as it rotates. 

It is still another object of the invention to provide an 
antenna structure admirably adapted for use as part of 
the antenna system of the invention. 
To achieve the objectives set forth above, the inven 

tion provides an antenna system including three antennas 
having mutually perpendicular axes and a common point 
of intersection. An individual circuit is connected to each 
antenna for carrying a signal to its antenna, if the antenna 
is being used to transmit, or for carrying a signal from 
the antenna to a receiving apparatus, if the antenna is 
being used to receive a signal. In each circuit is a means 
for independently varying the intensity of the signal car 
ried by the circuit, and/or a means for independently 
varying the time phase of the signal carried by the cir 
cuit. If the antenna is thought of as being part of a trans 
mitter arrangement, it will be appreciated that by appro 
priately adjusting the three intensity-varying means, a sig 
nal having any desired angle of polarization can be pro 
duced. Similarly, by appropriately adjusting the three time 
phase-varying means, a signal having any desired rota 
tional polarization can be produced. 
The antenna structure of the invention includes three 

dipoles, the axes of the dipoles being mutually perpendic 
ular and intersecting at a common point. Preferably, the 
dipoles are so mounted on a common hub that they may 
be collapsed into a compact condition for transportation 
and storage. 

Other objects and advantages of the invention will be 
apparent from the following description in which refer 
ence is made to the accompanying drawings. 

In the drawings: 
FIG. 1 is a schematic diagram of an antenna System 

according to this invention including means for varying 
the intensity of the signal carried to or from each antenna; 

FIG. 2 is a diagram similar to FIG. 1 in which time 
phase-varying means are shown in place of the intensity 
varying means; 

FIG. 3 is a diagram similar to FIG. 1 showing both an 
intensity-varying means and a time-phase-varying means 
in each antenna circuit; 

FIG. 4 is a diagram similar to FIG. 3 including means 
for measuring the intensity and time phase of the signal 
in each antenna circuit; 

FIG. 5 is an explanatory view showing an arbitrary 
signal vector in relation to a three-dimensional coordinate 
system; 

FIG. 6 is a fragmentary perspective view of an antenna 
arrangement especially adapted for use in the present 
antenna system; 

FIG. 7 is a view of the antenna looking along the 
length of one of its dipoles; 

FIG. 8 is a view of the antenna looking along the 
length of another of its dipoles; 

FIG. 9 is a top plan view of FIG. 6; 
FIG. 10 is a cross-sectional view taken along line 
8-10 of FIG. 9; 
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FIG. 11 is a cross-sectional view taken along line 
1-1 of FIG. 10; and 
FIG. 12 is a view similar to FIG. 10 showing the 

antenna dipoles in collapsed condition. 
It is well known that when an electromagnetic wave 

is transmitted by an antenna, the plane of polarization 
of the vector representing the wave, in the absence of 
interference, is such that the vector is parallel to ihe 
axis of the antenna. Furthermore, a transmitted signal 
carried by a wave will be received with maximum ef 
ficiency when the axis of the receiving antenna is parallel 
to the signal vector, and the signal will be nulled when 
the axis of the receiving antenna is perpendicular to tile 
signal vector. 

In the antenna system of the present invention, the 
"effective' axis of the antenna arrangement is adjustable, 
the adjustment being made electronically rather than 
physically. Thus, without actually moving the antenna 
structure, the effective axis of the antenna can be altered 
So that it assumes any desired orientation. 
To facilitate an understanding of the present antenna 

