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Patented May 21, 1946 2,400,736 

UNITED STATES PATENT OFFICE 
2,400,736 

ANTENNASYSTEM 
George H. Brown, Haddonfield, N. S., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application September 30, 1941, Serial No. 42,943 
(C. 250-1) 19 Claims. 

This invention relates to improvements in an 
tenna, systems of the type used to establish over 
lapping fields, and particularly to an antenna 
System in which simple, inexpensive arrange 
ments are used to minimize the mutual coupling 
between several antennas of an array and to 
reverse alternately the phase of the currents ap 
plied to one pair of antennas with respect to the 
phase of the currents of another pair of antennas, 
whereby differently directed field patterns are 
obtained in synchronism with said phase reversal. 
Numerous arrangements of antennas have 

been described for obtaining differently directed 
and overlapping field patterns. In many such 
arrangements the desired fields are accompa 
nied by undesired Subsidiary lobes which delete 
riously affect the utility of the system. In Sys 
tems utilizing the overlapping fields it may be 
necessary to establish the fields alternately, and 
this often requires complicated and expensive 
switching mechanism. Moreover, many such sys 
teins require a series of critical measurements 
and adjustments which often interact on each 
Cther and require further adjustments. 
One of the objects of the instant invention is 

to provide improved means for establishing al 
ternately differently directed and overlapping 
radio frequency fields. Another object is to pro 
vide an improved antenna, Systern in which the 
anteinas are arranged to minimize mutual coul 
pling and in which the antennas are energized 
with currents alternately phased to produce a 
pair of differently directed fields having an over 
lapping portion. An additional object is to pro 
vide means whereby an antenna, array, for radi 
ating alternately differently directed and overlap 
ping fields, may be assembled at predetermined 
Spacings with predetermined lengths of trans 
mission line and Without a series of critical 
neaSurements and adjustments. 
The invention Will be described by referring to 

the accompanying drawings, in which Fig. 1 is a 
diagram of an antenna, array employed in one 
embodiment of the invention; Fig. 2 is a graph 
illustrating the field patterns of the array; Figs. 
3 and 3A are graphs of the field patterns in polar 
Coordinates; Fig. 4 is a circuit diagram of a sim 
plified embodiment; Fig. 5 is a circuit diagram 
of a preferred embodiment of the invention; Fig. 
6 is a circuit diagram of an embodiment of the 
invention employing four way switching; and 
Fig. 7 is a graph illustrating the operation of 
the four way switching. 

Referring to Fig. 1, a pair of dipole antennas 
, 3, which may be vertically or horizontally polar 
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ized, are spaced a half wave length at the operat 
ing frequency. A second pair of dipoles 5, 7, 
Which are polarized to correspond with the first 
pair, are spaced apart a full wave length and 
respectively a quarter wave length from the first 
dipoles and Substantially in alignment with the 
first pair. A grounded screen 9 is placed parallel 
to and behind the antennas to suppress radiation 
in the direction of the screen. In some instal 
lations bidirectional radiation may be desired; if 
So, the Screen may be omitted. 

If the first pair of antennas f, 3 are energized 
in phase and if the screen 9 is omitted, a figure 
of-eight field of radiation will be established. 
In the presence of the screen 9 the radiation 
field from the first pair of antennas will be a 
Single lobe as represented by the curve of 
Fig. 3, and may be indicated by the equation 

F=K (2 cos (90° cos (b)) 
where 
F=field strength, 
K=a proportionality constant, 
and 
qb=angle from the plane of antennas. 

If the Second pair of antennas 5, 7 are ener 
gized in opposite phase and if the screen 9 is 
onitted, a four-lobe field of radiation Will be es 
tablished. In the presence of the screen 9, the 
radiation field from the second pair of antennas 
Will be a pair of lobes represented by the curves 
3, 5 of Fig. 3. Currents of quadrature phase, 
with respect to the currents in the first pair of 
antennas, are applied to the second pair of an 
tennas and the currents in the second pair are 
made of a magnitude at which the maximum 
strength of each of the two lobe fields 3, 5 is 
half the maximum strength of the single lobe 
field if. The equation representing the two lobe 
fields may be indicated by 

F=K (sin (180° cos )) 
where 
F=field strength, 
K=a proportionality constant, 
and 
p=angle from plane of antennas. 
The resultant fields may be represented by the 

curve 1 of Fig. 3A. This curve is obtained by 
combining the curves , 3 and 5. 

