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8 Claims.

This invention relates to antenn® and, in par-
ticular, to a method of and means for obtaining
maximum radiation in .two different -directions
which form an angle with respect to one another

5 appreciably less than 180 degrees. More spe-
cifically, the invention relates to a broadside ar-
rangement of antenn® placed adjacent one an-
other and so spaced as to give & double beam of
radiation with high gain'in the two directions of
the double beam.

In the past, antenn® have usually been de-
signed for transmission in one direction only.
Occasionally, there have arisen in practice cases
where it is desirable to transmit message waves
simultaneously to two receiving stations whose
directions differ by an angle too great for the
ordinary directional antenna to cover, unless the:
antenna is built to have a wide radiation charac-
teristie, in which case the system will have a low
20 gain radiation pattern. Asan illustration of the
need to transmit signal waves simultaneously to
two receiving stations in two different directions,
it has been found necessary in the past to transmit
5 service between New York. and both Buenos
Aires and Rio de Janeiro. .

- Since it is well known that an antenna may
be made to be unidirectional, it might appear,
without a complete analysis of the difficulties in-
volved, that the desired result of transmitting in
two different directions with high gain could be
effected by connecting two antennz in parallel to
the same transmitter, each of the antenn® being
conditioned to transmit in a different direction.
3 Tt has been found, however, that the resultant ra-
- diation characteristic depends upon the combina-~
tion of the fields of both antenng, taking into
account the effects of their spacing upon phase,
and that the combined system is, in general, very

40 much inferior to either antenna alone. The pres-
ent invention overcomes the foregoing difficulty
and enables the transmission of message waves
simultaneously in two directions with high gain.

.- From g broad aspect, the present invention pro-

45 vides a system wherein ‘any two or more similar
antennz which are spaced and phased in a par-
ticular manner to be described later can be com-~
pined: to transmit a double beam of radiation
with high gain in the two directions of the double

50 beam, no matter what type of construction or par-
" ticular radiation characteristic the antenn® have
to start with. These antennz may constitute any
odd or even number of units provided that only
‘adjacent units are energized in phase opposition.
55 In‘the accompanying drawings, Figure 1 illus-
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trates, schematically, a simple broadside antenna
construction consisting of two antenna bays or
units arranged in accordance with the principles

of the present invention; Figure 2 is a curve ex-
planatory of the power distribution pattern of
each bay or unit of Figure 1 taken alone; and
Mgure 3 is the resultant power distribution pat-
tern of the two antenn® of Figure L. Figure 4

is an illustration of one particular type of broad-
side antenna arrangement which has been used 4
in practice with excellent results, and Figure 5

of another construction comprising several an-
tenna bays or units in broadside. Figure 6 shows
tne radiation characteristic for each antenna, bay

or unit of Figure 5, and Figure 7 the resultant 15
characteristic when the antenna units of Figure 5
are fed and spaced in accordance with the inven-
tion. Figures 8 and 9 are modifications of the
invention and show switching mechanism for en-
abling communication in one direction or in two 20
directions at equal angles with the first direction,

as desired.

Referring to Figure 1 there are shown, sche-
matically in box form, two similar antenne of
any type, each having a field distribution pattern 25
as shown in Figure 2. Assuming that it is de-
sired to transmit simultaneously and with high
gain in two directions A and B which differ from
each other by a desired angle of ¢ degrees, it has
been found, in accordance with the principles of 30
the invention; that this may be done by placing
the two bays of similar antenn® { and 2 in broad-
side to a direction midway between the two
receiving points and feeding these antenn® in
phase opposition after spacing them apart a dis- 35
tance equal to