System, reference will be made first to FIG. 5 in which 
three dimensional space is represented by three mutually 
perpendicular axes X, Y, and Z, intersecting at a com 
mon point 11. A signal vector 10, arranged at an acute 
angle to each of the axes X, Y, and Z, is intended to be 
Irepresentative of any arbitrary signal vector. Such a 
vector has a projection on each axis, the arrow 12 repre 
Senting the projection on the X axis, and the arrows 13 
and 14 representing the projections on the Y and Z axes, 
respectively. Thus, it will be appreciated that any arbitrary 
signal vector can be broken into three signal projections, 
the axes of which are mutually perpendicular. Con 
versely, any arbitrary signal vector can be created by 
combining three appropriate signals having mutually 
perpendicular axes of polarization. The relationship be 
tween the lengths of the arrows 12, 13 and 4 depends 
upon the plane of polarization of the vector 10. Obvi 
ously, if a signal vector is perpendicular to any axis, the 
length of the projection along that axis will be zero 
(which is another way of saying that a signal can be 
nulled by positioning an antenna dipole perpendicular to 
the signal vector), and if the vector is parallel to any 
axis, the length of the projection along that axis will be 
equal to the length of the vector (which is another way 
of saying that a signal is received with maximum effi 
ciency when an antenna dipole is positioned parallel to 
the signal vector). In all other cases, the length of the 
projection on any axis is some value between zero and 
the length of the vector. 
The manner in which these principles are employed by 

the present invention will now be described with refer 
ence to FIG. 1. Three antennas, 15, 16, and 17 shown 
Schematically in FIG. 1, represent three antennas having 
mutually perpendicular axes which intersect at a com 
mon point and have a common phase center. In the case 
of dipoles, the phase center is the physical center of the 
dipole, and the point at which the cable is connected to 
the antenna. Thus, the axes of the three antennas are 
arranged identical to the arrangement of the axes X, Y, 
and Z of FIG. 5. A separate circuit 8 extends between 
each antenna and a means 19, which in turn is connected 
to a terminal 20. The means 19 may be a device for sum 
ming all the signals in the circuits 18, when the antenna 
system is being used as part of a receiving arrangement, 
and delivering the combined signals to receiving equip 
ment (not shown) connected to the terminal 20. Alter 
natively, when the system is being used as part of a 
transmitter arrangement, the means 19 may be a device 
for dividing a signal, reaching it from transmitter equip 
ment (not shown) connected to terminal 20, between 
the three circuits 18. 

Each of the circuits 18 is provided with an independ 
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4. 
ently operable, variable amplification means. These three 
devices, 21, 22, and 23, may be variable amplifiers or 
attenuators, and permit independent adjustment of the 
intensity or amplitude of the signal in each of the cir 
cuits. Since the lengths of the arrows 12, 13, and 14 in 
FIG. 5 are directly related to the intensity or amplitude 
of the signals they represent, it is obvious that the plane 
of polarization of the resultant vector 10 can be changed 
by varying the intensities of the signals whose axes of 
polarization coincide with the X, Y, and Z axes. In other 
words, the “effective' axis of the composite antenna is, 
16, and 17, can be adjusted to assume any angle in three 
dimensional space simply by appropriately adjusting the 
three amplifiers 21, 22, and 23. Actually, only two of these 
amplifiers need necessarily be adjusted in order to yield 
an effective axis having any desired orientation, since 
it is the relationship between the intensity of the signals 
in the three circuits, and not their absolute value, which 
determines the angle of the resultant vector. 
Assume that the axis of the antenna i5 of FIG. 

corresponds to the X axis of FIG. 5, and the axes of 
the antennas 16 and 7 correspond to the axes Y and Z, 
respectively. In such a case, the length of the arrow 12 
is adjustable by means of the amplifier 21, and the 
lengths of the arrows 13 and 14 are adjustable by means 
of the amplifiers 22 and 23, respectively. Now, if the 
antenna system of FIG. 1 is being used as part of a 
receiving arrangement, and it is desired to receive a 
signal represented by the vector 10, the amplifiers 21, 
22, and 23 are adjusted so that their gains have the same 
relationship to each other as do the projections 12, 13 
and 14. Consequently, the effective axis of the antenna 
15, 16, and 17 is parallel to the vector 10, and the signal 
is received with maximum efficiency. 