If the phase of the currents applied to the sec 
Ond pair of antennas is reversed with respect to 
the phase of the currents applied to the first 
pair, or vice versa, the fields , 3 and 5 will 
again be in phase but will have opposite instan 
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taneous polarities as indicated by the polarity 
marks within the circles. The resultant field is 
indicated by the curve 2 of Fig. 3A. The re 
sultant equation of the fields and 9 is as foll 
lows: 

F=K 2 cos (90° cosp) -- sin (180 cos p) 
For convenience, the curves f f, i3, 5, 9, 2 

have been reproduced in Fig. 2, which is plotted 
in rectangular coordinates. Similar reference 
characters indicate similar curves in the Several 
graphs. The curve representing the reversal in 
phase indicated by the polarity marks in the 
circles has been omitted from Fig. 2 to avoid con 
fusion. It should be understood that the omitted 
curve would correspond in magnitude and shape 
to the curves 3, 5 and would be reversed in 
Sign. 
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The circuit arrangements are shown in Fig. 4, 
in which the first pair of dipoles 2, 23 are spaced 
a half Wave length from each other and the Sec 
ond pair of dipoles 25, 27 are respectively spaced 
a quarter Wave length from the dipoles of the 
first pair. Mutual coupling between the first 
dipoles 2, 23 is avoided by means of a transmis 
sion line 29, which has a length equal to an even 
multiple of a half Wave length, Or 

NA 
2 

where N is an even integer and N=the Wave 
length of the applied currents. The transmission 
line 29 neutralizes the mutual coupling which 
would otherwise exist between the dipoles 2, 23. 
A second transmission line 3, of length X, meaS 
ured from one of the dipoles 23, is connected 
from the mid-point of the first line 29 to a radio 
device 33 which may be either a transmitter or a 
receiver. If the device 33 is a transmitter, it 
applies in phase currents to the first pair of 
dipoles. 
The second pair of dipoles are connected by a 

transposed transmission line 35, which is an even 
number of half wave lengths long. This line 
length is chosen to neutralize the mutual cou 
pling between the connected dipoles 25, 27 and 
the pairs of adjacent dipoles 2-25 and 23-27. 
The line 35 is transposed to reverse the phase of 
the currents in the two dipoles 25 and 2. The 
mid-point of the transposed line 35 is connected 
to the device 33 through a transmission line 37, 
which has a length (measured from One of the 
dipoles 27) differing from X by an odd number 
of quarter Wave lengths. The length 

A. 
X+. 

where X is the length of the previously ninen 
tioned line 3 and n is any odd integer, makes the 
phase of the currents applied to the Second pair 
of dipoles differ by 90° from the phase of the cur 
rents applied to the first pair of dipoles. This is 
a condition which is necessary if the fields from 
the Several antennas are to be in phase or Out 
of phase, so that they may be combined to pro 
duce the desired resultant patterns. 

In devices employing overlapping fields, it is 
usual to radiate the fields in alternately differ 
ent directions. For example, the patterns and 
9 are established alternately so that the region 

of equal signal strengths may be employed to 
define a course or direction. One Suitable means 
for establishing the alternate fields is to connect 
a full wave transmission line 39 across termi 
nals 41, 43 spaced a half wave along the line. 
3. A pair of short circuit devices, such as 
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2,400,736 
switches 45, ii, are connected at quarter wave 
lengths from tile terminals 4 across the line 37 
and across the line 39. These switches 45, 47 
are arranged to short circuit alternately and 
may be driven by a motor 49. When the Switch 
47 is open and the switch 45 is closed, the line 
3 between the terminals 4, 43 becomes a high 
impedance so that the antenna, CurrentS. flow 
through the full wave section 39. When the 
switch 45 is open and the switch 4 is closed, the 
line 39 becomes a high impedance So that the 
antenna currents flow directly through the line 

Since the full wave line 39 is a half Wave 
longer than the section between the terminals 
4 , 43, it follows that the phase of the currents 
is reversed alternately in synchronism with the 
Switching. In place of conductive Switching, 
capacitor switching of the type described in a 
copending application Serial No. 412,291, filed 
Sept. 25, 1941 by William D. Hershberger for “An 
tenna, switching Systerns,' may be used. 
A preferred antenna, array is illustrated in Fig. 

