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RADIOSYSTEM 

Harald T. Friis, Rumson, N. J., assignor to Bell 
Telephone Laboratories, incorporated, New 
York, N. Y., a corporation of New York 

Application. April 5, 1934, Serial No. 719,106 
18 Claims. (C. 250-11). 

This invention relates to radio communication 
Systems and more particularly to methods of and 
means for obtaining controllable and sharp di 
rective transmission and/or reception in such 
Systems. 

It is well known in the art that two or more 
antenna, units, Such as vertical antenna, elle 
ments, may be so spaced in a radio system and 
their currents so related in phase as to produce 
a fairly sharp transmitting or receiving directive 
chracteristic or diagram, and that the character 
istic may be shifted by varying the phase rela 
tion of the currents. Radio Systems employing 
this arrangement are described in Patent 
1,738,522, G. A. Campbell, December 10, 1929 . 
and in Patent 1,667,792, D. K. Martin, May 1, 
1928. Also, it is well known that in such sys 
tems the various units may possess either a direc 
tional or a non-directional characteristic. Be 
cause of economical consideration and other 
reasons, systems of this nature heretofore pro 
posed have not been used extensively; and it 
appears desirable to utilize a practical and rela 
tively inexpensive antenna array for the pur 
pose of obtaining an easily controllable directive 

improved communication and specifically, to 
eliminate both general or radio frequency fad 
ing and selective or audio-frequency fading. 

It is an object of this invention to obtain a 
sharper antenna, directive major lobe than here 
tofore obtained. 

It is another object to eliminate at all times 
substantially and regardless of the duration of 
the communication period, both general and se 
lective fading. 

It is a further object of this invention to simul 
taneously transmit or receive on the same an 
tenna System the same signal in different direc 
tions, or different signals in the same or differ 
ent directions. 

It is still another object of this invention to 
achieve improvement in radio communication in 
a practical and economically feasible manner. 
According to one feature of this invention, the 

antenna units included in an end-on array each 
have a very sharp directive lobe critically 
Oriented with respect to the ang Ular propagation 
range in a given plane. According to another 
feature of this invention the directive character 
istic of the array or span is critically determined 
by the size of the typical unit directive major 
lobe and is, in effect, superimposed upon and ad 
justably related thereto. 

In one embodiment of the invention a plurality 

of rhombic antenna units, preferably of the 
Steerable type disclosed in the copending applica 
tion of E. Bruce, Serial No. 684,350, filed August 
16, 1933 and assigned to applicant's assignee, 
are arranged in an end-on array. For a given 5 
economic length of the array the spacing and 
therefore the number of units are so chosen that 
at any given instant only one major lobe of the 
array is superimposed in effect on the major lobes 
of the units, which lobes are similarly directed 0. 
to include only the wave directions contained in 
the normal vertical angular range. The unit 
lobes may be considered as equivalent to a re 
sulting or effective unit lobe. The resultant lobe 
for the combination is equal to the product along lis 
any wave direction or axis of the effective unit 
lobe and the array lobe and is exceedingly sharp. 
The several units are connected through sepa 
rate isolation amplifiers and adjustable phase 
shifters to the translation device which may be 20 
a receiver or transmitter. Throughout the array 
the phase difference or angle between currents 
received from or supplied to adjacent units is the 
Same. When the elements are uniformly Spaced. 
By adjusting the phase shifters, preferably by 25 
means of a Single control, the position of the re 
sultant lobe may be varied to select one wave 
direction, while excluding all other paths includ 
ing those which differ in length from the selected 
path by amounts equivalent to radio wavelengths 30 
or audio-wavelengths. . 
The invention will be more readily understood 

from the following description taken in connec 
tion. With the drawings on which like reference 
characters designate elements of similar func- 85 
tion, and on which: 

Fig. 1 illustrates one embodiment of the in 
wention in which an array comprising ten 
rhombic antennas is utilized; 