Proper adjustment of the amplifiers can be accom 
plished by a trial and error technique. The amplifiers are 
first adjusted so that they all have the same sense, Say 
a positive sense. The sense of each amplifier is then, in 
turn, reversed, i.e., the phase of its output is changed 
by 180°. If, after any particular reversal, reception of 
the signal is enhanced, the new sense of that particular 
amplifier is retained. If, on the other hand, reversal causes 
detraction in signal reception, the amplifier is returned 
to its original sense. Once the proper sense of each 
amplifier is determined, the gain of each amplifier is ad 
justed, in turn, until the signal is received with maximum 
signal-to-noise ratio. Adjustment of the amplifiers 21, 
22, and 23, for reception of a signal with maximum 
efficiency is then complete. 

Should it be desired to null a particular signal, it is 
necessary to shift the effective axis of the antenna into 
a plane perpendicular to the vector representing the signal. 
An example of this procedure is illustrated in FIG. 5. 
The signal vector 0 has a projection on the Y-Z plane 
represented by the dot-dash arrow 26. ASSume at the 
outset that the effective axis of the antenna is colinear 
with the vector i0, and it is now desired to null the signal. 
First, the sense of the amplifier 22, which controls the 
length and direction of the arrow 13, is reversed in order 
to swing the projection 26 of the effective antenna axis 
to the opposite side of the Z axis. Then, either amplifier 
22 or 23 is adjusted to cause the projection on the Y-Z 
plane to assume a position perpendicular to the projection 
26, as indicated by the dot-dash arrow 27. If the projec 
tion 26 happens to be at a 45° angle to the Z axis, no 
adjustment of the amplifier 22 or 23 will be required 
since upon reversal of the sense of amplifier 22 the pro 
jection 27 will at once be perpendicular to the projection 
26. The new effective axis of the antenna is illustrated 
by the dotted arrow 28. Since this axis is perpendicular 
to the vector 10, the antenna will be "blind' to, i.e., will 
not pick up, the signal represented by the vector 0. 

It should be noted that in the example given above, 
no particular adjustment of the amplifier 21, which con 
trols the length and direction of arrow 12, is required 
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to null the signal 10. Varying the gain and/or sense 
of the amplifier 2 will serve merely to rotate the axis 
28 in a plane perpendicular to the vector 10. Thus, there 
are an infinite number of positions of the effective axis 
of the antenna which will null the signal 10, and there 
fore it is possible to receive a different signal, even a 
signal transmitted at the same frequency as the signal 6), 
while nulling the signal 6. 
The antenna system has been described above in con 

nection with a receiving arrangement. However, it may 
also be employed as part of a transmitting installation. In 
Such a case, if it is desired to transmit a signal having a 
particular plane of polarization, the amplifiers 21, 22, 
and 23 are adjusted to cause the effective axis of the 
antenna to be parallel to the desired angle of polarization 
of the signal to be transmitted. 
The discussion thus far has dealt with transmitting 

and receiving signals having particular angles of polar 
ization. The present antenna system is also useful for 
transmitting and receiving rotationally polarized waves. 
A rotationally polarized wave is one whose axis of polar 
ization rotates, i.e., whose plane of polarization changes 
with time. Consider a two coordinate system such as that 
represented by the X and Y axes of FIG. 5. At an instant 
of time when a vector representing a rotationally polar 
ized wave is parallel to the X axis, the projection of the 
vector upon the X axis will be a maximum and equal 
to the length of the vector. The projection upon the Y 
axis, however, will be zero. As the vector rotates, the 
projection on the X axis will diminish and the projection 
on the Y axis will increase. After the vector has rotated 
through 90°, the projection on the X axis will be zero 
and on the Y axis will be a maximum. The effect on the 
X and Y projections of continued rotation of the vector 
through the remaining 270 of its orbit will be obvious. 
As was brought out above, a resultant vector can be 

produced by combining two or more signals analogous to 
the projections just described. Thus, a vector rotationally 
polarized in the X-Y plane, can be produced by transmit 
ting a sinusoidal wave having an axis of polarization 
parallel to the X axis, and a second sinusoidal wave, 90' 
out of time phase with the first, having an axis of polariza 
tion parallel to the Y axis. The resultant of these two 
waves will be a constantly rotating vector. Addition of a 
third wave, in phase with one of the other two waves, and 
having an axis of polarization parallel to the Z axis will 
not affect the rotation of the resultant vector except to 
change its orientation by moving it out of the X-Y plane. 
An antenna system, according to this invention, for 