A

0)((21)——1)
2sin
} 2
where A is the length of the communication wave 40
and 7 is any integer. By such an arrangement,
the field waves emanating from each antenna
will add perfectly in the desired directions and
will nullify each other in the middle direction 45
whereby beains of radiation are obtained which
have higher gains than those obtainable by the
use of one antenna alone. The law of separa-
tion. for the two bays of antenn, stated in
anothier way, is that the projection of the spac- 5g
ing ‘hetween the two bays upon. the two desired
directions of Tadiation should be
A
2
- 66
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or an odd multiple thereof, whereby the radia-
tion from each bay in the desired direction dif-
fers in phase from the radiation from the other
bay by 180 degrees due to spacing and 180 de-
grees due to being fed in phase opposition. Pig-
ure 3 shows the resultant distribution pattern of
the two antennaz of Figure 1 when spaced apart,
fed, and energized in the manner outlined above.
In order to increase concentration in the two
desired directions, additional systems may be
added, alternate antenna bays or units of which
are fed in phase opposition. = The latter arrange-
ment is shown in Figure 5 to be described later.
In Figure 4, which merely illustrates one em-
bodiment of the invention, are shown two in-
dividual “antenna units 8 and 4 connected in
broadside, each comprising a pair of wires in the
vertical plane which are long relative to. the
working wave length, the lower wire of each pair
being staggered back and energized in quarter
phase reélation with respect to the upper wire so
as to eliminate back radiation. The particular
antenna unit used in this figure is described and
claimed in a copending applicaion Serial No.
598,124, filed March ‘11, 1932 by C. W. Hansell
and results in a double lobe pattern in the hori-
zontal to. start with, these lobes, however, being
cross-sections of a thick cone. Upon combining
the two antennz units 3 and 4 in phase opposi-
tion, however; with a spacing between them equal
to
A

2 sin —
2
the radiation at all angles in the vertical plane
parallel to the wires is eliminated and there is
obtained a gain of about 2 to 1 in power in the
desired directions over a single unit.

In the system of Figure 4 the corresponding
wires of the two units 8 and 4 are connected to
opposite sides of the transmission line 5 in order
to obtain a perfect balance to neutral. There is
also provided an impedance matching and phase
adjusting structure 6, 7, 8, 9, 10 which is Iocated
at the center line or mid-direction of the system.
For energizing the antennsz there are connected
to the transmission line 5 feeder pairs, rather
than single wires, which extend from the high
frequency apparatus, not shown, to the individ-
ual antenna wires of the two units for preventing
radiation from the feeder system.

If each bay or unit is of a type giving a broad
lobe of radiation, provision may be made to have
the two bays or units fed in phase or in phase
opposition at will, thus making it possible to use
the system for transmission in one direction only
or in two directions at equal angles with the first
direction. To do this it is only necessary to pro-
vide a polarity reversing switch in the feed line
to one of the two units as indicated in Figure 8.
Figure 9 shows another embodiment for accom-
plishing this object wherein more than two an-
tenna units are employed. )

Pigure 5 illustrates how the pringciples of the
present invention can be applied to antennaz of
most any type. Hach bay or unit may be de-
signed to have a particular radiation character-
istic to start with and then these units can be
combined according to the invention. As an
lllustration, assuming that it is desired to trans-
mit in two directions differing by 30 degrees, as
shown in Figure 7, then each unit, like x, ¥, m, n,
0, P, Or ¢, 7, may consist of two vertical dipoles
located one ahead of the other on a line having

2,038,539

the middle direction, as shown by C in Figure 5,
the individual wires of each unit being spaced
from each qther by a distance equal to

A
(29— 1)2
cos 15°

and fed in quarter phase relation, where 4 is any
integer. The formula

A
(@2r—1)7
cos 15°

is merely used in order to obtain a predeter-
mined characteristic of radiation, whereas actu-
ally any spacing between individual wires of
dipoles may be used. If the integer 3 is chosen
for the spacing the formula then becomes
5A

- 4

W—I.ZQS)\
The radiation characteristic for each unit will
then take the form shown in Figure 6. ° We may

now combine any even number of these units in
broadside at a spacing of .

A
_Z
sin 15° )
or 1.93x and feed adjacent units in, phase oppo-
sition, as shown in Figure 5, the formula

2
2
sin 15°

being obtained from
A
Zsin 155C1— 1)
if the integer 1 is used for 7.