Fig. 1A illustrates the details of the phase 40 
changer unit and the translator unit which are 
employed in the system of Fig. 1; Fig. 1B illus 
trates the details of the uni-control arrange 
ment of the phase changer unit; Fig. 1C is a 45 
Schematic, diagraml; Fig. 1D is a polalº diagram 
and FigS. E, 1 F, 1G and ilH are chall'acteristic 
curves, all of which are useful for explaining the 
invention; 

Fig. 2 illustrates equipment which may be sub- 50 
stituted for that shown below the line XX of 
Fig. 1, for the purpose of receiving different sig 
nals simultaneously; 

Fig. 3 illustrates another modification of the 
system of Fig. 1 which is useful for receiving 
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simultaneously the same signal over different 
paths; 

Fig. 4 illustrates another modification of Fig. 
1 which is useful for insuring optimum reception 
by the System of Fig. 1; 

Fig. 2A is a polar diagram useful for explain 
ing the operation of the systems illustrated by 
Figs. 2, 3 and 4; and 

Fig. 5 illustrates another embodiment of the 
invention designed for reception of vertically 
polarized and horizontally polarized wave com 
pOnentS. 

Referring to Fig. 1, reference numerals f desig 
nate horizontal rhombic receiving antennas of 
the type disclosed in the copending application 
of E. Bruce, mentioned above. The antenna 
units are not necessarily of this type but may 
be non-steerable rhombic antennas positioned 
to receive an angular range in a given plane, 
or they may be any type directive unit. . The 
rhombic units are arranged in an array ex 
tending, preferably, in the plane of the great 
circle including a distant cooperating station 
when communication between two stations only 
is desired. They are equipped with a terminat 
ing resistance 2 for the purpose of securing uni 
lateral propagation. Reference numeral 3 rep 
resents a typical direction of a signal incoming 
to the array and included in the plane of the 
great circle. In one practical and economical 
embodiment the total length of the array or span 
is approximately one mile. 

Each unit is connected by means of a coaxial 
line 4 to an individual phase changer unit 5 
designated on the drawings PCU and these phase 
changer units are associated by means of coaxial 
line 6, coaxial line 7 and coaxial line 8 to the 
translation unit 9, designated TU which may 
be a receiver or transmitter or other device. The 
phase changer units 5 are simultaneously and 
differently varied by means of the uni-control 
Comprising in part handle 0. For convenience 
the phase changers are lettered A, B, C, etc. 
from the right. Phase changer A is in a sense 
a dummy Since it is not adjusted by means of 
the uni-control handle 0. 

Referring to . Fig. 1A, reference numeral 
designates an isolation annplifier and numeral 2 
designates a beating Oscillator which are con 
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nected to the input of the intermediate fre 
quency detector f3. If desired a single beat 
frequency oscillator 2 common to the several 
intermediate frequency detectors 3 may be em 
ployed. The output of the intermediate fre 
quency detector is connected to a phase changer 
comprising condensers 4, coil 5, resistance 6, 
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Stationary goniometer coils 7 and rotatable 
goniometer coil 8, associated with handle 0. 
The translator unit 9 comprises an intermediate 
frequency amplifier 9 the input of which is . 
associated with the several rotatable goniometer 
coils 8 and the output of which is connected 
to the low frequency detector 20. Reference nu 
merals 2 and 22 designate, respectively, a low 
frequency amplifier and a translation device. 
The uni-control phase changer unit illustrated 

in detail by Fig. 1B comprises a plurality of 
similar gears 23 each rigidly associated with a 
different rotatable coil 8 by means of shafts 24. 
The gears 23 are driven by means of handle O, 
main shaft 25 and gears 26. The gears 26 are 
uniformly graded in size, assuming the antenna 
units are uniformly spaced, so that the rotatable 

75 
coils 8 in the phase changers C, D, E, cte, illus 
trated in Fig. 1 and Fig. 1B rotate upon move 

2,041,600 
ment of the handle 0, respectively, twice, three 
and four times as fast as the rotatable coil in 
phase changer B. By means of such an arrange 
ment the phase difference between the currents 
Supplied to or received from adjacent antenna, 
units may be conveniently and simultaneously 
changed from one value, for example, 100°, to 
another value, for example, 150°. As will be 
explained later, the position of the major lobe 
included in the array characteristic is dependent 
upon the phase difference or angle just described. 
By changing the phase angle the array char 
acteristic is, in effect, shifted or rotated, 
In an array in which the units are not evenly. 