transmitting or receiving rotationally polarized waves is 
shown in FIG. 2. The antennas 5, 6, and 17, and the 
elements 9 and 2C are identical to the corresponding ele 
ments shown in FIG. 1. A separate circuit 29 connects 
each of the antennas 5, 6, and 7 to the device 19, and 
an independently operable phase shifter is located in each 
circuit. The phase shifter 30 controls the time phase of 
the signal being carried to or from the antenna i5, and 
the phase shifters 3 and 32 serve a comparable function 
with respect to the antennas 16 and 87, respectively. If the 
system of FIG. 2 is being used to transmit a wave, adjust 
ing any one of the phase shifters so that its respective 
signal is 90° out of time phase with the signals controlled 
by the other two phase shifters will, for the reason pointed 
out above, produce a rotationally polarized Wave. 
A rotationally polarized wave will be produced as long 

as any two of the phase shifters are adjusted so that their 
respective signals are 90 out of phase. The third phase 
shifter can be adjusted so that its respective signal is in 
phase with either one of the other two signals, or is 90 
out of phase with one and 180° out of phase with the 
other. The effect of changing the phase relationship of 
the third signal with respect to the other two will be to 
change the plane in which the signal vector rotates. For 
example, if the phase shifters 30 and 31 are adjusted so 
that the signals they control are 90 out of phase, the 
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6 
amplitude of the signal transmitted by antenna 15 (the 
axis of which extends along the X axis in FIG. 5) will be 
a maximum when the amplitude of the signal transmitted 
by antenna 6 (the axis of which extends along the Y axis 
in FIG. 5) is zero, and vice versa. If the phase shifter 32 
is adjusted so that the signal transmitted by the antenna 
7 (the axis of which extends along the Z axis in FIG. 

5) is in phase with the signal of antenna 15, the resultant 
vector will rotate in a plane containing the Y axis and at 
45° angles to both the X and Z axes. If the phase shifter 
32 is readjusted so that the signal of antenna 57 is in 
phase with the signal of antenna 16, the resultant vector 
will rotate in a plane containing the X axis and at 45 
angles to both the Y and Z axes. 

Since no intensity-varying means, comparable to the 
amplifiers 21, 22, and 23 of FIG. 1, are included in the 
arrangement of FG. 2, the signals transmitted by all 
three antennas will have the same maximum amplitude. 
Therefore, the resultant signal will have a circular polari 
Zation, i.e., the length of the rotating vector representing 
the signal will remain the same at all times. In order to 
produce an elliptically polarized signal, an arrangement 
such as that shown in FIG. 3 may be used. This arrange 
ment is, in effect, a combination of the arrangements of 
FIGS. 1 and 2. Separate circuits 33 connect each of the 
antennas 15, 16, and 17 to the device 9. The signal 
carried to the antenna 15, for transmission, is controlled 
by the amplifier 21 and phase shifter 30; the signal carried 
to antenna E6 is controlled by the amplifier 22, and phase 
shifter 31; and the signal carried to antenna 7 is con 
trolled by the amplifier 23 and phase shifter 32. 
Assume that the phase shifters 30 and 31 are adjusted 

So that the signals they control are 90 out of phase, and 
ignore the phase shifter 32 for the moment. If the gain 
of amplifier 22 is adjusted to be twice the gain of ampli 
fier 21, the maximum amplitude of the signal transmitted 
by antenna 5 will be equal to half the maximum ampli 
tide of the signal transmitted by antenna 16. Conse 
quently, the resultant vector will be twice as long, at the 
instant it is parallel to the Y axis (FIG. 5), as it was at 
the instant it was parallel to the X axis. Thus, the signal is 
elliptically polarized. If the phase shifter 32 is now ad 
justed to any of its several possible settings, variation of 
the gain of amplifier 23 will serve to alter the plane in 
which the resultant vector rotates. It will be appreciated, 
therefore, that the arrangement of FIG. 3 can be em 
ployed to transmit a wave having any possible rotational 
polarization. Furthermore, if the phase shifters 30, 3i, 
and 32 are adjusted so that the signals carried by the 
three circuits 33 are in phase, a nonrotationally polarized 
Wave having any possible plane of polarization can be 
produced. 
The arrangements of either of FIGS. 2 and 3 can, of 

