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This invention relates to antennas and has for
its principal object the provision of a system
whereby an antenna may receive simultaneously
in either direction on a great circle. A further
object of the invention is to alter a unidirectional
receiving travelling-wave antenna so that it may
receive not only in the previous direction but at
an angle of 180° to the first direction, this result
being obtained by adding a second receiver at
the other end of the unidirectional antenna and
arranging so that the input impedance of the two
receivers and the characteristics impedance of
the lines connecting the receivers to the antenna
are made equal to the antenna output impedance.

A still further object of the invention is to
arrange a single antenna to receive simultane-
ously in two opposite directions thereby permit-
ting a saving in cost due to the less material and
a saving in space because a second antenna is
thereby rendered unnecessary whether receiving
on equal.or on different frequencies. A great
advantage of such a system is that an emission
from a great distance is sometimes received on the
shorter path of a great circle passing through the
sending and receiving stations but at other times
the signal is best received by the longer route.
By the present invention a single antenna or a
group of antennae is used in which the impedance
of the receiving equipment on either side of the
antenna ‘is equal to the antenna output im-
pedance. ‘

In the drawings: o ‘ )

Figure 1 shows a unidirectional antenna sys-
tem. . ‘ ) i

Figure 2 shows a system having two receivers
and in which the messages can be received from
directions at an angle of 180° to each other.

Figure 3 shows a similar system in which the
antenna is of the so-called fish-bone double an-
tenna type. ) )

Figure 4 shows a system in which matching de-
vices having a wide frequency response character-
istic are inserted in the line between each end of
the bi-directional antenna and the two receivers.

Tt is well known that when a receiving travel-
ling-wave antenna is terminated on a circuit hav-
ing the same impedance as the antenna, ‘it be-
comes. unidirectional, receiving at the end oppo-
site to the end at which the circuit is connected.
Referring particularly to Figure 1, the conductors
i, 2, 3, and 4 form a rhombic antenna in which
the end 5 is connected by a transmission line T
to the input circuit of the receiver 8.

Since, as is well known, the travelling-wave
state is obtained only when the characteristic
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-Shorter path along the same great circle.

impedance Zc of the line T and the input im-
pedance Zr of receiver § have their value equal to
that of the antenna ‘impedance Z. which gives
the relation Z. equals Zr equals Za, the opposite
end 6 of antenna |, 2, 3, 4 is connected with a
circuit -9 whose impedance is equal to the antenna
impedance Za. When we have such a condition
of equality between the impedance values of the
antenna and the terminal circuit 9, theoretically
there is no limitation to the constitution of the
terminal circuit. However, from ‘a practical
standpoint in the case of a receiving antenna the
circuit is generally formed by a pure resistance of
appropriate value whereas in the case of a trans-
mitting antenna it is usual to construct this cir-
cuit of a long dissipative line having character-
istic impedance equal to that of the antenna. In
order to understand more fully the utility and
advantages inherent in this invention, it may be

‘well to note that the unidirectivity of an antenna

is a peculiarity of fundamental importance partic-

“ularly when receiving emissions from great dis-

tances because in this way we obtain the highest
signal-to-noise ratio and we also eliminate inter-
ferences which come from a rearward direction,
these including the very annoying interference
due to various kinds of echo, o
Furthermore, in receiving radio communica-
tions from great distances there are periods of
the year and often certain hours of the day in
which it is easier to receive electro-magnetic

‘'waves by the longer: path'on the great -circle

through the- corresponding station than by the
It is
because of such conditions as these that it has
previously been thought nécessary to build a sec-
cnd antenna-arranged at 180° to the first antenna
in order to receive the signal with greatest assur-
ance. In the case of diversity réception a second
antenna group has béen used. Inother conditions
which oceur sometimes in practice there are two

‘and sometimes even more transmitting stations

which are located substantially on the same great
circlé which passes through the receiving station
and thé sending station. 'Uhder these conditions
two ‘oppositely directed antenna, or two antenna

“groups for diversity reception have been thought

essential for proper reception.
In. accordance with my invention, however, I
am enabled by a very simpie systerni to use a single

‘travelling-wave antenna of practically any type

and constitution for a satisfactory simultaneous
reception of radio signals coming from either or
both of the two opposite directions at the same
or at different frequeéncies while preserving all of -
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the advantages of the unidirectivity and aperi-
odicity and without altering in any way the orig-
inal shape of the directive pattern of the antenna
substantially irrespective of the type of antenna.
The economy of installation is an important fea-
ture of my invention as it is readily seen that a
con51derab1e saving. of necessary materla,l is ob-
tained and in addition my system will cover a
much smaller area of ground.