Spaced the associated gears 26 are not uniformly 
graded in size. Referring to Fig. 1C, in a sys 
tem having either uniformly or non-uniformly 
Spaced units, the phase change obtained for any 
particular unit, such as unit f', is equal to the 
product, of the phase angle d between the ex 
treme or first unit and the next adjacent unit 
and the ratio of the distance between the par 
ticular unit and the first unit to the distance 
between the first and second units, that is, 

a?" • 

When, as illustrated by Fig. 1C the same length 
difference exists between the adjacent main lines, 
that is, the antenna-to-phase shifter lines, and 
Said difference corresponds to the antenna unit 
Spacing in the array, the pick-up calibrating coils 
8 (Fig. IB) of the several phase shifters B to J 

are similarly positioned with respect to the static 
coils f by properly associating gears 23 and 26 
in the case of each phase shifter. When the 
lengths of the main lines do not have the rela 
tion illustrated by Fig. 1C and described above, 
as in the case of the lines 4 in Fig. 1, the phase 
shifters B to J are each calibrated to compensate 
for the deviation in line length from the pre 
ferred arrangement of Fig. 1C, the calibration 
being effected in the case of each phase shifter 
by correctly associating gears 23 and 24 and 
therefore by correctly associating initially coils 
8 and coils 7. The lines 6, 7, 8, 6, 7, 8' and 4 
of Figs. 1, 2, 3, 4 and 5 are of negligible length 
at the intermediate frequencies conveyed. 

Referring now to Figs. 1C and 1D, the method 
of obtaining the extremely sharp directive lobe 
of the invention will be briefly explained. First 
of all, directive antenna units, such as rhom 
bic units , each having a sharp major lobe 27 
(see Fig. iC) are selected. These lobes 27 are 
Similarly positioned or oriented, when the units 
are arranged in the array, and they may therefore 
be considered as equivalent to the “effective' 
unit major lobe. 28. The phase shifters render 
the array directive. The effective unit loba 28 is 
Oriented for effective operation over a particular 
angular range, that is, so as to include substan 
tially all wave directions included in the normal 
angular vertical range. Applicant discovered 
that the length 'pa' of the array and the phase 
difference or angle çò determine the width of 
the array major lobes 29 and 30. The length 
'ps' of the array or span is chosen, therefore, 
So as to be economically feasible and at the same 
time So as to produce the desired narrow array 
major lobe 29. Applicant next discovered that 
the Spacing between the first major lobe of the 
array 29 and the next major lobe of the array 30 
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is determined in part by the spacing designated 
"aa" in Fig. 1C between the antenna units and 
that the lobe Spacing increases as the unit spac 
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ing decreases. The unit spacing selected is such 
as to give a spacing between the array lobes great 
er than the width of lobe 20, that is, it is such 
that at any particular instant only one major 
lobe of the array intersects the effective unit 
lobe 28. In this manner the number of antenna 
units in the array of chosen length is determined.. 
The phase angle is also determines the position 
of the array lobes and, specifically, that of the 
lowest array lobe 29. Thus, in Fig. 1C, the phase 
angle p determines the wave angle A, correspond 
ing to the principal axis of the lowest or first 
array major lobe 29. By varying the phase angle 
b. array lobe 2 may be caused to sweep across 
effective unit lobe 28. 

Referring now to Figs. 1E and 1F which are 
calculated diagrams for a one hundred wave 
length antenna array and Figs, 1G and 1 which 
are calculated diagrams for a fifty wavelength 
antenna array, it will be seen that the width of 
the first major lobe 29 for the one hundred. 
wavelength antenna, Fig. 1F, is considerably less 
than the corresponding lobe 29 of the fifty wave 
length antenna, Fig. 1H. Also, considering Figs. 
1E and 1F, it will be noted that the phase angle 
is controls the position of the first major lobe; 
and that the lower the major lobe the greater 
is its width. 