course, be used as part of a receiving installation as well 
as part of a transmitting installation. In such a case, in 
stead of a rotationally polarized wave being transmitted, 
the effective axis of the antenna will be rotationally polar 
ized. Thus, with the arrangement of FIG. 3, the effective 
axis of the antenna can be given any desired circular or 
elliptical polarization. Hence, the effective axis of the 
antenna can at all times be maintained parallel to the 
vector representing a wave having any possible polariza 
tion, and thus any wave can be received by the present 
antenna System with maximum efficiency. Furthermore, 
since the direction of rotation of the effective axis of the 
antenna can be reversed by adjusting any one of the phase 
shifters so as to shift the phase of its respective signal by 
180, any possible signal can be nulled. This is because, 
as is well known, an antenna whose effective axis rotates 
in one direction, e.g. right-hand polarized, is "blind' to a 
signal represented by a vector which rotates in the oppo 
site direction, e.g. left-hand polarized. 

In certain circumstances, it is necessary to receive a 
signal transmitted by a remote source, and then transmit 
another signal back to the source. At present, this is often 
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accomplished by means of an array of antennas, some 
times referred to as a retrodirective array. The array usual 
ly comprises a large number of antennas positioned in a 
particular spaced-apart relationship. A wavefront from a 
remote source usually strikes the antennas of the array at 
different times, due to the spacing between the antennas, 
and therefore, the phase of the wave is different as it 
strikes each antenna. By using this phase information, sig 
nals can be transmitted by the antennas of the array 
which are out of phase with one another but which pro 
duce a resultant signal directed toward the remote source. 

According to this invention, as illustrated in FIG. 4, a 
retrodirective effect can be produced by means of just 
three antennas 15, 16, and 17, having mutually perpen 
dicular axes which meet at a common point. Separate 
circuits 34, 35 and 36 connect the antennas, respectively, 
to a device 19. This device can combine the signals car 
ried by the three circuits when the system is receiving a 
signal from a remote source, and deliver the sum to a 
terminal 20. Alternatively, the device can divide a signal 
received from terminal 20 between the three circuits 34, 
35, and 36 when the system is transmitting a signal back 
to the remote source. Means for measuring the intensity 
or amplitude of the signal carried by each circuit is pres 
ent in the circuit. For example, voltmeters 37, 38, and 39 
are arranged in the circuits 34, 35, and 36, respectively. 
Each voltmeter is located between its respective antenna 
and amplifier. More specifically, the voltmeter 37 is lo 
cated between the antenna 15 and the amplifier 21. 

In addition, means for determining the phase rela 
tionship between the signals carried by the three circuits 
is provided. Thus, for example, a phase detector 40, is 
connected between the circuits 34 and 35, a phase detector 
41 is connected between the circuits 35 and 36, and a phase 
detector 42 is connected between the circuits 34 and 36. 
The phase detector connections in each circuit are made 
between their respective antenna and phase shifter. Spe 
cifically, the phase detector 40 is connected to the cir 
cuit 34 at a point between the antenna 15 and phase 
shifter 30. 
When a wave from a remote source, having any arbi 

trary polarization, impinges upon the antennas 15, 16 and 
17, the projection of the wave on each of the antennas will 
cause a signal to be carried by each of the circuits. The 
amplitude of each signal corresponds to the length of 
the projection on its respective antenna. Thus, the ampli 
tudes measured by voltmeters 37, 38, and 39 correspond 
to the lengths of the projections on the antennas 15, 16, 
and 17, respectively. Furthermore, if the impinging wave 
is rotationally polarized, the amplitudes of the signals in 
the three circuits will vary with a particular relation 
ship, and this phase relationship between the signals will 
be detected by the phaes detectors 40, 41, and 42. 
Now, in order to transmit a signal back to the remote 