5. In this array the Several antennas aire hori 
Zontally arranged dipoles. In addition to the 
first and second pairs 5, 53, and 55, 57, two or 
more pairs of dipoles S, 63 and 65, 6 are con 
nected with the correspondingly spaced dipoles 
connected in parallel. The space between the 
dipoles of the first and second rows 63, 7 is 
made a half wave length. This arrangement 
sharpens the directivity in the vertical plane. 
The pairs of antennas in the two rows are con 
nected with transmission lines 73 and 75 which 
correspond, respectively, to the lines 29 and 35 
previously described. The transmission lines 73 
and 5 are connected through a pair of lines 
7, 9 to a radio device (not shown). The lines 

between the dipoles and the ladio device are 
arranged in the manner of the lines 3 and 3 of 

The Switching device may be used to 
reverse the phase of the applied currents, as dis 
closed above. 

In describing the invention several antenna. 
arrays have been used as illustrations; it should 
be understood that the invention may be applied 
to other arrays. The dipole radiators may be 
replaced by the type of radiator disclosed in Fig. 
1 of copending application Serial No. 361,494, 
filed October 17, 1940, by Jess Epstein, for "Turn 
Stile antennas.' If this type of radiator is used, 
the mutual coupling will not be neutralized by 
transmission lines of even numbers of half Wave 
lengths, but neutralization will be effected by 
using lines of odd numbers of half wave lengths. 
The antenna System illustrated in Fig. 5 lends 

itself to four-way Switching for establishing four 
differently directed fields having a mutually over 
lapping portion. The switching arrangement 
used in connection with Fig. 5 directs the result 
ant fields to the right and left of a vertical 
plane normal to the grounded screen 9. If the 
phases of the applied currents are suitably 
switched, the resultant field may be directed "up 
and down as well as to the "right and left.' 
his may be visualized by considering the an 

tenna, array of Fig. 1 mounted vertically so that 
the lobes and 9 of Sig. 3 are directed down 
wardly and upwardly. Then imagine the orien 
tation in the horizontal plane with the lobes 7 
and 9 directed to left and right. One Suitable 
arrangement for such “four way switching” is 
shown in Fig. 6. - 
In Fig. 6 the central antenna, 8 consists of 

four dipoles, arranged at the corners of a square 
which is a half wave length on a side. The 



2,400,736. 
dipole connections are transposed so that all of 
the dipoles are fed in phase. The lengths of the 
connecting lines 83 are chosen to neutralize un 
desired mutual coupling. The transmission line 
85 from the central antenna, to the radio device 
8 is of a length which provides a 90° phase 
shift to the central antenna currents with re 
Spect to the currents applied to four subsidiary 
antennas 9t, 93, 95 and 9. The subsidiary an 
tennas are symmetrically located with respect to 
the central antenna, are similarly polarized, and 
are located at the corners of a square which is a 
Wave length on each of its sides. The diagonal 
ly disposed subsidiary antennas 9, 95 and 93, 9 
are connected together by transmission lines 99, 
O which have lengths chosen for neutraliza 

tion of undesired mutual antenna, coupling. The 
diagonally connected lines 99, O are connected 
from their mid-electrical terminals O3, 5 to 
the radio device 87. Phase reversing elements, 
consisting of full wave lines 5, 7, are con 
nected between points O, O9 and , 3, 
Spaced a half Wave length on each of the lines 
iGO, 2. 
The phase of the antenna currents of each an 

tenna of the subsidiary antennas is reversed with 
respect to the currents of its adjacent antenna, 
by connecting Switches A, B, C and D between 
terminals a quarter wave length from the points 
09 and 3. The four switches are arranged 

to operate in the Sequence illustrated in Fig. 7 
So that the antenna, currents are reversed in 
phase in the subsidiary antennas whereby the 
resultant fields are directed in four regions hav 
ing a mutual Overlapping region. 
The diagram shows (1) the several switches 

in their Several Operating combinations; (2) the 
relative phases of the Subsidiary antenna, cur 
rents by a convention of Vectors and the central 
antenna, current by a dot; and (3) the resultant 
fields by arrows indicating not absolute direction 
of the fields, but the departure of the resultant 
fields from a central axis. 
The capacitor type of SWitch With Sections dis 

posed in 90 relation forms a convenient and 
practical Switching device. The theory of oper 
ation of the Switching lines is similar to that 
described in connection with the circuit of Fig. 5. 
It should be understood that a Cam Operated 
switch may be used. Furthermore, an antenna, 
array may be substituted for each dipole antenna, 
to increase the directivity of the resultant pat 
tern. 
Thus the invention has been described as an 