As explained in the above-mentioned copend 
ing application of E. Bruce and illustrated by 
Fig. 3 of that application, waves radiated by a 
short wave antenna travel over paths of different 
lengths in reaching the distant receiving station, 
the earth and Heaviside layer both functioning as 
reflectors in determining the direction of the 
Various energized paths. Referring again to Figs. 
1 and 1D, wave directions 3, 32, 33, 34 and 35 
represent incoming paths which originally differ 
in length from each other by either a large or 
small amount. The term "path" as used in the 
application does not signify a line of zero width 
in a given plane. On the contrary, it describes, 
and it is here expressly defined as meaning, the 
course or route, viewed in the Solid, followed by 
a single wave or wave front through space and 
having at a given point a definite direction. . As 
so defined it is somewhat analogous to the path 
followed or traced in space by an object in transit, 
such as the earth or a planet. Referring to Fig. 
1D, the wave front projected along a path having 
at the receiving station a direction 35 is perpen 
dicular to the direction and no doubt has an ef 
fective area of several square miles. The wave 
following the path having the direction 34 is sep 
arate and distinct from that traversing the path 
having a direction 35 not only as regards direction 
of propagation but also in the ordinary case as 
regards phase and intensity. Small variabilities 
in the difference length of these paths as occa 
sioned, for example, by movement of the Heavi 
side layer, produce selective or general fading. 
The effective unit lobe 28 is positioned as here 
tofore explained. For the purpose of eliminating 
general and selective fading and also for the pur 
pose of obtaining sharper directivity, the major 
lobe 29 is steered by means of the uni-control 
handle 0 associated with the adjustable phase 
shifters 9 so as to exclude all wave directions 
except wave direction 33, for example. The effect 
of superimposing the array major lobe 29 on the 
effective unit lobe 28 is to produce the extremely 
directive resultant lobe 36. The radii of the re 
sultant lobe 36 are each equal to the product of 
the corresponding radius of the effective unit 

75 lobe 28 and the corresponding radius of the array 

9’ is controlled by control handle 0. 
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lobe 29. Upon a change in the wave direction of 
the maximum incoming wave the resultant lobe 
36 is rotated by means of the uni-control arrange 
ment to assume, for example, the position ind 
cated by the lobe designated by reference nu- 5 
meral 36'. Experiments have indicated that in 
a long range short wave system there is at the 
receiver and in a given plane containing the 
transmitter a prevailing directive range such as 
that illustrated by Fig. 1D and extending, for ex 
ample, from 3° to 18° during the summer and a 
slightly different prevailing range such as one ex 
tending from 8° to 22° during the winter. Hence, 
if the effective unit lobe 28 of the rhombic an 
tennas is not wide enough to include both the 
summer and winter ranges it would be necessary 
to reposition the lobe 28 by steering or other 
wise. If it be desired to employ the array of 
Fig. 1 for transmitting purpose it is only neces 
Sary to employ a suitable phase changer unit and 
translation unit in place of those shown in Fig. 1. 

Referring to Fig. 2, there is disclosed an ar 
rangement or modification of the system of Fig. 
1 which is useful for transmitting or receiving 
different signals in the same or different direc- 25 
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tions, the rhombic units having a two-to-one fre 
quency range. The array of Fig. 1 is connected 
through one set of phase changers 5 to a common 
receiver 9 and by means of branch lines 4' 
through a second set of phase changers 5’ to a 30 
second receiver 9'. The effect of associating two 
sets of phase changers with the same array is to 
give, in effect, a double characteristic to the array, 
each characteristic or diagram being independent 
of the other. The directive diagram effective at 35 
receiver 9 is rotated by means of the uni-control 
0 and the array characteristic effective at re 

ceiver 9 is rotated by means of control O’. As 
indicated in Fig. 2A the major lobe 37 of the 
array for receiver 9 may be positioned to receive 40 
wave direction 38, and the major lobe 38 of the 
array characteristic for receiver 9’ may be posi 
tioned to receive wave direction 38'. Lobes 
and 3’ may, of course, be superimposed. . . s. 