source, the gains of the amplifiers 21, 22, and 23 are ad 
justed so that they have the same relationship to each 
other as the relationship between the amplitudes of the 
signals measured by their respective voltmeters 37, 38, 
and 39. For example, if the amplitude measured by volt 
meter 37 is twice the amplitude measured by voltmeter 
38, amplifier 21 will be adjusted so that its gain is twice 
that of amplifier 22. In addition, phase shifters 30, 31, and 
32 are adjusted so that any signals controlled by them 
will have the same phase relationship as the phase rela 
tionship between the signals measured by the phase de 
tectors 40, 41, and 42. For example, if the phase detector 
40 indicates that the signal in circuit 35 is leading the 
signal in circuit 34 by 90, the phase shifters 30 and 31 
will be adjusted so that any signal controlled by phase 
shifter 31 will lead a signal controlled by phase shifter 
30 by 90°. 
When the amplifiers and phase shifters have been ad 

justed, as described above, a signal to be transmitted is 
conducted to the device 19 from terminal 20, and is 
divided between the three circuits 34, 35, and 36. The 
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signals which reach the antennas 15, 16, and 17 will, at 
any instant, have the same amplitude and phase rela 
tionship as the relationship between the projections on 
the antennas of the signal received from the remote 
source, due to the settings of the amplifiers and phase 
shifters. Consequently, the resultant signal transmitted by 
the antennas 15, 6, and 7 will have exactly the same 
polarization as the signal received from the remote source. 
In cases where there is relative movement between the 
remote source and the present antenna system, or where 
moving objects interfere with the waves traveling be 
tween the romote source and the present antenna system, 
automatic means of well known kind can be employed to 
alter the adjustments of the amplifiers and phase detectors 
in response to variations in the values measured by the 
voltmeters and phase detectors, respectively. Thus, the 
polarization of the wave transmitted by the antennas 15, 
16, and 17 is maintained the same as the polarization of 
the wave received from the remote source even though 
there may be moment-to-moment changes in the polariza 
tion of the received wave. 
From the above description, it will be appreciated that 

the present invention provides an antenna system capable 
O: 

(a) receiving any signal with maximum efficiency 
regardless of its plane of polarization or its rotational 
polarization; 

(b) transmitting a signal having any conceivable 
polarization; 

(c) nutling any signal; 
(d) nulling any signal while at the same time receiving 

with maximum efficiency a signal having a different 
polarization; and 

(e) transmitting a signal directly to a remote source 
after receiving a signal from the source, without neces 
Sarily knowing the location of the source or the nature 
of any interference between the remote source and the 
antenna installation. 

In addition to the capabilities set forth above, the 
antenna System of this invention represents a useful tool 
for analyzing a received signal. The three projections of 
the signal can be tabulated for various points in a given 
Space, and the tabulations repeated at different fre 
quencies. This will yield valuable information, unknown 
until now, about the effects of geography on receiving 
such signals, particularly broad spectrum signals. 
An arrangement of three antennas, adapted for use 

in the present System is shown in FIGS. 6-12. The ar. 
rangement includes a generally cylindrical hub 45 having 
a longitudinal bore 46 adapted to receive a supporting 
pole 47. Extending from the hub are three antennas or 
dipoles 43, 49, and 50, the axes of which are mutually 
perpendicular and meet at a common point within the 
confines of the hub. This relationship can be seen in 
FIGS. 7 and 8. FIG. 7 shows the perpendicularity be 
tween dipoles 48 and 49, and FIG. 8 shows the perpen 
dicularity between dipoles 49 and 50. 