antenna, System in Which several antennas are 
suitably spaced from each other. The several 
antennas are energized in relative phases which 
establish a desired directional radiation pattern. 
The mutual coupling between the Several ans 
tennas is neutralized by means of transmission 
lines of critical lengths. Other lines of Suitable 
length determine the relative phases of the ap 
plied currents so that differently directed and 
overlapping patterns are alternately created. The 
resultant patterns are free fron undesired Sec 
Ondary lobes. 
I claim as my invention: 
1. An antenna, System for establishing Over 

lapping directive fields including a source of 
radio frequency power, a first pair of directive an 
tennas spaced a half Wave length at the Operat 
ing frequency, a second pair of directive antennas 
Spaced a wave length at the operating frequency 
and located in substantial alignment With and 
respectively a quarter Wave length. On either side 
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3. 
of the antennas of said first pair, means for ap 
plying current from Said source to said first pair 
of antennas in the Sane phase, and means for 
applying current from said source to said second 
pair of antennas in phase opposition and in quad 
rature phase with respect to the currents in said 
first pair of antennas. 

2. An antenna System for establishing over 
lapping directive fields including a source of radio 
frequency power, a first pair of dipole antennas 
Spaced a half Wave length at the operating fre 
quency, a Second pair of dipole antennas Spaced 
a Wave length at the operating frequency and 
located in substantial alignment with and respec 
tively a quarter Wave length on either side of 
the antennas of Said first pair, means for apply 
ing current from said source to said first pair of 
antennas in the same phase, and means for ap 
plying current from Said source to said second 
pair of antennas in phase opposition and in quad 
rature phase With respect to the currents in said 
first pair of antennas. 

3. An antenna, Systern for establishing over 
lapping directive fields including a source of radio 
frequency power, a first pair of directive antennas 
Spaced a half wave length at the operating fre 
quency, a Second pair of directive antennas spaced 
a Wave length at the operating frequency and 
located in Substantial alignment with and re 
Spectively a quarter wave length on either side 
of the antennas of said first pair, means for ap 
plying current from said source to said first pair 
of antennas in the same phase, means for ap 
plying current from Said source to said second 
pair of antennaS in phase opposition and in quad 
rature phase with respect to the currents in said 
first pair of antennas, and a grounded screen 
located parallel to the plane of said antennas for 
Suppressing the radiation in the direction of the 
SC'ee 

4. An antenna, system for establishing over 
lapping directive fields including a source of 
radio frequency power, a first pair of dipole an 
tennas Spaced a half wave length at the oper 
atting frequency, a Second pair of dipole antennas 
Spaced a Wave length at the Operating frequency 
and located in Substantial alignment with and 
respectively a quarter Wave length on either side 
of the antennas of Said first pair, means for ap 
plying Current from Said source to said first pair 
of antennas in the same phase, means for ap 
plying current from said source to said second 
pair of antennas in phase opposition and in quad 
rature phase with respect to the currents in said 
first pair of antennas, and a grounded screen 
located parallel to the plane of said antennas for 
suppressing the radiation in the direction of the 
Scee. 

5. An antenna, system for establishing overlap 
ping directive fields including a source of radio 
frequency power, a first pair of directive an 
tennas Spaced a half Wave length at the operat 
ing frequency, a Second pair of directive antennas 
Spaced a Wave length at the Operating frequency 
and located in Substantial alignment With and 
respectively a quarter Wave length on either side 
of the antennas of Said first pair, means for ap 
plying current from said source to said first pair 
of antennas in the same phase, means for ap 
plying current from Said source to Said second 
pair of antennas in phase opposition and in quad 
rature phase with respect to the currents in said 
first pair of antennias, and means for minimizing 
the mutual couplings between said antennas. 

6. An antenna System for establishing Over 

  



4. 
lapping directive fields including a source of radio 
frequency power, a first pair of directive anten 
nas spaced a half Wave length at the Operating 
frequency, a second pair of directive antennas 
spaced a wave length at the operating frequency 
and located in substantial alignment with and 

5 

respectively a quarter wave length on either side. 
of the antennas of said first pair, means for ap 
plying current froin said source to said first pair 
of antennas in the same phase, means for ap 
plying current from said source to Said Second 
pair of antennas in phase opposition and in quad 
rature phase with respect to the currents in said 
first pair of antennas, and means for reversing 
alternately the -phase of the currents of the 
antennas of one of said pairs with respect to the 
phase of the currents of the other of Said pairs 
whereby differently directed radiation patterns 
are obtained in Synchronism with said phase re 
Versals. 