Referring to Fig. 3, there is disclosed equipment 45 
which may be substituted for that shown below 
the line XX in. Fig. 1, for receiving the same 
signal over different paths. The receiver is 
associated with the array of Fig. 1 through one 
set of phase changers and a second receiver 9' 50 
is associated with the same array through phase 
changers 5’. The reception for receiver 9 is con 
trolled by handle O and reception for receiver 

Receiver 
8 is connected to a phase delayer 3. Phase de- 55 
layer 9 and receiver 9 are connected to the ulti 
mate receiver 40 by means of transmission lines 
4f. In the arrangement illustrated receiver 9’ 
is adjusted to receive wave direction of Fig. 2A 
and receiver 9 is adjusted to receive wave direc- 60 
tion 38 of the same signal. Since the wave cor 
responding to direction 3 arrives before that 
corresponding to direction 38', the output of re. 
ceiver 9 is delayed a sufficient amount to render 
the component waves cumulative in the ultimate 65 
translator unit 40. 

Fig. 4 illustrates a recording arrangement for 
determining when the system illustrated by Fig. 
1 is adjusted for Optimum or maximum reception. 
In effect, there is added to the system of Fig. 1, 
branch lines 4', and a set of phase ehangers 5’ 
which is associated with a recorder 42. The mov 
ing paper (not illustrated) of the recorder 42 is 

70 

caused to move in step, by means of pulleys 3 
and 44 and belt 45, with handle O' associated 75 
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4. 
with phase shifters 5’. 
handle 0’’ is turned continuously, either manu 
ally or automatically, and the angle with respect 
to ground of maximum reception, as indicated by 
the recorder, is observed by the operator. The 
operator then manipulates handle fo so that the 
phase changers 5 are adjusted for the observed 
angle, whereby maximum energy is delivered to . 
the translator unit 9. Obviously, the recorder 
may be of any type, as, for example, a cathode 
ray tube arranged to give a visual indication of 
the optimum angle. 

Referring to Fig. 5, reference numeral 46 des 
ignates an end-on array of vertical V type elle 
ments such as disclosed in Patent 1,899,410 to 
E. Bruce, February 28, 1933. These units are po 
sitioned to receive the vertically polarized sub 
component 4 of the incoming wave 48 which has 
a wave direction 49. These units are each ren 
dered unilateral by a terminating resistance 5 
and they are connected through the simultane 
ously controlled phase shifters 5’ to the common 
translator unit 5. The antenna units designated 
by reference numeral , as in the case of the 
system illustrated by Fig. 1, receive the horizon 
tally polarized component 52 of the wave 48. 
The phase shifters 5 and 5' are adjusted for ob 
taining extremely sharp resultant lobe and opti 
mum reception of the respective components. 
These components are properly combined in the 
translator unit 50. If desirable, components 4 
and 52 may belong to different Waves. 
The curves of Figs. 1C, iD, E, F, G, 1H and 

2A merely illustrate the operation of the inven 
tion with respect to communication in a given 
plane. The directive characteristic of each unit 
antenna is, in fact, a solid lobe and the charac 
teristic of the array comprises several hollow 
cones, and consequently the invention may be 
satisfactorily employed for communication in dif 
ferent horizontal directions, as for example, for 
communication between a radio station located 
in New Jersey and stations located in England 
and Italy or for communication in different di 
rections in any plane. 
Although the invention has been explained in 

connection with certain specific embodiments and 
component elements, it is to be understood that 
it is not to be limited to such embodiments and 
elements. The invention is equally applicable to . 
transmitting as well as receiving systems. Direc 
tive antenna units other than the rhombic units 
and other means for simultaneously Operating 
the phase changers or for rotating the antenna 
diagram may be employed within the Scope of 
the invention. 
What is claimed is: 
1. A method of radio communication which 

comprises energizing a plurality of paths of dif 
ferent lengths in the transmission medium be 
tween two stations and receiving at any given 
instant wave energy propagated along Only one 
of said energized paths through Said medium. 
regardless of the proximity of the incoming en 
ergized paths. 