Each dipole comprises two identical U-shaped mem 
bers, both arms of each member being arranged in a 
plane containing the longitudinal axis of the hub. Thus, 
if the pole is thought of as being vertical, both arms of 
each U-shaped member are arranged in the same vertical 
plane. Since all the dipoles are identical to one another, 
for the sake of convenience only one, the dipole 48, will 
be described in detail. The dipole 48 includes U-shaped 
members 51 and 52, the member 51 having an upper arm 
55 and a lower arm 56, and the member 52 having an 
upper arm 57 and a lower arm 58. The members 51 and 
52 extend in opposite directions from the hub 45 at an 
angle of about 45 to the longitudinal axis of the hub. 
The free ends of the arms of the U-shaped members 

5 and 52 are secured to the hub by suitable fasteners. 
Thus, the free ends of the upper arms 55 and 57 (see 
FIGS. 6, 9, and 10) are mounted on the hub 45 by means 
of Screws 59. The free end of each of the lower arms 56 
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and 58 (see FIGS. 6, 10, and 11) is fastened, by means of 
a Screw 60, to an insulating block 6 mounted on the 
hub 45. The axes of the screws 60 are perpendicular to 
the longitudinal axis of the hub, i.e. in the present example 
the axes of the screws 60 are horizontal. Each of the 
members 51 and 52 can be pivoted about its respective 
screw 60 when the screw 59 is removed. Consequently, 
for purposes of storage and shipment, each U-shaped 
member can be swung, in a vertical plane, into a posi 
tion wherein its axis is paralled to the longitudinal axis of 
the hub 45 and to the pole 47, as shown in FIG. 12. 
When it is desired to use the antenna, the U-shaped 
members are simply pivoted back to the positions shown 
in FIG. 10 and the screws 59 replaced in order to main 
tain the members 5 and 52 in their operative positions. 

Adjacent to each of the insulating blocks 61 the hub 
45 is provided with a hole 62 for accommodating an 
electrical conductor (not shown). Each conductor is con 
nected to the free end of one of the lower arms 56 or 58 
by means of the screw 60, and the conductor extends 
through the hole 62, the bore 46, and the interior of the 
hollow pole 47 to suitable circuitry, such as one of the 
circuits 33 of FIG, 3. 
The invention has been shown and described in pre 

ferred form only, and by way of example, and many vari 
ations may be made in the invention which will still be 
comprised within its spirit. It is understood, therefore, 
that the invention is not limited to any specific form or 
embodiment except insofar as such limitations are in 
cluded in the appended claims. 
What is claimed is: 
1. An antenna system comprising three antennas hav 

ing mutually perpendicular axes and a common phase 
center at a common point of intersection, a circuit con 
nected to each antenna for carrying a signal to or from 
said antenna, and means in each circuit for independently 
varying the intensity of its respective signal, whereby said 
system can be adjusted So that its effective axis has any 
possible 3 dimensional spatial orientation. 

2. An antenna system comprising three antennas hav 
ing mutually perpendicular axes and a common phase 
center at a common point of intersection, a circuit con 
nected to each antenna for carrying a signal to or from 
Said antenna, and means in each circuit for independently 
varying the time phase of its respective signal, whereby 
said System can be adjusted so that if it were part of a 
transmitter arrangement it could transmit a signal having 
a rotational polarization. 

3. An antenna System comprising three antennas hav 
ing mutually perpendicular axes and a common phase 
center at a common point of intersection, a circuit con 
nected to each antenna for carrying a signal to or from 
Said antenna, means in each circuit for independently 
varying the intensity of its respective signal, and means in 
each circuit for independently varying the time phase of 
its respective signal, whereby said system can be adjusted 
So that if it were part of a transmitter arrangement it 
could transmit a signal having any possible rotational 
polarization. 

4. An antenna system as defined in claim 3 including 
means for Summing the signals in all of said circuits, and 
a receiver arranged to receive the sum of said signals. 