It is to be understood that the illustrations

herewith are drawn in order to present the sys-
tem clearly and they are not intended in any way
to constitute a limitation on the basic-principle
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of my invention. In Fig. 2 the same rhombic

antenna is illustrated as in Fig. 1 and its im- !

pedance again is Za. 'The end § of the antenna is
again connected with receiver 8 by means of line
T having as before the characteristic: impedance
Ze. The impedance input circuit of the receiver
8 is Zr and we have agagin the relation Za. equals
Zc equals Zr. In this figure, however, the other
anfenna end € instead of being connected to the
line 9 alone is now eonnected with a second re-
ceiver. 10 preferably .corresponding with the re-
ceiver 8. In this case the characteristic im-
pedance of line 8 is equal to the input impedance
of receiver 18 and both of them are equal to the
antenna impedance.

With the parts connected in thls manner, the
antenna, is correctly terminated at each of its
two .ends in a manner to give receiver 8 a unidi-
rectional directive diagram as, for example, in an
Hast. .direction. At the same tims, the antenna
has similarly a unidirectional directive diagram

for receiver 18 indicated by the arrow bearing the 22

legend West, merely meaning that the two direc-
tive diagrams are at 180° to each other. By such

a simple and inexpensive arrangement using only

-one antenna, it is possible to carry out two simul-

taneous receptions in the two opposite directions

while preserving in .each case the unidirectional
characteristic, the gain and the aperiodicity, the
latter being. :a peculiarity .among others .of the
antenng described. :

While the rhombic antenna {,
‘heen shown in the first two figures, it is quite ob-
vious that this is in no way a limitation and the
Ssystem can be applied to any antenna in which
it is-possible to.obtain a single unidirectional ef-
fect. - As a typical example I have presented in
Figure 3 a so-called fish-bone type -double an-
tenna 13 and 14 connected.as before by lines 7
and- 9 with- receivers 8-and 1§. It is apparent,
therefore, that the principle of the system may be
wsed with any kind ef travelling-wave antenna

and for any kind of group of them provided, of -

conrse, that the 1mpedanc° equality condﬂ:mns
are preserved

In some cases the direct connectmn of the
lines and the antenna do not permit the equality
condition which is necessary between the values
of two impedances Zc and Z.. In such a case it is
mexely necessary to employ suitable and well
known matehing devices such as !4 and 12 hav-
ing a. wide frequency response -characteristic.
The purpose of these two devices is to match re-
-spectively the impedances of lines 7 and § to the
impedance of the antenna in the points 5 and 6
which are the two ends of the antenna. As pre-
viously pointed out, the impedances should be
matehed in the point of connection between each
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line and its respective receiver for the entire
frequency band of the antenna.

‘What I claim is: :

1. An antenna system including two receivers
and g plurality of conductors forming a traveling-
wave antenna each end of which is connected to
the input eircyit of one of the receivers; the input
impedances of the receivers belng equal to each

other and to the antenna output impedance

whereby signals may be received unidirectionally
from either or both of two directions at an angle
of 180° to each other.

2. The system of claim 1 in which the con-
ducters form a group of antennas.

3. The system of claim 1 in which a wide band
matching device is positioned between  the an-
tenna and each receiver.

‘4, The system of claim 1 in which the antenna
is rhombic.

5. The system of claim 1 in which the con-

-ductors form. a double antenna of the ﬁsh bone

type.
6. A travelhng-wave recewmg antenna, system

-in which a plurality of conductors form an.an-

tenna, a. receiver is connected by a line with the
end of the antenna opposite the receiving end
and in which the charagteristic impedance of
the line and the input 1mpedance of the receiver

each have their value egual to the antenni im-

pedance:in which case fhe antenna becomes uni-
directional, characterized by connecting a second
réceiver by a line fo said receiving end of the an-
tenna in which the impedance of the line and the
input impedance of the second receiver are each

equal to the antenng impedance whereby the

unidirectional antenna becomes unidirectional in
the previous, direction and also in a. direction at
180° thereto whereby reception may be had
through the fwo receivers from a receiving sta-
tien on either the short are of a great circle or onh
the longer arc of the same great circle.

7. The system of claim 6 in which the a.n-
fenna is rhombiec and a wide band matching de-
viee is inserted between .one of the transmission
lines to the receiver and the antenna. = )

8. A travelling-wave antenna. system for the
simultaneous wunidirectional reception of two
radio-waves-having equal or different frequenecies,
but coming frem opposite directions, while main-
taining, independently for each of said two di-
rections, the same directivity pattern pertinent
to the original unidirectional antenna, compris-
ing. two receivers, a multl-conductor traveling
wave antenns and means ‘connecting the antenng,

Jbetween the receivers, said connecting means
comprising transmission lines and means for

matching the 1mpedance of the antenna to the

transmission. lines. and the impedance of.the

transmission lines to the respective reeeivers: for
the entire frequency range of the antenna.
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