7. An antenna, System according to claim 6 in 
cluding means for minimizing the mutual cou 
plings betWeen said antennas, 

8. An antenna, System according to claim 6 in 
ciuding a grounded screen located parallel to the 
plane of said antennas for suppressing the radia 
tion in the direction of the screen. 

9. An antenna System according to claim 6 in 
cluding means for minimizing the mutual cou 
plings between said antennas and a grounded 
Screen located parallel to the plane of Said anten 
nas for suppressing the radiation in the direc 
tion of the Screen. 

10. An antenna system for establishing Over 
lapping directive fields including a source of radio 
frequency power, a first pair of directive antennaS 
spaced a half wave length at the operating fre 
quency, a second pair of directive antennas spaced 
a wave length at the operating frequency and 
located in substantial alignment With and re-. 
spectively a quarter wave length on either side 
of the antennas of said first pair, means for ap 
plying current from said source to Said first pair 
of antennas in the same phase, Ileans for ap 
plying current from said source to said second 
pair of antennas in phase opposition and in quad 
rature phase with respect to the currents in said 
first pair of antennas, means for reversing al 
ternately the phase of the currents of the an 
tennas of one of said pairs with respect to the 9 
phase of the currents of the other of Said pairs 
so that, differently directed patterns are obtained 
in a predetermined plane in Synchronism with 
said phase reversals, and additional means for 
sharpening each of said differently directed pat 
terns in a plaine normal to said predetermined 
plane. 

11. An antenna, system according to claim 10 
including means for minimizing the mutual COU 
plings between said antenna.S. 

12. An antenna, system according to claim 10 
including a grounded screen located parallel to 
the plane of said antennas for Suppressing the 
radiation in the direction of the Screen. 

13. An antenna, system according to claim 10 
including means for minimizing the mutual cou 
plings between said antennas and a grounded 
screen located parallel to the plane of Said an 
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tennas for suppressing, the 
tion of the Screen. . . . . . . 

14. An antenna System for establishing over 
lapping directive fields including a source of radio 
frequency power, a first pair of dipole antennas 
Spaced a half Wave length at the operating fre 
quency, a second pair of dipole antennas spaced 
a. Wave length at the operating frequency and 
located in substantial alignment with and respec 
tively a quarter wavelength on either. Side of the 
antennas of said first pair, means for applying 
current from said source to said first pair of 
antennas in the same phase, means for apply 
ing current from said source to said second pair 
of antenna.S in phase opposition and in quad 
rature phase. With respect to the currents in said 
first pair of antennas, means for reversing alter 
nately the phase of the currents applied to one 
pair of antennas. With respect to the phase of 
the currents applied to the other pair of antennas 
so that the resultant fields overlap in synchro 
nism with said phase reversals and form a region 
in Which the signal Strengths are equal. 

15. An antenna System including in combina 

radiation in the direc 

tion a central antenna, four subsidiary antennas 
Synnetrically located with respect to said central 
antenna, means for applying currents to said an 
tennaS including a phase shifter for applying cur 
'ents to Said central antenna, in phase quadra 
ture with respect to currents applied to said four 
Subsidiary antennas, and SWitching means for re 
Versing the phase of the currents applied to each 
Subsidiary antenna, with respect to the phase 
of the currents applied to its adjacent subsidiary 
antenna, so that four resultant radiation fields 
are established in four regions including a mutual 
overlapping region. 

16. An antenna system including in combina 
tion a Central antenna, four subsidiary antennas 
Symmetrically located With respect to said cen 
traliantenna, all of said antennas having the same 
polarization and lying in Substantially the same 
plane, means for applying currents to said an 
tennas including a phase shifter for applying 

5 currentS to said central antenna, in phase quad 
rature With respect to currents applied to said 
four Subsidiary antennas, and switching means 
for reversing the phase of the currents applied 
to each Subsidiary antenna, with respect to the 
phase Of the currents applied to its adjacent sub 
sidiary antenna. So that four resultant radiation 
fields are established in four regions including a 
rautual overlapping region. 

17. An antenna System according to claim 15 
including means for neutralizing the effect of 
mutual coupling between said antennas. 

18. An antenna System according to claim 15 
including a grounded screen located parallel to 
said antennas for suppressing radiation in the 
direction of the Screen. . . . 

19. An antenna system according to claim 15 
including means - for neutralizing the effect of 
mutual coupling between said antennas and a 
grounded screen located parallel to said plane 
for suppressing radiation in the direction of said 
SCee. 

GEORGE H. BROWN. 