2. A method of improving radio communica 
tion which comprises receiving energy from only 
a maximum incoming wave regardless of the 
number of Waves incoming from the Sane CO 
operating station and changing the direction of 
reception in accordance with directive changes in 
said Wave. 

3. In a radio system, a plurality of unidirec 
tive, antennas Spaced in a plane containing a 
cooperating station and positioned for directive 

Phase changer control 

intensity. 
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operation over the same angular range in said 
plane, separate phase changers included between 
said antennas and a common receiver and means 
for simultaneously varying said changers. 

4. A method of improving radio communica 
tion utilizing a plurality of directive antenna, 
units, which comprises placing the units in an 
array so that the major lobes of their directive 
characteristics are similarly pointed and inciude 
the same set or cluster of incoming wave direc- 0 
tions, obtaining a movable directive character 
istic or cone for the array, and including in the 
array cone at all times substantially only one of 
said incoming wave directions regardless of 
changes in said wave directions. 

5. A method of obtaining sharp directivity in 
a radio system utilizing a plurality of directive 

5 
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antenna units arranged in a directive array and 
connected to a translation device, means for move 
ing a directive lobe of each unit, and means for 
moving a directive characteristic of said array, 
which comprises moving the unit directive lobes 
to include in a single plane containing the co 
operating Station the same angular operating 
range and moving the major directive lobe or 25 
cone of the array characteristic to include a 
portion of said range. 

6. A method of improving radio Communica 
tion which comprises energizing a plurality of 
paths of different lengths between two stations, 30 
receiving the horizontally polarized components 
propagated along only one of the paths and the 
vertically polarized components propagated along 
only one of the pa?hs, and combining the ab 
Sorbed components. 

7. A method of improving radio communica 
tion utilizing a plurality of directive units each 
connected to two receivers through separate 
phase changers, which comprises absorbing on 
each unit energy from the same two directions, 40 
conducting the energy received from one direc 
tion to one receiver and the energy received from 
the other direction to the other receiver, and 
combining the outputs of the receivers. 

8. A method of improving radio communica- 45 
tion utilizing a plurality of directive antenna 
units arranged in an end-on array, the maximum 
lobe of the directive characteristic of each of 
which is not wider than the operating range, 
means for moving each unit lobe and means for 
rotating the array directive characteristic, which 
comprises employing for a given array length a 
Sufficient number of unitS to insure a Spacing . 
between adjacent major lobes or cones of the 
array directive characteristic greater than the 55 
angular range, positioning the unit lobes So as to 
include substantially all wave directions in said 
range, rotating the array characteristic to in 
clude in One of its major directive lobes or cones 
the direction of the Wave of maximum intensity, 
and upon a directive change in said wave direc 
tion again rotating Said characteristic to include 
in one of its major directive lobes or cones the 
direction corresponding to the wave of maximum 
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9. A method of simultaneously receiving dif 

ferent signals without fading utilizing a plurality 
of directive antenna units arranged in an array, 
means for rotating the array directive charac 
teristic for One signal, a Second means for rotat- 0 
ing the array directive characteristic for another 
Signal, and two receivers, which comprises re 
ceiving on each unit differently directed waves of 
the first mentioned signal differently directed 
Waves of the Second signal, rotating the first 75 
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mentioned characteristic so that its major lobe 
includes the direction of Only One of the first 
mentioned waves, rotating the Second mentioned 
characteristic so that its major lobe includes the 
direction of only one of the second mentioned 
waves, supplying the energy absorbed from the 
first mentioned Wave to One receiver and that 
absorbed from the second mentioned wave to 
another receiver. 