5. An antenna system intended to receive a signal from 
a source and then transmit a signal having the same po 
larization as the received signal, comprising 

(a) three antennas having mutually perpendicular axes 
and a common point of intersection, 

(b) means for measuring the intensity of the signal 
received by each antenna, 

(c) a circuit connected to each antenna for carrying 
a signal, to be transmitted, to its respective antenna, 
and 

(d) means in each circuit for varying the intensity of 
the signal carried by the circuit, 

whereby the intensity of the signal carried by each cir 
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cuit can be made proportional to the intensity of the 
signal received by its respective antenna so that the 
spatial orientation of the vector representing the 
transmitted signal will be the same as the spatial 
orientation of the vector representing the received 
signal. 

6. An antenna system intended to receive a signal from 
a source and then transmit a signal having the same po 
larization as the received signal, comprising 

(a) three antennas having mutually perpendicular axes 
and a common point of intersection, 

(b) means for measuring the time phase of the signal 
received by each antenna, 

(c) a circuit connected to each antenna for carrying 
a signal, to be transmitted, to its respective antenna, 
and 

(d) means in each circuit for varying the time phase of 
the signal carried by the circuit, 

whereby the time phase of the signal carried by each 
circuit can be made to have the same relationship to 
the time phases of the signals carried by the other cir 
cuits as the time phase of the signal received by its 
respective antenna is related to the time phases of 
the signals received by the other antennas so that the 
rotational polarization of the transmitted signal will 
be the same as the corresponding polarization of the 
received signal. 

7. An antenna system intended to receive a signal from 
a Source and then transmit a signal having the same polari 
Zation as the received signal, comprising 

(a) three antennas having mutually perpendicular axes 
and a common point of intersection, 

(b) means for measuring the intensity of the signal re 
ceived by each antenna, 

(c) Ineans for measuring the time phase of the signal 
received by each antenna, 

(d) a circuit connected to each antenna for carrying a 
signal, to be transmitted, to its respective antenna, 

(e) means in each circuit (d) for varying the intensity 
of the signal carried by the circuit, and 

(f) means in each circuit (d) for varying the time 
phase of the signal carried by the circuit, 

Whereby the intensity of the signal carried by each 
circuit can be made proportional to the intensity of 
the signal received by its respective antenna so that 
the spatial orientation of the vector representing the 
transmitted signal will be the same as the spatial 
orientation of the vector representing the received sig 
nal, and the time phase of the signal carried by each 
circuit can be made to have the same relationship 
to the time phases of the signals carried by the other 
circuits as the time phase of the signal received by its 
respective antenna is related to the time phases of the 
signals received by the other antennas so that the 
polarization of the transmitted signal will be the same 
as the corresponding polarization of the received sig 
na. 

8. An antenna arrangement comprising a hub, and 
three dipoles projecting from said hub, each of said dipoles 
being perpendicular to the other two, and the axes of all 
of said dipoles intersecting at a common point, said point 
being the phase center of each dipole. 

9. An antenna arrangement as defined in claim 8 in 
cluding a pole for supporting said hub, said pole being 
arranged at the same acute angle to all of said dipoles. 

18. An antenna arrangement as defined in claim 8 
Wherein each of said dipoles includes a pair of U-shaped 
members, the corresponding arms of each pair of U 
shaped members extending along the same line but in 
opposite directions from said hub, and both arms of each 
U-shaped member being arranged in a plane containing 
said pole. 

11. A method of nulling one signal while receiving 
another signal with the same antenna system, comprising 
the steps of providing an antenna system including three 
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antennas having mutually perpendicular axes and a com- 3,146,447 8/1964 Newman ---------- 343-100.3 
mon point of intersection, providing a circuit connected to 2.432,858 12/1947 Brown ---------- 343-854 X 
each antenna and means in each circuit for independently 2,631,236 3/1953 Root ------------ 343-854 X 
varying the intensity of the signal carried by that circuit, 2,664,507 12/1953 Mural ------------ 343-854 X 
and adjusting said varying means to move the effective axis 5 2,70,113 3/1956 Hemphill -------- 343-854 X 
of the antenna System into a plane perpendicular to the 
vector representing said one signal and into a position in FOREIGN PATENTS 
that plane wherein it receives said other signal. 828, 150 2/1960 Great Britain. 

513, 138 2/1955 Italy. 
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