From. the foregoing, it will be apparent that
humerous modifications of the various arrange-

ments may be made without departing from the

spirit and scope of the present invention and
that the invention is not limited to transmitting
antenna alone, since it is equally applicable ta
receiving structures.
I claim:
1. An antenna system for radiation in two dif-
ferent directions differing by an angle of ¥ de-
grees, said angle being appreciably less than 180
degrees, comprising two highly directional an-
tenna bays spaced
tance ‘equal to
.y
. B
2 sin 7
where \ is the length of the communication wave
and 7 is any integer, said bays being fed in phase
opposition.
2. An antenna system for radiation in two dif-

X{(29—1)

ferent directions differing by an angle of ¢ de~ .,
grees, -said angle being appreciably less than 180 -

degrees, comprising two highly directional an-
tenna bays spaced apart in broadside by a dis-
tance equal to
. A

2 sin

2
where X is'the length of the communication- wave
and y is ‘any integer, said bays being fed in bhase
Opposition and being placed in- broadside to 8

apart in broadside by a dis- 5
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direction midway between the two desired di-
rections.

3. An antenna system for radiation in two dif-
ferent directions comprising two similar uni-
directional antenna units separated such that
the projection of the spacing between the units
upon the two desired directions of radiation is
one half the length of the communication wave
or an odd multiple thereof, whereby the radia-
tion from each unit in the desired direction dif-
fers in phase from the other unit by 180 degrees
due to spacing and 180 degrees due to being fed
in phase opposition.

4. An antenna arrangement for radiation in
two different directions differing by an angle of
6 degrees comprising a pair of wires arranged in &
vertical plane, said wires being staggered with
respect to each other and fed in quarter phase
relation for eliminating back radiation, and an-

‘other similar structure spaced away from said

first pair of wires by a distance substantially
equal to
A

BX(Zn—l)

2 sin 5

2

where \ is the length of the communication wave

and 7 is any integer, said second structure being

fed in phase opposition with respect to said first

structure, the planes in which said antenna
structures lie being parallel to each other.

5. An antenna system for communication in
two different directions comprising a plurality
of highly directional antenna sections spaced in
broadside to a direction midway between the two
desired directions, said sections being separated
from one another by a distance equal to

A

g X (27—1)
2 sini
where ¢ is any integer, A the length of the com-
munication wave and ¢ the angle in degrees be-
tween the two desired directions of communica-
tion adjacent antenna sections being activated in
phase opposition, said angle being appreciably
less than 180 degrees.
6. An antenna system for communication in

two different directions comprising a plurality

3

of directional antenns sections spaced in broad-
side to a direction midway between the two de-
gired directions, said sections being separated
from one another by a distance equal to

X (29— 1)

. 0

2 sm-é-

where » is any integer, A the length of the com-

munication wave and ¢ the angle in degrees be-

tween the two desired directions of communica-~

tion, and means for energizing adjacent antenna

sections in phase or in phase opposition, as de-
sired. -

7. An antenna system for communication in
two different directions comprising a plurality of
directional antenna sections spaced in broad-
side to a direction midway between the two de-
sired directions, said sections being separated

from one another by a distance equal to
' A
7 X (29—1)
2 sin 7

where 7 is any integer, A the length of the com-~
munication wave and ¢ the angle in degrees be-
tween the two desired directions of communica-
tion, high frequency apparatus, and connections
extending between said high frequency apparatus
and said antenna sections, said connections in-
cluding a reversing switch located between adja-
cent sections for enabling activation of said ad-
jacent sections in phase or in phase opposition
with respect to one another, as desired.

8. An antenna system for radiation in two dif- ~

ferent directions differing by an angle of ¢ de-
grees, said angle being appreciably less than 180
degrees, comprising two antenna bays spaced
apart in broadside to a direction midway be-

‘tween the two desired directions by a distance
equal to
A A X (27—1)
ZSinE

where A is the length of the communication wave
and 7 is any integer, and means for feeding said
bays in phase opposition.

PHILIP S. CARTER.

10

15

30

&

40