10. A method of simultaneously receiving the 
same signal Over transmission paths of different 
length utilizing a plurality of directive antenna, 
units arranged in an array having a plurality of 
directive characteristics, separate means for ro 
tating each characteristic, a phase delayer, and 
a receiver, which comprises directively receiving 
on each unit waves having directions correspond 
ing to each path, including one direction in a 
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major lobe of one characteristic and another di 
rection in a major lobe of another characteristic, 
delaying the wave arriving over the shorter path 
an amount sufficient to produce an in-phase rela 
tion between the received waves and combining 
the waves in the receiver. 

11. A method of improving radio communica 
tion utilizing a plurality of directive units ar 
ranged in an end-on array having a plurality . 
of directive characteristics, the major lobe of the 
directive characteristic of each unit being posi 
tioned to include only a given angular receiving 
range, means connected to a Wave intensity re 
corder for rotating one array directive character 
istic and means connected to a receiver for ro 
tating another array directive characteristic, 
which comprises determining the position of the 
first mentioned directive characteristic of the ar 
ray which gives maximum reception and rotating 
the Second mentioned directive characteristic of 
the array to the determined position. 

12. In combination, a plurality of antennas each 
connected through a separate coaxial line to a 
translation device, a phase changer included in 
each line, each changer having a movable elle 
ment for varying the phase adjustment and 
means for simultaneously and differently vary 
ing said elements comprising similar size gears 
connected to said elements and different Size 
gears mounted on a common shaft and associ 
ated with said first mentioned gears. 

13. In combination an antenna array compris 
ing a plurality of elements spaced in the plane of 
propagation of a radio wave and connected to a 
translation device, a different phase changer in 
cluded between each of at least two elements and 
the translation device, means for simultaneously 
varying each of the said phase changers an 
amount proportional to the spacing between the 
associated element and an extreme element of 
said array. 

14. In combination, an antenna array compris 
ing a plurality of elements spaced in the plane 

5 
of propagation of a radio wave and connected to 
a translation device, a different adjustable phase 
changer included between the device and each 
of several elements excluding an extreme ele 
ment, gear means for simultaneously and differ 
ently adjusting said phase changers, the phase 
change produced upon actuation of Said means by 
any particular phase changer being proportional 
to 

d ? where 

equals the ratio of the spacing between said ex 
treme element and the element associated with 
said particular element phase changer to the Spac 
ing between said extreme element and the element 
adjacent thereto, and p equals the phase angle be 
tween currents corresponding to the two last men 
tioned elements. 

15. In a radio system, an end-on array con 
prising a plurality of rhombic antenna units 
spaced in a plane containing a cooperating sta 
tion, each unit comprising side elements each 
having a length greater than one half of an op 
erating wave length, separate phase changers in 
cluded between said units and a common receiver, 
and means for simultaneously adjusting said 
phase changers. 

16. In a radio communication system, an end 
on array comprising a plurality of directive units, - 
a receiver, a different phase changer included 
between each unit and the receiver, and means 
for simultaneously varying said phase shifters, 
said units being positioned for directive opera 
tion over the same angular range in a single plane 
containing a cooperating station, and said phase 
shifters being adjusted to render the array opera 
tive over a portion of Said range. 

17. In a radio communication System, an end 
on array comprising a plurality of directive an 
tenna units Oriented to receive vertically polar 
ized waves, a second end on array comprising a 
plurality of directive antenna units oriented to 
receive horizontally polarized waves, the axes of 
said array being included, Substantially, in a 
plane containing a cooperating station, two sets 
of adjustable phase shifters, two receivers, and 
an ultimate receiver connected to Said two re 
ceivers, the first mentioned array being connect 
ed through one set of phase shifters to One re 
ceiver and the second mentioned array being 
connected through the other set of phase shifters 
to the second receiver. 

18. In a radio receiving system, an end-on ar 
ray comprising a plurality of rhombic antenna 
units oriented for effective operation over the 
same angular range, two sets of adjustable phase 
shifters each uni-controlled and connected to 
said array, a recorder connected to one set of 
phase shifters, and a receiver connected to the 
other Set. 
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